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Docket No. 71-6294
Package Identification No. USA/6294/AF
Package Model No. UNC-2901

Mr. Charles E. MacDonald, Chief
Transportation Branch

Division of Safeguards and Transportation
Attn: Document Control Desk

U. S. Nuclear Regulatory Commission
Washington, D.C. 20555

Subject: Certificate of Compliance No. 6294 Amendment Request

Dear Mr. MacDonald:

Enclosed is Combustion Engineering's submittal of an amendment request
for Certificate of Compliance No. 6294 for shipping container Model
Number UNC-2901. Ten (10) copies of the Enclosure are provided for
your use.

The enclosed amendment application request incorporates an increase in
the maximum allowable enrichment that can be transported by the
UNC-2901 shipping container from 4.1 to 5.0 wt. % U235. This
application supersedes, in its entirety, the June 20, 1980 application and
the amendments dated September 29, 1981, October 14, 1987 and October
20, 1987. Since the application has been completely reformatted, there
is no longer a page to page correspondence with the old Certificate of
Compliance Application. As such, all page revisions have been reset to
zero (0). To assist you in your review, however, technical changes are
indicated by vertical lines in the margin.

In order to meet our current commitments, it is requested that a revised
Certificate of Compliance be issued by April 1, 1989. To facilitate your
review of this application, we would be pleased to meet with you at your
convenience to explain the changes and respond to any questions that

you may have.
’H’ '70 JAN 24 1982

Power Systems 1000 Prospect Hill Road {203) 638-1911
Combustion Engineering, Inc. Post Office Box 500 Telex: 99297
Windsor, Connecticut 06095-0500



Mr. Charles E. acDonald LD-89-004
January 18, 1889 Page 2

Remitted herewith is the application fee of $150.00 pursuant to the
requirements of 10 CFR 170.31.

If I can be of further assistance on this matter, please do not hesitate
to call me or Mr. C. M. Molnar of my staff at (203)-285-5205.

Very truly yours,
COMBUSTION ENGINEERING, INC.

A. FE. Scherer
Director
Nuclear Licensing

AES:jeb

Enclosures: 1) UNC-2901 Certificate of Compliance Application
2) Check No. 215045

cec: R. F. Burnett (NRC) w/o enclosure
R. E. Cunningham (NRC) w/o enclosure
G. M. France (NRC-Region III)
G. E. Jackson (NRC) w/o enclosure
J. Roth (NRC-Region I)



COMBUSTION ENGINEERING, INC.

CERTIFICATE OF COMPLIANCE NO. 6294, NRC DOCKET NO. 71-6294

UNC-2901 SHIPPING CONTAINER

APPLICATION FOR USE OF
SHIPPING CONTAINER MODEL NO. UNC-2901
FOR THE
TRANSPORT OF SPECIAL NUCLEAR MATERIAL

APPLICATION AMENDMENT DATE: JAN. 18, 1989 |Rev. 0 Page i
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COMBUSTION ENGINEERING, INC.

CERTIFICATE OF COMPLIANCE NO. 6294, NRC DOCKET NO. 71-6294

UNC-2901 SHIPPING CONTAINER

1.2.2 Operational Features

The UNC 2901 shipping container is of relatively simple design, and
does not incorporate cooling systems, shielding, etc.

1.2.3 Contents of Packaging

1.2.3.1 Pellets or Rejected Pellets

Maximum Enrichment 5.0 wt.%
Type Material: Sintered (high fired) uranium oxide pellets.
Maximum quantity per container:

a) Maximum net weight:
Maximum net weight of pellets: 320 pounds
Pellets and packaging material (contents of inner container) 427
pounds.

b) Gross Weight:
Gross weight of the container as assembled for shipment
shall not exceed 660 pounds.

1.2.3.2 DOry Compounds or Reject Pellets

Haximum enrichment 5.0 wt.%
Type Material: Uranium Oxide powder or reject pellets.

a) Maximum net weight (powder or rejected pellets): 154 pounds

b) Gross Weight
Gross weight of container as assembled for shipment shall not exceed
457 pounds.

