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C0tlS0LIDATED DESIGN REPORT
FOR FORT ST. VRAIrl FUEL SHIPPING CASK

'
V,

Approv d .

Robert L. fioore, Project Engineer
General Atomic Company
P.O. Box 81608
San Diego, California 92138

NOTICE

GADR-55, Addendum I, Revision 1, is a superseding consolidation
of the following:

GADR-55, Addendum I, issued August 1978
GADR-55, Addendum I, Revision A, issued 21 February 1979
GADR-55, Addendum I, Revision B, issued 30 March 1979
GADR-55, Addendum I, Revision C, issued 21 August 1979
GADR-55, Addendum I, Revision D, issued 11 October 1979

GADR-55, Revision 2, and GADR-55, Addendum I, Revision 1, comprise
the complete design report for the model FSV-1 radioactive
materials shipping package.
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INTRODUCTION

The compleN design report for the model FSV-1 Spent Fuel Shipping
Cask consists of the following volumes:

GADR-55, Revision 2 and

GADR-55, Addendum I, Revision 1.

This design report is presented in separate volumes to better describe,

the two closure systems used with the same cask body. These closure
systems are identified as follows:

NL Closure System (See Figure 1.) -

Alternate Closure System (See Figure 2.)
The detailed description and the supporting analysis for the NL Closure

System and the cask body is presented in GADR-55, Revision 2, " Consolidated

Design Report for the Fort St. Vrain Fuel Shipping Cask", The detailed
description and supporting analysis for the Alternate Closure System

including the impact. limiter is presented in GADR-55, Addendum I, Revision |

1, " Consolidated Design Report for the Fort St, Vrain Fuel Shipping Cask "
The General Atomic Company (GA) model FSV-1 Spent Fuel Shipping Cask

| is designed and fabricated to satisfy all of the requirements of Title 10,

Code of Federal Regulations, Part 71, during the transport of spent fuel ;

elements (see Figure 31 from the Fort St. Vrain, High Temperature Gas Reactor
(.HTGR) . Six spent fuel elements, which are hexagonal graphite blocks con-
taining fissile material, primarily U-233 and U-235 and fertile material,
primarily thorium, are placed in the FSV-1 cask for each shipment, The

FSV-1 cask consists of an inner container which provides the primary con-
tainment and a cask body which provides secondary containment, gamma shielding
and structural integrity for the package. The principal materials of con-

struction are stainless steel and depleted uranium. Silicone rubber seals
are used for the inner and outer closures and the closure end of the FSV-1
cask is protected by a laminated plywood impact limiter (when the alternate
closure system is used).

*

.
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This alternate closure system consists of the following major components: h
Fuel Container Ltd
Shipping Cask Cover

Imaact Limiter

The alternate closure system is shown on General Atomic Company (GAC)
Drawings GADR-55-2-1, GADR-55-2-2, and GADR-55-2-3 The deteiled description
and the supporting analysis is presented in the following sections of
Addendum 1. These sections are numbered the same as the sections of GADR-55
and contain the additional analysis and description associated with the
alternate closure system for the nedel FSV-1 cask. The alternate closure
system is designed to satisfy the requirements of 10 CFR 71 a effective
June 1978, except that the leakage rates and tests are designed to satisfy
the requirements of ANS N14.5, " Leakage Tests on Packages for Shipment of
Radioactive Materials," dated November 1974.

Reference throughout this report has been made to GAC manufacturing
drawings designated as 90-H1501-XXX. These individual drawings are not
a part of this report. Instead, GAC Drawings GADR-55-2-1, GADR-55-2-2, and
GADR-55-2-3 have been included to provide the necessary design information.

The primary objective of the alternate closure system is to reduce
radiation exposure to operating personnel during opening and closing of the
loaded cask. This has been accomplished by moving the depleted uranium
shielding from the outer cask closure to the inner container lid. Thus the
shielding is put in place at the earliest opportunity and removed at the
latest possible step in the handling procedure. The revised hardware with
improved shielding also simplifies the handling procedure. An impact
limiter has been added to the closure system to further assure adequate
structural integrity of the cask system when subjected to the hypothetical
accident conditions.

,
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SYSTEM DESCRIPTION

O
A. PURPOSE

|
The purpose of the fuel shipping container and cask with alternate clo-
sures is to provide a radioactive material package for handling and I

transporting spent fuel from the reactor to a storage facility.

B. NORMAL OPERATING REQUIREMENTS

The fuel shipping container and cask with alternate closures and impact
limiter is designed and constructed to satisfy the requirements of
10CFR-71 for normal conditions of transport.

C. ABNORMAL OPERATING REQUIREMENTS

The fuel shipping container and cask with alternate closures and impact
limiter is designed to withstand conditions of hypothetical accident as
delineated in 10CFR-71. This accident criteria includes free drop,
puncture, thermal exposure, and water imersion conditions. |

,

D. EQUIPMENT LIST

The following items of equipment will be used during the transfer of
spent fuel frcm the Fort St. Vrain fuel storage wells to the fuel

O shiPPins coatainer and cask.

Fuel Handling Machine (FHM).

Two (2) Reactor Isolation Valves (RIV).
Auxiliary Transfer Cask (ATC).
170-ton Overhead Crane.

Hot Service Facility (HSF).
Fuel Loading Port.
Fuel Shipping Container and Cask.

Fuel Shipping Cask Transport Trailer and Tractor.
50-Ton Overhead Crane.

HSF Jib-Hoist.
Fuel Shipping Cask Lifting Apparatus.

17-1/2 Ton Overhead Crane.
Fuel Handling Purge and Vacuum System.

Seal Adapter.
Adapter and Track Assembly

g3 Restraint-Fuel Shipping Cask.
U

I-l
u-
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E. NORMAL OPERATING PROCEDURE

1. Transferring the Fuel Shipping Cask to the Refueling Floor. $
a. Inspect tractor and trailer and clean if necessary.

b. Open truck bay door.

c. Back tractor and trailer into truck bay in reactor building.

*d. Disconnect brake hoses to set the trailer brakes and dis-
connect the light wires on left side of trailer.

* e. Unlock trailer slide locks. Handle located on left side
of trailer.

* f. Back tractor to slide trailer rails to the closed position.
Note that slide locks are engaged.

g. Lower trailer legs and disconnect tractor.

h. Drive tractor out of truck bay and close the truck bay door,

i. Remove fuel loading port cover plate and seal adapter. Store
on refueling floor. Use 17-1/2 ton overhead crane.

J. Place temporary barricade around fuel loading port.
Ok. Place temporary barricades around refueling floor hatches.

1. Open hatches in refueling floor directly above truck bay.
Use 17-1/2 ton overhead crane.

m. Open sliding hatch in floor directly above truck bay.

n. Remov.e fuel shipping cask front support tiedown and store
on trailer.

o. Remove the 6 nuts that hold the mounting ring to the impact
limiter.

p Using the 17-1/2 ton overhead crane, remove the impact limiter
and store it on the front of the trailer.

q. Lower fuel shipping cask lifting apparatus on 50-ton overhead
crane.

r. Connect fuel shipping cask lifting apparatus to cask by engaging
lifting pegs in the holes near the top of the fuel shipping cask.
Adjust the lifting apparatus with the hand crank.

9
I-2

,

i *Not required for fixed length trailer.
|
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s. Raise the cask to about 20" and slide the impact limiter

O mounting ring to the base of the cask.
i

t. Raise and reposition 50-ton hook until cask is in the vertical
position. Caution: Cask is bolted to trunnion on trailer.

1 u. Unbolt trunnion locking block from trailer and bolt to the in-
side left trunnion support using same bolts. Two (2) 1/2-13
HEX head bolts. Caution: Keep cask vertical.

v. Unbolt fuel shipping cask from trunnion. Four (4) 1-1/4-7 socket
head bolts. Caution: Verify th:t crane is not lifting tre..ler.

| w. Raise fuel shipping cask to a position above refueling floor
and position directly over fuel loading port.

x. Rotate the fuel shipping cask to align the legs of the lifting
apparatus with the guide plates in the fuel loading port.

0 offNote: Alignment mark on fuel shipping cask must match 10-

reactor north.

y. Lower fuel shipping cask into fuel loading port until cask is
completely supported by the loading port.

z. Install restraints at the bottom of the fuel shipping cask.

O ee- oise<>ase 14ft4a9 apparatus from cask aaa temporari,7 store
on refueling floor.

bb. Remove temporary barricades from around fuel loading port.

