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NOTICE

GADR-55 Revision 2 is a superseding
consolidation of the following:

CADPR=-55, issued 17 April 1969
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comprise the complete design report for the model FSV-1
radioactive materials shipping package.
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GADR-55 REVISION 2

INTROCDUCTION

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

GADR-55, Revision 2 and

GADR-55, Addendum |, Revision 1.
This desiyn 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 «mpact limiter is presented in GADR-55, Addendum 1, Revision
I, "Consolidated Design Report for the Fort St. Vrain Fuel Shipping Cask."
The General Atomic Company (GA) mouel 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 3) from the Fort St. Vrain, High Temperature Gas Reactor
(HTGR). Six spent fuel elements, which are hexagonal graphite blocks con-
taining fissiie material, primarily U=233 and U=235 and fertile material,
primarily thorium, are placed i 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 closuras and the closure end of the FSV-|
cask is protected by a laminated plywood impact limiter (when the alternate
closure system is used).
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SECTION | GADR=-55 REVISION 2

SYSTEM DESCRIPTION

A. PURPOSE

The purpose of the model FSV-1 Spent Fuel Shipping Cask and the associated
equipment is the transport of irradiated nuclear fuel elements and other radio-
active materials.
8. NORMAL OPERATING REQUIREMENTS

The model FSV-1 cask is designed for a capacity of 6 fuel elements of the

type used in the Fort St. Vrain nuclear generating station. These fuel elements
are hexagonal graphite blocks that measure 14,17 inches across the flats by
31.22 inches long and weight approximately 300 pounds.

The model FSV-] cask with its associated equipment is designed and fabricated
to satisfy the requirements of 10 CFR 71 for the normal conditions of transport
during the shipmei * of spent fuel elements and other radicactive materials.

Special interface criteria were used in the desian of the F5V-1 cask and
its associated equipment to assure its compatibility with the fuel element
handling equipment in the Fort St. Vrain nuclear generating station. The
interface with this equipment is described in the operating procedures that
follow.

The FSV-1 cask is constructed of selected materials (primarily stainless
steel) to allow the use of normal decontamination procedures and solutions.

C. ABNORMAL OPERATING REQUIREMENTS
The FSV-1 Spent Fuel Shipping Cask is designed to satisfy the containment

requirements of the accident conditions of transport as specified in 10 CFR 71.
D. EQUIPMENT LIST

The following items of equipment will be used in the normal operation |

of transporting refabricated and spent fuel elements, and the transfer of |

same, from and to, the Fort St. Vrain fuel! storage well :

1=1




SECTION I - SYSTEM DESCRIPTICH

Fuel Shipping Cask

Spent Fuel Container

Extendable Truck-Trailers with Cask Supourts and Tie-down Structures
Cask Lifting Apparatus

Adapter Seal Ring

Fuel Loading Port in Reactor Buildingz Refu:ling Floor
Reactor 7Isolation Valve

Auxiliary Transfer Cask and Grapple

Temporary Shield Plug

Hot Service Facility Jib-hoist

Reactor Building 160/50 Ton Crane

Reactor Building Auxiliary 10 Ton Crane

Fuel Transfer Cask and Fuel Handling Machine Assembly
Pneumatic Right Aagle Wrench

Hand Torque Wrenches (2)

NORMAL OPERATING PRCCEDURE

At some future date the Fort St. Vrain Fuel Shipping Cask may te

utilized to ship refabricated fuel elements to Fort St. Vrain as well as
to ship spent fuel elements to a reprocessing facility. Beginning with
the arrival of a fuel shipping cask at Fort St. Vrain the sequence of
unloading refabricated fuel and loading spent fuel will be as follows:

1. Transfer of the fuel shipping cask from the truck to the fuel
loading port.

2) The tractor and trailer are backed into the reactor building
to the desired depth.

b) The brakes of the rear wheels of the trailer are locked.

¢) The extendable trailer slide locks and the rear fuel
shipping cask support locks to the trailer are unfastened.

d) The iractor is then driven in reverse to close the trailer
and slide the fuel shipping cask back over the rear
trailer wheels.

(This is necessary to position the fuel shipping cask
under the hatches in floors above the truck bay and to
close the outside doors of the truck bay).

e) Manually detach the personnel barrier from the truck.

f) Using the HSF jib-hoist,remove the fuel loading port
cover plate and store it on the refueling floor. Then
1ift the seal adapter (Shinoins Cask to:risolation valve)
from its stored position in the loading port and place

1-2
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SECTION 1 - SYSTEM DESCRIPTION GADR=55 REVISION 2

it on the refueling floor.

g) Open the hatches in the deck immediately above the truck
bay and in the refueling floor.

h) Lower the 10-ton auxiliary building crane hook thru the hatches
and pick up the personnzl barrier. Raise the personnel
barrier and store it on the deck above the truck bay.

1) Lower the 50-ton building crane with the fuel shipping cask
lifting apparatus attached to the hook thru the hatches
to the desired position at the head of the fuel shipping
cask.

j) Engage the cask lifting apparatus to the fuel shipping
cask using the two holes prosided in the head of the cask.

k) Disengage the cask head tie-iown and support from the fuel
shipping cask.

1) Raise the 50-ton crane hook until the fuel shippinz cask
is in vertical position.

m) Disengage the fuel shipping cask from the cask bottom
tie-down and support.

n) Raise the fuel shipping cask to a position above the
refueling floor.

o) Move the fuel shipping cask to the loading port. Rotate
the crane hook to align the legs of the cask lifting
epparatus tc the guide platas im the loadiag port.

p) Lower the fuel shipping cask int» the loading port.

q) Unlock the cask lifting apparatus and disengage it from
the fuel shipping cask. Temporarily store the cask lifting
apparatus on the refueling floor.

r) Close the hatches in the truck bay deck and the refueling
floor.

2. Unloading and loading the Fuel Shipping Cask.

a) Connect the helium purge system to the connection
provided in the bettom of the fuel shipping cask.

b) Pull 20-inch Hg vacuum on the fuel shipping cask cavity

. to check the seals. Monitor the helium tube connection
for radicactivity. 1If radicactivity is measured, reduce
to a 4-inch Hg vacuum and maintain while the cask cover
is being removed. (This sh. .'4 prevenr radicactive gas
from escaping to the refue.ing floor upon removal of the
cask cover).

¢) Remove the 3 set-szrew type plugs from the top of the cask
sover and screw three (3) eve-bolts into place.

d) Position the 10-ton auxiliary crane with the sling-HSF
(three leg wire rope sling) over the fuel shipping cask.
Engage the legs of the sling to the eve-bolts in the cask
cover,

1-3
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e) Pick up from the refuelinz floor the temporarr shield ~lugp
using the HSF jib~hoist, and -uve it to a positioan adjac:at
to the fuel loading port.

£) Unbolt the fuel shipping -ask caver,

g) Raise the fuel shipping cask cover to a height which allows
swinging the jib-hoist ani temporary shield plug over the
center of the fuel shippinz cask. Lower the temporary
shield plug into the lid -7 the :spent fuel container inside
the shipping cask. Disconnect the temporary shield plug
from the jib-hoist hook and swing the jib~hoist away from
the fuel loading port. Move th2 shipping cask cover to the
hot service facility for inspection of bolt threads and
seals.

h) Usiag a pneumatic right-angle wrench with a 15-inch-long
socket extension, unbolt the spent fuel centainer 1lid bolts.

1) Using the HSF jib-hoist pick up the adapter seal and nosition
it on top of the fuel shipping cask.

i) By means of the 50-ton building crane move a reactor
isolation valve from storage and position it on top of the
fuel loading pert. Anchor and level the reactor isolation
valve using the 3-inch-diameter bolts which are a part of
the valve assembly.

k) Open the reactor isolation valve and lower the HSF jib-hoist
hook through the valve and engage the eye-bolt in the
temporary shield plug.

1) Raise the temporary shield plug out of the spent fuel
container lid through the isolation valve and place the
plug on the refueling floor.

m) Close the isolation valve ard inflate the seal on the
bottom of the isolation valve to effect a seal with the top
s.vface of the seal adapter.

n) Using .he helium purge system at the bottom of the fuel
shipping cask insure that all seals are effective by
pulling and holding a 20 inch of Hg. vacuum. If seals are
effective, return the cask cavity pressure to ambient
building pressure and shut off the helium purge system at
this position.

0) Re-reeve the building crane from 50-ton capacity to 160-ton
capacity.

p) Using the 160-ton capacity building crane move the auxiliary
transfer cask from its storage location to on top of the
reactor isolation valve on the fuel loading port. Open
both the isolation valve and the valve on the bottom of
auxiliary cask.

q) Lower the auxiliarv transfer cask grapple into the lid of
the spent fuel container. Engage the lid and remove it from .
the fuel shipping cask. .

r) Close both the reactor isclation valve and the auxiliary

1-4



SECTION 1 - SYSTEM DESCRIPTION GADR™55 REVISION 2

transfer cask valve.

s) Move the auxiliary transfer cask to the hot sarvice facility
and lower the spent fuel container lid into the HSF for
decontamination and for inspection of bolt threads and seals.

t) Using the 160-ton building crane move the fuel handling
machine and the fuel transfer cask (one assembly) from
a fuel storage well; with spent fuel elements in approximately
one half of the fuel transfer cask, tc the top of the
isolation valve on top of the fuel loading port.

u) Using the helium purge system connections and controls
attached to the reactor isolation valve purge the fuel
shipping cask cavity,

v) Open the isolation valve and the wvalve in the bottom of
the fuel transfer cask.

w) Using the fuel handling machine remove the refabricated fuel
elements from the spant fuel container inside the fuel
shipping cask and place them in the unloaded portion of
the fuel transfer cask.

x) After the six (6) refabricited fuel elements have been
transferred to the fuel transfer cask, use the fuel
handling machine to load six (6) spent fuel elements into
the spent fuel container inside the fuel shipping cask.

y) Close both tha reacter isolation valve and the valve in
the bottom r the fuel transfer cask.

z) Using the 160-ton building crane remove the fuel handling
machine and fuel iransfer cask from the fuel loading port
to a fuel storage well.

3. Transfer of the Fuel Shipping Cask from the fuel loading port to
the truck.

a) Move the auxiliary transfer cask with the spent fuel
container 1lid from the hot service facility to the reacter
isolation valve on the fuel loading port using the 160-ten
building crane.

b) Open the reactor isolation valve and the valve in the
bottom of the auxiliary transfer caska.

¢)- lower the spent fuel container lid onto the container inside
the fuel shipping cask.

d) Raise the auxiliary transfer cask grapple and close both
the reactor isolation valve and the valve in the bottom
of the auxiliary transfer cask.

e) Using the 160-ton building crane,move the auxiliary
transfer cask from the fuel loading port to its storage
position .

f) Pick up the tempecrary shield plug with the HSF jib-hoist
and swing it to a3 position over the reactor isolation
valve on top of the fuel loading pers.
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8)

h)

1)

1

k)

1)

m)

n)

o)

p)

q)

r)

s)

GADR=-55 REVISION 2

Open the reactor isolation valve and lower the innar
shield plug into the spent fuel containcr lid. Disconnect
the hoist hook from the plug and swing the HSF jib-hoist
away from the fuel loading port.

Re-reeve the building crane from 160-ton capacity to a 50-ton
capacity.

Using the 50-ton building crane remove the reactor isolaticn
valve from the fuel loading port and place it in its
storage position.

Using a pneumatic right angle wrench with a 15 inch socket
extension,bolt the spent fuel ccntainer lid to the container.
Fiaal tightening of the bolts should be accomplished using

a hand torque wrench seating the bolts to the specified
torque of 90 ft.-lbs.

Using the 10-ton auxiliary building crane retrieve the fuel

shipping cask cover frcm the hot service facility and move

it to a position above the fuel shipping cask in the fuel

loading port. :

Swing the HSF jib~hoist over the fuel loading port and
engage the hoist hook to the temporary shield plug.

Raise the temporary shield plug out of the fuel shipping
cask and swing the jib-hoist away from the fuel loading
port. Immediately lower the fuel shipping cask cover onto
the fuel shipping cask.

Bolt the cask cover to the fuel shipping cask. Use a hand
torque wrench to tighten the bolts to the specified torque
of 1,000 ft-1lbs,

Open the helium purge system valve at the connection to the
bottom of the fuel shipping cask. Pressurize the fuel
shipping cask cavity to 50 psig and close valve, Observe

the pressure gage at the helium purge systems outlet. If

at the end of one hour the pressure reading has remained
constant at 50 psig the fuel shipping cask seals are effective.

Switch the helium purge system from pressure to vacuum and
draw a 20-inch Hg. vacuum on the shipping cask cavity. Use
u radiation monitor held next to the helium purge system
tubing near the bottom of the fuel shipping cask to detect
the exhausting of any radicactive gas. If no radioactivity
is present, the spent fuel container seals are effective.

Observe the pressure gage at 20-inch Hg. vacuum for one
hour. If no pressure decay occurs, all seals are effective
and the fuel shipping cask loaded with spent fuel is ready
to ship.

Return the fuel shipping cask cavity to atmospheric pressure
using helium. DNisconnect the helium purge system tubing
from the bottom of the fuel shipping cask.

Secure all bolts in the fuel siilpping cask ccver and cask

1-6
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t)

u)

v)

w)

x)

z)

aa)

bb)

ce)

dd)

ee)

£f)

bottom by lock-wiring per “TL-STD=7A3%,

Remove the three eye-holt: from the fuel shipping cask
cover and screw in the set-screw type plugs.

Open the hatches in the refucling flour and deck above the
truck bay.

Pick up the fuel shipping cosk 1lifting apparatus with the
350-ton building crane and move it to the fuel loading port.

Lower the fuel shipoing cask lifting apparatus and enyzge
the head of the fuel shipping cask.

Raise the fuel shipping catk out of the fuel lcading port
and move it to the hatch in the refueling floor.

Lower the fuel shipping cark thru the hatches until the :ask
bottom engages the rear cask support on the shipping casi
truck trailer.

Continue to lower the 50-ton crane hook (which allows the
fuel shipping cask to 20 to a near horizontal position)
until the fuel shipping cask head comes to rest on the
front cask support.

Unlock the cask lifting apparatus and disengage it from che
fuel shipping cask. Move the cask lifting apparatus to its
storage position.

Secure (tie down) the head of the fuel shipping cask to
the front cask support.

Using the 10-ton auxiliary building crane pick up the
personnel barrier from the truck bay deck and place it in
position over the fuel shipring cask on the truck trailer.
Secure the barrier in place.

Close all hatches before opening the truck bay door. Open
the truck bay door and drive the tractar forward until the
trailer is extended and the rear shipping cask support is

moved forward to transit position. Lock both the trailer

extendable slides and the rear fuel shipping cask support

in place.

Using a radiation monitor check the dose rate on the personnel
barrier and at 6 feet from the barrier. Radiation levels
must be equal to or less than the levels specified in 1C-CFR-71.

Drive the fiel shipping cask truck, tractor and loaded cask
out of the reactor building. Close the truck bay door.

F.  ABNORMAL OPERATING PROCEDURE

There are no abnormal operations anticipated for this system.
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SECTION II GADR-55 REVISION 2

PHYSICAL AND FUNCTIONAL DESCRIPTION

A. GENERAL

The spent fuel container and fuel shipping cask is sized to transport
six HTGR fuel elements weighing 300 pounds each, loaded in a single column.
Design of all equipment is such that the gross weight of the FSV-1 cask with
the tractor/trailer transport will be an absolute minimum and still satisfy
all NRC and DOT regulations.

B, SPENT FUEL CONTAINER AND LID

The spent fuel container, fabricated entirely of type 304 stainless
steel, is 190-11/16 inches overall in length. It has an inside diameter
of 16-5/8 inches and a wall thickness of 1/2 inch. The top flange of
the container is 1-1/4 inches thick with a diameter of 20-1/2 inches.

The container lid is designed to he compatible for lifting with
the auxiliary transfer cask grapple. It has an overall diameter of
20-1/2 inches and is mated with the top flange of the shipping container
by use of twelve special fasteners. The fasteners are 1/2 inch diameter,
high strength, cadmium plated allow steel.

The assembled spent fuel container with lid will have a cavity
length of 187-5/8 inches, an overall length of 195-5/16 inches, and will
weigh approximately 1880 pounds.

Two "0" rings, one metallic and the other a high-temperature
elastomeric polymer, will provide the primary seal for the contents
of the container. A dovetail groove for the elastomer "0" ring is
provided in the container 1id, and the metal "O" ring is secured to
the lid by stainless steel wire clips and screws.
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A 3/4 inch by 3/4 inch anaulus on the outside diameter of the base of
the fuel container will be provided for upending the container--a secondary
means of fuel removal.

Three orientation dowel pins will be welded to the inside base of the
fuel container for proper positioning of the loaded fuel. In connection
with this, three dowel pin holes will be drilled in the bottom of the
container lid. These holes will be aligned with the dowel pins when the lid
is bolted to the container. For further orientation, the container 1id and
top flange will be match slotted for proper positioning to a key in the
shipping cask.

C.  SHIPPING CASK AND COVER HEAD

The shipping cask {s designed to hold the spent fuel container and will
include p:ovisions for radial orientation in the reactor building fuel loading
port so that fuel elements are oriented the same as when stored in the reactor
building fuel storage wells.

Basically, the cask design consists of a depleted uranium cylindrical
shell encased in a stainless steel inner liner and outer shell. The inside
diameter of the depleted uranium shielding will be 19 inches, with a wall
thickness of 3-1/2 inches. The stainless steel inner liner will be 5/8 inch
thick, and the outer shell will be 1 inch thick.

The base of the cask will be a stainless steel forging 9 inches thick
and 28 inches in diameter. Two penetrations will be in the base of the
shipping cask. A center-line penetration, nominally 1-1/2 inches in diameter,
will serve s an opening for a ramrod which will be used to remove fuel
from the shipping cask when the cask is in a hot cell and lying in a horizontal
position. This penetration will also provide a drain for the shipping cask
cavity for decontamination and cleaning operations. Normally, this
penetration will be plugged by the base closure pin, a stainless steel
weldment which will be bolted to the cask base. Metallic and an elastomeric
polymer "0" rings will provide the seal for this penetration.

A 1/4-inch diameter hole extending through the cask base at a point
approximately eight inches off the center is terminated on the base of the
cask and is opened by use of a protected quick-disconnect nipple. This
connection provides for the use of the Fort St. Vrain helium purge system
for controlling the gas contents in the shipping cask cavity and for testing
the effectiveness of seals.

The top section of the cask will consist of a stainless steel ring
forging 31 inches in diameter and approximately 12 inches deep. This machined
ring will provide the vertical support for the shipping cask when it is in
the fuel loading port. The ring will also blend in with the 28-inch diameter
main body of the cask, provide an annular protection and base for the closure
head, provide a base for the top flange of the spent fuel container, and
provide for the cask hoisting apparatus.