1.3 Appendix

Details of construction and assembly are shown on drawings:

D 5007-8086, Rev. 5, S.H.0.P.P. Upgrade UNC 2901 Shipping Drum for U0,
Power & Pellets Assembly & Details

8 5007-8112, Rev. 1, Suggested Assembly of 2901 Plywood Insert

NF{4-E-4546 Rev. 00, Sheets 1 and 2, Cage Assembly - 2901 Drums

NPM-C-3389 Rev. 00 or Rev. 03 UO» Inner Container

NFM-D-4266 Rev. 02, Pellet Shipping Package

NFM-B-4552 Rev. 01, UOp Power Shipping Container ASSY-2901

NFM-D-4263 Rev. 02, Pellet Tray Holder

NFM-D-4540, UNC 2901 Shipping Drum

APPLICATION AMENDMENT DATE: JAN. 18, 1989 Rev. O Page 1-2
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COMBUSTION ENGINEERING, INC.

CERTIFICATE OF COMPLIANCE NO. 6294, NRC DOCKET NO. 71-6294

UNC-2901 SHIPPING CONTAINER

2. STRUCTURAL EVALUATION

The UNC 2901 shipping container was subjected to the hypothetical
accident test condition in accordance with 10CFR71.36 and 49CFR173.398(c).
The actual tests and results are discussed in detail in the report "Design
and Structural Evaluation of a. Loww Enriched U0y Pellet and Powder Shipping
Package, Model UNC 2901%, dated April 1970. (Appendix 2.1-A).

The container was again subjected to a thirty foot drop test while
loaded with the powder drums. The actual tests and results are set forth in
the supplement to the above referenced report. The supplement is dated
November 1970. (Appendix 2.1-B).

2.1 Appendix

2.1-A Design and Structural Evaluation of a Low Enriched U0y Pellet and
Powder Shipping Package

2.1-8 Evaluation of U0y Powder Drums for use in Model UNC 2901 Shipping
Package

APPLICATION AMENDMENT DATE: JAN. 18, 1989 |Rev. O Page 2-1




COMBUSTION ENGINEERING, INC.

CERTIFICATE OF COMPLIANCE NO. 6294, NRC DOCKET NO. 71-6294

UNC-2901 SHIPPING CONTAINER

1.0

2.0

DESIGN AND STRUCTURAL EVALUATION OF A
LOW ENRICHED UOp PELLET AND POWDER SHIPPING PACKAGE

SUMMARY

A shipping package was designed for shipment of low enriched UOp
pellets and powder. The package consisted basically of a square metal
inner container supported and insulated inside an “55 gallon steel
outer drum. Pellets were packaged inside the inner container on
Polyethylene coated corrugated trays. The shipping package was
subjected to a series of drop, fire, and water tests to evaluate its
structural stability. The results indicated that a structurally sound,
fire-proof, leak resistant package had been developed.

DESCRIPTION OF SHIPPING PACKAGE

Details of the shipping container and pellet package are illustrated on
the attached drawings #D-5007-8086, Revision 1 and D-5008-8192,
Revision 2. The shipping container is to be identified as a UNC Model
2901. :
The basic components of the shipping package are:

1. A 10.75" square inner container with a 1/2" thick flange and
cover.

2. Twelve 1/2" diameter bolts securing the cover to the flange.

3. A full-faced 1/8" thick asbestos gasket on the inner
container.

4. Three 1-1/2" thick hardboard support rings.

5. Angle iron welded completely around inner container for
securing the hardboard. ‘

6. A 1/8" thick asbestos sheet on top and bottom of outer drum.

7. 1" Thick plywood on bottom and 1-1/4" thick plywood on top of
drum.

8. Fiberlite insulation, .75#/ft.3, between inner and outer
container.

APPLICATION AMENDMENT DATE: JAN. 18, 1989 |Rev. 0 Page 2-3




COMBUSTION ENGINEERING, INC.

CERTIFICATE OF COMPLIANCE NO. 6294, NRC DOCKET NO. 71-6294

UNC-2901 SHIPPING CONTAINER

Design and Structural Evaluation of a

Low Enriched UO2 Pellet and Powder Shipping Package
Page Three

3.0 Structural Evaluation (continued)

3.2 Discussion of Results (continued)

3.2.1 Thirty Foot Drop Test

Conditions - The impact of the 30 foot drop was designed
to occur at approximately 45° on the top corner of the
square inner container. The selected corner for the
first test condition was the corner containing the
actual pellet package. These conditions were chosen as
the most severe for the following reasons:

1. Experience from the same test performed on other
packages indicated that maximum damage occurs from
angular impact.

2. Impact on the top end was most 1ikely to break
Toose the outer drum 1id and expose the inner
container during the fire and water tests.

