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1.0 INTRODUCTION

This Report describes the methods and guidelines Century Industries followed for the
preparation and testing of the Versa-Pac Shipping Container in accordance with the
requirements specified in Century Industries Test Plan TP-002 Revision 0 and Century
Industries Test Specification TS-002 Revision 0 (Attachment A and B). The test program
was conducted by Century Industries located in Bristol, Virginia between September 23 and
September 25, 2009. This report includes the program objective, test procedure, item
description, test results, test records (Attachment C) and other applicable documents -
including photographs of the testing.

2.0 OBJECTIVE

The objective of this test program was to conduct the accelerated shallow angle drop (slap-
down) physical performance evaluation tests for Century Industries VP-55, Versa-Pac -
Shipping Container to provide additional information and demonstrate the capabilities of the
55 gallon version to meet the requirement in accordance with the normal conditions and
hypothetical accident conditions specified in Title 10 Part 71.73 [1], Test Plan TP-002
Revision 0 and Test Specification TS-002 Revision 0.

The test item was identified as 55 gallon Versa-Pac shipping container prototype and
subjected to the following performance tests:

1. Initial visual inspection of the outer and inner container surfaces.

2. Drop testing in accordance with 10 CFR 71.71(c)(7), Shallow Angle Drop, 71.73
(c)(3), Puncture Drop, along with NUREG 6818, 30 Shallow Angle Drop.

3. Post Test Visual Inspection of the outer and interior container surfaces.

Following each test the physical condition of the shipping container was inspected and
the results recorded.

3.0  RESPONSIBILITIES

Century Industries personnel conducted the test program and were responsible for the base
analysis of the test articles, the test plan and oversight of the test series. All test personnel
completed the Pre-test Readiness Review and associated procedures.

The test series was performed in accordance with the applicable requirements and guidance
of Century Industries QA Program QA-1 Revision 1, 10 CFR 71 and this test plan.

The program manager was William M. Arnold, President of Century Industries who also
acted as the Quality Assurance Coordinator for the test series.

Century Industries , Versa-Pac Shipping Container Test Report
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4.0 TEST ITEM IDENTIFICATION

‘ Century Industries was responsible for the design, fabrication, inspection, recording the
preliminary measurements and the loading of payload and payload containers with multiple
size gravels, steel bars and loose sand.

5.0 TEST ITEM DESCRIPTION

The Versa-Pac Shipping Container is designed for the shipment of Type A radioactive and
fissile materials in the form U-metal, oxides, fluorides and nitrate for both product and scrap
materials. The fissile payload was design for 350 grams at 100% enrichment and a criticality
safety index of 1.5.

The Versa-Pac Shipping Container was designed in two basic versions, a UN1A2 -55 gallon
and 110 gallon outer drum with a 16 gauge body, bottom and cover, in addition to the
standard 12 gauge closure ring with a 5/8” ASTM A307 bolt, the cover is reinforced and
secured using the addition of bolts attached to the internal structure of the package as detailed
in the design drawings. The internal structure consists of vertical and horizontal stiffeners at
_specific points around the package. Outer and inner 16 gauge liners, with an insulating
ceramic fiber blanket between the liners complete the primary inner structural components. A
secondary barrier of insulation consisting of ceramic fiber blanket; surround the inner
containment body. The payload gasket is a woven fiberglass yarn in a flexible substrate,
coated with high grade silicone rubber. The gasketed payload containment cavity is made of
10 gauge body and bottom with a /4™ thick top flange to which in the initial series of testing,

. a 1/2” thick top flange was secure using 12 -1/2” bolts. The payload cavity is attached to the
internal structural components by use of a bolted connection through a fiberglass thermal
break between the payload cavity and the structure. Closed cell polyurethane foam is utilized
to provide insulation and added impact protection, to both the top and bottom of the Versa-
Pac. The top insulation plug is encapsulated in sheet metal welded to the outer drum closure
lid. Plastic plugs enclosed within the body of the structure provide a path for venting to the
external acetate plug on the exterior of the drum. The cavity is designed to be loaded directly
or with the use of an insert to reduce the diameter or with up to a 30 gallon standard drum in
the 110 gallon version.

The Versa-Pac was designed in accordance with the requirements of 10 CRF 71 [1] and
Century Industries — QA-8, Plan for Manufacture of Versa-Pac Shipping Containers [2].

Century Industries Versa-Pac Shipping Container Test Report
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Pre-Test Photographs 55 Gallon Version

55 Gallon - Outer Side Top View 55 Gallon - Internal Loaded View

55 Gallon - Blind Flange Bolted S5 Gallon - Top Closure Side View

55 Gallon Version - Side View

Century Industries Versa-Pac Shipping Container Test Report
Bristol, Virginia September 25, 2009



6.0  TEST FACILITES & EQUIPMENT

6.1 Environmental‘ Conditioning

The test series was conducted at ambient air temperatures.
6.2 brop Test Pad Facilities

The drop test pad consists of a 70 ton concrete pad made in accordance with IAEA Safety
Series No. 37. The pad is 10 feet wide by 10 feet long by 10 feet deep, reinforced with a grid
of ¥% inch re-bar spaced on 12 inch centers and capped with a 1 inch thick by 8 feet wide by
10 feet long carbon steel plate, which is embedded into the surface of the concrete and
secured by fourteen 1-1/2 inch diameter bolts by 16 inches long.

6.3 Release Device

The release device utilized was capable of releasing the package in a manner that provided a
smooth clean drop without imparting any twisting or turning of the package. The device has a
safe working load limit of 18,000 pounds. The test articles were lifted into place by use of a
crane. ' :

6.4 Orientation and Angles

The orientation if each drop was controlled by the use of nylon fixed straps and adjustable
straps used to set the angles required. The orientation of the container was verified using a
magnetic protractor attached to the test article surface.

6.5 Measurements and Weights

Drop heights were determined by use of a pre-measured plumb line set by a 100 foot steel
tape measure Serial Number 08461846, calibrated by Starett Company and traceable to
NIST. The test items tare and payload weights were made using a set of scales calibrated by
Carlton Scales, Kingsport, Tennessee. ‘

6.6 Temperature and Wind Speed

Surface and air temperatures were obtained using calibrated surface gauge Serial Number
05548 with a range of -100°F to +160°F and Dickson Temperature Recorder Model SM320
and traceable to NIST. Wind speed was obtained thru the local metro airport service.

6.7  Puncture Device

The puncture device consist of a 6 inch diameter by 22 inches long carbon steel round bar

welded to a % inch thick plate, which was then secured to the drop test pad by means of tack
welding to the center of the pad. '

Century Industries Versa-Pac Shipping Container Test Report
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6.8 Photographic Equipment

Color photdgraphs were taken with a Sony 4.1 Mega pixel digital camera by Century

Industries

7.0 EQUIPMENT AND INSTRUMENT CALIBRATION

All applicable test and measurement equipment were calibrated in accordance with Century
Industries Quality Assurance Program. Test and measurement calibration certificates are
found in Attachment E. The instrumentation used during testing is listed in Table 1 below.

CALIBRATION
ITEM MODEL S/N DUE DATE COMENTS
Used to measure
Starett 100’ N/A 08461846 November 17, length of plumb
Tape Measure 2009 bob drop heights
Used to calibrate
Dickson SM320 09057179 February 01, surface
Temperature 2009 thermometer and
Recorder record air
temperature
PTC , Used to measure
Instruments 330F 05548 July 09, 2009 the temperature of
Surface the test articles
Thermometer during the
conditioning
: : ~ Used to measure
Floor Scale 0-300 98530806V 1812 February 15, the weight of the
Pound : 2009 payload
Elizabethton Used to check
Airport N/A N/A N/A wind speed
Used to measure
Protractor N/A N/A N/A angles,
' Calibration not
required
Used as straight
4 ¢ Level N/A N/A N/A edge for
measurements
Used during drop
Plumb Bob N/A N/A N/A series length
30,4 &1 . determined by
Meter Drop calibrated tape
height

Century Industries
Bristol, Virginia

Table 1 — Test Instruments

Versa-Pac Shipping Container Test Report
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8.0 ACCEPTANCE CRITERIA

The acceptance criteria for this series of testing was retention of the outer closure, no
openings, tears or failure that would lead to loss of materials, no open pathway to the
insulation materials and no loss of the inner containment payload.

9.0 TEST PREPARATION AND RESULTS

9.1 Initial Inspection

On September 23, 2009, the visual inspection of the test item was conducted prior to
performing any of the physical evaluation tests. During the inspection no damage was found
to the exterior or interior surface of the shipping containers. Measurements were taken and

recorded on all test articles.

Test Article Serial Number 10553

Location Pre-Test Description
: Measurement
A-C : 151D Inner Container
-~ A-C 23-1/2” 0 Outer Container

A 34” Drum Height
A 2-1/8” Wall — In/Out
A 4-1/4” Inside Container/Outside
A 4-1/8” Top Rim — Inside Top Flange
B 33-15/16” ‘ Drum Height
B 4> Top Rim — Inside Top Flange
B 2-1/16” Wall — In/Out
B - 4-1/4” Inside Container/Outside

B-D 157 1D Inner Container

B-D : 23-5/870 Outer Container
C 4-1/4” Inside Container/Outside
C 2-3/16” Wall — In/Out
C 34” Drum Height
C 4” Top Rim — Inside Flange
D 4-3/16” Inside Container/Outside
D 33-15/16” Outer Container
D 4-1/8” Top Rim — Inside Flange
D 2-1/4” Wall — In/Out

Century Industries Versa-Pac Shipping Container Test Report
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9.2  Weights and Payload

The package tare weight was recorded on the individual test record. In order to provide the
‘ test articles with the most aggressive challenge to the inner payload containment of the
Versa-Pac it was decided to use contents of multiple size gravel, steel bar and sand. The
i materials once place into the containment are partially filled the containment. The payload
provided a secondary piston action occurring from the payload materials to containment
flange impact. 1-1/2 pounds of loose sand was place within the containment area in order to
provide content material capable of breaching the containment flange seal.

Item/Serial Number 10553
Package Tare Weight 390
Payload Drum/Gravel and Sand 253
Loose Sand Weight 1.5
Total 644.5 1bs.

9.3 Loading of the Test Item

The 1/8” thick silicone coated fiberglass gasket and 1/2” thick containment flange were

placed into position and the bolts inserted and hand tightened. The flange bolts were then

tightened using an alternating method and torqued to 60 ft/Ibs. The top gasket and outer

closure, which includes the attached encased polyurethane foam insulation top plug, was

installed on the test article and the top outer bolts installed and torqued using the same

alternating method to a tension of 60 ft/lbs. The outer drum closure ring was then installed
. and tightened to a torque of 60 ft/Ibs.

Containment Loaded With 254-1/2
Pounds of Loose Gravel

Century Industries Versa-Pac Shipping Container Test Report
Bristol, Virginia September 25, 2009




10

Bolted Inner Blind Flange and Top Side View — 55 Gallon Acetate Pl '
Gasket

9.4  Test Article Temperature

To measure the temperature a calibrated surface thermometer was placed on the surface of
the test articles and at time of the test the test article temperature was 89°F.

10.0 DROP TEST SEQUENCES

The drop test sequences were chosen to provide additional information for the Versa-Pac
application and support for the previous NCT and HAC drop test series reported on March
25,2009, Appendix 2.12.2 and the original prototype testing results are included in
Attachment D. The test article was produced in accordance with the fabrication drawings and
QA-8, plan for the Manufacture of Versa-Pac Shipping Containers. The test article was tested
in accordance with Century Industries Test Plan TP-002 Revision 0.

11.0 TEST PACAKGE SERIAL NUMBER 10553 - TEST RECORD TS-002-1
11.1 Test Number 1-55-A — NCT - 4’ Shallow Angle Accelerated Drop (Slap-Down)

The drop test performance evaluation describe in the Test Plan TP-0002 Revision 0 was
performed with the undamaged Versa-Pac Shipping Container. Test Configuration 1-55-A
was a 4’ shallow angle accelerated free drop onto the bolted closure end of the test article at
an angle of 17 degrees from horizontal. The air temperature at the start of this series was
90°F and wind speed was 2 mph. The test article was suspended from a crane by use of a
sling connected to the release mechanism. It was lifted above the test pad so that the lowest
point of the package was at 4 feet above the top surface of the test pad.

Century Industries Versa-Pac Shipping Container Test Report
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NCT 55-Gallon 17 Degree Angle Side View 4’ Shallow Angle
Set-up

The test article was released so that it did not impart rotational motion into the package free
fall to the test pad.

End View- NCT 4’ Set-up Post Drop Damag to Bolt End
Impact Area

2~

L iy i *am
View of Long Side Post Impact View of Bottom End Post Impact

Century Industries Versa-Pac Shipping Container Test Report
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The container impact on to the test pad surface and produced a 7-1/4 long x "4 deep
indentation at the rim on the top drum closure ring with no openings or tearing. The long
impact side showed only minor indentations along the length of the container. The bottom
secondary impact produced a 5-3/4” long x %4” deep flat area at the bottom edge of the outer
package wall. No other damage was noted. Measurements and photographs were taken
showing the extent of the damage.

