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Document: 5

(h) BMI-1 Basket Spacer

BMI-1 Cask Basket Spacer for ALRR Converter Fuel; Ames
Laboratory Research Reactor, (File Drawing) Number RRM 245, dated
4/3/77.

(i) Union Cafbide Process Uranium Oxide Container

Union Carbide uranium oxide waste form process shipping
container as shown on Union Carbide Corporation Drawing No. 101501,
Rev. O.

235

(3) Union Carbide Target U Special Form Capsule

Union Carbide target material special form capsules having
nominal outside dimensions of 1.25 inches OD x 18 inches long, and

made of AISI 300 Series stainless steels.

1.2.2 Operational Features

Operation of the BMI-1 is discussed in Section 1.2.1.
That Section and the referenced drawings clearly explain opera-

tion of the cask and 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 § 71.22(b) of
10-CFR-71-Subpart B, the materials planned for shipment in the

BMI-1 cask are described as follows.

Rev. B. 8-1-80
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(1) Radioactive Constituents -
Identification and Maximum
Radiocactivity

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

Assigned for Sole Use. The radiocactive 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 of the

following group limits:
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Transport Group* Quantity (in curies)

I 1,000
II 8,120

General Mixed fission products Unlimited**
IIT 4,960
v 11,070
v 8,120
VI and VII 800,000

As defined in § 173.390 of 49 CFR and Appendix C of 10-CFR-71.
Limit will be imposed by dose-rate limits specified in
§ 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, 1969, or
equivalent sources of nonfissile isotopes having gamma or
Bremsstrahlung emission energies less than 1.33 Mev may be
shipped in the modified BMI-1 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 2,520
GCeneral mixed fission products Unlimited**
111 1,540
v 3,440
\Y 5,000

IV and VII 800,000
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(2) 1Identification 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 § 173.390 of 49 CFR and Appendix C of 10-CFR-71.
** Limit will be imposed by dose-rate limits specified in

§ 173.393 (i) of 49 CFR.

(b) With Leakproof 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 . . . . . . . .8450 grams

(3) Chemical and Physical Form

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

(a) Special form, as defined in § 71.4(0)of

10-CFR-Part 71.

(b} Normal form, providing that the materials

are solid and are securely confined in the

leakprocof inner containers, Drawing 00-000-421,
Rev. C., or Drawing No. 101501, Rev. O., during

all normal and accident conditions.

Rev. B, 8-1-80
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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 be shipped in the cask

with water coolant.

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

(a) Without Inner Container. Reflection, absorption,

and atomic characteristics of the package contents without the

inner container are summarized as follows:

Extent of reflection . . . . . Maximum reflection
Nonfissile neutron
absorbers present. . . . . . None assumed (although
various types

would be present)

Atomic ratio of moderator

to fissile constituents*:

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. . . . . . Not 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 1,110 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/0 in the U-235 isotope.
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 Idaho
Falls Chemical Processing Plant. The shipment of irradiated fuel
is to be made by truck-trailer according to regular commercial

conditions and regulations.

* Most reactive H/A (Reference 2).

Rev. B, 8-1-80



Dc ‘mment: 14,3

1.12

The Texas A&M University reqguests a special permit to
make shipments of MTR reactor fuel in the BMI-1 Shipping Cask
(Number SP5957). This request involves the shipment of 23 partially
irradiated and 13 unirradiated elements from the Texas A&M Nuclear
Science Center to the University of Virginia.

The BMI-1 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-1 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 irradiatiocn.
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-1 spent fuel shipping cask to transport one Enrico
Fermi Atomic Power Plant core-A fuel subassembly per trip from
the 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-1 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 necessary.

The analysis given in this report is based on shipment

of fuel elements with the maximum fuel burnup expected during
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TABLE 1.2. MATERIALS IN THE EPRI CRACK ARREST CAPSULES

Material Component Weight, 1b
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 vl
Magnesium Oxide T/C Insulation 6
Nickel Heaters 2
Inconel Heaters N2
U238 Fission Monitor 36 mg
Np237 Fission Monitor 60 mg
(j) Union Carbide Process Uranium Oxide Containers

This Safety Analysis Report shows that up to twenty-four

(24) containers can be shipped in the BMI-1 cask.

are transported in each of the two baskets. Since the basket

cavity length is 26.12 inches (Drawing 41-4409-0004, Rev. B) and
the containers are only 16.0 inches long, a nominally 9.62-inch

long spacer will be placed in the bottom of each basket cell prior

to inserting the container.

the container to a maximum of about 0.5 inch.

Each container may be loaded with up to 352 grams of U

in the form of processed uranium oxide.

This will limit the axial motion of

235

The oxide is formed in the

capsules through pyrolysis of a liquid solution of the uranium.

The resulting oxide is in the form of flakes and powder of random

size.

Rev.
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(k) Union Carbide Target U235 Special Form Capsules

This Safety Analysis Report shows that up to twenty-four
(24) U235
cask. The special form capsules are nominally 18 inches long.
One capsule will be loaded in each basket cell. The 1.25-inch
capsules will be held within the basket cell by a rack designed

to permit free air connection around the capsule. The axial motion

target special form capsules can be shipped in the BMI-1

of the capsules will be restricted to a maximum of 0.5 inch by a
spacer placed in the bottom of each basket cell before inserting
the special form capsule.

Each capsule may contain up to 100 grams of U235.

1.3 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. B., 8-1-80
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The corresponding margin of safety is:

In addition, the shear stress:

WG _ W'coveer:i,n o
sh nA nA

where:

Wcover weight of the cover only = 1,200 pounds

The shear stress then is:

(1,200) (128) (sin 24.75)
(12) (0.633)

= 8,500 .

%sh ~

The margin of safety is:

_ “su _, _ 40,000 _, _
Ms = 5= 1= “glege ~L = 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
(4)

National Laboratory. The equation has the form:

W ,0.71

) ’
Ftu

t =
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where:

t = minimum shell thickness, inch
W = weight of lead-lined cask, pound
Ftu = ultimate tensile strength, psi

Therefore, the required shell thickness is:

0.71
t = (FE—)O'71 = = 0.44 inch
tu

(23,600)
75,000

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 radiocactive materials, including various special form materials,
as follows:

(a) Certificate of Compliance, Revision 6

Paragraph 5(b) (1) (iv) - Greater than Type A guantities
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 preclude secondary impacts during accident conditions of trans-
port. Thermal heat generation rate shall be limited to 200 watts.

(b) U235 Target Material in Union Carbide Corporation

Special Form Capsules

The capsules shall be held in special racks within the
baskets and shall be securely confined to preclude secondary impacts

during accident conditions of transport. The number of capsules

Rev. B, 8-1-80
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per shipment shall be limited so that the total thermal heat

generation for all capsules as an aggregate does not exceed 1500
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
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2.10.4 EPRI Crack Arrest 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
than the maximum release permitted by the proposed regulations(IS)
The amount of U238 present is 1.2(1078) curies and the amount
of Np237 present is 4.2(10-5) ci. The maximum which can be re-
leased according to the proposed regulations is unlimited for
U238 and 0.005 Ci for Np237,

2.10.5 Union Carbide Process Uranium Oxide Container

The Union Carbide Process uranium oxide container is designed to
transport up to 352 grams of U235 in oxide form. The container (UCC drawing
10150, Rev. 0) is essentially a 3-inch 0.D., 1/4-inch thick,
11.12-inch long cvlinder with l-inch thick welded end caps. A protective
collar (2.5-inch 0.D.. 0.065-inch wall, 3.5-inch long) surrounds two fitting
assemblies on the top end. The container material is 6061-T6 aluminum,

welded with 4043 rod filler.

