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.

O. PREFACE FOR REVISION A, 3-28-80'

0.1 Dochment Index

This revised Safety Analysis Report for Packaging (SARP)

for the BMI-l cask contains a compilation of 17 documents including

the original license application of 19G3, 15 subsequent revisions

anendments, or communications, and the certificate of compliance.

In this revised SARP, the 17 documents have been reorganized

into the standard format suggested in Regulatory Guide 7.9.1.*

The information in those 17 documents is presented unchanged

except in a few instances. In addition, some new sections pre-

pared specifically for this revision have been included. In

order to enable ready identification of the source of the data

j and information presented, the following identification system

is used:

The 17 documents previcusly submitted are listed

in Table 0.1 in chronological order. Each
document has been assigned a " Document"

Number as shown in Table 0.1. The appropriate

Document Number appears at the upper right

side of each page that contains data from-

any of these 17 documents. Where new data

or information is included or changes to

the previously submitted data have been
~

made, the bcttom of the page bears the iden-

tification "REV. A, 3-28-80" and the changed

lines are identified by a solid vertical bar in

the right hand margin. If the entire page

is new or has been changed, the vertical

bar is omitted. When the only change to

|

*U.S. Nuclear Regulatory Guide 7.9, Standard Format and Content )
of Part 71 Applications for Approval of Packaging of Type B,

'

Large Quantity, and Fissile Radioactive Material, Revision 1, 1

January, 1980.

REV. A, 3-28-80 j
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'

a page is to the section titles, in order to

conform to those suggested in Regulatory Guide

7.9, the vertical bar and the identification

"REV. A, 3-28-80" are omitted.
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0.3

.

TABLE 0.1 INDEX OF DOCUMENTS PREVIOUSLY SUBMITTED

4

Document
Number Title of Document

1. Safety Analysis for Battelle Research Reactor

Spent Fuel Shipping Cask, dated November 14,
1963.

2. Addendum to Structural Integrity Analysis,

BMI-l Shipping Cask, dated January 27, 1964.

3. Safety Analysis for the Shipment of Power Re-
;

| actor Development Company, Irradiated Fermi
Fuel Subassemblies, dated July 19, 1965.

4. Addendum to Safety Analysis for BRR Spent Fuel
,

Shipping Cask BMI-1, to Show Compliance with

10CFR-71 Regulations and to List Maximum

Quantities of Nuclear Materials to Be Shipped,

dated September 8, 1969.

5. Addendum II to Safety Analysis for Nuclear

Material Shipping Cask BMI-L to Show Compli-

ance with 10CFR-71 Regulations and to List

Maximum Quantities of Nuclear Material to Be
Shipped, dated May 7, 1970.

i 6. Addendum III to Safety Analysis for Nuclear

Material Shipping Cask BMI-1, to Show Compli-
'

ance with 10CFR-71 Regulations and to List

Maximum Quantities of Nuclear Material to Be
Shipped, dated July 15, 1970.

7. Telegram to Transportation Branch /D.M.L. from

B.C.L. correcting Addendum Number II, dated ;

July 24, 1970.,

.

i

REV. A, 3-28-80
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.

TABLE 0.1 (Continued)

Document
Number Title of Document

8. Addendum IV to Safety Analysis for Nuclear

Shipping Cask BMI-l to Show Compliance with
10CFR-71 Regulations for Shipment of Battelle
Research Reactor Fuel Having an Increased

Load 1.ng of U-235, dated September 21, 1970.
9. Addendum V to Safety Analysis for Nuclear

Shipping Cask BMI-l to Show Compliance with
10CFR-71 Regulations for Shipment of Battelle

Research Reactor Fuel Having an Increased

Loading of U-235, dated January 18, 1971.
10. Safety Analysis Report for Shipment of TRIGA

iFuel by the University of Arizona, dated

December 8, 1971.

11. Safety Analysis Report for Shipment of TRIGA

Fuel by the University of Arizona, Upgraded

Analysis, dated December 8, 1971.

12. Supplement Number 1 to Request for License to

Transport Irradiated TRIGA Fuel in BMI-l

Shipping Cask, dated June 15, 1972.

13. Results of Loading-to-Critical Experiment in

the University of Arizona TRIGA, dated

September 14, 1972.

14. Safety Analysis Repor^ for Shipment of MTR Fuel

by Texas A&M University, dated September 29,
1972.

15. Safety Analysis Report for Shipment of PULSTAR
Fuel by The State University of New York,at
Buffalo, dated October 13, 1977.

REV. A, 3-28-E0
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0.5

.

TABLE 0.1 (Continued)

Document
i Number Title of Document
;

16. U.S. Nuclear Regulatory Commission Certificate

of Compliance 5957, Revision 5, Docket Number

71-5957; Package Identification Number USA /

5957B ( ) F.

17. Safety Analysis RepoJt for Shipment of EPRI

Crack Arrest Capsules in BMI-l Shipping Cask,

dated February 8, 1980.

j
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i
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Docunent: 4

1.1

.

1. GENERAL INFORMATION

1.1 Introduction

The Safety Analysis Report for Packaging (SARP)

demonstrates that the Model No. BMI-l shipping cask meets the
IIIcurrent regulatory requirements for shipment of the contents

listed below in Section 1.2.3. as Fissile Classes I, II, and III.-

This SARP shows that an infinite number of packages ;s: be transported

per shipment with Fissile Class I contents, and up to 25 packages may

be transported per shipment with Fissile Class II contents.

1.2 Package Description

1.2.1 Packaging

1.2.1.1 Description of Cask

Cask Design Drawing Number 43-6704-0001 Rev. A accompanying
this safety analysis report presents the configuration of the

modified BMI-l nuclear-material-shipping cask. The modified cask
has a measured shipping weight of 23,660 pounds. The total

etTelope dimensions, including the lifting trunnions, are 59.12
inches in diamecer x 78 inches high.

The basic cask body is 33.37 inches in diameter x 73.37
i

inches high. It consists of two concentr c stainless steel.

shells which form an annular region which is filled with lead.

The outer shell is of a lamir.cted steel construction. The inner-

most layer of the two laminates is made of 0.50-inch Type 304
stainless plate. This icjar is the body of the cask as first

constructed. The 0.12-inch outer layer of the laminated outer

shell is welded to the inner layer at the corners of the cask

| and at all penetrations of the shell. This added outer shell

is spaced 0.06 inch from the original shell by weld spots spaced
on approximate 8-int renters.

(1) References to Section 1.found in Section 1.3.1.

REV A, 3-29-80
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| The inner shell is made of 0.25-inch-thick stainlesa
steel plate and is unchanged from the original design. With the

cover in place, the internal cavity dimensions are 15.5 inches

j in diameter x 54 inches long. The cover fits into a recess in

| the cask body formed by stepping the internal cavity diameter
| to about 18.5 inches. This recess is about 8-inches deep and has

| tapering sides. The top of the cask body is made of 0.75-inch-

| thick steel plate welded to the inner and outer shells. Lead
| shielding consists of an 8.0-inch annulus on the sides with a
!

! 7.75-inch slab section in the cover and a 7.5-inch slab section
in the bottom under the cavity. Lead-expansion space was provided
in the former design by peripheral cones welded in both ends

of the cask. In the modified design, the void space at the top

end of the cask will be filled with lead.

A liquid drain line penetrates the inner cavity at

about the center of the envity bottom. The drain line termin-

ates in the side of the shell about 5.5 inches from the bottom.
A stainless steel needle valve with the discharge end closed
with a pipe plug affords a closure of this drain. The closure

is protected from mechanical damage by a housing made of 0.50-inch
thick stainless steel welded to the 0.50-inch thick cask shell.
Safety plugs (Patent Number 3,466,444*) are velded into the

cask wall and cover plate as an added safety feature in case
water should enter the lead cavity or in case the cask should

be exposed to a fire which exceeds the prescribed test fire.
The safety plug, shown on Drawing 420040, consists

of a nominal 1/4-inch stainless steel pipe plug, which screws !
! into a stainless steel body. The body, which is 1.0-inch diameter

ix 0.62-inch thick, has stainless steel filter welded to the
|

! back side. The body is welded in the shell of the cask with the '

|| filter toward the lead. The 1/4-inch pipe plug has a 1/8-inch
! hole drilled clear through and is filled with a low melting alloy.

The pipe plug screws into the body so it is flush at the outside

surface.

Patent included in Section 1.3.3*

P2V A 3/29/30
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In the event of extreme temperature, the low melting

alloy melts and permits venting of gases through the filter and
pipe plug. The porous stainless steel disc readily passes gases,

including steam, but it is substantially impermeable to liquid

lead, thus retaining the shielding material, should it become

molten.

Four lugs are welded to the top plate of the cask as

a means of tying the cask to the vehicle. The thickness of these

lugs has been increased to 1.5-inch, to comply with the 10G, SG,
and 2G combined load prescribed in the regulations.

Twelve 1.0-inch-diameter stainless steel studs are
welded into the top plate of the cask on a 23.37-inch-diameter bolt
circle to secure the cover. Two alignment pins are provided in

the same bolt circle to protect the threads on the studs. A

tarsred surface is machined on the circular edge at the joint
between the inner cavity shell and the top plate of the cask.
This surface is the seat for the 0-ring used to provide a seal
for the cask cavity.

The cover of the cask is nominally 26.5 inches in
diameter x 9.75 inches thick. The sides are tapered to fit the
recess in the cask body. The sides of the cover are 0.25 inch
thick and the bottom is 0.75 inch thick. The top plate of the
cover is laminated. The inner layer is 1.0-inch-thick stainless

steel and the outer layer is 0.12-inch-thick stainless steel.
The outer layer is cut out and seal welded at all penetrations
and around the outer periphery. The cover-lift device is made
of two 0.25-inch-thick Type 304 stainless steel plates. An
alternate cover lifting device consists of a U-bolt welded to
the top of the cover. The chemical lead-filled section between
the top and bottom plates of the cover is 7.75 inches thick
providing 0.25 inch of space between the top cover plate and the
lead. The cover is fitted with a thermecouple/thermcmeter well
for monitoring internal cavity temperatures.

REV A 3/28/80
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Lifting trunnions 3. 5 inches in diameter are mounted
on the sides of this cask and are positioned above the shell of
the cask. In this position, it is not possible for the trunnions

to act as rods to penetrate the shell in an accident. The trunnions
have outboard supports to fit unloading equipment at ICPP.

The cask is mounted on a mild steel beam-type skid
measuring 6 ft x 8 ft. This skid serves to spread the weight of
the cask on the floor and to add stability in shipment. Four
tie rods 1.5 inches in diameter with adjustable turnbuckles are
attsched to the cask at a height of 38 inches from the skid and
extend to the corners of the skid. In addition, eight 1-inch-

diameter A325 steel bolts are used to anchor the cask to the
skid. Bumper blocks are also used to prevent shearing of the
bolts between the cask and skid. A 0.75-inch-thick stainless
sr. eel plate is positioned between the cask proper and the skid.

'

This plate is attached to the skid by the same bolt-block system
,

;as the cask base plate. The plate is used to comply with the
u., loading facility at the ICPP. This plate also provides greater

resistance to heat flow through the cask bottom from the fire
test than does the laminated construction used on the side wall
of the cask.

The BMI-l cask is designed to be used either for dry
or water-filled shipments. A pressure gauge, pressure-relief

valve, and filter are provided at the top of the cask. These
items are protected by a housing of 0.50-inch-thick stainless
stael similar to that which protects the drain valve.

Some of the basic information pertaining to the cask
is summarized in the following information.

| (a) Total maximum weight, 23,660 pounds
(b) Outside diameter, 33.37 inches

(c) Inside cavity diameter, 15.5 inches

(d) Outside shell thickness, 0.50 inch

(e) Inside shell thickness, 0.250 inch

(f) Over-all length, 73.37 inches

(g) Operr. ting pressure, 50 psig
(h) Design pressure, 100 psig

REV A 3-23-80
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'

(i) Maximum operating temperature (inside cavity),

320 F
(j) Lid weight, 1,100 pounds

(k) Contents weight, 1,110 pounds

(1) Skid weight, 1,700 pounds

1.2.1.2 Description of Product Containers
And Baskets

a) BMI-l Canister

The containment canister to be used inside the Eni-1

cask cavity, as shown on Drawing 00-000-421 Rev. C., is constructed

of 304 type stainless steel. The wall of the can is 0.125 inch

thick, and the ends are 0.50 inch thick. Ten 0.213-inch socket

head cap screws secure the cover to the can. A silastic rubber

0-ring located in a groove in this cover provides the seal. The

canister is designed to fit into the cask cavity with 0.25-inch

clearance on the diameter and 0.50-inch clearance on the length.

(b) BMI-l Basket

Fuel assemblies are positioned within the central cavity

by two identical stainless steel baskets, with one basket supported

on top of the other, BMI Drawing Number 41-4409-0004, Rev. B. A

permanent neutron poison is provided by boral clad with stainless

steel used as dividing plates in the baskets.

'

(c) Enrico Fermi Copper Basket

The copper basket shown on Drawing K5928-3-0049D, Rev.

to May 12, 1966, may be used as needed as additional radial gamma

shielding and as a device to better conduct heat from a loa ~d

of small dimensions to the cask wall. It was designed, licensed,

and used for shipping a single fuel element frem the Enrico Fermi

REV A 3/28/80
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reactor. It was also ured for shipping a load of 40,000 curies

of stainless steel encapsulated Co-60, with a decay heat output
! of 1.25 kw.

(d) University of Arizona Basket for
TRIGA Fuel

'

A special basket has been designed (BMI Drawing 1020, Rev. B)
to individually support 38 TRIGA fuel elements in the BMI-l cask.;

'

The TRIGA fuel will be shipped dry in this basket. The basket

is a sealed container made of stainless steel to serve as a
secondary containment of this shipment.

.

1

(e) Texas A&M Basket

Basket assembly defined by Bh! Drawing Number 41-4409-0004,
Rev. B, as modified by BMI Drawing Number 00-000-236, Rev. A.

(f) S8DR Fuel Basket

Basket assembly and storage can defined by BMI Drawing
Number 00-000-391, Rev. C, and Atomic International Drawing
Number AIHL, S8DR 0019-01, respectively.-

(g) Pulstar Fuel Basket and Canisters

Basket assembly as shown in BMI Drawing Number 41-4409-0004,
Rev. B, as modified by BMI Drawing Number 00-001-376, Rev. A,

*

and fuel canister as shown in BMI Drawing Number 00-001-375,
Rev. O.

The BMI-l fuel basket, modified to Battelle Memorial

Institute Drawing Number 00-001-376, Rev. A, will be used to ship

12 canisters containing 21 Pulstar fuel pins each. The basket

modification drawing and the Pulstar fuel pin canisters, Drawing
Number 00-001-375, Rev. O, are attached.

- - - - - . __- -. - .
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(h) BMI-l Basket Spacer

BMI-l Cask Basket Spacer for ALRR Converter Fuel; Ames
Laboratory Research Reactor, (File Drawing) Number RRM 245, dated
4/3/77.

1.2.2 Operational Features

Operation of the BMI-l is discussed in Section 1.2.1.

That Section and the referenced drawings clearly explain opera-

tion of the cask an~d show all valves, openings, seals, etc.

1.2.3 Contents of Packaging

1.2.3.1 Description of Cask Contents

In accordance with the requirements of 5 71. 22 (b) of

10-CFR-71-Subpart B, the materials planned for shipment in the

BMI-l cask are described as follows.

!

(1) Radioactive Constituents -
Identification and Maximum
Radioactivity

(a) Shipments by Any Transport Vehicle (Except Aircraft)

Assigned for Sole Use. The radioactive contents of the cask may

include any radionuclides (s) classified according to the transport

grouping in Appendix C of 10-CFR-71. Quantities (in curies) of the

respective radionuclides may be ecual to or less than any of the
following group limits:

REV A 3/28/80
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Transport Group * Quantity (in curies)

I 1,000

II 8,120

General Mixed fission products Unlimited **

III 4,960

IV 11,070

V 8,120

VI and VII 800,000

* As defined in 5 173.390 of 49 CFR and Appendix C of 10-CFR-71.

Limit will be imposed by dose-rate limits specified in**

5 173.393 (i) of 49 CFR.

Also, 40,000 curies of Co-60, as licensed in Amendment 71-3,
License Number SNM-7, Docket Number 70-8, July 17, 19.69, or

,I
equivalent sources of nonfissile isotopes having gamma or
Bremsstrahlung emission energies less than 1.33 Mev may be
shipped in the modified BMI-l cask with the copper basket or
other additional internal shielding.

(b) Shipments by Commercial, Contract, Governmental,
and Private Carriers. The radioactive contents of the cask may

include any radionuclide(s) classified according to the transport

grouping in Appendix C of 10-CFR-71. Quantities (in curies)
of the respective radionuclides may be equal to or less than any
one of the following group limits:

Transport Group * Quantity (in curies)

I 1,000

II 2,523

General mixed fission products Unlimited **

III 1,540 ,

IV 3,440

V 5,000

I7 and VII 800,000

$ - _-
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(2) Identification and Maximum Quantities of
Fissile Constituents

(a) Without Leakproof Inner Container. Fissile consti-

tuents planned for shipment in the cask without the leakproof

inner container along with respective quantities are as follows:

U-233 280 grams. . . . . . . .

Pu-239. 280 grams. . . . . . .

U-235 500 grams. . . . . . . .

* As defined in 5 173.390 of 49 CFR and Appendix C of 10-CFR-71.

Limit will be imposed by dose-rate limits specified in**

5 173.393 (i) of 49 CFR.

(b) With Leakoroof Inner Container. Fissile con-

stituents planned for shipment in the cask with the leakproof
inner container along with respective quantities are as follows:.,

U-233 480 grams. . . . . . . .

Pu-239. 480 grams. . . . . . .

U-235 800 grams. . . . . . . .

(3) Chemical and Physical Form

Radioactive and fissile radioactive materials of the
following chemical and physical forms may be shipped in the BMI-1
cask:

(a) Special form, as defined in 5 71. 4 (0) of

10-CFR-Part 71.
(b) Normal form, providing that the materials

are solid and are securely confined in the

leakproof inner container, Drawing 00-000-421,
Rev. C., during all normal.and accident

,

conditions.

-
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(c) Normal form providing that all materials
are packaged and securely confined in the
cask cavity. Normal form shall be defined
as solid material nonpowder that must re-
main solid up to 500 F. Only special

form materials may 'Je shipped in the cask
with water coolant.

(4) Extent of Reflection, Neutron Absorbers, and
H/X Atomic Ratios

4

(a) Without Inner Container. Reflection, absorption,
and atom.c characteristics of the package contents without the,

inner container are summarized as follows:
. - ~ _ _ . . . - - - - - - -.

Extent of reflection . . Ma;dmum reflection. . .

Nonfissile neutron
absorbers present. . None assumed (althought

. . . .

various types

would be present)

Atomic ratio of moderator
to fissile cenr.tituents*:

Isotope H/X
U-233 450
U-235 500

Pu-239 800

(b) With Inner Container. Reflection, absorption, and

atomic characteristics of the package contents with the inner
container are summarized as follows:

Extent of reflection . . Maximum reflection. . .

Nonfissile neutron

absorbers present . Nc*. assumed (although. . . . .

various types

would be present)
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Atomic ratio of moderator
to fissile constituents *:

Isotope H/X
U-233 20

U-235 20

Pu-239 20

(5) Maximum Weight

The maximum weight of the package contents is 1,800 pounds.

(6) Maximum Amount of Decay Heat

A decay heat load of 1.5 kw is the maximum analyzed for
the package contents.

1.2.3.2 Type and Form of Contents Material

(a) BRR/MTR Type Fuel Elements,

Intact irradiated MTR or BRR fuel assemblies containing
not more than 200 grams U-235 per assembly prior to irradiation.
Uranium may be enriched to a maximum 93 w/o in the U-235 isetope.
Active fuel length shall be. 25 inches.

This report presents a safeguards evaluation of the design
and proposed uses of a shielded cask for transporting irradiated
fuel assemblies from the Battelle Research Reactor to the .daho
Falls Chemical Processing Plant. The rhipment of irradiated fuel

is to be made by truck-trailer according to regular commercial
conditions and regulations.

.

* Most reactive H/A (Reference 2).

|

!
.-



; o -

Documsnt: 14,3

1.12
.

The Texas A&M University requests a special permit to

make shipments of MTR reactor fuel in the BMI-l Shipping Cask

(Number SP5957) . This request involves the shipment of 23 partially

irradiated and 13 unirradiated elements frcm the Texas A&M Nuclear,

Science Center to the University of Virginia.

The BMI-l fuel basket has been modified according to

Battelle Memorial Institute Drawing Number 00-000-236, Rev. A,

(attached) to individually support 12 MTR fuel elements in the

BMI-l cask.

(b) Enrico Fermi Fuel Elements

Intact irradiated Enrico Fermi Core. A fuel assembly

containing not more than 4.77 kgs U-235 prior to irradiation.

Uranium may be enriched to 25.6 w/o in the U-235 isotope.

This report presents an evaluation of the proposed use

of the BMI-l spent fuel shipping cask to transport one Enrico

Fermi Atomic Power Plant core-A fuel subassembly per trip from

che Enrico Fermi plant located near Monroe, Michigan, to the

Battelle Nuclear Center near Columbus, Ohio, and then to the

Nuclear Fuels Services reprocessing plant near West Valley,

New York. The BMI-l cask was approved in July, 1964, and given

License Number SNM 807 (Docket Number 70-813) for use in shipping

24 spent BRR fuel elements per trip to SRL. Shipment in this

cask of one Fermi fuel subassembly, removed from the reactor

10 days prior to shipment, requires a different fuel element

basket and basket support inside the cask. Enclosed Drawing Number

0049D, Rev. 5/12/66, provides a description and details of the pro-
posed modifications. The main part of this modification is a copper

casting which provides mechanical support, additional shielding,

and a good thermal path for the removal of decay heat from the

subassembly. There are no other cask modifications necessar).
The analysis given in this report is based on shipment

of fuel elements with the maximum fuel burnup expected during



Documsnt: 3

1.13

.

the program, about 1.6 a/o of the uranium. Initial shipments

will involve fue; elements with burnups of about 0.2 a/o.

Because of the nature of the reactor power cycle, the maximum

decay heat from the fuel will be 1.5 kw.

The major problem encountered in development of a method

for shipment of the Fermi fuel subassemblies was the loss-of-

coolant condition. Without some type of coolant, the fuel

subassemblies with 1.6 a/o burnup would reach excessive temperatures.

The use of fine copper shot as a heat transfer medium in the

cask, in conjunction with water, has been demonstrated as a

reliable means of preventing exesssive fuel temperatures if the

water is accidentally lost from the cask.

The fuel element will be loaded and unloaded under water

employing the normal operating instructions for this cask. In

loading, the copper shot will be added in a slurry through a

tube into the fuel element cavity. Unloading will be accomplished

by removing the stainless steel basket from the shot-filled

cavity and then removing the shot from the element.

Operating instructions for the cask handling and loading

procedure will be followed to ensure that:

(1) The characteristics of the fuel assemblies

as shipped are in compliance with the

conditions of the license

(2) External radiation and surface con-

camination of the cask do not exceed

prescribed limits

(3) The cask closures are leak-tight at the !

maximum operating pressures; the cask j

and skid are fastened securely to the |

transporting vehicle

(4) All administrative procedures rela ing

to the recording and transfer of pertinent

data are executed.

j

|
1
|
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Details of the assumptions and calculations used in

formulating this method of shipping Fermi fuel subassemblies are

included in the following sections.

ENRICO' FERMI CORE-A FUEL SUBASSEMBLY SPECIFICATIONS i

(1) Dimensions: 34 x 2.646 x 2.646 inches

(2) Type: Pin type with 140 active pins

(3) Pin Diameter: 0.156 inch

(4) Cladding: 0.005 inch zirconium

(5) Loading: Total uranium 18.616 kg

(6) Enrichment: 25.6 percent

(7) Reactor Operating Power: 110 megawatt

(8) Peaking Factor: Axial maximum to averagc_

l.23

(9) Estimated Maximum Burnup: 1.6 a/o

(10) Irradiation Time: Alternating 28-day

on-off cycles

(11) Cooling Time: 10 days

(12) Void Volume per Element: 1902 cc

(13) Maximum Decay Heat: 1.5 kw (based on
alternate 28-day on, 28-day off power

cycles).

(c) TRIGA Fuel Elements

Irradiated Triga Type III fuel assemblies et ataining
not more than 40 grams U-235 per asscmbly prior te irradiation.
Uranium may be enriched to a maximum 20 w/o in the U-235 isotope.

f Active fuel length shall be 15 inches for stainless steel clad

assemblies and 14 inches for aluminum clad assemblies.
The University of Arizona requests a special permit to

make a Fissile Class III shipments of TRIGA III reactor fuel in

the BMI-l Shipping Cask (Number SP5957). This request involves
,

| the shipment of 63 Al-clad elements from the University of Arizona

|
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TABLE 1.1 COMPARISON OF REQUESTED SilIPMENT OF TRIGA FUEL TO PRESENT LICENSE

Conditions of Present
Item Conditions of Present Request License SNM-7(a)

Contents 38 Irradiated Triga Type III Various fuels and radiation
fuel assemblies sources

8.5 w/o U235
*

Al or SS clad

d Maximum decay 112.5 Watts 1,509 Watts maximum
4 heat generation
> per package
(J

[h Maximum external 0.6 mr/hr maximum at 3 ft 10 mr/hr at 3 ft from
m dose rate from the cask external external surface of the u

D surface cask
o

Criticality Subcritical All packages subcritical
(6d assemblies required
for criticality - 3C
assemblies maximum to be
shipped)

Contents in Basket maintains integrity Maximum impact force of 87 G
maximum impact af ter experiencing 87 G experienced
accident impact for%
situation

_ -.

(a)' BMT License SMN 7, Amendment Number 71-4.
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to the University of Utah and the shipment of 87 partially

; spent stainless steel clad elements from Gulf General Atomics,

San Diego, California, to the University of Arizona.

The SMI-l License SMN 7, Amendment Number 71-4, does
"

not specifically provide for the shipment of TRIGA fuel. Table 1.1

summarizes the pertinent aspects of the shipment of this fuel

in the BMI-1 cask and compares this shipment to the present cask

license. As shown in Table 1.1, the TRIGA fuel to be shipped

has a very low heat and radiation content and the number of elements

j to be shipped is well below the number required to achieve criti-

]
cality. The following discussion expands on the areas of

criticality, thermal, and structural analysis of this shipment

and also provides a shipping procedure for the TRIGA fuel.

The cask has a maximum capacity of 38 TRIGA fuel elements

Number 103. The fuel assemblies are stainless steel and aluminum

clad, 8.5 percent U235 in a zirconium hydride matrix. w
1

-

; (d) Pulstar Fuel Elements
|

Irradiated Pulstar Zircaloy clad fuel pins containing

not more than 31 grams U-235 per pin prior to irradiation. Uranium

| may be enriched to a maximum 6 v/o in the U-235 isotope. Active

' fuel length shall be 24 inches.

The State University of New York at Buffalo, requests

a special permit to make shipments of Pulstar reactor fuel in

the BMI-l Shipping Cask (Number SP5957) . This request involves

the shipment of 600 irradiated element pins from the S.U.N.Y.,

Nuclear Science and Technology Facility to the Idaho Chemical

Processing Plant.

(e) S8DR Fuel Elements

.

Irradiated SSDR fuel elements 0.56 inch CD by 18.7 inches,

long by 0.010-inch wall thickness of Hastelloy-N. The fuel -

material is UZr9 fully enriched in U-235.

,

. , _ __ ._ ._ _. . . _ , _ _ - _ , _ __ ,
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(f) _CP-5 Fuel Flements

Intact irradiated CP-5 fuel assemblies containing not

more than 176 grams U-235 per assembly prior to irradiation.

Uranium may be enriched to a maximum 93 w/o in the U-235 isotope.
Active fuel length shall be 28.5 inches.

(g) Fissile Material

Greater than Type A quantities of radioactive material

which may include the uranium enriched in the U-235 isotope, U-233,
plutonium, as metal, oxides, or compounds which are thermally
stable up to 600 F.

(h) Byproduct Material

Greater chan Type A quantities of byproduct material in

special form.4

1

Greater than Type A quantities of byproduct material

in normal form as metal, oxides, or compounds which are thermally

stable - 'o 600 F.

(i) EPRA Crack Arrest Capsules

This Safety Analysis Report shows that the EPRI Crack

Arrest Capsules shown in Figure 1.1 can be shipped in the BMI-l |
; cask. The capsules are essentially rectangular parallelepipeds ;

made of aluminum and containing carbon steel specimens. Lesser

amounts of other materials are present as shown in Table 1.2.
.

1

, , _ , . . _ -
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TABLE 1.2. MATERIALS IN THE EPRI CRACK ARREST CAPSULES

Material Component Weight, lb

Aluminum Capsule walls 68
Piping 5

Carbon Steel Specimens 123

Stainless Steel Seal Plugs, T/C
(Type 304 and 347) & Heater Sheath 10

Constantan Wire Thermocouples $1

Magnesium Oxide T/C Insulation 6

Nickel Heaters s2

Inconel Heaters s2

U238 Fission Monitor 36 mg

Np237 Fission Monitor 60 mg
_

l.3 Appendix

1.3.1 References

(1) Packaging of Radioactive Material for Transport and Transpor-
tation of Radioactive Material Under Certain Conditions;
U.S. Nuclear Regulatory Commission, Title 10, Chapter 1,
Part 71, June 30, 1978.

(2) Paxton, H. C., et al, " Critical Dimensions of Systems

Containing U-235, Pu-239, and U-233", USAEC, TID 7028 (1964).

1.3.2 Drawings

The drawings of the cask, skid, and the various canisters

and baskets follow.

REV A 3/29/80 .
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United States Patent 03 ice '" Patented Sept.9,19693d88>*

1 2
casks have resn!ted from transformadon of entrapped 1

. 3.'"''' moisture to vapor as described above. De venting of en- '

DD' FIRES"! TALLY VENTED CARRYING CASE
FOR RADICAC'ITVE MAN trapped steam is made dif5 cult by the uke!Ihood of the |

Ehner C Lask Columbas, Ohio, assignor, by meene as- presence of molten lead at temperatures of steam forma- |hhMM be WM m .J.. .. . h dsk |signments. to Edward Lead Coaspany, Cohambas, Ohio, 5
of a radiation hazard. I'* * '

Aug. 4.196I.Ser.No.433,pg5 It is therefore an object of this inventaost to prtmde a
Inc. C1.G212 5/00 vent for a container which anon gases to escape there.

U.S. CL 150-10s 9 Claims * from b=t which retams molten liquids therein.
10 It is a stin further object of the present invendon to pro-

,

i

vide a shipping cash for radioactive material having little
ABS'rRACI OF THE DISCI 45URE likelihood of explosion from the presence of entrapaed

]moismre widin 2
utilityoverconvent,e containu waH and aus inscrsased

Dere is disclosed a carrying cask strocure for radio-
onal containers.sedve materials, and the cask is characerized by havi=g

a fusible solid shielding material disposed interiorly there.1: It is another object of thzs invention to provide a vent
of in a ** =a b"y filed space, there further being in ce for the ! cad-EUed waEs of sh:,pptog casks for tud20-ac:ive
cast strucmre a diferential =aterial vent, de vent com. materiala.
prising a poruns outle!.def.r.ing arrangement hiing ports It is sdn another object of $,s inventzen to provida a1 ,

,

of a mean pore size in a sent path from the (foremen. vent for the lead.AIIed w-11 of shipping casks charactenzed
tioned space for the pores to vent gas from tha: space at t) by the abnity to anow vapori:cd =oisture to escape from
a pressure at which the ports are substandaHy impermea. the void volumes defned thers:n wi:hout aHomng molten

|

,

ble to molten shielding material in the space and to vent lead to Sow therefrom.
molten shielding material at an increased pressure from Various other objects and advantages wC1 appear from
the space, the de=ripnon of the embodsments of the inventaen m

25 the ensuing speciS:ation, which is to be read in conjunc.
tion with the attached drawings wherein:

This invendon relates to diferential material venting FIG.1 is a vertical sec:ional view through a vent
devices and more panienlarly, it relates to a diferential constructed in accordance with one embodimrnt of the
vent for the removal of gases from a container while re- invention: !
talning molten IIquid within the container. De invention 50 FIG. is a vertical sectional view through a vent con- Ifurcer relates to a diferential material venting device structed in accordance with another embodiment of the <

used in combination with a lead-lined shipping cask for invention; and. '

radioacdve materials. FIG. 3 is a fragmentary view of a shipping cask having
In the transportation of radioactive materials, shippa.nt a wa!! thereof combined with a venting device.

casks are used which genera 3y comprise an inner contain- 35 Briefy described, the invemien indudes within its scope
er and an outer she!1 MS Icad shielding material con- the preferential venting of materials and a diferential
tained in the annular cavity de5ned tserebetween. The material venting device therefor comprising a body it:ed
area widin the conainer cariies radioactive materials with a porous metal plate member adapted to vent steam I

being shipped. In the tabrication of these shipping casks, and other gases under pressure but to res: ram the Sow of |
molten lead is ; cured within the annular space defmed by 40 molten liquids therethrough. I

the inner container and outer shet. Because of me high Referring to FIG.1. an assembly of a diferential ma-
coedicient of thermal expacsion of lead as compared to terial venting device 10 according to this invention is
the container and shen mated.als, the lead shrinks upon shows comprising a cylindrical body 12 with a centranysolid &2 tion and pulls away from the outer shell. This located threaded opening 17 extending therethrough. Cir-
leaves s'oid between the outer surface of the lead and the 45 cumferential shou! der 14 is outwardly disposed from one
inner scriace of the outer shell. Safety requirements dic- extremity of cylindrical body 12 to det!ne a shaHow open-tate that the void volume thus formed must remain to fag 16 therein while fanged portion 15 is provided at the
prudde room for expansson of the lead m the event, of opposing extremity of cylindrical body 12. A pc. usare in the vicinity of the shipping cask. In fact, suscient metal member 19 is suitably a5xed to the face of cir-
void volume must be allowed to take up the expansion 50 cumferendal shoulder 14.The dependent threads in open-of the lead resulting from tesnpenture rise and transfor* ing 17 of cyHndrical member 12 are threaded with plugmation to me IIquid state at temperatures equivalent to member 23 having a centrally located opening there-those that would be encountered in a fre. L.ack of suf* through CI!cd with a tsarerial 22 automaticaHy remova-Scient space for expansion of lead would result in rupwe
of the outer sheu and loss of 6taing material with at- 55 ble at a predetermined temperature above room tempera-

tm c.
radiation ha:ards. The presence of the required In operation, the assembly is connected into the wall

tand s va

void volume in the wall of the shipping cas': has caused of a container with fanged portion 15 extding out-
another sigmacant danger. In some cases, gracks in the wardly. Gas pressure that develops within the containerouter shen have allowed moisture to enter iato the void is vented through porous plate member 19 and the largevolume. This is a parucular hazard where radioacuve 60 area defmed by space 16. Material 22 is selected so asmaterials are loaded into the shipping cask n.ader water.

to be automaticaur removable at te:nperamres 8 cst belowne cracks through which water has been admitted may
the ternperature at which sig::iScant vaporization of 2esubsequently become sealed by the action of corronom. liquid is IIkely to occur within the ecmta;ner.dirt, paint, lead packing or shifting. and by yielding of

the metal she!L It has been found that when the shipping 65 Material 22 can be a solder having a :nciting range,

cast is exposed to high temperature, the moisture en- wicia 2e reqmred temperamre limita. BicetaHic map
trapped as described above transfor=s to stes=s and pro- out disks are ecuaDy suitable. In this way PCrous metal
duces dangerously high pressures within the Icad.BiM pe meh 19 h pmected Mm pos:Me cova-t-

mg 1:$nenses from w,dout be container during the timecavity. Even where the crack remains open. considerabh i

presmre is stin generated to a dangerousiv high level be- 70 that =mbly 10 is not in active operat:en. It should be
cause the area of the opening through wnics steam may unoerstood that material 2: is not absolutely essential
escape is fadF$at. Catastrophic czpiosions of shipping for the operation of the digerential matertal venting

REv. A, 3-28-80
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assembly but merely is convenient. In some appIIcaticra, This is equivalent to a metal head of 8 feet. In a cask
it wC1 be obvious that water entering the container from having a void volume of 1521 ht*, a rurface area of
without the vent is merely vented back out as steam when 56 in.8 in porous aiah steeJ plate as desen' bed above
elevated temperatores asiaa. vented the quantity of meam that would be expected to

Assembly of the pressure venting device is relatively form within the lead-SIled wall without schaevmg pree.
'

simpie. Porous metal member is merely weMed by con 5 sures in eacess of 50 p.s.l.g.
venient means to circumferential shon! der 14. Plug mem- In operation in the ! cad-aned wsI! of a shrpping cask
ber 23 is tapped by convement means and the opening for radioactive c!cments, the porous metal plare member
extending therethrough atted with material 22. The can be protected at its outer surface by a material that
threaded cztedor of plug 23 engages threads on the 10 is automatically removabic to open and exit for gaans at
interior of opening 17 cztending through cylindrical temperamres slightly below the bc2ros point of water.
member 12. Upon encountering condidons such as are wherein ths

Referring to FIG. 2, a pressure venting device 30, also temperat:ne of the atmosphere surrounding the cask rises
according to this inver. tion, comprises a funnel-shaped rapidly, the material in the exit gas opening is ant-w-
body 32 terminating reseectiva in openings 33 and 15 ally removed thus ! caving free ope:dngs to communicate
34. A centrally located vent port 35 communicates with the porous metal plate. As temperature continues

|with smaller diameter opening 33 in funnel-shaped body to increase, steam begins to form and is vented through
32. Vent port 35 is provided with threads for Szed at- the perous metal plate. Further increase of temperature
tachment to dependent threads provided within the wall causes the ! cad to become mohen but the molten lead

*

of a container, thus anowing assembly 30 to communi- 20 is retained within the waH of the cast by the porous metal
care with the Imerior. At the larger diameter opening 34 p! ate. Should temperatures in the vicinity of the cask ex-
of funnel-shaped body 32, a porous metal plate member caed values currently foreseen by afety requuements, it
37 is disposed within recess 39 provided on the inside has been found that the differential material vent of this
diameter dedned by larger opening 34 of funne!-shaped Invention wiu stiu not cause catastrophic rupture of the
memb r 32. A cap 45 is provided for engagement with 13 outer she!! of the container. The higber pressures occas.
!arger diameter o;ening 34. Projections 44-44 on the sioned by these hi her temperatures will merely result int
inside face of cap 45 force the porous metal plate 37 a slow leakage of molten lead throagh the porous plate
to St sously into recess 39 while maintaining a suitable member thus re!Icving the excess pressure caused by ex.
spacing of cap 45 from the same. Numerous small dia- pansion of moltu lead.
meter epenings 42 42 Elled with a material automati- 30 The body of the differential material vent may be made
cally removable at a preferred temperature range extend from a variety of materials, though it has been found that
through the face of cap 45 at various locations thereon. ' components of stainless neel are very satisfactory. In the

In assembly of the pressure venting device de cribed embe'iments of the invention shown, the porous metal
above, porous metal plate 37 is merely disposed within member is a disk conaguration. It is obvious that any
recess 39 provided within the inside diameter of larger 33 conaguration disposed between the contents of the outer
diameter opening 34 denned at one extremity of funnel- shell and an opning entering the atmosphere would be
shaped body 32. Cap 45 is secured tightly so that pro- satisfactory.

I jections 44 44 on the inside face thereof engage porous One advantage of this invention is that a material vent.
member 37 to secure the same in place on recess 39 and ing device is provided to exhaust steam or other gases at .)
to seal the assembly 34, 40 a safe pressure frem a cavity aned Mth molten liquid. J

The porous metal plate member comprises the kay Still another advantase of this invention is that a mats-
member of the material venting device of this invention. rial venting device is characterized by a porous metal
The porous metal member is available commercially with plate having subs:antial strength and rehace to break-
a variety of diNerent port sizes. Where high pressures or - age in service.
high-liquid heads may be developed, a small pore size 45 In its application to shipping casts for radioactive ele-
is selec:ed. SimHariy, for a given pore si:e, a thicker ments, the material venting device of this invemion pro-
porous metal member is selected where high metal heads v des several sis =i5 cant advan: ages which make the ship-
may be encocatered. Generally it is advisab!c to select a ping of mdioactive elements less hazardous.
pore opening size and thickness of porous metal member It will be apparent that new and useful means for dif-
to restrain the flow of the contained liquid and auow the 50 ferential venting of materials have been described. Al-
passage of gases therethrough. The actual size of the though several preferred embodiments of the invention i

differential material vent depends on the active surface have been descdbed,it is apparent that modi 5 cations may
|area needed for the porous metal plate. This, in turn, be made therein by those skiHed in the srt. Such modi 5ca- -

depends on the gas Sow capacity of the porous metal tions may be made without departing from the spirit or
plate, the strength of the porous metal plate, the volume 55 secpe of the invention, as is set forth in the app:nded
of gas estimated to be generated in the container, and claims.