3. Impact on the top end subjected the flange of the
inner container to the maximum force and the seal
on the gasket to the greatest potential for
destruction.

4. The weld on the bottom plate was evaluated to be
stronger than the parent metal, therefore, the
point of failure from dropping on the bottom would
have been the sides of the inner container. By
dropping on the top corner, the sides were
subjected to the same Toad and equal conditions
existed.

5. The corners of the square insert had the least
support. Therefore, impact at this point was
directly on the weakest member.

APPLICATION AMENDMENT DATE: JAN. 18, 1989 |pou. o Page 2-5




COMBUSTION ENGINEERING, INC.

CERTIFICATE OF COMPLIANCE NO. 6294, NRC DOCKET NO. 71-6294

UNC-2901 SHIPPING CONTAINER

Design and Structural Evaluation of a
Low Enriched U0> Pellet and Powder Shipping Package
Page Five

3.0 Structural Evaiuation (continued)
*3.2 Discussion of Results (continued)
3.2.1 Thirty Foot Drop Test (continued)

The condition of the drum in Test #2 (655 1bs.) is shown
in picture 3A. The outer drum deformed ~2" in diameter
at the point of contact only, but otherwise showed no
significant damage. Since the pellet package proved to
uphold its tray-pellet-tray arrangement in the first
test, it was not necessary to re-evaluate its stability
and, therefore, the load was composed solely of
lead-filled boxes.

As was the case for Test #1, a few of the plywood and
hardboard supports cracked but no damage occurred to the
inner container. (See pictures 5B, 5C, 5D and 5E). Al1l
welds and bolts remained in tact and there was no
shifting of either the inner container or the supports.
The increased loading had no significant effect on the
integrity of the inner container following the drop
test.

3.2.2 Piston Drop Test

Conditions - For both loading conditions, the drum was
dropped 5 ft. on to a 6" diameter x 8" long concrete
piston. In Test #1, the point of impact was
approximately midway between the center and upper
hardboard support. This location was selected to
determine if the outer drum would puncture and permit
the piston to penetrate to the inner container. For
Test #2, the selected impact point was directly on the
center hardboard. This condition was evaluated to
determine if the direct impact on the hardboard would
drive it inward and deform the jnner container.

Results — The condition of the outer drum after the
piston drop for Tests #1 and #2 is shown in pictures 5
and 5A. In Test #1, a semi-circular hole was punctured
through the outer drum in 1ine with a corner of the
inner container. No insulation or support material was
lost through the hole and no damage was incurred by the
inner container.

APPLICATION AMENDMENT DATE: JAN. 18, 1989 |pay. 0 Page 2-7




COMBUSTION ENGINEERING, INC.

CERTIFICATE OF COMPLIANCE NO. 6294, NRC DOCKET NO. 71-6294

UNC-2901 SHIPPING CONTAINER

Design and Structural Evaluation of a
Low Enriched UOp Pellet and Powder Shipping Package
Page Seven

3.0 Structural Evaluation (continued)
3.2 Discussion of Results (continued)
3.2.3 Fire Test (continued)

Results - Pictures 9-18 illustrate the condition of the
shipping package after all the tests were completed. As
shown in picture 9, the 1/8" thick asbestos sheet and
top 5/8" thick plywood were completely charred. The
remaining plywood disks, pictures 10 and 11, were
charred only around the edges, from 2-4 inches radially
inward for the outermost piece and 3/4" to 1" for the
inner disk. The uniform burn completely around the
periphery of the plywood indicated an even heat
distribution throughout the package. The hardboard was
charred slightly as indicated in pictures 12-16, but no
substantial loss in strength resulted. Similar results
were found on the bottom.

As shown in picture 13, the Fiberlite insulation was
charred radially inward from the outer container for
approximately 2 inches. However, the insulation in
contact with the inner container was unimpaired. The
temperatures reached on the inside wall of the inner
container are indicated in figure 1, page 9. The
temperature template on the underside of the container
during the test registered 180°F. A template on the top
side during the test showed that portion of the
container reached 200°F. (These temperatures verify
that the heat was well distributed from top to bottom.)
This temperature range had no detrimental effect on the
Ethafoam cushioning inside the inner container.
Pictures 15 and 16 show the undamaged condition of the
cushioning. The asbestos flange gasket and pellet
package were undamaged by the fire test; which is very
apparent in Picture 15.

