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(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 Carbide Process Uranium Oxide Container

Union Carbide uranium oxide waste form process shipping
container as shown on Union Carbide Corporation Drawing No. 101501,
Rev. 0.

235

(1) 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 cf AISI 300 Series stainless steels.

1.2.2 Operational Features

Operation of the BMI-1l is discussed in Section 1l.2.1l.
That Section and t'ie 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) cf
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
Radioactivity

(a) Shipments by Any Transport Vehicle (Except Aircraft)
Assigned for Sole Use. The radicactive 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**
III 4,960
Iv 11,070
v 8,120
VI and VII 800,000

As defined in ¢ 173.390 of 49 CFR and Apgendix C of 10-CFR-71.
Limit will be imposed by dcse-rate lim..s 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 addi ional internal shielding.

(b) Shipments by Commercial, Contract, Governmental,

and Private Carriers. The radicactive contents of the cask may

include any radionuclide(s) classified according to the transport
grouping in ApJendix 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
General mixed fissicn products Unlimited**
I1II 1,540
v 3,440
v 5,000

IV 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 leak; -oof

inner container along with respective gquantities are as follows:
=233 < « » o s o » « 480 grams
Pu=239. . . « « » . o 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 planred for shipment in the cask with the leakproof
inner container along with respective quantities are as follows:

U233 . . ¢« o ¢« « &+ + 480 grams
Pu=239. . . «. « « «» . 480 grams
U=235 . « « » « « « 8450 grams

(3) Chemical and Physical Form

Radicactive and fissile radicactive materials of the
fcllowing 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 sclid and are securely confined in the

leakproof 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,

ana 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/c 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 Prccessing Plant. The shipment of irradiated fuel
is to be made by truck-trailer according to regular commercial
conditions and regulations.

* Most reactive H/A (xererence 2).

Rev. B, 8-1-30
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The Texas A&M University recuests 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 from the Texas A&M Nuclear
c:ience 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 assemtly
containing not more than 4.77 kgs U-235 prior to irradiatica.
Uranium may be enriched to 25.6 w/o0 in the U-235 isotope.

This report presents an evaluation ¢f 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-l cask was approved in July, 19€4, and given
License Number SNM 807 (Docket Number 70-813) for use in shipping
24 spent BRR firel 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 elemrent
basket and basket support inside the cask. Enclosed Drawing Number
00490, Rev. 5/12/66, provides a description and details of the pro-
Posed modifications. The main part of this modification is a corper
casting which provides mechanical support, additional shielding,
and a good thermal path for the remcval of drcay 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, 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 vl
Magnesium Oxide T/C Insulation 6
Nickel Heaters ~2
Inconel Heaters ~2
y238 Fission Monitor 36 mg
Np237 Fission Monitor 60 mg

(i) Union Carbide Process Uranium Oxide Containers

This Safety Analysis Report shows that up to twenty-four
(24) containers can be shipped in the BMI-1l cask. Twelve containers
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 grior
to inserting the container. This will limi4< the axial motion of
the container to a maximum of about 0.5 iach.
Each container may be loaded with up to 352 grams of 0235
in the form of processed uranium oxide. The oxide is formed in the
capsules through pyrolysis of a ligquid solution of the uranium.
The resulting oxice is in the form of flakes and powder of random
size.

Rev. B, 8-1-80
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235

(k) Un‘on_Carbide Target U Special Form Capsules

This Safety Analysis Report shows that up to twenty-four
(24) 0235 target special form capsules can be shipped in the BMI~-]
césk. The special form capsules are nominally 18 inches long.
One capsule will be locaded in each basket cell. The 1.25-inch
capsules will be held within the bask t cell by a rack designed

cermit free air connection around che capsule. The axial motion

or 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 0235.

1.3 Appendix

1.3.1 References

(1) Packaging of Radiocactive Material for Transport and Transpor-
tation of Radiocactive 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. Bc' 8-1-80
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The corresponding marg’n of safety is:

F
_Tew _, . 15,000 .
M8 o 78 -1 = pylzgy -1 = 0.59

In additicn, the shear stress:

W G_.
cover sSin a

Q -Eg'
nA nA

sh

where:

wcover = weight of the cover only = 1,200 pounds

The shear stress then is:

(1,200) (128) (sin 24.7°%)
(12) (0.633)

= 8,500

°sh
The margin of safety is:

F
_ .su _, _ 40,000 _, _
Lk d el e Rl

sh

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.(d) The equation has the form:

W .,0.71

t = (F::) ’
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where:
t = minimum shell thickness. inch

W = weight of lead~lined casx, pound

Ftu = yltimate tensile strength, psi .