! the length of time during which gas would be formed. What is clauned is:
' When these factors are known, the surface area rgnred 1. In a carrpng cask for radioactive materials which
! to vent gas can be determined by simple calculauon. includes an inner container; an outer shell spaced out- 1

Where the calculated surface area is large it may be con- 60 wardly from said Inner con:ainert and a fusible soUd
venient to assemble a plurality of differential material shic! ding material substantiaHy flIling tie space between
vents for use in the container. The sum of the areas said outer shell and said inner container, the improve-
pruented by each vent being equal to or greater than ment comprising a differential material vent including a
the required araa. The use of a pluraHty of vents would porous structure having pores of a men;s pore a:e in a

| aho provide an additional safety factor in the event of 85 vent passage from said space for sa:d pares to vent gas
' injury to one of the vents daring transit. from said space at a pressure at which said ports are sub-

,In FIG, 3 one of the hereinbefore described devices stantiaUy impermeable to molten said shielding material I
10 is represented connected for venting the space 53 be
tween an inner cantal.rr 51 and an outer she!! 52 o; and said ports to vent molten uid shielding materia! at an |i

'

Increased pressore from said space. '

a shipping cask H for radaoactive elements and very 70 2. The carrying cask of claim 1, whertin said fusibie {satisfactorily inc!udes a porous mt.tal plate member sol d shielding material is a moooUthic casting within lfabricated from staudess stecL For exampic, for a porous
,

fg*;. inh Ma a por ame e o 0 : carrying cask of claim 1 w% C No- > 1

molten lead will be restrained at panssures over C p.s.:.g. 75 lithic casting includes lead,

REV A, 3-28-30
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5 6
4. T"as carrying cask of riaim 3, wherein said porons sensitive scattag means comprises a low. melting ranas

structure comprises Nrous stainless steel. solder which fuses when sakt minimum temperature is
5. The crrrying cast of claim 1, and includies thermal. exceeded.

ly sensitive sealing means arransed in said vent passmas to 3. The canying cask of claim 6, wherein said pomas
seal said space closed and to be automa'ica!!y displaced g struernre is arranged having said pores interpcned between
to vent said space through said pores after temperature said space and said went snember openmg.
ef said thermally sensidve sealing means exceeds a mini. 9. The carrying cast of claim 6, wherein said vent
mum vahan, member has said openmg therean interposed between said

6. The carrying cask or claim I, wherein a vent mem. space and said pores,
ber is connected having an opening therei, for enmmuni 10
ca:ing with said pores and with said spo s and said cask No references cited.
is further characterized by including thanally sensitive
asaling means arranged to cloes said ver . member open. RALPH G. NII. SON, Prunary Fnminer
ing and to be antomaticaDy displaced *s vent said spaca SAUL EI.BAUM, Asastant Fummer
throur' < aid vent mernber opening and through said poi ss la
after temperature of said thermally seieitive sealing m
exceeds a minimum value. U.S. C1, X.R.

7. The canying cask of claim 6, wherein said thermally 200 44, g9; *50--106.

.

.

,-

.

.

.
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2. STRUCTURAL EVALUATION

2.1 Structural Design

2.1.1 Discussion

The principal members and systems of the BMI-l cask are

identified and discussed in Section 1.2.1.1.

2.1.2 Design Criteria

The cask was designed to have a positive margin of safety

based on the yield strength for all normal conditions and for a

positive margin of safety based on the yield strength or ultimate

strength fcr all accident conditions. !
I

1
2.2 Weights and Center of Gravity

|

!

Calculated weights of the BMI-l cask and skid and the
.

'

I
allowable contents weight are presented in Table 2.1. All structural

'

calculations were performed on the basis of the calculated weights.

The total measured weight is about 0.3 parcent greater than that

calculated. This difference is considered neglible and thus the

results of the structural analyses based on the calculated weight

are considered acceptable.

TABLE 2.1. BMI-1 CASK WEIGHT

Component Weights, pounds

Calculated Measured

Body 19,200 19,750

Cover 1,200 1,100

Skid 1,400 1,700

Contents (maximum) 1,800 1,110 ").I

; TOTAL 23,600 23,660

(1) Weight of heaviest basket and contents, the copper basket
for the Fermi Fuel Elements.

REV. A., 3-28-80
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.

The center of gravity is assumed at the geometric center of

the cask.

2.3 Mechanical Properties of Materials

The cask is constructed entirely of stainless steel

plate. The material properties used in the analyses were obtained

from MIL-HDBK-5A.(1) In cases where property data were not

specified, the values were estimated by referencing to similar

properties of the same or similar materials. The ASTM A3'5
4

bolts specified in the design correspond to the Type 4 fasteners

included in MIL-HDBK-5A. The maximum surface temperature of the

cask during normal operation is 190 F. At this temperature,

the properties of the cask construction materials are essentially

enchanged from room-temperature conditions. Therefore, room-

temperature properties were used in the analysis. Table 2.2

summarizes the properties of the cask construction materials.
.

TABLE 2.2 MATERIAL PROPERTIES UTILIZED IN BMI-l CASK DESIGN

Design
Material Property Stress, psi

Type 304 stainless steel Tensile yield stress 30,000
Tensile ultimate stress 75,000
Compressive yield stress 35,000
Shear yield stress 20,000
Shear ultimate stress 40,000
Bearing yield stress 50,000

ASTM A325 bolts Tensile ultimate stress 120,000
Shear ultimate stress 89,000

(1) References to Section 2 found in Section 2.12.1. .

.
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2.3

2.4 General Standards for All Packages

2.4.1 Chemical and Galvanic Reactions

The materials used--stainless steel and lead--do not

react with each other in such a way as to cause deleterious amounts -

of corrosion products.

2.4.2 Positive Closure

Closure of the cask is accomplished by 12 Type 304 stain-

less steel studs. These studs provide positive closure of the

cask during normal shipping conditions. The closure, with respect

to accident conditions, is analyzed in a subsequent section.

2.4.3 Lifting Device

This section demonstrates the safet" of the lifting -

devices associated with the package. The adequacy of lifting

devices associated with the baskets are presented in Section 2.11.

2.4.3.1 Cask '

|

According to i 72.34 (e) , the cask-lifting must be capable

of lif ting 6 times the weight of the cask without exceeding the
yield strength of the materials in the device. i

.

e

REV A 3-28-80
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_

70,200 lbs.
~

5"x 1/

f~1.37" IM = 0 = 70,200(2.12) - P(2.12 + 1.87 + 8.19/3)-.
g

1/2" 3.75 8.19"
'( P= = 22,200$' *

1/2" R
|

IV = 9 = 70,200 - 22,200 - Q
'

,, Q = 48,0008

70,200
A P (1/2) (s .14 ) = 22,2009

fQ I P = 54200/m.

b(sum)
'

!'

M diag.

j 102,000 in.] b.

The tensile stress in the 5 x 1/2 inch plate is: .J

=h=48,000 = 19,200 psi0
.

5 x 0.5

The maximum tensile stress in the web is:

54o=h=y = 10,850 psi
5

.

The bending stress in the 3.5-inch bar is:

o-f=102, = 26,600 psi < 30,000 psi yield
0

.
,

The average shear stress in the 3.5 inch bar is:

P 48,000(4)
=g* r(3.5)2 = 5,000 psi < 15,000 psi shear yield 'T .

.

e
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.

Checking attachment to the cask, the maximum bending

stress is 1,000 psi and the average shear stress is 1,950 psi,

as shown below.

N.A. -
5"

I = 11,278 in.
_ _ _ - . _ - ., . - N.A., , , ,

11A = 36. 2:s.
|

-

.

.25"_J -.

' 15.5"
, ,Me (70,200) (8.19 + 1.87) (16)

= 1000 psi,

I 11,278

e0.5"
,1 , ,P ,70,200 = 1950 psi

"#95"
-

'

Cross-section
of Trunnion
of Cask Surface

2.4.3.2 Cover

.

To meet the requirements of f 72.34 (f), the lid-lifting

device must be capable of lifting six times the weight of the

lid and contents without exceeding the yield strength of the

materials in the device.

The lifting device must be capable of lifting 6(1,690) =

10,130 pounds. The following calculations show that the device

is adequate to lift the lid. It should be stated that the attach-

ment plates have purposely been made as thin as possible for

lifting purposes so that in the event of a top impact, they will

collapse and not penetrate the lid. -

!
|
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.

1"
; 2-1/4" plates

|0 o 0F0
, i

.

__
-20"

_

26.5"
__

-

,

Force to shear out holes

j F = 4(15,000) (2) (1xl/4) = 30,000 lbs - O.K. if only 2
holes are used

Tensile stress in weld

0=k*2 4)= 1013 psi4

J

The alternate lifting device (U-bar) was tested at 3

times the cover weight to show adequacy. The test report is

presented in Section 2.12.2. The lifting device on the cover and
'

the cover closure is not designed to permit its use as a cask-
'

lifting device. Therefore, a U-plate, which bolts onto the device,

is provided to prevent inadvertent use of the component as a

cask-lifting device.

2.4.3.3 Failure of the Lifting Device
Would not Impair Containment or
Shielding

1

Impairment of containment or shielding due to failure

of the lifting device would be less severe than in the case of

the 30 foot drop which is considered in a subsequent section.
'

,

i J

REV A 3-28-80
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2.4.4 Tiedown Devices

2.4.4.1 No Yielding with 10G Longitudinal,
SG Transverse, and 2G Vertical Forces

i

The design analysis assumes that the cask and skid act

as a single unit. Therefore, the four tiedown ears must with-

stand the applicable 10G, SG, and 2G forces applied to combined

weight of the cask and skid. As is customary, it was assumed

that the cask is adequately blocked so that tipping, rather than

sliding or tipping and skidding, is impeded. The critical tipping j

orientation is when the 10G force is acting in the direction of i

the 72 inch dimension of the cask skid, i.e., the tipping axis

is 36 inches from the vertical axis of the cask, Figure 2.1.

For purposes of analysis, it was assumed that the cask

will tip on the assumed tipping axis, Figure 2.1, rather than

the side of the cask. The assumed axis was taken, however, at

the same distance from the center of the cask as the true tipping

axis, i.e., 36 inches. This is a conservative assumption since

the skid provides greater stability for tipping from a diagonal

force (11.18 G) than for a force directed perpendicular to the I

long side of the cask skid.
IDirect solution of the tiedown forces is not possible

because the system is statically indeterminate. It was therefore,

assumed that the force in each tiedown ear is proportional to

the distance of tha ear from the vertical plane through the

tipping axis. Thus:

.

F F F7 2 3 4
'L L b Ly 2 3 4

where:
,

L =t+r cos (3 - 4)y
. -

cos(3 + t)L2=t-r
. .
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.

. .

L =t-r cos(0 - $)
3 _ .

L =t+r cos(9 + $)
| 4

t = 36 incher

r = 16.62 inches

e = 45 degrees

= 26.57 degrees.

Substituting and solving for the forces in terms of F7 yields:

F = 0.5945 F2 1

F = 0.3910 F
3 y

F = 0.7975 F
4 1 .

..

The components of each force were then determined. The force s

vector coordinate axes and the vectors for the force on a typical

ear are shown in Figure 2.2. The force vectors which will produce

a moment about the tipping axis are the x and y components.

They are:

F =F s in's cos ( 0 - $ )y y

F =F cosay 1

sina cos(9 - $)F2x = F2
F =F c sa3 2

sina cos (9 - p)F,=F33

F3y = F3 e sa

F =F sina cos (0 - $)4 4

F =F cosa -4 4

-
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Then, for a = 35 degrees, the components, in terms of F , are:1

F = 0.5440 Fyx 7

F = 0.8192 Fy7 y

F2x " 1
*

F = 0.4865 F2y 1

F = 0.2126 F3x y

F = 0.3200 F3y y

F = 0.1448 F4g y

F = 0.6530 F .4y y

Moments can then be summed about the assumed tipping axis to

determine the maximum force, Fy, at impending tipping.

"

(W) (11.18 G) (C) (Fyx) (H)4

(W) (2 G) (t) (F ) (L )y

(F2x) (H) (F2y) IL )2

(F3x) (H) (F I 3)3y

(F4x) (H)

(F4y) (I.4J

where:
.

W = 23,600 pounds
- C = 43.4 inches (Figure. 2. 2)
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2.10 ,

t = 36.0 inches (Figure 2.1)

H = 79.12 inches (Figure 2.2)

and the values for the force components and the lever arms, Ly,
are given above. Solving the above equation yields:L2' L3, and L4

Fy = 110,000 lb .

The ear and cask can fail by:

(1) Tensile failure in the eye

(2) Shear through the eye

(3) Bearing in the eye

(4) Shear bending in the weld between the

doubler plate and the original 1-inch-

thick ear

(5) Shear bending of the ear in the weld

to the cask i
_

(6) Compression of the cask shell

(7) Shear in bolts at the base of the cask.

These are evaluated below.

(a) Tensile Failure in the Eye

The minimum stress area (see sketch below) is:

7 ,

6.0 _

i __.. _.

|'#

')
'- 4.0 - ) . 5 =-1. 0 --

_ _ _ - - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ .
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A= ( 6 - 2 ) (1)' + (5 - 2) (0.5) + (0.5) (0.5) ( ) (2)
= 5.75 inches 2 ,

The stress is:

b = 110,000 = 19,130 psie = ,,

and the margin of safety is:

MS = tu _1 , 30,000 -1 = 0.57 |.y

(b) Shear Through the Eye

It was conservatively assumed that a 1-1/2 inch nominal

shackle bolt might be used through the eye. Therefore, for

purposes of analysis, the length of the shear area was reduced

to 3.5 inches (from 4.0 inches for the centerline distance of

the hole). The area for shear is:

2
A = 2 [( 3. 5) (1. 5 )] = 10.5 inches ,

!

The stress is:

b= ' = 10,500 psia =
.s

The margin of safety is:

MS = su ,1 ,20, 00 -1 = 0.90y 9 .

s .

I
i

|

I

,

. !
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(c) Bearing in the Eye

Assuming that a 1-1/2 inch shackle bolt would be used,

the e/D for bearing in the eye is:

e/D = f*f > 2.0 .

Therefore, the design bearing strength is:

F = 50,000 psi .bry

The bearing area is:

A= (1.5) (1.5) = 2.25 inches .

The stress is: '')
110,000

= 48,900 psio br * 2
'*

.

The margin of safety is:

MS = ,bry _y , ,000
-1 = 0.02

0
.

br

(d) Shear-Bending in Doubler Weld
|

That portion of the force, Fy, restrained by the doubler
plate must be transferred to the original ear member by the weld I

between the doubler and the original ear. If it is assumed that

the entire force, Fy, is carried by the weld at the top of the
cask (.see the sketch on the following paget the weld would be

in combined bending and shear. -

!
-<

!

|

|
i

!
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.

Original teld

Doubler 'eJ.d

a . ,

'-e ,

G'"' -
5.0 |

5.0
Doubler
Origiral ear

~ 2.0
Doubler weld

5..

Criginal weld g
.

a

F
1

The area in shear is:

(h) (0.707)
2A= (2) (1.5) & (5) = 2.828 inches ,

1It is assumed that y of force, F1, is carried in the doubler.
Then, the stress is:

1 F sina

#sh " I
7 (110,000)(0.5736)

= 7300 psi"
A (3) (2.828) .

If it is assumed that the bending moment is equal to the product

of the vertical force component and a lever arm equal to half

=h(1.5)the length of the doubler over the cask (i.e., 1 in the

sketch), the moment is:

.

I

_ - . _ _.
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* The area moment of inertia about this axis is:

(0. 8192) (h) (1. 5)
110,000

(h) (1.5)hFM= =cosa
1

= 22,500 inches-pounds .

.

The area moment of inertia about this axis is:
,

3 3
'-

bh 2
I = 2(bh ) side * ff- + Ad endpy-<

--

(0.707) (0.5) (2) 3 (6) (0.707 x 0.5) 3
.-

=2 ,
12 ,12

1 . ,.

.

+ (0.707) (6) (0.5) (0.75) 2
. s

-

= 0.471 + 0.022 + 1.192

,

I = 1.685 inches 4 .

The maximum fiber distance is:

C=1/21=h(1.5) = 0.75 .

I

t

i The stress is:

= US = 122,500) (0.75) = 10,000 psie , .

b I 1.683

.

1 )
,

.

4

-
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The total stress on'the area is the vector sum of the shear

and bending forces or:

7,3002 + 10,0002' tot " #sh + a =
b

= 12,400 .

The margin of safety is:

3

0
MS = tu _y ,

_, -1 = 1.42 .

tot

(e) . sear-Bending in original Weld

The area for shear in the weld between the original ear

and the cask is:

A= (2) (2) + (2) (6) (1) (0.707) = 11.30 inches .
,

The stress is:

F sina1 (110,000)(0.5736)
= 5,580 psi,sh , A 11.3

,
.

For the case of bending of the weld, it is assumed that the

moment is:

cosa)(h 1)M= (Fy

(110,000) (0. 8192) (h) (2) = 90,000 inch-pounds=
.
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The area moment of i'nertia is:

~ ~

bh 2
(bh ) side *y IlT + Ad ) endI=2

. .

(0.707 (1) (2) 3 (6) (O. 07 x 1.0)3=2 , + (6) (1) (0.707) (1)

-
.

=2 0.472 + 0.177 + 4.240
-

.

4
= 9.778 inch .

The maximum fiber distance is:

C = h(1) =f(2) = 1.0 inch .

~,
''The stress is:

b= I I = 9210 psi'

o = .

The total combined stress is:

" tot " #sh + "b

55802 + 92102=

= 10,900 psi .

.

|

|

|

|

|

L
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The margin of safety is:

MS = _y , 30,000 -1 2 1.75tu
.

9
tot

(f) Compression of Cask Shell

Considering only the original 1/2-inch-thick cask shell,

the area in compressive loading directly under the ear is:

= h(6)
2= 3 inchesA= (t) ( t) ,

The stress is:

F cosa
1 (110,000)(0.8192) = 30,000, ,,C A 3

.

.

The margin of safety is:

I MS = E1 -1 = -1 = 0.17'
.

0 00
C

(g) Shear in Bolts at Base

The shearing force on the eight 1-inch A325 bolts

holding the cask to the skid is:

(Fyx + F43)(11.18 G) (W) +F2x + F3xF = - .

sh

If W is taken to include the skid weight:

.

Fsh = ( .1 ( 3,600) + (0.1078 + 0.2126 - 0.544

- 0.1448)(110,000) = 222,400 pounds .

i

|

1
-, - - _ ._ _._
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The area of eight bolts is:

2(8)(0.6331) = 5.06 inches ,A =
sh

The stress is:

sh , 222 400 = 44,000 psio , .

sh sh

The margin of safety is:

su _1 , 8 ,000 -1 = 1.02MS = .g
sh

(h) Stress in Turnbuckles ,

i

The question was raised about the response of the turn-

buckles and their points of attachment to the cask in the event

of an incident such as the 30 foot fall conditions included in

the regulations. Our analyses indicate that the turnbuckle will

fail before damage could occur to the cask. These analyses are

shown below.
The turnbuckles are attached to the cask through two,

1/2 inch plates welded to the outer shell of the casks as shown

in the sketch following.

|

f
|

.
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.

' L- 1/2
F ..y

cask sne u

t |s :: t,

IO)|||4in.O- F
x

/ :- N\'

1-1/2 D. 7 (a/ 36 turnbuckle 7 1/2" mid beem,
6fp plate and shell/

30.12 30.12

The force required to cause shear in the welds between the

two plates and the cask shell is:

A=o tL (.707)F =c, g
.

where e = the shear strength = 40,000 psisu

t = the weld thickness = .5 inch

L = total length of weld = (4) (4) = 16 inches .

Then

F = (40,000) ( .5) (16) ( .707) = 226,000 pounds .

The force required to cause puncture of the two plates through

the cask shell (using the punch press shear stress technique)

is:

|

^ " #suF =c
x su

|

i
1
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!
j where o = the shear strength = 40,000 psisu

I t = the shell thickness = .5 inch

L = length of the shear plane = 2 (4 + 4 * .5 + .5)

= 18 inches. .

,

Then

F = (40,000) ( .5) (18) = 360,000 pounds .x
.

If the case of incipient shear in the weld is assumed, F =

226,000 pounds as above, and

,

( 2) F = 189,000 pounds
0.

F =
.x y

Since the value of F is less than that required to produce

penetration through the shell (360,000 pounds), the weld will

shear first. The force in the turnbuckle is:

.

1

/
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.

R= F +F y

189,0002 + 226,0002 = 294,000 pounds= .

The turnbuckle is 1-1/2 inches in diameter and 47 inches long.

From the Euler buckling formula, the force required to cause in-

stability buckling of the turnbuckle under a compressive load

is:

P = An E2
(h)

where

A = area = * I'I l' I = 1.765 inches=

6E = the elastic modulus = (29) (10 ) psi

h=theslendernessratio=40 3 5 = 125 .

Then

6
(1.765) (v ) 29)(10 Ip, 32,300 pounds .

(125)

.

.-
-,
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Thus, the case of a compressive load on the turnbuckle, the

turnbuckle will collapse by column instability before the

attachment plates will shear away from the cask shell.
In the event the load on the turnbuckle is a tensile

load, failure will occur when the load is:

F=ctu^

where

F = the tensile ultimate strength = 120,000 psi
tu

2
A = area = 1.765 inches ,

Then

.
F= (120,000)(1.765) = 212,000 parads .

Since the force in the turnbuckle required to cause shear of

the attachment welds (R) is 294,000 pounds, the turnbuckle will

break before shear failure would occur. In addition, since the

tensile ultimate strength of the cask shell is 75,000 psi, or

about twice the shear ultimate strength used in the calculations

above, the turnbuckle would fail in tension before the cask

shell would fail due to the tensile force applied at the plate

attachments.

2.4.4.2 Nontiedown Devices Covered
or Locked

The nontiedown devices will be covered as described
above in Section 2.4.3.2. .

-



-
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2.4.4.3 Failure of the Tiedown
Device Would Not Impair Meeting
Other Requirements

Failure of the tiedown device would not impair meeting'

other requirements of the cask as described above in Section 2.4.3.3

and in the subsequent section on accident conditions.

2.5 Standards for Type B and
Large Quantity Packaging

2.5.1 Load Resistance

A question has been raised as to the accuracy of the

beam strength calculation provided in the Hazards Report on this

cask. The purpose of this section is to provide an answer to

this question.

The original beam strength calculation was based on a

10 g loading uniformly applied as required in 10CFR Section 72.32(a).

The maximum stress was calculated using the common beam stress

equation MS.. The maximum stress calculated was 5,160 psi.
I

This stress is only approximately correct for the given loading

and support condition because the cask tends to flatten at mid-span

introducing additional bending stresses.

A more accurate solution to the problem is outlined by

Wojtaszak(2) The solution applies to the case of a circular.

cylindrical shell freely supported at the edges as shown below

and submitted to the pressure of liquid within the shell.!

'

t

!

|
l

l

I

|

__ .. _ _ _ _ _ _ - , ,
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.

1=
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'

W 'y

The loads and displacements in the Wojtaszak solution

) are in the form of a double-summation trigonometric series,

q = II D ,cos ne sin "{* .

-

To simplify the solution and reduce the number of terms

; needed in the Peries solution m was taken as 1, which makes the

x-axis load dittribution a sine wave. This approximation of a
1
'

uniform load with a sine wave loading was necessary to obtain a

solution to the problem in a reasonable length of time. The
,

sine wave loading, however, is a conservative approximation of

the uniform loading. The total load applied as a sine wave, was'

taken to equal 10 times the weight of the cask, 23,200 pounds.

Following through the solution as outlined by Wojtaszak,

the displacements for the n = 0, mode were found to be:

|
.

cos [ (longitudinal)u = 327

i

v=0 (circumferential)
.

sin y (radial) -w = 750

|
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For the n = 1 mode, the displacements are:

u =-1,885 cost cos [

v = -6,850 sin $ sin [

w = +7,150 cose sin [

where -

3Y = 3.98 pound / inches obtained by equating the

total cask weight to the inside volume.

2Eh , 2(30 x 106) 0.25)3 342,000 inch-poundD=
3 (1 - 9) 3(1 - 0.3 )

flexural rigidity.

With the displacements known, it is possible to calculate

the strains, and, in turn, the stresses. The final circumferential

and longitudinal stresses (including membrane and bending), are

calculable from the following equations for the cask under

consideration:

-

i - -
-

, ,

1 + 3.08 cose + 33.4 1 + 9.77 cos4 sin [<| 2700 -

- .. /

o =
g

-

- - - _ ;

4640 1 + 0.868 cos+ + 10 1 + 12.1 cost sin [<o =
c

, -. u .
-.

< - , - - . - - - , , - - - . .
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By inepection, it can be observed that the maximum lon-

gitudinalandcircumferentialstressesoccuratx=handthe
maximum stresses are tensile and occur at $ = 0, the bottom of

the shell.

The maximum tensile stresses were found to be:
4

o = 11,360 psig
!

o = 8,800 psi .

C

'
Since these stresses are itss than ultimate, the cask

meets the requirement of 10CFR, Section 72.32 (a) .

2.5.2 External Pressure

The requirements are that the cask must be able to with- -

stand an external pressure of 25 psig without loss of contents.

The cask will operate normally at 100 psig internal pressure and

was designed for -his condition.* The pressure cond ition under

the application of this requirement is a net 75 ps:- internal

pressure. Therefore, the cask complies with the re uirement.s

2.6 Normal Transport Conditions

The structural requirements of the cask for normal

transport conditions, as specified in f 71.35 of 10-CFR-71, are

less severe than those analyzed in previous sections, as well

as those analyzed in subsequent sections for accident conditions.

The following analysis shows that the inner cask wall,

inner cask bottom head, and lid are sufficient to withstand the

design pressure of 100 psig at 320 F as required in 5 72.32(d)

of the 10-CFR-72.
-

* Section 2.6

4

- -
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Inner Cask Wall Thickness

The wall thickness of the inner cask wall is 0.250 inch,

which is adequate arcording to f UG-27(c) of Section VIII of the
1962 ASME Boiler and Pressure Vessel Code.

= 0.0613 inchtreqd " SE- 6P " 15,890(0 )
.0.6(100)-

where

reqd = minimum wall thicknesst

P = 100 psig, design pressureN

R = 7.75 inches, inside radius

S = 15,800 psi, allowable stress from Table UHA-23, ASME Code

E = 0.8 joint efficiency for single-welded butt joint with

a backing strip--spot radiographed.

Inner Cask Bottom Head

The thickness of the bottom head is 0.75 inch, which is

adequate according to Section UG-34 (2) of the ASME Code as shown
,

below:

reqd = D g = 15.5 0j,(100)E = 0.675 incht
9 .

where

reqd = minimum head thicknesst

.

D = 15.5 inches, inside cask diameter
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C = a geometry cor"ficient which, according to the

ASME Code for the configuration used, is 0.3.
.

Cask Lid

Lid Thickness. The thickness of the lid is 1.125 inches,

which is adequate according to Section UG-34 (2) of the ASME Code
as shown below:

fCP+1.73Whg
reqd " ~

* S 3Sd

0.3(100) , 1.78(34,130)(1.375) = 1.04 inchest = 20.75 .

reqd 15,890 15,890(20.75)

s

where

d = 20.75 inches, diameter of gasket circle

C = 0.3, constant which is a function of geometry

2
W = ud P+ d(F ) = 33,800 + 330 = 34,130 pounds, pressure head

,

g

h = 1.375 inches, distance from gasket to boit ring circle .g

Lid Bolts

The total force W, acting on the lid as a result of

the pressure and rubber sealing gasket, was calculated above to

be 34,130 pounds.

Twelve 1-inch-diameter stainless steel studs have been

| provided to hold the lid in place. The stress in these bolts

is 5,160 psi as shown in the calculation fo'. lowing:
!

| '

|

|

l
I

!
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160 psi
12{0 51)

=o= * .

2.7 Hypothetical Accident Conditions

This section demonstrates the safety of the packaging

under the hypothetical accident conditions. Response of the

product containment and the baskets are presented in Sections
2.10 and 2.11, respectively.

2.7.1 Free Drop

The first condition which the cask must withstand in
the hypothetical accident sequence is a 30-foot fall onto a

flat, unyielding surface. There are three critical orientations

which the cask can assume at the moment of impact. These in-

clude direct impact on an end, direct impact on the cylindrical

side, and impact on an edge at such an angle that the reaction

force is directed through the center of mass of the cask.

2.7.1.1 End Drop

|

(a) Bottom
!

| For impact on the bottom, the collapse of the skid would

absorb some energy cud the remainder would be absorbed by defor-

mation of the cask. If it is assumed that the skid absorbs no

energy, a conservative value of cask deformation can be determined.
;

The impact area, from the sketch following, is:

.

REV A 3-28-80

.

- - - . - - - . - . _, --
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2A=yd = f(23.75) = 441 inches ,

|

,

A hs ,

.23.75

The kinetic energy to be absorbed is:

68.5(10 ) inch-pounds(360)(23,600)KE = 360(W) == . .

Then, if the lead flow pressure, P, is 10,000 psi, the depth of

deformed lead is:

63 , KE , (8.5) (10 )
PA (10,000)(441)

6 = 1.92 inches

The lead thickness on the end is 7.5 inches. Therefore, the

thickness of lead shielding remaining is:

t = t - 6 = 7.5 - 1.92 = 5.58 inches .

~

The question that has come up is whether the bottom
~

plate of the lid is adequate since the thickness is reduced at

the edge.
-

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ . __ _ _ .
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In a bottom' impact, the force on the bottom plate of
the lid would tend to shear the plate around the edge. Using

the requirements of Section 72.32(c), the bottom plate must be

able to withstand a force of 60 times the lid weight. The force

is, therefore, 60(1,050) = 63,000 pounds.

The average shear stress at the edge for the above

loading is 3450 psi as shown in the following calculation. This

is well telow the 15,000 psi yield stress of this material in

shear and, therefore, should be adequate.

= 3450 psi" w(15 ) 0 375)*" .

(b) Top

Trunnion Weld Shear. For the case of an impact on the

top end, the lifting trunnions would strike the flat surface first.

If it is assumed that the trunnion welds shear off, the weld area

in shear on each trunnion is, from the sketch below:

sh = (6 + 12) (0.75) (0.707) + (16 + 16 + 5) (0.25) (0.707) |A

2
= 25.65 inches per trunnion

= 51.3 inches for both trunnions .

- 12 -

/oN |,

,,. ,,,,,,,
f. f

63/4-in. weld =

,,,,; ;-~ ,

s t |
s

> | .
l

s
161/4-in. wld =

s s
s s

UU) l

5 --

|

)
!
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The maximum force developed in shearing the weld is:

F= (F, ) (Ash) (40,000)(51.3) = 2,050,000 pounds= .

The deceleration is:

a = h = hE ,

' 'a= G = 86.8 G .23,600

This deceleration, applied to the weight of the lid and contents,

would produce a tensile load in the lid bolts:

Fdeceleration " *( lid + contents}
3

(86.8) (1,200 + 1,800) = 260,000 pounds= .

The maximum stress in the 12 bolts is:

Fdeceleration 260,000
= 34,200 psi# " " .12(A) (12)(0.6331)

The margin of safety is:

,0

f"-1= ~1 " 1*19MS =
2

| Cask Deformation. If it is assumed that energy

absorbed by the shearing of the trunnions is negligible compared
to the kinetic energy of the cask at the moment of impact, the
kinecie energy which must be absorbed by deformation of thk cask
body is:

!

!
:

.- . - - _ _ -
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6KE = HW = (360)(23,600) = 8.5 (10 ) inch-pounds .

The area presented by the deformed volume (see sketch below), is

approximately:

A=h(32.0)2=804 inches .

- 32.00 -

) i i

_ _ _ _I_ _ _ _ _ _ _ _ _ _
,

6

.

If it is assumed that the flow pressure of lead is taken as

10,000 psi, and all of the energy is dissipated in the lead, the

deformation, 6, is:

KE 8
= 1.06 inches6= ,

.
{g) (p) 0 0)

The lead in the cover is 7.75 inches thick. Therefore, the

thickness of lead remaining after impact is: j

7.75 -1.06 = 6.69 inchesD = .

ieft
.

1

I

l
l

l
,
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Fire Shell. Drawing 43-6704-001, Rev. A has been

revisc' the region immediately below the trur:uions. The 1/8-
inch-thick steel shell added to the cask is terminated two inches

below the bottom of the trunnion. Thus, thr trunnion would not

tend to remove the shell should it be sheared off the cask body

during a top end impact.

Penetration of Cover Lifting Device. The cover lifting

device consists of two 1/4-inch plates, 5 inches high, and

20 inches long. Roark shows that for a long thin flange

which has one end free and one end fixed, and which is loaded

on the edge, (see sketch below) the buckling. stress is:

1 1.09 E g )2e =

1-Y

where
'

6E = elastic modulus = 29.0 x 10 psi

y = possoins ratio = 0.3

t = thicknese = 0.25 inch
'

b = width = 20 inches

"
o

h

"
b-

/ -

-t-

.
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Then the buckling stress is:

1 (1.09)(29)(106) I.25)a =

1 - (.3) 2 20

1
a = 5430 psi .

The force to product this stress is:

F =a tb = (5430)(.25)(20) = 27,000 pounds .

The force required to cause the lifting device to shear through

the top plate of the cover is:

F =eA =F w(2 bt)ss s

where

F, = ultimate shear stress = 40,000 psi

w = the thickness of the top plate

= 1.25 inches

and b and t as above .

Then

(40,000) (1.25) (2) (20) ( .25) = 2.02 (106) poundsF = .

The margin of safety is
.

1
F 6

MS=-f-1=(2.02 - 1 = large |
0)

.

|

.
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.

2.7.1.2 Side Droo, "

In the event of an accident in which the cask falls on

its side, the highest impact load is experienced if the cask

is separated from the skid. The deformed shape of the cask

then is as shown below.

- L t

I

.

II

\ )0
|T j\ j

,

6

)( 50)0 - sin 0 = =

dL (32)2 (66)

= .1007

then 8 = 49.0 degrees.

The corresponding depth of the deformed lead is:

(1-cosf) f=(1-cos 24.5 degrees )(f)5=

.

6 = 1.44 inches .

;
;

l
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The egyivalent "g" load is:
,

30
G = 2 f = (2) = 500 g

1 44

*

In Drawing 43-6704-0003, Area 2-c, it is noted that the holes in

the cover for the studs are 1-1/8 inch diameter. Thus, the holes

provide a 0.062 inch radial clearance. In Area 3 e of this

drawing, it is noted that the radial clearance between the cover
i and the cask cavity is 0.03 inch. Thus, should the cover be

moved in the radial direction by a side impact, the sides of the

cover will contact the cask cavity before the holes in the cover
3

can contact the closure studs and product a shear load upon them.

Therefore, the closure is maintained for the case of a side impact.

2.7.1.3 Corner Drops

In the case of impact on an edge, the deformed lead volume

may be represented as shown in the sketch below.

I 1

D

- ,
/

N

29 .

.

- . _ . - , or- -- .



-

Document: 5

2.38

The volume is given by:

3

(sin 0 sin 8 - e cos 9)th)V= tan a .

For the edge impacts

a = 24.75 degrees (tan s = cask diameter , 33.25) ,

cask height 72.12

If the flow pressure of lead, P, is taken as 10,000 psi, the volume

of lead deformed in order to absorb the kinetic energy at impact is:

y , KE , 360W (360)(23,600)
,

P P 10,000

3V = 850 inches '

The equation above for the volume of the deformed lead shown in

the sketch can be solved by trial and error for 9. Then for:

D = 33.25 inches, e = 79.0 degrees .

The lead thickness on the side is 8 inches and on the end it is

7.5 inches. Using solid geometry, it can be shown that depth of

deformed lead, 6 (measure perpendicular to the deformed surface)

is 5.63 inches and that the minimum thickness of lead shielding

left at the edge is 4.53 inches. The deceleration is:

G= 2

= f6 (2) = 128 G ..

.

/

i
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Cover bolts. For impact on the top edge, the deceleration

of the cask lid and contents would produce both shear and tensile

stresses in the bolts. If the combined weight of the cover and

contents are assumed to act at the center of the bottom face of

the cover as shown in the sketch following, the maximum loan

the bolts can be evaluated.

CGo

I

W l
i

t 1 wc x

A /y |,

i

G

\
.

The maximum tensile stress in the bolts will occur in the bolt

farthest away from the point of impact, 0, and is evaluated by the

following equation:

(f 10a= ,

where:

.
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.

c=h(D+DI
BC

2
i I =I (I + Ad )n c

where:
1

! W = the weight of the cover and contents = 3,000 pounds

G = the "G" impact load = 128 G;

I D = the cask diameter = 33.25 inches

t = the cover thickness = 8.88 inchesj g

D = the bolt circle diameter = 23.38 inches
BC

,

I = area moment of inertia for one bolt about its owng

n'eutral axis = 0.0319 inches 4 ''

A = the effective area of one bolt - 0.633 inch 2
d = the distance of each bolt from a horizontal axis

through "0"

a = 24.75 degrees .

Therefore,

!
6M= (4.36) (10 ) inches-pounds

e = 28.3 inches

I = 2,619 inches 4

and
!

.

6..c, (4.36) (10 ) (28.3)j 47,200 psi,t I 2,619
= .

.

v v--
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The corresponding margin of safety is:

MS = tu _t , ,0
-1 " 0*09 *20

t

In addition, the shear stress:

, _G , " cover sin aW
,sh nA nA

where:

W = weight of the cover only = 1,200 pounds .egy,y

The shear stress then is:

,sh , (1,200) (128) (sin 24.75)
,

= 8,500 .

i (12) (0.633)

The margin of safety is:

MS = -1 = -1 = 3.7 .

2.7.2 Puncture

An empirical equation for the minimum steel shell thickness

required for lead-filled casks has been developed by the Oak Ridge

National Laboratory.(4) The equation has the form:

(p) 0. 71 -
W

t= ,

tu

- - _
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where:

t = minimum shell thickness, inch

; W = weight of lead-lined cask, pourd

F = ultimate tensile strength, psi .

tu

Therefore, the required shell thickness is:

1 0.71 , ( 3,600)0.71
( p"tu 0.44 incht=

on the basis of an outer shell thickness of 0.68, the cask design

is shown to comply with the regulatory puncture criteria.

2.8 Special Form
.

The BMI-1 shipping cask is capable of transporting a variety

of radioactive materials, including various special form materials,

as stated in the Certificate of Compliance, Revision 5, as follows:

Paragraph 5 (b) (1) (iv) - Greater than type A quan-

tities of by-product material in special form.

Paragraph 5 (b) (2) (iv) - For the contents described
in 5 (b) (1) (iv) : Gamma sources securely confined

in the cask cavity to prec1'ide secondary impacts

during accident conditions of transport. Thermal

heat generation rate shall be limited to 200 watts.

Materials shipped under these conditions will be shown to meet the
special form requirements of Paragraph 71.4 (0) of Appendix D, to

10CFR, Part 71.
.

2.9 Fuel Rods
.

-

To meet licensing requirements for shipment of the Fermi
fuel subassemblies, it is necessary that the element not fail under

Rev. A. 3-28-80
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credible shipping conditions. The failure temeperature, as

defined in 10CFR, Part 72, is the minimum temperature at which

the element will release 100 curies of beta-gamma activity or

one curie of alpha activity over a 48-hour period.

There are two different means by which failure could

occur during shipment of the Fermi fuel subassemblies. Theae

are: (1) corrosion in water, air and steam, or a dry air atmos-

phere, and (2) swelling and subsequent rupturing of the fuel
'

pins caused by the expansion of gaseous fission products in

the fuci alloy at an elevated temperature. Swelling of the fuel

is not expected, since the in-reactor fuel operating temperature

of 800 F is well above that which will be encountered during

shipment.

The fuel pins are not expected to fail by corrosion since

the corrosion rate of zirconium in 680 F water is 0.004 mils / day,

in 750 F steam, at 15 psi, the corrosion rate is 0.007 mils /100 hrs,

and in 750 F steam, at 1,500 psi, the corrosion rate is 0.21 mils /lC3

hrs.I I Also, the corrosion rate of zirconium in air is such
that at 930 F, oxidation would penetrate the clad to a depth of

only 1.2 mils in a 100-hour period.(6) It can be concluded that

temperatures in excess of 900 F would have to be maintained for

a period of over 400 hours before failure in a dry oxidizing
i atmosphere would occur, and that temperatures in excess of 750 F

would have to be maintained for a period of over 2,000 hours

before failure of the 5-mil clad would occur in a steam and air

atmosphere. Frcm these data, it is expected that corrosion of

the cladding in steam or air at 521 F would proceed very slowly.

The normal trip from Monroe, Michigan, to Columbus, Ohio, should

require less than 5 hours.

Discussions with corrosion specialists at BMI indicate

that with the presence of copper shot in water, there would

probably be some plating out of the copper but there would be

no effect on the corrosion rate of the zirconium. (7)
-

_ _ _
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. 2.10 Product Containers
1

i

j 2.10.1 BMI-l Canister

|-

In the event of a 30-foot free fall accident condition,2

, .