There were no tears or openings to the drum surface. All bolts remained in tact.
11.2  Test Number 1-55-B — HAC 30’ Shallow Angle Accelerated Drop (Slap-Down)

Configuration 1-55-B was a free drop in the shallow angle configuration onto the same
impact area thru the bolted closure end of the previously used test article from test number 1-
55-A from a height of 30 feet-1-1/2 inch from the lowest point of the package to the test pad
surface. It was positioned at an angle of 17 degrees from the horizontal. The air temperature
at the start of this series was 90°F and wind speed was 2 mph. The test article was suspended
from a crane by use of a sling connected to the release mechanism. It was lifted above the
test pad in the shallow angle accelerated drop orientation to appropriate height listed above.
The test article was released so that it did not impart rotational motion into the package free
fall to the test pad. Measurements and photographs were taken showing the extent of damage.

Shallow Angle Accelerated Side View of HAC 30’ Shallow Angle
30’ HAC Drop Position Accelerated Drop Position
Century Industries Versa-Pac Shipping Container Test Report

Bristol, Virginia September 25, 2009
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Upon impact to the top end of the package the flat area at the outer drum lid closure to drum
body rim was increased to a length of 11-1/2” x 3/8” deep from the previous NCT impact.
‘ The package remained sealed and closed with no opening. A small tear in the outer drum
sidewall material occurred due to the impact of the drum ring closure lug/bolt impact on to
the outer drum rolling hoop (top swedge), but due to the design of the Versa-Pac’s inner
liner, which is in contact with the outer drum wall, there was no damage to the inner liner and
no breach of the package integrity. The secondary impact increased the damaged area along
the bottom edge to a length of 10” x '4” deep in the same location as the previous NCT drop.
Although the closure ring had a lug break all bolts on the reinforced top remained in tact and

secure.

Impact Damage to Closure End Close-up of Closure End Damage

Close-up of Closure End Damage Close-up of Sealed Lid to Package Interface

Century Industries Versa-Pac Shipping Container Test Report
Bristol, Virginia September 25, 2009
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11.3 Test Number 1C — HAC 1 Meter Puncture Drop — Center of Gravity thru
the Bolted Closure

Configuration 1-55-C was a puncture drop from a height of 41 inches from the lowest point
of the package top closure to the top of the puncture ram, this impact location was chosen
due to the previous damage incurred during the accelerated impact drops as the area most
vulnerable to the puncture drop. The package was suspended by use of nylon straps which
were attached to the release mechanism at a height of 41 inches measured from the lowest
point of the package to the top of the puncture ram. The angle of orientation was 56-1/2
degrees from the horizontal position. The air temperature was 90°F and the wind speed was 2
mph. The test package was released so as not to impart rotation motion to the test article free
fall to the impact point of the puncture ram.

Center of Gravity — Puncture Drop Positioned over the Puncture Ram

Upon impact the deformation to the impact area of the test article was measured at showing
an affect area of 8-3/8” wide with a diameter of 23” at the top of the closure area. There were
no tears or opening of the package as a result of the puncture drop.

1; b a”%\& 'ﬁ

Puncture Impéct Damhge —No O;;ening

»

Century Industries Versa-Pac Shipping Container Test Report
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As a result of this test series the outer closure bolts recorded a post test torque of 42 to 55
ft/Ibs with the bolt at the impact area at 49 ft/lbs. The outer lid was removed and no loss of
containment or damage to the inner containment blind flange was found. The bolt torque of
the inner blind flange was found to have a range between 30-50 ft/lbs. The gaskets and the
internal cavity of the containment were found to be in good condition with no damage.

M y
Side View - Damage from Impact of
Bolt Lug onto Side Wall

To View of Package Prior to Openmg

" B b ’ .{,' 8
Inner Containment Blind Flange Top End Impact Area Damage

View of Damage to Top Closure View of Outside Impact Area

Century Industries Versa-Pac Shipping Container Test Report
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Post Test View of Test Payload

.....

;Post Test View of Inner Containment

Poét Test View of Inner Containment |
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12.0  POST TEST MEASEUREMENTS

17

On September 24, 2009, the post test inspection and measurements were taken and recorded

on all test articles.

Test Article Serial Number 10553

Location Post-Test Description
Measurement _
A-C 14-15/16" 1D Inner Container
A-C 2370 Outer Container
A 33-15/16” Drum Height
A 2-1/8” Wall — In/Out
A 4-5/16” Inside Container/Outside
A 4-1/4> Top Rim — Inside Top Flange
B 34> Drum Height
B 4-1/8” Top Rim — Inside Top Flange
B 2” Wall — In/Out
B 4-1/8” Inside Container/Outside
B-D 157 ID Inner Container
B-D 23-1/270 Outer Container
C 4-5/16” Inside Container/Outside
C 2-7/16” Wall — In/Out
C 33-5/8” Drum Heéight
C 3-15/16” Top Rim —Inside Flange
D 4-1/4” Inside Container/Outside
D 33-15/16” Outer Container
D 4-1/8” Top Rim — Inside Flange
D 2-1/8” Wall — In/Out

Century Industries
‘Bristol, Virginia

Final Tare Weight — 390 Pounds
Final Gross Weight — 644-1/2 Pounds
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13.0 Results and Conclusions

The objective of this test program was to conduct additional physical evaluation testing of
Century Industries 55 gallon version of the Versa-Pac Shipping Container design in
accordance with the Normal Conditions of Transport (NCT) and the Hypothetical Accident
Conditions (HAC) specified in 10 CFR 71 and Century Industries Test Plan TP-002 Revision
0 to verify the performance capabllmes under specified conditions. The 55 gallon Versa-Pac
was subjected to performance test simulating normal conditions testing and hypothetical
accident condition for shallow angle and puncture described in NUREG 6818, 10 CFR 71.71
and 73. Following each test, the physical condition of the test package was inspected and the
results were recorded and photographed.

The acceptance criteria for the all testing was retention of the outer closure, no openings,
tears or failure that would lead to loss of material, no open pathways to the insulation
materials and no loss of the inner containment payload.

The conclusion of this test series provides additional support that the 55 gallon version of the
Versa-Pac is bound by the previously conducted physical test series of the 110 gallon version
and previous preliminary testing of the Versa-Pac shipping container. Additionally, with the
completion of the shallow angle (accelerated slap —down) drops, the results of this series of
tests demonstrate that the 55 gallon version is capable of meeting the requirements set forth
in 10 CFR 71 and Century Industries Test Plan TP-0002 Revision 0.

]4.0 ATTACHMENTS & CALIBRATION RECORDS

Attachment A — Test Plan TP-002 Revision 0

Attachment B — Test Specification TS-001-2 Revision 0
Attachment C — Century Industries NCT and HAC Test Record
Attachment E — Training & Calibration Records

Century Industries Versa-Pac Shipping Container Test Report
Bristol, Virginia September 25, 2009
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Attachment A

Test Plan TP-002 Revision 0

(Consisting of 14 pages)

Versa-Pac Shipping Co
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Century Industries
Bristol, Virginia 24209

Vers‘:i-'Pac.?Shippinngonta‘iner \
Test Plan
TP-002.Revision 0

US NRC Docket No. 71-9342

Prepared By:
Century. Industries
William M. Arnold

Pré;iar’c'd.By: Wilzliam M. Arnold = Signature of File Datc'; September 1, 2009

Ref‘\iié\s‘?éd;By‘:" ‘Heather Little ~ Signature on File _ Date: __September’172009.
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3 THERMAL EVALUATION

The Century Industries Versa-Pac is designed to maintain the temperatures of the payload
and containment boundary within specified limits during normal transportation and hypothetical
accident conditions. This section presents an evaluation of the thermal performance of the
packaging.

3.1 Description of the Thermal Design

3.1.1 Design Features

The 55-gallon Versa-Pac consists of a 15” ID x 28” payload cavity centered within an
insulated 55-gallon drum. Drawings of the 55-gallon version Versa-Pac are provided in
Appendix 1.3.1. An illustration of the packaging is provided in Figure 1-1.

The overall nominal dimensions of the 55-gallon Versa-Pac shipping container are 23”
OD x 34-1/2” in height. The payload cavity is protected from water intrusion with a gasketed lid
that is closed with twelve 4" diameter bolts. Exterior to the payload cavity hd, the 55-gallon

drum lid is modified with a 20ga steel encapsulated polyurethane insulation plug. The gasketed

drum lid is closed with four !4 diameter bolts and a standard drum ring. A gasket at the drum
lid’s stiffening ring provides a third barrier against water in-leakage. The 55-gallon drum 1is
strengthened with four longitudinal stiffeners fabricated from 1-1/4” carbon steel square tubing
equally spaced around the circumference of the drum. A 16ga outer liner and a 16ga inner liner
provide additional radial stiffness to the drum. A '2” thick fiberglass ring is used as a thermal
break at the payload cavity flange. The thermal break is sandwiched between the steel
components and effectively limits the flow of heat to the payload cavity through the steel flange
components. The volume between the inner liner and the 10ga containment body is filled with
ceramic fiber insulation (see Appendix 1.3.4).

The 110-gallon Versa-Pac consists of a 217 ID x 29-3/4” payload cavity centered within
an insulated 110-gallon drum. Drawings of the 110-gallon version Versa-Pac are provided in
Appendix 1.3.1. An illustration of the packaging is provided in Figure I-1. The overall nominal
dimensions of the package are 30-7/16” OD x 42-1/2” in height. The basic design of the 110-
gallon Versa-Pac is identical to that of the 55-gallon Versa-Pac, except for the larger exterior
diameter and payload cavity diameter. The thickness of the walls and insulation remain the
same.

3.1.2 Contents Decay Heat |
The decay heat for the payload is limited to 10W total for the 55-gallon and 110-gallon
packages, with no single item having a decay heat greater than 20 W/nr',

3.1.3 Summary Tables of Temperatures

~ Table 3-1 provides a summary of the Normal and HAC temperatures for the Versa-Pac.
The maximum peak content temperature occurs for the HAC fire event 22 minutes into the
cooldown sequence and is 552°F at the top of payload cavity.
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3.1.4 Summary Tables of Maximum Pressures

Since the Versa-Pac is not a sealed system, the maximum normal and HAC operating
pressure is near atmospheric pressure. Thus, the Versa-Pac meets the requirements of I0CFR71.

3.2 Material Properties and Component Specifications

3.2.1 Material Properties

Thermal material properties are provided in Table 3.5.1-3. Mechanical material
properties, including the linear thermal expansion coefficient, are provided in Table 2-2.

The payload is a stable solid that does not undergo any physical state changes (solid to
liquid or solid to gas) below 600°F. Additionally, the auto-ignition temperature of the contents
must be greater than or equal to 600°F. Water moisture may be present (standing water is not
permitted); however, during the fire it is converted to steam and is allowed to escape via the
package closure gaskets. Payloads that are unstable or decompose at temperatures below 600°F |
that further pressurize the containment may not be shipped in the Versa-Pac.

3.2.2 Component Specifications

The Versa-Pac is insulated to protect the containment boundary during Hypothetical
Accident Conditions (HAC). The volume between the drum and the liner is filled with ceramic
fiber insulation. The volume between the liner and the payload canister is also filled with
ceramic fiber insulation. A fiberglass thermal break is used to limit the flow of heat to the
payload cavity through the steel flange components. The relevant thermal material properties -
. and specifications are provided in Table 3.5.1-2. These insulators have been shown by the
manufacturers to perform adequately over extended periods of time, with no shrinkage, settling,
or loss of insulating properties. Additionally, these insulators do not'burn. The melting point of
the ceramic fiber insulation and the fiberglass thermal break are well above the temperature of |
the 1475°F fire specified by 10CFR71.73. These insulation products are provided as fire-
protection and are sacrificial components during a fire event. Steel components are serviceable
to 800°F per the ASME Code, and have a melting point of about 2500°F.

The payload cavity gaskets are rated for operating temperatures between -40°F and
1800°F; however, the Versa-Pac isn’t designed as a sealed system and the function of the gaskets
1s to prevent dispersal of the contents only. Since the system is not sealed, the internal pressure
is maintained near atmospheric conditions during all conditions of transport. The nominal
payload vessel internal pressure is 0 psig. ‘

The fiberglass thermal break is fabricated to the specification provided in Appendix
1.3.5. The fiberglass consists of a reinforced thermoset plastic composite that is thermally
nonconductive and fire retardant.

To avoid collapse of the payload cavity, the maximum allowable external and internal
working pressure is 15 psig.
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3.3 Thermal Evaluation for Normal Conditions of Transport (NCT)

The Versa-Pac is designed to meet the requirements specified by the United States Code
of Federal Regulations (Title 10 and 49) and IAEA Safety Standards (TS-R-1). The package was
evaluated for all conditions of transport utilizing a transient quarter-symmetric finite element
model as described in Appendix 3.5.1. Material properties used in the analyses are provided in
Appendix 3.5.1. Table 3-2 provides a summary of the parameters analyzed for each scenario
examined, including initial conditions and heat loads.

