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1.0 INTRODUCTION

This Report describes the methods and guidelines Century Industries followed for the
preparation andtesting 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..
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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 grains at 100% enrichment and a criticality
safety index of 1.5.

The Versa-Pac Shipping Container was designed in two basic versions, a UN I A2 -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 '/" 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].
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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 55 Gallon - Top Closure Side View

55 Gallon Version - Side View
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6.0 TEST FACILITES & EQUIPMENT

6.1 Environmental Conditioning

The test series was conducted at ambient air temperatures.

6.2 Drop 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 ¾ inch thick plate, which was then secured to the drop test pad by means of tack
welding to the center of the pad.
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6.8 Photographic Equipment

Color photographs 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 instrumnentation 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 98530806V1812 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' & I determined by
Meter Drop calibrated tape

height

Table I - Test Instruments
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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 15" ID 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 15" ID Inner Container
B-D 23-5/8"0 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
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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
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 lbs.

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/lbs. 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/lbs.

Containment Loaded With 254-1/2
Pounds of Loose Gravel
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Bolted Inner Blina i lange and lop
Gasket

siae view - t uallon Acetate rlug

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
Bristol, Virginia September 25, 2009

• 

• 

• 

Bolted Inner Blind Flange and Top 
Gasket 

9.4 Test Article Temperature 

Side View - 55 Gallon Acetate Plug 

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. 
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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 
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point of the package was at 4 feet above the top surface of the test pad. 
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It'I

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.

I1 U

End View-IN'l 4' Set-up Post Drop Damage to Bolt End
Impact Area
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NCT 55-Gallon 17 Degree Angle Side View 4' Shallow Angle 
Set-up 
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The test article was released so that it did not impart rotational motion into the package free 
fall to the test pad. 

End View- NeT 4' Set-up 

View of Long Side Post Impact 
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The container impact on to the test pad surface and produced a 7-1/4" long x ¼" 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 V4" 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
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The container impact on to the test pad surface and produced a 7-114" long x '14" 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 '14" 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' ShaUow Angle Accelerated Drop (Slap-Down) 
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impact area thru the bolted closure end of the previously used test article from test number I­
SS-A from a height of30 feet-l-ll2 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 
30' HAC Drop Position 
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Side View of HAC 30' Shallow Angle 
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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 ¼" 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.

End View -'lop End Damage End View - Bottom End Damage

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
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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 11-112" x 3/8" deep from the previous NCT impact. 
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11.3 Test Number IC - 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 packa e as a result of the uncture drop.

Puncture Impact Damage - No Opening
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11.3 Test Number 1 C - HAC 1 Meter Puncture Drop - Center of Gravity thru 
the Bolted Closure 
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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 8-318" wide with a diameter of 23" at the top of the closure area. There were 
no tears or opening of the as a result of the drop. 
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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/lbs with the bolt at the impact area at 49 fl/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.

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

Top View of Package Prior to Opening

Inner Containment Blind Flange Top End Impact Area Damage

View of Damage to Top Closure View of Outside Impact Area
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As a result of this test series the outer closure bolts recorded a post test torque of 42 to 55 
ftllbs with the bolt at the impact area at 49 ftllbs . 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 fiflbs . The gaskets and the 
internal cavity of the containment were found to be in good condition with no damage. 

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

Inner Containment Blind Flange 

View of Damage to Top Closure 
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Post Test View of Test Payload

rost I est view oi inner t-ontainment

Post Test View of Inner Containment
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Post Test View of Test Payload 

Post Test View of Inner Containment 

Post Test View of Inner Containment 
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12.0 POST TEST MEASEUREMENTS

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" ID Inner Container
A-C 23" 0 Outer Container

A 33-15/16" Drumn 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 15" ID Inner Container
B-D '23-1/2"0 Outer Container

C 4-5/16" Inside Container/Outside
C 2-7/16" Wall - In/Out
C 33-5/8" Drum Height
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

Final Tare Weight - 390 Pounds
Final Gross Weight - 644-1/2 Pounds

Century Industries
Bristol, Virginia
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12.0 POST TEST MEASEUREMENTS 

On September 24,2009, the post test inspection and measurements were taken and recorded 
on all test aIiicles. 
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A 
A 
A 
A 
B 
B 
B 
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B-D 
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C 
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C 
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D 
D 
D 
D 

Century Industries 
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Test Article Serial Number 10553 
Post-Test Description 

Measurement 
14-15/16" 10 Inner Container 

23" 0 Outer Container 
33-15/16" Drum Height 

2-1/8" Wall - In/Out 
4-5/16" Inside Container/Outside 
4-1/4" Top Rim - Inside Top Flange 

34" Drum Height 
4- I /8" Top Rim - Inside Top Flange 

2" Wall-In/Out 
4-1/8" Inside Container/Outside 
15" ID Inner Container 

'23-1/2"0 Outer Container 
4-5/16" Inside Container/Outside 
2-7/16" Wall -In/Out 
33-5/8" Drum Height 

3-15/16" Top Rim - Inside Flange 
4-1/4" Inside Container/Outside 

33-15/16" Outer Container 
4-1/8" Top Rim - Inside Flange 
2-1/8" Wall- In/Out 

Final Tare Weight - 390 Pounds 
Final Gross Weight - 644-112 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 Nonnal 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 capabilities 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 e~ach 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.

14.0 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
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Attachment A

Test Plan TP-002 Revision 0

(Consisting of 14 pages)
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sotI n sd t s'4d points around thc packac..OutieMd inner 10 gaugV in rsf 'i 11i qnner hosul'monii cerimit fiber btlanike.'t between• ib. linieis t~icopkki ithi. primarx•i~ii 1.{•
S srt acoral com poi~onts, A secondas ha rr ier. ol nhsuf taion consistii o. oo" .iram ic: fiber

to hinkix u tound t r, ii :[ ioýtt tintt bods I pa htis h 12 I'iske|l is a sx'PAen ftibe'I\la sI
*I 'yIx in a 11 txible " bti. o Iiid:withi :hh grade silioon. rubbeilit the ask t

i liiad.co~ta u entcai'n ,iý Til mad ý til g sue biody id bottomi , xxit G'h a th•cki* " fl~~ to~ which a~ 1"" top cox~i;.' r s fe tordsine 1• r- •{4 bolts lihe patxoad ca it ias':

k"alt tc t 'ti Uitlatro Iro pct i momin InLOS by1) useI iltld coi n pton' toh1ru•h 0•.. :i~berelass hthemal break biv eiitwefljfia.•plgofd x'ait•,' :ad tO.'h ~structdre.iClosed Cell
* :Pob ureth ane loam is utilized to pros&' ide in ltion6, anfd aa~d~ imp.nt~t ;ptoteeitio}n•:tbotb

the tol and -bottom .o0 theý VraIPc P1 asý-t 1pgýs. e11cl6nsAd ,xihinl thb1od1• • ofl• b
•St. :structure. pros empiti-.for :vcoongto eter! cetac 0cnt ph•ogimn'the.eteror:of iWthe
d ur" I lum .I x it' i desione 1 1t 0 , ky- daded direetlixorx with the uses{of iin wintrtoo IcdUc:

• ' di hisid w dit:mci t \ii• IwthuIp toa 3)0 gtilon t:i" "

It .. ix desi IIed inaccordinc ihe icquiretrents".of. 10 t- [ R Part 71 i01] atid i'etur
i ndustries-2 I)Ag P1if~oir MaInul.cture of vesýa PatShipping C ontainers I I

InO rder to resolve .oncerns rcgardif gthw ability ofithe 55 gallon version to sucecestull
mJ it the IA(C testicondition inhtiding the slap-dowxi (shallow angl e)'dropori:rltation
Scentrv fndustorts s dcod an iddition est series consisting o th(ee' i ootCent 1r'

of ia iyt drop, 0 ti t itti 1 graooii' drop, a ong wii th'ai s iap1do0•yo acce eratcd'dgp
froma heiihit of '0 I~c.

2It " ,( 01 )I' •:ANL)OBI E( 1/:\'T

• -2I Nmcopt

T his itxs plan dtsc nw si methods, guidefines and reqtire nic"s tat arc. to 1be 'utiizcd
during t'le prirrnce II'c task described in this procedure,

Century Industries VersaiI-'ac Test Pi'ii0rl ' I,'/'is'isNionO
Bristol, Yirginia Scpte'rilbeil 1,'2009
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'IN:rnOI)lJcriON 

·Ceiltu1)' j ildusti'i tis Y~rsa.;pac Shi !'Jpi ng .Contai ner)s desi g)Wd, fe)t! h<:'shipmcllt ~i';1'ypc A 
rutli onet ivc "0 nd fiSsilemakrials in' tbcf\,ftl1'o{U-mctll!' ox iucs:Jll1o'ridcs\iiid.rii lrutesfor .... ,..... .... , .. ,.~ ''' .. ' .'., ,. "".,,' 
hp,lh rirpduct and sCraPtl1alcria!s. '[;hpfissil,e\payloudwl1s dcsignJ,{l{'3?9,grams3t'l 00% 
cnrichmeniillld aCtitiCt1!ittsrdety,inaex((iI09, .... .. 

TlJ"NerSll-P<\(: 'Sllipping ,.C()ntaillcr.\,{as'dcsigl)C~Uin:h,:o,b.ll$i.~,. y~rsi~H1~;,(iJNl Ai 
gal ((ll1.und. 1!9,~allol1ollter;dmf11. \\;tiI11\ ·.16.g(Hlg(~)JodY;·h9:tV)ili:aill:lco'.;;er;:iri"additi6n to 
Ihe.standard.1 '2 gauge dosurering with ft· 51S"A!?TlVltA30! bi)lt'the'c'oVer;isrcinl()~S~d. " 

··ahdsccured using the addition of bolls altachcdJ((th~)i!llCrnlllslnietureofthe packagcas 
'detailed liT the;d6sign drawings. The il1!emal sll'Uctiireconsists'ofvertieal(arili' horizontal, 
.• $t;t)'Cncrsats~cilkd point!:; aro~lI1.d th~. pl\ckagl:.C)t.iiqIHild inner.16gau~ellherS,,;~!,\tl;i;W"; 
/111l1ef insllJiitiiJg ceramic fiberJjlanket betwccilthc liher, .comjil<:te, the primar)(~,;ill!1er,).,' , 
strucwralcomI'lOnents, A ;;econdaryba~ricr of' ,insulalion.consisting oj' ceramic:fibep 

;'blankcls;surrouml the inner <:mllilifp)1ent '1;bdy, '011: paylnadguskqr ,is .. lI\V(lven fi!)qTgl~§0::.;, 
"yam ina J]exihle substrate; it:(jilted{\vith':i'I.··hif!h. ·Iiracie., si.!icot1e 'i'(ibber. Tlle,l:askctedi)"\:' 

~ .',' ., .... ,. .',: ",;.,,:, .. , "','/' ' .,:.,.""" .. ~, ,~, '" ',:'..< "'" '.,", ;~':-:--:.~~~%<::~'</;?<' 

ji{iy1tiad;(;~)ptainmel1lcaviiy iSll1a.dc pF (O)gaygc b()dyand bottomWit.h a~~";ill'icl\'t()rl'" 
<Hange towhjch a 3i j 6" top,e()ye(;Il;$eCUrcp~;usil1g 1 '2 :....)~1'tloits,(El{c;:payioa9 SF,ivity;is;;' 
. p Hach ed "Hh the . i hternal"slfU~lU fa Icn!1:R<,~!1,~!~l!!,;llY~ISe '() F 'a .~6() I, t C9::<:211.n,ecii oh!i~t6ug!i;ta< 
;flbcl'giass 'thermal brea.kbcl\Veeii;;t!1efipll);!pid ,C?V(I)c'*ldth9;,~}D:i;;t~rc;C!osed' Cell 
PolyureihaneJoaillis utilized.!!) pro\;jde:ins'ul1itjol1'~ilild,,'dded 'ilnpacl ;'.. ';:lo'bolh .'. 
:the',!op' Ulid.botlo!UofAhe' "yerli~Pac, r>lastic~;plllgs, cl~ei6'sed;"\vithi ';';3f/01<: 
. <',,, .:/ ,'< •. :.,<-><.<: ..... ,,>.r.-:y-~., ", ," "' .:> (.;' :'~'~', <,~~. (~."'.~., «-"!:;+-::::<S""'''~ ..... ~. 

" ,stl'llClUre. provide i\'fiuth,t~ir:\!entiT1gt6.extcrmilacet,a1t:'vcl1!,;pl\lg'ml ·tlle,qxt . rdf:;!pc'; 
:drum, The cavity is di:sif!nedto·j)e>loaded directl\';.OfwitlJ,the llseio[,iii.:inserllo reallee; 
thejn:Side{jjiill1el~,r,;!)F\~;th:ilptoaj() gtlil?,ndnlln:: . . . ' . . , " . " 

,:' ~":, 
". ~. . ,., " ,';" "0/1(,-,;)-

.It,.was:{jesii;:l1ed''in ac<;ordanee .the n;:quircrncnrs"ofilOCFR Part 71 ['IJJ and/Century 
I nddslfics~ QA~SP1;ln fi)(tvlanllfaeturc o(Vers!;~Pac:Shipping Contnin.:rs 12J. '. 

. ' ,/, ',"' , ' , .. ". 

lnordcr to resolve cOlieernsn~gardillg.;tJ1,cability of.the 55 ,gallon version f«(sHeecssful1y " 
;!lH::etcth,: HAC lest condilions,lnCilidingth.: slap-down (shallow (ll1gic);drop,oriCr1l111iOlF:' 
C cntury industrie;;,!" cOlldm"ling al1ilciditiOliaJ .test series c{,msistillg'()f~\,dirc~;rqot ,9c,nl\,:);' 
of gra,,:it y d.rqp, ,30 J901cenleLof'grav'i! ydron, along. \\'11h'+\ '$lap,do}~I!«~,Cce!eratcadrqpX 
fronnl height of :10 F:cL .' .. ", 

Centur): Indlistries 
Bristol, Virginia 

methods, guidelines and Tequirel11cntsthnt 
the task described in this proeedlll'e. . 

VeTS:!-.)'at 'lest 1'1;111 "n;~\;lh\nc\'isi{Jli,O: '" 
Sqit~:,h IH~I: j :';20(}9'; 

23 

Century Industries 
Bristol, Virginia 

Versa-Pac Shipping Container Test Report 
September 25, 2009 



24

' :~2•.2 Objective "

TIheubtecve of( thistest plan is to provide the re nuirementsefor t aser es ifphksial test1to.
'derrionstrate the pertrmanerw ceapabi0tnesot 5rilirillon ' rsctc f:hipping ntainer:
to supplement Centurlndnstes SatetvoAn slsts RepotI uider Doc; e 'Numb•r- 71-00 342" in sat svingh the, req uiremenets o~lU 0( I R 71 P !• ( 2•ntuirx lnidustriesaI =5iest

Ieic fi tlon I S- 00 l1 I onth test- p an.i fort i oth normal f and•hvwoh ýett al.e dednt
conditfions of ti inspot lI

Tfieprimary obje tive t:of this tes pjlanl trelasI' fllows

I, Definte theresponsibillitieof1 the, sotin&Vpcrformhing the droptest. seiresl

2, Define !the general recquirements

3. Define th•ttest qUences that will beIpurtrmned.

4 c Defit reqlc . uirOdwconfig:uraIn•stfr•lo! h tests.:;

t Define thean iirs!d pre-twst~and 1 ost1w testdnic rments T

(6..DdFi:•ii& the &aitd:Oquisiaisnoni requirements for eaehh est

* 7. Define the doc~umdntntioti requirements:

3.11 iU'PONSBf I IT f H1 I1

C,,cnlturv.>ln'dt isi •i e ha s the OVe r• i iespciistbmiti fobr th. test. pi oe•i an•[] dS is reonstmibl&i•
* fbr the dlesigti and atnaivsis'oft he: Kest, drtiles• des&k elpmnt tof ,the 'test.•pecihcattin the.

test'.plat~and oversieht of rthe'Vertsa Pac tciest senles; Cenitury Industries is also respoosthle'
for the plrocuremnent, fIibriecition nditnspect;ii on of• :?the• te'St articeks" ":f[h nes. .serics;wiill he

peirformed in accordminc .,ith<the aihic abl requirrements of ChenturT hdisvtos'IQA
Program QA-:] 14],lest Spec ification 'I S-0 I ai~d this test ph i

Individual responsibliliies iftltidde ie Vol lokwviiig

V ,lestProgr trn Manager: Thi" individual, isfres111 i )leiiJ the overall nitiiiag1enlcnt'
aiid.:hnpleti dtetatcn o)•. hetest pro graim. The TestCMan ager has fhe aulthoritv ,tO
res61ve any question that may ars between mctibers ofthe'ean>

2. Test tEng'ineer TIhis individual is responsible fr prepaairatonof-the equiifmiuiand
fluCilities required to condcth the testinE. They are also responsible for <theroith the
pre-test and post test. tteasuremetsand documentation

.. Qu lily Assurance: This:individual, is responsibhe for the QA. oversiliht ;mnd

.'euli ryAsidustries versa-t: a y~l Nall. Itt 1ý1(ifl

Bristol Virginia ,eti .1, h i•t •1

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

• 

• 

• 

Objcctivc 

'rihcobjecli ,,:e' Qf't\l'is'le?tpl~n .is 10, provide, th,c:fc'(juln:meh!s Ji.i r ,8., series,if;phys'icfll )(:S1;10'. 
,'dcriions.trate; the'perf()rman~c,ca PtlQlJ i.t.j~s'O,(j}~:e ,5;>;;W~(I§'\;;~':9~~a:n,~cS l}i ppi ilg~;Sq~lt9 i 11Pf: 
. .rpsuppIcll1erit ,Century !'Ilid,llst ri<is::S[\felyJ~nill }:~i~~Rcl~o'r!' under, Docker. NlunbCl::?il~· ' 
~?Q~4~,'ill s~\t!:f?'\l1g. tl)~::r$=(I\ji~~t~l~ti!$:()f~l;~: " '~JjJL1J? (~~!ygry }n(ju~!f.jf;s·~'.:1;e:~t 
"qpCCI Deanon! ::;dJOO 11.3\ and ,tilISleS! 'plan,t '·botlnl1()~mahan~;'l:!~pOlheu.c~l,~c.s!dent, 
col1diti()no;;oCtr~lilspojJ; , , , 

" ' 

, .. 

Tile. pri milr),obj eel j ves ;Qf lh iSles! rilah: areas.ftillo\vS: " 

I. Defil1e thC'feS!)(insibjlitieSoi'thepCrsonnel'perf~J~m'ing the dillP tesl series: 
, . -,. .,-,'. -. " '"< .' .....• 

2. Definelh9 general f~9virenlt:l))s 

J. pcfil,lethe::te:i1' s<,\quen<:;es thaiwillbe'pcrl1mlled~ 

Cep} t10,zj'ndlistriC$ ll(ls Iheoverll! lrespollsibi I i ty.fOf thei~(t, pwgratl!\!I!~~::is 'rcs~»1~Wlc., 
1'01'-, the:desi gil and ana Iys is; of,the tesLarti,cl~s, de:v'cJ()11i:!1ci1t:l.l (t hc>tcs!,speci fie,itiOl}/t he 

, .' •.. , .... . '~.'.,~.,. ", "'. ",,- ',./:" '"'. :-) .. : '.' . . ' ~ -;: , :", '>', . ,. 

,!cslcplan;and, oversi ght, of the'V ersa:~pa:c~te,,~t~sri~s;~\mlilry Industfics'is)lIso re~ponsibk 
nlr;the procurement, fllhriclltion Yandlilspeciii)[1(jf(lhG test' arti~,IcS' 'fhe leSlseriCi;'wiil.,bc 
per!i:lfIllcd ,in aCC~)rdllTlCe ,withthc apRl.iq~bicrequfremel1t;; of:Cenll;rY: 'Ind\l~t~ies; 6A 
P,rogram QA~1 [4]':1'C$1 Sp,x~ificalion TS-OOlpiahd thislcstplan, 

Individual respol1sihilities ii1cllidelhcfollovJin~: 

'L Tes! RrogniHl 'iv1ailager' Til is .i ntli \;idual iHcsllOqsibk:,.fOft b e overa II nHillageincilt~ 
'Illd)rnplemcntation:nf ih~:te$t JJ!:<>gmm, "Thg Tcs(;!y1anager bas" Ihe authoritYi<) 
resolve !lny question that mil)' arjsebel\\'eellmelllbqrs()r!hetcar11~ " 

2. TcstEnginccr: :hlis individual is responsible fi:)fprep~lra!ion'oFthe equil~nleri!;and 
lilcilifies required 10 conduc11hetcs!ing, They (lrc also respon"Sible f(Jr,lhe'botjnhc 
pre-test and PUS! I est niCaSllrCments and'doc lui1entatioll. ' " 

'3". ()l~,~lity ;f~,SS~.lran~:c.: 'This. jndiyidiJat.; IS responsihle' ,for: the f)/V overs,!~h'(~~lnd' 
witness oEthe leSl' §liri<~s 

. Ct:littir,"hi(\ustrit:s 
n~ist6'I,Vjf,ginia 
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4.0 TISTSIEQ QUNCES

Based upon pirelirnmary 1totiil,,psting of boththeI* an55idI 110:gllon-versions testng,
indihated .that:the I 10lO n version55xould hindthe 55 gallon-VrsitPact.wrsion 1 hrt"
Pro)tyoIt-)Cer"itbktCi' l,.ftc 10:".litlts' t te•s rlcs All t1est articles were tested% using 30gaillon; :drum contaitinog 250 pounds o[1 the lest• mtedot p :teed, \vithin tht. tiime pe•,tka•i•

c avit- -, tesdua -amlount, of SatiO .md Pwa aid wito l)the. ijne cari soi t i, t lhso laton c 1witttld fitce the ptssihi~ity oft -elc2ase fro0m •,itft. ithe; imnr. ] tavt.ts"t.-th~eexieral sgurf te
•ot hit. packatec between the inner and outere-closuttz hcs. ~ieinner.:drum iwas b~heineuii~zed to~
:•fitmlate a l~iston {action w'ithin theininericontainmen a l ftct-}`'c{:(`?[est . wtdsc`g,+ Uponcompmleion and adlustmens to the 110 gallon version all test st•rtes cstere slucesslul in

mei:•etinig =the :.requ•irem:ents se-tbhrth in the original test~ipr;ooram Altfelr initial rc~itcw and
qluestiois regar~dtng the lack of an accelerated drop imthep:irelninamrx testing piev-toush(
econdatu ted and uledI~a£t establishi reag~oning for use of the:' 110 "al 10on (,.rstio to hind thle 55
gallon pac~kag'e -i: lest sample prevst~slv,.taiicatld wl :be: pepared to condutlc the ti~itine
described -wtihmh the lblloxswinc sectiodis of[ thi~s test p1 iti IThe 55 galh~m test; pacmkage' wMil
he I oaded withh 250 piound oit. s•i roi•S~edi-T.ihnithe pai load taea ,id" the poe facke.

The test series is plannied as sho9.as•n in lai{ie{ I:•below to verttx\ sat stat-tor compliance
with 10 CF, 71 [tlJ and th~i. plan• ........ •>

:4.1 rest Series Ni) 1-55 1NC 1 +& H:AG Slallow Aiiglk lD;npl

•Thi~s ;ser~ies will-+indftlde -in;NCT shaillow in~gle drop an•d, one I lAC shi•allowi-i anele drfopl
.Ddrinp th~iS iestg=urlhcces are to lie :examined and.-measurcd, and the: idamage recorded
b et~wden drops..

Ndte• A• Piinct'Uh;•}est will he conhucteiliotn oue (iflhe lest ipackages lase iti pun.

initial itroti• d amiage..

.KlalkI rl:•Planncdk 'lemt Seq uences

l aclage "Iei Test i;et. .. ....................~...... ..}:{ ...~i, ...O b e
N"I 4' ShallowAngle i ;vahuateahe D-tm'iee

Accelerated D.)r•p !rtan Atcelerated

...... . .. . . ................................i'e

ý)Wdio~oAml I P An~t`le Dro

I-IAC I Meter I urici tie i v61-L at At( taka
_____ ______ OierbeTe

L o lt-5 .LDetenrmined .......

Notes:
1,All NCT Drops are froma lteiglit of 4feet, 1-HAC drops are ýhumr aht"cht '"

of-30 feet and al puntcture drops areofroa a height ot 40 mclnces3 Distance:
measured fth theh hiwcsiý,s iit oftlhi. package to thetest pad surfa~ce,

2, All tests arbc:indetjd aIt the anibient air.teMperature.
Ciltl u ' .1 ntlsl -t ris Verslta-Iclle Test la. hi I"P- 002 RIevisioi 0.

Bristol, Virginia Septenlher1l 009
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Bas,cd upon .pr01 im inar), pfoi()lypct~stirig,()rbothtbc j 5arid;j·, OyulJ(m.v'ersionsA~stin~; 
:iridiealcd'thaube.!IO;galioll versioll'(WclllldlbinCi·ihc 55 giaJol1. Vcrsa-l'acwcrsitin.Thh::C· 
prototypes ·.;\~~(e:;t~\brifa12d .. il)tlh~ tc~i)5~tic~:X J J test· art ides \verc·tcsted using ~q J()' 

g:Il!OIi ;di'lullcn.n!airiing 2sb'·POl.Jllds.(II;;th';: liest; niedia, ·.pla~:ed· \\'ilb.in ~ihe:'ilii1"i:' pil~Kiii:W 
cavity;;a: residua ]·amounHl fS!lni:!\\'llSpliu,;eA 'jni~)l!)e'.i !\!lct cavity';;g that; s,t\Jl)~.ma!~ri :il . 
. wOlild.· pice the pn~si 1;iI1t), of release. fro~n,;,;'i thi ri 'theilinerert vi tyilottie'l:>swmaJ,$uriiICe 
'of the paCkai!" bet\,ccn the. inner and .ouler'Cl()Sllrt:s •. ;Fneinner·d~uiwi\'asheip!LutiJizcd .1'",., 
'si;jitilate a 'I;;S!9rl~'lctjnn witliill'tilb i;ll;cr,·wl1tainmq;\i>t;a§ity~;t':(tl;tt~si;ariicld~; .• ljpon •. 
COl11pl(!lioll andJ adiustmCf11sto the II () gallon versi(jn;illiest~(!tics " •• ere,stii:r.::essfuljn. 
'lile~tJlrg !he·;~eH~ir~lnenls sel-timh in the original test!,prpgramAn~r initial rcview~!1d .'. 
questions regarding Ihe lack of all necderafcd dmpiil~th~\preJiminarytcsting previolls]y' 
eo~dllCle.d .~n~l'l.t~fd 10 . r~SI,,()nil1~f()f' use nf t1i6}(Ogallorl'vcrsion .to bifid !h<':5?' 

.galltin packnge,a lest prevlOuslylabncalcd wdl beprcpared (0 conduct the tcslHlg 
dcscnbcd.'withill the f(Jjj(lwin};scc1i(jils'oFthls"tcst phill .. Thc55gal!on res! ~mckage\vill 

I ()aactl ':~vi!h' 2 50 riolllld~()i:les{:n;c(:IN~jlf~n~9d)~)'load .Mea tjf the. p:ickage; • 

. The !\:st scries is pliH1Ued;;as<~11(}}yn;ih;;i;ij~ic.ji:1below 
with !0CF'R 71 t l].andthis,yl*n;;· . 

4.1 

This senes will mclude at(N'CT shallow ~ngle3:ir6n"!lI~d '6nc',I-li\~t;shallo\".aiigl~'orop 
.During;. this1e$t·· .. surlhccs·nrc·. to: be examined 'llnd·'rneasurcd' :lndthe.dan)age.;recordcd 
·t)t:twcendr9Ps . .. . .", . ",' .... ' ...... .. 

Note: A: "iwdilh!'Tl'st 'will he {:onducted,()I)'onclifiheiest llal~kages:tlllSe(i ullO;l 
:il1i~i,ahll'op d:lIuagc., . . ... , 

Nrites: 
I, All NCr Drop!' are JronlIi height ()['4'f'eel,HAC drop~arc Crolll a~hl~lgllt 

01'30 fI::Cl'\J:d.~lI/p~t\flure dropsarefrorn a height of' 40jl1tbC!;:[;1istil~C¢ 
mcasurcd:frOlil th.; k,we2'~:P'.)ii1t.oftlii,: p,Kkage to Iht;'1Cstpnd surfa"c~,. 

2,1\.11 tests ltfL"CtiiltliJcted nUllo anibient air.rcnipc1'lilurc,' . 
,Ccnturv Illdustrics Vt:rSII-,Pac Tcst I'lanTI'-002, RcvisiOll',() 

Bristrii,Virginill ·S,cp!cmherIJ ::i.009 
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95.0 TESTSERIES RFQI(IIREMFMN'S.

5.:,:, t Ciihern[A. eq~ u .a riemes

I " " t I lc;: A s' "i f

, et] pesi inc siu b wons. d .i

5 12 Rigging

RiN2,wot methods shall] T:. chosen suchl tat th1e1 eInt :atilciIs i6 tledKhi"he. crct
Inchlnafown xndorientattn as n.hcessary. Rgng locations shatl b"posItimoed soasnot to
'iiitfefoor aflcct the plurnoince. drsni6ftheWPiwalui'iltei tesTse:es! 5

t;I k1eo iMaring)rid I I!p 11w

"t hL gu~idelines lbr measuienlent, and test t:quipmen~t~ are. lscnei dd .it •;t~her1I rt,
Spt i fid ti~n !TS-001 •i All tern'd tltal requi re: e0 tba ttott':!}h•ll•he :c0nduete~l)agotnst ,a

ceitijteJ"d known that are reIerenceId I the Nitronal lInsuotuteOl fSundtialda I cchnolouvtNlS 'I )i fur. scales the apph he statb d:''~ estandards and:•bureaus dr ace a l W her .. uch.
standards do not exist. the basis b'r the ~ialibration shall: be documnettted:;!i;:::•:J5

[-teruht measur-ements rn'y be :esttrb lihed using either, a pie-meast ire&tn!n ip~lumt b
bob attache~d to the lowsest: point ot.t~he test articde a •propernv:,cahibratedt1latse:r,'(rrother
nieanrs thata re Yerifi abe

.5..4 Vest"Media

"he test media mayý b.onsist of the proper combination ofI tither lead" gravel sand, stcel,*Shti tand/or clean soil necded to obtaiin thexapproprtate_,payload test weight. The test

s,,i'ht ofeach test article rnust.be withini 5•/5 pound.i Ote• required test weight o'.f'50pgunds.

5.1 .5. *Environmerntrl

The requirements I :r environmentaI.l cokt rols aoý desIr hed in I1hýlest Spificiaion
I f-itI [3 anl sheleer rtded as requ redIv each i irtv d ua, I test sed uenc& I ...

5.:1 6 Electr'onic Record ing D)ocurnentaition

All aspects otlre test series shall berecorded as req uired in the test plan usitig eqiipnent

as-specified within the Test Spterfication [5001 31,

.(:vru,6 Industries Versa-Pac.TestPlan
Sceptemnbeei t0
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S;() TEST SERIESREQiJII~.E]\lENTS·. .. .,.= .... :,' .... :.' .... .;"." 

5:1 G,ehl·nIPRcqti.irelilcnts 

,5.1.1 iOUI1Ii't)"1\ssunmce 
••• ~. "'" ,'. '", v • '., ,', •• : 

?t:7Rigging 

Ri22im.! methods shall, be ch()scnSllch that the teslart'ic!i:-:/'is liftcejC;ili";'ihe,cor(eCl 
in~Fna;i (m ,al1d'Orlent~t.'on: as "1eEe!i~(~ry}!jgg!lJg,~~9'~! i(l!}~:!jNl'! "l?~:ppsrtjhileg:sqi\5;6;;ttq 
ih terfer~;o r,mCc't'the.pcrj()f:llit~,l1ce·or:respi)lli;e6 f; theW 9fsaWU:c;~ u i'l n}~( I.k test <'series: "', 

5;'1:~' 'j\lensIJrillg,:fnil ,E(jli\j)(il(:nf 

glllde.lif)cs,rOL me.as~lrell1Sil\ alldtesl<:qt\il1!1}:~~l'ilfc,;des~ri!;cd:,.I!J:;%~~,t~~t. 
Specificiliii)nTS-OO 1··n:;Ail itell1s'~lhiilre(ilijrci;a!iD*nol;"fs .' mductedfag,1insr'a' 
certliiedknown'lha! ar~ r~fercf1c;;d:t~'.i!lcNlitiollali;f~tit~Hc 0 ....lsliiW< ·)!()~V 

. (NI~'1);~()r s:,hlcs thcal~pliCllhl\!~ilii}t~!~I~J14ardS' .. ' us,~if~i.tlcc:epi~}J\~;;", .'. SU~i, 
slandarosdo not eXist; lile b<lSls16r,tnc:ralibrallon documented:', . 

Hcidll.i'ileasUrements mil "b\:' 
bon ':attj2:hedt(y th" 10wc;tpoillhO 
means·ihat,ilr~\'C ri n able . 

. 5.1.4 '.' 'rcsiMctlia 

, < • '" ''' •• " 

.... ".<' •... , .... . . :", ,"::' ,;·,)~~~;>t< \.., 
.;]J;;i!lg eit!leri a' prc:meilsll~e,*I~I,iry9 . plumn 

• >",;,"., ,;..~~ '...; .;'.> ., ,', , .. " . .y '~)"':r .. "'.' 
;.\C$\· artlc.lc;'/a ,propcr!y~cal ibrMc9'ila5cr.tor·othcr; 

T~.~;t~~t. ~ll~djalililY' c(~ns.istor the prorcr'CnI~i~~I:a(io~1pfci ther leag;,giaw;l,sanoiisteeL '. 
shotandior clean, SOil nCt:ded to obtall1 th<;i)31w~q'pqa~~/~yload' test weight.: The 't~sl, 

'\ycightof:eacb testarticlemllstbe wilhini+5!l()ipQllnd,s'(~Ithe)cqujr,ed test weight9f>250 
pp~~j~~.:" . .. -'. -'. 

5.1.5·::tt'nvirolllllcntlll 

Th.:rl,;quit'cments fhe cnvironmcntill colllrnis !H{~ de,chbed in Il1c:':r\::;1 
'1'S-001:p 1 ;tl1(1 shall b\: It'cordcd'!1,5n.:quirt:d by e!lchindividwli 

5; 1;~' .. Elccti'onicRt;curd ing Doc'HlH~nlllti()n 

AI1[!SI)Cct~ or thctcs!serics Sll1illbc:recordcd lls required.in the t(:st plan tlsingS!1u'lpf11ent> 
as,'spceifiedwithin)he Test Spe0ification<rS~OOlf,n . .. . . 

CCl1tui',\':JllllustriC!i 
'. Bristoi Virginiil 

T]>~fl{12:lic\' bioill), 
Scptctnbcf I ,20i)·},~ 
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.6.0 TEST 1A4•KAG •NO. 1- 55

6.1 T1 estNumber -;55-A - NCetc-of f.Gi~avity TI op CIosure DPop..

6.1.1 .iest'Configuriition

:js~l 55.,A is ftc:fieedrbp' t hruhe ceitter of ora•, ity dn fJto te~ toclosure o'f an undwnaged!•

test a ti i k hum ae•,he t ht of eersr (4,cltzh lke as s""ho i, jn I oreTi" Ihw 1• 1ý.t ie e
suspendated r! in ,-wcrane tx Shncs and'rd at!Vilicd tgoa rel3cSaeceami. st b ie ftd

abo le thu )Ztestp in a Metro ~a its hr thei top losuicf orUienJUMtaion1 sothatihelowe
pointeofthe pack'age is at I ?meteris 1 -1eeO ibove the top suifar cu: )I thes pad 1 he test
alrtid-should be released so that it 'ndoesotion ant•o• thelpackage
freeFall to the test pad.

6.E2 Pre-test lteqmiirecients & Measut Vnuints

P91ioi to crtinni C"g 'esrNtmber 1-55A. the Uilowini pre-est activities arw e totesc
eompletv.q

* Mea'uit&aind record th'e test :au .ji}e~ip~crare pror to drops

* Record the test articleseril numberf

* Mcasure; the Uenteline I1 d the near sidedstaln'ceýto e edgeýd with 'i • v prior to.6,
closure of the inner containment edait, All icasutement locatons.•should be
ffia'rked:oiit le ptickag"

"lkkIe phiotogrmphsof thu Irtenoi anrd extcrio\t olt tot ' thpae to pt 0owdeiunaI:

* evidencec ifthe pie test condition

- Weigh aid tecord the empttest article '

J Ioa Althe test media inito the test artickli inncrntainiWentcavr t.

* Spread omne (I Pound of residual sanoddirtvinto ihe.inner soitainittent cas It,

o Verily that cominponerts tused ior the inier conrtainnirit 1:i% 1•tariie' illgood
coniditioni id are. he prolpr cow npor)ers per, he drawinrgs

Install tlie containmciet cavity gasket and blind llange. Snug ill lid bolts1 pi or .to
applying ther'equired torque( fI 60 ft. lbs. inran itlternating torqju" nttti.i.

]Install the outer easket ard rein'lrced druni lid using the aptropriateboltSas
r(quiredb,. the drawing, appling torqec of (•10 ft. lbs o ite clOsurebotsin the

:pro0"!C alternair rg manner.

o(minturiy Industries
Bristol, Virginia
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(j, 
'0'· 

'6.11 

6,1 Tcst;Numbcrl~55·A - NC:rCeritc!\'Qf;GraYi~y,l:()p'CI()sure.nr;op 

6.1.I'Tt\~tC\lnfigllrilti()1I 

T03(;]-55, /\ .. is.llhcy'drbp tllr!! the n:tllcr of gmv itYbn!('j !hc:tnptlosur:c~o'f'an'ltndomilgy4\ 
\0sinniclC fn(ma 'licigilloF i.2 mele'!S (4,Fcql). n$slio~vi;.::.ir\ Fjg(I!'\,~'3;;';i~lic:leslariiClg' 
;;uspendcd rr(;1l1/~I'~:f'lI1c·. by s I i ngsa ndlHtildlcd to ~ n ,relql$C;;lny"ch't!lj~Elis:to,.bcj jJ};y~ .. 
abo.\'c Ihe lesi:,p~jd'inacelliernr gravity. thr,u.!he IOp,closillcorienf~ti(ln;sii ihaTihc';IQ~ve~t' 
. PO~?t()rthcpuckage is. at 1){l),~Wrsi(!f}t1;:e!) }Ab?veJh,e ;t9P:urfae<;;~)f'"the tcst.pad,T~c}t;st,., 
art Ide 'should ,bc' rei cased so' that 'It'docs ·.not.) l)lparl',:ro,lallonaL,J,11o.tJ()!I,;J,nt81he;;.n<lS~llge 
frcc'fall,to.thc tcstpad. 

Prior ttl pcrl11nl1iilgTeslNlii11her j 

c()rnpkte: 

• Mcas'ui'i;:and 

• Record the testartic!e:serhil number, 

aClivities arc 

• Measure ihe' cehterline and the nearsidcaistahce;to':the'~d~e'ol,;'('0: ... · ·";it);0pri~iri&. 
clos.ure ?f'the:inner contaimnen! Cft\!{ry:,!:'\IJ; 1l1~asliil;ll1'ellt'JC~", ... sl;sh'6lllur:l)c . 
11larked.oii:thc.pilekage 

tiikc ,photogr;qJi1s, 
cvidcncc(\r the 

• \~'eighand rccorJ,tlie 

.. 1,oaCl'lhe lest'mcdia inl\) 

.. SI)read one (l'lpound ofrcsiduaJ slIndidin·inlO 

• Veri f): that components used for the inner eoritainnicni 
condlliilllHnd are lhe;pr()pcr componenls:p(;rlhe drawings, 

.. Jri~1311tllc <':Ol11a,inrilcntcavity gasket and. blind nange: Sn~rg all,ljCi bpltni~~'.tl~' 
applying the,required lorqueof60fL Ibs, inan filternating Iclri.]Uc'r(itiitil:!1i· .... ," 

.. inS1all rlicnuter l"ask,:t and reinlilfced drum .Iicl.using tht appfi,priaL<b()lts,!~ 
r(~quired;l~y.;ihl:;d;awing, applying torqtH! of. 60 ft' .ibS-lO the cl()~Lj!C1tihlts iil th~ 
yrop(~r alternating matmer. 

,C('ntui"\' Jndustries·· 
. ilrisU;I, Virgiilia 

'rP-O(i2Jfnisimft'" 
"Sepl'ct~her':1 ,c.2oOl} . 
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* lnstall outer drum dio and t rque to 60 IV lbs. and, install secutop .eal.

W \eigh and reco)rd the. loade'dlest article.

U .pon closurLre nasure thALieightfrom the bottomilimi to the tp:of the)los)rc
rinad a dij miti' a l th'e oUfrpI akag atthe center: rolfi: hop•pof.th& drum "All-.
nieas eitnt loeatuoir should be niaked onithe package,..

• Verify that hec. ernitlaeeitC ventp iug is In pldae.

o Takephotographs olf t+eeerior o Ithe test articIe to jovyid•• sifiual, eyidene.o II
the test article pre-test conditiono

• Measure and recordthe airw .lmpraltre at the dolp pId-

+, Measure andI recordl the tempx+. rare on tlhe surtace 01 the packages~.

4 Once sOsldhdgd :meisu'e End i Ohd tht ingle :a which tOw i ,t a-i:tc 1orented
Io the nearest Iincrement I he measurement is to be wthi':4 I 0> of the
:plcified d rop orienttIon

* Lif- the testW aitie tot the.rcqured•dropsheight Mea1sure andrecord the heght.f'rom thie surftaceo the:~•te}st. pad t{o :th le{•owest pJi;•{o~int ol tei(tst arta.It Tc, >l~g

measured h~eight :must:,he at least the specuhed hci•ghitrequired brt(rh~e dlrop, but no
otre thn p:1 us / •iihs

6.t.3 Post r'esI Requirements I (c t I:I I "c : c n i's

F0olloxvingi hl:NCT shllosw angle drop (test Numier•t 1-')cthe loilowmgwaitviis
are required-

*. Photograph thc.exterior swirfaces of" the dctsarcle to provide vsual evfidenc.e of
any apparentidainage.

Dk Documcnt any'apparent damage iothe package, e.g. deformaiion'or bolt failurd.

- Measure vtheheight and diameter ohtiethcstoarticle and!rfcd .the ifornition.

. Record: the information on thea pplicibl. t sest fbrms: and .proceedto nexVtest
sequencec.

(. 11)iv 111dstries Vcrsa:PacV s Halli TP-0021 ftcvisiiow
Brist6l, 'urg-inia Spebr120
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.• Weigh!!lIid record\t!lcloadcd:teslarticle. 

• Upon· cfos.lIr~;' mcu~un::!li~Jheigh(rrom. the botlOll] ,Jim tn the 15~P~(;f ihes~.It?S~lrC; 
fi ngiulldd i:iil1ClCr oft liS ;(:lHf~rl!)~~~ag<;. :\~ the cenler roll il1!\hilbp,ofthcYdiiIlJ:i:, !/\ I j. 
,m,;;3s.uremenrtocmioflS ,h6uld l)e n\ark'<:d oh;thepilcklfge,' 

-Yerify thanhe~dierriaFacyi3tc vcntplugisin place. 

.. :Tiikc,',pholognlpfis ,(JI'thc'extefior:o!'thclCsi\urtic'Ic(tOhProYltl6,:viS(I,a,I!:cy,iden.cp:~T· 
Ihe:\es!Urliclcpre~tcst condition:· . "';. ' .' . . 

. . . 

,o1Y1e!lsltni i:tilCFi'ecord Ihe !t~mf..",:,....jtur6()n:the surtlie'eof lhcpackage;: 

,0 '. On,'c susi)2ild2,1 
,ti1ihe nearest I" 
Jpcciflcddf<:ip 

Follcli:ving,iheNCT silalJ(m 
ar.erequiTcsJ: ' . 

•• PholOgniph the. exterior siirfaces (ij'thctcSl 
anyapparenLpamage, 

. , 

to ~io\'i~e vis~alcvi'clci1ee:~f, 

...•. 

• 

EloCLJI1lt.!nt any'apparent danlagt.!lothepaehlg"',(!'.g. (kr(lrma'iioIH~r b()ltfailu~;c" 

.MeaSUrClhe'hciubl and diameter ofthetesl\uriicJe imd.rcc,(;"d'thc'Olf(inmili(;n, , . '""'" <, , .' , ' . ' .. <, ." .... - ,', ~:...:. - , ,'~ 

'0 Recol'c\;theinfi)f111!1liol1011 tl1eapplic,ihle teSt li:lrnls ftn'd'.!;roCCd(to nCl\t:Jtcsl 
~c<iuencc, 

Ccniurvlndustries 
.. fii·i~t~;I, Virginia 

'TI)~IH)2Revisioln(' 
S(~ptcmbcrJ ,2009' 
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:10:

62. I1yst Sequenee'Nuti ,.i*55,B'-'i )A(Y3W ShallowA Onge, AcceleratedDrop

6.2.1 Test Coni~f!wuratiol)

~est.:5I3 is ah sahoW ange accelerated drop at.an :angle o.•d 7"d:geeS fiom Ithe
horizontl'la otd of thi. damtaged ;test 1artiile" from a heiihtof) 9,reers. i() ,et) as shosis inl1 guro • 1-5 TIest~l aric-le• shonkd hberientncd.so. that• fhe .op ,closure •makes th'e inital'

impacti.:wh test pad soracelhe lest a:licle susptddcd. fIom a c rnehw ýx "sltnas and
aitta ledt to, a telsekn medhditnis to beited above tlhe etp.dm, so t thatthe: loWcSt politt
Qo! he tackage:is ýat 9:motorS (Ofeetahove th top sLrf'ace, of the test pid Ih test
Sarticle shouledre sothtit doe(s not impart rotational:motion intoilte package
ft1'rahlu to the i&st pad

o6l22 h •e-Iteteq i rein tn ts tc&, Measu ireii 0ts

, RocoId tlnasuriecý~its tah nffro previons teIst:of th testt litche on Jthle tet
*record:.

O-ake-phototoraphs4otthe exteriodrcotthe test article ,to proi0dhe5 tsu'i ý til ofien od
the teSt articlepte telstonWdiionL:

o Measure and record the air temperature at theigots a c dropad

I Melsure aOwd record the temp ra tre on th•e siura iie of the p tck1agc

*Once.suspendedimeasuireand-record the tanile'at w,'hich ithe te.t rticl is< oriented
to the ,neajest I•' inicretnlentIhe mJ e idsoifreilmt is. to, be wi thtn ;•"l'0:I t ott .....
specified dr',sp ortentafioin•".. .. '" "

*.'Li ft the tie~t ante Ilc to ithe rcequiJred~ drop. heght. Measure atid Recor"de~te 'heghit-
Ir'om' the sttrlaee oh 'the test pad to rthe lowest, point ot the test artile. 'Ihe

mnieasuredheih moSt he atleast the specified height rcquired For the drop- ut no *

mi'r&:thian prus 2 ineles"

6.2.3 Post-lest IReqrirervitts

•Fllowing tho IIAC' s ai'lh soin accelerated dirop(te~t.Number 5 -B ,. the foIh inollosi
* aetivitis ir reut•Lred: -.

SI hotoeiraplf'thIt exirior surfaces of the test ar• 110c\i proside a il evidence of>
an\, additionalI apparent daimate.

° Documaont ar additional damage ti the xiackage, e.g. deflormation orIoIt aIi utr

* Measure the heighI and diameter oifthe test article arid record the itbrination.

C.'entury I hrdrrI;tries Versa-flac Test Pin Ta P112 . evision0
B ristoI VAirginia Septeiier1. 2009
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(ij ,l):SI Seq ucnc.Cj Nu lil. ber,l i 5S: n~ .. :·jl't\ (:\](j;'Shllllpw ,'\ nglcy\cc.clcra Ic~iJ)roll 

6;Z;lTcsl COl)figui'atio}1 

test, iC55;J3is(\shlillo\\'anglc al~cdcmleddrclp'a'l;in"angle6r:F7-'degrees fl'OIl-i,(lle 
hOf'izoni,ni:;i d,c (I( thc,dul1l,llgcCltcSllj nittc' from a 'licight:i1f; 9melt;rs,(}Xh!~C:t}'a~s. ~h!l~yn<ii1:: 
E i gw e 'J .. 5 5:fhei c~lari icfc;'shdli!i.r'be';I:lriti1tl:d,' $(): t ha rt ilciMjd'6itlrc '1l1~k'e';~tli~,'jllj tihl 
impaci\\'lth lC$l,A?'!~'~¥Jlr}ilY\J:.<},:hctesl ,arl ic.i(:, sU§I)Cn,nS~:Jh)l:n""'tl:l'far2c!;~)::sli~1~,S aryd 

,alh)chcd lo,a,":1~~6Iillliisl!1'(,i!i:1Q,hc,line~labQ\'c,tllCJC;>tpII~hsp,)hat;:t~t;I,B\\'est.poinl 
o (,ihc 'pac kag'at9 fl1e'!Cfs(':3'o teet )'abo"e' I he,: lijp 's urface(lr the tc~iC;p'ld,'" Th~ , test 

,artiCle should, qe;felcllscd sothaLil docs' l1o,t"imparl! rOI<HioilaLm9tjon<i~to-;~hc package 
frecA'a1i to the iCsfpad' , ' 

" . 
• 

fv1en;;ul'e.and reeord the tempcralUrc'Oli tlle'?urfa~eO'fP1~ra'gl{qg(:< 
;, '". . ',' , '" ..... ,,, ..... , .... . 

'. . ..... ". 

Onec $u$pen(jcd'lTl~<1SUr~~!!m:Jreq~~d)hc: angle 'at v{hil'ih the lest'~rt"icle;;s~oH&!;l.eW'"., h 

to lhc'!1cn'i'cst I "iiideIiieni'liie,~illeHSUl'eil1enj is, io :Fie wiihin"±','i:o";,'i1r"thc';:> 
spec1lieddt()Pojof&rJlall()!l' " .', , ,,'c:, "~'iY'/ 

.oLi fl'fhe .ICS! anicle'!othe,feqljjre(ldrop,heigliL Measure aild'irecoi:d~lh1{iieight 
rnll~l 'ihCSllrfacc or'the 'teslpad to' the lowest, pO,ilit or tlie';testar\iere:The i 
l11easuredheighllHustbcat'least tht:' speci lied height rcqui red'fo,nth~\dLop:but:llO,,: 
morc'than plils2,incilcs, ". <";:\t; , , 

• , y 

.p~:{itogral)h"tli:eexlCrior smtllCes of the Icst :anicle~il.~:,()~o\)'i~j() 
anyadditimmlapparcnt Jamagc. " , 

• DOcull1cllt'anyacldirionaldamage 10 Ih..: package, e.g, deformat.io!lorbol! 

• Measl1wt'lle height and diamdcrbCthe ICst'artic1e ill1ci record the illlonnalion, 

CcntulT IlIdll:~tries 
i\ristol;Virgin,ia 

·j'P':'J02,Hcvisibnll. 
S;i,tell1lit~';I;zho9 ' 
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Record., he test frmsand ppfoŽed to next...st.
sequence.

Test No 1±55-B Test No. 1,55-A
HAC ShaIlowAngle HAC Shallow Angle

Accelerated Drop AcceleraedeDroop

Fig~u re I-Sd 'IesPacktge NDrop"5 -Tlcoufigunaions

Century. I 1(1d'tricý
Bristol, Virginia

X ersa-Pac lest Plan IePtem01 r, Q ý 0io9 0-
Slepte m) berl I ,2.009
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Fl. 

• Record. the information Oll!heappiielllJlc.!cst fbm1S'lind proci,eed 10 next Jest;. 
sequence,. 

Test No. }-55-13 Test No. 1,55-A 
Hf\C Shalic)w'Angle HAC ShrilioWAngle 

t\eeclcratcd Drop Accelerated'Drop . 

Cl!Olun'.1 ndustrie~r 
.Bri~tu·I,'!li:gini~ . 

TPj'nn;lk;iMioll .It 
SC!l~~!ll tier 1 ~,~009 
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6.3 Test Sequente Niiipek1 55-C - HAC I NIMetr Puncture Drop

:6A3.[ estkontiguration

Test number - i dmro•ntth-0 da c md startcnIeiiseýdi ýapineviiig b
dctwirned bIx ed upnptaicolti damuae essed Mt:t ib itid paikoaeseries-estting;
fron a heuLht of I meter.(40 n41he -,is:•hon• iwn',igre-4 l InIt-st artitd-eIL/i hbe.
su ai.ndld foro l rane hv stingS and lta 1n4 to I 1.tst m;-ech-misis, to Lbe lifted. •
aborve tht. lest p.Id ait aIn aile oiwewntatd to unparo1t: cthdinda'~gd area,-so thatthe -losvesf
point-.of the package is at I meter (40 ince s 1 a'bove thte topý, surfaee6.:01the, puncturef pini:
The nest article shotld b. released-so-that--it does not impart rotaiionaF "motionrtinto theý
-pac•k-ge free fallto the impaet point on the puncture pitt . . .

63.2 Pt-tecsf Requirenuntý IS -M easu rcen t,•

* cord0.. mes uroren- tls ltaken l:.'mpies Ius 1s d Ithe: t - l"-Ic on th•e tIest

ien-id,
- %~ke. photogr"aphs,.ol Pme exterior, oft?,he -t~r cl~•r i-g u{•~tec o ..

•thin..test artielepiQi t~st~nditoni.. " te.t!aitc•o•proi de:.<•{•. .:: -vis-;,:,:: of,. .

S<Meatsure and recor e or temperature at the1dr11clop p".d

o M~easure and:re'ordti otmperature on tsrtacetof th package .

- Otce susp1end1d.me tune nd record thle a,,t •at~wie-'a.c test aitimd ths oridte•d,inothe i-arest I t ncrement. The measur-enlent4•-mto 4h;{e-swlthtn- --?;1 -ft o1-~the2,..
• i spch d - tm ntatu -tin- .'

- L.ift thte test article to tim.reicauired drop ilihem-h Me isure 'and ret-ord ,the height:"

from the surthce of the test pad to1th lowest1 point--of the.teSt. ý .article:• Thel.;
measuredheight musi be at leastI~the spetie-.heigbth required tbfM (the drop: btitno "
more thanl plus 2 inc~hes.

6.33 3 ost+est Requirements --

Followving the IHlAC puti60re drop ([lest Number 1 -55-C), 'the followin,• af iCAities are
required:

* Photograph the:-exterior surfhces of the test article- t pr•ovide risui tievidence 6f7
any additional apparent-damage.

* Document any additiontal damageto the package. e.. deformation or-bollt Iiilure.

- Record thleinloriation on the appticable test forins arid proceed to mext- test

B1istol. Virginia September 2I .209
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• 

• 

• 6.3 'TestScqucncc'Nuinber"I;S5:C';->,W\Ct'iVleterl>unCtnrcDrop. 

'6.3.1 TestC()IlfiglJrlltion 

Tc"s) number j ,? 5-(;'i$ a:.lj'ccdrop· onto tile &HnJged;t~stnrliSl~:us~:i)·il1"i"prC\;'iQii$"tii,;.be. 
·dClemlincd . based utxinf')arii~ljh;r dn mag~tlsscs,si::d. iifli!:Flhe i!iitFil:p;I,ck!lg9,:s~rib2(t~sti I)g; 
• frollJ ahcight 'orrmeJer',(40 jll~hesY!ls:s.h:\)Wli'in·J!igllre(4, ,iE!1etCsLl!rtic!e '\vilkhc 
'su~r;cild¢d' from., a ,cranc'by slings, anJ'(ltlach'c'J to·.hrcleasp dl1(;cli'illi~.m;js. !(),'bt:JJftcp 
a\J<wt;thc tcstliad alar; anglcoricl1tIlICdlll illl!:nlCrI11C,dtl!11!igeq.arca,siJ;ihap'llie i j(J\ve'st\ . 
'POlllkof the' IXtcka'gc' is'al] Inctcr(40inchcsfnbove.tbe !opswtJce:oF.tht;i'plincture\pii't. 
the test llrticle sh(iLlld·.bcrelea~tf,d:rso;tliQt)! •. ?Oes'~.n!)l' inipart.rota!ional"r:no\iim:'inloj~e' 

. package free ralj,t6'theimpactPoiiii;orilh~ljuriCture pill; . . . '. .' . ....• . 

0' 

.. 
'" '(lncc slispellejed;l11cllslJre and rCGord 

'til the nelH'e~'f:T6incrern':1ll, Th" mt:asun:mellh'l's· l\;h .. [J'~M'VI 
<'::'~'. '\' '. ,./>;",;',: .. "'.:.".<:*-.' 

",~pCCl f Hxldiqpulrt:}llation 

oLin· the ltstartide to. the,. requirtd: drt'::pjICjghLMcllslIn':llnd r\:tord,thc height'\ 
from tile surface of the test P#d lOthe lowest, POint:'of.lhe;l~st/',~r.ti~l.e:'Thc,; 
nlcasurtd·hcight must be atleasttlicsp;;)cilied'heiglll required !'()lille drop;'blltno' 
mUle limn plus :2 inches: ' '. 

6.3.3 l'ost.-Tcstl~c{llIirclllcnts 

'Following Ihe JIAC plinctllrt'drop (Test Number J .55-e),the folll)\vi l1g,ai:'iiVilies arc 
required:. 

• Photograph Ihe,exteri6rsurfilCCS .of the Ie,! artiClc'lb prO\iide vi~ual evidtnct .(jf 

any additional apparent.damage. . 

• Docull1tnt any additional damage 10 th" packagco c .. g. deformation orb(\}t'fIlilurc. 