{ the inner container will be subjected to an impact load due to

j its inertia. There is a minimal radial clearance between tce

j inner container and the inner cavity. Thus, in the event of a

s side impact, the cavity walls would support the inner container

j cver its entire length. However, in the event of an end or

corner impact, the inner container would experience an end

4 loading that would produce axially-oriented compressive stresses
i

; in the walls of the can due to the inertia of the can. The

j weights of the various components of the can, Drawing 00-000-421

Rev. C, are shown on the sketch below:'

;

4
-

Can top and flange
', ,

W7 = 35.6 lbs.
''

.

! Can side walls

W2 = 44.8 lbs.
!

4

; Can bottom
W = 26.5 lbs.j 3 ,

|
|

|

!
'

__
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For impact on the bottom, the cask deforms 1.92 inches. The

associated g load is:

g , 2(drop height) ( 2 ) ( 3 601- = 375 G,
.

1.92

The load experienced by the can will be less than this since signi-

ficant damping occurs in the cask body. Ifc however, it is

conservatively assumed that the can experiences the full g load,

the impact force is:

F 2) =3 0 .6 + 44.0 = 30,200 pounds .
7bottom

The cross section of the can wall is:

A = wdt = w (14.88) ( .062) = 2.90 square inches .

The compressive stress in the can wall is:

I
"I bottom ,_30,200 = 10,400 psi=
bottom A 2.90

.

The margin of safety is:

F
MS = ,cy _1 ,3'' -1 = 2.37 .0, 0

bottom

For impact on the top, the cask deforms 1.06 inches.

The associated g load is:

g , 2(drop height) _1 , 2(360) 680 G= .
: 1.06

Rev. A. 3-28-80
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If, as before, it is assumed that the can experiences the full g

load, the impact force is:

F = g(w2 + "3) = 680(44.8 + 26.5)7

= 48,500 pounds .

The compraisive stress in the can wall is:

F

top ,48,500 = 16,700 psio = .y
top

The margin of safety is:

-1 = y ,00
'CY -1 = 1.10MS = .

00
top

In addition, the end impact will produce a shock wave pattern which

will travel the length of the can. The inner container can be

represented by a bar with free ends. For the condition of an end

impact, Roark( } shows that the stress produced is:4

# **
dy 38 .4

where:

o is the stress produced by the traveling wave induced

by the end impact

v is the relative velocity between the impacting body

and the inner container .

( o is the density of the inner container material

| = 0.29 pound per inch 3 ,

1

| Rev. A. 3-28-80
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E is the elastic modulus of the inner container

= 29 x 106 psi .

The velocity can be represented by::

v =v + 2as

where:

v is the initial velocity before free fall = 0

2
a is the acceleration of gravity = 32.2 fps = 386.4 ips

s is the fall distance = 30 fest = 360 inches .

Then

v = Y O + (2) (386.4) (360)

= 528 ips .

It should be noted this is conservative in that no credit is

taken for energy absorption in the deformation of the cask.

Substituting above:

(.286)(29)(106)e = 528dy 336.4

e = 77,300 psi .

dy

This stress will initially be a compressive stress traveling

with the wave front. If it is conservatively assumed that no

;

|
'

__
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internal damping occurs, the wave will rebound from the opposite

(free) end and produce a tensile stress of equal magnitude

traveling behind the rebounding shock wave. Thus, if no credit

is taken for internal damping, the maximum tensile stress which

the inner container could experience is 77,300 psi.

It has been shown that materials under dynamic load exhibit

greater apparent strength than under static loads. For austenitic

stainless steels, Brown and Edmonds(9} indicate that the dynamic
yield strength is about 11 percent greater than the static yield

strength. If it is assumed that the ultimate strength exhibits

a similar relationship, the dynamic ultimate strength will be:

F * * 'TU TUdy

= 83,200 psi .

-

The margin of safety is:

F
TU

MS = dy _t ,83,20 -1 = 0.08, 0
.

The condition for an impact on a corner is less severe

than a direct end impact since part of the load will be transmitted

to the side wall of the cask cavity.

2.10.2 TRIGA Fuel Shipping Assembly

In a letter dated March 10, 1972, additional information

was requested by the Division of Material Licensing to support

the request by the University of Arizona to transport TRIGA fuel

assemblies in the BMI-l shipping cask. The BMI-1 cask has previously
,

; :-

|
4

l
1

|

|
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been licensed and the license application concerned the use of

a Fuel Shipping Assembly (fuel can) to hold the TRIGA fuel

assemblies in the cask during transport, University of Arizona,

Drawing 1020, Rev. B. The request for additional information

concerned substantiation of the fuel can integrity in the event

of the 30 foot free fall hypothetical accident, confirmation in

the use of specific sealant materials and a request for a copy

of the report upon which the criticality analyses were based.

2.10.2.1 Free Drop

In a telephone conversation with the DML reviewer,

clarification was obtained of the specific questions underlying

some of the items noted in the request for additional information.

It was noted that for the 30 foot free fall incident, the cask

impact forces calculated by DML during their review differ slightly

from those presented in the Safety Analysis Report for the cask.

For the purpose of consistency, the impact forces determined by

DML are used in this response. They are presented in Table 2.3.

It should be noted that the impact forces presented in Table 2.3

are those calculated to exist at the outer surface of the cask in

the region of impact. No credit is taken for energy attenuation

through the walls of the cask and at the interface of the cask

cavity and the fuel can. This conservative approach is taken

since the exact degree of attenuation cannot be accurately predicted.

i

TA3LE 2.3 IMPACT FORCES USED IN ANALYSES
FOR FUEL CAN INTEGRITY

Orientation Impact F.orce, G

.

End Fall, on top 87.5
End Fall, on bottom 368
Side Fall 400

_

Corner (obli ue) 153

Rev. A. 3-28-80
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.

(a) Top End

The cover plate of the fuel can has been modified as

shown on the attached University of Arizona drawing, Sheet 1020,

Revision B. A solid ring of rectangular cross section has been

added at the outer edge of the cover to support the edge of the

cover in the event of a top impact. Since the ring thickness

is the same as the head of the draw bolt, the bolt and the ring

will strike the end of the cavity simultaneously in the event

of a top end impact. In order to evaluate the stresses on the

fuel can, in the event of a top end fall incident, the can was

modeled and analyzed with the aid of a computer program MONSA

(Multilayer Orthotropic Nonsymmetric Shell Analysis), used by

the Applied Solid Mechanics Division at Battelle. This program,

based on the work of Dr. A. Kalnins, is discussed briefly in

Section 2.12.3. A paper by Dr. Kalnins which is the basis for
'

the computer program is also included in Section 2.12.3.

The can is sketched in Figure 2.3 and the model used in

the analyses for the top end impact incident is presented in

Figure 2.4. Because of the massiveness of the anchor nut rela-

tive to the thickness of the bottom, a fully fixed condition was

assumed for the can bottom at the location of the anchor nut.

The stresses in the can bottom and walls were analyzed by super-

imposing the effect of the static load of the draw bolt and the

inertia load of the can and comparing the result with the ef fect

of the static load and inertia load of the draw bolt. A seal

load of 10 pounds per inch is usually considered adequate for

the type of seal used on the fuel can. However, as an extra

assurance factor, a seal load of 20 pounds per inch has been

selected. This would require a draw bolt tensile load of 945

pounds. The operations manual was revised to indicate that the

bolt should be tightened to a torque of 22 feet / pounds, which
~

will result in about 1,000 pounds of tensile load in the bo1t

(~21 pounds per inch, seal load) .
-
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The MONSA program was first run for the static condition,

i.e., the effect of the 1,000 pounds normal draw bolt load on

the can. The results are summarized in Table 2.4. Under an

impact condition, the inertial load of the anchor nut and bolt

might either increase the load on the can or decrease it depending

on the relative deformation between the can and the bolt. It

is noted in Table 2.4 that for the 1,000 pound static condition

the deformation of the can bottom at Point A is 0.00433. The

MONSA computer program was then run to evaluate the effect of the

inertia load of the can bottom and walls on the stresses in the

can. As shown in Table 2.4, the can bottom at Point A would

deflect 0.00607 inches if unsupported by the draw bolt. The

total deformation then would be 0.01040 inches.

The deformation of the bolt under static and impact loads

can be calculated by the relation:

e = cL = { = kh

where

e = total deformation of bolt, inches
,

c = unit strain

o = stress in the bolt

6
E = Young's Modulus = 29 (10 ) p,i

L = length of the bolt = 49.75 inches
,

!

F = static force of 1,000 pounds or impact force
!

at 87.5 G, pounds )
I

A = area of the 1-1/4 OD x 1/4 wall bolt = 0.7854

square inches -

g = impact force = 87.5 G .
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; -

.

.

4

TABLE 2.4 RESULTS OF ANALYSIS OF TOP END IMPACT ORIENTATION
,

!

At Point A("} At Point B ^ At Point C *
Stress, psi Deflection Stress, psi Stress, psi

relative
Inner Outer to Point G, Inner Outer Inner Outer

Load Condition Surface Surface inches Surface Surface Surface Surface

Static 1,000 lb 5,412 -5,492 -0.00433 -5,333 4,862 472 -943
,

Innrtia of can 3,624 -3,715 -0.00607 -6,299 5,317 3,608 -7,217
bottom and can
walls only, no
restraint from
bolt

Total 8,036 -9,207 -0.01040 -11,632 10,179 4,080 -8,160
.

(a) Refer to Figure 2.4,

4

.
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'
For the static load condition, the bolt would be elongated 0.00218

inches. For the impact case, it was assumed that the effective

force acting at the top of the bolt is equal to half the weight

of the bolt plus the weight of the anchor nut. The weight of

the bolt is 2.67 pounds per foot, and the weight of the 4-inch-

diameter nut is 42.73 pounds per foot. Thus, the total effective

force is:
t

F= (1/2)(2.67)(49.75)(87.5)/12

+ (42.73) (3.5) (87.5)/12 = 1575 pounds .

Therefore, the total compressive deformation is 0.00344 inches.

The effect of the inertia loading on the bolt itself would be to

relieve the tensile load on the bolt and place it in a compression.

Its total deflection then is 0.00344 + 0.00218 = 0.00562 inches.

Since the bolt would only deflect 0.00562 inches and the bottom,

if unsupported, would deform 0.01040 inches, the bolt will provide

a significant degree of restraint to deformation of the can.

Thus, the greatest stress which the can will experience is probably

1/2 to 1/3 the maximum stress of 11,632 psi, shown in Table 2.4.

The margin of safety, based on a 30,000 psi yield strength, will

be greater than 1.5,

(MS = 30,000 -1 = 1.58)
2,

The can also acts as a column under compressive loading. By

inspection, it is seen that the case for the bottom end impact

is more severe than for the top end impact, since the impact force,

368 G, is greater and the cover is heavier than the can bottom.

Thus, the column action of the can was not evaluated here.
.

_ _ _ _ _ _ _ _ _ _ - - _ _ _ _ - . _ _ _ _
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Analyses of the effect of the added load from the can

on the draw bolt was not considered necessary. The bolt closely

fits through cover and thus misalignment during impact is prevented.

Should the bolt experience any plastic deformation during the

impact, it would not be detrimental to the seal. Any " shortening"

of the bolt due to the impact would produce a greater tensile

load in the bolt tending to keep the cover in place. Therefore,

the above analyses have indicated that the integrity of the can<

and seal are maintained during a top end impact condition.

(b) Bottom End

In the event of an impact on the bottom end, the inertia

force of the cover will tend to increase the pressure on the

seal at the edge of the cover. However, the pressure on the

seal under the head of the draw bolt could be lessened. The

possibility of this occurring is evaluated below. The MONSA

computer program was used to evaluate the model shown in Figure 2.5a

for the static condition and for the inertia effect on the cover

as if the draw bolt were not present. The maximum deflection of

the cover, Point A in Figure 2.5a, relative to the outer seal,

Point B, was calculated to be 0.00340 inch under the combined

static and inertia load, Table 2.5. The MONSA program was then

used to analyze the model of the can shell alone, shown in

Figure 2.5b. Tha fcree F is 1,000 pounds for the static casec
and, for the impact case, F is the total inertia force of theg

cover acting on the top edge of the can. The cover weighs

65.67 pounds. Thus, for the 368 G inertia load, the force F
c

is 24,170 pounds. The total deflection of the shell alone

under the static load is 0.00042 inch. Under the inertia load

of the cover and the shell, the deflection is 0.01507 inch

(Point B to Point C in Figure 2.5b). Thus, the total deflection

of the shell only is 0.01549 inch, and the total deflection of

the cover, Point A, relative to the bottor. of the can Point C,

is 0.01889 inch.

|

|
|

.. _
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TABLE 2.5 RESULTS OF ANALYSIS OF BOTTOM END IMPACT

At Point A " At Point B At Point C("#

Stress, psi Deflection Stress, psi Deflection Stress, psi
relative relative i

Inner Outer to Point B Inner Outer to Point C, Inner Outer

Load Condition Surface Surface inches Surface Surface inches Surface Surface

'

Static load on -423 -1,689 -0.00044 145 36 -- -- --

cover only

Inertia load on 1,391 -2,787 -0.00296 1,493 373 -- -- -- E
cover only

Total, static and 968 -4,476 -0.00340 1,638 409 -- -- --

inertia of cover
on cover only

Static load on -236 -236 -0.00042 -107 -364-- -- --

shell only

-- -- -- -5,696 -5,696 -0.01507 -5,146 -17,293Inertia load of
shell and cover
on shell only

Total, static and -- -- -- -5,932 -5,932 -0.01549 -5,253 -17,667
inertia of cover E
and shell on o
shell only $

m
u
et

(a) Ref'er to Figure 2.5 **

U
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It was shown above that the bolt is elongated C.00218

inch under the static 1,000 pound load. It was also shown that

the bolt will compress axially 0.00344 inch under a 87.5 G load.

Thus, under a 368 G load, the bolt will compress (368)(0.00344)/

87.5 or 0.01466 inch. Thus, the total deflection which the bolt

will experience is 0.00218 + 0.01446 = 0.01664 inch. Since

this is less than the deflection of the cover, the bolt does

not contribute any load to the cover under the impact condition.

These calculations indicate that the compression on the seal

under the bolt head will be relieved 0.00225 inch. However,

the seal is initially compressed about 0.030 inch so that this

amount of relief under impact represents only about 7.5 percent

of the initial amount. Stated another way, the 0-ring is still

compressed over 90 percent of its initial amount which is con-

sidered sufficient to maintain the seal.

The maximum stress in the can, Table 2.5, is 17,667 psi.

The margin of safety is:

MS = 30,000 -1 = 0.70 .

The can also acts as a column under a compressive load

equal to the inertia weight of the cover and can shell. It

was assumed that the total inertia load experienced by the can

as a column is equivalent to the cover weight and half of the

inertia " weight" of the shell. From above, the inertia weight

of the cover is 24,170 pounds. The static weight of the shell
,

is 63.27 pounds. Thus, total inertia load on the can shell as

a column is:

P = 24,170 + (1/2) (368) (63.27) = 35,810 pounds .

.

I
- ___ _
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The critical buckling load for a column rigidly fixed at one
,

end is:

P =x EI/4L ,

crit

where

6E = Young's Modulus = 29 (10 ) psi

3I = Moment of inertia = ud t/8

j d = Mean diameter = 14.91 inches
1
' t = Thickness = 0.09 inches

L = Length = 51.75 inches .

Then
,

6P = 3.13(10 ) pounds .
c it

,

; Thus, the can will not buckle.

As above, any deformation or shortening of the draw bolt

due to the impact incident would not be detrimental to the integ-

rity of the seal. Therefore, it was not considered necessary to

evaluate the impact effect on the bolt.

(c) Side Drop

The safety analysis report for the BMI-l shipping cask

indicated that the impact force on the cask in the region of con-

tact between the cask and the unyielding surface may be as great

as 400 G. The impact force on the basket and contents of the

cask may be only 200 G or less, due to attenuation by the lead

filled cask wall and the interface between the cask cavity and

- _ - - _ _ _ _ _ _ _ _ _ _ _ . _ _ .
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the basket. The degree of attenuation is difficult to predict,

however, and thus, for purposes of analysis, the impact force on

the basket was conservatively assumed to be the same as that

calculated for the exterior of the cask, 400 G.

For the side impact orientation, the side of the can

and the cover are supported by the full length of the cask cavity.

Thus, the critical regions which must be considered include the

stress and deflection in several regions of the draw bolt and the

integrity of the seal under loads and moments transmitted by the
bolt. A general schematic model of the can is shown in Figure 2.6.

As shown, the bolt is rigidly supported at the bottom by the

anchor nut, and at the top by the close fitting hole in the cover.

It also nominally has a center support, the spacer can bottom,

except that the spacer can has a 0.031 inch radial clearance and

thus, the center of the bolt could deflect about 0.036 inch

(the spacer can guide clearance plus the bolt clearance) before

any degree of support could be expected.

Consider the model in Figure 2.7. The bolt is represented

as a beam under a tensile load, restrained at the ends from bending

and with a center support available after 0.036 inch of deflection.

In the actual situation, the " center" support is about 1.38 inches

from the midlength of the bolt. For purposes of analysis, it

was considered sufficiently accurate to assume that deflections

at the center and 1.38 inches from the center were essentially

the same. Then from Roark( 0) , Table VI, Case 18, the deflection
at the center is:

~

w'2 4U(1 - cosh U/2) 2+UY* sinh U/2
.

p
_

-
1

1

1

I

. - - - .
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FIGURE 2.7. EDEL OF DRAW BCLT ECR SEE IMPX.T CRIDTIATION

where

w = uniform load

3 = 4 jI

E = Elastic mcdulus = 29(106) psi

I = Area moment of inertia = s (D 4 -D;4)/64g

D = OD of draw bolt = 1.25 inchesg

Dg = ID of draw bolt = 0.75 inch

P = Tensile load = 1,000 pounds

_ - .
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.

U = L/i

L = Length of the bolt = 47.75 inches .

This equation was solved for w for the case where y = 0.036.

At this deflection, w = 8.19 pounds per inch. However, the bolt

weighs 2.67 pounds per foot and therefore, under a 400 G impact

force, the distributed load would be 89.0 pounds per inch. Since
this is more than the 8.19 pounds per inch distributed load re-

quired to deflect the center of the bolt 0.036 inch, the bolt

will receive support from the spacer can bottom under the 400 G.

impact. The maximum moment in the bolt occurs at the end and is

expressed as:

M = wj (U/2)/tanh U/2 -1 .

.

With a distributed load of 8.19 pounds per inch, the moment is

1,538 inch pounds.

j After the bolt receives support from the spacer can bottom,
'

it then, for practical purposes, will respond as before, a beam

j with fixed ends and under a tension load. This is not truly

j the case since the " center" support is not truly at the midspan

but 1.38 inches away. However, it is felt that negligible error

will be introduced by this assumption. The calculation is as

above then, except that tr.e uniform load and the beam length are

changed. The uniform distributed load for this case is the

difference between the total impact load under the 400 G force,

89.0 pounds per inch, and the distributed load of 8.19 pounds

per inch required to bring the draw bolt into contact with the

spacer can bottom. Thus, w = 89.0-8.19 = 80.81 pounds per inch.

The length of the beam is the distance from the spacer can bottom

to the bottom of the can, point A in Figure 2.7. Thus, L =

25.25 inches. Then, M = 4,278 in pounds. The total moment at

.A

++
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the end of the draw bolt is the sum of this moment and the moment

produced at the instant of contact of the draw bolt with the

spacer can bottom. Thus, M = 1,538 + 4,278 = 5,816 in pounds.tot
The fiber stress is:

a=M C/Itot

where

C = maximum fiber distance from neutral axis of the

1-1/4 inch bolt in end of draw bolt (at thread root) =

0.5335 inches

I = moment of inertia of 1-1/4 inch bolt at tread root =

41C /4 .

.

Then the fiber stress is

o ,= 48,770 psig .

The fiber stress developed by the 1,000 pound tensile load in

the bolt is:

o = P/Af

where

P = 1,000 pounds

A = area of the 1-1/4 inch bolt at the thread root

= 0.8942 square inch .

.
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Then

i

a = 1,120 psi .
ft

I

The total fiber stress is:

f = 48,770 + 1,120 = 49,890 psio .

The shear stress is:

F
sh*

#sh A *

The shear force, Fsh, was taken as half the impact force or

F,,= wt/2 = (89.03c2s.2s>f2 = 1,12s gounds ?.

The shear area, A, at the thread root, is 0.8942 square inch.

The shear stress is:

sh = 1,125/0.8942 = 1,260 psio .

The combined stress is:

comb " 3 "f + #sh = 48,790 psia .

The threaded section of the bolt is made of A 325 steel which

has a yield strength of 92,000 psi. The margin of safety is:
.

w''

n- e
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F' ,000Y -1 = -1 = 0.89MS = .
g g

At the center of the span, the bending moment is:

M = wj (1 -
i h U/2

where the terms are defined as above. At the instant of contact

of the draw bolt with the spacer can bottom, the moment at the

center of the 47.75 inch long span is 758 inch

loading beyond this point, the support at the center causes the

location of the maximum moment to shift toward the center of the

two short spans. The maximum load experienced by the short spans

is the total inertia load. Thus, w = 89.0 pounds per inch and

L = 25.25 inches. Then:

M = 2,350 inch / pounds .

The stress is:

g = Mc/Io ,

where

M = 2,350 inch / pounds

e = Maximum fiber distance = 1.25/2 = 0.625 inches

I = Moment of inertia = x(D 4-D 4g )/64
D = 1.25 incheso

Dy = 0.75 inch .

.

r v w e v w-
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.

Then

(

o = 12,260 psi .

f,

|

The body of the bolt is made of C-1018 cold rolled carbon

steel which has a yield strength of 60,000 psi. The margin of

safety is:

MS = 60' -1 = 3.89 .22

The above analyses assume that the center support, i.e.,

the spacer can bottom will not move radially more than about

0.036 inch. The spacer can is supported by the guide tube which

fits into the inner can. The inner can is rigidly held by the-

nest of fuel tubes except for the endmost 5.75 inches into which
I the spacer can guide fits. This 5.75 inch extension, therefore,

acts as a cantilever beam in supporting the spacer can bottom.

Consider the model of Figure 2.8. The fiber stress in the inner

can is:

ME = FLca=I I
'

where

F = Inertia force of bolt and spacer can

L = Length of inner can extension = 5.75 inches

c = Maximum fiber distance = 4.25 inches
3I = Acment of inertia = xd t/8

d = Mean diameter = 8.41 inches

t = Thickness = 0.09 inch .

.

_ _ _ _ _ - . _ - _
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FIGURE 2.8 MODEL OF INNER CAN

.
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The force was taken as half the inertia weight of the bolt and

3/4 the inertia weight of the spacer can. The spacer can has

a static weight of about 35 pounds. Then the inertia force is:

F= (89.0) (47.75)/2 + (400) (35) (3/4) = 12,620 pounds.

Then

og = 14,680 psi .

The shear stress is

a h = F/A = 12,620/(udt) = 5,300 psi.s

The combined stress is

acomb " f +o# '

sh

'

The margin of safe *~ *ar the inner can which is made of Type 304

stainless steel i
~

-1 = 3 ,00Y -1 = 0.92
MS = , comb

.
1 00

The total deflection is:

y = FL /3EI = 0.0013 inch .

Thus, the spacer can will move 0.0013 inch more than the 0.036 inch

assumed above. This difference is only 3.6 percent and thus will

not significantly change the results presented above.

The integrity of the weld between the spacer can guide

and the spacer can bottom must also be evaluated. The stress is:

.

o,g = F/h = 12,620/ (0.707sdt) ,

i

|
|
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where

d = maan weld diameter = 7.90 inches
t = weld thickness = 0.12 inch .

Then

e = 5,990 psi .sh
l

The margin of safety is

!

MS = sh _1 , 15,000 -1 = 1.50 .
0sh

In the side fall incident, the bending moment present in

the bolt at the cover will tend to " lift" one edge of the real.

The close fit of the bolt in the cover negates any poss .bility |

of " lifting" of the seal under the bolt head. However, the tendency

for lifting of the seal at the edge of the cover must te evaluated.

Consider the model in Figure 2.9. The coment, M, tendn to lift j

the seal at Point B while the moment of the draw bolt : ensile

force, P, about Point A tends to mgintain the seal at ?oint B.

The moment, M, is assumed to be the same as the moment in the

draw bolt at the anchor nut. (It actually will be slightly less

since the unsupported span of the top part of the bolt. is 2.75

inches shorter than the bottom part.) Then, M = 5,816 in pounds. |
'

The restoring moment is:
%

M = Pd/2 = (1,000) (15/2) = 7,500 inches /pounda .

3

This is about 30 percent greater than the moment tending to open
,

the seal. Thus, the tendency for lifting is sufficiently

restrained to maintain the seal.
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FIGURE 2.9. MODEL OF FUEL CAN COVER FOR SIDE
IMPACT ORIENTATION

!
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The conclusion of the above analysis is that the integrity

of the fuel can and seal is maintained in the event of a side

fall impact orientation.

(d) Corner Drop

The fuel can fits in the cask cavity with only nominal

clearance. Thus, for the corner drop orientation, the can is

supported both on the side and an end. Since the impact loads

for the corner drop orientation are less severe (153 G) than for

the impact loads for the bottom end drop or side drop configura-

tions, the analyses for the bottom corner drop configuration

need not be evaluated. For the case of a top corner impact

orientation, the 153 G impact force is greater than that experienced

by the cask for the top end drop configuration, 87.5 G. However,

the aspect ratio of the cask (L/d) is relatively,large; thus,

the top edge drop orientation is very close to the vertical

orientation of the end fall condition. The response of the fuel

can to a top corner impact orientation can then be evaluated

by taking the conservative approach and assume it strikes on the

top end with the 153 G impact force. This is conservative since

for the end impact orientation, no support is considered by the

side walls of the cask cavity.

The response of the fuel can is proportional to the

impact load. Since for the assumed case here the impact force

is 153 G, the stresses and leflections experienced by the fuel

can would be 153/87.5 = 1.75 times greater than for the case of

the top end drop orientation. By inspection, it is seen that

the stresses are well belev the yield stress and thus, the can

integrity is maintained. Similarly, by inspection it is seen

that the seals will not be loosened for the top corner impact

orientation and thus seal integrity is maintained.
,

|
|

|

|

I
. _ .
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2.10.2.2 Description of Welds
on Fuel Element Tubes

The fuel elements are located in individual tube positioners

for transport. These tubes are located in an annular region

between the outer shell of the fuel can and an inner shell. Both

the inner and outer shells are welded to the bottom plate of the

fuel can with full circumferential welds, Drawing 10'J0, Rev. B.

The tubes are held in place by the manner in which they fit in

the annulus so that contact with adjacent tubes and the inner

or outer shell of the fuel can prevents any relative motion

between the tubes. The tubes in the annulus are attached to the

bottom plate by one 0.090 inch wide x 0.50 inch long welds as

shown in Figure 2.10. At the top of the tubes, each tube is

welded to the adjacent tubes which touch it and to the inner or

outer shell, Figure 2.10. Since each tube in the inner row of

tubes contacts four other tubes and the inner shell, it has five -

welds , s 0.13 0 inch wide x 0.38 inch long around its top edge.

Each tube in the outer row, touches two tubes in the inner row

and the outer shell and thus, is welded at three locations,

Figure 2.10.

2.10.2.3 0-Ring Material

| All applicable drawings and operation procedures have

been revised to reflect the use of only silicone rubber (silastic)

seal materials.

2.10.2.4 Thread Sealant

There are no plugs on the fuel can which form part of the
sealing system.

.

|

|
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FIGURE 2.10
LOCATION OF FUEL ''UBES IN FUEL SHIPPING CANNISTER.
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2.10.3 Pulstar Fuel Pin|
Canister

Twenty-one irradisted fuel pins (ref. Westinghouse Canada,

Ltd., Drawing 818C199) are loaded in a stainless steel tube.

Twelve such canisters are loaded in a modified BMI-l basket for
i shipment to the Idaho Chemical Processing Plant and subsequent

storage in a pool. The loaded canisters are to be shipped in
,

water. Each group of 21 pins weighs approximately 38 pounds.

The material selected for the canisters is 3 inches square,

.120 inch wall, Type 304 stainless steel tubing. The design of

the canister is shown on BCL Drawing Number 00-001-375. The'

base and cap plates are 3/16 inch, 304 S.S. plate as is the

hoist fitting.

The canisters are analyzed for a 5 g handling load.

Since they are transported in the BMI-l basket, other transpor-

tation loads are analyzed as basket loads. The canisters are
bshipped dry and are sealed with Swagelock ) fittings, Type SS-

1610-C. The total weight of each canister and fuel is calculated

to be 50.4 pounds. The total load in the basket is approximately

604.8 pounds.

2.10.3.1 Hoist Fitting

The load factor = 5.0 g

The maximum shear-cut load on a canister hoist fitting =

(50.4) (5.0) = 252 pounds.

Allowable shear stress (annealed value) = 20,000 psi.

Shear-Out of the Hoist Fitting.

2Shear area = (2) ( .95) ( .125) .238 inch=
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fs = h = 1,059 psi

0,
MS = --1 = 17.89 .

,

2.10.3.2 Shear Load on Base Plate Weld

The base plate is welded to the 3 inch square tubing for

a total of 12 inches of weld. Based on the annealed value for

304 SS, the allowable shear stress = 20,000 psi.

.

Width of weld = .06 inch minimum

2The shear area = (12 ) ( .06 ) ( V"T) = 1.02 inches

Assume total weight acting on base = 50.4 pounds

Shearstress=f=(50.4)j5) = 247 psi

MS = 20,000 -1 = very high .

2.10.3.3 Pressure Check of Stress and Deflection

1
Square Tubes x g 3 inches :: 3 inches x .12 inch 304 S.S.

I11}Internal Pressure = 37 psig

Test pressure = 120 x 37 = 44.4 psig .

.

e
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_ 3.0 _ .

b=3"
Y A_.-m

" y,
,

/ .120 \

(
a=28"

3.0

\ I
'

L o

~~ -

Assume all edges fixed--uniform load 44.4 psig:

a
g=.

*

S= .5 (Reference 12)..

a .0284 3
.

,

s

The maximum stress occurs at the center of the long edges:

2wb 44.4(3 )(.5)S =8 =
gx 2 2

t (.120 )

= 13875 psi < 30,000 psi 304 SS yld.

(annealed value)

4
44.4(3 )y = a" (.0284) ,gg g= ,

,

Et (28 x 10 ) ( .120 )

.00203 inch each side of canister=

2y = .00406 inch--well within space available of 0.31 inch .

!

,

. . - - _ - - - _ - - -. - -
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Equivalent pressure load due to side drop imposed by fuel pins,

w = 37.8 pounds x 5 g's = 189 pounds .

Area of pin impact--assume 2.5 x 26 inches .

A = 2.5 x 26 = 65 inches 2

P=hf1=2.91 psi .

The wall deflection due to the pin load is negligible.

The total side presusre load = 44.4 + 2.9 = 47.3 psi.

f444|4 = 14781 psi, one side only
3.'. S,,3 = 13875

3
y,,,= .00196 {*,4 = .0021 inch, one side only

2y = .0042 inch .

Internal pressure on end of tube:

|

'- 3 " ---i
| I

I
3" p = 44.4 psig

'
.

. . . _ . .
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h = 1, S = 0.3078, a = 0.138

Sb = S" (0.3078)(44.4)(32)=

t (.1855)

= 3,499 psi

4

4 4wb (44.4) (3 )(0.138)Max y = a =
3

Et (29 x 10 ) (.1875)

= .0026'
.

Bottom load due to weight of 21 fuel pins:

w= (37.8) (5.0 gs) = 189 pounds
'

.

l

2'
Area = 2.75 x 2.75 = 7.5625

Equivalent pressure load p = 7f 25 = 25 psi

Sb= (3,499) (4425 ) = 1,970 psi

Total Sb = 3,499 + 1,970 = 5,469 psi
,

|

(25 .0015 inchMax y = .0026 =
(4 )

Total y = .0026 + .0015 = .0041 inch in center .

.

e

, _.- -
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2.10.4 EPRI Crack irrest Capsules

The six fission monitors consist of 0.25 inch OD x 0.38

inch long stainless steel tubes containing either 12 mg of

U238 (3 monitors) or 20 mg of Np237 (3 monitors). Each tube is

sealed and fits into a steel dosimeter block which is sealed by

welding. Because of the way in which the fissile material is

encapsulated, release into the cask cavity or to the environment

is extremely remote. Moreover- the quantities are much less
I }than the maximum release permitted b r the proposed regulations .

The amount of U238 present is 1.2 (10-8) curies and the amount
of Np 37 present is 4.2(10-5) ci. The maximum which can be re-2 -

leased according to the proposed regulations is unlimited for

U238 and 0.005 Ci for Np237,

2.11 Baskets

2.11.1 Copper Basket for Fermi Fuel
Elements

The BMI-l cask was approved in July, 1964, and given AEC

License SN:iS07 for use in transporting to a reprocessing site 24

spent BRR fuel elements per trip. Information regarding this

structural analysis is recorded in Docket Number 70-813 at the |

AEC.

For the shipment of the Fermi fuel only a different fuel

element basket and basket support are required. Drawing Number K5923-5-1

0049 Rev. 5/12/66, describes this modification. The entire assembly

inside the cask inciading the fuel element, basket, and copper
shield, has a calenlated weight of 1,109 pounds. This assembly is

supported by 12, 1/4 inch x 1-1/2 inch x 1-1/2 inch brass angles

that extend the entire length of the cask cavity. The yield

; strength of the architectural bron=e used in the angles is.

|
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20,000 psi. The cross sectional area of the 12 angles is

8.4 inches 2 Since all the side thrust is taken by the cask

wall, only the compressive load must be supported by the angles.

Thus, the norum. stress on the supporting angles is 132 psi.

If the loaded cask were to be subjected to some accident condition

which would cause the angles to yield, the force on the fuel

subassembly would be decreased and the unit displaced toward

the point of contact. Axial motion of the unit in the cask

should cause no damage to the fuel subassembly. All radial

forces would be adequately restricted by the six, 0.75 inch x

2 inch x 36 inch copper ribs which are part of the copper

shielding casting. Each rib would have an area of 27 inches

and a yield strength of 10,000 psi. Applying the entire weight

of 1,109 pounds to one rib, the normal stress would be 41 psi.

From the above description of the modifications inside the cask,

it is obvious that the fuel subassembly is well protected within

the cask. '

2.11.2 BMI-l Basket Modified for MTR Fuel

The only modifications made for shipment of the fuel

from Texas A&M were to the fuel basket. Therefore, the cask

itself meets all the structural requirements as shown in current

license, SMN7 for the shipment of MTR type fuels. The analyses

presented in this section show compliance of the modified basket

with the regulations of 10CFR-Part 71. The applicable 3ections

from those regulations affecting licensability of the modified

basket are as follows:

'

Section 71.31(c) General Standards, Lifting Device

3ection 71. 36 (a) Standards for Hypothetical Accident Conditions.

.

#

_ _ _ _ _ _m _ _ _ _ _ _ _ _ _ _
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The details of the modified basket for the shipment of

fuel from Texas A&M University to the University of Virginia

are shown in BMI Drawing Number 00-000-236, Rev. A. The material

used in the basket is Type 304 stainless steel. The mechanical
properties used in the analysis are presented in Table 2.6.

_

TABLE 2.6 PROPERTIES OF TYPE 304
STAINLESS STEEL

Design Stress,
Property psi

Tensile yield stress 30,000

Tensile ultimate stress 75,000

Compressive yield stress 35,000

Shear yield stress 20,000

Shear ultimate stress 40,000

Bearing yield stress 50,000

.

The calculated weight of the modified basket is 269 pounds.

Each fuel el.ement weighs approximately 9.25 pounds.

2.11.2.1 Lifting Devic (s

The regulations state that the lifting devices should

be able to support three times the weight of the loaded basket.

This weight is calculated as 3(380 pounds) = 1,140 pounds.

Assuming a 45 degree angle for the lifting cables, the force in

each cable is:

.

|
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= 806 poundsT = 2(. 07) "2 0 )
.

.

The bending stress at the root of the handle can be calculated as:

Sb = Mc/I ,

where

M = bending moment = (6. 75) ( . 707) (W) inch / pounds
C = distance from neutral surface = .339 inch

I = moment of inertia of area = .7037 inch 4

( ' I I* 9I = 17,700 psiSb" 3
.

.

The tensile stress can be calculated as:

)
.-

= E = (806) (.707) = 912 psi3 .

D A 2
.625 inch

The combined stress is therefore:

= 18,600 psiS,,x = Sb+8t .

The margin of safety is:

MS = _0,f 00 -1 = 0 51 .

2.11.2.2 Free Droo

AEC Regulation 10CFR - Part 71, stipulates that the

cask must withstand a fall of 30 feet to a hard, unyieldin'g surface.
The impact forces resulting from such a fall are presented in

Table 2.3.
'

|
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(a) Top End

In the event of a fall on the top of the cask, the cask
,

would experience a maximum impact force of 87.5 G. It was con-

servatively assumed that no attenuation to this shock force

would occur in the cask and that the basket would, therefore,

also experience a force of 87.5 G. In the inverted position,

j the inertia force of the modified basket would be resisted by

the two lifting bars. It is assumed that both bars strike the,

top of the cavity simultaneously and half of the force is

resisted by each bar. Thus, the impact force on one bar is:

(87.5 G) 269 pounds)
F = gw = = 11,770 pounds .

The critical buckling load for a column in compression
I14)is given by Roark as:

t

2
p. , x EI

'

(0.71)2

where

P' = critical buckling load, pounds

6E = modulus of elasticity, 28 x 10 p,1

1 = length of bar, 6.75 inches

I = moment of inertia about bending axis

.0737 inch 4= .

f

6
p, ,s (28 x 10 ) (0.0737) 5= 9.12(10 )

[0.7 (6.75)] 2 ,

Since the impact force is 11,770 pounds, by inspection the margin
~

of safety for buckling is large.

,

. , , -- - _a -,-v -- ----
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The maximum compressive stress on the bar is:

.

s,=j!;;;;=1e.e30 psi .

The margin of safety for yielding in compression is:

MS = 35' -1 = 0.86 .

8

(b) Bottcm End

In the event of a bottom impact, the cask would experience

a maximum impact force of 368 G. The 15 inch diameter spacer

can must resist the impact force of the rest of the basket and

the fuel elements. The combined weight of these two components

is 347 pounds. The force which must be resisted by the spacer

can is:

F= (368)(347) = 128,000 pounds .

Assuming this force is evenly distributed around the top edge of

the can, Roark (15) gives the formula for the critical buckling
stress as:

1 t
'

[ /1-v#

where

6E = elastic modulus = 28(10 ) psi

v = Poisson's ratio = 0.3

t = wall thickness = 0.12 inch
,

r = radius of can = 7.5 inches

|
~

|
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6
S = k-- ( 9 x 10 ) (0.12 ) = 272,000 psi .(7. 5)

3/ 3 3[1- ( . 3 ) z

The stress in the can is:

S = 128,000 pounds = 22,600 psi .

w (15 ) (0.12 )

By inspection, the margin of safety for buckling is large.

The margin of safety for yielding in compression is:

MS = 3 ,0
-1 = 0.55

0

The potential of the fuel elements for puncturing the 1/2 inch

thick stainless steel plate can be evaluated by considering the

shear stress produced during impact,

1 ad r ruptureShear strength =
area of material sheared

,

For the case of a fuel rod lower end guide puncturing the 1/2 inch

plate, the shear area would be:

2A= (0.5) (1) (2. 06) = 3.24 inches ,

The impact load for one fuel element is:

I F= (368 G) (9.25 pounds) = 3,400 pounds .

f = fj2 = 1,050 psi .

|
|

3

- _ ___ _ _ ._ . . _ . _ . . , . . .
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The ultimate shearing strength of stainless steel is 40,000 psi.

By inspection, the margin of safety against rupture is large.

The 1/2 inch plate is attached to the spacer can by a

continuous weld. The shear stress in this weld can be computed

as:

,

6s " 0.707 hl '

where

P = impact load from fuel elements = ngw

n = number of elements = 12

g = impact force = 368 G

w = element weight = 9.25 pounds

h = size of weld, 0.19 inch

1 = length of weld = -(15) S.

(12) (368)(9.25)
Ss" (0. 7 07 ) (0.18 ) (15 ) ( n ) = 6,820 psi .

Assuming the ultimate shear stress for the weld to be the same

as virgin metal, the margin of safety for shearing the weld is:

MS = 40,00 ~1 " 4*9 *
2

l
The ultimate load that the plate can support before

1

collapse is given by Roark( 'as:

Wu = Sy(2.814)st2 ,

l
,

'

The plate is assumed to have fixed edges since it 's welded

all araund to the spacer can 1-3/4 inches below the rigid bottom

of the original basket. It has been shown that the yield strength

1

..
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for impact loading Is approximately 11 percent higher than the
static yield stress I9I. Therefore, the load that the plate can

support is:

Wu = (30,000)(1.11)(2.814)(2)(0.5)2
= 73,500 pounds .