Therefore, the required shell thickness is:

.71
¥ .0.71 o 23,600 . "
t = (F::) (—37333) 0.44 inch

On the basis of an outer shell thickness of 0.68, the ‘ask 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 follows:

(a) Certificate of Compliance, Revision 6

Paragraph 5(b) (1) (iv) = Greater than Type A gquantities
of by=-prcduct material in special form.

Paragraph 5(b) (2) (iv) = For the contents described in
3(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) 0235 Target Material in Unicr 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 sutassemblies, 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 gquantities are much less
than the maximum release permitted by the proposed regulations(l3).
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

235 in oxide form. The container (UCC drawing

transport up to 352 grams of U
10150, Rev. 0) is essentially a 3-inch 0.D., 1/4-inch thick,

11.12-iach longz cvlinder with l-inch thick welded end caps. A procective
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

(a) 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 cne

Rev. B, 8-1-80
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atmosphere (absolute), the resulting pressure can be estimated from the
following relationship:
P/T = constant

P = 1.7 psia

130
Since the container does not yield during the more severe conditions of the
fire accident (2.10.5.3¢), it will not yield for the normal heat conditiocn.

(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 (2.10.53.3a),

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

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

mated by a beam having fixed ends. From !arkssl7) p. 5-93, the natural fre-

1/2
fn.i..E_Is.
2n 3

quency is given by

WL
where
= natural frequency, Hz
= ] (fixed ends)
elastic modulus = 107 psi

i . B )
"

= container cross-section mcment of inertia
- (@
= 1(1.375)°(0.25)
= 2.04 ina
g = 386 in/sec2
W = container wall weight = 2.4 1b
L = wall length = 11.12 in
therefore

f = 246 Hz

Rev. B, £-1-80
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From RDT F 8-91(181 observed %ruck vibration loads for frequencies from
1-500 Hz are about 0.5 g (vertical). This translates into a package res-
ponse given by(la)

1/2
8, = 2.5 (£]

=39 g's

The stress in the container wall resulting from this loading is

Q
u
nig

where from Roark(lg)

WLG
12
2.4(11.12)(39)
12

= 86.7 in-1b
; 3
'Y(Ri) t

"

- 7(1.375)2(C.25)
3

M=

= 1.48 in
therefore

7= 59 psi

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

4
(e) Shock. RDT F 8-9T‘18)perm1ts the static analysis of shock

b}
loadings, independent of direction. From Table 518,. 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

o
an external pressure gradient, Section 8, Division 1, of the ASME code(“o),

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°
< = 12

Where
D° = cylinder 0.D.
t = cylinder wall thickness

and -—L- =
= 3.1
(&)
where

L=11.12 in = cylinder length

therefore, from figure UGO-28.0 (App. V)(ZO),
A = ,0090

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

B = 9300
therefore

R | S

"a 3(D°/t)
where

Pa = 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, 2'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)

7
compression, Baker, et al, p. 229, the buckling stress is given as

n e 12(1-u2) L

where

¢ _ = design allowable buckling stress

-
"

plasticity correction factor

~
L}

buckling coefficient
E = elastic modulus

u = Poisson's ratio
wall thickness

wall length

L

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

"2Kco
1A
where
Yy = $(R/¢t)
R = inside radius = 1,25 in
t=0.25 1in
therefore
R/t = 5.0 + y = 0.9 (fig 10-9, p. 230)¢2L)
7 = %; /l-uz
2
- TIHEE A-0.3)?
= 377
therefore
yZ = 340

Kco = $(end conditions)

1 (simply supported)
4 (fixed)

Rev. B, 8-1-80
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therefore the maximum value of the right-hand side of the criterion 's

wZK

£ = 2.9

2 /3

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

4 /3
xc n2 Y2
= 239
therefore
o
~=<E . 1.1 x 10° pet

n

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

checked. From p. 231}21)

cr n:cE R, 2
n 2 (L)

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

%er 5
T. 6.2 x 107 psi
For elastic buckling, n= 1, either mode of buckling 9;11 not occur below
the yield point.
For inelastic buckling, a curve of 0., vs. ocr/nis given for materials
like aluminum, p. 268, figure 10-52, curve éZfi For the minimum value of
Oc¢/n above, oy = 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, cvlinder wall stress. Assume that a spacer

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

basket. The stress in tle container is given by

RQV. B . 8-1-80
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where
We=2(W.) =101b
G = 368
A= 2.16 1n2
therefore

R ® 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
s
where
W=10 1b
G = 368
Ay = 0.7077Dt = 1.4 inz
therefore

Tt = 2600 psi < shear yield

Bottom End Drop, Top Collar Buckling Stress. For a thin tube, the
force required to buckle is given by Kirkﬁzzﬁ