.. Record: the 'ir)(Qrn1;lt~()n .on the ~lpplicablc "t,est fonn.~ Zlf~d< .pr()cceq ~() iH!xt·"fcst 
5ce\.llcn,,(;, 

Ccrltllry Industrics 
Ihis!n'I, Virgi~ill .. ' 

\icrsl\~i!ac Tcst !'lan 
"':' .... . TI).~OO2. i{c\'isiorFO' 

SC!Jtcml!cr I i209~ 
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13

SMeastre ard rord t1 e UorquI of o"ler closure'wltsd

- 'I)peno.ter Iaokag l andrcmo'e tc houtetr lid

-' Pi••a5hhe;iei g•ic•}i. ofa .th sar1.igl6h'd``ai•id"i 2``f~gf<m` app,,rent
tndications of contanmnctt bpjlndu34i'y lossg .1 'ay6iodd ma•ierhilis'

• , Mcasuneand rea.cord the2•torqff fintunerior: 6blts ,in iie O~ihe ihi:.i~ifiiconiaininient

* Examine the conditionot dthe gatsket1 nd payload .:c!ntents and Irecord the

infurmation on thc tcte'coid

* Mecasure and record thy ~cntcliaricind na i•: r s idc (~ltxdneto••'•)thce dgeof thle ea:vity,

- Remove the tnnei pay1oad (it po~ssblc) and !recodIan,, aparent. d natm orl

0 F'hotograph. h the inner cavityxto provide viuai evidence\ ofan appaent : .damage.

-' Complete th•e tst sequcncerecord.

B ristol.: Vi rg iit l
V r- I tac Test ,Plan 'SP-t02brN .ision 0

September .1.2010,
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• 

• Measure aridi:ec{?r~dth<;ilorque'9fMyt~f<cI9Sur~:ly),lis, 

". ,'Qp(1)'op~~rpackageal1dremov,etlleolller'IilL, 

'.' 'Ph(jlOgraph"lhe':llli6ri()rfs&fq£e''io£til~;,!est;arti(:Iq'a!1(]'.0xailiiil~;\!f,Qi;;.,!jiy)app~l,re!1! 
indications of cnntainm~n([)!:LU"}5j<iry';kis's"e:g,;:J.l~Ylii?d qlalefi:j!s" ' , 

Mecisllrc:'and[i..:c6rd th~Jf~~~irC;I;(,jnter'iOr;l:l!jIIS'iihd'i'er;iO\;e:lhein~er,cb11Iaill;~C!l! 
etl\;ityblind 11angc ", /'i'f'! ' ' "', "",' ", 

.. 

.. Examine the 

OJ 

• 
11l0n:menl tn 

.. Photograph the 

,Ccriluh,'Iildust,:i6 
'Bristol, Virginia 

:! ..• 

:j:P-002,Rcvj;inn {I 
'Senternbcrf,2tIU9/ 
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Býristoi, virgý'inial
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1.0 IN I ROI)MICTIN

cen.ury Industes is dsiwang nd, iieensing a 1new ij .prnstd i on packa . I led the
Vera-Pac 'Shippi) ne Cpniainer; in.: laccordance•w the refuireinents oft If CFR Pirt 71
I Rf: .- :I he rsult 6 of thls seris .-of-test mT a s ýthoe busd .t ritW0c• , Ieanalvitc

m fT•i~matlnevuainC •n ofhe pacag.e eIrfoimanice wort th Normial Conditions
Wirvpithetical Acdf NI fhienti•dfA C 's:tsAof 110 CFR fart

Teis~d•t ment spi.~ifies 1he.requireium effJor ihe confirmatory-test proigram •Ajseparate.
Ts-Plan .will be prepare:d:.describing he~slpeCific..e si conldit onls'~onlieuatiort andg~ •the~seqI etce P \in !hich thiey wil e eca eot ncluded in i:hiF document f slle twdhI:

tihhi et ,'ion sp..c~iicaieuoi fo th, tes fc ise.ka@ges~uscd 4 in.h series ioft..erstfor tiheg\ ere•a IShipping C onittlner .'

2.0 TS1 RLQUIREMENTS"

2.1.: P.res-tes Readiness Review"

1Prior to piforining an-lies.-sernes a readinessrevview "ill obe cotdled..b Cn.urV
jndustiier t assure( the follow {,inwg: .1.dk .

* A:!l nize~ssary' test pta~lans idbir= piocedtres have be• en pr~epae inia•ecorda}ice withi~
CenturV Industries oA program •{;ieiew•;ed anid approved.:%?'::.' "i :

2:All: iequired: ic("irticles and test l~aeilities basei bieeni rci-ed ad }inspifg•tued b,
• .Century Industries personn el . .-

3. Theadncimentaion pp.ckagcs lbr.:iheiest sarti•cls h~i.ve beeiireyiefie4&d•'aidia{:&pted
by; C•entury Indu•stries inspection, lXersonn I[

. Personnel are trained andWavailahle i, irfo'ri the1.tet 1.series,

5. Test and .nspection personel have been traiined in accordance sith th

appropriate test plans and/or procedures as required.

6ý All esi aiid Measurement equipment to be I ed fro the test series are c7irreitiinxtd
w i~remant~ct trent dt runi the testing peri.od for shici the are reqC ired,

7. Any subcontractors t be used have been 1rained i accordance With the test p1ain
and/or proceduresC

Centunr Inidustries Versa-Paic Test Speclification TS5-0t12 Revision 01
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1.0 INTHm>lJ~::fION 

Cent u ry lnd~s( ri es.:;yde,;ign In ~a11951 icensi ng;:~::n9~'~:Y~~~~1~J;,~,t i6ii?;~{J~~~~'~C'fCtlI\~~r ,the 
Ver~-Pac~h I ppl ng· <3pn ta 1 nsr;.II1·~~~~rda2~er\v)th;;theTeq~!lfeme!lt~?.q!:jJ:P';:S~!}A'z~f!7! 
IR~~t:J],.·i he results oj !hl$.serJ(~s:of·test;lmlya!so .be,~used;as;p~r"t~~qk;,t.hs~',gn\l,I):IIC 

\inJ9il1~!lliolle\'atl!alingo!her ,,:cas"<1[,the p~~~age, per!?fm~!1l\~ ~funhe. NQ[rl1~1 ,:C0!19itl(5iiS 
, of Trlll1sjxirt(NQT) '~nd~,H):PQllletical AGGi,d~nt.Qondiljo~1'~:(HA'C;:) ~t,estli~Or'!pCE.RPa,rt 
>;It . ... . . , 

"Prior to 'perfofnling !lnyh:st'~cries,a 
.Industries'hl asstiiejhc J()!lowinki .. 

2, "ldkrcqllifed·te~(i.irliclcs und fe$i:j:ctCilitie~, 
Bcriiurylndllslri~s personneL'''' , 

~ "' ~, 

3,'l'he;doGumeniatipn pnCkagCSj(jr.thC:ICSI'arli~h':Sll1!j{;,eb~CI~~fc~i6~t~;alid\uccc!iled'·'· 
b:;; tcntUry Industries inspection pc'rson;i'i.{ , ' •• , ...". .... 

5. Test alid .inspectlOn persol1l1el have been trained in,lccofdance \vit!1tllc,. 
. appropriate test plans aridlor procedures' as rcquin;d 

'6, AWtcstatl91v1eaBuremellt cquipmcl1tlO be llsed !h) tbe 
\\;:illrcrni!i'n.curren:tduring the testingpcri()dt('i~ which 

,::, 

Any, subcontractors to hi.! uSl~dhavc been trained in (\c;tordancc 
. iHidJor proced\ll'cs. 

(~entury Industries 
Uristo'l, VirgiiJi~ .. 

'Vcrsa-I'ac Test SIlC<;itklltiull TS~lj02. Rcvisiollf(l",:" 
Septt~ m bc;;;l" i(109;, 
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'2.2 Pre-IFest Measurements

Po~ror to perfiormongmn te'lt ~s<.<nv~per-test nxeasureme~nts~reqoiedb •;te.0~~~nifi',lle
takn ,and doi.umcitied

2.3 11nstru nnfnaftinn Ild D)ata Acq I isitioi .ystivemsi.

Pior 1tto pe~rforming ans te~st: th~e ms•ifr~itiintation .ihod data• acq tii~itkioi •s{1iif•i+ !:h
be checke~d• to issuk.ethat it: is.propcdyfliV.thoniitng An inrst rumentatton: that is rnotpIoperh,:;ftnctionng shall hi.1cther,<repaird[-oi Mrepl ccd1n• pr\cedures shall

idode G 2t -A ints~pscton hl.ad poitosl to veritsv? hal~1 ltc.:inllollmlnatlof;gitin md ti2fiitiq~glorn

equip ment nch pri. test, reqcluremTents

j•"•l, , Phi toetraph a.Ic--quipmie o

•At least two consum)er grade color video cameras shall be used to record the packaee
rýesp0onse (fr eacl drop test sefries Oni emIcmero NshouIlMd vea aeld of view' sufficiento
iapLture+ t!he entire d•iop sequenee both t fill ird 1mip let , The' held oI)Of o e 1

second edmera shoutld conkentrdt, on the lowc[r 1111 of the litpact 1rea to 1pro\ demole
detailed footuac oI the drop setquenc. ihe wIdeorecordi( tof ttech>dropltes lsert esshai
hi inlaittalld in lot i•sutla ev id~ne[/~, ."c -. ""wIWC. "~m c. ld ,

.Color:t ihll photogtaphs h• t• hIe taken to d ocumnt the t.es sLt up att'11w tc 'i u :lt
Pht o!tograhs shodtid; c tai ý ita minimumih 10"ce If 11P~b~ogap~s hotld•L~•:l~kn 5atha lntull <.tYMegau poxel. digittal .cammera :or d x<,mm

stindard•camer eqciipmel..

2.4 EnvironmentalConditions

2.42I l.)rop Ter sfn . "

lPror to pcrfbrm op., ech drop test series the lb llowitie ent'9ironijiental cond itll jotisnut$ h3e

recorded:

t'recpitator Atv precipiation (ie. rain, snow. etc.) diectlv ofiihe icst.
article or test pad surfjae dorinl the drop test shall he itted

2, Wind peed: The iind s peed ai the lime,, of thi.ioppsri. Thall he>
re1ord1d1 If ssind .peed is consdered ,itt, he st ro be tig "htmifitcct the
drop orientauno the dr op test..seriesshioujld he.delaveo

Century In dustries
Bristol, Virginia

Ver~sa-Pac Test specification I'S-002 Revisionit.O
,Septem lberl', 2009
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:2. 21' r~:.:rcsCl\:I(~lI~!Jrc'!H:iJ ts 

:!)r:io( to ;perfi)fmi't~gH!)Y; tcs!;'iiiiy'pCr"lesl' measure:ment;;: reqlliicd ·t)~i theteit'pliiii:iillisl'be'. 
; ill~ en ;lIn(j;doClllmiflted. ' .. 

2:3 'lristru nicntlitirln.:'lllld I~atai;\cq ii isitioll~S'stclilS 

.. ·l~riiir' to' perfofiil ing an J;le~t,Jh.e:\n§liiiiii€ntat iOI;Aild; datu ~\)q~isi! iqlis)'sicili, if" .. ,; 
be' checke(J;lOas~lH'etli!!i'iiis,pro,}tuilt.'iioiliilg. A m:'iirlstninientMiiiii .' .' 
proper 1 y Jir;£n2Ut\Tl i ngshaUhe,fi;($I~ni~(i~1t~r~p!:!~~~t~::~1 . ,; 

jnci.mk .;QA il1sp<~(;tii)ri}h(il.d;r;ninls to;vcfijY\ttfa.i~!h.rl(ifl~lrltme.h~~tioh 
eqUtpn)cntlileeb pr~;"testrequiremenH ', .... ,.; 

' .. ;?~i~~;:;>({;;;:?· ::;';.". : ,<>. 
twQCOnSlifl.1Cr gmde coloJ'video cameras stllilLbe llscd to record the p1wkagc" 

r(,<iiini''',. for:e~chdf{)P test scrics';'9nc;camcru~h{)1lIO, h~vea' fi~ld of vic\v, sur!19,il'li1JJl~;~' 
capture the entire dropsequence;,both>lree'fall'.and impaq;/rhe'<!'ield:6Cview . . . 
s~c(md . cilll1¢ra ,S11011 !d9VJ}Y~I~tr~t~:9\1.iheI6\vt;t;;hal r (~f, t be;i im1d,st;arii;~5l1p{Q~' . 
. dctail~d 'f!~(lt1~,?orth,>a~~p';s¢q~~~c",; T:h~Sid'?o,:r,~?(),rdi.,:gWfJ,~~9Il/clnipH~s:se 
.t~cmtllllti1tncdlm\rl5l!lll'.evldqnce, ",':, .' ," . 

',C;olor:slil.l ph()l(,lgdphs sh,H!"!:ic I<lk~li . tij'.abClllne~!:1itfe :tcSt' sc;':ur~ J!\;d'~.I~~i~jre¥i!it;s,:: 
'Pliotographsshouldibe,t'1keri~vilh iJ' minil11l1in J.9;Meg~:,I)ixcl. digitMcanr~ra#i:':3j:jv"ib 
standar(JGlimeriLecjllipI11~nt ',", , . . 

2;4 ;Environmentlll'(;Ollliitiolls 

2.4,1 J)ropTcsF 

Prior)o perJ\J)'rnillg i.~;!(;hdmpteslseritS tliefolkl\\'irig ,ell'<i!,onlhen},\kcOIiditi'<Hls nius1 be 
recorded: , '. 

l. Precipitation: Any precipitation (i,e. rain, snow, <:IC» directly ori:jillt 
.~rticlcor test pad surf'ace during the drop testsiHl,U·bc.I!t?!etl;. 

I Wind wind speed at the 1 imeof'lhe\9rOf:;~t~~;.~~?'ij\illi 
. ...If \vindspecd is c?n~i(j~red.to bc:str~n~?:}i'():~'!li:i.;!J,j,~j)'ccllhe 

drop onentmlOll the drop tcstscncnhouidbc,delaYixL,' .. 

Celltll ry lnd IIstries 
Bristul, Virginill 
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3 l':aekdaPeT'mpe~raie: Re~ordqhet fj~iakage :tempariiture .it,.priorqo dtr6p,

4'. Air.Tetfpraore:• Recor.d o thed atir temperaure'at tIne drtpY!site prior ito
'peduetid e theedrop series.

:25' :ei'et tZoponeiits

. 1 Aest:AticC1es

:':The test articekshatLb",e'fabri ated :in ateordianewith!$ll{{:d th *,riu re mienfts i~ecOOW<,i'O3•f'tliS
':test' spe*ci ieatin.:'ind @A• Plan, toi; Munutaciur(ot f*1:.the VetIhPI•S~ :e"Shiping ("ontuni~er

2,5,2 Puncture Pin

hec pcturpin mut imeetl hereqwrcments o)1' 10 7 ,7c)) i1 3 he puncture pin.
muSt btaa sohd, vertical, celinri- wild steel barmountedon avn ,essentially NnyieldngT
hor~izontalsurface Tihe bar mo.it be5 • cm (6 inches)in di ici te fill:h !tIhtp hniwlonti
and lsý edge: roundedftoa' radius ot notimorthan 6o; m ( i,- inches) and, a length as to
Cawse Moaxilm:niuda ge o ihý' pack il•hebtntles" th i20em 1161 1inch)s) lo hXe I t o
axisof thefhar most.. be. *&d h cat. 'Ithe pIUclwill m l heýiti• ;ached ""I as'< pri'xentWiI
t•.. . ,.romslidingori oerltirnim dui dhelm.etcrlpneiie diop ý,t ,

--5,3 Dro p Test acility

T:rhe drop' test facililt must have a Lsuitable 'drop9test pad, lihfinin-equipment and drop
'release mechaniism. The diop test facilities must neet the fbllowing specifications,

A, Drop I'sl .Pad

T°|he 'drop. lest 'paid •niost: sastis' the reqhoire~ment's of. IAEA-.!j21recomnmendamuons: [S'ora
unyielding targ.et An exam pe ofd an, unyicid di mm''sort ace.is>'H' [h di p'testi:g 'pad should

Consist of'a rig i"d steel pilate m iuttdd, on a concreic patdk wiilh the Cmbined massi 6h the
steel and concrete at least I0 tunes that'ofthetest article, with a surface arNalsuffiiet !in:
size :so as to altow the: ent~ire test article to 'contact the steel surface, plate I he stee hand~

coierete interlace should be floated oi grout and ne'hanially anchoted to thet oemete
base ..g:,anchor :blots) ''he concrete must re,:,ech design strength prmoi to pertolmng(ainydrop• iesi: series, 'The drop..test, pad steel :plate should h ,bclean, a•nd trlee foin ins•{{{
significaantstmrfaiee. im pe~rti:etio s le g., larg~e gouges) that, eould if t'e d: itheie spoues o, F thei;ii
package ....

century, Ind(uviries
'BristoliAlirgin 'uA
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'3.Pac;k:i,ge· Tenl !)emllll\:: Rc{~or'd'jhc'#ae~agc' \e~ l?er;l( ure, a)'.pri ()r~w dr(h\ 
senes. 

4. ;\irTcn'menltUf';:! Recprd .thy air: temperature cat !)lc dri,lp\:sitepr'iorto 
ciilldilCtIi'1! thcdrop series. 

, " , ".,:- ':. . "'.' 

.i:s: . Wr..JitCOlllPOIH!Ilts 

tcsti'.!1icics. 

Puncture Pin 

ThcPllhc;ture pin must mecttJic'rcql.iircmcntso(1 Oi(:FR 71 (6)(3)( 1].·nw;.puncturc pin. 
,mustbea·soiid. vertical. cyiindfical:;'inild ste~:I baf,moU!llcciotl imcSsclltially llnyielding; 
hor:izqljta!,5urtacc The bar must be:lS;9111 .(6 indies) indii!lii2tcr:':\~:i!l1;~hc ,t9P'horil,otllai 
andits.ecigerollllded.(o'a radills ofnoi 'm()rt~:'lhall' 6mm, (0)25 ·jl1cl\~s)i;I{(}a lehrrtll('i!n()· 
• C3\JSC :1111xiin ,;md;Hi~,il:le to i 11(;' paCk~lge;,btit'liot:16~~!!::~\FP;.c;!1( S!rhc'I}~'~)!longYTi;~~lot;g ,; 
'~X:1S \0 rlllc;;bar mlJ~tcbe vei1i caL 'lh7,P~t~lFt}lf~~ il} ;,i,l1·ii~,t·~;; ~:{nJw:~~~,'SO~~.3Xl(t~BtS:;ent" il; " 
Ir0111'sl Idll1g or OVCl1urmng dllnng,ltle}I"n},.ett;~:p~,ncJurt(h:QP;,te~:~::~,::~~t~<' ". ,,' ,.". , 

, , ;"::;::;' '\;>..;' 
E)ropTeslraeility", 

The drop' test facilily must have ',asuitabledropctcsti'pad: Ii rling. equipmclitiand,drop 
'r~1 e.ast:nicchaiiism, ThcdroptestJacl I it ies, m ustll1ccithe fell I owi ngspeei fi<;llli 0I.1S: " 

,The'd fOp test '. pad ;01 usc sliris 1\' 1 her(~il ut re}11entiu) f IAEA .,.1'2J i'ccorm11e ndal ions' jj)f;(\11. 
uflyiclding target. An example an ;unyiCldiilgslIrfiice)s;::nle.di:(lp·ltsl' rxidshb:ukl 
consist of a rigid steePplate flHHlnkdoll a concrelC.p,i'd .\villl:thecr)lnbined mass, of the 
sleel andcotlcrel(.' nlle,l!';l 10 tioies thatofthctest artiCk, witi1a'$urjilce nreasurtibic!lt'ih 
. size. so.-.ilsto aliow the en!ircte~lanicie to contact the steel' s.urCflc.:plnh:. The stccJs~;ia~, 
c(mereleiilterfaee should belloat.:dOllQf'I)uttlndmeclmnietill\innchorcd to till;: c()rlcl,;;'!e 
base (e.g: anchor blo1s). Thcci)l1cretc O171st reat:h design sln:n~th !11'IOI topcrfonll' 
drop test series, The dn)p,iesl!KKi sted.plale should,be ckan,.ind,I'rec ", ,.;,,11;.' 

signiCi~~nt,stlrnICC impcrfecliplls (e.g. large gouges.lllmt·cQuld atTcc!;thc'resp()l\s~(Gj~111e 
packiige.' , ' ,', , c . 

,Century hHI~stril"ji 
nristol;Nirginin: 

VCl'S!l:Pllc~rcsfSJleciliclitioll . '['S':OI>2 Revjsii)n~ 0 
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heýdrop test pad must 1dso inudje a "rovisi' n [br aittdingthe 1 nc•ri lp d lvisc'd•• itt the .1-minter pdnife~lurt,. dro{p. " ";. . ... ."

Tv [~iftin g M- q uw 1 pncM.'..nt

The drop test fa~cilitv nt sthi. ecquii~l~p~?g iti w lif•tinh deeice (eg ertcre) ad •dlifting.:g n'IgL

that are capable.o t lung thei lowest d pomtufth tiest packaiges ttohe, hhili pcrescrtb&

I'he drop test reease tmechanism must bhecapa|ble:ol ,-eleai\n the testarncic anout
cIustI- th\ paickage; to r'tate 1durnn 1te tiý.e I d •to om i H est-p ad l: h-n•teIal oradmiiostranve means shall hbe :provided to prevent tnadvertent release ut the,,tst,,art/cle

wl6 T est Plin and P11 cedures " - -

(Detailed test plintlprocedtrs shall lbedveloped [or etah droop-test sesyru andf~aproe~1hxi. nti' Indusiries' prtor t|o :peilorn hait :•,di 'optestf•{hhegsest; plai •anif.:

procedutes stiall :include s iep:hwsteplinIstreetits [ orp migdthetest'Sees.laehgstep-or :setlietxt{: s~hall itielud' ia? ptrvisiott •for ii Be:es ustevv im]ad dati to,
ittdicat.e comspletton ot :the:, stcp(s) .Isach ;'selucncd•:shall-.ahs tor, QA> 1l,,ldtS•Potnts•
necessary, to. conhrtn critiical tyst toes " ,.•,gg....

2.7 lest Sequenc 'ines

:t .qetces shll:11 o •p ith the retluremetts ol I0(1 C LR 71',[ A separate test-
uttele t hbe uised foir [hie NC I tcst seriest.. Whtet arss i ng cit to iiati2epackaie duivige
tot th IA~C: test.sefie..s the, Ic m oust Mal 1pcrrtoc1nd t the'otdet stWti'fii hi, th c i.•t-Iac iS hipptntz Cotitaokri ei.Tsi Pan J91 usito; the sateosy• tituclde. withitn oov, gtiviottest

"2.h Qualitv. A.týsrince.Requi enienits

2X81 Te. Ilnspectioti Personnel

All. perssotiel pcrtBrttig meastrements and inspectionsrequirted hyhe t'est-plan shallbelualified and trained in accordance with the renuiremn ntsoltc applictible test 'plan and

.pi'ced ores.

Rlý Vil"441w
N'era-Tae CFest Specification kc% 2ReisiohiO4
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The'dnip lest padtnlJst,rilsoin$llide u'provisi.'m,foralta6hillgthe P~!llcttIrc.,pinde\'ice;ljsc'd( 
iillhel-ll1e!er puricturc:drop; 

,EiningEquip'll(~nt: 

,~ . , ' 

Thedropte,! [dease lrl~clmni§m 'must' bes,ipal'ileClf;!slgll§ingthc tcst' ariid~;~n\v{itl(lj)t{ 
ca ~sif)g ~ the packagcto,i6tatc> during., the" free '/;lll t!u .;)l1e\, lc,st'pad;c;Mee h,'iiiitlll:(){> '" 

". . ,"' .• : . ' u • _," . . :'" ... ~ .( /., ~,,'">. ~Y-,' > ;.'" '.:<)'" \- "? ,<,"" .:}" "._.''', , ,.. .• , 

adlriinist.rativc Illeanssha I l'bq)rovided' t opreVCill i nadvenent re lcttse,of,r !i'e;tcs(,?11ic l~> ' 
<-,,:.~.,: ?< 

,,;,: . 
, ,", ~~"*' ... 

'DelailedlCS! plurjs,iridi[jr'~~M}ltes sh'\)l:bt; dcvdi)ped for, <:ac;i'd~~ltp~{~~' ";ries;aI1ui" 
itrn'tpved 'by, {entuLY "llld,il~lr:ies'J)ripr;to,(pc,rforrnj:fitjy"dr!~p~t,estJ?:~ElIe <Iri;f··ttild~ " 
pr()eedllrS$.$lhilLHldud~s!erH1)'f~tepinstn!cti{)1l$fb '. rlhm" ";uCl1\'slep; 
orsc(!ucn(~SliaHincilideil'p;6visi6il'.{fo'r)lie ,~ 1111S'd~1'~>t() 
itlciic<lh'c(llllpiction orthe<:stY8(s):J311di(\s~tiiIG' V,:'L,i"";,·".,,,,,.,,.,:~,,'.·",',;A,·:,.,?,:,,;I;U~I#j;~jf;;ts; 

coullI'm crilicaltest'i19I11s.' '" ;',,'1,;:; . " 

2.7 :T{'.<;t Srq liCHees 
":. <~'4,; v ' ~".'~~7f;·;' 

C;;!>;;<'lfU'C"<'C~ sball~pll)ply.wilh the requirCn'IGn15 OJ"fIC)v:ciFR 71,[I'j:'M, sepanlh::~S~( 
b..:used.for,tlie NeT test series., \VI)eJltlsi;c~sipg'~!Hmllatj;;<c\:liackage danl,~gc ' 
t<:st~erie!;i·tlie test m\l,( btl r)crtl)j'med inHiC;{)iat:(shoWI~"~vilhil1 lhe.y:crsa~ 

Shipping COfitain6iTest Plan [9 J using the same test' article withinnny gi.vC1l;t6's(. 
s(lrics, 

2.t!Qualit~, AssuntnceHcq uirmllcnls 

2.8,1 Tesilnspeetior\' Personnel 

/\.11, personnel pcrfi)f1nillgmcasuremcnis and inSpCClionS'fCquireeHlY'the, fcst.plan shhll bl:: 
quuliilcd,<llld iralncd 'in <tc;cordancc with the 'requirements oLthc appliC:libld ,tcsl'planand 
pi'oeeOilrcs, 

VCfsa~i~Ai Test SJll~Cificatioll Ts~d02~~eyjsj6h;o 
" SCpt~,ilh~;"I:F7\H)9 
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R2.i2 Iittalil iArssurnee ldo t'r

Ihe test.jiakage arnlactur g Plan and test drtsial establish aprpriapt hold poittstorQA to•Xt ;;;QA personnel to periorm tIf~e£ te lolowi ng act., tivis;

I. Rkcei p,' nspeetiono1 .est tticlCs:

2 Vet fication tht!al atest personnel hate beenl rained n;acordanc, %th
the ies.t F1 it prior to4test a,: ict\ ies.

23 \'c.Vnifattnn thait all prferekq uis'Ites• h as been•sa tistied

S2.;3 *;Materri dad:Tes't quttptnent

.equipmm•ielt 1 meet the a icable requirenentS, of C. eturv lndustri• OQ POrogram

QA Iýf IlfAl(11, "Iýt c w'H M l2.9 1)o0i f n tatton an dRli1ibng doeq u irt, .: .

T he tollowttirdoeuments most.ble ,pr6vded a~lftd he tvest s tles}has be~en co0pletod:

• I'est irtiaciedocumenail on fu lclgie(s) <ql•ý '" .

2. Mle rasurementand test equipment records

3. Personnel training and qualification records

4 Test mPlan and proceduresl"\-

5. Prc wst and pest si tl ion idta. pt6iiraphtgrecord•'idev
recordtnw, and-othet pertinent records.

3,11 1esi)onsilbilities

Ccntuiw Indukltrics is responsible for all activities including the preparation of fabrication
control records, shop drawings, material procurement; testintg and inspection,' Tmatrl;i
certification recordslas recquired, welding.procedurcs and finaldocurentatiot packages

-d- oclMe t .i to •i . "

Cenjtury Indt ustries Versa.Pac Test Speciflcatihi 'TS401)2 RcHision 1)
H.BiAiS'to. Virginia September I, 200)9
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Quali!yAssumncc liold·P()ints 

])h~,}cst:p@f;llge mnmil;lcturing.'!Jlan and teSt plan simi t .cslablisi1appropna1t: hold points 
1'()rQliJ~~i:J~l\ personnel ,10 pcri'prrnlilc f(iHowing: activlli,;s: 

I, Rece! I'll nstK~cti6n!o f Ics!. ali ides, 

2, Vdification .thnt nil"test personnel, fl;~ye.iiesni·tfuf~Cd~A#:(~:dc:qrP;rlncq'\Vith . 
thclCSlpitHlpriorl(),.tcS\ activities,·' "".' ". .' .... . 

. ' . ',', ,.y:;,' . 

'; 3 Ai ¢rj fic;\l.Wiltl1at .all.prcft:.qlii~i li~1h~~;e}b~&.I~;snlist1cd 
. "<., .,"," . "' .". ", 

. . ~:: . '::" .-

2.83 . ,Matc'fiairll1(ITcsIEtluiprh2nf 

\Vhcii calilirtll.edmeasurenlc@1::g!ld test cqllipm~nt iss(,qt}!rq~l by t}lF,w;est plan, Iil\) 
'cquip'111cn('·sliitllmecl the applicable requircllwnls of Cennir)! Indltstri'C's QA Progmill 

. " . '. tJA,;J:{iili.. . . '": .. ,,. 
, ,; -: ~. :>~):. 

3,' Personllcitraining and qllaiiiic~tioll records, 

: 5, and P,)st-lcst 
rcc(irdings.amj~orhcl 

3.(i; iUc~p(lIIsibilitics 

CCntUl), Indu~tricsisresplmsiblc l(lI' all netivitiesincilidingthe prcparation of fabriem[oll 
controlreeords, sh6p drawings, material procurement, tcstillg a~d inspcctioil,' rimdrial' 
c{:ttificalionrecordsas requir~d, welding.procedures and final.documetllmion packages. 

'Ccilturv Intlustr'ics 
,Bd~"toi, Virginia 

\' crs!l~l'uc Test· ~Jl~ciljcatiiJII TS"002 Rcvisiun!l 
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tI FA I k Requt I mItI

t: he. (.tntour, Induistrie.is~ P•e\at: ic s del iged irt~accorktan i~wh •he reqmrements~of•;1 C)

--].• 7,1 [1I anýd tlst ructor1il Wdtsigr-i accordane, with the WAoiiiiean.VSld ocie t
DI-,I 141 Wlder id weldini! procedure artc i-n •acordane wilth .the applilhlabe
requirepients o S DA I `V ) 1 .4

-3.2 FalIricatio aind Noattridia lie iirens.

Cuitut): Indlustrit c'us ý-i a~t sal tlhicae in cordane with thcreýqnireinentws ýi
outlined in) thi.ipuiit. oiteýrn plan aInd flnýJtflitin HW tItn.dmleet
htelnxw:'"intory [Idust es..Veirs'Pa&a Sthipl n mCr i er¢:est P1 m I[:],:::". .I

Ihlp- oManul ctUrifg PPan

C muo, lndustri~s'shall .prepare a manutacturing plan.b to,1Ihe- Versa-Pac shtpping>
'Container.which houlddaddess the Ii6oowing ' isa minimum:

o Receip~t of:nanteialts . .. "

o :Cititinga xid reparaionlhstructIioiis(Rkout ) .* lkthWabr tion C ontro ] R ccdords :(IT .C RN•) . .. • . • . .

- i.rifomia iCni. ul' funtionlt~lests . :: !i ;.:; .•

" *Paekao~ icdouneotafionr review !':F •,•i'ii iii:i;}:

"32.,2 F abi'it ton Procedures and Processes : :••'

All operations iisoc.iatedt wxith the itiihrication 'oflh iN.. ~s usqa P :Shlla int•lcud. writttn
inslruicfions (e.. ~ah~idalioiiContirol Reco)rds and or tanidiird Operatinig Pro{'cedurts):
Additional instiuctions~mav he given in the form ot drawinos andk/or sketche)s ailong• with
verbal co in11inoi a[tion3s

3_2.3 Rise Materials

I.}aseniaterials shall:Confoon to the requirements given in the; ptire'has6.4.,rders and/or
drawings as applicale.

3.24 ,Welding Materials

.All weld tiller materials' shall con tbrm to the req i remnie ts o: the. tippropriate wveidi ng
procedure and he in compliance with thge cquireiicns in .AWS 11I. t 4].

General .welding material., cersificates are acceptable.

cen't UrsIndu 1)st rivs Vqsa~t-Pac Test Specification 'TS-002 Revision 0
September I, 20109
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3.1 :Ih~sii;ill{cqllin!nl,~!ftf 

'rlli!,t~e!itu,i)i;·I.hdllstries·~',l:r~a5Pac.~isidcsik\l\eJiil,ilrCCO~~~Hc{';;;Yib;;niC ri,;q~!rSll1cills'6t!::1\j, 
CI~R'?llnand .!l1e,,?~· '. t<1Csigf:,jl~iaccordimcc~vltliithsi~\ilje[i,~<l;n;:\:pldi!~gi,S~Cr~I)'" 
DLI <1M; 'Weldcr<a .. ',' ding., pr(~sedllnc arcini,~<::cgrCL:)IJcC' W},II!:-,tIW applic;,,!p,ic, 
rcquircnients cifA\!v:S'!;));;l;,[4f' "., . ' , 

'CClllt~EX'lndlistrie'!;Vcr~a~J>'aS'';;h~],t;l,;fu;iJ.~bl:iCllisdj,(;~(:eo}~n(:c,wi.lh;iW9,~i;;R~i,rtr~~~if~;!l~· . 
(Jut! i fi9d:i n :thc appropri atcm';inu tj~ctpti ng,'plan'\ljld;j rSlrllcti()n~.fe,fer6nC~a.{!nftll~"hie~tHms;, 
bciow.J~entuty !ndljSl1it;s,Nl'irsacl'lIs,;t?fjipping:<?gnlnifj?r{a(esi~EHtr:il[9! ". . . 

." '" " ~, . ," . . .' . .' (;' . " 

i!0anUrlv;t\iring 
. .": . 

(:cl1tllry,lndustr,ics!r§h~il}prepare a l1lal1ufacttiril,1k'p,tai1.'lW~;Jhe 
.!2Cl,lJtainer which'~holila;a~dress !hef61!O\yingile'msa~,!l,!l'!ii1imurli" 

• ,i ,,;,' ... "<,r'., 

• 
o 

• 
'0 

.. 'Finalc~inspccti()ns 

"'Package dOCUmGlltationTcvicw 

3.:L2 . Fabi'iclllion Procedurcsand p'roet:sses 

All operatitins' u:;snclated '\111111 the fnbricationonthc .ve.rsficPac shaliiMcfud~ written 
inslnictiolls. FahricaliQhCOIitfill Records imdf'or; S!a;ldrirdOpcratil{gJ~ro2edllrGs)' 
Addition,iI. in$H"UGlions,!llaybc givcni n thc form oLdr:1\\;iflgs anp/or,'skctchcs/lilollg\vith 
verhal c(Jll1!l1uriical.loos. " , 

Base Materil!l, 

Basematcri;lls shaH confonnto the requirements given in the pUfchas}<tlrders and/of 
drawings as.applidlhk. 

Welding I'vlaterials 

/lllwcld filler materitils"shall coni<lOll to the r{~quirGmCnl, of thG, aplJf<.iprial0 \"cisiing, 
TXclccduJ\,':- and be "i.n cornphance 'viith th~.rt.;.:.ql!!r.enll:l~t~, in .. l\\Vg·l)l,' 1,[41. '(.'-'< 

General welding material. certi liGates are aceepllll:ile. 

,Cc'ntlll"yJndustrics 
'Brislo1;'Virginia 
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-5 PolyIrcit me loCa Inso l I at ion10 Pi'N4 i!t
,•F.he "'Versa l:I o ¾hrppig C~o lam ujii~iil ~s~~ilyorethtan&:: cosed cel foan t3 •o pr'oxide

the em insuldlion and impacI protection in bIo t I] he toIl and bottlin e ndSiýtO:Lhe containet
Ithis ,materal shall be manuctured n accordaincem wh the' reqime nt •s of Century

Indulsties.:Slandardl Operaiohocedurc' 6'J RevisiOn I.15].-SSatnýle ltahi spe ncinebi
shall be taken and analyzed in accordances'siththe'•rquiremcrus 011the plrocdurelto,
con itmn jhat the Ipoduct dmeets te" we lrequ ire nents rdens itv ýcoIress , streno!th,
,thermal dcondutivrty t'lasme rei dlaiicy; ;.waie absorptionl motstre/lconteit an:d cOhlorldce
contentv I he tozim ariutactUrer sha lprovide iiCerlicase of( ompi a nCed md ao\sittnurspr o l:0f a llt. esti n requirei•¢d, bs tihe piocei•dulre

:2. 0 Ceramic Jiber hvsulation M hod% iaS

The V~ersgl:a I cShipping Coniamner, bodv is surrounded by two ,separate insu ation
chamb~ers~which utilize a 6; retractor, cerami ctiber blanket Oluminosilicate2 1 ber) in

accordancev withhe requ6rements of Centurm Industries Stanidard OperaunPr-occduire
6:12 Re2.:s ision 161.

3 )7Welding,

All, welding .•ihill be inllaccordance Iwith's.pplicab|e rIq11ireinns4of AWS]),Id.141
q Ol liied wlngpcdirend iw ite instlowtios

All welding pertsonnelshall be qoalilidd in icfordiice wkh AWSiDli. 14

Precautions :should ibe taken t l minimize objectionable weld spa0erf Mad ,re strikes
ouitside Ihe: weld joint.

,AVWSPre:wqualiftied Welding Proceurl Ml q p'rocedurfesd shillib

3.3 'T'estiiig and;Irnspeetioin Requirenients

3.3.1 General

I. All test atcles shal be inspected to assre thal lthe dimensiosow!th ew1ý24
article satisfy thrcquircments o the dra1wins1

2. nspection personnel arc qualified in mice-Ordance- AWS 2\I or CAWI;
andior ASNT-fC- I A 818, asaplJ icahbld"

Century industries
Bristol, Virginia

IVersai-Pac Te'st Specification
Set clthember1,2001)

Century Industries
Bristol, Virginia
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'"'I~hc>'\(ersa"il)a<:' Sh i ppi (lg CUrlIn ilH;I};@i) I ize~'l)~)l yuret hnnY':ci()s~d; ~<:II,foll!)llO'. provide 
ihclm~!sjn~ulali()n and'impact prolepH<Hl'ill b6tllthe lOp aitd bo!!oircnds;o{thcl:ontfliner, 

;:(his' fha.t~,ri41;sh~ILI.JC m~!~~r,!cl\m:d. in, accot(hlJ19y:r,I;!lh Ill,,; reqt}ire,lnc,ms of'C9I1tf}!)', 
'J ndtisliiss,:StandardOpcrinioild?ii)cedurc 6'.1 :i,;Re:'i~,i,9n 'II ~J. Salhpl~l\xjilispc~inlens 
shaH be,taki?-\ll1~,d"a~H)lYted ,in ,a,ccorditllCC',\vilhfr., ; ,', c~).CflIS\9Plli~;'!lj.roq;'gl!reJiI~i 
con Ii rr~l ' .t hilt the product;'. meets "the reg ll!,re~np!tts ;defl?it)',,:9?rl)lircss ive\s~r£!1:glh;;:; 

:thermal':conduclivily,tlamc, retardHncY':':~H~I:<1MllfP,~i{)1l""moisrui"i:~dfln::ci1t~lj(Jcl1l!?!;i9t;; 
,C0I1:CliL} 'k,j\Jr~TllI]laII~jihct life! sh;a 113!J::~):iq~!r :,~t:rti li5~;;:}?f~iCOlTlr?~,i~n~~';i nda; \wj lten 
repnrt.;o! all·tcsllllgreqlj1rcd by thCl)I:Of:cclure:: . >'~":Li 

The i Y~i~~~I>'<1~ .Shi ppi ng ~:(;r1tail1:eri; b(ldy" s. 
'chambcrs:\:vliichulilize a 6iirefractQr~' ~?ral1]:ic 
<lccord~pqe ~wilht!IC requiremcrlts<if CemUf);, 
G.J:2Re·visihn~J{6l ' , 

3.2.7 \Vdding' 

Precautions'shriUld 
.)ut~id~Oieweld join! 

taken to ,1iinimizeob]eclionubk \vcldspn!ter 

, '".:,," .. ,." .:"':"" 

, . ·A'Ws.Prc~qualificd Welding Procedures andiorqualiilcd weldi~~ :P!'()~~'&lIrbs':$tlallbc,,, ',' 
lIsciJ 

3.3 Tcstillgandlnsp~~cti(jn' Rcquirenicnts 

3.3.1 General 

L Aif testariiclcs shallbc inspected to assure Ihal Ihedimet1~iojls;ofii~Re';I~~t' 
aniclesatis(v theTcquirc1llcn\s of the drawings. 

2.lnst1cction personnel arc qualiiiedin aeenrdanccA WS 't~W( 91' C%\Wl 
and/or ASNT~TC·I.A [8],as:'1pljl icrjblC~ 

'Ct~ntllry lud,lIstrics 
Ilristol; Viq~iliill 

Versa-Pac Test Specificatio/l 

I 

TS~O{)2iRcvision<O;' 

Sl~pt(~In.ber~I';'20()9'., 
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.3. Welds..rc~quirimi NDI 'examinatiorr, are per•r rrmnV in ccordance:.:Ath
Cenitur Inldusries 'Standaid Owprating Proccurcs. as applicable.

w4 rlen rslfolr au NDI shall tb•m completed .:as recuinred y'.' h;
apprlpriail k:s\ prIIedurm. r

5. Accqptanc cnrteria shalL!! mcci" ]I\WS 1) I t ,ado.tierqiem •=;
-we-manii,•f.icuinp p md deitY,: rsl ,

6 /'L unction. Ud ic:sts 'l I •iIs. 'pcrf~ti ii ..•d a:s" requ rd;,bythe, -abrmation :Conmu 0
Records;i•: " : '7:' '::•.

7. All test amd measuilrnknequipmcnt1.shall be proprlx ltbrt d

!)Wl4 Quality Assurante

All work shall be..:prfiormcd in ac.cordan5ce Wsith Ceniur) ,.ladustrits QA Prograrn ~•;or
.spe•iaic requ.irerents irnpo•sed upon its, subcontrautiT) " " ::.2:2 ii::

. .. - •.....:..:i. .resp -hs:.-•f:4.• 9.< :'oi i . .. ..p •aion .... • •( lart..:•.'?j3J. Centuryvindustoes . .s. ~ re*nfli~o ,q~rowd t•ino~ficlt*n-40 s:$up rs~aod'
sutbcontractors.

'135. kllatc-riail Traceabilitv

Materiil traceabili": shabll he maintained 'lerl throuhlt lhfabricaiion process 0thru (ifh use
of RouieShcetsacln old [i •aF•laiion Control Records a's appropriate and bFv imarkfine on
nccessarv: c~coinp i(i5 tha•t -sdill not resuli in har-itlul contamination or'damagc.•afleiý,-
t1he1prC In irnnce oh that co0 Iponent( 0 the end product.

3.6 St rogit andl nii g l Shippling Requiremrenis

All test aruc ks that most be shipped ta subcontractor's facilitý,shall bc p!ckaied- uiing
IbIoc' Stras. hold-dOvn devices aidlOiu other mIlatc, iaLs'reqtured t presien damIage3ý'
the testIaricle d Un trans1portaton Storage andlhandhig: ay be conducted tsing heappropriate esfilpifent ei(Cde~dd lsately, handle the t:si.asuic ides.

Centu ryIndustries
Bristol, Virginia

Versa-Pac C'est Spiecification
Septernlherl C20P9'

0
Century Industries
Bristol, Virginia
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• 

JW5!Ids rcquixi'ng "NDi::: ',eXfill)inatiorlz .are ,perfflrrTli;i(!' il1;'lcc()rdarW~\iijlh 
CenturY';ln9Iii\l'issS~al1dard. Qn~riltingl?rocedllres, as applica,b1t:. 

4. Wril1e!)re~)ohs;ror<anY,· NDE stuill ,be eOl11pletedns r'eqilired bY the' 
appropriate 15.051 pr()cediirc, 

5 

6, hmeliorml I(;SI< 

7. All lest 

:::):~ \ 

calibratedi 

,. ~>;':' , 

k(r:.work. shall bc;.~rijm11qd in accordance \~;i!h:·C;e;11ury. Industries:I(iA 
specific requiremcl11s'jihimsedupml ils sul:co!)!n~ctor$ ,... ' .. '" ,";;;. 

"fhe V er;I:Pae>Sl),l ppiiig ,enolai nCI.sRl:~iO~Fii(;n:s\J{q t;;rc ; t 11c,aRPlicjl;'i(Jn~g~ v 

PJ. <:;:l':ll!UlJ:,"!rldiistries is respoilsi15I~?IQt;tl)f!)YNirgil0tj fi c~lt,ion, ,(oj tSj~:<, 
s~lbcontractors. . . . ;; .. ~,,~ . " .: ':;:; .. :. , " 

3.Si\laterial Traceability 

'M~!eririi' frnceabiiilYS\lt)jlbeimaintained. throllgholl~"thcfabl:icatioll processiim~,:ti' e.,,'.' 
of ROlllc'Shcels 'and'Fahrict,ltiQnC()nlro! Records as approprimc and b/in,!lrking '011 , 
m::ccssRrycomi)onentsihill'\villnotresul! in harm ful contamination or,d'!1l11\gpJl!fTec(;ng" 
Ihe,',ped(H'llJa!1Ce ()f'lliat'.c{)mplJlII::nt,in.the end product r;. . 

, ,~c '. 

3:(, Stor'llg(:,<Handlingllnd Shipp,ing i{eqliirclllcllts 

AlItcSI artiCles,thlllmust shippedtoasI1b(';mlructor's frldlil{shall be plickaged,¥§Hlg' . 
block ing,slraps,ho!d-doWll devices arid/or other malerihlsrequired ,to pr:cvcl1l ,da!l}lIgcio"" 
thetegl,articlcduring)ral1spol'tiltion Storage and'handl,ing mai be COndllCll:Jllsirg"the 
apI)Wpri,ik equipmen(:nC,,:dc(ftiJsakly ImndlcthetcsLarife-lcs, ' , 

Centll rylndustri(;s 
Uri;to'i. Virginia' 

TS~(}02'~e\'i~l~J~j~ 
Scptem ber'l ;10£19 

> '" ~~"' • , • " •• <.': r 
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Ih . U ode of" iiltiOns ::rt 7 F Packaging and.
I T/anspordtaI on ol Rad1(io ~a v. ive~ler al

2 Intcrn iim ;Atomic lnergv 'AgeniT"(IEA'), Reehlations br tihel Safe
• 2 rarimportalion)o 01 dac etveMatcrna1 No,;2 S-:R- I

3 l. ite 10), Code of IQederal ilflit aillsu• Pr t 1DRefortihgof Dehicts and

Nonlc~omphiahce

- * Amrcr?¢tl Soeicy~ltruct otp.LVJg•'elding CodeC DŽ.. I

,5: Ce(oury-Industries, Stanidard Op Pral o cedur; ol1uretha Closed.,
Cell tkoam.Speifciicatioh foRr C eniurs Pro~rducts.

.6 Century idustisl-s, Standard Operair , roce'dur, ,ý:iCeramic Fihler
Insulation Sppecifcaitw Co .,cntur% Pllrodkucts

7. CclltUi hQdtsmes OAi- -Plan .orI Ow Manufacture of <Vcrsa- ac:
8tShippin ogntaierg : :

& A m erican:; Society of Nondesi•S m et/ree: Iestrng•' ( .S N f) R:;•c 'om m endedF ~
P.ractice No. SN'"- I I A

9. Ceniui Industries Versj-Pa. ShippiowCn taincr2 iest Plan:- 1116002

10. Cenlury industries.Qtuliiv ,Assuriance.Manual•,QA),-l

Citnttury idustrics
Bri~stoll Vit-iiiiii

vensalpa c Testl Speci I at iOil .Sl,02iRevbS`on ,0
.Sept!embler 1: ,,201i,9

Century Industries
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4.0 

I ,'FitE: J O,qixk. of Federiil ,Rcguliltio'ri~;;,;lieri 7 i ,PacKugillg ~nd . 
. Tran~portulionofR;Hjiom;li\l<:UVlater'al~':. . 

2 ,J r~tefnai !tina I,AltHTli c .EnergY;.~i{cl1c5!1Ij!\EA:),· :Rcgu 1m ions' forlhe Safe. 
T~al1s~~nali(1)·.oCRadioucljv~,llYJ~t9r.[~I;tNti:'1.·S',R.1 

3. ·'ritle':].d~Cpde of Federal 
NoncOJnpli<ih~le 

. 4; Ameriean'·V.,'elding S()d~;ty:,~~ihl,ct~,!f'al;,\YeldingiCo~lcI>,I,;1. 

"·5: Ccntury.rndllSlries,Stand~rd6p¢Jatl!1gi)roce(illrC;7~~)1)i~l~~ltFtii~\¢j()sed' 
CdIFoarnSpccilkati0J1,Jor;CtntmyRroducts,' ,'; ",,':, .... 

'. " ',".', . . ".' .•.. '.<." .•. ' .. '," " , 

6Ccntllry. '·:lnduslrics,Standardi,Orkrfltil1!.t . Procedure, 
Insulat;()nSpccification:.fo~'~(;~iit~ry;:Piodu~ts " 

7,C<:ntuiyc'lndusll'ies; 
Shjplli;lg,cioiit~~ine'rs 

. 8; American'Scicict\i . ijr: ·N6ridesirubtiYec t~sitng:;:(AS'N;fi;j;~ift'c~S!i{i~~n~;~d'\ .. 
i'raclicc No. SN'r~'rC;cIA ." ., ",' . ~,,;>:·?t,~,,:,~~*~ 

9, Century j ndpstrics, Versa-Pac. Shipping0o'iillli ner3TeSl Plan'-"TPcQ02; 
. .' . , ; ~ 

10. Century Industries, Quality }\ssllranceM~niIal"Qty~;i 

Century:llldustries 
Bt'istol; Virgilli;l 

n;"O()i:Re\'isioll () 
Selltcm her 1;:2009 
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'I 1st I an I N I SeiiFo 1 ~ 0

est

ISotep (Iitr D esc r iptIion ,

;).•+7••":" >J Photoof•raph interior aijid e•xteri or or the puekage prior to

.Matsi-re¢entrnk, ane01iar sidh d1istne to ;1 of, eai' jd,,
and ralrk on p.cakee...........I.............. : W i • i •; • • £{ • "J : : • ' l .......... ........... 1........ 17 :
- i ,h cmp•ty t package ti: ' i

[odsimulatcd test piviond. ~b __

.Spread one (I) pound o f residual Sand' dirt into theinneier
t ntainnten s ity c. ....

Inspect the inner containmen I componentstbrf-'ond condition
and in accordance wvith dra in,'•ws "... _...

InstallIca vits' easket an1d bMind 61n(es~u llbls, then
tnorque to 60 fitlbs
I . ] , ~nst I onergasket andJ reinIbrced drotii. with pt ih r'bols
" perudrawg and toiqMe to60 Toilbs. ) 0 "_ '"

"., I 2' .:iltta~llOuter drtimrnin. ad torque to.60 ftl hs- " "
" -•T;,.v;,We2ighl•laded test paekai'e . ;". .....

___.___ -X\\\\\\\\\\\XXXXXXXXX\X XJX A\XXXXXXXx

IT' al,

... . ...

..........
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Cei li ndnitvrics \C n A etRcr
Alristol Virg-hini i) it co rdanc tic 4ith

P'~estv k-st Specifitcationý I S-10t2, RcN. 0

Pgeo `4

P roced ure [
Dc"'cription I)atv Initials

I~~~~~~~ j) ourt htgh 11ioionn to rrr of lsr ie
dt~nm itr l P:iter paeagw i tt rol Iil!n, Ioo M o f drum and i

J~%j ~
I ~ ?(

.Tet~Niilw rnber Ieriptftio): NCI 4' Sh allow-An-1v tAccecr~tted- Shi pDtj6w i) Proi

Procedre it .. .S tepcj No. Description ~..DmeU Iniials
Misur mandireeord miekagelsurfi'ice &ir itemperaure at drop

] ,• : ,•.Atr etf<ll~d~ cr~atrtie(l'1)i!{t e:•"'"•

.j . . ecdind mph) -_;..
M Isurtanda r:1 rd h angle at which the test at tice. is -..
otiented to ffhe nearest decree wt wthin + I degree Of s iltthed,:
Sdrop orentttfo) ,-

Auoe o eitito

It ~ ~ ~ ~ o lestm~ trtr Ictoicuieddtopeil
N••• . • . i ot Isu rt ta nd re c o rd ri teh tes) o t "s p a su t :.e .t ; l w et? .

: ho tioograp t cterror suttace'sf it eO t arle for visual txvRdtnce.

I-Dotumcnt visual damage to,package
d( deftr1iim tion or bolt faihire)

~K.,I~Sa*~ A ~ Aiht. -P

5( ,2tt oil t4rvrV~v

.~ rA

U V

(ji ~'rnAN I ý'i 1-c I aekag hettwl ht (i n ) s
________ ~ 11 •j'aka c'c drw'hý(illtjit 3

Century Industries
Bristol, Virginia

Versa-Pac Shipping Container Test Report
September 25, 2009

• 

• 

• 

;. . 

(:e,ifu r);'IIHI\,~trics .. , . 'N(]ilt~iili d) 11~\<i2:rcs(R~c;, rd,N ~';.Jl.I£:~t.h",,;.j 
Ih:istol'VirgiiJili .. '.. '''iiWilcco'rdlliil~~; \\'ltll; 'M' "?f . 

Y,crSll" 1):H:Tl~slsiJ~8ficalj(ln,;'IS~im2; I{cv. O. 
-. ' i. l '·' ',' --;;;:,\/ :.?(;. ..' - "'.:' . 
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CentursI Indtistrivs NC( 11>'11d iRAC Itet Reedrd No0 (i Paef5,-! Ih isitol"", Viginia : '•:in atieordi' nce' wthi)::. .. ".. .........

l \sa-' Pats 1s4 Sj012a iion- I S00'itv 0

Torst N 1mber Iflj eti I n)ion): IIAQC30'.SIiaiidN w.A u' (A -cieratwd 11 ttIafhDon DrofL

~Procedu rk
~~Sten) No. lescription, Dotc Initial",

., [ r arts icle visual e -:.
o[ pre-t(s cu.ndmon~.i.o .4... ;]•@•41•04!

Me'ranl•@id c:rec3•dvpi:ia 'aeI l.ee&: hur rem p• eritoc *•i•*• : V?!4

the dup the

W3j\ ind 'pccd (mph)
Ohc, tospend'd Ine:Nit.u d IcCOrd 11h Cffl•1 at' whIch t 1i1
ltest artcle ~ rnted to the. naest degree (.wlhin, l degree f ,I'h
of speThed drop orentiOM A , ,

Ii' A ;nele of orientationl.:.A"Y.? ... ::<:
,MeLsowe. md record ,heig•htitomnl tcst pad surtlaee to ohxwest .... ):,'< K

!p'riion, i est package (allleast thespceihed dop heightdnot-
i~morcthat,<. ncinese):,:. . . .- • .. : :! •

' Dro testhetght (to 1.
Pthot0eraph~teegiru i it"?idh eS i test aruiclerdor C suaevidene •
ot additional dnackag• hg'.' ) .i' II i 1
Docunlentvvisuad danagc to lackagfc -%,e• > ,

, " " •- o • Rhv/ ( gtlt6•l~t o iou:b u:ljtul) rt_•.•I7l

iMeasiure and record he t.ht and cluteler dIltest arolce' ", ?_.
K i•ii:),".X "a Package heim~.(h ~n.)•ogL4 7-59'`{q>:'

, 5 !4

14 4~
.1;

&)2 3

7

w
Test Nuwi(lit escriptiou): I:IAC I Mieter Puncture'l)ropl aT7ee. ,

[:Si i•.I)escrilplio, : )aic lnilials

,Photograph cteroi~"urinaces oftest articlc rti suiil eviden ce
= J oR,!pr•e-Ist condition .. - , .: . -. ,

Me~asure and record thle package surface & .air, teinperature athlle dro p Jad .. .. .

"';;:Ai'r templerature '(gFl•
.. i, d ILed mph)

Ii
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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 nonnal 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 drumr. 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 '/2" diameter bolts. Exterior to the payload cavity lid, the 55-gallon
drum lid is modified with a 20ga steel encapsulated polyurethane insulation plug. The gasketed
drum lid is closed with four 1/2" 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 is
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 I Oga containment body is filled with
ceramic fiber insulation (see Appendix 1.3.4).

The 110-gallon Versa-Pac consists of a 21" ID x 29-3/4" payload cavity centered within
an insulated 1 l0-gallon drum. Drawings of the 1 10-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 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 lOW total for the 55-gallon and 110-gallon
packages, with no single item having a decay heat greater than 20 W/m3.

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 I OCFR7 1.

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 (HAG). 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 thennal 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 thennal break are well above the temperature of
the 1475°F fire specified by IOCFR71.73. 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 sealedsystem and the function of the gaskets
is 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 nomninal
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-symmnetric 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-ft2. The decay heat is
assumed to be at the maximnum 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/cm2 per 12-hour period is applied to the top
surface of the packaging and an insolation rate of 400 g-cal/cm2 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 specified by IOCFR71.71(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 maximnum 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 I 00°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 0F for the 30-minute event. For the 55-gallon version, the contents are modeled with a
decay heat load of 0.022 in-lbp/s / in3, 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 is 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
I 00°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.

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 1 10-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.