Since the impact load from the fuel elements is (12)(368)(9.25)

= 40,900 pounds, the margin of safety for failure is:

,5
MS = -1 = 0.80 .

9

Assuming that the plate does not yield, the maximum deflection

is given by Roark(l } as:

* 3W(m2 _ y),2
Ymax 16xE m t

where

W = load = 40,900 pounds

m = reciprical of Poisson's ratio (= 1/0.3) ,

a = radius of plate (= 7.5 inches)

t = plate thickness (= 1/2 inch)
6E = elastic modulus = 28(10 ) psi .

2

y""* , 3 ( 4 0 , 9 0 0 pounds ) ( 3. 3 3 - 1) (7. 5 )
6 2 316v (28 x 10 ) (3.33 ) (0.5 )

= 0.0357 inch .
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s.

The taximum stress under this loading is:

= 39,000 psi8 *

max " 4
.

2 0.

This occurs at the outer edge. It is seen that the stress cal-

culated is approximately 17 percent above the yield stress of

stainless steel under impact conditions. Therefore, the deflection

as calcula';ed above, using equations based on elastic theory,,

is not exact. However, since the stress calculated is only

17 percent grater than the yield stress, the degree of plastic

yielding and thus deflection beyond 0.0351 inches will be small.

] If the plastic yielding is assumed to increase the deflection

by as much as 50 percent, the total deflection of the center of

the plate will be about 0.053 inch. It is estimated that the

fuel elements can be displaced vertically, about 0.25 inch,

without affecting the criticality. ^

Thus, the margin of safety is about

0.MS = -1 = 3.7 .
3

2.11.3 BMI-l Basket Modified for Pulstar Fuel

The only rodifications made for shipment of the fuel from

the State University of New York were to the fuel basket. Therefore,

the cask itself meets all the structural requirements as shown

in current licenses for the shipment of Pulstar type fuels. The

analyses presented in this section show compliance of the modi-

fled basket with the regulations of 10CFR-Part 71. The applicable

sections from those regulations affecting licensability of the

modified basket are as follows:

.

Section 71.31(c) General Standards, Lifting Device

Section 71.36(a) Standards for Hypothetical Accident

Conditions

. _ _ - _ _ _ -_ _ _ _ - . - - - . .
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The details of the modified basket for the shipment of

fuel from the State University of New York to the Idaho Chemical

Processing Plant are shown in BMI Drawing Number 00-001-376, Rev. A.

The material used in the basket is Type 304 stainless steel.
| The mechanical properties used in the analysis are presented

in Table 2.7.

! TABLE 2.7 PROPERTIES OF TYPE 304
STAINLESS STEEL

Design Stress,
Property psi

Tensile yield stress 30,000
'

Tensile ultimate stress 75,000
'

Compressive yield stress 35,000

Shear yield stress 20,000

Shear ultimate stress 40,000

Bearing yield stress 50,000

The calculated weight of the modified basket is 345 pounds. Each

fuel canister weighs approximately 50 pounds.

2.11.3.1 Lifting Devices

The regttlations state that the lifting devices should

be able to support three times the weight of the loaded basket.

This weight is calculated as (3) (950 pounds) = 2,850 pounds..

The force in each cable is 2,850/2 = 1,425 pounds. A spacer

bar between the cables is required at this load level to prevent
,

bending at the handles. The tensile stress in the handles is

calculated as:

I

i

-. _ _- __ _ -_ _ _ _ _ _ _ . .



._ a -

Document: 15

2.92
,

2.50;-- q ;

( h l . 0 -- ) .375

|-- 2.25 _| }

1' = 2,850 psiSt" 0
"

.

The margin of safety is:

MS = 30 | -1 = 9.52 .2,

2.11.3.2 Free Dqjog

AEC Regulation 10CFR-Part 71 stipulates that the cask
must withstand a fall of 30 feet to a hard, unyielding surface.
The impact forces resulting from such a fall are presented in s,

Table 2.3.

(a) Top End

In the event of a fall on the top of the cask, the cask

would experience a maximum impact force of 87.5 G. It was con-

servatively assumed that no attenuation to this shock force would
occur in the cask and that the basket would, therefore, also
experience a force of 87.5 G. In the inverted position, the

inertia force of the modified basket would be resisted by the
two lifting bars. It is assumed that both bars strike the top
of the cavity simultaneously and half of the force is resisted

by each bar. Thus, the impact force on une bar is:

p , g, , (87.5 G) (345 pounds) = 15,094 .-

.
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The critical buckling load for a column in compression

is given by Roark(l4} as:

* EIp. ,
,

(0.7L)

where

P' = critical buckling load, pounds

6E = modulus of elasticity, 28 x 10 p,1

L = length of bar, 6.75 inches

I = moment of inertia about bending axis

.0737 inch 4= .

6
p, ,e (28 x 10 ) (0.0737) = 9.12(10 )2

[0. 7 ( 6. 75 )]

Since the impact force is 15,094 pounds, by inspection the

margin of safety for buckling is large.

The maximum compressive stress on the bar is:

Sc" 6s = 24,150 .

The margin of safety for yielding in compression is:
J

MS = 35,00 -1 = 0.45 .
4 0

(b) Bottom End

In the event of a bottom impact, the cask would experience

a maximum impact force of 368 G. T:a 15 inch diameter spacer

_ .-.. -- - .-
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can must resist the impact force of the rest of the basket and

the fuel elements. The combined weight of these two components

is 841 pounds. The force which must be resisted by the spacer

can is:

F= (368)(950) = 349,600 pounds .

Assuming this force is evenly distributed around the top edge

of the can, Roark (15) gives the formula for the critical buckling
stress as:

1 E t

$[3 3/1-v#

j where
1

6 '

E = elastic modulus = 28(10 ) p,1

v = Poisson's ratio = 0.3

t = wall t'ickness = 0.25 incha

l r = radius of can = 7.5 inches

1 (28 x 106) (0.25)3, = 566,490 psi .

( .5)
3/1-(.3)z

The stress in the can is:

S=3 = 29,675 psi .x 5 .25)

By inspection, the margin of safety for buckling is large.

The margin of safety for yielding in compression is:

MS = 3 ' -1 = 0.18 .
29 6

1
I

,

,

- - , . - ,
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The potential of the fuel canister for puncturing the 1/2 inch

thick stainless steel plate can be evaluated by considering

the shear stress produced during impact,

1 ad for puncture
Shear strength = ,

area of material sheared

For the case of a fuel canister puncturing the 1/2 inch plate,

the shear area would be:

2A = 2(3) + 2 ( .125) (0.5) = 3.125 inches

The impact load for one fuel canister:

F= (368 G) (50.4 pounds) = 18,547 pounds

f=3 = 5,935 psi'
.25

The resistance to shearing of stainless steel is 40,000 psi.(18)~

The margin of safety against puncture = 40' -1 = 5.74.
5, 35

The 1/2 inch plate is attached to the spacer can by a

continuous weld both top and bottom. The shear stress in this

weld can be computed as:
,

P
8s " 0.707 hl '

where

P = impact load from fuel canisters = ngw

n = number of canisters = 12 !

g = impact force = 368 G
'

:

w = canister weight = 50 pounds !

l

I

I
. - - - .
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h = size of weld, 0.375 inch

1 = length of weld = * (15)

(12)(368)(50.4) = 18,500g ,

s (0. 7 0 7 ) ( . 37 5 ) (15 ) ( n)

Assuming the ultimate shear stress for the weld to be

the same as the parent metal, the margin of safety for shearing

the weld is:

MS = 40' -1 = 1.15
y8,5 0

The support plate requires beam support for the bottom

end drop accident. While the 1/2 inch plate can withstand the

puncture load from the canister hoist fitting, the plate is not

sufficiently thick to act as its own beam, nor is it practical,

Dfrom a weight or welding standpoint to increase the thickness.

Therefore, three parallel, vertical webs have been welded to

the bottom of the plate to stiffen it, and a vertical plate

which acts as an intermediate support point for the beams and

the plate has been welded to the inside of the cylinder. This

pihte provides a simple support only. The vertical plate and

the cylinder walls are comparable to a standard 14 inch x 8 inch

wide flange column with the same load capability.

The general arrangement is shown below.

.

m
/ T

C# 14-3/4
( ) .m,

/ '

.

w -

NN I //

k bVerticalPlate%%_
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For ease of analysis, the plate will be assumed to be simply

supported at the cylinder walls.

Four loading cases will be considered for the canisters.

Case 1 will orient the canister base plates perpendicular to

the direction of the three support beams. Case 2 will orient

the canister base plates parallel to the beams as shown below.

Cases 3 and 4 are discussed later.

.aupport
beams Canisters

[T A 6h U,
.

:o / /-- -T |(/ g

' ) l' \ 'i

: '/ :o i' (- - / |0
'

(, -

C/ :o j 'd 4
'

Case 1 Case 2
.

Case 1 permits the consideration of the load as uniform

on a continuous, multi span beam. This establishes a bending

moment relationship for Case 2 as point loaded. A single verti-

cal web, perpendicular to the three cross beams provides simple

support to the plate upon which the canisters rest. The base j

plate is welded continuously, top and bottom, to the cylinder
!

wall. The three support beams provide stiffness to the base

plate enabling it to transmit half of the canister loads into

the cylinder walls. The other half of the load is transmitted

to the vertical web and thence into the cylinder walls and the

cask bcttom.

.
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|n==h|<== y| m-<
d Vertical I '' U U

|
"-- u

| Web I

-

Assume the center portion of the plate carrying eight
'

of the canisters to be a separate, simply supported, continuous

beam with five supports as illustrated below. The load W1 rep-

resents the weight of the canister (50.4 pounds) times the g

force (368).

(50.4)(368) = 18,550 pounds .

s

~ _ %- _ % ~ .

t > w w , s

_ _ _ _ _ _ _ ____ ___ _ _.

1 ,3-3/8 4 4 ,-- 3-3/8. J,-
W1* Ie |Le18550 18550 18550 18550 IMom. Coeff.

*at Support
O 3/28 2/28 3/28 0

in Span .0772 .0364 .0364 .0772

2701 2701 -OMoments 4833 n A_ /
.

nu 4

h 7950 300 7950'

* 1/2 of load is carried by the center web shown in dotted outline.

.

-

!
|

|

1
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Neglecting the support from the center web and the continuity

of the plate at the sides, consider the bending stress in the

plate as a beam. The maximum moment occurs at beams 1 and 3.
The assumed width is 7.0 inches.

3 4I = bh /12 = (7) (0. 5) 3/12 = .073 inch

fb = fE = (7,9 0 = 27,257 psi < 75,000 psi(.25)

ultimate .

The remaining half of the load is carried by the center web as

a compression load. The web and the cylinder walls form an I

section. This and other loads on the web will be summed up later.

Case 2 loads are based on the relationship of center

span moments fcr uniformly loaded beams and point loaded beams.

In this analysis, the center span moments are assumed to be

three times the Case 1 moments.

On that basis, the maximum bending moment of 7,950 inches-

pounds for Case 1 becomes, (1. 5 ) (7,9 50) or 11,925 inches-pounds.
4The area moment of inertia is still .073 inch . The bending

stress at the support is then:

(1.5) (27,257) = 40,885 psi < 75,000 psi ultimate .

Summation of Loads on Center, Vertical Web. The center !

l

web, stabilized by the cylinder walls, carries one-half of the

load from the eight canisters along the center web, and approxi-

mately 50 percent of the load from the remaining four canisters.

The web and the walls form a wide flange column. The load is

imparted to the web by the plate-beams and by direct bearing

of the plate between the be===. .

The shear at each of the supports is shown by:

- -



-
.- __.

Document: 15
2.100

.

wl

18550 18550 18550 18550

0 11/28 17/28 15/28 13/28 13/28 15/28 17/28 11/28 0
Shear
Coefficien.

1 2 3 4 5

(hh) (18,500) 7,287 poundsAt 1, 5 =

(fh + hh) (18,550) = 21,200 poundsAt 2, 4

(ff+ff)(18,550) 17,225 poundsAt 3, =

45,712 pounds x 2 = 91,424 pounds s.

The continuous beam shear loads from eight canisters is

91,424 pounds and an assumed 50 percent load from the remaining

four is ( . 50) (4 ) (18,550) = 37,100 pounds for a total of 128,524

pounds. This load is assumed to be uniformly distributed on the

top edge of the web. Neglecting the cylinder " flanges" the

least radius of gyration p is found,

(14.7 5) ( . 5 ) 3 4
i I= .1536 inch
'

12

2A= (14.7 5) ( .5) = 7.375 inches

p =) .f536 = .1443 inch3q5

!

1

- -
. __
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2 /(L/P)2The allowable load is found from P/A = Cx E

6
P= (7. 37 5) (1. 5 ) ( v ) (28 x 10 ) /(13.25/.1443) 2

= 362,584 pounds

t. The web, stabilized by the cylinder will support the 128,524

pounds.
.

Case 3. The bending of the plate-beam combinations at

90 degrees to the foregoing analysis is presented next. The

beams are more effective in this orientation. The center vertical

web again reacts a large share of the canister loads as the center

support for the beams.

% - _ - -

Canisters t j ( ; < ; y ,

P.\ 9 /) WallWall \ Cen,ter Support , _, j_

1 7.375" 7.375" --

(4) (18550)
W1 74,200 74,200

Moment Coeff.
at Support 0 .125 0

3

Max. M ment 0.0703 0.0703
Coef f. 2.n
Span M = 38500

f f

\ M = 68400 in.-ib

.

, - . - - _ ,,. .,. __e --
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The beam plate area men.ent of inertia is based on the

center 8 inch plate section, the center beam and one-half of

each of the side beams.

This beam plate section carries eight of the twelve

canisters. The other canisters are carried, two each, by a

beam plate made up of the remaining half of the side beam, the

cylinder wall and the section of the plate between the side

beams and the cylinder wall.

r .50c- l
-

! I- ,, ,

NA _ 'M
'

_
' ' 6 l ' F~ NA,

| ||.250 .50 .125.12 5 -=3
- - . ,_

p 1-

. .

I j _._ _ xx "
,

|- 4 4 s,-

1

ITEM A Y AY AY Io, (bh /12)

1 (8) (.5) 4.0 3.25 13.0 42.25 .0833

2 ( .75) (3) M 1.50 3.375 5.06 1.6875

6.25 16.375 47.31 1.771

Y=^ + 2.62 inches

+^ ~^INA "

= 1. 7 71 + 4 7. 31 - (16. 3 7 5 ' ( 2. 6 2 )

4
= 6.18 inches

|

!
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psi,99 psf = = =
,b

= 29,' -1 = 1.58M.S. .

The shear at the center support is (10/8) (W1) = 92,750 pounds.

This is approximately the same value determined for Cases 1 and

2.
The side beam loads are illustrated as follows:

(The value of W is found by (50.4) (368) = 18,547)

~
_ m

) < )
4 a 6

'I %
6.25" 6.25"1

W1 18550 | 18550

Moment Coeff. 0 0.125 0

at Support 0.0703 0.0703

Max. Moment M = 8150
ACoeff. in Span i

M = 14500Moment

The area moment of inertia of the plate-beam is found belcw. )

.50 _. - 3"
-

=

1

I

" I l 33.- _ _

3
'

q y .125 .125 - -

X - -- .x-.

_
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ITEM A Y AY AY Io, (bh /12)

1 (3) ( .5) 1.5 3.25 4.875 15.844 .031

2 ( .25) (3) .75 1.50 1.125 1.688 .562

2.25 6.000 17.532 .593

Y=fE=6 = 2.67 inches
2.2

I =I + AY - AY y33

.593 + 17.532 - (6.0) (2.67)=

= 2.105 inches 4

(14,500) .67) = 18,390 psi < 75,000 psi ultimate.f , ,

b

Case 4. When the canisters are' oriented 90 degrees to

the foregoing, the plate alone is sufficient to bear the loads

between the side wall and the side beam.

Q| -

./ / . \,'-] Canister

; ;| |"---" ';-s| | 9

fr !.. |
-

,

| .

| ,, ,

' ', {i - - - - - .
.

.5
Wall ge g ,---- 3 Side Beam .-.

L: -- J '
..

s

The area moment of inertia of the plate is found by:
.

f
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4
.031 inch*

I= = =

W = 18,550 pounds (at 368 g's)

1 = 30 inches .

Assuming a fixed end beam in this case, with a uniformly distributed
load,

M= where W1 = W

I18' }( = 4,640 inches-pounds=
12

(4,640 (.25)
= 37,400 psi < 75,000 psi ultimatef , , .

b

.

t

-
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2.12.2 Results of Cover Lifting Tests

*

Approved by: W. J. Madia y -..

Project Number 117-5865-

$,..BaHelle,

** ' " ' ' * * ''' * "
Columbus Laboratories

W. J. Madia

date April 18, 1980 T. R. Emswiler
D. E. Ste11recht

1 W. J. Gallagher
L .. Jh3 urian.3To

-' A. Parsons"

D.E.Lozier7g D. E. Lozier ,From

Subject Testing of Lifting Handle on
Cask BMI-1 Lid, February 27, 1930

y

The lid-lifting handle velded on the lid of cask BMI-l was tested by,

attaching cask BCL-3, with its lid in place, to the BMI-l lid with a
chain. The assembly was then lifted off the floor and suspended for
3 minutes by a crane booked to the BMI-l lid-lifting handle. The certi-
fied weight of cask BCL-3 with lid is 2595 lb. , placing a total weight
on the lifting handle of >3695 lb. which is in excess of three times
the weight of the 1100 lb. lid.

'The weld was then checked by liquid dye penetrant in accordance with
~ BCL QA Procedure HL-PP-60 with no defects detected.

DEL /cm

)

-

REV. A, 3-28-80
|

|

|
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LIQUID PENETRANT INSFECTIOM
WORK COMPLETION RECORD

1. Scone

This record docu=ents the implementation and results of a liquid
penetrant inspection.

; 2. Reference

2.1 BCL Hot Lab QA Manual (Sections HL-X-1 and HL-I-1) .
2.2 HL-PP-60 Liquid Penetrant Inspectio n.

3. Work Comolecion Records

3.1 Work completion records shall be documented by the certified
inspector performing the inspection and reviewed by a Q. A.
respresentative.

.,

3.2 Document the inspection on Record Form WC-60.

.

.

REV. A, 3-28-80

.

. . . , . . _ |
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2.111
l

. / ,

'
' '' 'RECORD FORM UC-60 ., ,.

LIQUID PENETRAN~ INSPECTION 7 ' ." 3
''

.

L)/'/ /~1*
t.s12

l i

1. Item inspected b e,Yb' ^ * ' W E' ';.- *
. '' *' -

.

s -
,

2. Inspection method (check method used).

2.1 Visual Dye, i.e. spoccheck v

2.2 Fluorescent Penetrant
Initial Date

.

'Q- r ,.

D , > - A, ~3. Inspection performed as per HL-PP-60. e 't_ ) '-

4. Item approved as per acceptance criteria in
'

. ~[% 7.-' <) 7 , j ', , y ,< i.

_ _/L '-HL-??-60. "

/1
5. Defects observed: '.' ' Y C

_

..e

6. Corrective action taken on defects:

.

6.1 Reinspect af ter corrective action and document
on another Record Form k'C-60.

7. Ins action conducted by:
/

x.m ) / ~ o. C
,,)~'

a
<,?s. 7 ~~ % , : ,- -

u. . . . . . ... Date <* ia

8. Reviewed by: x .

N c7 # Date A 2 7 ~8
v _.2

REV. A, 3-28-80

% 15C:.yf.15;": ,zqqW.;yfggjQZatg?@ ~-4gy-~L;^ ;: -i,> ?' & % . J .,5 .. ~_,:: & 7
_

;,.
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2;12.3 Description of MONSA Computer Program
,

MONSA (multilayer Orthotropic Nonsymmetric Shell Analysis)
;

is a digital computer program written in FORTRAN IV. It is

based on the multisegment numerical integration method for the
analysis of boundary value problems.

; MONSAS determines the displacements, forces, and stresses
for a composite shell of revolution. A composite shell is defined

as a shell composed of a number of distinct parts which may have
the following shapes: cylindrical, spheroidal, ellipsoidal,

,

paraboloidal, conical and toroidal. The shell wall may be composed

of four different layers of orthotropic materials. The shell
;

layers are specified by giving their location with respect to a

reference surface.

Mechanical and temperature loadings can be applied to the*

shell. For nonsymmetric loadings, the user must determine the
Fourier harmonics of the loadings and perform the appropriate 3
number of shell calculations. Temperatures can vary along the'

shell meridian as well as through the thickness of the wall. The

latter can be accomplished by specifying the temperature on the
inner and outer surfaces and on three internal surfaces of the
shell wall. A shell spinning about its longitudinal axis can

be analyzed. A shell subjected to harmonically varying mechanical
or temperature loadings can also be analyzed.

MONSAV will determine the natural frequencies and mode

shapes of composite shells of revolution described above. The

procedure is based on an iterative technique in which a trial
frequency is picked and a determinant is calculated. The trial

frequency becomes a natural frequency when the determinant
vanishes.

.

#'
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Ana ysis o" Shells of Revolution

, . Subjected to Symmetrical and

Nansymmetrical Loads'ums
Assistant professor

of engineering and Appsed Science,
tone university. The boundary.mlue problev. of deformation of a rotationally symmetric s,teil s.s stated tn

. . ' .

New Haven, Cann. terms of a new system ofjr et yrder ordinary diferential equations whic!! ca rt be derited
"n AsMe for any consistent linear bending theory of shells. The dependent variables courtairred in

this system of equations are taose quantities which appect in the nat:,ral bo endary
conditions on a rotationally symmetric edge of a shell of revolution. A numerical
method of solution which combines the advantages of both the direct integration and the
jnite-diference approach is developed for the analysis of rotationally symmetric shells.
This method eliminates the loss of accuracy encountered in the ucual, application of the
direct integratiors approach to the analysis of shells. For the purpose af i!!ustration,
stresses and displacements of a pressuri:ed torus are calctriated and de' ailed numerical
restdts are presented.

un sheil of revolu% 2 m . nportant structural tion for an ellipsoidal shell of revolution by both the finite-difer-
element, and the literature devoted to its analysis is extensiv ence and the Runge-Kutta method; and Penny [6], Radkowski,
With ressrd to axisymmetrie deformation, various methods have e'.al. [71, and Sepetoski, et al. [Si utilize the finite-diference
been employed to obtain solutions of the bending theory of shells technique. A number of additional references which deal with
of revolution by means of the H. Reissner-Meissner equations. the solution of the H. Reisener-Meissner equations can be found
For example, Naghdi and DeSilva [118 use asymptotic integra- in the papers cited.
tion; Iobrnann [2], MQna [3J, Klingbeil [41, employ a direct For problems of bending in the absence of axial symmetry, a
numeried integration approach; Galletty, et at [5] find the solu- reduction of tLe governing equations of arbitrary shells of revolu-

tiors to a system of four second-order diderential equations in-
8 Narxmat Science Foundation Grans No. 23922, Report No. 3. volving four unknowns has been carried out by Budiansky and

July.1963. Radiowski [9]. A method for obtaining the solutio of these
* Numbers in brackets derisnate References at end of paper. equations is given in [9] which is an extension of that employed
Presented at the Sununer Conference of the Appued Mechanics

Dirtsion. Boulder. Colo., June 9-11, Joe, of Tut .brzatcAx Soctzvy in [7] sud (S]. Furthermore, treatments of nonsymmetric
or Mzensicsr. Escrxzzas. defurmation of she!!s of revolution are foundin papers by Gold.

Discus ion of this paper .bould be addreeaed to the Editorial De- berg and Bogdanotf [10!, where a system of &swrder di5erentist
partment. ASME.1*nited Engsneering Center. 343 Eass 4nh Street. equations for conical sheds is derived, and by Steele [11] sud
New York. N. Y.10017. and will be accepted unti10ctober 10.1964. Schile [12), where solutions of certain types are ennsidered byDascuseon received after the closias date Mit be returned. Manu.
scrips received by ASME AppHed Mechanics Didaion. July 31,1963. means of pptatic mtegrsttun... .

15per No. 64-APM-33. Among the papers which employ numerical analysis, two dif-

Narnenc!atur;

d, f, f = coordinates of a point of ment of middle surface ( ),, = derivative with respect to
shell $.,Se = ansie of rotation of nor- any coordinate

s = distance measured from mal m = order of system of equs-
an arbitrary origin p., p,, p = crimponenta of mechani- tions
along meridian in cal surface Innds Jt = numbernisegments
positive direction of 4 m., me = components of moment x = independent variale,

t , te, n = unit vectnrs tangent to of surface lnads either o nt se

coordinate curves (see T, T., 7: = temperature increment 2. = end point of segnent
Fig.1) and temperature re- y(s) = (rn,1) matrix. fundamen-

Re, R. = principal radii of curvs- sultants tal var: ables
ture of middle surface X., X,, X,. = membrane stress result- A(z) = (m, ni) mat rix, coetli-

r = distance of a point an ants cients of di5erential
middle surfue from Jr Jr.,JI,. = moment resultante equatinns
axis of symmetry Q., Q, = transverse-shear result- B(s) = (m,1) mat rix, nonho-

E = Lung's moduina ants mogeneous coetlicienta
Poisson's ratin X,Q = edecrive-ehear resultants Y(r) = (m,m)mstrix.hnmacene-y =

4 = thickness of sheil J = 1/R. sin 4/r nun salutions
a = coeflicient of thennal ex- U = 1/R. + r sin 4/r Z(s) = (m, !) mstrix, nauho-

pansion If = 1/It. - sin c/r mnencous solutbns
D - Eh8/[12(I - r ji n - integer, desi:;nating ath (' = (m.1) matrix, arbitraryi

K = EI./(t - r ) Fourier component cimstants2
,

j %. re tr = sumponents of displ.we- ,3 = length factor I = umt matrix
r

| lollinal af Applied Mettranics seereasea i9s4, 4S7
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ferent methods of solution of the boundary-value problem of given from which the appropriatelengths of thistgments esn bs
diformation of shells must be recognized; i.e., the direct integrs- estimated easily,
tion (2-51 and the finite diference approach (5-9]. While the In the application of this method to the ans!ysis of rotationally
direct integration approach has certain important advantages, it symmetric shells, the boundary-value problem is formulated in
also has a serious disadvantage; i.e., when the length of the shell terms of firsurder ordinary differential equations. For this
is increased, a loss of securacy invariably results. This phenome- purpose, starting with the eoustions of the linear classiesi bend-
non was clearly pointed out in (SI. The loss of accuracy does not ing theory of shells in which ue thermal effects are included, fint
result from sceumulative errors in integration, but it is caused by a system of equations is derived in the form of eight partial dif-
the subtraction of almost equal numbera in the process of deter- ferential equations involving eight unknowns in such t manner
mination cf the unknown boundary values. It follows that for that the system of equations contains no denvatives of the ms-
nery set of geometrie and material parameters of the shell there terial parameters, thickness, or principal radii of curvature. The
is a critical length beyond which h solution loses all accuracy. absence of the derivatives in the coedicients of the diferenti.d
The advantage of the finite diference approach over dimet inte- equations permits the calculation of the coedicients at a point
cr" tion is that it can sveid such a loss of accuracy It is con- without regard to the values of the shed Sarameters at preceding
eluded from (S] that if the solution of the system of algebraic or following points. Then, assuming separalnlity with respect to
equations, which result frorn the finite-diference equations, is the independent varishles, the desired system of eight first4rder
obtained by means of Gausman elimination, then no loss of ae- ordinary didarential equations is obtained which together with
curacy is experienced if the length of the shellis increased. the boundary conditions on two edges of the shell constitute 2

This paper is concerned with the general problem of deforms. two-point boundary-value problem. The de-ived system of
tion of thin, elastic sheils of revolution, symmetrically or non. equations is appiiesble to rotstionally spnmetric shelis with
symmetrically losded, and with the development of a numerical arbitrary meridional vadations (including discontinuitiesi in
method of its solution, which employs the direct integration tech- Young's modulus, Poisson's ratio, radii of curvature, thickness,
nique, but eliminates the loss of securacy owing to the length of and ecedicient of thermal expansion. While such a system of
the shell. The method developed here is applicable to any two- equations is derived in this paper only for one version of the
point boundsry-value problem which is governed within an in- classical theory of shells, it can be derived in the same way for all

taval by a system of si firsterder linear crdmary differential other consistent linear bending theories of shells, including those
equatt togethat with m/2 boundary conditions prescribed at which account for the dynamic edeets, transve- e shear deforma-
tach end of the interval. It is shown that the boundary-value tion, nonhomogeneity, and anisotropy.
problem of a rotationally symmetric shell can be stated in this Finally, with 6 use of 6 method and the equations given in
form for any cons; stent IInear bending theory of shous in terms this paper, stresses and displseements are calmisted in a thin-
of those quantities which appear in the natural boundary condi. waUed torus subjected to internal pressure. The solution shows
tiori on a rotationally symmetric edge. that the meridional membrane stress is _Inu>st identical to that

The method of this paper ofers definite advantages over W Predicted by membrane theory, but tbt the bending stresses
finite-diNerence approach. The main advantages are: (a) It even for a relatively thin torus may not W negliable.
ern be applied conveniently to a large system of first-order dif.
!Irential equations, and (b)it permits an automatic selection of Geometry and Basic Eqnstions
an optimum step size of Integration at each step accordmg to the The position of a point of a shell of rvvoluti,a is given by the
desired accuracy of the solution. The fint poet means that the coordinates 8,4, f measured slong the tr ,let of unit vectors te, t ,
equations of the theory of shells of revolutaon, characterized in n, respectively, as shown in Fig.1. The shape af the shell is de-
t:rms of firstorder diferential equations, can be mtegrated termined by specifying *be two principsi radii of curvature R.,
directly, and further reduction of the equations to a smaller num- R4 of the middle surfacs as functions of @. Instead of Re. It is
ber of unknowns a not neeeemary. The second point seems to be convenient u use the d stance r from a point on the middle sur-
of great importance if a truly general method is desired which is face to the:-axis; from."'ag.1it follows that
expected to hold for arbitrary loads, shall conagurations, thick-
nees, and so on. With the finite-diference approach, a meaning- . - Re sin 4 (1)
fui a priori eerimate of the step size is often diHicult, if not im- If the generating curve of the middle surfsee is given by r = -(4
possible, espeeli!y when rapid changes and discontinuities in the then
shell parameters are encountered. If a predictoe corrector direct
integration apprasch is employed with the method of this paper,
then the step st:e can be selected autom.atically at each step 2which ensures a prescribed accuracy of the solution and optimum 1

iefficiency in the ciculation.
The method gren in this paper can be divided into two parts: d$ D------.(e) Direct integrstion of n + 1 initial value problems over pre- p* \\p jselected segmea.ts of the totalinterval, and (6) the use of Gaus-

sian elimination for the solution of the resultang system of matrix \g ;'
equations. The first part of this method is a generalization of N. ,,

- - - - - - -

that which is employed over b whole interralin (2-3]. Here, ,j

however, the initial value problems are daAnari over segments of [ /j

,

th) totalinter-al, the tengths of which are within the rense of the p lGk"-'
[eapplicshdity of the direct integratio : approach. After the initial g!

value problems are integrated over these segments, continuity v - -7
ennditions on all varisbise are written at the endpoints of the / \b

' ',

'

segments, and they constitute a simultaneous system of linear [/
matrix equations. This system of matrix equations is then solved / /Udirectly by means of Gsuasian eiimination. The result is that the y

9-]~~s
4 ---- Ldirect integration method is employed and at the same time bre

is no ose of securacy because & lengths of the segments are
Xselected in such a way that the solutaons of & initial value

problems are kept suf!!ciently small. A convenient parameter is pie. I seseem .# M .hev.w.=
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b * * ~ ' ' ~ " ~ **
R. = -

1 + \ ds ) - ds' Me = D(me + rr.) - (1 + >;abT (10 r 2*

g)
~ dr *~'/*

Re ~ r 1+ - M = D(x. + ne) - (1 + y;ahTi (106)
'it. -

Me, = M., = (1 - y)Dne. (10c).

The following analysis requires frequent diflerentiation of r(or Re)
with re pect to c, and it is convenient to express .his derivative Strain-lisplacement relations:
by the Codazzi relation

t

*.%**Y*********'"*' lIIA** *dr
- = R. cos 4 (3)
d4

1
(116)

The displacement components of the mid2e surface of C shell ** " F, I"* * + #
and the rotations of the normal are deEned by the expression of

1the displacement vector U of the fonn i
- (lle)

Ose. = - (u..e - ue cos c) + R. u.r

U = (:s. + fJ.;t. + ('se + fJe;te + tra (4a)
1

The theil is subjected to the mechanical load vector p, which is ne = - (Ja., + J. cos 4) (10a)
#

meascred as force per unit area of the middle surface and written
as

- (106)
p = p.t. + pote + pa (46) r. = R. J .

and the moment vector e, which is measured as moment per unit 1 1

area and given by 2ne. - (J..e - Je ces 4) + y Je.. (12c)

m = -m t + m,te (4c)e

d' " ' '# 8 Y ' ' ' (IU"I
With aference to Fig.1, equations (4) serve the purpose for
establishing the positive direct"ns of the cornponents of the
dist'acement and mechank d vectors. I 1

(136)The temperaturr .a ..rution in the shell caused by soine ther- 8. - y* 18.. 7* v.
mal loads is accounted for in the neual manner by means of the
integrated temperature effect of the form N positin Me of b m Mus in & WW

equations are the same as the corresponding stresses c.t the edge&

[ shell. The definitions of the stress resultants are found in
"* f

T M 8) = T% 6 M N
The order of the system of equations (6)-(13) is eight with re-*~

2
spect to 4, and consequentir it is possible to reduce (6H13) to

, eight firstarder differential equations which involve eight un-
l* 'I

T.(4,8) = j Tr($,8, f)df (56) knowns. If the eight unknowns are those quantities which enter
= _j into the natural boundary conditions at the edge e - coast, then

, the boundary-value problem of a rotationally symmetric shell can
The derivation < f a new est of equations carried out in the next be comp 4tely stated in terms of these unknowns. For this

section is based o t a linear classical theory of sheils given by reason, the eight differential equations, derived in the following
Reissner [131. Een referred to arbitrary sheils of revolution, sections, and the eight unknowns are eaIIed the fundamental set
the govermns system of equations of [13] can be writsen in the of equations and the fundamental variables, reepectively,
following form. Equations of equihbrium:

Derivation of Fundamental Set of Equations

Ne.e + y,* N.s.. + 2 cos & No. + Q sin 4 + rpe = 0
,

(6a) Accortling to the classical theory a shelle, the quant. des which
appear in the natural boundary conditions on a tor.st:enally sym.
metric ed,;e of a shell of revolution include the e:htive shear re-

r r

No e + y,N + (N. - Nel ces 4 4 . + rp. = 0 (66) sultants X and Q defined by0

N ~ N** * sin 4#** 5'#"ILQe.e + E + Q. cos 4 - No sin 4 R.N. + rp = 0 (7)R. Q
r

1

Me., + M.e.. + 2 coe 4 M - rQe + rme = 0 (S2) O " O. + 7 Me e (146)

Thus, the fundamental variables, which are-consistent with the
r

Me..e + 7* M
+ (M. - Me) cas 4 - rQ. + rm. - 0 (S6) theory of [131, are the four generalized displaceraents ic, u., ve, J.,

and the four generalized forces Q, N., N, and M
In the derivation of the fundamental equations, it :s more con-

Stress-strain reistions:
venient to employ the distance e, measured along the meridian of

Ne = K(ee + n.) - (1 + y)aKTs (9a) the shell, rather than the angul r coordinate o. II ever, after
the equations are derived, the problem can sgav be easily

N. = K(e + arve) - (1 + )aKT. (96) formulated in terms of o by means of the relation

Jestnal of Applied Mechanics seeiea ea i964 / 463
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.

tr., = R. u. - 3 W.-

R. Oo as

As a preliminary step, it is necessary to express Xe, Xe, Me. in r cos 6 y
'

terms of the fundamental variables. From (9a) it follows that **** d.#- ** ~ 7 "r

1 - r8 1Xe = yX. + K (w sin 4 us.e + u. cos 4) + p X. + at l + y)T. (225),

- aK(1 - y8)T. (13)

"# ~ 7 [I ~ LDJ sin 6} "*#
LD sin 20 1

and from (los) that * ' * " ~ ( Kr /Kr8

1 - y8 / 1 cos 6 /
LDH sin 4} "o 2LD sin 63*JMe = VM + D - te.e, + sin 4--- ues + 0. cos o)\ Q1 -

+ g, , g,,, ,

4 (1 - v)K [\l , G dn% y
2- aD(1 - r8)Ti (16)

(22c)
Kr8 }Eimination of me., and w.e, from equation (12c) ! ends to an expres-

sina for Me.in the form , sin 6 e cos 6
3 ,8 w.n - uos - 3.

1 - r
~ 3 e + 2 cos 6

r r8 r
.11u = LD 2 w.o

1 . + a(1 + y)T (22d)#
- '

M+0"

, LD sin 6
+ Hue os 4 - Ju..o rE - X (17) -

bs b:
c

. '

Q.,=
n _ y

where r* .D(1 + y) 8* - 2LD cos8 6 69'8

L. + (1 + e)Kr sin'@ w + (1 - y) cos 6 " I- LDJ 48
I

8

1 4. sin 8 6 D- r2 _r #,
*

r8 K -

u1-,"1+ (1 + a)K sin 4 - LDH cos8 o
In the derivation of the four equations of the fundamental set

which involve the derivatives of thestieseresultants with respect
-

', -'

to s, the use of (14)is essential Dimination of Qe from (6a) and - (1 + y) K sin 4 + D(1 r, n 6 88 "'
.-

ue.e
(da) by means of(14a) leads to g

"

X., = H ' * * Ms. ' *** #N -Xu
~ ~ ') cos 6 (' Y ' Y *''' * U* ~ 7 Me

e s

rar r r

sin 6 ~ EU 858 2D C'* I
- - ;- Me.o - pe sin 6~~~ me (1S) Kra *#~ ~#~~""

r

Ksin & T. - f DTc.nSimilarly, ehmmtion of Q, from (7) and (Sa) gives - a(1 - r )8 (22c)

0., = 2 cos 6M, , ms 6Q + sin 4Ne
S2

-

N = |1 - r) ces 6 1- LDJ g + (1 + r)A. in 6_
8r r r s w

,,

+1R.X. 1 Ms.n - p 1
me.s (19) 1-p

-

88-r8 r + (1 v. r)K cos8 p - fLDJ'g, u.,,

Solving (66) fram X... there re=ults

+ (1 - 1) n,, (iLDJH + (1 + y)K1 was + JLD t _ ,3 ne

Xu = - 1 X.e L - JMe..s
1 ', ',

r r
1- Q - (1 - y) cos 68. 1 LDJ sin 6

1= 2.e
+ eos 6 (X, - X.) - 1N* Q - p.(20)

R. r r Kr
'

cos 4
- p. - a(1 - # )N Ia (22[)8

tndit follows from (56) that '

M.=2 Me..s + cos 6 (Me - M.) + Q - m. (21) X.. " 1 - a
cos gs

HID
, ,,

_
,

sin 6 b8 'Wherever necessary, Xe. and Q. were eliminated with the use of - (1 + p)K sin 4 + (1 + y)D w.,
(11). '' DO,-

The fundarnental s6t of squations consists of (18)-(21), where
X5 Me, Me. can be repLeed directly in terms of the fundamental -(1 = F) cos 6 (hlDJN + (1 + r)K|N..e

-

,,
vsriables by means of (15)-(17), and four additional equations
ir.volving the derivatives of w, u., us, J. with respect to s, which 1-r

~

N I'""** 4 ~ II Y ') [[
08"

D sin 8 6) E8"Y Yare obtained from (1361,(11c),(116),(126), respectively. Fina!!y, r8 "'
r8 /the system of eight diferential equations that governs the

,

j '9 , 3 y ~h

"

deformation of a sheit of revolution can be expressed in terms of _ p( g _ ,) e__ 6 ,{ , ' ,) sn 6 _ gg,,w
the eight funnlamental variables and wntten as r8

. r
. r
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sin e 8eparabIG Solutions of (22), Purresponding to the VaIUe of n in- ceso/ LDH vin G} X r Sin hMe.e - Pe -- S' (24), are tben obtained in the form(2 - g, j ,,7

+ a(1 - p8) 1 iT e + D "" *- Ti.e\ (227) |te, v., J.] = |w., u J,.} \ sin n9f
#" "

(25a)
)r r,

*
fNeo Neo ki " N =e *** ke] ( (256)'

.'I. - -(1 - r)D (1 + r + 21 m + EDJ Wo.ee 9

+ D(1 - v) cos 4 ~(1 + y) sin 4
-

j ue, N) = [ve., N.] (sin n9-- - HI, us e (25e)g d

1-y D8 2[D sin
S+Q- X., The e-dependent coefficients with subscripts <a <a the right--D (1 + y) cos8 & - 21

7, 7,- g,, hand side of (25) are governed by a system of eqnstions which is-

obtained from (22) and, after using the assumption that the shell
- (1 - r) ens c - m. - a(1 - r )D

cos 4
.U 2 2 (22h) is thin,8 can he written as

,

1

Equations (22), (141, and (15) to (17) detennine all unknown '#" ~ g,"" - d**
variai:Jes exmpt % which can be found from (Su) and wntten in
the fo- n y en,4 _ yn

u . = - Uto. - u. - ue.se
' '

Qe = I Me.e + Mee., + 2 m 6 Me, + me (23) 3

+A- X., + a(1 + n)T (266)' '

By caku!ating Me from (17) and making use of (16), it is possi-
ble to express Qe directly in terms of the fundamental variables. D ein 2d

'#* , 7 "** + ene e
a

***"'" ~ * -

rThis expression is lengthy and contains derivatives with respect to Kr8
e of the shell pammeters. Since Qe does not enterinto any bound-

-
o

.,g, ,;, , J,. + (I - '} A
-

-N (2Ge)sry conditions on the edge e = const, it is preferable to esiculate m
K''

Qe as the last unknown directly from (23). The derivative of Me,
esa be easily obtained by numerical diferentiation.