3.3.1 Heat and Cold

The absorptivity of the outer shell is conservatively assumed to be 1.0. The convection
heat transfer coefficient is conservatively assumed to be 1.0 Btu/hr-F-ft*. The decay heat is
assumed to be at the maximum for normal hot conditions. The maximum temperatures for
Normal Conditions of Transport occur when the conditions specified by 10CFR71.71(c)(1) are
applied. The specified insolation rate of 800 g-cal/cm® per 12-hour period is applied to the top
surface of the packaging and an insolation rate of 400 g-cal/cm? per 12-hour period is applied to
the curved sides of the packaging. Insolation is not applied to the base of the packaging. The
NCT model configuration, including input heat and boundary conditions, is further illustrated in
Appendix 3.5.4. :

With these insolation rates applied for 12-hours and alternated with 12-hours without
insolation, the peak daytime temperature at the external surface of the package for the normal
condition of transport is 140°F (60°C) at the drum lid as illustrated in Figures 3-1 and 3-2. The
peak temperature of the contents for the normal condition is 144°F (62°C), as shown in
Figure 3-3.

Under normal cold conditions as specitied by 10CFR71.71(c)(2), the minimum
temperature of the packaging and payload, assuming zero decay heat, is -40°F. This temperature
is within the limits specified in Section 3.1.

3.3.2 Maximum Normal Operating Pressure

Since the Versa-Pac is not a sealed system, the maximum normal operating pressure is
near atmospheric pressure. :

3.4 Thermal Evaluation for Hypothetical Accident Conditions (HAC) -

The Versa-Pac was evaluated for HAC using the finite element models described in
Appendix 3.5.1 and under the conditions listed in Table 3-2. The maximum temperature
recorded at the payload cavity during the fire event was 552°F at the top of payload cavity, just
below the polyurethane plug, as shown .in Figure 3.1. This temperature is well below the
maximum HAC allowable temperature of 600°F.

3.4.1 Initial Conditions

The model imposes an initial condition of 100°F on all nodes at the start of the thermal
event. Damage from the mechanical tests was not simulated; however, local reductions in wall
thickness were shown in the drop tests to be limited to the outer 1-1/2” of the package. Since
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this portion of the package quickly attains the temperature of the fire, a local reduction isn’t’
expected to influence the temperature of the contents.

3.4.2 Fire Test Conditions

For the fire analysis, the external surface nodes were constrained to a temperature of
1475°F for the 30-minute event. For the 55-gallon version, the contents are modeled with a
decay heat load of 0.022 in-Iby/s / in’, for a conservative total package heat load of 11.4 W. The
decay heat load of the 110-gallon version modeled is 0.0085 for a total of 11.4 W. The HAC
model configuration for the fire test sequence, including input and boundary conditions, is
further illustrated in Appendix 3.5.4. :

3.4.3 Cooldown Conditions

The cooldown sequence 1s initialized with the temperatures recorded for each node at the
end of the 30 minute fire sequence. Insolation is applied using the insolation rates and 12-hours
on, 12-hours off application described for the NCT evaluation. The ambient temperature is
100°F. Surface temperature dependant external surface natural convection coefficients are
applied at the outer surfaces of the package, with the exception of the base, which is assumed to
be adiabatic'. The remainder of the model and specifications are identical to those used during
the fire sequence. The cooldown sequence was run for a 2-hour cooldown period, with the peak
payload temperatures occurring within the first hour after cessation of the fire. The HAC model
configuration for the cooldown sequence, including input and boundary conditions, is further
illustrated in Appendix 3.5.4. o

3.4.4 Maximum HAC Temperatures and Pressures

3.4.4.1 HAC Temperatures

The maximum temperature recorded at the payload cavity during the fire event was
552°F at the top of payload cavity, just below the polyurethane plug, for the 55-gallon package as
shown in Figure 3-4. The temperature distributions of the various package components are
shown in Figures 3-4 through 3-14. A time dependent graph of the peak temperature locations
on the payload cavity is provided in Figure 3-15. The 110-gallon package performance is
bounded by that of the 55-gallon package. ' '

3.4.4.2 HAC Pressures

Since the Versa-Pac is not a sealed system, the maximum normal operating pressure is
near atmospheric pressure.

' An adiabatic process is a thermodynamic process in which there 1s no heat transfer into
or out of the system. In this case, the surface that the package is sitting on is assumed to be a
perfect insulator, and no heat can be removed from the base unless it moves through the sides of
the package. This is considered to be the conservative orientation for the package during
cooldown conditions.
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3.4.5 Maxfmum Thermal Stresses

. The performance of the Versa-Pac with respect to thermal stresses is demonstrated
through the fire tests performed for similar packages. A summary of one such test is provided in
Appendix 3.5.3. The flexible construction of the connection between the payload cavity and the

flange assures that thermal gradients do not impose excessive stress on the package joints.

3.4.6 Accident Conditions for Fissile Material Packages for Air Transport

This section is not applicable.

3.5 List of Appendices
3.5.1 Deécription of the Thermal Model

3.5.2 Excerpted from ALGOR Non-Linear Thermal Transient Heat Transfer
Analysis Manual, Emulation of body-to-body radiation as temperature
dependent conduction

3.5.3 Excerpted from Safety Analysis Report for the Century Champioh
Type B Package Thermal Test

3.5.4 Thermal Model lllustrations for NCT and HAC Fire Test Duration and
. Cooldown Sequence

3.6 References

3.6.1 MatWeb material database, a division of Automation Creations, Inc. (ACI) of
Blacksburg, Virginia.

3.6.2 ALGOR FEMPRO FEA Software by Autodesk, P|ttsburgh PA, version
‘ 18.1.

3.6.3 Incropera & DeWitt, Fundamentals of Heat and Mass Transfer 3™
Edition, John Wiley & Sons, New York, 1990.
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Table 3-1 Evaluation Results

Evaluation Component Evaluation Result Eéilil:::;:n é\: ?ertilgogf] '
Normal Hot External surface 140°F 800°F 660°F
Maximum Payload cavity gasket 130°F 1800°F 1670°F
Temperature Payload 144°F 500°F 356°F
Normal Cold External surface -40°F N/A N/A
Minimum Payload cavity gasket -40°F -40°F 0°F
Temperature Payload -40°F N/A - N/A
Normal
Nllr?txel:'lr::? Péy]oad cavity 0 psig 15 psig 15 psig
pressure
HAC External surface 1475°F 2500°F 1025°F
Maximum Payload cavity gasket 623°F 1800°F 1177°F
Temperature Payload 552°F 600°F 48°F
HAC
Nll;i::]l;r Payload cavity 0 psig | 15 psig 15 psig
" Pressure
No failure due to
HAC Thermal Demonstrated by fire event
Stress package test as acceptable temperature N/A

distribution

Notes on Table 3-1

1. The méu‘gin of safety 1s (allowable — actual)

2. Results shown are for the 55-gallon package. The 110-gallon paci(age performance is
bounded by that of the 55-gallon package.
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Table 3-2 Applied Heat Loads, Heat Transfer Coefficients and Initial

Conditions
Normal Normal HAC Transport
Parameter Transport Hot Transport
Cold
1475 for 30min,
. 100. il peak
Ambient Temperature, °F 100.00 -40.00 00.00 until pea
temperatures are
identified
. . N/A during the fire
Top surface insolation, BTU/hr- . ’
f2, 12 hours on, 12 hours off 246.00 0.00 246.00 during
. cooldown
Curved surface insolation, ' N/A during the fire,
BTU/hr-ftz, 12 hours on, 12 hours 123.0 0.00 123.00 during
off ' cooldown
Base surface insolation, N/A during the fire,
BTU/hr-ft?, 12 hours on, 12 hours 0.00 0.00 0.00 during
. off cooldown
Radiological Decay Heat,
55 gal / 110 gal, W 10.0/10.0 0.00 10.0/10.0
Analysis performed Transient N/A " Transient
Initial Package/Content 100.00 N/A 100°F
Temperature
Externa.l s.urfacc? N 10 N/A 10
absorptivity/emissivity ,
' During fire transient,
' N/A
External surface convection 10 N/A

coefficient, Btu/hr-F-ft’

During cooldown,
see Table 3.5.1-5
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Figure 3-1 Normal Hot Package Peak Temperature Distribution, 55-gallon
VersaPac
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Temperature
deg F

144.1937
141.9977
139.8017
137 .6058
135.4098
133.2138
131.0179
128.8219
126 626
124.43
122.2341
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Temperature
deg F

139.4843
137.75083
136.0343
134.3092
132.5842
130.8592
129.1342
127.4091
125.8841
123.9591
1222341

Figure 3-2 Normal Hot Outer Surface Peak Temperature Distribution, 55-
gallon Versa-Pac
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Temperature
deg F

144.1937
1428112
141.4287
140.0461
1386636
137.2811
135.8986
134.5161
133.1336
131.7511
130.3686

Figure 3-3 Normal Hot Contents Peak Temperature Distribution, 55-gallon
Versa-Pac
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Temperature
deg F

£652.4867
520.1845
487 8834
455 5822
4232811
300.9799
3586788
326.3776
204.0765
2617753
220.4742

Figure 3-4 Maximum Fire Event Temperature at Cooldown Sequence, 22
minutes after Cessation of Fire, Contents
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Temperature
deg F

822 8588
5732788
523 6988
474 1188
424 55358
3749588
3253788
2757688
2262188
176.6388
127 0587

Figure 3-5 Fire Event temperature at 30 minutes, Payload Cavity and

Flanges (including polyurethane plug area)
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Temperature
deg F

593 .6916
557 2698
520.8481
484 4263
448.0046
411.5829
375.1611
338.7394
302.3177
2658959
220.4742

Figure 3-6 Fire Event & Cooldown temperature at 55 total minutes, Payload
Cavity and Flanges (including polyurethane plug area)
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Temperature
deg F

1475.197
1358.015
1240.834
1123.653
1008.471
880.2901
772.1088

Figure 3-7 Fire Event temperature at 30 minutes, Package Lid

Temperature
deg F

731.4754
684.304
637.3127
590.2313
543.15
496.0687
4489873
401.906
354.8297
307.7433
260.662

Figure 3-8 Fire Event and Cooldown temperature at 55 total minutes,
Package Lid
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Temperature
deg F

1476 462
1337 918
1200374
1062 83

925 2862
787 7924
640 1985
512 8547
3751108
237 567

100 0231

Figure 3-9 Fire Event temperature at 30 minutes, Package side view
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Temperature

"

1244282
1120969
1015655
a01.342
787.0286
6727152
558.4017
4440883
320.7748

2154615
101.1481

0.000 5.510 in 11.0189 16.529

Figure 3-10 Fire Event and Cooldown temperature at 55 total minutes,
Package side view
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lemperature
deg F

5501176
505 1082
480 0887
4150803
3700798
3250704

Figure 3-11 Fire Event temperature at 30 minutes, polyurethane plug

Temperature
deg F

580.7556
540.8948
492.0341
443.17332
384.3126
345.49518
296.5911
247 7303
198 8696
150.0088
101.1481

|
i
Figure 3-12 Fire Event and Cooldown temperature at 55 total minutes,
polyurethane plug
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deg F

1476 482
1337 918
1200374
1062 83

925 2802
787 7424
650 1965
5§12 6647
375 1108
237 687

100.0231

Figure 3-13 Fire Event temperature at 30 minutes, Isometric view of
temperature distribution
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idegF 18.938
deg F
Figure 3-14 Fire Event and Cooldown temperature at 55 total minutes,
Isometric view of temperature distribution
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Figure 3-15 Fire Event and Cooldown temperature as a function of Seconds (beginning of cooldown =
Osec) for Payload Cavity Nodes 72302 (at the bottom of the polyurethane insert) and 14619 (at the center
of the payload cavity floor part PB)

Century Versa-Pac Rev. 1 Page 3-20
October 2009




Appendix 3.5.1 Description of the Thermal Model

In order to evaluate the performance of the Versa-Pac for all conditions of transport, a quarter-
symmetric transient finite element analysis (FEA) model was developed using ALGOR
Release 18.1. This appendix provides a description of the thermal models.

Both 55-gallon and 110-gallon packages were modeled; the 55-gallon package was found to be
bounding in performance and therefore the results for the 110-gallon package are not reported.
Also, the package was modeled with and without contents, and the model without contents,
even without the decay heat input, was found to be bounding. These results are expected, as
can be demonstrated by a simple inspection of the equatlon of state used in the transient
analyses:

Q=mC, AT
Where ' : -
Q  is the heat input (fixed by the fire boundary condition),
m is the mass of the package,
.Cs - 1s the equivalent specific heat of the package, and
AT  is the change in temperature of the package.

Since Q is constrained, any increase in m due to the addition or exclusion of contents leads to a
lower AT. Also, any increase in C, due to the addition or exclusion of contents leads to a
lower AT. Thus, exclusion of the contents is expected to produce the highest temperatures on
the interior wall of the package. Although Q is slightly higher for the 110-gallon Versa-Pac
due to the slightly higher external surface area to which the fire is applied, this is greatly offset
by the increased payload capacity and volume of steel and insulation added to the package.

All components were modeled using brick elements. The typical and maximum element side
lengths used in the model are 0.25” and 0.79”, respectively. With the exception of the air gap
between the outer lid and the payload cavity lid, the package is a conduction-only problem. In
order to simplify the calculation matrix, the air gap was also reduced to a conduction
equivalent condition using the method described in Appendix 3.5.2.