1 An adiabatic process is a thermodynamic process in which there is 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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The maximum temperature recorded at the payload cavity during the fire event was 
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3.4.5 Maximum Thermal Stresses

The performance of the Versa-Pac with respect to thennal 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 Description 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 Champion
Type B Package Thermal Test

3.5.4 Thermal Model Illustrations 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, Pittsburgh, PA, version
* 18.1.

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

Evaluation Margin of
Evaluation Component Evaluation Result Criteria Safety Note

Normal Hot External surface 140°F 800°F 660°F
Maximum Payload cavity gasket 130°F 1800°F 1670°F

Temperature Payload 144 0 F 500OF 356 0F

Normal Cold External surface -40°F N/A N/A
Minimum Payload cavity gasket -40OF -40°F 0°F

Temperature Payload -40°F N/A N/A

Normal
Maximum Payload cavity 0 psig 15 psig 15 psig
internal

pressure

HAC External surface 1475 0 F 2500°F 1025 0F
Maximum Payload cavity gasket 6230 F 1800 0F 1 177 0F

Temperature Payload 552 0 F 600°F 48°F

HAC
Maximum Payload cavity 0 psig 15 psig 15 psig
Internal
Pressure

No failure due to
HAC Thermal package Demonstrated by fire event N/A

Stress test as acceptable temperature
distribution

Notes on Table 3-1

1. The margin of safety is (allowable - actual)

2. Results shown are for the 55-gallon package. The 110-gallon package performance is
bounded by that of the 55-gallon package.
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Demonstrated by fire event N/A 

Stress test as acceptable temperature 
distribution 

Notes on Table 3-1 

I. The margin of safety is (allowable - actual) 

2. Results shown are for the 55-gallon package. The II O-gallon package performance is 
bounded by that of the 55-gallon package. 
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Table 3-2 Applied Heat Loads, Heat T
Conditions

ransfer Coefficients and Initial

Normal Normal HAC Transport
Parameter Transport Hot Transport

Cold

1475 for 30rain,

Ambient Temperature, 'F 100.00 -40.00 100.00 until peak
temperatures are

identified

Top surface I , BTU/hr- N/A during the fire,To2ufc insolation, BUh-246.00 0.00 246.00 drn
ft2, 12 hours on, 12 hours off c6 during

cooldown

Curved surface insolation, N/A during the fire,
BTU/hr-ft2, 12 hours on, 12 hours 123.0 0.00 123.00 during
off cooldown

Base surface insolation, N/A during the fire,
BTU/hr-ft2, 12 hours on, 12 hours 0.00 0.00 0.00 during
off cooldown

Radiological Decay Heat, 10.0 / 10.0 0.00 10.0 / 10.0

55 gal / 110 gal, W

Analysis performed Transient N/A Transient

Initial Package/Content 100.00 N/A 100°F
Temperature

External surface 1.0 N/A 1.0
absorptivity/emissivity

During fire transient,

External surface convection N/A

coefficient, Btu/hr-F-ft2  1.0 N/A During cooldown,

see Table 3.5.1-5
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Table 3-2 Applied Heat Loads, Heat Transfer Coefficients and Initial 
Conditions 

Parameter 

Ambient Temperature, of 

Top surface insolation, BTU/hr-
ft2, 12 hours on, 12 hours off 

Curved surface insolation, 
BTU/hr-ft2, 12 hours on, 12 hours 
off 

Base surface insolation, 
BTU/hr-ft2

, 12 hours on, 12 hours 
off 

Radiological Decay Heat, 
55 gal/II 0 gal, W 

Analysis performed 

Initial Package/Content 
Temperature 

External surface 
absorptivity/emissivity 

; 

External surface convection 
coefficient, Btu/hr-F -ft2 
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Normal 
Transport Hot 

100.00 

246.00 

123.0 

0.00 

10.0/10.0 

Transient 

100.00 

1.0 
--

1.0 

Normal HAC Transport 
Transport 

Cold 

1475 for 30min, 

-40.00 
100.00 until peak 
temperatures are 

identified 

N/ A during the fire, 
0.00 246.00 during 

cool down 

N/ A during the fire, 
0.00 123.00 during 

cooldown 

N/ A during the fire, 
0.00 0.00 during 

cooldown 

0.00 10.0/10.0 

, 

N/A Transient 

N/A 100°F 

N/A 1.0 

During fire transient, 
N/A 

N/A 
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 
133.2139 
131 .0179 
128.8219 
126 .626 
124.43 
122.2341 

15.232 

Figure 3-1 Normal Hot Package Peak Temperature Distribution, 55-gallon 
VersaPac 
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Figure 3-2 Normal Hot Outer Surface Peak Temperature Distribution, 55-
gallon Versa-Pac
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Temperature 
deg F 

139.4843 
137 .7593 
136.0343 
134.3092 
132.5842 
130.8592 
129.1342 
127 .4091 
125.6841 
123.9591 
122.2341 

10.234 

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

144.1937
142.8112
141.4287
140.0461
138.6636
137.2811
135.8986
134.5161
133.1336
131.7511
130.308B

I

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

144.1937 
142 .8112 
141.4287 
140.0481 
138 .6636 
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

i 52.4857

520.1846
487.8834

465.5822

423.2811

380.8789
358.6788
326,3776

294.0765
201.7753
229,4742

Z

Figure 3-4 Maximum Fire Event Temperature at Cooldown Sequence, 22
minutes after Cessation of Fire, Contents
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Time: 1320 s 

Time Step: 11 of 60 

Maximum Value: 552486 deg F 0.000 0762 in 13 .523 20 2M 

Minimum Value: 229 .474 deg F EI ======:I======~~====~~ 

Tempe' litu,e 
deg F 

552.4857 
520 .18<>6 
487 .8834 
'165 .5822 
423 .2811 
390.Q7GG 
358 .0788 
320.3770 
2Q4.0705 
20 1.7753 
22Q.4742 

... v 

Figure 3-4 Maximum Fire Event Temperature at Cooldown Sequence, 22 
minutes after Cessation of Fire, Contents 
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374.95N8
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Figure 3-5 Fire Event temperature at 30 minutes, Payload Cavity and
Flanges (including polyurethane plug area)
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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
265.8959
229.4742

11

Figure 3-6 Fire Event & Cooldown temperature at 55 total minutes, Payload
Cavity and Flanges (including polyurethane plug area)
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Temperature 
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520 .8481 
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265.8959 
229.4742 

Figure 3-6 Fire Event & Cooldown temperature at 55 total minutes, Payload 
Cavity and Flanges (including polyurethane plug area) 
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Figure 3-7 Fire Event temperature at 30 minutes, Package Lid

Temperature
deg F

731.4764

684.394
637.3127
590.2313

643.16
496.0687
448.9873
401.90e

354.8247

307.7433

260.662

0. in I11,207 18.811

Figure 3-8 Fire Event and Cooldown temperature at 55 total minutes,
Package Lid
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15.268 

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

16.811 

Temperature 
deg F 

1475.197 
1358.015 
1240.834 
1123.653 
1006.471 
889 .2901 
772 .1088 
654.9274 

~:~1.y 
303 .38~ 

Temperature 
deg F 

731.4754 
684.394 
637 .3127 
590 .2313 
543 .15 
496 .0687 
448 .9873 
401 .906 
354.8247 
307.7433 
260 .662 

fc: 
Figure 3-8 Fire Event and Cooldown temperature at 55 total minutes, 

Package Lid 
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deg f
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Figure 3-9 Fire Event temperature at 30 minutes, Package side view
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Figure 3-9 Fire Event temperature at 30 minutes, Package side view 
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T

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

1244.282 
1129 .969 
1015 .655 
901 .342 
787 .0286 
672.7152 
558 .4017 
444.0883 
329 .7749 
215 .4615 
101 .1481 
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~y 

0.000 5.510 in 11.019 16.529 
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Figure 3·10 Fire Event and Cooldown temperature at 55 total minutes, 
Package side view 

Century Versa-Pac Rev. 1 
October 2009 

Page 3-16 



I emporatre
doeg F

550 1178

505A1082
480.0987
4150093

325,0704

146DM
• 100.0221

Figure 3-11 Fire Event temperature at 30 minutes, polyurethane plug
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Figure 3-12 Fire Event and Cooldown temperature at 55 total minutes,
polyurethane plug
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Figure 3-11 Fire Event temperature at 30 minutes, polyurethane plug 
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Temperature 
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Figure 3-12 Fire Event and Cooldown temperature at 55 total minutes, 
polyurethane plug 
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Figure 3-13 Fire Event temperature at 30 minutes, Isometric view of
temperature distribution

Century Versa-Pac Rev. 1 Page 3-18
October 2009

• 

• 

• 

T. mp •• ~tll r. 

d.G F 

1476.<1162 
1337.IHEI 
1200374 

10152.83 

1rnI~ 

78' .7424 
860.193'5 
~12 .e~ 

375.1108 
m.M? 
l00.o:n1 

Figure 3-13 Fire Event temperature at 30 minutes, Isometric view of 
temperature distribution 
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Figure 3-14 Fire Event and Cooldown temperature at 55 total minutes,
Isometric view of temperature distribution
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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)
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Figure 3-15 Fire Event and Cooldown temperature as a function of Seconds (beginning of cooldown = 
Osee) for Payload Cavity Nodes 72302 (at the bottom of the polyurethane insert) and 14619 (at the center 
of the payload cavity floor part PS) 
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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 equation of 'state used in the transient
analyses:

Q=mCpAT
Where
Q is the heat input (fixed by the fire boundary condition),
m is the mass of the package,
Cp is 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 Cp 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-lbds / in 3 and 0.0085 in-lbp/s / in 3 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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Appendix 3.5.1 Description of the Thermal Model 

In order to evaluate the perfonnance 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 thennal models. 

Both 55-gallon and 11 O-gallon packages were modeled; the 55-gallon package was found to be 
bounding in perfonnance 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 equation of state used in the transient 
analyses: 

Where 
Q is the heat input (fixed by the fire boundary condition), 
m is the mass of the package, 
Cp is the equivalent specific heat of the package, and 
11 T 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 I1T. Also, any increase in Cp due to the addition or exclusion of contents leads to a 
lower 11 T. 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 Appendix3.5.2. 

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 11O-gallon Versa-Pac. Table 
3.5.1.3 provides the thennal 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 1I0-gallon versions, the contents was modeled with a decay heat 
load of 0.022 in-Ibtls / in3 and 0.0085 in-Ibtls / in3 for the 55-gallon and 11O-gallon packages, 
respectively for a conservative total package heat load of 1104 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:

RaL = [g 03 (Ts - T.) L3]/va
Where:
RaL is the Rayleigh number based on the characteristic plate length,
g is gravitational acceleration, 9.81 m/s,
13 is the volumetric thermal expansion coefficient for air, evaluated at the average film

temperature, (T, - Too)/2, and approximated as 1/Tfilm average, absolute,

T, is the surface. temperature of the heated plate at the node of interest, 'C,
Too is the ambient air temperature, 38"C (100'F),
L is the characteristic length of the heated plate, 0.8128 m (32"),
v is the kinematic viscosity of air evaluated at the average film temperature, (T,- T,,)/2, in

m2/s, and
a is the thermal diffusivity of air evaluated at the average film temperature, (Ts- T..)/2, in

m2/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 sides of the package are treated as a vertical heated plate:
NUL, avg = [0.825 + (0.387 RaLl16)/(1 + (0.492/Pr)9 /16)81 2 7]2

Where:
NUL, avg is the average Nusselt number,
RaL is the Rayleigh number based on the characteristic plate length, and
Pr is the Prandtl number for air evaluated at the average film temperature,

(Ts- To)/2.

Per Reference 1, this correlation is deemed appropriate for vertical cylinders if:
D/L > 35/Gr"4,

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 = [g [3 (Ts - T.,) L3 ] /V2

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:
NUL, avg 0.54 RaL 1/. (104 < RaL < 107).
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Where: 
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temperature, (Ts - T 00)/2, and approximated as liT film average, absolute, 
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is the ambient air temperature, 38°C (100°F), 
is the characteristic length of the heated plate, 0.8128 m (32"), 

v is the kinematic viscosity of air evaluated at the average film temperature, (Ts _ T 00)/2, in 
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For the range of potential package surface temperatures, the correlation is well within the 
appropriate range for use of the vertical heated plate correlation. 
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Per Reference 1, the characteristic length to be used in the Rayleigh number calculation is
defined as:

L = As/ P = 0.14 m
Where:
As is the surface area of the plate, 7uD 2/4, and
P is the perimeter of the plate, TuD.

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:
havg = NUL, avg k / L,

Where:
havg is the natural convection coefficient for the horizontal or vertical heated plates,
NuL, avg is the average Nusselt Number as defined previously, and
k is the thermal conductivity of air evaluated at the average film temperature, (T -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/m2K and were then
converted to the units used in the Algor code (in-lbf/s-R-in2). 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-lbf/s / in3 and 0.0085 in-lbf/s / in3 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.

Century Versa-Pac Rev. 1 Page 3 of 24
October.2009

• 

• 

• 

Per Reference 1, the characteristic length to be used in the Rayleigh number calculation is 
defined as: 

L = As I P= 0.14 m 
Where: 
As is the surface area of the plate, nD2/4, and 
P ~s the perimeter of the plate, nD. 

F or 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: 
havg = NUL, avg k I L, 

Where: 
havg is the natural convection coefficient for the horizontal or vertical heated plates, 
NUL, avg is the average Nusselt Number as defined previously, and 
k is the thermal conductivity of air evaluated at the average film temperature, (Ts _ Too)l2. 

F or purposes of calculating the convection coefficients, 24 discrete package wall temperatures 
were selected for evaluation, ranging from 39°C to8lOoC. Using an ambient air temperature 
of lOO°F (37.8°C), the convection coefficient was calculated in units ofW/m2K and were then 
converted to the units used in the Algor code (in-lbt!s-R-in2

). 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 tlie code. 
For both the 55-gallon and 1l0-gallonversions, the contents was modeled with a decay heat 
load of 0.022 in-Ibf/s I inl and 0.0085 in-lbf/s I in3 for the 55-gallon and llO-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 lind 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 ana HAC fire and 
cooldownsequences. ' 

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 Modeled Components versus Nominal Package Components for the 55-gallon
Versa-Pac

Model Part Drawing Material of Modeled material Component Modeled
# component construction (see Table 3.5.1-2) noiacmpntIDomonn 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 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 3/16" 0.188"
13 PA & PH A1011 & A36 Isotropic steel 10 ga. & 1/4" 0.140" & 0.500"'
14 PC, DL, SB, l10 ga., 16 ga., 16 0.140", 0.060",

SC1A1011 Isotropic steel ga. & 16 ga. 0.060" & 0.060"
15 FK A36 Isotropic steel ¼/" x 1 ½/" tall 0.250" x 1.50" tall

Alumina silica Temperature
16,17, 18 IA insulation dependent isotropic 1.5" 1.25"

alumina silica

19 IB 6pcf 6pcf polyurethane 2 1/8" 2.125"polyurethane

Alumina silica Temperature
24 IA insulation dependent isotropic 2" 1.94"

alumina silica25 IC6pcf
25 IC polyurethane 6pcf polyurethane 2 3/16" 2.188"

11" sq x / 6"x -1.18" sq x
26,27,28, -32" tall, 0.2125", -32" tall,
29, 30, 31 TB A500 GR.B Isotropic steel volume=25.5 in3  volume = 26.3 in3

each each
62 PolyU insert 10 pcf 9.8 pcf 3"3.00"

polyurethane polyurethane
71 PI A36 Isotropic steel 3/16" 0.188"
79 IE & IF Fiberglass Fiberglass 0.5" 0.500"
96. PD A36 Isotropic steel ½" 0.500"
104 N/A N/A Air 0.5" thick at lid 0.44" thick at lid

115 BB A36 Isotropic steel 11/4¼" x 11/4 "X 11/ 1.25" x 1.25" x
1.5"

15" diameter x 15.22" diameter x24.06" tall 25.24" tall

' Although this component 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- 1 Comparison of Modeled Components versus Nominal Package Components for the 55-gallon 
Versa-Pac 

Model Part 
Drawing 

Material of Modeled material 
Component Modeled 

# 
component 

construction (see Table 3.5.1-2) 
nominal component 

ID thickness thickness 
1 PE&FO 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 gao 0.060" 
5 FB A36 Isotropic steel 3/16" 0.188" 
9 FC A1011 Isotropic steel 16 gao 0.060" 
10 PG A36 Isotropic steel 3/16" 0.188" 
11 PB A1011 Isotropic steel 10 gao 0.140" 
12 PI A36 Isotropic steel 3/16" 0.188" 
13 PA&PH A1011 &A36 Isotropic steel 10 gao & 1/4" 0.140" & 0.500"1 

14' PC, OL, SB, 
A1011 Isotropic steel 

10 ga., 16 ga., 16 0.140",0.060", 
SC JIa. & 16 gao 0.060" & 0.060" 

15 FK A36 Isotropic steel %" x 1%" tall 0.250" x 1.50" tall 

Alumina silica 
Temperature 

16, 17, 1~ IA 
insulation 

dependent isotropic 1.5" 1.25" 
alumina silica 

19 IB 
6pcf 

6pcf polyurethane 21/8" 2.125" 
polyurethane 

Alumina silica 
Temperature 

24 IA 
insulation 

dependent isotropic 2" 1.94" 
alumina silica 

25 IC 6pcf 6pcf polyurethane 23/16" 2.188" 
polyurethane 

1%" sq x ~/16" x -1.18" sq x 
26,27,28, TB A500 GR.B Isotropic steel 

-32" tall, 0.2125", -32" tall, 
29,30,31 volume=25.5 in3 volume = 26.3 in3 

each each 

62 PolyU insert 
10 pcf 9.8 pcf 3" 3.00" 

polyurethane polyurethane 
71 PI A36 Isotropic steel 3/16" 0.188" 
79 IE & IF Fiberglass Fiberglass 0.5" 0.500" 
96, PO A36 Isotropic steel Y:z" 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 1%" x 1Y:z" 
1 .25" x 1 .25" x 

1.5" 

120 N/A N/A CONTENTS 
15" diameter x 15.22" diameter x 

24.06" tall 25.24" tall 

1 Although this component 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- 2 Comparison of Modeled Components versus Nominal Package Components for the 110-
gallon Versa-Pac

Model Part Drawing Material of Modeled material Component Modeled
# component construction (see nominal component

IDTable 3.5.1-2) 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 3/16" 0.188"

"0.140", &
13 PA & PH A1011 &A36 Isotropic steel 10 ga. & 1/4" 0.500,2

14 PC, DL, SB, A1011 Isotropic steel 10 ga., 16 ga., 16 0.140", 0.060",
SC A1011 ga. & 16 ga. 0.060" & 0.060"

0.250" x 1.50"
15 FK A36 Isotropic steel 1/4 x 11½" tall tall

tall
Almn iia Temperaturei.5

16,17, 18 IA Alumina silica dependent isotropic 1.5" 1.25"
alumina silica

19 IB 6pcf 6pcf polyurethane 3 1/" 2.125"polyurethane

Alumina s ilica Temperature
24 IA insulation dependent isotropic 2 ½" 1.94"

alumina silica
25 IC6pcf

25 IC polyurethane 6pcf polyurethane 3 ¼" 2.188"

11/4 s x /16"x 1.18" sq x
26, 27, 28, TB A500 GR.B Isotropic steel -40 /4" tall, 0.2125" x -40
29, 30, 31 volume=32.5 in3  3/4" tall, volume

each = 33.5 in3 each

62 PolyU insert 10 pcf 9.8 pcf 3"
62_PolyUinsert polyurethane polyurethane 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 1½" 0.500"
104 N/A N/A Air 0.5" thick at lid 0.44" thick at lid

115, 116 & BB A36 Isotropic steel 11
/" x 11/4 x"A 11" 1.25" x 1.25" x

117 1.5"

120 N/A N/A CONTENTS 21 diameter x NA32.25" tall

2 Although this component 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- 2 Comparison of Modeled Components versus Nominal Package Components for the 110-
"gallon Versa-Pac 

Model Part 
DraWing 

Material of Modeled material 
Component Modeled 

# 
component 

construction (see Table 3.5.1-2) 
nominal component 

ID thickness thickness 
1 PE &FO A36 Isotropic steel 1 14" 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 gao 0.060" 
5 FB A36 Isotropic steel 3/16" 0.188" 
9 FC A1011 Isotropic steel 16 gao 0.060" 
10 PG" A36 Isotropic steel 3/16" 0.188" 
11 PB A1011 Isotropic steel 10 gao 0.140" 
12 PI A36 Isotropic steel 3/16" 0.188" 

13 PA&PH A1011 & A36 Isotropic steel 10 gao & 1/4" 0.140" & 
0.500"2 

14 " PC, OL, SB, 
A1011 Isotropic steel 

10 ga., 16 ga., 16 0.140",0.060", 
SC gao & 16 gao 0.060" & 0.060" 

15 FK A36 Isotropic steel ~"x 1%" tall 0.250" x 1.50" 
tall 

Alumina silica 
Temperature 

16, 17, 18 IA 
insulation 

dependent isotropic 1.5" 1.25" 
alumina silica 

19 IB 
6pct 6pct polyurethane 3%" 2.125" 

polyurethane 

Alumina silica 
Temperature 

24 IA 
insulation 

dependent isotropic 2 Y:z" 1.94" 
alumina silica 

25 IC 6pct 6pct polyurethane 3~" 2.188" 
polyurethane 

1W s~ x "/16" x -1.18" sq x 
26,27,28, 

TB A500 GR.B Isotropic steel -40 1/ tall, 0.2125" x -40 
29,30,31 vqlume=32.5 in3 3// tall, volume 

each = 33.5 in3 each 

62 PolyU insert 10 pct 9.8 pct 3" 3.00" 
polyurethane polyurethane 

71 PI A36 Isotropic steel 3/16" 0.188" 
79 IE& IF Fiberglass Fiberglass 0.5" 0.500" 
96 PO A36 Isotropic steel '%" 0.500" 
104 N/A N/A Air" 0.5" thick at lid 0.44" thick at lid 

115, 116 & BB A36 Isotropic steel 1W x 1~" x 1%" 
1 .25" x 1 .25" x 

117 1.5" 

120 N/A N/A CONTENTS 
21" diameter x NA 

32.25" tall 

2 Although this ~omponent thickness is modeled at twice the actual component thickness, this is considered to be 
conservative, since it provides 1m 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

Density Thermal Specific SourceHeat Heat Generation Suc
Material (Ibf- Conductivity 'in-lb)/I'bt RatesZ/in)I(in 3) (in-lbf)/(s-in-8F) ss21in)- 8F (in-lbf)l(s-in 3)

General industry data
Isotropic 7.35E-4 5,.84 4.1849E5 N/A (matweb, ALGOR material

steel library)

8F TC
8 pcf 27 0.007926 Century Industries SOP6.12;

Temperature 500 0.007926
dependent 1 .199E-5 1000 0.016 9.374E5 N/A general industry data

isotropic 1500 0.026 (matweb, Cer-wool,

alumina silica 1800 0.037 Fiberfrax)

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 SOP6.1 1,

Isotropic 6.0 also General industry data
pcf 8.993E-6 3.386E-3 1.273E6 N/A (matweb). Not usedin model

Polyurethane since alumina silica is
bounding

Isotropic 9.8 Century Industries SOP6.l 1,
pcf 1.469E-5 5.026E-3 1.576E6 N/A also General industry data

Polyurethane I (matweb).
L=0.44"

8 Faverage TC
-40 0.017
22.4 0.017

202.4 0.040
Air, 382.4 0.083

conduction + 1.087E-7 562.4 0.147 8.671 E5 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, 8.094E-5 0.022 3.358E5 0.022 (55-gal) General industry data
wood 8.094E-5 0.0085 (110 gal) (matweb)
Contents 2, N/A N/A N/A N/A N/A
void NANANANA/

Contents 3, 4.1849E5 0.022 (55-gal) General industry data
sol l 7.35E-4 5.84 4 E5 0(matweb, ALGOR material

solid steel 0.0085 (110 gal) library)
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Table 3.5.1- 3 Thermal Material Properties for the Versa-Pac 

Density Thermal 
Material . (Ibt - Conductivity 

s2/in)(in3
) (in-lbt)/(s-in-8F) 

Isotropic 
7.35E-4 5,.84 

steel 

8F TC 
8 pct 27 0.007926 

Temperature 500 0.007926 
dependent 1.199E-5 1000 0.016 

isotropic 1500 0.026 
alumina silica 1800 0.037 

2000 0.048 
. Fiberglass -

Extren525 
Isophthalic 1.606E-4 0.072 
polyester 

resin 

Isotropic 6.0 
pct 8.993E-6 3.386E-3 

Polyurethane 
, 

Isotropic 9.8 
pct 1.469E-5 5.026E-3 

Polyurethane 
L=0.44" 

8 Faverage TC 
-40 0.017 
22.4 0.017 

202.4 0.040 
Air, 382.4 0.083 

conduction + 1.087E-7 562.4 0.147 
radiation 742.4 0.237 

922.4 0.357 
1102 0.513 
1282 0.709 
1462 0.949 
1642 1.239 

Contents 1, 
8.094E-5 0.022 wood 

Contents 2, 
N/A N/A 

void 

Contents 3, 7.35E-4 5.84 solid steel 
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Specific 
Heat Generation 

Source 
Heat 

(in-Ibt)/(Ibt 
Rate 

S2/in)- 8F (in-lbt)/(s-in3
) 

General industry data 
4.1849E5 N/A (matweb, ALGOR material 

library) 

Century Industries SOP6.12; 
general industry data 

9.374E5 N/A 
(matweb, Cer-wool, 

Fiberfrax) 

Century Industries SOP6.13, 
also "Typical Properties -

1.009E6 N/A FRP Structural Shapes", 
Enduro Systems, Inc., 

www.endurocomposites.com. 
Century Industries SOP6.11, 

also General industry data 
1.273E6 N/A (matweb). Not used in model 

since alumina silica is 
bounding 

Century Industries SOP6.11, 
1.576E6 N/A also General industry data 

(matweb). 

8.671E5. N/A see Appendix 3.5.2 

3.358E5 
0.022 (55-gal) General industry data 

0.0085 (110 gal) (matweb) 

N/A N/A N/A 

0.022 (55-gal) 
General industry data 

. 4.1849E5 (matweb, ALGOR material 
0.0085 (110 gal) library) 
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Table 3.5.1- 4 Material Properties for Air used to evaluate Natural Convection Coefficients

All values taken from Reference 1.

Air v * 106 k *10 3 a* 106  Pr
Temperature m W/m-K mZ/s

(K)

300 15.89 26.3 22.5 0.707
350 20.92 30.0 29.9 0.700
400 26.41 33.8 38.3 0.690
450 32.39 37.3 47.2 0.686
500 38.79 40.7 56.7 0.684
550 45.57 43.9 66.7 0.683
600 52.69 46.9 76.9 0.685
650 60.21 49.7 87.3 0.690
700 68.10 52.4 98.0 0.695
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Table 3.5.1- 4 Material Properties for Air used to evaluate Natural Convection Coefficients 

All values taken from Reference 1. 

Air v *106 k * 103 a * 106 Pr 
Temperature mL/s .. W/m-K mL/s 

(K) ,. 

300 15.89 26.3 22.5 0.707 

350 20.92 30.0 29.9 0.700 
400 26.41 33.8 38.3 0.690 
450 32.39 37.3 47.2 0.686 

500 ·38.79 40.7 56.7 0.684 
550 45.57 43.9 66.7 0.683 

600 52.69 46.9 76.9 0.685 
650 60.21 49.7 87.3 0.690 
700 68.10 52.4 98.0 0.695 

\ 
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Table 3.5.1- 5 Natural Convection Coefficients for the Versa-Pac Cooldown Sequence

v K a
Film Film Film (106 (103 (106 Pr Nodal Wall Nodal Wall Ra Nu Vertical Nu . h vertical, h horizontal, h vertical h horizontalI

Temperature Temperature Temperature m
2
/s) W/m-K) m

2
/s) (note 1 temperature temperature Ra vertical Horizontal (note 3) (nte 4) K) (W/MA2-K) (in-lbf/s-R-in2

) (in-lbf/s-R-in 2
)(K) (note 2) (C) (note 2) (F) (note2) (note 1 (note 1 (note 1 &2) (F) (C) (note 4) K)

& 2) & 2) &2)

300 27.0 80.6 15.89 26.3 22.5 0.707 61.2 16.2 N/A N/A N/A N/A N/A N/A N/A N/A

311 37.9 100.2 16.99 27.1 24.1 0.705 100.4 38.0 9.23E+06 4.71E+04 30.48 7.96 1.02 1.54 3.2245E-03 4.8868E-03

312 38.9 102.0 17.09 27.2 24.3 0.705 104.0 40.0 9.05E+07 4.63E+05 59.23 14.08 1.98 2.73 6.2827E-03 8.6728E-03

317 43.9 111.0 17.59 27.5 25.0 0.705 122.0 50.0 4.62E+08 2.36E+06 96.82 21.17 3.28 4.17 1.0409E-02 1.3212E-02

322 48.9 120.0 18.09 27.9 25.7 0.704 140.0 60.0 7.81E+08 3.99E+06 113.70 24.13 3.91 4.81 1.2388E-02 1.5266E-02

327 53.9 129.0 18.59 28.3 26.5 0.703 158.0 70.0 1.05E+09 5.39E+06 124.70 26.01 4.34 5.26 1.3768E-02 1.6675E-02

332 58.9 138.0 19.10 28.7 27.2 0.703 176.0 80.0 1.29E+09 6.58E+06 132.67 27.35 4.68 5.60 1.4839E-02 1.7763E-02

337 63.9 147.0 19.60 29.0 28.0 0.702 194.0 90.0 1.49E+09 7.61E+06 138.74 28.36 4.96 5.88 1.5718E-02 1.8655E-02

342 68.9 156.0 20.10 29.4 28.7 0.701 212.0 100.0 1.66E+09 8.49E+06 143.49 29.15 5.19 6.12 1.6463E-02 1.9415E-02

350 77.0 170.6 20.92 30.0 29.9 0.700 241.2 116.2 1.89E+09 9.65E+06 149.27 30.09 5.51 6.45 1.7476E-02 2.0455E-02

392 118.9 246.0 25.52 33.2 36.9 0.692 392.0 200.0 2.31E+09 1.18"E+07 158.76 31. 566 6.48 7.51 2.0559E-02 2.3806E-02(note 5) 2.386E_0
8 31.70400 127.0 260.6 26.41 33.8 38.3 0.690 421.2 216.2 2.32E+09 1.19E+07 158.92 6.61 7.65 2.0962E-02

400 127.0 260;6 ~(note 5) 6.1 76 .92-2 2.4274E-02

442 168.9 336.0 31.42 36.7 45.8 0.687 572.0 300.0 2.17E+09 1.11E+07 155.57 31. 518 7.03 8.18 2.2300E-02 2.5947E-02
_____(note 5) 254E0

31.02
450 .177.0 350.6 32.39 37.3 47.2 0.686 601.2 316.2 2.13E+09 1.09E+07 154.60 (note 5) 7.09 8.27 2.2504E-02 2.6219E-02

492 218.9 426.0 37.75 40.1 55.2 0.684 752.0 400.0 1.86E+09 9.52E+06 148.19 29.99 7.32 8.60 2.3219E-02 2.7285E-02

500 227.0 440.6 38.79 40.7 56.7 0.684 781.2 416.2 *1.81E+09 9.26E+06 146.93 29.79 7.36 8.66 2.3338E-02 2.7472E-02

542 268.9 516.0 44.47 43.4 65.1 0.683 932.0 500.0 1.55E+09 7.93E+06 140.01 28.66 7.47 8.88 2.3703E-02 2.8169E-02

550 277.0 530.6 45.57 43.9 66.7 0.683 961.2 516.2 1.51E+09 7.70E+06 138.73 28.45 7.49 8.92- 2.3768E-02 2.8297E-02

592 318.9 606.0 51.53 46.4 75.2 0.685 1112.0 .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 9.10 2.3991E-02 2.8867E-02

642 368.9 696.0 58.99 49.2 85.6 0.689 1292.0 700.0 1.08E+09 5.50E+06 125.15 26.15 7.58 9.20 2.4052E-02 2.9177E-02

650 377.0 710.6 60.21 49.7 87.3 0.690 1321.2 716.2 1.05E+09 5.35E+06 124.08 25.96 7.59 9.22 2.4066E-02 2.9238E-02
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Film Film Film (106 

Temperature Temperature Temperature m2/s) 
(K) (note 2) (C) (note 2) (F) (note 2) (note 1 

&2) 

300 27.0 80.6 15.89 

311 37.9_ 100.2 16.99 

312 38.9 102.0 17.09 

317 43.9 111.0 17.59 

322 48.9 120.0 18.09 

327 53.9 129.0 18.59 

332 58.9 138.0 19.10 

337 63.9 147.0 19.60 

342 68.9 156.0 20.10 

350 77.0 170.6 20.92 

392 118.9 246.0 25.52 

400 127.0 260:6 26.41 

442 168.9 336.0 31.42 

450 177.0 350.6 32.39 

492 218.9 426.0 37.75 

500 227.0 440.6 38.79 

542 268.9 516.0 44.47 

550 277.0 530.6 45.57 

592 318.9 606.0 51.53 

600 327.0 620.6 52.69 

642 368.9 696.0 58.99 

650 377.0 710.6 60.21 
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Table 3.5.1- 5 Natural Convection Coefficients for the Versa-Pac Cooldown Sequence I 

K a "-

(103 (106 Pr Nodal Wall Nodal Wall, 
Ra Nu Vertical 

Nu, h vertical, 
h horizontal, h vertical h horizontal W/m-K) m2/s) (note 1 temperature temperature Ra vertical 

Horizontal (note 3) 
Horizontal (W/mIl2-

(W/mIl2-K) (in-lbt/s-R-in2
) (in-lbtfs-R-in2

) 
(note 1 (note 1 &2) (F) (C) (note 4) K) /' 
&2) &2) 

26.3 22.5 0.707 61.2 16.2 N/A N/A N/A N/A N/A N/A N/A N/A 

27.1 24.1 0.705 100.4 38.0 9.23E+06 4.71E+04 30.48 7.96 1.02 1.54 3.2245E-03 4.8868E-03 

27.2 24.3 0.705 104.0 40.0 9.05E+07 4.63E+05 59.23 ,14.08 1.98 2.,73 6.2827E-03 8.672BE-03 

27.5 25.0 0.705 122.0 50.0 4.62E+08 2.36E+06 96:82 21.17 3.28 4.17 1.0409E-02 1.3212E-02 

27.9 25.7 0.704 140.0 60.0 7.81E+08 3.99E+06 113.70 24.13 3.91 4.81 1.2388E-02 1.5266E-02 

28.3 26.5 0.70~ 158.0 70.0 1.05E+09 5.39E+06 124.70 26.01 4.34 5.26 1.3768E-02 . 1.6675E-02 

28.7 27.2 0.703 176.0 80.0 1.29E+09 6.58E+06 132.67 27.35 4.68 5.60 ' 1 .4839E-02 1.7763E-02 

29.0 28.0 0.702 194.0 '. 90.0 1.49E+09 7.61E+06 138.74 28.36 4.96 5.88 1.5718E-02 1.8655E-02 

29.4 28.7 0.701 212.0 100.0 1.66E+09 8.49E+06 143.49 29.15 5.19 6.12 1.6463E-02 1.9415E-02 

30.0 29.9 0.700 241.2 116.2 1.8'9E+09 9.65E+06 149.27 30.09 5.51 6.45 1.7476E-02 2.0455E-02 

33.2 36.9 0.692 392.0 200.0 2.31E+09 1.18E+07 158.76 
31.66 6.48 7.51 2.0559E-02 

(note 5) 2.3806E-02 

33.8 38.3 0.690 421.2 216.2 2.32E+09 1.19E+07 158.92 
31.70 

6.61 7.65 2.0962E-02 
(note 5) 2.4274E-02 

36.7 45.8 0.687 572.0 300.0 2. 17E+09 1.11 E+07 155.57 
31.18 

7.03 8.18 2.2300E-02 
(note 5) 2.594iE-02 

37.3 47.2 0.686 601.2 316.2 2.13E+09 1.09E+07 154.60 
31.02 

7.09 8.27 2.2504E-02 
(note 5) 2.6219E-02 

40.1 55.2 0.684 752.0 400.0 1.86E+09 9.52E+06 148.19 29.99 7.32 8.60 2.3219E-02 2.7285E-02 

40.7 56.7 0.684 781.2 416.2 1.81E+09 9.26E+06 146.93 29.79 7.36 8.66 2.3338E~02 2.7472E-02 

43.4 65.1 0.683 932.0 500.0 1.55E+09 7.93E+06 140.01 28.66 7.47 8.88 2.3703E-02 2.8169E-02 

43.9 66.7 0.683 961.2 516.2 1.51E+09 7.70E+06 138.73 28.45 7.49 8.92- 2.3768E-02 2.8297E-02 

46.4 75.2 0.685 1112.0 ·600.0 1.29E+09 6.59E+06 132.25 27.36 7.55 9.07 2.3955E-02 2.8776E-02 

46.9 76.9 0.685 1141.2 616.2 1.25E+09 6.40E+06 131.08 27.17 7.56 9.10 2.3991E-02 2.8867E-02 

49.2 85.6 0.689 1292.0 700.0 1.08E+09 5.50E+06 125.15 26.15 7.58 9.20 2.4052E-02 - 2.9177E-02 

49.7 87.3 0.690 1321.2 716.2 1.05E+09 5.35E+06 124.08 25.96 7.59 9.22 2.4066E-02 2.9238E-02 
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v K a
Film Film Film (106 (103 (106 Pr Nodal Wall Nodal Wall N eNu h vertical h horizontal, h vertical h horizontal

Temperature Temperature Temperature m2/S) W/m-K) m2/s) (note 1 temperature temperature Ranvertical Ra Nu Vertical Hicar bh/horizontals22)
(K) (note 2) (C) (note 2) (F) (note 2) (note 1 (note 1 (note 1 &2) (F) (C) Horizontal (note 3) (note 4) K) horizontl'(note) K1 (noteK) 1i'(noteR'1n)&2)nl(F)--in2

& 2) & 2) &2)

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 52.4 98.0 0.695 1501.2 816.2 N/A N/A N/A N/A N/A N/A N/A N/A

Notes on Table 3.5.1-5:

1. Air material properties 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.

2. The material property values presented are for the air film temperature, which is assumed to be the average of the wall
temperature and ambient (1008Fz37.88Cz310.98K):

3. Per Reference 1, the correlation is valid over all ranges of Rayleigh numbers.
4. Per Reference 1, the correlation is valid over a range of Rayleigh numbers from 104 to 107.

5. Although these Rayleigh numbers are slightly out of range of the correlation, they are conservatively lower than that calculated
using the correlation provided by Reference 1 applicable at higher Rayleigh numbers and so is considered acceptable for use.
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v K a -, 

Film Film Film (106 (103 (106 
- Pr Nodal Wall Nodal Wall Nu h vertical; 

Ra Nu Vertical h horizontal, h vertical h horizontal 
Temperature Temperature Temperature m2/s) W/m-K) m2/s) (note 1 temperature temperature Ra vertical 

Horizontal (note 3) 
Horizontal (W/mIl2- (W/mIl2-K) (in-lbtfs-R-in2

) (in-lbf/s-R-in2
) 

(K) (note 2) (C) (note 2) (F) (note 2) (note 1 (note 1 (note 1 &2) (F) (C) (note 4) K) 

692 

697 

700 

&2) &2) &2) 

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 

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 

427.0 800.6 68.10 52.4 98.0 0.695 1501.2 . 816.2 N/A N/A N/A N/A N/A N/A N/A 

Notes on Table 3.5.1-5: 

1. Air material properties 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. 

2. The material property values presented are for the air film temperature, which is assumed to be the average ofthe wall 
temperature and ambient (1 00SF::::::3 7.SSC=::31O.9SK). . 

3. Per Reference 1, the correlation is valid over all ranges of Rayleigh numbers. 
4. Per Reference 1, the correlation is valid over a range of Rayleigh numbers from 104 to 107

. 

2.9459E-02 

2.9487E-02 

N/A 

5. Although these Rayleigh numbers are slightly out of range of the correlation, they are conservatively lower than that calculated 
using the correlation provided by Reference 1 applicable at higher Rayleigh numbers and so is considered acceptable for use. 
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Figure 3.5.1- 1 Quarter-symmetric Thermal Model of 55-gallon Versa-Pac, all parts shown
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Figure 3.5.1- 2 Quarter-symmetric Thermal Model of 55-gallon Versa-Pac, all parts shown, side view
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• Figure 3.5.1- 2 Quarter-symmetric Thermal Model of 55-gallon Versa-Pac, all parts shown, side view 
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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- 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- 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
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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 
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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- 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. t - 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- 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) 

Century V ersa-Pac Rev. 1 
October 2009 

Page 17 of24 I 



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- 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- 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
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Figure 3.5.1-11 Quarter-symmetric Thermal Model of 55-gallon Versa-Pac, Outer Lid 
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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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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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Figure 3.5.1- 13 Quarter-symmetric Thermal Model of the 55-gallon Versa-Pac, Detail View, Lower
reinforcing structure
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Figure 3.5.1- 13 Quarter-symmetric Thermal Model ofthe 55-gallon Versa-Pac, Detail View, Lower 
reinforcing structure 
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ligure 3.5.1- 14 Quarter-symmetric Thermal Model of 55-gallon Versa-Pac, Detail View, Lower
Reinforcing structure with Payload Cavity shown
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Figure 3.5.1-14 Quarter-symmetric Thermal Model of 55-gallon 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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Figure 3.5.1- 15 Quarter-symmetric Thermal Model of llO-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
"Rndv A Body B

S IV " Iv B

-TA TB--

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.
3. 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).

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

AaIT' -T' Iq=A
l-EA 1 1-eB

EA VFa EB

Where TA and TB are the temperatures of surfaces A and B (in absolute temperatures), sA

and CB are the emissivities of surfaces A and B, and VFAB is the view factor between the
two surfaces.
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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: 

Body A 
L 

I~ 

TA TB 

, I v 
Elements with K as a 

function of Tavg 

BodyB 

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. 
3. 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). 

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 

Where T A and T B are the temperatures of surfaces A and B (in absolute temperatures), EA 

and EB are the emissivities of surfaces A and B, and VF AB is the view factor between the 
two surfaces . 
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The heat flow due to conduction between the two bodies is

q =kAATL

Since the heat flow due to radiation must equal the heat flow by conduction, equating the

above two equations and expanding T4- Ts as follows

TA-T• -=-TA + TB )i7' -T)TA + TA-(TA + TB )(TA _ TB

leads to the solution
K=-La TA+ TB (TA + TB )

1 -UA 1 1 IB
I k+ý+ +s

using absolute
temperatures.

Letting Taverage= (TA+TB)/ 2 , then T2 average is approximately (T A+T 2B)/ 4 .

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

K = LaT(8)(Taverage) 3

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 TA and TB (in absolute
temperature) using the above equation. The calculated conductivity is entered in the
material properties at a temperature of Taverage=0.5(TA+TB). Additional data points are
entered by evaluating Tavege and K at other values of TA and TB. A range of
temperatures Ta,,,,,, is included in the material properties so that the calculated
temperature is not outside of the range of material properties.
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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 
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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 '/2" 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 1475F 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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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 W' 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 14750P 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 14750F.

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 4500F. 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 5000F. 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 4500F. 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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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
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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 3.5.3-1 Champion Package on Test
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Figure 3.5.3-1 Champion Package on Test Stand - View from Thermocouple Shielding Tube 
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Figure 3.5.3-2 Champion Package during Thermal Testing Phase

Figure 3.5.3-3 Champion Package Post.
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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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4 CONTAINMENT

4.1 Description of the Containment System
The containment boundaiy of the package is 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 V¼" inner carbon steel flange ring with a '/2"

thick carbon steel blind flange. The vessel has three circumferential welds (two at the flange,
one at the base) and one longitudinal weld. An 1/8" 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 1/2" 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 boundaiy, 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.

Perfornance 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 liquid 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 I OCFR71.71 and 1 OCFR71.73 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 nonnal 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 V2" 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 ½" 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 ¼" 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 keff used in all cases represents the KENO keff-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 (CSI)

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 A2 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
(UyO,), 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 package 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 weight is 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 1 10-gallon package
design. Further evaluation of the HAC (damaged package configuration) modeled array
size to the more restrictive NCT criteria (5N) the resulting CSI (0.9) conservatively
bounds the NCT criteria (5N) and HAC criteria (2N) for evaluation of package arrays
using the single 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 CSJ. 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 kff 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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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 keff of the Century V ersa-Pac Shipping Container under all conditions of 
transport. The code sequence BOMANI, NIT AWL, and KENO VI (CSAS6) was used in 
all analyses . 

. The verification cases CSAS6 and KENO VI, 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 kcff 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 mwas 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 2) 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 (C25H52) 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 2) 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 Moderation

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 kff.

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 kff 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 kff 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 kIff 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 is
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
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 k1ff result (Figure 6-4) while reducing the poly-moderator density
decreases the k~ff 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.
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6.5 Evaluation of Package Arrays Under Normal Conditions of
Transport

6.5.1 Configuration
The Nonrmal 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 kff 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 considered 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 detennination 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 Homogeneous 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

Century Versa-Pac Rev. 1 Page 6-10
October 2009

• 

• 

• 

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 
detennining 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 

Century Versa-Pac Rev. 1 
October 2009 

Page 6-10 



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 1/4" and the top containment closure is ½/2". 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 koff + 2a 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 kff 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 kYff + 2a 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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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 HID of 1.0, would occupy the 
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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 1;4" and the top containment closure is W'. 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 kcff + 2cr 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 keff 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 kcff + 2cr 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
k~ff by a difference of 0.0016. Reductions in the poly-moderation density cause the kIff 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 bottomr/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~ff results for this modeled configuration.
Although not shown the the figure, the normally oriented packages have lower kff 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 kdff is reduced with reduced poly-moderation density. The array
k~ff is also reduced with increased interspersed moderation.

The maximum kff + 2a for this modeled configuration is 0.7175 and results in an
EALF of 3.46E-02 eV. Due to the low k~ff results further sensitivity studies are not
performed for the homogeneous model.

Two input cases are provided in Section 6.9. Case VersaHACINFH 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 VersaHACINFH2_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 lOxlOx8. Drum arrays are initially modeled
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modeled in a triangular and square lattice but the triangular lattice does yield the higher 
keff by a difference of 0.0016. Reductions in the poly-moderation density cause the keff 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 bottomltop 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 keff results for this modeled configuration. 
Although not shown the the figure, the nonnally oriented packages have lower keff 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 keff is reduced with reduced poly-moderation density. The array 
keff is also reduced with increased interspersed moderation. 

The maximum keff + 2cr for this modeled configuration is 0.7175 and results in an 
EALF of 3.46E-02 e V. Due to the low keff results further sensitivity studies are not 
perfonned for the homogeneous model. 

Two input cases are provided in Section 6.9. Case Versa_HAC_INFH_I0_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_1O_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 nonnal 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 HID ratios. Since the fissile mass is fixed at 350 grams U-235, cylinders 
modeled with a high HID ratio will have a lower U-235 density when compared to 
cylinders with a lower HID 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 perfonned with expansion of a 
2x2x2 drum array to a final array size of lOxl0x8. 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 kff 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-
cm, 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 kcff results in the spherical
model calculations.

The 10.0-cm and 12.0-cm diameter cylinders consistently produce the higher kcff
results. The 10.0-cm diameter cylinder produces a maximum value at an H/D of 1.0
while the 12.0-cm diameter cylinder produces a maximum value at an H/D of 0.80 with
the k~ff results differing by only 0.0005. The results of the lumped spherical mass
calculations for the 12.0-cm diameter sphere produce higher k1ff results with a k~ff
difference of about 0.02. Therefore, sensitivity studies as indicated in Section 6.6.1.2
will be performed with the lumped spherical mass model.

The results of these cases are summarized in Table 6-7. Table 6-8 summarizes
the results of increased poly-moderation density studies. Table 6-9 provides the
sensitivity studies for the lumped spherical mass models as indicated in the preceding
paragraph.

Two input cases are provided in Section 6.9. Case VersaHAC_FINS_12S A7
and VersaHACFINH_12SA7 represent finite (FIN) arrays of packages in square (S)
and hexagonal lattices (H). The fissile mass is modeled as a 12-cm radius sphere in both
cases (12S) with full fissile mass poly-moderation (A). The modeled array size is 800
packages (7) in an l0x10x8 array. Corresponding cases Al through A6, as indicated in
Table 6-7, can be reproduced with modification of the array parameters. Likewise, the
cylindrical fissile mass models can be duplicated by changing the modeled sphere to a
cylinder with further indication of the cylindrical height.

6.6.2.2.1 Expanded Array Analysis

The lumped 12.0-cm diameter spherical mass is used in an expanded array
interaction analysis. The purpose of the analysis being to evaluate arrays of at least 400
packages starting with a single layer (Z=I) and continuing to a multiple stacked layer
(Z=10). The object being to stack 400 packages in layers until the USL is exceeded and
then reduce the number of packages in each layer and proceed with additional stacking.
Stacked layers with a Z>10 were not modeled due to the decreased kff trend with the
same package array size as the Z is increased from 8 to 10. The calculation results are
combined with the initial drum array calculations as show in Figure 6-14. The initial
results are indicated by "Trend 1" while the latter results are shown as "Trend 2". The
results of these calculations indicate that package arrays consisting of 400, each
containing a lumped fissile mass, has a kcff+ 2cy of 0.94.
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consisting ofS, 64,144,216, 3S4, 512, and SOO packages. 

The 12.0-cm diameter sphere consistently produces the higher keff 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-
cm, 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 keff results in the spherical 
model calculations. 

The 10.0-cm and 12.0-cm diameter cylinders consistently produce the higher keff 
results. The 10.0-cm diameter cylinder produces a maximum value at an HID of 1.0 
while the 12.0-cm diameter cylinder produces a maximum value at an HID of O.SO with 

. the keff results differing by only 0.0005. The results of the lumped spherical mass 
calculations for the 12.0-cm diameter sphere produce higher keff results with a keff 
difference of about 0.02. Therefore, sensitivity studies as indicated in Section 6.6.1.2 
will be performed with the lumped spherical mass model. 

The results of these cases are summarized in Table 6-7. Table 6-8 summarizes 
the results of increased poly-moderation density studies. Table 6-9 provides the 

. sensitivity studies for the lumped spherical mass models as indicated in the preceding 
paragraph. 

Two input cases are provided in Section 6.9. Case Versa_HAC_FINS_12S_A7 
and Versa_HAC_FINH_12S_A7 represent finite (FIN) arrays of packages in square (S) 
and hexagonal lattices (H). The fissile mass is modeled as a 12-cm radius sphere in both 
cases (12S) with full fissile mass poly-moderation (A). The modeled array size is SOO 
packages (7) in an 10xlOxS array. Corresponding cases Al through A6, as indicated in 
Table 6-7, can be reproduced with modification of the array parameters. Likewise, the 
cylindrical fissile mass models can be duplicated by changing the modeled sphere to a 
cylinder with further indication of the cylindrical height. 

6.6.2.2.1 Expanded Array Analysis 

The lumped 12.0-cm diameter spherical mass is used in an expanded array 
interaction analysis. The purpose of the analysis being to evaluate arrays of at least 400 
packages starting with a single layer (Z=l) and continuing to a multiple stacked layer 
(Z=10). The object being to stack 400 packages in layers until the USL is exceeded and 
then reduce the number of packages in each layer and proceed with additional stacking. 
Stacked layers with a Z> 1 0 were not modeled due to the decreased keff trend with the 
same package array size as the Z is increased from S to 10. The calculation results are 
combined with the initial drum array calculations as show in Figure 6-14. The initial 
results are indicated by "Trend 1" while the latter results are shown as "Trend 2". The 
results of these calculations indicate that package arrays consisting of 400, each 
containing a lumped fissile mass, has a keff + 2cr of 0.94. 

Century Versa-Pac Rev. 1 
October 2009 

Page 6-13 



The results of these cases are further summarized in Table 6-8. A single input
case is provided in Section 6.9. Case VersaHAC_F1NH_12S_.10x064, representing an
8x8x10 package array. The nomenclature is similar to that described for other array input
cases, however the 10x064 designation represents a modeled array with 10 packages in
the Z with a single layer of 64 packages modeled in the X-Y direction (an 8x8 array).
Other cases, as indicated in Table 6-8, can be reproduced with modification of the array
parameters. Likewise, the cylindrical fissile mass models can be duplicated by changing
the modeled sphere to a cylinder with further indication of the cylindrical height.

6.6.2.2.2 Increased Poly-Moderation Density

The calculations perfonned in Section 6.6.2.2.1 were duplicated with an increased
poly-moderation density from 0.92 to 0.98 g/cc. The results, shown in Figures 6-14 and
6-15, indicate that an increase in the poly-moderation density causes a reduction in the
drum array size from 400 to 300 while maintaining a klff + 2a of 0.94. For conservatism,
the CSI is based on a 300 drum array.

Increasing the evaluated poly-moderation density to 0.98 g/ce bounds other
carbon-hydrogen based moderators (paraffin) with sufficient margin.

Replacing the poly-moderation with graphite causes the array k~ff's to decrease
significantly. A single calculation for an 10xl0x8 package array with the 12.0-cm
diameter lumped 350 gram U-235 fissile mass moderated exclusive with graphite
reported a koff of 0.1554. Therefore, the package array reactivity is dictated exclusively
by the presence of hydrogen based moderation.

The results of these cases are summarized in Table 6-8. The single calculation
with only graphite moderation is provided in Table 6-9. The input cases provided in
Section 6.9 can be modified to duplicate the cases described in this section by changing
the poly-moderation density from 0.92 to 0.98 and by. further substitution of the poly-
moderation input with graphite.

6.6.2.2.3 Interspersed Moderation

The initial array calculation model involving 800 drums with a 12.0-cm diameter
sphere with an interspersed moderation volume fraction (VF) of 0.0001 were duplicated
with the interspersed moderation values of 0.001, 0.01, 0.1, 0.5, and 1.0. The results,
provided in Ta-bl& 6-9,•-•h-ow-thdt increasing the interspersed moderation causes the array
k~ff to be reduced. With full interspersed moderation the kff result approaches the value
of a single fully reflected sphere.

Input cases can be duplicated by changing mixture 5 in the provided input cases to
the desired value.

6.6.2.2.4 Fissile Moderation Density

The initial array calculation model involving 800 drums with a fully poly-
moderated (VF=I.0) 12.0-cm diameter sphere with an interspersed moderation volume
fraction (VF) of 0.0001 were duplicated with reduced poly-moderation values (VF) of 90,
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The results of these cases are further summarized in Table 6-8. A single input 
case is provided in Section 6.9. Case Versa_HAC_FINH_12S __ 10x064, representing an 
8x8xl0 package array. The nomenclature is similar to that described for other array input 
cases, however the 10x064 designation represents a modeled array with 10 packages in 
the Z with a single layer of 64 packages modeled in the X-Y direction (an 8x8 array). 
Other cases, as indicated in Table 6-8, can be reproduced with modification of the array 
parameters. Likewise, the cylindrical fissile mass models can be duplicated by changing 
the modeled sphere to a cylinder with further indication of the cylindrical height. 

6.6.2.2.2 Increased Poly-Moderation Density 

The calculations perfonned in Section 6.6.2.2.1 were duplicated with an increased 
poly-moderation density from 0.92 to 0.98 g/cc. The results, shown in Figures 6-14 and 
6-15, indicate that an increase in the poly-moderation density causes a reduction in the 
drum array size from 400 to 300 while maintaining a keff + 20- of 0.94. For conservatism, 
the CSI is based on a 300 drum array. 

Increasing the evaluated poly-moderation density to 0.98 glcc bounds other 
carbon-hydrogen based moderators (paraffin) with sufficient margin. 

Replacing the poly-moderation with graphite causes the array keff'S to decrease 
significantly. A single calculation for an lOx10x8 package array with the 12.0-cm 
diameter lumped 350 gram U-235 fissile mass moderated exclusive with graphite 
reported a keff of 0.1554. Therefore, the package array reactivity is dictated exclusively 
by the presence of hydrogen based moderation. 

The results of these cases are summarized in Table 6-8. The single calculation 
with only graphite moderation is provided in Table 6-9. The input cases provided in 
Section 6;9 can be modified to duplicate the cases described in this section by changing 
the poly-moderation density from 0.92 to 0.98 and by further substitution of the poly­
moderation input with graphite. 

6.6.2.2.3 Interspersed Moderation 

The initial array calculation model involving 800 drums with a 12.0-cm diameter 
sphere with an interspersed moderation volume fraction (VF) of 0.0001 were duplicated 
with the interspersed moderation values of 0.001, 0.01, 0.1, 0.5, and 1.0. The results, 
provided in Table 6':9~-sliOw-thiit increasing the interspersed moderation causes the array 
keff to be reduced. With full interspersed moderation the keff result approaches the value 
of a single fully reflected sphere. 

Input cases can be duplicated by changing mixture 5 in the provided input cases to 
the desired value. 

6.6.2.2.4 Fissile Moderation Density 

The initial array calculation model involving 800 drums with a fully poly­
moderated (VF=1.0) 12.0-cm diameter sphere with an interspersed moderation volume 
fraction (VF) of 0.0001 were duplicated with reduced poly-moderation values (VF) of 90, 
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80, 70, 60, and 50. The results, provided in Table 6-9, show that decreasing the poly-
moderation volume fraction causes the array koff to be reduced.

Input cases can be duplicated by changing the poly-moderation in mixture 1 in the
provided input cases to the desired value.

6.6.2.2.5 Carbon Steel Reduction

The drum arrays initially modeled consisting of 8, 64, 144, 216, 384, 512, and 800
packages, as presented in Section 6.6.2.2, were duplicated by changing the Material and
Volume Fraction for Carbon Steel to Water with a Volume Fraction of 0.0001. The
results, provided in Table 6-9, show that eliminating the minimum modeled carbon steel
causes the array koff to be increased. By comparison, the analysis involving the minimum
modeled carbon steel thicknesses supported an array size of 400 drums.