The procedure for the derivation of sn equivalent set of equa- j_ _ _ '"8. ,, , " 8i" * y,, ' #" 4g,,* "

r r8 rtions for other IIneer classical theories of isotropic shells is identi.
cal to that given before. For general anisotropic and/or non- i

+ 3 .= + a(1 + y)Ti. (26d)Mhomogeneous shells of revolution irith rotationally syrnmetrie
properties, the fundamental set of equations is derived in the
same ray ss (22) except that (9) and (10) must be replaced by the

Q... = g _ , [(1 + pWDappropriate strees-etrain resations given, for example, by Am- g
bartre.myan [14]. Otherwise, the derivation is straightforward.

+ 2n D cos8 o + (1 + y)Kr sin c]ta.2 8 s
For t he improved t henry of shells, such as the one given by Naghdi
[151, in which the edects of transverse shear deformation are + (1 - r)co,4 -(1 + a)K sin 4 - DJ

3
u,.acecusted for, the following ten fundamental variables are re- ', ' -

quired: ir, v., se, J., #e, Q.X.,N , M.,M.e. Since now Q. and -

Qe appear in (13), the elimination of Qe from (6s), (7), (Sa), is .

d sin 4 + (1 + y)K sin & ue,done by means of (13a). The mquired equations for the deriva- $ (I - "}* (1 + ,)D
tiver of tbe generalized ferees are obtained directly from the five .

r8r8

equationa of equilibrium (6), (7), (S). The r=ma66g Sve equa- coe 6
tions are derived by foDowing a proe. dure similar to that of the + n8(1 - r)(3 + y)D d..

cia 6
7 . + UXQ

,,

foregning.
3" X. + M ,. - p, = m,e

fundamental Equations for Separable Solutions gif - (26e)7 (K sin 4 T + D ,, Ti.;- *(I - '9For shells of revolution which consist of complete latitude
circlee, the surface k=os are penodie with aspect to d with a

-

48
-

pery f of 2r,and tbey can be assumed to be of the form
N,. = (1 - r) cos 4 (1 + y)K sin - /D 'e.

''
-

' -

Ipe, p m l " (Pea P.,88+=I (cos n6
. (244) 1-r

- '

sin ad 4 (t 4,)g en,, , 43 pyse
y,,

,,

|T.,Til-{T...Ti.] (246) (1 - v8)nK cos 6 , n41 -- v)
~

=

. Q. - (1 - r) cos 6
* n1

!p,, m,) = {pe., me.] sin na (24c) J. 7 .N,.

ne R r r

where the variables with subscripts a depend only on e, and each 8 In the denration of the .ystem of equations (61-(13) the muump-
'i " i' *2d' 'has the ,heilis reifficiently t hin. so that t + 4'/12Rt a,

integ sl value of n in (24) can be regarded as one Fourier com- 1. shere R denotes the minimum prtne: pal radius of curvatme,
pcuer.t .in 2 general Fourier veries expansion of arbitrary period.ie This * me approximation is used to obtsaa ehe followinst equations
surface loads. fmm (2:3. ,

1

I
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The double signs assin correspond to the top or bottom trigo-- p - a(1 - r') A. cos 6 T (26f)
nometric function employed in (24), (23), and (27).,

The remainder of this paper is concerned with the solution of
n(1 - e)

~ ~
2 the system of equations (26), subject to the boundary conditions(1 , r)D =;sm.o -(I -3. r)A. in 6 w*A. . = = .

s on two ed::es s = const. It should be noted that after the expan.g
" ' *" *(1 - n2 Kcos6 nVI - v8)K '

u+ vu for each stegr21 vane of a sepsestuly, and then the solutinns are'' P' superimposed to forna a Fourier series expansion for the unknown

1-y ~(1 + y) sin 6 -K J
~

A nD cos c
# - ' - Reduction to laitial Value Pfablems
2 a "- y - 2a6y, This section is concerne( with the reduction of a two-point

r r boundary-value prt.blem governed by

"* *
= M -pe.- me. = A(r)y(z) + B(z) (N)

* a(1 - r ) - - [KT., r D Ta\(26g) to a series of initist-value problems. In (N), y(z) is an (m,1)2

r\ r / matrix which represeots m unkvown functions; is the inde-
pendent variable; A(z) denotes the (m,m) coef!icient matrix;

M , = n8(1 - r)(3 + r)D "* ~"JDu and B(z)is the(m,1) matrix of the nonhomogeneous terms. The .8
ic. - n

r r' elements of A(z) and B(z) are given piecewise continuous fune-
1-y

~ - ti na of z. The object is to determine p(z)in the intervala $ z 5
* nD cos c (1 + y) sin 4 -K un 6 subject to m boundary conditions itsted in terms of linear', ' - combinations of y(a) and y(6)in the form-

+D 1 - y [(1 + y) cos8 $ + 2n8]$ + Q v .nD sin 6N. F.y(s) + T.y(6) = G (096)

a

g gg

- (1 - y) " M - m.. - a(1 - r8)D " * Ta (2Sh) where F., F are (m, m) matrices and G is an (n,1) matrix, which
are known from the statement of the boundary conditions of ther

problem. It should be clear that the governing system of equs-
The double signs in (26) correspond to the top or bottom trigono. tions (26) derived in the precedag section is stated in the form of
metric function employed in (24) :.nd (25). (%), and that the appropriate boundary conditions for a shell of

The quantities which are not included in the fnadamantal molution can be expressed in the form of (206). s
variables can be expressed by means of separation of variables by Ist the complete solution of(h) be written as

(Ne, Me, Q } = (Ne., V Q ) {"cos nf F(z) = Y(z)C + Z(z) (30)
(27a)

" "#
where the (m,1) matrix C representz m arbitrary constants, and
Y(z) is an (m, m) and Z(z) an (m,1) matrix which are defined as

"|Nr.,Ye.,Q,) = [Ne ,Xe ,Qul (276) the homogeneous and particular =olutions of (m) in the form
se

dYiz)
chere the s. dependent coefficients with subscripte a most satisfr ~ A(#)Y(#) (3l*)dz
a set of equations obtained from equations (14}-(17) and (23) in
the form

4Z(z)
~' +

No. = rNe + (1 - ut) K (to. sin 4 + u coe + * nue.)
dz

,

The initist :onditions for determining Y(z) and Z(m) are
_ _

Y(a) = I (32a)

Me. = FM.. + (1 - v') D (n'
- te. $ coe 6

Z(a) = 0 (325)

w a "I 4 ) - a(1 - r8)DTa whereIis the unit matrix.
tu./ (2S6)

Evaluation of(30) at : = a leads at once, in view of(3:Ls,6), tor

C = y(s), and then(a,0) st z = 6 can be written as

1 - y (* a
n coe 4

M8*. - D '''*"J"*.2r r y(6) = Y(6)p(a) + Z(6) (33)
! D sin 6 Together with (a36), equation (33) constitutes a system of 2n+ E cos duu 7 2nd + 7 ----N. (2Sc) ;inear algebraic equations from which the 2m unknowns, y(a)

and y(6), are determmed. Once y(a) is known, the solution at
any value of x is obtained Imm (30) provided that the values ofQu = 4- Mu + Me + 2 cos 6Me + mu (2Sd) Y(z) and Z(z) at that r'-ticular are stored. This completes the

n
,

rer.uetion of a two-poins boundary-value pmblem defined by (*3)
>

) '.o a + 1 initis!-value problems given by(31, 32).
Nu. - N. sin 6Me,. (2Se) As stated in the introduction, the solution for shells obtained;

'
! by means of this procedure ouders a complete loss of sceuracy at
! some critical length of the interval. The reason for this phe.
| q,, , q* = : y, (73f) nomenon can be seen clearly from (33). When the initial-value
; r problems de6med by (31, 32) sa solved with the use of the equs-
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' Z.(x,) = 0 (30.f)t
. . _ _ _ . _

.:s 'd#'-::==-55
p:...:

s Requiring continuity of all elemen4 of y(s) at the points z.,
i = 2,3, . ., M + 1, the following M. matrix equations are ob-

S, Se Se tained from(3s):
. .

y(14 ) - Y,(rea)y( ,) + Z(rea) (37)

where i = 1,2, . . ., M. Equations (37) involve M + 1 unknown
I ' (m,1) matrices: y(z.), i = 1, 2, . . ., M + 1. However, if the

,

8 m: 7 -- - -- quantities prescribed at the edges of the sheH are the fundamentala

X X; variables, then the total number of unknowns is reduced by m, be-
Xs Xu X cause m/2 elements of y(si) and m/2 elements of y(sva) areue,1

known. The same is true if the boundary conditions are stated
%.2 Nesmies for division of teem 4 Intevel 1,se seemenes in terms of linear combinations of the fundamental vari.,bles in the

form of (206). In this case, y(n) and y(sva) shou'd be premulti-
slied by nonsingular (m, m) transformation matrices F and Fua,

tions (20) for shells of mvolution,it is observed that the elements respectively, so that the elements of the products contain the
of Y(s) and Z(s) increase in magnitude in such a way that if the quantities presenbed at each edge. After eliminating y(si) and
length is incrossed by any factor =, then these solutions increase y(zua) from (37) by means of these products, it is concluded
in magnitude rpproximately exponentially with n. that (37) will retain its form if, after integration and before sub-

Coneider, for example, the axisymmetrie mee when the defore stitution into (37), Y:( :) is postmaltiplied by Fi- 8, while
mation in the shellis caused by some presenbod edge conditions at Yu(sua) and En( va) are premultiplied by Tsa. In the

= a, say, byV,(a) = 1 and X,(s) = Q.s) = 0. Itis reasonable following, it will be regarded that this transformation is carned
to expect that the correspondingsolutions at = 6 become am=Lr out and that y(n) and y(sua) contain among their elements those
and smahr when the interval (a,6) is inemmesd in length. The quantities which are prescribed at x = n and : = sua, respee-
connection between p(6) and y(e) is given by the matrix equation tively.
(33) with the following anagnitudes of the elements: y(6).emaH, Thus for all boundary conditions in the form of (296), the sys.
Y(6)-large, y(a). unity. Clearly, the only way that the matrix tem of M matrix equations (37) involves exactly M times = un-
product of (33) can give small values of p(6) is that a number of knowns, and I nnally it can be solved by any method which is
significant digits of the large values of Y(6) subtract out. When applicable to alarge number nf equations. Honver, the success
the length of the interval is meressed, Y(6) increase, while of the procedure given in this paper lies in the application of

! y(6) decrease, and invariably all accuracy is lost at some critical Gaussian elimination directly on the matrix equations (37).
length because all signi6 cant digits of Y(6) in (33) are Icet. This First a rearrangement of elements is performed. Since those
simple example serves as an illustrataan for the loss of accuracy m/2 elements of y(n) and p(rva) which are known through the
encountered in the analysis of shells if the foregoing reduction boundary conditions can be any m/2 of the n elements, it is
technique is ernployed. necessary to rearrange the rows of y(n) and y(ina) so that the

A convementlengthfactar,de6med by known slements are separated from the unknown elements. It is
assumed here that the Srst m/2 elements of y(n), denoted by

$ = ll3(1 - s )]'h/(RA)'/' (34) yi(si), are known and that the last m/2 elements, denoted by8

w here i is the length of the meridian of the sheH and R is a mini- F2(n), are unknown. On the other hand, yi(sva) are the un-
=um radius of curvature, can be used for an approximate esti- known and ydzwa) ars the known elements of y(xxa). Since
mate of the criticallength of the shell. If the solutions Y(s) and the order of the variables in the column matrix y(=) is arbitrary,
2(:) are obtained with a six digit accuracy, then the foregoing it should be emphasised ' hat this separation of elements does not
procedum gives good results in the range 4 $ 3 - 5. Involve any restriction on % boundary conditions, and that any

However,thelossof accuracyof thesolution canbeavoidedand natural boundary conditio a in the form of (296) can be presenbed
shells of revolution with much larger values of $ can be analyzed at each edge. The separation is achieved by a simple rearrange-
by means of the direct integration technaque if the multiossment ment of the columns of Yd :) and the rows of Yu(sva) and
method given in the next es.: tion is employed. Zw(:v+s) after integrating the initial-value problems defined by

(36) to the ends of the segments Si and Su and multiplying by
'''' '"d '"* *' ''''*d i" th* '*"8 i" 5-Multisegment Mathed of telegraties Once it is established +hich parts of y(n) and y(sva) are

Int the sheH be divided into M.essmente (denoted by 3, where known, the continuity conditions (37) are rewritten as a parti-4

i = 1, 2, . . , M) of arbitrary length in each of which $ $ 3. tionedmatrixproductof theform
Denote the coordanates of the ends of the segments by : = n,

~ ds.)"
,

~2,1(14 )"~ dsw)' ~Y.8(zw)!Y 4 w)~where the left-hand edge of the shellis at x = : and the right- yy 6

-{)- y,q,,,,)'*hand edge is at = :n , as shown in Fig. 2. In analogy to (30), _yg,,,,)~ ~ y,gn,g;y,.(, )" ,

the solution in the total interval si $ $ ssanow can be written
(33)as

y(s) = Y.(x)y(x,) + E.(r) (33) so that each of the equations (37) turns into a pair of equations,
given by

where Y.(r) and I,(s) denote the matrices corresponding to Y(s)
and 2.'s)in each segment 3,(x, $ e $ ) and are given by Y4 4 dFdr.) + Y.'( *+dirds.? - yd '*) = -Z.Ts'w)6

;39)
4.dyi(1) + Y.T s.dydn) - yd ,a) = -2,Yna)Y.N 6g,

= .4(x)Y,(x) 3Co)
4 The result is a simultaneous system c''M linear matriz equa.'

tions, in which the knowr. coerHeients Y.'(24a) and Z,4 w) are
. _

I~ (z.) = I (366) (m/2, m/2) and (m/2,1) matrices, respectively, and the un-
,

knowns y,(s.) are (m/2,1) matrices. Sinco ydsi) and y:(sva) are
known, there are exactly 2M unknowns: ydx,), with i - 2,3. , . .,

= .t( ;2,(s) + B(x) 36c)' M + 1, and ydn), with i = 1,2, . . ., M.de
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By means of Gaussian elimination, t he system of equations (30) j
is first bmught to the form

i

"t..~"Ei -I O O 0 0 ~ "ydri) -

0 C -l 0 0 0 yi(ei) Bi

0 0 Ei .-l 0 0 y:(ii) A
(40)-

0 0 0 C: ; -l 0 yi(rir) 83
- _.

0 0 0 0 Eu -l ydz ) Auu

0 0 0 0 0 Cu- yi(zu.)) . Bu -
where the dots indicate the triangularind equations (39) with 4 on the shell. Such londs intruduce discontinuities in the solu-
i - 3,4, . ., JI - 1. The (m/2, m/2) matrices Et, Ci are defined tion for the entresponding stress resultants, and they can be repre-
by sented at every . by an (m.1) discontinuity matrix which is

Ei = Y ' (41a) simply added to the matrix Z.(r u) on the right-hand side of (37).
i

-
This feature is of great value if shell joints are considered. Anv

Ca = Ya*Ei ' (4th) discontinuity, either in geometry or in loads, is easily handled by
and for i = 2, 3, . . JI requiring that the end point of a segment coincides with the locs.

- ti o f the discontinuity. Since integration is restarted at theE = Y** '- Y,'C i ' (41c) beginning of each segment, the precise etYect of the discontinuity is
C. - ( Y * 4- Y,8C.u-5)E -t (41d) obtained. The program outputs all fundamantal variables at a

The (m/2,1) matrices A , B, are given by number of desired pointe within each segment, and it also enm.
pures the values of y(14) twice;. once from (43) and then froru

i = -Z 8 - ). 'ydri) (42a)A i i (33). If a certain number of signiSeant Sgures of these values
8 (426) match, then the continuity conditions are known to be satisfied toBi = -Zi' - Ya yi(ri) - Ya'E -5.t i

the same number of Sgures. In this way, a convenient error esti-
and for . = 2, 3. .,JI - 1 mate of the solution is obtained for every case.
A . - -Z t - Y.'C,_i 'B... (42e)i

-

- Exampe: PfessuflIed TofusBe = -Zs' - Y|C -'B. - (Y.* + Y,'Cs-i UE.-'A s (42d)
In this section the stresses and displacements are determined in

Finally, for the JIth segment a complete torus subjected to a constant internal pressure. It is
- wd bown that de soludon of this problem, when obtained byA u = -Zu' - Yu'Cv-i 'Bu-a (42a) means of the linear membrane theory of shells, has a discontinuity

Bu - ydzu. ) - Zu' - Yu'Cs-i 'Bu-a in the displacement Seld. It has been shown by Jordan [16] and-

,

- (Yu' + Yu'Cu -9Ex-8Au (42f) by Sanders and Liepins [17] that a satisfactory solution with re- }
M to the displacement Seld for a sufficiently thin shell can be

For brevity, in pl. ice of Y/(it.i) and Z.'(rea), the symbols Y ' obtained if the nonlinear membrane theory of shells is employed.
and Z,' have been used. Subsequently, Reissner [18] established bounds on certain

By means of (41) and(42), the unknowns of(39) are obtained by parameters which show wben the nonlinest membcsne and when
the linear bending theory is applicable. It seems worthwhile toyi(zu. ) - Cu-'Bu (43a)
give here the solution for a pressurized torus as predicted by the

,

ydiu) = Eu-'[yi(su. ) + Au] (436) linear bending theory.

aru! far i = 1, 2, . . ., 31 - 1 The geometry of the tori.e is shown in Fig. 3. With regard to
the quantities employed in equations (26), the two ascessary

ydru a) - Car-i bdzu u) + By-el (43e) parameters for a torus are given as
-

ydiv ) = Ex -'[ydru.4a) + Av_4] (4:ki) R, = 6 (44<r)

It should be anted ' hat (41)-(43) must be evaluated in succession, r = a + 6 sin 4 (446)
because each equation involves the result obtained by the preced-
ng equation. Because of symmetry with respect to the plane IX, Fig. 3. the

Once all the unknowns y(:.) are found, the fundamental
variables are determined from (33) at any value of : at which the

[ @ = 18O*Osolutions Ye r| 2nd Z,(,) are stored during the integration of the j

-hinitial-value prnb: ems of (36). The integration of (36) can be
i -

tecomplished by means of any of the standard di:ect integmtion j [ | ,
methods, j / .

On the basis of the system of equations (26) ziven in an earlier ; / h
section and the method of solution developed in the last two sec. j

tions, the author has prepared a computer program * which has ; yh*270, [j

b.en applied in maar shell configurations having large values of J X , - )(
-

I'tnd successfu!!y tested against known results. One example of a
pressurized torus with J = 37 is presented in the next sec%n. \ $ =90. r.

-

The pmgram admits arbitrary meridional variations, Lcludius ! -

@\
diwatinuities. in 2;I shell parameters. It also admits ring lonels ; .

q |in the farm of p-aecribed values of X., JI., X, or Q st any value of

* The proarnes wa. written mind all calculations were arrie.1 g ,

*

i out to- the authne on the 11nt 709 eomputer at the Yale compuier
,

' Center. The direct imeicration of (36) is performed by mesns of the
Mamg prmlic*orerrector method, wtiich wleets an opiimum step
me x mer step i<cor4ing io a pr-.cribed accurser m .2 a v .e . .w i. ... ,s.e
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TeWe 1 Sc. esses ead disp 4= cements of a presswined servs a6/f6 = o.002, s/b = 1.5. , = 0.3

e ./Ee
(ec/6) X 10'A x los (co/E) X 10' -

No /6 .05 0.02 0.0050.005 0.05 0.02 0.005 0
% 1.601 - 0.063 - 0.031 - 0.016 1.249 1.284 1.20s

108 1.613 - - 0.158 -0.09J - 0.010 1.261 1.315 1.32S
126 1. tMO - 0.886 - 0.123 - 0.000 1.359 1. .?)3 1.427
144 1.700 -1.915 - 0.908 - 0.020 1.736 1.597 1.625
162 1.532 - 0.S95 -1.37S - 0.910 2.500 2.560 2.159
lit 1.006 1.002 0.16S - 0.605 3.467 3.493 3.297
150 1.090 3.0S9 2.277 1.452 3.004 4.334 4.515
IS4.3 2.042 3.500 3.035 1.968 4.150 4.576 5.2G
159 2.104 4.270 3.119 1.500 4.20S 4.6'37 5. l *>1
103.5 2.175 4.178 2.550 0.530 4.156 4.500 4 693
108 2.254 3.610 1.559 - 0.274 3.993 4.221 4.162
216 2.642 - 0.337 - 0.957 - 0.079 2.652 2.527 2.451
234 3.168 -1.245 - 0.201 - 0.000 1.273 1.2GD 1.269
''32 3.730 - 0.717 - 0.344 - 0.077 0.416 0.417 0.414_

270 3 997 -0.d24 - 0.331 - 0.051 0.103 0.101 0.100

? w/b x 10' '5 h/b
.

! - C005
0.02/T ! ' | [ 0.05

'

4 '
34 ,

, ,

h/b 0.05 ; 2~
^ #

| /3w
o l's. - '- s; O.02 K j s-

ta 2 -
.

| / ~

I

0005 y|
i ;.

q ,

IO
T f |

.o I / |
'

.

U Y ;
-

.

I i2
270* 18 0 * 90' |rie. 5 Normel dispescoment w veses o showing defemed secelew

Fle. 4 Meridesame i ; seems a,e et sesor Aber verses mer6dienet
eeerdinete e

Table 2 Mesimum mend 3enet bendine stress and meridionalmembrose
" " " * * ~ *integration of the initisi-value problems is canied out from 4 = 1

h/6 0.05 0.02 0.005 190' to 4 = 270', and the boundary conditions at tbase endpointa
are we = Se - Q = 0. For the purpose of companson with the (,,,,jgjX108 053 OS2- . 2
resuhe of [16] and (17), the load parameter to chosen as p6/Eh (,ea/E) X 108 0.427 0.312 0.197
= 0.002 and e/b = 1.5. 100 (ce./ce.) 20.S 15.0 9.6

The numerics 4 values of the normal dwfacement, meridions! I

membrane strns a .e = .Ve/4, and meridional bending stress 1e
a,e = 6.1te/A8 at f - A/2 for a pressurtzed terus are shown in
Table 1 and in Fiss. 4 and 5. These results were taken from the It is of signiScance to note that even for the thickness ratio
output of tbe coraputer program prepared for an arbitrary shell of h/6 = 0.005, which for many appliestions would be regarded as
revolution after prnenbing the suonietric parameters as given by small, the maximum bending stress is about 10 percent of the
(44). The meridional membesne stress distribution agrees very membrane stress at the same point. Such etiects of bending in a
well with that obtained in [17] by mesas of the membrane theory torus were previously noted by Clark (19}, and they are also in
of shells and it shows only a small variation with h/6. The de- agreement with the statement made by Goldenveizer [20] that
formed sbspes of the eroes section of the torus shown in Fig. 5 for when the middle surface touches a c!-ed-plane curve, which in s
three values cf 4/6 are in qualitative screement with thae given torus cormponds to d = '150*; then in the vicinity of this curve

1in [161 and [17], but their quantitative screement cann. t be ex. hending stresses should be expected and the membrane theory ise

peeted beesuse the values of A/b used in this example are outside not applicable. f
the range where the bending eGects sto neglig:ble. This is mn- The boundary layer shown in Fig. 4 is also in ag eement with j

:irmed by theexamination of tbe hending streseco shown in Fig. 4. the evnelusions rexhed in (15] to the e:Teet that when g snel a
The maximuna value of a . occurs at o = 159' f..e 4,6 = 0.05 and given bye
at o = IS4.5' *nr 4,6 - 0.005. which are sina the points of
mmxinium norma Jisplaca_ ment and curvatare .is seen :n Fig. 5 g = [12(1 - n l'% @4) |n

.

The comparison cf the membrane h. the maximum hen. ting
sims at various vaines a A/s is si-n :n ranie 2. p = 12(1 - sp, Ex6, A a
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are large compared to unity, then a boundary layer in the neigh. Revelution br Tinite DitTorene, Method." Journal of Mechanical

f"D. '"P. "P. 'S'i'"'*
"' 3 3088 PP 368-377i'borhood of 4 - 150* should be anticipated. For the present

fladkowski ft. M. Davis, and M. R. Boldue. . Numericalcumple, y ranges from 44 to 440 and a from 9 to 8*4. However, .hayas of Equa: ions of Thin Shells of Revolution." Amerkas
since p is the only load parameter of the problem, the solutions Recurt Socury Jesraat vol. 32.1962. pp. 36-41.
shown in Figs. 4 and 5 are proportional to p, sad the boundary 8 W. K. Sepemki. C. C. Pearson. I. W. Dingwell. sad A. W.
layer remains unadected if p alone is varied. Of course, for very Adki"5 'A Di82'*! C *PS*'r Program for the Geners! Asially Sym.

metric Thm. cheil ProNem. Joenxas or Arruso Mzcaa. vies, vol.lar;e values of p the deformation of the torus may exceed th' 29. Ta us. .dME. voL S4. Series E.1962, pp. 655-M1.
limits of a linest theory which secording to [19] restrict p to the 9 B. Budiansky and P. P. RadkowAL " Numerical Analysis of
range a < g %. Unsymmetrical Bending of Shells of Itevolu* foe." AIAA Jean sl. vol

1.1963.pp.1833-1342.
10 J. E. Goube, and J. L. Bogdanoir. "Statio t d Dynamie
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3.1 "'''=mt 3, 1-

3 '. THERMAL EVALUATION

3.1 Discussion

3.1.1 Summary of Results

For normal operation with 1.5 kw decay heat with a 130 F
ambient temperature, the cask inner liner temperature will be

about 227 F. During the hypothetical fire accident, the inner

liner temperature will be about 560 F.

The Fermi fuel subassembly will be shipped in the BMI ~.

shipping cask, which has been provided with a special basket.

During shipment, the cask cavity is filled with water. The void

spaces between the fuel rods in the subassembly are filled with

a settled bed of copper shot in water. The cask is to be shipped

by truck so that under normal conditions the maximum fuel and

water temperature is about 230 F.

3.1.2 Maximum and Minimum
Decay Heat

(a) BRR/MTR Fuel

The total fission product decay heat is calculated from 1

the data in ORNL-2127 I1I . Following the analysis in Reference

(1) , the Number U-235 atoms in a BRR fuel element is:

10
N " 3.2 x 10 p

a4

where

P = irradiation power (watts) '

'
a = fission cross section used in Tables = 580 barns

$ = thermal neutron flux.

(1) References to Section 3.found in Section 3.6.1.
REV A 3-28-80
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The maximum U-235 burn-up in a BRR element is 17.5 P==.<ud.

For a fuel loading of 162 g U-235, with a capture to fission

ratio of 1.18, the fission product production is 24.1 g. For

an irradiation time of 313 days , the irradiation power is P =

24.1 mwd /313 D = 7.7 x 104 watts per element (assuming 1 g U-235 =

1 Mwo) . Thus, for $ = 1014 n/cm2 sec:

(3.2 x 1020) (7.7 x 104)N= = 4.25 x 1022 , ,

(580)(1014) U-235 per element.

From the data in Reference (1) , the total decay heat (beta plus

gamma) for an irradiation time of 313 days and a cooling time
-21of 90 days (with & = 1014) is q = 10 watts / atom U-235, or:

0 = (10-21) (4.25 x 1022) = 42.5 watts / element .
,

For 24 elements with the same irradiation history, the decay heat

is 24 x 42.5 = 1.02 kw = 3,480 Btu /hr.

(b) Fermi Fuel
.

The heat transfer analysis is based on a total (beta plus

gamma) decay heat of 1.5 kw in a maximum burnup subassembly. In

such a subassembly, the fuel is irradiated at a power of 1.4 Mw

for eight 28-day periods to a burnup of 1.6 p d.. h reactor

is shut down for 28 days between each 28-day irradiation period.

The fuel is cooled 10 days before shipment. The axial power

peaking factor is 1.23. The decay heat calculation is given in

APDA Memo P-64-ll( } .

-

'

|
|
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(c) TRIGA Fuel

The fission product activity was estimated to be 250

curies per element in November, 1970 (based on radiation measure-

ment made at that time). Assuming 2 MEV per event, the decay

heat of the fuel is:

10250 curies / element x 3.7 x 10 events /sec/ curie x
-132 MEV/ event x 1.6 x 10 watts /MEV/sec

= 2.96 watts / element .

The total heat load for the cask is ~12.5 watts. This is a very

conservative estimate since the fuel has cooled -2 years and has

a cooling factor greater than 3.0. The BMI-l cask is licensed

to handle up to 1.5 kw of decal heat. Thus, the thermal inventory

for this shipment is well within the limits for the cask.

(d) PULSTAR Fuel
!
|

The average decay heat output per fuel pin at the time

of shipment is 5.0 watts and the maximum heat output per pin is |

7.0 watts. The heat source for the fully loaded cask will therefore )
be: |

|

pins
252 x 5.0 watts / pin = 1,260 watts / cask I.

Certificate of Compliance Number 5057 approves a heat load of

1.5 kw for the cask.

.
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(e) EPRI Crack Arrest Capsules

The total decay heat generated by the capsule at discharge

is 197 watts. The axial heat rate over the height of the capsule

is (197 ) (12 ) /21. 5 = 110 watts /ft. The cask is rated for contents

whose decay heat is up to 1,500 watts. The cavity length is

54 inches. Thus, the axial heat rate permitted for the cask is

(1,500) (12) /54 = . watts /ft. Thus, the decay heat is withins

permissible levels.

3.1.3 Solar Heat

From Reference (3), p 1,636, the solar heating is:

Q = 429T cA csOH + "V V cos 0HH 7

3

where

T = atmospheric transmittance = 0.6

c = absorbtivity = 0.5

A = area of surface

H. = refers to horizontal surface or top of cask

V = refers to vertical surface or side of cask .

At noon during the summer solstice, at 40 degrees latitude:

cos 9 = 0.96g

cos 9 = 0.284 .7

The outside of the cask is 33 inches in diameter and 72.375 inches

in height. Thus: .

-

_ _ _ _ _
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D = 5.93 feetA =
H

A = DH = 16.6 feet (protected area).y

|

The solar heat is:

0 = 429 (0.6) (0. 5) ( 5.9 3) (0.96) + ( 0. 5) (16. 6 ) (0. 28 4 )
-

= 732 + 607 = 1,339 Stu/hr. = 0.392 kw

3.2 Summary of Thermal Properties of Materials

The materials' thermophrsical properties which were em-

ployed are shown in Table 3.1. Also, since it has been well

demonstrated that the lead will contrac+ away from the outer

shell after casting (fabrication experience indicates a potential

gap of 0.060-0.100 inch), the thermal model included a variable

air gap (Node 118) which has an effective thermal conductivity

that increases with temperature as shown in Figure 3.1.

3.3 Technical Specifications of Components

Relief value - 75 psig

Pressure gauge - 30 in Hg vacuum to 130 psig pressure.

3.4 Thermal Evaluation for Normal Conditions
of Transport

3.4.1 Thermal Model

The analysis for normal operation were performed assum-

ing only radial heat flow from the contents through the cask

wal:3 to the environment.

l
Rev. A. 3-28-80

,

|

|
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TABLE 3.1 THERMOPHYSICAL PROPERTIES EMPLOYED
FOR LEAD AND STEEL

Lead

3Density = 705 pounds / feet
Melting Temperature = 621 F
Latent Heat = 10.5 Btu / pounds

Temperature, Thermal Conductivity, Specific Heat,
F Btu /hr-ft-F Btu /lb Emissivity

32 20.1 0.0303 1.0
212 19.6 0.0315 1.0
572 18.0 0.0338 1.0
621 8.8 0.0337 1.0
900 8.9 0.0326 1.0

Steel

3Density = 488 pounds / feet
Latent Heat = 120 Btu /lb
Melting Temperature = 1,800 F

Temperature, Thermal Conductivity, Specific Heat,
F Btu /hr-ft-F Btu /lb Emissivity

f0. 8 ") , 1.0( }32 8.0 0.11
212 9.4 0.11 0.9, 1.0
572 10.9 0.11 0.8, 1.0
932 12.4 0.11 0.8, 1.0

1,800 15.0 0.11 0.8, 1.0

(a) For steel surface exposed to flame, c = 0.8.

(b) For steel surfaces viewing each other across internal air
gaps, c = 1.0.

.

e
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3.4.2 Maximum Temperature

3.4.2.1 BRR/MTR Fuel

(a) External Heat Transfer

During normal operation, heat is dissipated from the out-

side surface of the cask by radiation and natural convection in

air. The heat transferred by radiation is:

-
-

T 4 T 4

O = 0.173 cA (100) Il 0)~
'r

-w

and the heat transferred by convection is:

A -Tlc c( 0 aQc" '
,s

)

where

c = ssrface emissivity = 0.5 for steel

T = cask surface temperatureo

T, = ambient temperature = 100 F

h = 0.19(T - T )13 (McAdams I, p 173)
c g 3

Ar"A = heat transfer area .c

.

Heat transfer from the outside corners and top of the

cask is partly obstructed due to the air pockets built into the

lead to provide for lead meltdown space in case of fire. The
'

'

air pockets also insulate the cask from solar heating. Two
,

estimates of the maximum heat load are made. In the first case,

the full solar load and total cask surface area are considered.
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In the second case, heat transfer from areas obstructed by air

pockets is neglected, and only the solar load on the side is

included. In the first case, the total heat load on the outside

surface of the cask is Q = 3,480 + 1,339 = 4,819 Btu /hr; and,

the heat-transfer area including the top and bottom is A = 52.1 +

11.36 = 63.96 ft2 In the second case, the solar load is

540 Btu /hr for a total heat load of 4,020 Btu /hr; and the heat-

transfer area, neglecting the top and corners, is A = 46.3 +

3.4 = 49.7 ft2 In the first case, the heat flux is 75.4 Btu /hr

ft2, and in the second case is 80.9 Btu /hr ft2 The second case

is calculated below since it leads to conservative results

(higher surface temperatures).

The total heat, removal capacity of the cask is : Q=Qr + 0 ' #c

. -

T 4

60)4 + 0.19 (49.7) (T - 560)4/30 = (0.173) (49.7) (yyg) (-

g

- a

For:

- .

T 4

Q = 3,480 + 540 = 4,020 Btu /hr, 4,020 = 4.29 (100) - 901

- -

+ 9.44(T - 560)4/3 ,
0

and:

TO = 617 R = 157 F.

Thus, the maximum cask surface temperature will be 157 F, assuming

there is no heat loss (or addition), through the top and corners

of the cask. The surface temperature is below 180'F, which meets

the AEC requirements.

--
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(b) Heat Transfer in Cask Wall

The temperature drop across the lead in the wall of the

cask is:

AT = 2xkL in D /D = 4.05 F,
2 y

where g

4
0 = 3,480 stu/hr :s

k = 19

L,5 feet

D = 32 inches2

D = 16 inches .y

4

The total temperature drop across the inside (thickness = 0.25 -

inches) and outside (thickness = 0.5 inch) steel plates is AT =

0.7 F.

As th.* lead solidifies in the manufacturing process, a

small air gap is formed between the outside steel shell and the

lead. The thicknese of this gap is estimated to be 0.0817 inch.

The heat transferred by conduction and radiation across the' gap

is: '-

4
.

g = kAaT + 0.173 FA A

D 108

.

! where

Q = 3,480 Btu /hr

A = 50.2 ft2

t = 0.0817 inch
.

- - . __ . - - - _ _ _ _ - _ _ _ _ -
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F = 0.231

T = 180 F = 640 R .

The total temperature drop across the cask wall is AT =

23.8 F. It is expected that the lead will settle during trans-

portation and close the air gap. Thus, the temperature drop

across the wall of the cask should decrease in later shipments.

The total temperature drop across the cask wall is AT =

4.05 + 0.7 + 23.8 = 28.6 F. The temperature at the inside

surface of the cask wall is T = 157 + 28.6 = 185.6 F.

(c) Internal Heat Transfer

During normal operation, the cavity of the cask is filled

with water, and the fuel elements are cooled by natural circula-

tion of the water. The water flows up through and around the ;

fuel elements to the top of the cavity and then flows down through j

the space between the cask wall and the fuel elements. The heat

absorbed by the water as it flows up through the elements is

dissipated as the water flows down past the cooler cask wall.

The natural convection heat transfer can be calculated

from the pertinent pressure drop and heat balance equations.

These equations have been solved and placed in a form convenient

for calculation in Reference 5. According to the analysis in

Reference 5, the equations which must be solved for the maximum |

water temperature T(L) are:

T(L) =T *

y_ -aLc

_
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h (2)T(L) - T(o) =ey

^+ (A D ) (3)~

(A Dg1)aL - 2(F - 1) =g g g

PL fh 3
3L * (4)Co (

b~1 /
L)!

" 22
3k ec 3h = 0.05 (5)

( SL/
o u. .

where

T(L) = maximum water temperature (at top of cask)

T(o) = water temperature at bottom of cask
,

T = cask cavity wall temperature

Q = decay heat

AV = flow velocity (ft /hr)

A = total element flow area (up-ficw region)
f

Dg = equivalent diameter of element region
A = flow area of down-flow region
g

D, = equivalent diameter of down-flow region
F = axial peaking factorg

PH = heat-transfer area = area of cavity wall

g = gravitational constant

,

water properties:
!

i
~

c = specific heat -

p = density

u = viscosity ,

~

3 = volume expansivity (F )

k = thermal conductivity .
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The required numerical data are:

T,y ~ 195 F F = 1.40g

2C = 1.0 Btu /16 F An ' 68.5 inches

o = 60.2 pounds /ft D = 2.76 inchesg

384u ~4 2= 0.28 x 10 A. = 88.7 inchesogS 1

D1 = 0 .477 inches
22 'b-

#[ = 487 P = 48.7 inches
H,

L = 52.5 inches

Q = 3,480 Btu /hr
,

Using.these numerical data, Equations (2), (3), (4), and (5)

become:

y = 57.8/AV (2)

aL = 0.8 + 0.03 (AV/y) (3)

aL = 0.295 (h /AV) (4)o

(y/aL)hh = 24.4 (5)g

The solutions to these equations are y = 4.3 F, aL = 0.896,
3AV = 13.5 ft /hr, and h = 41.2 Btu /hr ft2 F. From Equation (1) ,a

T(L) -T = 7.3 F.e

From Section 3.4.2.1(b), the maximum inside cask wall

temperature is T = 185.6 F. The maximum water temperature isc
T(L) = 185.6 + 7.3 = 192.9 F. 4

The design pressure of this cask is 100 psig so that the

maximum permissible operating pressure is 50 psig. Thus, the

|
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maximum operating temperature (193 F) is well below the boiling

point (298 F) at the maximum permissible operating pressure.

3.4.2.2 Fermi Fuel

Du...J normal conditions, the cask is water filled and

the ambient temperature is 100 F. The decay heat load is 1.5 kw,

and the solar load is 0.392 kw.
.

(a) External Heat Transfer

From Section 3.4.2.l(a) , the surface temperature T Is
the cask is given by the equation:

-

4 4 4
T T

Il 0) + 9.44 (T -T)3Q = 4.29 (100}
~

s g

. -

where

Q = 1.5 kw + 0.392 kw = 6,459 Btu /hr

T = ambient temperature = 100 F = 560 Ro

T = surface temperatures

The solution to this equation is T = 643 R = 183 F.g

The surface temperature is slightly above 180 F, and access to

the surface of the cask will be restricted when the ambient

temperature is above 97 F.

(b) Temperature Drop in Cask Wall

A temperature drop of 29 F at 1.4 kw has been measured

across the wall of the BMI-l cask. At 1.5 kw, the temperature

drop is:

|

|
|
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AT=f*4 x 29 = 31 F

(c) Heat Transfer in Cavity

During normal conditions,' heat is transferred from the

surface of the basket to the cask wall by natural convection in
''

water and by conduction through the six radial copper ribs ex-

tending from the basket to the wall. The heat transferred by

natural convection from the basket to the water is:

- T);Q = hAb(Tb

and the heat transferred from the water to the cask wall is:

Q = hA,(T - T,) ,

where h = heat transfer coefficient = 100 Btu /hr ft F,

(McAdams, Ref. 4, p. 175) .