APPLICATION AMENDMENT DATE: JAN. 18, 1989 Iipay. 0 Page 2-9




COMBUS {ION ENGINEER1ING, INC.

CERTIFICATE OF COMPLIANCE NO. 6294, NRC DOCKET NO. 71-6294

UNC-2901 SHIPPING CONTAINER

PICTURE 1 - Assembly
of shipping package
for Test #1.

PICTURE 2- Shipping package in upper
position for 30' drop
test.
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COMBUS(ION ENGINEERYAG, INC.

CERTIFICATE OF COMPLIANCE. NO. 6294, NRC DOCKET NO. 71-6294

UNC-2901 SHIPPING CONTAINER

T

I

! PICTURE 3 -Condition
of outer drum after

- 30 drop test

. (Test #1).

PICTURE 3A - Condition of outer drum
after 30' drop test -
(Test #2).
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CERTIFICATE OF COMPLIANCE. NO. 6294, NRC DOCKET NO. 71-6294
UNGC-2901 SHIPPING CONTAINER
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COMBUS ION ENGINEERING, INC.

CERTIFICATE OF COMPLIANCE. NO. 6294, NRC DOCKET NO. 71-6294

UNC-2901 SHIPPING CONTAINER

e ——

PICTURE 5A - Condition of drum after
30' drop and piston drop
- (Test #2). ‘

PICTURE 5B -
Condition of flange
after 30' drop and
piston test -

(Test #2).
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COMBUS fION ENGINEER1ING, INC.

CERTIFICATE OF COMPLIANCE NO. 6294, NRC DOCKET NO. 71-6294

UNC-2901 SHIPPING CONTAINER

PICTURE 5C -
Condition of inner
container and hard-
board after 30' drop
and piston test-
(Test #2).

PICTURE 5D -
Condition of inner
container after 30'
drop and piston test
- (Test #2). :
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COMBUS{ION ENGINEER1NG, INC.

CERTIFICATE OF COMPLIANCE NO. 6294, NRC DOCKET NO. 71;6294

UNC-2901 SHIPPING CONTAINER

(

ﬁb
%ktf‘ Srad e

A .
N [ 3*\:_'.‘3‘3 N

PICTURE 5E - View inside inner

container after 30' drop
and piston test -
Test #2).

PICTURE 6 -
Shipping package in
position for fire
test.
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COMBUSTION ENGINEERLING, INC.
CERTIFICATE OF COMPLIANCE. NO. 6294, NRC DOCKET NO. 71;6294

UNC-2901 SHIPPING CONTAINER

PICTURE 7 -
Shipping package
engulfed in flames
during fire test.

PICTURE 8 -
Condition of outer
drum after fire
test.
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COMBUSTION ENGINEERING, INC.
CERTIFICATE OF COMPLIANCE. NO. 6294, NRC DOCKET NO. 71-6294

UNC-2901 SHIPPING CONTAINER

PICTURE 9 - Condition of asbestos
and top plywood sheet
after fire and water test)

PICTURE 10 -

Condition of second
plywood sheet after
fire and water test.
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COMBUSTION ENGINEERING, INC.

CERTIFICATE OF COMPLIANCE NO. 6294, NRC DOCKET NO. 71-6294

UNC-290]1 SHIPPING CONTAINER

PICTURE 11 -
Condition of flange
cover and plywood
disk around-flange
after fire and water
test.

PICTURE 12 - Cut-out view of
insulation and hardboard
after fire and water

i test.
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COMBUSTION ENGINEERING, INC.

CERTIFICATE OF COMPLIANCE- NO. 6294, NRC DOCKET NO. 71-6294

UNC-2901 SHIPPING CONTAINER

PICTURE 13 -
Condition of bottom
of inner and outer
containers after
completion of all
tests.

PICTURE 14 -

View of inner
container with
insulation removed
after completion of
all tests.
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COMBUSTION ENGINEERING, INC.