A reduction of the minimum fabricated carbon steel thicknesses to values below
the manufacturing tolerances causes a significant impact on the results. The original
analysis essentially considered approximately 50% of the carbon steel of the package.
Eliminating the minimum carbon steel in the modeled configuration decreases the array
size from 400 to about 216. Further reductions may be necessary when considering a
cylindrical lumped fissile mass. Therefore, the minimum modeled carbon steel
thicknesses are not only required for structural integrity but also needed to ensure that the
USL is not exceeded.

Input cases can be duplicated by changing the volume fraction of mixture 3 in the
provided input cases to 0.50.

6.6.2.2.6 Cross Section and Neutron Histories

The initial array calculation model involving 800 drums is executed again by
changing the modeled cross sections from the 44-Group Standard Cross Section Library
to the 238 group. The case is executed with 600 generations and 1000 neutrons per group
(600,000 neutron histories). The results differ by 0.0001 with the 44-Group generating
the larger value.

To determine the sensitivity to the magnitude of the neutron histories the case is
again executed with the 238-group cross sections with 600 generations and the neutrons
per group increased from 1000 to 2000 (1,200,000 neutron histories). Although the kff +
2G for the case increases by 0.0017 the result is within 2o of the original result. For
comparison, the case using the 44-group cross sections is executed with 600 generations
and 2000 neutrons per group. The raw kcff for this case increases by 0.0010 however
with reduction in the uncertainty the final k1f + 2cy result remains the same.

The use of differenct cross sections and increasing the neutron histories did not
change the final result. Therefore, the cases used in the original analysis are sufficient
and properly converged. There is also no observed benefit with migration of a larger
group cross section library as the 44-group produces consistent results. The results are
further summarized in Table 6-9.

Input cases can be duplicated by changing the cross section input, neutron
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80, 70, 60, and 50. The results, provided in Table 6-9, show that decreasing the poly­
moderation volume fraction causes the array keff to be reduced. 

Input cases can be duplicated by changing the poly-moderation in mixture 1 in the 
provided input cases to the desired value. 

6.6.2.2.5 Carbon Steel Reduction 

The drum arrays initially modeled consisting of8, 64,144,216,384,512, and 800 
packages, as presented in Section 6.6.2.2, were duplicated by changing the Material and 
Volume Fraction for Carbon Steel to Water with a Volume Fraction of 0.0001. The 
results, provided in Table 6-9, show that eliminating the minimum modeled carbon steel . 
causes the array keff to be increased. By comparison, the analysis involving the minimum 
modeled carbon steel thicknesses supported an array size of 400 drums . 

. A reduction of the minimum fabricated carbon steel thicknesses to values below 
the manufacturing tolerances causes a significant impact on the results. The original 
analysis essentially considered approximately 50% of the carbon steel of the package. 
Eliminating the minimum carbon steel in the modeled configuration decreases the array 
size from 400 to about 216. Further reductions may be necessary when considering a 
cylindrical lumped fissile mass. Therefore, the minimum modeled carbon steel 
thicknesses are not only required for structural integrity but also needed to ensure that the 
USL is not exceeded. 

Input cases can be duplicated by changing the volume fraction of mixture 3 in the 
provided input cases to 0.50. 

6.6.2.2.6 Cross Section and Neutron Histories 

The initial array calculation model involving 800 drums is executed again by 
changing the modeled cross sections from the 44-Group Standard Cross Section Library 
to the 238 group. The case is executed with 600 generations and 1000 neutrons per group 
(600,000 neutron histories). The results differ by 0.0001 with the 44-Group generating 
the larger value. 

To detennine the sensitivity to the magnitude of the neutron histories the case is 
again executed with the 238-group cross sections with 600 generations and the neutrons 
per group increased from 1000 to 2000 (1,200,000 neutron histories). Although the keff + 
20' for the case increases by 0.0017 the result is within 20' of the original.result. For 
comparison, the case using the 44-group cross sections is executed with 600 generations 
and 2000 neutrons per group. The raw keff for this case increases by 0.0010 however 
with reduction in the uncertainty the final keff + 20' result remains the same. 

The use of differenct cross sections and increasing the neutron histories did not 
change the final result. Therefore, the cases used in the original analysis are sufficient 
and properly converged. There is also no observed benefit with migration of a larger 
group cross section library as the 44-group produces consistent results. The results are 
further summarized in Table 6-9. 

Input cases can be duplicated by changing the cross section input, neutron 

Century Versa-Pac Rev. 1 
October 2009 

Page 6-15 



generations and neutrons per group to their desired values.

6.6.2.2. 7 Increased Fissile Mass

The drum arrays initially modeled consisting of 8, 64, 144, 216, 384, 512, and 800
packages, as presented in Section 6.6.2.2, were each duplicated by increasing the fissile
mass from 350 grams U-235 to 375 and 400 grams U-235. The results, provided in Table
6-9, show that increasing the fissile mass by 25 grams requires that the drum array size be
reduced. The 350 gram U-235 model, as originally evaluated, could potentially support a
550 package array and remain below a koff + 2cy of 0.94. The 375 and 400 gram U-235
models require that the array, using the original array models, be reduced to 350 and 275
packages to remain below a koff + 2cy of 0.94, respectively.

Increasing the fissile mass above 350 grams U-235 requires additional sensitivity
analysis as it is quite possible that a larger or smaller fissile lump could become more
reactive than the 12.0-cm diameter sphere as modeled in the above cases. Therefore, a
fissile mass content nogreater than 350 grams U-235 is recommended for the Century
Versa-Pac Shipping Containers.

Input cases can be duplicated from those provided in Section 6.9 by changing the
fissile constituent volume fraction of mixture I to correspond to the increased fissile
mass.

6.7 Fissile Material Packages for Air Transport

The Century Versa-Pac Shipping Container is not-authorized for air transport.

6.8 Benchmark Evaluations

6.8.1 Benchmark Experiments and Applicability

Reference 6-1 documents 161 critical experiments modeled using the SCALE
4.4a code (KENO VI) with the 44 Group Standard Cross Section Library. Uranium
compounds used in the experiments include uranyl nitrate, uranium fluoride, uranium
dioxide, uranium-aluminum alloys, and uranium metal. Moderators included water,
alcohol, nitric acid, hydrofluoric acid, beryllium, aluminum and silicon oxides, water,
D20, iron, tungsten, plastics and graphite. Reflectors included aluminum, steel, concrete,
water, D 20, titanium, tungsten, lead, iron, and graphite. Enrichments ranged from 62.4 to
97.68 wt% U-235. The H/X ratio ranged from 0 to 1,837. ALCF (eV) ranged from 3.OE-
02 to 9.14E+05. The fuel density ranged from 0.014 to 18.6 gU-235/cc.

The HEU experiments were selected and categorized into four distinct groups.
These groupings consisted of:

Group 1: All experiments (161) used in this validation,

Group 2: Experiments (81) with ALCF < 10-2 eV, data sets 1-82, and
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generations and neutrons per group to their desired values. 

6.6.2.2.7 Increased Fissile Mass 

The drum arrays initially modeled consisting of 8, 64, 144, 216, 384, 512, and 800 
packages, as presented in Section 6.6.2.2, were each duplicated by increasing the fissile 
mass from 350 grams U-235 to 375 and 400 gramsU-235. The results, provided in Table 
6-9, show that increasing the fissile mass by 25 grams requires that the drum array size be 
reduced. The 350 gram U-235 model, as originally evaluated, could potentially support a 
550 package array and remain below a kcff + 20" of 0.94. The 375 and 400 gram U-235 
models require that the array, using the original array models, be reduced to 350 and 275 
packages to remain below a kcff + 20" of 0.94, respectively. 

Increasing the fissile mass above 350 grams U-235 requires additional sensitivity 
analysis as it is quite possible that a' larger or smaller fissile lump could become more 
reactive than the 12.0-cm diameter sphere as modeled in the above cases. Therefore, a 
fissile mass content no greater than 350 grams U-235 is recommended for the Century 
V ersa-Pac Shipping Containers. 

Input cases can be duplicated from those provided in Section 6.9 by changing the 
fissile constituent volume fraction of mixture 1 to correspond to the increased fissile 
mass. 

6.7 Fissile Material Packages for Air Transport 
The Century V ersa-Pac Shipping Container is not authorized for air transport. 

6.8 Benchmark Evaluations 

6.8.1 Benchmark Experiments an~ Applicability 

Reference 6-1 documents 161 critical experiments modeled using the SCALE 
4.4a code (KENO VI) with the 44 Group Standard Cross Section Library. Uranium 
compounds used in the experiments include uranyl nitrate, uranium fluoride, uranium 
dioxide, uranium-aluminum alloys, and uranium metal. Moderators included water, 
alcohol, nitric acid, hydrofluoric acid, beryllium, aluminum and silicon oxides, water, 
D20, iron, tungsten, plastics and graphite. Reflectors included aluminum, steel, concrete, 
water, D20, titanium, tungsten, lead, iron, and graphite. Enrichments ranged from 62.4 to 
97.68 wt% U-235. The H/X ratio ranged from 0 to 1,837. ALCF (eV) ranged from 3.0E-
02 to 9.14E+05. The fuel density ranged from 0.014 to 18.6 gU-235/cc. 

The HEU experiments were selected and categorized into four distinct groups. 
These groupings consisted of: 

Group 1: All experiments (161) used in this validation, 

Group 2: Experiments (81) with ALCF ~ 10-2 eV, data sets 1-82, and 
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Group 3: Experiments (56) with ALCF > 10-2 eV and < 105 eV, data sets 83-138,
and

Group 4: Experiments (24) with ALCF > 105 eV, data sets 139-162.

The cases evaluated for the Century Versa-Pac Shipping Container include
uranium metal, water, graphite, steel, and plastic moderation/reflection. The Century
Versa-Pac Shipping Container cases were evaluated at an enrichment of 100 wt%, 235U,
and the H/X ratio ranged from 0 to 1,011. The ALCF for the Century Versa-Pac
Shipping Container cases ranged from 3.OOE-02 to 9.90E-02. The fuel density ranged
from 0.00160 to 0.020 gU-235/cc. Although the evaluated higher enrichment falls very
slightly outside the validated range, the benchmark results for Group 2 and Group 3 are
directly applicable to the Century Versa-Pac Shipping Container cases.

6.8.2 Bias Determination

Details of the benchmark calculations are provided in Reference 6-1. In order to
validate the SCALE 4.4a code for use with high-enriched uranium systems, it is
necessary to determine if KENO predicts the multiplication factor in an accurate and
precise manner throughout the range of fission energies of interest. To evaluate the
accuracy of the code, the mean of each Group of experiments was compared to the mean
of the experimental results. A t-test was performed for each Group to determine whether
or not the average result of a KENO calculation (the mean calculated kff for each Group)
is statistically the same as the experimental result (unity). Passing the t-test affinrs that
the KENO code predicts multiplication factors accurately for the Group being tested,
without bias. Failure of the t-test indicates that the mean KENO k~ff is statistically
different from the experimental mean, and that a bias exists in the data. Groups that
failed the t-test were further evaluated for bias and uncertainty, and these parameters
applied to provide an upper limit subcritical multiplication factor for the Group.

Each Group of KENO-calculated ktffs are also graphed against key system
parameters (Energy of the Average Lethargy Causing Fission (ALCF), Hydrogen-to-
Fissile Atom Ratio (H/2 35 U), enrichment, and fissile material density (g 235U/cc)) to
identify trends within the data that may indicate inaccurate cross-sections or instabilities
in the code. The normality of residuals is also tested using the Anderson-Darling method.
The null hypothesis of a normality test is that there is no significant departure from
normality. When the probability level, p is greater than 0.05, it fails to reject the null
hypothesis and thus the assumption holds. Histogram, skewness and kurtosis plots are
also provided for each group.

Jaech's 2 method for bias determination is applied, and the upper subcritical limit
is calculated based upon NUREG/CR-636 .L

2 Jaech, J., Statistical Methods in Nuclear Material Control, Exxon Nuclear Company,

Richland, WA (1973).

3 Criticality Benchmark Guide for Light- Water-Reactor Fuel in Transportation and
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Group 3: Experiments (56) with ALCF > 10-2 eV and:S; 105 eV, data sets 83-138, 
and 

Group 4: Experiments (24) with ALCF > 105 eV, data sets 139-162. 

The cases evaluated for the Century Versa-Pac Shipping Container include 
uranium metal, water, graphite, steel, and plastic moderation/reflection. The Century 
Versa-Pac Shipping Container cases were evaluated at an enrichment of 100 wt% 235U, 
and the H/X ratio ranged from 0 to 1,011. The ALCF for the Century Versa-Pac 
Shipping Container cases ranged from 3.00E-02 to 9.90E-02. The fuel density ranged 
from 0.00160 to 0.020 gU-235/cc. Although the evaluated higher enrichment falls very 
slightly outside the validated range, the benchmark results for Group 2 and Group 3 are 
directly applicable to the Century Versa-Pac Shipping Container cases. 

6.8.2 Bias Determination 

Details of the benchmark calculations are provided in Reference 6-1. In order to 
validate the SCALE 4.4a code for use with high-enriched uranium systems, it is 
necessary to determine if KENO predicts the multiplication factor in an accurate and 
precise manner throughout the range of fission energies of interest. To evaluate the 
accuracy of the code, the mean of each Group of experiments was compared to the mean 
of the experimental results. A t-test was performed for each Group to determine whether 
or not the average result of a KENO calculation (the mean calculated keff for each Group) 
is statistically the same as the experimental result (unity). Passing the t-test affinns that 
the KENO code predicts multiplication factors accurately for the Group being tested, 
without bias. Failure of the t-test indicates that the mean KENO keff is statistically 
different from the experimental mean, and that a bias exists in the data. Groups that 
failed the t-test were further evaluated for bias and uncertainty, and these parameters 
applied to provide an upper limit subcritical multiplication factor for the Group. 

Each Group of KENO-calculated keffS are also graphed against key system 
parameters (Energy of the Average Lethargy Causing Fission (ALCF), Hydrogen-to­
Fissile Atom Ratio (H;235U), enrichment, and fissile material density (g 235U/CC)) to 
identify trends within the data that may indicate inaccurate cross-sections or instabilities 
in the code. The nonnality of residuals is also tested using the Anderson-Darling method. 
The null hypothesis of a nonnality test is that there is no significant departure from 
normality. When the probability level, p is greater than 0.05, it fails to reject the null 
hypothesis and thus the assumption holds. Histogram, skewness and kurtosis plots are 
also provided for each group. 

Jaech's2 method for bias detennination is applied, and the upper subcriticallimit 
is calculated based upon NUREG/CR-6361.3 

2 Jaech, J., Statistical Methods in Nuclear Material Control, Exxon Nuclear Company, 
Richland, WA (1973). 

3 Criticality Benchmark Guide/or Light-Water-Reactor Fuel in Transportation and 
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6.8.3 Benchmark Results

For the groups of interest for the Century Versa-Pac Shipping Container, the
bounding combined bias and bias uncertainty was reported as 0.0026 (Group 3). Thus,
including a conservative 5% administrative margin, the applicable upper subcritical limit
for the Century Versa-Pac Shipping Container is 0.9466 for the calculated koff +2CF. For
conservatism, a USL of 0.94 is further adopted.

6.9 List of Appendices

6.9.1 Selected SCALE 4.4a Input Cases

6.9.2 Reference [6-1]

6.10 References

[6-1] Montgomery, Richard D. Validation of SCALE-PC for High Enriched
Uranium (HEU) Systems, MTS423, Rev. 1, 5/30/09.

Storage Packages, NUREG/CR-6361 (ORNL/TM- 13211), (March 1997).
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6.8.3 Benchmark Results 

. For the groups of interest for the Century Versa-Pac Shipping Container, the 
bounding combined bias and bias uncertainty was reported as 0.0026 (Group 3). Thus, 
including a conservative 5% administrative margin, the applicable upper subcritical limit. 
for the Century Versa-Pac Shipping Container is 0.9466 for the calculated keff +2cr. For 
conservatism, aUSL of 0.94 is further adopted. 

6.9 List of Appendices 

6.9.1 Selected SCALE 4.4a Input Cases 
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6.10 References 
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Storage Packages, NUREG/CR-6361 (ORNLlTM-13211), (March 1997). 

Century Versa-Pac Rev. 1 
October 2009 

Page 6-18 



Table 6-1 Summary of Results for the Most Reactive Case

400 16x26xl
U-Metal,
12.0-cm
Dia. Sphere

0.98 0.350 0.0001 Yes 636 3.92E-02 0.8240 0.0011 0.8262 0.94

U-Metal,
416 .16x26xl 12.0-cm 0.98 0.350 0.0001 Yes 636 3.92E-02 0.8273 0.0012 0.8297 0.94

Dia. Sphere
U-Metal,

468 18x26xl 12.0-cm 0.98 0.350 0.0001 Yes 636 3.93E-02 0.8249 0.0012 0.8273 0.94
Dia. Sphere
U-Metal,

720 20x18x2 12.0-cm 0.98 0.350 0.0001 Yes 636 3.95E-02 0.9077 0.0011 0.9099 0.94
Dia. Sphere
U-Metal,

800 16x25x2 12.0-cm 0.98 0.350 0.0001 Yes 636 3.94E-02 0.9076 0.0010 0.9096 0.94
Dia. Sphere
U-Metal,

832 16x26x2 12.0-cm 0.98 0.350 0.0001 Yes 636 3.94E-02 0.9074 0.0013 0.9100 0.94
Dia. Sphere
U-Metal,

936 18x26x2 12.0-cm 0.98 0.350 0.0001 Yes 636 3.94E-02 0.9110 0.0012 0.9134 0.94
Dia. Sphere
U-Metal,

360 10x12x3 12.0-cm 0.98 0.350 0.0001 Yes 636 3.94E-02 0.9202 0.0012 0.9226 0.94
Dia. Sphere
U-Metal,

432 12x12x3 12.0-cm 0.98 0.350 0.0001 Yes 636 3.94E-02 0.9253 0.0011 0.9275 0.94
Dia. Sphere
U-Metal,

672 14x16x3 12.0-cm 0.98 0.350 0.0001 Yes 636 3.95E-02 0.9371 0.0013 0.9397 0.94
Dia. Sphere
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Table 6-1 Summary of Results for the Most Reactive Case 

0.350 0.0001 Yes 636 3.92E-02 0.8240 0.0011 0,8262 0.94 

0.350 0.0001 Yes 636 3.92E-02 0.8273 0.0012 0.8297 0.94 

0.350 0.0001 Yes 636 3.93E-02 0.8249 0.0012 0.8273 0.94 

0.350 0.0001 Yes 636 3.95E-02 0.9077 0.0011 0.9099 0.94 

0.350 0.0001 Yes 636 3.94E-02 0.9076 0.0010 0.9096 0.94 

0.350 0.0001 Yes 636 3.94E-02 0.9074 0.0013 0.9100 0.94 

0.350 0.0001 Yes 636 3.94E-02 0.9110 0.0012 0.9134 0.94 

. 0.350 0.0001 Yes 636 3.94E-02 0.9202 0.0012 0.9226 0.94 

0.350 0.0001 . Yes 636 3.94E-02 0.9253 0.0011 0.9275 0.94 

0.350 0.0001 Yes 636 3.95E-02 0.9371 0.0013 0.9397 0.94 
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Table 6-1 Summary of Results for the Most Reactive Case

144 6x6x4
U-Metal,
12.0-cm
Dia. Sphere

0.98 0.350 0.0001 Yes 636 3.93E-02 0.8720 0.0011 0.8742 0.94

U-Metal,
480 10x12x4 12.0-cm 0.98 0.350 0.0001 Yes 636 3.95E-02 0.9359 0.0011 0.9381 0.94

Dia. Sphere
U-Metal,

400 8x10x5 12.0-cm 0.98 0.350 0.0001 Yes 636 3.95E-02 0.9322 0.0012 0.9346 0.94
Dia. Sphere
U-Metal,

216 6x6x6 12.0-cm 0.98 0.350 0.0001 Yes 636 3.93E-02 0.8814 0.0012 0.8838 0.94
Dia. Sphere,
U-Metal,

384 8x8x6 12.0-cm 0.98 0.350 0.0001 Yes 636 3.94E-02 0.9154 0.0012 0.9178 0.94
Dia. Sphere
U-Metal,

480 8x10x6 12.0-cm 0.98 0.350 0.0001 Yes 636 3.94E-02 0.9373 0.0012 0.9397 0.94
Dia. Sphere ._

U-Metal,
448 8x8x7 12.0-cm 0.98 0.350 0.0001 Yes 636 3.94E-02 0.9319 0.0012 0;9343 0.94

Dia. Sphere
U-Metal,

512 8x8x8 12.0-cm 0.98 0.350 0.0001 Yes 636 3.94E-02 0.9219 0.0012 0.9243 0.94
Dia. Sphere
U-Metal,

640 8x8x10 12.0-cm 0.98 0.350 0.0001 Yes 636 3.94E-02 0.9340 0.0011 0.9362 0.94
_Dia. Sphere I I

Notes on Table 6-1:

1. X in this case refers to U-235; since the modeled enrichment is 100 Wt%.
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Table 6-1 Summary of Results for the Most Reactive Case 

144 6x6x4 0.98 0.350 0.0001 Yes 636 3.93E-02 0.8720 

480 10x12x4 0.98 0.350 0.0001 Yes 636 3.95E-02 0.9359 

400 8xl0x5 0.98 0.350 0.0001 Yes 636 3.95E-02 0.9322 

216 6x6x6 0.98 0.350 0.0001 Yes 636 3.93E-02 0.8814 

384 8x8x6 0.98 0.350 0.0001 Yes 636 3.94E-02 0.9154 

480 8xlOx6 0.98 0.350 0.0001 Yes 636 3.94E-02 0.9373 

448 8x8x7 0.98 0.350 0.0001 Yes 636 3.94E-02 0.9319 

512 8x8x8 0.98 0.350 0.0001 Yes 636 3.94E-02 0.9219 

640 8x8xlO 0.98 0.350 0.0001 Yes 636 3.94E-02 0.9340 

Notes on Table 6-1: 

1. X in this case refers to U-235; since the modeled enrichment is 100 Wt%. 
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0.0011 0.9381 0.94 

0.0012 0.9346 0.94 

0.0012 0.8838 0.94 

0.0012 0.9178 0.94 

0.0012 0.9397 0.94 

0.0012 0;9343 0.94 
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Table 6-2 Century Versa-Pac Shipping Container - Test Package Dimensional Changes

1D)csiption P:Ick 59 cIage 1ý'1ýýý4Ae10551 Package 10552~
Inner Container NC +1/16
Inner Diameter
OuterContainer + 1/16 NC -3/16
Outer Diameter

Drum Height + 1/8 + 1/16 -3/16

Wall- In/Out + 1/8 -1/16 + 1/8

Inside Height NC NC NC

Top Rim - Inside + 1/8 + 1/8 -3/8

Flange

Drum Height + 1/16 NC - 1/4

Top Rim-Inside + 1/16 NC - 1/4
Flange

Wall - In/Out - 1/8 NC + 1/8

Inner Container + 1/16 NC NC
Inner Diameter

Outer Container - 1/16 + 1/8 -5/16
Outer Diameter

Drum Height NC NC NC

Wall - In/Out +3/16 + 1/16 - 11/16

Inside Height NC + 5/16 - 1/8

Top Rim - Inside -1/16 NC -1/4

Flange

Drum Height NC NC NC

Top Rim-Inside NC + 1/16 - 1/16
Flange

Wall - In/Out - 1/16 + 1/16 -7/16

Inner Container + 7/16 - 1/8 NC

NC - Denotes No Change (Dimensional) with tested orientation
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Table 6-2 Century Versa-Pac Shipping Container - Test Package Dimensional Changes 

Inner Diameter 
+ 1/8 

Outer Container 
+ 1116 

Outer Diameter 

Drum Height + 1/8 

Wall-In/Out + 118 

Inside Height NC 

+ 118 

+ 1116 

+1/16 

- 118 

Inner Container 
+ 1116 

Inner Diameter 

Outer Container 
- 1116 

Outer Diameter 

Drum Height NC 

Wall-In/Out + 3/16 

Inside Height NC 

- 1116 

NC 

Top Rim -Inside 
NC 

Flange 

Wall-In/Out - 1116 

Inner Container + 7116 

NC - Denotes No Change (Dimensional) with tested orientation 
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NC -3/16 

+1116 -3/16 

- 1116 + 118 

NC NC 

+ 118 - 3/8 

NC - 1/4 

NC - 114 

NC + 118 

NC NC 

+ 1/8 -5/16 

NC NC 

+ 1116 - 11116 

+5/16 - 118 

NC - 114 

NC NC 

+ 1116 - 1/16 

+1116 -7/16 

- 1/8 NC 
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Table 6-3 Century Versa-Pac Shipping Container Dimensions and Materials

Component Actual Dimension Modeled Dimension Actual material Modeled material/Notes
(in) I (cm) I (in) _(cm)_

Radial Direciion .j _________ VI :, Ii : . : >7

ayloadvessel 11Payload - 0.350 kg U-235 payload with varying poly-moderation using void to create all

Inner diameter 15.0 38.1 15.0 15.125 38.1 - 38.4175 Containment densities that physically fit in the cylinder for the maximum mass allowed.
Boundary Both homogeneous and in-homogeneous (lumped) fissile masses are modeled.

Payload vessel 0.1345
all t ess (10 0.3416 0.1211 0.3076 Carbon steel Carbon steel modeled with reduced manufacturing toleranceWall thickness (10 ga)

Insulation thickness 3.0 7.62 2.5 6.35 Insulation Optimum interspersed moderator
0.0598

Inner liner wall thickness (16 0.1518 - 0.0533 0.1354 Carbon steel Carbon steel modeled with reduced manufacturing tolerance(16 ga)

Outer insulation, vertical and 1.25 3.175 1.25 NCT 3.175 NCT Carbon Steel & Optimum interspersed moderator. Carbon steel tubing and angles are
horizonal tubing and angles 0.25 HAC 0.6356 HAC Insulation neglected for conservatism.

0.0598
Outer liner wall thickness (16 ga) 0. 1518 0.0533 0.1354 Carbon steel Carbon steel modeled with reduced manufacturing tolerance

0.0598
Drum wall thickness (16 0.1518 0.0533 0.1354 Carbon steel Carbon steel modeled with reduced manufacturing tolerance(16 ga)

The outer radius of the 55 gallon package is 23". Neglicting the drum stiffeners
and bolt ring reduces the outer diameter to 22-1/2". For the bounding

11.250 NCT x" 2  28.575 NCT HAC/NCT model, the 55-gallon drum is further modeled with a reduced outer
10.593 HAC 26.908 HAC Niameter of 1.313" which significantly bounds the maximum reduced

dimension resulting from the tests of 0.313" (5/16") as indicated in Section 2.
Fhe outer radius of the 55 gallon package HAC model is then 21.1875".

Axial Dire~ction From Bottom of PackijgL4

Drum bottom thickness 0.0598 0.1518 0.0533 0.1354 Carbon steel Carbon steel modeled with reduced manufacturing tolerance(16 ga)

Bottom reinforcing plate 0.25 0.635 0.24 0.6096 Carbon steel Carbon steel modeled with reduced manufacturing tolerance

Bottom insulation layer 2.5 6.35 2.5 6.35 Insulation Optimum interspersed moderator
thickness

ayload vessel 0.1345 0.3416 0.1211 0.3076 Carbon steel Carbon steel modeled with reduced manufacturing tolerance
Bottom wall thickness (10 ga) I I I
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wall thickness 

15.0 

0.1345 
(10 ga) 

0.0598 
(16 ga) 

1.25 

0.0598 
(16 ga) 

0.0598 
(16 ga) 

11.531 :<"'01 

0.25 

2.5 

0.1345 
(10 ga) 
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Table 6-3 Century Versa-Pac Shipping Container Dimensions and Materials 

o kg U-235 payload with varying poly-moderation using void to create all 
38.1 15.0-15.125 38.1 - 38.4175 that physically fit in the cylinder for the maximum mass allowed. 

homogeneous and in-homogeneous (lumped) fissile masses are modeled. 

0.3416 0.1211 0.3076 steel modeled with reduced manufacturing tolerance 

7.62 2.5 6.35 interspersed moderator 

0.1518 0.0533 0.1354 steel modeled with reduced manufacturing tolerance 

3.175 
1.25 NCT 3.175 NCT interspersed moderator. Carbon steel tubing and angles are 
0.25 HAC 0.6356 HAC for conservatism. 

0.1518 0.0533 0.1354 steel modeled with reduced manufacturing tolerance 

0.1518 0.0533 0.1354 steel modeled with reduced manufacturing tolerance 

outer radius of the 55 gallon package is 23". Neglicting the drum stiffeners 
bolt ring reduces the outer diameter to 22-1/2". For the bounding 

29.2887 
11.250 NCT:<,,,2 28.575 NCT 

N/A 
model, the 55-gallon drum is further modeled with a reduced outer 

10.593 HAC 26.908 HAC of 1.313" which significantly bounds the maximum reduced 
resulting from the tests of 0.313" (51\6") as indicated in Section 2. 

ofthe 55 gallon package HAC model is then 21.1875". 

0.635 0.24 0.6096 

6.35 2.5 6.35 

0.3416 0.1211 0.3076 steel modeled with reduced manufacturing tolerance 
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Payload vessel 27.0625 3Payload - 0.350 kg U-235 payload with varying poly-moderation using void to create all
27.0625 38.1 38.1 - 38.4175 Containment densities that physically fit in the cylinder for the maximum mass allowed.

nner eg 27.1875 Boundary Both homogeneous and in-homogeneous (lumped) fissile masses are modeled.

Payload vesselClosure lid wall thickness 0.50 1.27 0.49 1.2446 Carbon steel Carbon steel modeled with reduced manufacturing tolerance

Lid-to-plug gap 0.9065 2.3025 0.4265 1.0833 Gasket, Carbon steel Clearance for gasket and inner fasteners. Modeled as optimumiolts, Air interspersed moderator

0.0598
Inner plug liner (16 ga) 0.1518 0.0533 0.1354 Carbon steel Carbon steel modeled with reduced manufacturing tolerance

Top insulation layer thickness 2.5 6.35 2.5 6.35 Insulation Optimum interspersed moderator

rum lid0.0598
Drum lid 0.1518 0.0533 0.1354 Carbon steel Carbon steel modeled with reduced manufacturing tolerance(16 ga)

The outer height of the 55 gallon package is 34-1/2". Neglicting the drum
bottom chime reduces the outer height to 34". For the bounding HAC model,

34.0 NCTNO~t 4  86.36 NCT Nhe 55-gallon drum is modeled with a reduced outer height of 0.875" which
33.625 HAC 85.4075 HAC Nounds the maximum reduced dimension resulting from the tests of 0.250"

(1/4") as indicated in Section 2. The outer height of the 55 gallon package
HAC model is then 33.625".

Notes on Table 6-3:

1. Dimension includes the drum ring stiffeners, lid, chime, and lock ring.

2. Dimension does not include the drum ring stiffeners, lid, chime, or lock ring.

3. Dimension includes the drum bottom chime.

4. Dimension does not include the drum bottom chime.
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lPayload vessel 27.0625 -

27.0625 38.1 38.1-38.4175 
~nner height 27.1875 

Payload vessel 
0.50 1.27 0.49 1.2446 

Closure lid wall thickness 

fLid-to-plug gap 0.9065 2.3025 0.4265 1.0833 

nner plug liner 
0.0598 

0.1518 0.0533 0.1354 
(16 ga) 

Irop insulation layer thickness 2.5 6.35 2.5 6.35 

IDrum lid 
0.0598 

0.1518 0.0533 0.1354 
(16 ga) 

Drum outer height 34.5;\"0'03 87.63 
34.0 NCT;\"0',4 86.36NCT 
33.625 HAC 85.4075 HAC 

Notes on Table 6-3: 

1. Dimension includes the drum ring stiffeners, lid, chime, and lock ring. 

2. Dimension does not include the drum ring stiffeners, lid, chime, or lock ring. 

3. Dimension includes the drum bottom chime. 

4. Dimension does not include the drum bottom chime. 
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Payload - 0.350 kg U-235 payload with varying poly-moderation using void to create all 
Containment densities that physically fit in the cylinder for the maximum mass allowed. 
Boundary Both homogeneous and in-homogeneous (lumped) fissile masses are modeled. 

Carbon steel Carbon steel modeled with reduced manufacturing tolerance 

Gasket, Carbon steel Clearance for gasket and inner fasteners. Modeled as optimum 
bolts, Air interspersed moderator 

Carbon steel Carbon steel modeled with reduced manufacturing tolerance 

Insulation Optimum interspersed moderator 

Carbon steel Carbon steel modeled with reduced manufacturing tolerance 

he outer height of the 55 gallon package is 34-1/2". Neglicting the drum 
bottom chime reduces the outer height to 34". For the bounding HAC modc1, 

N/A 
he 55-gallon drum is modeled with a reduced outer height of 0.875" which 

bounds the maximum reduced dimension resulting from the tests of 0.250" 
(\/4") as indicated in Section 2. The outcr height ofthe55 gallon package 
HAC model is then 33.625". 
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Table 6-4 Package Regional Densities

Maximum Material Density Material Hydrogen Density
(g/cc) at 21°C (g/cc)

U0 2  10.96 N/A

U-metal 19.05 N/A

UNX at 1,274 gU/L 2.705 N/A

H20 0.9982 0.1117

Carbon Steel (CS) 7.8212 N/A

Polyethylene - CH2  0.92 -0.98 0.1323 - 0.1409

Pariffin -C 25H 52  0.90 0.1338

Carbon (graphite) 2.300 N/A
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Material 

U02 

U-metal 

UNX at 1,274 gUlL 

H2O 

Carbon Steel (CS) 

Polyethylene - CH2 

Pariffin - C2sHs2 

Carbon (graphite) 

Century Versa-Pac Rev. 1 
October 2009 

• • 
Table 6-4 Package Regional Densities 

Maximum Material Density Material Hydrogen Density 
(glee) at 21 °C (glee) 

10.96 N/A 

19.05 N/A 

2.705 N/A 

0.9982 0.1117 

7.8212 N/A 

0.92 - 0.98 0.1323 - 0.1409 

0.90 0.1338 

2.300 N/A 
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Table 6-5 Summary of Single Package Results

Homogeneous Fissile Material as a Function of Drum Fill Percentage

VERSAPAK HAC SIN 5 A 5 100 0.350 0.0001 Yes 0.1546 0.0006 0.1558 4.87E-02
VERSAPAK HAC SIN 10 A 10 100 0.350 0.0001 Yes 0.3155 0.0007 0.3169 3.45E-02
VERSAPAK HAC SIN 15 A 15 100 0.350 0.0001 Yes 0.3950 0.0006 0.3962 3.11E-02
VERSAPAK HAC SIN 20 A N° 20 100 0.350 0.0001 Yes 0.4193 0.0006 0.4205 2.97E-02
VERSAPAK HAC SIN 30 A 30 100 0.350 0.0001 Yes 0.3993 0.0007 0.4007 2.84E-02
VERSAPAK HAC SIN 40 A 40 100 0.350 0.0001 Yes 0.3591 0.0005 0.3601 2.79E-02
VERSAPAK HAC SIN 60 A 60 100 0.350 0.0001 Yes 0.2849 0.0003 0.2855 2.74E-02
VERSAPAK HAC SIN 80 A 80 100 0.350 0.0001 Yes 0.2318 0.0002 0.2322 2.71E-02
VERSAPAK HAC SIN 100 A 100 100 0.350 0.0001 Yes 0.1946 0.0002 0.1950 2.70E-02
Homogeneous Fissile Material as a Function of Poly-Moderation Density
VERSAPAK HAC SIN 20 A•"'• 20 1•0i'00) 0.350 0.0001 Yes 0.4193 0.0006 0.4205 2.97E-02
VERSAPAK HAC SIN 20 B 20 90, 0.350 0.0001 Yes 0.4003 0.0007 0.4017 3.02E-02 k~ff decreases

VERSAPAK HAC SIN 20 C 20 80', 0.350 0.0001 Yes 0.3741 0.0007 0.3755 3.09E-02 with reduced
poly-

VERSAPAK HAC SIN 20 D 20 0.350 0.0001 Yes 0.3385 0.0006 0.3397 3.19E-02 moderation
VERSAPAK HAC SIN 20 E 20 

6 0  
0.350 0.0001 Yes 0.2936 0.0006 0.2948 3.33E-02 density

VERSAPAK HAC SIN 20 F 20 50 0.350 0.0001 Yes 0.2397 0.0006 0.2409 3.54E-02
Homogeneous Fissile Material as a Function of Interspersed-Moderator Density

VERSAPAK HAC SIN 20 A "t '1 100 100 0.350. 0.0001 Yes 0.4193 0.0006 0.4205 2.97E-02 kf, increases
VERSAPAK HAC SIN 20 Aa 100 100 0.350 0.001 Yes 0.4195 0.0006 0.4207 2.97E-02 with

VERSAPAK HAC SIN 20 Ab 100 100 0.350 0.01 Yes 0.4215 0.0006 0.4227 2.96E-02 increased
interspersed

VERSAPAK HAC SIN 20 Ac 100 100 0.350 01, Yes 0.4335 0.0006 0.4347 2.95E-02 moderation
VERSAPAK HAC SIN 20 Ad 100 100 0.350 0. Yes 0.4708 0.0007 0.4722 2.9 1E-02 density

Maximum
VERSAPAK HAC SIN 20 Ae 100 100 0.350 1. Yes 0.4839 0.0006 0.4851 2.90E-02 Homogleneous

Result
Sphere

Single Lumped Fissile Mass Diameter, in

VERSAPAK HAC SIN 6S A 6 100 0.350 0.0001 Yes 0.6471 0.0012 0.6495 1.45E-01
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Table 6-5 Summary of Single Package Results 

kerr decreases 
-:-'-':-'::-:+---::-~':""::"'-+-~=--+----=-":'~:""::"'---+----=":":"::"'::"':--+--"::"':"':"":"":'-'---+-'::":"::'==---==-----1 with reduced 

po\y­
moderation 

density 
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VERSAPAK HAC SIN 8S A 8 100 0.350 0.0001 Yes 0.7927 0.0012 0.7951 6.55E-02
VERSAPAK HAC SIN 10S A 10 100 0.350 0.0001 Yes 0.8683 0.0012 0.8707 4.47E-02

Maximum
VERSAPAK HAC SIN_12S_A N,,2 12 100 0.350 0.0001 Yes 0.8814 0.0012 0.8838 3.66E-02 Lumped

_____ _ __ __ _Result

VERSAPAK HAC SIN 14S A j 14 100 0.350 0.0001 Yes 0.8429 0.0011 0.8451 3.27E-02
Single Lumped Fissile Mass as a Function of Poly-Moderation Density
VERSAPAK HAC SIN 12S AN .1 2  12 100 0.350 0.0001 Yes 0.8814 0.0012 0.8838 3.66E-02 kff decreases
VERSAPAK HAC SIN 12S B 12 90 0.350 0.0001 Yes 0.8431 0.0012 0.8455 3.77E-02 with reduced
VERSAPAK HAC SIN 12S C 12 80 0.350 0.0001 Yes 0.7952 0.0011 0.7974 3.90E-02 poly-
VERSAPAK HAC SIN 12S D 12 70 0.350 0.0001 Yes 0.7411 0.0011 0.7433 4.07E-02 moderation

VERSAPAK HAC SIN 12S E 12 60 10.350 0.0001 -Yes 0.6800 0.0012 0.6824 4.27E-02 density

Notes on Table 6-5:

1. Duplicate entry for observance of trend.
2. Duplicate entry for observance of trend.
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VERSAPAK HAC SIN 8S A 8 100 0.350 
VERSAPAK HAC SIN lOS A 10 100 0.350 

VERSAPAK HAC SIN 12S AS ... , 12 100 0.350 - - - -

VERSAPAK HAC SIN 14S A 14 100 0.350 
Single Lumped Fissile Mass as a Function of Polv-Moderation Density 
VERSAPAK HAC SIN 12S AS.,,, 12 
VERSAPAK HAC SIN 12S B 12 
VERSAP AK HAC SIN 12S C 12 
VERSAPAK HAC SIN 12S D 12 
VERSAP AK HAC SIN 12S E 12 

Notes on Table 6-5: 

1. Duplicate entry for observance of trend. 

2. Duplicate entry for observance of trend. 
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100 . 0.350 
90 0.350 

·.;~:80_; 0.350 
70' : 0.350 
60 0.350 

0.0001 
0.0001 

0.0001 

0.0001 

0.0001 
0.0001 
0.0001 
0.0001 
0.0001 

• • 
Yes 0.7927 0.0012 0.7951 6.55E-02 
Yes 0.8683 0.0012 0.8707 4.47E-02 

Maximum 
Yes 0.8814 0.0012 

I' 
0.8838 3.66E-02 Lumped .' 

Result --"-

Yes 0.8429 0.0011 0.8451 3.27E-02 

Yes 0.8814 0.0012 0.8838 3.66E-02 
kerr decreases 

Yes 0.8431 0.0012 0.8455 3.77E-02 with reduced 
Yes 0.7952 0.0011 0.7974 3.90E-02 poly-

Yes 0.7411 0.0011 0.7433 4.07E-02 moderation 

. Yes 0.6800 0.0012 0.6824 4.27E-02 
density 
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Table 6-6 Summary of Hypothetical Accident Condition Package Results for Homogeneous Models

Infinite Triangular Package Array - Homogeneous Fissile Material as a Function of Dr

lint

urn rFill - DuLLIn riiru rnaLK•ug .viuuei

0.0001 Yes 0.6807 0.0008
0.0001 Yes 0.7158 0.0006VERSAPAK HAC INFH 10 A"'1nu I 10 I 100 10.350

I

1 0.:7170 I 3.46E-02 I
VERSAPAK HAC INFH 15 A 1 15 1 100 10.350 0.0001 Yes 0.6673 0.0005 0.6683 1 3.14E-02
VERSAPAK HAC 1NFH 20 A 1 20 1 100 0.350 0.0001 Yes 0.6104 0.0005 0.6114 3.OOE-02
Infinite Triangular Package Array - Homogeneous Fissile Material as a Function of Poly-Moderation Density - Bottom Filled Package Model

VERSAPAK HAC 'NFH 10 A"' 10 I100 0.350 0.0001 Yes 0.7158 0.0006 0.7170 3.46E-02 kff decreases

VERSAPAK HAC INFH 10 B 10 90 . 0.350 0.0001 Yes 0.7149 0.0006 0.7161 3.58E-02 with reduced

poly-

VERSAPAKHAC INFH 10 C 10 ? 0.350 0.0001 Yes 0.7082 0.0006 0.7094 3.76E-02 moderation
density

Infinite Triangular Package Array - Homogeneous Fissile Material as a Function of Interspersed Moderator Density - Bottom Filled Package Model

VERSAPAK HAC INFH 10 Aa 10 100 0.3501 0.001 Yes 0.7083 0.0006 0.7095 3.45E-02
VERSAPAK HAC INFH 10 Ba 10 90 0.3501 0.001 Yes 0.7063 0.0006 0.7075 3.58E-02
VERSAPAK HAC INFH 10 Ca 10 80 0.350 0.001 Yes 0.7002 0.0007 0.7016 3.75E-02 k ffdecreases

VERSAPAK HAC INFH 10 Ab 10 100 0.350. 0.01 Yes 0.6420 0.0006 0.6432 3.42E-02 with

VERSAPAK HAC INFH 10 Bb 10 90 0.350 0.01 Yes 0.6347 0.0006 0.6359 3.54E-02 increased
interspersed

VERSAPAK HAC INFH 10 Cb 10 80 0.350 20.01i1 Yes 0.6209 0.0007 0.6223 3.70E-02 moderator

VERSAPAK HAC INFH 10 Ac 10 100 0.350 0. Yes 0.4959 0.0007 0.4973 3.30E-02 density

VERSAPAK HAC INFH 10 Bc 10 90 0.350 "0.1;!! Yes 0.4780 0.0007 0.4794 3.39E-02
VERSAPAK HAC INFH 10 Cc 10 80 0.350 •o.-• Yes 0.4551 0.0007 0.4565 3.49E-02
Infinite Triangular Package Array - Homogeneous Fissile Material as a Function of Drum Fill Percentage - Bottom Filled Inverted Bottom Package Model

VERSAPAK HAC INFH2 5 A 5 100 0.350 0.0001 Yes 0.6817 0.0007 0.6831 4.77E-02 Bottom filled

VERSAPAK HAC INFH2 5 B 5 90 0.350 0.0001 Yes 0.6625 0.0006 0.6637 5.15E-02 inverted

VERSAPAK HAC INFH2 5 C 5 80 0.350 0.0001 Yes 0.6374 0.0006 0.6386 5.70E-02 more
VERSAPAK HAC INFH2 5 D 5 70 0.350 0.0001 Yes 0.608 0.0007 0.6094 6.50E-02 reactive than

VERSAPAK HAC INFH2 5 E 5 60 0.350 0.0001 Yes 0.5727 0.0006 0.5739 7.74E-02 previous
- bottom filled

VERSAPAK HAC INFH2 5 F 5 50 0.350 0.0001 Yes 0.5317 0.0006 0.5329 9.90E-02 model

VERSAPAK HAC INFH2 10 A 10 100 0.350 0.0001 Yes 0.7161 0.0007 1,,- 0.7175 3.46E-02

Century Versa-Pac Rev. 1
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i--=-'=:.:::.:..:::::....:...::.::..:;....::::.:....:..=-:::...:.:::..=-.:..=-.:==-----j-....:....::.-f---=.::..--F=-=--=+-.::.;:..::..::.-=--+----=....::..:.-f--:..:..:....::..::.:=---j--.::...:...:....:....::.-'--+--....::..:..:....::...:.:....::...:-_+_-'::"':"'::-=-=:""':':::""""---1 k"ff decreases 
with 

increased 
F~~-.:....:.=--+--....::..:..=-=--:....:---+----=...:..::....:..:....::....--+---=..:..::..:::..::..::.----1f------=...:-=--:-=....:=-=------, interspersed 

moderator 
density 

Bottom filled 
~~~~~~~~~~~~~----~~-~~~~~~~~~~~~~-~~~~~-~-~~~-+--~~~-~~~~~~-1 inverted 

model is 
more 

reactive than 
i--=-'~:.:::.:..:::::....:.~;....::::.:....:..=-:::...:.::~~~~----j-~-f-~~~F:..=....:+~~~-+----=c..::..::-f--~~-'--j--.::...:...:....:....::.-'--+--....::..:..::..::.;.:....::...:-_+_-~:-=-=~=--~ previous 

~~~~~:....;!;.;~~~~~~~----~~-~---..:::~-~~~~~~~~~-~~=.:...=..~-+--~~~-+--....:::..::::...:...:~-~--:-:-:~~=-----lbottom filled 
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VERSAPAK HAC INFH2 10 B 10 90 0.350 0.0001 Yes 0.7141 0.0006 0.7153 3.58E-02
VERSAPAK HAC INFH2 10 C 10 80 0.350 0.0001 Yes 0.7082 0.0006 0.7094 3.76E-02
VERSAPAK HAC INFH2 10 D 10 70 0.350 0.0001 Yes 0.697 0.0007 0.6984 3.99E-02
VERSAPAK HAC INFH2 10 E 10 60 0.350 0.0001 Yes 0.6769 0.0007 0.6783 4.34E-02
VERSAPAK HAC INFH2 10 F 10 50 0.350 0.0001 Yes 0.6465 0.0007 0.6479 4.91E-02
VERSAPAK HAC INFH2 15 A 15 100 0.350 0.0001 Yes 0.6664 0.0006 0.6676 3.15E-02
VERSAPAK HAC INFH2 15 B 15 90 0.350 0.0001 Yes 0.6773 0.0005 0.6783 3.22E-02

VERSAPAK HAC INFH2 15 C 15 80 0.350 0.0001 Yes 0.6829 0.0006 0.6841 3.32E-02
VERSAPAK HAC INFH2 15 D 15 70 0.350 0.0001 Yes 0.6874 0.0006 0.6886 3.45E-02
VERSAPAK HAC INFH2 15 E 15 60 0.350 0.0001 Yes 0.6824 0.0006 0.6836 3.65E-02
VERSAPAK HAC INFH2 15 F 15 50 0.350 0.0001 Yes 0.6707 0.0006 0.6719 3.94E-02
VERSAPAK HAC INFH2 20 A 20 100 0.350 0.0001 Yes 0.6089 0.0005 0.6099 3.OOE-02
Infinite Triangular Package Array - Homogeneous Fissile Material as a Function of Poly-Moderation Density - Bottom Filled Inverted Bottom Packa e Model
VERSAPAK HAC INFH2 10 Aa 10 100 0.350! 0,001w,•0 Yes 0.7090 0.0006 0.7102 3.45E-02
VERSAPAK HAC 1NFH2 10 Ba 10 100 0.350 (0,(i Yes 0.7060 0.0006 0.7072 3.58E-02
VERSAPAK HAC INFH2 10 Ca 10 100 0.350 0.001 Yes 0.6990 0.0006 .0.7002 3.75E-02____________________________'ii~i~ Ye 0.43 0.0070.645 .42-02 k~r decreases.
VERSAPAK HAC INFH2 10 Ab 10 100 0.350 1 1 Yes 0.6431 0.0007 0.6445 3.42E-02 with reduced

VERSAPAK HAC INFH2 10 Bb 10 100 0.350 O0QL1• : Yes 0.6325 0.0007 0.6339 3.54E-02 poly-

VERSAPAK HAC INFH2 10 Cb 10 100 0.350 0. f Yes 0.6197 0.0007 0.6211 3.70E-02 moderation

VERSAPAK HAC INFH2 10 Ac 10 100 0.350 O.1' Yes 0.4956 0.0008 0.4972 3.30E-02 density

VERSAPAK HAC INFH2 10 Bc 10 100 0 (30.1 Yes 0.4762 0.0007 0.4776 3.39E-02
VERSAPAK HAC INFH2 10 Cc 10 100 0.350 0.1 Yes 0.4530 0.0007 0.4544 3.50E-02
Infinite Square Package Array - Homogeneous Fissile Material as a Function of Drum Fill Percentage - Bottom Filled Inverted Bottom Package Model
VERSAPAK HAC INFS2 5 A 5 100 0.350 0.0001 Yes 0.6800 0.0007 0.6814 4.77E-02
VERSAPAK HAC INFS2 10 A 10 100 0.350 0.0001 Yes 0.7145 0.0007 0.7159 3.46E-02 k,, decreases

VERSAPAK HAC INFS2 15 A 15 100 0.350 0.0001 Yes 0.6663 0.0005 0.6673 3.14E-02 forsquare

VERSAPAK HAC INFS2 20 A 20 100 0.350 0.0001 Yes 0.6082 0.0005 0.6092 3.01E-02 array

VERSAPAK HAC INFS2 30 A 30 100 0.350 0.0001 Yes 0.5063 0.0004 0.5071 2.88E-02
Infinite Triangular Package Array - Homogeneous Fissile Material as a Function of Drum Fill Percentage - Bottom Filled Inverted Bottom Package Model - Reduced Containment Cavity Radius

I ,Containment
03501. . j- 3...... .radiusVERSAPAK HAC INFH2 10M-A 10 100 0.350 0.0001 Yes 0.7292 0.0006 0:;,!:07304.,: 3.46E-02 reduced

0..0006 .. "from 19.2088
I. to 19.05-cm

Notes on Table 6-6:

1. Duplicate entry for observance of trend.
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-~"--+----'-'-=:-:-::------+----=--:":"":"''::''''::''''--+--'-''-':-''''':'':::----l---=--:'':''''::'''=---':=-----1 kerr decreases 
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poly­
moderation 

density 
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Notes on Table 6-6: 

1. Duplicate entry for observance of trend. 
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100 0.350 0.000 I Yes 0.7292 0.0006 3.46E-02 

for square 
array 

radius 
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Table 6-7 Summary of Hypothetical Accident Condition Package Results for Lumped Fissile Mass Models

Triangular Package Arrays - Lumped Spherical Fissile Mass - Initial Array Sensitivity Study _

VERSAPAK HAC FINH 8S Al 8 2x2x2=8 100 0.350 0.0001 Yes 0.5932 0.0013 0.5958 8.89E-02 I
VERSAPAK HAC FINH 8S A2 8 4x4x4=64 100 0.350 0.0001 Yes 0.6311 0.0013 0.6337 8.84E-02

VERSAPAK HAC FINH 8S A3 8 6x6x4=144 100 0.350 0.0001 Yes 0.6672 0.0014 0.6700 8.82E-02

VERSAPAK HAC FINH 8S A4 8 6x6x6=216 100 0.350 0.0001 Yes 0.6827 0.0014 0.6855 8.79E-02

VERSAPAK HAC FINH 8S A5 8 8x8x6=384 100 0.350 0.0001 Yes 0.7182 0.0014 0.7210 8.79E-02

VERSAPAK HAC FINH 8S A6 8 8x8x8=512 100 0.350 0.0001 Yes 0.7282 0.0013 0.7308 8.76E-02

VERSAPAK HAC FINH 8S A7 8 10x10x8=800 100 0.350 0.0001 Yes 0.7695 0.0014 0.7723 8.74E-02

VERSAPAK HAC FINH 10S Al 10 2x2x2=8 100 0.350 0.0001 Yes 0.7381 0.0014 0.7409 5.11E-02

VERSAPAK HAC FINH 10S A2 10 4x4x4=64 100 0.350 0.0001 Yes 0.7804 0.0012 0.7828 5.11E-02

VERSAPAK HAC FINH 10S A3 10 6x6x4=144 100 0.350 0.0001 Yes 0.8214 0.0012 0.8238 5.10E-02

VERSAPAK HAC FINH 10S A4 10 6x6x6=216 100 0.350 0.0001 Yes 1 0.8346 0.0011 0.8368 5.12E-02

VERSAPAK HAC FINH 10S A5 10 8x8x6=384 100 0.350 0.0001 Yes 0.8712 0.0015 -0.8742 5.11E-,02

VERSAPAK HAC FINH 10S A6 10 8x8x8=512 100 0.350 0.0001 Yes 0.8841 0.0014 0.8869 5.10E-02

VERSAPAK HAC FINH 10S A7 10 1Ox1Ox8=800 100 0.350 0.0001 Yes 0.9210 0.0013 0.9236 5.11E-02

VERSAPAK HAC FINH 12S A1 12 2x2x2=8 100 0.350 0.0001 Yes 0.7973 0.0011 0.7995 3.92E-02

VERSAPAK HAC FINH 12S A2 12 4x4x4=64 100 0.350 0.0001 Yes 0.8403 0.0012 0.8427 3.93E-02

VERSAPAK HAC FINH 12S A3 12 6x6x4=144 100 0.350 0.0001 Yes 0.8791 0.0012 0.8815 3.94E-02

VERSAPAK HAC FINH 12S A4 12 6x6x6=216 100 0.350 0.0001 Yes 0.8889 0.0013 , 0.8915 3.94E-02

VERSAPAK HAC FINH 12S A5 12 8x8x6=384 100 0.350 0.0001 Yes 0.9220 0.0011 0.9242 3.94E-02

VERSAPAK HAC FINH 12S A6 12 8x8x8=512 100 0.350 0.0001 Yes 0.9341 0.0012 10.9365 3.94E-02

VERSAPAK HAC FINH 12S A7 12 10x1Ox8=800 100 0.350 0.0001 Yes 0.9623 0.0013" 0.9649 3.95E-02

VERSAPAK HAG FJNH 145Al 14 2x2x28 100 0.350 0.0001 Yes 0.7929 0.0010 0.7949 3.4 1E-02

VERSAPAK HAC FINH 14S A2 14 4x4x4=64 100 0.350 0.0001 Yes 0.8359 0.0010 0.8379 3.41E-02

VERSAPAK HAC FINH 14S A3 14 6x6x4=144 100 0.350 0.0001 Yes 0.8662 0.0011 0.8684 3.42E-02

VERSAPAK HAC FINH 14S A4 14 6x6x6=216 100 0.3501 0.0001 Yes 0.8762 0.0010 0.8782 3.42E-02

VERSAPAK HAC FINH 14S AS 14 8x8x6=384 100 0.350 0.0001 Yes 0.9037 0.0011 0.9059 3.43E-02

VERSAPAK HAC FINH 14S A6 14 8x8x8=512 100 0.350 0.0001 Yes 0.9084 - 0.0010 0.9104 3.43E-02
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VERSAPAK HAC FINH 14S A7 14 10x10x8=800 100 0.3501 0.0001 1 Yes 0.9314 0.0010 0.9334 3.43E-02

Square Package Arrays - Lumped Spherical Fissile Mass - Initial Array Sensitivity Study

VERSAPAK HAC FINS 10S Al 10 2x2x2=8 100 0.350 0.0001 Yes 0.7348 0.0012 0.7372 5.11E-02

VERSAPAK HAC FINS 10S A2 .10 4x4x4=64 100 0.350 0.0001 Yes 0.7780 0.0012 0.7804 5.12E-02

VERSAPAK HAC FINS 10S A3 10 6x6x4=144 100 0.350 0.0001 Yes 0.8118 0.0012 0.8142 5.12E-02

VERSAPAK HAC FINS 10S A4 10 6x6x6=216 100 0.350 0.0001 Yes 0.8241 0.0012 0.8265 5.11E-02

VERSAPAK HAC FINS 10S A5 10 8x8x6=384 100 0.350 0.0001 Yes 0.8583 0.0014 0.8611 5.12E-02

VERSAPAK HAC FINS 10S A6 10 8x8x8=512 100 0.350 0.0001 Yes 0.8706 0.0014 0.8734 5.13E-02

VERSAPAK HAC FINS 10S A7 10 10x10x8=800 100 0.350 0.0001 Yes 0.9056 0.0014 0.9084 5.11E-02

VERSAPAK HAC FINS 12S Al 12 2x2x2=8 100 0.350 0.0001 Yes 0.7923 0.0012 0.7947 3.92E-02