Table 3.5.1.1 provides a comparison of the modeled dimensions versus the nominal package
dimensions for the 55-gallon Versa-Pac. Table 3.5.1.2 provides a comparison of the modeled
. dimensions versus the nominal package dimensions for the 110-gallon Versa-Pac. Table
3.5.1.3 provides the thermal material properties used in the analyses. Table 3.2 lists the
conditions analyzed, including the initial conditions and heat loads.

For the fire analysis, the external surface nodes were constrained to a temperature of 1475°F.
For both the 55-gallon and 110-gallon versions, the contents was modeled with a decay heat
load of 0.022 in-lb¢/s / in’ and 0.0085 in-Ib¢s / in’ for the 55-gallon and 110-gallon packages,
respectively for a conservative total package heat load of 11.4 W (with the exception of the
void case, where the contents is not included in the model). The model was run for 30 time
steps, with each time step 60 seconds long. The convergence tolerance was set to 0.000001 for
the non-linear analysis.
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For the cooldown sequence, natural convection was applied to the external nodes, assuming an
ambient temperature of 100°F. The convection coefficients are applied based on the nodal
temperature of the external nodes and are updated at each timestep. The convection
coefficients are calculated based on the Rayleigh number and free convection coefficients as -
presented by Reference 1:

Ra = [g f (Ty- T) L'Jva

Ra;  is the Rayleigh number based on the characteristic plate length,

g . is gravitational acceleration, 9.81 m/s,

B is the volumetric thermal expansion coefficient for air, evaluated at the average film
temperature, (Ts - Tw)/2, and approximated as 1/T fiim average, absolutes

Ts is the surface.temperature of the heated plate at the node of 1nterest °C,

To is the ambient air temperature, 38°C (100°F),

L is the characteristic length of the heated plate, 0.8128 m (327),

v is the kinematic viscosity of air evaluated at the average film temperature, (T;. Tw)/2 in
m?/s, and

a is the thermal diffusivity of air evaluated at the average film temperature, (Ts. T)/2, in
m?/s.

~ Note that for evaluation of the Rayleigh Number the temperatures need not be in absolute
units, since the delta is used in the formulation.

The s1des of the package are treated as a vertical heated plate:
Nuy, avg = [0.825 + (0.387 Ra."*)/(1 + (0.492/Pr)”'%)**'}?

Where:

Nur, avg 1s the average Nusselt number,

Rap is the Rayleigh number based on the characteristic plate length, and
Pr B the Prandtl number for air evaluated at the average film temperature

Per Reference 1, this correlation is deemed appropriate for vertical cylinders if:
D/L > 35/Gr*"*,
Where: ‘
D is the diameter of the cylinder, 0.57 m (22.5”) for the 55-gallon Versa-Pac,
L is the height of the cylinder, 0.81 m (32”),
Gr is the Grashof number and is defined as:
| Gr=[gB (Ts-T) L]/ v*

For the range of potential package surface temperatures, the correlation is well within the
appropriate range for use of the vertical heated plate correlation. . .

The circular top of the package is treated as a horizontal plate:
Nug, avg'™ 0.54 Ra, “ (104 <Ra_ < 107)

N
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Per Reference 1, the characteristic length to be used in the Rayleigh number calculation is
defined as:
L=As/P=0.14m

- Where: _ :
A is the surface area of the plate, nD2/4, and
P is the perimeter of the plate, nD.

' For the range of potential package surface temperatures and the characteristic length, the
correlation is well within the appropriate range for use of the horizontal heated plate
correlation. .

The natural convection coefficient input to the code is calculated. from the Nusselt Number as:
vhavvg = NuL,‘avg k/ L,

Where: _ , _ .

hayg  1s the natural convection coefficient for the horizontal or vertical heated plates,

Nuy, avg 18 the average Nusselt Number as defined previously, and

k 1s the thermal conductivity of air evaluated at the average film temperature (Ts. To)/2.

For purposes of calculating the convection coefficients, 24 discrete package wall temperatures
were selected for evaluation, ranging from 39°C to 810°C. Using an ambient air temperature
of 100°F (37.8°C), the convection coefficient was calculated in units of W/m’K and were then
converted to the units used in the Algor code (in-lb/s- R-in%). When the nodal temperature falls
between the evaluated points, the Algor code linearly interpolates the convection coefficient.

Table 3.5.1.4 summarizes the material properties of air from Reference 1. Table 3.5.1.5
presents the convection coefficient calculations and the coefficients that were input to the code.
For both the 55-gallon and 110-gallon versions, the contents was modeled with a decay heat
load of 0.022 in-Ibf/s / in* and 0.0085 in-1bf/s / in® for the 55- gallon and 110-gallon packages,

respectively for a conservative total package heat load of 11.4 W (with the exception of the
" void case, where the contents is not modeled). The cooldown sequence utilized the fire
sequence nodal temperatures at the end of the 30 minute fire sequence as the initial
temperature of the nodes: Insolation was applied to the exterior surface nodes at the rate
specified by regulation (see Table 3.2) for 12-hours on and 12-hours off. The model was run
-for 120 time steps, with each time step 60 seconds long (in order to conserve space, the results
were recorded at every third time step only). The convergence tolerance was set to 0.000001
for the non-linear analysis. Since the peak temperatures were reached within the first hour of
~ the cooldown, the results bound the remainder of the cooldown to equilibrium NCT conditions.

' The 55-gallon model is illustrated in Figures 3.5.1-1 through 3.5.1-14. The 110-gallon model
is illustrated in Figure 3.5.1-15. These same models were used for all NCT and HAC fire and
cooldown sequences.

Reference 1: Incropera, Frank P. and David P. DeWitt, Fundamentals of Heat and Mass
Transfer Third Edition, John Wiley & Sons, New York, 1981, pp. 530-554, A15.
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‘ ~ Table 3.5.1- 1 Comparison of Mddeled Compon'

ents versus Nominal Package Components for the 55-gallon

Versa-Pac
Model Part Drawing Material of | Modeled material Compc.ment Modeled
# component construction | (see Table 3.5.1-2) nominal component
ID - thickness thickness
1 PE&FD A36 Isotropic steel 1/4 0.250”
2 PF A36- Isotropic steel 3/4 0.750”
3 FA "A36 Isotropic steel - 316" 0.188”
4 SA & FA A1011 Isotropic steel 16 ga. 0.060"
5 FB A36 Isotropic steel 3/16” 0.188"
9 FC A1011 Isotropic steel 16 ga. 0.060"
10 PG A36 ~ Isotropic steel '3/16” - 0.188”
11 _PB A1011 Isotropic steel 10 ga. 0.140”
12 - Pl A36 Isotropic steel 3/16" 0.188”
13 PA & PH A1011 & A36 Isotropic steel 10 ga. & 1/4” 0.140” & 0.500™"
‘ PC, DL, SB, . 10ga., 16 ga., 16 | 0.140", 0.060",
14 s - A1011 Isotropic steel ga_ 2 1 699 - 0.060" & 0.060"
15 FK A36 Isotropic steel Ya" x 1" tall 0.250” x 1.50” tall
. Alurhina silica Tempergture . :
16,17, 18 IA insulation dependent isotropic 1.5 1.25”
. alumina silica
19 1B Gpcf 6pcf polyurethane 21/8" 2.125"
polyurethane )
Alumina silica | , _emperature
24 IA insulation dependent isotropic 2 1.94”
‘ : - alumina silica
25 IC Epcf 6pcf polyurethane 2 3/16” 2.188”
polyurethane '
14" sq X *l1g” X ~1.18" sq x
26, 27, 28, : ; ~32" tall, 0.2125", ~32" talll,
29, 30, 31 8 ASO0GRB | Isotropicsteel |\ me=055in® | volume = 26.3 in’
' each each
; 10 pcf 9.8 pcf " »
62 PolyU insert polyurgthane ponure‘:hane 3 3.00
71 PI A36 Isotropic steel -3/16” 0.188"
79 _IE&IF Fiberglass Fiberglass 0.5 0.500"
96. PD A36 Isotropic steel v’ 0.500”
104 N/A N/A Air 0.5" thick at lid 0.44" thick at lid
115 BB A36 Isotropic steel 1% x 1Va” x 12" 1.25 1X 51 25" x
' 15” diameter x 15.22" diameter x
120 N/A N/A CONTENTS 24.06" tall 25.24 tall
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conservative, since it provides an enhanced pathway. for heat conduction to the interior of the package.

Page 4 of 24




* ‘gallon Versa-Pac

Table 3.5.1- 2 Comparison of Modeled Components versus Nominal Package Components for the 110-

Drawing . . Component Modeled
Mods Part | componant | Meterislof | Modeedmatria | “nominal | component
ID . e thickness . thickness .
1 PE & FD A36 Isotropic steel 1/4" . 0.250" =
2 PF A36 Isotropic steel 3/4 0.750”
3 FA A36 Isotropic steel 3/16” 0.188"
4 SA&FA A1011 Isotropic steel 16 ga. 0.060”
5 FB A36 Isotropic steel 3/16” 0.188"
9 FC A1011 Isotropic steel 16 ga. 0.060"
10 PG A36 Isotropic steel 3/16” 0.188"
11 PB A1011 Isotropic steel 10 ga. 0.140”
12 Pi A36 Isotropic steel 3/1¢” 0.188"
13 PA & PH A1011 & A36 ‘Isotropic steel 10ga. & 1/4" 06154000,,§‘
: PC, DL, SB, ' ‘ . 10 ga., 16 ga., 16 | 0.140", 0.060",
14 SC A1011 Isotropic steel ‘ ga. & 16 ga. 0.060” & 0.060"
15 FK A36 Isotropic steel wex e | 9290 X150
. " Temperature A
16,17, 18 IA Alumina silica | 4o 00 qent isotropic 15" 1.25"
insulation : -
alumina silica
19 1B Gpef 6pcf polyurethane 3% 2.125"
‘ polyurethane )
o Temperature
Alumina silica ; . " »
24 1A insulation depende_nt |sgtrop|c 2% 1.94
: : alumina silica
25 IC  6pof 6pcf polyurethane 3% 2.188"
polyurethane ‘ )
, 1" sq x e x ~1.18” sq x
26, 27, 28, . ~40 “/," tall, 0.2125” x ~40
29, 30, 31 B ASO0GRB | lsotropicsteel | 1 me=325in® | %" tall, volume
each = 33.5in° each
. 10 pcf 9.8 pcf » "
62 PolyU insert polyurethane polyurethane 3 3.00
71 Pl A36 Isotropic steel 3/16” 0.188"
79 IE & IF Fiberglass Fiberglass 0.5 0.500"
96 PD A36 Isotropic steel " 0.500"
104 N/A N/A Air 0.5” thick atlid | 0.44" thick at lid
15, 1164 BB A36 Isotropic steel | 14" x 1% x 1% | 2% X1207X
21" diameter x -
120 N/A N/A CONTENTS 32 25" tall NA

Century Versa-Pac Rev. 1

October 2009

? Although this éomponent thickness is modeled at twice the actual component thickness, this is considered to be
conservative, since it provides an enhanced pathway for heat conduction to the interior of the package.
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Table 3.5.1- 3 Thermal Material Properties for the Versa-Pac

Source

October 2009

Density Thermal Srl)-leclflc Heat Generation
. . eat
Material |- , (b - . Conductivity (in-Ibg)/(1by Rate s
s“lin){(in”) | (in-lbg/(s-in-8F) . s%/in)- 8F (in-Ibg)/(s-in”)
Isotropic General industry data
7.35E4 5.84 4.1849E5 N/A (matweb, ALGOR material
steel ’
. ibrary)
8F TC
8 pcf 27 0.007926 ; .
Temperature 500 0.007926 Contury Indusiries SOP6.12;
dependent | 1.199E-5 | 1000  0.016 9.374E5 N/A general industry data
) - . _ _ (matweb, Cer-wool,
isotropic 1500 0.026 Fiberfrax)
alumina silica 1800 0.037
2000 0.048
. Fiberglass — ' Century Industries SOP6.13,
Extren525 | also “Typical Properties —
Isophthalic | 1.606E-4 0.072 1.009E6 N/A FRP Structural Shapes”,
polyester Enduro Systems, Inc.,
‘resin www.endurocomposites.com.
Century Industries SOP6.11,
-Isotropic 6.0 also General industry data
pcf 8.993E-6 3.386E-3 1.273E6 N/A (matweb). Not used in model
Polyurethane - : since alumina silica is
bounding
Isotropic 9.8 Century Industries SOP6.11,
pcf 1.469E-5 5.026E-3 1.576E6 N/A also General industry data
Polyurethane (matweb).
L=0.44"
8Faverage , TC
-40 0.017
224 0.017
2024 0.040
Air, 382.4 0.083 :
conduction +| 1.087E-7 | 562.4 0.147 8.671E5. N/A see Appendix 3.5.2
radiation ' 742.4 0.237
' : 922 4 0.357
1102 0.513
1282 0.709
1462 0.949
1642 1.239 .
Contents 1, ' 0.022 (55-gal) General industry data
wood 8.094E-5 0.022 3.358E5 | 4 5085 (110 gal) (matweb)
Contents 2, | nya- N/A N/A N/A N/A
void
. ' : General industry data
Contents 3, . , 0.022 (55-gal .
contents 3 | 7.35E4 5.84 4184085 | 0,022 § 2t ga)l) (matweb, ALGOR material
ibrary)
Century Versa-Pac Rev. 1 Page 6 of 24




Table 3.5.1- 4 Material Properties for Air used to evaluate Natural Convection Coefficients

All values taken from Reference 1.