The cask cover is bolted to the cask with twenty-four 1-1/4-inch alloy
ste 1l cap screws. The thickness of the stainless steel head will be 4-5/16
inches. An upper shield plug of unalloyed depleted uranium 2-1/4 inches thick
will be an integral part of the cask cover. A dovetailed "0" ring groove for
the elrstomeric polymer "0" ring and a metallic "0" ring secured to the cover
by stainless steei wire clips and screws provide the seal for the cover to cask
closure.
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D. PHYSICAL CHARACTERISTICS

The spent fuel container and shipping cask, materials, dimensions, and
weights are as follows:

1. Shielding material: unalloyed depieted uranium w/0.2% to 0.3%
molybdenum. Density = 0.683 lb/in.3.

2. Shells, liners, plates, etc.: type 304 stainless steel.

3. Overall shipping cask length = 208 inches.

4. Diameter of shipping cask main body = 28 inches.

5. Diameter of shipping cask top section = 31 inches.

6. Weight of fully loaded shipping cask = 46,500 pounds.

E. DRAWINGS

The following drawings depict the general assembly and functional
details of the spent fuel container and shipping cask:

NL Dwg. 40065D, Rev. 1, "Spent Fuel Container & Shipping Cask.
Cask Assembly - Pictorial Section"

NL Dwg. 70085F, Rev. 5, "Spent Fuel Container & Shipping Cask
Assembly"

NL Dwg. 70086F, Rev. 7, "Spent Fuel Container & Shipping Cask.
Top Section"

NL Dwg. 70094F, Rev. 5, "Spent Fuel Container & Shipping Cask.
Bottom Section'

NL Dwg. 70296F, Rev. 2, "Spent Fuel Container & Shipping Cask
Layout"
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SECTION III GADR-55 REVISION 2

PROPERTTIES OF MATERIALS

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' Unalloved Denleted Uranium
Density

18.9 grams/cc or .583 1b./ial

Mechanical Properties

Ultimccte Tensile Strength 60,000 to 100,000 psi
Yield Scrength 25,000 co 45,000 psi
Reduction in Area 10Z to 407%
Elongation 8% to 15%
Modulus of Elasticity Approximately 24 (10)6 psi
Poisson's Ratio Approximately 0.21
Shear Modulus Approximately 12 (10)6 psi
Hardness Rockwell.B 55 to 90
Melting Point 2070° F
Thermal Expansion 6.5 (].0)-'6 in/ian/®* F

3-1
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B. Stainless Steel Pipe, Type 304 p

GADR-55 RCVISION 2

er ASTM Spec. A-351, Grade CF-8

Physical Properties

Density

Specific Gravity

Melting Range

Modulus of Elasticity
Specific Heat (32° to 212°F)

Thermal Conductivity

At 200°F
At 10090°F

0.287 1b/in.>
7.94 grams/cc
2550° to 2650°F
28 x 10° psi
0.12 Btu/1b/°F

9.4 Btu/hr/ft2/°F/ft
12.5 Btu/hr/£t2/°F/ft

Mean Coefficient of Thermal Expansion

32° to 212°F
32° to 600°F
32° to 1000°F

Mechanical Properties (at 72°F)

Ultimate Tensile Strength
Yield Strength

Elongation

Reduction of Area (approx)
Hardness

9.6 in./in./°F x 10~
9.9 in./in./°F x 10-6
10.2 in./in./°F x 10-6

70,000 psi
30,000 psi
35%

607%

Rg 88

C, Stainless Steel Forgings, Type 3C4 per ASTM Spec. A-182, Grade F-304

Physical Properties
Same as B, above.
Mechanical Properties
Ultimate Tensile Strength
Yield Strength
Elongation
Reduction of Area
Hardness (approx)

D. Uranium Welds

All uranium welding will be
inert dc tungsten arc welding.
ing shields shall be of welding

70,000 psi
30,000 psi
40%

50%

Rp 88

accomplished using single V-butt joints and
The inert gas used for shielding and trail-
grade argon., The filler and base metals shall

be depleted uranium. Prior to use, filler metal shall be free of oxides and

other contamination.



SECTION IIl - PROPERTIES OF MATERIALS
GADR=-55 REVISION 2

Base metal shall be cleaned of oxides, 0il, qrease, and other weld
contaminants., E£ach weld bead will be cleaned prior to the deposition of
the next weld bead. Final layers of each weld will be ligquid-penetrant
inspected,

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

A1l stainless steel welds will be in accordance with the "Rules for
Construction of Nuclear Vessels" (Ref. 1). All of the welding procedures
and welders will be gualified in accordance with "Welding Qualifications”
(Ref. 2).

A1l stainless steel welds will te dye-penetrant ‘nspected per MIL-STD
2710. Cracks, porosity, lack of fusion, undercutting and overlapping will
not be acceptable.

F. Seals Refs. 3 and 4)

1. All metal "0" rings shall be self-energized for use in bolted
flange assemblies. These "0" rings will be made of silver
plated Inconel X, tubing. Service temperature is -3200 to
+12009F. The following metal "0Q" rings or equivalent have
been selected for sealin~ the Fort St. Vrain spent fuel container
and fuel shipping cask:

a) Cask Closure Head Seal - United Aircraft Products, Inc. Cat.
No. U-6420-22000-SEA; 0D = 22.01"; ID - 21.76"; Tube Dia. =
0.125%".

b) Spent Fuel Container Lid, Seal - United Aircraft Products,
Inc. Cat. No. U-6420-17430-SEA; 0D = 17.44"; [D = 17.19";
Tube Dia. = 0.125".

c¢) Cask Base Closure Pin Seal - United Aircraft Products Inc.
Cat. No. U-6420-02813-SEA; 0D = 2.81"; ID = 2.56"; Tube
Dia. = 0.125".

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

2. All elastomer "0" rings shall be molded per AMS Specification
3304 of silicone rubber. Service temperature for this material
is -100° to +5009F. The following silicone rubber "0" rings
or equivalent have been selected for sealing the Fort St. Vrain
spent fuel container and fule shipping cask:

a) Cask Closure Head Seal - Parco No. PRP-568-392; 00 = 23.37%";
ID = 23.00"; Dia. = 0.187".

3-3
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b) Spent Fuel Container Lid Seal - Parco No. PRP-568-3vu;
OD = 17.375"; ID = 17.000"; Dia. = 0.187".

c) Cask Base Closure Pin Seal - Parco No. PRP-368-236;
OD = 3.500"; ID = 3,25"; Dia. = 0,125".

d) Cask Helium Connection Cap Seal - Parco No. PRP-568-233;
OD = 3,125"; ID = 2,875"; Dia. = 0.125".

All 'J" rings are installed in the removable parts of the spent
fuel container and fuel shipping cask. This facilitates inspec-
tion and replacement and decontamination in the Fort St. Vrain
hot service facility.

G. Fasteners (Refs. 5,6,7)

1.

The bolts used in the assembly of the spent fuel container are
alloy steel per AlS 6322 with cadmium plating per QQ-P-416, Type
11, Class 3. These bolts are heat tested for 180KSI min, ultimate
*ensile strength with a hardness of R.40-44. The 1/2-inch size
u.ed in fastening the spent fuel container lid to the container
has a minimum axial tensile strength of 26,700 lbs. (Ref. 5).

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 approxi-
mately 200,000 psi. These "screw=-lock' inserts meet military
specification for locking torque and vibration ’ iaternal
thread conforms to thread form standards issued by the Depart-
ment of Commerce (Ref. 6).

The bolts used in the assembly of the cover head to the fuel
shipping cask shall be cadmium plated per QQ-P-416 alloy steel
per FF-5-86C with the following physical properties for the
1-1/4"=7 UNC size (Ref. 7):

Tensile Strength, min. 160,000 psi.
Yield Strength, min. 130,000 psi.
Heat Treatment Rc36—a3

The bolts of the cover head are threaded into inserts in the
shipping cask head. These inserts are to prolong the life of
the threads (since they can be replaced when worn) and locking
of the bolts shall be by lock-wiring per MIL-STD-763A, dated
21 July, 1567,

-
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H.

F &8
-

Iron - Uranium Eutectic Prevention (Ref. 8)

Investigations have shown that uranium combines with stainless
steel by solid state diffusion at temperatures above 1000°F. The iron-
uranium eutectic melts at 1337°F so that if the two materials are in
intimate contact at this temperature a molten alloy will be formed
(Ref. 8).

Other investigations have shown that uranium {n contact with stain-
less steel will penetrate the stainless steel by solid state diffusion
in 24 hours at 1400°F. At 1355°F there was no attack on the stainless
steel.

Recent tests of stainless steel - uranium - stainless steel assem-
blies 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 1750°F (Ref. 8). All surfaces
of stainless steel in contact with the depleted uranium shielding will
te coated with 0.005-inch-thick copper coating for the Fort St. Vrain
Fiel Shipping Casks.

REFERENCES

ASME Boiler and Pressure Vessel Code Section III - Nuclear Vessels,
The American Society of Mechanical Engineers, United Engineering
Center, N.Y., 1965.

ASME Boiler and Pressure Vessel Code Section IX - Welding Qualific-~tioms,

The American Society of Mechanical Engineers, United Engineering Center,
N.Y.s 1965,

"Metallic O-Rings," United Aircraft Products, Inc., Bulletin No. 596191B,
Dayton, Ohio, July 15, 1959.

"0-Ring Design Handbook," Plastic and Rubber Products Company,
Ontario, California.

"Bolt, External Wrenching, Self-Retained by Washer," Standard Pressed
Steel Company, Jenkintown, Pa., Part Number and Specification 69241,
Sheets 1, 2, and 3, March 6, 1968.

""Heli-Coil Screw-lock Inserts," Heli-Coil Corporatiom, Danbury,
Connecticut, Bulletin 900.

Federal Specification, Screw, Cap. Socket Head, October 17, 1967.

Clifford. C. B., "Design and Fabrication of a Prototype Laminated
Uranium Metal Shipping Cask for Large Shipment of Cobalt-60," USAEC
Research and Development Report No. KY-521, Union Carbide Corporation,
Nuclear Division, Paducah, Ky., April 3, 1967.
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82~ 368 =08 (367-d) = o0378[vsrm -]
= /745 -.00378d7

d&{: /27~$ —-368
.oos7g = 357,000 -
: ' _ ay.5 _ "
d = 295 w = 88243 3, " wELD B

® BE QUTE COVSERVAMVE | IT IS DES/RABLEE TO [DOUME TS _DEPTH

OF WELD, USING 2 LAYERS OF g /N. PENETRATON WELDS (W OFFSET
RELATIOVSH/R) | PROVIDING. COVTINUOUS BEAM STRENS™S /N Ar OUTER
ANNULUS 172 V. THICK OUT oF ATOTAL oF 3A/MWN. WALL THE
INNER R /N, WOULD BE MACHINED w/(TH /NTERLOCKING STEFS ( FOUR

OF Yain. BACH) PROVIOING CONCEBNTRIC SHEAR RINSS AND EFFECTIVE
SHIELOING FWTTERN (AS ILUSTRATED) . THIS DESIGN /S AMOW
INVESTIGATED /N REGAMD 7D THE GMER CONDITINS /AND ATTITUEES OF /MPRCT:

5. SIDE DROP - 3Q FTn

| o DERECTION AT MID~LEAGTY IS
’ s W j LIMITED T® 78 BY CONTACT WiTH BASE

T - ’. - oy
1= s FND (W'J-\) T SE & =75"
| iy 3= @y 48> =7
o /98 s (Weg) = 225 gQ el - 534 /2)4 wt I

Weg = 215 T
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NATIONAL LEAD CO. NUCLEAR DIVISION |

WILMINGTON PLANT J

LET W= 4603y /&5 = TETAL WEIGHT OF LOADED CASK.

Ler T = ZTI FOR OUTER SWELL /NNERSHEL AUD 1an URANWIUM WEDS)
THE REST OF THE 3/a/N. TOTAL THICKNESS OF URANIUM CONTRIBUTES MASS AWD
NOT STIFFAESS. THIS (S VERY COVSERUATIVE, SINCE TTHE MIDDLE CYLINDER
SPANS THE REG/ON OF MAX, STMESS AVD DEFLECTION .

AL THREE CYLS,
HAVE THE SAME DEFLECTION S

I, ammsmeas ’-Irt(."*v"av) = 7750 W' XI/ = Q/%‘P' 1289
Iy e e« T (9.5 a¢) « 1530
Lyommiury  ~Z (37-/.57) = 8700 "
) ST = /7,980 W
bw (We)= 25 (£1)
s (17,980) = 3,880000 iBS

&= 298000 . A3.8 G's
VGIO}V e

M-n!%%é o 3 gR0O00 C/?ﬂ) - 951900’@” /. L8S.
M) S, anersweu = 95900000 _

Sy oweR sweu + 5900090 | 5D Gao P

/895 S ——

./ 0
%. /895
'.2715?./353—

Oy OARmUA  « ?5 900,000 200 7S/ 4 96 00 RS/
T38s ¢ SLEE '

(or Lwe 3)
ML THESE SIMESSES ARE /MOMELTARY PEAKS AM LOCAC,
Se RR ORMWIVM 1S5 LESS THAN TWAT SusTwNVED /N TRE TEST.
THE OS/DE DRoP TEST /S CONS/DIERED SATTS/FHTORY , WITH
VO PERMANENT BERMN DEFRARMATIONS — QWLY . CRISHMWE DERRMATIONS

@& END IMPACTS

THE WBLD MEAL IS QWS/DERED BQuIVALENT
TO THE MASE METRA .
LOADS APRLIED AXIAWY WOULD F/RST PASS TIRU WELD METR( RERS
AVD THEN WOULD DEUBLOPE LOAD ABIL/TY AT THE S/EP INTBRFICES .
SINCE THREE CASTINGS ARE USED COANAWY AND PARTLY WELDED,
EACH OF THE TWO JUNTS +HAS A MAX. LOAD = 33 THE MAX. LOAD FoR
TWE EXTREME END SORFACE AT TOP OR BoTrom OF THE CASK.

THERE FORE , /MPACT LOADINVES OF /XL TYPES ov THE
PRETIAL- PEDTM WELDED TNTS OF TS URMNMILM SHIDED CRASK FARE
MYDERRD SUCCESGFULY SUSTRINED WITHOUT FALORE PER SPECIFICITINVS.
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&j\ NATIONAL LEAD CO. NUCLEAR DIVISION |
WILMINGTON PLANT ‘

<. IMPACT - BOTroM CORNER - DARAIV (AP

|8diax3” T (1129%*«3 = Souwm
| da x5 Ty (1 x5 = loY
axi" T (69" x / »_23.8
= ( 373w’ x,289 = [0:57 a5
.\GWW
Scnued
%;ﬁB‘ﬂﬂkL

435 go (S& papt 558
MJ&QM Dram &70/90
F s (1057) 435 = 4630 &
Cach) Gy S Ao /LEY] {M@«?“W, a0
204 (85 ars Haésm’vﬁ (ammanad]] @ /300 PS) yp
AJo0 s slawdbar el (2 3070 P/ 4P
4xY700 = |880¢ [BS

Mo - 8800 _, _ 5
1= 308 %.

oaTe ace il or e
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EIANOML LEAD CO. NUCLEAR DIVISION

M. VIBRATION OF CASK /N TRANS/T

'ﬂ&%andﬁAocﬂuﬁrnmf JZhaepmﬂ Ziador 3
5 T e ot e e
oy :
T caoso comoidony B-Haok a bt T speal By oum of Dy
indevidus) T walis fwmm Dy Lnaniaw W
Loty olef = T (14%13") = 7750 aue?
T i hdl - Ty (95-8.83) = 1,532
dthanmw * Yy (137-9.5") = 1604/
= 25,32/ m"

Lzt
WA%?!M ang conledt = 46,500 Lho
it’_““:‘:% £« 208"

TR R RS,

= i[.g CRS- “ >w .
Euumddamouley, a7 davelspeg/n Voo o0 gominelly v
:d(/uoy{’ 'f /6 cPs. (o -Mﬁﬁ)

270, Z%’fbﬁw 2
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SECTION VI

Z%) NATIONAL LEAD CO. NUCLEAR DIVISION
WILMINGTON

PLANT

b ——— ——

DIFFERENTIAL THERMAL EXPANSIONS
A, CLEAEANCES

The cask and its container assemblies are stainless steel and uranfum
constructions. No lead is present and thus there are no problems associated
with voids of this kind, which vary greatly In volume with changes in
temperatures and also shift in position within the cask. The uranium ls
monolithic and jacketed by the steel. The dimensional proportions of the
cask shielding cylinder of uranium require that there be minimal clearances
for machining and assembly purposes. These clearances are a substantial

part of the differential expansions which developed In several of the cases
examined.

B, (OEFFICIENTS OF EXPINS/oN
Coefficients of expansion used <x165 x °F) 6.5 uranium. This valvais
obtained from records of our Albany plant and refer specifically to as-cast
.2% molybdenum uranium - unalloyed composition.

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

A = Instantaneous values at given temperature
B = mean coeffir mt (from 70°F to (ndicated temperature)

A 3 Temp.°F
9.11 9.11 70
9.73 - 9.47 300
10.43 9.82 600
10.90 10.08 8C0

C TEMPECATURE DiSTRIBUTIIN
Temperature distribution through the cask under hypothetical accident and
fire conditions has been obtained from memorandum [II, a part of the
specification, dated 18 April 1968, and titled "Heat Transfer Calculations
for PSC Fuel Shipping Cask". Heat generation rates were chosen in each
case to give the maximum differential temperatures.
D LASES INVESTIGATED
The following cases are investigated relative to axial and to radial
differential expansions and contractions for the two uranium bodies contained
within the stainless steel structure.

Case | - 30 minutes after start of fire (1101 BTU/hr fuel rate)
Case 2 - 10 hours after start of fire (2322 BTU/hr fuel rate)
Case 3] - start up - cask 70° - container 23%

Case 4 ~ Immersion in water 70° - gontainer and inner shell 340°
Case 5 - Low temp. - 40° whole cask - No container.

Case 6 - Low temp. -400 cask - Container and inner shell 340°

DATE DAQE@I or
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% NATIONAL LEAD CO. NUCLEAR DIVISION
WILMINGTON PLANT
cwwt?ks HEAD
/s | eom [
‘——‘] 2 UrAmnm B —
v d
- 3ss |
83, H 1
S !
o] >
-—A2R
9.5R l /. OurER Shel - S3
IR 2. URAMUM SHELD
‘ 4R | 3. INNER SHELL- %8
19474 ’
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SECTION V' - DIFFERENTIAL THERMAL EXPANSIONS -

@}, NATIONAL LEAD CO. NUCLEAR DIVISION |

WILMINGTON PLANT

-

= iysis of Uranium Shislding in Cask
In the calculations + is a clearance or gap
- {s an interference (based on original O gap)
The various negative (=) dr or dl values thus iadicate the minimum initial
clearances at 70°F required to prevent interference and stressed conditions.
These requirements are reflected in the drawings.

The maximum values required for such clearances for the cask itself are:

Gap 12 = =, 0342 from case 2 . A A e BE
Gap 23 = -, 015 from case 2 PRI TED BT A TReE
Gap 34 = -,0367 from case 3 MAG € LENBANCES.
Length container = -, 309 from case 6 _

3 0
Case | T,= 1120° T,=430° Tye 70° T.= 37

Gap 12 Assume T,=T, for max. diff.
dr=(13") (T, =Tg) (10.08) 107° ~(13") (T,-T,) (6.5) 107°
= .137 =.0304 =+.1066" SSDU @AP
Gap 23 Assume TZ'TJ for min. clearance
dr=(9.52) (T,=Ty) (6.5) 1078 (9.5") (T,-T,) (9.6) 1076
= 0222 - 0329 = -._0106 U4SS /NTERFERANCE
Gap 34 Assume T,=370° from 2322 BTU/hr. fuel rate
dre(8-7/8") (T3=Ty) (9.6)107°-(8-13/16") (T4-Ty)(9.5)10~6
= ,0306 - .0251 = +.0055 GAP
Length of U. Assume TZ-T3 for max. differential
di=(194.8) (T,~Ty) (10.05) 10°° (194 8) (r3=T¢) (6.5)10"

=2.65 ~.455= |, 595 " expansion SDU  sap
CONTAINER SHows GAP,

DATE ’AO!.(TE or
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N

NATIONAL LEAD CO. NUCLEAR DIVISION

WILMINGTON PLANT

Case 2

gﬂlg !