A = basket area = 7.5 ft2 ,b

2A,= wall area = 17.5 ft ,

T = basket temperature .b

T, = cask wall temperature .

T = water temperature .

From the equations above, the temperature drop (T - T,) is given3
by the relation:

.

^A

Q = (w bA, + A ) D - T")h (T .

b
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If all the hear transferred by convection (Q = 5,120 Btu /hr)

b - T,,) = 9.8 F. Heat transfer by conduction in the copperthen (T

ribs will reduce this temperature drop a few degrees (see

. - Section 3.5.4.2(b). From the above, the ter.perature of the out-

side surface of the copper basket is T = 183 + 31 + 9.8 = 224 F.b
The temperature drop across the copper basket is:

AT = 2xkL in = 1.3 F

where

k = 200 Btu /hr ft F

Q = 5,120 Btu /hr

D = 10.75 inches
2

D 4 x 3.38/r = 4.3 inchesy,

L = 34 inches

Inside the cavity of the copper basket are contained successive

layers of 0.125-inch-thick copper shot, and then the shot-filled

fuel subassembly. Using the experimentally determined conductivity
'

of wet copper shot bed k = 6.1 Btu /hr ft F, the temperature drop

across the outer layer of copper shot is: ;

l

f aT = C**
kAi

|

| = 5,120 x 1.23
6.1 x 4 . 8 x 31 = 3.8 F

where the axial peaking factor of 1.23 has been conservatively
,

included in the total heat load. The temperature of the odtside

surface of the steel can is T = 225 + 1.3 + 3.8 = 229 F.

-
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The temperature drop across the steel can, the inner

layer of copper shot, and a dummy fuel subassembly was measured

experimentally (Section 3.6.2). With a heat load of 0.350 kw

in a 12-inch-long section of the dummy fuel subassembly, filled

with shot and water, a temperature drop of 40 F was measured.

Extrapolating this data to the actual subassembly which is 31 inches

long with a decay heat of Q = 1.5 x 1.23 = 1.85 kw, taking into

account the peaking factor, the temperature drop would be:

(f.85 )( ) = 82 FT = 40 .

It was observed experimentally (Section 3.6.2) , however,

chat at the heat generation rate of the maximum burnup fuel sub-

assembly the fuel pin temperature is uniform through the subassembly

and comes to equilibrium at the saturation temperature corresponding

to the ambien; pressure. This condition was observed as long

as the ends of the experimental assembly were covered with water.

Under these circumstances, heat was apparently being removed from

the subassembly primarily by evaporation and convection. When

water was allowed to evaporate from the shot bed, a radial temp- I

erature distribution was observed which is typical of simple

conduction heat transfer through the dry copper shot.

Based on the experimental evidence, heat transfer by

means of evaporation-condensation and convection will cause the

fuel element to come to an equilibrium saturation temperature

corresponding to the pressure inside the cask with no loss of j

coolant. The equilibrium temperature in the fuel element would !

then be only a few degrees above the basket temperature of 229 F.

|
3.4.2.3 EPRI Crack Arrest Capsules |

'

It was shown in the September 8, 1969 Addendum that for

| a 130 F ambient temperature and 1,500 watt thermal load, the
l

t

I

._
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outside wall temperature is about 190 F and the cask wall at

is about 37 F. For a 100 F ambient with 1,500 watts decay heat

the outside wall temperature would be 190-30 = 160 F. For the

reduced heat load of 110 watts /ft, the outside wall temperature

would be approximately (160-100) (110/333) + 100 = 120 F. The

at through the cask wall would be (37)(110/333) = 12 F. Thus,

the cavity wall temperature would be about 120 + 12 = 132 F.

These temperatures are conservatively high since they assume
'

I no radial heat flow in the cask wall.

The temperature of the capsule is calculated assuming

that all cooling take place by convection and radiation. The

capsule will be transported without a canister. However, a

wire mesh basket having a maximum wire size of 11 gage (0.125-inch) ,

and minimum mesh size of 1.0 inches may be used to aid in

handling the capsules. Thus, it is assumed that convection

and radiation heat transfer will take place directly between the>

,

Icapsule wall and the cask inner cavity wall, Figure 3.2.,

In order to facilitate the calculations, it is assumed

that the cavity wall is a plane, as wide as the capsule (14 inches),

as tall as the capsule (21.5 inches) , and located approximately'

4 inches away. From McAdams( } the convection heat transfer

correlation is given by:

2

Nu = - (Gr . Pr)n ,

(L/x)
,

i where

Nu =
,

x = distance between planes = 1/3 ft

k = fluid thermal conductivity -

i L = height of planes = 1.79 ft

Gr = a x at

a = fluid property constants in Groshof Number.

!

- . _ - ._ -- -_- -
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Pr = Prandl number which is function of fluid property.t

For

4Gr > 2 (10 ) ; C = 0.071 and n = 1/3 .

Thus
,

! !h/k = 0.0589 (aPr) At

Heat transfer 'r convection is expressed by:

; Q = hAat
cv

2iA = area of plane surface = (14) (21.5)/144 = 2.09 f t
.

h = coefficient from above correlation ',
.

Then

! !
O = 0.123 k (aPr) at
cv

Heat transfer by radiation is expresse by:

Q = FeFacA(T -T Ir y 2

where Fe = emissivity factor'

' 1

+ -1'

.

Et = emissivity of capsule = 0.2

E2 = emissivity of cask wall = 0.5
'
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Fe = 0.167

Fa = view factor = 1.0

4a = 1.73 (10-9) R

A = 2.09 ft2

T = capsule temperature, R
1

T2 = cask cavity temperature, R

Thus

-T 4)o = 6.04 (10-10) (T 4r 1 2

It is assumed that the at is about 200 F and that the
mean air temperature between the capsule and the cask wall is
about 230 F. Then the air properties are:

k =-0.0188 Btu /hr ft F

5 3
a = 4.78(10 )/ft p

Pr = 0.68 -

Tt = 460 + 132 + 200 = 792 R

T2 = 460 + 132 = 592 R

Substituting the values in the es ations above results in thea

following:

O = 186 Btu /hrcv

O = 163 Stu/hr
,r

And the total heat flow is 349 Btu /hr = 102 watts. Thus, the

capsule temperature for normal transportation is about 332 F.;

l

. - . .
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3.4.3 Minimum Temperatures

From Section 3.4.2.l(c), the minimum water temperature

is 192.9 - 4.3 = 188.6 F for an ambient temperature (T ) f 100 Fa
and a decay heat load (Q) of 3,480 Btu /hr. With no solar load,

the water temperature is 180 F. For other values of T, and Q,
the water temperature (T) is approximately:

(180 - 100)(3, 80) + T,T= .

The water will freeze when T = 32 F, or T = 32 - Q/43.5. Thea
water will not freeze at an ambient temperature of T, = -20 F
if the decay heat is grea'er than Q = 2,260 Btu /hr = 0.662 kw.

When these conditions are satisfied, no antifreeze is needed in

the water.
'

In later shipments it is expected that the temperature

drop across the cask wall will decrease due to settling of the

lead and closing of the air gap between the lead and outer steel

shell. In this case, the water temperature may decrease from

180 F to about 160 F under normal conditions. Thus, in later

shipments the decay heat will have to be over Q = 0.88 kw to
I

prevent freezing at T,= -20 F. Provisions will be made to cover

the cask with a canvas blanket (which will decrease heat transfer

from the outer surface) when ambient temperatures and cask internal

temperatures indicate the possibility of freezing.

3.4.4 Maximum Internal Pressures

The design pressure of this cask is 100 psig so that

the maximum permissible operating pressure is 50 psig. The maxi-

mum operating temperature (230 F) is 68 F below the boiling point
(298 F) at the maximum permissible operating pressure.

|
_ ._ _
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3.5 Hypothetical Accident Thermal
Evaluatio,n

The thermal analysis presented in this section examines

the thermal response, and associated effects, of the modified
BMI-l cask when subjected to the environmental fire condition
outlined in Appendix B of 10-CFR-71. The fire is defined as a

radiant thermal source having a temperature of 1,475 F lasting

for 30 minutes. In addition, the " standard fire" is defined to

have an effective source emissivity of 0.9, and the thermal

absorptivity of the exposed cask surface is defined to be 0.8.

3.5.1 The2 mal Model

Tha thermal transient analysis was carried out using

the THT-D heat-transfer code (a generalized heat-transfer program

available at Battelle). A cylindrical section, representative

of the center region of the BMI-l cask, was analyzed. Figure 3.3

illustrates the thermal model and THT-D node identification.
The printary modification to the BMI-l cask, which is

directed at fire survival, is the addition of a 1/8-inch-thick

outer stainless steel shell (a thermal buffer shell) which en-

capsulates the existing 1/2-inch steel outer shell. The planned

use of evenly spaced weld spots,1/16-inch high, will assure an

air gap between buffer shell and original outer shell. This

air gap will impede the thermal pulse resulting from the hypo-

thetical fire. A constant 0.060-inch air gap was-employed in

the transient calculations although it can be shown that a 1/8 -

3/16-inch air gap would exist due to differences in thermal

expansions during the fire period.

2
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3.5.2 Package Conditions and Environment

The starting temperatures (at start of the 30-minute fire)

of the cask system, shown in Figure 3.4, were calculated for
conditions corresponding to a 130 F day and a cask thermal load
of 1.5 kw . The correlation of analytics with experimentalg
data is shown in Figure 3.5, where the variation of cask outer

surface temperature is shown as a function of thermal load and>

environmental temperature. The experimental point, measured

for the BMI-l cask without an outer shell, shows a measured

outer shell temperature of 130 F on a 70 F day for a 1.4 kwt
thermal load. The calculated result is 133 F on a 70 F day.

The external area change due to the addition of a 1/&-inch fire

shell can be considered negligible. In addition, the experimental

data for the 1.4 kw thermal load can be scaled to calculate an
t

inner liner temperature of 227 F for the conditions of a 130 F

day with a thermal load of 1.5 kw . Therefore, normal shipment
t,

with the contents contained in water will not result in any

pressurization problems if the 1.5 kw heat load is not exceeded.t
The data contained in Figure 3.4 and 3.5 can be readily employed )
to assess other ambient and thermal load conditions.

For conservatism, the thermal capacitance of material (s)

within the cask internal cavity was neglected, or an empty cavity

was assumed for the thermal transient calculations.

The Fermi fuel subassembly will be shipped in the BMI-l

shipping cask, which has been provided with a special basket.
During shipment, the cask cavity is filled with water. The void

spaces between the fuel rods in the subassembly are filled with
a settled bed of copper shot in water. The cask is to be shipped

;

by truck so that under normal conditions the maximum fuel and
water temperature is about 230 F.

.

|
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3.5.3 Package Temperatures

The calculated thermal history of selective nodes (see

Figure 3.3 for identification) is shown in Figure 3.6. The 1/8-
inch outer shell, represented by Node 124 (a shell surface node),
has little thermal capacitance and, therefore, responds very

rapidly to the fire pulse. The outer shell, 1/2 inch thick,

follows in succession, and since it also has only a nominal

thermal capacitance, results in the closure of the internal air
gap (Node 118). Commencement of lead melting is calculated to

be at 16 minutes and the absorption of heat via latent heat-

capacity causes a reversal in the temperature response (see
Figure 3.6) for a short time period. As the melt front travels

inward, the outer shells then continue their temperature rise.

The temperature reversal, and retardation, mentioned above are

also the result of the thermal capacitance of the lead shield

which has now become thermally coupled to the outer shell due to

the lead-shrinkage gap (Node 118) being closed.

The " melt-front" boundary is shown in Figure 3.7, as a

function of radial position and time.

3.5.4 Evaluation of Package Performance
for the Hypothetical Accident
Thermal Condition

3.5.4.1 Lead Melt

The cylindrical region of the BMI-l cask was analyzed

in detail to assess the potential for lead melting during a

postulated hypothetical fire. The analysis assumed temperatures

at commencement of fire corresponding to normal operation on a

130 F day with'a 1.5 kw internal heat load.
t

.

m
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This analysis considers heat transfer through the cylindri-
cal wall of the cask. This is the most severe thermal condition
which could exist since the cover lid, corners, and bottom of

the cask have sufficient thermal protection in the form of thick

structural plates (i.e., 1-1/4-inch lid plate), skid I-beams,

and corner lead-expansion voids. These structures provide a

significant thermal capacitance and/or resistance.

The results of the thermal transient analysis indicate

lead melt, within the outer regions of the lead shield.

The outer radius of the lead is 16.0 inches, and melting

is calculated to proceed inward to a radial depth of 1.65 inches.
Lead melting does not occur at the inner regions. Resolidifica-

tion begins at about 33 minutes within the lead interior, followed
by resolidification at the outer radius starting at 40 minutes.

The results of these transient calculations indicate a maximum
potential lead melt of 34 volume percent of the total lead if

the cask is at the starting temperatures used in the calculation.

Since expansion volume is provided for by shrinkage from the

original casting, the expansion void needs only to accomodate

the 3.8 percent increase in volume of the lead that melts. The

built-in expansion void (752 inches 3) is more than sufficient
to accommodate the excess volume of molten lead (574 inches 3),
therefore, no pressure will be exerted on the wall of the cask.

Also, no lead is lost. The adequacy of lead shielding afte.-

resolidification is discussed in the shielding section.

The lid, bottom, and corner volumes were not analyzed

specifically since it is felt that the analysis presented above

contains sufficient conservatism to permit extrapolation to those

cask regions. For example, the lid cover is 1-1/8 inches thick

and the corners at the loading end have 3/4 -inch steel plates,

respectively. The thermal capacitance of these plates, along

with the internal cir gaps (1/4 inch in the cover and expansion

volumes in the corners) will very likely result in zero lead

-
-
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melt for those regions. The bottom of the cask also has
corner-expansion volumes, and a 1-inch base plate. The base

plate is furthermore thermal radiatively shielded by the I-beams

employed in the skid. Previous calculations (i.e., NRBK-43)

on similar cask systems have shown that the I-beam structure

provides sufficient shielding from the fire to preclude, or

minimize significantly, lead melting. Therefore, the bare

cylindrical sides are the most susceptible to melting from a

hypothetical fire, and were analyzed in detail. Based on the

above analysis, the maximum canister flange temperature reached
during/after a fire test is estimated to be less than 600 F.

3.5.4.2 Maximum Contents Temperature

(a) BRR/MTR Fuel, Loss of Coolant

'

,
,

The fuel element baskets in this cask contain two solid
sheets of steel (neutron poison) which divide the baskets into

quadrants containing three elements each. Since no heat is

transferred between quadrants, the solid sheets have no effect

on heat transfer. The three fuel elements in each quadrant are

held in place by means of vertical steel strips on the corners

of the elements. These strips partially obstruct radiation heat

transfer, but have no effect on conduction or convection heat

transfer.

Figure 3.8 is a sketch of one quadrant of the basket.

Heat is transferred from Element 2 to Element 1 by radiation and

conduction in air. Heat is transferred from Element 1 to the

inner cask wall by radiation and convection. Analytically this

is expressed as:

7-

T 4 T 4 kA
I I + (T -T)' (6)0.173 F A I IQ = -

21 21 2 l00 l00 t 2 y
. .

.
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T 4 T 4,

O = 0.173 F A I ~I * #c^1 (T -T} IIyc lc l y c
*

. .

As discussed later, conduction in the aluminum elements

smoothes out the axial temperature distribution so that the xial

power peaking factor does not have to be included in 0 # O21 lc*
From Section 3.1.2(a), the total decay heat per element is

145 Btu /hr. Thus, Q = 145/2 = 72.5 Btu /hr and Q = 145 x 3/221 g
= 218 Btu /hr. The heat transfer coefficient h is:c

~

1 1
0.071 Mase 7 (T -T) (McAdams I4'h =

c 1 u 1 c .

(h)F ..
El

.

r ,-

A

F F ~~

1 1. . . .
. . .

m

8
.8

.

FIGURE 3.8. SKETCH OF FUEL BAS"dT

-
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The numerical dats needed to calculate h are:e

T,y = 390 F

L = 25 inches

t = D /2 = 1.38 incheso

,. -

2 y = 1.25ok gc

u
J.

and

1

h = 0.0643 (T - T )T *

c t c

Neglecting the effect of the corner strips, the radiation'

interchange factors F and F2c ##**
12

~1 ~1(2/0.15 - 1) = 0.081( !"Al 1)F =* -

21

(!* + !*Flc " (1!"Al + l!"Fe
~~ "

= 0.131 .

For two steel surfaces, F = 0.333.

Now, consider the effect of the corner strips on radiation
are parallelheat transfer. Assume that the surfaces Ay, A2, and A3

to A U Aand that heat is transferred by radiation from At 2 3'

Then:

A -T2)12 l(TyQ = oF12
.

!

;

!

|
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A I -T IQ23 = c F23 2 2 3

and

,

0 Q12 23 4 4
+ *

oF A cF A 1 3
y3 y 23 2

j

Since Q12 " 023 " 013 y 2"A3and A =A '

. .

F12 23 4 4
A -T IQ13 " # F12 + F23

*
l 1 3

s.

Thus, for the portion of the area between Elements 1 and 2 where
the steel strips obstruct radiation heat transfer:

0.131 x 0.131
21 " 0.131 + 0.131 = 0.065F

For the obstructed area between Element 2 and the cask wall:
, .

0.131 x 0.333 ,

F = = 0.093 3 .yg 0.131 + 0.333
|

The steel corner strips obstruct one inch of the three inch |
element width. Averaging the radiation factors over the element |

width:
|

1(0.065) + 2 (0.081) = 0.0767 , ,

21 3

and ,

1(0.0935) + 2 (0.131) = 0.118p , .

Ic 3

.. .
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The assembled numerical data needed to calculate T and T are:
2 y

Q21 = 72.5 Btu /hr t = 0.7' = 0.0625 ft
2

2
Q = 218 Btu /hr A2 = 3 x 25/144 = 0.52 ft1c

F = 0.076 A = 2A = 1.04 ft2
21 y 2

2
(1 + 1/'I) A2 = 0.39 f tA "

F = 0.118 lig

T = 186 F = 646 a k = 0.0239 Btu /hr ft F .

c
1

h = 0.0643(T - T )Tc y c

Using these data, Equations (6) and (7) become:

. .

T T 4

(phy) 4 - (100) + 0.199(T -T) (6)72.5 = 0.00683 ,

2 y
. .

. .

T 4/3
(phg) 4- 1,732 + 0.067(T1 - 646) (7)718 = 0.01815

-.

The solutions to these equations are Ty = 461 F and T2 = 615 F.
Thus, the maximum element temperature during loss of coolant is

615 F.

In the calculations above, the axial power peaking factor

has been neglected since the aluminum in the fuel elements effective-

ly evens out the axial temperature distribution. For a ?.riangular

power distribution with an axial peaking factor of 1.4, tae

fraction (1. 4-1) /4 = 0.1 of the power is generated it a power

greater than average. The temperature drop required to conduct

this 10 per cent excess heat from the center to the end of the

element is approximately:

0.10 (h) L
AT = .

g3
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where

Q = 145 Dtu/hr

L = 25/2 = 12.5 inches

k = 135(aluminum at 600 F)
2

A = 2.55 inches ,

(0.10) (72. 5) (12. 5) (12)
aT = = 3.16 F .

(13 5 ) ( 2. 3 a )

.

Thus, the axial peaking factor increases the element temperature

by 3.2 F.

It has also been assumed in the work above that the fuel

elements are isothermal. The temperature drops across the elements

themselves depend on the orientation of the fuel elements in the

basket. In the worst case, the temperature drop would be about

15 F.

In conclusion, considering all the factora discussed

above, the maximum fuel element temperature during loss-of-coolant

will be T = 615 + 3 + 15 = 633 F. This is a safe temperature
2

for aluminum plate-type fuel elements.

Steam produced in the cask cavity.during a fire is vented

through a 1/16-inch-thick filter with a flow area of 20 inches 2,
According to data obtained for pressure differentials (aP) up

to about 20 psi, the flow capacities of these filters are W/A =

26.5 AP + 50 ft3/ min per ft2 of filter area. Using *.his equation

3to extrapolate to AP = 75 psi, the flow capacity is W = 283 ft /

min. (The pop-off value is set at AP = 75 psi.) At 89.7 psia,

283 pound 3 of water forms 1,382 feet 3 of steam. Thus, the cavity

can be vented in t = 1,382/283 = 4.9 minutes. Ten minutes is
4

considered a reasonable time to empty the cask. Th'us, a 100 per

cent safety factor in the design has been allowed, which is more

than adequate to compensate for the possibility that the extra-
|

polated filter-flow-capacity data is not accurate at a? = 75 psi.

.
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(b) Permi Fuel, Loss of Coolant
4

During the loss-of-coolant accident, the water drains
from the cask and evaporates from the shot beds. The shot beds
are held in place by a stainless steel can with porous steel
end plates so that the shot will not drain out with the water.
It is assumed during loss of coolant that the cask is exposed'

to 100 F ambient air and a solar heat load of 0.392 kw. From

Section 3.4.2.2(a), the surface temperature of the cask is 183 F.
|

With water in the cask cavity, the temperature drop

across the wall of the cask was 31 F. During loss of coolant,

this temperature will be increased because the adjustable brass
contact angles cover only 37 percent of the surface area of the

inside wall of the cask. The temperature increase is less than:

D
O 2

T = 2xkL 1" .37D = 24 F ,

I

where

Q = 5,120 Btu /hr

k = 19 Btu /hr ft F

L -w 3 ft

D = 32 inches
2

D1 = 16 inches

The total temperature drop across the cask wall is less than
a? = 31 + 24 = 55 F.

The temperature drop across the six copper ribs and the
copper basket is about 8 F. The temperature of the outside surface

of the first layer of copper shot is thus T = 183 + 55 + 8 = 246 F.
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Using the experimentally determined value for the

conductivity of the dry cooper shot bed, k = 0.675 Btu /hr/ft/F,

the temperature drop across the outer layer of cooper shot is:

AT = 0 = 5120 x 1.23 (0.675 x x 3 38 x 31) = 28*F,k

where the maximum heating rate of Q = 5120 x 1.23 Btu /hr has

been used in the calculation. The temperature of the surface

of the steel can which contains the subassembly is thus T =

246 + 28 = 2740F. As discussed in an earlier section, the

temperature drop across the steel can, the inner layer of

copper shot, and a shot-filled dummy fuel subassembly was

measured experimentally. In these experiments with a 12-in-long

section of dummy subassembly, a temperature drop of 2250F was

measured with a heat load of 0.648 kw. The temperature drop in

a full size fuel subassembly would be

(1* ) ( ) 225 = 2470F.AT =
0. 4

The maximum fuel subassembly temperature during loss of coolant
0is thus T = 274 + 247 = 521 F. This maximum temperature is

0well below the actual fuel operating temperature of 800 F in

the inrico Fermi Reactor.

!

- |

1
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(c) EPRI Crack Arrest "2psules.

It was showr in the September 8, 1969 SAR Amendment,

that for a full L.at load of 1,500 watts, and starting into the

hypothetical fire accident from condition for a 130 F ambient
temperature, the maximem cask cavity wall temperature during the
incident is about 560 F. Conservatively it is assumed that the

at from the cask wall to the capsule is the same as for the steady

state condition. Then the maximum capsule temperature during
760 F. Thisthe hypothetical accident is 560 + (332 - 132) =

is well below the melting temperatures for all the materials in

the capsule. The maximum temperature of 760 F is a conservative
value for the following reasons:

(1) The starting conditions are for an ambient

temperature of 130 F. However, a 100 F

ambient is allowed for determining starting

conditions.

(2) The heat capacity of the capsule is

neglected which will lower the maximum

temperature ir reality

(3) The at from tia capsule to the cask cavity
~

wall is assumed to be a constant over the

temperature range. In reality, radiation

heat transfer will become more dominant
at the higher temperatures resulting in

lower maximum capsule temperatures.

.
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3.6 Appet Jix

*
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3.6.2 Experimental Tests of
Copper Shot

The shipment of an Enrico Fermi Core-A fuel subassembly
with a decay heat output of 1.5 kw requires a heat transfer medium
which remains in the cask under all conditions to prevent ex-

cessive fuel temperatures. Copper shot was considered to offer
the most promise for this application.* To test this concept,

experiments were performed with an actual Enrico Fermi Core-A
fuel subassembly and a dummy subassembly fabricated using electri-
cal resistance heaters to simulate fuel pins. The experiments

were designed to investigate the thermal conductance of shot
beds as applied to the Fermi fuel shipment. Details of these

experiments and the results are discussed below.

3.6.2.1 Thermal Tests
,

A simulated fuel subassembly was constructed using actual

cross-sectional dimensions including the proposed shipping basket.

The unit had 12 inches of active length and thermal insulation

was employed on the bottom to decrease the axial heat loss. The

zirconium clad fuel pins were represented by stainless steel

sheathed, magnesium oxide insulated, nichrome wire resistance

heaters. These resistance heater pins had the same diameter

( 0.156 -inch OD) as the Fermi fuel pins and were spaced on the same
center to center distances as the Fermi fuel pins. The 18 ga.

nichrome wire in the heater pins had a resistance of one ohm per

foot and the radial heat transfer characteristics of the heater
pin was calculated to be slightly less than that of Fermi fuel

pins.

This cooling concept is being patented by the Edward Lead*

Company, of Columbus, Ohio. -

-
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basket in the shipping cask. The heaters and both wrapper tubes

were welded to a common bottom to make a liquid-tight unit. A

drain tube covered by a porous stainless steel filter was welded
to the bottom of the cavity.

To simulate the heat sink provided by the cask, an additional
cylindrical can was welded to the common bottom plate. Inside

this can was a copper cooling coil which was attached to a cold
water line. Oil was used in this heat sink so that a higher

range of temperatures could be used. The oil was continuously

stirred by air bubbles to maintain as uniform heat sink tempera-
tures as possible over the length of the apparatus.

,

The 144 heater wires were connected in series in foar
circuits which were connected in parallel to a controlled voltage

power source. An attempt was made to regulate the heat input
to approximate that Of the center section of the Fermi fuel
element. Precision meters monitored the circuits to maintain
a constant heat input during the test periods.

Temperatures in this apparatus were measured in 13 loca-
tions with stainless-steel-sheathed, cremel-alumel thermocouples.

The thermocouple sheath was 0.062-inch OD with the junction

grounded to the sheath at the end. The thermocouples were posi-

tiened as shown on Drawing Number 00500, and attached to a

twelve-point recorder. A direct reading millivolt meter was used

for the extra thermocouple. The thermocouples were placed soi

that Number 1 through Number 5 monitored center temperatures on

two inch spacings from bottom to top, Number 3 being the center
point. Thermocouples 6 through 10 were sp ced at the 6-inch-
height level (same as Number 3) progressing in 0.250-inch
increments from center to outside. Thermocouples Numbers 11, 12
and 13 monitored the oil bath heat sink with Number 11 being

at the 6-inch height.

One test was conducted with no shot or liqu'id in any

of the apparatus to give an indication of temperatures under

l

|
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these conditions. The apparatus was then loaded with shot
through openings in the spacer plate between the heater wires.
The copper shot used in these tests were the same as that used
in the flowability tests. The shot were thoroughly wetted before

being added as a slurry into the water-filled apparatus. The

shot readily displaced the water in the apparatus. As noted on

Drawing Number 0050D, shot filled the space in the apparatus
around the heater pins and between the wrapper tube and the
basket tute. During the tests, most of the water was vaporized
and passed readily through the porous shot bed. As the temper-

ature approached 212 F, some water was forced ahead of the
steam through the shot bed and appeared on the top of the apparatus.
This movement of water and steam through the shot bed appeared
to settle the bed slightly. Table Number 3.2 lists data from
three of the tests.

' During the testing, equilibrium conditions were reached
about two hours after energizing the heaters. All tne tests were

run at least four hours and one test was continued for 51 hours.
A slight improvement in the conductivity of the bed was noted
in the 51 hour test as the test progressed. Figure Number 3.9

gives the time temperature relationships during a typical testing
period. In Figure 3.9 time intervals are marked A through E to

delineate significant periods during a typical test. The first

20 minutes, listed as "A", was required as a warm-up period with

a full heat load. Section "B" marks the time during which evap-

orative and convective heat transfer took place. Drring this

period, all the thermocouples in the shot bed registered the
same temperature (approximately 212 F) and water vcpor issued
from the top of the apparatus. As the shot bed dried, Section

"C", Number 3 thermocouple being in the center responded quite

rapidly to an increase in temperature in that area. Other thermo-
.

couples quickly followed the rising temperature in'the shot bed!
|

|

|
|

I
i
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TABLE 3.2 TEST DATA

Thermocoup3e Numbers
Test Number 1 2 3 4 5 6 7 8 9 10 11 , 12 13

Temperatures in Degrees, P
Test Number 1 960 1133 1201 1201 1209 1172 1146 1065 783 373 165 156

Empty apparatus
IIc a t input 491 u,
watts *

* -156 162 174 186 197 173 169 165 160 155 139 115 157Test Number 2
Wet copper shot
IIeat input 350
watts

..

Test Number 3 471 483 490 480 485 473 459 440 395 337 265 260 259
Copper shot
Ileat input 648
watts

O
n

:
.?

.

W

) t



3.47 Document: 3

.

as it progressed from the center section of the apparatus. The

heat transfer mode, during this time, was apparently changing

from evaporative and convective to conductive via the residual
copper shot bed. During the period represented by "C" some

adjustments were made in the heat sink temperature by controlling
the flow of water in the cooling coil. In periods "D" and "E",

a constant aT is exhibited by the system indicating stabilized

heat transfer conditions representative of complete loss of

coolant. The rising temperatures in period "D" demonstrate the

effect of raising the heat sink temperature.

Each test was made with a clean loading of shot, necessi-

tating the removal of the shot between tests. During the tests

with the copper shot, a crust of oxidized shot formed on the top

and extended about 1/8 inch into the bed. penetration of this

crust permitted the remainder of the shot to be poured from the

apparatus. From the experience with the test apparatus, it

appears that very little difficulty would be encountered in re-

moving the shot from a full size fuel element after a loss-of-coolant

incident.

3.6.2.2 Calculation of Copper Shot
Conductivity

The experimental heat transfer data were used to calculate

the conductivity of the copper shot bed. Consider the dummy Fermi

fuel subassembly to be a series of concentric cylinders in which

the walls of the cylinders are composed of rows of fuel pins.

The outer cylinder contains 44 pins, the next one 36 pins, the

next 28, etc. The heat generated in a given cylinder is propor-

tional to the number of fuel pins in it. The temperature drop

across a given cylinder has contributions due to heat generated
in interior cylinders and due to heat generated in'the cylinder

,

itself. (The calculated thermal conductance of the heater pins
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was very similar to that of an actual fuel pin.) Let R be the

resistance to heat being conducted across a unit cell (fuel pin

plus surrounding copper shot) of a cylinder. The resistance of

a given cylinder is approximately inversely proportional to the
number of cells in it. The resistance of the outer cell is
approximately R/44; or in the general R/(8k-6) where k = 2, ...,

6 is the cylinde: index number.

Proceeding in this manner, it can be shown that the
temperature drop across the kDb cylinder is:

T -Tk = QR ( } '

k-1 k

where

Q = decay heat per fuel rod (Btu /hr)
,

R = resistance of unit cell (F hr/ Btu)

k=2, 6: (2, 6)..., ..., .

The total temperature drop is:

T -T6 = QR y 3)+ 0.4 QR = 23.58 QR( .

o

The resistance of a unit cell of the Fermi element can be written
r.pproximately as:

(1.562)(2.42kL kL
I .21I0y

R= + '

(1.562I * (2.42} kL
kL kL4

y

.
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where

k1 = fuel rod conductivity (Btu /hr ft F)
k = copper shot conductivity

L = fuel rod length (ft) .

This formulation of R assumes the unit cell is composed of three

resistances, which are added as two parallel and one series

resistance. For ky = k the equation above should reduce to R = 1/kL;
however, it reduces to R = 1.16/kL. Thus, the resistance is

16 per cent too large (for k1 = k, at least) ; and the temperature
drop is overestimated.

The conductivity of the shot bed can now be calculated

from the experimental data using the. above equations. The tempera-

ture drop across the fuel element aid the layer of copper shot

is:

AT = 23.58 (y 4) R + 00*O
,g

,

where
.

Q = total heat load
ax = thickness of shot layer

k = conductivity of shot

k = rod conductivity = 8 Btu /hr ft F .

t

For the wet shot bed the experimental data gives:

Q = 0.350 kw, L = 12 inches, and aT = 35 F

(using readings from thermocouples Number 3
and Number 11). Substituting in the equation

above,
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35 = 0.19k + 2.42 + 58.5
90

I
k

and k = 6.1 Btu /hr ft F for the wet-shot bed.
For the dry copper shot bed, the experimental data gave

Q = 0.648 kw, L = 12 inches, and AT = 225 F. Substituting in

the equation above:

225 = 0.19k + 2.42 + 108
166 Ik

and k = 0.675 Btu hr ft F.

.

- , , , , , , _ ----
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4.1

.

4. CONTAINMENT

4.1 Containment Boundrv

4.1.1 Containment vessel

For certain uses as defined in Reference 1, (Gection 4.4.1) the'

cask cavity liner provides the containment. For other uses, also

defined in Reference 1, an inner containment vessel (canister)

is also used to provide containment. These are described in

Section 1, including the drawings in the Appendix to Section 1.'

< -

| 4.1.2 Containment Penetration

Penetrations to the cask cavity include the vent / pressure

relief line at the top and a drain at the bottom. The specified

relief pressure is 75 psig. The drain line is leak tight.

The special containment canisters used within the cask

cavity do not have any penetrations.

4.1.3 Seals and Welds

Seals on both the cask cavity and inner canisters are

elastometric as discussed in Section 1. All welds are full

penetration welds.

4.1.4 Closure

The closure of the cask cavity is accomolished by twelve

1 inch x a studs with two lock nuts per stud. The initial tightening
i

.; torque on the nuts is 50 feet / pounds. The closure of the canister

is accomplished by ten 3/8 x 16 inch bolts. The initial tightening

torque on the bolts is 60 inch / pounds.

i Rev. A. 3-28-80
i

h

!
.- -
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4.2 Normal Conditions of Transport

The performance of the cask and inner canister during
normal conditions of transport are presented in the applicable
subsections of Section 2 and 3.

4.3 Hypothetical Accident Conditions
1

The performance of the cask and inner canister during
the hypothetical accident conditions are presented in the applicable
subsections of Sections 2 and 3.

..

,

.

Rev. A. 3-;?-Se

4

a
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.

4.4 APPENDIX

4.4.1 References

U.S. Nuclear Regulatory Commission Certificate of

Compliance for Radioactive Materials Package Number 5957,
Rev. 4, June 15, 1978.

i

Rev. A. 3-28-80

.. -_ - . -
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5. SHIELDING ANALYSIS

5.1 Discussion and Results

5.1.1 Applicable Regulatory Criteria

Packages such as the modified BMI-l cask which are
transported in a vehicle assigned for the sole use of the con-

signor, and unloaded by the consignee from the transport vehicle

in which they are originally loaded have radiation dose-rate

limits [1173.393(j) of 49 CFR] under normal conditions of:

(1) 1,000 millirem per hour at 3 feet

from the external surface of the

package (closed transport vehicle

only)

(2) 200 millirem per hour at any point

on the external surface of the car

or vehicle (closed transport vehicle

only)

(3) 10 millirem per hour at 6 feet from

the external surface of the car or

vehicle and

(4) 2 millirem per hour in any normally |

occupied position in the car or vehicle '

(except in the case of private motor

carriers).

Packages such as the modified BMI-l cask which are

transported by a commercial carrier have radiation dose-rate |

limits [1173.393 (i) of 49 CFR] under normal conditions of: 1

(1) 200 mr/hr at any point on the external

surface of the package and
.

- _ _ _ . . ._ .. _ _ _ .
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(2) The transport index does not exceed
10 (i.e., 10 mr/hr at 3 feet from the

surface of the package).

In addition to the above radiation limits for normal
shipping conditions, the package must meet the shielding require-
ment for hypothetical accident conditions which is listed in
5 71. 3 6 (a) (1) of 10-CFR-71 as:

"The reduction of shielding would not be sufficient

to increase the external dose rate to more than 1,000 milliro-

entgens per hour or equivalent at 3 feet from the external
surface of the package."

5.1.2 Design Features

Lead shielding is provided in the BMI-l cask to limit

the surface dose to less than 200 mr/hr and the dose at 3 feet
from the surface of the cask to less than 10 mr/hr. As required

by the regulations, the dose will be measured before shipment to
verify that these 1Lmits are not exceeded. The shielding for

the sides of the cask is provided by 8 inches of lead and

0.875 inch of steel, where 0.25 inch of steel is in the inside

cylinder and 0.025 inch of steel is in the outside cylinder

and fire shield. The bottom is shielded by 7.75 inches

of lead and 1.875 inches steel, where 0.75 inch of steel is in

the inside plate and 1.125 inches is in the outside plate. The

top is also shielded by 7.75 inches of lead and 1.875 inches of
steel, where 0.75 inch of steel is in the inside plate and 1.125

inches is in the outside plate and fire shield.

5.2 Source Specification

5.2.1 Description of Radiation Sources .

6

Types and quantities of radioactive materials analyzed
for shipment in the modified BMI-l cask fall within the transport

'

. . . - -_ _ - _ _ . _ _ _ _ - . _.
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groups and corresponding curie limits indicated in Tables 5.2

and 5.3. These analyses were carried out to determine the

maximum quantity of radioactive materials in each transport

group which, when transported in the B1I-1 container, result in

compliance with the regulatory dose-rate limits.

5.2.2 Source Radiation Type and Intensity

Table 5.4 lists the radiation characteristics of the

radionuclides which control the curie limit of each of tha trans-

port groups listed in Tables 5.2 and 5.3.

5.3 Model Specification

5.3.1 Source Geometry

All radiation sources were assumed to be right-circular

cylinders 15.5 in. in diameter by 54 in. high with an average
3density equivalent to that of aluminum * (i.e., 2.7 g/cm ),

5.3.2 Description of Shield

Figure 5.1 illustrates the shield configurations uti-

lized in the dose-rate calculations for the modified BMI-l cask

under normal and hypothetical accident conditions. For purposes

of analysis, the shield was assumed to consist of an annular lead

cylinder 8.50** in. thick with end plates of 8.75-in. thickness.

* This material was used for purposes of simulating the average
3packing density of approximately 150 lb/ft3 (2.4 g/cm ) which

is based on past shipping experience with the NECO-3 cask.

** For photon energies above 1.5 Mev and below 4 Mev, the 1-in,
steel thickness is equivalent to about 0.75 in, of lead. ~
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TABLE 5.1. SUMMARY OF MAXIMUM DOSE RATES'

(mR/hr)

3 Feet from Sur-
Package Surface face of Package

Side Top Bottom Side Top Bottom
.

Normal Conditions

Gamma 10

Neutron .

Total

Hypothetical Accident
Conditions

Gamma <1000

Neutron

Total

1000 1000 100010 CFR Part 71 Limit -- -- --

.

REV A 3-28-80

|

_ - - _ . __ - _ _ _
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TABLE 5.2 RADIONUCLIDES AND ASSOCIATED CURIE
LIMITS PLANNED FOR TRANSPORT IN
MODIFIED BMI-l CASK (SOLE USE OF
VEHICLE)

Transport Group * Quantity (in curies)

I. 1,000. . . . . . . . . . . . . .

II. 8,120. . . . . . . . . . . . . .

i

hr:31 =ized #4 ==4 m products Unlimited **. . .

III. 4,960. . . . . . . . . . . . . .

IV. 11,070. . . . . . . . . . . . . .

V. 8,120. . . . . . . . . . . . . .

VI and VII . 800,000. . . . . . . . . .

* As defined in 5173.390 of 49 CFT and Appendix C
of 10-CFR-71.

** Limit will be imposed by dose-rate limits speci-
fled in 1173.393(j) of 49 CFR.

TABLE 5.3' RADIONUCLIDES AND ASSOCIATED CURIE
LIMITS PLANNED FOR TRANSPORT IN
MODIFIED BMI-l CASK (SHIPMENTS BY
COMMERCIAL CARRIER)

Transport Group * Quantity (in curies)

I. 1,000. . . . . . . . . . . . .

II. 2,520. . . . . . . . . . . . . .

General mixed F4*=4m products Unlimited **. . .

III. 1,540. . . . . . . . . . . . .

IV. 3,440. . . . . . . . . . . . . .

v............... 2,520

VI and VII 800,000'. . . . . . . . . . . s ,

* As defined in 1173.390 of 49 CFR and Appendix C
of 10-CFR-71.