2.10.5.1 Weight

The empty container weighs about 4,1 pounds, including fittings
weighing about ,040 pounds each. With 400 g of uranium oxide as contents, the

filled container weighs 5.0 pounds.

2.10.5.2 Normal Conditions

(2) Heat. The maximum capsule temperature for 130 F ambient is

300 F (Section 3.4.2.4). Assuming an initial temperature of 70 F at one

Rev. B, 8-1-80
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atmosphere (absolute), the resulting pressure can be estimated from the

following relationship:

P/T constant

130

1.7 psia

Since the container does not yield during the more severe conditions of the

fire accident (2.10.5.3c), it will not yield for the normal heat conditionm.

(t) Cold. The minimum temperature of the loaded container is 100 F,
for a cask ambient of -40 F. Since aluminum retains substantial ductility at
this temperature, brittle fracture is not a consequence of the normal cold

condition, and the container stresses remain below yield.

(c) Free Drop. Since the capsule is shown to withstand the
accident 30 foot drop conditions without exceeding yield (2.10.5.3a),

the container will not yield for the normal free drop condition.

(d) Vibration. The natural frequency of a cylinder is approxi-

(17)

mated by a beam having fixed ends. From Marks,

1/2
oo EI_%]
WL

P. 5-93, the natural fre-

quency is given by

where
f = natural frequency, Hz
a =1 (fixed ends)
E = elastic modulus = lO7 psi
I = container cross-section moment of inertia
= 1 (®3t
= 7(1.375)>(0.25)
= 2.04 in®
g = 386 in/sec2
W = container wall weight = 2.4 1b
L = wall length = 11.12 in
therefore

f = 246 Hez
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From RDT F 8—91(18{ observed truck vibration loads for frequencies from

1-500 Hz are about 0.5 g (vertical). This translates into a package res-
(18)

ponse given by

g = 2.5 [£11/?

39 ¢g's

The stress in the container wall resulting from this loading is

N =

(19)

where from Roark

WLG
12
2.4(11.12)(39)
12

- 86.7 in-1b
3
ﬂ(Ri) t
R.
1
= 7(1.375)2(0.25)

= 1.48 in3

M =

therefore

o= 59 psi

This value is far below the endurance limit of 6061-T6 aluminum, and therefore,
the container will not fail due to fatigue.

(e) Shock. RDT F 8—9T(18)permits the static analysis of shock
loadings, independent of direction. From Table 2(18), the maximum cask shock
load is 10 g. Assuming the container experiences this loading, it is still
less severe than the accident deceleration (Section 2.10.5.3a), and consequently,

the container does not yield.

(f) External Pressure. Assuming that the container experiences

(20)

an external pressure gradient, Section 8, Division 1, of the ASME code .

Paragraph UG-28 illustrates a procedure to calculate the vessel wall

thickness required to withstand an external pressure

Rev. B., 8-1-80
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Given, D
0

—_ = 2

: 1

Where
D = cylinder 0.D.

t = cylinder wall thickness

and L _
D - 3.71
o

where
L =11.12 in = cylinder length
. _ (20)
therefore, from figure UG0-28.0 (App. V) s

A = ,0090

therefore, form figure UNF-28.30, for 6061-T6, 300 F,

B = 9300
therefore
4B
P = ——r
a 3(D0/t)
where
P_ = allowable external pressure

1030 psig

Therefore, the container is capable of withstanding the 25 psig external

pressure.

2.10.5.3 Accident Conditions

(a) Free Drop. From Table 2.3, the estimated cask decelerations

resulting in a thirty foot fall onto an unyielding surface are:

Cask Orientation Deceleration, g's
Top end 88
Bottom end 368
Side end ‘ 400
Corner (65° from horizontal) 153

Rev. B., 8-1-80
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Bottom End Drop, buckling. For an unpressurized cylinder, axial

(21)

compression, Baker, et al, p. 229, the buckling stress is given as
“cr WZE t 2
™ Tk T @)
12(1-p™)
where
Cop = design allowable buckling stress
n = plasticity correction factor
Kc = buckling coefficient
E = elastic modulus
1 = Poisson's ratio
t = wall thickness
L = wall length

KC depends on whether the cylinder is long or short. The criteria for a

short cylinder is
2
T Kco
Z <
Yt yTA
where
vy = ¢(R/t)
R = inside radius = 1.25 in
t = 0.25 in

therefore

- - . (21

R/t = 5.0 -+ v =0.9 (fig 10-9, p. 230)
2 ——
- L 2
Z = Rt V1-u
2
- (11.12) /_ 2
(1.25)(0.25y '17(0-32)

= 377

therefore
YZ = 340
Kco = ¢(end conditions)

1 (simply supported)
4 (fixed)
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therefore the maximum value of the right-hand side of the criterion is

Consequently, the container is a long cylinder, for which KC is given

by p. 230(21)

4 Y3
Kc T n2 Y2
= 239
therefore
g
—§5-= 1.1 x 10° psi .

In addition to this buckling mode, Euler (column) buckling should be

checked. From p. 231521)

Ier _ n2cE R.2

n 2 Cf)

If simply supported edges are assumed, ¢ = 1, therefore

Ier 5
—n——=6.2x10 psi .

For elastic buckling, n= 1, either mode of buckling will not occur below
the yield point.
For inelastic buckling, a curve of o

21y

vs. 0,./nis given for materials
like aluminum, p. 268, figure 10-52, curve EF . For the minimum value of

ocr/n above, 0.y = yield. Consequently, inelastic buckling will not occur
below the yield point, and the free drop impact analysis will assume failure

by buckling will not occur if the container does not yield.

Bottom end drop, cylinder wall stress. Assume that a spacer

weighing the same as the containers is supported on the container in the

basket. The stress in the container is given by

. kG
max A



2.81(f)
where
= 2(WC) =10 1b
G = 368
_ . 2
= 2,16 in
therefore

Oax - 1700 psi < yield

Corner shear. Assuming that total weight acting on the bottom

container is directed transverse to the corner weld, the shear stress

would be
r =€
A
s
where
W =10 1b
G = 368
As = 0.7077Dt = 1.4 in2
therefore

T = 2600 psi < shear yield

Bottom End Drop, Top Collar Buckling Stress. For a thin tube, the

force required to buckle is given by Kirkﬁzza

nmo t
_ TtD
Fcr T2 hp + hP
where
D = mean diameter = 2.44 in
= wall thickness - .065 in
hp = length of "pleat"

1/2
_ E
- ﬂt(lZc ) .

y

At 300 F, Oy (aluminum) = 32,800 psi, therefore

hp = 0.93 in
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and

e
[}

5980 1b
ct

or = .
Oer 12,000 psi
Since this stress is lower than yield, it becomes the design

criteria for the top collar. The stress created by a container and

spacer  impacting on the top collar is given by

. - ¥G6
max A
[
where
W= 5 1b
G =368¢g's
A = 0.51 in
c
therefore
g = 3600 psi
max

Consequently, the top collar will not buckle.