VERSAPAK HAC FINS 12S A2 12 4x4x4=64 100 0.350 0.0001 Yes 0.8381 0.0014 0.8409 3.93E-02

VERSAPAK HAC FINS 12S A3 12 6x6x4=144 100 0.350 0.0001 Yes 0.8720 0.0011 0.8742 3.93E-02

VERSAPAK HAC FINS 12S A4 12 6x6x6=216 100 0.350 0.0001 Yes 0.8814 0.0012 0.8838 3.93E-02

VERSAPAK HAC FINS 12S A5 . 12 8x8x6=384 100 0.350 0.0001 Yes 0.9154 0.0012 0.9178 3.94E-02

VERSAPAK HAC FINS 12S A6 12 8x8x8=512 100 0.350 0.0001 Yes 0.9219 0.0012 0.9243 3.94E-02

VERSAPAK HAC FINS 12S A7 12 l0x1Ox8=800 100 0.350 0.0001 Yes 0.9505 .0.0012 0.9529 3.95E-02

VERSAPAK HAC FINS 14S Al 14 2x2x2=8 100 0.350 0.0001 Yes 0.7926 0.0010 0.7946 3.41E-02

VERSAPAK HAC FINS 14S A2 14 4x4x4=64 100. 0.35,0 0.0001 Yes 0.8331 0.0011 0.8353 3.42E-02

VERSAPAK HAC FINS 14S A3 14 6x6x4=144 100 0.350 0.0001 Yes 0.8573 0.0010 0.8593 3.42E-02

VERSAPAK HAC FINS 14S A4 14 6x6x6=216 100 0.350 0.0001 Yes 0.8713 0.0010 0.8733 3.42E-02

VERSAPAK HAC FINS 14S A5 14 8x8x6=384 100 0.350 0.0001 Yes 0.8962 0.0010 0.8982 3.43E-02

VERSAPAK HAC FINS 14S A6 14 8x8x8=512 100 0.350 0.0001 Yes 0.9047 0.0010 0.9067 3.43E-02

VERSAPAK HAC FINS 14S A7 14 10x10x8=800 100 0.350 0.0001 Yes 0.9236 0.0010 0.9256 3.43E-02

Triangular Package Arrays - Lumped Cylindrical Fissile Mass - Initial Array Sensitivity Study

VERSAPAK HAC FINH 8C Al 8(1.0) 2x2x2=8 100 0.350 0.0001 Yes 0.6623 0.0012 0.6647 6.18E-02

VERSAPAK HAC FINH 8C A2 8 (1.0) 4x4x4=64 100 . 0.350 0:0001 Yes 0.7005 0.0012 0.7029 6.18E-02

VERSAPAK HAC FINH 8C A3 8 (1.0) 6x6x4=144 100 0.350 0.0001 Yes 0.7433 0.0014 0.7461 6.20E-02

VERSAPAK HAC FINH 8C A4 8 (1.0) 6x6x6=216 100 0.350 0.0001 Yes 0.7562 0.0013 0.7588 6.18E-02

VERSAPAK HAC FINH 8C A5 8 (1.0) 8x8x6=384 100 0.350 0.0001 Yes 0.7955 0.0013 0.7981 6.19E-02

VERSAPAK HAC FINH 8C A6 8(1.0) 8x8x8=512 100 0.350 0.0001 Yes 0.8075 0.0013 0.8101 6.17E-02

VERSAPAK HAC FINH 8C A7 8 (1.0) 10x10x8-800 100 0.350 0.0001 Yes 0.8462 0.0013 0.8488 6.19E-02

VERSAPAK HAC FINH 10C A1 10 (1.0) 2x2x2=8 100 0.350 0.0001 Yes 0.7741 0.0011 0.7763 4.17E-02

VERSAPAK HAC FINH 10C A2 10 (1.0) 4x4x4=64 100 0.350 0.0001 Yes 0.8179 0.0013 0.8205 4.18E-02

VERSAPAK HAC FINH 10C A3 10 (1.0) 6x6x4=144 100 0.350 0.0001 Yes 0.8546 0.0013 0.8572 4.19E-02

VERSAPAK HAC PINH 10C A4 10 (1.0) 6x6x6=216 100 .0.350 0.0001 Yes 0.8657 0.0012 0.8681 4.19E-02

VERSAPAK HAC PINH 10C A5 10(1.0) 8x8x6=384 100 0.350 0.0001 Yes 0.9033 0.0012 0.9057 4.19E-02
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VERSAP AK HAC FINH 14S A 7 14 10xl0x8=800 100 0.350 0.0001 Yes 0.9314 0.0010 0.9334 3.43E-02 
Square Package Arrays - Lumped Spherical Fissile Mass -Initial Array Sensitivity Study 

VERSAPAK HAC FINS lOS Al 10 2x2x2=8 100 0.350 0.0001 Yes 0.7348 0.0012 0.7372 5.11E-02 
VERSAPAK HAC FINS lOS A2 10 4x4x4=64 100 0.350 0.0001 Yes 0.7780 0.0012 0.7804 5.12E-02 
VERSAP AK HAC FINS lOS A3 10 6x6x4=144 100 0.350 0.0001 Yes 0.8118 0.0012 0.8142 5.12E-02 
VERSAP AK HAC FINS lOS A4 10 6x6x6=216 100 0.350 0.0001 Yes 0.8241 0.0012 0.8265 5.11E-02 
VERSAP AK HAC FINS lOS A5 10 8x8x6=384 100 0.350 0.0001 Yes 0.8583 0.0014 0.8611 5.l2E-02 
VERSAPAK HAC FINS lOS A6 10 8x8x8=512 100 0.350 0.0001 Yes 0.8706 0.0014 0.8734 5.l3E-02 
VERSAP AK HAC FINS lOS A7 10 10xl0x8=800 100 0.350 0.0001 Yes 0.9056 0.0014 0.9084 5.l1E-02 
VERSAP AK HAC FINS 12S Al 12 . 2x2x2=8 100 0.350 0.0001 Yes 0.7923 0.0012 0.7947 3.92E-02 
VERSAP AK HAC FINS 12S A2 12 4x4x4=64 100 0.350 0.0001 Yes 0.8381 0.0014 0.8409 3.93E-02 
VERSAPAK HAC FINS 12S A3 12 6x6x4=144 100 0.350 0.0001 Yes 0.8720 0.0011 0.8742 3.93E-02 
VERSAPAK HAC FINS 12S A4 12 6x6x6=216 100 0.350 0.0001 Yes 0.8814 0.0012 0.8838 3.93E-02 
VERSAPAK HAC FINS 12S A5 12 8x8x6=384 100 0.350 0.0001 Yes 0.9154 0.0012 0.9178 3.94E-02 
VERSAPAK HAC FINS 12S A6 12 8x8x8=512 100 0.350 0.0001 Yes 0.9219 0.0012 0.9243 3.94E-02 
VERSAPAK HAC FINS 12S A7 12 lOxlOx8=800 100 0.350 0.0001 Yes 0.9505 .0.0012 0.9529 3.95E-02 
VERSAPAK HAC FINS 14S Al 14 2x2x2=8 100 0.350 0.0001 Yes 0.7926 0.0010 0.7946 3.41E-02 
VERSAP AK HAC FINS 14S A2 14 4x4x4=64 100. 0.35.0 0.0001 Yes 0.8331 0.0011 0.8353 3.42E-02 
VERSAP AK HAC FINS 14S A3 14 6x6x4=144 100 0.350 0.0001 Yes 0.8573 0.0010 0.8593 3.42E-02 
VERSAPAK HAC FINS 14S A4 14 6x6x6=216 100 0.350 0.0001 Yes 0.8713 0.0010 0.8733 3.42E-02 
VERSAPAK HAC FINS 14S A5 14 8x8x6=384 100 0.350 0.0001 Yes 0.8962 0.0010 0.8982 3.43E-02 
VERSAPAK HAC FINS 14S A6 14 8x8x8=512 100 0.350 0.0001 Yes 0.9047 0.0010 0.9067 3.43E-02 
VERSAP AK HAC FINS 14S A7 14 10xl0x8=800 100 0.350 0.0001 Yes 0.9236 0.0010 0.9256 3.43E-02 
Triangular Package Arrays - Lumped Cylindrical Fissile Mass - Initial Array Sensitivity Study 

VERSAPAK HAC FINH 8C Al 8 (1.0) 2x2x2=8 100 0.350 0.0001 Yes 0.6623 0.0012 0.6647 6.18E-02 
VERSAPAK HAC FINH 8C A2 8 (1.0) 4x4x4=64 100 0.350 0;0001 Yes 0.7005 0.0012 0.7029 6.18E-02 
VERSAP AK HAC FINH 8C A3 8 (1.0) 6x6x4=144 100 0.350 0.0001 Yes 0.7433 0.0014 0.7461 6.20E-02 
VERSAP AK HAC FINH 8C A4 8 (1.0) 6x6x6=216 100 0.350 0.0001 Yes 0.7562 0.0013 0.7588 6.18E-02 
VERSAP AK HAC FINH 8C A5 8 (1.0) 8x8x6=384 100 0.350 0.0001 Yes 0.7955 0.0013 0.7981 6.19E-02 
VERSAPAK HAC FINH8C A6 8 (1.0) 8x8x8=512 100 0.350 0.0001 Yes 0.8075 0.0013 0.8101 6.17E-02 
VERSAPAK HAC FINH 8C A 7 8 (1.0) lOxlOx8=800 100 0.350 0.0001 Yes 0.8462 0.0013 0.8488 6.l9E-02 
VERSAPAK HAC FINH 10C Al 10 (1.0) 2x2x2=8 100 0.350 0.0001 Yes 0.7741 0.0011 0.7763 4.17E-02 
VERSAP AK HAC FINH 10C A2 10 (1.0) 4x4x4=64 100 0.350 0.0001 Yes 0.8179 0.0013 0.8205 4.l8E-02 
VERSAPAK HAC FINH lOC A3 10 (1.0) 6x6x4=144 100 0.350 0.0001 Yes 0.8546 0.0013 0.8572 4.19E-02 
VERSAP AK HAC EINH lOC A4 10 (1.0) 6x6x6=216 100 0.350 0.0001 Yes 0.8657 0.0012 0.8681 4.19E-02 
VERSAP AK HAC FINH lOC A5 10 (1.0) 8x8x6=384 100 0.350 0.0001 Yes 0.9033 0.0012 0.9057 4.19E-02 

I 
Century Versa-Pac Rev. 1 ·Page 6-30 
October 2009 



VERSAPAK HAC FINH 10C A6 10 (1.0) 8x8x8=512 100 0.350 0.0001 Yes 0.9126 0.0013 0.9152 4.20E-02

VERSAPAK HAC FINH 10C A7 10(1.0) 10x10x8=800 100 0.350 0.0001 Yes 0.9427 0.0014 0.9455ýý'. 4.21E-02

VERSAPAK HAC FINH 12C Al 12 (1.0), 2x2x2=8 100 0.350 0.0001 Yes 0.7854 0.0010 0.7874 3.47E-02

VERSAPAK HAC FINH 12C A2 12(1.0) 4x4x4=64 100 0.350 0.0001 Yes 0.8248 0.0011 0.8270 3.48E-02

VERSAPAK HAC FINH 12C A3 12 (1.0) 6x6x4=144 100 0.350 0.0001 Yes 0.8592 0.0010 0.8612 3.49E-02

VERSAPAK HAC FINH 12C A4 12(1.0) 6x6x6=216 100 0.350 0.0001 Yes 0.8674 0.0011 0.8696 3.49E-02

VERSAPAK HAC FINH 12C A5 12 (1.0) 8x8x6=384 100 0.350 0.0001 Yes 0.8958 0.0010 0.8978 3.49E-02

VERSAPAK HAC FINH 12C A6 12(1.0) 8x8x8=512 100 0.350 0.0001 Yes 0.9000 0.0010 0.9020 3.50E-02

VERSAPAK HAC FINH 12C A7 12 (1.0) 10x10x8=800 100 0.350 0.0001 Yes 0.9227 0.0010 0.9247 3.50E-02

VERSAPAK HAC FINH 14C Al 14 (1.0) 2x2x2=8 100 0.350 0.0001 Yes 0.7377 0.0009 0.7395 3.15E-02

VERSAPAK HAC FINH 14C A2 14(1.0) 4x4x4=64 100 0.350 0.0001 Yes 0.7737 0.0011 0.7759 3.16E-02

VERSAPAK HAC FINH 14C A3 14 (1.0) 6x6x4=144 100 0.350 0.0001 Yes 0.7985 0.0009 0.8003 3.17E-02

VERSAPAK HAC FINH 14C A4 14(1.0) 6x6x6=216 100 0.350 0.0001 Yes 0.8057 0.0008 0.8073 3.17E-02

VERSAPAK HAC FINH 14C A5 14(1.0) 8x8x6=384 100 0.350 0.0001 Yes 0.8247 0.0009 0.8265 3.17E-02

VERSAPAK HAC FINH 14C A6 14(1.0) 8x8x8=512 100 0.350 0.0001 Yes 0.8296 0.0008 0.8312 3.17E-02

VERSAPAK HAC FINH 14C A7 14 (1.0) 10x10x8=800 100 0.350 0.0001 Yes 0.8436 0.0009 0.8454 3.17E-02
Triangular Package Arrays - Lumped Cylindrical Fissile Mass - Initial Array Sensitivity Study - 10.0" Cylinder Height-to-Diameter Sensitivity

VERSAPAK HAC FINH 10C12 Al 10 (1.2) 2x2x2=8 100 0.350 0.0001 Yes 0.7777 0.0013 0.7803 3.88E-02

VERSAPAK HAC FINH 10C12 A2 10(1.2) 4x4x4=64 100 0.350 0.0001 Yes 0.8204 0.0012 0.8228 3.89E-02

VERSAPAK HAC FINH 10C12 A3 10(1.2) 6x6x4=144 100 0.350 0.0001 Yes 0.8587 0.0010 0.8607 3.91E-02

VERSAPAK HAC FINH 10C12 A4 10(1.2) 6x6x6=216 100 0.350 0.0001 Yes 0.8711 0.0010 0.8731 3.90E-02

VERSAPAK HAC FINH 10C12 A5 10(1.2) 8x8x6=384 100 0.350 0.0001 Yes 0.9041 0.0011 0.9063 3.91E-02

VERSAPAK HAC FINH 10C12 A6 10(1.2) 8x8x8-512 100 0.350 0.0001 Yes 0.9130 0.0011 0.9152 3.91E-02

VERSAPAK HAC FINH 10C12 A7 10 (1.2) 10x10x8=800 100 0.350 0.0001 Yes 0.9428 0.0012 0.9452 3.92E-02

VERSAPAK HAC FINH 10Cl1 Al 10 (1.1) 2x2x2=8 100 0.350 0.0001 Yes 0.8229 0.0012 0.8253 4.34E-02

VERSAPAK HAC FINH 10Cll A2 10(1.1) 4x4x4=64 100 0.350 0.0001 Yes 0.8202 0.0011 0.8224 4.03E-02

VERSAPAK HAC FINH 10ClIl A3 10(1.1) 6x6x4=144 100 0.350 0.0001 Yes 0.8570 0.0014 0.8598 4.03E-02

VERSAPAK HAC FINH 10Cll A4 10(1.1) 6x6x6=216 100 0.350 0.0001 Yes 0.8723 0.0011 0.8745 4.03E-02

VERSAPAK HAC FINH 10Cl1 A5 10 (1.1) 8x8x6=384 100 0.350 0.0001 Yes 0.9038 0.0012 0.9062 4.04E-02

VERSAPAK HAC FINH 10Cll A6 10(1.1) 8x8x8=512 100 0.350 0.0001 Yes 0.9131 0.0014 0.9159 4.04E-02

VERSAPAK HAC FINH 10Cll A7 10(1.1) 10x10x8=800 100 0.350 0.0001 Yes 0.9430 0.0012 0.9454 4.05E-02

VERSAPAK HAC FINH 10C9 Al 10 (0.9) 2x2x2=8 100 0.350 0.0001 Yes 0.7676 0.0013 0.7702 4.37E-02

VERSAPAK HAC FINH 10C9 A2 10 (0.9) 4x4x4=64 100 0.350 0.0001 Yes 0.8099 0.0012 0.8123 4.38E-02

VERSAPAK HAC FINH 10C9 A3 10 (0.9) 6x6x4=144 100 0.350 0.0001 Yes 0.8485 0.0012 0.8509 4.39E-02

VERSAPAK HAC FINH 10C9 A4 10 (0.9) 6x6x6=216 100 0.350 0.0001 . Yes 0.8581 0.0012 0.8605 4.39E-02
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VERSAP AK HAC FINH 10C A6 10 (1.0) 8x8x8=512 100 0.350 0.0001 Yes 0.9126 
VERSAP AK HAC FlNH lOC A 7 10 (1.01 lOx lOx8=800 100 0.350 0.0001 Yes 0.9427 
VERSAPAK HAC FlNH 12C Al 12(1.0)' 2x2x2=8 100 0.350 0.0001 Yes 0.7854 
VERSAPAK HAC FINH 12C A2 12 (1.0) 4x4x4=64 100 0.350 0.0001 Yes 0.8248 
VERSAPAK HAC FINH 12C A3 12 (1.0) 6x6x4=144 100 0.350 0.0001 Yes 0.8592 
VERSAPAK HAC FINH 12C A4 12 (1.0) 6x6x6=216 100 0.350 0.0001 Yes 0.8674 
VERSAPAK HAC FINH 12C A5 12 (1.0) 8x8x6=384 100 0.350 0.0001 Yes 0.8958 
VERSAPAK HAC FINH 12C A6 12 (1.0) 8x8x8=512 100 0.350 0.0001 Yes 0.9000 
VERSAPAK HAC FINH 12C A7 12 (1.0) lOxlOx8=800 100 0.350 0.0001 Yes 0.9227 
VERSAPAK HAC FINH 14C Al 14 (1.0) 2x2x2=8 100 0.350 0.0001 Yes 0.7377 
VERSAPAK HAC FINH 14C A2 14(1.0) 4x4x4=64 100 0.350 0.0001 Yes 0.7737 
VERSAPAK HAC FINH 14C A3 14 (1.0) 6x6x4=144 100 0.350 0.0001 Yes 0.7985 
VERSAP AK HAC FINH 14C A4 14 (1.0) 6x6x6=216 100 0.350 0.0001 Yes 0.8057 
VERSAPAK HAC FINH 14C A5 14 (1.0) 8x8x6=384 100 0.350 0.0001 Yes 0.8247 
VERSAPAK HAC FINH 14C A6 14(1.0) 8x8x8=512 100 0.350 0.0001 Yes 0.8296 
VERSAP AK HAC FINH 14C A 7 14 (1.0) lOx10x8=800 100 0.350 0.0001 Yes 0.8436 
Triangular Package Arrays - Lumped Cylindrical Fissile Mass -Initial Array Sensitivity Study - 10.0" Cylinder Height-to-Diameter Sensitivity 

VERSAPAK HAC FINH lOC12 Al 10 (1.2) 
VERSAPAK HAC FINH lOC12 A2 10 (1.2) 
VERSAPAK HAC FINH lOC12 A3 10(1.2) 
VERSAPAK HAC FINH lOC12 A4 10 (1.2) 
VERSAPAK HAC FINH lOC12 A5 10 (1.2) 
VERSAPAK HAC FINH lOC12 A6 10(1.2) 
VERSAP AK HAC FINH lOC12 A7 10 (1.2) 
VERSAP AK HAC FINH lOC11 Al 10(1.1) 
VERSAPAK HAC FINH lOC11 A2 10(1.1) 
VERSAPAK HAC FINH lOC11 A3 10(1.1) 
VERSAP AK HAC FINH 1 OC 11 A4 10(1.1) 
VERSAPAK HAC FINH lOC11 A5 10(1.1) 
VERSAPAK HAC FINH 10C11 A6 10(1.1) 
VERSAPAK HAC FINH 10Cll A7 10(1.1) 
VERSAPAK HAC FINH 10C9 Al 10 (0.9) 
VERSAP AK HAC FINH lOC9 A2 10 (0.9) 
VERSAPAK HAC FINH 10C9 A3 10 (0.9) 
VERSAPAK HAC FINH lOC9 A4 10 (0.9) 
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2x2x2=8 
4x4x4=64 
6x6x4=144 
6x6x6=216 
8x8x6=384 
8x8x8=512 

10x10x8=800 
2x2x2=8 

4x4x4=64 
6x6x4=144 
6x6x6=216 
8x8x6=384 
8x8x8=512 

10x10x8=800 
2x2x2=8 

4x4x4=64 
6x6x4=144 
6x6x6=216 

100 0.350 0.0001 Yes 0.7777 
100 0.350 0.0001 Yes 0.8204 
100 0.350 0.0001 Yes 0.8587 
100 0.350 0.0001 Yes 0.8711 
100 0.350 0.0001 Yes 0.9041 
100 0.350 0.0001 Yes 0.9130 
100 0.350 0.0001 Yes 0.9428 
100 0.350 0.0001 Yes 0.8229 
100 0.350 0.0001 Yes 0.8202 
100 0.350 0.0001 Yes 0.8570 
100 0.350 0.0001 Yes 0.8723 
100 0.350 0.0001 Yes 0.9038 
100 0.350 0.0001 Yes 0.9131 
100 0.350 0.0001 Yes 0.9430 
100 0.350 0.0001 Yes 0.7676 
100 0.350 0.0001 Yes 0.8099 
100 0.350 0.0001 Yes 0.8485 
100 0.350 0.0001 Yes 0.8581 

• 
0.0013 0.9152 4.20E-02 
0.0014 0.9455"" 4.21E-02 
0.0010 0.7874 3.47E-02 
0.0011 0.8270 3.48E-02 
0.0010 0.8612 3.49E-02 
0.0011 0.8696 3.49E-02 
0.0010 0.8978 3.49E-02 
0.0010 0.9020 3.50E-02 
0.0010 0.9247 3.50E-02 
0.0009 0.7395 3.15E-02 
0.0011 0.7759 3.16E-02 
0.0009 0.8003 3.17E-02 
0.0008 0.8073 3.17E-02 
0.0009 0.8265 3.17E-02 
0.0008 0.8312 3.17E-02 
0.0009 0.8454 3.17E-02 

0.0013 0.7803 3.88E-02 
0.0012 0.8228 3.89E-02 
0.0010 0.8607 3.91E-02 
0.0010 0.8731 3.90E-02 
0.0011 0.9063 3.91E-02 
0.0011 0.9152 3.91E-02 
0.0012 0.9452 3.92E-02 
0.0012 0.8253 4.34E-02 
0.0011 0.8224 4.03E-02 
0.0014 0.8598 4.03E-02 
0.0011 0.8745 4.03E-02 
0.0012 0.9062 4.04E-02 
0.0014 0.9159 4.04E-02 
0.0012 0.9454 4.05E-02 
0.0013 0.7702 4.37E-02 
0.0012 0.8123 4.38E-02 
0.0012 0.8509 4.39E-02 
0.0012 0.8605 4.39E-02 
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VERSAPAK HAC FINH 10C9 A5 10 (0.9) 8x8x6=384 100 0.350 0.0001 Yes 0.8954 0.0013 0.8980 4.40E-02
VERSAPAK HAC FINH 10C9 A6 10 (0.9) 8x8x8=512 100 0.350 0.0001 Yes 0.9035 0.0013 0.9061 4.41E-02
VERSAPAK HAC FINH 10C9 A7 10(0.9) 10x10x8=800J 100 0.350 0.0001 Yes 0.9373 0.0013 0.9399 4.41E-02
Triangular Package Arrays - Lumped Cylindrical Fissile Mass - Initial Array Sensitivity Study - 12.0" Cylinder Height-to-Diameter Sensitivity

VERSAPAK HAC FINH 12CII Al 12(1.1) 2x2x2=8 100 0.350 0.0001 Yes 0.7787 0.0010 0.7807 3.39E-02
VERSAPAK HAC FINH 12ClI A2 12(1.1) 4x4x4=64 100 0.350 0.0001 Yes 0.8178 0.0009 0.8196 3.40E-02
VERSAPAK HAC FINH 12C1 1_A3 12 (1.1) 6x6x4=144 100 0.350 0.0001 Yes 0.8481 0.0010 0.8501 3.41E-02
VERSAPAK HAC FINH 12C11 A4 12(1.1) 6x6x6=216 100 0.350 0.0001 Yes 0.8568 0.0011 0.8590 3.41E-02
VERSAPAK HAC FINH 12C1_ A5 12(1.1) 8x8x6-384 100 0.350 0.0001 Yes 0.8819 0.0010 0.8839 3.41E-02
VERSAPAK HAC FINH 12C1 A6 12(1.1) 8x8x8=512 100 0.350 0.0001 Yes 0.8904 0.0010 0.8924 3.42E-02
VERSAPAK HAC FINH 12C11 A7 12(1.1) 10x10x8=800 100 0.350 0.0001 Yes 0.9103 0.0010 0.9123 3.42E-02
VERSAPAK HAC FINH 12C9 Al 12 (0.9) 2x2x2=8 100 0.350 0.0001 Yes 0.7917 0.0011 0.7939 3.57E-02
VERSAPAK HAC FINH 12C9 A2 12(0.9) 4x4x4=64 100 0.350 0.0001 Yes 0.8308 0.0010 0.8328 3.58E-02
VERSAPAK HAC FINH 12C9 A3 12 (0.9) 6x6x4=144 100 0.350 0.0001 Yes 0.8661 0.0009 0.8679 3.59E-02
VERSAPAK HAC FINH 12C9 A4 12 (0.9) 6x6x6=216 100 0.350 0.0001 Yes 0.8769 0.0010 0.8789 3.59E-02
VERSAPAK HAC FINH 12C9 A5 12(0.9) 8x8x6=384 100 0.350 0.0001 Yes 0.9043 0.0011 0.9065 3.60E-02
VERSAPAK HAC FINH 12C9 A6 12 (0.9) 8x8x8=512 100 0.350 0.0001 Yes 0.9125 0.0009 0.9143 3.60E-02
VERSAPAK HAC FINH 12C9 A7 12 (0.9) 10x10x8=800 100 0.350 0.0001 Yes 0.9391 0.0009 0.9409 3.60E-02
VERSAPAK HAC FINH 12C8 Al 12(0.8) 2x2x2=8 100 0.350 0.0001 Yes 0.7908 0.0011 0.7930 3.70E-02
VERSAPAK HAC FINH 12C8 A2 12 (0.8) 4x4x4=64 100 0.350 0.0001 Yes 0.8317 0.0012 0.8341 3.71E-02
VERSAPAK HAC FINH 12C8 A3 12(0.8) 6x6x4=144 100 0.350 0.0001 Yes 0.8657 0.0011 0.8679 3.72E-02
VERSAPAK HAC F1NH 12C8 A4 12(0.8) 6x6x6=216 100 0.350 0.0001 Yes 0.8794 0.0011 0.8816 3.72E-02
VERSAPAK HAC FINH 12C8 A5 12 (0.8) 8x8x6=384 100 0.350 0.0001 Yes 0.9061 0.0010 0.9081 3.73E-02
VERSAPAK HAC FINH 12C8 A6 12(0.8) 8x8x8=512 100 0.350 0.0001 Yes 0.9158 0.0011 0.9180 3.73E-02
VERSAPAK HAC FINH 12C8 A7 12 (0.8) 10x10x8=800 100 0.350 0.0001 Yes 0.9426 0.0012 0.9450 3.73E-02
VERSAPAK HAC FINH 12C6 Al 12 (0.6) 2x2x2=8 100 0.350 0.0001 Yes 0.7631 0.0013 0.7657 4.13E-02
VERSAPAK HAC FINH 12C6 A2 12(0.6) 4x4x4=64 100 0.350 0.0001 Yes 0.8088 0.0011 0.8110 4.13E-02
VERSAPAK HAC FINH 12C6 A3 12 (0.6) 6x6x4=144 100 0.350 0.0001 Yes 0.8469 0.0010 0.8489 4.14E-02
VERSAPAK HAC FINH 12C6 A4 12 (0.6) 6x6x6=216 100 0.350 0.0001 Yes 0.8471 0.0013 0.8497 4.14E-02
VERSAPAK HAC FINH 12C6 A5 12 (0.6) 8x8x6=384 100 0.350 0.0001 Yes 0.8913 0.0012 0.8937 4.16E-02
VERSAPAK HAC FINH 12C6 A6 12 (0.6) 8x8x8=512 100 0.350 0.0001 Yes 0.9029 0.0015 0.9059 4.15E-02
VERSAPAK HAC F1NH 12C6 A7 12 (0.6) 10x10x8=800 100 0.350 0.0001 Yes 0.9336 0.0012 0.9360 4.16E-02
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• • 
VERSAP AK HAC FINH lOC9 A5 10 (0.9) 8x8x6=384 100 0.350 0.0001 Yes 0.8954 
VERSAPAK HAC FINH 10C9 A6 10 (0.9) 8x8x8=512 100 0.350 0.0001 Yes 0.9035 
VERSAPAK HAC FINH lOC9 A7 10 (0.9) 10x10x8=800 100 0.350 0.0001 Yes 0.9373 
Triangular Package Arrays - Lumped Cylindrical Fissile Mass - Initial Array Sensitivity Study -12.0" Cylinder Height-to-Diameter Sensitivity 

VERSAPAK HAC FINH 12C11 Al 12(1.1) 
VERSAPAK HAC FINH 12C11 A2 12 (1.1) 
VERSAPAK HAC FINH 12C11 A3 12 (1.1) 
VERSAPAK HAC FINH 12C11 A4 12 (l.l) 
VERSAPAK HAC FINH 12C11 A5 12 (l.l) 
VERSAPAK HAC FINH 12Cl1 A6 12 (l.l) 
VERSAPAK HAC FINH 12C11 A7 12 (l.l) 
VERSAP AK HAC FINH 12C9 Al 12 (0.9) 
VERSAP AK HAC FINH 12C9 A2 12 (0.9) 
VERSAPAK HAC FINH 12C9 A3 12 (0.9) 
VERSAPAK HAC FINH 12C9 A4 12 (0.9) 
VERSAPAK HAC FINH 12C9 A5 12 (0.9) 
VERSAPAK HAC FINH 12C9 A6 12 (0.9) 
VERSAP AK HAC FINH 12C9 A7 12 (0.9) 
VERSAP AK HAC FINH 12C8 Al 12 (0.8) 
VERSAP AK HAC FINH 12C8 A2 12 (0.8) 
VERSAPAK HAC FINH 12C8 A3 12 (0.8) 
VERSAPAK HAC FINH 12C8 A4 12 (0.8) 
VERSAPAK HAC FINH 12C8 A5 12 (0.8) 
VERSAP AK HAC FINH 12C8 A6 12 (0.8) 
VERSAPAK HAC FINH 12C8 A7 12 (0.8) 
VERSAPAK HAC FINH 12C6 Al 12 (0.6) 
VERSAPAK HAC FINH 12C6 A2 12 (0.6) 
VERSAPAK HAC FINH 12C6 A3 12 (0.6) 
VERSAPAK HAC FINH 12C6 A4 12 (0.6) 
VERSAPAK HAC FINH 12C6 A5 12 (0.6) 
VERSAPAK HAC FINH 12C6 A6 12 (0.6) 
VERSAPAK HAC FINH 12C6 A 7 12 (0.6) 
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2x2x2=8 
4x4x4=64 
6x6x4=144 
6x6x6=216 
8x8x6=384 
8x8x8=512 

10x10x8=800 
2x2x2=8 

4x4x4=64 
6x6x4=144 
6x6x6=216 
8x8x6=384 
8x8x8=512 

10x10x8=800 
2x2x2=8 

4x4x4=64 
6x6x4=144 
6x6x6=216 
8x8x6=384 
8x8x8=512 

lOx lOx8=800 
2x2x2=8 

4x4x4=64 
6x6x4=144 
6x6x6=216 
8x8x6=384 
8x8x8=512 

lOx lOx8=800 

100 0.350 0.0001 Yes 0.7787 
100 0.350 0.0001 Yes 0.8178 
100 0.350 0.0001 Yes 0.8481 
100 0.350 0.0001 Yes 0.8568 
100 0.350 0.0001 Yes 0.8819 
100 0.350 0.0001 Yes 0.8904 
100 0.350 0.0001 Yes 0.9103 
100 0.350 0.0001 Yes 0.7917 
100 0.350 0.0001 Yes 0.8308 
100 0.350 0.0001 Yes 0.8661 
100 0.350 0.0001 Yes 0.8769 
100 0.350 0.0001 Yes 0.9043 
100 0.350 0.0001- Yes 0.9125 
100 0.350 0.0001 Yes 0.9391 
100 0.350 0.0001 Yes 0.7908 
100 0.350 0.0001 Yes 0.8317 
100 0.350 0.0001 Yes 0.8657 
100 0.350 0.0001 Yes 0.8794 
100 0.350 0.0001 Yes 0.9061 
100 0.350 0.0001 Yes 0.9158 
100 0.350 0.0001 Yes 0.9426 
100 0.350 0.0001 Yes 0.7631 
100 0.350 0.0001 Yes 0.8088 
100 0.350 0.0001 Yes 0.8469 
100 0.350 0.0001 Yes 0.8471 
100 0.350 0.0001 Yes 0.8913 
100 0.350 0.0001 Yes 0.9029 
100 0.350 0.0001 Yes 0.9336 

• 
0.0013 0.8980 4.40E-02 
0.0013 0.9061 4.41E-02 
0.0013 0.9399 4.41E-02 

0.0010 0.7807 3.39E-02 
0.0009 0.8196 3.40E-02 
0.0010 0.8501 3.41E-02 
0.0011 0.8590 3.41E-02 
0.0010 0.8839 3.41E-02 
0.0010 0.8924 3.42E-02 
0.0010 0.9123 3.42E-02 
0.0011 0.7939 3.57E-02 
0.0010 0.8328 3.58E-02 
0.0009 0.8679 3.59E-02 
0.0010 0.8789 3.59E-02 
0.0011 0.9065 3.60E-02 
0.0009 0.9143 3.60E-02 
0.0009 0.9409 3.60E-02 
0.0011 0.7930 3.70E-02 
0.0012 0.8341 - 3.71E-02 
0.0011 0.8p79 3.72E-02 
0.0011 0.8816 3.72E-02 
0.0010 0.9081 3.73E-02 
0.0011 0.9180 3.73E-02 
0.0012 0.9450···· '. 3.73E-02 
0.0013 0.7657 4. 13E-02 
0.0011 0.8110 4. 13E-02 
0.0010 0.8489 4. 14E-02 
0.0013 0.8497 4. 14E-02 
0.0012 0.8937 4. 16E-02 
0.0015 0.9059 4.15E-02 
0.0012 0.9360 4.16E-02 
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Table 6-8 Summary of Hypothetical Accident Condition Package Results for Lumped Fissile Mass Models - Increased
Array Size and Increased Poly-Moderation Sensitivity

I I I C I-> IC~

Triangular Package Arrays - Lumped Spherical Fissile Mass - Normal Density Poly-Moderation Sensitivity Study

VERSAPAK HAC FINH 12S 1X400 12 16x26xl=400 0.92 0.350 0.0001 Yes 0.8240 0.0011 0.8262 3.92E-02
VERSAPAK HAC FINH 12S 1x416 12 16x26xl=416 0.92 0.350 0.0001 Yes 0.8273 0.0012 0.8297 3.92E-02

VERSAPAK HAC FINH 12S 1x468 12 18x26xl=468 0.92 0.350 0.0001 Yes 0.8249 0.0012 0.8273 3.93E-02

VERSAPAK HAC FINH 12S 2X324 12 20x18x2720 0.92 0.350 0.0001 Yes 0.9077 0.0011 0.9099 3.95E-02
VERSAPAK HAC FINH 12S 2x432 12 16x25x2=800 0.92 0.350 0.0001 Yes 0.9076 0.0010 0.9096 3.94E-02

VERSAPAK HAC FINH 12S 2x416 12 16x26x2=832 0.92 0.350 0.0001 Yes 0.9074 0.0013 0.9100 3.94E-02

VERSAPAK HAC FINH 12S 2x468 12 18x26x2=936 0.92 0.350 0.0001 Yes 0.9110 0.0012 0.9134 3.94E-02

VERSAPAK HAC FTNH 12S 3X120 12 18x126x=360 0.92 0.350 0.0001 Yes 0.9202 0.0012 0.9226 3.94E-02

VERSAPAK HAC FINH 12S 3X144 12 1012x3=432 0.92 0.350 0.0001 Yes 0.9253 0.0011 0.9275 3.94E-02

VERSAPAK HAC FINH 12S 3X224 12 14x16x3=672 0.92 0.350 0.0001 Yes 0.9371 0.0013 0.9397 3.95E-02

VERSAPAK HAC FINH 12S 3X324 12 20x18x3=1080 0.92 0.350 0.0001 Yes 0.9500 0.0011 0.9522 3.95E-02

VERSAPAK HAC FINH 12S 3x400 12 16x25x3=1200 0.92 0.350 0.0001 Yes 0.9491 0.0012 0.9515 3.95E-02

VERSAPAK HAC FTNH 12S 3x416 12 16x26x3=1248 0.92 0.350 0.0001 Yes 0.9504 0.0011 0.9526 3.94E-02
VERSAPAK HAC FINH 12S 3x468 12 18x26x3=1404 0.92 0.350 0.0001 Yes 0.9548 0.0011 0.9570 3.94E-02

VERSAPAK HAC FINS 12 A3 12 6x6x4=144 0.92 0.350 0.0001 Yes 0.8720 0.0011 0.8742 3.93E-02

VERSAPAK HAC FINH 12S 4X120 12 10x12x4=480 0.92 0.350 0.0001 Yes 0.9359 0.0011 0.9381 3.95E-02

VERSAPAK HAC FINH 12S 4x400 12 16x25x4=1600 0.92 0.350 0.0001 Yes 0.9779 0.0010 0.9799 3.95E-02

VERSAPAK HAC FINH 12S 4x416 12 16x26x4=1664 0.92 0.350 0.0001 Yes 0.9754 0.0011 0.9776 3.95E-02

VERSAPAK HAC F1NH 12S 4x468 12 18x26x4=1872 0.92 0.350 0.0001 Yes 0.9825 0.0012 0.9849 3.95E-02

VERSAPAK HAC FTNH 12S 5X080 12 8x10x5=400 0.92 0.350 0.0001 Yes 0.9322 0.0012 0.9346 3.95E-02

VERSAPAK HAC F1NH 12S 5X120 12 10xl2x5=600 0.92 0.350 0.0001 Yes 0.9554 0.0012 0.9578 3.94E-02

VERSAPAK HAC FINS 12 A4 12 6x6x6=216 0.92 0.350 0.0001 Yes 0.8814 0.0012 0.8838 3.93E-02

VERSAPAK HAC FINS 12 A5 12 8x8x6=384 0.92 0.350 0.0001 Yes 0.9154 0.0012 0.9178 3.94E-02

VERSAPAK HAC FINH 12S 6X080 12 8x10x6=480 0.92 0.350 0.0001 Yes 0.9373 0.0012 0.9397 3.94E-02

VERSAPAK HAC FINH 12S 7X064 12 8x8x7=448 0.92 0.350 0.0001 Yes 0.9319 0.0012 0.9343 3.94E-02

VERSAPAK HAC FINH 12S 7X080 12 8x10x7=560 0.92 0.350 0.0001 Yes 0.9436 0.0012 0.9460 3.95E-02

VERSAPAK HAC FINS 12 A6 12 8x8x8=512 0.92 0.350 0.0001 Yes 0.9219 0.0012 0.9243 3.94E-02
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VERSAPAK HAC FINH 12S 8X080 -12 8x10x8=640 0.92 0.350 0.0001 Yes 0.9507 0.0012 0.9531 3.94E-02
VERSAPAK HAC FINS 12 A7 12 10x10x8=800 0.92 0.350] 0.0001 Yes 0.9505 0.0012 0.9529 3.95E-02
VERSAPAK HAC FINH 12S 7X064 12 8x8x10=640 0.92 0.350] 0.0001 Yes 0.9340 0.0011 0.9362 3.94E-02
Triangular Package Arrays - Lumped Spherical Fissile Mass - Increased Density Poly-Moderation Sensitivity Study

VERSAPAK HAC FINH 12S IX400PM 12 16x26xl=400 0.98 0.350 0.0001 Yes 0.8240 0.0011 0.8262 3.92E-02
VERSAPAK HAC FINH 12S 1x416PM 12 16x26xl=416 0.98 0.350 0.0001 Yes 0.8273 0.0012 0.8297 3.92E-02
VERSAPAK HAC FINH 12S lx468PM 12 18x26xl=468 0.98 0.350 0.0001 Yes 0.8249 0.0012 0.8273 3.93E-02
VERSAPAK HAC FINH 12S 2X324PM 12 20x18x2=720 0.98 0.350 0.0001 Yes 0.9077 0.0011 0.9099 3.95E-02
VERSAPAK HAC FINH 12S 2x400PM 12 16x25x2=800 0.98 0.350 0.0001 Yes 0.9076 0.0010 0.9096 3.94E-02
VERSAPAK HAC FINH 12S 2x416PM 12 16x26x2=832 0.98 0.350 0.0001 Yes 0.9074 0.0013 0.9100 3.94E-02
VERSAPAK HAC FINH 12S 2x468PM 12 18x26x2=936 0.98 0.350 0.0001 Yes 0.9110 0.0012 0.9134 3.94E-02
VERSAPAK HAC FINH 12S 3X120PM 12 10x12x3=360 0.98 0.350 0.0001 Yes 0.9202 0.0012 0.9226 3.94E-02
VERSAPAK HAC FINH 12S 3X144PM 12 12x12x3=432 0.98 0.350 0.0001 Yes 0.9253 0.0011 0.9275 3.94E-02
VERSAPAK HAC FINH 12S 3X224PM 12 14x16x3=672 0.98 0.350 0.0001 Yes 0.9371 0.0013 0.9397 3.95E-02
VERSAPAK HAC FINH 12S 3X324PM 12 20x18x3=1080 0.98 0.350 0.0001 Yes 0.9500 0.0011 0.9522 3.95E-02
VERSAPAK HAC FINH 12S 3x400PM 12 16x25x3=1200 0.98 0.350 0.0001 Yes 0.9491 0.0012 0.9515 3.95E-02
VERSAPAK HAC FINH 12S 3x416PM 12 16x26x3=1248 0.98 0.350 0.0001 Yes 0.9504 0.0011 0.9526 3.94E-02
VERSAPAK HAC FINH 12S 3x468PM 12 18x26x3=1404 0.98 0.350 0.0001 Yes 0.9548 0*.0011 0.9570 3.94E-02
VERSAPAK HAC FINS 12 A3PM 12 6x6x4=144 0.98 0.350 0.0001 Yes 0.8720 0.0011 0.8742 3.93E-02
VERSAPAK HAC FINH 12S 4X120PM 12 10x12x4=480 0.98 0.350 0.0001 Yes 0.9359 0.0011 0.9381 3.95E-02
VERSAPAK HAC FINH 12S 4x400PM 12 16x25x4=1600 0.98 0.350 0.0001 Yes 0.9779 0.0010 0.9799 3.95E-02
VERSAPAK HAC FINH 12S 4x416PM 12 16x26x4=1664 0.98 0.350 0.0001 Yes 0.9754 0.0011 0.9776 3.95E-02
VERSAPAK HAC FINH 12S 4x468PM 12 18x26x4=1872 0.98 0.350 0.0001 Yes 0.9825 0.0012 0.9849 3.95E-02
VERSAPAK HAC FINH 12S 5XO80PM 12 8xlOx5=400 0.98 0.350 0.0001 Yes 0.9322 0.0012 0.9346 3.95E-02
VERSAPAK HAC FINH 12S 5X120PM 12 10xl2x5=600 0.98 0.350 0.0001 Yes 0.9554 0.0012 0.9578 3.94E-02
VERSAPAK HAC FINS 12 A4PM 12 6x6x6=216 0.98 0.350 0.0001 Yes 0.8814 0.0012 0.8838 3.93E-02
VERSAPAK HAC FINS 12 A5PM 12 8x8x6=384 0.98 0.350 0.0001 Yes 0.9154 0.0012 0.9178 3.94E-02
VERSAPAK HAC FINH 12S 6XO80PM 12 8x10x6=480 0.98 0.350 0.0001 Yes 0.9373 0.0012 0.9397 3.94E-02
VERSAPAK HAC FINH 12S 7X064PM 12 8x8x7=448 0.98 0.350 0.0001 Yes 0.9319 0.0012 0.9343 3.94E-02
VERSAPAK HAC FINH 12S 7XO80PM 12 8x10x7=560 0.98 0.350 0.0001 Yes 0.9436 0.0012 0.9460 3.95E-02
VERSAPAK HAC FINS 12 A6PM 12 8x8x8=512 0.98 0.350 0.0001 Yes 0.9219 0.0012 0.9243 3.94E-02
VERSAPAK HAC FINH 12S 8XO80PM 12 8x10x8=640 0.98 0.350 0.0001 Yes 0.9507 0.0012 0.9531 3.94E-02
VERSAPAK HAC FINS 12 A7PM 12 1Ox1Ox8=800 0.98 0.350 0.0001 Yes 0.9505 0.0012 0.9529 3.95E-02
VERSAPAK HAC FINH 12S 7X064PM 12 8x8x10=640 0.98 0.350 0.0001 Yes 0.9340 0.0011 0.9362 3.94E-02
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VERSAPAK HAC FINH 12S 8X080 -12 8x10x8=640 0.92 0.350 0.0001 Yes 
VERSAPAK HAC FINS 12 A7 12 10x10x8=800 0.92 0.350 0.0001 Yes 
VERSAPAK HAC FINH 12S 7X064 12 8x8x10=640 0.92 0.350 0.0001 Yes 
Triangular Package Arrays - Lumped Spherical Fissile Mass - Increased Density PolY-Moderation Sensitivity Study 

VERSAPAK HAC FINH 12S 1X400PM 
VERSAPAK HAC FINH 12S 1x416PM 
VERSAPAK HAC FINH 12S 1x468PM 
VERSAPAK HAC FINH 12S 2X324PM 
VERSAPAK HAC FINH 12S 2x400PM 
VERSAPAK HAC FINH 12S 2x416PM 
VERSAPAK HAC FINH 12S 2x468PM 
VERSAPAK HAC FINH 12S 3X120PM 
VERSAPAK HAC FINH 12S 3X144PM 
VERSAPAK HAC FINH 12S 3X224PM 
VERSAP AK HAC FINH 12S 3X324PM 
VERSAP AK HAC FINH 12S 3x400PM 
VERSAP AK HAC FINH 12S 3x416PM 
VERSAP AK HAC FINH 12S 3x468PM 
VERSAP AK HAC FINS 12 A3PM 
VERSAPAK HAC FINH 12S 4X120PM 
VERSAP AK HAC FINH 12S 4x400PM 
VERSAP AK HAC FINH 12S 4x416PM 
VERSAP AK HAC FINH 12S 4x468PM 
VERSAP AK HAC FINH 12S 5X080PM 
VERSAPAK HAC FINH 12S 5X120PM 
VERSAPAK HAC FINS 12 A4PM 
VERSAP AK HAC FINS 12 A5PM 
VERSAPAK HAC FINH 12S 6X080PM 
VERSAPAK HAC FINH 12S 7X064PM 
VERSAPAK HAC FINH 12S 7X080PM 
VERSAPAK HAC FINS 12 A6PM 
VERSAPAK HAC FINH 12S 8X080PM 
VERSAPAK HAC FINS 12 A7PM 
VERSAP AK HAC FINH 12S 7X064PM 
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12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 

16x26x1=400 
16x26x1=416 
18x26x1=468 
20x18x2=720 
16x25x2=800 
16x26x2=832 
18x26x2=936 
lOx 12x3=360 
12x12x3=432 
14x16x3=672 

20x18x3=1080 
16x25x3= 1200 
16x26x3= 1248 
18x26x3=1404 

6x6x4=144 
lOx 12x4=480 

16x25x4=1600 
16x26x4=1664 
18x26x4= 1872 
8xlOx5=400 
lOx12x5=600 
6x6x6=216 
8x8x6=384 

8x10x6=480 
8x8x7=448 

8xlOx7=560 
8x8x8=512 
8x10x8=640 
10x10x8=800 
8x8x10=640 

0.98 0.350 0.0001 Yes 
0.98 0.350 0.0001 Yes 
0.98 0.350 0.0001 Yes 
0.98 0.350 0.0001 Yes 
0.98 0.350 0.0001 Yes 
0.98 0.350 0.0001 Yes 
0.98 0.350 0.0001 Yes 
0.98 0.350 0.0001 Yes 
0.98 0.350 0.0001 Yes 
0.98 0.350 0.0001 Yes 
0.98 0.350 0.0001 Yes 
0.98 0.350 0.0001 Yes 
0.98 0.350 0.0001 Yes 
0.98 0.350 0.0001 Yes 
0.98 0.350 0.0001 Yes 
0.98 0.350 0.0001 Yes 
0.98 0.350 0.0001 Yes 
0.98 0.350 0.0001 Yes 
0.98 0.350 0.0001 Yes 
0.98 0.350 0.0001 Yes 
0.98 0.350 0.0001 Yes 
0.98 0.350 0.0001 Yes 
0.98 0.350 0.0001 Yes 
0.98 0.350 0.0001 Yes 
0.9·8 0.350 0.0001 Yes 
0.98 0.350 0.0001 Yes 
0.98 0.350 0.0001 Yes 
0.98 0.350 0.0001 Yes 
0.98 0.350 0.0001 . Yes 

0.98 0.350 0.0001 Yes 

• 
0.9507 0.0012 0.9531 3.94E-02 
0.9505 0.0012 0.9529 3.95E-02 
0.9340 0.0011 0.9362 3.94E-02 

0.8240 0.0011 0.8262 3.92E-02 
0.8273 0.0012 0.8297 3.92E-02 
0.8249 0.0012 0.8273 3.93E-02 
0.9077 0.0011 0.9099 3.95E-02 
0.9076 0.0010 0.9096 3.94E-02 
0.9074 0.0013 0.9100 3.94E-02 
0.9110 0.0012 0.9134 3.94E-02 
0.9202 0.0012 0.9226 3.94E-02 
0.9253 0.0011 0.9275 3.94E-02 
0.9371 0.0013 0.9397 3.95E-02 
0.9500 0.0011 0.9522 3.95E-02 
0.9491 0.0012 0.9515 3.95E-02 
0.9504 0.0011 0.9526 3.94E-02 
0.9548 0·.0011 0.9570 3.94E-02 
0.8720 0.0011 0.8742 3.93E-02 
0.9359 0.0011 0.9381 3.95E-02 
0.9779 0.0010 0.9799 3.95E-02 
0.9754 0.0011 0.9776 3.95E-02 
0.9825 0.0012 0.9849 3.95E-02 
0.9322 0.0012 0.9346 3.95E-02 
0.9554 0.0012 0.9578 3.94E-02 
0.8814 0.0012 0.8838 3.93E-02 
0.9154 0.0012 0.9178 3.94E-02 
0.9373 0.0012 0.9397 3.94E-02 
0.9319 0.0012 0.9343 3.94E-02 
0.9436 0.0012 0.9460 3.95E-02 
0.9219 0.0012 0.9243 3.94E-02 
0.9507 0.0012 0.9531 3.94E-02 
0.9505 0.0012 0.9529 3.95E-02 
0.9340 0.0011 0.9362 3.94E-02 
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Table 6-9 Summary of Hypothetical Accident Condition Package Results for Lumped Fissile Mass Models - Cross Section, Fissile
Mass, Interspersed Moderation, Fissile Moderator Density, Package Carbon Steel Sensitivity, and Graphite Moderation

Triangular Package Arrays - Lumped Spherical lissile Mass - Normal Density Poly-Moaeratlon - tross Section Sensitivity Study

VERSAPAK HAC FINH 12S A7 12 10x10x8=800 100 0.350 0.0001 Yes 0.9623 0.0013 0.9649 3.95E-02 44 Group

VERSAPAK HAC FINH 12S A7X 12 10x10x8=800 100 0.350 0.0001 Yes 0.9624 0.0012 0.9648 4.12E-02 238 Group
238 Group

VERSAPAK HACFJNH_12SA7X1 12 10x10x8=800 100 0.350 0.0001 Yes 0.9650 0.0008 0.9666 4.11E-02 Increased
Histories
44 Group

VERSAPAK_HAC_FINH_12S_A7XN 12 10x10x8=800 100 0.350 0.0001 Yes 0.9633 0.0008 0.9649 3.95E-02 Increased
I_ Histories

Triangular Package Arrays - Lumped Spherical Fissile Mass - Normal Density Poly-Moderation - Increased Fissile Mass Sensitivity Study

VERSAPAK HAC FINH 12S Al 375 12 2x2x2=8 100 3".3 75S 0.0001 Yes 0.8135 0.0012 0.8159 4.01E-02
VERSAPAK HAC FINH 12S A2 375 12 4x4x4=64 100 0.375• 0.0001 Yes 0.8585 0.0011 0.8607 4.02E-02
VERSAPAK HAC FINH 12S A3 375 12 6x6x4=144 100 90375, 0.0001 Yes 0.8957 0.0011 0.8979 4.03E-02
VERSAPAK HAC FINH 12S A4 375 12 6x6x6=216 100 0.1375 0.0001 Yes 0.9094 0.0014 0.9122 4.03E-02 Increasing
VERSAPAK HAC FINH 12S A5 375 12 8x8x6=384 100 .375 0.0001 Yes 0.9416 0.0012 0.9440 4.04E-02 the fissile
VERSAPAK HAC FINH 12S A6 375 12 8x8x8=512 100 0.3 7 5 0.0001 Yes 0.9502 0.0011 0.9524 4.04E-02 mass above
VERSAPAK HAC FINH 12S A7 375 12 10x10x8=800 100 0.375 0.0001 Yes 0.9818 0.0010 0.9838 4.04E-02 350 gcarbon

,• i:•,•steel
VERSAPAK HAC FINH 12S Al 400 12 2x2x2=8 100 0.40,0 0.0001 Yes 0.8276 0.0012 0.8300 4.1 1E-02 ctenl

• " ==::=:content

VERSAPAK HAC FINH 12S A2 400 12 4x4x4=64 100 0.040 0.0001 Yes 0.8741 0.0013 0.8767 4.12E-02 requires
VERSAPAK HAC FINH 12S A3 400 12 6x6x4=144 100 0.400 0.0001 Yes 0.9118 0.0012 0.9142 4.13E-02 arraysize

VERSAPAK HAC FINH 12S A4 400 12 6x6x6=216 100 0.400 0.0001 Yes 0.9258 0.0012 0.9282 4.12E-02 reduction

VERSAPAK HAC FINH 12S A5 400 12 8x8x6=384 100 0.400 0.0001 Yes 0.9594 0.0012 '0.9618 4.14E-02
VERSAPAK HAC F1NH 12S A6 400 12 8x8x8=512 100 0.400 0.0001 Yes 0.9704 0.0013 0.9730 4.14E-02
VERSAPAK HAC FINH 12S A7 400 12 10x10x8=800 100 0.400 0.0001 Yes 1.0043 0.0011 1.0065 4.13E-02
Triangular Package Arrays - Lumped Spherical Fissile Mass - Normal Density Poly-Moderation - Interspersed Moderation Sensitivity Study

VERSAPAK HAC FINH 12S A7 12 10x10x8=800 100 0.350 0.0001T 1 Yes 0.9623 0.0013 0.9649 3.95E-02 Increased
VERSAPAK HAG FINH 12S A7a 12 10x10x8=800[ 100 0.350 00I01 Yes 0.9621 0.0011 0.9643 3.94E-02 interspersed

VERSAPAK HAC FINH 12S A7b 12, 10x10x8=800 100 0.350 0.01 Yes 0.9405 0.0012 0.9429 3.93E-02 reduces k,
VERSAPAK HAC FINH 12S A7c 12 10x10x8=800 100 0.350 0.1k Yes 0.8527 0.0012 0.8551 3.83E-02
VERSAPAK HAC FINH 12S A7d 12 10x10x8=800 100 0.350, 0.5 l Yes 0.8517 0.0013 0.8543 3.72E-02
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Table 6-9 Summary of Hypothetical Accident Condition Package Results for Lumped Fissile Mass Models - Cross Section, Fissile 

Mass, Interspersed Moderation, Fissile Moderator Density, Package Carbon Steel Sensitivity, and Graphite Moderation 