Air v*10° [ k*10° [a* 10°| ©Pr
Tem1(31e<r)ature m’/s | W/m-K| m®/s
300 1589 | 263 | 225 | 0.707
- 350 2092 | 300 | 29.9 | 0.700
400 | 26.41 | 33.8 | 383 | 0.690
450 3239 | 373 | 472 | 0.686
500 | 3879 [ 40.7 | 56.7 | 0.684
550 4557 | 439 | 66.7 | 0.683
600 52.69 | 469 | 769 | 0.685
650 6021 | 497 | 873 | 0.690
700 68.10 | 524 | 98.0 | 0.695

Century Versa-Pac Rev. 1
October 2009
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Table 3.5.1- 5 Natural Convection Coefficients for the Versa-Pac Cooldown Sequence

. v K a ~ :

. . . 6 . 6 . ;
Temgltlar:;ture Tem’;:)lrrgture Teml;ir:;ture rgzs)s) W(/:no-K) r$112?s) (nft(ra1 't:;?nzlrzy:::e tre\lr%?)aelrg:::a. Ra vertical Horggntal Ntln\;;aert:i;;al Horir:grital rEV\<le/r':rt'|I'(\:;ll h(\;ivc;:]z,\c_)zrjﬁz)l, (inl:‘ll\)ljsrfiéiLz) (i:_l?gf;isz_gﬁlz)
(K) (note 2) | (C) (note 2) | (F) (note 2) |(note 1|(note 1}(note 1| &2) (F) (C) (note 4) K) .

, &2) | &2) | &2)

300 27.0 80.6 15.89 | 263 | 225 | 0.707 61.2 16.2 - NIA N/A N/A N/A N/A N/A N/A N/A

31 . 37.9. 1002 [16.99 | 27.1 | 24.1 [ 0705 | 1004 380 | 9.23E+06 |4.71E+04 | 3048 | 7.96 1.02 154 | 3.2245E-03 | 4.8868E-03

312 38.9 102.0 | 17.09| 272 | 24.3 {0705 | 1040 400 | 9.05E+07 | 4.63E+05 | 59.23 .| .14.08 1.98 273 | 6.2827E-03 | 8.6728E-03

317 43.9 1110 [17.59 | 27.5 | 250 {0705 | 1220 500 | 4.62E+08 | 2.36E+06 | 96.82 21.17 3.28 4.17 1.0409E-02 | 1.3212E-02

322 48.9 1200 |18.09 | 27.9 | 25.7 | 0.704 |  140.0 600 | 7.81E+08 | 3.99E+06 | 113.70 | 24.13 | 391 4.81 1.2388E-02 | 1.5266E-02

327 53.9 1290 |1859| 283 | 26,5 | 0.703 | 1580 70.0 1.05E+09 | 5.39E+06 | 124.70 | 26.01 434 | 526 1.3768E-02 | 1.6675E-02

332 58.9 1380 |19.10 | 28.7 | 27.2 {0703 | 1760 80.0 1.29E+09 | 6.58E+06 | 13267 | 27.35 468 560 | 1.4839E-02 | 1.7763E-02

337 63.9 1470 | 1960 | 29.0 | 28.0 |0.702| 1940 90.0 1.49E+09 | 7.61E+06 | 138.74 | 28.36 4.96 588 | 1.5718E-02 | 1.8655E-02

342 68.9 1560 |20.10 | 294 | 287 {0.701 | 2120 100.0 | 1.66E+09 | 8.49E+06 | 14349 | 29.15 5.19 6.12 1.6463E-02 | 1.9415E-02

350 77.0 1706 | 2092 | 300 | 29.9 |0.700 | 2412 1162 | 1.89E+09 | 9.65E+06 | 149.27 | 30.09 5.51 6.45 1.7476E-02 | 2.0455E-02

392 118.9 2460 |2552| 332 | 36.9 | 0692 | 3920 2000 | 231E+09 1.18E+07 | 158.76 (r?;t'sg) 6.48 7.51 2.0859E-02 | 5 naner 0p

400 127.0 2606 |26.41| 338 | 383 (0690 | 4212 2162 | 2.32E+09 1.19E+07 | 158.92 (r?;tg%) 6.61 765 | 2.0962E-02 | 5 4070e 00

442 168.9 3360 |3142| 367 | 458 | 0687 | 5720 3000 | 2.17E409 | 1.11E+07 | 155.57 (:;{;85) 703 | 818 | 2.2300E02 |, sou7e 0o

450 1770 3506 | 3239 373 47.2 | 0686 | 6012 316.2 | 2.13E+09 | 1.09E+07 | 154.60 (r?;{g%) 7.09 827 | 2.2504E-02 2 6219E-02

492 2189 4260 |37.75| 40.1 | 55.2 |0.684 | 7520 4000 | 1.86E+09 | 9.52E+06 | 148.19 | 29.99 | 7.32 860 | 2.3219E-02 | 2.7285E-02

500 227.0 4406 |3879| 407 | 56.7 | 0684 | 7812 4162 |1.81E+09|9.26E+06 | 14693 | 29.79 | 7.36 866 = | 2.3338E-02 | 2.7472E-02

542 268.9 516.0 |44.47 | 434 | 651 | 0.683 | 9320 5000 |1.55E+09|7.93E+06 | 140.01 | 28.66 7.47 8.88 | 2.3703E-02 | 2.8169E-02

550 27170 530.6 |4557 | 439 | 66.7 | 0683 | 961.2 5162 | 1.51E+09 | 7.70E+06 | 13873 | 2845 | 7.9 8.92° | 2.3768E-02 | 2.8297E-02

592 © 3189 6060 |51.53 | 464 | 752 |0685| 11120 600.0 | 1.29E+09 | 6.59E+06 | 132.25 | 27.36 7.55 9.07 | 2.3955E-02 | 2.8776E-02

600 327.0 620.6 |52.69| 46.9 | 76.9 | 0.685 | 1141.2 '616.2 | 1.25E+09 | 6.40E+06 | 131.08 | 27.17 7.56 910 | 2.3991E-02 | 2.8867E-02

642 368.9 696.0 |58.99| 49.2 | 856 |0.689 | 12920 700.0 . |1.08E+09 | 5.50E+06 | 12515 | 26.15 7.58 920 | 2.4052E-02 | 2.9177E-02

650 377.0 7106 |60.21| 49.7 | 87.3 | 0.690 | 1321.2 7162 | 1.05E+09 | 5.35E+06 | 124.08 | 25.96 7.59 922 | -2.4066E-02 | 2.9238E-02

Century Versa-Pac Rev. 1 Page 8 of 24
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K

Film Film Film (10"‘ (10° (106 Pr | Nodal Wall | Nodal Wall i Nu  |h vertical; . - ,
Temperature | Temperature | Temperature mzls) W/m-K) m2/s) (note 1| temperature | temperature {Ra vertical Honszntal thn\gzartéc)al Horizontal | (W/mA2- h(\;‘ngz,\%rjtl(a)" (inljlt\)l?srﬂgi:w?‘) (i:_:‘g;zgﬁg)
(K) (note 2) | (C) (note 2) | (F){note 2) [(note 1|(note 1|(note 1| &2) (F) (C) i (note 4) K) f !

&2) [ &2) | &2) ] : i

692 418.9 - 786.0 66.82 | 52.0 | 96.3 | 0.694 1472.0 800.0 9.02E+08 | 4.61E+06 | 118.65 25.02 7.59 9.29 2.4060E-02 | 2.9459E-02

697 423.9 795.0 67.61| 52.2 | 97.3 | 0.695 1490:0 810.0 8.87E+08 | 4.53E+06 | 118.04 24,92 7.59 9.30 2.4061E-02 | 2.9487E-02

700 427.0 800.6 68.10 | 524 | 98.0 | 0.695 1501.2 - 816.2 N/A N/A N/A N/A N/A NA N/A N/A

Notes on Table 3.5.1-5;

Nk w

1. Air material propertles are taken from Reference 1 as presented by Table 3.5.1-4. For temperatures between the Values
provided by the Reference, the material properties are linearly interpolated.

. temperature and ambient (1008F=37.88C=310.98K). -

Per Reference 1, the correlation is valid over all ranges of Rayleigh numbers.
Per Reference 1, the correlation is valid over a range of Rayleigh numbers from 10* to 10”.
Although these Raylelgh numbers are slightly out of range of the correlation, they are conservatlvely lower than that calculated

The material property values presented are for the air film temperature, which is assumed to be the average of the wall

using the correlation provided by Reference 1 applicable at higher Rayleigh numbers and so is considered acceptable for use.

Century Versa-Pac Rev. 1
October 2009
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Figure 3.5.1- 1 Quarter-symmetric Thermal Model of 55-gallon Versa-Pac, all parts shown

Century Versa-Pac Rev. 1 Page 10 of 24
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Figure 3.5.1- 2 Quarter-symmetric Thermal Model of 55-gallon Versa-Pac, all parts shown, side view

Century Versa-Pac Rev. 1 Page 11 of 24
October 2009



Figure 3.5.1- 3 Quarter-symmetric Thermal Model of 55-gallon Versa-Pac, contents not shown
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Figure 3.5.1- 4 Quarter-symmetric Thermal Model of 55-gallon Versa-Pac, contents not shown, mesh view
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Figure 3.5.1- 5 Quarter-symmetric Thermal Model of 55-gallon Versa-Pac, contents not shown, side view
with mesh

Century Versa-Pac Rev. 1 Page 14 of 24
October 2009




Figure 3.5.1- 6 Quarter-symmetric Thermal Model of 55-gallon Versa-Pac, Drum Lid removed (air gap
between lids is shown in yellow)
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Figure 3.5.1- 7 Quarter-symmetric Thermal Model of 55-gallon Versa-Pac (drum lid & insulation plug not
shown)
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Figure 3.5.1- 8 Quarter-symmetric Thermal Model of 55-gallon Versa-Pac, External Metal structure,
Fiberglass, & Payload Cavity bolting blocks (payload cavity, drum lid, insulation plug & component SA
not shown)
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Figure 3.5.1- 9 Quarter-symmetric Thermal Model of 55-gallon Versa-Pac, Metal Reinforcing Members
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Figure 3.5.1- 10 Quarter-symmetric Thermal Model of 55-gallon Versa-Pac, Insulation
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Figure 3.5.1- 11 Quarter-symmetric Thermal Model of 55-gallon Versa-Pac, Outer Lid

Century Versa-Pac Rev. 1

October 2009

Page 20 of 24




Figure 3.5.1- 12 Quarter-symmetric Thermal Model of 55-gallon Versa-Pac, Detail View, Payload Cavity,
Fiberglass, and Rivet block (bolting block BB not shown)
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reinforcing structure

Figure 3.5.1- 13 Quarter-symmetric Thermal Model of the 55-gallon Versa-Pac, Detail View, Lower
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Figure 3.5.1- 14 Quarter-symmetric Thermal Model of 55—galloi| Versa-Pac; Detail View, Lower
Reinforcing structure with Payload Cavity shown
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Figure 3.5.1- 15 Quarter-symmetric Thermal Model of 110-gallon Versa-Pac, all parts shown except
polyurethane plug, side view
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Appendix 3.5.2, Excerpted from ALGOR Non-Linear Thermal
Transient Heat Transfer Analysis Manual, Emulation of body-to-body
radiation as temperature dependent conduction

In some cases, body-to-body radiation can be emulated using temperature dependent
conduction as shown in the figure below:

L
Body A e > Body B
.TA TB ®
N\ /7

h 4
Elements with K as a
function of Tavg

Figure 2: Body to Body Radiation
The requirements for this approximation to be accurate are as follows:

1. The view factor between the bodies must be close to 1.

2. The heat flux out of the system is negligible;that is, there is no radiation to the

environment.

The surface area of each body is equal.

4. The expected temperatures of the surfaces are approximately known either from
hand calculations, experimentation or previous analysis (multiple iterations).

w

The heat exchanged between two bodies which see each other and nothing else can be
written based on the "surface resistance" and "space resistance” of the bodies as

AGIT -Tg |

1- 1 1-
8A+ & gp
Za VF."‘B 2p

q:

Where Ta and Tp are the temperatures of surfaces A and B (in absolute temperatures), €4
and g are the emissivities of surfaces A and B, and VF g is the view factor between the
two surfaces.

Century Versa-Pac Rev. 1 Page 1 of 2
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The heat flow due to conduction between the two bodie_s is

q=kA—E—

Since the heat flow due to radiation must equal the heat flow by conduction, equating the
4 _ 4
above two equations and expanding Ta-Ts as follows

Ti _TB4 = I:,Ti + Tg ]'.Ti —TB? ,]": “Ti + Tg ,:I(TA + TB)(TA - TB)

a he solution ;

leads to the 0 K - LolT2 +T3 [Ty +Tp)
;—BA + 1 +1—BB
EA VFAB EB

using absolute
temperatures.