2. Preparing the Fuel Shipping Cask to Receive Fuel.

a. Screw three eyebolts into threaded holes in the top of the
cask cover.

b. Position the 17-1/2 ton auxiliary crane hook with a three-leg |

'sling, over the fuel shipping cask. Connect the legs of the
sling to the eyebolts in the shipping cask cover.

c. Unbolt the fuel shipping cask cover. Twenty-four (24) 1-1/4
socket head bolts.

d. Remove the shipping cask cover to the hot service facility for
decontamination, if required, and inspection of bolt threads
and seals.

Using the jib hoist, pick up the seal adaptor and position thee.
seal adaptor on top of the fuel shipping cask.

I-3
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f. Using the 17-1/2 ton overhead crane, move a reactor isolation
valve from storage and position it un top of the fuel loading
port. Use alignment gage for positioning. h

g. Connect purge and control lines to reactor isolation valve and
open valve.

h. Inflate reactor isolation valve seals.

i. Remove the 12 bolts in the spent fuel container lid.

j. Install track and adapter guide onto shipping container lid.
Engage the track on the two keys in the RIV.

k. Using the 170 ton overhead crane, move the auxiliary transfer
cask from storage position to the top of reactor isolation valve
located on the fuel loading port.

1. Open the shutter valve of the auxiliary transfer cask and lower
the auxiliary transfer cask grapple to engage track and adapter
assembly for lifting the shipping container lid.

m. Raise the container lid into auxiliary trasfer cask.

n. With the purge connection on the reactor isolation valve,
purge the auxiliary transfer cask and backfill with air.

o. Close auxiliary transfer cask shutter. g
p. McVe the auxiliary transfer cask to its storage position and

bolt in olace.

3. Placing the Spent Fuel Elements in the Shipping Cask,

a. Mount the fuel handling machine with 6 spent fuel elements to
the RIV on the loading port.

b. Evacuate fuel shipping cask through the reactor isolation valve
and backfull with helium.

c. Open fuel handling machine cask valve.

d. Deposit 6 fuel elements into fuel shipping cask.

e. Close and seal the fuel handling machine cask valve.

O

I-4
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f. Evacuate the fuel shipping cask and backfill with air. Close the
reactor isolation valve.

g. Remove the fuel handling machine to its storage position.

4. Installing the Container Lid.

a. Move the auxiliary transfer cask from its storage position and
mount to the reactor isolation valve over the fuel loading port.

b. Open the reactor icolation valve.

c. Lower and deposit the fuel container lid.

d. Remove and store the auxiliary transfer cask.

e. Remove track and adapter assembly from the container lid.
,

f. Bold down the container lid using twelve 1/2 inch bolts.
Torque to 15 to 20 ft-lbs. i

g. Remove reactor isolation valve to its storage position.
.

5. Leakage Testing the Container Lid Seals.

a. Assembly verification testing. (Done before each use except
when Step 5.b. is required.)

O (1) connect ieekese test system with nressure seuse eaa
shutoff valve to test port in container lid.

(2) Evacuate seal interspace to a pressure of 1 mm Hg.
Close shutoff valve.

(3) Wait two minutes.* Maximum permissible pressure rise is
5.5 mm Hg (6.5 nm Hg on gauge).

,|

|

* Test time is based on a total test cavity volume of I cubic inch
(16.387 cm3).

|I-5
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|*

(4) If pressure rise is greater than the permissible rise,
replace main flange and prirury plug seals. Repeat a
Step 5.b. W'

'

b. Periodic verification testing (done after each third use
or within 12 months drid prior to use afhr each seal reolace-
ment).

(1) Connect leakage test system fitting with pressure gauge
and shutoff valve to test port in container lid.

(2) Evacuate seal interspace to a pressure of 1 na Hg.
Close shutoff valve.

(3) Wait five minutes.* Maximum permissible pressure rise
is 5.7 mm Hg. (6.7 mm Hg cn gauge)

(4) If pressure rise is greater than the permissible rise,
replace main flange and primary plug seals. Repeat
Stcp 5.b.

c. Disconnect leakage test system from vacuum source.

d. Open shutoff valve to vent seal interspace and remove
leakage test system.

e. Install the shipping plug in the test port. gg
f. Remove seal adapter from top of cask.

.

.

.

* Test tine is based on a total test cavity volume of I cubic inch
(16.387cm')

,
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g. Install cask cover and bo!t in place. Torque 24 bolts to
80 to 120 ft-lbs.

O
h. Remove the three eyebolts from the fuel shipping cask cover.

6. Transfer of the Fuel Shipping Cask onto the Fuel Shipping Trailer.

a. Using the 50-ton building crane, pick up the fuel shipping
cr.sk lifting apparatus and move it to the fuel loading port.

b. Connect fuel shipting cask lifting apparatus to cask by
engaging lifting pegs in the holes near the top of the fuel
shipping cask. Adjust the lifting apparatus with the hand
crank.

c. Remove the restraint from the bottom of the fuel shipping ;

cask. l

:
d. Raise the fuel shipping cask out of the fuel loading port

and move it to the center of the hatchway in the refueling
floor.

e. Lower the fuel shipping cask through the hatches until the
fuel shipping cask is several feet above the trailer.

f. Position fuel shipping cask over the support on the trailer.
Retate fuel shipping cask to align the slot in the cask with

O the key in the support. Assure that the impact limiter
mounting ring is in place on top of the rear cask support.

l
g. Lower the fuel shipping cask until the bottom engages the l

rear cask support on the trailer. Caution: Trunnion locking
block is in place. Do not tilt fuel shipping cask.

h. Ir. stall bolts that hold fuel shipping cask to cask bottcm
suppc- trunnion on trailer. Torque to 500-600 ft.lbs.

1. Remove bolts that attach trunnion locking block to trunnion
support. Two (2) 1/2-13 HEX head bolts.

j. Bolt trunnion locking block to pad on trailer.

k. Continue to ower and position crane hook until the shipping |

cask head is within 20 inches of its rest position. '

l. Slide the mounting ring to the top end of the cask.

m. Lower the shipping cask until it ccmes to rest on the e.ask
top support structure.

n. Unlock and disengage cask lifting apparatus from the fuel
; hipping cask.

O

l-7
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o. !!ove the cask lifting apparatus to its storage position.

p. Replace the top portion of the cask top support structure
and in. stall bolts.

q. Using the 17-1/2 ton overhead crane, install the impact limiter
on the top end of the cask. Remove the sling.

r. Attach the mounting ring to the impact limiter with the 6
nuts.

s. Close hatch on refueling floor above truck bay.

t. Close sliding hatch above truck bay.

7. Fuel Shipping Truck Departure.

a. Open truck bay door.

b. Back tractor into truck bay and connect to trailer.

*c. Verify that brake hoses and light wires on left side of
trailer are disconnected.

*d. Unlock trailer slide locks, handle located on left side

of trailer.

*e. Drive tractor forward until trailer is extended and the h
shipping cask is moved forward to transit position.
Note: Slide locks are engaged.

*f. Connect brake hoses and light wires located on left side
of trailer.

g. Drive the fuel shipping tractor with trailer from the truck
bay,

h. Close the truck bay door.

*Not required for fixed length trailer

I-8
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F. MAINTENANCE PROGRAM

O
,

The shipping cask with the fuel container, and all auxiliary equipment
will be maintained to assure that all itemsi are in proper operating con-
di tion. A checklist will be developed which will list each component
which requires specific maintenance actions. The checklist will include ,
the method of maintenance check to be used, the acceptance criteria for
each, and the required maintenance frequency. Each checkpoint will re-
quire sign-off by the individual making the check. Space will be pro-
vided on the maintenance checklist to enter the equipment identification,
supervisor's name, and the date maintenance is completed.

.

The maintenance checklist will also include all auxiliary equipment, such
as the lifting yoke, tie-down assemblies, and trailer. Maintenance of the
trailer will be carried out in accordance with standard industry-recommended
procedures and schedules.

The cask operating procedure will contain steps requiring a review of the
equipment maintenance program checklists to verify that all required
maintenance and periodic testing has been accomplished.

G. LEAKAGE TESTING

In accordance with Regulatory Guide 7.4, the guidance contained in ANSI
N14.5, " Leakage Tests on Packages for Shipment of Radioactive Materials",
was used to establish the maximum permissible leakage rate and the minimump) leakage test sensitivity.c

1. The containment system assembly verification test will be conducted
prior to each use (except when the periodic verification test is
required) as follows: |

Component Verification ;

Fuel Container main flange (a) (b) I

double seal
Fuel Containc. primary (a) (b)
plug seal

,

(a) Checklist verification of proper assembly.