Fittings.

e Buckling. Using the same formula for the tube portion of
the fitting assembly,

where
D = 0.25 in
t = .035 in
1/2
E
h: = 1t

120

P ( Y)
= 0.52 in
Fc = 1030 1b

Rev. B, 8-1-80



2.81(h)

or

o _ = 43,600 psi
cr

Therefore, the tube will not buckle below the yield point.
Since the fittings will be protected by the collar, the
stress will depend only on the mass of the fitting itself. As a

conservative estimate, the maximum stress is given by

5 - W6
f A
where
W = 0.040 1b (total fitting assembly)
G = 368 g's
A = 0.024 in’
therefore

O = 610 psi < yield
The results of the bottom end drop analysis indicate that the waste con-

tainer will not yield during this accident.

Side Drop. The container will impact the basket wall for a

side drop. For a single container, this side impact force is given by

F = WG
(5) (400)
2000 1b.

(23)

The container/basket interaction is approximated by Roark . The contact

stress is given by

1/2
P/LD
o = 0.798 - /
2 2
1-u 1-u
AL SS
where
P = 2000 1b

= container length = 12.62 in
D = container diameter = 3.0 in
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AL ®
Hgs

Bar =

ESS

therefore

2.81(41)
0.32 )
0.3
107 psi
2.8 x 107 psi

o, = 16,600 psi .

This is the contact stress between the container and basket walls.

It is a more accurate indication of the maximum stress in the end caps

than in the cylinder walls.

the ends is approximated by Roark

The reaction of the container walls away from

(24)

s (ring supported at its base and loaded

by its own weight, w, lb/in of circumference):

where

therefore

where

=
I

therefore

therefore

_ 2000

1.5 w R2

7D

212 1b/in-circumference

M = 716 in-1b
, o Lt?
6
11.12 in
0.25 in
Z = 0.116 in>
o, = 6200 psi

The maximum stress in the basket walls can be approximated by a beam
(Roark(zsb,with fixed ends

N=
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where
= WL
M=
_ 2000 _ .
W= = 158 1b/in
L = 3.31 in (basket width)
therefore
M = 66 in-1b/in
gt
6
where
t = 0.124 in (assume basket wall is solid ss)
therefore
7z = .00256 in>/in
therefore
g = 25,800 psi .

For the actual sandwich plate construction, the stress will
be slightly higher, although below yield. Consequently, the basket wall
does deflect due to the container impact, which will increase the container/
basket wall contact stress area, reducing the contact stress.

The container fittings will be subjected to a bending moment for

the side drop. This stress is given by

s =M
F Z
where .
M = maximum bending moment
Z = minimum section modulué .
The weight of each fitting assembly is 0.040 1b (2.10.5.1).
Therefore,
M = WLG
where
W= .040 1b
= total fitting length = 2.67 in
G =400 ¢g's
therefore
M= 42.7 in-1b .

- Rev. B., 8-1-80



where
R
o
R,
i
therefore

therefore

300 F (32,800
The

where

therefore

where

therefore

therefore

2

.81(k)

minimum section modulus is for the tube, given by

0.125 in
.090 in

psi).

4 4
(RO - Ri )
.0022 in3

19,000 psi, which is below yield at

protective collar maximum bending moment is given by

0.174 1b
400 g's
3.5 in

.065 in
1.218 in

M=

a

pPC

WGL

244 in-1b

n(i)zt

3

0.303 in

805 psi < yield

Since all stresses are below yield, the container will survive the side

drop.

Rev.
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Corner Drop. The BMI-1 cask has been analyzed for a bottom corner
drop which produces a deceleration of 153 g's at an angle of 65° from
horizontal. If the stresses are elastic, the corner drop is a super-
position of a side and bottom end drop analysis.

The component decelerations are given by

153 cos 6
153 sin ©

65 g's
139 g's

gside

gbottom

From the side drop analysis, the maximum stress in the container
is 16,600 psi @ 400 g's. Therefore, for 65 g's, the side component stress
is

o - 16,600(2905—0) = 2200 psi

c,side
From the bottom end drop analysis, the axial component of the
corner drop stress is given by

_ 139, _ .
Oc,end = l700(§€§ = 630 psi .

If the stresses are combined orthogonally,

2 2
o o . + 0
Cc,max c,side c,end

2300 psi < yield

For the top collar,

e 65y _ .
oc,side = 805(400) 131 psi

- 139, _
0c,end - 3600(368 1370 psi
oc,max = 1370 psi < yield

For the fittings,

65

o = 19,000(400

c,side = 3100 psi
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139 X
cc,end = 610(368 = 230 psi
Gc,max = 3110 psi < yield

Consequently, the corner drop is less severe than either the

side or bottom end drops.

Top end drop. Since the deceleration for the top end drop is

much less than for the bottom end drop (Table 2.3), the top end drop
stresses will be less severe than those for the bottom end. Consequently,

the container does not yield.

(b) Puncture. The maximum impact force that could be generated

by the puncture accident is the lesser of the following loads:

i) puncture bar buckling/compression
ii) cask wall shear.

The puncture bar load is given by

F =0A
- p
where
o = 100,000 psi (assumed to be the maximum crushing strength of
mild steel)
A = 28,2 in2 (6 in diameter bar)
therefore

Fp = 2.8 x 106 1b.

The maximum force required to shear the cask outer shell and lead

shielding is give by Marks'(l72 p. 13-24

FC = 'nD(TSts + prtpb)
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where
D = bar diameter = 6 in
t = shear strength
t = wall thickness.
2
From Table 2,( 1)p. 13-25
T, < 57,000 psi
pr = 3500 psi
From BMI drawing 0001, Rev. B,
t = 0.875 in
s
tpb = 8.0 in
therefore
F =1.5%x 106 1b

[od

The maximum cask puncture deceleration is, therefore, given
as Fc
ST W
where

W = 23,660 1b (p. 1.1)

therefore

G
p

63 g's .

Since this deceleration is lower than that for any of the free
drop orientations, the puncture accident will generate less severe loadings

and the container will also not yield.

(c) Fire. After the fire, the container temperature rise,
causing an increase in the internal pressure. From section 3.5.4.2, the
maximum container temperature is 586 F, three hours after the fire stops.

Assuming no change in volume, the maximum pressure is given by
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P =p Tfire
fire o T

o
where
o = 14.7 psia
T, = 530 R
T.. = 1046 R
fire
therefore
Pfire = 29 psia
= 14.3 psig .
The maximum container stress due to internal pressure occurs at the
corner joint. From Roark(26), the stresses in the cylinder head, and joint

can be calculated. This analysis has been performed using the PRSVSL (Section 2.12.4)

code. The following input variables were used:

P = internal pressure = 15 psig

T, = head thickness = 1.0 in

E = elastic modulus = 107 psi
D1A = cylinder wall thickness = 2.5 in
0.25 in

POI = Poisson's Ratio = 0.32 .

To- = cylinder wall thickness

The maximum stresses are as follows:

o(head) = 26 psi
o(wall) = 83 psi (hoop)
o(corner) = 222 psi .

Consequently, the container does not yield during the fire

accident.
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2.81(p)

(d) Water Immersion. The container will not experience an

increase in internal pressure due to water immersion unless the cask

seal leaks. Should this occur, the equivalent external pressure on

the container for three feet of water is less than the 25 psig external

pressure for normal conditioms. _
No corrosion effects will occur on the aluminum container and

fittings during the time period of this accident.