CERTIFICATE OF COMPLIANCE NO. 6294, NRC DOCKET NO. 71-6294

UNC-2901 SHIPPING CONTAINER

PICTURE 15 -
Condition of pellet
packages and cushion-
ing material after
completion of all
tests.

IPICTURE 16 - Removal
of pellet package

jafter completion of
itests.
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COMBUSTION ENGINEERING, INC.

CERTIFICATE OF COMPLIANCE NO. 6294, NRC DOCKET NO. 71-6294

UNC-2901 SHIPPING CONTAINER

PICTURE 17 -
Condition of inner
container after
completion of tests.

PICTURE 18 - Inner
container and broken
pellets after com-
pletion of tests.
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COMBUSTION ENGINEERING, INC.

CERTIFICATE OF COMPLIANCE No. 6294,_NRC DOCKET NO. 71-6294

UNC-2901 SHIPPING CONTAINER

PICTURE 19 - Side of
pellet package °.
facing container
wall during test.

*y

PICTURE 20 - Side of
vellet package facing
other package during
test.

B Ban o i ¥ iy i:-\\'in' haSiiazis dac

APPLICATION AMENDMENT DATE: JAN. 18, 1989

Rev. 0 Page 2-23




COMBUSIION ENGINEERLNG, INC.

CERTIFICATE OF COMPLIANCE NO. 6294, NRC DOCKET NO. 71-6294

UNC-2901 SHIPPING CONTAINER

PICTURE 21 - Amount
of pellets dislodged
in test.

:PICTURE 22 - Top row
1of disassembled

inackage after test.
i
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COMBUSTION ENGINEERING, INC.

CERTIFICATE OF COMPLIANCE NO. 6294, NRC DOCKET NO. 71-6294

UNC-2901 SHIPPING CONTAINER

PICTURE 23 - lLoaded
pellet trays as
assembled. Before
testing.
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COMBUSTION ENGINEERING,

INC.

CERTIFICATE OF COMPLIANCE NO. 6294, NRC DOCKET NO. 71-6294

UNC-2901 SHIPPING CONTAINER

APPENDIX 2.1-B

Evaluation of U0y Powder Drums for Use in Model UNC 2901 Shipping Package
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COMBUSTION ENGINEERXYNG, INC.

CERTIFICATE OF COMPLiANCE NO. 6294, NRC DOCKET NO. 71-6294

UNC-2901 SHIPPING CONTAINER

Evaluation of U0, Powder Drums
for use in Model UNC 2901 Shipping Package

Page Two

3.0 STRUCTURAL EVALUATION

3.1

3.2

Conditions

The shipping package was subjected to one of the hypothetical
accident conditions of the tests specified in 10 CFR 71.36 and 49
CFR 173.398 (c). This test was the 30 foot drop test. Original
testing performed for the pellet shipment has demonstrated
structural integrity of the inner and outer container including the
ability to prevent water in-leakage. The net weight of the contents
in that test was 427 pounds. Since the net weight of the contents
for U0y powder is only 229.5 pounds, the original fire test, water
test and "piston" drop test is applicable to this requirement;
current testing was performed to demonstrate the ability of the
powder drum to retain its contents.

One test was conducted. The 2901 container was assembled with two
U0y powder drums. Each was filled with 110 pounds of lead shot and
sand. The weight conditions were as follows:

Tare HWeight (Assembled Container without

Product Package) 227.5 pounds
Net Weight (Sand, Lead Shot, Drums &

Packaging) 229.5 pounds
Equivalent Powder Weight 220.0 pounds
Equivalent Drum & Cushion Weight 9.5 pounds
Total Gross Weight 457.0 pounds

Discussion of Results

Photographs of the shipping drum and cushioning in its various
stages of assembly are included in the Appendix of this report.
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3.0 Structural Evaluation (continued)

3.2 Discussion of Results (continued)

3.2.1

Thirty Foot Drop Test (continued)

Results (continued)

The top & center 1 inch thick Ethafoam cushions were
completely severed by the impact of the powder drums.
Both of the polystyrene cushions were broken into two
pieces. Deformation of the cushion was not severe and
both powder drums were securely in place.