(b) Leakage test by evacuating the seal interspace to a pressure
of 1 mm Hg. Observe that pressure does not rise above 6.5 mm tig
in two minutes (maximum permissible. leakage rate is 1 x 10~3 atm

3cm/sec).
1

2. The containment system periodic verification test will be conducted
after each third use, within 12 months after any use and pricr to any
use following the replacement of any primary seals.

OU

|-9
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Component Verification

Fuel Container main (a) (b) $
flange seal,

Fuel Container primary (a) (b)
plug seal

(a) Checklist verification of proper assembly

(b) Leakage test by evacuating the seal interspace to a pressure
of 1 mm Hg. Observe that pressure does not rise above 6.7 mm H
in five minutes (maximum permissible leakage rate is 4.12 x 10 g4

3atm cm /sec).

3. The shipping cask seals that are not part of the containment system
will be tested as part of the annual maintenance procedure as follows:

a. Pressurize the shipping cask cavity to 10 psig through the lower
purge valve connection. Reinstall the purge valve cover and
apply soap solution around the purge talve cover and the lower
cavity access port cover. No leak indications permitted.

b. Remove the shipping plug from the cask cover. Evacuate the seal
interspace to a pressure of 1 am Hg. Observe that pressure does
not rise above 6.5 mm Hg in two minutes (maximum permissible
leakage rate is 1 x 10 3 3atm em /sec).

O4. Calculations for permissible leakage rate.

The maximum permissible leakage rate and the minimum sensitivity of
the leakage test were determined by using the guidance provided in
ANSI N14.5, " Draft American National Standard for Leakage Tests on
Packages for Shipment of Radioactive Materials".

a. C ntainment: The FSV-1 cask with alternate closure system is
assmed to be a Type B (U) package.

b. Gaseous fission product inventory:
,

(1) Normal conditions of transport: negligible quantity
(Ref. 3).

(2) Accident conditions of transport: Kr 85 470 curies
(Ref. 3).

c. Parameters:

(1) A2 value for Kr 85 1000 curies (Ref. 1).=

(2) R package containment requirements for normal=
N

| conditions of transport, curies per second (Ci/sec).
2.78 x 10 N Ci/sec (Ref.2) $R =

N

l-10
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(3) R package containment requirements for accident=
A

Q conditions of transport, curies per second (Ci/sec).i

At x 1.65 x 10 9 Ci/sec (Ref. 2).R =
A

(4) Fuel container net volume:
i 235 x 103 cm3
!

(5) Volume of test part in container lid and the test
31.0 in.3 (16.387 cm )| equipment, V =

p
'

d. Norral conditions of transport:

Siue the inventory of gaseous fission products during normal
cot litions of transport is negligible, the accident condition

: wi' i establish the permissible leakage rate.

e. Accident conditions of transport:

3(1) L permissible leakage rate, atm em /sec=
A,

'

R
A

L = -

A
; C - -

A -
!

specific activity of containment mediumC =
A

470 C1
2.0 x 10 3 Ci/cm31 C = =

A 235 x 103 3cm

1000 x 1.65 x 10' = 1.65 x 107i R =
A ,

1.65 x 10~6 Ci/sec
L "

A
2.0 x 10~3 Ci/cm3

f. Containment system periodic verification:

The periodic leakage test is required to have a sensitivity to
detect leakage that is 1/2 of the permissible leakage.

3L = .8.25 x 10 4 cm /secA

4.12 x 104 3cm /see1/2 L =
A

Thus a " pressure rise" test with a nominal sensitivity of
1 x 10 4 3atm cm /sec was selected.

(1) Duration of leakage test:
.

3Using a test volume of 16.387 cm , a starting pressure of
O 1 = H9 and an endin9 pressure of 7 6 = H9 (Ref. 2), the'

volume of inleakage, V is:
4

1-11
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- -

7.6 '1 h1-
316.387 cm3 = 1.42 x 10 1 cm |V = -

4 760 760
~ ~

test time in seconds is:t =

31.42 x 10 1 cm |

|

344.7 sect == -e

4.12 x 10 4 3cm /sec
IThe allowable rate of pressure rise is:

6.6 m Hg
.01915 m Hg/r=

344.7 see
The allowable pressure rise for a five minute test is:

5.7 m Hg.01915 x 5 x 60 =

(2) Check of test sensitivity:
.

V T P P .p 3 2 i

(Ref. 2, Eq. B11)L = -- -

3 T, _
3600 H ,T2 1

,7.6 1

16.387 x 298 760 760

3600 x 344.7 298 298 . h
3600

4.12 x 10 '+ atm cm /sec3L =
3

g. Containment iystem assembly verification:
'This test is used to verify that no gross seal defects exist

prior to each shipment, the 'efore, a less sensitive test
procedure is requi red. A r est sensitivity of 1x10-3 atm em /sec3

is assumed to provide a moi reasonable test time although a
1 x 10 1 atm cm3/see test is allowed. (Ref. 2)

1.42 x 10 1 cm3

= 142 secondst =
-

1 x 10 3 cm3/sec
The allowable rate of pressure rise is:

6.6 m Hg
.0465 m 4g/sec=

142 see

The allowable pressure rise for a two-ninute test is:
.0465 x 2 x 60 5.6 mm Hg=

9
.
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O PHYSICAL AND FUNCTIONAL DESCRIPTION

A. GENERAL

The spent fuel container and fuel shipping cask with alternate closures
is designed to transport six HTGR fuel elements weighing 300 pounds each,
loaded in a single column. Design of all equipment is such that it will
satisfy all requirements of 10CFR-71.

B. SPENT FUEL CONTAINER LID

The spent container lid is made of depleted uranium with .15 to .30 weight
percent molybdenum which is enclosed in a welded type 304 stainless steel
housing that has been coated with copper spray .002 to .005 inch thick.

.The lid is 20.5 inches in diameter, 5.71 in.nes thick and weighs about
1000 lbs. This lid forms the closure on the spent fuel container forming
a cylindrical volume 16.62 inches in diameter by 187.62 inches in length.
The container lid is aligned to the container with two dowel pins. It is

attached to the container with twelve 1/2 inch diameter stainless steel bolts.

The lid is sealed to the container with a stainless steel spacer ring
with integral molded dual concentric silicone elastcmer seal rings. The

Q inner concentric seal is the primary seal while the outer concentric seal ;

forms a trapped volume useful for testing of the seal. A small diameter ;

(.375 inch 00) seal located on the primary seal plug which seals above the |
gas sampling check valve is also a primary seal. I

One gas passage penetrates the top end of the container lid and is used
for both shipping container gas sampling and primary seal leak testing.
Primary seal testing requires removal of a plug from the top of the con-
tainer lid. A vacuum gauge and shutoff valve are then attached to the
test port. A vacuum is drawn on the test port and the shutoff valve is
closed. Pressure increase indicated on the vacuum gauge will indicate
leakage past either the primary seal system and/or the .375 dia. 0-ring
seal on the primary seal plug. A second function of the test port is for
sampling of the cont?iner gas. For this task, the primary seal plug is
removed to expose an all stainless steel cartridge check valve. This
velve is installed to prevent flow from the inside of the container. A
sampling plug is then installed which seals itself to the cask lid prior
to mechanically displacing the ball within the check valve. The installed
sampling plug then allows for monitoring of gas activity and pressure. |

|

C. SHIPPING CASK CLOSURE |

The shipping cask closure in conjunction with the shipping cask body form
a secondary containment around the sealed spent fuel container. The cask
closure is a 4.75 inch thick, 27.13 inch diameter heat treated ASTM A579
alloy steel which is nickel plated. The cask closure is held to the caskpd body with twenty-four 1 1/4 inch diameter alloy steel cap screws.

_ _ __
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The shipping cask closure is sealed to the cask body with a stainless
steel / dual concentric silicon elastomer seal design similar to that
used on +' spent fuel container lid. A single test port is routed
from the tog of the closure to the innerspace between the concentric
seals to allow for seal leak testing similar to that done on the con-
tainer lid seal.