2.11 Baskets

2.11.1 Copper Basket for Fermi Fuel
Elements

The BMI-1 cask was approved in July, 1964, ahd given AEC
License SNM807 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. DrawingNumberK5928—5—l
0049 Rev. 5/12/66, describes this modification. The entire assembly
inside the cask including the fuei elemeht, basket, and copper
shield, has a calculated 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 bronze used in the angles is
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2.82

20,000 psi. The cross sectional area of the 12 angles is

8.4 inches?. Since all the side thrust is taken by the cask
wall, only the compressive load must be supported by the angles.
Thus, the normal 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 inches2
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-1 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 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.



(14)
(15)
(16)

(17)

(18)

(19)
(20)
(21)

(22)

(23)
(24)
(25)
(26)
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Roark, R. J., Case 25, p 352.

Roark, R. J., p 243.

Roark, R. J., Case 6, p 217.

Baumeister, T., Mark's Standard Handbook for Mechanical

Engineers, 7th Ed., McGraw-Hill Book Co., New York, P 13-25
(1966). ~

RDT F8-9T "Design Basis for Fuel and Irradiations Experiment
Resistance to Shock and Vibration in Truck Transport; USERDA,
Div. of Reactor Research and Development (February, 1975).
Roark, R. J., Case 33, p. 1l1l2.

ASME Boiler and Pressure Vessel Code (1974).

Baker, Kovalevsky, and Rish, Structural Analysis of Shells,
McGraw-Hill (1972).

Kirk, J. A., and Overway, N., "One-Shot Shock Absorbers",
Machine Design, p. 152 (October 20, 1977).

Roark, R. J., Case 4, p. 320.
Roark, R. J., Case 18, p. 176.
Roark, R. J., Case 31, p. 11l2.

Roark, R. J., Case 30, p. 307.
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2.12.2 Results of Cover Lifting Tests

Approved by: W. J. Madia VY S

s<Battelle

Columbus Laboratories

-

Date April 18, 1980

To £ «'JNIZuuriax:l‘»‘r

S Anabn

From D. E. Lozier}ff&{

Subject Testing of Lifting Handle on
Cask BMI-1 Lid, February 27, 1980

Project Number_117-5865

2

Internal Distribution

. J. Madia

R. Emswiler
E. Stellrecht
J. Gallagher
Parsons

. E. Lozier

tj?»‘z!U:—lS

>

The lid-lifting handle welded on the 1lid of cask BMI-1 was tested by
attaching cask BCL-3, with its lid in place, to the BMI-1 1id with a
chain. The assembly was then lifted off the floor and suspended for

3 minutes by a crane hooked to the BMI-1 lid-1ifting handle. The certi-
fied weight of cask BCL-3 with 1id is 2595 1b., placing a total weight
on the lifting handle of >3695 1b. which is in excess of three times

the weight of the 1100 1b. 1lid.

The weld was then checked by liquid dye penetrant in accordance with

"BCL QA Procedure HL-PP-60 with no defects detected.

DEL/cm
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2.12.4 Listing of the PRSVSL Computer Code il
hM DRSVSL 7%/7# ODT 1 TRACt FTN 4.B8+438 47712758
~— PROGRAM PRSVSL (INPUT,0UTPIT«TAPIS=INPUTTAPEE=0UTPUT) by
> PROGXAM TO CALCULATE THZ STRISSES IN T4Z HIAD AND THZ HWALLS OF CYLINDKIC
> PRESSURE VESSEIL WITH A FLAT HEAD. EQJIATIONS FROM CASZ 37 IN TABLZ xiii
ST TCF ROARK, &TH EDs “PAGE 307+ USES ALS) CASES 17, 14, AND 15 FROM TRBLE XII
o LND CASES 1 AND 12 FROM TABLZ X PAGE ’16.
° PROGRAM ASSUMIS THZI SAME MATEZRIAL FDR BOTH THE HEAD AND CYLINIER WALLS.
S ;NPUT R &3 ON ONt uARD ON AN 8F15.< FOR“ T-
v P INTZRNAL PRESSURE, PSI
o DIA INSIDE DIAMETER OF CYLINDER, INCHES
o TL HZAD THICKNESS, INCHZS
< T2 SYLINDCR WALL THICKNISS, INCHZS 7
° XF MAX DISTANCE FROM HELD AT WHIS4 STRESSES ARt 7O 8% EXAMINED, INCHE
vl ‘*_XINC”INCRE"-NT JF DISTANCESS FROM HEAD ENDFOR- STRESS TXAMINAT IONy "INCHE
S £ SLASTIC MDDULASy PSI ({IF BLANC ASSUMES 29.0L6)
o POI PDISSONS RATIO {IF BLANK ASSJMES (.3}

RELL MOy L&M,LAMDA
e BD(EESTT.UN)=EE*TT**3/ {12,512, 0%UN®*2) = "= °°
LAMDA (UNsRRsTT) =SORT(SORT {34 0% (1,8-UN*32) /(RR¥TTI *22))

T TR

Ll RELD (5452 PyDIAsTLy TR XF o XINSHE,PII
~— IF (EOF(S)) 20s 30
20 STOP

3. IF (E.LEedsu) E=29.5E6
T TF (POIWLELU.8) POI=g.3 T T T o T
KRITE (54601) PeDIA,T1,T2,42,P02
X-U.:
N=XF/XINC+3
R=(UI&*TZ]/2.5
=DD(E,T1,P0I)
T T ”DZ DD(ESTZSPOTY ~ 7~ 7 TTToTT o T e CT T o T
LAM=LAMIA(POISR,T2)
ZL=P*R¥*I* | AM*¥2¥02 /(4. *Di* (1. U+POI)) ’ .
ZB=C (*P¥R**2¥ AV T4 2T142/(E*T2%(L.0~ G+5%POIR*¥(E*T142.0*R*D2*
1 LAM*>*3* ({,0-POI)))
ZC=2. G¥L AM+2 C*I*LAM*® 2402/ (DL* (1. 0¢201))
cmm e I D= LAMRE R T/ E*T L4 2. D02 LAM**I*R* (L, E-POI) ) T T
PRINT *sLAMyZAWIB2ZC,2D
MO=(ZA+Z8) /(ZC-ID)
yO0=MO*ZC~ZA
SCi=P*R/ T2
SCM1=5CL/2.¢
aH.-u.375*P'(R*§.5*TZ)**2*(3.*9011/TL*‘Z T
SH2==B,0 *MO/T1%¥2
SH3=VO/T1 V
SHT=SH1+#SHZ+35H3