Letting Taverage= (Ta+T5)/2, then Tyersge is approximately (T2A+T )4,

Using this substitution, and assuming the emissivities are 1 and the view factor is 1, this
’ is further simplified to:

K= LO(8)(Taverage)

Since the radiant heat transfer and conduction through the air occur in parallel the
conduction coefficient is added to the psuedo radiant coefficient for input into the
problem.

One layer of elements is constructed in a new part between the two bodies. The material
model is set to orthotropic so that the material properties are temperature dependent. The
conductivity is calculated at estimated surface temperatures T4 and Ty (in absolute
temperature) using the above equation. The calculated conductivity is entered in the
material properties at a temperature of Tayerage=0.5(Ta+Tg). Additional data points are
entered by evaluating Taverage and K at other values of T and Tg. A range of
temperatures Taverage is included in the material properties so that the calculated
temperature is not outside of the range of material properties.

Century Versa-PacRev. 1 Page 2 of 2
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Appendix 3.5.3, Excerpted from Safety Analysis Report for the
Century Champion Type B Package Thermal Test

Introduction

The Century Industries Versa-Pac Shipping Container is an evolutionary package design
based on the design and testing of the Century Industries Champion Type B package.
Due to the similarity in both package designs, tests involving the Century Industries
Champion, although not directly applicable, can be used to support the safety basis of the
Versa-Pac design as supplemented by further analysis and tests. Tests involving the
Champion package that are applicable to the design of the Versa-Pac include drop tests,
thermal and immersion tests. The thermal test further indicates the lack of the thermal
stresses in the design. The design similarities are further presented with attachment of
the test results for the Champion package. '

Design Comparison

Both packages share the same basic structural components in that they have an inner and
outer liner of sheet metal that is surrounded by vertical and horizontal stiffeners. Both
package designs use the same ceramic fiber blanket insulation between the inner and
outer liners and also surrounding the radial portion of the containment boundary. Both
designs have approximately the same polyurethane foam in their respective bottom and
top portions of the container. Both designs are based on an inner structure that slides into
an outer drum. Therefore, both package designs should have a similar thermal response
including thermal stresses. However, the temperature profiles may be different as further
discussed. '

The package designs differ in the type of insulation that surrounds the inner containment
area. The Champion surrounds the containment area with polyurethane foam that is
poured in place while the Versa-Pac utilizes ceramic fiber blanket insulation within the
same area.

The Champion utilizes a leak testable inner vessel as the primary containment with a
secondary blind cap flange on top of the main sealing flange while the Versa-Pac uses
only a »” blind flange with a high temperature fibrous sleeve at the containment
boundary.

Thermal Test

Figure 3.5.3-1 shows the Century Champion Package rigging for the thermal test. Figure
3.5.3-2 displays a typical view of the package during the 30 minute 1475°F thermal test
phase. Figure 3.5.3-3 displays the package upon completion of the thermal testing prior
to conduct of the immersion test.
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Summary of Results

The package shown in Figure 3.5.3-3 does not show any signs of failure or fatigue at the
conclusion of the thermal test. This suggests the lack of thermal stresses induced during
and post-thermal testing. The 30 minute thermal test including the post-test natural cool-
down did not cause any seam or closure separation in the package. The package structure
including outer closure drum does not shown any signs of failure or fatigue. These
observations from the testing of the Century Champion are directly applicable to the
Versa-Pac design since their outer structures are identical. Therefore, the Versa-Pac
design is not anticipated to be subject to thermal stresses during the required 30 minute
thermal test at 1475°F.

Pages 14 and 15 of the Champion Safety Analysis Report are provided as pages 5 and 6
to Appendix 3.5.3. The test results indicate that during a 44-minute fire exposure, the
lower portion of the inner vessel attained a maximum temperature of 450°F. Testing of
the Versa-Pac would be expected to produce similar results since the structures and
thermal insulation are similar to the Champion. The analytical analysis presented in
Section 3.0, Thermal Evaluation, indicate a maximum temperature to the contents of
423°F for the Versa-Pac using a 3-inch polyurethane foam plug in the top of the
containment vessel. With the plug removed, the analytical results approach 500°F. The
analytical results seem reasonable and are generally performed to bound actual thermal
tests with sufficient margin to ensure the design meets the requirements. Therefore, the
lower temperature experienced in the fire testing of the Champion seems reasonable. In
an actual fire test of the Versa-Pac, the maximum temperature at the containment bound
would be expected to be less than 450°F. A lower temperature is anticipated since the
Versa-Pac design uses a fiberglass thermal break in the area of the containment boundary
closure.
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Figure 3.5.3-2 Champion Package during Thermal Testing Phase

Figure 3.5.3-3 Champion Package Post-Thermal Test
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Appendix 3.5.4

Air Gap Radiation Horizontal Surface Insolation
Modeled as Conduction’ (246 BTU/HrFtY)
' 12 Hour On, 12 Hour Off
+ Convection (1 BTU/Hr Ft?)
Emissivity & - Curved Side
Absorptivity = 1.0 B i Insolation
// / / / / / (123 BTU/HrFt)
¢ // s // /] D 12 Hour On, 12 Hour Off
+ Convection
(1 BTU/Hr Ft)
Gt =
10W 72
Decay
Heat
L/
A
N
Adiabatic

NCT

Package is Modeled Using Conduction Only. ¥% Symmetry, All Brick Elements.

Default Node Temperature = 100°F
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°

Horizontal Surface Insolation
(246 BTU/HrFt%), 12 Hour On, 12 Hour Off
+ Horizontal Conduction Per Table 3.5.1-5

Emisiin & 1 N7 7777 7Y
> owarrss.l

Air Gap Radiation
Modeled as
Conduction

Initial Temperature

Imposed From End
' Of Fire Sequence
10 W
Decay .
Heat
4 e
Curved Side
Insolation
(123 BTU/HrFt)
12 Hour On, L
12 Hour Off S AN
+ Vertical
Convection ' S
Per Table 3.5.1-5 ‘Adiabatic
. 0 Insolation
Cool-Down Sequence
* 2 Hour Duration,
Conduction Only,
Y: Symmetry, All Brick Elements
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Surface Temperature = 1475°F
No convection, No Insolation

Air Gap Radiation
Modeled as Conduction-

T2 7777
&7

10W

Decay
(e Heat n
= =D

~r//////7//// =

Surface Temperature = 1475°F
No convection, No Insolation

Fire Sequence

30 Minutes Duration,
Emissivity & Absorptivity = 1.0
Conduction Only, ¥2 Symmetry, All Brick Elements

Century Versa-Pac Revision 1
October, 2009

Surface Temperature
= 1475°F
No convection,
No Insolation
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4 CONTAINMENT

4.1 Description of the Containment System

The containment boundary of the package 1s defined as the payload vessel with its
associated welds, payload vessel high temperature heat resistant fiberglass sleeve gasket, payload
vessel blind flange, and reinforcing ring.

The payload vessel is comprised of a 10-gauge carbon steel sheet for the body and
bottom. The upper end of the vessel is fitted with a 4™ inner carbon steel flange ring with a '/,”
thick carbon steel blind flange. The vessel has three circumferential welds (two at the flange,
one at the base) and one longitudinal weld. An '/ high temperature resistant fiberglass sleeve
gasket is used between the steel flange ring and blind flange. The payload vessel blind flange is
secured to the flange with twelve 2” bolts. There are no penetrations, valves or venting devices
used within the containment boundary.

A specified torque is applied to the closure bolts and tightened as part of the closure steps
defined within Section 7.1.3 to assure positive closure of the containment boundary, and given
the mode of the closure, it cannot be opened unintentionally. The use of lock washers assures
. that the closure bolts are not loosed due to vibration during shipment. A location for installation
of a tamper-indicating device is provided at the drum closure.

4.2 Containment under Normal Conditions of Transport

The Versa-Pac Shipping Container is classified as a Type A Fissile package.
Performance tests consistent with the requirements of 10CFR71.71 and 10CFR71.73 have
demonstrated that the Versa-Pac effectively prevents loss or dispersal of the radioactive contents
under the postulated conditions of transport. Additionally, the tests have demonstrated that there
is no substantial reduction in the effectiveness of the packaging during normal conditions of
transport; thus, there is no significant increase in external surface radiation levels resulting from
the postulated conditions of transport. Section 2.0 provides a description of the tests performed
and analyses completed. Section 6.0 demonstrates that the package remains subcritical under
normal and hypothetical accident conditions.

Since the package is not a sealed system, the internal pressure is maintained near
atmospheric pressure for all conditions of transport. The maximum normal -hot contents
temperature is less than 212°F; thus, any water moisture remains in the hqu1d state and within
the payload cavity.

4.3 Containment Requirements for Hypothetical Accident Conditions

As discussed in Section 4.2 and Section 2.0, performance tests consistent with the
requirements of 10CFR71.71 and 10CFR71.73 have demonstrated that the Versa-Pac effectively
prevents loss or dispersal of the radioactive contents under the postulated conditions of transport.
Section 6.0 demonstrates that the package remains subcritical under normal and hypothetical
accident conditions.
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Since the package is not a sealed system, the internal pressure of the package is

maintained near atmospheric pressure for all conditions of transport. During the fire event, some

. water moisture within the payload will be converted to steam. Any pressure build up will be
relieved through the package gaskets.

4.4 Leakage Rate Tests for Type B Packages

This section is not applicable.

4.5 List of Appendices

This section is not applicable.
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5 SHIELDING EVALUATION

Gamma and neutron shielding are not required for the materials

transported in the Century Versa-Pac Shipping Container. However, it is the
responsibility of the shipper to assure compliance with 10 CFR 71.47
regarding radiation standards for each individual shipment.
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6 Criticality Evaluation

The Century Versa-Pac Shipping Container is described in Section 1.2, Package
Description. The package exists in two distinct but similar versions consisting of outer
55-gallon and 110-gallon drums.

The 55-gallon drum version of the Versa-Pac Shipping Container consists of a 16
gauge body, bottom and cover. The drum uses a 12 gauge bolted closure ring, standard
carbon steel lugs, 5/8” diameter, ASTM A307 bolts and nuts, and a closed-cell EPDM
gasket. The overall outer dimensions of the 55 gallon package are 23” OD x 34-1/2” in
height. The drum cover is reinforced by an eighth-inch thick 22-3/8” OD x 18-3/8” ID
plate, and four %2 bolts are provided to lend additional strength to the drum closure ring.

The 110-gallon version utilizes a 16 gauge body, bottom and cover. The drum
uses a 12 gauge bolted closure ring, standard carbon steel lugs, 5/8” diameter ASTM
A307 bolts and nuts, and a closed-cell EPDM gasket. The overall outer dimensions for
the 110 gallon package are 30-7/16” OD x 42-3/4” in height. The drum cover is
reinforced by an eighth-inch thick 29-3/4” OD x 27-1/4” ID plate and eight 2 bolts are
provided to lend additional strength to the drum closure ring.

Both drums are further strengthened with vertical stiffeners fabricated from 1-1/4”
carbon steel square tubing, two inner liners of rolled 16 gauge carbon steel insulated by
ceramic fiber blanket encase the vertical tubing, and a %4” carbon steel reinforcing plate
on the bottom. Reinforcing angles and solid bars within the liners provides additional
strength.

The package’s interior is completely insulated with layered ceramic fiber blanket
around the containment area with rigid polyurethane foam disks on the top and bottom.
The ceramic fiber blanket and polyurethane foam provide shock and thermal protection to
the containment area.

The containment and exterior structure including their respective closures provide
two barriers to prevent the payload dispersion and water inleakage. An illustration of the
packaging is provided in Figure 1-1.

The payload material may be pre-packaged in hydrogenous or non-hydrogenous
containers within the payload vessel. Hydrogenous pre-packaging materials consist of
polyethylene, polypropylene, or PVC. PTFE or Teflon® pre-packaging material are also
allowed. Metallic pre-packaging materials consisting of aluminum, stainless and carbon
steel are further allowed provided their total weight is controlled to within the payload
allotment of the package.

A summary of the results for the most reactive HAC cofiguration for the
criticality evaluation is provided in Table 6-1. The most reactive HAC configuration was
determined to consist of an arrangement of in-homogeneous spheres placed within the
containment area of the package to achieve maximum interaction from contiguous
packages.
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6.1 Description of Criticality Design

6.1.1 Design Features

The Century Versa-Pac Shipping Container does not use any neutron moderators
or absorbers, however minimum thicknesses of continuous sheet and plate carbon steel
(e.g., containment liner, inner/outer liner, drum lid, body and bottom, including top and
bottom reinforcing plates) are modeled in the analysis. Descrete carbon steel consisting
of the vertical stiffeners, flanges, angles, and bars are not modeled. Also not modeled are
the flange ring interfaces with the flange which are model assuming a continuous
thickness of the flange material.

Criticality control of the Century Versa-Pac Shipping Container relies on control
of the payload vessel diameter, the vessel-to-vessel spacing provided by the drum, and
number of packagings that may be shipped together. Additionally, each payload is
subject to a mass limit of 350 gram U-235. The U-235 mass limit is an absolute value
which is typically defined as a nominal measured value with a measurement uncertainty
at a 95% confidence level.

Further, the payload does not rely on moderation-control. Moderation in the
payload vessel is evaluated using optimum polyethylene. The moderator is evaluated by
varying the corresponding volume fractions. Polyethylene is further evaluated at an
increased density. A polyethylene density of 0.98 g/cc conservatively bounds the use of
pre-packaging materials containing carbon (including graphite and high density paraffin)

and hydrogen.