Case 4

T, =220° Ty;=340° T, = 70° T = 370°
Gep 12 Assume I'z-‘l'3 for min. clearance
- -6 ~8
dr=(13") (rl-ro) (9.4) 1077 =(13) (TZ-TO) (6.5) 10
= ,0183 = ,0228 = -,0045 U>SS /NTERFERENCE
Gap 23 Assume TZ'T. for min. clearance
o . -6 -6
dr=(9.5) (TZ"O) (6.5)107" ~(9.5) (TJ-TO) (9.47) 10
= 00925 -~ .0243 = -,015 U€SS INTERFERENCE
Gap 14 Assume T4-370°
= -6 . = -6
dre(8=7/8) (T,~T ) (8.47)107° §=13/18 (T T ) (9.47)10
= 0227 - ,025=-,0023 [INTERFERENCE
Cask at original dimen. 'r‘- 24P To" 70° Ty= 70°

Gap 34 dr=0-(8-13/16) (T ~T() (9.7)10°8

0367
= - GPES" contalner !ncrease - WNTERFEREMCE

Length Container
di=(187-5/8) (T;-T,) @.7710~8

= -, 309" container Increase INTERFERENCE,
T)= 700 T,assumed = Ty= 450° Tgm 70° T,= 240°
Gap 12 = 0 =(13) (T,=Ty) (65 10°8
0 =,0%222 ==-,0322 SSKU INTERFeREnCE
Gap 23 =0
Gap34= negligible
Length Container - in time same as case 3

DATE nodﬁ’ or -
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> NATIONAL LEAD CO. NUCLEAR DIVISION

WILMINGTON PLANT

L

Case § T =T,=T, = -40° Ty = +70
-8 -6
Gap 12 dr= (13) (T,=T,) (9.11)107° (13} (T ~Ty) (6.5) 10
- 013 +.0093 = =.0037 SS<U /NTERFewenCE
g -6 2 -6
Gap 23 dr=(9.5) (T,=T,) (6.5) 10°2(9.5) (T,=Tp) (9.11) 10
= -.0068 +.0093 = +,0027 cap
Case 6 Tl-rz--4o° Ty=T,= 2a0° Ty= 70°
Gap 23 dr=(9.5) (T,~T,) (6.5) 10°6-9.5 (Ty=Ty) (9.11) 10°6

= - 0068 ~-.0137 = -, 0219 |INTERFERENMCE

~ Analysis of Uranium Disc In S.5. Closure Head

Case | Assume sama gradients as given for cask.

T-?Oo

) - 4100
Tl. 1120 Tl 430 0

Ats-lov for S.S. space expansion

Atu-q»'so-ro = 36{)3 for U expansion
from original machined dimension

Length di= (16") (4t k0.08-At 6.5) 107°
= 16 (loRA(100%)- 360 (6.5)] 107°
=16 (Il - 23%0) 10°5 = 0./1384 GAP

Thickness = also negligibie

A
dlre Z;z! (0,135‘1) = 0195 &AP

DATE PAG!JA‘S bl
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@) NATIONAL LEAD CO. NUCLEAR DIVISION
WILMINGTON PLANT

Case? T,=220° T,=340° Tos 70°

Aty = 150°
Aty= 340-70=270°
Length di= 16 (at, (9.47) -At (6.5)) 107
= 16 (150 (3.47) - 270 (6.9)] 1078
= 16 (1420 - 1750) 1075
= 5280 (1075 = -, 00928"

Thickndss dw = 00§28 2-1/4 = -.00075 /NTERFERENCE
16

Case 3 no diff. exp.

Case 4 no diff. exp.

Case 5 Temp. drop = =40 = (+70) = -110°
pength dl= 16 (<110) (9.10+6.5) 1078

= =4600 (1075 = =.004,6" (NTERFERENCE

Case 6 no diff, exp.
Summary - all cases For disc. max. Interference is only .005%:'

assuming metal to metal fit at 709,

Manufacturing clearances would be greater than this for the
uranium disc In the closure head.

DATE .AO'_a_O'——L
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SECTION VIZ
GADR=55 REVISION 2

SHIELDING ANALYSIS

A, SUMMARY

Dose rates have been calculated for several locations on and off the
surface of the FSV-1 spent fuel shipping cask. The truck and trailer are
used solely to transport one shipping cask.

8. GEOMETRY AND SOURCES

The cask is designed to hold six 14.22-inch hexagon by 31.22-iach
long fuel blocks in a single colum. The cask is made of depleted uranium
encased in steel plate. Table VII-l summarizas the important data used in
the shielding desizn. The total activicy of isotopes of importance :to
shielding design is approximately 38 (+4) curies. The location and values
for the calculated dose rates are shown ia Fig. VII-l.

Sources for fuel that had decaved for 100 dars were used as inrut for
the calculations and are listed in Table VII-2. Isotopes emiting low anergy
jammas were not considered. The sources represeut the highest fission prode
uct inventory a fuel block will have accumulated after scheduled burrug in

the equilibrium core.

O

RESULTS

The dose rates and locaticns .f the dose points are shown in Fig, VIi-l.
The limit of accuracy in the calculations is #30%. Shielding thickness should
not be increased to reflect this limic of accuracy. If dose rates zxceed tie
calculated values, the storage time of the 5locks may e increased to as long
as 200 days.

It should be noted that the cask is designed to handle fuel from an
equilibrium core. Some fuel blocks that are unloaded during the approach
to equilibrium may have axperienced figher peaking factors duriag operation
and will therefore concain a greater amount of fission products compared
with elements from an equilibrium core. The difference will be less than
a factor of two. These elements will be loaded such that they occupy the
bottom and top positions in the cask, having elements that have experienced
a peaking factor of less than 1.0 in between them. This arrangement provides
more shielding for the "hutter" elements due o the geometry of the loaded
shipping cask.

7=1
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TABLE VII - 1

DATA FOR PSC-SPENT FUEL SHIPPING CASK
ASSUMED FOR RADIATICN ANALYSIS

Inside radius of steel liner (21.11 =m) 8 §/16 ia.
Thickness of fuel container plus inner liner (2.357 cm) 11/8 ina.
Thickness of Uranium (3,89 cm) 31/2 1ia.
Density of Uranium 18.9 gn/ce
Thickness of outer shell liner (2.54 ca2) 1.0 in.
Height of fuel columm (476.0 cm) 15.6 fe.
Averzge density of fuel (assumed to “e carbon only) 1.54 gm/ce
Shield thickness on cask bottom (27.94 cm) 11.0 in. Fe.
Shield thickness on cask top

Steel (next to fuel) (5.19 cm) 2 7/16 in.

Uranium (5.72 cm) 2 1/4 din.

Steel (top of cask) (7.30 cm) 2 7/8 ({ia.

TABLE VII - 2

SOURCE DATA FOR ONE FUEL BLOCK

Isotope Curiag
Y-91 1.19 (+4)
Zr-95 . 1.36 (+4)
Nb=9%m 2.7 (+#2)
Nb-935 1.36 (#4)
Ru=113 2.7 (+3)
Rh-106 1.60 (+3)
Ba-137m 2.08 (+3)
Ba-140 1.86 (+2)
La=140 1.86 (+2)
Ce=-144 2.52 (+4)
Pr-l44 2.52 (+4)

T2
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SECTION VII - SHIELDING ANALYSIS
D. CALCULATIONS

The ZAC PATH Code was used to calculate dose rates that were then
adjusted to ac:ount for buildup factors in laminated shields. The PATH Code
is described in Acttachment VII-l. Isotopes ind their activicies shown in
Table VII-2 were used as input data for the shielding calculaticns. The
activity was assumed to De uniformly discributed in each fuel block.

Ia order to calculate a dose rate for a laminated shield composed of
uranium and sceel, the dose rate is -alculated using buildup factors for
steel and then calculated using buildup factors for uranium. The actual
dose rate results from adjuscing these duse rates by an interpolation tech-
nique for buildup factors in a laminated shlald.

The following example illuscrates the method used for all dose ratas
computed. The information and method used was developed by 3. A. Eangholm
of GAC.

1. Calculation for Dose Rate at Top of Cask

Assume predominant energy of gamma spectrum is 2 Mev
(a conservasive aseumption).

2-7/16" Fe = 2,07 mfp (Fe) mfp = mean free path (gamma ray)
2-1/4" U = 5,18 afp (U)
2-7/8" Fe = 2

o

.44 mfp (Fe)
Assume 2.07 amfp (Fa) <« 5.18 mfp (U) = 7.25 mfp (V)
TOTAL mfp's = 7.25 mfp (U) + 2.44 mfp (Fe) = $.589 afp

3¢ = Buildup
3r-1 for 5 afp (U) + 2.44 mfp (Fe) [7.44 afp total] = 5.7
8r-l for 10 afp (U) + 2.44 ofp (Fa) [12.44 =fp total] = 9.0

INTERPOLATING -

o
-8

- .69 - 7.4
Br-l for 9.69 mfp = 5.7 + 12,44 = (9.0 = 5.7)

e

o
~
P
s

Br=l = 7.2

Dose rate 2t Tep of Cask using PATH and Irom Buildup Factors = 179.5 =r/hr
Actual dose rate = 179.5 mr/hr (%*?) s 142 =r/hr

Dose rate = 142 ar/hr

The above technique was used in computing all dose rates.

7-3
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LOCATION DOSE RATE (mr/hr)

2
142
166

66
303

8

6

7

52

W R WwN -

PERSONNEL

/ PARRIER.

o
i
C

Fig. VII-1 Radiation Levels During Transit of FSV-1 Fuel Shipping Cask
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K. GAMCA SUILDUP IN TWO-LAYER COMFIGURATIONS OF DIFFERENT SHIZLIING MATERIALS

-
-

Frequently it is desirable to use two-and three-layer configurations
of iron/concrete; iron/carbon; iron/lead/ireon: or iron/depleted uranium/iren
(as in the Fort St. Vrain fuel shipping cask) for gamma shielding. There-
fore, sets of curves for these materials at two source energies (1 Mev and
2 Mev) have been derived. These curves have been used in HIGR shielding
calculations and for computing radiation levels for the Fors St. Vrain fuel
shipping cask.

DERIVATION OF CURVES

Dose buildup curves were derived for solid iron, solid lead, and solid
uranium first plotted for point isotropic sources of 1 Mev or 2 Mev energy,
using data directly from Ref. VII-2. In unpublished work, Chilton has shown
that if a log-log grid is utilized with 3y~1 plotted against mean free
paths (mfp), the curves will be very nearly straight lines. This method has
been adopted in the attached figures, and the curves extrapolated to 40 nfyp.

Next, the trends displayed in the two-liyer iron/concrete configurations
in Figure 21 and 22 of Ref. VII-l were carefully studied. One set of
curves would be applicable to a situation iavolving a point source like
C05° enclosed in a small ~ID spherical cask. The other set of curves is
aporopriate to large source geometries and shields with relatively large
radii or curvature, up to and Li.luding plane sources and slab shields.
The latter set of curves is more generally useful for HTGR shield design.
Furthermore, the trends established in these curves agree quite well with
the results of two other studies (Refs. VII-3 and VII=4).

The method for drawing the curves for two-layer configurations of
iron/lead and iron/uranium 'as pretty much artistic rather than scientcifiec.
Essentially, the envelopes between the curves for solid iron and solid lead,
or solid iron and uranium, were subdivided into the two-layer curves using
trends and proportions from the iron/concrete curves of Ref. VII-l

[

EXAMPLES

In practical cases, it will generally be necessarv :o convert
thickness to mfp. The conversions are:

MATERIAL CONVERSION FACTOR (mfp/inch)
Iron 1.19 0.85
Lead 1.97 L.32
Uranium 3.6 2.3

It is important to remember that the curves sre plotted for 3.-1
Jersus mfp, instead of 3, versus mfp. Don't forget to adéd 1.0 to the
final buildup resulrc.

7=3
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Examole 1 Shield consisting of ) inches uranium followed by 2 inches of
steel. Source energy = 2 Mev,

mfp U = 3 x2.3 = 6.9

nfp Fe = 2 x0.85 = 1.7

|
|
K total mfp = 3.5
|
Read from Fig. VII-S. |

/
Bp~l for 35 afp U followed by 1.7 mfp Fe (i.e., 5.7 afp total) = 4.5

Bg=l for 10 mip U followed by 1.7 mfp Fe (i.a., 11.7 mfp total) = 7.5

Either linear -r logarithmic interpolation bHetween 5.7 and 11.7 afs can be
used.. Linear interpolation gives:

3,1 for 8.6 afp = 4.6 + 28=8T (5546 e 5.7

11.7 = 6.7

Logarithmic interpolacion yields:

Be=l for 3.6 mfp = antiln l-ln 4.6 » 5.7 1n 1;%.1

Therefore, the required buildup factor is By » 5.75 « 1.0 = 4,75

Example 2 Shield consisting of 10 mfp lead follswed by 3 =fp steel.
Source energy = 1.6 Mev.

Read from Figure VII-2Z.

8.-1 for 10 mfp Pb followed by 3 mip Fe, for 1 Mev source energy = 15.C
Read from Figure VII-3.

8.-1 for 10 afp Pb followed by 3 mnfp Fe, for 2 Mev source anergy = 11,

Using linear interpolation between source :iaergies:

8-l for 1.6 Mev = 15.0 - #2228 (15,0 - 11.2) = 12.7

Logarithmic interpeclation gives:

r 1
& i - _ln l.6 15.0 | 5
Jp=1l for 1.6 Mev = anciln §Ln 15.0 Ty in S5O i ® 12:3
L 2

The latter is believed to be more accurate. Hence, 3, = 12,1 = 1.0 & 13.2

7=6
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Example 2 Shield consisting of 2.5 afp steel followed by 5 mfp lead
followed by 2.5 mfp steel. Source energzy = 1.0 Mev.

Three-layer cases like this can be treated, with only small errors, as two-
layer configurations, compining the first two materials into a single region.

Thus,

2.5 afp steel + 5 0fp lead cem———pe’.5 nfp lead

Reading Figure VII-2.

Be-l for 5 nfp ?b followed by 2.5 mfp Fe = 3.2

8,-1 for 10 afp Pb followed by 2.5 mfp Fe = 13.3

Interpolation zives:

3p.=1 for 7.5 afp Pb followed by 2.5 mfp Fe = 10.4

Therefore,

By ® 10,46 +1.0 = 11,6
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. Method of Solution:

The PATH code is based upon
exponential attenuation [rom source pcint to dose point,
adjusted by appropriate buildup factors. The heart of
the code is the geometry routine, - aich calculates the
path length in each region by a direct method rather
than the time-consuming ‘‘stepping ' method and signifi-
cantly reduces overall running times.

The source-shield configuration is described as a set
of possibly overlapping regions. Associated with each
region is a serial number, a composition, and, in some
cases, a number of subregions. The subregions of a
region are entirely contained within that region, but do
not usually fill it; and, in [act, the ccmposition associ-
ated with a region is the composition that [ills the space
not occupied by any of its subregions, Regions are
available in various shapes with ary axial oricntation:
prisms, cylinders, spheres, and frusira of cones. While
all regions are nominally convex, their shapes may
actually be very complex because the space in a sub-
region is subtracted {rom the region to which it belongs.

Source-region types —point, line, disk, polygon, shell,
and volume {n any spatial orientation—arc meshed by
the code according to input instructions. A cylindrical
source, for instance, can be meshed into radial and
angular divisions or into rectilinear divisions. Alterna-
tively, individua! source points can be cntered at anv
location in the configuration. The source term can be
described in two ways: as source strengths (MeV/sec or
photons/sec) at given energy levels, and ‘or as isotopes
with associated activities fcuries). A Table o @ .« decas
spectra of 70 isotopes is stored in the progran:: a sub-
routine will calculate the growth and decay of isotopes
as a function of time.

Input has heen designed ‘o require a minimum of
data, a:l of which s ({icating point or alphabetic.
Dimensions can be given in centimeters or in fect and
inches. For each composition the materials are named
along with density and volume (raction of each. A Table
in the srogram contains 17-encrgy-group mass-attenua-
tion cocfficients for 27 basic mater.als. Buildup factors
are computed from seots of polynomial coefficients of the
type originated by Capo'; these are also stored in the
program. All theer Tabiex ran be cxnanded to Acrnn-
medate ‘spetial sourte Sveetra. ‘ new  materials, or
revised data. A slueid-region perturbation routioe
facilitates parametric studics of dose rate as a function
of shicld thickness or compasition.,

7=12

8, Typical Running Time:
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ATTACHMENT
ViI-l.
COMPUTER CODE ABSTRACTS
The PATH Gamma-Shielding Code 5. Restrictions:
Storage IBM- Univac-

. Name of Code: PATH Rasivistiens e .
. Computer for Which Program is Designed: IBM-T044 3) :lm::: o shiskt €« 50 < 100

and Univac-1108 b

Programming Language: FORTRAN 1V b) Number of source
. Nature of Problem Solved: Gencral Atomic has had a raghne .- .

long-standing necd [or a highly flexible gamma-shiclding ¢) Number of source

code which could treat samma radiation {rom reactors, points < 1200 = 3000

{rom radioactive components, and {rom complex piping

svstems. Further requircments were simplicity of 6 Sumbes o Bamee - 40 < 100

input, short running times, and concise, well-organized T e

output format, Other codes investigated'™’ were found e) Number of com-

to be not completely applicable to shield design at positions < 50 < 30

General! Atomic. To {ulfill these requirrments, we have

e f) Number of dose
y - - | gamma- 3 :
writtea PATH, a FORTRAN IV gamma-shielding code points Unlimited Unlimited

A typical problem invoived a
radicactive piping layout consisting of 79 pipe runs, 24
valves, and 90 fittings; IBM-7044 execution time was 8.4
mbh per receiver point, while Univa:-1108 execution time
was 2.6 mh,

Present Status: In use,

8. References:

‘E. CZAPEK et al.,, ‘“Gamma Shield Design for
Primary Coolant Sources Using the IBM Type 650
Computer,’” AECU-3778, Div. of Tech. Info. Exten,
USAEC (September, 1965).

'J.T. MARTIN et al., ‘‘Shielding Computer Programs
14-0 and 14-1, Reactor Shield Analysis, " XDC-52-2-18,
General Electric Co. (Januar, 23, 1959).

'D. M. PETERSON, '‘Shield Penetration Programs
C-17 and L-63," NARF-61-39T, Convair, Ft. Worth
‘December 29, 1961).

‘M. A. CAPO, ‘‘Polynomial Approximation of Gamma
Ray Buildup Factors for a Point Isotropic Source,’
APEX-510, General Electric Co. (November, 1958).

{ J. H. Alexander
S. S. Clark
B. A, Engholm

Caneral Atomic Division
General Dynamics Corporation

P. 0. Box 508

Sae Dluwn, Crllfnmmis 12112
. C °112

Decuived September 13, 1968
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exponen’ial attenuation {rom source point to dose point,
adjusted by appropriate buildup factors. The heart of
the code is the geometry routine, which calculates the
path length in each region by a direct method rather
than the time-consuming ‘‘stepping’’ method and signifi-
cantly reduces overall running times.

The source-shield configuration is described as a set
of possibly overlapping regions. Associated with each
region is a serial number, a composition, and, in some
cases, a number of subregions. The subregions of a
region are entirelv contained within that region, but do
not usually fill it; and, in fact, the composition associ-
ated with a region i{s the composition that {ills the space
not occupied by any of its subregions. Regions are
available in various shapes with arv axial orientation:
prisms, cylinders, spheres, and frustra of cones. While
all regions are nominally convex, their shapes may
actually be very complex because the space in a sub-
region is subtracted {rom the region to which it belongs.