"cxt wtD
l"cr: o Tﬁ; . hP

where

D = mean diameter = 2.44 in
wall thickness - .065 in
p = length of "pleat"

-
"

1/2

E

T e
y

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

hp = 0.93 in

Rev. B. 8-1-80
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and

F = 5980 1b
cr

or =
ocr 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

WG
“max ~ A
c
where
W= 5 1b
G =3682'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,

WOyt [1tD
PP il - *hp]
e
where
D= 0.25 in
= 035 in
1/2
E
ho = 1t { 7
12 )
e ( JY
= 0.52 in
F_ = 1030 1b
c
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or
o 43,600 psi

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

e
A
where
W = 0.040 1b (total fitting assembly)
G = 368 g's
A = 0.024 in°
therefore

0y 610 psi < yield

The results of the bottom end drop analysis indicate that the waste cog-
tainer will not yield during this accident.

Side Drop. The container will impact the basket wall for a
side drop. For & single container, this side impact force is given by

F = WG

= (5)(400)

= 2000 1b.
The container/basket interaction is approximated by RoarkFZB{ The contact
stress is given by

1/2
LD
. = 0.798 7 B/ 3
1l-yu ] [l-u ]
ls*t-:
AL SS

where
P = 2000 1b
L = container length = 12.62 in

D = container diameter = 3.0 in

RGV. B. E’l‘ao



2.81(1)

p = 0.32

. 003

= 107 pet

= 2.8 x 107 psi

YA
Hss
EaL
Ess

therefore
Gc = 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 reaction of the container walls away from

(24)

the ends is approximated by Roark , (ring supported at its base and loaded

by its own weight, w, lb/in of circumi-rence):

a o}
kg -
where
M=1.5w RZ
v = 2000
nD
= 212 1b/in-circumference
therefore
M= 716 in-1b
6
where
L=11.12 in
= 0.25 in
therefore
Z = 0.116 in°
therefore

. " 6200 psi

The maximum stress in the basket walls can be approximated by a beam
(Roark (3)), with fixed ends

Q
"
N
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2.81.(3)

where
u-%
2000
W= 3 62 = 158 1b/in
L= 3.31 in (basket width)
therefore
M = 66 in-1b/in
2
z-%.
where
t = 0.124 in (assume basket wall is soiid ss)
therefore
2 = .00256 in>/in
therefore

o = 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

Q
"
(] 4

where
M = paximum bending moment
Z = minimum section modulus .

The weight of each fitting assembly is 0.040 1b (2.10.5.1).
Therefore,

M= WLG
where
W= ,040 1b
L = total ficting length = 2.67 in
G = 400 2g's
therefore
M= 42,7 in-1b .

RPV. ‘ng 8-1-80



2.81(k)

The minimum section modulus is for the tube, given by

d 4 4
z-ﬁo-(no -Ri)

where
Ro = 0.125 in
li =,090 in
therefore
Z = .0022 in>
therefore
o = 19,000 psi, which is below yield at

300 F (32,800 psi).

The protective collar maximum bending moment is given by

M = WGL
where
= 0.174 1b
= 400 g's
L=3.51in
therefore
M = 244 in-1b
2o (@2
where
t = .065 in
R=1.218 in
therefore
Z = 0.303 1n3
therefore

apc = 805 psi < yield

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

drop.
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2.81(1)

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 8 = 65 g's
= 153 sin 8 = 139 g's

'lidc
Bhottom

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

= 16, 600( ) = 2200 psi .

% ,side %00

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

139
% end 1700(368) = 630 psi g

If the stresses are combined orthogonally,

3 2 2
UCL\ax Jrcc,side . oc,end

= 2300 psi < yield
For the top collar,

oc,side 805(400) = 131 psi
%,end " 3600(32:) e el
oc".‘ = 1370 psi ¢ yield

For the fittings,
ac,sid 19, 000(‘00) = 3100 psi

R‘V- Bu 8-1-80



2.81(m)

139
cc,cnd B 610(368) = 230 psi
oc'-“ = 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
{1) cask wall shear.

The puncture bar load is given by

PP =g A
where
¢ = 100,000 psi (assumed to be the maximum crushing strength of
mild steel)
A = 28.2 in® (6 in diameter bar)
therefore

Fo= 2.8 x 10% 1».

The maximum force required to shear the cask outer shell and lead
shielding is give by Harkn'(l72 p. 13=24

Fc = wD(t.:‘ + tpbtpb)
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2.81(n)

where
D = bar diameter = 6 in
t = shear strength
t = wall thickness.