The locking ring and top fliange of both powder drums were
deformed. The bottom of the top powder drum was also
badly deformed by the impact of the bottom powder drum.
Although the drums were deformed, the locking rings and
11d remained in place. There was no leakage noted at the
drum 1id or bottom seam.
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4, CONTAINMENT

4.1 Containment Boundary

n.1.1 Containment Vessel

Within the UNC 2901 shipping container a square inner container
provides the containment boundary for the radioactive contents. The top
closure is be means of steel plate bolted to an external flange welded to
the square body. A seal is formed by a gasket capable of withstanding
temperatures up to at least 500°F.

4.1.2 Containment Penetrations

There are no penetrations into the inner containment vessel.

4.1.3 Seals and Welds

The seal of the inner container closure is formed by a gasket 0.125
inch thick between the surfaces of a flange welded to the outer surface of
the square body and the top closure cover. The gasket is rated for at least
500°F service and since there is no significant heat generated by the
package payload, the seal is unaffected by temperatures encountered in
normal conditions of transport. Also, testing described in Section 2.1 has
shown that the gasket is unaffected by the temperatures attained in the
Hypothetical Accident Conditions.

A1l welds are visually inspected to ensure that parent metals are well
fused, weld (or heat affected zone) is free of cracks, craters, or burnouts.

4.1.4 Closure

The inner container closure is formed by a 0.5 inch steel plate bolted
to an external flange welded to the square inner container. Material
specifications for the plate and the bolts and nuts are listed on Drawings
NFM-D-4540 and D-5007-8086, Rev. 05 in Appendix 1.3. The bolted inner
container closure 1id with a 0.125 inch thick gasket is sufficient to
maintain a positive seal during normal and accident conditions of transport.

4.2 Requirements for Normal Conditions of Transport

Submittal of the UNC 2901 shipping container to the tests specified in
10 CFR 71.71.36 and 49CFR 173.398(C) has shown that there will be no loss or
dispersal of radioactive contents, no significant increase in external
radiation levels, and no substantial reduction in the effectiveness of the
packaging. Fully loaded containers subjected to the full series of spray,
free drop and penetration tests showed no degradation of effectiveness of
the inner container and no leakage of water into the inner container.
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CERTIFICATE OF COMPLIANCE NO. 6294, NRC DOCKET NO. 71-6294

UNG-2901 SHIPPING CONTAINER

5. SHIELDING EVALUATION

The UNC-2901 shipping containers are used for the shipment of oxides of
low enriched uranium (<5 wt.% U-235) in pellet or powder form. Thus,
shielding is not a consideration in the design and construction of this
shipping container.
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6.1.2.3 Summary

Based on the above analysis results 102 containers can be safely shipped l
as Fissile Class II and 204 containers as Fissile Class III.

6.1.3 Individual Container - U0»> Powder

The individual container with two steel powder cans each containing 35.0
Kg of 5.0 wt¥ U-235 and fully flooded with water in the powder can, the inner
container, the outer container and reflected resulted in a Keef = 0.89
(Figures 6.5 and 6.6).

6.1.4 Array of Containers - UO» Powder

6.1.4.1 Normal Transportation

The hypothetical accident test demonstrated that water cannot enter the
inner container. Therefore, the only moderation is the water exterior to the
container and the moderation provided by the packaging materials. A reflected
rectangular array of 512 containers (B x 8 x 8) was analyzed to have a Kqoff of
approximately 0.57 (Figures 6.7 and 6.8). Applying the standard safety
factors the allowable number of containers would be:

Fissile Class 11 102 containers
Fissile Class III 204 containers

6.1.4.2 Accident Conditions

The hypothetical accident test demonstrated that:

1) MWater cannot enter the inner container.
2) The total container remained intact.
3) The inner container is not deformed.

Therefore, moderation is only as provided by the packaging materials and
water between the outer and inner containers. For conservatism, however,
water was assumed to be in the inner container surrounding the powder cans. A
reflected rectangular array of 216 containers (6x6x6) was analyzed to have a
Keff Of approximately 0.58 (Figures 6.9 and 6.10). Applying the standard
safety factors the allowable number of containers are:

Fissile Class Il 108
Fissile Class III 216

6.1.4.3 Summary

Based on the above analysis results, 102 containers can be safely shipped
as Fissile Class II and 204 containers as Fissile Class I1I.
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The following assumptions have been made for the analysis for the UOp
powder:

a. The shipping container contains two (2) virgin powder cans. Each virgin
powder can is sealed and holds a homogeneous mixture of 35 kg U0, powder
at 5 wt¥ U235 and 5 wt¥% water. The virgin powder cans are assumed to
remain sealed under accident conditions.

b. In the KENO model, the virgin powder cans are stacked on top of each
other equidistant from the sides of the inner container.

c. The geometry of the shipping container, the composition of the Fiberlite
insulation, and the reflection are the same as for the pellet analysis.

d. The analysis of the isolated shipping container assumes each powder can
hold the 35 kg of U0 powder but is fully flooded with water. The inner
container is assumed flooded. In the outer container, the Fiberlite has

been replaced with water. The shipping container is reflected by 30 cm
of water.