Source-region types—point, line, disk, poiygon, shell,
and volume {n any spatial crientation=are mesacd Ly
the code according to input instructions. A cylindrical
source, for instance, can be meshed into radial and
angular divisions or into rectilinear divisions. Alterra-
tively, individual source points can be cntered at anv
location in the configuration. The source term can be
described in two ways: as source strengths (MeV/sec or
photons/sec) at given energy levels, and/or as isotopes
with associated activities ‘curies). A Table of '« decar

spectra of 70 isotopes is stored in the progranm: a sub- _

routine will calculate the growth and detay of isotopes
as a function of time.

Input has heen designed ‘o require a2 minimum of
data, a.l of which is (leating point or alphabetic.
Dimensions can be given in ceatimeters or in f{ect and
inches. For cach composition the materials arc named
along with density and volume iraction of each. A Table
in the nrogram containg l7-encrgy-group mass-attenua-
tion cocfficicats for 27 basic materials. Buildup factors
are computed from sots of polynomial coefflicients of the
type originated by Capo'; these are also stored in the
program. Al! theer Tabier can be cxnandnrd 1o Acran-
modate ‘sperial ‘sourte Sveetmi. ‘ new  materials, or
revised data. A shield-region perturbation routice
facilitates parametric studics of dose rate as a function
of shicld thickness or composition.
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ATTACHMENT
VII'I.
COMPUTER CODE ABSTRACTS
The PATH Camma-Shiclding Code 5. Restrictions:
Storage IBM- Univac-

. Name of Code: PATH Bestristinne - 1108
. Computer for Which Program is Designed: IBM-7044 a) :‘:3:: o shickd « 50 < 100

and Univac-1108

Programming Language: FORTRAN IV b) Number of source
. Nature of Problem Solved: General Atomi: has had a reghe ' N . -

long-standing need for a highly flexible gamma-shiclding } Number of source

code which could treat gamma radiation {rom reactors, points < 1200 - 3000

{rom radioactive components, and {rom complex piping " .0

systems. Further requircments were simplicity of d) Number of - - 40 < 100

input, short running times, and concise, well-organized T .

output format., Other codes investigated'™’ were found e) Number of com-

to be not completely applicable to shield design at positions < 50 < 50

General Atomic. To {fullill these requirrments, we have

- {) Number of dose
rritter » b Y - A i
written PATH, a FORTRAN IV gamma-shielding code points Unlimited Unlimited
' .

. Method of Solution: The PATH code is based upon 6. Typical Running Time: A typical problem invoived a

radioactive piping layout consisting of 79 pipe runs, 24
valves, and 90 {ittings; IBM-7044 ccecution time was 8.4
mh per receiver point, while Univac-1108 execution time
was 2.6 mh,

Present Status: In use.

References:

'E. CZAPEK et al.,, ‘“Gamma Shield Design for
Primary Coolant Sources Using the IBM Type 650
Computer,’* AECU-3778, Div. of Tech. Info. Exten.,
USAEC (September, 1965),

'J.T. MARTIN et al., “‘Shielding Computer Programs
14-0 and 14-1, Reactor Shield Analysis, ' XDC-59-2-16,
General Electric Co, (January 23, 1959).

’D. M. PETERSON, ‘‘Shield Penetration Programs
C-17 and L-63,"" NARF-61-39T, Convair. Ft, Worth
(December 29, 1961),

‘M. A. CAPO, “Polynomial Approximation of Gamma
Ray Buildup Factors for a Point Isotropic Source,’’
APEX-510, General Electric Co. (November, 1958).

J. H. Alexander
S. S. Clare
B. A. Engholm

General Atomic Division
General Dynamics Corporation
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SECTION VIIZ GADR=55 REVISION 2

THERMAL ANALYSIS

Ko INTRODUCTION
The fuel shipping cask is designed to safely contain the irradiated ‘uel

elements under a variety of ambient and accident condizion This oart of the

w

Teoort sumarizes the thermal analyses which were performed to insure adeguate

cask protection during several extreme conditionms.

8. CRITERIA FOR THE ANALYSIS

The following three conditions were used t=o define the ambient conditions for
the analvses:

l. Maximum temverature day. - This condition assumes an amhient temperature
of 130°F around all parts of the cask. Solar heating has an effective
inteasity of 96 Btu/hr-ft?, excluding the effect of the personnel shield.
Fuel heat generation simulating 100 and 200 davs frem reactor shutdown
were usec.

<. Minimum temperature day. = This condition is for a =-40°F ambient condition
with no solar heating. One hundred day fuel heating was used for compari-
son with Case 1.

3. Fire accident. - The fire accide~t assumes a 1475°F fire completely
surrounding the cask. A high surface h of 300 Btu/hr-f£f22-°F was set to
simulate the worst possible condition of hot, blowing gasses. This
condition lasts for 30 minutes, after which the cask is returned to
Corditicn 1, the 130°F day.

The first and third conditions are obtained from the AEC regulations .0-CFR-71,

Condition (1) from Aovendix A, Item 1, and Condition (3) from Appendix 3 Item 3,

C. SUMMARY OF RESULTS

Steady-state and transient thermal analvses were conducted on thermal uodels
of each end of the cask, the models extending far enough down the length of the
cask to eliminate anv end effects. Siace no unexpected results were obtained from
the analysis of the relatively simple lower end, only the temperatures of the upper
end are summarized in Table VIII-l.
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It is noteworthy that the surface of the cask is Selow 2.2°F, although aigh
encugn to cause discomfort to personnel in contact with it. The solar heating
is a siznificanc contributor to the total cask heat and will acruallv be considerably

-

the aluminum rocof and mesh sides are utilized. It is escimated that the

LA Y

less |

)

maximum cask surface temperature will droo negligibly due to the effect of the roof
and screen, which will cut the solar heating bv aooroximately 2/3 and the free

convection h by 1/2.

TABLE VIII-1
SUMMARY OF RESULTS

Temperatures (°F)

I
I 130° Ambient | =40* Ambient | Jire® Acel
: i . , Maximum
! Location 100 Day Heat ' 200 Day Heat | 100 Day Heat | Temos.
No. Gap Tolcrances|ﬁax Gaps | Min Gaps | Max Caps | Max Gapf Min Gap | Min Gap,
1 | Cask Seal 141 137 | 133 -1 | -15 | 122
b { Container Seal 155 146 137 ‘ 3 ' 0 l 635 -
3 | Fuel Surface - Max | 278 | 266 | 200 153 | 143 ] 284
4 % Fuel Centerline - Max i 284 272 | 203 160 ; 149 i 291
5 | Container Wall - “Max | 174 | 159 147 { 28 | ) 502
6 | Ianer Shell - Vax | 161 | 19 | 161 13 2 } 715
7| Shielding - Center ; 152 i we | 137 3 g o | 82
3 | Outer Shell - Max {16 | 16 | 134 -6 | -3 | 1397

The cask surface temperature can be assumed to be the same as the outer shell
temperature (No. 8 ).
Figures VIII-3 ana VIII-8 are the calculated temperature matrices from the

computer output. Locations 1 - 8 are identified on Fig. VIII-S.

D. METHOD OF ANALYSIS

Basic temperatures were calculated by a numerical finite-di

"

ference method. A

digital comouter code, RAT*, was used %o operform the actual calculacions.

*RAT is an acronym for "radial-axial temmeratures."
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The cask system was modeled in a form suitable for input to this code. The
regions modeled are shown on Figs., VIII-2 and VIII-3.

RAT is a digital computer code that is applicable to calculacing transient
temperatures in a two-dimensional network of points. I may also be used to cbtain
steadv-state solutions by extending a transient calculation to the point where
time decendence of results becomes negligible.

The network is specified by establishing a grid svstem, locating individual
materials within that grid system, and identifying the aoplicable thermal parameters
that define those materials. The grid system must be a regular one specified by
two sets of grid lines parallel to the coordinate axes in one of the following
three systems: orthogonal (X-Y), cylindrical (R=Z), or circular (R-9):

-he materials are located by subdividing the grid system into blocks, or
regiors of adjacent poiats. Each block is defined by its four bounding grid lines
and the material that it contains. The material is given in terms of a material
numbering system. Parameters that define each material are the apolicable thermal
oroperties and the velumetric heat generation rate.

3locks of materials may be sevarated by narrow gaps that contain stagnant
gases. The gases are located in terms of a gas numbering system and are defined
by their individual thermal conductivities. Heat transfer across these gaps is bv
one-dimensional conduction and radiation.

Soundary conditions at extarnal boundaries are specifiad either by a sink
temperature and unit surface conductance or by the thermal parameters of a flowing
coolant., These parameters are the coolant oroperties and flow conditioms.

The thermal sarameters for the materials, gases, and coolants may be given in

functional form. 1lMany of the calculation variables are available for use in these

functions.

E. ANALYSIS

« 1 Ambiant Conditions

8 Maxinmum Temrnerature Dav

The maximum temperature day is defined as havine an air temperature of 120°F
with full sun. Further, it was assumed that the cask and trailer are in still air
with no convective cooling other than free convecticn. Using a correlation for
free convection around a horizontal cylinder, the followins function was used

to calculate the surface heat transfer coefficient (Ref. 1):
5
o2l (8. »T
h = 22; .gt ‘)

8-3
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where: . S_ = the cask surface temperature

= the ambient temperatura.

Thermal radiation from the cask to its surroundings was also calculated. I: was
assumed that the amissivity of cthe cask was 0.6 and that cthe absordbtivity of the

ambient surroundings was 1.0. Thus, using standard correlations:

Fe = sl = 0,6

Solar heating was imoosed on the thermal model in the form of surface heat
generation. Since the model is a two-dizensional, radial-axial one, there can de
no circumferential variation. Thus the heat generation was imposed around the
entire circumference of the cask. The net effect is for a higher than actual total
heat input with conservatively high internmal temperatures.

The net solar heating is 96 Btu/hr-ftz. Past experience with snipping cask
analysis has shown that the thermal response of a cask is very slow and thar ic
is not necessary to calculate with a time dependent solar heating function. Thus,
steady-state temperatures were calculated.

b. Minimum Temvmerature Dav

The minimum temperature davy was defined as an ambient condition of =40°F with
no sclar heatine. The same free convection heat transfer ccefficient as was used
for the 120°F day was incorporated, as was the ability of the cask to radiats heat
to its surroundings. If it were to be assumed that the truck was moving and that
a relatively high air velocity existed on the cask surface, the cask surface-to-

- 1 - -4 .
air AT would be nil and the cask intermal temperatures would drop accordingly.

G« Fire Accident

The fire accident is defined as a surrounding ambient condition of 1475°F.
As the conditions of the fi:g are undefined, an overall surface heat transfer
coefficient (h) simulatinz a strong convection condition was assumed. Reascnable
values of h_ for hot, blowing gasses are ‘n the range of 100 - 300 Btu/hr-fs-°7,
The ccuival;n: surface heat transfer ccefficient for thermal radiation (hr) is
aporoximatelv 30 3tu/hr-f:%-°F at a median cask surface temoerature. This assumes,

again, that the emissivity of the fire is 1.0. In total, an h of 300 was concluded

to be a maximum reasonable value for the fire acecident.
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p Cask Dimensions

Manufacturing tolerances allow a rather significant variatisn in che radial
gaps. Although it is very unlikely that the parts would ever Se manufactured and
assemdlad such that one cask had either all maximum or =inimum zaps, the analyses
were made using both extreme cases to illustrate the maximum possible range of
temperatures that mav e encountered. These zaos are illustrated on Fiz. 1. The
fire accident (Case 3) was calculated using only the minimum zaps in order to illus-
trate the worst condition for the inner nart of the cask.

The significant radial dizensions shown on Fig. VIII-l were used with appropriate
coefficients 3f thermal expansion. Thus, tie correct gaps were recalculated as the
cask changed in temperature. The net effect of this is to decrease the gap sizes
under normal conditions when the inmer shells are hotter than the ocuter shells.

In the fire accident, however, the hotter outer shells will expand away from the
laner shells, increasing the resistance of the gap and retarding the heat flow

into the ianer part of the assembly.

s Spent Fuel Heat Ceneratisn
eraczon

The fuel blocks being shipped in this cask have been irradiated, and the
fissionable fuel has been partially consumed. Due to residual isotope activity,
there i{s a contiauing "after-heat” which decavs with time, depending on the
isotooe half-life. This activity is absorbed bv the fuel and cask components and
is realized in the form of heat. This heat generation is predictable and has been
used in the calculations.

It is assumed that the svent fuel is loaced ints the shioping cask no sooner
than 100 davs after the reactor is shut down. Thus the maximum heat generation
that the cask need be desizned for is obtained from fuel loaded 100 days after
the reactor shutdowm.

The fuel element after-heat was calculated at GGA in analyses prior to this
one. The calculated heat generation recommended for thermal analysis purposes is
2322 Beu/hr per fuel block at 100 days and 1101 3Stu/hr ac 200 davs. Of chese
quantities, 38% is realized withia the fuel block and the remaining 12% is zenerated
within the first inch of the surrounding shielding.

The decay heat generation is summarized in Table VIII-2.
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TABLE VIII-2
CALCULATED AFTER-HEAT GENERATION

OF FUEN BLOCK (INCL. 23233)

GADR-55 REVISION 2

Btu/hr

1 l ]

Decav Time, ! ( |
days ? 3etas | Gammas F Total
100 i 1353. ; 363, | 2322

- | |
150 967. | 540, , 1597,

|
200 767 ' 334, % 1101.

4. Thermal Proverties of the Materials

Table VIII-3 lists the thermal properties of the materials which constitute the

cask as they were used in the analysis.

TABLE VIII-3
THERMAL PROPERTIES OF MATERIALS
Helium

K= 1.29 x 1072

674

/ ’ 2
P Btu/hr-£fe-°F

Cp = 1.242 Btu/lb=°F

Alr
X = 0.0146 + 1.695 x 107> * T,_ Beu/hr-fe-"F
C, = 0.25 Beu/Ib-°F

Stuinless Steel (Type 304)
K=29,1-0.0059 » T,
CD = 55, 3:3/5:3-'F
e = 0,8
as 9.5 % 10'6 in./in.=°F
Depleted Uranium
K= 14,8 Btu/hr-fe=-°F
C = 38, 3tu/f:3-°F
)
c=0.5

a= 9,6 x 10-6 in./in.-°F

-
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TABLE VIII-3
(Continued)

Spent Fuel Block
K = 10.0 Btu/hr-ft-°F
Cp = 32, Btu/ft3-hr

e=0,8

RANDR-55 REVISION 2
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Container
| j~—Inner Shell

Uranium Shielding

Aﬂ/ J}— Juter Shell

H
J
: X 7'
16.645
’ 1
! || 16625 - 665"
< 17.645 ’J
17.810
“17.790
< 19,080
19.060 ‘
19,160
19.100 25’220
/’*L‘ 26.160 *
! 26.260
836240 -
28.510
d za.zeo'J
Max Min
Container Wall 0.520 0.500
Gap 0.0825 0.0625
Inner Shell Wall 0.645 0.625
Gao 0.050 0.010
Shielding Thickness 3.560 3.500
Gap 0.050  0.010
Outer Shell Wall 1.135 1.000

Fig. VIII-1l. PSC Fuel Shipping Cask Diameters and Tolerances at Major Shells
(all dimensions in inches)
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- 15.5% .
|
|
1
|
Fuel Block
72 \>< \
S
| \\ 1
| \\‘
\ '
\\\\ O : I
/( .
\ - O ®

<:j'T¢nperatute locations noted in Table VIII-l and Fig. VIII-5
Fig. VIII-2. Shipping Cask Model - Upper End
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Fig. VIII-3. Shipping Cask Model - Lower End

8-10



FADR-55 REVISINY 2

SECTION VIII - HEAT TRANSFER ANALYSIS
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GAOR=55 REVISION 2
SECTION VIII — HEAT TRANSFER ANALYSIS

F. RAT - PROGRAM ABSTRACTS

1. RAT is a digital computer program for calculating transient and steady-
state temperature distributions in two dimensions. The configurations of

the bodies must be described by block boundaries and grid lines in either a
rectangular, a cylindrical, or a polar coordinate system. Material properties
may differ among blocks. Coolant streams are accommodated at external
boundaries only.

Finite-difference heat transport equations, which may be nonlinear, ara
formulated for each cell defined by the grid lines and the heat paths between
adjacent cells. The system of these equations is solved by an alternating
direction method that has been found to be stable and efficient for most
practical problems.

Some useful features of RAT are:

a. Direct FORTRAN IV input of material and coolant properties in

functional form

b. Simple geometrical input

c. Thermal radiation across internal gaps

1. Anisotropic (bi-directional) material properties are permitted.

One small subroutine is written directly in machine language. Therefore,
special attentior is required in converting the code for use on different

machines.

8-19



GADR-55 REVISION 2

SECTION VIII - HEAT TRANSFER ANALYSIS

-8 RAT calculates transient and steady-stace temperatures in two-
dimensicnal problems by the finite difference method. The system to be
analyzed may be bounded by flowing ccolants and may contain internal gaps.
There may be radiation across these gaps. Material and coolant thermal
parameters may be functions of many different calculation variales, such

as time and local temperature.

Restrictions: (1) The grid lines system must be orthogonal in the rectangu-
lar, cylindrical, or polar coordinate system. (2) All radiation is treated
one-dimensionally. (3) The size of a problem is zoverned by the following

maximum values:

Radial Axial Radial Block Axial Block

Points Points Boundaries Boundaries Block§ Materials
35 35 22 23 110 15

Sire: Date: Author: Custodian:

47K 10/6 M. Troost J. F. Petersen

Method: Overall effective values, which may include .onvection and raciation
effects, are determined for the conductances between cal-ulation points. The
transient heat balanc: equatiocns are ther solved for the temperatur2s at rhe

points using the method of Ref. 2.

Remarks: There are four versions of RAT. These versions differ from one
another only in their dimensions. The program described here is the stan-
dard version. The other thvee versions have dimensions which give the

following maximum values governing problem size:

Radial Axial Radial Block Axial Block

Version Points Points Boundaries Boundaries Blocks Materials
A 25 50 17 28 110 15
B 27 40 25 32 110 15
c* 11 136 6 36 110 15

*
This version has limited storage for material and coolant property
functions.
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SECTION VIII - HEAT TRANSFER ANALYSIS

G. EXAMPLE APPLICATION OF THE RAT CODE

The computer program RAT was developed at GGA and is relatively unknown
outside ¢f the company. In order to illustrate the validity of this program
as a thermal analysis tool, a text book transient problem was used as a stan-
dard of comparison. The text and problem are noted in Ref. 3. A summary of
the results obtained by duplicating the problem witih RAT is given on “1ig.
VIII-12 along with the text results. It is noted that the computed results

correlate closely witl the text data.