From Table 2, %%p, 13-25

Pl 57,000 psi

tpb = 3500 psi

From BMI drawing 0001, Rev. B,
g, * 0.875 in

:pb = 8.0 in

therefore

o= 1.5x 10% 1b

The maximum cask puncture deceleration is, therefore, given

G "
p W
where
W= 23,660 1b (p. 1.1)
therefore
Gp =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.

(¢) Fire. After the fire, the container temperature rise,
causing an increase in the ianternal 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



2.81(0)

v . P Tfirc
fire 0 :

o
where
Po = 14.7 psia
To ® 530 R
rfirc = 1046 R
therefore
Pfire = 29 psia
= 14.3 psig

The maximum container stress due to internal pressure occurs at the
corner joint. From Roark(ze). 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
T; = cylinder wall thickness = 0.25 in
POI = Poisson's Ratio = 0.32 .

The maximum stresses are as follows:

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

Consequently, the container does not yield during the fire

accident.

R‘V. B . 8‘1-80



Document: 2

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 conditions.

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
tlements

The BMI-1l cask was approved in July, 1964, and 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. Drawing Number K5928-5-1
0049 Rev. 5/12/66, describes thismodification. The entire assembly
inside the cask including the fuel element, 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 tne angles is
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Document: 3, 14
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 2 angles.
Thus, the normal stress on the supporting angles is 132 psi.

I1f the loaded cask were to be subjected to some accident condition
which would cause the angles tc 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-! Basket Modified for MTR Fuel

The only modifications made for shipment of the Fuel
from Texas A&M were to the fuel basket. Therefore, tL2 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)

Document: 15,1«

2.107

Roark, R, J., Case 25, © 352,
Roark, R. J., p 243.
Roark, R. J., Case 6, p 217.

Baumeister, T., Mark's Standard Handboock for Mechanica]i3 :
i 7¢h E4., McGraw-Hill Book Co., New York, P -25
(§l9unfgm6b i ' ' ’

RDT F8-9T "Design Basis f.. Fuel and Irradiations Experiment
Resistance to Shock and Vibration in Truck Transport; USERDA,
Div. of Reactor Research and Development (February, 1975).
Rocark, R. J., Case 33, p. il2.

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 13, p. 176.
Roark, R. J., Case 31, p. 1ll2.

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

Approved by: W. J. Hadilu__ =

& Ba"e“e . Project ~umw_.l:l_7_°§.§.§i___.

Internal Distnbution
Columbus Laboratones

W. J. Madia
Date April 18, 1980 g: :: Stcllizzht
P T W. J. Gallagher
To Lt‘;_g. Burian a A. Parsons
From D. E. Lozicrf%{ - S i

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

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

3 minutes by a crane hocked to the BMI-1 lid-lifting 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 i{s in excess of three times

the weight of the 1100 1b. lid.

The weld was then checked by liquid dye penetrant in accordance with
BCL QA Procedure HI -PP-60 with no defects detected.

DEL/cm
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‘ 2.224
i™ PRSV3L 75/7& O’Ta. TRAZ FTIN w.8¢498 773378
p S=1¢S42SH3IaHER) STIZSSES £QS 24 L2 T4BLE X A&NC EQ I TASLEI xI.l
p- S4+T=TJ3TAL HZAD STRESS.,
nEITE (64602) M3,Y2
T ARTTITUIB 60 3) SHL I SHZISHI ST ) Ll ; o
GO 4o IsiyN
xLaMsX®_ AM
3022«2,0%V0* (LAMPR*EXP (=Y LAM)I*COS (X AM)I/T2
SC322, 0 LAMBO 25 oM IXP (=X AM)*(2OS(CLAM) -ST NIXLAM))/TZ
S:Hbtﬁo:‘VO‘EKP(°K.lH)'?:NllLlHl/(LﬂQ‘TZ“Z)
.y, o 5545'°5o:'H3'EX°(°‘L£ﬂ)‘(SQS(KLA*)OSIN(x"4)’/72'.2 - .
SCe=5CML*POI
SC5=sSCM5 *POI
SCTCvX=3C.+SC2+503+4504+5C5
"'C’V’)C":-Z’SC3 SC4=3C5
CMTCXsSCMLeSCMeeSO NS
C -“S:“T:V3SC"2‘3CHB'S:"5 S ' :
b S22,553=3YLINORICAL MEMBRANE H0JJP 3IrRISSES EQS 1w AND 35 TASLE Xoio
> So6+S35=CY.INDRICAL BEINDING “00P STRESSES EQS 2« &ND 15 TA3LE xI1I2
- SSMesSoM5ES YLIVIRICAL MERIDIONAL BINOING STRESSES =05 i ANC 35 TAS XJ
v SSToVX=TOTAL HOJP ST<IS3 ON THE CONJVEX SURFACE
> SSTCCV=TITAL HOJP %TRISS IN THE CONZAVE SURFACE - ' B
v SIMTCX=TOTAL MIRTIIIONAL STRESS 04 THE CONVEX SURFACE
p SSMTCV=TOTAL MIAIDIONAL STRESS ON T4E CONSAVE SURFACE