Histories 
44 Group 
Increased 
Histories 

~~~=--:::~~~~~~~~22...::!....!.-=+~=----~~~==":~+-~~-~;':'::+-~~~+-~~_t_-~~~-+-~~~-+-~~=---+----.:~::..::.~~__j Increasing 
the fissile 

mass above 
;f--=..:..::...::.c:....::...--+----=--=-=--+-----=.:.:.-=...::..::.--+-----=.::..::...::..::...::.c--+-----=.::.::....::.=--:...--+-...:..:...:c...:..=:.....::..::=------1350 gcarbon 

steel 
content 
requires 

array size 
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VERSAPAK HAC FINH 12S A7e 1 12 Il0xl0x8=800 100 10.3501 . Yes 0.8793 0.0016 0.8825 3.67E-02
Triangular Package Arrays - Lumped Spherical Fissile Mass - Normal Density Poly-Moderation - Reduced Poly-Moderation Sensitivity Study
VERSAPAK HAC FINH 12S A7 12 10x10x8=800 100 '0.350 0.0001 Yes 0.9623 0.0013 0.9649 3.95E-02
VERSAPAK HAC FINH 12S A7B 12 10x10x8=800 90 9O 0.350 0.0001 Yes 0.9315 0.0012 0.9339 4.14E-02 Reduced
VERSAPAK HAC FINH 12S A7C 12 10x10x8=800 •80, , 0.350 0.0001 Yes 0.8906 0.0013 0.8932 4.40E-02 poly-
VERSAPAK HA FINH 12 A7D 12 0x0x8800 7 0.350 0.0001 Yes 0.8358 0.0012 0.8382 4.76E-02 moderation

VERSAPAK HAC FINH 12S A7E 12 10x10x8=800 0•6 10.350 0.0001 Yes 0.7677 0.0014 0.7705 5.30E-02 reduces kf

VERSAPAK HAC FINH 12S A7F 12 10x10x8=800 50k) 0.350 0.0001 Yes 0.6809 0.0012 0.6833 6.15E-02
Triangular Package Arrays - Lumped Spherical Fissile Mass - Normal Density Poly-Moderation - No Carbon Steel Sensitivity Study
VERSAPAK HAC FINH 12S AINS 12 2x2x2=8 100 0.350 0o0001 Yes 0.8046 0.0010 0.8066 3.81E-02 Not
VERSAPAK HAC FINH 12S A2NS 12 4x4x4=64 100 0.350 0.0001 Yes 0.8666 0.0011 0.8688 3.76E-02 crediting

the
VERSAPAK HAC FINH 12S A3NS 12 6x6x4=144 100 0.350 0.0001 Yes 0.9097 0.0012 0.9121 3.73E-02 minimum

VERSAPAK HAC FINH 12S A4NS 12 ý.6x6x6=216 100 0.350 0.0001 Yes 0.9276 0.0012 0.9300 3.72E-02 carbon steel

VERSAPAK HAC FINH 12S A5NS 12 8x8x6=384 100 0.350 0.0001 Yes 0.9677 0.0013 0.9703 3.69E-02 content
requiresVERSAPAK HAC FINH 12S A6NS 12 8x8x8=512 100 0.350 0.0001 Yes 0.9793 0.0011 0.9815 3.69E-02 array size

VERSAPAK HAC FINH 12S A7NS 12 10x10x8=800 100 0.350 0.0001 Yes 1.0168 0.0010 1.0188 3.69E-02 reduction
Triangular Package Arrays - Lumped Spherical Fissile Mass - Graphite Moderation Sensitivity Study
VERSAPAK HAC FINH 12S A7G 1 12 1Oxl~x8=800 100 10.3501 0.0001 1 Yes 0.1544 0.0005 0.1554 3.43E+00
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Figure 6-1 Illustration of the KENO Model of the Century Versa-Pac Shipping
Container for the Normal Condition of Transport and Hypothetical Accident
Condition.
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Figure 6-1 Illustration of the KENO Model of the Century Versa-Pac Shipping 
Container for the Normal Condition of Transport and Hypothetical Accident 
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Figure 6-2 KENO VI results for single model calculation as a function of drum fill
percentage for the Normal Condition of Transport and Hypothetical Condition.

0.45

0.40

.0.35
E

c 410.30
+

J9 0.25

0.20

0.15

50 55 60 65 70 75 80 85 90 95 100

Fissile Mass Moderation Density, Percent

Figure 6-3 KENO VI results for single model calculation as a function of poly-
moderator density (20% filled drum) for the Normal Condition of Transport and
Hypothetical Condition.
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Figure 6-2 KENO VI results for single model calculation as a function of drum fill 
percentage for the Normal Condition of Transport and Hypothetical Condition . 
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Figure 6-3 KENO VI results for single model calculation as a function of poly­
moderator density (20% filled drum) for the Normal Condition of Transport and 
Hypothetical Condition . 
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Figure 6-4 KENO VI results for single model calculation as a function of interspersed
moderator (20% filled drum) for the Normal Condition of Transport and Hypothetical
Condition.
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Figure 6-5 KENO VI results for fully reflected spheres representing the Normal
Condition of Transport and Hypothetical Condition for a single package.
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Figure 6-4 KENO VI results for single model calculation as a function of interspersed" 
moderator (20% filled drum) for the Normal Condition of Transport and Hypothetical 
Condition. 
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Figure 6-5 KENO VI results for fully reflected spheres representing the Norlllal 
Condition of Transport and Hypothetical Condition for a single package. 
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Figure 6-6 KENO VI results for infinite array model calculation as a function of drum
fill percentage for the Normal Condition of Transport and Hypothetical Condition.
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Figure 6-7 KENO VI results for infinite array model calculation as a function of poly-
moderator density (10% filled drum) for the Normal Condition of Transport and
Hypothetical Condition.
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Figure 6-6 KENO VI results for infinite array model calculation as a function of drum 
fill percentage for the Normal Condition of Transport and Hypothetical Condition. 
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Figure 6-7 KENO VI results for infinite array model calculation as a function of poly­
moderator density (10% filled drum) for the Normal Condition of Transport and 
Hypothetical Condition. 
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Figure 6-8 KENO VI results for triangular package array model calculation with
lumped spheres as a function of package array size for the Normal Condition of
Transport and Hypothetical Condition.
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Figure 6-9 KENO VI results for triangular package array model calculation with
lumped spheres as a function of sphere diameter for the Normal Condition of
Transport and Hypothetical Condition.
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Figure 6-8 KENO VI results for triangular package array model calculation with 
lumped spheres as a function of package array size for the Normal Condition of 
Transport and Hypothetical Condition. 
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Figure 6-9 KENO VI results for triangular package array model calculation with 
lumped spheres as a function of sphere diameter for the Normal Condition of 
Transport and Hypothetical Condition. 
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Figure 6-10 KENO VI results for square package array model calculation with lumped
spheres as a function of package array size for the Normal Condition of Transport and
Hypothetical Condition.
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Figure 6-11 KENO VI results for triangular package array model calculation with
lumped cylinders as a function of package array size for the Normal Condition of
Transport and Hypothetical Condition.
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Figure 6-10 KENO VI results for square package array model calculation with lumped 
spheres as a function of package array size for the Normal Condition of Transport and 
Hypothetical Condition. 
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Figure 6-11 KENO VI results for triangular package array model calculation with 
lumped cylinders as a function of package array size for the Normal Condition of 
Transport and Hypothetical Condition. 
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Figure 6-12 KENO VI results for triangular package array model calculation with
lumped cylinders as a function of cylinder diameter for the Normal Condition of
Transport and Hypothetical Condition.

Mu
E
Nm
*A

1.00

0.98

0.96

0.94

0.92

0.90

0.88

0.86

0.84

0.82

0.80

0.6 0.7 0.8 0.9 1.0 1.1 1.2

Cylinder Height/Diameter Ratio (HID)

Figure 6-13 KENO VI results for triangular package array model calculation with
lumped cylinders as a function of cylinder height-to-diameter ratio for the Normal
Condition of Transport and Hypothetical Condition.
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Figure 6-12 KENO VI results for triangular package array model calculation with 
lumped cylinders as a function of cylinder diameter for the Normal Condition of 
Transport and Hypothetical Condition. 
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Figure 6-13 KENO VI results for triangular package array model calculation with 
lumped cylinders as a function of cylinder height-to-diameter ratio for the Normal 
Condition of Transport and Hypothetical Condition. 
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Figure 6-14 KENO VI results for triangular package array model calculation with
poly-moderated (0.92 g/cc) lumped spheres as a function of package array size for the
Normal Condition of Transport and Hypothetical Condition.
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Figure 6-15 KENO VI results for triangular package array model calculation with
poly-moderated (0.98 g/cc) lumped spheres as a function of package array size for the
Normal Condition of Transport and Hypothetical Condition.
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Figure 6-14 KENO VI results for triangular package array model calculation with 
poly-moderated (0.92 glcc) lumped spheres as a function of package array size for the 
Normal Condition of Transport and Hypothetical Condition. 
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Figure 6-15 KENO VI results for triangular package array model calculation with 
poly-moderated (0.98 glcc) lumped spheres as a function of package array size for the 
Normal Condition of Transport and Hypothetical Condition. 
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Figure 6-16 Illustration of KENO VI triangular package array model with orientation
of lumped fissile mass for the Normal Condition of Transport and Hypothetical
Condition.
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Figure 6-17 Illustration of KENO VI square package array model with orientation of
lumped fissile mass for the Normal Condition of Transport and Hypothetical
Condition.
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Figure 6-16 Illustration of KENO VI triangular package array model with orientation 
of lumped fissile mass for the Normal Condition of Transport and Hypothetical 
Condition. 

Figure 6-17 Illustration of KENO VI square package array model with orientation of 
lumped fissile mass for the Normal Condition of Transport and Hypothetical 
Condition. 
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Figure 6-18 Illustration of KENO VI stacked "Y" view of the inverted bottom package
and normally orientated top package in a triangular package array model with
orientation of lumped fissile mass for the Normal Condition of Transport and
Hypothetical Condition.
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Figure 6-18 Illustration of KENO VI stacked "Y" view of the inverted bottom package 
and normally orientated top package in a triangular package array model with 
orientation of lumped fissile mass for the Normal Condition of Transport and 
Hypothetical Condition. 
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APPENDIX 6.9

Section 6.9.1 - Selected SCALE 4.4a Input Cases

Input Case: VERSAHACINFH_10_A
HAC Case Infinite Homogeneous Hexagonal 10% Fill
=CSAS26 PARM='SIZE=00100000'
CENTURY INDUSTRIES VERSA-PAK
44GR INFHOM
'URANIUM METAL
U 1 0.00114760 294.0 92235 100.0 END
POLYETHYLENE 1 0.99885 294.0 END
'GRAPHITE 1 0.100 294.0 END
'INTERSPERSED MODERATOR
H20 2 1.0 294.0 END
'PACKAGE STEEL
CARBONSTEEL 3 1.0 294.0 END
'REFLECTOR
H20 4 1.0 294.0 END
'INSULATION
H20 5 0.0001 294.0 END
END COMP
READ PARM NUB=YES GEN=600 NPG=1000 NSK=5
END PARM
READ GEOMETRY

UNIT 10
CYLINDER 1 19.2088 -27.6225 -34.5281
MEDIA 1 1 1
CYLINDER 2 19.2088 34.5281 -34.5281
MEDIA 5 1 2 -1
,CYLINDER 3 19.5163 34.5281 -34.8357
MEDIA 3 1 3 -2 -1
CYLINDER 4 25.8663 34.5281 -34.8357
MEDIA 5 1 4 -3 -2 -1
CYLINDER 5 25.8663 35.7727 -34.8357
MEDIA 3 1 5 -4 -3 -2 -1
CYLINDER 6 25.8663 36.8560 -34.8357
MEDIA 5 1 6 -5 -4 -3 -2 -1
CYLINDER 7 25.8663 36.9914 -34.8357
MEDIA 3 1 7 -6 -5 -4 -3 -2 -1
CYLINDER 8 25.8663 43.3414 -41.1857
MEDIA 5 1 8 -7 -6 -5 -4 -3 -2 -1
CYLINDER 9. 26.0017 43.3414 -41.7953
MEDIA 3 1 9 -8 -7 -6 -5 -4 -3 -2 -1
CYLINDER 10 26.6374 43.3414 -41.7963
MEDIA 5 1 10 -9 -8 -7 -6 -5 -4 -3 -2 -1
CYLINDER 11 26.7727 43.3414 -41.7953
MEDIA 3 1 11 -10 -9 -8 -7 -6 -5 -4 -3 -2 -1
CYLINDER 12 26.9081 43.4768 -41.9307
MEDIA 3 1 12 -11 -10 -9 -8 -7 -6 -5 -4 -3 -2 -1
HEXPRISM 13 26.9081 43.4768 -41.9307
MEDIA 5 1 13 -12 -11 -10 -9 -8 -7 -6 -5 -4 -3 -2 -1
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APPENDIX 6.9 

Section 6.9.1 - Selected SCALE 4.4a Input Cases 

Input Case: VERSA_HAC_INFH_10_A 
HAC Case Infinite Homogeneous Hexagonal 10% Fill 
=CSAS26 PARM='SIZE=00100000' 
CENTURY INDUSTRIES VERSA-PAK 
44GR INFHOM 
'URANIUM METAL 
U 1 0.00114760294.0 92235 100.0 END 
POLYETHYLENE 1 0.99885 294.0 END 
'GRAPHITE 1 0.100 294.0 END 
'INTERSPERSED MODERATOR 
H20 2 1.0 294.0 END 
'PACKAGE STEEL 
CARBONSTEEL 3 1.0 294.0 END 
'REFLECTOR 
H20 4 1. 0 294.0 END 
'INSULATION 
H20 5 0.0001 294.0 END 
END COMP 
READ PARM NUB=YES GEN=600 NPG=1000 NSK=5 
END PARM 
READ GEOMETRY 

UNIT 10 
CYLINDER 1 19.2088 -27.6225 -34.5281 
MEDIA 1 1 1 
CYLINDER 2 19.2088 34.5281 -34.5281 
MEDIA 5 1 2 -1 

\CYLINDER 3 19.5163 34.5281 -34.8357 
MEDIA 3 1 3 -2 -1 
CYLINDER 4 ·25.8663 34.5281 -34.8357 
MEDIA 5 1 4 -3 -2 -1 
CYLINDER 5 25.8663 35.7727 -34.8357 
MEDIA 3 1 5 -4 -3 -2 -1 
CYLINDER 6 25.8663 36.8560 -34.8357 
MEDIA 5 1 6 -5 -4 -3 -2 -1 
CYLINDER 7 25.8663 36.9914 -34.8357 
MEDIA 3 1 7 -6 -5 -4 -3 -2 -1 
CYLINDER 8 25.8663 43.3414 -41.1857 
MEDIA 5 1 8 -7 -6 -5 -4 -3 -2 -1 
CYLINDER 9. 26.0017 43.3414 -41.7953 
MEDIA 3 1 9 -8 -7 -6 -5 -4 -3 -2 
CYLINDER 10 26.6374 43.3414 -41.7963 
MEDIA 5 1 10 -9 -8 -7 -6 -5 -4 -3 
CYLINDER 11 26.7727 43.3414 -41. 7953 
MEDIA 3 1 11 -10 -9 -8 -7 -6 -5 -4 
CYLINDER 12 26.9081 43.4768 -41.9307 
MEDIA 3 1 12 -11 -10 -9 -8 -7 -6 -5 
HEXPRISM 13 26.9081 43.4768 -41.9307 
MEDIA 5 1 13 -12 -11 -10 -9 -8 -7 -6 
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BOUNDARY 13

GLOBAL
UNIT 100

CUBOID 10 26.9081 -26.9081 93
ARRAY 1 10 PLACE 2 1 1 2*0.0
BOUNDARY 10
END GEOMETRY
READ ARRAY
GBL=1 ARA=1 TYP=TRIANGULAR NUX=3

FILL 10 10 10

.2124 0.00 85.4075
41.9307

0.00

NUY=3 NUZ=1

10 10 10
10 10 10 END FILL

END ARRAY
READ BOUNDS
ALL=SPEC
END BOUNDS
END DATA
END

Input Case: VERSAHACINFH2_10_A
HAC Case Infinite Homogeneous Model 2 Hexagonal Inverted 10% Fill
=CSAS26 PARM='SIZE=00100000'
CENTURY INDUSTRIES VERSA-PAK
44GR INFHOM
'URANIUM METAL
U 1 0.00114760 294.0 92235 100.0 END
POLYETHYLENE 1 0.99885 294.0 END
'GRAPHITE 1 0.100 294.0 END
'INTERSPERSED MODERATOR
H20 2 1.0 294.0 END
'PACKAGE STEEL
CARBONSTEEL 3 1.0 294.0 END
'REFLECTOR
H20 4 1.0 294.0 END
'INSULATION
H20 5 0.0001 294.0 END
END COMP
READ PARM NUB=YES GEN=600 NPG=1000 NSK=5
END PARM
READ GEOMETRY

UNIT 10
CYLINDER
MEDIA 1
CYLINDER
MEDIA 5
CYLINDER
MEDIA 3
CYLINDER
MEDIA 5
CYLINDER
MEDIA 3

1 19.2088 -27.6225 -34.5281

1
2
1
3
1
4
1
5
1

1
19.2088 34.5281 -34.5281
2 -1
19.5163 34.5281 -34.8357
3 -2 -1

25.8663 34.5281 -34.8357
4 -3 -2 -1
25.8663 35.7727 -34.8357
5 -4 -3 -2 -1
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BOUNDARY 13 

GLOBAL 
UNIT 100 
CUBOID 10 26.9081 -26.9081 93.2124 0.00 85.4075 
ARRAY 1 10 PLACE 211 2*0.0 41.9307 
BOUNDARY 10 
END GEOMETRY 
READ ARRAY 
GBL=l ARA=l TYP=TRIANGULAR NUX=3 NUY=3 NUZ=l 

FILL 10 10 10 
10 10 10 

10 10 10 END FILL 
END ARRAY 
READ BOUNDS 
ALL=SPEC 
END BOUNDS 
END DATA 
END 

Input Case: VERSA_HAC_INFH2_l0_A 

0.00 

HAC Case Infinite Homogeneous Model 2 Hexagonal Inverted 10% Fill 
=CSAS26 PARM='SIZE=00100000' 
CENTURY INDUSTRIES VERSA-PAK 
44GR INFHOM 
'URANIUM METAL 
U 1 0.00114760 294.0 92235 100.0 END 
POLYETHYLENE 1 0.99885 294.0 END 
'GRAPHITE 1 0.100 294.0 END 
'INTERSPERSED MODERATOR 
H20 2 1.0 294.0 END 
'PACKAGE STEEL 
CARBONSTEEL 3 l.0 294.0 END 
'REFLECTOR 
H2O 4 l.0 294.0 END 
'INSULATION 
H2O 5 0.0001 294.0 END 
END COMP 
READ PARM NUB=YES GEN=600 NPG=1000 NSK=5 
END PARM 
READ GEOMETRY 

UNIT 10 
CYLINDER 1 19.2088 
MEDIA 1 1 1 
CYLINDER 2 19.2088 
MEDIA 5 1 2 -1 
CYLINDER 3 19.5163 
MEDIA 3 1 3 -2 -1 
CYLINDER 4 25.8663 
MEDIA 5 1 4 -3 -2 
CYLINDER 5 25.8663 
MEDIA 3 1 5 -4 -3 
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-27.6225 -34.5281 

34.5281 -34.5281 

34.5281 -34.8357 

34.5281 -34.8357 
-1 

35.7727 -34.8357 
-2 -1 
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CYLINDER 6 25.8663 36.8560 -34.8357
MEDIA 5 1 6 -5 -4 -3 -2 -1

CYLINDER 7 25.8663 36.9914 -34.8357
MEDIA 3 1 7 -6 -5 -4 -3 -2 -1

CYLINDER 8 25.8663 43.3414 -41.1857
MEDIA 5 1 8 -7 -6 -5 -4 -3 -2 -1

CYLINDER 9 26.0017 43.3414 -41.7953
MEDIA 3 1 9 -8 -7 -6 -5 -4 '-3 -2 -1
CYLINDER 10 26.6374 43.3414 -41.7963
MEDIA 5 1 10 -9 -8 -7 -6 -5 -4 -3 -2 -1

CYLINDER 11 26.7727 43.3414 -41.7953
MEDIA 3 1 11 -10 -9 -8 -7 -6 -5 -4 -3 -2 -1
CYLINDER 12 26.9081 43.4768 -41.9307
MEDIA 3 1 12 -11 -10 -9 -8 -7 -6 -5 -4 -3 -2 -1
HEXPRISM 13 26.9081 43.4768 -41.9307

MEDIA 5 1 13 -12 -11 -10 -9 -8 -7 -6 -5 -4 -3 -2 -1
BOUNDARY 13

UNIT 20
CYLINDER 1
MEDIA 1 1
CYLINDER 2
MEDIA 5 1
CYLINDER 3
MEDIA 3 1
CYLINDER .4
MEDIA 5 1
CYLINDER 5
MEDIA 3 1
CYLINDER 6
MEDIA 5 1
CYLINDER 7
MEDIA 3 1
CYLINDER 8
MEDIA 5 1
CYLINDER 9
MEDIA 3 1

19.2088 34.5281
1

27.6225

19.2088 34.5281 -34.5281
2 -1
19.5163 34.8357 -34.5281
3 -2 -1
25.8663 34.8357 -34.5281
4 -3 -2 -1
25.8663 34.8357 -35.7727
5 -4 -3 -2 -1
25.8663 34.8357 -36.8560
6 -5 -4 -3 -2 -1
25.8663 34.8357 -36.9914
7 -6 -5 -4 -3 -2 -1
25.8663 41.1857 -43.3414
8 -7 -6 -5 -4 -3 -2 -1
26.0017 41.7953 -43.3414
9 -8 -7 -6 -5 -4 -3 -2 -1

CYLINDER 10 26.6374 41.7963 -43.3414
MEDIA 5 1 10 -9 -8 -7 -6 -5 -4 -3 -2 -1

CYLINDER 11 26.7727 41.7953 -43.3414
MEDIA 3 1 11 -10 -9 -8 -7 -6 -5 -4 -3 -2 -1

CYLINDER 12 26.9081 41.9307 -43.4768
MEDIA 3 1 12 -11 -10 -9 -8 -7 -6 -5 -4 -3 -2 -1

HEXPRISM 13 26.9081 41.9307 -43.4768
MEDIA 5 1 13 -12 -11 -10 -9 -8 -7 -6 -5 -4 -3 -2 -1

BOUNDARY 13

GLOBAL
UNIT 100
CUBOID 10 26.9081 -26.9081 93.2124 0.00 170.8150 0.00
ARRAY 1 10 PLACE 2 1 1 2*0.0 43.4768
BOUNDARY 10
END GEOMETRY
READ ARRAY
GBL=1 ARA=I TYP=TRIANGULAR NUX=3 NUY=3 NUZ=2
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CYLINDER 6 25.8663 36.8560 -3Lj.8357 

• MEDIA 5 1 6 -5 -4 -3 -2 -1 
CYLINDER 7 25.8663 36.9914 -34.8357 
MEDIA 3 1 7 -6 -5 -4 -3 -2 -1 
CYLINDER 8 25.8663 43.3414 -41.1857 
MEDIA 5 1 8 -7 -6 -5 -4 -3 -2 -1 
CYLINDER 9 26.0017 43.3414 -41.7953 
MEDIA 3 1 9 -8 -7 -6 -5 -4 :"'3 -2 -1 
CYLINDER 10 26.6374 43.3414 -41.7963 
MEDIA 5 1 10 -9 -8 -7 -6 -5 -4 -3 -2 -1 
CYLINDER 11 26.7727 43.3414 -41.7953 
MEDIA 3 1 11 -10 -9 -8 -7 -6 -5 -4 -3 -2 -1 
CYLINDER 12 26.9081 .43.4768 -41.9307 
MEDIA 3 1 12 -11 -10 -9 -8 -7 -6 -5 -4 -3 -2 -1 
HEXPRISM 13 26.9081 43.4768 -41.9307 
MEDIA 5 1 13 -12 -11 -10 -9 -8 -7 -6 -5 -4 -3 -2 -1 
BOUNDARY 13 

UNIT 20 
CYLINDER 1 19.2088 34.5281 27.6225 
MEDIA 1 1 1 
CYLINDER 2 19.2088 34.5281 -34.5281 
MEDIA 5 1 2 -1 
CYLINDER 3 19.5163 34.8357 -34.5281 
MEDIA 3 1 3 -2 -1 
CYLINDER .4 25.8663 34.8357 -34.5281 
MEDIA 5 1 4 -3 -2 -1 
CYLINDER 5 25.8663 34.8357 -35.7727 

• MEDIA 3 1 5 -4 -3 -2 -1 
CYLINDER 6 25.8663 34.8357 -36.8560 
MEDIA 5 1 6 -5 -4 -3 -2 -1 
CYLINDER 7 25.8663 34.8357 -36.9914 
MEDIA 3 1 7 -6 -5 -4 -3 -2 -1 
CYLINDER 8 25.8663 41.1857 -43.3414 
MEDIA 5 1 8 -7 -6 -5 -4 -3 -2 -1 
CYLINDER 9 26.0017 41.7953 -43.3414 
MEDIA 3 1 9 -8 -7 -6 -5 -4 -3 -2 -1 
CYLINDER 10 26.6374 41.7963 -43.3414 
MEDIA 5 1 10 -9 -8 -7 -6 -5 -4 -3 -2 -1 
CYLINDER 11 26.7727 41.7953 -43.3414 
MEDIA 3 1 11 -10 -9 -8 -7 -6 -5 -4 -3 -2 -1 
CYLINDER 12 26.9081 41.9307 -43.4768 
MEDIA 3 1 12 -11 -10 -9 -8 -7 -6 -5 -4 -3 -2 -1 
HEXPRISM 13 26.9081 41.9307 -43.4768 
MEDIA 5 1 13 -12 -11 -10 -9 -8 -7 -6 -5 -4 -3 -2 -1 
BOUNDARY 13 

GLOBAL 
UNIT 100 
CUBOID 10 26.9081 -26.9081 93.2124 0.00 170.8150 0.00 
ARRAY 1 10 PLACE 2 1 1 2*0.0 43.4768 
BOUNDARY 10 
END·GEOMETRY 
READ ARRAY 
GBL=l ARA=l TYP=TRIANGULAR NUX=3 NUY=3 NUZ=2 
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FILL 20 20 20
20 20 20

20 20 20
10 10 10

10 10 10

10 10 10 END FILL
END ARRAY
READ BOUNDS
ALL=SPEC
END BOUNDS
END DATA
END

Input Case: VERSA HAC FINS 12S A7
HAC Case Finite In-Homogeneous Square Lattice 12-cm Spheres 800 Packages
=CSAS26 PARM='SIZE=00100000'
CENTURY INDUSTRIES VERSA-PAK
44GR INFHOM
'URANIUM METAL
U 1 0.00253829 294.0 92235 100.0 END
POLYETHYLENE 1 0.99746 294.0 END
'GRAPHITE 1 0.100 294.0 END
'INTERSPERSED MODERATOR
H20 2 1.0 294.0 END
'PACKAGE STEEL
CARBONSTEEL 3 1.0 294.0 END
'REFLECTOR
H20 4 1.0 294.0 END
'INSULATION
H20 .5 0.0001 294.0 END
END COMP
READ PARM NUB=YES GEN=600 NPG=1000 NSK=5
END PARM
READ GEOMETRY

UNIT 10
CYLINDER 1
MEDIA .5 1
HOLE 100
CYLINDER 2
MEDIA 3 1
CYLINDER 3
MEDIA 5 1
CYLINDER 4
MEDIA 3 1
CYLINDER 5
MEDIA 5 1
CYLINDER 6
MEDIA 3 1
CYLINDER 7
MEDIA 5 1
CYLINDER 8
MEDIA 3 1

19.2088 34.5281 -34.5281
1

ORIGIN X=5.097 Y=5.097 Z=-22.528
19.5163 34.5281 -34.8357
2 -1
25.8663 34.5281 -34.8357
3 -2 -1

-25.8663 35.7727 -34.8357
4 -3 -2 -1
25.8663 36.8560 -34.8357
5 -4 -3 -2 -1
25.8663 36.9914 -34.8357
6 -5 -4 -3 -2
25.8663 43.3414
7 -6 -5 -4 -3
26.0017 43.3414
8 -7 -6 -5 -4

-1
-41.1857

-2 -1
-41.7953

-3 -2 ýl
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FILL 20 20 20 
20 20 20· 

20 20 20 
10 10 10 

10 10 10 
10 10 10 END FILL 

END ARRAY 
READ BOUNDS 
ALL=SPEC 
END BOUNDS 
END DATA 
END 

Input Case: VERSA_HAC_FINS_12S_A7 
HAC Case Finite In-Homogeneous Square ·Lattice 12-cm Spheres 800 Packages 
=CSAS26 PARM='SIZE=00100000' 
CENTURY INDUSTRIES VERSA-PAK 
44GR INFHOM 
'URANIUM METAL 
U 1 0.00253829 294.0 92235 100.0 END 
POLYETHYLENE 1 0.99746 294.0 END 
'GRAPHITE 1 0.100 294.0 END 
'INTERSPERSED MODERATOR 
H20 2 1.0 294.0 END 
'PACKAGE STEEL 
CARBONSTEEL 3 1.0 294.0 END 
'REFLECTOR 
H20 
'INSULATION 
H20 
END COMP 

4 1. 0 294.0 END 

5 0.0001 294.0 END 

READ PARM NUB=YES GEN=600 NPG=1000 NSK=5 
END PARM 
READ GEOMETRY 

UNIT 10 
CYLINDER 
MEDIA ·5 
HOLE 100 
CYLINDER 
MEDIA 3 
CYLINDER 
MEDIA 5 
CYLINDER 
MEDIA 3 
CYLINDER 
MEDIA 5 
CYLINDER 
MEDIA 3 
CYLINDER 
MEDIA 5 
CYLINDER 
MEDIA 3 

1 
1 

2 
1 
3 
1 
4 
1 
5 
1 
6 
1 
7 
1 
8 
1 

19.2088 34.5281 -34.5281 
1 

ORIGIN X=5.097 Y=5.097 Z=-22.5~8 
19.5163 34.5281 -34.8357 
2 -1 
25.8663 34.5281 -34.8357 
3 -2 -1 
25.8663 35.7727 -34.8357 
4 -3 ':"2 -1 
25.8663 36.8560 -34.8357 
5 -4 -3 -2 -1 
25.8663 36.9914 -34.8357 
6 -5 -4 -3 -2 -1 
25.8663 43.3414 -41.1857 
7 -6 -5 -4 -3 -2 -1 
26.0017 43.3414 -41.7953 
8 -7 -6 -5 -4 -3 -2 -1 
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CYLINDER 9 26.6374 43.3414 -41.7963
MEDIA 5 1 9 -8 -7 -6 -5 -4 -3 -2 -1
CYLINDER 10 26.7727 43.3414 -41.7953
MEDIA 3 1 10 -9 -8 -7 -6 -5 -4 -3 -2 -1
CYLINDER 11 26.9081 43.4768 -41.9307
MEDIA 3 1 11 -10 -9 -8 -7 -6 -5 -4 -3 -2 -1
CUBOID 12 4P26.9081 43.4768 --41.9307
MEDIA 5 1 12 -11 -10 -9 -8 -7 -6 -5 -4 -3 -2 -1

BOUNDARY 12

UNIT 11
CYLINDER 1 19.2088 34.5281 -34.5281
MEDIA 5 1 1
HOLE 100 ORIGIN X=5.097 Y=5.097 Z=22.528
CYLINDER 2 19.5163 34.8357 -34.5281
MEDIA 3 1 2 -1
CYLINDER 3 25.8663 34.8357 -34.5281
MEDIA 5 1 3 -2 -1
CYLINDER 4 25.8663 34.8357 -35.7727
MEDIA 3 1 4 -3 -2 -1
CYLINDER 5 25.8663 34.8357 -36.8560
MEDIA 5 1 5 -4 -3 -2 -1
CYLINDER 6 25.8663 34.8357 -36.9914
MEDIA 3 1 6 -5 -4 -3 -2 -1
CYLINDER 7 25.8663 41.1857 -43.3414
MEDIA 5 1 7 -6 -5 -4 -3 -2 -1
CYLINDER 8 26.0017 41.7953 -43.3414
MEDIA 3 1 8 -7 -6 -5 -4 -3 -2 -1
CYLINDER 9 26.6374 41.7963 -43.3414
MEDIA 5 1 9 -8 -7 -6 -5 -4 -3 -2 -1
CYLINDER 10 26.7727 41.7953 -43.3414
MEDIA 3 1 10 -9 -8 -7 -6 -5 -4 -3 -2 -1
CYLINDER 11 26.9081 41.9307 -43.4768
MEDIA 3 1 11 -10 -9 -8 -7 -6 -5 -4 -3 -2 -1
CUBOID 12 4P26.9081 41.9307 -43.4768
MEDIA 5 1 12 -11 -10 -9 -8 -7 -6 -5 -4 -3 -2 -1
BOUNDARY 12

UNIT 20
CYLINDER 1 19.2088 34.5281 -34.5281
MEDIA 5 1 1
HOLE 100 ORIGIN X=-5.097 Y=5.097 Z:-22.528
CYLINDER 2 19.5163 34.5281 -34.8357
MEDIA 3 1 2 -1
CYLINDER 3 25.8663 34.5281 -34.8357
MEDIA 5 1 3 -2 -1
CYLINDER 4 25.8663 35.7727 -34.8357
MEDIA 3 1 4 -3 -2 -1
CYLINDER 5 25.8663 36.8560 -34.8357
MEDIA 5 1 5, -4 -3 -2 -1
CYLINDER 6 25.8663 36.9914 -34.8357
MEDIA 3 1 6 -5 -4 -3 -2 -1

CYLINDER 7 25.8663 43.3414 -41.1857
MEDIA 5 1 7 -6 -5 -4 -3 -2 -1
CYLINDER 8 26.0017 43.3414 -41.7953
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CYLINDER 9 26.6374 43.3414 -41.7963 

• MEDIA 5 1 9 -8 -7 -6 -5 -4 -3 -2 -1 
CYLINDER 10 26.7727 43.3414 -41.7953 
MEDIA 3 1 10 -9 -8 -7 -6 -5 -4 -3 -2 -1 
CYLINDER 11 26.9081 43.4768 -41.9307 
MEDIA 3 1 11 -10 -9 -8 -7 -6 -5 -4 -3 -2 -1 
CUBOID 12 4P26.9081 43.4768 ·-41.9307 

·MEDIA 5 1 12 -11 -10 -9 -8 -7 -6 -5 -4 -3 -2 -1 
BOUNDARY 12 

UNIT 11 
CYLINDER 1 19.2088 34.5281 -34.5281 
MEDIA 5 1 1 
HOLE 100 ORIGIN X=5.097 Y=5.097 Z=22.528 
CYLINDER 2 19.5163 34.8357 -34.5281 
MEDIA 3 1 2 -1 
CYLINDER 3 25.8663 34.8357 -34.5281 
MEDIA 5 1 3 -2 -1 
CYLINDER 4 25.8663 34.8357 -35.7727 
MEDIA 3 1 4 -3 -2 -1 
CYLINDER 5 25.8663 34.8357 -36.8560 
MEDIA 5 1 5 -4 -3 -2 -1 
CYLINDER 6 25.8663 34.8357 -36.9914 
MEDIA 3 1 6 -5 -4 -3 -2 -1 
CYLINDER 7 25.8663 41.1857 -43.3414 
MEDIA 5 1 7 -6 -5 -4 -3 -2 -1 
CYLINDER 8 26.0017 41.7953 -43.3414 
MEDIA 3 1 8 -7 -6 -5 -4 -3 -2 -1 

• CYLINDER 9 26.6374 41.7963 -43.3414 
MEDIA 5 1 9 -8 -7 -6 -5 -4 -3 -2 -1 
CYLINDER 10 26.7727 41.7953 -43.3414 
MEDIA 3 1 10 -9 -8 -7 -6 -5 -4 -3 -2 -1 
CYLINDER 11 26.9081 41.9307 -43.4768 
MEDIA 3 1 11 -10 -9 -8 -7 -6 -5 -4 -3 -2 -1 
CUBOID 12 4P26.9081 41.9307 -43.4768 
MEDIA 5 1 12 -11 -10 -9 -8 -7 -6 -5 -4 -3 -2 -1 
BOUNDARY 12 

UNIT 20 
CYLINDER 1 19.2088 34.5281 -34.5281 
MEDIA 5 1 1 
HOLE 100 ORIGIN X=-5.097 Y=5.097 Z=-22.528 
CYLINDER 2 19.5163 34.5281 -34.8357 
MEDIA 3 1 2 -1 
CYLINDER 3 25.8663 34.5281 -34.8357 
MEDIA 5 1 3 -2 -1 
CYLINDER 4 25.8663 35.7727 -34.8357 
MEDIA 3 1 4 -3 -2 -1 
CYLINDER 5 25.8663 36.8560 -34.8357 
MEDIA 5 1 5 -4 -3 -2 -1 
CYLINDER 6 25.8663 36.9914 -34.8357 
MEDIA 3 1 6 -5 -4 -3 -2 -1 
CYLINDER 7 25.8663 43.3414 -41.1857 
MEDIA 5 1 7 -6 -5 -4 -3 -2 -1 
CYLINDER 8 26.0017 43.3414 -41.7953 
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MEDIA 3 1 8 -7 -6 -5 --4 -3 -2 -1
CYLINDER 9 26.6374 43.3414 -41.7963
MEDIA 5 1 9 -8 -7 -6 -5 -4 -3 -2 -I
CYLINDER 10 26.7727 43.3414 -41.7953
MEDIA 3 1 10 -9 -8 -7 -6 -5 -4 -3 -2 -1
CYLINDER 11 26.9081 43.4768 -41.9307
MEDIA 3 1 11 -10 -9 -8 -7 -6 -5 -4 -3 -2 -1

CUBOID 12 4P26.9081 43.4768 -41.9307
MEDIA 5 1 12 -11 -10 -9 -8 -7 -6 -5 -4 -3 -2 -1
BOUNDARY 12

UNIT 21
CYLINDER 1 19.2088 34.5281 -34.5281
MEDIA 5 1 1
HOLE 100 ORIGIN X=-5.097 Y=5.097 Z=22.528
CYLINDER 2 19.5163 34.8357 -34.5281
MEDIA 3 1 2 -1
CYLINDER 3 25.8663 34.8357 -34.5281
MEDIA 5 1 3 -2 -1
CYLINDER 4 25.8663 34.8357 -35.7727
MEDIA 3 1 4 -3 -2 -1
CYLINDER 5 25.8663 34.8357 -36.8560
MEDIA 5 1 5 -4 -3 -2 -1
CYLINDER 6 25.8663 34.8357 -36.9914
MEDIA 3 1 6 -5 -4 -3 -2 -1
CYLINDER 7 25.8663 41.1857 -43.3414
MEDIA 5 1 7 -6 -5 -4 -3 -2 -1
CYLINDER. 8 26.0017 41.7953 -43.3414
MEDIA 3 1 8 -7 -6 -5 -4 -3 -2 -1
CYLINDER 9 26.6374 41.7963 -43.3414
MEDIA 5 1 9 -8 -7 -6 -5 -4 -3 -2 -1
CYLINDER 10 26.7727 41.7953 -43.3414
MEDIA 3 1 10 -9 -8 -7 -6 -5 -4 -3 -2 -1
CYLINDER 11 26.9081 41.9307 -43.4768
MEDIA 3 1 11 -10 -9 -8 -7 -6 -5 -4 -3 -2 -1
CUBOID 12 4P26.9081 41.9307 -43.4768
MEDIA 5 1 12 -11 -10 -9 -8 -7 -6 -5 -4 -3 -2 -1
BOUNDARY 12

UNIT 30
CYLINDER 1 19.2088 34.5281 -34.5281
MEDIA 5 1 1
HOLE 100 ORIGIN X-5.097 Y=-5.097 Z=-22.528
CYLINDER 2 19.5163 34.5281 -34.8357
MEDIA 3 1 2 -1
CYLINDER 3 25.8663 34.5281 -34.8357
MEDIA 5 1 3 -2 -1
CYLINDER 4 25.8663 35.7727 -34.8357
MEDIA 3 1 4 -3 -2 -1
CYLINDER 5 25.8663 36.8560 -34.8357
MEDIA 5 1 5 -4 -3 -2 -1
CYLINDER 6 25.8663 36.9914 -34.8357
MEDIA 3 1 6 -5 -4 -3 -2 -1
CYLINDER 7 25.8663 43.3414 -41.1857
MEDIA 5 1 7 -6 -5 -4 -3 -2 -1
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MEDIA 3 1 8 -7 -6 -5 --4 -3 -2 -1 

• CYLINDER 9 26.6374 43.3414 -41.7963 
MEDIA 5 1 9 -8 -7 -6 -5 -4 -3 -2 -1 
CYLINDER 10 26.7727 43.3414 ~41.7953 

MEDIA 3 1 10 -9 -8 -7 -6 ~5 -4 -3 -2 -1 
CYLINDER 11 26.9081 43.4768 -41.9307 
MEDIA 3 1 11 -10 -9 -8 -7 -6 -5 -4 -3 -2 -1 
CUBOID 12 4P26.9081 43.4768 -41.9307 
MEDIA 5 1 12 -11 -10 -9 -8 -7 -6 -5 -4 -3 -2 -1 
BOUNDARY 12 

UNIT 21 
CYLINDER 1 19.2088 34.5281 -34.5281 
MEDIA 5 1 1 
HOLE 100 ORIGIN X=-5.097 Y=5.097 Z=22.528 
CYLINDER 2 19.5163 34.8357 -34.5281 
MEDIA 3 1 2 -1 
CYLINDER 3 25.8663 34.8357 -34.5281 
MEDIA 5 1 3 -2 -1 
CYLINDER 4 25.8663 34.8357 -35.7727 
MEDIA 3 1 4 -3 -2 -1 
CYLINDER 5 25.8663 34.8357 -36.8560 
MEDIA 5 1 5 -4 -3 -2 -1 
CYLINDER 6 25.8663 34.8357 -36.9914 
MEDIA 3 1 6 -5 -4 -3 -2 -1 
CYLINDER 7 25.8663 41.1857 -43.3414 
MEDIA 5 1 7 -6 -5 -4 -3 -2 -1 
CYLINDER 8 26.0017 41.7953 -43.3414 

• MEDIA 3 1 8 -7 -6 -5 -4 -3 -2 -1 
CYLINDER 9 26.6374 41.7963 -43.3414 
MEDIA 5 1 9 -8 -7 -6 -5 -4 -3 -2 -1 
CYLINDER 10 26.7727 41.7953 -43.3414 
MEDIA 3 1 10 -9 -8 -7 -6 -5 -4 -3 -2 -1 
CYLINDER 11 26.9081 41.9307 -43.4768 
MEDIA 3 1 11 -10 -9 -8 -7 -6 -5 -4 -3 -2 -1 
CUBOID 12 4P26.9081 41.9307 -43 . .4768 
MEDIA 5 1 12 -11 -10 -9 -8 -7 -6 -5 -4 -3 -2 -1 
BOUNDARY 12 

UNIT 30 
CYLINDER 1 19.2088 34.5281 -34.5281 
MEDIA 5 1 1 
HOLE 100 ORIGIN X:=5.097 Y=-5.097 Z=-22.528 
CYLINDER 2 19.5163 34.5281 -34.8357 
MEDIA 3 1 2 -1 
CYLINDER 3 25.8663 34.5281 -34.8357 
MEDIA 5 1 3 -2 -1 
CYLINDER 4 25.8663 35.7727 -34.8357 
MEDIA 3 1 4 -3 -2 -1 
CYLINDER 5 25.8663 36.8560 -34.8357 
MEDIA 5 1 5 -4 -3 -2 -1 
CYLINDER 6 25.8663 36.9914 -34.8357 
MEDIA 3 1 6 -5 -4 -3 -2 -1 
CYLINDER 7 25.8663 43.3414 -41.1857 
MEDIA 5 1 7 -6 -5 -4 -3 -2 -1 
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CYLINDER 8 26.0017 43.3414 -41.7953
MEDIA 3 1 8 -7 -6 -5 -4 -3 -2 -1
CYLINDER 9 26.6374 43.3414 -41.7963
MEDIA 5 1 9 -8 -7 -6 -5 -4 -3 -2 -1
CYLINDER 10 26.7727 43.3414 -41.7953
MEDIA 3 1 10 -9 -8 -7 -6 -5 -4 -3 -2 -1

CYLINDER 11 26.9081 43.4768 -41.9307
MEDIA 3 1 11 -10 -9 -8 -7 -6 -5 -4 -3 -2 -1
CUBOID 12 4P26.9081 43.4768 -41.9307
MEDIA 5 1 12 -11 -10 -9 -8 -7 -6 -5 -4 -3 -2 -1
BOUNDARY 12

UNIT 31
CYLINDER 1 19.2088 34.5281 -34.5281
MEDIA 5 1 1
HOLE 100 ORIGIN X=5.097 Y=-5.097 Z=22.528
CYLINDER 2 19.5163 34.8357 -34.5281
MEDIA 3 1 2 -1
CYLINDER 3 25.8663 34.8357 -34.5281
MEDIA 5 1 3 -2 -1
CYLINDER 4 25.8663 34.8357 -35.7727
MEDIA 3 1 4 -3 -2 -1
CYLINDER 5 25.8663 34.8357 -36.8560
MEDIA 5 1 5 -4 -3 -2 -1
CYLINDER 6 25.8663 34.8357 -36.9914
MEDIA 3 1 6 -5 -4 -3 -2 -1
CYLINDER 7 25.8663 41.1857 -43.3414
MEDIA 5 1 7 -6 -5 -4 -3 -2 -1
CYLINDER 8 26.0017 41.7953 -43.3414
MEDIA 3 1 8 -7 -6 -5 -4 -3 -2 -1

CYLINDER 9 26.6374 41.7963 -43.3414
MEDIA 5 1 9 -8 -7 -6 -5 -4 -3 -2 -1
CYLINDER 10 26.7727 41.7953 -43.3414
MEDIA 3 1 10 -9 -8 -7 -6 -5 -4 -3 -2 -1
CYLINDER 11 26.9081 41.9307 -43.4768
MEDIA 3 1 11 -10 -9 -8 -7 -6 -5 -4 -3 -2 -1
CUBOID 12 4P26.9081 41.9307 -43.4768
MEDIA 5 1 12 -11 -10 -9 -8 -7 -6 -5 -4 -3 -2 -1
BOUNDARY 12

UNIT 40
CYLINDER 1 19.2088 34.5281 -34.5281
MEDIA 5 1 1
HOLE 100 ORIGIN X=-5.097 Y=-5.097 Z=-22.528
CYLINDER 2 19.5163 34.5281 -34.8357
MEDIA 3 1 2 -1
CYLINDER 3 25.8663 34.5281 -34.8357
MEDIA 5 1 3 -2 -1
CYLINDER 4 25.8663 35.7727 -34.8357
MEDIA 3 1 4 -3 -2 -1
CYLINDER 5 25.8663 36.8560 -34.8357
MEDIA 5 1 5 -4 -3 -2 -1
CYLINDER 6 25.8663 36.9914 -34.8357
MEDIA 3 1 6 -5 -4 -3 -2 -1
CYLINDER 7 25.8663 43.,3414 -41.1857
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CYLINDER 8 26.0017 43.3414 -41.7953 

• MEDIA 3 1 8 -7 -6 -5 -4 -3 -2 -1 
CYLINDER 9 26.6374 43.3414 -41.7963 
MEDIA 5 1 9 -8 -7 -6 -5 -4 -3 -2 -1 
CYLINDER 10 26.7727 43.3414 -41.7953 
MEDIA 3 1 10 -9 -8 -7 -6 -5 -4 -3 -2 -1 
CYLINDER 11 26.9081 43.4768 -41.9307 
MEDIA 3 1 11 -10 -9 -8 -7 -6 -5 -4 -3 -2 -1 
CUBOID 12 4P26.9081 43.4768 -41.9307 
MEDIA 5 1 12 -11 -10 -9 -8 -7 -6 -5 -4 -3 -2 -1 
BOUNDARY 12 

UNIT 31 
CYLINDER 1 19.2088 34.5281 -34.5281 
MEDIA 5 1 1 
HOLE 100 ORIGIN X=5.097 Y=-5.097 Z=22.528 
CYLINDER 2 19.5163 34.8357 -34.5281 
MEDIA 3 1 2 -1 
CYLINDER 3 25.8663 34.8357 -34.5281 
MEDIA 5 1 3 -2 -1 
CYLINDER 4 25.8663 34.8357 -35.7727 
MEDIA 3 1 4 -3 -2 -1 
CYLINDER 5 25.8663 34.8357 -36.8560 
MEDIA 5 1 5 -4 -3 -2 -1 
CYLINDER 6 25.8663 34.8357 -36.9914 
MEDIA 3 1 6 -5 -4 -3 -2 -1 
CYLINDER 7 25.8663 41.1857 -43.3414 
MEDIA 5 1 7 -6 -5 -4 -3 -2 -1 

• CYLINDER 8 26.0017 41.7953 -43.3414 
MEDIA 3 1 8 -7 -6 -5 -4 -3 -2 -1 
CYLINDER 9 26.6374 41.7963 -43.3414 
MEDIA 5 1 9 -8 -7 -6 -5 -4 -3 -2 -1 
CYLINDER 10 26.7727 41.7953 -43.3414 
MEDIA 3 1 10 -9 -8 -7 -6 -5 -4 -3 -2 -1 
CYLINDER 11 26.9081 41.9307 -43.4768 
MEDIA 3 1 11 -10 -9 -8 -7 -6 -5 -4 -3 -2 -1 
CUBOID 12 4P26.9081 41.9307 -43.4768 
MEDIA 5 1 12 -11 -10 -9 -8 -7 -6 -5 -4 -3 -2 -1 
BOUNDARY 12 

UNIT 40 
CYLINDER 1 19.2088 34.5281 -34.5281 
MEDIA 5 1 1 
HOLE 100 ORIGIN X=-5.097 Y=-5.097 Z=-22.528 
CYLINDER 2 19.5163 34.5281 -34.8357 
MEDIA 3 1 2 -1 
CYLINDER 3 25.8663 34.5281 -34.8357 
MEDIA 5 1 3 -2 -1 
CYLINDER 4 25.8663 35.7727 -34.8357 
MEDIA 3 1 4 -3 -2 -1 
CYLINDER 5 25.8663 36.8560 -34.8357 
MEDIA 5 1 5 -4 -3 -2 -1 
CYLINDER 6 25.8663 36.9914 -34.8357 
MEDIA 3 1 6 -5 -4 -3 -2 -1 
CYLINDER 7 25.8663 43.3414 -41.1857 
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MEDIA 5 1 7 -6 -5 -4 -3 -2 -1
CYLINDER 8 26.0017 43.3414 -41.7953
MEDIA 3 1 8 -7 -6 -5 -4 -3 -2 -1
CYLINDER 9 26.6374 43.3414 -41.7963
MEDIA 5 1 9 -8 -7 -6 -5 -4 -3 -2 -1
CYLINDER 10 26.7727 43.3414 -41.7953
MEDIA 3 1 10 -9 -8 -7 -6 -5 -4 -3 -2 -1
CYLINDER 11 26.9081 43.4768 -41.9307
MEDIA 3 1 11 -10 -9 -8 -7 -6 -5 -4 -3 -2 -1
CUBOID 12 4P26.9081 43.4.768 -41.9307
MEDIA 5 1 12 -11 -10 -9 -8 -7 -6 -5 -4 -3 -2 -1
BOUNDARY 12

UNIT 41
CYLINDER 1 19.2088 34.5281 -34.5281
MEDIA 5 1 1
HOLE 100 ORIGIN X=-5.097 Y=-5.097 Z=22.528
CYLINDER 2 19.5163 34.8357 -34.5281
MEDIA 3 1 2 -1
CYLINDER 3 25.8663 34.8357 -34.5281
MEDIA 5 1 3 -2 -1
CYLINDER 4 25.8663 34.8357 -35.7727
MEDIA 3 1 4 -3 -2 -1
CYLINDER 5 25.8663 34.8357 -36.8560
MEDIA 5 1 5 -4 -3 -2 -1
CYLINDER 6 25.8663 34.8357 -36.9914
MEDIA 3 1 6 -5 -4 -3 -2 -1
CYLINDER 7 25.8663 41.1857 -43.3414
MEDIA 5 1 7 -6 -5 -4 -3 -2 -1
CYLINDER 8 26.0017 41.7953 -43.3414
MEDIA 3 1 8 -7 -6 -5 -4 -3 -2 -1
CYLINDER 9 26.6374 41.7963 -43.3414
MEDIA 5 1 9 -8 -7 -6 -5 -4 -3 -2 -1
CYLINDER 10 26.7727 41.7953 -43.3414
MEDIA 3 1 .10 -9 -8 -7 -6 -5 -4 -3 -2 -1
CYLINDER 11 26.9081 41.9307 -43.4768
MEDIA 3 1 11 -10 -9 -8 -7 -6 -5 -4 -3 -2 -1
CUBOID 12 4P26.9081 41.9307 -43.4768
MEDIA 5 1 12 -11 -10 -9 -8 -7 -6 -5 -4 -3 -2 -1
BOUNDARY 12

UNIT 100
SPHERE 1 12.00
MEDIA 1 1 1
BOUNDARY 1

UNIT 200
CUBOID 10 107.6324 0.00 107.6324 0.00 170.815 0.0.0
ARRAY 1 10 PLACE 1 1 1 26.9081 26.9081 43.4768

BOUNDARY 10
GLOBAL
UNIT 300
CUBOID 10 538.16 0.00 538.16 0.00 683.260 0.00
ARRAY 2 10 PLACE 1 1 1 3*0.00
CUBOID 20 568.64 -30.48 568.64 -30.48 713.74 -30.48
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MEDIA 5 1 7 -6 -5 -4 -3 -2 -1 

• CYLINDER 8 26.0017 43.3414 -41.7953 
MEDIA 3 1 8 -7 -6 :....5 -4 -3 -2 -1 
CYLINDER 9 26.6374 43.3414 -41.7963 
MEDIA 5 1 9 -8 -7 -6 -5 -4 -3 -2 -1 
CYLINDER 10 26.7727 43.3414 -41.7953 
MEDIA 3 1 10 -9 -8 -7 -6 -5 -4 -3 -2 -1 
CYLINDER 11 26.9081 43.4768 -41.9307 
MEDIA 3 1 11 -10 -9 -8 -7 -6 -5 -4 -3 -2 -1 
CUBOID 12 4P26.9081 43.4768 -41.9307 
MEDIA 5 1 12 -11 -10 -9 -8 -7 -6 -5 -4 -3 -2 -1 
BOUNDARY 12 

UNIT 41 
CYLINDER 1 19.2088 34.5281 -34.5281 
MEDIA 5 1 1 
HOLE 100 ORIGIN X=-5.097 Y=-5.097 Z=22.528 
CYLINDER 2 19.5163 34.8357 -34.5281 
MEDIA 3 1 2 -1 
CYLINDER 3 25.8663 34.8357 -34.5281 
MEDIA 5 1 3 -2 -1 
CYLINDER 4 25.8663 34.8357 -35.7727 
MEDIA 3 1 4 -3 -2 -1 
CYLINDER 5 25.8663 34.8357 -36.8560 
MEDIA 5 1 5 -4 -3 -2 -1 
CYLINDER 6 25.8663 34.8357 -36.9914 
MEDIA 3 1 6 -5 -4 -3 -2 -1 
CYLINDER 7 25.8663 41.1857 -43.3414 

• MEDIA 5 1 7 -6 -5 -4 -3 -2 -1 
CYLINDER 8 26.0017 41.7953 -43.3414 
MEDIA 3 1 8 -7 -6 -5 -4 -3 -2 -1 
CYLINDER 9 26.6374 41.7963 -43.3414 
MEDIA 5 1 9 -8 -7 -6 -5 -4 -3 -2 -1 
CYLINDER 10 26.7727 41.7953 -43.3414 
MEDIA 3 1 .10 -9 -8 -7 -6 -5 -4 -3 -2 -1 
CYLINDER 11 26.9081 41.9307 -43.4768 
MEDIA 3 1 11 -10 -9 -8 -7 -6 -5 -4 -3 -2 -1 
CUBOID 12 4P26.9081 41.9307 -43.4768 
MEDIA 5 1 12 -11 -10 -9 -8 -7 -6 -5 -4 -3 -2 -1 
BOUNDARY 12 

UNIT 100 
SPHERE 1 12.00 
MEDIA 1 1 1 
BOUNDARY 1 

UNIT 200 
CUBOID 10 107.6324 0.00 107.6324 0.00 170.815 0.0.0 
ARRAY 1 10 PLACE 1 1 1 26.9081 26.9081 43.4768 
BOUNDARY 10 
GLOBAL 
UNIT 300 
CUBOID 10 538.16 0.00 538.16 0.00 683.260 0.00 
ARRAY 2 10 PLACE 1 1 1 3*0.00 
CUBOID 20 568.64 -30.48 568.64 -30.48 713.74 -30.48 
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MEDIA 4 10 20 -10
BOUNDARY 20
END GEOMETRY
READ ARRAY
ARA=1 NUX=2 NUY=2 NUZ=2

FILL 11 21 31 41 10 20 30 40 END FILL
ARA=2 NUX=5 NUY=5 NUZN4

FILL F200 END FILL
END ARRAY
READ BOUNDS
ALL=VACUUM
END BOUNDS
END DATA
END

Input Case: VERSA HAC FINH 12S A7
HAC Case Finite In-Homogeneous Hexagonal Lattice 12-cm Spheres 800 Packages
=CSAS26 PARM='SIZE=00100000'
CENTURY INDUSTRIES VERSA-PAK
44GR INFHOM
'URANIUM METAL
U 1 0.00253829 294.0 92235 100.0 END
POLYETHYLENE 1 0.99746 294.0 END
'SUB FOR HIGH DENSITY POLY
'POLYETHYLENE 1 DEN=0.98 0.99746 294.0 END
'SUB FOR GRAPHITE
'GRAPHITE 1 0.99746 294.0 END
'INTERSPERSED MODERATOR
H20 2 1.0 294.0 END
'PACKAGE STEEL
CARBONSTEEL 3 1.0 294.0 END
'REFLECTOR
H20 4 1.0 294.0 END
'INSULATION
H20 5 0.0001 294.0 END
END COMP
READ PARM NUB=YES GEN:600 NPG=1000 NSK=5
END PARM
READ GEOMETRY

UNIT 10
CYLINDER 1 19.2088 34.5281 -34.5281
MEDIA 5 1 1
HOLE 100 ORIGIN X=6.24 Y=3.60 Z=-22.528
CYLINDER 2 19.5163 34.5281 -34.8357
MEDIA 3 1 2 -1
CYLINDER 3 25.8663 34.5281 -34.8357
MEDIA 5 1 3 -2 -1
CYLINDER 4 25.8663 35.7727 -34.8357
MEDIA 3 1 4 -3 -2 -1
CYLINDER 5 25.8663 36.8560 -34.8357
MEDIA 5 1 5 -4 -3 -2 -1
CYLINDER 6 25.8663 36.9914 -34.8357
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• 

• 

• 

MEDIA 4 10 20 -10 
BOUNDARY 20 
END GEOMETRY 
READ ARRAY 
ARA=l NUX=2 NUY=2 NUZ=2 

FILL 11 21 31 41 10 20 30 40 END FILL 
ARA=2 NUX=5 NUY=5 NUZ=4 

FILL F200 END FILL 
END ARRAY 
READ BOUNDS 
ALL=VACUUM 
END BOUNDS 
END DATA 
END 

Input Case: VERSA_HAC_FINH_12S_A7 
HAC Case Finite In-Homogeneous Hexagonal Lattice 12-cm Spheres 800 Packages 
=CSAS26 PARM='SIZE=00100000' 
CENTURY INDUSTRIES VERSA-PAK 
44GR INFHOM 
'URANIUM METAL 
U 1 0.00253829 294.0 92235 100.0 END 
POLYETHYLENE 1 0.99746 294.0 END 
'SUB FOR HIGH DENSITY POLY 
'POLYETHYLENE 1 DEN=0.98 0.99746 294.0 END 
'SUB FOR GRAPHITE 
'GRAPHITE 1 0.99746 294.0 END 
'INTERSPERSED MODERATOR 
H20 2 1.0 294.0 END. 
'PACKAGE STEEL 
CARBONSTEEL 3 1.0 294.0 END 
'REFLECTOR 
H20 4 1. 0 294.0 END 
'INSULATION 
H20 5 0.0001 294.0 END 
END COMP 
READ PARM NUB=YES GEN=600 NPG=1000 NSK=5 
END PARM 
READ GEOMETRY 

UNIT 10 
CYLINDER 
MEDIA 5 
HOLE 100 
CYLINDER 
MEDIA 3 
CYLINDER 
MEDIA 5 
CYLINDER 
MEDIA 3 
CYLINDER 
MEDIA 5 
CYLINDER 

1 
1 

2 
1 
3 
1 
4 
1 
5 
1 
6 

19.2088 34.5281 -34.5281 
1 

ORIGIN X=6.24 Y=3.60 Z=-22.528 
19.5163 34.5281 -34.8357 
2 -1 
25.8663 34.5281 -34.8357 
3 -2 -1 
25.8663 35.7727 -34.8357 
4 -3 -2 -1 
25.8663 36.8560 -34.8357 
5 -4 -3 -2 -1 
25.8663 36.9914 -34.8357 
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MEDIA 3
CYLINDER
MEDIA 5
CYLINDER
MEDIA 3
CYLINDER
MEDIA 5
CYLINDER
MEDIA 3
CYLINDER
MEDIA 3
HEXPRISM
MEDIA 5

1 6 -5 -4 -3 -2 -1
7 25.8663 43.3414 -41.1857
1 7 -6 -5 -4 -3 -2 -1
8 26.0017 43.3414 -41.7953
1 8 -7 -6 -5 -4 -3 -2 -1
9 26.6374 43.3414 -41.7963
1 9 -8 -7 -6 -5 -4 -3 -2 -1
10 26.7727 43.3414 -41.7953
1 10 -9 -8 -7 -6 -5 -4 -3 -2 -1
11 26.9081 43.4768 -41.9307
1 11 -10 -9 -8 -7 -6 -5 -4 -3 -2 -1
12 26.9081 43.4768 -41.9307
1 12 -11 -10 -9 -8 -7 -6 -5 -4 -3 -2 -1

BOUNDARY 12

UNIT 11
CYLINDER 1 19.2088 34.5281 -34.5281
MEDIA 5 1 1
HOLE 100 ORIGIN X=6.24 Y=3.60 Z=22.528
CYLINDER
MEDIA 3
CYLINDER
MEDIA 5
CYLINDER
MEDIA 3
CYLINDER
MEDIA 5
CYLINDER
MEDIA 3
CYLINDER
MEDIA 5
CYLINDER
MEDIA 3
CYLINDER
MEDIA 5
CYLINDER
MEDIA 3
CYLINDER
MEDIA 3
HEXPRISM
MEDIA 5
BOUNDARY

2
1

3
1

4
1

5
1

6
1

7
1

8
1

9
1

19.5163 34.8357 -34.5281
2 -1
25.8663 34.8357 -34.5281
3 -2 -1
25.8663 34.8357 -35.7727
4 -3 -2 -1
25.8663 34.8357 -36.8560
5 -4 -3 -2 -1
25.8663 34.8357 -36.9914
6 -5 -4 -3 -2 -1