T RS BAS IS IS TS IR AS JNAN BN AV TN AU 0N L 0N LI LA S

Cob Cot £01 €0t €} €af) Cp3 €a}

~—
> 301=CY_INDRICAL MIMBRANE +00P STRESS EQL TABLE XIil
” SOMi=3YLINDRICEL MERIODIONAL MEMBRANI STRESS EQ 1 TABLE XxIII
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y: 2.224
4™ PRSVSL T&/74 0PT=L TRACE FIN 4.84498 772178
e’
z SH1+SHZ ySH3I=HZ &) STRZSSES EQS 14 L2 TaBLE X A&AND EQ I¢ TASL:D XIII
o SH4T=T3T&LL HZzAD STRESS,
WRITE (B4b6023 MO, VD 3
T T T URARTTEZT By 6T ) SHI ¢ SH2e SH34SHT - T T T e - &
DO &4i I=1.N 4
XLAM=X*_ &M 4
SC2==2.0%V0* {(LAM*R*EXP (~XLAMI*COS{XLAMII/T2 4
SCI3=2e ¥ LAMX* 2X¥REMD*eXP (~XLAMI 2 (COS(XLAM)-SINIXLAMIYI/TZ G
SCMU=6,,L*VO*EXP{=XLAM) *SINIXLAM) 7{LA1*T22+2) kL
T T USCMS= <0 G MO*EXP(-XLAMY ¥ {COSIXLAM) +SIN(XLAM) ) /T2%**2 T T ¢ - - 4
SCu=SCHMe*POI L
SC5=SCM5 *PO1I N
SCTCVX=5Ci+SC2+5L03+534+3C5 4
SCTCCV=3C1+302+3C3~-504-SC5 5
SCMTCX=SCMi+3CMu+S°M5 : 5
T T T SCMTUVESCMI-SCMe-STOMS oo T e T T -8
S SC2+SC3=CYLINDRICAL MEMBRANE HOJP SIRZSSES EQS 1u AND iS5 TABLE XI1I3
< SC4¢+SCS=CYLINDRICAL BENDING HOOP STRESSES £QS 14 &AND 15 TaA3Le XIIZ
> SCM4L.SSM5=C YLINJRICAL MERIDIONAL BZINDING STRESSES £QS 14 ANCD 15 TAB XI
S SCTCVX=TOTAL HOOP STRZISS ON THE CONVEX SURFAGE
T SCTCCV=TOTAL HDJP STRESS ON THE CONZAVE SURFACE ~~ 7 -
o SCHTCX=TOTAL MIRIJDIONAL STRESS OK THE CONVEX SURFACEZ
z SCMTCV=TOTAL MZIRIDIONAL STRESS ON THE CONCAVE SURFACE \/

WRITE (64+604) XySC14SC295C34SC49SCH9ySCTOVXsSOMLySCM44STM5,5CKMTCX
ARITE (64605) SCTCCV,LSCMTCV

TTTTTTRT X=X 4XINDTTTTTTTTT

GO 70 13
4 FORMAT (8F1i0.2)
L FORMAT (2HZI,30X,72HSTRESSES IN HZIAD AND CYLINDERICAL WALLS OF A4 FL
LT HIADED PREISSJRE VISSEL// 32K BHPRESSURZ ¢IX4FQeligisd PSIZiiXy

2 Z5HINSIDE JDIAMEITER s4XeFB8e343H IN/32Xei14HHEAD THICKNISSs5XeF7+ 3
T3 IH INVLIIXYGLBHUYLINDER WALL TKsaXeF7e3+43H IN/3Z2XGISHELASTIC MODULY
%S ¢2 X9 1PESe3e4H PSIH Py 20X s24HPOISSONS RATIO¢SXyeF8.37/)
632 FORMAT {(32XeiOHIND MOMENT 44 XsiPEL1L3+6H IN-LBs10XsSHEND SHCZAR,6X,

i ZiCe3s6H LBZINZ/Y)
603 FORMAT (B1Xyo3HHEAD STRESSIS/OiXei3Hzz==z=========//5JX,1THFROM UNI
SFOIM LOAD¢3XeFiZelysH PSI/S0Xe2iBHFRIM EDGE MOMENT X FllewuoetH PSI/

52X, 17THFROM RADIAL SHEARG3XsF1CeClos4d PSI/SOXsSHTOTAL 915X 471040y
4H PSI/Z//58X42,ACYLINORICAL STRESSZ3/59Xy2({H============z===z=====5/
42Xs134HO0P STRISSESy32Xe2i9HMERIJIONAL STRESSES/2XeBHDISTANCE . 4X,
BH4MEMBRIANE g 4 X g BHAMIMBRANE 94 X9 BHMEMBRANEGUX 4 THBENDING 95Xy THEENDING,
EXY ¢SHTOTALy 4 X9 2 2HFROM UNIFORMy2XsIH " KOM EDGEZH ZXs9HFROM EDSZ 95 X,
BATOTAL /72X o 8HFROM END 42X 31 2HFROM UNIFORM42XsGHRFROM ECGE 4 IX e S=FROM
EDGE 93X+ 9HFROM ZD5E43Xy3HFROM EDGE +XeBbHCONVE X 5 X9 8BHPRESSUREZ S5 X,
SHSHE AR T Xy HMOMENT 4 b X9y BHIONVEX/SX s 2HIN 7X g BHPRESSURE 45X

SHSHEAR g TX 9 DHMOIMENT s B Xy SHSHEAR 97X 954 MOMINT y SX7HCONCAVE g s Xy
7ACONZAVEY/Z /)
FORMAT (EXoFB84341Xy L0{F1LLe2X))
_§CS FO%H&T (72XeFi0eiy3I8XyFilel/)
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3.3 Documents: 11, 15,

({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:

250 curies/element x 3.7 X lOlo events/sec/curie x

13

2 MEV/event x 1.6 x 10 watts/MEV/sec

= 2.96 watts/element .

The total heat load for the cask is 112.5 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-1l cask is licensed

to handle up to 1.5 kw of decay 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:

252 %%g% x 5.0 watts/pin = 1,260 watts/cask .

Certificate of Compliance Number 5057 approves a heat load of
1.5 kw for the cask.



3.4 Documents: 17, 1

(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 = 333 watts/ft. Thus, the decay heat is within
permissible levels.

(f) Union Carbide Process Uranium Oxide Container

The total decay heat of the process oxide may vary up to a
maximum of 20 watts per container. Thus for a shipment of twenty-
four (24) containers, each producing the maximum decay heat, the
total heat generation of the contents is 480 watts. This is below
the 1500 watt rating of the cask.

(g) Union Carbide Target U235 Special Form Capsules

The total decay heat for the U235 target material may vary.

The number of capsules permitted per shipment shall be limited so
that the total aggregate decay heat generation will not exceed
1500 watts, the rating of the BMI-1 cask.

3.1.3 Solar Heat

From Reference (3), p 1,636, the solar heating is:

Q = 4297 [ egBy COS 8y + e AL cos oy ]
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3.4(a)
where
T = atmospheric transmittance = 0.6
e = 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:

1l
o
.
e)
(o))

cos GH

I
o
L]
N
©
[~

cos GV .

The outside of the cask is 33 inches in diameter and 72.375

in height. Thus:

1

inches



3.5 Documents: 1, 3, 4

DH = 16.6 feet2 (protected area).

AV

The solar heat is:
Q = 429(0.6) [ (0.5) (5.93) (0.96) + (0.5)(16.6)(0.284)]
= 732 + 607 = 1,339 Btu/hr. = 0.392 kw

3.2 Summary of Thermal Properties of Materials

The materials' thermophysical properties which were em-
ployed are shown in Table 3.1. &Also, since it has been well
demonstrated that the lead will contract 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 3.1l.

3.3 Technical Specifications of Components

Relief Value - 75 psig

Pressure gauge - 30 in Hg vacuum to 100 psig pressure.

3.4 Thermal Evaluation for Normal Conditions
of Transport

374.1 Thermal Model

The analysis for normal operation were performed assum-
ing only radial heat flow from the contents through the cask

walls to the environment.
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TABLE 3.1 THERMOPHYSICAL PROPERTIES EMPLOYED
FOR LEAD, STEEL, AND ALUMINUM
Lead
Density = 705 pounds/feet3
Melting Temperature = 621 F
Latent Heat = 10.5 Btu/pounds
Temperature, Thermal Conductivity, Specific Heat,
F Btu/hr-ft-F Btu/1b 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
Density = 488 pounds/feet3
Latent Heat = 120 Btu/lb
Melting Temperature = 1,800 F
Temperature, Thermal Conductivity, Specific Heat,
F Btu/hr-ft-F Btu/1b Emissivity
32 8.0 0.11 0.8(@), 1. o®)
212 9.4 0.11 0.8, 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, ¢ = 0.8.