4
3

-

WRITE (5480%) XoeSC1e50295C3¢SCeSC5,53CTOL Xy SoMLySCML,SCM5,50uTCX
WRITE (B46.5) SCTCCOV,LSCMTCV

XsXe¢XINS— — ° -

60 70 3

FORMAT (8F13.2)

FOOMAT (LML e30X,72ASTREISSES IN HZILD AND CYLINDERICAL WALLS OF 4 FL

16T HIADED PRISSJIZ VISSEL// 32X ¢BAPIISSURIIXWFGelybn PSI 13X,

SSHINSIOE OJIAMITER gXoF 8,334 INZ32C,6HAEAD THICKNISS,5X.F7.3,
34 INSLLXSLOHCYLINDZIR WALL TKoNon7 To3H IN/3IZXLASHELASTIC MOCULY
Se2Xy2PES.3eH 5T, 0UPp20X,1e=PCISSONS RATIJWSX,F8.3/77)

32 FORMAT (32X, i0HIND MOMEINT ga X LiPELL+396H IN=LB,yLIX,SHEND SHIAR,6X,

6.3

o F

6L 5

.
-

Wm N O N

L

Iiee39BH LBZINZ/)
=‘iHAT (61X, 23H4ZA) STRESSIS/34X,a34z=zzs===2233=2=//5]X,L7H4FR0M UNI
LFCIM LOAD3XeFLoelo M PSI/3IXei64FRIM EDSE MOMENTyoXyFllsuwsen PSI/
SIX,174FROM RAJIAL SHZARIXFLCeloed PSI/50XSHMTOTAL 15X, 200 u
wH PSI/Z//53X,2,40YLINJRICAL 3TREISSI3/53X 2 (H====z====s====33=333/
W2X,134H00P STRISSESs32XeaGHMIRIJIONAL STRESSES/2X3HDISTANCZ 44X,
BAMIMBTANE g9 Xy YAMIMIRANE ¢ Xy SHMEMBRINI WX G THIINDING S X4 THEINDING,
EY ySHTITAL @ Xy A 2HFR0OM UNIFORM,2X 4347 ROM E30Z 4 2Xy9=FRIC¥ ECSZ45 X,
S4TOTAL 72X, AHFAIM END 42X, L 2HFROM UNIFORM,2X,GHFROM ECGE,3X, 57 I0M
TG, 3IXIHFRCM ZO5E43X,IHNFROM EIGZ, 4 XoH4CONVEXGSX48HPIISSIRIW5X,
SHSHEARyTX o SHMOMENT 0 X OHIONVIX/SXy 2HIN TX, BHPRISSURE W5 X,
SASHEAR g PN AMMIMINT (B X SHSHEAR § TX 9 54MOMINTy SX7THCONCAVE gl Xy
T4CONZAVEZ)
CRMAT (CXoFBe3401lXe 10 (FLiGasslX))
FOEMAT (72XeF20aie38XyFL3ad/)

E“J X N/ \"“'\ﬂ {T\n
DRI
2RI RRAELN | U
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2.12.4 Listing of the PRSVSL Computer Code

.H °PSVS. Talls 3’731 TRAC FTN &,8+438 WT/73L/58
PROGRAM PRSVSL (INPUT,OUTRPITTAPIS=INPUT,,TAPZE=0UTAUT) -
’ PROGXAM T2 CALSULATE THZI STRISSEIS IN T4Z HIAD AND THZ WAL.S OF & CJYLINDRID

: PRISSURE VESSIL WITH & FLAT HZAD. <ZQJATIONS FROM CASZ 30 IN TaglLZ xil3

""""" CF ROARK, 4TH EDs PAGI 337, USES 2L3) CASES 1, &, AND (5 FROM TAR3LE XxI2
AND CASES 1 AND 12 F0M TABLI X PAGE 216

PROGAM ASSUMIS THI 34MI MATIRIAL FOR 30TH THE HWEAD AND CYLINDJZIR wWaLLS.

;NPUT RE&D ON JN: .AQD ON AN 8FLvei FOR*.T.