Thus, the physical packaging design features that are important to criticality
“safety are the payload vessel diameter, the drum outer diameter, and the payload vessel
body, body welds, blind flange and seals. Administrative control of the payload mass
and shipment array must also be implemented.

6.1.2 Summary Table of Criticality Evaluation

Table 6-1 provides a summary of the results of the criticality evaluation of the
Century Versa-Pac Shipping Container for the most reactive configuration. The 350
gram U-235 fissile mass modeled as a lumped 12.0-cm radius sphere leads to the most
reactive configuration. A detailed description of the analytical models and methodology
is provided in Section 6.3. All results are less than the conservative administrative Upper
Subcritical Limit of 0.95 minus the code bias and bias uncertainty'.

As indicated in Section 6.3, a single model is conservatively constructed to
represent the Normal Condition of Transport (NCT) and Hypothetical Accident
Condition (HAC) package configurations for both the 55-gallon and 110-gallon package

] The k.rrused in all cases represents the KENO kg plus two sigma (sigma was typically on the
order of 0.002). Discussion on the code bias and bias uncertainty is provided in Section 6.5. -
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versions. As further indicated in Section 2.12.3, the tested 110-gallon package version
sustained little damage from both the NCT and HAC testing suggesting small differences
in the final evaluated package array sizes. Section 2.0 also indicates that prototype
testing of both package designs shows that more damage resulted to the 110-gallon
package version due to the heavier weight and greater distance between vertical
stiffeners. Therefore, the criticality analysis model is conservatively constructed based
on the 55-gallon package dimensions, due to the potential for higher package and fissile
mass densities, with the conservative application of actual damage sustained during
testing of the 110-gallon package version. This model conservatively bounds the HAC
testing and is very conservative with respect to the NCT configuration for both package
versions.

6.1.3 Criticality Safety Index (CSl)

The Criticality Safety Index (CSI) is 0.90. Arrays of 300 packages are evaluated
for the Normal and Hypothetical Accident Conditions. Thus, N is 300/5 = 60 or 300/2 =
150, and the minimum CSI is 50/60 = 0.83, which is rounded upto 0.90.

6.2 Fissile Material Contents

All materials shall be in solid form with no freestanding liquids; density is not
limited. These materials must contain not more than an A; or A, quantity as appropriate,
and the quantity may not exceed 350 grams U-235 in any non-pyrophoric form, enriched
up to 100 Wt%. "Materials that may be shipped in the Versa-Pac include uranium oxides
(UyOy), uranium metal (U-metal), uranyl nitrate crystals (UNX), and other uranium
compounds (e.g., Uranyl Fluorides and Uranyl Carbonates) enriched up to 100 Wt% U-
235. The uranium compounds may also contain carbon or graphite. UNX may be in the
form of uranyl nitrate hexahydrate, trihydrate or dihydrate, and may contain any amount
of moisture; however, the UNX must be in solid form with no freestanding liquid. The
payload may be in homogeneous (powder or crystalline) or non-homogeneous (pelleted
or lumped) form. :

The backage is evaluated assuming optimum moderation using a bounding high-
density polyethylene plastic (Density = 0.98 g/cc) and supports packaging applications
containing both carbon (graphite) and hydrogen based materials. - Non-fissile chemical
impurities do not increase the reactivity of the system; therefore, they may be present in
any quantity. The payload may be enriched in U-235 to 100 Wt%.

The payload material may be pre-packaged in hydrogenous or non-hydrogenous
containers within the payload vessel. Hydrogenous pre-packaging materials may include
polyethylene, polypropylene, and PVC. PTFE or Teflon pre-packaging material are also
allowed. Metallic pre-packaging materials such as aluminum, stainless and carbon steel
are further allowed provided their - total Welght 1s controlled to within the payload
allotment of the package.

No materials, excluding the minimum steel wall thickness of the package, are
used as neutron absorbers or moderators.
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6.3 General Considerations

6.3.1 Model Configuration

Figure 6-1 provides a representation of the unit model used in the criticality
analysis. The modeled dimensions represent a damaged 55-gallon package. The
packaging consists of a cylindrical carbon steel shell surrounded by insulation, an
. inner/outer steel liner, and an outer carbon steel shell. The steel payload vessel, flange,
and blind flange are modeled as carbon steel with reduced minimum dimensions. The
drum, inner and outer liners, and upper and lower drum plates are also modeled as carbon
steel with reduced minimum dimensions. An enrichment of 100 Wt% U-235 is used to
evaluate all cases.

The constructed model evaluated in the criticality analysis, as also discussed in
Section 6.1.2, conservatively represents the HAC package configuration (damaged
package configuration) for the 55-gallon package design. The model is constructed
considering worst case damage to both the 55-gallon and 110-gallon package designs.
Due to the smaller package envelope of the 55-galon package design the package is
inherently more reactive when compared to the 110-gallon package design. . The modeled
reduction in package dimensions leads to significant more interaction between packages
and results in a lower CSI. The reduced dimensions of the modeled 55-gallon package
(damaged package configuration) design results in a more reactive package array when
compared to undamaged 55-gallon and 110-gallon designs. Therefore, the conservatively
modeled HAC package configuration for the 55-gallon package design bounds the NCT
(undamaged package configurations) for both the 55-gallon and 110-gallon packages and
further bounds the HAC (damaged package configuration) for the 110-gallon package
design. Further evaluation of the HAC (damaged package configuration) modeled array
size to the more restrictive NCT criteria (SN) the resulting CSI (0.9) conservatively
bounds the NCT criteria (5N) and HAC criteria (2N) for evaluation of package arrays
using the singlé model. '

With construction of a NCT model (undamaged package design) based on the 55-
gallon design, the evaluated array size would be increased due to additional spacing
-afforded between fissile material in adjacent packages. This would further lead to a
reduced CSI. Thus, a smaller package design, considering worst case damage of the two
‘designs, to the most restrictive CSI criteria can conservative represent the Versa-Pak 55-
gallon and 110-gallon packages.

6.3.1.1 Model Conservatisms

Table 6-2 summarizes the dimensional changes to the test packages indicated as
Test Articles with Serial Numbers 10550, 10551, and 10553. The pre and post test
measured results for each package is provided in Section 2.12.3, Century Industries
Performance Test Report for the Versa-Pac. The worst case dimensional reductions from
these tests, as summarized in Table 6-2, are + 1/8” increase in the inner containment
diameter, - 5/16” reduction in the outer drum diameter, and -1/4” reducion in the outer
drum height (including lid). Note that the measured dimensions provided in Section
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2.12.3 do not include the outer drum lid. Also, the outer drum diameter reduction only
occurs on one side of the drum mostly due to compression of the area between drum
stiffeners at the impact location of the test plate.

The overall outer dimensions of the 55 gallon package are 23” OD x 34-1/2” in
height. Neglicting the drum stiffeners and bolt ring reduces the outer diameter to 22-
1/2”. For the bounding HAC/NCT model, the 55-gallon drum is further modeled with a
reduced outer diameter of 1.313” which significantly bounds the maximum reduced
dimension resulting from the tests of 0.313” (5/16™). The reduced outer diameter further
bounds and still provides margin for the 1/8” increase in the inner containment diameter.
The 55-gallon drum is further modeled with a reduced outer height of 0.875” which
bounds the maximum reduced dimension resulting from the tests of 0.250” (1/4”). The
containment area is further modeled at both nominal and with increased dimensions of
1/8” for the diameter and 1/16” for the height. The nominal dimensions being 15” inner
diameter with a height of 27 1/16”. The overall outer dimensions of the 55 gallon
package model are then 21.1875” OD x 33.625” in height. The drum and payload vessel
walls, upper and lower plates are modeled at their minimum thickness as indicated in
Table 6-3. ’

The four vertical members, reinforcing angles, and bottom plate ring constructed
from carbon steel have been conservatively neglected resulting in modeling less than
50% of the package carbon steel. All insulation products are conservatively modeled as
optimum interspersed water moderation.

Packages and arrays of packages were also modeled with full density water
boundary reflection. '

6.3.2 Material Properties

Table 6-3 provides the materials and key dimensions used to evaluate the Century
" Versa-Pac Shipping Container. The density for each material used in the models is
provided in Table 6-4. The default atomic number densities from the SCALE library
were used for all materials and mixtures.

6.3.3 Computer Codes and Cross Section Libraries

The SCALE 4.4a code with the 44-Group Standard Cross Section Library was
used to evaluate ke of the Century Versa-Pac Shipping Container under all conditions of
transport. The code sequence BOMANI, NITAWL, and KENO VI (CSAS6) was used in
all analyses.

‘The verification cases CSAS6 and KENOVI, as provided with the code for
verification purposes, were executed prior to commencement of calculations and then
upon completion of the final calculations. Other than time and date differences no
additional differences were noted in a comparison of the different verification runs.
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6.3.4 Demonstration of Maximum Reactivity

6.3.4.1 Fuel Density and Distribution

The fissile payload consisting of a maximum of 350 grams U-235 was modeled in
all cases as U-Metal at an enrichment of 100 Wt%. This bounds other uranium
compounds including oxides, fluorides, and nitrates. Moderation by both carbon and
hydrogen, as discussed in Section 6.3.4.3, further bounds the presence of uranium
containing carbon or graphite.

A fissile payload consisting of 350 grams U-235 was initially modeled as a
function of the drum fill percentage ranging from 5% to 100% of the drum fill volume.
The payload was also modeled as both spherical and cylindrical lumped configurations.
The diameters of the spheres and cylinders were further varied to determine the effect on
-the fissile mass density. Also, the cylindrical heights were further varied to determine the
effect on fissile mass density and interaction. The sensivity of ke with the fissile mass
was further investigated at 375 and 400 grams U-235.

Polyethylene was modeled filling the voids of the fissile material with reductions
in its volume fraction to consider partial moderation. The inner payload cavity, insulated
package regions and exterior regions of the package were further evaluated with
moderation ranging from partial to full water densities.

6.3.4.2 Heterogeneous Effects

All of the analyses of the Century Versa-Pac Shipping Container were completed
using a homogeneous source material at an enrichment of 100 Wt%. The heterogenic
effect noted with enriched Uranium is caused by the presence of U-238, which is not
present in the model configurations. Therefore, the modeled homogeneous souce
material is representative of and bounding of the proposed payload.

. The material was modeled as descrete lumps as both spheres and cylinders to
study in-homogeneous distribution effects of the fissile mass. The height-to-diameter
ratio of the modeled cylinder was also varied. Spheres are typically more reactive than
cylinders while cylinders are more interactive. The modeled conditions of the package
will dictate the more reactive geometry. For instance, the modeled package carbon steel
will have a more significant effect on the cylindrical geometry due to the higher degree of
interaction between neibhoring cylinders.

6.3.4.3 Internal Moderation

6.3.4.3.1 Poly-Moderation

The fissile uranium mass was modeled with polyethylene (CH;) moderation to
. bound a full range of packaging materials. The polyethylene was modeled at a density of
0.92 g/cc which results in a hydrogen density of 0.132 g/cc. This bounds water
moderation (density of about 0.998 g/cc) with a corresponding hydrogen density of 0.112
g/cc. To bound other compounds containing more carbon and hydrogen, the
polyethylene compound density is increased to 0.98 g/cc which increases the hydrogen
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density to 0.141 g/cc. At this increased density, the polyethylene moderation would
bound paraffin (CysHs;) at a density of 0.90 g/cc. Paraffin has a hydrogen density of
0.134 g/cc. Optimum poly-moderation with an increased poly-density is therefore
demonstrated for the package. '

With evaluation of partial poly-moderation of the fissile contents a full range of
moderation is considered for the package. Since water-moderation is bounded by poly-
moderation, any amount of water- or poly-moderation may be present in the package, and
pre-packaging materials having a hydrogen density less than or equal to that of
polyethylene (density of 0.98 g/cc) do not need to be controlled for criticality purposes.

6.3.4.3.2 Carbon-Moderation

The fissile uranium mass was modeled with polyethylene (CH;) moderation to
bound a full range of packaging materials. The polyethylene was modeled at a density of
0.98 g/cc which results in an evaluated carbon density of 0.840 g/cc.

In all instances, the carbon-moderated cases are bounded by the poly-moderated
cases. For the unlimited moderation case, there is no limit imposed on pre-packaging
material or carbon-containing pre-packaging materials, as the carbon-moderation case is
bounded by the increased density poly-moderation case.

6.3.4.4 Interspersed Moderatioh

A range of interspersed moderator (water) densities from 0.0001 to 1.00 g/cc were
evaluated to determine the optimum interspersed moderator density for the packaging.
Interspersed water moderation was evaluated for the thermal blanket and foam regions of
the package. Water moderation was also considered in the package area that contains the
vertical carbon steel stiffeners (e.g., square tubing and support angles) and further above
the payload within the containment boundary. Also, interspersed water moderation was
considered between packages.

The analysis results, as further presented, show that increasing the interspersed
moderation from 0.0001 g/cc causes an increase in the single package multiplication
factor and further causes a reduction in the multiplication factor for arrays of packages.