(b) For steel surfaces viewing each other across internal air

gaps, ¢ = 1.0,
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TABLE 3.1 THERMOPHYSICAL PROPERTIES EMPLOYED
FOR LEAD, STEEL, AND ALUMINUM
(Continued)

Aluminum, 6061-T6

Density = 169 pounds/feet3
Melting Temperature = 1,140 F
Latent Heat - 128 Btu/pounds

Temperature, Thermal Conductivity, Specific Heat,
F Btu/hr-ft-F Btu/1b Emissivity
77 89.5 0.214 0.15
600 135.0 0.214 0.15
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Fe = 0.167

Fa = view factor = 1.0
o =1.73 (10-9) R4
A= 2,09 ft2

T, = capsule temperature, R

T, = cask cavity temperature, R

Thus

6.04 (1070 (7, % - m,%

©
i

Tt 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

a = 4.78(10%) /£t F
Pr = 0.68

T, = 460 + 132 + 200 = 792 R

T, = 460 + 132 = 592 R

Substituting the values in the equations above results in the

following:

186 Btu/hr

O
it

cv

163 Btu/hr

| @
i

And the total heat flow is 349 Btu/hr = 102 watts. Thus, the
capsule temperature for normal transportation is about 332 F.



3.21(a)

3.4.2.4 Union Carbide Process Uranium Oxide Containers

During normal transport the heat is transferred from the
containers to the inner wall of the cask by free air convection and
radiation. The length of the internal volume of the containers is
approximately 10.75 inches. However, the process oxide contents will
fill only about 10 percent of this volume. 1In order to determine
if the axial temperature gradient of the container would be signi-
ficant for internal heat transfer calculations, an analytical model
of a single isolated container was developed, Figure 3.2(a). The
model assumed that all the oxide was in a powder bed, l-inch deep at
the bottom of the container. It was further assumed that heat trans-
fer from the oxide bed to the container was by conduction at the
oxide-container interface and by radiation from the top of the bed to
the inner surface of the container walls. Transfer of heat from
the container to the environment was assumed to be by convection
only. These assumptions were made for purposes of convenience and —
are considered conservative. Any convection within the container
would tend to decrease the axial temperature difference and "flatten
the gradient". The effect of radiation from the outer surface would
also be to flatten the gradient. Thus neglecting internal convection
and external radiation would tend to result in a higher axial
gradient of the container.

The external boundry temperature was estimated as the
approximate cavity liner temperature for normal transportation.

Its acutal value is of minor significance since the objective of
these analyses was to determine the axial temperature gradient
and not absolute values. The problem was solved using the TRUMP
computer program(7). Properties for the UO2 powder bed are as

follows:

Rev. B. 8-1-80 —
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Node 1: UO2 Powder; 20 Watts decay heat
Nodes 9 to 22: 6061-T6 Aluminum

335 F 022 . 1.0
335 F W21 A L7s
L H ——i———
335 F | e 20 y
336 F ¢ 19 !
i ' H
M g
38T F | J18
= - é 9 shell nodes
- 5 i i Convection
339 F . 16 |
~ L \
341 F , 15
343 F . 14
— Radiation |- 5 |
345 F | A e13 | \
- coE
'? ! 2 =2
347 F (5/ * 12 | Tboundary 50 F
! ~ Y
T T A A
389 F |7 /41 411 7 1.0
= SR ]
M2 F—557 5 | e 9 10 © 1.0
adl ¥

352 F-_____//////(/

Figure 3.2(a) Analytical Thermal Model of Union Carbide Process
Uranium Oxide Container and Steady-State Temperature
Profile
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UO2 powder: emissivity = 0.9

Conductivity
Temperature, F Value, BTU/hr-ft-F
500 1.45
1000 1.27
1500 1.15
Interface Conductance 2
Node Interface Value, BTU/hr-ft"-F
1 to 9 34
1l to 11 14

The results of the analyses shown on Figure 3.2(a) indicate
that there is only a 16 F temperature gradient along the length
of the container. Thus, if in subsequent internal heat transfer
calculations, the container is assumed to be isothermal, the
resulting error would be only about 8 F.

The BMI-1 cask currently is designed for shipment in which
two baskets, stacked one on the other, are used to transport MTR
type fuel elements. Each basket can carry twelve (12) elements.

It is planned to use these baskets to hold the Union Carbide
process oxide containers. Thus a maximum of twenty-four (24)
containers can be shipped. The maximum decay heat from the oxide
in each container is 20 watts. Thus, the total decay for 24
containers is 480 watts.

The temperature of the cask and containers during normal
transportation was determined by analyses using the TRUMP(7)
computer program. A steady state thermal analyses of the BMI-1
cask was initially performed to obtain the cavity liner (wall)
temperature. The analytical model of the cask is shown in
Figure 3.2(b). The sketch of Figure 3.2(b) shows a longitudinal
section of the model which consisted of concentric steel and
lead nodes as shown.

The 480 watts decay heat was applied uniformly to the
cavity walls along a 25.50 inch axial length (equal to the length
of two containers without the collars). All heat flow through the

cask walls to the environment was assumed to be radial.
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3.21(e)

N .

This is conservative since the cavity is 54 inches long and the
28.5 inches of cavity length as well as the cask ends are neglected
for heat transfer from the contents through the cask walls and to
the environment.

The solar heat load, from Section 3.4.2.1(a) was taken
as 80.9 BTU/hr-ft2
The ambient temperature was taken as 100 F, the temperature per-
mitted for the start of the hypothetical fire accident. With

and the surface emissivity was taken as 0.5

1

this ambient temperature the cask cavity liner temperature was
calculated to be 227 F. If the ambient were 130 F, the cavity
liner temperature would be approximately 30 F greater or 257 F.

The model for determining the temperature of the containers
within the baskets is shown in Figure 3.2(c). The model considered
radiation and free air convection heat transfer between the containers
and the liner. Heat transfer by convection from the containers
to the cavity liner was expressed by

Q = hcAc(Tc—Tw)

where
hc = heat transfer coefficient
Ac = heat transfer area
T, = container temperature
T, = cavity liner temperature.
The heat transfer coefficient, hc' was defined by:
0.25
Hc = 0.29 ( Eg—fiii ) (Reference 8)

The equation is part of the TRUMP program. Radiation between the
container, and between the containers and the cavity wall was
accounted for using the procedure and data presented below in
Section 3.5.4.2(a), (pages 3.34 to 3.36).
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Figure 3.2(c) Sketch of Thermal Model of Union Carbide Process
Uranium Oxide Containers in BMI-1 Basket
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The analyses indicate that the following temperatures

exist:
Ambient: 100F 130F
Cavity wall: 227F 257F
Outer most containers: 253F 283F
Inner most containers: 305F 335F
3.4.2.5 Union Carbide Target U235 Special Form Capsules

The maximum heat that the aggregate of up to twenty-four
special form capsules shipped may generate is 1500 watts. However,
the amount of decay heat within the capsules may vary. Thus,
analyses were performed to show that in the limit case, a single
capsule could be shipped in which the total decay heat of 1500
watts is concentrated.