** Limit.will be i=cosed by dose-rate limits sceci-
: led in 1173.393(1) of 49 CFR. '

- . - . . . .-- . - , . - , _ . _ -- _. - - . _
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TABLE 5.4 RADIATICN C:! ARAC 5RIS?ICS CF LIMITING RADIONUCI. IDES

Trensport Limiting Radiation Radiatior Energy
Group Radionuclide* Type and Int'...tsity Limiting Radiation

I Ac-228 3~,y 8 1.64 and 1.59 Mevv

2.18 (10%), 1.85 (9.6%),
1.7 (6.7%), 1.11 (534),
0.64 (7.6%), 0.45 (134)

3.59,f.095, 1.035,1.64,
0.965, 0.907, 0.458, 0.410,
0.336, 0.232, 0.184, 0.174,
0.1275, 0.113, 0.0978,
0.0781, 0.0568

~

II Kr-87 3 ,y s 2.57 y's
3.8 (70%), 373 (5%) ,
1.3 (25%)

y

2.57 (25%), 6.85 (10%),
0.403 (50%)

*
III Co-56 s ,y

~'
3.47 - 1.36 MeV Y'sa

1.5 (18%)

3.47 (11), 3f25 (12%),
2.99 (11), 2.6 (16%),
2.02 (111), 1.75 (lat),
1.36 (51), 1.24 (714),

'
.s.

1.03 (16%), 0.845 (1004),
O.51 (364)

~

IV Cl-38 d ,y 9 2.15, 1.6 y's
4.81 (53%), 7.77 (16%),
1.11 (31%)

f.6 (40%)2.15 (50%),

V Kr-87"* S~ S 2.57 Mev v's,y
3.3 (704), 3.3 (5%),
1.3 (25%)

h.85 (10%),2.57 (25%),
0.403 (50%)

~

VI and VII Kr-85 3 ,y 8 0.672 S's
0.672 (1004)-

Y

0.517 (0.7%)~

* Radionuclide which results in the highest external dose rate for a given curie level.

** Uncompressed.

|
.

|
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FIGURE 5.1 SHIELD CONFIGURATICNS UTILIZED IN THE DOSE RATE CALCULATIONS
FOR THE MODIFIED BMI-l CASK
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5.4 Shielding Evaluation

5.4.1 Dose Rate Under Normal Conditions

5.4.1.1 General Contents

Point kernel integration techniques were utilized to
calculate the gamma dose rates at 6 f t (the 10 mr/hr value at
this distance is the most stringent of the aforementioned limits
for sole use of vehicle transport) from the transport vehicle
and 3 f t from the cask (the 10 mr/hr value at this distance is
the most stringent of the aforementioned limits for shipment
by commercial carrier) for various quantities of radionuclides.
The basic equation employed was:

K (E) B (E , ut) S e"( '
D =

Y 47r'

where:

D = gamma dose rate at distance r from source, mrem /hr

K(E) = flux-to-dose conversion factor as a function of
"#8"I #

photon energy,
photon /cm -sec

B (E) , pt) = dose buildup factor as a function of p'oton energy
relaxation length in the shield

Sy = source strength of photons with energy J, photons /

| cm -sec

| u(E) = linear attenuation coefficient for photons of
~

energy E, cm

| t = shield thickness, em

r = source-to-dose point separation distance, cm.
_

1
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Parameters used in the above equation for the shield and source
materials are listed in Table 5.5. The curie limits for each of

the transport grcups listed in Tables 5.2 and 5.3 were obtained
by varying the source quantity and calculating the dose rate at
6 ft from the vehicle and at 3 ft from the cask until a maximum
dose rate of 10 mr/hr was reached. Exceptions to this procedure

were made for Transport Group I as well as for VI and VII in
which cases curie limits of 1000 Ci and 800,000 C1, respectively,
were considered sufficiently high although the corresponding dose
rates at the aforementioned distance were well below the allowable
limit.

TABLE 5.5 LINEAR ATTENUATION COEFFICIENT OF
THE SOURCE AND SHIELD MATERIALS

w : .tm

Group Energy, Mev " source *""~ "Pb,cm-1

1 4.0 0.071 0.474

2 3.0 0.081 0.476

3 2.0 0.099 0.500

4 1.55 0.110 0.585

5 1.0 0.140 0.729
l

|
Actually, the curie limit for 2ransport Groups VI and

VII was established by the restrictions on internal heat load.

That is, 800,000 Ci of Kr-85 corresponds to about 1500 watts of

decay heat which is consistent with the value utilized for heat-
transfer analyses (see thermal analysis section) .

In the case where the shipper wishes to ship a mixture

of radionuclides classified under various transport groups,_the

following conditional equation may be used to determine the
shipping limits:
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Ci

1 'Lim t
K=1

where:

Ci = number of curies in Transport Group K to be
K

shipped

Limit = curie limit (maximum shipment) for the K$b
K

transport group

K = an index number assigned to each transport group

(i.e., K=1 implies Transport Group I, etc.).

It should be noted that the curie limits referenced

above are the "large-quantity" limits listed in Tables 5.2 and

5.3. These limits are based on a safety-related shielding

analysis and, in several cases, involve inert gases * which will

not be shipped); nevertheless, these limits will be maintained
,

though overly restricted in the case of nongaseous elements.

5.4.1.2 Specific Contents

(A) Co-60

Gamma dose rates at the cask surface and a position

3 feet from the surface in the axial midplane were estimate d to

be 356 and 35.6 mrem / hour, respectively, for a 40,000-curie

Co-60 source. These estimates were based on an assumed point

isotropic source with no self-absorption. If the copper basket

is placed around the Co-60 source, these dose rates are decreased

to 12.2 and 1.22 mrem / hour, respectively.

.

* See Table 5.4 - Transport Groups II, V, VI, and VII.

I

|
1

I

|
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(B) Fermi Fuel

The shielding of the BMI-l cask has been increased by

placing a 3.0-inch-thick cylinder of copper around the Fermi

fuel subassembly. The gamma dose was calculated using the

Perkins and King data to obtain the radiation sources and

Rockwell( } data for the flux equations and cross-section data.
'

The calculated doses without the 3-inch-thick copper shield were

1190 mr/hr at the surface and 47.7 mr/hr at three meters. The

copper shield reduced these doses to 89 mr/hr and 3.6 mr/hr,

respectively. Additional shielding is not needed at the ends

of the subassembly because of the smaller angle subtended by the

Fermi subassembly compared to the BRR fuel load.

(C) TRIGA Fuel

The stainless steel elements were measured at 1.6 R/hr
at 10 ft in air in the smmmer of 1970, after approximately 6 months'

cooling time. Assuming the Way-Wigner relation for fission product

decay to be valid for this case indicates a cooling factor of 3.4,

or that the current (December, 1971) activity of the SS elements
'

is about 0.47 R/hr at 10 ft. The Al-clad elements have been

measured at 0.30 R/hr at 10 f t in air (5-day cooling period) .

Using 0.5 R/hr as the maximum activity for one element at 10 ft,

38 elements in air would be 19.0 R/hr at 10 ft. (This assumes
no self-attenuation). The BMI-l cask has 8 in, of Pb shielding

which is more than five 10th-value thicknesses. (The tenth value

thickness of 1.5 MEV gamma is 1.5 in.). The 38 fue' assemblies

surrounded by 8 in. of lead would have an activity of $0.2 mr/hr

at 10 feet or %0.6 mr/hr at 3 ft. These values are well within

the regulations.

(1) References to Section 5.are found in Section 5.5.1.



|
*

i
t

'

.

.

5.12 Document: 15, 17

.

(D) Pulstar Fuel

In practice the shielding of the BMI-l cask has been
found to be conservatively designed for the types of applica-

tions for which it has been employed. The Pulstar fuel provides.

a less severe shielding requirement than that of previous ship-
ments. Section 6.3 covers the shipment of 24 Battelle Research

235
Reactor fuel elements at a loading of 200 grams U per element.

The integral burnup of the fuel shipped for this case was

200 gram 1 gram fissioned
x 0.45 atom percent burnup x x

element 1.18 gram burnup

1 MWD elements MWD ,

x 24 = 1830
1 gram fissioned cask cask

whereas, for the Pulstar fuel the integral burnup at 10,000 MWD /
'

MTU(3) 1,

410 MWD 503.2 gU * pins MWD
* =1 0 *

6 pin cask cask
10 g

(E) EPRI Crack Arrest Capsules

The activity of the capsules was determined with the

computer code ORIGEN using the material quantities given in
Table 1.2 and the irradiation parameters given in Table 5.6.

The results indicated that shortly after discharge

($30 to 60 min), the activity is about 5200 Ci due entirely to.

f isotopes in Transport Group IV. Since the present license for

the BMI-1 cask permits up to 11,000 Ci of activity of materials

in Transport Group IV the activity is within permissible levels.

I
,

'

I

|
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TABLE 5.6. IRRADIATION PARAMETERS FOR EPRI CRACK
ARREST CAPSULES

Target Fluence (E>1.0 Mev) 1 (101) n/cm
2

Fast Flux (E>l.0 Mev) 2.2 (1012) n/cm -sec

Thermal Flux 1.8 (101) n/cm -sec
Fission in Fission Monitors

U 1.2 (1014) f/ dosimeter8

Np 1.5 (1015) f/ dosimeter237

5.4.2. Dose Rate Under Accident Conditions

Accident conditions which can significantly alter the

dose rate external to the cask are (a) the fire condition,

(b) the 30-f t corner drop, and (c) the side drop in which case

gross displacement of the lead occurs. Each of these cases is

discussed in the following paragraphs.

5.4.2.1 Standard Fire

Since the amount of lead which could escape from the i

i

cask due to a fire is less than (i.e., 3 to 4 percent * of the ;
Imelt or 574 in. would melt) the amount displaced in the 30-f t

corner drop, the resulting dose rate at 3 ft from the surface of

the cask would be below 1 R/hr.
!
1

i *

* Due to expansion of the lead upon melting.

REV A 3-28-80
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A drop in the lead level of 3 inches at the corner of

the cask, will not increase the gamma dose above tolerable

levels. Consider only the 2.18 Mev gamma dose from Pr-144

where u b = 0.493 cm(which accounti for 70 percent of the dose) P
-1and u = 0.307 cm For the most weakly shielded ray, the lead.Fe

thickness is 3.25 in. and the steel thickness is 2.25 in. Com-

pared to the side of the cask, this is 4.75 in. less lead and

1.5 in. more steel. The increase in dose along the most weakly

shielded ray is proportional to

4.75 x 2.54 x 0.493 , -1.5 x 2.54 x 0.307 , ,4.78 , 119,e

The increase in dose also depends on the angle subtended at one

meter by the weakly shielded region. The ratio of the angles

subtended by the weakly shielded region to the total source is

about 1:7. Under normal conditions, the maximum dose one meter
,

from the side of the cask is 13 mr/hr. Considering only the

reduction in shielding, the dose at the upper corner after a fire

would be less than 119 x 13 = 1.55 r/hr. When the angles subtended

by the radiation sources are considered, the dose will be less than

1 r/hr at one meter after a fire.

5.4.2.2 Corner Drop

As shown in the section on structural integrity analysis,

the ma rimum deformation of the lead shield at the corner resulting

from the 30-ft drop onto an unyielding surface is 5.63 in. which

results in a residual lead thickness of 4.53 in. at the point

closest to the source region. This deformation results in a

maximum dose rate of less than 1 R/hr at 3 ft from the surface of
the cask for the curie levels listed in Tables 3.2 and 5.3. The

.

4

|
,

!

i

!
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analysis was conducted by numerically integrating * the previously
defined point kernel over the source volume while incorporating
the effects of the irregular shield geometry.

5.4.2.3 Side Drop

The maximum impact load on the side of the cask will
cause 1.44 inches deformation of the lead. Since this is less

than the 1.65 inches lead melted during the fire accident, which

was previously demonstrated to be safe, the dose rate 3 feet from
the surface af ter impact will be less than 1.0 rem / hour.

5.5 Appendix

5.5.1 References

(1) Perkins, J. F., and King, R. W., Nuclear Science and Engineer-

ing, Vol. 3, p 725, 1953.

(2) Rockwell, T., " Reactor Shielding Design Manual", TID-7004,

1956.

(3) Private communication from Dr. Martin N. Haas, Associate

Director, Nuclear Science and Technology Facility, State

University of New York at Buffalo to Dr. C. E. Williams,

Manager, Idaho Operations Office, U.S. ERDA, 550 Second
Street, Idaho Falls, Idaho 83401.

i

* By utilizing a simple three-dimensional code under develep- |ment at Battelle.

|

|
!
1
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6. CRITICALITY EVALUATION

6.1 Discussion and Results

6.1.1 Applicable Regulatorv Criteria

Regulatory criteria pertaining to criticality which
are applicable to Fissile Class I and II shipments are delineated
in 571.37, 571.38, and $71.39 of 10-CFR-Part 71. These sections

are summarized as follows:

571.37 Evaluation of an array of packages of fissile'

material

(a) An array of packages shall be evaluated by
subjecting a sample package to the conditions

specified in 71.38, 71.39, or 71.40.

(b) In determining whether the standards of the

Class I, II, and III sections are met, it

will be assumed that, consistent with the

condition of the package:

(1) The fissile material is in the most

reactive credible configuration.

(2) Water moderation occurs to the most

reactive extent.

571.38 Specific standards for a Fissile Class I

package.

A Fissile Class I package shall be so designed and
constructed and its contents so limited that:

(a) Any number of such undamaged packages would
be subcritical in any arrangement, and with
optimum interspersed hydrogenous moderation
unless there is a greater amount of interspersed

-
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moderation in the packaging, in which case

that greater amount may be considered; and
(b) Two-hundred-fifty such packages would be

subcritical in any arrangement, if each

package were subjected to the hypothetical
accident conditions.

E71.39 Specific standards for Fissile Class II

package.

(a) For a Fissile Class II package; designed,
constructed, loaded, and number limited so

that:

(1) Five times the number of undamaged

packages would be subcritical in any
arrangement with close water reflection.

(2) Two times the number of packages damaged
by the Appendix "B" tests would be sub-
critical in any arrangement with close

water reflection and optimum interspersed

moderation, or built-in moderation if it

is greater.

(b) The number of radiation units to be fif ty

divided by the allowable number of packages,
rounded up to next higher tenth.

6.1.2 Determination of Allowable Number of Packages

6.1.2.1 Fissile Class I4

For Fissile Class I shipments a 1000 x 1000 x 1000

array was analyzed.

.

I

__ _ _ , , _
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6.1.2.2 Fissile Class II

The number of allowable packages that can be shipped
under Fissile Class II was calculated from the equation:

"
t ,

where N is the allowable number of packages and It is the transport

index or minimum number of radiation units. For the case of sole

use of vehicle shipments, 5173. 396 ( f) of 49 CFR states that for
nuclear criticality control purposes, the transport index must
not exceed 10. Thus, using this transport index, the number of
casks that could be shipped was calculated from the above equation
and found to be 5.

On the basis of the allowable number of packages deter-

mined above, 571.39 of 10-CFR-Part 71 specifies that SN or 25

packages remain subcritical under normal conditions and that 2N
or 10 packages remain suberitical under accident conditions.

The container is shown to undergo little dimensional

change in the accident conditions; thus, shipment of 25 packages
I

will be the most reactive case.

6.1.3 Contents Evaluated

1

The following contents are evaluated for shipment in
the BMI-l cask

e General contents
1

o BRR Fuel Elements
,

e MTR Fuel Elements

e Fermi Fuel Elements

e TRIGA Fuel Elements
e PULSTAR Fuel Elements.

REV A 3-28-80 -

|
|
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6.2 Criticality Evaluation for General Contents

6.2.1 Package Fuel Loading

A criticality evaluation was made of the modified
IIIBMI-l cask using the KENO computer code. The analysis was

made for mutually exclusive shipments of U-235 or Pu-239. Two

separate criticality analyses were performed for shipment with
and without an inner container. In addition, a check calcula-

tion was made for the case of a critical solution of U(30.45)O F22
in spherical geometry to verify the accuracy of the Hansen and
Roach (2) cross sections used in the aforementioned analysis.

6.2.2 Shipment without Inner Container

6.2.2.1 Calculational Model

The configurational model of the modified BMI-l cask

used for the criticality analysis is shown in Figure 6.1. The

fissile material is assumed to contain the concentration of water
required to make the material most reactive (i.e., optimum H/X

atomic ratio) and is located in a spherical volume at the geometric

center of the container. The remainder of the inner cavity of the

container is assumed to be void.*
The criticality calculations (to determine Xeff) for

Fissile Class II shipments were performed on a 3 x 3 x 3** array

.

* This represents the most reactive condition.
,

| ** For simplicity of the calculational model, 27 casks were used
|

| in lieu of 25.
!

.

(1) References for Section 6.are found in Section 6.8.1.
|
.

1
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- 1.12"

g Stainless steel
'

l
% , ,

il

** .75"
,

n

Void

Fissile
Material 54.00"
H/X Most - (137 cm) .

'

Reactive

.

. 75 -

: e o

'
o

-- 15.50"
* 25=

8.00 (39.2 cm) .

-

o

'l

FIGURE 6.1. CALCULATION MODEL UTILIZED IN

CRITICALITY EVALUATION

_ _ _ .



e. _ _- . _ _;.__

6.6 Document: 5

of BMI-l casks. The array (shown in Figure 6.2) has a cubic

lattice with a pitch of 33.0 inches, and the array is completely

surrounded by a 10-inch water reflector.

The criticality calculations for Fissile Class I

shipments were performed on a 1,000 x 1,000 x 1,000 array of
BMI-l caskJ. This array was assumed to be infinite for calcula-

tional purposes.

6.2.2.2 Results

The results of the KENO calculations for shipment

without an inner container are given .in Table 6.1. These

results show that an infinite array (i.e., 1 billion units)

of BMI-l casks, each of which contains 500 g of U-235 or 280 g

of Pu-239, remains subcritical. Since Pu-239 is more reactive

on a mass basis than U-233, 280 g of U-233 in an infinite array

would also be suberitical.

The difference in K gg for 27 (i.e., 3 x 3 x 3 array)e
and 1 billion (i.e., 1,000 x 1,000 x 1,000) casks each conraining
500 g of U-235 was found to be only 0.01. Thus, the lattice

type was found to be unimportant in the case of the foregoing

calculations.

,

!

!

.

I

s
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FIGURE 6.2. CROSS SECTION OF 3x3x3 ARRAY OF CASKS .



TABLE 6.1. RESULTS OF THE MENO CODE CALCULATIONS OF KEFF
FOR SHIPMENT WITHOUT AN INNER CONTAINER

h

*

Mass Fissile H/X(a) Calculated

Run Fissile Material Atomic

No. Description Material (grams) Ratio eff

1 Critical sphere test caso(b) U-235 991 573 1.01 i C.01

2 3 x 3 x 3 array - H O reflected U-235 500 500 0.93 1 0.02
2;

(cubic lattice)

3 1,000 x 1,000 x 1,000 array U-235 500 500 0.94 1 0.025 ,

(cubic lattice)

4 1,000 x 1,000 x 1,000 array Pu-239 280 800 0.93 1 0.02
(cubic lattice)

(a) Reference 3, pages 12, 14, and 35.
o
O(b) Reference 3, page 12. o
6
D

$

UI
e

I

\ j
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In the case where the shipper wishes to ship a mix-

ture of the fissile isotopes considered here, the following

conditional equation may be used to determine the mass limit
for shipment:

:

fMg y gy),

Limit -

g

where:

MK = mass (grams) of K$b fissile isotope
to be shipped

Limit = mass limit (grams) (maximum shipment)y
for the K5b fissile isotope

K = an index number assigned to each fissile

isotope (i.e., K=1 for U235; K=2
for Pu239; and K=3 for U233),

6.2.3. Shipment with inner Container

6.2.3.1 Calculational Model

The configurational model of the modified BMI-l cask

used for the criticality analysis is shown in Figure 6.3. The

fissile material is assumed to contain an H/X ratio not greater

than 20 and is locaced in a spherical volume at the geometric

center of the container. The remainder of the inner cavity of'

the container is aasumed to be void. ,
,

The criticality calculations for Fissile Class I

shipments were performed on a 1,000 x 1,000 x 1,000 array of
BMI-l casks. This array was assumed to be infinite for

calculational purposes.

i
I .

- , - - . _ _ . _ ,
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d
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*
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t
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FIGUPE 6.3. CALCULATION MODEL UTILIZED IN

CRITICALITY EVALUATION
.
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6.2.3.2 Results

The results of the KENO calculations are given in

Table 6.2. These results shew that an infinite array (i.e.,

1 billion units) of BMI-l casks, using an inner container each

of which contains 1,000 grams U-235 or 600 grams Pu-239, remains
subcritical. Since Pu-239 is more reactive on a mass basis
than U-233, 600 grams of U-233 in an infinite array would also
be suberitical.

Since the lattice extent was found to be unimportant

for the arrays of casks without inner containers, it is obvious

that a 3 x 3 x 3 cubic array of casks (Fissile Class II) with

inner containers and with 1,000 grams U-235 or 600 grams Pu-239

would also be subcritical.

In this case where the shipper wishes to ship a mixture

of the fissile isotopes considered here, Equation (1) may be used I

to determine the mass limit for shipment. |
l

|

.
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TABLE 6.2. RESULTS OF KENO CODE CALCULATIONS OF KEFF .

FOR SHIPMENT WITH AN INNER CONTAINER

Mass Fissile H/X
Run Fissile Material Atomic
Ho. Description Material (grams) Ratio eff

1 1,000 x 1,000 x 1,000 array U-235 1,000 0.83 1 0.02 7'
(cubic lattice) ta

2 1,000 x 1,000 x 1,000 array Pu-239 600 20. 0.91 0.02
(cubic lattice)

S
o
8
U.

g.

u,

.

.
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6.3 Criticality Evaluation for BRR Fuel Elements

6.3.1 Package Fuel Loading

The modified EMI-l shipping cask is a cylindrical,

double-walled stainless-steel vessel, in which the space between

the inner and outer shells is occupied by lead shielding. Fuel

assemblies are positioned within the central cavity by two identi-

cal stainless-steel clad boral plates acting as center dividers

as shown in Drawing 0004, Rev. B.
For this analysis, BRR fuel elements with 200 g of

U-235 were considered. Each is 3.16 x 3.00 x 23.25 in., fueled

length. A description of a standard fuel assembly for Batte11e's

Research Reactor is given in Figure 6.4. Each fuel assembly is

a heterogeneous mixture of Al, H 0, U-235, and U-238. The2

composition of a BRR fuel element is given in Table 6.3.

TABLE 6.3. COMPOSITION OF BRR'S FUEL ASSEMBLY

Atoms or Molecules

Material Weight, gm per cc (Volume Homogenized)

HO 2725 2.5253 x 10222

Al 2780 1.7188 x 1022
U-235 200 1.41 x 1022
U-238 15 1.05 x 1019

A cross section of BMI-l shipping cask's fuel basket

is shown graphically in Figure 6.5 and in detail in Drawing 0004.

This is the fuel basket used to ship the fuel element assemblies.

The dimensions of each of the 12 cavities are 3.34 x 3'.34 in. The

fuel assemblies are shipped into these cavities.
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6.3.2 Calculational Model

The fuel assembly was volume-homogenized for
calculational purposes. Since the thermal flux is depressed

,

in the fuel and peaks in the water of the cell, this is a

conservative approximation, i.e. , one that would tend to give
j relatively greater importance to the fuel and overpredict the

value of K gg.e

The effect is known to be small.

In order to properly account for transverse leakage

effects, Fe-Pb-Fe end plugs for the BMI-l cask were incorporated

into the two cask systems as shown in Figure 6.6.

|
A void region was also defined between the casks in

order to increase the effect of neutron interaction between casks
I (see Figure 6.7 for details). The remainder of the two cask

systems was immersed in a water reflector.

A 16-group set of cross sections was used. This mod- \

ified Hansen-Roach set has been shownI4) to predict, accurately,
values of Kegg when used in conjunction with the KENO program
for systems such as the one described here.

6.3.3. Package Regional Densities

Table 6.4 gives the number densities for a basket

cavity with a fuel assembly in it (volume fraction of fuel

cell, 0.85, volume fraction of water, act in the cell, 0.15).

TABLE 6.4 NUMBER OF ATOMS PER CC IN THE
HOMOGENIZED FUEL BASKET

Element N x 1024

H 0.052981
~

O 0.0264905
"

A1 0.0146098|

i U-235 0.0001199
U-238 0.0000089

. - - .-
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When considering the cruciform boral plates a simple

volume homogenization is not adequate since it does not account

for self-shielding effects, and thus would tend to over-estimate

the boron absorption.

The total reaction rate in the homogeneous mixture of

absorber (boral plates) and diluent (Al-cladding and SS) ,

V Z8, can be related to the reaction rate of each of the componentsT
by:

V T I Y ?a a + VdddT ( 'T a

where v,, V ' Y, refer to the volumes of the absorber, the diluent,d T
and the total, respectively. Equation (2) can be interpreted as

a defining equation for proper homogenization, with the average

flux defined by:

V T" Y Taa+Ydd (3)*T

Using Equations (2) and (3), the properly homogenized number

densities, N, are then found to be:

O
V* N (absorber)

(4)N (absorber) = i

Vf+V
s

a

and

VfN (diluent)
($)N (diluent)

*=
_

,

V;ta + vg
e , ,

'

s

l

i

_- . . , , --
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Owhere f indicates vol'ume fractions and N are the true number
densities of absorber and diluent materials. A ratio of the

surface (Td* s) to average flux in the absorber I /T iss a
equivalent to volume-homogenized number densities. The effect

of using Ea.uations (4) and (5) is to decrease the simple volume
weighted number density of the absorber and to increase that of
the cladding, as expected.

The boral plate, 62 mils thick, is composed of a
o.103 cm thick B C-Al plate containing 35wt/o B C in the

4 4

B C-Al mixture (65 w/o Al, 27.4 w/o B, 7.6 wt/o C), and clad with
4

aluminum. There are also two outer SS plates, each 31 mils thick.

The volume fractions of diluent A1, diluent SS, and absorber

B C-Al mixture are, 17.3 percent, 50 percent, and 32.7 percent,
4

respectively.

It has been shown(5) that conventional calculations of the
absorption cross-section of boral do not consider channeling of
neutrons due to B C lumping. Experimentally, it has been verified (6' '

4
that B C lumping in the boral plates reduces the thermal neutron

4
absorption cross-section about 20 to 30 percent. This implies that

the number density (above) of B should be reduced by that factor

for computation of the absorption cross sections. It can be shown

that:

's " 2(2 - 3) V
E a 5'e ,

_.

'a

where S is the capture fraction, and V and S refer to the volume
and surface of the absorber. For a slab,

( 8)

.f =
2 - r# *a

a
.

.
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For heavy absorbers,'S i 1, we have

t

1 = t,t .

*a

Where I, is the absorption cross section of B C-Al mixture and4
-1

I is the thickness of the plate. I * 17.664 cm t = 0.103 cm,,a
therefore,

o

s = 1.82 .-

*a

The properly homogenized number densities are then,

24
(0.173) (0.0602) x 10 24

= 0. 0122 x M ,

Nd (A1) (0.327)= + (0.173 + 0. 5 ).82)

24
(0.327) (0.0392) x 0.7 x 10 24= 0.00578 x 10IA1) " . ,

a (0.327 + (0.673) (1.82)

6.3.4 Results

The k,gg for two BMI-l shipping casks loaded with 24 BRR
fuel elements (200 g of U-235 per element) , having the inner cavity
filled with water, a void between the casks where they are in

contact, and the cask systems surrounded by a water reflector was
calculated to be: f

k,ff = 0.934

with a standard deviation of t 0.0099. -
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6.4 Criticality Evaluation for MTR Fuel Elements'

The MTR fuel assemblies to be shipped comply in type and
I form to 5(b) (1) (i) of the present BMI-l container license. The

modified basket maintains the identical geometry for the active
fuel portion of the MTR assemblies as the licensed package
containing 24 assemblies. The criticality analysis for shipment r

of 24 assemblies is detailed in Section 6.3. The present shipment
i

represents the same geometry as analyzed in Amendment 5 e.scept the
length of the active fuel is reduced from 48 inches to 24 inches.
This is a less critical le tg and geometry than analyzed in.

Section 6.3 Thus, the shipment of 12 MTR assemblies in the modi-
fled basket will remain subcritical in the most reactive credible
configuration.

6.5 Criticality Evaluation for Fermi Fuel Elements

The Fermi fuel subassembly cuntains 18.616 kg of uranium,
including 4.771 kg of uranium-235. The subassembly as shipped is

;

2.6 inches square and 31 inches long. The H to U235 atomic ratio
for the Fermi element is about 10. .According to the Nuclear Safety
Guide,I7I Figure 3 pp 15, safe infinite cylinder diameter is about
4.7 inches. With copper shot displacing water, the critical mass
would be larger. Thus, under normal conditions, there is no i

criticality problem.

The melting points of all the materials in the fuel element
are above 2000 F (U-10 w/o Me fuel alloy with zirconium cladding) .
Since it is not expected that this temperature would be encountered
during shipment, the fuel element configuration will be maintained,
and there is no danger of meltdown.

.

I

^ ' ' = - ' - - - ,,-- ._ _ _ _ _,
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6.6 Criticality Evaluation for TRIGA Fuel Elements

6.6.1 Package Fuel Leading

Irradiated Triga Type III fuel assemblies con-

taining not more than 40 grams U-235 per assembly prior to
irradiation. Uranium may be enriched to a maximum 20 w/o in
the 'J-235 isotope. Active fuel length shall be 15 inches for

stainless steel clad assemblies and 14 inches for aluminum clad
assemblies.

38 fuel assemblies as contained in product containers

specified in 5 (a) (4) (iv)..

6.6.2 Results

Experiments have shown that in an optimally moderated
array, critcality is achieved with 60 TRIGA fuel elements. Informa-

tion on these experiments is contained in "Torrey Pines TRIGA MARK
III Reactor Startup and Post Critical Tests", GAMD-7445. Only

38 elements will be shipped in the BMI-l cask and the geometry for ;

shipment is highly nonideal. Structural analysis shows the

basket maintains its integrity during the accident sequence. Thus

the shipment of 38 elements will remain subcritical under both
the normal and accident conditions for transport.

6.6.3 Criticality Measurements

Following are the results of the loading-to-critical

experiment in the University of Arizona TRIGA. The aluminum-clad
fuel is the fuel which we anticipate shipping to the University

of Utah at Salt Lake City, Utah. The measured value of k for the
38-element loading in the most reactive configuration is seen to
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be 0.83; however, by curve fitting as shown in Fi.gure 6.8 the

best value would be a k of 0.80.

s
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TABLE 6.5. MEASURED RESULTS DURING LOADING TO CRITICAL
IN TRIGA AT THE UNIVERSITY OF ARIZONA

-

" ~

Fuel Elements CPM

0 188 1

6 188 1

16 317 0.76

25 495 0.38

33 678 0.28

38 1135 0.17

42 1543 0.12

46 2111 0 . 0 t'
.

50 3722 0.05

58 Critical 0

_ _ .
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6.7 Criticalif.y Evaluation for PULSTAR Fuel Elements

6.7.1 Package Fuel Loading

The BMI-l shipping cask is a cylindrical, double-walled
stainless steel vessel, in which the space between the inner and

outer shells is occupied by lead shielding. Fuel assemblies are

positioned within the central cavity by a stainless steel fuel

basket (containing 12 fuel assemblies) and are supported by a

circular stainless steel plate welded to a stainless steel

cylinder which occupies the bottom part of the central cavity
of the cask. A permanent neutron poison is provided by stainless-
steel clad boral plates which serve as center dividers of the

basket.

The spent fuel to be shipped is of the Pulstar type

with 6 percent enriched UO2 encased in Zircaloy-2 cladding. Each

fuel pin is 26-1/8 inches long with an CD of 0.474 inch. Each

fuel pin contains an average of 572.80 grams of CO2, 505.2 grams

of U, and 30.28 grams of U-235. The fuel pellets are 24 inches

long. The cladding is 0.020 inch thick and Zircaloy caps are

welded at the ends of the fuel pin. These fuel pins are to be

loaded into stainless steel canisters (see Figure 6.9), 21 per

canister. .The canisters are to be loaded into the 3MI-l shipping

cask, 12 per cask. A cross-section of the fuel basket is shown in )
Figure 6.5. The 12 canisters fit into the 3.34-inch-square spaces |
provided for by the basket. The basket spacers are made of

1/10-inch stainless steel except the central ones (both vertical

and horizontal). These are 1/8-inch stainless steel clad boral

plates.

Figure 6.10 shows the overall geometry of the loading in

the vertical plane. This geometry fits snugly into.the central

cavicy of the cask. This cavity is 15-1/2 inches in diameter by

I

.
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54 inches long. The cask has an inner stainless steel cylindrical

shell which is 1/4-inch thick, an outer stainless steel cylindrical
!

shell which is 5/8-inch thick, and 8 inches of lead between these
shells on the sides. The stainless steel shell below the cavity1

is 3/4-inch thick, the cask bottom is 1-1/8 inc;t thick, and there
is 7-3/4 inches of lead below the cask cavity. The removable plug

at the top of the cask has 3/4-inch stainless steel at the bottom,
7-3/4 inches of lead, 1-1/8 inches of stainless steel at the top,
and 1/4-inch stainless steel cylindrical sides.

!

6.7.2 Normal Conditions

The shipment of fuel is to be made dry. The total mass of
U-235 in the 12 canisters, each containing 21 pins, is then
7.631 kg. The minimum critical mass of 92.5 percent enriched
uranium, full reflected, is 22.8 kg(7). Thus even for two dry

packages in contact and reflected on all sides by water, k gg < 1.e

6.7.3 Accident Conditions

i

'
6.7.3.1 Calculational Model

.

Under accident conditions for Fissile Class III materials,
one shipment of packages is to remain subcritical with optimum
hydrogenous moderation and close reflection by water.

In this sase the first task is to find what loading of

the fuel storage canister is most reactive when the canister is
flooded with water. As a guide in this determination it is noted
here that based upon initial cold, clean conditions the minimum
number of fuel assemblies required for criticality is slightly in
excess of 16 for light water moderation (8) Each fuel assembly.

consisted of 25 fuel pins with a nominal pitch from pin to pin
of 0.606 inch. Furthermore(8), as indicated by the decreasing

-
.

__ _ - . - - . ._.
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curvature of the plot of inverse count rate vs number of fuel

assemblies the Pulstar design results in an undermederated core

for the 6 perca.nt enrichment. For this loading there are

25 pins in a square with sides of length approximately 6 x 0.606
or 3.636 inches. Thus there is about 0.53 square inches per pin.

At this same areal density a fuel loading canister which is
square and of length 2.76 inches on the inside will hold
(2.76)2/0.53 = 14.38 pins. Since this loading is undermoderated,

maximum reactivity for the accident condition should occur at a

loading of less than 14 pins /can.

To determine the pin / canister loading at which maximum
reactivity occurs, a number of computer calculations were made in
which this loading was varied. All of the calculations were done

using the 23 group nettron structure available with the AMPX-1
modular code system (9) This consists of the 80 GAM-II groups.

combined with a 30 group THERMOS structure below 1.85 ev. For

each of 4 pins per canister loadings the value of K. was found

in the following way. First a NITAWL(9) calculation was made for
a unit fuel cell configuration. NITAWL corrects for resonance

self-shielding in the U-238 of the fuel pin using the Nordheim

Integral Treatment and " cell-averages" the resonance crces
I9Isections. Then an XSDRNPM calculation was done. This is a

one-dimensional transport calculation of k.. XSDRN also spacially

weighs the cross sections of the unit fuel cell, i.e. , it gener-

ates cross sections consistent with mccking up a cellular configura-

tion as a homogenized region. The spatial " disadvantage factors"

are taken into account in the weighing. These cross sections can j

then be used as input to a KENO calculation to find keff of a
finite system.

The results of these code calculations are shown in
Figure 6.11. A leading of 12 pins per canister was selected as
being the most reactive. The spacially weighed cross sectio,ns

!
l

)
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|
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i
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found in this run are the ones used to represent the fuel region

in a KENO (10) run which was done to find the value of k gg fore

the hypothetical accident condition.

The KENO calculation was done using the generalized

geometry package (GEOM), which allows any system that can be
described by a collection of clanes and/or quadratic surfaces
arbitrarily oriented and int..secting in arbitrary fashion.

Figure 6.12 shows a horizontal cross sectional representation
of the loaded BMI shipping cask flooded with water and immersed
in water. In the vertical direction the geometry was divided

into six zones. These zones, in order from bottom to top

correspond to the following six regions: bottom of 6-inch

reflector to bottom of cask, bottom of cask to bottom of fuel,

bottom of fuel to bottom of basket, bottom of basket to top of

basket top of basket to top of cask, and top of cask to top of

6-inch water reflector. The third zone from the bottom was

further divided into four blocks (quadrants) for ease of

representation and the fourth zone from the bottom was divided
into eight blocks. The modeling of the geometry was made conserva-
tive in that in zone 112 the canister material was replaced with j

watez, in zone 114 the fuel region was axtended to 3.92 1.7ches |
upwar t to the top of the basket, and in zone 115 the canister
materisl was again replaced with water.

6.7.3.2 Package Regional Densities

The KEMO calculation requires as input the number
densities of five mixtures. These are the homogeni zed fuel,

the stainless steel, the boral poison plates, the lead shield,

and the water moderator and reflector. The fuel !?ading is that

of 12 pins per canister with a volume of (2.76)2 x 24 in.3 or

= |



1

6.34 Documenc 15

SUNY FuelH O Reflector s g
2 Stainless Steel

_\ Cylinders

\
\
\

\
Wm8 1

- \ (

12MEMP"2 1
Moderato e'

\ -
,

'W% 4' ,

N /3
Boral Cruciform Lead Cylinder

.

FIGURE 6.12 KENO CROSS-SECTIONAL REPRESENTATION OF
'

BMI'S SHIPPING CASK IMMERSED IN WATER

.



6

6.35 Document: 15

2995.92 cc. The 12 pins occupy a volume of 832.80 cc and water
occupies the remaining 2103.12 cc. The 20 mil zircalloy cladding

occupies a volume of 134.63 cc. The homogenized number densities
for this configuration are given in Table 6.6.

TABLE 6.6. NUMBER OF ATOMS PER CC IN THE
HOMOGENIZED FUEL REGION

24
Element N x 10

'

U-238 O.0048140

U-235 0.0003109

H 0.0482800

0 0.0342200

Zr 0.0019110
--

The stainless steel is a mixture of 19 percent chromium,

10 percent nickel, and 71 percent iron with a density of
7.904 grams /cc. The resultant number densities are given in

Table 6.7.

TABLE 6.7. NUMBER OF ATOMS PER CC
IN STAINLESS STEEL

4
Element N x 10

Cr 0.017400

Ni 0.008114

Fe 0.060520
'
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When considering the poison boral plates, a simple
volume homogenization is inadequate since this does not account
'!or self-shielding effects and thus would tend to over-estimate
the neutron absorption of the bacon. Experimentally it has been
shown (5 ) that B C lumping in the boral plates reduces the thermal4

neutron absorption cross section by 20 to 30 percent. Thus the

number density of boron should be reduced by this factor for the
computation of absorption. In order to be conservative, only

1/2 the calculated boron number density was used in the KENO
computation. The plate was made up of a B C-Al core with a4

thickness of 0.04 inch, a density of 2.64 g/cc, and containing
35 wt percent B C and 65 wt percent aluminum. On each side of

4

the core were an aluminum cladding with density p= 2.71 and

thickness 0.011 inch and a stainless steel cladding of thick-

ness 0.031 inch. The number densities are given in Table 6.8.

TABLE 6.8. NUMBER OF ATOMS PER CC
IN BORAL POISON PLATE

Element N x 10

B 0.00648

C 0.00324

A1 0.02311

Cr 0.00870

Ni 0.00405

Fe 0.03026

:

.

i

!

h
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The number density in the lead with a density of
2411.005 g/cc is 0.03199 x 10 atoms /cc. Water with a density

of 1.0 contains 0.066863 x 1024 atoms /cc of hydrogen and

0.033432 x 1024 atoms /cc of oxygen.
'

6.7.3.3 Results

The computed value of k,ff is

k gf = 0.843 1 0.010 .

Table 6.9 gives a summary of criticality results.

a
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TABLE 6.9. FISSILE CLASS III (I , II, III)
v

Fissile Class
! NORMAL CONDITIONS I II III

.

Number of undamaged packages calculated
to be suberitical

(Fissile Class I, must be infinite;
Fissile Class II, must be at least 25; 2
Fissile Class III, must be at least

i
,

identical shipment) .
..,

Optimum interspersed hydrogenoas
moderation; yes, required for-

.

No
Fissile Class I. !

I

I
Closely reflected by water; yes, '

,

required for Fissile Class II Yes
and III. j

I
Package size, cu em 1.04 x 107! '

,

l

ACCIDENT CONDITIONS

Number of damaged packages calculated
to be subcritical (Fissile Class I i,

'

must be at least 250; Fissile Class I 1
II must be at least 10).