The thermal model for the study is shown on Fig. VIII-13 with the dimen-
sional input dara and samples of the computed results at selected times on
the subsequent figures.
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SECTION VIII - HFAT TPANSFER ANALYSIS

1.0‘ |
(1) a = 0.576
0.9 —
0.87—
(3) a = 1.52
0.7;—
|
l
|
— 0.6 }—
.-”" |
:’
S 0.5
“—
“-l
~ 0.4 - i
0.3 — ol
0.2 = ol
N\ (6) a = 6.54
| RAT CALCULATION N
(Y8 1 R — SCHNEIDER CALCULATION b, -
{ = K \
{ a ET; \\\\\\
l I\\ \‘
oy 1 2 3 4
8 (MIN)

Fig. VIII-1Z. Results-RAT and text comparison
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GADR-55 REVISION 2
SECTION VIII - HEAT TRANSFER ANALYSIS

X-Y GEOMETRY

—~—— 6 N, -
ADIABATIC
B |
|
:
| t, = 80°F
|
: t, = 380°F
|
BLOCK 1, BLOCK 2 t, = UNKNON
|
|
|
|
i
|
!
Yoo
|
\
(1) |
24 INpr====- :- ----- -
I
I
|
|
| -
tL——' ~J— E
|
|
BLOCK 3, BLOCK 4
|
|
I
I
|
)
|
|
:
! 1
ADIABATIC SCALE: 1/4

(1) NOTE: THIS DIMENSION IS NOT RELEVANT TO THE PROBLEM

Fig. VIII-13. Thermal model - RAT test case transient O to 4 min
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RAT HeSULTS 30 St¥ 69 PAGE 6

HAT = A Ta0=0D MLNSIONaL TRANSIENT HEAT TRAMNSPORT CODE+ R-A» X=~Y OR R=TH GEOMLIRY» GENERAL ATOMIC
CASE 1 FOW NICKEL = UIFFUSIVITY = 0.576
CrECK TeMP. RISC AT INSULATED REAR FACE OF A PLANE WALL & 1IN
TlCK VEKSUS TImE

PRINT OF THE INPUT

PROPERTIES OF THE BLOCKS

BLOCK LOW nIGH LOwW HIGH SOoLIn RADIAL RADIAL AXTAL
RaulAL HaDIAL AXTAL AXIAL MATERIAL GAP GAP GAP
NUMUER BOUNLDARY LOUHIDARY BOUNDARY BOUNDARY NUMBER THICKNESS MATERIAL THICKNESS
1 <000 Iive 3.000 1IN. «000 IN, 12,000 IN. 1 =+0000 1IN. -0 =+0000 N,
2 3.000 IN. 6.000 IN. «000 IN, 12.000 IN. 1 =+.0000 IN. -0 =.0000 "',
3 «000 IN. 3,000 INs. 12.000 IN, 24,000 INs 1 =+0000 1IN. -0 =+0000 ) ..
4 3.000 IN. 6.000 [He 12.000 IN, 24,000 IN. 1 =+0000 IN. -0 =+0000 1IN,

Note: It is a program requirement that chere be at least two blocks in each direction

AXTAL
GAP
MATERIAL

-0
-0
-0
-0

SISATYNY ¥3ASNVE1L 1VAH — IIIA NOIlD3S

Z NOISIA3Y SS-MOVD



hal RetulTS

COULANT TeMPE (AT JkES
VUILET

ILNER KADIAL
OUTER KADIAL
UPPER AX1AL
LOWER AXIAL

The CURRENT Tl4c 45

T

"~

w

i

1 U
g 2 U
9 )
= 4 oy
=1 5  ou
6 ol
= 7, 80
géga 2 u
" 9 by
) 10 U
— 11 Lu
- 12 by
é-g 19 uL
E::: 14 u

1HLETY

=459

U
L
U

&0
0
0
0

~LOW (Lo/HR)

V]

0
0
0

2 5 “ S 6 ;i
v} 0 U 0 U N
&y «.J ou | AU Fu H1
8u YY) 3u 40 bu 31
Bu o0 Bu | 80 BU 81
8v 8o 60 80 8y 81
8u ol su | A0 bu 81
By o0 _du___80_ 8y 81
8Bu sl .80 ' 80 By 81
Bu ) 80 30 8u a1
du wu 4Jd l 50 By 1
By Lo du 1o to A1
8u ol du ' au Bu 81
[$X) [oyY) =\ LU t.J o]
u 0 0 0 U 0

«0n17 MIN. OR

RESULTS

«10000 SEC.

TEMPERATURE GRID

THE RADIAL DIRECTION IS HORIZON. AL
THE axIAL DIRECTION IS VERTICAL
THE TEMPERATURES ARE IN DEGKEES FAHRENHE IT

“
0
260
3’)“
380
360
3¢:0
380 ¢
360
2.0
370
20
560
2' 0
0

9 10 11 12 13 14 15

(1) CASE FOR NICKEL
a = 0.576
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ITnNEK
OUTLK
UPPLR
LUWER

THE CURKeHT TIME 1S

97-8

NV FNe-

1o
11
12
13
14

TVHISID Hogg

AT kosullTS

CUULANT TrLaPEATUKES
QUILET

N‘\UIAL
RAULAL
AXIAL
AxIAL

J
ol
ol
81
ol
ol
vl

ul
bl
ol
ol
ol

1)

AnNLE T

-45y

L
L
L

81
0
0
0

RESULTS

FLOW (L1:s/HR)

0
0
J
0

«0200L HR. OR

THE
el 3 “ 5 o 7
J J 0 0 U \
i ) o | 128 19 310
61 &5 90 ' 128 19, 310
ta 75 90' 126 190 310
g1 LY 0 128 190 3210
81 o5 9u| 126 196 310
B ol o 128 190 _1}0
Bi Y Y0, 126 19, 310
Bi o 90' 128 19, 310
8.1 L5 ., 128 19 310
81 b vo| 128 19¢ 31y
La as 9o , 126 19¢ 510
vl oY Jol 128 19¢ 310
U U v 0 U n

1.2000 MIN« OR 71.99999 SEC.

TEMPERATURE GRIU
THE RAOIAL DIRECTIOMN IS HORIZONTAL
TiE AxXIAL DIRECTION IS VERTICAL
TEMPERATURES ARE IN NEGREES FAHKENMHLIT

8 9 10 11 12 13 14 15

u

540

.5<\U

340

270

a0

CASE FOR NICKEL
a = 0.576
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KhT KeSuLTS

COULALT TLwPLRATURES

RESULTS

FLOW (Lu/HR)

2.2000 MINe. OR 131.99998 SEC.

TEMPE RATURE GR1D
TrE KaDIAL DIRECTION IS HORIZONTAL
e AxIAL DIRECTION IS VERTICAL

THE TEMPERATURES ARE IN DEGREES FAHRENHEIT

ALLET QUILET
. LiheR i lal =459 91 U
QUTER KAabLLAL o 0 ]
. UPPER AxIAL L 0 0
LUWER aAlAL v 0 J
& THE CURRENT TIWE IS W 036,7 Hr, OR
¥
Z
A & 2 4 Q 5 b 7
1 0 ") u 0 0 u 0
2 91 91 1o0. 125|170 239 33p
3 91 91 101 125'170 239 33p
“ 91 91 101 125|170 239 330
5 91 91 1ol 1251170 239 33g
o g1 91 101 125170 23¢ 13p
7 91 | 91__1lel 125 1170 _239 33p
a 91 | 91 1yl 125 170 239 1339
9 91 9i 1ol 1251170 239 33p
10 91 91 161 125,170 239 133p
11 vl 9s 161 1251170 239 33¢
12 9l 91 10l 125,170 239 33p
13 91 91 101 425 1170 239 33
14 v v 0 v 0 0 0

8 9 10 11 12 13 14 15
0
380
360
I8V
300
30
30 CASE FOR NICKEL
a = 0.576
310
5120
3n0
340
30
v

SISATVNV ¥IASNVE1 IVIH — IIIA NOILO3S
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8I-8

S
QUTER
UPPLK
LOWLK

VCENTOEGN-

[P S,
- N T

RESULTS
CUULAUT TunvPERKATURES
INLE GUILET FLOW (Lu/HR)
AADIAL =459 108 0
RAUIAL u 0 0
AATAL N 0 0
AATAL v 0 0
THE CunkinT [IME IS «0533% Hik, OR 3.2000 MIN. OR 191,99998 SEC.
TEMPERATURE GRIU
THE RADIAL DIRECTION IS HORIZONTAL
THE AxIAL DIRECTION IS VERTICAL
THE TEMPERATURES ARE IN DEGREES FAHRENHE T+
1 2 35 W 5 6 8 9 -0 11 32 13 14 15
U Y Y U 0 v L0 0
108 | 100 1le2 191 [ 1968 262 339 | s¢0
406 | 10s 122 151,198 262 339 | 3¢0
108 | 10w 12z .51 |198 26bc 339 | 360
108 | 106 122 151 | 198 262 339 | a80
108 | 106 lcc 151 | 198 262 339 | 3580 CASE FOR NICKEL
108 | 106 _1g2 451 198 262 339 | 380 @ = 0.576
1u8 | 106 1.2 151 | 198 262 339 380
10b | 100 122 1511198 262 339 | 380
108 | 100 1c¢2 1b1l | 198 262 339 | 380
lud | 10 1cz 151|198 26¢ 339 | 380
108 | 106 1z2 151,198 262 3349 | 380
108 | 100 1ge 151 1198 262 339 | 360
U J v v 0 U 0 0

-
&

AT

ReSulL TS
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Z WISIAZY S5-¥CYY



FAT KESULLTS

COULANT TemPERATUKES

REDUL.

SISATVNV ¥AISNVYL IVAH — IIIA NOILO3S

67-8

JHLED QUILET FLUN (Ls/HR)
Itk RADLAL =45y 124 0
OUTER KAGIAL U 0 u
UPPER AxIAL v 0 V)
LOWER AXIAL v 0 0
THE CUKRENT |1IME 1S «064,7 HK, OR 4,0000 MIN. OR 239.,99997 SEC.
TEMPERATURE GRID
THE RADIAL DIRECTION IS HORIZONTAL
THE AxIAL DIRECTION IS VERTICAL
THE TEMPERATURES ARE IN DEGREES FAHRENHE IT
1 2 3 4 5 t 7 8 9 10 11 12 13 14 15
1 S B B . a @
2 124 [124 139 169 215 274 343 | 380
3 1e4 |12¢ 139 169! 215 274 343 | 380
4  1c4 | 124 139 169|215 274 343 | 3580
S 124 {1zge 139 169 215 274 343 | 380
6 124 | 124 139 109 | 215 274 343 | 380
7124 1124 139 169 ' 215 274 343 | .00 el
8 124 {124 139 109|215 274 343 | 560 LASE f"§ ';iﬁm
9 124 |124 139 169 215 274 343 | 340 :
10 124 | 124 119 1o9| 215 274 343 | 380
11 124 [ 124 139 169 215 274 343 | 380
12 124 {124 139 169 | 215 274 343 | 380
13 126 | 124 159 169 215 274 343 | 3a0
14 C U 0 ] 0 0 0 0

avy

HOISIA3y SE-¥
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TNINE0 ¥00d

RAT RESULTS

he SLLTS
Chutl s T o P TLilS
sl W PR bt (L Zhilk)
et 6 cante =459 : €
(.'L'L“ b s b oL . . i
L'}""‘ .}‘»L '™ ¥ |
Ll LA v X ¥
L Cubask v nl"L 1‘-» slvliy jitke QP oUUl? ~l'\. CR .l(\u(JU SLC.

TEMPERATURE GRID
THE KRADIAL UIKECTION IS HCRIZONTIL
THE oXTAL CIRECTION IS VERTICAL
ThL TIMPERATURES ARE IN DEGREES FAFKENMEIT

i ¢ 3 5 } o 7 & 9 1is 11 1¢ 13 14 1%
; 0 0 0 0 0 0 0 U
80 [-]0) Lu [ do tu Fice § b€
3 £o 8o U &L ' L P X1 3B
“ 80 =0 cu Le U tu £z 1 280
- 890 c0 U el I by sU S ) 280
€ 80 80 Gy &u l tu bu &3 1 S8
7 ¢, 80| €0 eL & Bu___bu & | 2s0¢, (2) CASE FOR TIN
¢ Lag 60 2 £ Eu BU g<| 260 ) a=1.52
S £n 1) G A I cu tu 83§ 280
10 €o &0 bu 3 v & &2 | 28u
11 ¢l e0 i LA I iy o\ g Jeu
b Co Lo LL tt by Lo &2 3 38D
33 ty &0 bu b l du C &2 80
14 0 ¢ G ( U 0 J U
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e n
(V1% I N1
Ll PER
LOmwere

THE CURKRERT VIME IS

1€-8

VeSO OE R -

l\»l‘ ‘\l‘_‘,LL “4

CLOLAT TEVPLELTLKES

kel CLILE Y PLCUW
=il L =gy 1u. t
nrwlab u J 0
AXLnul 0 U 0
Yl J U 0

o200 KR, OR

1 2 3 4 5 6 7

(LL/ZHR)

1.2000 vMIN, CR

RELLLTS

71.9998¢ SgC.

TEMPERATURE GRID

Tt RADIAL DIRECTION IS HCRIZONTAL
THeE AXIAL DIRECTION IS VERTICAL
THE TEMPERATURES ARE IN DEGREES FAHRENHEIT

8

0 0 0 0 | W— 2. 0

107 | 107 121 10 | 197 261 338 380
50/ | 107 121 150, 197 261 33a | 380
10/ | 107 121 1%¢ | 197 261 33e | 3e0
107 107 121 150 197 261 33e | 380
107 1107 121 10| 197 261 33w | 2e0
b7 LAv7__ded 150 _197_ 26}l 33g | 3ac
107 [ 107121 150 | 1687 261 335 | 2eq
aC7 107 121 1&d 197 261 328 | 38u
167 f1u7z 121 15, 197 201 338 | 380
107 | 107 121 150|197 261 338 | 300
107 {107 121 15¢ 197 201 336 | 260
107 L 1o u21 1se | 197 2e1 334 | 384

0 ) 0 2 ) 3 G 6

10 11 12 13 14 1S

CASE FOR TIN
a= 1.52
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te-8

TNIRN ¢

vuubni 1 Te-FPlis, Tuie S

Lihen i ing
CLTLR PP
CHFE B X4,
LlUwl e X1, L

Tht Cumicer.T )

1 n
2l ikl
.- 1¢€0
4 160
H 160
© ico
7 160
1] 1c0
S it
1y 1€0
11 1e0
1z 10
13 l1€0
14 0

ReSLL TS

CecUCD VIN, OR 131.¢€SG¢ SEC,

TEYFERATURE GFIL

THE RACIAL CIKECTION IS HOKWIZCATAL
THE AXTAL CIRECTION I¢ VEWTICAL
TFE TEYFERATURES Ant TN LFGREES FAFRENKHF LT

kel (T (| FLCw (L, /hK)

-“5 ‘.bq ('

J u €

") J u

Ive iS o dt. 1 hite i
< 3 4 8 t 7 8
0 0 0 0 0 0 0
10 175 202 [ij 293  J5G | 28
l1€C 295 287 eSS £53 35, SBD
160 175 2c2 | 242 243 3% 38¢
69 1¥5 2027 ivd 293 S L
led 175 <0l | 243 2935 35 3484
| leC_ 175 €02 __ 243 293 3L | 3e0
lod 175 2C3, 245 z93 3%, | 28¢
169 178 202 | c45 293 35, | 260
lo0 175 202, =42 293 35, | 3a¢
le0 175 2o2 le«; €93 3S¢ | 3gu
160 175 203, 243 293 35y | 3ec
lo0 175 zc:gtﬁy: €%3 35y | 38,
0 0 0 0 0 0 U

g 1t il 12 13 14 82
CASE FOR TIN
a= 1,52
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£e-8

TWNI3I0 Yood

Liiner
CLTEK
UFPER
LOwER

THE CURKLKT TIME 1S

Ve O EUGN -

Cloblmnd TeMPeEraTlKCS

INLET
nALTAL =456
KAGIAL U
AXLho J
AX1AL 0

cul
<lo
PAe
cbLy
«lo
<08
2uLg
Lo
cllo
ct ¢
«l.o
<blLd

SRS W
RESLLTS
CUTLET FLCW (L7 /FR)
cbce f]
v 0
V) 0
0 0

0932 rite OK 3.2000 VIN, OR 191.99998 SEC.

TEMFERATURE GRIC
THE RADIAL DIRECTICN IS HCRIZONTAL
The AXIAL DIKECTION 1S VERTICAL
THE TEMPERATURES ZAE IN CECREES FAFRENHEIT

S 5] 7 8 9 10 1] 12 13 14 1%
U ") U v

e

CASE FOR TIN
7% 313 357 | 2ec a=1.52

2 9 i
o U 0
208 219 42| 274 3i3 357 1| 2a0
cub 215 242 ' e74 313 357 | 26
<06 2195 cuw2 | 274 313 357 | 380
cUbB 219 2421 274 313 357 380
08 2169 2Q2| 274 313 357 | 3rp
| 206 219 242 274 313 357 | 3ac
ey 219 242
et 2'S 242 | 274 213 357 | 28,
LUb 1€ ‘q?| el« 313 3571 380
2UE <¢l9 bzl 274 213 357 ] 3do
c Ut cl9 c“Zl cl4 213 3971 284
gVU0 219 cuel 274 iy A8 ) 3k
n 0 0

0 J 7 L
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{1
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|
!

Jl
{1}

0

J

~
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i

=ala W
\
0

re T RESLLTS

CCOLALT TEMPLRATLRES

RESLLTS

«0000 ¥In., OR 239.,99997 SEC.

TEZYFERATURE GRID
RADTAL OIRECTION IS HORIZONTAL
AATAL DIRECTION IS VERTICAL

THE TEMPERATULRES ARL IN LEGREES FARKENHEIT

S 10 11 1z 13 14 1S

CASE FOR TIN
a= 1,52

inkeld OLTLE Y FLOw (L,:/7KER)

INNER RALLAL =459 239 0
OUTER AL lAL 0 U 0
UFPER AXLAL U v 0
LOwEr aXisL J U 0
THE CUkkeld 1IMe 1S cUL67 hRe OR

THE

THE

1 < R L 5 © 7 H

1 0 0 0 0 v u U 0

e 239 [ 239 248 2¢7 | 2Co 2z% 381 ) “a8u

3 239 | 239 <48 267 'S8 3¢S 361 | 240

4 236 | 239 248 2067 | 293 325 361 | 230

- 2391 239 <46 2¢7 1295 3¢5 3€) 38v

C 239 ] 239 298 Q2¢7 1291 32% 3631 | 28y

7 2391 239 4o 2e7 VeS8 3eS  3€: | 2uu

6 239[2:9 w0 201 esi 2T 3E; | 2

9 229 239 <4k 2¢7 | e93 225 3€1 | 3mi

lu 239 | 239 c4e  2¢7 [ 293 32ehH  36) | 3u

Ji 239 | 23S Z24u  2¢7 1 263 225 3¢, | anc

12 239 ] 24 290 2.7 1«83 325 36,4 | stL

13 239 ] 239 <48 2¢7 1 2S5 2.5 36) 280

14 0 o 0 0 u U v ¢
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RAT RESJULTs

COLANT JeMPERATURZIS

INLET QJTLZT
INNZR RadiaL =453 155
OLTER RADLAL J 0
UPPER AXIAL v 0
LONZR AXIAL v 0

Tz CJRARCNT 1Ivz IS

+0083 A, OR

RESULTS

FLOAN (L3/43)
0
0
0
0

«5000 vIN, OR 30,00000 SEC,

TEMPERATURE GRID
T4S RADIAL DIRECTION IS HORTZONTAL

- T4Z AXIAL DIRECTLION IS VERTICAL
é THE TEVMRPZRATURES AREZ IN DEGREES FAHRENHMEIT
1 2 3 4 S 5 7 ] 9 10 11 12 13 14 15
1 0 0 0 [} 0 Q 0 0
2 1551155 170 198 238 283 345 310
3 155|155 170 198' 238 283 345| 380
4 155|155 170 19a| 235 288 345 330
S5 1551155 170 198 233 283 345| 330
6 155|155 170 198 | 238 288 345| 310 CASE FOR SILVER
7 155[155 170 198 "' 238 288 345/ 3g0 a = 6.54
8 155155 170 198 238 284 345/| 30
9 155|155 170 198|233 285 345| 3a0
10 155|155 170 198, 238 2385 345 350
11 155|155 170 1981 238 2838 345]| 340
1¢ 155|155 170 198 | 238 23us 345| 380
13 155|155 170 1981 238 238 245]| 310
14 0 U 0 0 0 0 0 0