D. IMPACT LIMITER

An aluminut. 'ncased plywood impact limiter attaches to the top end
of the cask ind completely envelops the cask closure and container
lid area. The impact limiter is designed to protect the cask closure
area from both top end and side drops as well as drops througn all
intermediate angles. The limiter is made up of about 40 layers of
3/4 inch thick marine grade plywood and is encased in aluminum for
weather protection and durability during handling. The impact
limiter is clamped to the outer top end of the cask using a con-
tinuous mounting ring which is held to the impact limiter with six
1/2-inch diameter fasteners.

O
E. DRAWINGS

General Atomic Company: GADR-55-2-1, Issue A; GADR-55-2-2, Issue A;
GADR-55-2-3, Issue A.
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PROPERTIES OF MATERIALS --

O.
Properties of materials used in the fabrication and assembly of the spent fuel
containers and lid and the fuel shipping cask and cover are as follows: -

A. "As-Cast'; Deoleted Uranium (.2% Mo)
_

'

*
1. Cylindrical Shield (compression)

3Density: 18.9 grams /cc or .683 lb./in

Mechanical Properties: 0Room Temperature 250 F

Ultimate Tensile Strength 60,000 to 100,000 psi
Yield Strength 25,000 to 45,000 psi (tens) 73,000 psi (compr.
Redu:: tion in Area 10% to 40%
Elongation 8% to 15%

,

Modulus of Elasticity Approximately 24 (10)6 psi 22.73 x 106 ;

Poisson's Ratio Approximately 0.21 |
Shear Modulus Approximately 12 (10)6 psi
Hardness Rockwell B 65 to 90

i

0Melting Point: 2070 F

Thennal Expansion: 6.5 (10)-6 in./in./ F0

2. Container Lid (tension properties) )
|*

Same properties as above except:

0Room Temoerature 300 F

Ultimate Tensile Strength 75,900 psi 59,200 psi
Yield Strength 41,500 psj 36,300 psi

23.3 x 10 psi 21.1 x 106 psiModulus of Elasticity

.

'

O ''
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,

_ Stainless Steel Pipe. Type 304 per ASTM Spec. A-351, Grade CF-8
_

B.

0 0 'Physical Properties: 7.oom Temo. 250 F 300 F

Oensity 0.287 lb/in.3
Specific Gravity 7.P4 grams /cc
Melting Range 25000 t
Modulus of Elasticity 28 x 10g 26500F 6psi 27.4 x 106 psi 27.1 x 10 psi

0 0Specific Heat (320 to 212 F) 0.12 Btu /lb/ F ;
,

Thennal Conductivity: I
l

2At 200 F
9.4 Btu /hr/ftfoF/ft0At 1000 F 12.5 Btu /hr/ft /0F/ft

Mean Coefficient of Thennal Expansion:

32 to 212 F 9.6 in./in./ F x 10-60

320 to 6000F 0 x 10-6
9.9 in./in./ [F x 10-6320 to 10000F 10.2 in./in./

Mechanical Properties: Room Temo. (720F) 250 F 300 F0

Ultimate Te.nsile Strength 70,000 psi
Yield Strength 30,000 psi 23,700 psi 22,500 psi
Elongation 35% aReduction of Area (approx) 60% W
Hardness R 88g

C. Stainless Steel Forcinas, Type 304 oer ASTM Soec. A-182, Grade F-304

Physical Properties:

Same as B, above.

Mechanical Properties:

Ultimate Tensile Strength 70,000 psi
Yield Strength 30,000 psi |Elongation 40%
Reduction of Area 50%
Hardness (approx) RB 88

|

9

j
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0. ASTM A579 Alloy Steel (HY140(T)]. (Ref. 9) (See also paragraph M)

Physical Properties: Room Temo. 3000F

3Density 0.285 lb/jn
29.5 x 10 psi 28.5 x 106Modulus of Elasticity psi

Ultimate Tensile Strength 150,000 psi 140,000 psi
Yield Strength 140,000 psi 130,000 psi
Elongation 15%

E. 6061-T6 Aluminum Alloy (Ref. 7, Figures 3.0315 and 3.062)

Modulus of Elasticity at 3000F 10.4 x 106 psi
Ultimate Tensile Strength at 3000F 35,000 psi

0Yield Strength at 300 F 30,000 psi
Elongation at 3000F 20%

F. Douglas Fir Plywood (Refs.10 through 13) !

lCrushing Stress parallel to Grain 3500 psi
Crushing Stress perpendicular to Grain 1800 psi )'
Shear Stress allowable (Ref. 12, table 38) 1000 psi '

Tensile Strength perpendicular to Grain (Ref.13) 340 psi
|

The crushing stress remains nearly constant up to approximately 50%
reduction of the original thickness. Beycnd approximately 50% the
crushing stress increases rapidly.

O For the eneiysis in Section v, tne iower of eitner the edhesive strensth
,

or the wood shear stress parallel to the grain was used for the shear '

stress allowable.

G. Uranium Welds

All uranium welding will be accomplished using single V-butt joints and
inert de tungsten arc welding. The inert gas used for shielding and trail-
ing shields shall be of welding grade argon. The filler and base metals
shall be depleted uranium. Prior to use, filler metal shall be free of

,

oxides and other contamination.

Base metal shall be cleaned of oxides, oil, grease, and other weld con- )taminants. Each weld bead will be cleaned prior to the deposition of the
next weld bead. Final layers of each weld will be liquid-penetrant inspected.

H. Stainless Steel Welds (Refs. 1 and 2)

All stainless steel welds will be in accordance with the " Rules for Con-
struction of Nuclear Vessels" (Ref. 1). All of the welding procedures and
welders will be qualified in accordance with " Welding Qualifications"
(Ref. 2).

All stainless steel welds will be inspected per Ref. 1. Cracks, porosity,
O lack of fusion, undercutting, and overlapping will not be acceptable.

1
e

L_ .
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O
I. Seals (Refs. 3 and 4)

1. Gasket Assemblies, Gask-0-Seal, Parker Seal Company.
Material: Parker Compound S455-70 Silicone rubber or equivalent.

a) Cask Closure Head Seal - Specification Control Drawing
No. 90-H1501-108. 0.D. = 23.63"; I.D. = 21.34".

b) Container Lid Seal - Specification Control Draing
No. 90-H1501-093. 0.0. = 18.72"; I.D. = 16.62".

2. All metal "0" rings shall be self-energized for use in bolted flange
assemblies. These "0" rings will be made of Inconel tubing. Service

0 to +12000F. The following metal "0" rings havetemperature is -320
been selected for sealing the Fort St. Vrain spent fuel container and
fuel shipping cask:

a) Cask Base Closure Pin Seal - United Aircraft Products, Inc.
Cat. No. U-6420-02813-SEA; 0.0. = 2.81"; I.D. = 2.56"; Tube
Diameter = 0.125".

b) Cask Helium Connection Cap Seal - United Aircraft Products, Inc.
Cat. No. U-6420-02630-SEA; 0.D. = 2.62"; I.D. = 2.38";
Tube Diameter = 0.125".

O3. All elastor.:er "0" rings shall be molded per AMS Specification 3304 of
silicone rubber. Service temperature for this material is -1000 to

0 0+500 F. The material will resist temperatures up to 700 F for short
periods. The compression force used to install these "0" rings will
be as recommended by the manufacturer (Ref. 4). The following silicone
rubber "0" rings have been selected for sealing the Fort St. Vrain spent
fuel container and fuel shipping cask:

a) Cask Base Closure Pin Seal - Parco No. PRP-568-236;
0.D. = 3.500"; I.D. = 3.25"; Diameter = 0.125".

b) Cask Helium Connection Cap Seal - Parco No. PRP-568-233;
0.D. = 3.125"; I.D. = 2.875"; Diameter = 0.125".

4. All "0" rings are installed in the remt .oble parts of the spent fuel
container and fuel shipping cask. This facilitates inspection and
replacement and decontamination in the Fort St. Vrain hot service
facility.

O

|

|

| . - - _ - - _ _ _ _
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O J. Fasteners (Refs. 5, 6, 7)

1. The bolts used in the assembly of the spent fuel container are high
alloy steel per AMS 5737, which corresponds to SA-453, Grade 660 in
Ref. 1. The e bolts are heat treated to 130KSI min. ultimate tensile
strength. The 1/2-inch size used in fastening the spent fuel container
lid to the container has a minimum ultimate axial tensile strength of
18,400 lbs.

I 2. The bolts of the spent fuel container lid are threaded into " screw-lock"
inserts made of Type 18-8 stainless steel (per AMS-7245B) wire having
an ultimate tensile strength of approximately 200,000 psi. These
" screw-lock" inserts meet military specification for locking torque and
vibration. The internal thread conforms to thread form standards issued,

by the Department of Comerce (Ref. 6).