The surface temperature of the cask and capsule during
normal transportation was determined by analysis using the TRUMP
computer program. The cavity liner temperature was obtained from
an analysis using the model shown in Figure 3.2(b). It was
assumed that the 1500 watts of heat would be rejected by the cask
over only 18 inches of axial length, the same as the length of
the special form capsule. This assumption made for convenience
is very conservative and will result in higher cask temperatures
than if credit were taken for "smearing" the heat over the full
54 inches of the cask cavity plus the ends. The analyses show
that for a 100 F ambient temperature, the 1500 watt decay heat
applied over 18-inches of the cask length would result in a cavity
liner temperature of 398 F. For a 130 F ambient temperature,
the liner temperature would be about 428 F.

The temperature of the special form capsule and the basket
was determined using the analytical model shown in Figure 3.2(d).
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The capsule is assumed located in one of the four innermost basket
positions. This assumption will result in the highest capsule
and basket temperatures. The capsule is centered in the basket
cell by an open structure similar to that shown in Figure 3.2 (e).
This open structure will hold the capsule in place while permitting
free radiation and convection heat transfer. The model is two
dimensional, i.e., heat flow is considered radially and tangentially
(angularly) within the cavity and basket but not axially. Thus,
the entire 1500 watts is assumed to be transferred to the cask
cavity, through the walls and to the environment within the 18-inch
axial dimension of the capsule. This is very conservative since
it neglects the axial distribution of heat within the cavity and
basket which will significantly decrease the capsule temperature.

Because of symmetry of the cask cavity, only one-half
of the cavity cross section was modeled. Natural convection heat
transfer within enclosed spaces, especially between Nodes 2 and
3 and between Nodes 4 and 5 is conduction controlled. Nodes
2 and 3, and 4 and 5 form sandwiches around the boral poison plates;\/
The resistance to heat flow through the boral was considered small
compared to the interface conductance between the sandwich faces
(Nodes 2 and 3 for example) and the boral plate. Therefore, the
boral was not modeled. Rather an interface conductance for two
0.010 inch thick (assumed) air gaps (between the stainless steel
prlates and the boral) was used between the sandwich faces. These
values are represented by the expression

hc = k/x

where

conductivity of air

gap thickness.
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Figure 3.2(e) Sketch of Typical Rack for Supporting
Union Carbide U235 Special Form Capsule
in BMI-1 Basket.
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3.21(k)

For radiation heat transfer between the sandwich plates
and the cavity liner, the plates and liner were treated as parallel
planes, view factor = 1.0. For radiation between the two per-
pendicular sandwich plates, the view factors for perpendicular
planes was used (0.39).

The results indicate that the maximum capsule temperature
for normal transportation (130 F) will be 1290 F. This is well
below the 1475 F temperature which the capsule must be able to

withstand in order to be certified as a special form capsule.
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3.4.3 Minimum Temperatures

From Section 3.4.2.1l(c), the minimum water temperature
is 192.9 - 4.3 = 188.6 F for an ambient temperature (Ta) of 100 F
and a decay heat load (Q) of 3,480 Btu/hr. With no solar load,
the water temperature is 180 F. For other wvalues of Ta and Q,

the water temperature (T) is approximately:
T = (180 - 100) (x—2—=) + T
3,480 a )

The water will freeze when T = 32 F, or Ta = 32 - Q/43.5. The
water will not freeze at an ambient temperature of Ta = =20 F
if the decay heat is greater 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. 1In 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
prevent freezing at Ta = =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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(d) Union Carbide Process Uranium Oxide Container

The models shown above in Figures 3.2(b) and 3.2(c)
were used to determine the temperature of the cask and contents
during the hypothetical accident. The hypothetical accident
was defined as a radiant heat source having a temperature of
1475 F and an effective emissivity of 0.9. Initially, a thermal
transient analysis was performed for the fueled shipping cask
(absorptivity = 0.8) to determine cavity liner temperature as a
function of time. No solar heat load was included during the
30 minute fire. The resulting temperature/time profile was then
used as the boundary condition in the contents/cavity transient
thermal simulation.

The results of the analyses, shown in Figure 3.8(a), indicate
that the cavity wall of the cask reaches a peak temperature about
1 hour after the start of the hypothetical fire and then cools
rapidly. The temperatures of the capsules continue to "coast up",
however, peaking about 3 hours after the start of the fire. The
maximum temperature of about 586 F is acceptable for the 6061-T6
aluminum alloy from which the containers are made. The structural
condition of the container is considered in Section 2.0.

235

(e) Union Carbide Target U Special Form Capsule

The models shown above in Figures 3.2(b) and 3.2(d4) were
used to determine the temperature of the cask and contents during
the hypothetical fire accident. The cavity liner temperature/
time profile was obtained from thermal analysis of the entire cask
and used as the input boundary condition to determine the capsule
temperature/time profile. The conditions for the "fire" were
as used for analyses of the Union Carbide process oxide containers,

Section 3.5.4.2(4).
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3.40(c)

The results of the analyses, shown in Figure 3.8(b),
indicate that the capsule reaches a maximum temperature of 1325 F
about 1 hour after the start of the hypothetical fire. This is
well below the temperature of 1475 F which the capsule must
withstand in order to be certified as a special form capsule.

The stainless steel shells of the basket experience a maximum
temperature of 785 F. This is acceptable for stainless steel

and is well below the melting temperature of the aluminum matrix

of the boral sandwiched between the stainless steel shells. At
these temperatures aluminum has sufficient strength to resist
"slumping" due to its own weight. Moreover, the stainless boral
sandwich is fabricated with stainless pins extending through the
boral and welded to the two stainless shells. This reinforcement
will prevent "bulging"” of the shells due to the elevated temperature

and thus also help keep the boral from shifting.
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3.41 Document: 1, 3, 17
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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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6.3 Criticality Evaluation for BRR Fuel Elements

6.3.1 Package Fuel Loading

The modified BMI-1 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 Battelle's
Research Reactor is given in Figure 6.4. Each fuel assembly is
a heterogeneous mixture of Al, Hy0, U-235, and U-238., The
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)
HpO 2725 2.5253 x 1022

Al 2780 1.7188 x 1022

U-235 200 1.41 x 1020

U-238 15 1.05 x 1019

A cross section of BMI-1 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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6.8 Criticality Evaluation for Union
Carbide Process Uranium Oxide

6.8.1 Package Fuel Loading

The process uranium oxide is formed by pyrolyses within the process
container. The containers are nominally 2.50-inches I.D. and 11.75-inches
internal length. They are made entirely of 6061-T6 aluminum alloy and sealed
dry. The oxide may be in flake or powder form. Due to the manner in which
it is formed directly in the container its distribution is random, i.e., although
the major portion will be in a bed at the bottom of the container, some powder
will adhere to the walls of the container. .

The product may include a mixture of oxides of uranium. For purposes
of analysis it was assumed that the oxide is in the form of UO2 which would have
the greatest percentage of uranium per unit weight of oxide. Analyses were
done on the basis of 400 grams of UO2 powder which for the 93 percent enrichment

represents 352 grams of U235.
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6.8.2 Normal Conditions

The shipments are to be made dry. Ihg total mass of U-235 in 24

~

process uranium oxide containers, each containing 400 grams of U(93)0, is
e S e -’

79.088 kg. The minimum critical mass of fully reflected U-235 is 22.8 kg.
/\—-‘_..

Thus, even for two dry packages in contact and reflected on all sides by

water, keff <1l.

In the case where some or all of the containers are replaced by
MIR fuel elements the total mass of U~235 is smaller than in the above case
since each fuel element contains only 200 grams of U-235. Thus, shipments
of containers with 400 grams of U(93)O2 interspersed among MTR fuel elements

and fully reflected by water will have ke £ <1.