Z NOISIA3Y SS-¥avD
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RAT RESJLTS

CUJLANT TEMPEZRATUIRES

FLO& (LB/HR)

INLET OJTLET
INNER RADiAL =459 42 0
QUTER AJIAL J 0 0
UPPER AXIAL 0 0 0
LONER AXIAL v 0 0
THE CJRRzNT TIVE IS «0357 H], O]
z THE
~J

1 2 3 4 > 6 7

1 0 0 0 0 0o 0 0

2 342 [ 342 344 349 ] 356 365 374

3 342 | s42 344 3491 3% 365 374

4 342 | 342 344 549 | 356 365 374

5 342 | 342 344 349 | 358 36y 374

6 342 | 342 344 349, 355 3b5 374

7 342 34 3e4_ 3491 356 3¢n 374

B8 342 [ 382 T334 349, 356 365 274

9 342|342 344 3491 355 365 374

10 342 | 342 344 5q9| 356 365 374
11 342 | 342 344 349! 355 355 374
12 342 | 342 344 au9| 356 36> 374
13 34z | 342 344 349! 355 355 374

14 0 0 0 0 0 b 0

RESULTS

2,2000 vIN, OR 131,99998 S:C,

v
'
-
'

TEMPEZRATURZ GRID

AE RADIAL DIRECTION IS HORIZONTAL
HE AXIAL DIRZCTION IS VERTICAL
T

EMPERATURIS ARZ IN DEGREES FAHRENHEIT

8

0

380
380
380
350
3480
380
380
380
330
380
280
380

0

9 10 11 12 i3 14% 15

CASE FOR SILVER
a = 6.54
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INNER
QJTER
UPPER
LIONER

Tdg C

WENOUFLOU

RAT RESULTs

RESJLTS
COJLANT ToMPZRATJRES
wear OJTLET FLON (L3/HR)
RAD1AL =459 3567 0
RADLAL J 0 0
AXIAL U 0 0
AXLAL v o 0
JRRNT TIv:E IS «0533 A%, 0% 3,2000 vIN, OR 191,99998 SEC,

TEMPEZRATURE GRID
THE RADIAL DIRECTION IS HORIZONTAL
T4 AXIAL DIRZCTION IS VERTICAL
THE TEVPERATURIS ARE IN DEGREZES FAHRENHEIT

W SRR TR ST S SR L TR TR T S T G T L RRe
0__ 0 0 0 s o 0 0

367 [ 367 307 359 | 372 375 378 | 380

367 | 367 307 369 | 372 375 378 | 330

367 | 367 307 359 | 372 375 378 | 330

367 | 357 307 359 | 373 375 378 | 330

367 [ 367 307 369 | 372 375 376 | 330 CASE FOR SILVER

367 | 367 3.7 _369 1373 375 378 | 330 a = 6.54

357 | 357 307 269 | 372 375 378 380

367 | 367 307 359 | 372 375 378 | 3a0

367 | 367 307 369,372 375 378 | 380

367 | 367 307 369 | 372 375 378 | 330

367 | 367 367 369 , 372 375 3/8 | 380

367 | 357 307 369 | 375 375 378 | 3m0
Lty umm s SSSAr Thoter pmod il

SISATVNV ¥3FASNVHEL IVAH — IIIA NOILO3IS
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RAT RESULTS

RESJULTS
COOLANT TEMPERATURES
INLET QJTLET FLOW (LB/HR)
INNER RADIAL =459 374 0
OUTER RAQJIAL 0 0 0
UPPER AXIAL 0 0 0
LONER AXIAL 0 0 0
THE CJURRZNT TIME IS 0667 HR, OR 4,0000 vIN, OR 239,99997 SEC.

6€-8

B 4 3 " 5 6
0 ) 0 el

TEMPERATJURE GRID
IHE RADIAL DIRECTION IS HORIZONTAL
THE AXIAL DIRECTION IS VERTICAL
THE TEWPERATJURES ARE IN DEGREES FAHRENHEIT

7 8 9 10 11 12 13 14 15
0 0

0 0
37« 374 375 375|375 378
374 |37« 375 375 ' 37 376
374 | 376 375 375|376 378
374 | 374 375 375 '37s 378
374 | 374 375 375 | 376 378
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234 TRANSIENT SVYSTEMS. HEATING AND COOLING [cuar. 10

10-5 Infinite plate. Consider the heating or cooling of a large plate of
uniform thickness L = 25,. The temperature distribution through the
plate, ((z,8), is initially (8 = 0) some arbitrary function of z as ((z,0) =
t.(z), whereupon both face surfaces r = 0 and L are suddenly changed to
and maintained at a uniform temperature /, for all 8 > 0.

The solution for the temperature history ((r,8) must satisiy the char-
acteristic partial-differential equation of Fourier, (1-8), as

ST _1oT
ar' a6
and the initial and boundary conditions
T=T(z) at0=0;, 0<z<L,
T=0 atx=0; 8>0,
T=0 atz=L 6>0,

(10-6)

where, for convenience, we let T =t - {; so that T,(z) = t,(z) — 4.
Integrating (10-6) by the separation cof vanables method (Article 7 8)
leads to product solutions of the form
Ty = ¢ M(C, cos Az + Cysin Az),

if the separation constant is chosen as —\*. In these solutions €, = 0if T
is to vanish at r = O forall® > 0. If T is also to vanish at z = L for all
8 > 0, then sin AL = 0, so that A\ = nx L. This requires that the eigen-
values be integral asn = 1,2, 3, - - - . The solution, which now takes the
form

T = 2 C —(nw/L)lad sm it 2,
nw-i L

is to finally satisfy the initial condition that
Tiz) = 3 Casin —z.
nw=| L

This result is recognized as a Fourier sine-series expansion of the arbitrary
function T,(z), for which the constant amplitudes C, are given by

C, = —/ T(x)sm—L—zd:
The complete solution .- therefore

T = e > e““'"bnn-—xl T(z)sm—-ra:, (10-7)
L3\ L

where O is the Fourier modulus in (10-2) with &, = L/2. The solution

(10-7) is also that for an insulated rod of length L with end temperatures

maintained at ¢, the rod heating or cooling from an initial temperature

state {(z).
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10-5] INFINITE PLATE 235
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Fig. 10-2. Temperature history and instantaneous heat rat> as a function of
the Fourier modulus © for an infinite plate with negligible surface resistance.

Consider the special case represented by a uniform initial temperature
ti(z) = .. This is a practical case where T,(z) = t, — t;, and for which
(10-7) reappears in the particular form

‘—‘l 4 & 1 (ne i) _: nr
— - - pg™inT —p = ] ¢k
‘. " ‘z. € sin [ Z, N ,3 5 (10‘8)

Then the instantaneous rate at which heat is conducted across any plane
of area A in the wall is ¢ = —AkAdt/éx, or
Q(:l‘) == 4(k_;4‘) (ty = {l) Z e-(.';”’o Cm'%r; n=13 51 .

(10-9)

Notice that the heat flow is initially infinite at the two surfaces. The
temperature history (10-8) and instantaneous heat rate (10-9) are shown
in Fig. 10-2 for various stations in the plate.
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10-5} INFINITE PLATE 237

Integration of (10-9) with respect to # from 8 = 0 to # gives for the
cumulative heat rate in the plate

-i‘;ﬂ‘. BETR. 0. ¥ T ..
Q(z,9) "(..)“‘ :.)}_‘,n,u . ’°|co.Lz,

n=1335,---. (10-10)

The series (10-8) has been accurately computed by Olson and Schultz (1)
for the mid-plane temperature history at r = L/2 as given by

‘_(51_2%‘.;‘_' = é - (100 _ Je-oinie *‘—mm.’e - o) PEB);

(10-11)

Values of P(8) for the plate are listed in Table A-8 of the Appendix, and
later on we shall show how this particular series can be combined with an
analogous series for the cylinder and semi-infinite solid to obtain solutions
for a variety of other cases of practical interest.

ExampLe 10-2.  As an example in the use of the plate series P(0), suppose
that a large mass of combustible material is piled up against the 6”'-thick wall
of a large room. If a flash fire suddenly raises and maintains the temperature
of the outside wall surface at ¢, how long will it take for the inside surface to
reach the ignition temperature of the combustitie material?

Solution. 1f the dimensions of the room are large compared with the wall
thickness, then its walls can be approximated by an infinite plate 6’' thick and
at a uniform temperature t, preceding its exposure to fire at the face surfacer = 0.
Suppose further that the combustible material is of low thermal conduetivity;
the face surface at z = L is then considered to be adiabatic.

A solution to the problem of the infinite plate with one insulated face is also
encompassed in (10-8), for if we consider a plate of double thickness 2L with
each face at t;, then its mi’ plane (around which the temperature is symmetrical)
can be taken as the adiabatic face of the onginal plate. The temperature history
at this adiabatic face is given by (10-11).

Values of P(8) with L = | are taken from Table A-8 and plotted in Fig. 10-3
for walls of various building materials in (a), and for large pure-metal walls in(h).
Note that the units of time in (a) and (b) are hours and minutes respectively.

From these results we see that the walls of higher diffusivity have shorter
allowable heating times, the duration being romparatively short for the metul
walls. For example, if the ignition temperature of the stored material is 140°1,
and the fire raises the outside surface temperature of the walls (initiallv at 80°F)
to 380°F, then it would take a 6'’ clay wall over three hours to reach (ty = t,)/
(&g = 1) = (140 — 380) (S0 — 380) = 0.8, as compared with just three minutes
for a 6" lead wall.
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SECTION-IX- CRITICALITY ANALYSIS

A. Description and Quantity of Fissile Material

The fissile material is ccntained in fuel elements which are hexagonal
in cross section with dimensions 14.2" across flats by 3.2" high (Fig. IX-1).
Each fuel element contains coolant and fuel channels which are drilled from
the top face of the element. Fuel holes are drilled to within about . 3" of the
bottomn face and are closed at the top by a .5'" cemented graphite plug. The
fuel channels occupy alternating positions in a triargular array within the

element structure, are .5" in diameter and contain the active fuel.

The element structure consists of a conventional needle coke graphite.
The fuel itself is in the form of carbide particles coated with layers of
pyrolytic carbon and silicon carbide. The fuel bed contains a homogeneous
mixture of two types of particles, called fissile and fertile. Fresh fissile
particles contain both thorium ani 93.5% enriched uranium, while fresh fertile

particles contain only thorium. The important parameters of fresh particles

are:
Parameter Fissile Fertile
Th/U 4,25 All Th
Particle Composition (Th/U)CZ Th C2
Average Fuel Particle Diameter, pm 200C 450
Average Total Coating Thickness,pm 130 140

Irradiated fuel elements contain, besides fission products, thorium, U-233,
U-235, other uranium isotopes and a small quantity of plutonium. In the fertile
particles, the fissile material is essentially U-233, while the fissile particles

contain the residual U-235 and bred U-233.

The effective fissile material enrichment (W-235/U+Th) in fresh fuel for
the initial core and reload segments varies between 2% and 12% due to radial
and axial fuel zoning requirements. The most reactive fresh fuel element to be

considered contains about 1.4 Kg of 23,5% enriched uranium and 11.3 Kg of
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thorium. Any irradiated elements will contain a : saller amount of fissile

material, since the conversioniratio of the reactor is less than unity.

B. Assumptions for Criticality Evaluation

The following assumptions were used for the criticality evaluation:

L, The fuel elements contain the most reactive fiesh fuel composition
anticipated for fuel shipment, i.e., about 1.4 Kg of 93.5% enriched
uraniun and 11.3 Kg of thorium per element resulting in a maximum
of 8.4 Kg of uranium and 68 Kg of thorium per container. The total
amounts of all materials present in a fuel element as well as the
homogenized atom densities (over a fuel element) are summarized
in Table IX-1.

2. The presence of burnable poison or other neutron absorbing material,
other than U-235, U-238, thorium, silicon and graphite, is neglected,

3. The fuel is at room temperature.

4. All fission produc's are neglected.

These assumptions are all conservative. In general spent fuel elements will
contain considerably less fissile material. Also, all other fresh fuel element
types are less reactive due to their lower uranium contents and/or higher thorium

content,

s Analytical Models

l. Geometry

Two geometrical models were used to evaulate the criticality situa-
tion for the shippinyg cask. The one-dimensional model is shown in
Fig. IX-2, and assumes an infinitely long cylinder. This model is
adequate as long as it can be assumed that the fuel is well contained
within the fuel elements.

The two-dimensional geometry model, shown in Fig. IX-3, was used
for the maximum criticality situation which includes block breakage,
internal flooding and an accumulation of fuel particles at the bottom

of the cask.

9-3
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Most Reactive Fuel Element Material Contents

TABLE IX-1

GADR-55

Th-232

U-235

U-238

Silicon

Carb 'n

Total Amount

(Kg)

REVISION 2

Homogenized
Alom Density
(atoms /b-cm)

11.25

1.31

.078

4.63

111.3
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. Cross Sections
Cross sections were calculated with the GGC-4 code, a description
of which is attached. (See Section [, Code Abstracts.) The cal-
culational methods and the basic nuclear cross-section data are

well established and in use for the HTGR nuclear design.

3. Computer Codes

The DTF-IV transport code was used for one-dimensional and the
GAMBLE -5 code was used for the two-dimensioned calculation-.

Abstracts of both codes are attached. (See Section I, Code Abstracts.)
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SECTION XI - CRITICALITY ANALYSIS

D. Description and Quantity of Radioactive Gasses

Fission product gasses do not contribute to pressure buildup in the
cask during an accidenral fire.

The fuel temperature dur.ng the accident was sizted to be 290°F. At
this temperature there will be essentially no fission product release.
However, even if the total cask fuel inventory of volatile fission products
were released, there might still be no significant pressure buildup. After
60 days of decay there will be about 1 x 106 curies and about 1500 gm moles
of stable noble gas and ifodine in the total core, and in a single column
(the cask capacity) the emount would be about 6500 curies and 9.7 gm moles
assuming a power peaking factor of 1.6 during operation. Assuming that the
average half life of remaining volatile fission products is 3 x 105 sec the

amoun- of gas associated with this activity would be

dis atom gm mole « 3 x 10%sec

10
6300 curies # 3.7 x 107" Qe cirie * §.023(+23)atons 693

= 1.73 x 10°" gm moles

which is negligible compared to the stable gasses which would occupy a
volume at STP of

3
9.7 385 fe° | 3
456 B moles 5° woles # 1b mole §.2 £1" o7
1b mole

9-8
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E. Volatile Fission Gas in the Fort St. Vrain Fuel Shipping Cask

The maximum fission product activity that will be contained in the Fort
St. Vrain fuel shipping cask at any time would be that associated with six
maximum power fuel blocks (not necessarily from the same column in the
rcactor) having the full 6-year burnup. Total fission product per fuel
element is given in Table IX-2,

Assuming an average power peaking factor of 1.35 over the 6 years in
the reactor and 100 days of decay since shutdown, *he volatile (noble gases
and iodine) inventory in the fuel elements would amount to about 4,700 curies
of no' 2 gas (principally Kr-85) and 23 curies of ioa.ne (principally I-131).
In add on, about 9 gm moles of stable noble gas and iodine would be present.
The tota: amount of volatile fission product gases would occupy a volume of
about 7.5 ft3 STP.

This fission product activity is triply contained, first by the fuel
particles and their impervious TRISO coatings, secondly by the fuel element
containers, and third, by the shipping cask itself. If an accident is
postulated that breaches both the caskx and container, no fission product
gases will escape as long as the fuel particles themselves remain intact.
Fission products can be annealed from fuel particles, but not in significant
quantity at temperatures below 1000°F. Thus, a breached cask and cans,
exposed to a fire in which the fuel elements reach a maximum temperature of
JOOOF. will not resuli in significant activity release.

If a breached cask with failed cans is assumed to be immersed in water,
then the potential exists for hydrolysis of the carbide kernels of fuel

parti:les with previously failed coatings. With unrestricted exposure to

9-9
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Table IX-2
FUEL ELEMENT FISSION PRODUCT INVENTORY
Equilibrium Core, 6-year Operation, 100 Days Shutdown

Activity
Isotope (Curies)
Kr 786.
sr89 8600,
sr90 2300.
¢20 2300.
y9l 11900.
2e95 13600.
Np 5@ 270.
Nb 93 13600.
Rul03 2700.
Rh103™ 2700.
Rul06 1600.
Tel27™ 270,
Tel27 270.
Tel29™ 390.
(131 2%.
Tel2? 190,
cstd? 2250.
Bald’™® 2080.
Bal40 186.
Lal40 186.
celél 5100.
PrlaJ 260,
Celdd 25200.
prléé 25200.
pml47 9500,
smio1 470.
pa233 34000

9-10
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moisture, essentially complete hydrolysis of all failed fuel would be
expected with a corresponding release of the noble gas activicty, 1i.e.,
100% release for 100% hydrolysis. No icdine has been observed to be
released by this mechanism. If the upper limit "design" fuel particle
failed fraction of 10% is assumed, along with complete hydrolysis of this
fraction, then the noble gas release would amount to about 470 curies of
Kr-85. The potential dose from this activity is dependent on the atmos-
pheric conditions and the distance between the source and receptor which
combine to make up the effective atmospheric dilution factor. Conserva-
tively assuming a dilution factor of 0.01 scc/m3 and that the receptor is
immersed in a semi-infinite cloud of released activity, then the received
dose would be only about 2.5 millirem according to

Dose (rem) = 0.247 x curies released x gamma energy

(mev/dis.) x dilution factor (£§E)
m

= 0.247 x 470 x 0.0021 x 0.01 = 2.45 x 10™° rem
The total amount of volatile activity in the .ask (4,723 curies) and

the maximum potential amount releasable (470 curies of Kr-85) are well

*
below the permissible limits of 1020 curies.

.
Per Title 10-CFR-Part 71, par. 71.36 (2) (ii)

9-11
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¥y. Safety During Normal Transport

During normal transport not more than 6 fuel elements will be stacked
end to end within the shipping container. No hydrogeneous or other moder-

ating material besides the structura! 1d coating graphite will be present.

The fuel elements occupy 81. 4% of the inner section of the shipping
cask. The contents of the elements were homogenized over the inner section

of the cask and used in one-dimensional transport calculations. Material

concentrations for the different regions consistent with Fig. IX-2 are given in

Table IX-3.

The calculated multiplication constant for this condition, assuming an

infinitely long container, is . 40 and no criticality hazard is to be expected

under any circumstances.
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Table 1X-3

Material Concentrations

Concentration
Region Material (atoms /b-cm)
1 Th-232 2.67 - 1074
U-235 3.06 + 107>
-6
U-238 1.81 - 10
Si 9.12 - 1074
c 5.10 + 1072
2 F : -4
e 8.50 10
3 U-238 4.8 -+ 10°°
U-235 -5
- 9.6 + 10
4 Fe 8.5 10°2
5 Void -

9-13
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s Safety During Accident Conditions

G.1 Unflooded Fuel

For the postulated accident conditions some breakage of the fuel elements
has to be expected with possible accumulation of fuel particles in a corner of
the cask. Detailed drop test data for irradiated {21 elements, however, are not
ivailable and scme assumptions have to he made concerning the amount of
particles relessed from the fuel elements. Assuming an upper limit of 20%
particle loss and accumulation of these particles in coolant holes and the
space between container wall and fuel elements at the bottom of the container,
the multiplication constant is calculated to be less than . 4], with the cask

completely immersed in water.

In the analysis it was assumed that the fuel particles fall out of the
fuel channels into the coolant channels and spaces between element aad con-
tainer wall and form a homogeneous mixture with the remaining fuel element
graphite. At 10% particle loss the lowest 24 cm of the cask would be filled
with fuel particles and fuel elements. The remaining e.ements would have a
correspondingly reduced fuel loading. At 20% particle loss, the lowest 48 cm
would be filled with particles. Material concentrations for the different
fuel regions are shown in Table IX-4 consistent with the geometrical model of

Fig. IX-3.