3. The bolts used in the assembly of the cover head to the fuel shipping
cask shall be alloy steel per AMS 5737 with the following physical
properties for the 1-1/4"-7 UNC size:

i Tensile Strength, min. 130,000 psi.
Yield Strength, min. 95,000 psi.

!

O 4. The boits of the cover heed ere tnreeeed into inserts 4n the shipping,

cask head. These inserts are to prolong the life of the threads (since
they can be replaced when worn).

K. Tron - Uranium Eutectic Prevention (Ref. 8) i

Investigations have shown that uranium combines with stainless steel by
solid state diffusion at temperatures above 1000 F. The iron-uranium !
eutectic melts at 13370F so that if the two materials are in intimate |

contact at this temperature a molten alloy will be formed (Ref. 8). l

Other investigations have shown that uranium in contact with stainless
steel will penetrate the stainless steel by solid state diffusion in
24 hours at 14000F. At 13550F there was no attack on the stainless steel.

Recent tests of stainless steel - uranium - stainless steel assemblies
wherein the surfaces of the stainless steel next to the uranium were spray
coated with a 0.005-inch-thick coating of copper showed this coating to be
an effective barrier to diffusion between the stainless steel and uranium
at temperatures up to 17500F (Ref. 8). All surfaces of stainless steel in
contact with the depleted uranium shielding will be coated with 0.005-inch-
thick copper coating for the Fort St. Vrain Fuel Shipping Casks.

_ .
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'

L. Adhesives
_

- The assemblies formed by laminating the
plywood and then bonding the laminated plywood to the aluminum end c:p are
structurally important.

The plywood sheets have been laminated with Resorcinol resin to provide a
waterproof joint that is stronger than the wood. Resorcinal is recommended
by the American Plywood Association for structural assemblies fabricated in
the field designed to withstand adverse environmental conditions.

An epoxy (Furane Epibond 1210/9861) is used between the aluminum end cap and
plywoodtoprovfdeastructuralbondwithaminimumshearstrengthof
1200 psi at 230 F 'or the maximum (1300F ambient) temperature condition.
This particular epoxy was selected because it bonds.well to diverse materials
and retains sufficient strength at elevated temperatures.

Note:

In addition to the data shcwn above, material properties have been
developed for use in the drop analysis of the modified cask (redesigned
top closures and impact limiter). These properties consist of parameters
defining the stress-strain curves and the strain rate sensitivity at
elevated temperature of the following materials: g

304 stainless (cask shells, container shell, primary closure)
.2". Mo - uranium alloy (lid anc cylinder shield)
ASTM A579 alloy steel (top cask bulkhead).

For details cf these materials data: See the stress analysis in Section V.

The original analysis for Addendum I was completed using 4340 Lcw Alloy
Steel for the top cask bulkhead. Because the large billet of 4340 could
not be heat treated properly to guarantee the required material conditions,
the material was changed to ASTM A579 [HY140(T)]. Table III-l compares the
properties of the two materials. Third column lists test data from the
actual material that was used for fabrication of the parts. An analytical
check, using the data in eclumn 2, showed the alternate material to be
adequate for all conditions covered in this document.

O
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/''T TABLE III-l,V
'

FSV-1 SHIPPING CASK ALTERNATE CLOSURE SYSTEM

COMPARISON OF 4340 AND ASTM A579 CASK COVER MATERIAL,

!

4340 ASTM A579 ASTM A579

Physical Procertie1 (Nominal) (Actual)

Density,lb/in3 0.285 0.285

Modulus of Elasticity, psi
69 room temp. 29.5 X 10-----

9 300 F 29.0 X 106 28.5 X 106

Ultimate Tensile Strength, psi

9 room temp. 175,000 150,000 171,700

0 09 300 F 140,000 164,500-------

Yield Strength, psi

9 room temp. 165,000 140,000 160,500

9 300 F 150,000 130,000 154,300

Elongation, %

9 room temp. 17 15 16.5

9 3000F 18 13.

.

O
.

0

'
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! A. DESIGN CRITERIA
'l
,

The design criteria presented in Regulatory
:

Guide 7.6 (Revision 1, March 1978) were used
,

1

| in the structural analysis of the cask cover

and the container lid to verify that the

Normal Conditions of Transport and the Hypo-,

i thetical Accident Conditions of Appendicies

A and B respectively, to 10 CFR Part 71 are! .

()'

satisfied.

TABLE V-1 presents a summary of the signifi-
cant conditions, analytical values and allowables

from the structural analysis.

.

i

V

_

m- - - ,-,
- rg-
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TABLE V-1 ;

Summary of Analysis Values for Normal Conditions of Transport and
I

Hypothetical Accident Conditions

Ref. Condition Component Stress T("F) Analysis Value Allowable Pgl
.

R:g. Guide 15 psig container lid primary 600 o = 1,849 psi Sm = 16,400 psi 5-26
membrane7.8 housing

_600 F
Pers. C.I.c

nd C.3.c (Design) primary mem- 600 a = 9,688 psi 1.5Sm- 24,600 psi
5-26 '

brane +
bending

primary 600 o = 9,688 psi 3Sm- 49,200 psi
5-26& secondary

6
fatigue 600 n = 1,100 cycles N = 10 cycles 5-26

NORMAL CONDITIONS OF TRANSPOR,(

10 CFR 71 130 F day container lid bending 300 o =22,296 psi 1.5Sm- 30,000 psi 5-30
Appendix A top plate

Para. I

container lid primary 300 a = 4,399 psi Sm- 20,000 psi
5-31

top plate
outer weld

5-31
container lid shear 300 T -10,358 psi 0.6Sm- 12,000 pai

top plate
5-32inner welds primary 300 o = 9,593 pai Sm- 20,000 psi

.

fatigue 300 n = 600 cycles N= 60,000 cycles 5-32

O O O.

_-
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TABLE V-1 (cont'd.) 6- 5

.

Ref. Condition Component Stress T("F) Analysis Value Allowable Pg

10 CFR 71
Appendix A

Para. 4 vibration container lid fatigue 300 a= 1,450 pai endurance limit 5-186 |
= 25,400 psi ,

I
1

,

-

iPera. 6 1 foot container lid primary membrane 300 a = 11,650 poi Sm- 20,000 psi.

bottom drop housing 5-76

|
.

container lid primary membrane 500 o = 12,970 psi Sm 19,700 pai 5-76
DU shielding

_

cask cover primary membrane 300 a = 11,420 psi Sm 46,700 psi. 5-76
+ bending

primary and 300 a = 11,420 psi ' 3Sm=Su-140,000 psi 5-76 |secondary'

,

..

__

1 foot container lid bearing 300 a= 3,255 psi Sm- 20,000 psi 5-120side drop
j

f

.

|

| 1
.

_ _ _ _ _ __._ ----____ __- - _ _ -
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TABL3 V-1 (Cont'd)

Ref. | Condition Component Stress T("F) Analysis Value Allowable. Pq

HYPOTHETICAL ACCIDENT

,10 CFR 71 30' free drop container lid primary membrane 300 o - 27,860 pai Su- 66,000 psi 5-74, Appendix B bottom impact + bending

,, Pars. 1
'

cask cover primary membrane 300 o - 38,970 psi Su-140,000 poi 5-74
'

+ bending
i

30' free drop cask cover primary membrane 300 a = 18,440 psi Su-140,000 psi 5-124
top impact + bending

Pers. 2 puncture cask cover primary membrana 300 a = 137,400 pai Su-140,000 psi 5-116
+ bending -

_.

6 0puncture force 300 W = 2.5 x 10 lb. P,-8.06 x 10 lb 5-117

10 CFR 71 Normal cask cover extreme total 300 a = 155,900 psi Sa-400,000 psi Note
App;ndix A and stress intensity (a) |snd Hypothetical
AppIndix B Accident

container lid extreme total 600 a= 37,600 psi Sa-650,000 pai Note
stress intensity

~

(b)
~

.

t
Notes: (a) Extreme total acress intensity is composite of maximum stress (18,440 psi) from top '

'

impact plus maximum stress (137,400 psi) due to puncture.

(b) Extreme total stress intensity is composite of maximum stress (9,688 psi) due to
design condition and maximum stress (27,860 psi) due to bottom impact.

.