P NTIENAL PRESSURT, PSI

DIA INSIOZ DIAMETER OF CYLINDERe INCHES

T3 HZAD THICKNESS, INCH:IS

T2 SYLINDZR WaiL. THICKNISS, INCHES

Xe wMAX DISTANSE FRANM HE4D AT WHISY STRESSZIS ARE TJ 8F TiaMINZI, INCeZ
XINS INCREMINT OJF DISTANCIS FROM HEAD ENC FOR STRZSS TXAMINAT IONe INCHZ
£ SLASTIC MOOULA&Sy PSI (IF 3LANC ASSUMES 29.025)

POI PQ0ISSONS RATIO (IF BLANK &SSJMES S.3)

L) (l()ll(ltﬁQlt'\lt‘QllllD‘lt’t

REAL MO, LAM,LAMDA
DO(EE o TTyUN)Z2EE*TT®*3/7(12:3-22.0%N**2) o
LAMOA(UNGRR s TT)=SQATISIRATUT e (1ei=JN*22)/(RR*TTI**2) )
te RELD (5,532) PyDIATLeT2eXFeXINSE4PI2
IF (E0F(5)) 20438
2¢ 3TIP
3. IF (EslCoedoed) E=23.526
=TT IF (POIVLELU.8) PO0Isg.3 - S T i
WRITE (54602) PedId TLisT2,Z,P27
!:cth
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0i=00(Z,TL,POD)
T T TR2E30(E, TGP T YONEERRT D e TR ST ' - T
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233‘.L‘3.QOQZ‘L“.‘3.o‘Tl‘)z,(:‘r"(..0...,‘?0“‘(-‘Tl’z. .R.o‘.
i LAM®® 38 (1 ,0-P01)))
2022, 0% AMe2,Co3oLAM®® 2002/ (D2 (2.0¢201)
e T IO LAMOI ST L/ (ERT L 0 02 LAMARTIERE (L.S=PO)) T
PRINT *,LAM,ZA,I3,2IC,20
MOz (ZA+Z8)/7(ZC-TD)
vO0zMOe20-24
SCLsP*R/T2
SCMi=SC1/72.4
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. P 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:

10

250 curies/element x 3.7 x 10 events/sec/curie x

-13

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

= 2,96 watts/element .

The total heat locad for the cask is 112.5 watts. This is a very
conservative estimate since the f.c. 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 decay heat. Thus, the thermal inventory
for this shipment is well within the limits for the cask.

(d) PULSTAR Fuel

The average decay heat cutput 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 Ef%% 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 che capsule at discharge
is 197 watts. The axial heat rate cver the height of the capsule
is (197)(12)/21.5 = 110 watts/ft. The cask is rated for contents
whose deczy 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 majy vary up to a
may‘~1m of 20 watts per container. Thus for a shipment of twenty-
four (24) containers, each proiucing the maximum decay heat, the
total heat generation of the cocntents is 480 watts. This is below
the 1500 watt rating of the cask.

(g) Union Carbide Target 0235 Special Form Capsules

The total decay heat for the 0235 target material may vary.

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

3.1.3 Solar Heat

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

Q = 4297 [ eghy COS 9, + e A cos 9, }
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3.4(a)

where

T = atmospheric transmittance = 0.6

¢ = 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 aa = 0.96

cos av = (0,284 .

The outside of the cask is 33 inches in dir .eter and 72.375 inches
in height. Thus:



3.5 Documents: 1, 3, 4

9 .3 2
AH - D™ = 5,93 feet

2

Av = DH = 16.6 feet” (protected ar-a).

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 pi.perties 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 3.1.

3.3 Technical Specifications of Components

Relief Value - 75 psig

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

3.4 Thermal Evaluation fcr Normal Conditions
of Transport

3.4.1 Thermal Model

The analysis for normal overation were performed assum-
ing only radial heat flow from the contents through +the cask
walls to the environment.
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Document: 4

TABLE 3.1 THERMOPHYSICAL PROPERTIES EMPLOYED
FOR LEAD, STEEL, AND ALUMINUM

Lead

Density = 705 pounds/foet3
Melting Temperature = 621 F
Latent Hegat = 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
5§21 8.8 0.0237 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/lb Emissivity
32 8.0 0.11 0.8/@), 1,0
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
FCR LEAD, STEEL, AND ALUMINUM
(Continued)

Aluminum, 6061-T6

Density = 169 pounds/£e¢t3
Melting Temperature = 1,140 F
Latent Heat - 128 Btu/pounds

Temperature, Thermal Conductivity, Specific Heat,
F Btu/hr=-£ft-F Btu/lb Emissivity
77 89.5 0.214 0.15
600 135.0 0.214 0.15

Rev. B, 8-1-80
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Fe = 0.167

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

Tl = capsule temperature, R

'r2 = cask cavity temperature, R

Thus

Q, = 6.04 (10720 (m,* - 7,)

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:

~
"