25.8663 41.1857 -43.3414
7 -6 -5 -4 -3 -2 -1
26.0017 41.7953 -43.3414
8 -7 -6 -5 -4 -3 -2
26.6374 41.7963 -43.3414
9 -8 -7 -6 -5 -4 -3

-1

-2 -I
10 26.7727 41.7953 -43.3414
1 10 -9 -8 -7 -6 -5 -4 -3 -2 -1
11 26.9081 41.9307 -43.4768
1 11 -10 -9 -8 -7 -6 -5 -4 -3 -2 -1
12 26.9081 41.9307 -43.4768
1 12 -11 -10 -9 -8 -7 -6 -5 -4 -3 -2 -1
12

UNIT 20
CYLINDER 1 19.2088 34.5281 -34.5281
MEDIA 5 1 1
HOLE 100 ORIGIN X=-6.24 Y=3.60 Z=-22.528
CYLINDER 2 19.5163 34.5281 -34.8357
MEDIA 3 1 2 -1
CYLINDER 3 25.8663 34.5281 -34.8357
MEDIA 5 1 3 -2 -1
CYLINDER 4 25.8663 35.7727 -34.8357
MEDIA 3 1 4 -3 -2 -1
CYLINDER 5 25.8663 36.8560 -34.8357
MEDIA 5 1 5 -4 -3 -2 -1
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MEDIA 3 1 6 -5 -4 -3 -2 -1 

• CYLINDER 7 25.8663 43.3414 -41.1857 
MEDIA 5 1 7 -6 -5 -4 -3 -2 -1 
CYLINDER 8 26.0017 43.3414 -41.7953 
MEDIA 3 1 8 -7 -6 -5 -4 -3 -2 -1 
CYLINDER 9 26.6374 43.3414 -41.7963 
MEDIA 5 1 9 -8 -7 -6 -5 -4 -3 -2 -1 
CYLINDER 10 26.7727 43.3414 -41.7953 
MEDIA 3 1 10 -9 -8 -7 -6 -5 -4 -3 " -1 -L 

CYLINDER 11 26.9081 43.4768 -41.9307 
MEDIA 3 1 11 -10 -9 -8 -7 -6 -5 -4 -3 -2 -1 
HEXPRISM 12 26.9081 43.4768 -41.9307 
MEDIA 5 1 12 -11 -10 -9 -8 -7 -6 -5 -4 -3 -2 -1 
BOUNDARY 12 

UNIT 11 
CYLINDER 1 19.2088 34.5281 -34.5281 
MEDIA 5 1 1 
HOLE 100 ORIGIN X=6.24 Y=3.60 Z=22.528 
CYLINDER 2 19.5163 34.8357 -34.5281 
MEDIA 3 1 2 -1 
CYLINDER 3 25.8663 34.8357 -34.5281 
MEDIA 5 1 3 -2 -1 
CYLINDER 4 25.8663 34.8357 -35.7727 
MEDIA 3 1 4 -3 -2 -1 
CYLINDER 5 25.8663 34.8357 -36.8560 
MEDIA 5 1 5 -4 -3 -2 -1 
CYLINDER 6 25.8663 34.8357 -36.9914 

• MEDIA 3 1 6 -5 -4 -3 -2 -1 
CYLINDER 7 25.8663 41.1857 -43.3414 
MEDIA 5 1 7 -6 -5 -4 -3 -2 -1 
CYLINDER 8 26.0017 41.7953 -43.3414 
MEDIA 3· 1 8 -7 -6 -5 -4 -3 -2 -1 
CYLINDER 9 26.6374 41.7963 -43.3414 
MEDIA 5 1 9 -8 -7 -6 -5 -4 -3 -2 -1 
CYLINDER 10 26.7727 41.7953 -43.3414 
MEDIA 3 1 10 -9 -8 -7 -6 -5 -4 -3 -2 -1 
CYLINDER 11 26.9081 41.9307 -43.4768 
MEDIA 3 1 11 -10 -9 -8 -7 -6 -5 -4 -3 -2 -1 
HEXPRISM 12 26.9081 41.9307 -43.4768 
MEDIA 5 1 12 -11 -10 -9 -8 -7 -6 -5 -4 -3 -2 -1 
BOUNDARY 12 

UNIT 20 
CYLINDER 1 19.2088 34.5281 -34.5281 
MEDIA 5 1 1 
HOLE 100 ORIGIN X=-6.24 Y=3.60 Z=-22.528 
CYLINDER 2 19.5163 34.5281 -34.8357 
MEDIA 3 1 2 -1 
CYLINDER 3 25.8663 34.5281 -34.8357 
MEDIA 5 1 3 -2 -1 
CYLINDER 4 25.8663 35.7727 -34.8357 
MEDIA 3 1 4 -3 -2 -1 
CYLINDER 5 25.8663 36.8560 -34.8357 
MEDIA 5 1 5 -4 -3 -2 -1 
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CYLINDER 6 25.8663 36.9914 -34.8357
MEDIA 3 1 6 -5 -4 -3 -2 -1
CYLINDER 7 25.8663 43.3414 -41.1857
MEDIA 5 1 7 -6 -5 -4 -3 -2 -1
CYLINDER 8 26.0017 43.3414 -41.7953
MEDIA 3 1 8 -7 -6 -5 -4 -3 -2 -1
CYLINDER 9 26.6374 43.3414 -41.7963
MEDIA 5 1 9 -8 -7 -6 -5 -4 -3 -2 -1
CYLINDER 10 26.7727 43.3414 -41.7953
MEDIA 3 1 10 -9 -8 -7 -6 -5 -4 -3 -2 -1
CYLINDER 11 26.9081 43.4768 -41.9307
MEDIA 3 1 11 -10 -9 -8 -7 -6 -5 -4 -3 -2 -1
HEXPRISM 12 26.9081 43.4768 -41.9307
MEDIA 5 1 12 -11 -10 -9 -8 -7 -6 -5 -4 -3 -2 -1
BOUNDARY 12

UNIT 21
CYLINDER 1 19.2088 34.5281 -34.5281
MEDIA 5 1 1
HOLE 100 ORIGIN X=-6.24 Y=3.60 Z=22.528
CYLINDER 2 19.5163 34.8357 -34.5281
MEDIA 3 1 2 -1
CYLINDER 3 25.8663 34.8357 -34.5281
MEDIA 5 1 3 -2 -1
CYLINDER 4 25.8663 34.8357 -35.7727
MEDIA 3 1 4 -3 -2 -1
CYLINDER 5 25.8663 34.8357 -36.8560
MEDIA 5 1 5 -4 -3 -2 -1
CYLINDER 6 25.8663 34.8357 -36.9914
MEDIA 3 1 6 -5 -4 -3 -2 -1
CYLINDER 7 25.8663 41.1857 -43.3414
MEDIA 5 1 7 -6 -5 -4 -3 -2 -1
CYLINDER 8 26.0017 41.7953 -43.3414
MEDIA 3 1 8 -7 -6 -5 -4 -3 -2 -1
CYLINDER 9 26.6374 41.7963 -43.3414
MEDIA 5 1 9 -8 -7 -6 -5 -4 -3 -2 -1
CYLINDER 10 26.7727 41.7953 -43.3414
MEDIA 3 1 10 -9 -8 -7. -6 -5 -4 -3 -2 -1
CYLINDER 11 26.9081 41.9307 -43.4768
MEDIA 3 1 11 -10 -9 -8 -7 -6 -5 -4 -3 -2 -1
HEXPRISM 12 26.9081 41.9307 -43.4768
MEDIA 5 1 12 -11 -10 -9 -8 -7 -6 -5 -4 -3 -2 -1
BOUNDARY 12

UNIT 30
CYLINDER 1 19.2088 34.5281 -34.5281
MEDIA 5 1 1
HOLE 100 ORIGIN X=0.00 Y=-7.208 Z=-22.528
CYLINDER 2 19.5163 34.5281 -34.8357
MEDIA 3 1 2 -1
CYLINDER 3 25.8663 34.5281 -34.8357
MEDIA 5 1 3 -2 -1
CYLINDER 4 25.8663 35.7727 -34.8357
MEDIA 3 1 4 -3 -2 -1
CYLINDER 5 25.8663 36.8560 -34.8357
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CYLINDER 6 25.8663 36.9914 -34.8357 

• MEDIA 3 1 6 -5 -4 -3 -2 -1 
CYLINDER 7 25.8663 43.3414 -41.1857 
MEDIA 5 1 7 -6 -5 -4 "':'3 -2 -1 
CYLINDER 8 26.0017 43.3414 -41.7953 
MEDIA 3 1 8 -7 -6 -5 -4 -3 -2 -1 
CYLINDER 9 26.6374 43.3414 -41.7963 
MEDIA 5 1 9 -8 -7 -6 -5 -4 -3 -2 -1 
CYLINDER 10 26.7727 43.3414 -41.7953 
MEDIA 3 1 10 -9 -8 -7 -6 -5 -4 -3 -2 -1 
CYLINDER 11 26.9081 43.4768 -41.9307 
MEDIA 3 1 11 -10 -9 -8 -7 -6 -5 -4 -3 -2 -1 
HEXPRISM 12 26.9081 43.4768 -41.9307 
MEDIA 5 1 12 -11 -10 -9 -8 -7 -6 -5 -4 -3 -2 -1 
BOUNDARY 12 

UNIT 21 
CYLINDER 1 19.2088 34.5281 -34.5281 
MEDIA 5 1 1 
HOLE 100 ORIGIN X=-6.24 Y=3.60 Z=22.528 
CYLINDER 2 19.5163 34.8357 -34.5281 
MEDIA 3 1 2 -1 
CYLINDER 3 25.8663 34.8357 -34.5281 
MEDIA 5 1 3 -2 -1 
CYLINDER 4 25.8663 34.8357 -35.7727 
MEDIA 3 1 4 -3 -2 -1 
CYLINDER 5 25.8663 34.8357 -36.8560 
MEDIA 5 1 5 -4 -3 -2 -1 

• CYLINDER 6 25.8663 34.8357 -36.9914 
MEDIA 3 1 6 -5 -4 -3 -2 -1 
CYLINDER 7 25.8663 41.1857 -43.3414 
MEDIA 5 1 7 -6 -5 -4 -3 -2 -1 
CYLINDER 8 26.0017 41.7953 -43.3414 
MEDIA 3 1 8 -7 -6 -5 -4 -3 -2 -1 
CYLINDER 9 26.6374 41.7963 -43.3414 
MEDIA 5 1 9 -8 -7 -6 -5 -4 -3 -2 -1 
CYLINDER 10 26.7727 41.7953 -43.3414 
MEDIA 3 1 10 -9 -8 -7. -6 -5 -4 -3 -2 -1 
CYLINDER 11 26.9081 41.9307 -43.4768 
MEDIA 3 1 11 -10 -9 -8 -7 -6 -5 -4 -3 -2 -1 
HEXPRISM 12 26.9081 41.9307 -43.4768 
MEDIA 5 1 12 -11 -10 -9 -8 -7 -6 -5 -4 -3 -2 -1 
BOUNDARY 12 

UNIT 30 
CYLINDER 1 19.2088 34.5281 -34.5281 
MEDIA 5 1 1 
HOLE 100 ORIGIN X=O.OO Y=-7.208 Z=-22.528 
CYLINDER 2 19.5163 34.5281 -34.8357 
MEDIA 3 1 2 -1 
CYLINDER 3 25.8663 34.5281 -34.8357 
MEDIA 5 1 3 -2 -1 
CYLINDER 4 25.8663 35.7727 -34.8357 
MEDIA 3 1 4 -3 -2 -1 
CYLINDER 5 25.8663 36.8560 -34.8357 
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MEDIA 5 1 5 -4 -3 -2 -1
CYLINDER 6 25.8663 36.9914 -34.8357
MEDIA 3 1 6 -5 -4 -3 -2 -1
CYLINDER 7 25.8663 43.3414 -41.1857
MEDIA 5 1 7 -6 -5 -4 -3 -2 -1
CYLINDER 8 26.0017 43.3414 -41.7953
MEDIA 3 1 8 -7 -6 -5 -4 -3 -2 -1
CYLINDER 9 26.6374 43.3414 -41.7963
MEDIA 5 1 9 -8 -7 -6 -5 -4 -3 -2 -1
CYLINDER 10 26.7727 43.3414 -41.7953
MEDIA 3 1 10 -9 -8 -7 -6 -5 -4 -3 -2 -1
CYLINDER 11 26.9081 43.4768 -41.9307
MEDIA 3 1 11 -10 -9 -8 -7 -6 -5 -4 -3 -2 -1
HEXPRISM 12 26.9081 43.4768 -41.9307
MEDIA 5 1 12 -11 -10 -9 -8 -7 -6 -5 -4 -3 -2 -1
BOUNDARY 12

UNIT 31
CYLINDER 1 19.2088 34.5281 -34.5281
MEDIA 5 1 1
HOLE 100 ORIGIN X=0.00 Y=-7.208 Z=22.528
CYLINDER 2
MEDIA 3 1
CYLINDER 3
MEDIA 5 1
CYLINDER 4
MEDIA 3 1
CYLINDER 5
MEDIA 5 1
CYLINDER 6
MEDIA 3 1
CYLINDER 7
MEDIA 5 1
CYLINDER 8
MEDIA 3 1
CYLINDER 9
MEDIA 5 1

19.5163 34.8357 -34.5281
2 -1
25.8663 34.8357 -34.5281
3 -2 -1
25.8663 34.8357 735.7727
4 -3 -2 -1
25.8663 34.8357 -36.8560
5 -4 -3 -2 -1
25.8663 34.8357 -36.9914
6 -5 -4 -3 -2 -1
25.8663 41.1857 -43.3414
7 -6 -5 -4 -3 -2 -1
26.0017 41.7953 -43.3414
8 -7 -6 -5 -4 -3 -2 -1
26.6374 41.7963 -43.3414
9 -8 -7 -6 -5 -4 -3 -2 -1

CYLINDER 10 26.7727 41.7953 -43.3414
MEDIA 3 1 10 -9 -8 -7 -6 -5 -4 -3 -2 -1
CYLINDER 11 26.9081 41.9307 -43.4768
MEDIA 3 1 11 -10 -9 -8 -7 -6 -5 -4 -3 -2 -1
HEXPRISM 12 26.9081 41.9307 -43.4768
MEDIA 5 1 12 -11 -10 -9 -8 -7 -6 -5 -4 -3 -2 -1
BOUNDARY 12

UNIT 40
CYLINDER 1 19.2088 34.5281 -34.5281
MEDIA 5 1 1
HOLE 100 ORIGIN X=-6.24 Y=-3.60 Z=-22.528
CYLINDER 2 19.5163 34.5281 -34.8357
MEDIA 3 1 2 -1
CYLINDER 3 25.8663 34.5281 -34.8357
MEDIA 5 1 3 -2 -1
CYLINDER 4 25.8663 35.7727 -34.8357
MEDIA 3 1 4 -3 -2 -1
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MEDIA 5 1 5 -4 -3 -2 -1 

• CYLINDER 6 25.8663 36.9914 -34.8357 
MEDIA 3 1 6 -5 -4 -3 -2 -1 
CYLINDER 7 25.8663 43.3414 -41.1857 
MEDIA 5 1 7 -6 -5 -4 -3 -2 -1 
CYLINDER 8 26.0017 43.3414 -41.7953 
MEDIA 3 1 8 -7 -6 -5 -4 -3 -2 -1 
CYLINDER 9 26.6374 43.3414 -41.7963 
MEDIA 5 1 9 -8 -7 -6 -5 -4 -3 -2 -1 
CYLINDER 10 26.7727 43.3414 -41.7953 
MEDIA 3 1 10 -9 -8 -7 -6 -5 -4 -3 -2 -1 
CYLINDER 11 26.9081 43.4768 -41.9307 
MEDIA 3 1 11 -10 -9 -8 -7 -6 -5 -4 -3 -2 -1 
HEXPRISM 12 26.9081 43.4768 -41.9307 
MEDIA 5 1 12 -11 -10 -9 -8 -7 -6 -5 -4 -3 -2 -1 
BOUNDARY 12 

UNIT 31 
CYLINDER 1 19.2088 34.5281 -34.5281 
MEDIA 5 1 1 
HOLE 100 ORIGIN X=O.OO Y=-7.208 Z=22.528 
CYLINDER 2 19.5163 34.8357 -34.5281 
MEDIA 3 1 2 -1 
CYLINDER 3 25.8663 34.8357 -34.5281 
MEDIA 5 1 3 -2 -1 
CYLINDER 4 25.8663 34.8357 -35.7727 
MEDIA 3 1 4 -3 -2 -1 
CYLINDER 5 25.8663 34.8357 -36.8560 

• MEDIA 5 1 5 -4 -3 -2 -1 
CYLINDER 6 25.8663 34.8357 -36.9914 
MEDIA 3 1 6 -5 -4 -3 -2 -1 
CYLINDER 7 25.8663 41.1857 -43.3414 
MEDIA 5 1 7 -6 -5 -4 -3 -2 -1 
CYLINDER 8 26.0017 41.7953 -43.3414 
MEDIA 3 1 8 -7 -6 -5 -4 -3 -2 -1 
CYLINDER 9 26.6374 41.7963 -43.3414 
MEDIA 5 1 9 -8 -7 -6 -5 -4 -3 -2 -1 
CYLINDER 10 26.7727 41.7953 -43.3414 
MEDIA 3 1 10 -9 -8 -7 -6 -5 -4 -3 -2 -1 
CYLINDER 11 26.9081 41.9307 -43.4768 
MEDIA 3 1 11 -10 -9 -8 -7 -6 -5 -4 -3 -2 -1 
HEXPRISM 12 26.9081 41.9307 -43.4768 
MEDIA 5 1 12 -11 -10 -9 -8 -7 -6 -5 -4 -3 -2 -1 
BOUNDARY 12 

UNIT 40 
CYLINDER 1 19.2088 34.5281 -34.5281 
MEDIA 5 1 1 
HOLE 100 ORIGIN X=-6.24 Y=-3.60 Z=-22.528 
CYLINDER 2 19.5163 34.5281 -34.8357 
MEDIA 3 1 2 -1 
CYLINDER 3 25.8663 34.5281 -34.8357 
MEDIA 5 1 3 -2 -1 
CYLINDER 4 25.8663 35.7727 -34.8357 
MEDIA 3 1 4 -3 -2 -1 
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CYLINDER 5 25.8663 36.8560 -34.8357
MEDIA 5 1 5 -4 -3 -2 -1
CYLINDER 6 25.8663 36.9914 -34.8357
MEDIA 3 1 6 -5 -4 -3 -2 -1
CYLINDER 7 25.8663 43.3414 -41.1857
MEDIA 5 1 7 -6 -5 -4 -3 -2 -1
CYLINDER 8 26.0017 43.3414 -41.7953
MEDIA 3 1 8 -7 -6 -5 -4 -3 -2 -1
CYLINDER 9 26.6374 43.3414 -41.7963
MEDIA 5 1 9 -8 -7 -6 -5 -4 -3 -2 -1
CYLINDER 10 26.7727 43.3414 -41.7953
MEDIA 3 1 10 -9 -8 -7 -6 -5 -4 -3 -2 -1
CYLINDER 11 26.9081 43.4768 -41.9307
MEDIA 3 1 11 -10 -9 -8 -7 -6 -5 -4 -3 -2 -1
HEXPRISM 12 26.9081 43.4768 -41.9307
MEDIA 5 1 12 -11 -10 -9 -8 -7 -6 -5 -4 -3 -2 -1
BOUNDARY 12

UNIT 41
CYLINDER 1 19.2088 34.5281 -34.5281
MEDIA 5 1 1
HOLE 100 ORIGIN X=-6.24 Y=-3.60 Z=22.528
CYLINDER 2 19.5163 34.8357 -34.5281
MEDIA 3 1 2 -1
CYLINDER 3 25.8663 34.8357 -34.5281
MEDIA 5 1 3 -2 -1
CYLINDER 4 25.8663 34.8357 -35.7727
MEDIA 3 1 4 -3 -2 -1
CYLINDER 5 25.8663 34.8357 -36.8560
MEDIA 5 1 5 -4 -3 -2 -1
CYLINDER 6 25.8663 34.8357 -36.9914
MEDIA 3 1 6 -5 -4 -3 -2 -1
CYLINDER 7 25.8663 41.1857 -43.3414
MEDIA 5 1 7 -6 -5 -4 -3 -2 -1
CYLINDER 8 26.0017 41.7953 -43.3414
MEDIA 3 1 8 -7 -6 -5 -4 -3 -2 -1
CYLINDER 9 26.6374 41.7963 -43.3414
MEDIA 5 1 9 -8 -7 -6 -5 -4 -3 -2 -1
CYLINDER 10 26.7727 41.7953 -43.3414
MEDIA 3 1 10 -9 -8 -7 -6 -5 -4 -3 -2 -1
CYLINDER 11 26.9081 41.9307 -43.4768
MEDIA 3 1 11 -10 -9 -8 -7 -6 -5 -4 -3 -2 -1
HEXPRISM 12 26.9081 41.9307 -43.4768
MEDIA 5 1 12 -11 -10 -9 -8 -7 -6 -5 -4 -3 -2 -1
BOUNDARY 12

UNIT 50
HEXPRISM 10 26.9081 43.4768 -41.9307
MEDIA 4 1 10
BOUNDARY 10

UNIT 51
HEXPRISM 10 26.9081 41.9307 -43.4768
MEDIA 4 1 10
BOUNDARY 10
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CYLINDER 5 25.8663 36.8560 -34.8357 

• MEDIA 5 1 5 -4 -3 -2 -1 
CYLINDER 6 25.8663 36.9914 -34.8357 
MEDIA 3 1 6 -5 -4 -3 -2 -1 
CYLINDER 7 25.8663 43.3414 -41.1857 
MEDIA 5 1 7 -6 -5 -4 -3 -2 -1 
CYLINDER 8 26.0017 43.3414 -41.7953 
MEDIA 3 1 8 -7 -6 -5 -4 -3 -2 -1 
CYLINDER 9 26.6374 43.3414 -41.7963 
MEDIA 5 1 9 -8 -7 -6 -5 -4 -3 -2 -1 
CYLINDER· 10 26.7727 43.3414 -41.7953 
MEDIA 3 1 10 -9 -8 -7 -6 -5 -4 -3 -2 -1 
CYLINDER 11 26.9081 43.4768 -41. 9307 
MEDIA 3 1 11 -10 -9 -8 -7 -6 -5 -4 -3 -2 -1 
HEXPRISM 12 26.9081 43.4768 -41.9307 
MEDIA 5 1 12 -11 -10 -9 -8 -7 -6 -5 -4 -3 -2 -1 
BOUNDARY 12 

UNIT 41 
CYLINDER 1 19.2088 34.5281 -34.5281 
MEDIA 5 1 1 
HOLE 100 ORIGIN X=-6.24 Y=-3.60 Z=22.528 
CYLINDER 2 19.5163 34.8357 -34.5281 
MEDIA 3 1 2 -1 
CYLINDER 3 25.8663 34.8357 -34.5281 
MEDIA 5 1 3 -2 -1 
CYLINDER 4 25.8663 34.8357 -35.7727 
MEDIA 3 1 4 -3 -2 -1 

• CYLINDER 5 25.8663 34.8357 -36.8560 
MEDIA 5 1 5 -4 -3 -2 -1 
CYLINDER 6 25.8663 34.8357 -36.9914 
MEDIA 3 1 6 -5 -4 -3 -2 -1 
CYLINDER 7 25.8663 41.1857 -43.3414 
MEDIA 5 1 7 -6 -5 -4 -3 -2 -1 
CYLINDER 8 26.0017 41.7953 -43.3414 
MEDIA 3 1 8 -7 -6 -5 -4 -3 -2 -1 
CYLINDER 9 26.6374 41.7963 -43.3414 
MEDIA 5 1 9 -8 -7 -6 -5 -4 -3 -2 -1 
CYLINDER 10 26.7727 41.7953 -43.3414 
MEDIA 3 1 10 -9 -8 -7 -6 -5 -4 -3 -2 -1 
CYLINDER 11 26.9081 41.9307 -43.4768 
MEDIA 3 1 11 -10 -9 -8 -7 -6 -5 -4 -3 -2 -1 
HEXPRISM 12 26.9081 41.9307 -43.4768 
MEDIA 5 1 12 -11 -10 -9 -8 -7 -6 -5 -4 -3 -2 -1 
BOUNDARY 12 

UNIT 50 
HEXPRISM 10 26.9081 43.4768 -41.9307 
MEDIA 4 1 10 
BOUNDARY 10 

UNIT 51 
HEXPRISM 10 26.9081 41.9307 -43.4768 
MEDIA 4 1 10 
BOUNDARY 10 
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UNIT 100
SPHERE 1 12.00
MEDIA 1 1 1
BOUNDARY 1

GLOBAL
UNIT 1000
CUBOID 10 565.1 0.00 473.3 0.00 683.260 0.00
ARRAY 1 10 PLACE 6 2 1 26.9081 26.9081 43.4768
CUBOID 20 595.55 -30.48 503.75 -30.48 '713.74 -30.48
MEDIA 4 10 20 -10
BOUNDARY 20
END GEOMETRY
READ ARRAY
GBL=1 ARA=1 TYP=TRIANGULAR NUX=16 NUY=12 NUZ=8

FILL 51 51 51 51 51 51 51 51 51 51 51 51 51 51 51 51
51 51 51 51 51 11 21 31 11 21 31 11 21 31 11 51

51 51 51 51 51 31 11 21 31 11 21 31 11 21 31 51
51 51 51 51 11 21 31 11 21 31 11 21 31 11 51 51

51 51 51 51 31 11 21 31 11 21 31 11 21 31 51 51
51 51 51 11 21 31 11 21 31 11 21 31 11 51 51 51

51 51 51 31 11 21 31 11 21 31 11 21 31 51 51 51
51 51 11 21 31 11 21 31 11 21 31 11 51 51 51 51

51 51 31 11 21 31 11 21 31 11 21 31 51 51 51 51
51 11 21 3111 21 31 11 21 31 11 51 51 51 51 51

51 31 11 21 31 11 21 31 11 21 31 51 51. 51 51 51
51 51 51 51 51 51 51 51 51 51 51 51 51 51 51 51

50 50 50 50 50 50 50 50 50 50 50 50 50 50 50 50
50 50 50 50 50 10 20 30 10 20 30 10 20 30 10 50

50 50 50 50 50 30 10 20 30 10 20 30 10 20 30 50
50 50 50 50 10 20 30 10 20 30 10 20 30 10 50 50

50 50 50 50 30 10 20 30 10 20 30 10 20 30 50 50
50 50 50 10 20 30 10 20 30 10 20 30 10 50 50 50

50 50 50 30 10 20 30 10 20 30 10 20 30 50 50 50
50 50 10 20 30 10 20 30 10 20 30 10 50 50 50 50

50 50 30 10 20 30 10 20 30 10 20 30 50 50 50 50
50 10 20 30 10 20 30 10 20 30 10 50 50 50 50 50

50 30 10 20 30 10 20 30 10 20 30 50 50 50 50 50
50 50 50 50 50 50,50 50 50 50 50 50 50 50 50 50
3Q384 END FILL
END ARRAY
READ BOUNDS
ALL=VACUUM
END BOUNDS
END DATA
END

Input Case: VERSAHACFINH_12S_10X064
HAC Case Finite In-Homogeneous Hexagonal Lattice 12-cm Spheres 8X8X10
Packages
=CSAS26 PARM='SIZE=00100000'
CENTURY INDUSTRIES VERSA-PAK
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UNIT 100 
SPHERE 1 12.00 
MEDIA 1 1 1 
BOUNDARY 1 

GLOBAL 
UNIT 1000 
CUBOID 10 565.1 0.00 473.3 0.00 683.260 0.00 
ARRAY 1 10 PLACE 6 2 1 26.9081 26.9081 43.4768 
CUBOID 20 595.55 -30.48 503.75 -30.48 713.74 -30.48 
MEDIA 4 10 20 -10 
BOUNDARY 20 
END GEOMETRY 
READ ARRAY 
GBL=l ARA=l TYP=TRIANGULAR NUX=16 NUY=12 NUZ=8 

FILL 51 51 51 51 51 51 51 51 51 51 51 51 51 51 51 51 
51 51 51 51 51 11 21 31 11 21 31 11 21 31 11 51 

51 51 51 51 51 31 11 21 31 11 21 31 11 21 31 51 
51 51 51 51 11 21 31 11 21 31 11 21 31 11 51 51 

51 51 51 51 31 11 21 31 11 21 31 11 21 31 51 51 
51 51 51 11 21 31 11 21 31 11 21 31 11 51 51 51 

51 51 51 31 11 21 31 11 21 31 11 21 31 51 51 51 
51 51 11 21 31 11 21 31 11 21 31 11 51 51 51 51 

51 51 31 11 21 31 11 21 31 11 21 31 51 51 51 51 
51 11 21 3111 21 31 11 21 31 11 51 51 51 51 51 

51 31 11 21 31 11 21 31 11 21 31 51 51 51 51 51 
51 51 51 51 51 51 51 51 51 51 51 51 51 51 51 51 

50 50 50 50 50 50 50 50 50 50 50 50 50 50 50 50 
50 50 50 50 50 10 20 30 10 20 30 10 20 30 10 50 

50 50 50 50 50 30 10 20 30 10 20 30 10 20 30 50 
50 50 50 50 10 20 30 10 20 30 10 20 30 10 50 50 

50 50 50 50 30 10 20 30 10 20 30 10 20 30 50 50 
50 50 50 10 20 30 10 20 30 10 20 30 10 50 50 50 

50 50 50 30 10 20 30 10 20 30 10 20 30 50 50 50 
50 50 10 20 30 10 20 30 10 20 30 10 50 50 50 50 

50 50 30 10 20 30 10 20 30 10 20 30 50 50 50 50 
50 10 20 30 10 20 30 10 20 30 10 50 50 50 50 50 

50 30 10 20 30 10 20 30 10 20 30 50 50 50 50 50 
50 50 50 50 50 50 50 50 50 50 50 50 50 50 50 50 
3Q384 END FILL 
END ARRAY 
READ BOUNDS 
ALL=VACUUM 
END BOUNDS 
END DATA 
END 

Input Case: VERSA_HAC_FINH_12S_10X064 
HAC Case Finite In-Homogeneous Hexagonal Lattice 12-cm Spheres 8X8XIO 
Packages 
=CSAS26 PARM='SIZE=00100000' 
CENTURY INDUSTRIES VERSA-PAK 
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44GR INFHOM
'URANIUM METAL
U 1 0.00253829 294.0 92235 100.0 END
POLYETHYLENE 1 0.99746 294.0 END
'GRAPHITE 1 0.100 294.0 END
'INTERSPERSED MODERATOR
H20 2 1.0 294.0 END
'PACKAGE STEEL
CARBONSTEEL 3 1.0 294.0 END
'REFLECTOR
H20 4 1.0 294.0 END
'INSULATION
H20 5 0.0001 294.0 END
END COMP
READ PARM NUB=YES GEN=600 NPG=1000 NSK=5
END PARM
READ GEOMETRY

UNIT 10
CYLINDER 1 19.2088 34.5281 -34.5281
MEDIA 5 1 1
HOLE 100 ORIGIN X=6.24 Y=3.60 Z=-22.528
CYLINDER 2 19.5163 34.5281 -34.8357
MEDIA 3 1 2 -1
CYLINDER 3 25.8663 34.5281 -34.8357
MEDIA 5 1 3 -2 -1
CYLINDER 4 25.8663 35.7727 -34.8357
MEDIA 3 1 4 -3 -2 -1
CYLINDER 5 25.8663 36.8560 -34.8357
MEDIA 5 1 5 -4 -3 -2 -1
CYLINDER 6 25.8663 36.9914 -34.8357
MEDIA 3 1 6 -5 -4 -3 -2 -1
CYLINDER 7 25.8663 43.3414 -41.1857
MEDIA 5 1 7 -6 -5 -4 -3 -2 -1
CYLINDER 8 26.0017 43.3414 -41.7953
MEDIA 3 1 8 -7 -6 -5 -4 -3 -2 -1
CYLINDER 9 26.6374 43.3414 -41.7963
MEDIA 5 1 9 -8 -7 -6 -5 -4 -3 -2 -1
CYLINDER 10 26.7727 43.3414 -41.7953
MEDIA 3 1 10 -9 -8 -7 -6 -5 -4 -3 -2 -1
CYLINDER 11 26.9081 43.4768 -41.9307
MEDIA 3 1 11 -10 -9 -8 -7 -6 -5 -4 -3 -2 -1
HEXPRISM 12 26.9081 43.4768 -41.9307
MEDIA 5 1 12 -11 -10 -9 -8 -7 -6 -5 -4 -3 -2 -1
BOUNDARY 12

UNIT 11
CYLINDER 1 19.2088 34.5281 -34.5281
MEDIA 5 1 1
HOLE 100 ORIGIN X=6.24 Y=3.60 Z=22.528
CYLINDER 2 19.5163 34.8357 -34.5281
MEDIA 3 1 2 -1
CYLINDER 3 25.8663 34.8357 -34.5281
MEDIA 5 1 3 -2-1
CYLINDER 4 25.8663 34.8357 -35.7727
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44GR INFHOM 
'URANIUM METAL 
U 1 0.00253829 294.0 92235 100.0 END 
POLYETHYLENE 1 0.99746 294.0 END 
'GRAPHITE 1 0.100 294.0 END 
'INTERSPERSED MODERATOR 
H20 2 1.0 294.0 END 
'PACKAGE STEEL 
CARBONSTEEL 3 1.0 294.0 END 
'REFLECTOR 
H20 4 1. 0 294.0 END 
'INSULATION 
H20 5 0.0001 294.0 END 
END COMP 
READ PARM NUB=YES GEN=600 NPG=1000 NSK=5 
END PARM 
READ GEOMETRY 

UNIT 10 
CYLINDER 1 19.2088 34.5281 -34.5281 
MEDIA 5 1 1 
HOLE 100 ORIGIN X=6.24 Y=3~60 Z=-22.528 
CYLINDER 2 19.5163 34.5281 -34.8357 
MEDIA 3 1 2 -1 
CYLINDER 3 25.8663 34.5281 -34.8357 
MEDIA 5 1 3 -2 -1 
CYLINDER 4 25.8663 35.7727 -34.8357 
MEDIA 3 1 4 -3 -2 -1 
CYLINDER 5 25.8663 36.8560 -34.8357 
MEDIA 5 1 5 -4 -3 -2 -1 
CYLINDER 6 25.8663 36.9914 -34.8357 
MEDIA 3 1 6 -5 -4 -3 -2 -1 
CYLINDER 7 25.8663 43.3414 -41.1857 
MEDIA 5 1 7 -6 -'5 -4 -3 -2 -1 
CYLINDER 8 26.0017 43.3414 -41.7953 
MEDIA 3 1 8 -7 -6 -5 -4 -3 -2 -1 
CYLINDER 9 26.6374 43.3414 -41.7963 
MEDIA 5 1 9 -8 -7 -6 -5 -4 -3 -2 
CYLINDER 10 26.7727 43.3414 -41.7953 
MEDIA 3 1 10 -9 -8 -7 -6 -5 -4 -3 
CYLINDER 11 26.9081 43.4768 -41.9307 
MEDIA 3 1 11 -10 -9 -8 -7 -6 -5 -4 
HEXPRISM 12 26.9081 43.4768 -41.9307 
MEDIA 5 1 12 -11 -10 -9 -8 -7 -6 -5 
BOUNDARY 12 

UNIT 11 
CYLINDER 1 19.2088 34.5281 -34.5281 
MEDIA 5 1 1 
HOLE 100 ORIGIN X=6.24 Y=3.60 Z=22.528 
CYLINDER 2 19.5163 
MEDIA 3 1 2 -1 
CYLINDER 3 25.8663 
MEDIA 5 1 3 -2 -1 
CYLINDER 4 25.8663 
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34.8357 -34.5281 

34.8357 -34.5281 

34.8357 -35.7727 

-1 

-2 

-3 

-4 

-1 

-2 -1 

-3 -2 -1 
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MEDIA 3 1 4 -3 -2 -1
CYLINDER 5 25.8663 '34.8357 -36.8560
MEDIA 5 1 5 -4 -3 -2 -1
CYLINDER 6 25.8663 34.8357 -36.9914
MEDIA 3 1 6 -5 -4 -3 -2 -1
CYLINDER 7 25.8663 41.1857 -43.3414
MEDIA 5 1 7 -6 -5 -4 -3 -2 -1
CYLINDER 8 26.0017 41.7953 -43.3414
MEDIA 3 1 8 -7 -6 -5 -4 -3 -2 -1
CYLINDER 9 26.6374 41.7963 -43.3414
MEDIA 5 1 9 -8 -7 -6 -5 -4 -3 -2 -1
CYLINDER 10 26.7727 41.7953 -43.3414
MEDIA 3 1 10 -9 -8 -7 -6 -5 -4 -3 -2 -1
CYLINDER 11 26.9081 41.9307 -43.4768
MEDIA 3 1 11 -10 -9 -8 -7 -6 -5 -4 -3 -2 -1
HEXPRISM 12 26.9081 41.9307 -43.4768
MEDIA 5 1 12 -11 -10 -9 -8 -7 -6 -5 -4 -3 -2 -1
BOUNDARY 12

UNIT 20
CYLINDER 1 19.2088 34.5281 -34.5281
MEDIA 5 1 1
HOLE 100 ORIGIN X=-6.24 Y=3.60 Z=-22.528
CYLINDER 2 19.5163 34.5281 -34.8357
MEDIA 3 1 2 -1
CYLINDER 3 25.8663 34.5281 -34.8357
MEDIA 5 1 3, -2 -1
CYLINDER 4 25.8663 35.7727 -34.8357
MEDIA 3 1 4 -3 -2 -1
CYLINDER 5 25.8663 36.8560 -34.8357
MEDIA 5 1 5 -4 -3 -2 -1
CYLINDER 6 25.8663 36.9914 -34.8357
MEDIA 3 1 6 -5 -4 -3 -2 -1
CYLINDER 7 25.8663 43.3414 -41.1857
MEDIA 5 1 7 -6 -5 -4 -3 -2 -1
CYLINDER 8 26.0017 43.3414 -41.7953
MEDIA 3 1 8 -7 -6 -5 -4 -3 -2 -1
CYLINDER 9 26.6374 43.3414 -41.7963
MEDIA 5 1 9 -8 -7 -6 -5 -4 -3 -2 -1
CYLINDER 10 26.7727 43.3414 -41.7953
MEDIA 3 1 10 -9 -8 -7 -6 -5 -4 -3 -2 -1
CYLINDER 11 26.9081 43.4768 -41.9307
MEDIA 3 1 11 -10 -9 -8 -7 -6 -5 -4 -3 -2 -1
HEXPRISM 12 26.9081 43.4768 -41.9307
MEDIA 5 1 12 -11 -10 -9 -8 -7 -6 -5 -4 -3 -2 -1
BOUNDARY 12

UNIT 21
CYLINDER 1 19.2088 34.5281 -34.5281
MEDIA 5 1 1
HOLE 100 ORIGIN X=-6.24 Y=3.60 Z=22.528
CYLINDER 2 19.5163 34.8357 -34.5281
MEDIA 3 1 2 -1
CYLINDER 3 25.8663 34.8357 -34.5281
MEDIA 5 1 3 -2 -1
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MEDIA 3 1 4 -3 -2 -1 

• CYLINDER 5 25.8663 34.8357 -36.8560 
MEDIA 5 1 5 -4 -3 -2 -1 
CYLINDER 6 25.8663 34.8357 -36.9914 
MEDIA 3 1 6 -5 -4 -3 -2 -1 
CYLINDER 7 25.8663 41.1857 -43.3414 
MEDIA 5 1 7 -6 -5 -4 -3 -2 -1 
CYLINDER 8 26.0017 41.7953 -43.3414 
MEDIA 3 1 8 -7 -6 -5 -4 -3 -2 -1 
CYLINDER 9 26.6374 41.7963 -43.3414 
MEDIA 5 1 9 -8 -7 -6 -5 -4 -3 -2 -1 
CYLINDER 10 26.7727 41.7953 -43.3414 
MEDIA 3 1 10 -9 -8 -7 -6 -5 -4 -3 -2 -1 
CYLINDER 11 26.9081 41.9307 -43.4768 
MEDIA 3 1 11 -10 -9 -8 -7 -6 -5 -4 -3 -2 -1 
HEXPRISM 12 26.9081 41.9307 -43.4768 
MEDIA 5 1 12 -11 -10 -9 -8 -7 -6 -5 -4 -3 -2 -1 
BOUNDARY 12 

UNIT 20 
CYLINDER 1 19.2088 34.5281 -34.5281 
MEDIA 5 1 1 
HOLE 100 ORIGIN X=-6.24 Y=3.60 2=-22.528 
CYLINDER 2 19.5163 34.5281 -34.8357 
MEDIA 3 1 2 -1 
CYLINDER 3 25.8663 34.5281 -34.8357 
MEDIA 5 1 3 -2 -1 
CYLINDER 4 25.8663 35.7727 -34.8357 

• MEDIA 3 1 4 -3 -2 -1 
CYLINDER 5 25.8663 36.8560 -34.8357 
MEDIA 5 1 5 -4 -3 -2 -1 
CYLINDER 6 25.8663 36.9914 -34.8357 
MEDIA 3 1 6 -5 -4 -3 -2 -1 
CYLINDER 7 25.8663 43.3414 -41.1857 
MEDIA 5 1 7 -6 -5 -4 -3 -2 -1 
CYLINDER 8 26.0017 43.3414 -41.7953 
MEDIA 3 1 8 -7 -6 -5 -4 -3 -2 -1 
CYLINDER 9 26.6374 43.3414 -41.7963 
MEDIA 5 1 9 -8 -7 -6 -5 -4 -3 -2 -1 
CYLINDER 10 26.7727 43.3414 -41.7953 
MEDIA 3 1 10 -9 -8 -7 -6 -5 -4 -3 -2 -1 
CYLINDER 11 26.9081 43.4768 -41.9307 
MEDIA 3 1 11 -10 -9 -8 -7 -6 -5 -4 -3 -2 -1 
HEXPRISM 12 26.9081 43.4768 -41.9307 
MEDIA 5 1 12 -11 -10 -9 -8 -7 -6 -5 -4 -3 -2 -1 
BOUNDARY 12 

UNIT 21 
CYLINDER 1 19.2088 34.5281 -34.5281 
MEDIA 5 1 1 
HOLE 100 ORIGIN X=-6.24 Y=3.60 2=22.528 
CYLINDER 2 19.5163 34.8357 -34.5281 
MEDIA 3 1 2 -1 
CYLINDER 3 25.8663 34.8357 -34.5281 
MEDIA 5 1 3 -2 -1 
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CYLINDER 4 25.8663 34.8357 -35.7727
MEDIA 3 1 4 -3 -2 -1
CYLINDER 5 25.8663 34.8357 -36.8560
MEDIA 5 1 5 -4 -3 -2 -1
CYLINDER 6 25.8663 34.8357 -36.9914
MEDIA 3 1 6 -5 -4 -3 -2 -1
CYLINDER 7 25.8663 41.1857 -43.3414
MEDIA 5 1 7 -6 -5 -4 -3 -2 -1
CYLINDER 8 26.0017 41.7953 -43.3414
MEDIA 3 1 8 -7 -6 -5 -4 -3 -2 -1
CYLINDER 9 26..6374 41.7963 -43.3414
MEDIA 5 1 9 -8 -7 -6 -5 -4 -3 -2 -1
CYLINDER 10 26.7727 41.7953 -43.3414
MEDIA 3 1 10 -9 -8 -7 -6 -5 -4 -3 -2 -1
CYLINDER 11 26.9081 41.9307 -43.4768
MEDIA 3 1 11 -10 -9 -8 -7 -6 -5 -4 -3 -2 -1
HEXPRISM 12 26.9081 41.9307 -43.4768
MEDIA 5 1 12 -11 -10 -9 -8 -7 -6 -5 -4 -3 -2 -1
BOUNDARY 12

UNIT 30
CYLINDER 1 19.2088 34.5281 -34.5281
MEDIA 5 1 1
HOLE 100 ORIGIN X=0.00 Y=-7.208 Z=-22.528
CYLINDER 2 19.5163 34.5281 -34.8357
MEDIA 3 1 2 -1
CYLINDER 3 25.8663 34.5281 -34.8357
MEDIA 5 1 3 -2 -1
CYLINDER 4 25.8663 35.7727 -34.8357
MEDIA 3 1 4 -3 -2 -1
CYLINDER 5 25.8663 36.8560 -34.8357
MEDIA 5 1 5 -4 -3 -2 -1
CYLINDER 6 25.8663 36.9914 -34.8357
MEDIA 3 1 6 -5 -4 -3 -2 -1
CYLINDER 7 25.8663 43.3414 -41.1857
MEDIA 5 1 7 -6 -5 -4 -3 -2 -1
CYLINDER 8 26.0017 43.3414 -41.7953
MEDIA 3 1 8 -7 -6 -5 -4 -3 -2 -1
CYLINDER 9 26.6374 43.3414 -41.7963
MEDIA 5 1 9 -8 -7 -6 -5 -4 -3 -2 -1
CYLINDER 10 26.7727 43.3414 -41.7953
MEDIA 3 1 10 -9 -8 -7 -6 -5 -4 -3 -2 -1
CYLINDER 11 26.9081 43.4768 -41.9307
MEDIA 3 1 11 -10 -9 -8 -7 -6 -5 -4 -3 -2 -1
HEXPRISM 12 26.9081 43.4768 -41.9307
MEDIA 5 1 12 -11 -10 -9 -8 -7 -6 -5 -4 -3 -2 -1
BOUNDARY 12

UNIT 31
CYLINDER 1 19.2088 34.5281 -34.5281
MEDIA 5 1 1
HOLE 100 ORIGIN X=0.00 Y=-7.208 Z=22.528
CYLINDER 2 19.5163 34.8357 -34.5281
MEDIA 3 1 2 -1
CYLINDER 3 25.8663 34.8357 -34.5281
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CYLINDER 4 25.8663 34.8357 -35.7727 

• MEDIA 3 1 4 -3 -2 -1 
CYLINDER 5 25.8663 34.8357 -36.8560 
MEDIA 5 1 5 -4 -3 -2 -1 
CYLINDER 6 25.8663 34.8357 -36.9914 
MEDIA 3 1 6 -5 -4 -3 -2 -1 
CYLINDER 7 25.8663 41.1857 -43.3414 
MEDIA 5 1 7 -6 -5 -4 -3 -2 -1 
CYLINDER 8 26.0017 41. 7953 -43.3414 
MEDIA 3 1 8 -7 -6 -5 -4 -3 -2 -1 
CYLINDER 9 26.6374 41.7963 -43.3414 
MEDIA 5 1 9 -8 -7 -6 -5 -4 -3 -2 -1 
CYLINDER 10 26.7727 41.7953 -43.3414 
MEDIA 3 1 10 -9 -8 -7 -6 -5 -4 -3 -2 -1 
CYLINDER 11 26.9081 41.9307 -43.4768 
MEDIA 3 1 11 -10 -9 -8 -7 -6 -5 -4 -3 -2 -1 
HEXPRISM 12 26.9081 41.9307 -43.4768 
MEDIA 5 1 12 -11 -10 -9 -8 -7 -6 -5 -4 -3 -2 -1 
BOUNDARY 12 

UNIT 30 
CYLINDER 1 19.2088 34.5281 -34.5281 
MEDIA 5 1 1 
HOLE 100 ORIGIN X=O.OO Y=-7.208 Z=-22.528 
CYLINDER 2 19.5163 34.5281 -34.8357 
MEDIA 3 1 2 -1 
CYLINDER 3 25.8663 34.5281 -34.8357 
MEDIA 5 1 3 -2 -1 

• CYLINDER 4 25.8663 35.7727 -34.8357 
MEDIA 3 1 4 -3 -2 -1 
CYLINDER 5 25.8663 36.8560 -34.8357 
MEDIA 5 1 5 -4 -3 -2 -1 
CYLINDER 6 25.8663 36.9914 -34.8357 
MEDIA 3 1 6 -5 -4 -3 -2 -1 
CYLINDER 7 25.8663 43.3414 -41.1857 
MEDIA 5 1 7 -6 -5 -4 -3 -2 -1 
CYLINDER 8 26.0017 43.3414 -41.7953 
MEDIA 3 1 8 -7 -6 -5 -4 -3 -2 -1 
CYLINDER 9 26.6374 43.3414 -41.7963 
MEDIA 5 1 9 -8 -7 -6 -5 -4 -3 -2 -1 
CYLINDER 10 26.7727 43.3414 -41.7953 
MEDIA 3 1 10 -9 -8 -7 -6 -5 -4 -3 -2 -1 
CYLINDER 11 26.9081 43.4768 -41.9307 
MEDIA 3 1 11 -10 -9 -8 -7 -6 -5 -4 -3 -2 -1 
HEXPRISM 12 26.9081 43.4768 -41.9307 
MEDIA 5 1 12 -11 -10 -9 -8 -7 -6 -5 -4 -3 -2 -1 
BOUNDARY 12 

UNIT 31 
CYLINDER 1 19.2088 34.5281 -34.5281 
MEDIA 5 1 1 
HOLE 100 ORIGIN X=O.OO Y=-7.208 Z=22.528 
CYLINDER 2 19.5163 34.8357 -34.5281 
MEDIA 3 1 2 -1 
CYLINDER 3 25.8663 34.8357 -34.5281 
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MEDIA 5 1 3 -2 -1
CYLINDER 4 25.8663 34.8357 -35.7727
MEDIA 3 1 4 -3 -2 -1
CYLINDER 5 25.8663 34.8357 -36.8560
MEDIA 5 1 5 -4 -3 -2 -1
CYLINDER 6 25.8663 34.8357 -36.9914
MEDIA 3 1 6 -5 -4 -3 -2 -1
CYLINDER 7 25.8663 41.1857 -43.3414
MEDIA 5 1 7 -6 -5 -4 -3 -2 -1
CYLINDER 8 26.0017 41.7953 -43.3414
MEDIA 3 1 8 -7 -6 -5 -4 -3 -2 -1
CYLINDER 9 26.6374 41.7963 -43.3414
MEDIA 5 1 9 -8 -7 -6 -5 -4 -3 -2 -1
CYLINDER 10 26.7727 41.7953 -43.3414
MEDIA 3 1 10 -9 -8 -7 -6 -5 -4 -3 -2 -1
CYLINDER 11 26.9081 41.9307 -43.4768
MEDIA 3 1 11 -10 -9 -8 -7 -6 -5 -4 -3 -2 -1
HEXPRISM 12 26.9081 41.9307 -43.4768
MEDIA 5 1 12 -11 -10 -9 -8 -7 -6 -5 -4 -3 -2 -1
BOUNDARY 12

UNIT 40
CYLINDER 1 19.2088 34.5281 -34.5281
MEDIA 5 1 1
HOLE 100 ORIGIN X=-6.24 Y=-3.60 Z=-22.528
CYLINDER 2 19.5163 34.5281 -34.8357
MEDIA 3 1 2 -1
CYLINDER 3 25.8663 34.5281 -34.8357
MEDIA 5 1 3 -2 -1
CYLINDER 4 25.8663 35.7727 -34.8357
MEDIA 3 1 4 -3 -2 -1
CYLINDER .5 25.8663 36.8560 -34.8357
MEDIA 5 1 5 -4 -3 -2 -1
CYLINDER 6 25.8663 36.9914 -34.8357
MEDIA 3 1 6 -5 -4 -3 -2 -1
CYLINDER 7 25.8663 43.3414 -41.1857
MEDIA 5 1 7 -6 -5 -4 -3 -2 -1
CYLINDER 8 26.0017 43.3414 -41.7953
MEDIA 3 1 8 -7 -6 -5 -4 -3 -2 -1
CYLINDER 9 26.6374 43.3414 -41.7963
MEDIA 5 1 9 -8 -7 -6 -5 -4 -3 -2 -1
CYLINDER 10 26.7727 43.3414 -41.7953
MEDIA 3 1 10 -9 -8 -7 -6 -5 -4 -3 -2 -1
CYLINDER 11 26.9081 43.4768 -41.9307
MEDIA 3 1 11 -10 -9 -8 -7 -6 -5 -4 -3 -2 -1
HEXPRISM 12 26.9081 43.4768 -41.9307
MEDIA 5 1 12 -11 -10 -9 -8 -7 -6 -5 -4 -3 -2 -1
BOUNDARY 12

UNIT 41
CYLINDER 1 19.2088 34.5281 -34.5281
MEDIA 5 1 1
HOLE 100 ORIGIN X=-6.24 Y=-3.60 Z=22.528
CYLINDER 2 19.5163 34.8357 -34.5281
MEDIA 3 1 2 -1
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MEDIA 5 1 3 -2 -1 

• CYLINDER 4 25.8663 34.8357 -35.7727 
MEDIA 3 1 4 -3 -2 -1 
CYLINDER 5 25.8663 34.8357 -36.8560 
MEDIA 5 1 5 -4 . -3 -2 -1 
CYLINDER 6 25.8663 34.8357 -36.9914 
MEDIA 3 1 6 -5 -4 -3 -2 -1 
CYLINDER 7 25.8663 41.1857 -43.3414 
MEDIA 5 1 7 -6 -5 -4 -3 -2 -1 
CYLINDER 8 26.0017 41.7953 -43.3414 
MEDIA 3 1 8 -7 -6 -5 -4 -3 -2 -1 
CYLINDER 9 26.6374 41.7963 -43.3414 
MEDIA 5 1 9 --'8 -7 -6 -5 -4 -3 -2 -1 
CYLINDER 10 26.772741.7953 -43.3414 
MEDIA 3 1 10 -9 -8 -7 -6 -5 -4 -3 -2 -1 
CYLINDER 11 26.9081 41.9307 -43.4768 
MEDIA 3 1 11 -10 -9 -8 -7 -6 -5 -4 -3 -2 -1 
HEXPRISM 12 26.9081 41.9307 -43.4768 
MEDIA 5 1 12 -11 -10 -9 -8 -7 -6 -5 -4 -3 -2 -1 
BOUNDARY 12 

UNIT 40 
CYLINDER 1 19.2088 34.5281 -34.5281 
MEDIA 5 1 1 
HOLE 100 ORIGIN X=-6.24 Y=-3.60 Z=-22.528 
CYLINDER 2 19.5163 34.5281 -34.8357 
MEDIA 3 1 2 -1 
CYLINDER 3 25.8663 34.5281 -34.8357 

• MEDIA 5 1 3 -2 -1 
CYLINDER 4 25.8663 35.7727 -34.8357 
MEDIA 3 1 4 -3 -2 -1 
CYLINDER .5 25.8663 36.8560 -34.8357 
MEDIA 5 1 5 -4 -3 -2 -1 
CYLINDER 6 25.8663 36.9914 -34.8357 
MEDIA 3 1 6 -5 -4 -3 -2 -1 
CYLINDER 7 25.8663 43.3414 -41.1857 
MEDIA 5 1 7 -6 -5 -4 -3 -2 -1 
CYLINDER 8 26.0017 43.3414 -41.7953 
MEDIA 3 1 8 -7 -6 -5 -4 -3 -2 -1 
CYLINDER 9 26.6374 43.3414 -41.7963· 
MEDIA 5 1 9 -8 -7 -6 -5 -4 -3 -2 -1 
CYLINDER 10 26.7727 43.3414 -41.7953 
MEDIA 3 1 10 -9 -8 -7 -6 -5 -4 -3 -2 -1 
CYLINDER 11 26.9081 43.4768 -41.9307 
MEDIA 3 1 11 -10 -9 -8 -7 -6 -5 -4 -3 -2 -1 
HEXPRISM 12 26.9081 43.4768 -41.9307 
MEDIA 5 1 12 -11 -10 -9 -8 -7 -6 -5 -4 -3 -2 -1 
BOUNDARY 12 

UNIT 41 
CYLINDER 1 19.2088 34.5281 -34.5281 
MEDIA 5 1 1 
HOLE 100 ORIGIN X=-6.24 Y=-3.60 Z=22.528 
CYLINDER 2 19.5163 34.8357 -34.5281 
MEDIA 3 1 2 -1 
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CYLINDER 3 25.8663 34.8357 -34.5281
MEDIA 5 1 3 -2 -1
CYLINDER 4 25.8663 34.8357 -35.7727
MEDIA 3 1 4 -3 -2 -1
CYLINDER 5 25.8663 34.8357 -36.8560
MEDIA 5 1 5 -4 -3 -2 -1
CYLINDER 6 25.8663 34.8357 -36.9914
MEDIA 3 1 6 -5 -4 -3 -2 -1
CYLINDER 7 25.8663 41.1857 -43.3414
MEDIA 5 1 7 -6 -5 -4 -3 -2 -1
CYLINDER 8 26.0017 41.7953 -43.3414
MEDIA 3 1 8 -7 -6 -5 -4 -3 -2 -1
CYLINDER 9 26.6374 41.7963 -43.3414
MEDIA 5 1 9 -8 -7 -6 -5 -4 -3 -2 -1
CYLINDER 10 26.7727 41.7953 -43.3414
MEDIA 3 1 10 -9 -8 -7 -6 -5 -4 -3 -2 -1
CYLINDER 11 26.9081 41.9307 -43.4768
MEDIA 3 1 11 -10 -9 -8 -7 -6 -5 -4 -3 -2 -1
HEXPRISM 12 26.9081 41.9307 -43.4768
MEDIA 5 1 12 -11 -10 -9 -8 -7 -6 -5 -4 -3 -2 -1
BOUNDARY 12

UNIT 50
HEXPRISM 10 26.9081 43.4768 -41.9307
MEDIA 4 1 10
BOUNDARY 10

UNIT 51
HEXPRISM 10 26.9081 41.9307 -43.4768
MEDIA 4 1 10
BOUNDARY 10

UNIT 100
SPHERE 1 12.00
MEDIA 1 1 1
BOUNDARY 1

GLOBAL
UNIT 1000
CUBOID 10 457.5 0.00 380.1 0.00 854.075 0.00
ARRAY 1 10 PLACE 5 2 1 26.9081 26.9081 43.4768
CUBOID 20 487.91 -30.48 410.53 -30.48 884.555 -30.48
MEDIA 4 10 20 -10
BOUNDARY 20
END GEOMETRY
READ ARRAY
GBL=I ARA=I TYP=TRIANGULAR NUX=13 NUY=10 NUZ=10

FILL 51 51 51 51 51 51 51 51 51 51 51 51 51
51 51 51 51 11 21 31 11 21 31 11 21 51

51 51 51 51 31 11 21 31 11 21 31 11 51
51 51 51 11 21 31 11 21 31 11 21 51 51

51 51 51 31 11 21 31 11 21 31 11 51 51
51 51 11 21 31 11 21 31 11 21 51 51 51

51 51 31 11 21 31 11 21 31 11 51 51 51
51 11 21 31 11 21 31 11 21 51 51 51 51
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CYLINDER 3 25.8663 34.8357 -34.5281 
MEDIA 5 1 3 -2 -1 
CYLINDER 4 25.8663 34.8357 -35.7727 
MEDIA 3 1 4 -3 -2 -1 
CYLINDER 5 25.8663 34.8357 -36.8560 
MEDIA 5 1 5 -4 -3 -2 -1 
CYLINDER 6 25.8663 34.8357 -36.9914 
MEDIA 3 1 6 -5 -4 -3 -2 -1 
CYLINDER 7 25.8663 41.1857 -43.3414 
MEDIA 5 1 7 -6 -5 -4 -3 -2 -1 
CYLINDER 8 26.0017 41.7953 -43.3414 
MEDIA 3 1 8 -7 -6 -5 -4 -3 -2 -1 
CYLINDER ·9 26.6374 41.7963 -43.3414 
MEDIA 5 1 9 -8 -7 -6 -5 -4 -3 -2 -1 
CYLINDER 10 26.7727 41.7953 -43.3414 
MEDIA 3 1 10 -9 -8 -7 -6 -5 -4 -3 -2 -1 
CYLINDER 11 26.9081 41. 9307 -43.4768 
MEDIA 3 1 11 -10 -9 -8 -7 -6 -5 -4 -3 -2 
HEXPRISM 12 26.9081 41. 9307 -43.4768 
MEDIA 5 1 12 -11 -10 -9 -8 -7 -6 -5 -4 -3 
BOUNDARY 12 

UNIT 50 
HEXPRISM 10 26.9081 43.4768 -41.9307 
MEDIA 4 1 10 
BOUNDARY 10 

UNIT 51 
HEXPRISM 10 26.9081 41.9307 -43.4768 
MEDIA 4 1 10 
BOUNDARY 10 

UNIT 100 
SPHERE 1 12.00 
MEDIA 1 1 1 
BOUNDARY 1 

GLOBAL 
UNIT 1000 
CUBOID 10 457.5 0.00 380.1 0.00 854.075 0.00 
ARRAY 1 10 PLACE 5 2 1 26.9081 26.9081 43.4768 

-1 

-2 -1 

CUBOID 20 487.91 -30.48 410.53 -30.48 884.555 -30.48 
MEDIA 4 10 20 -10 
BOUNDARY 20 
END GEOMETRY 
READ ARRAY 
GBL=l ARA=l TYP=TRIANGULAR NUX=13 NUY=10 NUZ=10 

FILL 51 51 51 51 51 51 51 51 51 51 51 51 51 
51 51 51 51 11 21 31 11 21 31 11 21 51 

51 51 51 51 31 11 21 31 11 21 31 11 51 
51 51 51 11 21 31 11 21 31 11 21 51 51 

51 51 51 31 11 21 31 11 2131 11 51 51 
51 51 11 21 31 11 21 31 11 21 51 51 51 

51 51 31 11 21 31 11 21 31 11 51 51 51 
51 11 21 31 11 21 31 11 21 51 51 51 51 
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51 31 11 21 31 11 21 31 11 51 51 51 51
51 51 51 51 51 51 51 51 51 51 51 51 51

50 50 50 50 50 50 50 50 50 50 50 50 50
50 50 50 50 10 20 30 10 20 30 10 20 50

50 50 50 50 30 10 20 30 10 20 30 10 50
50 50 50 10 20 30 10 20 30 10 20 50 50

50 50 50 30 10 20 30 10 20 30 10 50 50
50 50 10 20 30 10 20 30 10 20 50 50 50

50 50 30 10 20 30 10 20 30 10 50 50 50
50 10 20 30 10 20 30 10 20 50 50 50 50

50 30 10 20 30 10 20 30 10 50 50 50 50
50 50 50 50 50 50 50 50 50 50 50 50 50
8Q130 END FILL
END ARRAY
READ BOUNDS
ALL=VACUUM
END BOUNDS
END DATA
END
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51 31 11 21 31 11 21 31 11 51 51 51 51 
51 51 51 51 51 51 51 51 51 51 51 51 51 

50 50 50 50 50 50 50 50 50 50 50 50 50 
50 50 50 50 10 20 30 10 20 30 10 20 50 

50 50 50 50 30 10 20 30 10 20 30 10 50 
50 50 50 10 20 30 10 20 30 10 20 50 50 

50 50 50 30 10 20 30 10 20 30 10 50 50 
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1.0 Introduction

The SCALE4.4a KENO code [Reference 1] has been validated for enriched uranium-systems using
several different methods [References 2 through 5]. The objective of this evaluation is to establish that
the CSAS25, CSAS26, and CSAS2X sequences will conservatively predict the multiplication factor (kff)
of High Enriched Uranium (HEU) systems. In order to demonstrate the applicability of the SCALE4.4a
KENO code for HEU systems, several critical experiments [References 6 through 53] using a variety of
material forms were modeled with the SCALE4.4a KENO code and run on a desktop PC. The critical
experiments were segregated into various groups based on the uranium system, and the results were
evaluated using various statistical methods. Validations are performed using both KENO Va and KENO
VI.

2.0 Methodology

2.1 Experiment Selection

Table 1 provides a summary of the critical experiments that were modeled. The critical experiments
selected were chosen for analysis because they consist of HEU systems and are documented in sufficient
detail to develop an accurate analytical model. Each critical experiment report provides comprehensive
data on the materials of construction, dimensions, fissionable material, and experimental uncertainties.

The HEU experiments were selected and categorized into four distinct groups. These groupings consisted
of:

Group 1: All experiments (16 1.) used in this validation,
Group 2: Experiments (81) with ALCF _ 102 eV, data sets 1-82, and
Group 3: Experiments (56) with ALCF > 102 eV and < 105 eV, data sets 83-138, and
Group 4: Experiments (24) with ALCF > 105 eV, data sets 139-162.

The experimental and calculated results were then compared based on a review, of the klff distribution,
enrichment (wt%235U), average lethargy causing fission (ALCF), the hydrogen-to-fissile atom ratio
(H/X), and the fissile material density (g 235U/1).

2.2 SCALE4.4a Models

Each critical experiment was modeled exactly as described in References 6 and 53. All criticality
calculations were run to convergence, which typically required 600 generations and 1000 neutrons per
generation for a total of 600,000 histories. Default values were used for all other parameters. All
calculations were performed using the SCALE4.4a KENO Va Code with the 44-Group Standard Cross
Section Library [Reference 1]. Appendix A contains the input decks for each critical experiment
modeled. All dimensional and material information is identical to that reported in References 6 and 53.
C5TOC6 is then executed to generate the initial KENO VI cases. Each case is then reviewed and further
edited by the analyst (incorporate evaluator specific traits) and then executed for the validation.

2.3 Methodology for Statistical Evaluation of Results

The results of the SCALE4.4a KENO calculations were compared with the experimental results of the
critical experiments through the use of various statistical analyses. The multiplication factor for each
critical experiment is equal to unity; therefore, an accurate prediction of the multiplication factor using
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SCALE4.4a KENO must be equivalent to unity also. The KENO program uses a Monte Carlo
probability-based method, and as a result of this method, the calculated multiplication factors of an
infinite number of critical experiments should provide a normal distribution about a mean multiplication
factor of unity. However, it is known that biases exist in the SCALE4.4a program that lead to over-
estimation of the multiplication factor for specific groups of fissile systems. Therefore, the objective of
the statistical evaluation is to determine whether or not the results for each Group are normally distributed'
about unity (KENO predicts accurately for the Group) with an acceptable deviation (KENO predicts
precisely for the Group). If KENO does not provide an accurate prediction, further evaluations are
provided to determine whether or not a bias exists. The methods used to calculate the SCALE4.4a KENO
Va bias and bias uncertainty is outlined in References 54 and 55.

2.3.1 Accuracy measures: Comparison 'of the Means

The calculated multiplication factors and the experimental multiplication factors represent two

populations having the means [ti and tt2 and the variances ay and a 2. The objective of this comparison is
to determine whether or not the means of the experimental and calculated data are statistically equivalent,
and if they are not, whether or not there is an identifiable bias. A two-tailed t-test for the difference
between two means [Reference 55] is used to test the hypothesis that the means of the two data sets are
equal, or p, = P12. The alternative hypothesis is Pt1 # 1t2, or the mean of the two populations are not equal,
and that a bias exists in the calculated data. The t-value is calculated using Equation 1:

t =, (Equation 1)
2 2

I +

where:
[ti is the mean of the standard data set,

112 is the mean of the data set to be tested,
6 is the null hypothesis constant (0 here for the hypothesis oftl= 112),

71  is the standard deviation of the standard data set,
a 2  is the standard deviation of the data set to be tested,
n, is the number of observation in the standard data set, and
n2 is the number of observations in the data set to be tested.

2.3.2 Accuracy Measures:' Determination Of Method Bias

The bias is defined as:

Bias = k,.ac - kxp, (Equation 2)

where kxp and kcalc are the mean of the experimental and calculated (KENO) keff values, respectively.

2.3.3 Precision Measures: Determination Of Calculational Variance and Standard Deviation

The variance, S2, of the calculated KENO ker is defined as:
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Accuracy Measures:' Determination Of Method Bias 

The bias is defined as: 

Bias = kea!c - k exp, 

(Equation 1) 

(Equation 2) 

where kexp and kca1c are the mean of the experimental and calculated (KENO) keffvalues, respectively. 

2.3.3 Precision Measures: Determination Of Calculational Variance and Standard Deviation 

The variance, S2, of the calculated KENO keff is defined as: 

Page 2 of46 



s2 (k,,,c - ki ) 2

n-I
(Equation 3)