9
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GADR-55 ADDENDUM i
.

g.)gh
atvision iSECTIO!! V,

O
ANALYSIS OF THE LIDS FOR THE LOAD CONDITIONS SPECIFIED BY 10 CFR 1 71.31(d)(1).H.

A static force applied to the C.G. of the package with a component equal
to 10.W in the direction of vehicle travel, a lateral component equal to
5.W and a vertical component equal to 2.W will not generate any significant
stresses in either the container lid or in the cask lid. The tie-down
reactions and stresses resulting from this load

,

do not transmit any -significant loads to the cask lid and
container lid.

I. ANALYSIS OF LIDS FOR THE LOAD CONDITIONS OF VIBRATION NORMALLY INCIDENT TO
TRANSPORT (10 CFR 71, APP. A, CONDITION 4)

RDT F8-9T suggests the following design equation for the package response

G = 2.5 k Spring mounted truck, 0.03 damping.

From p. 5-20 of Ref. 4 (p. 5-58), the natural frequency of the cask is
given as

f = 41.2 Hz
,n

' for the original cask weight of 46,500 lbs.
O

Adjusting the natural frequency for the modified cask weight of 47,687 lbs.
results in

.

I= 6'n (41.2) = 40.73 Hz
,

The appropriate G load response to design for is

G=2.5/40.73'=16G

The forcing function is primarily a vertical load resulting from the
interaction of the trailer suspension with the irregularities of the read
bed. This results essentially in an inertial shearing load of the cask
lid against the bolts. F,

Cask Lid Bolt F,.

p
A

WLID = 657 lbs. g

F = 657 (16G) = 10,512 lbs. ,

J -

Q'-
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| SECTIO!! V REVISION 1.
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'

5-185Q . .

* Determine max frictional resistance, F , .

'

f
,

! F =T T = Torque
.- / BOLT, K K = Factor

'
.

For 14 - 7 UNC, f=.15; K = .24098

TMIN = 80 Ft-lb = 960 in-lb
.

, ,

. ,

3984 lbsFBOLT = 960 ,_ =

.24098. .
,

- *
. ,

lb )FPRELOAD = 24 B lts (3984Bolt-
. .

=
.

= 95616 lb. minimum.

.

From MARKS. 6th Ed., friction coefficient is
,

* ' y St$ tic = .74 Mild Stl./ Mild Stl.
'

.

= .78 Hard Stl./Hard Stl.
'

Use'u = 0.7 (cons'ervative)
.

Ff=.7(95,616lb)=66,931lb,

.

Since Ff = 66.9K > F = 10.5K

.| Lid is tightly secured and no damage due to vibration will result.
:

*
.

,

. . . .

.

* .

.

e
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.
*
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e
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- 5-18 6
*

C0tiTAlliER LID | h--

Container lid will react vibration load against shoulder.

F = 983(16) = 15,728 lb Fs

Assume bearing on 1/2 of projected shoulder area.

ay' -

.

216.58 (1.31) = 10.86 in 16.5 B"p.A =
BEARIliG

.

!I

,

1,450 psi
aBEARIllG

15,728 1b -= =

10.86 in'-
+ + 1 31"

Due to the high cycle nature of vibration, the appropriate allowable
stress is the endurance limit of the material. The endurance limit
may be conservatively estimated as 40% of the ultimate strength.

. .

SE = 0.4 Su

S, = 63,500 0 300F for Type 304 (SA - 240 ) gs

j SE = 0.4 (63,500) = 25,/,00 psi
.

= 1,450 psi < S.E = 25,400 psio BEARIflG

Therefore both lids are adequate and will be unaffected by vibration.
l

.
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SECTION VI 6-1 GADR-55 ADDENDUM I
REVISION 1

DIFFERENTIAL THERMAL EXPANSIONS

O
A. CLEARANCES

The container lid is made of depleted uranium encased in type 304
stainless steel. Gaps exist between the stainless and the depleted uranium
to allow for installation of the uranium during assembly of the lid.

B. COEFFICIENTS OF EXPANSION

Coefficient of expansion used is 6.5 x 10-6 in./in. F for uranium.
This value is obtained from records of National Lead Company's Albany plant
and refer specifically to as-cast .2% molybdenum uranium.

Stainless Steel values are from Section III, table N-426 of the Nuclear
Code, as follows:

A = instantaneous values at given temperature
0B = mean coefficient (from 70 F to indicated temperature)

A B Temp. OF

9.11 9.11 70
9.73 9.47 300

10.43 9.82 6000 10.90 10.05 800

C. TEMPERATURE DISTRIBUTION

The depleted uranium portion of the container lid is supported by the
stainless case with small gaps (.030 in. average) between the stainless and
the uranium on the top and sides. The stainless and the uranium temperatures

0are within 25 F of each other during both the steady state conditions and
during.the transient condition of the hypothetical fire accident.

D. DIMENSIONAL CHANGES

The stainless case and depleted uranium shielding of the container lid
! both expand with increasing temperature. Since the themal expansion coeffi-

cient of the stainless is greater than that of the depleted uranium, the'

stainless container will expand at a greater rate and the uranium to stainless
gap will tend to grow with increasing temperature. There will be no tendency
for the uranium to apply themal expansion stress load to its stainless
container.

The crystal structure of uranium is orthorhombic. This material may ~

exhibit nonuniform crystal lattice growth upon themal cycling. This growth
may result in dimensional growth for hot or cold worked materials with
orientated grain structure. "The themal cyclic growth (of uranium) is

A
V

, . -

- - . - - , -



GADR-55 ADDENDUM 1
SECTION VI 6-2 REVISION 1

O
0negligible if peak temperatures of cycling never exceed 299 - 349 C

0(570 - 660 F)."1 From Figure VIII-4a of this report for the fire accident
analysis, the maximum hot day temperature of the uranium is 270 F while the
peaktemperatureduringtgefireaccidentis4800F. These temperatures are
well below the 570 to 660 F range and therefore thermal cyclic growth will
be negligible.

O

1Ref: Nuclear Systems Materials Handbook, Vol. 1. Design Data Part IV
Nuclear Fuel Materials, Group 2 - Metals, Section i Uranium,
Revision 1,12/1/74.
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SECTION VII 7-1 GADR-55 ADDENDUM 1
REVISION 1

SHIELDING ANALYSIS

A. SU N RY

Gama dose rates have been calculated at several locations on or near the
Fort St. Vrain fuel shipping cask with an alternate closure system. A
tractor and trailer combination is used to transport one shipping cask as
its only load. The dose rates were detennined to be within the 10CFR173.393
limits of not more than 10 mrem /hr at a distance of 6 feet from the trailer
and 2 mrem /hr in any normally occupied position in the vehicle.

B. GE0 METRY AND SOURCES

The cask is designed to hold six 14.22-inch hexagon by 31.22-inch long fuel
blocks in a single column. The cask is made of depleted uranium encased ~ in
steel plate. Table VII-la sumarizes the important data used in the shield-
ing design. The total activity of isotopes of importance to shielding
design is approximately 580,000 curies. The locations and values for the
calculated dose rates are shown in Figure VII-3a.

Sources for fuel that had decayed for 100 days were used as input for the
calculations and are listed in Table VII-2a. Isotopes emitting low energy
gamas were not considered. The sources repre:ent the highest fission
product inventory a fuel block will have accumulated after scheduled burnup
in the equilibrium core.

C. RESULTS

The dose rates and locations of the dose points are shown in Fig. VII-la.
The limit of accuracy in the calculations is + 50%. Shielding thickness

-

should not be increased to reflect this limit of accuracy. If dose rates
exceed the calculated values, the storage time of the blocks may be
increased to as long as 200 days.

It should be noted that the cask is designed to handle peak fuel from an
equilibrium core. Some fuel blocks that are unloaded during the approach
to equilibrium may have experienced even higher peaking factors during
operation. It is expected, however, that their shutdown gama activity
will not be significantly higher, because of the shorter exposure time
and hence reduced buildup of the longer-lived fission products.

D. CALCULATIONS

The GAC PATH Code was used to calculate dose rates that were then adjusted
to account for buildup factors in laminated shields. The PATH Code is
described in Attachment VII-l of GADR-55, April 17, 1969. Isotopes and
their activities shown in Table VII-2a were used as input data for the
shielding calculations. The activity was assumed to be uniformly dis-

;

tributed in each fuel block.
, t
'
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O
In order to calculate a dose rate for a laminated shield composed of
uranium and steel, the dose rate is calculated using buildup factors
for steel and then calculated using buildup factors for uranium. The
actual dose rate results from adjusting these dose rates by an inter-
polation technique for buildup factors in a laminated shield, as
described in subsections E, F, and G. The dose rates at points 1, 2
and 11 were conservatively calculated by using the buildup factors for
iron without further adjustment to the PATH results. No credit was
taken for the shielding effect of the impact limiter.