0.0188 Btu/hr ft F

4.78(10°) /£t F
Pr = 0.68

460 + 132 + 200 = 792 R

-3
|
"

460 + 132 = 592 R

-3
~N
n

Substituting the values in the equations above results in the
following:

Q = 186 Btu/hr

cv

Qt = 163 Btu/hr

And the total heat flow is 349 Btu/hr = 102 watts. Thus, the
capsule temperature for normal transportation is about 332 F.
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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. In 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 isclated container was developed, Figure 3.2(a). The
model assumed that all tre 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 containar 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

ould tend to decrease the axial temperature difference and "flatten
the gradien:". 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 ;rogram(7). Properties for the uoz powder bed are as
follows:

Rev. B, 8-1-80
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Node 1: L’O2 Powder; 20 Watts decay heat
Nodes 9 to 22: 6061-T6 Aluminum
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Figure 3.2(a) Analytical Thermal Mcdel of Union Carbide Frocess
Uranium Oxide Container and Steadv~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 .19

Interface Conductance 2
Node Interface value, BTU/hr-£ft“-F
Itc§ 51
1 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 ar-ut 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)
containery can be shipped. The maximum decay heat from the oxide
in eac! container is 20 watts. Thus, the total decay for 24
containers is 480 watts.

The temperature of the cask ' nd containers during normal
transportation was determined by analyses using the TRUMP(7)
computer program. A steady state thermal analyses of the BMI-l
cask was initially performed tc 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.

Th2 480 watts decay heat was applied uniformly to the
crvity walls alony a 25.50 inch axial length (equal to the length
of two containers without the collars). All heat flow through the
cask walls to tre environment was assumed to be radial.

Rev. B. 8-1-80
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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 2.4.2.1(a) was taken
as 80.9 BTU/hr-ttz and the surface emissivity was *aken ar= 0.5
The ambient temperature was taken as 100 F, the temperature per-
mitted for the start of the hypothetical fire accident. With
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 convecticon 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

h_ = heat transfer coefficient

O

A_ = heat transfer area

O

Tc = container temperature

Tw = cavity liner temperature.
The heat transfer coefficient, hc, was defined by:
0.25

s - Tw
) (Reference 8)

H = 0.29 c

c (
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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Axis of Symmetry

N
\

BMI-1 Baskek Cell
Corners

Cavity Liner

- e T T8 ——-’-1’-4————0.25

1 - Innermost Container
2 - Qutermost Container

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: 27 257F

Outer most containers: 253F 283F

Inner most containers: 305F 335F

3.4.2.5 Union Carbide Target 0235 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(Db). 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 « 130 F ambient temperature,
the liner temperature would be about 428 F.

The temperature of the special form capsule and the basket
was determined u~ing the analytical model shown in Figure 3.2(4).

Re‘:o Bo 8-1‘80
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Steel Liner

w
-~

—

D S S A AT A S 9 S S 8
”~
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Rev.

Analytic~al Thermal Hodga of
Union Carbide Target U~ 5

Special Form Capsule in BMI-1
Cask
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The capsule is assumed located in one of the four innermecst basket
positions. This assumption will result in the highest capsule
and basket temperatures. The capsule is centered in the basket
cell Ly 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 neglacts 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
compareac 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
plates and the boral) was used between the sandwich faces. These
values are represented by the expression

hc = k/x

where
k = conductivity of air
x = gap thickness.

Rev. B. 8-1-80
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Figure 3.2(e) Sketch of Typical Rack for Supporting
Union Carbide U235 sy .-ial Form Capsule
in BMI-1 Basket.
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For radiation heat trans’er 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 twc 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.

Rev. B. 8-1-80
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3.4.3 Minimum Temperatures

From Section 3.4.2.1(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 values of Ta and Q,
the water temperature (T) is approximately:

T = (180 - 100) (3—%5-5) + T,

The water will freeze when T = 32 F, or T, = 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 cuter steel
sheli. In this case, the water temperature may decrease fiom
180 F to about 160 P under normal conditions. Thus, in later
shipments the decay heat will have to be cver Q = 0.88 kw to
prevent freezing at ra = =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 Maximun Internal Pressures

The des::n pressure of this cask is 100 psig so that
the maximum permi:zeible operating pressure is 50 psig. The maxi-
mum operating tempe-ature (230 F) is 68 F below the boiliny point
(298 F) at the max.num 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 cocls
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 Ferm Capsule

The models shown above in Figures 3.2(b) and 3.2(d) 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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Figure 3.8(a) Calculated Thermal History Union Carbide Process