6.3.4.5 Package Array Configurations

Several different shipment package array configurations were evaluated to

‘determine the most reactive arrangement. The package was evaluated using both square-

pitched close-packed arrays and triangular-pitched close-packed arrays. The triangular-
pitched arrays provide slightly more interaction between packages and yield the higher
system K.

The homogeneously distributed fissile mass systems, as indicated in Section
6.3.4.1, only considered the triangular-pitch close-packaged array. Square-pitched close-
packed array calculations were not performed with the homogeneously distributed fissile
mass since the k. results for these calculations were low and the results were

- significantly lower than the lumped fissile mass sytems.
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However, the lumped fissile mass systems, as indicated in Section 6.3.4.2,
considered both square-pitched close-packed arrays and triangular-pitched close-packed
arrays. These calculations further considered the fissile mass as both spheres and
cylinders. Both spheres and cylinders were considered in the array calculations due to
the lower than expected differences noted in the kg results. ‘

6.4 Single Package Evaluation

6.4.1 Configuration

The single package evaluation considered both the distributed fissile mass and a
lumped fissile mass. The package geometry was considered in the distributed fissile
mass calculations for the single package. Variations in the fissile mass moderator density
and interspersed moderation were also considered in these calculations. A single model
was constructed as previously indicated based on the HAC test results which is further
bounding of the NCT configuration.

A lumped fissile mass is further evaluated without considering the package
geometry since the mass could be essentially fully reflected with flooding of the package.
Only variations in the fissile mass poly-moderator density -were considered in these
calculations since the lumped fissile mass is modeled with full boundary water reflection.

The HAC model would in general have the higher ks results when compared to a
similar NCT model due to the reduced exterior package dimensions resulting from the
required performance testing. However, the lumped spherical fissile mass with full
boundary reflection bounds both NCT and HAC models in all cases since it 1s
independent of the package modeled geometry. Therefore, the single package safety can
be assessed with the use of a single very conservative model.

6.4.2 Results

The single package results are summarized in Table 6-5. All results are less than l
the conservative administrative Upper Subcritical Limit of 0.95 minus any code bias and
uncertainty. Table 6-5 provides a summary of the multiplication factors for all
calculations for the single package configurations. Figures 6-2 through 6-5 graphically [
display the results of the calculations.

The fully poly-moderated and reflected lumped spherical fissile mass provides the
most reactive arrangement, Figure 6-5. However, the single package with distributed
fissile mass is most reactive when the drum is filled to about 20%, Figures 6-2 and 6-4.
Increasing the interspersed water moderation (within the package) density to about 1.0
g/cc maximizes the kg result (Figure 6-4) while reducing the poly-moderator density
decreases the k¢ result (Figure 6-3).

Due to their simplicity, single package input cases are not provided in Section 6.9.
However input cases can be constructed using the provided array input cases with
modification of the array boundaries.

E
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6.5 Evaluation of Package Arrays Under Normal Conditions of
Transport

6.5.1 Configuration

- The Normal Transport condition postulates a group of 5N Century Versa-Pac
Shipping Containers (5(60)=300), optimized as discussed in Section 6.3.4. Close full
water reflection is applied at the array boundary. Table 6-1 summarizes the evaluated
fuel loadings and conditions for the Hypothetical Accident Conditions. Tables 6-6
through 6-9 provide summaries of the multiplication factors for all calculations for the
Hypothetical Accident Condition package configuration including sensitivity studies.

. A single model was constructed as previously indicated based on the HAC test

results which is further bounding of the NCT configuration. The HAC model would in
general have higher k. results when compared to a similar NCT model due to the more
extensive damage resulting from testing. Therefore, the package array safety can be
assessed with the use of a single very conservative model.

The package array evaluation considered both the distributed fissile mass and a
lumped fissile mass. The package geometry was considered in the distributed fissile
mass calculations for the package array evaluation. Variations in the fissile mass
moderator density and interspersed moderation were also cons1dered in these
calculations.

6.5.2 Results

The results of these calculations are further detailed in Section 6.6.2.

6.6 Evaluation of Package Arrays Under Hypothetical Accident
Conditions

6.6.1 Configuration

Regulation requires that a minimum of 2N ‘damaged packages (2(150)=300),
arranged in the most reactive array, be evaluated for Hypothetical Accident Conditions
(HAC). However, since a single model is used for both NCT and HAC, the more
limiting NCT 5N criterion is used in the determination of the appropriate CSI.
Additionally, the evaluation includes optimum interspersed moderation, optimum fissile
mass moderation, and close full reflection by water at the boundaries. Also, the fissile
payload contents are arranged within the package in support of the most reactive array
determination. ‘

The package bottom offers the lowest amount of carbon steel interms of amount
and thicknesses and further provides the shortest distance to the boundary of the package.
Therefore, the most reactive package orientation occurs when the fissile mass is oriented
at the base of the package with the bottom package further inverted and the top package
stacked in its normal orientation. This places the lumped fissile mass within two
contiguous packages in their closest proximity. The packages are then evaluated in both
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- square and triangular configurations with the lumped fissile mass further oriented to
achieve maximum interaction between contiguous drums. Large package arrays are then
constructed with duplication of the inverted and normal package arrangement. Figures 6-
17 and 6-18 illustrate the package arrangement with lumped fissile mass for the triangular
and square configurations, respectively. By comparison of both Figures 6-17 and 6-18 it
is evident that more packages can be placed in a triangular array. Figure 6-19 illustrates
the stacked package configuration with inverted bottom package and normally positioned
top package and further shows the duplicated stack in a 4-high package array.

The results of the drop tests reported in Section 2 were used as a basis for
determining the structural damage to the package under HAC. The overall OD and
height of the package are modeled at 21.1875” and 33.625”, respectively, per the
configuration, conservatisms and approximations discussed in Section 6.3.  This
reduction in package diameter conservatively encompasses the damage resulting from
both the side and top impact tests (see Section 2). '

The density for each material used in the models is provided in Table 6-4. The
default atomic number densities from the SCALE library were used for all materials and
mixtures. Specific package orientations are further discussed.

6.6.1.1 'Homo‘geneous Model

Two homogeneous model configuarations are investigated. The first model is
similar to the single package array model but imployes specular reflection in a triangular
array to produce an infinite array of packages. For the second model, the 350 gram U-
235 fissile mass is evenly distributed in the base of the package with two packages
oriented with one inverted such that the fissile mass within the two stacked drums are in a
closer proximity. A finite model is constructed of this double stacked arrangement with
specular boundary reflection applied to generate an infinite 3D array of packages. The
packages are modeled in both a square and triangular configuration. The effect of
interspersed moderation and variations in the fissile mass moderation density are further
investigated.

The calculation results are significantly lower than that for the in-homogeneous
‘models as further discussed in Section 6.6.1.2. The results are further presented in
Section 6.6.2.

6.6.1.2 In-Homogeneous Model

Similar to the homogeneous model discussed in Section 6.6.1.1, the 350 gram
U-235 fissile mass is lumped in the base of the containment region of the package with -
two packages oriented with one inverted such that the fissile mass within the two stacked
packages are in close proximity. A finite model is constructed of this double stacked
arrangement with placement of additional packages (drums) in a similar arrangement
with their lumped fissile mass further placed in a similar fashion. A finite array of
packages are then configured with explicitly modeled full water boundary reflection. The
packages are modeled in both a square and triangular configuration with the lumped
fissile masses further oriented in their respective packages to optimize interaction
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‘between the lumped masses of adjacent packages. The effect of interspersed moderation
and variations in the fissile mass poly-moderation density are further investigated.

Figures 6-17 and 6-18 display the modeled drum arrays in both the triangular and
square lattice, respectively. Figure 6-19 further shows the Y-view of the model which in
this case shows the sphere placement. A cylinder, with an H/D of 1.0, would occupy the
same region as the sphere allowing easy conversion of the model from either sphere to
cylinder and visa-versa. The package model places the fissile lump in the bottom of the
package since the package bottom recognizies the shortest distance to a neibhoring lump
in an adjacent package. The bottom portion of the package also has the least amount of
carbon steel as the bottom plate is 4” and the top containment closure is %2”’. The bottom
package is then inverted, with the lump further in the bottom, with a normally oriented
package above also with the fissile lump positioned in the base of the package
containment region.

The calculated results for the lumped spherical and cylindrical results are
anticipated to be very close. Additional sensitivity studies will be performed for the most
reactive lumped configuration within the Century Versa-Pac Shipping Containers. The .
sensitivity calculations consider different cross section libraries, an increased fissile mass,
further reductions in the minimum modeled carbon steel thicknesses, and an increased
poly-moderation density.

The results are further discussed in Section 6.6.2.

6.6.2 Results

The maximum k¢ + 20 evaluated for an array of 300 packages for HAC is less
than 0.94. This result is based on a fissile mass of 350 grams U-235 with poly-
moderation at an increased density of 0.98 g/cc. The arrangement models about 50% of
the carbon steel of the package with those selected components modeled at their
minimum values based on standard manufacturing tolerances.

The maximum result occurs with a finite arrangement of Century Versa-Pac
Shipping Containers oriented in a triangular configuration with the fissile mass modeled
as spheres and further oriented within the package to achieve optimum interaction. A
fully poly-moderated sphere diameter of 12.0-cm produces the maximum k¢ result for
the evaluated package array. Sensitivity calculations as discussed in Section 6.6.1.2 are
further provided.

Table 6-1 summarizes the evaluated fuel loadings and conditions for the most
reactive Hypothetical Accident Condition model. However, Tables 6-6 through 6-9
provide summaries of the multiplication factors for all calculations for the Hypothetical
Accident Condition package configuration.

6.6.2.1 Homogeneous Model

The infinite array calculations for the model discussed in Section 6.6.1.1 produced
a maximum k. + 20 of 0.7175 with a 10% volume fill level for a homogeneously
distributed 350 gram U-235 mass. Little difference is observed between packages
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modeled in a triangular and square lattice but the triangular lattice does yield the higher
kesr by a difference of 0.0016. Reductions in the poly-moderation density cause the ke to
be reduced. Likewise, increasing the interspersed water moderation also causes the keff
to be reduced. Table 6-5 provides a summary of the multiplication factors for all
calculations for the homogneous model Hypothetical Accident Condition package
configuration.

Figure 6-6 displays the results of the homogeneously distributed fissile mass
calculations for the inverted bottom/top package model in both triangular and square
configurations as a function of the package fill percentage. Packages with a 10% fill
volume appear to produce the higher k. results for this modeled configuration.
Although not shown the the figure, the normally oriented packages have lower k. results
and appear to have a maximum value also corresponding to a 10% fill volume. The
results of both modeled configurations appear to be consistent.

Figure 6-7 displays the calculation results for conditions with reduced poly-
moderation. The array kg is reduced with reduced poly-moderation density. The array
kesr is also reduced with increased interspersed moderation.

The maximum k. + 20 for this modeled configuration is 0.7175 and results in an
EALF of 3.46E-02 eV. Due to the low ke results further sensitivity studies are not
performed for the homogeneous model.

Two input cases are provided in Section 6.9. Case Versa HAC INFH 10 A
represents an infinite (INF) array of packages with their fissile mass content occupying
the bottom 10 volume percent of the inner package (containment). The package is
modeled in a hexagonal (H) lattice arrangement with full fissile mass poly-moderation
(A). Case Versa HAC INFH2 10_A represents an infinite (INF) array of packages with
their fissile mass content occupying the bottom 10 volume percent of the inner package
(containment). The packages are stacked in an array with the bottom package being
inverted to achieve maximum interaction with a top package in its normal orientation.
The package is modeled in a hexagonal (H) lattice arrangement as the second evaluated
model (2) with full fissile mass poly-moderation (A). The results of these cases are
presented in Table 6-5. These input cases can be modified to produce other input cases
‘as referenced in Table 6-5.

6.6.2.2 In-Homogeneous Model

Both spheres and cylinders are evaluated in the lumped fissile mass model for the
Century Versa-Pac Shipping Containers. Sphere and cylinder diameters ranging from 8-
cm to 14-cm are modeled with cylinders. further modeled by varying their height-to-
diameter H/D ratios. Since the fissile mass is fixed at 350 grams U-235, cylinders
modeled with a high H/D ratio will have a lower U-235 density when compared to
cylinders with a lower H/D ratio. Thus, as the cylinder height is increased to further
increase interaction between cylinders in adjacent packages the single unit reactivity is
reduce with the reduction in the fissile mass density. The drums are arrangement in both
a triangular and square lattice. Calculations are initially performed with expansion of a
2x2x2 drum array to a final array size of 10x10x8. Drum arrays are initially modeled
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consisting of 8, 64, 144, 216, 384, 512, and 800 packages.

The 12.0-cm diameter sphere consistently produces the higher k. results in both
triangular and square arrays with the triangular arrays consistently producing the highest
result. The results of the lumped spherical mass calculations indicate that the triangular
configuration is more reactive than the square arrays with an optimum sphere diameter of
12.0-cm. The triangular array is more reactive with increased sphere diameters of 14.0-
c¢m, however reducing the sphere diameter to 10.0-cm causes the square array to become
slightly more reactive. The lumped cylindrical fissile mass calculations are further
described below. The cylindrical mass calculations will only consider arrangement in a
triangular configuration since these arrays produced the higher ks results in the spherical
model calculations. ‘

T