£

6.8.3 Accident Conditions

6.8.3.1 Calculational Model (Process Uranium Oxide Only)

Under accident conditions for Fissile Class III materials, one
shipment of packages is to remain subcritical with optimum hydrogenous moder-
ation and close reflection by water.

Consider first the transport of 24 Union Carbide process uranium
oxide containers carrying equal amounts (from 200 grams to 400 grams) of
U(93)02 powder. To determine when optimum moderation occurs KENO calculations
were done for the cases where each container carries 200, 300, and 400 grams
of UO2 powder and where, in each case, the remainder of the container is filled
with water. Also, KENO calculations were done for the cases where each container
carries either 200 grams or 400 grams of UO2 powder and the containers are filled
to approximately 7/10 of their capacity with water. All of these calculations
were done using the 123 group neutron structure available with the AMPX-1
modular code system. This consists of the 93 GAM~II groups combined with a
30 group THERMOS structure below 1.89 ev. Although the amount of U-238 in
these loadings was very small, NITAWL runs were made to correct for resonance

self-shielding in each of the cases. The KENO calculation was done using the
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mixed-box option of KENO geometry. The reflective plane capabilities of
KENO were used so that only one quadrant of the geometry had to be modelled,
i.e., reflective planes were used at tye x-z plane, at the x-y plane, and at
the y-z plane. Figure 6.13 shows a horizontal cross-section of the loaded
BMI-1 shipping cask fully reflected by water. Figure 6.14 shows a vertical
cross-section of box types 1, 2, and 3. In these cases the fuel basket

and the cask are void.

6.8.3.2 Package Regional Densities

The KENO calculation requires as input the number densities of
six mixtures. These are the homogenized UOZ-HZO mixture, stainless steel,
aluminum, the boral poison plates, the lead shield, and the water moderator
and reflector.

The UO2
0.7 times that of normal UOZ' The molecular weight of 93 percent enriched

powder was assumed to have a density of 7.56, i.e., about

uranium was taken to be 235.21 and that of U(93)O2 was taken to be 267.21.
The number densities for the aqueous solutions of water for the 5 cases
considered above are given in Table 6.10. Also in the table are shown the

H/U235 atomic ratios for the cases.

TABLE 6.10. NUMBER OF ATOMS PER CC IN THE AQUEOUS SOLUTIONS OF UO2

200 g Con- 200 g Cop~ 300 g Con— 400 g Con- 400 g Cog—

Case tainer? tainer tainer? tainer? tainer

H/U Atomic 134 96 88 65 46

ratio
Element
U-235 0.0004853 0.0006664 0.0007279 0.0009705 0.0013328
U~238 0.0000361 0.0000495 0.0000541 0.0000721 0.0000990
H 0.0648160 0.0640520 0.0637940 0.0627700 0.061640
0 0.0334507 0.0334580 0.0334610 0.0334703 0.0334960

(a) Water filled.
(b) 0.73 water filled.
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The stainless steel is a mixture of 3.0 percent silicon, 19.0 percent
chromium, 2.0 percent manganese, 67.0 percent iron, and 9.0 percent nickel with
a density of 7.92 grams/cc. The resultant number densities are given in Table
6.11.

TABLE 6.11. NUMBER OF ATOMS PER CC
IN STAINLESS STEEL

Element N x 1024
Si 0.005100
Cr : 0.017426
Mn 0.001737
Fe 0.057226
Ni 0.007315

Aluminum has a density of 2.7 g/cc and a molecular #eight of 27
resulting in a number density of 0.06023 atoms/ce x 1024.

Number densities for poison boral plates, lead, and water have
previously been listed on Pages 6.36 and 6.37.

The results of these calculations are shown in Table 6.12. As can
be seen from these results, the most reactive loading occurs for the 400 grams/
container (water filled) case. These calculations are conservative because
they assume that the containers in the top basket were misloaded so that the
containers are in the bottom of the basket with the spacers above, whereas in
the bottom basket the containers are properly loaded at the top with the spacers
beneath. This places the two groups of twelve containers in closer proximity
than for a normal loading condition.

The results of flooding the inside of the shipping cask must also
be determined. Therefore, KENO calculations were made for the case where all
void regions inside the cask are replaced with water. Only the two more reactive
of the previous loadings were considered, i.e., 300 grams/container (water
filled) and 400 grams/container (water filled). These results are also given in
Table 6.12. As seen from these results the desired loadings will at all times
be subcritical.
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TABLE 6.12. KENO RESULTS FOR VARIOUS BMI-1 SHIPPING CASK LOADINGS

Case H/U235 Keff
24 - 200 gram/container (water filled) - void cask 134 0.681 + 0.013
24 - 200 gram/container (0.73 water filled) - void cask 96 0.632 + 0.010
24 - 300 gram/container (water filled) - void cask 88 0.738 + 0.014
24 - 400 gram/container (water filled) - wvoid cask 65 0.762 + 0.008
24 - 400 gram/container (0.73 water filled) - void cask 46 0.694 + 0.009
24 - 300 gram/container (water filled) - flooded cask 0.833 + 0.011
24~ {00 gram/container (water filled) - flooded cask 0.825 + 0.010
16 - 400 gram/container (water filled)
- flooded cask 0.810 + 0.010
8 - MTR fuel elements (water filled) -
24 — MTR fuel elements (water filled) - flooded cask 0.862 + 0.008
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6.8.3.3 calculational Model (Process Uranium Oxide Containers
with Interspersed MTR Fuel Elements)

Some shipping cask loadings will have process uranium oxide con-
tainers with interspersed MIR fuel loadings. Therefore, KENO calculations
of such cases have also been made. The number density of the homogenized
fuel element (flooded with water) and occupying the available area in the
BMI-1 shipping fuel basket has already been given in Table 6.4. A vertical
representation of a box containing a fuel element is shown in Figure 6.15.
The KENO calculations were done for the flooded cask case. Results for the
cases of a partial loading of MIR elements -- partial loading of 400 grams
waste containers and for the case of 24 MIR elements are given in Table 6.12.

As seen from the results mixed loadings will also be subcritical.

6.9 Criticality Evaluation for Union Carbide
Special Form Capsule

6.9.1 Package Fuel Loading

The special form capsules are nominally 1.25 inches in diameter
and 18.0 inches long. They are made entirely of 300 Series stainless steel.
Up to 100 grams of U235 may be contained in each capsule in oxide form. The

uranium oxide is sealed dry within the capsules.

6.9.2 Normal Conditions

The shipments are to be made dry. The total mass of U-235 in
twenty-four (24) special form capsules is 2.4 kg. The minimum critical mass
of fully reflected U-235 is 22.8 kg. Therefore, even for two packages in
contact and reflected on all sides by water, keff <1,

6.9.3 Accident Conditions

Under accident conditions for fissile Class III materials, one
shipment of packages is to remain subecritical with optimum hydrogenous

moderation and close reflection by water. 1In Section 6.8.3 it was shown
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that up to 400 grams of uranium oxide fully enriched in U-235 was suberitical
for various combinations of cask flooding and pressure of water within process
uranium oxide containers. Since the maximum quantity of U-235 contained in
the special form capsules is significantly less than for the process oxide
containers, by reference to the analytical results presented in Section 6.8.3
(specifically Table 6.11), the- shipment of twenty-four (24) Union Carbide

special form capsules is considered to be subcritical for all accident conditions.
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