:
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TABLE VII - la

DATA FOR PSC-SPENT-FUEL SHIPPING CASK

AS ASSUMED FOR RADIATION ANALYSIS

Inside radius of steel liner 21.11 cm

Thickness of fuel container plus inner liner 2.86 cm

Thickness of uranium at side 8.89 cm

Density of uranium 18.9 gm/cc

Thickness of outer shell liner 2.54 cm

Height of fuel column 476. cm

O ^vera9e deasity or fuei (assumed to be c rboa oa1 ) 1 54 9=/cc7
~

Steel thickness on cask bottom 27.94 cm

Shield thickness on cask top *

Steel (next to fuel) 3.35 cm
|

Uranium 10.52 cm

Steel (top of cask) 12.70 cm

*0nly these dimensions at the cask top are different for the alternate
closure system. All other cask dimensions have not changed but are
included in this table for completeness.

, c
!
|
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TABLE VII - 2a

SOURCE DATA FOR ONE FUEL BLOCK *

Isotope Curies **

Y-91 11,900

Zr-95 13,600

Nb-95m 270

Nb-95 13,600

Ru-103 2,700

Rh-106 1,600

Ba-137m 2,080 $
Ba-140 186

La-140 186

Ce-144 25,200

Pr-144 25,200

*This table has not changed for the alternate closure system but is
repeated here for completeness.

** Curie quantities are for a fuel elercent with the maximum inventory
of fission products after 100 days decay.

O
|

|
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f

'

A. INTRODUCTION

| The ft.el shipping cask is designed to safely contain the irradiated fuel ele-
! ments under a variety of potentially damaging conditions. This part of the report

sumarizes the thermal analysis for the alternate closure system which was performed-

i

to insure adequate cask performance during several extreme conditions including a
! fire accident.

' B. CRITERIA FOR THE ANALYSIS

The following three situations were used to define the boundary and initial
conditions for the analyses:

.

Condition lA. Maximum temperature day. This otadition assumes an ambient temperature
of 130*F around all parts of the cask. Radiation and natural convection
are the mechanisms by which heat is removed from the cask. Solar heaticg

2is imposed with an effective intensity of 96 Btu /hr-ft on the cylindrical

] portion of the exposed cask surface and half of it on the exposed vertical
surfaces. Heat generation rates simulating conservative fuel conditions
100 days after reactor shutdown were used.

Condition 18. Same as condition lA except that fuel conditions 200 days after reactor
shutdown were used.

Condition 2. Minimum temperature day. This refers to a condition of -40*F ambient
terrature without solar heating. 200 day fuel heat generation was
used for comparison with Condition 1B.

Condition 3. Fire accident. This accident assumes a 1475'F fire completely sur-
rounding the cask for a heriod of 30 minutes on the maximum temperature
day (Condition 1). A co6 vection heat transfer coefficient .4f 300 Btu /

2hr-ft ,.F was added during the fire to simulate a severe convection
condition due to hot, blowing gases. After the fire, the cask is
returned to Condition 1, the 130*F day.

O These conditions are obtained from Reference 1; Conditions (1) and (2) from
Appendix A. Items 1 and 2 respectively; and Condition (3) from Appendix B,

Item 3.
8-1
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C. SUMMARY OF RESULTS

Steady-state and transient thermal analyses were conducted with the aid of
two models representing each end of the cask extending far enough along the length
of the cask to ascertain valid results. No unexpected or in any way critical
results were obtained from the analysis of the relatively simple lower end.
Results for the lower end are reported in Refarence 2 where the details of that
portion of the analysis are also described. Results pertaining to the upper end
of the cask including the effect of the impact limiter are summarizea in Table
VIII-1. The analytical model of the cask's thermal behavior is described in the
following sections. *

Three gap combinations (discussed further in paragraph E.2 of this section)
have been constructed and employed in this analysis. The minimum gap and maximum
gap combinations refer to extreme geometrical situations whereas the mixed gap
combination refers to a set of gaps which was considered likely to cause high
temperatures in the top of the cask under the insulating impact limiter where the
critical seal assemblies are located. Temperature histories of two fire accident4

transients are shown on Figure VIII-4, where the corresponding calculated seal h
life reduction due to the fire is also listed. Based on the similarity of these
two results, it was concluded that other gap combinations would yield temperatures
within the basic computational tolerance of those reported.

Figures VIII-5 to VIII-8 show the complete temperature maps from the computer
output for representative steady state conditions for the extreme gap configura-
tions.'

O. METHOD 0F ANALYSIS

Temperatures were calculated by a finite-difference method. A digital com-
puter code, TAC 2D described in Reference 3, was used to perform the numerical

calculations concerning the upper half of the cask. The lower end was originally
analyzed with the aid of RAT (Reference 2). The cask system was modeled in a
form suitable for both of these codes.

TAC 2D is a digital computer code that is capable of calculating temperature
transients for a two-dimensional network of points. It may also ba used to g

8-2
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TABLE 1 '

SUMMARY OF RESULTS
TEMPERATURES AT SELECTED LOCATIONS OF THE

FSV FUEL SilIPPING CASK El

CONDITION 1A CONDITION 1B CONDITION 2 CONDITI0ti 3

130*F AMBIENT AIR -40 F ACCIDENT: FIRE "

SOLAR IRRADIATION AMBIENT AIR OF 30 MIN. DURATION ]
100 DAY FUEL * 200 DAY FUEL ** 200 DA) FUEL 100 DAY FUEL "*

(2322 Btuh/ block) (1101 Btuh/ block) (Peak Values)
,

MIN MAX MIXED MAX MIN MAX MIN MAX MIXED
GAPS GAPS GAPS GAPS GAPS GAPS GAPS GAPS GAPS

1)CASKSEAL 242 234 244 202 30 23 517 463 522

2) CONTAINER 270 274 284 224 50 51 484 454 485
SEAL

3) LID 282 274 299 224 59 51 482 452 486
SilIELDING

@ 4) BARREL 266 275 274 227 36 46 839 831 830
h SHIELDING

5) FUEL 392 422 420 311 140 170 562 574 572
CENTER LINE

6) FUEL 384 414 412 307 137 166 555 567 565
SURFACE

7) CONTAINER 327 362 361 275 80 115 587 581 579
WALL

8) IllNER BAR- 296 324 322 253 57 83 656 646 645
REL SilELL gg.

<: o

9) EXPOSED CASK 227 227 228 203 6 7 1440 1442' 1442 EmY
SURFACE gm

-D
10) CASK TOP 247 236 247 203 33 24 481 431 487 E

CENTERLINE E
E

100 Day Fuel Equivalent Heat Generation 2322 Btu /hr-block. ~*

** 200 Day Fuel Equivalent lleat Generation 1101 Btu /hr-block.
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obtain steady-state solutions asymptotically by carrying a transient calculation to h
the point where the time dependence of the res.ilt becomes negligible. The code
version used for the present analysis differs only in array dimension statements
from a certified version evaluated in Reference 4. All other program adaptations
relate to the particular problem at hand and are documented with the actual com-
puter runs in Reference 5.

The network is specified by establishing a grid system, assigning individual
materials within that grid system, and identifying the applicable thermal para-
meters that represent those materials. The grid system consists of two sets of
grid lines parallel to the axes in a cylindrical coordinate system.

Material blocks are defined by four bounding grid lines and a label which
identifies the material they contain. Parameters that characterize each material
are the pertinent thennal properties as well as the volumetric rate of heat
generation within the eterial. Material blocks may be separated by narrow gaps
that contain stagnant gases which are identified by numbers allocating the proper
thermal conductivities. Heat transfer across these gaps is one-dimensional by g
conduction a'nd radiation.

The various material regions and gap configurations are illustrated on Figures
VIII-l and VIII-2.

Boundary conditions at external boundaries are imposed either by prescription
of a sink temperature and surface conductance or by simulation of a flowing
coolant of given properties and flow conditions. In the present case, the
interface between the plywood and the metal support structure of the impact limiter
was assumed to constitute in effect an adiabatic boundary. Through the remaining
cask surfaces, heat is exchanged with the surroundings by convection, radiation
and, when applicable, as a prescribed heat flux due to solar irradiation.