Ura:iun Oxide Canisters in the Basket of the BMI-1
Cas
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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
"gslumping” due to its own weight. Morecver, the stainless boral
sandwich is fabricated with stainless pins extending through the
boral and welded to the twe 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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3.6.2 FExperimental Tests of
Copper Shot

The shipment of an Eniico Fermi Ccre-A fuel subassembly
with a decay heat output of 1.5 kw requires a heat transfer med’um
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 subassemblvy 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 propcsed 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 werec 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 1l8-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, Chio.
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6.3 Criticality Evaluation for BRR Fuel Elements

6.3.1 Package Fuel Loading

The modified 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 two identi-
cal stainless-steel clad boral plates acting as center dividers
as shown in Drawing 2004, 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, H,0, 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, am per cc (Volume Homogenized)
H70 2725 2.5253 x 1022
Al 2780 1.7188 x 1022
-
U=235 200 1.41 x 10%°
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 shio the fuel element assemblies,
The dimensiocns of each of the 12 cavities are 3.34 x 3.34 in. The
fuel assemblies are shipped into these cavities.

Rev. B. 8/1/80
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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 1ll.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. C[Cue 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 L'O2 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 cry. The total mass of U-235 in 24
process uranium oxide containers, each coitaining 400 grams of U(93)02 is
9.088 kg. The minimum critical mass of filly reflected U-235 is 22.8 kg.
Thus, even for two dry packages in contact and reflected om all sides by
water, keff <l.

In the case where some or all cf the containers are replaced by
MTR fuel elements the total mass of U-?35 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 keff< :

6.83.3 Accident Conditions

6.8.3.1 Calculational Model (Process Uranium Oxide Only)

Under accident conditions for Fissile Class III materials, ome
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
L'(93)02 powder. To determinc when optimum moderation occurs KENO calculatiors
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 contaimer is filled
with water. Also, KENO calculations were done for the cases whe'e each container
carries either 200 grams or 400 grams of UO2 powder and the conm:ainers 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 corsists of the 93 GAM-II groups combined with a
30 group THERMOS structure below 1.89 ev. Although the amount of U-23% 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 b+ 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-azo mixture, stainless steel,
aluminum, the boral poison plates, the lead shield, and the water moderator
and reflector.

The UO2 powder was assumed to have a density of 7.56, i.e., about
0.7 times that ot normal UOZ'
uranium was taken to ve 235.21 and that of U(93)O2 was taken to be 267.21.

The molecular weight of 93 percent enriched

The number densities for the aquecus 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. NUMBLR OF ATOMS PER CC IN THE AQUEOUS SOLUTIONS OF UO2

—
-— —_——

200 g Con=- 200 g Cog- 300 g Con- 400 g Con- 400 g Cog-

Case tainer? tainer tainer? tainer? tainer
H/U Atemic 134 96 88 65 46

ratio
Element
U=-235 0.0004933 0.0006664 0.0007279 0.0009705 0.0013328
U-238 0.0000361 0.0000495 0.0000541 0.000072 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 p=rcent silicon, 19.0 percent
chromium, 2.0 percent manganese, 67.0 percent irom, and 9.0 percent nickel with

a density of 7.92 grams/cc. The resultant number densities are given in Table
8eXls

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 weight of 27
resulting in a number density of 0.06023 atoms/cc x 1024.

Number densities for pcison 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.J2. As gseen 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 R/U235 Koee
24 - 200 gram/container (water filled) - void cask 134 0.681 + 0.013
24 - 200 gram/contajaer (0.73 ater filled) - void cask 96 0.632 + 0.010
24 - 300 gram/contaiier (water filled) - void cask 88 0.738 + 0.014
24 - 400 gram/container (water filled) - void cask 65 0.762 + 0.008
24 - 400 gram/container (0.7 water filled) - void cask 46 0.694 + 0.009
24 - 300 gram/contaliner (water filled) - flooded cask 0.833 + 0.011
24 = 400 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 Jadings. Therefore, KENO calculations
of such cases have also been made. The number density of the homogenized
fuel =~lement (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 comtairing a fuel element is shown in Figure 6.15.
The KENO calculations wer . 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 Uz35 may be contained in each capsule in oxide form. The

uranium oxide is sealed dry within the capsules.

6.9.2 Normal Cenditions

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 €3

65.9.3 Acciuent Conditions

Under accident conditions for fissile Class III materials, ome
shipment o/ packages is to remain subcritical with optimum hydrogenous

moderation and close reflection by water. In Sectio.. 6.8.3 it was shown
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that up to 400 grams of uranium oxide fully enriched im U-235 was subcritical
for variovs combinations of cask flooding and pressure of water within process
uranium _xide 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 Sectiom 6.8.3
(specifically Takle 6.11), the shipment of twenty-four (24) Union Carbide

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