The following multiplication constants were calculated with the two-

dimensional model:

No particle loss keit’ .5
10% particle loss keﬂ =,37
20% particle loss keﬂ' = .41

The first result agrees well with the data from the one-dimensional transport
calculation. The other results show that partial particle loss from the fuel
elements and subsequent particle accumulation at the bottom of the cask do

not significantly increase the multiplication constant. Even if the whole cask

9-14
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Table IX-4

Conce..rations For Most Reactive Condition (Unflooded)

Concentration fatoms/b-cm)

Region Material 10% Particle Loss 207 Particle Loss
1 Th-232 2.4. 1074 2.14- 1074
U-235 2.75 - 10°° 2.45 - 10°°
U-238 1.63 - 10°° 1.45 - 10°°
si 8.21 1074 7.30 - 10°4
c 5.01 - 1072 4.91° 1072
2 Th-232 7.41° 107*
U-235 8.49 - 107>
U-238 5.02 - 10°°
si 2.53. 1073
c 6.92 - 1072
3 Fe . 085
4 U-238 . 0478
U-235 . 000096
5 H . 0668
0 . 0334

Height of Particle Accumulation: 10% loss 24 cm
20% loss 48 cm
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were filled with particles only, the overall multiplication constant of the
immersed cask would be less than .55. The presence of water at the out-
side of the cask has no significant effect on the criticality of the system.
The iron a..d uranium shield acts as a sink for thermal neutrons. Fast
neutrons escaping from the fuel "eginn are moderated in the water and

absorbed before they can return to the fuel.

G.2 Flooded Fuel

In order to obtain an upper limit for the multiplication constant of the
shipping cask under flooded conditions the following assumptions were made in
addition to those stated in Section B:

l. All fuel particles leave the fuel elements (100% particle loss).

e, The fuel particles accumulate in the fuel holes, coolant holes

and void spaces between fue'l elements and container wall.

3. The graphite structure of the fuel elements stays intact allowing
the highest concentration of fissile material in the available void
space.

4. All void space between the fuel particles and in the unfueled
section of the cask is filled with water.

In particular, the following cases were considered:

Case 1: All fuel particles accunulate at the bottom of the cask, filling

the available void space. The particle packing fraction is . 65. The

overall height of the fueled section is 171 cm.

Cases 2, 3, 4: The frel particles float in water. A homogeneous mixture

of water and particles occupies the available void space up to a height of

214 cm, 257 ¢cm and 343 cm, respectively,

Case 5: The fuel particles float in water. A | omogeneous mixture of

water and particles fills all available void space in the shipping cask.

Material concentrations for these 5 cases consistent with Fig. IX-3 are given

in Table IX-5. The calculated multiplication constants for these cases are as



Li=6

Concentrations for Most Reactive Flooded Conditions

Region Material

2 Th-232
U-235
U-238
Si

o »

Other regions as in Table I1X-4.

(Calculational Model of Fig. I1X-3)

Case |

4.

09-2

.47-2

.74-2

.41-4
.49-5
.02-6
.533
.92-2
.21-2
.05-3

Table IX-5

Case 2

4.09-2

3.47-2

1.74-2

5.93-4
6.79-5
4.02-6
2.03-3
6.35-2
1.66-2
8.30-3

Concentrations (atoms/b-cm)

Case 3

. 09-2

.47-2

.714-2

.94-4
. 66-5
.35-6
.69-3
.98-2
.96-2
.80-3

4.

-

N

LA

Case 4

09-2

47-2

. 74-2

71-4
.25-5
.51-6
.27-3
.50-2
.34-2
172

Case 5

w

v v O

.67-4
.06-5
.81-6
.12-4
A1=-2
.65-2
.33-2
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follows:

Case

l

2
3
4
5

Fuel Containing Section

Height
(ecm)

171
214
257
343
476

Fig, 1X-4 shows these results graphically.

H/U-235

143
244
346
551
866

GADR-55 REV!ISION 2

keff

. 84
. 89
.89
. 85
.77

The most reactive situation, a

multiplication constant of about .9, is obtained if the total fuel contents, in

a mixture of water and particles, occupies the available void spaces of about

half the cask (235 cm),

From the:e results it 1s concluded that no critical

arrangement can occur even if all the {ue! (eaves the fuel elements and the

cask is completely flooded.

H. Accuracy of Calculations

The calculational methods used for the criticality analysis are essentially

the same as those used for HTGR design and the analysis of the HTGR critical

facility, Comparisons of experimental and calculational results are well docu-

mented in the Final Hazards Report for the Fort St. Vrain Reactor (Section 3.5. 7).

These results indicate that the accuracy of the methods used is in the order

+,025k.
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CODE ABSTRACTS

GGC W 2/6769

NAME OR DESIGNATION OF PROGRAM - 6GCa

COMPUTER FCR WHMICH PROGRAM IS CESIGNED AND OTHERS UPON WHICH
IT IS OPERABLE - UNIVAC 1108

NATURE OF PHYSICAL PRO3BLEM SOLVED - THE GGCu PROGRAM SOLVES THE
MULTIGROUP SPECTRUM EGUATIONS WITH SPATIAL OEPENDENCE REPRESENTED
BY & SINGLE POSITIVE INPUT BUCKL ING. BROAD GROUP CROSS SECTIONS
(SHIELDED OR UNSHIELDED) ARE PREPARED FOR DIFFUSION AND YRANSPORT
CODES BY AVERAGING WITH THE CALCULATED SPECTRA CVER INPUT-CESIG-
NATED ENERGY LIMITS. THE CODE IS DIVIDED INTO THREE MAIN PARTS.

B FAST (GAM) SECTION WHICH COVERS THE ENERGY RANGE FROM 14.3 MEY
TO 04814 EVe A THERMAL (GATHER) SECTION WHICH COVERS THE ENERGY
RANGE FROM 0.0C1 TO 2.38 EVe AND A COMBINING (COM30) SECTION WHICH
COMBINES FAST AND THERMAL CROSS SECTIONS INTO SINGLE SETS. 3aSIC
NUCLEAR DATA FOR THE FAST SECTION WHICH CONSISTS OF FINE GROUP-
AVERAGED CROSS SECTIONS AND RESONANCE PARAMETERS IS READ FRQOM &
DATA TAPE. THE FINE GROUP ABSORPTION AND FISSION CROSS SECTIONS
MaY BE ADJUSTED BY PERFORMING A RESOMANCE INTEGRAL CALCULATION.
UTILIZING A FISSION SOURCE AND AN INPUT BUCKLINGe YHE COOE SOLVES
THE Ple Ble B2+ OR B3 APPROXIMATION TO OBTAIN THE ENERGY-DEPENDENT
FAST SPECTRUM. TWO OR SIX SPATIAL MOMENTS OF THE SPECTRUN (CUE TO
A PLANE SOURCE)Y MAY ALSO BE EVALUATED. INSTEAD OF PZRFORKING A
SPECTRUM CALCULATIONs THE USER MAY ENTER THE LEGENDRE COMPONENTS
OF THE ANGULAR FLUX DIRECTLY. FOR AS MANY INPUT-DESIGNATED

BROAD GROUP STRUCTURES AS OESIRECe THE CODE CALCULATES AND SAVES
(FOR THE COMBINING SECTION) SPECTRUX WEIGHTED BVERAGES OF MICRO-
SCOPIC AND MACROSCOPIC CROSS SECTIONS AND TRANSFER ARRAYS. SLOW-
ING DOWN SOURCES ARE CALCULATED AND SAVED FOR USE IN THE LOWER
ENERGY RANGE. GIVEN BASIC NUCLEAR DATA, THE THERMAL SECTION OF
GECS DETERMINES & THERMAL SPECTRUM BY EITHER READING IT AS INPUT,
BY CALCULATING A MAXWELLIAN SPECTRUM FOR 4 SIVEN TEMPERATURE, OR
BY AN ITERATIVE SOLUTION OF THE PO+ B0 Pls OR 81 EQUATIONS FOR AN
INPUT BUCKLING. TIME MOMENTS OF THE TIME AND ENERGY-DEPENDENT
DIFFUSION EGUATIONS ARE CALCUL ATED (AS AN OPTION) USING THE INPUT
BUCKLING TO REPRESENT LEAKAGE. S3ROAD GROUP CROSS SECTIONS ARE
PREPARED BY AVERAGING FINE GROUP CROSS SECTIONS OVER THE CALCU-
LATED SPECTRA., BROAD GROUP STRUCTURES ARE READ AS INPUT. THE
COMBINING SECTION OF GGC4 TAKES THE BROAD GROUP-AVERAGED CROSS
SECTIONS FROM THE FAST AND THERMAL PORTIONS OF GGCY AND FORMS
MULTIGROUP CROSS SECTION TABLES. THESE TABLES ARE PREPARED IN
STANDZRD FORMATS FOR TRANSPORT OR OIFFUSION THEORY CALCULATIONS.
IN ADOITIONe IT IS POSSIBLE TO USE THE COMBINING SECTION TO PRO-
DUCE MIXTURES NOT USED IN THE SPECTRUM CALCULATION OR TO COMOINE

POOR ORIGINAL
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THE RESULTS OF DIFFERENT FAST AND THERMAL SECTION CALCULATIONS AND
SO ON. THEST OPTIOCNS ARE DESCRIBED IN REFERENCE 2.

METHOD OF SOLUTION - IN THE FAST SECTION EITHER THE P1 OR THE 8:,
82+ OR 83 APPROXIMATION IS MADE TQ THE TRANSPORT ECUATTIN USING
THE POSITIVEs ENERGY~-INOEPENDENT BUCKLING. IN EACH APPROXIMATION
LEGENDRE MOMENTS OF THE ANGULAR FLUX ARE COMPUTED B8Y DIRECT NU-
MERICAL INTEGRATION OF THE SLOWING DOWN CAUATIONS. 1IN THE RESO-
NANCE CALCULATIONSes DCPPLER BROADENED AT ‘N INPUT TEMPERATURE)
ABSCRPTION AND SCATTERING CROSS SECTIONS ARE USED. THE RESONANCE
TREATMENT ALLOWS UP TO TWO AOMIXED MODERATORS IN AN ABSORBER LUMP
IMBEDDED IN A SURROUNDING MODERATOR. THE ABSORIER IN THE LUMP IS
TREATED B8Y USING EITHER THE NARROW RESONANCE APPROXIMATIONe THE
NARROW RESONANCE INFINITE MASS APPROXINATIONs OR A SOLUTION OF THE
SLOWING DOWN INTEGRAL EQUATIONS TQ DETERMINE THE COLLISION DENSITY
THROUGH THE RESONANCE. THE AOKIXED MODERATORS ARE TREATED 3Y
USING EITHER AN ASYMPTCTIC FORM OFs OR AN INTEGRAL EQUATION SCLU~
TION FORe THE COLLISION DENSITY. IN THE RESONANCE CaA: CULATION
EITHER STANDARD GECMETRY COLLISION PROBABILITIES ARE USED OR TA-
BLES OF COLLISION PROBABILITIES ARE ENTLRED. ODANCOFF CORRECTIONS
CAN ALSO BE MADE. IN THE REGION OF UNRESOLVED RESONANCES, RESO-
NANCE ABSORPTION IS CALCULATED BY USING PORTER-THOMAS OISTRIBU~-
TIONSe BUT ONLY S-wAVE NEUTRONS ARE CONSIDERED. IN THE THERMAL
SECTION EITHER THE BOs B1e PO+ OR Pl APPROXIMATION 19 THE TRANS=-
PORT EGUATION IS MADEs AND IN ALL OPTIONS LEGENDRE NOMENTS OF THE
ANGULAR FLUX ARE COMPUTED. A TRAPE20IDAL ENERGY INTEGRATION MESH
IS USEDe AND THE RESULTING EQUATIONS ARE SOLVED ITERATIVELY 8Y
USING 4 SOURCE-NORMALIZEDs OVER-RELAXEDs GAUSSIAN TECHNIQUE.
AVERAGES OVER BROAD GROUPS ARE PERFORMED BY SIMPLE NUMERICAL IN-
TEGRATIONe THE RESULTS OBTAINED IN THE FAST AND THERMAL SECTIONS
ARE STORED ON SPECIAL TAPES. THESE TAPES MAY CONTAIN RESULTS FOR
A NUMBER OF PROBLEMSs EACH PROBLEM INCLUDING FINE GROUP CROSS
SECTION DATA FOR A NUMBER OF NUCLIDES. IF THE PROBLEM NUMBER IS
SPECIFIED ON THESE TAPESe AND A DESIRED LIST OF NUCLIDES IS GIVEN.
THE COMBINING CODE WwILL PUNCH MICROSCOPIC CROSS SECTIONS FOR THE
REQUESTED LIST OF . UCLIDES. THE PROGRAM ALSO TREATS MIXTURES.
GIVEN THE ATOMIC DENSITIES OF THE NUCLIDES IN A MIXTURE, THE CODE
WILL PUNCH MACROSCOPIC CROSS SECTIONS.

RESTRICTIONS ON THE COMPLEXITY OF THE PROBLEM - MAXIMA OF =

33 FAST GROUPS
101 THERMAL FINE GROUPS

93 FAST BROAD GROUPS

50 THERMAL BROAD GROUPS

SO BROAD GROUPS IN THE COMBINING SECTYION
250 RESONANCES PER NUCLIDE

2 MODERATORS ADMIXED WITH A RESONANCE ABSORBER
305 ENTRIES IN THE ESCAPE PROBABILITY TABLE FOR CYLINDRICAL
GEOMETRIES

) ﬁﬂuo NN
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§05 ENTRIES IN THME ESCAPE PROBABILITY TAOLE FOR SLAB GEOMETRIES
A SINGLE AND POSITIVE VALUE FOR THE BUCKLING (B2) MUST BE SuP-
PLIED.

TYPICAL RUNNING TIME - A Bl CALCULATION IN THE FAST SECTION FOR 3
NUCLIDES Al!D & BROAD GROUPS TAKES APPROXIMATELY & MINUTES ON THE
UNIVAC-1108 [F A RESONANCE CALCULATION (172 MINUTE) 1S PERFORMED
FOR ONE NUCLIDE. THE THERMAL CALCULATION FOR 3 BROAD 5R0OUPS
REQUIRES APPROXIMATELY 2 MINUTES» WHICH INCLUDES ABOQUT 7 SECONCS
FOR THE ITERATVTIVE PROCEDURE. TO PUNCH STANDARD DIFFUSION AND
STANDARD TRANSPORT CROSS SECTIONS FOR THI® PROBLEM REQUIRES 2
SECONDS.

UNUSUAL FEATURES OF THE PROGRAM - THERE IS AN OPTION IN GGCY wWHICH
MAKES IT POSSIBLE YO SHORTEN THE PUNCHING PROCESS FOR LARGE TwO-
DIMENSIONAL TRANSFER ARRAYS. THIS CAN BE DONE BY SPECIFYING A
MAIIMUM NUMBER OF DESIRED UPSCATTERING AND DOWNSCATTERING TERMS.

RELATED AND AUXILIARY PRCGRAM; - GGCY IS A REVISION OF THE

EARLIER PROGRAMe GGC3. TO . REPAREs HANDLEe AND UPDATE THE

BASIC CROSS SECTIUN TAPES WHICH ARE USED AS INPUT FOR GGCYe
THE FOLLOWING CODES ARE UTILIZED - MAKEs MSTe PRINTs MIXER,
WTFGe MGT3e SPRINTe COMBINe AND DOP.

STATUS - PRODUCTION

REFERENCES - Jeo ADIR AND Ko Do LATHROPy THEOQORY OF METHODS USED IN
GGC=-3 MULTIGROUP CROSS SECTION CODEs G6A-7156+ JULY 1967.

Jeo ADIRe Se Se CLARXy R, FROEHLICHs AND L. Je. TOOT,
USERS AND PRIGRAMMFRS wmannsr FoR ogC-3 MULTIGROUP CROSS SECTION
COOEs PARTS 1 AWD 2+ GA-7157. JULY 18967,

Me Ko DRAKEs DPESCRIPTION OF AUXILIARY CODES USED IN
THE PREPARATION OF DATA FOR THE GGC-3 CODEes GA-7158+ AUGUST 1367.

Jeo ADIRes 66CH4 INPUT INSTRUCTIONSe 624 MEMORANDUM,
JUNE 20+ 19638.

BCOCONs GA NOTE.

MACHINE REGUIREMENTS =~ B4XK MEMORY WITH 11 TAPE UNITS (SOME OF
WHICH MAY BE DORUM AREAS).

PROGRAMMING LANGUAGE USED - FORTRAN IV

OPERATING SYSTEM OR MONITOR UNDER WHICH PROGRAM IS EXEBCUTED -
UNIVAC EXEC IIes GAX29.

ANY OTHER PROGRAMMING OR OPERATING INFORMATION OR RESTRICTIONS =~
THERE IS NO RESTRICTION ON THE NUMBER CF PROBLEMS THAT CAN BE RUN
CONSECUTIVELY IN EACH SECTIONe NOR IS THERE A RESTRICTION ON THE
NUMBER OF NUCLIDES PER PROBLEM. WITHOUT USING TAE NEW CPTIONSe
6GCS CAN ALSO BE RUN WITH THE GGC3 INPUT INSTRUCTIONS.

AUTHOR OF THE ABSTRZCT - J. ADIR
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1DF 3/69

NAME OF PROGRAM - 1DF

COMPUTER FUR WHMICH CODE IS DESIGNED - UNIVAC-1108, I8N-7030,
COC-6600s IBM-7094.

NATURE OF PHYSICAL PROBLEM SOLVED = THE LINEAR TIME-INOEPENDENT
BOLTZMANN EQUATION FOR PARTICLE TRANSPORT IS SOLVED FOR THE
ENERGYs SPACE AND ANGULAR DEPENDENCE OF THE PARTICLE OISTRI-
BUTION IN 1-0 SLABSe CYLINDERSs AND SPHERES. INDEPENDENT SOURCE
OR EIGENVALUE (MULTIPLICATIONs TIME ABSORPTIONe ELEMENT CONCEN-
TRATIONs ZONE THICKNESSe OR SYSTEM DIMENSION) PROSLENMS ARE
SOLVED SUBJECT TO VACUUMe REFLECTIVEs PERIOCOJIC, OR WHITE BOUNDARY
CONDOITIONS. A COMPLETE ENERGY TRANSFER SCATTERING MATRIX

IS ALLOWED FOR EACH LEGENDRE COMPONENT OF SCATTERING. SOLUTIONS
TO THE ADJCINT TRANSPORT EQGUATION ARE ALSO OBTAINED.

METHCOD OF SOLUTION - ENERGY DEPENDENCE IS TREATED BY THE MULTI-
GROUP APPROXIMATION AND ANGULAR DEPENDENCE BY A 3ENERAL DISCRETE
QROIN"ES APPROXIMATION. ANISOTROPIC SCATTERING IS APPROXIMATED
BY & TRUNCATED SPHERICAL HARMOANICS EXPANSION OF THE SCATTERING
KERNELs WITHIN-GRQUP SCATTERING #AND UPSCATTERING ITERATION
PROCESSES ARE ACCELERATED BY SYSTEM-WIDE RENORMALIZATION PROCE -
DURES. CHEBYSHEV ACCELERATION IS AUTOMATICALLY APPLIED YO
BCCELERATE INNER ITERATION CONVERGENCE. AT THE OPTION OF THE
USERe CHEBYSHEYV ACCELERATION FACTORS CAN 8E ENTERED AS [NPUT.
APPROXIMATIONS AND ITERATIVE CYCLES HAVE BEEN DESCRIBED

IN DETAIL BY LATHROP (REF. l¢ BELOW). IDF AND DTF-IV ARE
ESSENTIALLY THE SAME.