,

:

T

Optimum interspersed hydrogenous i|moderation, full water reflection Yes ;

Package size, cu em 1.04 x 10 i
'

'
|Fissile Class II, minimum transport'

index (must not exceed 10).
4

e

.s

|
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7. OPERATING PROCEDURES

7.1 Crocedures for Loading The Package

The procedures outlined in this section are applicable

for handling the BMI-1 Cask during loading of the package at

Battelle-Columbus Hot Laboratory at West Jefferson, Ohio. It

should be used by other facilities as a guide in their oper-

ational planning.

7.1.1 Preuse Test and Examination

7.1.1.1 Preuse Test

The Preuse Tests shall be performed immediately_be-

fore or during loading for each use. At each use the canister

(if applicable) and cask shall be individually subjected to a

50 psig minimum pressure test after they have been loaded and

the lid secured in place.

The purpose of the pressure leak test is to establish

that the seal of the canister and cask has been accomplished and

meets the sealing requirements. The maximum permissible leak
-3

rate permitted for the BMI-l cask is 9.24 x 10 atm-cc/sec.
According to ANSI Standard N-14.5, the required sensitivity of

a leak test to detect this degree of leak is 4.62 x 10-3 ,g,_ccf
sec. The Soap Bubble Leak Test Procedure described below has a

-3sensitivity of 1 x 10 atm-cc/sec and, therefore, meets the

requirements.

Procedure, Soap Bubble Leak Test

(1) Load and close containment car.15cer or cask
~

according to the loading procedure.
~

(2) Attach a pressurized air or inert gas line to

the pressure port as applicable. Use Teflon -

REV. A. 3-28-80
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tape or'other compatible sealant material
on threads.

(3) Slowlypressurizeto50[fpsig.
(4) With a " soap bubble" detection liquid (i.e. ,

SNOOP), flood the seal region and pressure

port attachment.

(5) Observe for a minimum of (2) minutes re-
applying solution as required to maintain

heavy liquid film layer.

(6) At the completion of a successful test, de-

pressurize slowly and remove solution by con-

venient method.

(7) Remove pressurization line and insert plug in

pressure port according to the loading proce-

dure. Close pressure port valve if applicable.

(8) The acceptance criteria is that there shall be

no evidence of bubble formation indicative of

a leak. Failure to meet this criteria consti-

tutes failure of the test and requires that the

cognizant supervisory personnel be notified and

corrective action be initiated.

7.1.1.2 Preuse Visual Examination

Prior to each use the following visual examinations

shall be performed.

(1) Cask Bodv. The cask shall be examined for any

obvious deformities or flaws especially in weld

area which would impair the safety of the cask.

The lid bolt holes shall be examined to assure

that they are clean and free of any foreign

material and that the threads are not' damaged.

The bolts shall be examined for damage and
~

REV. A. 3-28-80
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~

replaced if needed. The drain valve shall be

inspected to assure that it operates freely.

The threads and gaskets on the drain housing

and drain housing cover plate shall be examined

to assure that the cover fits properly on the

housing. The 0-ring seat on the cask body and

cover shall be inspected to assure that they

are free of any scratches which would impair

their sealing ability. The lid 0-ring shall be
,

inspected for cuts, deformities or other

irregularities. The safety plugs shall be in-

spected for any flaws. The upper pressure re-

lief valve and pressure gage shall be inspected

for flaws and proper operation before each cask

use and the gage calibrated on an annual

schedule.

(2) Skid. The skid shall be examined to assure that

j it is not twisted, bent, or otherwise damaged such

that it would impair the safety of the package.

If the skid is not attached to the cask, the bolt

holes in the skid shall be inspected to assure

that they are free of foreign material and that

the threads are not damaged; and the bolts shall

be examined to assure that they are not damaged.

(3) Canisters and Baskets. The canisters and baskets

shall be inspected for any deformed areas. Any
0-ring and seal surfaces shall be examined for

; scratches or other irregularities which would

impair the sealing ability. The balls or lifting

eyes shall be inspected to assure that they are

not frayed or otherwise damaged and that their

attachments to the units are secure. ' Pressure
ports and plugs shall be inspected for any damage

REV. A. 3-28-80
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or deformed threads Jhich would affect the seal-

ing ability. Welds shall be inspected for

cracks and flaws.

7.1.2 Preloading Ooerations

Prior to each use the following shall be verified as be-

ing in compliance with USNRC Certificate of Compliance Permit Num-

ber USA /5957/B()F:
(1) Permit is current and applicable.

(2) Shipper is registered as a user under

Section 71.12(b) of 10 CFR Part 71.
(3) Assure contents will qualify as to

material type, form, and maximum quan'.ity.

This shall include meeting the limits for

decay heat, fissile quantities and external
,

radiation limits.

(4) Determine the requirement for an internal

containment canister or basket.

(5) The maximum gross weight of the cavity con-

tents shall not exceed 1800 pounds.

(6) Verify that the consignee is properly license'd

to receive the material and that its license

is current.

7.1.3 Leading the Cask

Conduct the loading procedures as stated below after the

preloading operations have beec completed. Notify the cognizant

supervisor if any damage or deficiency is noted and perform cor-

rective action as directed.

.

REV. A. 3-28-80
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Procedure

(1) Carefully lift the cask, by using the lifting

yoke or by lifting beneath the skid with a

forklift truck. Move to wash area if required,

otherwise to preparation and loading area.

(2) Wash the cask and place it on blotting paper, if

required.

(3) Remove the cover from cask drain valve housing.

(4) Remove the plug from the drain, assuring the

drain valve is closed before the plug is removed.

(Pressure gauge should read zero.)

(5) If the cask was not opened upon last receipt, per-

form an internal pressure and liquid check using

NS-PI-1.4 (Section 7.4.2) as a guide.

(6) Inspect the drain valve.

(7) Remove all cask lid bolts.

(8) Insert hooks into the cask lid lifting plate.

(9) Remove the cask lid with continuous monitoring

by Health Physics.

(10) Perform the preuse inspection described in

Section 7.1.1 and perform any required corrective

maintenance.

(11) Pour liquid into cask cavity and collect from

drain valve to insure clear drain line.

(12) Ensure that.the cask 0-ring is properly seated in

the lid groove.

(13) Close the drain valve and insert drain plug if

loading dry. Leave open if loading plan requires

underwater loading.

(14) Check all dimensions of containers, cask, loading

areas, crane travel, etc., to assure that all

operations can be performed.

(15) Move the cask to the loading area.
.

REV. A. 3-28-80
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(16) Perform a preuse inspection of the contain-

ment canister or basket (if one is used) ac-
cording to the procedures described in Sec-

tion 7.1.1.2 and perform any required corrective

maintenance.
(17) Load the canister or basket with the radioactive

material.

(18) Place the lid on the canister or basket and bolt
in place. Torque the canister bolts to 60 +

10 inch-pounds.-

(19) Perform the canister-cask pressure leak test ac-

cording to the procedures described in Sec-

tion 7.1.1.1. Decontaminate the canister if

applicable.

(20) Lift the canister or basket using a suitable method

and insert it into the cask cavity. Do Not Drop. ,

(21) Place the lid on the cask and secure with at least

two lid bolts.

(22) Remove the cask from the loading area, monitor the

cask to assure that radiation limits for shipment

outlined in Section 7.1.4.1 will not be exceeded,

and then move to a designated area.

22a. Check the coolant (if liquid shipment) for

activity after the cask has stood for at

least 4 hours (activity shall not exceed

that specified for 10 CFR 71.35A3 or DOE

Manual Chapter 0529).

22b. Drain 5 percent of the water from the cask

to provide expansion space for the water due

to changes in ambient temperatures. Close

and plug drain and flush valves. When

needed, use a compatible antifreeze ,

,

REV. A. 3-28-80
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mixture to prevent damage to any com-

ponents of the package due to freezing.
(23) Insert the remaining cover bolts and tighten in

alternati.ng sequence to 50 foot-pounds.
(24) Perform a preliminary smear survey and decontami-

nation, if required, to meet the facility handling
requirements.

(25) Perform a preuse pressure leak check on the cask

lid seal, pressure system, and drain valve ac-
cording to procedures described in Section 7.1.1.1.

(26) Install the plugs in all valve outlets using

Teflon tape or suitable material on threads.

(27) Install all cover plates after inspection to

assure the areas are contamination free prior to

covering.

(28) Remove the lid-lifting hooks from the lid and

attach cover plates to the four lifting eyes.

(29) Transfer the cask to the skid.

(30) Bolt the cask onto tite skid and secure the cask
to the skid with turnbuckle anchors.

( 31) Assure the cask temperature requirements as

follows.

(1) Temperatures on any accessible surface
may not exceed those specified in 10 CF2
49 Section 173.393e2. (In the shade, as-

suming still air at ambient tamperatures.)

(a) 122 F nonsole-use vehicle. ,

(b) 180 F sole-use vehicle.

(2) For liquid shipments, insert thermocouple

into well in the lid and follow the cask

temperature until it ccmes to equilibrium.

REV. A. 3-28-80 -
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The equilibrium coolant temperature

may not exceed 270 F minus the dif-

ference between 100 F and actual am-
bient temperature.

7.1.4 Final Preparation for Shipment of Package

7.1.4.1 Radiation Surveys

The following procedures shall be followed to assure

compliance with the applicable Federal Regulations and BCL re-

quirements for commercial motor freight shipments.

| (1) Perform and record a complete radiation survey

of the cask and support equipment. The shipping

limits are as follows:

(a) Dose rato may not exceed 200 mrem /hr at

cask surface or personnel barrier and is

not to exceed a transport index of 10 per

package and 50 total for all packages for

nonexclusive use of vehicle and any other

open transport vehicle.

(b) Dose rate on cask may not exceed 10 mrem /hr

at 3 feet from the cask surface, as per the

Certificate of Compliance, and 200 mrem /hr

on the external surfaces of the vehicle

(exclusive use, closed transport vehicle

only. ),

t

(c) Dose rate may not exceed 10 mrem /hr at

6 feet from the vertical planes projected

from the outer edges of the vehicle (open

or closed vehicle).

| .

REV. A. 3-28-80
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(d) If the dose rates exceed these levels,

notify the cognizant engineer, and await
his instructions for corrective action
before proceeding.

>

7.1.4.? Smear Survey

Procedures

(1) Decontaminate the cask until removable contami-
nation on all accessible surfaces is <2200

2dpm/100 cm SY and <220 dpm/cm a. These

limits may be exceeded if the conditions and

limits specified under 49 CFR 173.397 are met.

(2) Document the smear survey on Form HPS-Sl-73
(Section 7.4.3).

7.1.4.3 Security Seal

Procedure

(1) Attach a seal to the cask lid, drain line cover,

and upper pressure port cover, which is not

readily breakable and which, while intact, will

be evidence that the package has not been

illicitly opened.

(2) Record the seal number on Form HPT-1-76 (Sec-
tion 7. 4. 4) for the consignee's verification

upon receipt.

7.1.4.4 Label and Markings

i Procedure

(1) Attach two address labels identifying both con-

signor and consignee and their addresses.

REV. A. 3-28-80
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Additional identification may be added as

applicable.

(2) Fill out and attach two radioactive material

hazards labels or " Empty" labels as applicable.

(3) Verify that all container identification in-

formation is attached as required by the

regulations.
.

7.1.4.5 Packing List

Procedure

(1) Attach a packing list to the cask container at

a minimum, the completed Form HP2-1-76 (Sec-

tion 7.4.4) and Operating Manual NS-COM-1.( '

(Unless previously supplied to receiver.) Ad-

ditional information which may assist the motor

carrier and consignee may also be included.

7.1.4.6 Shipping Documents

Procedure

(1) Prepare ard obtain required signatures on a

Bill of Lading (Commercial or Government) in

accord with applicable regulations.

(2) Complete Form HPT-1-76 (Section 7.4.4) for

attachment in packing list and for internal

and external distribution.

7.1.5 Quality Assurance

(1) To assure that all critical functions ,are per-

formed, the shipper for all shipments originat-

ing outside BCL shall complete the applicable

(1) References for Section 7.are found in Section 7.4.1.
REV. A., 3-28-80
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Work Completion Check Sheet in Section 7.4.5,

or provide similar documentation.

(2) For shipments originating within BCL, the

Quality Assurance Documents of NS-PI-1(
shall apply.

7.1.6 Package Transport

(1) Transfer the cask to the trailer.

(2) Secure the cask on the trailer using four

chains and binder sets, attach each set to

the four tiedown eyes provided at the top

of the cask, and rigidly secure to the trailer.

The chain shall be at least the equivalent to

Columbus-McKinnan 5/16" G-70 with a working

',
load of 4700 pounds and an ultimate load of

18,800 pounds. The linders shall have an

equivalent rating. The supporting yoke shall
! be secured to the trailer bed with chains and

binders of the same rating.

(3) Apply Radioactive placards to all four sides

of the trailer if applicable.

(4) Obtain approval of the driver and cognizant

facility supervisor that the load and trailer

are properly secured, marked, and sealed.

(5) Seal the trailer doors and record if applicable.

(6) Review any Emergency Instructions with the driver

and be sure they are clearly understood by him.

(7) Ensure that all trailer lights and brakes are

operating properly, and that tires are in satis-

factory condition.

(8) Transmit all applicable documents to the driver.

These should include but not be limited to copies

*
REV. A. 3-28-80
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(a) Bill of Lading

(b) Radioactive Shipment / Receipt Form,

HPT-1-76 (Section 7. 4. 4)
(c) Emergency Instructions.

(9) Release shipment to vehicle driver.

7.1.7 Postshipment Requirements

The following actions shall be taken after the vehicle

leaves the f acility.

(1) Notify the consignee of the shipment, ETA, and

any special instructions by mail, telephone, or

telegraph as applicable.

(2) Distribute documents internally as applicable.

(a) For shipments of accountable material the

consignee's and consignor's Materials .,

Accountability Section shall be notified

no later than the day of the shipment.

(3) Maintain contact with the consignee to verify

safe arrival of the shipment.

7.2 Procedures for Unloading the Package

7.2.1 Receipt of Package

(1) Move the transport vehicle to the unloading ar a.

Secure the trailer prior to removing the tractor

(if applicable).

(2) Survey and smear the tractor compartment and semi-

trailer bed and remove any barriers.

2.1 Limits are per Sections 7.1.4.1 and 7.1.4.2.

2.2 If radiation and smear limits are exceeded,

perform a major survey and decontamination.

REV. A. 3-28-80
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(3) Perform radiation and smear surveys on external

surfaces of the cask and support equipment.

Record the results.

3.1 Limits are per Sections 7.1.4.1 and 7.1.4.2.

(4) Notify the Facility Supervisor of the survey re-

sults, seal and damage inspections, and obtain

his authorization and instructions to unload the

cask from the trailer and move it to a designated

area.

(a) Check the seal identification and integrity.

Compare the seal identification with that

appearing on the shipper's documents. Notify

a cognizant supervisor of any apparent security

violation and await his instructions.

(b) Inspect the external cask components and sup-

port equipment for apparent damage or defi-

ciencies and report these to a cognizant

supervisor.

(5) Remove the cask from the carrier by using the yoke

provided or suitable chain or cable.

(6) Survey and smear the trailer area where the cask |_ _

was located.

6.1 Limits are per Sections 7.1.4.1 and 7.1.4.2.

6.1.1 The radiation dose rate on any acces-

sible surface of an empty transport

vehicle shall not exceed 0.5 mrem /hr
at the time it is released for public

use.
(7) Move the cask to a designated area.

(8) Clean road dirt from the catak if required.

(9) Loosen the tension on the tiedowns with the turn-

buckles and detach the tiedowns from the cask.-

REV. A. 3-28-80
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(10) Unbolt the cask from the skid plate.

(11) Mark the orientation of the lid in relation

to the cask body.
-

(12) Move the cask to the facility storage or unload-

ing area.

(13)~ Tag the cask with identification of the contents

and radiation survey data.

7.2.2 Unloading the Empty or Loaded Cask

The following unloading procedures shall be followed at

the BCL Hot Laboratory and should be used as a guide for opera-

tional planning by other facilities.

Procedure

(1) Review unloading instructions and any special

handling, safety, and security procedures.

(2) Check the cask for internal pressure by observing

the pressure gage in the pressure control system

box. Check for undocumented liquid using Procedure

NS-PI-1.4 (Section 7.4.2) as a guideline. Some

shipments are authorized to be shipped wet.

(3) Remove the lid bolts. Insert hooks into the lid-

lifting plate.

(4) Lift the lid from the cask in an area properly

controlled for radiation and contamination. Per-

form a radiological survey as required.

(5) Remove the containment canister or other internal

containment devices from the cask cavity using

suitable equipment.

5.1 If the canister is empty, perform radiologi-

; cal surveys on the canister and cask cavity
I and clean both as required in the designated

| cleaning area.

| REV. A. 3-28-80
1

l

|

L



7.15

5.1.1 Return the canister to the cask

cavity if applicable, replace,

the cask lid, secure the bolts,

and proceed to Step 13.

5.2 If the canister contains radioactive material

proceed to Step 6.

(6) Empty the canister and return it to the cask cr.vity

(if applicable).

(7) Replace the cask lid and lid bolts.

(8) Remove the cask from the unloading area and take

it to the cleaning area.

(9) Remove the lid bolts and lid.

(10) Remove the canister and clean it.

(11) Flush and clean the cask cavity with a minimum of

1 gallon of water remove the drain valve cover

drain plug and open the drain.

(12) Drain all liquid from the cavity, close the drain,

replace the drain plug and place the cover on the

drain housing, replace the canister (if applicable) ,

replace the cask lid, and secure the cover bolts.

(13) Decontaminate the cask exterior surface as required.

(14) Label the cask " Empty" and remove it to a storage
area.

(15) If the cask contains an empty canister, this should

be noted on a tag or label.

7.3 Preparation of an Empt*/ Package for Transport |
|

The procedures for shipment of the empty BMI-l cask are

the same as the applicable procedures prescribed for loading the

package, Section 7.1.

REV. A. 3-28-80
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7.4 Aopendix

7.4.1 References

(1) Operating Manual for BCL Radioactive Materials
Package No. BMI-1, NS-COM-1, Revision O,
Battelle's Columbus Laboratories, November 5,

1979.

(2) Procedures for the Use of BCL Radioactive
Materials Shipping Packages - Casks and

,

Canister, Battelle Columbus Laboratories,

NS-PI-1, Revision 0, April 17, 1979.

7.4.2 Pressure Chack Procedures NS-PI-1.4

(1) Cask Internal Pressure and Liquid Check

1.1 To ensure that no cask is opened in a pres-

surized condition, or contains undocumented

liquids, a pressure check shall be made prior

to release for shipment, and after the cask

has been moved to the cask unloading area

following its receipt. The follcwing proce-

dure sball be implemented upon receipt of a

cask.

(2) General Considerations

2.1 Connect the manifold (Figure 7.1) to the cask

cavity drain ulve.

2.2 In the event that liquid enters the manifold

and passes through the filter, the in-line

filter element shall be replaced after the

pressure check.
.

REV. A. 3-28-80
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Cask [ Valve 18 V8 Tthig;LFilter - Gauge
. ,

#

/ /

Pressure and Liquid Check Manifold
FIGURE 7.1

2.2.1 This is done to assure the integrity
of the manifold filter during pressure

checks.

2.3 If any liquid is found in the cask cavity,

it shall be collected and disposed of in a

" hot" drain.

(3) Procedures

3.1 Remove the cask valve cap from the selected

cavity relief or drain valve.

3.2 Ensure that all cask valves are closed.

3.3 Remave appropriate sealing plug from valve

to wh,ch manifold will be attached.

3.4 Assemble the following manifold device (See

Figure 7.1).

3.4.1 1/4 in. pipe nipple - 4 in. length |

minimum - to be attached to the cask.
,

'

3.4.2 Absolute in-line filter.

3.4.3 Pressure gage - 0-50 psig minimum -

gage must be approved for pneumatic
1and hydraulic use.

3.4.4 1/4 in. globe type valve; two required.

3.4.5 Sufficient heavy wall Tygon tubing, or

equivalent, to reach from the cask to

a contamination controlled. area.
'

|
!
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3.4.6 Sight bowl, type ERNST E-57-0, or
equivalent.

3.4.7 Sufficient pipe fillings as necessary

to complete assembly of manifold. .

3.5 With the cask valve and manifold valves closed,

attach the manifold to the cask valve.

3.6 Slowly open the cask valve.

3.7 Observe the sight bowl for the presence of

liquid. Proceed to 3.8 if no liquid is

observed.

3.7.1 If liquid is present, slowly open

Valve 1 and read pressure in cask

cavity.

3.7.2 If no pressure is present, proceed

to 3.7.3.

3.7.2.1 When pressure and/or liquid s

is present, place the exit

end of the exhaust tubing

into the airborne contamin-

ation control area.

3.7.2.2 Slowly open Valve 2 and col-
.

lect the liquid while bleeding

off the pressure.

3.7.2.3 Continue the liquid collection

and pressure bleeding under

constant observation until all
i

liquid is drained from the

cask and the manifold gage

reads zero.

| 3.7.2.4 Dispose of collected liquid in
!

a " hot" drain.
|

| 3.7.2.5 Proceed to 3.9. -

3.7.3 Perform Steps 3.7.2.1 through 3.7.2.4

deleting the portion pertaining to

| pressure bleed off.

REV. A. 3-23-80
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3.8 Slowly open Valve 1 and read internal cask

pressure on the pressure gauge. If no

internal pressure exists, proceed to 3.9.

3.8.1 If the cask is in a pressurized con-

dition, perform Steps 3.7.2.1 through

3.7.2.3 deleting the portion pertain-

ing to liquid collection.

3.9 Close the cask valve.

3.10 Close the manifold valves.

3.11 Remove the manifold from the cask.

3.12 Replace the cask valve plug.

3.13 Package and store the manifold assembly as

internally contaminated equipment.

(4) Documentation
4.1 Record and document cavity pressure and

above operations on the following form.
!

I

l

l

.
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Internal Pressure Check Traveler
;

Procedure Number NS-PI , Rev. .

!- Cask Identification Number .

Initial Date

1. Cask pressure gage present and register-
ing 0 psig or manifold assembled as
required

1.1 Manifold attached to cask drain line
2. Cask drain valve opened to pressure gage

3. Record gage reading:

3.1 Gage at psig

4. Pressurized cask: (if applicable)
f

4.1 Pressure slowly released from cask

4.2 Record gage reading:
4.2.1 Gage at psig

-,

5. Cask valve closed
5.1 Manifold removed from cask

Comments:

Work Completed by: Date
operator

Reviewed by: Date
operations supervisor

Work Completed by: Date
operator

Date -

Reviewed by:
_

Operations Supervisor

.

REV. A. 3-28-80
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7.4.3 Form HP-Sl-73

i

|

|

I
|

|
1

!

|

.
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Building Date Area

Surveyor Nature of Suspected Activity
Solid State

0 Scintittation Detector O cas proporttonat DetectorCounted with O Alph,_1

Give exact location either by writing, attached floor plan, or sketch on back of this
I form.

Results of Survev

e By Counted byEff Leiency of Detector":

Background of Detector: c By Date

Action Limits: cym SY cpm Action Limits: a dpm, Sy dpm

Aloha Beta Gamma

Ctg. c/m c/m d/m/ Ctg. c/m c/m d/m/
2

Locatter. Time Cross !Ie t 100 cm Time Gross Net 100 c-

| ! !

W
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_
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_

h I i H I I I
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7.4.4 Form HPT-1-76

|

.
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< Form Hn t-re Rev i) RADIOACTIVE SHIPMENT AND RECElPT RECORD F. e No
'

~
O.t. 5-po- =_ CBanelle0.t. R . .. -

Colurnous Lacoratories
u oric wu

~ "SNppers No.
ATTN.

Purchase No. TELEPHONE NUM8ERS

FROM. Coslect C Costs
Prepaed C 3CL Shspoor

SCL 24 Hr.Cear
N '*3pecialHendl.ng

Item UnsNeeded-he he | Contasner.mr . h, CONTAINER EXAMINEO:
No- Matenal Desenation Contactl1-M eter Curiosi Contact 1 Meter N8 '''dence of detenotation

g or damage
I segnature

RETURN CONTAINER TO:
| i reight Address Oney)F

I |

| i i

I ! I l! |
_.

;ONTAINER DESCRIPTION M ATERIAL CATAGORY PHYSICAL 80R M TR ANSPORT GRP FISSILE CLASS

|g ,,,, ; g,,,,,, ; j g C 'l C lil C NONE-Sena# No E mpty C
Permit No. Low Speerfic Actrvity (LSAI C gy yC VI C Fissile E5empt C

Weght, Gr. L meted Quantsties O Soted _ Liquid C Gas , vi, ; g ,,,,p , ,g p;,,,,,.

, , . =
,

Vo4urne Type A Quantmes O Encap. Source C p;,,,g
LSA C A C 8 C 8, F C *Ttpe 8 Quantities C Empty-Ressound Contam C TYPE RACIATION Fissde ill C

5:eelC Lead C Wood C opisule Quanesties O CHEMICAL FORM Alpha C Sota ; Special Controls

O ther:
" * fisule and large Quan. O Gamma C Neut. O

,

HM SHIPPING NAME L.A8ELS REQUIREO ACCOUNTA 81Lf7v dECURfTV CONTROL
Clasa fied C Unclass.fied C Approvat Received C vengi o :

Radioacteve Material. LS A-R adioactive O R ecipeents License No. Eso Date On File C
1 N.O S. C White i C Consegnee Notified . Method
2 LSA. N.O.1 C Yellow Il C Cate initial
3 Lameted Quantity. N.O.S. C Yetiow sti C
A Special Form. N O S. C Empty C syProduct C OCE C 1RR C 741 Tren. No.
S Fissde. N O S. C None Requered C SNM C NRC C UNIRR C SCL Lot No.
6 C O the, C Source C BCL Code No.

'#"''H AZARO CLASS PLACAR O S
" ' ' 'R adioacteve M atenal C R : 7,.; ;4) C

* " '
Other C None Required C

HP $1.; A%IT CONTAdNER INSPECTION C AR RIER INSPECTig +1OCFR71 REQUIREMENTS
iFor Fisode, > Type A Quan.6Pressure Checked -

} Tiedowns Secure CCarnemer h' Shepo.ng Pressure p.,g
Survey Complete O Meets 7153 IPro.Det.) C"O" Ring inspected / Approved -

Voivos Ciceed/ Plugged / Seeded {Can Sideo/ Rear Enclosure Secured C Meets 71 Sub C IPtg. Std ) O

Lad Toroued ft.4be. - P?acards 64) C Mode,eto, . Neutron Absorb. O K C
Labeies Peck. List / Addrese Apposed Routing Plan C Internei Pressure O K C
Coo 6ent Type Quen. O Emergency Inst. C Coo 8 ant Contammation OK C

I Support Equepment Present C Sul of Lading Comp. O Irr Oscay History CK C

| P ACKAGE/ CARRIER Fi'**ie ill Wemmg C QA Document Completed C

EXTERN AL CONTAMIN ATION'

h dem,100 cm' y, n ,,,t indes No.

a dem/100 cme (mrihe nt 3 %ett
Sutvever 5 eel Nos.

Thes is to certify that the above named erncies are property classified. desenbed. packaged. marked and labeced. and are en proper condition for
trenaportetten according to othe apO6 Cable reguistions of the Department of Trensportation. S gnature

" * * ' * "Or genator C R ecionent C Romerts
Pecking Lrst C Heseth Ptiv C s v~e= A-ounte.ilie. O Otho, C ; _

j W. J. Secunty C
4

6
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7.4.5 Work Completion Check Sheet

Work Completion Check Sheet - Cask BMI-l
,

(Shippers Other Than BCL)
t

Date Material Composition

Facility Material Identification

Operator (s) Est. Decay Heat Watts
1

Shipper

1. UNLOADING CASK FROM TRANSPORTER Initial Date

1.1 Radiation survey of cask

mr/hr S-y

- 1.2 Smear survey of cask

DPM a-S-y

1.3 Cask removed from transporter

1.4 Radiation survey of transporter

under cask, mr/hr S-y

1.5 Smear survey of transporter under

cask, DPM s-s y

1.6 Copy of all documents to transportation-

coordinator __

l.7 Cask seals checked and recorded

1.8 Cask inspected for damage and so recorded

1.9 Cask tagged to identify contents

.
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2. PREUSE EXAMINATION AND PROCEDURES Initial Date

2.1 External ccmponents visual inspection

and approval

2.2 Preloading operations performed

3. CASK LOADING

3.1 All cover bolts removed

3.2 Cask moved to loading area
,

3.3 Cask cover removed

3.4 Canister (if used) loaded

3.5 Canister cover bolts torqued to

60 + 10 inch-pounds

3.6 Pressure leak test performed and

canister seal satisfactory

3.7 Canister loaded in cask cavity
__

3.8 Cover placed on cask and secured with

bolts torqued to SO foot-pounds

3.9 Pressure leak test performed on cask

cover seal and drain valve

4. CASK UNLOADING

i 4.1 Internal cask cavity pressure checked
!

| 4.2 All cover bolts removed

i 4.3 Cask moved to unloading area

4.4 Cask cover removed
.

4.5 Canister removed from cask

REV. A. 3-28-80
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Initial Date

4.6 Canister unloaded, if applicable, and

returned to cask cavity

4.7 Cask cover replaced

4.8 Cask removed from unloading area

4.9 Cask cavity and canister cleaned

4.10 Canister returned to cask cavity

and cover bolted in place |

4.11 Cask decontaminated externally

4.12 Cask transferred to storage area

5. PREPARATION FOR SHIPMENT

5.1 Radiation survey completed

5.2 Cask decontaminated to acceptable

level of removable contamination

5.3 Form HPS-SI-73 (Appendix E) completed

5.4 Radioactive Shipment horm

(Appendix D) completed

5.5 Cask properly sealed, labeled, marked,

and identified I

5.6 Cask properly secured on transporter

5.7 Transporter vehicle inspected and sealed

5.8 Driver instructed and given proper papers

REV. A. 3-28-80
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.

8. ACCEPTANCE TESTS AND MAINTENANCE PROGRAM

i

8.1 Acceptance Tests

The BMI-l Shipping Cask has been in use in its present
configuration since 1970. Tests of the package, therefore, prop-

erly are part of the maintenance program discussed in the next
section.

8.2 Maintenance Program

8.2.1 References

RDT-E12-7T - Inspection and Preventive Maintenance of
Radioactive Shipping Containers

10 CFR71 Appendix E - Quality Assurance
f

RDT-F8-ll - Fuel Shipping Container Tiedown for Truck

Transport

AECM - 0529 - Safety Standards for the Packaging of
Fissile and Other Radioactive Materials

ANSI - N 14.5 - Leakage Tests on Packages for Shipment
of Radioactive Materials

8.2.2 Inspections

8.2.2.1 Types

The following types of inspections shall be performed

and documented:
Periodic - Annual; Biennial

Preusage

Postaccident.
.
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8.2.2.2 Frequency

(a) Periodic inspections shall be performed before

initial use of the packaging and annually there-

after except during periods of prolonged storage.

Items specified for biennial inspection may be

included in the annual inspection on alternate

years. No packaging shall be used which has not

been inspected in the immediately preceding year

for the items of Section 8.3.3.1 and the preceding

2 , years for the items of Section 8.3 . 3.2.

(b) Preusage inspections shall be performed immediately

prior to each offsite shipment of the packaging.

(c) Postaccident inspections shall be performed prior

to use of the packaging after it has been subjected

to unusual stress conditions including fire, mov-

ing transportation accident, nuclear incident, free

drop, internal or external explosion, pressurization

above maximum design specification, exposure to

materials corrosive to Structural components, or

freezing of liquid contents.

8.2.2.3 Inspecting Personnel

(a) Inspections shall be performed by personnel repre-

senting Quality Assurance organizations that are

qualified in accordance with 10 CFR 71 Appendix E.

(b) Postaccident inspections shall be directed by a

person in charge, designated by the responsible

performing organization on the basis of engineer-

ing competence, and familiarity with the Safety

Analysis Report for the packaging (container) .in

question.

REV. A. 3-28-80
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8.2.2.4 Records

(a) A corrosion-resistant metal tag indicating ex-

piration date of mest recent periodic inspec-

tion shall be firmly and securely affixed in

a conspicuous location on the body of the

packaging. A similar metal tag shall be af-

fixed to any optional use components such as

inserts. Where permanent attachment of a metal
tag would damage the component, other durable
methods of marking the expiration date, com-

patible with the materials and service environ-

ment, shall be used.

(b) A record of each periodic inspection, including

a description of defects and corrective actions

.
which were taken, shall be prepared by the per-

(_ son in charge, and shall indicate his organiza-

tional title or responsibility. This record of

inspection shall be placed in the Quality Assur-

ance record file required in accordance with

AECM 0529.

(c) A detailed description of all tests and inspec-

tions performed and the results thereof shall be

prepared by the engineer responsible for per-

forming a postaccident inspection. This record

shall be placed in the Quality Assurance record

file for the packaging. If the results of this

inspection indicate the original design specifi-

cations are no longer applicable, then revisions

of outstanding drawings, reports, specifications,

licenses, and certificates of compliance re-

flecting the change shall be obtained.
.
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(d) Handling and shipping procedures of the user of

packaging shall contain appropriate instructions

for preusage inspections and tests ensuring com-

pliance with design and permit requirements.

Record copies of these inspections shall be re-

tained for at least 2 years after the shipment.
,

8.2.3 Periodic Inspections

8,.2.3.1 Annual

An annual inspection together with the biennial in-

spection shall verify that the packaging continues to meet

design specifications. Items for annual inspection shall in-

clude, but are not limited to the following:

(a) Surfaces. Surfaces shall be free of corrosion,

gouges, cracks, or other deformations as determined by visual in-

spection. Painted surfaces shall be free of cracks, chips, or

blisters.

(b) Sealing Surfaces. These surfaces shall be inspected

for pits, scratches, burrs, corrosion and other imperfections.

(c) Sliding Surfaces. Surfaces which move relative to

one another shall be inspected for excessive wear or roughness

not within design tolerances.

(d) Welds. Welds shall be determined to be sound by

visual inspection.

.
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(e) Closure Devices. Bolts and nuts shall conform to
original design specifications and shall not be bent or otherwise
deformed. Threads shall be uniform and free of burrs. Pro-

vision for installing seal wires shall be present. Latches shall

work smoothly and engage properly.

(f) Alignment Devices. Guide pins, lugs, etc., shall

not be deformed and shall operate as intended. Match marks shall
be clearly visible.

(g) Lifting Lugs, Eyes, and Trunnion. Visual inspection

shall indicate no misalignment, wear, or other deformation which
would significantly affect strength. Engagement guides and re-
tainers shall be sound and operable as intended. Bearing sur-

faces shall be smooth to prevent binding.

t

( (h ) Valves, Lines, and Connections. Valves shall be

freely operable by hand pressure. Lines shall be determined to
be free of restrictions. Threaded connections shall be free of
deformation or damage. " Quick-disconnect" type fittings shall

operate freely. Plugs or caps shall be provided for all line

ends except those downstream of pressure relief devices.

(

(i) Filters. Filters shall be replaced or inspected

and tested to verify performance in accordance with design
specifications.

! (j ) Reuseable Gaskets. These gaskets shall have no

visible evidence of deterioration or damage. They shall be re-

tained in position on one of the sealing surfaces in a manner
which will not affect the seal. One-time-use gaskets are not in-

spected on periodic inspections.
.
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(k) Tiedown. The tiedown shall comply with RDT F 8-11.

.

(1) Leaktightness. A test shall be performed to

1 demonstrate leaktightness at least of the degree corresponding
to the basis for the certificate of compliance, and in accord-

ance with procedures in ANSI N 14.5.

4

8.2.3.2 Biennial

Items to be inspected include the following:

(a) Welds. Welds which are subject to stress and which

must be sound for safe operation or for compliance with regula-

tions shall be inspected by dye penetrant, radiographic, or ul.ca-

sonic methods.

(b) Pressure Relief Valves and Instruments. Pressure

relief valves and instruments such as pressure gages and thermo-

couples shall be bench-tested and calibrated as necessary to veri-

fy performance in accordance with specifications.
.

8.2.4 Preusage Inspections

Inspections shall be performed before each shipment of
a loaded package or contaminated empty packagin.g to establish
compliance with applicable regulations and standards. Items to

be inspected include, but are not limited to, the following:

8.2.4.1 General Condition

Visual inspection shall be made for deformation of
,

structural members, missing components, and other possible

REV. A. 3-28-80
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Ideficiencies. Any necessary maintenance shall be performed.

Requirements may differ for loaded packages and empty packaging.

8.2.4.2 Closure

Reusable gaskets shall be inspected visually and deter- )
mined to be sound before closure is made. Gaskets which are

permanently deformed by normal use shall be replaced at each use.

Rupture disks shall be visually inspected and determined to be

free of imperfections, damage, or corrosion. All valves shall be

closed, bolts and nuts shall be determined to be tightened within

design torque specifications, and wire seals shall be installed.

After a loaded or internally contaminated package is

closed, it shall be determined to be sealed by a leakage test of

the sensitivity specified in ANSI N 14.5 to be used before each

shipment, or by an alternative procedure approved by the USNRC or

(-- DOE Contracting Office having jurisdiction of the packaging if a

leakage test of such-sensitivity is impractical with the package

loaded for shipment. When a potential leakage point is submerged

in liquid on the upstream side and clearly visible on the down-

stream side, a hydrostatic test at 15 psig or more is acceptable,

with any observed drops or seepage being cause for rejection. If

a hydrostatic test is used with loss of pressure as a measure of

leakage, account shall be taken of possible gas in the contain- j

ment vessel, solubility of gas, temperature change, liquid com-

pressibility, and stretch of the vessel.

8.2.4.3 Radiation and Contamination
,

Radiation and surface contamination surveys shall be

performed on the loaded package. The results of these surveys

shall fall within applicable BCL limits. .
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8.2.4.4 Tiedown

The tiedown shall comply with design specifications and

RDT F 8-11.

8.2.5 Postaccident Inspections

8.2.5.1 Purpose

Performance of postaccident inspection shall verify that

the package complies with original design or permit specifications.

Where characteristics have changed, but remain within permitted

variances, these changes shall be noted in the Quality Assurance

file.

8.2.5.2 Items of Inspection

Items of inspection shall include, but are not limited

to the following:

.

(a) Dimensional Stability. Measurements shall be taken

to verify that all dimensions which affect performance are within

specified tolerances. Particular attention shall be paid to flat-

ness, straightness, or uniformity tolerances affecting fit be-

tween parts.

(b) Welds. Welds whose function is simple closure or

joining shall be determined to be sound by visual inspection.
! Welds required to sustain stress shall be determined to be sound

by nondestructive examination such as radiographic examination,

liquid penetrant and/or ultrasonic means.

.
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(c) Package Shielding. Where the nature of an acci-

dent is such that internal shielding material may have melted,

deformed, er cracked, the shielding characteristics of the>

package shall be reevaluated. This shall be accomplished by

enclosing a gamma source of known high energy level in the
package cavity. Radiation measurements shall be taken on the
surface of the package and shielding effectiveness shall be

calculated. The effectiveness thus calculated shall not de-
viate significantly from that which would be expected from the

original shielding design. Where neutron shielding is required,

a similar test shall be performed using a neutron source. .

(d) Heat Transmission. The heat transmission charac-

teristics of the package shall be reevaluated by enclosing a

heat source of design value in the package cavity and, after

equilibrium with ambient conditions is achieved, measuring sur-
( face and internal temperature of the package. These transmis-

sion char acteristics shall agree with the requi tements of the

certificate of compliance.

8.2.6 Preve7.tive Maintenance

8.2.6.1 Definition
1

l

Preventive maintenance shall consist of repair, replace- I

ment, and adjustment during periods of usage or storage to en-

sure specified functioning and to avoid deterioration.

8.2.6.2 Frecuency

Preventive maintenance shall be performed as follows:

(a) At the time of periodic inspection and at the,

time of inspection before each shipment, as

xEV. A. 3-28-80
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conside' red necessary by the person in charge,
to correct deficiencies which might lead to

failure or damage.

(b) Before any period of protracted storage, to

provide necessary protection against corrosion

or other avoidable deterioration.

8.2.6.3 Records

All maintenance repairs will be recorded and documented
per BCL Quality Assurance procedures.

8.2.6.4 Items

Preventive maintenance is intended to be performed be-

fore failure or inoperability occurs. Such work shall include,

but not be limited to, the following:

(a ) Parts Replacement. Damaged, missing, deteriorated,

or badly worn parts such as nuts, bolts, filters, gaskets, valves,

cables, pressure relief devices and rupture disks shall be re-

paired or replaced. Such rework shall meet design specifications.

( b) Decontamination. Prior to shipment, the external

surfaces of packages shall be decontaminated to levels within the

limits specified by applicable regulations. Prior to storage,

the external surfaces of packages shall be decontaminated to

levels permitted in the specific storage area. The interior of

packages shall be decontaminated as required to maintain con-
sistency with the levels of contamination of items to be shipped

therein. Decontamination shall remove contaminants. Application

of paint, plastic film, or similar surface coatings to cover or

shield contamination is not permitted. -
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8.2.7 Documentation

All Inspections and Preventive Maintenance Activities

shall be recorded and documented on the applicable BCL-QA

documents.

(.
\

.

.
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