The thennal parameters for the materials, gases in the gaps and coolants have
been incorporated in the computer code in functional form. Certain dependent
variables are available for use in these functions thereby permitting a non-
linear representation of the problem. g

8-4
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.

The cask and container seal assemblies contain material of limited lifetimej

under exposure to high temperature. A calculation of the seal life reduction

: during the fire transient was made an integral part of the thermal transient
analysis on the following basis.4

!
'

The probability that the seal fails within a given time interval is assumed
to be represented by the ratio of this time interval and the lifetime of the

.

material where this lifetime is temperature dependent. The probability that the
'

seal fails at any time during the entire transient is obtained as the sum of the
interval failure probabilities. The functional relationship between seal life,

and operating temperature is illustrated on Figure VIII-3, which is based on
Reference 6.

;

E. ANALYSIS

4

1. Ambient Conditions

O
a. Maximum Temperature Day: The maximum temperature day is defined as.

sunny and having an air and radiation background temperature of 130*F. The net
2solar irradiation is assumed to be constant and amount to 96 Btu /hr-ft on the

2cylindrical portion of the exposed cask surface and to 48 Btu /hr-ft on the
exposed vertical surfaces of the cask and impact limiter. (This assumption per-

mits the calculation of a representative steady state solution in lieu of a
; temperature cycle for a 24 hour period.) Further, it was assumed that the cask

is surrounded by still air so that convective cooling is limited to free convec-
tion. Using a correlation for free convection around a horizontal cylinder, the
following function was derived to calculate the surface heat transfer coefficient

(Reference 7):

.221 (S -T,) #h =
t

where: S the cask surface temperature,=
t

T, the ambient temperature.=

O

8-5
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Thermal radiation from the cask to its surroundings was included utilizing a h
cask surface emissivity of 0.85 (Reference 8) and a background absorbtivity of
1.0. 1

|

b. Minimum Temperature Day: The minimum temperature day was defined as

having an air and radiation background temperature of -40*F and no solar heating.
- The heat exchange between the cask and its surroundings is calculated on the

same basis as that of the maximum temperature day.

c. Fire Accident: The fire accident is defined as a temporary radiation
source of 1475*F whose interaction with the cask is based on a fire emissivity
of 0.9 and a cask surface adsorptivity of 0.8. An additional surface heat transfer
contribution resulting from strong convection was assumed. Heat transfer coef-
ficients representing hot, flowing gases are expected to reach at most 300 Btu /
hr-ft *F. The impact limiter, largely made from plywood, protects the cask from
the fire. Its plywood bulk is assumed to perfectly insulate the major portion of
the structural aluminum elements. There is no heat input due to solar irradia-
tion during the fire. $

2. Cask Dimensions

Since the thermal analysis is performed with cask dimensions determined
from manufacturing drawings, gaps cannot be defined exactly. Their actual size
will fall into a range bounded by extremes which can be deduced from specific
manufacturing tolerances. Sets of extreme combinations (such as all gaps of the
largest possible size) as well as a mixed set which tends to affect the seal
temperatures in an adverse manner have been utilized in the calculation of the
results presented here. Thermal expansion of materials and the associated

variation in gap sizes were considered insignificant and therefore disregarded
in the analysis.

3. Spent Fuel Heat Generation

The fuel blocks to be shipped in this cask will have been irradiated
and the original fissionable material partly consumed. Due to residual isotope
activity in blocks that have been removed from the reactor, there is a contin-
uing "after-heat" generation which decreases with time. It takes place g

8-6
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O preeomiaeativ ia the fuel ead sr>9hite blocxs and to e iesser desree ia casx
shielding components. This heat generation is predictable and has been used in
the calculations.

It is assumed that the spent fuel is loaded into the shipping cask no sooner
than 100 days after the reactor has been shut down. This represents the maximum
heat generation that the cask need be designed for.

The fuel element behavior after reactor shut-down and the associated after-
heat generation were evaluated at GAC in unrelated analyses. The heat generation
rates recomended for thermal analysis of short duration processes are listed
in Table VIII-1. Of these quantities, 88% are realizec within the fuel block
and the remaining 12% are generated within the first inch of the surrounding
shielding. For the present analysis, all heat generation was assumed to be con-
fined to the fuel blocks and distributed uniformly through their entire volume.

.

4. Thermal Prope. ' ties of the Materials

O Taele vIII-2 iists the thermai properties of the materiais which con-
stitute the cask as they were used in the analysis. In the formulas shown,
T represents the temperature in *R and t in *F.

'

8-7 '
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TABLE VIII-2 h
THERMAL PROPERTIES OF MATERIALS

Helium Conductivity

K = 0.00129 T.674 (Btu /hr-ft 'F) Reference 9

Air Conductivity

K = 0.0146 + 1.695 E-05 t(Btu /hr-ft 'F) Reference 10

Helium-Air Mixture (50% by Volume) Conductivity

K = 0.341- + 0.659 K Reference 11, Air

Stainless Steel (Type 304)
Conductivity

K = 8.0 - 0.004433 t(Btu /hr-ft *F) Reference 12

Heat Capacity per Unit Volume

3
C = 55. + 0.011458 t(Btu /ft_.F) Reference 12

Emissivity

c = 0.85 Reference 8

Aluminum (Type 6061)

Conductivity

K = 100 Btu /hr-ft *F Reference 13

Heat Capacity per Unit Volume

3C = 39. (Btu /ft .F) Reference 13

Emissivity

c = 0.2 Reference 7

c = 0.85 (with surface treatment- for
exposedsurface)

O:
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,

- Deoleted Uranium Shielding Material

Conductivity

K = 14.8 (Btu /hr-ft *F) Reference 2

Heat Capacity per Unit Volume

3C = 38. (Btu /ft *F) Reference 2

Emissivity.

c - 0.5 Reference 2

Spent Fuel Blocks

Conductivity'

'

K = 10.0 (Btu /hr-ft *F) Reference 2

Heat Capacity per Unit Volume

3C = 32. (Btu /ft -hr) Reference 2

Emissivity

O e = 0.8 aeference 2

Alloy Steel (4340)
Conductivity

K = 20.0 (Btu /hr-ft *F) Reference 12

Heat Capacity per Unit Volume
!

3
C = 60. (Btu /ft -hr) Reference 12 :

Emissivity
,

c = 0.1 Reference 7
.

O

8-9
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Figure VIII-l g
i Gap Configuration
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Shipoino Cask Model
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Figure "III-8

Fuel Shipping Cask Tcmperature Map for Steady State Condition 2
(Minimum Temp:rature Day) - Maximum Gap

Configuration, 200 Day Fuel
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CRITICALITY ANALYSIS

No changes made for alterr:dte closure system.
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O
A. 00ALITY ASSURANCE PROGRAM

The Quality Assurance requirements for the design and manufacture of
the alternate closure system for the FSV-1 cask will be complied with
by suitable application of General Atomic Ccmpany Topical Report
GA-A13010A (GA-LTR-ll), " General Atomic Co. Q.A. Program." which is
accepted by the NRC for activities required to meet 10CFR50 Appendix B.

As part of the Q.A. program the following requirements will apply to
the design and manufacture of the alternate closure system.

All steel materials will be purchased to the requirements of the ASME
Code,1974 Edition through Sumer 1976 Addenda, Section III, Div.1,
Class 2. Chemical and/or physical test reports will be provided for
all materials. Welding will be perfonned by welders qualified to
Section IX, ASME Code. Welding procedures will also be qualified in
accordance with Section IX of the Code.

Detailed manufacturing procedures will be prepared outlining step by
step sequences for all fabrication, machining, assembly operations,
and quality control. Inspection system will be in accordance with
Section III of the ASME Code. Mandatory hold and inspection points
will be incorporated into the Manufacturing /QC Procedures in order that
GAC Engineering and the Authorized Code Inspector may witness tests and

) inspections being performed in accordance with ASME Code requirements.
,

Nondestructive testing techniques and acceptance standards will be in
accordance with ASME Code Section III and will be performed by personnel
qualified to the ASME Code. Welds will be inspected in accordance with
the ASME Code.

The depleted uranium will be volumetrically inspected by using gama
scanning, radiography or a combination of the gama scan and radiography
method.
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SECTION XI !
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PRELIMINARY LOW TEMPERATURE
.

! URANIUM DROP TESTS
:
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No changes made for the alternate closure system.
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