RESTRICTIONS ON THE COMPLEXITY OF THE PROBLEM - THE VARIABLE
DIMENSIONING CAPABILITY OF FORTRAN IV HAS BEEN UTILIZED SO THAT
ANY COMBEINATION OF NUMBER OF GROUPSs NUMIER OF SPATIAL INTER-
VALSe SIZE OF ANGULAR QUADRATUREs ETC.s CAN BE USED THAT JILL
FIT WITHIN THE TOTAL CORE STORAGE AVAILABLE "0 A USER.

TYPICAL RUNNING TIME - A FEW MINUTES.,

UNUSUAL FEATURES OF THE PROGRAM - ANISOTROPIC OISTRIBUTED
SOURCES MAY BE USED AND THE INCOMING ANGULAR FLUX AT THE RIGHT
BOUNDARY MAY BE SPECIFIED.

RELATED AND AUXILIARY PROGRAM = GTF, 20Fs AND TWOTRAN.

STATUS - PRODUCTION

s POOR ORIGINAL
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10, REFERENCES -~ LATHROPe K. Duos *DTF-IVe A FORTRAN-IV PROGRAM FOR
SOLVING T' o« MULTIGROUP TRANSPORT EGUATION WITH ANISOTROPIC
SCA'TERINGe °*USAEC REPORT LA=-3373, LOS ALAMOS SCIENTIFIC
LABORATORYs 196S.

11. MACHINE REQUIREMENTS - NO SPECIAL REGUIREMENTS AND NO AUXILIARY
STORAGE REGUIRED.

12. PROGRAMMING LANGUAGE - FORTRAN IV

13. OPERATING SYSTEM - UNIVAC EXEC II

18. QOTHER PROGRAMMING INFORMATION - ALL STORAGE REGUIREMENTS ARE
COMPUTED IN THE MAIN PROGRAM. BY PERFORMING THE ADDITIONS
INDICATED BY THE ALGORITHMs THE PRECISE AMOUNT OF STORAGE
REQUIRED FOR A PROBLEM CAN BE DETERMINED.

15. AUTHOR OF THE ABSTRACT - TAKEN FROM THE BOOK *NUCLEAR DESIGN
METHOOS IN USE AT GENERAL ATOMIC.® MODIFIED SLIGHTLY 9-1-69.

YN WHRUGIHN
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GAMHLCS

NANME OF Cuuf = GAMBLE=S5» A PRUGRAM FOR THE SOLUTION OF Tuf
MULTIOROUP HEUTRON DIFFUSION cRUATIONS I TWO ATHENSIUNS WITH
ARBITKARY GrOUP SCATTERING,

COMPUTER FOR aHICH PRQGRAY IS DESIGNED = UnIVAC 1108

MATURE OF PHYSICAL PRQBLEM SOLVED = THE HOMOGEMEAUS TwO=
OIMENSIUNAL MULTIGROUP DIFFUSINN THEORY EGUATIONS WITH ARKBITKARY
GrQUP=TO=uRYUP SCATTERING AND ARBITRARY FIsSIon TRAMNSFER ARL
SULVED FOr HETEROGENEQUS ASSEM3LIES IN X=Y AND R=Z GEOMETRY.
HUMUGENLOUS LUGARITHMIC BOUNDARY CONDITIONS ARE USEND AT THE
QUTER SURFACE OF THE ASSEMBLY AND AT THE SURFACE OF NONDIFFUSION
REGIONSs THE RESULTS INCLUDE THE GROUP= AND POINT=DEPENDENT
MeUTRON FLUXESe THE POWER DISTRIBUTION® THE NEUTRON MULTIPL =
CATIVin FACTOR (K EFFECTIVE), AND A DETAILED NEUTRO! BALANCE.

M THOU OF SOLUTION = THE MULTIGROUP DIFFUSION THEORY EQUATIONS
ARE APPHOAIMATED BY FIVE=POINT JIFFERENCE EGUATIONS FOR AM
ArBITRARY NONUNIFORM MESH GRIDe THE SYSTEw OF DIFFEKENCE EG=
UATIONS I> SOLVED BY aN EXTENSION OF THE POWER METHOD TO = (15
THE EIGENVECTOR (NEUTROM FLUX) AND THE EIGEMVALUE (K EFFECTIVE).
SUCCLSSIVe LINE OVERRELAXATION IS APPLIED IN A SPECIAL FORM

(e APOEMYIAL OVERRELAXATION) THAT GUARANTEES THE NON=NEGATIVITY
OF THE MNEUTRON FLUX., COARSZI MESH REBALAMNCING IS USED TO IM=
PROVE THE PREASYMPTOTIC CONVERGENCE BEMAVIOR. A VARIATIUM OF
ALTKENS' ETHOD IS USED TO IMPROVE THE ASYMPTOTIC CONVERGENCE
BCHAVIOKs ASSUMING ONLY ONE ERROR MODE.

RESTRICTIONS ON THE COMPLEXITY OF THE PROBLEM =
MAXIMUM NUMBER QF ENERGY GROUPS 10
MALIMUM NUMBER OF SPACE MESHPOINTS 20+.000
MAXIMUM NUMBER OF DIFFERENT MATERIAL REGIONS 25%

TYPICAL RUNNING TIME « A SEVEN=GROUP PROBLEM (THREE FAST GROUPS
AND FQUR [HERMAL GROUPS) IN (Re2) GEOMETRY WITH 2842 SPACE ME SH
PUINTS TOOK 82 ITERATIONS ASSUMING A TIGHT CONVERGEMCE CRITERIA
(MAXTMUM KECATIVE FLUX CHANGE LESS THAN 0.00007). THE TOTAL
RUNNING TLME (INCLUDING EATENSIVE OUTPUT) ON THE UNTVAC 1108
wWAS 12 KMIile

UiiuSUaL FEATURES OF THE PROGRAM =

A) Tz COARSE MESH REZALANCIMNG SCHEIME MAKES POSSIBLE THE SuL=-
CLSSFUL SULUTION OF DIFFICULT PROBLEMS FOR WHICH CERTAIN GROUP=
MESH POINTS AKE BOTH STROMGLY AND WEAKLY CCUPLED TN SOME OF
TAZIR NEIGHUORS (E4Gey HIGHLY MONUNIFOR' MESH SPACINGS 0K
MATERIAL PROPERTIES» AIR GAPS» CELL PROBLEMS WITH WEAK GROUP
COUPLINGe ETC,)

B) SIMULTANEOUS PERFORMAMNCE OF COMPUTATION AMD DATA TIKANSFER

POOR ORIGINAL
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10.

11,

12.

13.
14.

15.

WITH VIRTUALLY NO DELAY CAUSED BY THE USE OF pRUM STORAGE .
D) ABILITY TO 00 EFFICIENT RESTARTS FOR LONGER RUMMING PROB=
LEMS AND THE ABILITY TO ACCEPT A FLUX GUESS ON TAPE FHOM A
SIMILAR PODLEM,.

RELATED AD AUXILIARY PROGRAMS = GAMBLE=S IS A MAJOR REVISION
OF THe GAMOLE=4 CODE. SOME OF THE ESSENTIALS OF THE ITERATIVE
TECHNIGUE USEyY HAVE BEEN ADOPTED FROM EXTERMINATOR.

STATUS = THE PROGRAM HAS BEEN IN PRODUCTION USE SINCE AUGUST
1967 anD MAY BE OBTAINED BY DOMESTIC USERS FROM THE ARGONNE COULE
CENTER.

REFERENCES =

1) JeP. DURSEY ANY Re FROEHLICH! 'GAUBLE=S, A PROGRAM FOR THE
SOLUTION OF THE MULTIGROUP NEUTRON DIFFUSION ENUATIONS IN
TWO DISENSIONS WITH ARDITRARY GROUP SCATTERING FOR THE
UNIVAC 1108 COMPUTER,' GA=8188y GULF GENER2L ATOMIC INC.(1967)

2) Re FROZHLICH: 'A THEORETICAL FOUNDATION FOR COARSE MESH
VARIATION TECHNIQUES+' PROC. INTERN. ZONF. RES. RZACTOR
UTILIZATION AND REACTOR MATH. MEXICOr D.F.s 1» 215(1967).

3) JeFPs DORSEYr 'GAMBLE=4» A PROGRAM FOR THE SOLUTION OF THE
MULTIGROUP NEUTRON DIFFUSION EQUATIONS IN TWO=DIMENSIONS WITH
ARBITRARY GROUP SCATTERING FOR THE IBM 7044 FORTRAN=1V
SYSTEMs ' GA=6540, GULF GENERAL ATOMIC INC. (1985),

4) TeBs FOWLERe Ms TOBIASe, AND D. YONDYr» 'EXTERMINATER, A
MULTIGROUP CCDE FOR SOLVING NEUTRON DIFFUSIXN EQUATIONS 1IN
OHE AND TWQ OIMENSIONS' ORNL=TM=842¢ OAK RIODGE NATIONAL
LASORATORY (1965).

MACHINE RCQUIREMERTS = 65/536 VYORDS OF CORE STORAGEs, 3 TAPE UNITS
ON 1 DATA CHANNEL» 1+572/864 WORDS OF FH=8g0 DRUM STORAGE FROM
1 DATA CHANNEL» AND A PERIPHERAL PRINTER,

PROGRAAMING LANGUAGE USED = FORTRAN IV: BUT FOR SCRATCH UATA
HANOLING USE IS MADE OF UNIVAC 1108 ASSEMBLY LAMNGUAGE.

OPERATING SYSTEM = EXECII» GAX 23,

OTHER PROGRAMMING INFORMATION =

AJTHOR OF THE ABSTRACT = J.P. NORSEY AND R, FROEHLICH.
GULF GENERAL ATOMIC INCORPORATED

i +0s BOX 608
SAN JIEGO,» CALIFORNIA 92112
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SECTION X GADR-55 REVISION 2

NATIONAL LEAD CO. NUCLEAR DIVISION

WILMINGTON PLANT

MANUFAC1''RI'«G_AND QUALITY CONTROL PROCEDURES AND FABRICATION PLAN

A. MANUFACTURING AND QUALITY CONTROL PROCEDURES

All steel materials for the Spent Fuel Container and Shipping
Cask will be purchased to the requirements of the ASME Cole, 1968
Edition, Section III, Class B. Chemical and/or physical tecst reports
will be nrovided for all materials. Welding will be performed 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 opera-
tions, and quality control. Inspection system will be in accordance
with Appendix IX of the ASME Code. All three point decimal dimen=-
sions and critical fractional dimensions will be specified in the
manufacturing procedure to be recorded. All out of tolerance con-
ditions will be recorded and customer approval obtained before accep-
tance. Mandatory hold and inspection points will be incorporated
into the Manufacturing/QC Procedures in order that the GGA/QA Repre-
sentative 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 ! performed by
perscnnel qualified to ASME Code. Welds to be insper*ed and stages
of inspection will be as shown on design drawings, and in accordance
with the ASME de,

Uranium castings will be provided by NLC Albany. Inspection of
Uranium castings will be made by the Gamma Probing Method.

Process for welding uranium sections will meet design criteria
for shielding value and structural strength. Nondestructive testing
of uranium welds will be for purpose of detecting linear defects and
will be by penetrant method.

Inspection operatiocns, inspection records, radiographs and non- !
destructive test records will be audited by the GGA/QA Representat.ive.

DATE PAGE or
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PROCEDU

N pran
NATIONAL LEAD CoO. NUCLEIR CIVISION

WILMINGTON PLANT

\v

SHIPPING CASK FABRICATION PLAN

o)

The top and bottem stairless steel forgings will be premachined tc
he extent necessary to allow fit-up with the inner liner and outer shell.

Bot.: the 1nner liner and outer shell will be machined, one-piece,

Aadd

The devleted uranium shielding will initially be five cast depleted

iranium cylinders approximately 38 inches long by 26 inches in diameter
ing 1.1/2 inch wall thickness. Each cylindrical section will be insvected for
tegrity by gamma probing.

Basically, the fabrication olan will be as follows-

l, The final machined inner liner will be welded to the
premachined bottom forging.

The surfaces of this weldment to be in contact with
the depleted uranium will be cooper soray coated.

- The final machined depoleted uranium shielding cylindrical
shells will be installed individually over the inner liner. The
shielding sections will be welded to obtain a one-piece shield.
Joints of the assembled shield will then be insoected for integrity
by gamma orobing.

4. The outer shell, machined to acquire tolerances necessary
for assembly over the depleted uraninm shield, will be installed
and welded to the bottom forging.

. 9 'he oremachined too ring forging will then be installed and
welded to the inner liner and outer shell.

. All final machining to the bottom and top forgings will then
be comoleted.

b

C. CLOSURE HEAD FABRICATICN PlAN

The top and bottom forgings will be oremachined.

The cylinder is welded to the too forging. All surfaces that will be
in contact with the deoleted uranium will be cooper soraved.

DATE PAGE orF
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SECTION X - MANUF.CTURING AND QUALITY CONTROL
PROCEODURES AND FABRICATION PLAN GADR-55 REVISION 2

NATIONAL LEAD CO. NUCLEAR DIVISION

WILMINGTON PLANT

The uranium shield will be inspected for integrity by gamma
probing.

The uranium shield is installed in the cvlinder top forging
sub-assembly.

The bottom plate is welded to the assembly.

The assembly is then completely machined on all surfaces includ-
ing drilling.
D, SPENT FUEL CONTAINER FABRICATION PLAN

The cylinder with top flange will be purchased completely welded
and machined in one piece.

The bottom forging is welded to the cylinder and the assembly
i{s machined to the 0D,

Final machining of the top forging is then completed including
transfer drilling from the lid.

DATE PAGE or
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SECTION XI

NATICAAL LEAD CO. NUCLEAR DIVISION

WILMINGTON PLANT

A SUMMAEY

In an effort to obtain a preliminary indication of the ductility properties
of uranium at sub-zero temperatures, a series of drop tests was scheduled and
conducted at National Lead Company's Albany branch. mples of unalloyed depleted
were tested along with various samples of low alloys to serve as a basis for
comparison,

Various diameters of as cast depleted uranium round bar were used: however,
each round bar was cut to length such that the length to diameter ratio was 8 to 1| - this
being approximately the same as the L/D ratio of the depleted uranium in the Fort St.
Vratn Shipping Cask.

Most drops were conducted from a height of 29'3" onto essentially unytelding
surfaces of either steel or concrete. Two samples, also from a height of 29'3", were
dropped o~ a sharp edged fuicrum. Temperature at the time of drop of all samples
ranged oetween -55°F to -60°F,

Results of these preliminary drop tests indicated that the unalloyed depleted
uranium exhibited good ductility properties at low temperatures. Furthermore, it
wasn't until the third 29'3" drop of a test specimen that duc !lity fallure occurred. A
i=3/16" diameter by 9~1/2" long unalloyed depleted uranium round bar was dropped
on a concrete impact surface with no visible fallure resulting. The same test specimen
was then dropped from the same height of 29'3" and at the same temperature of -60°F
on & steel plate. This time a slight bend In the bar was noted. On the third test, the
specimen was dropped on the sharp edge of a steel angle. Along with a greater bend in
the bar, I* was noted that a small crack developed opposite the side of impact.

As stated above, this series of tests |s considercd preliminary ever tnough
favorable results were obtained. More precise testing procedures such as charpy
impact tasts will be required to obtain accurate quantitative data.

po——
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B, EESULTS

SPECIMEN
TEST DROP MATERIAL DIAMETER ATTITUDE AT IMPACTING
NO, NO, (As-Cast) (inches) IMPACT SYURFACE _ TEST RESQLT;
1 1 U-2% Mo 1-1/4 Horizontal Concrete No fatlure
2 1 UUnalloyed 1-3/16 Horizontal Concrete No failure
3 1 Unalloyed 1-3/16 Horizontal Concrete No fatlure
E 1 U=«1% Mo, 1% Nb .5 Horizontal Concrete No fallure
5 1 U=-1% Mo, 12 W .6 45° Comer Drop Concrete No failure
5 1 U-1% Nb, 1% W .6 459 Corner Drop Concrete No fatlure
7 1 U=-1%Ta, T2 W .6 Horizontal Concrate No fallure
3 i Unalloyed .6 Horizontal Concrete No failure
9 l Unalloynd .6 Horizontal Concrete No failure
10 2 Unalloyed 1-3/16 Horizontal Steel Plate 3li ght Bend
11 2 Unalloyed 1-3/16 Horizontal Steel Plate S!ight Bend
12 2 U=-2% Mo 1-1/4 Horizontal Steel Plate Nc Failure
13 2 U=1% Mo, 1% W .6 Horizeoatal Steel Plate No Failure
14 2 Unalloyed .6 Horizontal Steel Plate Slight Bend
15 3 Unalloyed 1-3/16 Horizontal 30° Comer Bent & Crk'd.
16 3 Unalloyed 1-3/16 Slight Angle 90° Corner Bent
5 Corner Drop
Test Conditions
Height of drop <9'3"
Temperature of specimer.s ~559F to -60°F
Material Condition As Cast
Material Configuration Round Bars, L/D = 8:1
DATE racell = or
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C. LESULTS OF %8 SCALE URANIUM LOW TEMPELATURE IMAACT TESTS

Purpose of Tests

Experimental knowledge is required of the effects of impact loads as used in
casks with vranium shielding and having relatively large L/D ratios,

The experimental test specimen was subjected to several puncture tests to
determine the amount of deformation and to observe the surface condition of the
uranium in the impacted areas.

Material Used

An as cast .2% ~ .3% molybdenum-uranium cylindrical shell, 1/8 the sime of
the actual shielding in the shipping cask, was used for this series of tests.

Comparative dimensions and weights:

1/8 Scale Cylindrical Shell Full Size Uranium Shielding

Qutside Diameter 3-1/4" 26"
Inside Diameter 2-3/8" 19"
Length 24-3/8" 194"
Welght 64 lbs. 32,800 lbs,

Test Procedures

Tests were conducted using the Indoor drop test facilities of NLC, Wilmington'
branch.

An iron-constantan thermocouple was a.tached to the outer surface of the
uranium cylindrical shell. The thermocouple extension leads were connected to
a calibrated pyrometer indicator.

The test specimen was then submerged in a solution of acetone and dry-ice
until it reached a temperature of approximately -60° C. With the thermocouple
still attached, the uranium was connected to a quick release mechanism which In
turn was attached to an overhead crane. The entire assembly was moved over the
impact area which consisted of 2 3/4" wide carbon steel fulcrum 4" deep and 12"
long welded to a 12" x 12" x 3/4" carbon steei base plate. This weldment was
resting on a steel anvil pad supported by a concrete foundation. With the use of a
scaled line and plumb bob, *he test specimen was raised to a height of 40" over
the fulcrum. Its long axis was positioned level and perpendicular to the long
axis of the fulcrum so that the C.G. of the shell would impact against the fulcrum.

-
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When the pyrometer Indicator measured a surface temperature of -40°, the
solenold on the release mechanism was actuated, pulled a release pin and allowed
the test specimen to free fall on the fulcrum.

This same test was conducted at 60", 80", 100" and 120", Measurements
were taken after each test of the outside diameter, Inside diameter, length and
angle of bend.

Results

Results of ail free fall fulcrum tests proved negative. The test specimen
experienced no dimensional changes or deformations.

The 120" drop test had a rebound after impact of 31-1/4" above the fulcrum=-
the test specimen remained level during the rebound. Although no damage occurred
to the uranium, the 3/4" fulcrum received an indentation approximately 1/4" deep.
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