6.4 Criticality Calculation

6.4.1 Calculational Method

For the fuel pellet analysis the NITAWL code (Ref. 3) was used to
generate self-shielded 123-group cross sections from a master AMPX l1ibrary
(Ref. 4). The resulting working library was then collapsed into a homogenized
16-group Tibrary based on an infinite lattice of uniformly spaced fuel pellets
representative of the environment in the pellet tray using XSDRNPM (Ref. 3).
XSORNPM was also used to obtain separate 16—group cross section sets for the
structural materials, insulation, and the moderator areas external to the

fuel area. Reactivities were calculated using KENO IV (Ref. 5), a
three-dimensional Monte Carlo criticality code.

The mist configurations chosen for the criticality calculations in the
accident cases were based on an iterative process. The intent was to
determine the most reactive configuration given the possible areas of
moderation.

For the analysis of the virgin powder containers, the KENO IV code was
also used to calculate the reactivity. However, the cross sections used were
from the 16-group Hansen-Roach library which was provided with the code.

6.4.2 Criticality Results

The k-effectives for the calculations pefformed for the pellet analysis
are shown in Table 6-1. Assuming moderation only in the inner container, the
full-flood case is the most reactive. Sufficient moderation in the outer
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Water was then introduced into the bottom of the tank and the critical
height determined for each configuration. The resulting values are summarized
in Table 6-2.

The calculated results shown in Table 6-2 were performed by the
criticality service of the French Atomic Energy Commission. Two-step
calculations were performed using the APPOLLO and MORET codes. The neutron
constant was first calculated by the APPOLLO code and then the Kaff was
calculated using the MORT code.

The APPOLLO coge is used with the “transport” option to calculate the
material buckling B and the Keff of an infinite lattice of rods in its
ambient medium (water or air) and to determine the macroscopic cross-section
of the homogenized lattice based on the 16 energy groups of Hansen and Roach.
The cross—-section library used in the code is ENDF/B-III based and consists of
99 groups (52 fast and 47 thermal groups).

The MORET code is a Monte Carlo code that calculates the Keff of any
configuration. The collisions are treated isotropically but aniostropy is
taken into account by means of the transport corrections.

6.5.3 Computer Codes

The computer codes employed in C-E's analysis were KENO IV (2), NITWAL,
and XSDRNPM (5). The reference microscopic cross section library was the 123
group super-XSORN 1ibrary, DLC-16 (6), which was obtained from the Radiation
Shielding Information Center.

6.5.4 Cross Section Generation

The NITAWL and XSORNPM codes (5) were used to generate 16 neutron energy
group cross sections. NITAWL was used to generate self shielded 123 group
cross sections from the 123 group super-XSDRN l1ibrary (DLC-16). The resulting
working library is then collapsed into homogenized 16 energy group library in
a typical fuel pin cell environment using XSDRNPM. XSORNPM is also used to
obtain separate 16 group cross section sets for structural and external
moderators.

6.5.5 KENO IV Models

Homogenized fuel pin representation was utilized in the assembly
interior. The cross shaped box, the outside moderator, tank wall, lattice
grid, fuel pin lower plug, bottom plate and support plate were all explicitly
represented. The structural details are shown in Figure 6.11 (which were
obtained from Reference 1). : -
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KENO 1V Output
Pellets

6x6x6 Array Accldent Geometry
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Generation Time = 8,13937E-05 + or + 2.04198E-06
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XEND 1V Output
Powder
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TABLE 6-2
Resuits of Experiments and Benchmark Calculations in the
Case of Interposition of Hydrogeneous Compounds Between Four Assembiies
of 18 X 18 (4.75%) UO2 Rods at 13.5 mm Square Pitch

Experimental Results

Compounds
Calculated Results
a Concentration Hater Critical
A Densi§ HydrOgen Height APOLLO-MORET
(em) Nature (g/cm { (g/cm®) (mm? Kas +2++
0 1. Hater 1.0 0.1119 238 + 0.6 1.010 + 0.011
2. Box + air 0 0 290.3 + 0.9 1.005 + 0.010
3. Box + (CnHa)n 0.0323 0.0025 286.1 + 0.8 0.987 + 0.010
2.5 4. Box + poeR (CH,)n  0.2879 0.0414 269.8 ¥ 0.6
5. Box + balls CH2 n 0.5540 0.0800 255.4 + 0.6 0.995 + 0.010
6. Box + water 1.0 0.1119 256.6 + 0.7
7 Water 1.0 0.1119 244.8 + 0.6 1.006 + 0.011
8. Box + air 0 0 344.8 + 0.7
9. Box + (CoHpo)n 0.0262 0.0020 343.9 + 0.8
5.0 10.  Box + poheh (Chy)n 0.3335 0.0480 301.6 ¥ 0.6
11, Box + balls (CHZ)n 0.5796 0.0833 307.3 + 0.8
12. Box + water 1.0 0.1119 237.8 + 0.8
13. Water 1.0 0.1119 314.7 + 0.6 1.000 + 0.012
14, Box + air 0 0 460.8 + 0.7 0.996 + 0.010
15. Box + (CoHa)n 0.0288 0.0022 456.2 + 0.8 0.987 + 0.010
10.0 16. Box + pollef icnzgn 0.3216 0.0464 420.5 ¥ 0.6 1.011 ¥ 0.012
17. Box + balls (CH)n 0.5680 0.0816 499.4 ¥ 0.6 1.010 ¥ 0.010
18. Box + water 1.0 0.1119 641.2 + 0.9
19. Water 1.0 0.1119 643.4 + 0.8

3 The symbol A is the value of the gap width between the assemblies, thus it is the value of cross-shaped
box width. the actual thickness of hydrogenous compounds is A (H) = A = 0.6 cm,
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COMBUSTION ENGINEERING, INC.
CERTIFICATE OF COMPLIANCE NO. 6294, NRC DOCKET NO. 71-6294

UNC-2901 SHIPPING CONTAINER

7. QOPERATING PROCEDURES

Loading and unlocading of the package are relatively simple, straight
forward operations, however, detailed procedures and check 1ists are
followed. Both U0z powder and U0 pellets are shipped in the UNC 2901
shipping container. The detailed procedures for loading and unloading powder
and pellets will differ, but follow the same general approach. The
requirements for loading and unloading the containers are described below.

7.1 Procedures for Loading the Package

Specific written operating procedures are followed. The procedures
detail inspection requirements and acceptance criteria and require
notification of 1ine supervision when acceptance criteria are not met. Line
supervision will notify Accountability, Health Physics, and the Plant
Manager as appropriate. The procedures require the following as a minimum:

1. Detailed instructions for packaging of the specific items in the manner
described in the approved drawings.

2. Inspection for damage prior to loading the container.

3. Inspection during loading and completion of a check 1ist to assure the
following internal items are properly installed:

a. 14" square 1/2" thick steel flange.
b. 14" square 1/8" thick full face gasket.

c. 12 1/2-13 NC Hex Head Bolts which hold the flange and gasket in
place.

d. The one piece insert which includes a 22" diameter plywood piece,
22" diameter 1/8" thick ceramic sheet gasket, and a .032" thick
aluminum cover.

4. Inspection of each inner container for:

a. Soundness of container.

b. Proper closure.

c. Proper sealing.

d. Proper net weight of uranium oxide.

e. Other special requirements as appropriate.
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COMBUSTION ENGINEERING, INC.

CERTIFICATE OF COMPLIANCE NO. 6294, NRC DOCKET NO. 71-6294

UNC-2901 SHIPPING CONTAINER

8. ACCEPTANCE TESTS AND MAINTENANCE PROGRAM

Containers will be fabricated only in accordance with approved drawings
and specifications. Source inspections will be performed as appropriate at
the vendor's facility. Any changes in design which fall outside of the
safety envelope specified in this application will be submitted to NRC for
approval. Repair and maintenance will also be performed only in accordance
with approved drawings and specifications.
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