where ki is the calculated kcff for the ith critical experiment and n is the total number of experiments.

The standard deviation, G~alc, of the KENO-calculated. kuff is the positive square root of the variance, S2 .

Note that this is not the KENO-calculated standard deviation, GKENO-calC, presented in Table 3, which is an
average value of the calculated kff uncertainties.

2.3.4 Precision Measures: Determination Of Experimental Variance and Standard Deviation

The variance of the experimental kff is generally ignored, since the uncertainty associated with the
measured kff (the known standard) is typically very small. Values reported for various experiments range
from 0.0004 to 0.0019., Since the experimental uncertainties are usually reported as standard deviations,

the experimental variance, So,, is simply the average standard deviation of the group of experiments, ,exp,

squared: • .

S 2 (Equation 4)

2.3.5 Precision Measures: Determination Of Bias Uncertainty

According to Reference 55, the variance associated with the bias is given by the following equation:

s2VB = -- + Soý
n

(Equation 5)

where S2 is the calculated keff variance (Equation 3), and So2 is the experimental keff variance (Equation 4).

For conservatism, an additional term is added to Equation 5 to incorporate the effect of the individual
uncertainties of the KENO-calculated keff value for each critical experiment model. The variance of the
KENO-calculated uncertainty, Su2, is defined as:

n (Equation 6)

where, i is the uncertainty associated with the KENO results for experiment i, and n is the number of
experiments. This equation is the square-weighted average of the individual KENO uncertainties. The
standard deviation of the KENO-calculated uncertainties is the square root of the variance, V,2.

Incorporating Equation 6 into Equation 5, the final equation for the variance associated with the KENO-
calculated keff bias is:

(S2 + S)
V =S • + S2 .(Equation 7)

n

The standard deviation of the bias value is then simply the square root of the variance:
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S 2 = =L=-(_k_ea_'e ___ k_;,)_2 
n-l 
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U= (Eu-an,(Equation 8)

where, , is the 95/95 one-sided tolerance factor that is applied to the bias uncertainty for the number of
critical experiments [Reference 541.

2.4 Methodology for Determination Applicable Limits

With the determination of the KENO bias and bias uncertainty associated with each Group of
experiments, it is possible to calculate the Upper Subcritical Limits and the maximum allowable or biased
KENO keff to maintain subcriticality for each system type.

2.4.1 Practical application: Calculation of an Upper Subcritical keff Limit

Starting at a multiplication factor of 1 (critical), the biases and uncertainties are subtracted, and the
resulting number is the Upper Subcritical Limit for the system. At a 95% confidence level:

Upper Subcritical Limit = 1 + bias - U, (Equation 9)

where the bias and U are substituted from Equations 2 and 8, respectively. Values determined using this
method are provided in Table 3. For systems with a positive bias, the second term of Equation 9, bias, is
omitted.

In practice, the calculated system is considered to be subcritical if the following condition is met:

KENOcalc-keff + K((aKENO-calc) < Upper Subcritical Limit, (Equation 10)

where the system is subcritical at a 95% confidence level. A bounding K factor of 1.645 is historically
applied to the corresponding 0

KENO-calc uncertainty for the calculation. This K factor is different from that
used in Equation 8 for determination of the bias uncertainty.

2.4.2 Practical application: Calculation of the biased KENO Multiplication Factor

Alternatively starting with the calculated KENO.cajc-keff, a biased keff can be calculated:

Biased KENO-keff = KENOcalc-keff + K(aKENO-calc) - bias + U. (Equation 11)

And the system is considered to be subcritical if the following condition is met:

Biased KENO-keff< 1. (Equation 12)

In the case where the bias is positive (KENO consistently over-estimates keff), the bias term is omitted for
conservatism.

3.0 Calculation Results

Table 2 presents the multiplication factor (kff), standard deviation (a), and average lethargy causing
fission (ALCF) calculated for each critical experiment modeled using the SCALE4.4a code with the 44
group cross-section library. Table 3 provides the results of the statistical evaluations from different
groupings of critical experiment data sets. The Upper Limit Subcritical klff for each group was calculated
using the mean KENO-calculated uncertainty for the Group. In practice, it is preferable to use the actual
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KENO-calculated standard deviation for the calculation being performed. However, it is conservative to
use the mean KENO-calculated uncertainty to establish the bias for the group and then use the actual
KENO-calculated standard deviation for, the calculation to ensure a margin below the established limit.

4.0 Discussion

In order to validate the SCALE4.4a code for use with high enriched uranium systems, it is necessary to
determine if KENO predicts the multiplication factor in an accurate and precise manner throughout the
range of fission energies of interest. To evaluate the accuracy of the code, the mean of each Group of
experiments was compared to the mean of the experimental results. A t-test was performed for each
Group to determine whether or not the average result of a KENO calculation (the mean calculated keff for
each Group) is statistically the same as the experimental result (unity). Passing the t-test affirms that the
KENO code predicts multiplication factors accurately for the Group being tested, without bias. Failure of
the t-test indicates that the mean KENO keff is statistically different from the experimental mean, and that
a bias exists in the data. Groups that failed the t-test were further evaluated for bias and uncertainty, and
these parameters applied to provide an upper limit subcritical multiplication factor for the Group.

Each Group of KENO-calculated kffs are also graphed against key system parameters (Enrichment
{wtg% 235U}, Energy of the Average Lethargy Causing Fission {ALCF}, Hydrogen-to-Fissile Atom Ratio
{H/235U}, and fissile material density {g 235U/cc}) to identify trends within the data that may indicate
inaccurate cross-sections or instabilities in the code. The normality of residuals is also tested using. the
Anderson-Darling method. The null hypothesis of a normality test is that there is no significant departure
from normality. When the probability level, p is greater than 0.05, it fails to reject the null hypothesis and
thus the assumption holds. Histogram, skewness and kurtosis plots are also provided for each group.

4.1 Comparison of the Means

The t-statistic for each Group evaluated against the experimental data is provided in Table 3. A two-
tailed test at the 95% confidence limit was performed. All Groupings of the data were found to have
statistically different means, and therefore, the mean KENO-calculated klff is biased.

4.2 Comparison of Uncertainty

In order to benchmark the performance of the code, the uncertainty associated with the KENO-calculated
keff, must take into account the uncertainty associated with the critical experiment, since it is inherently a
part of the result. The experimental uncertainty impacting the modeling of the experiment stems from
material and geometric tolerances, rather than measurement of the experimental kff. Unfortunately, this
type of uncertainty is not well evaluated or documented. Therefore, an average uncertainty of 0.0011 was
assigned to those experiments that did not report an uncertainty value.

The bias uncertainty associated with Groups 1 though 4 are 0.0022, 0.0024, 0.0027, and 0.0037,
respectively, at a 95% confidence level For Groups 3 and 4, the uncertainty is higher than the bias. This
fact leads to the conclusion that there is no detectable bias (either positive or negative) in the data, since
application of the uncertainty obscures it. The uncertainty is lower than the bias for Groups 1 and 2
,suggesting that there is a detectable bias in this data. However, as indicated in Table 3 the bias is positive
for all data groups.
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4.3 Comparison of System Behavior as a Function of the System Attributes

For hydrogen moderated 235U systems, the fission energy is proportional to the degree of moderation.
Variations in the bias over the data range for the fissile density (g 23 5U/cc), energy of the average lethargy
causing fission (ALCF) and the hydrogen-to-fissile atomic ratio (H/ 235U) should be similar. However,
differences will be evident due to statistical variations in the experimental and calculated results.

4.3.1 Oxide and Solution Systems

Dry (non-hydrogenous moderated) U0 2 systems at any enrichment are fast (neutronic) systems. The
results of the critical experiments documented elsewhere, as well as the results of the critical experiments
modeled here; show that the typical average lethargy causing fission in a fast system ranges from 1 .04 to
106 eV. Fast critical U0 2 systems .enriched to less than 15wt% are not feasible due to the large quantity of
material required. However, a few LEU fast critical sys'tems (metal) have been performed ranging in
enrichment from 10 - 15wt%. The neutronic attributes of.these fast metal experiments are very similar to
the fast metal experiments with enrichments ranging from 93 - 97wt%. Several of these types of
experiments are evaluated in this validation. The only major difference between the experiments at these
different enrichments is the fact that more material is required for the lower enriched systems to achieve
criticality. Various analytical methods have shown that an infinite U0 2 mass system has sufficient 235U
density to achieve criticality for enrichments near 7.0 wt %. However, without moderation, the system is
fast. A few low-enriched (<5wt%) metal critical experiments have been performed; however, these
systems also required moderation (water) to achieve critical configurations and therefore were driven by
intermediate and thermal energy neutrons.

As moderator is introduced to the system, the neutronics of the system changes. A fast system becomes
an under-moderated intermediate system. The typical average lethargy causing fission in an intermediate
system ranges from 100 to 104 eV. Very few low enriched intermediate critical experiments have been
performed. These systems are difficult to construct and maintain due to the under-moderated
configurations. However, a few intermediate experiments have been completed using mixtures of low-
enriched metals and fissile solutions. Several of these types of experiments are evaluated in this
validation.

With additional moderation the intermediate system becomes a thermal system. The typical average
lethargy causing fission in a thermal system ranges from 10-2 to 100 eV. The large majority of critical
experiments are thermal. These systems are easily constructed at all enrichments. For a low enriched
U0 2 system approximately 5.Owt% water is required to change the neutronics of the system from fast to
thermal. Little difference is observed for enrichments less than 5.Owt% and those ranging from 5 to
lOwt%. However, for enrichments ranging from 90 to 97wt%, a large amount of water, approximately
90wt%, is necessary to change the neutronics of a fast system to an intermediate, and finally a thermal,
system.

Given that the mechanics of hydrogen moderated critical systems are the same regardless of enrichment,
analytical computer codes predicting the keff of enriched systems should perform equally well at all
enrichments. Since the SCALE4.4a KENO Code has been validated as performing accurately over a
large range of enrichments with a variety of moderators and moderation levels, it is reasonable that it
should also perform accurately in the remaining ranges. The results of these calculations demonstrate that
the SCALE4.4a KENO Code is accurate in the high enrichment range. These results also demonstrate
that the level of accuracy is the same as the accuracy of the KENO Code at other enrichment ranges
[Reference 56].
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4.3.2 Metal Systems

Metal systems are typically fast due to experimental configurations involving single and arrays of units at
high densities with little or no moderation. Several experiments display similar attributes when the fissile
media is further diluted with non-fissile metals. A few metal (fast) experiments exist at 10wt% however
the majority of these experiments are highly enriched. Several of these types of experiments are
evaluated in this validation.

4.4 Comparison of the keffDistributions

The KENO-calculated, unbiased keff was plotted for Groups 1 through 4 using a histogram to demonstrate
the relative distributions about the mean value, as shown in Figures 1 through 4, respectively. If the
CSAS25 sequence performs accurately without systemic errors, then the kff results will be normally
distributed about a mean keff. This is expected since KENO is a Monte Carlo. probability-based program.
Also, a keff of unity is expected since the experiments were reported as being critical. As shown in the
histograms, the distribution appears to be normal, with a slight positive bias indicating that the CSAS25
sequence contains a systemic conservative bias.

The normality of residuals, using the Anderson-Darling method, indicated that the probability level p is
greater than 0.05 for Groups 2 through 4. Therefore, the test fails to reject the null hypothesis and thus
the assumption, normal data, holds. The null hypothesis of a normality test is that there is no significant
departure from normality. Since the probability level p is greater than 0.05, it fails to reject the null
hypothesis and thus the assumption holds. Histogram, skewness and kurtosis plots are also provided for
each group in Figures 1 through 3 for Groups 2 through 4, respectively.

4.5 Bias Trends with Enrichment

Figure 5 shows the KENO-calculated, unbiased keff plotted as a function of the system enrichment. The
enrichments of the selected benchmarks ranged from 62.40 to 97.68 wt% 235U. Based on this plot, there
appears to be no distinct or observable bias in the klff as a function of enrichment. Based on this, the
proposed enrichment range for the validation can be extended from 97.68 wt% to 100.00 wt%.

4.6 Bias Trends with Average Lethargy Causing Fission (ALCF)

Figure 6 shows the KENO-calculated unbiased kff plotted as a function of the energy of the average
lethargy causing fission (ALCF). The ALCF plots use a logarithmic scale to distinguish between the
different neutron energy ranges. Based on this plot, there appears to be no distinct or observable bias in
the keff as a function of the ALCF. Considering all experiments presented in this validation, the ALCF
covers a range of energies from 0.0291eV to 914,000eV, spanning the thermal, intermediate, and fast
fission groups.

4.7 Bias Trends with Hydrogen-to-Fissile Atom Ratio (HIX)

Figure 7 shows the KENO-calculated unbiased keff plotted as a function of the hydrogen-to-fissile atom
ratio (H/X, where X is 235U). Considering all experiments, the H/X covers a range from 0 to 1,836. This
spans the under-moderated (less than 200), optimum (200 to 300), and over-moderated (greater than 300)
regions. The H/X plots use a logarithmic scale to distinguish the different ranges of H/X values for the
experiments. Overall, there appears to be no distinct or observable bias in the kff as a function of the
hydrogen-to-fissile atom ratio.,
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4.8 Fissile Density (g 235 U/cc)

Figure 8 shows the KENO-calculated unbiased keff plotted as a function of the fissile material density for
all experiments. Considering. all experiments, the fissile density covers a range from 0.014 to 18.36 g235U/cc. The plot of the fissiledensity is similar to the plot of the ALCF. Overall, there appears to be no
distinct or observable bias in the keff as a function of the fissile density.

4.9 KENO VI and KENO Va Comparison

Figure 9 shows the KENO VI-calculated unbiased kff plotted as a function of the KENO Va-calculated
unbiased keff. The KENO VI results appear to be slightly higher for kff results less than 1.00 and slightly
lower for keff results greater than 1.00. However, these observed keff differences are less than 0.0025. The
results of both code versions statistically give essentially the same result. The KENO VI results are
further provided in, Table 2. The statistical results (bias and bias uncertainty) are further proyided in
Table 3.

5.0 Conclusions

The SCALE4.4a KENO Code provides precise results (slight positive bias for Groups I thiough 4) using
the 44-Group Standard Cross Section Library for high enrichments with a variety of material forms,
geometry, neutron energy, water-to-fuel ratio, density and ALCF. The precision of the code varies
somewhat depending* upon the fissile system being analyzed, as demonstrated by the results of the
statistical evaluations. For the Group 1 (all experiments) at a 95% confidence level, the bias uncertainty
of the KENO results is ±0.0022. The overall bias (Group 1) associated with the KENO results is
+0.0031.

Additionally, the results of the parametric studies indicate that there appears to be no distinct or
observable trends with the energy of the average lethargy causing fission, the moderator-to-fissile atom
ratio, fissile density or enrichment. The recommended application of the KENO-calculated standard
deviation, uncertainty, and Upper Subcritical Limits will prevent a critical system from being mistakenly
evaluated as subcritical. The Group 1 data is normally distributed about a mean keff value of 1.0030 such
that a one-sided 95% confidence level can be used to establish the Upper Limit kff. Based on this
validation, the Upper Limit klff for Group 1 (All Data) is 0.9969 (includes the bias and bias uncertainty at
a 95% confidence level). This value does not include an arbitrary administrative margin.

Many of the critical experiments available for code validation do not document experimental uncertainties
that may impact the modeling of the system; therefore, it is difficult to assess whether poor results are due
to faulty code performance or simply poor modeling of the experiment due to lack of proper information.

The overall (Group 1) Upper Subcritical Limit is 0.9969. However, an Upper Subcritical Limit of 0.9966
should be used for Groups 2 and 3 for ALCF values to 105eV. An Upper Subcritical Limit of 0.9958
must be used (Group 4) for ALCF values greater than !05eV. For all cases, including both KENO VI and
KENO Va, an Upper Subcritical Limit of 0.9958 is bounding for ALCF values ranging from less than 10-
2eV to greater than 105eV.

Based on these results, an administrative upper subcritical limit of 0.95 is overly restrictive., An
administrative upper subcritical limit of 0.97 is justified based on this validation. This provides an
arbitrary administrative margin of 3%. With a 3% margin the Upper Subcritical Limit is 0.9658.
However, with a 5% margin the Upper Subcritical Limit is 0.9458. Values provided in Table 3
implement the Upper Subcritical Limit with a 5% margin. As applied to analyses, since the bias is
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positive in all cases and neglected, limiting the klff + 2G to less than or equal to 0.9458 (5% administrative
margin) meets the intended requirements of this validation.

6.0 Area of Applicability

An essential portion of a code validation effort is to define the area of applicability for the code. The area
of applicability defines the types of materials, options, and range of parameter values that were used or
were bounded by the validation. This study has demonstrated that Scale 4.4aaKENO V.a with the
ENDF/B-V 44 group cross-sectional data is accurate for use in evaluating the multiplication factor for
high enriched uranium (60.0-100.0 wt%), moderated, reflected and unreflected systems or configurations.
The H/2 35U values used in the benchmark experiments varied from 0 to 1,836. The fissile density (g235U/cc) ranges from 0.014 to 18.36. The average lethargy causing fission (ALCF) ranges from 0.0291eV
to 914,000eV. This defines the range of applicability for the enrichment, H/235U, ACLF, and fissile
density of this validation.

The MULTIREGION and INFHOM cross-sectional modeling options were used in the benchmark
modeling. This validation specifically covers uranium systems (homogeneous and heterogeneous)
moderated by hydrogen (water- or poly-bound hydrogen) with carbon, nitrogen, fluorine and oxygen also
present as a portion of the uranium compound. This validation further covers various moderator and
reflector materials such as water, carbon, concrete, paraffin, plexiglas, aluminum, natural uranium and
polyethylene. The. basic geometry package consisting of cuboid, cylinder,, sphere and hemisphere were
used in modeling the benchmark critical experiments. Several other materials including boron, chlorine,
gadolinium, stainless steel, and carbon steel were also used in modeling the benchmark experiments.

If the parameters of a fissile system or configuration being evaluated are outside of the boundaries or
limits of this evaluation, then an additional margin of subcriticality determined from an alternate code or
specific experimental benchmark will be used to ensure that the system remains subcritical.
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density of this validation. 

The MUL TIREGION and INFHOM cross-sectional modeFng options were used in the benchmark 
modeling. This validation specifically covers ll;ranium systems (homogeneous and heterogeneous) 
moderated by hydrogen (water- or poly-bound hydrogen) with carbon, nitrogen, fluorine and oxygen also 
present as a portion of the uranium compound. This validation further covers various moderator and 
reflector materials such as water, carbon, concrete, paraffin,\ plexiglas, aluminum, natural uranium and 
polyethylene. The. basiC geometry package consisting of cuboid, cylinder,. sphere and hemisphere were 
used in modeling the benchmark critical experiments. Several. other materials including boron, chlorine, 
gadolinium, stainless steel, and carbon steel were also used in modeling the benchmark experiments. 

If the parameters of a fissile system or configuration being evaluated are outside of the boundaries or 
limits of this evaluation, then an additional margin of sub criticality determined from an alternate code or 
specific experimental benchmark will be used to ensure that the system remains subcritical. 
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Table 1 Summary of Critical Experiments Modeled

CaseCase H/ 23 UAtom g 5 U/cc Material Geometry Moderator Reflector Enrichment
Number Ratio

Heust-032-001 1 1836.68 0.01411, Uranyl Nitrate Spherical Water/N03 Aluminum/Steel .93.21

Heust-002-009 2 458.76 0.05558 Uranyl Nitrate Cylinder Water/N03 Concrete/Aluminum 93.17

Heust-012-001 3 1272.25 0.02047 Uranyl Fluoride Spherical Water/HF Water/Aluminum 93.18

Heust-037-005 4 463.05 0.05469 Uranyl Nitrate Cylinder Water/N03 Water 89.08

Heust-028-001 5 374.56 0.06770 Uranyl Nitrate Cylinder Water/N03 Water 89.08

Heust-014-002 6 418.13 0.06064 Uranyl Nitrate Cylinder Water/N03 Water/Steel 89.04

Heust-035-005 7 378.60 0.06670 Uranyl Nitrate Cylinder Water/N03 Water/Steel 89.08

Heust-035-001 8 766.63 0.03341 Uranyl Nitrate Cylinder Water/N03 Water/Steel 89.08

Heust-007-009 9 336.62 0.07520 Uranyl Nitrate Cyli r Water/N03 Concrete/Aluminum/St 93.17

tCylinder ainless Steel

Heust-037-002 10 684.46 0.03732 Uranyl Nitrate Cylinder Water/N03 Water 89.08

Heust-011-001 11 523.41 0.04940 Uranyl Fluoride Spherical Water/HF Water/Aluminum 93.20

Heumt-006-012 12 0.00 0.72167 U-Al Metal Cuboid Aluminum Water 93.17

Heust-025-006 13 586.11 0.04336 Uranyl Nitrate Cylinder Water/N03 Water 89.04

Heust-008-007 14 453.75 0.05620 Uranyl Nitrate Cylinder Water/N03 Plexiglass/Aluminum/ 93.17

Stainless Steel 93.17

Heust-002-010 15 458.76 0.05558 Uranyl Nitrate Cylinder Water/N03 Concrete/Aluminum 93.17
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Table I Summary of Critical Experiments Modeled

Case ID Case H/235U Atom g235U/cc Material Geometry Moderator Reflector Enrichment
Number Ratio

Heust-003-001 16 453.75 0.05620 Uranyl Nitrate Cylinder Water/N03 Plexiglass/Stainless 93.17

Steel

Heumt-006-005 17 0.00 0.72167 U-Al Metal Cuboid Aluminum Water. 93.17

Heust-028-008 18 374.56 0.06770 Uranyl Nitrate Cylinder Water/N03 Water 89.08.

Heumt-006-016 19 0.00 0.72167 U-Al Metal Cuboid Aluminum Water 93.17

Concrete/Aluminum/St
Heust-007-010 20 325.16 0.07779 Uranyl Nitrate Cylinder Water/N03 ainless Steel 93.17

Heust-037-009 21 339.68 0.07393 Uranyl Nitrate Cylinder Water/N03 Water 89.08

Heust-010-003 22 245.70 0.10190 Uranyl Fluoride Spherical Water/HF Water/Aluminum 93.13

Heust-036-002 23 302.47 0.08263 Uranyl Nitrate Cuboid Water/N03 Steel 89.14

Heumt-006-018 24 0.00 0.72167 U-Al Metal Cuboid Aluminum Water 93.17

Heust-015-003 25 278.39 0.08948 Uranyl Nitiate Cylinder Water/N03 Water/Steel 89.04

Heumt-006-010 26 0.00 0.72167 U-Al Metal Cuboid Aluminum Water 93.17

Heust-027-001 27 203.61 0.12115 Uranyl Nitrate Cylinder Water/N03 None 89.08

Heust-027-005 28 203.61 0.12115 Uranyl Nitrate Cylinder Water/N03 None 89.08

Heust-002-012 29 183.79 0.13452 Uranyl Nitrate Cylinder Water/N03 Concrete/Aluminum 93.17

Heust-002-011 30 183.79 0.13452 Uranyl Nitrate Cylinder Water/N03 Concrete/Aluminum 93.17
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Table 1 Summary of Critical Experiments Modeled 

Case ID Case HP3SU Atom 
g23SU/CC Material Geometry Moderator Reflector Enrichment Number Ratio 

Heust-003-00 1 16 453.75 0.05620 Uranyl Nitrate Cylinder WaterIN03 
Plexiglass/Stainless 

93.17 
Steel 

Heumt-006-005 17 0.00 0.72167 U-Al Metal Cuboid Aluminum Water 93.l7 

Heust-028-008 18 374.56 0.06770 Uranyl Nitrate Cylinder WaterIN03 Water 89.08 . 

Heumt-006-0 16 19 0.00 0.72167 U-Al Metal Cuboid Aluminum Water 93.17 

Heust-007-0 10 20 325.16 0.07779 Uranyl Nitrate Cylinder WaterIN03 
Concrete/ AluminurniSt 

93.17 
ainless Steel 

Heust-037-009 21 339.68 0.07393 Uranyl Nitrate Cylinder WaterIN03 Water 89.08 

Heust-01O-003 22 245.70 0.10190 Uranyl Fluoride Spherical Water/HF Water/Aluminum 93.l3 

Heust-036-002 23 302.47 0.08263 Uranyl Nitrate Cuboid WaterIN03 Steel 89.14 

Heumt-006-0 18 24 0.00 0.72167 U-A1 Metal Cuboid Aluminum Water 93.17 

Heust-015-003 25 278.39 0.08948 Uranyl Nitrate Cylinder WaterIN03 Water/Steel 89.04 

Heumt-006-0 10 26 0.00 0.72167 U-Al Metal 'Cuboid Aluminum Water 93.17 

Heust-027-001 27 203.61 0.12115 Uranyl Nitrate Cylinder WaterIN03 None 89.08 

Heust-027-005 28 203.61 0.12115 Uranyl Nitrate Cylinder WaterIN03 None 89.08 

Heust-002-012 29 1,83.79 0.13452 Uranyl Nitrate Cylinder WaterIN03 Concrete/Aluminum 93.17 

Heust-002-0 11 30 183.79 0.13452 Uranyl Nitrate Cylinder WaterIN03 Concrete/Aluminum 93.17 
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Table 1 Summary of Critical Experiments Modeled

Case ID Case H/ 235U Atom g235U/cc Material Geometry Moderator Reflector Enrichment
Number Ratio

Heuct-00-021 31 0.00 1.49407 Uranium DioxidIe Cylinder Beryllium/Borated Water 62.40
Uranyl Nitrate/Water

Heuct-010-010 32 0.00 1.49410 Uranium Dioxide Cylinder Beryllium/Water Water 62.40

Heuct 014-002 33 0.00 1.03792 Uranium Dioxide Cylinder Aluminum/Silicon Water 79.38Oxides

Heuct-010-017 34 0.00 1.49407 Uranium Dioxide Cylinder Beryllium/Boric Water 62.40

Acid/Water

Heuct-010-015 35 0.00 1.49407 Uranium Dioxide Cylinder Beryllium/Water Water 62.40

Heuct-010-008 36 0.00 1.49407 Uranium Dioxide Cylinder Beryllium/Water Water 62.40

Aluminum/Silicon
Heuct-014-001 37 0.00 1.03792 Uranium Dioxide Cylinder Oxides Water 79.38

D20/Water/Steel/Alu
Heust-020-003 38 847.40 0.03010 Uranyl Fluoride Cylinder D20/Water/HFf minum 93.65

Heuct-010-005 39 0.00 1.49407 Uranium Dioxide Cylinder Beryllium/Water Water 62.40-

Heuct-010-006 40 0.00 1.49407 Uranium Dioxide Cylinder Beryllium/Water Water 62.40

Heust-030-004 41 91.14 0.25745 Uranyl Nitrate Cylinder Water/N03 Water 89.08

Heust-025-017 42 62.68 0.35010 Uranyl Nitrate Cylinder Water/N03 Water 89.04

Heust-025-016 43 61.85 0.35616 Uranyl Nitrate Cylinder Water/N03 Water 89.04

Heuct-010-004 44 0.00 1.49407 Uranium Dioxide Cylinder Beryllium/Water Water 62.40
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Table 1 Summary of Critical Experiments Modeled 

Case ID Case HP35U Atom 
g235U/CC Material . Geometry Moderator Reflector Enrichment Number Ratio 

Heuct-O 10-021 31 0.00 1.49407 Uranium Dioxide Cylinder 
Beryllium/Borated 

Water 62.40 
Uranyl NitrateIWater 

Heuct -010-010 32 0.00 1.49410 Uranium Dioxide Cylinder Beryllium/Water Water 62.40 

Heuct~O 14-002 33 0.00 1.03792 Uranium Dioxide Cylinder 
Aluminum/Silicon 

Water 79.38 
Oxides 

Heuct -010-017 34 0.00 1.49407 Uranium Dioxide Cylinder 
. BerylliumIBoric 

Water 62.40 
AcidlWater 

Heuct-O 10-0 15 35 0.00 1.49407 Uranium Dioxide Cylinder BerylliumlWater Water 62.40 

Heuct-O 1 0-008 36 0.00 1.49407 Uranium Dioxide Cylinder BerylliumlWater Water 62.40 

Heuct-O 14-00 1 37 0.00 1.03792 Uranium Dioxide Cylinder 
Aluminum/Silicon 

Water 79.38 
Oxides 

Heust-020-003 38 847.40 0.03010 Uranyl Fluoride Cylinder Q20IW aterlHF 
D20/WaterlSteeVAlu 

93.65 
mmum 

Heuct-O to-005 39 0.00 1.49407 Uranium Dioxide Cylinder BerylliumlWater Water 62.40 . 

Heuct-O 10-006 40 0.00 1.49407 Uranium Dioxide Cylinder Beryllium/Water Water 62.40 

,J 

Heust-030-004 41 91.14 0.25745 Uranyl Nitrate Cylinder WaterIN03 Water 89.08 

Heust-025-017 42 62.68 0.35010 Uranyl Nitrate Cylinder Water/N03 Water 89.04 

Heust-025-0 16 43 61.85 0.35616 Ur~nyl Nitrate Cylinder WaterIN03 Water 89.04 

Heuct -010-004 44 0.00 1.49407 Uranium Dioxide Cylinder BerylliumlWater Water 62.40 

Page 15 of46 



Table 1 Summary of Critical Experiments Modeled

CaseCase H/ 235U Atom g23 U/cc Material Geometry Moderator Reflector Enrichment
Number Ratio

Plexiglass/Aluminum/ 931Heust-008-014 45 68.75 0.33164 Uranyl Nitrate Cylinder Water/N03 Stainless Steel 93.17

Heust-021-006 46 58.78 0.38429 Uranyl Nitrate Cylinder Water/N03 Paraffin 92.60

heust-005-015 47 80.26 0.28947 Uranyl Nitrate Cylinder Water/N03 None 87.40

Heust-003-011 48 70.94 0.32175 Uranyl Nitrate Cylinder Water/N03 Plexiglass/Aluminum 93.17

Heust-005-008 49 80.26 0.28947 Uranyl Nitrate Cylinder Water/N03 Water 87.40

Heust-008-008 50 80.26 0.28947 Uranyl Nitrate Cylinder Water/N03 Water 87.40

Heust-002-003 51 73.50 0.31191 Uranyl Nitrate Cylinder Water/N03 Concrete/Stainless 93.17
Steel

Heust-003-018 52 70.94 0.32175 Uranyl Nitrate Cylinder Water/N03 Plexiglass/Aluminum 93.17

Concrete/Aluminum/St 31
Heust-007-008 53 66.78 0.33925 Uranyl Nitrate Cylinder Water/N03 ainless Steel 93.17

Concrete/Aluminum/St
Heust-007-006 54 67.50 0.33576 Uranyl Nitrate Cylinder Water/N03 ainless Steel 93.17

Heust-021-018 55 58.78 0.38429 Uranyl Nitrate Cylinder Water/N03 top (paraffin), bottom 92.60y (paraffin)

Heust-033-003 56 68.10 0.33317 Uranyl Nitrate Annular Water/N03 Concrete 93.22

Heust-021-023 57 58.78 0.38429 Uranyl Nitrate Cylinder Water/N03 top (plexiglass), 92.60
bottom (plexiglass)
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Table 1 Summary 9f Critical Experiments Modeled 

Case ID Case H/235U Atom 
~3SU/CC Material Geometry Moder~tor Reflector Enrichment 

Number Ratio ,-

Heust-008-014 45 68.75 0:33164 Uranyl Nitrate Cylinder WaterlNOJ 
Plexiglass/ Aluminum! 

93.17 
, Stainless Steel 

Heust -021-006 46 58.78 0.38429 Uranyl Nitrate Cylinder WaterIN03 Paraffin 92.60 

heust-005-015 47 80.26 0.28947 Uranyl Nitrate Cylinder WaterIN03 None 87.40 
-

Heust-003-011 48 70.94 0.32175 Uranyl Nitrate Cylinder WaterIN03 Plexiglass/ Aluminum 93.17 

Heust-005-008 49 80.26 0.28947 Uranyl Nitrate Cylinder' WaterIN03 Water 87.40 

Heust-008-008 50 80.26 0.28947 Uranyl Nitrate Cylinder WaterIN03 Water 87.40 

Heust-002-003 51 73.50 0.31191 Uranyl Nitrate Cylinder WaterIN03 
Concrete/Stainless 

93.17 
Steel 

Heust-003-018 52 70.94 0.32175 Uranyl Nitrate Cylinder WaterIN03 Plexiglass/ Aluminum 93.17 

Heust-007 -008 53 66.78 0.33925 Uranyl Nitrate Cylinder WaterIN03 
Concrete/ AluminurnlSt 

93.17 
ainless Steel 

, 
Concrete/ AluminurnlSt 

Heust-007 -006 54 , 67.50 0.33576 Uranyl Nitrate Cylinder WaterIN03 
ainless Steel 

\ 93.17 
Q, 

Heust -021-018 55 58.78 0.38429 Uranyl Nitra!e Cylinder WaterIN03 
top (paraffin), bottom 

92.60 
(paraffin) 

- ,-

Heust-033-003 56 68.10 0.33317 Uranyl Nitrate Annular WaterIN03 Concrete 93.22 

Heust -021-023 57 58.78 0.38429 Uranyl Nitrate Cylinder WaterIN03 
top (plexiglass), 

92.60 
bottom (plexiglass) 
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Table 1 Summary of Critical Experiments Modeled

Case ID Case H/ 235U Atom g235U/cc Material Geometry Moderator Reflector Enrichment
Number Ratio

Heust-033-008 58" 68.10 0.33317 Uranyl Nitrate Annular Water/N03 Concrete 93.22

Heuct-013-002 59 0.00 1.03792 Uranium Dioxide Cylinder Aluminum/Silicon - Water 79.38

Oxides

Heust-006-022 60 84.54 0.27481 Uranyl Nitrate Cylinder Water/N03 Borated Water 93.06

Heust-009-002 61 47.23 0.50603 Uranyl Fluoride Spherical Water/HF Water/Aluminum 93.19

Heuct-010-003 62 0.00 1.49407 Uranium Dioxide Cylinder Berrylium/Water Water 62.40

Heucm-001-002 63. 0.00 1.74728 Uranium Dioxide Cylinder Oxygen Water/Plexiglass/Polye 93.15

thylene

Heust-006-014 64 84.98 0.27452 Uranyl Nitrate Cylinder Water/N03 Nickel 93.06

Heust-006-021 65 84.24 0.27360 Uranyl Nitrate Cylinder Water/N03 Nickel/Borated Water 93.06

Heuct-013-00l 66 0.00 1.03792 Uranium Dioxide . Cylinder Aluminum/Silicon Water 79.38
Oxides

Aluminum/SiliconWae793
Heuct-01 1-002 67 0.00 1.03792 Uranium Dioxide Cylinder Oxides Water 79.38

Heuct-011-002 68 0.00 1.03792 Uranium Dioxide Cylinder Aluminum/Silicon Water 79.38
OxidesAluminum/SiliconWae793

Heuct-01 1-001 69 • 0.00 1.03792 UraniumDioxide Cylinder OxidesWae793

Heust-004-004 70 134.90 0..18499 Uranyl Fluoride Spherical D20/Water/HF D2OiWater/Steel 93.65
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Table 1 Summary of Critical Experiments Modeled 

Case ID Case HP35U Atom lf35U/CC Material Geometry Moderator Reflector Enrichment 
Number ~tio 

Heust-033-008 58 68.10 0.33317 Uranyl Nitrate Annular WaterIN03 Concrete 93.22 

Heuct-013-002 59 0.00 l.03792 Uranium Dioxide Cylinder 
Aluminum/Silicon 

- Water 79.38 
Oxides 

.. 

Heust-006-022 60 84.54 0.27481 Uranyl Nitrate Cylinder WaterIN03 Borated Water 93.06 

, 
Heust -009-002 61 47.23 0.50603 Uranyl Fluoride Spherical WaterlHF Water/Aluminum 93.19 

Heuct-O 10-003 62 0.00 1.49407 Uranium Dioxide Cylinder BerryliurnlWater Water 62.40 

Heucm-OO 1"-002 63 0.00 1.74728 Uranium Dioxide Cylinder Oxygen 
Water/Plexiglass/Polye 

93.15 
thylene 

Heust -006-014 64 84.98 '0.27452 Uranyl Nitrate Cylinder WaterIN03 Nickel 93.06 

Heust-006-02l 65 84.24 0.27360 Uranyl Nitrate Cylinder WaterIN03 NickellBorated Water 93.06 

Heuct -013 -00 1 66 0.00 l.03792 Uranium Dioxide Cylinder 
Aluminum/Silicon 

Water 79.38 
Oxides 

Heuct-O 11-002 67 . 0.00 l.03792 Uranium Dioxide Cylinder 
Aluminum/Silicon 

Water 79.38 
Oxides 

Heuct-012-00l 68 0.00 l.03792 Uranium Dioxide Cylinder 
Aluminum/Silicon 

Water 79.48 
Oxides 

, 

Heuct-O ll-OO 1 69 0.00 l.03792 Uranium Dioxide Cylinder 
Aluminum/Silicon 

Water 79.38 
Oxides 

Heust -004-004 70 134.90 0.18499 Uranyl Fluoride Spherical D201W ater/HF D20/w aterlSteel 93.65 
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Table 1 Summary of Critical Experiments Modeled

Case ID Case H/235U Atom g235U/cc Material Geometry Moderator Reflector Enrichment
Number Ratio

D20/Water/Steel/Alu
Heust-020-001 71 227.70 0.10940 Uranyl Fluoride Cylinder D20/Water/HF minum 93.65

Heust-004-003 72 80.96 0.30200 Uranyl Fluoride Spherical D20/Water/HF D20/Water/Steel 93.65

Heumt-003-005 73 0.00 17.69982 U-Metal Cuboid None Water 94.52

Heust-004-002 74 53.54 0.44298 Uranyl Fluoride Spherical D20/Water/HF D20/Water/Steel 93.65

Heust-004-001 75 34.10 0.67902 Uranyl Fluoride Spherical D20/Water/HF D20/Water/Steel 93.65

Heucm-001-018 76 34.10 0.67902 Uranyl Fluoride Spherical D20/Water/HF D20/Water/Steel 93.65

Heucm-001-017 77 0.00 4.49781 Uranium Dioxide Cylinder Oxygen Water/Plexiglass/Polye 93.15
thylene

Heucm-001-015 78 0.00 4.49781 Uranium Dioxide Cylinder Oxygen Water/Plexiglass/Poiye 93.15thylene

Heucm-001-016 79 0.00 4.49781 Uranium Dioxide Cylinder Oxygen Water/Plexiglass/Polye 93.15
thylene

Heumf-007-043 80 0.00 4.49781 Uranium Dioxide Cylinder Oxygen Water/Plexiglass/Polye 93.15
Heumf007-03 80thylene

Heucm-001-019 81 0.00 17.18152 U-Metal Cuboid None Polyethylene 93.15

Water/Plexiglass/Polye 931
Heuci-004-001 82 0.00 4.49781 Uranium Dioxide Cylinder Oxygen thylene 93.15

Heucm-001-013 83 0.45 0.09763 Uranium Dioxide Cuboid Graphite/Water None 92.28
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Table 1 Summary Qf Critical Experiments Modeled 

Case ID 
Case Hl23SU Atom 

g23S
U/CC Material Geometry Moderator Reflector Enrichment Number Ratio 

Heust-020-00 1 71 227.70 0.10940 Uranyl Fluoride Cylinder D20/w aterlHF 
D20/w aterlSteel/ Alu 

93.65 
mmum . 

Heust-004-003 72 80.96 0.30200 Uranyl Fluoride Spherical D20/WaterlHF D20/w aterlSteel 93.65 

Heumt-003-005 73 0.00 17.69982 U-Metal Cuboid None Water 94.52 

Heust -004-002 74 53.54 0.44298 Uranyl Fluoride Spherical D20/WaterlHF D20/w aterlSteel 93.65 

Heust -004-001 75 34.10 0.67902 Uranyl Fluoride Spherical D20/WaterlHF D20/w aterlSteel 93.65 

Heucm-OO 1-0 18 - 76 34.10 0.67902 Uranyl Fluoride Spheric~l D20/Water/HF . D20/w aterlS teel 93.65 

'0 

Heucm-OO 1-0 17 77 0.00 4.49781 Uranium Dioxide Cylinder Oxygen 
Water/Plexiglass/Polye 

93.15 
thylene 

Heucm-OO 1-0 15 78 0.00 4.49781 Uranium Dioxide Cylinder Oxygen 
WaterlPlexiglass/Polye 

93.15 
thylene 

-
Heucm-OO 1-0 16 79 0.00 4.49781 Uranium Dioxide Cylinder Oxygen 

Water/Plexiglass/Polye 
93.15 

thylene 

Heumf-007 -043 80 0.00 4.49781 Uranium Dioxide Cylinder Oxygen 
WaterlPlexiglass/Polye 

93.15 
thylene 

Heucm-OO 1-0 19 81 0.00 17.18152 U-Metal Cuboid None Polyethylene 93.15 
- -

Heuci-004-00 1 82 0.00 4.49781 Uranium Dioxide Cylinder Oxygen 
WaterlPlexiglass/Polye 

93.15 
thylene 

Heucm-OO 1-0 13 83 0.45 0.09763 Uranium Dioxide Cuboid Graphite/W ater None 92.28 
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Table 1 Summary of Critical Experiments Modeled

Case ID Case H/23r u Atom g235U/cc Material Geometry Moderator Reflector Enrichment• Number Ratio

Heucm-001-011 84 0.00 4.49781. Uranium Dioxide Cylinder Oxygen Water/Plexiglass/Polye 93.15thylene

Heucm-001-012 85 0.00 4.49781 Uranium Dioxide Cylinder Oxygen Water/Plexiglass/Polye 93.15
thylene

Heumf-007-042 86 0.00 17.18338 U-Metal Cuboid None Polyethylene 93.15

Heumf-007-041 87 0.00 17.21505 U-Metal Cuboid None Polyethylene 93.15

Heucm-001-009 88 0.00 4.49781 Uranium Dioxide Cylinder Oxygen Water/Plexiglass/Polye 93.15

thylene

Heumf-007-018 89 0.00 17.23368 U-Metal Cuboid None Polyethylene 93.15

Heucm-001-010 90 0.00 4.49781 Uranium Dioxide Cylinder Oxygen Water/Plexiglass/Polye 93.15
thylene

Heumf-007-017 91 0.00 17.23554 U-Metal Cuboid None Polyethylene 93.15

Heucm-001-027 92 1.56 5.41384 Uranium Dioxide Cylinder Alcohol Alcohol/Plexiglass/Pol 93.15
yethylene

Heucm-001-026 93 1.56 5.41384 Uranium Dioxide Cylinder Alcohol Alcohol/Plexiglass/Pol 93.15

Cyethylene

Alcohol/Plexiglass/Pol

Heucm-001-025 94 1.56 5.41384 Uranium Dioxide Cylinder Alcohol A etho lex P 93.15
yethylene

Heucm-001-023 95 1.56 5.41384 Uranium Dioxide Cylinder Alcohol Alcohol/Plexiglass/Pol 93.15yethylene
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H/23SU Atom " 
. 

Case.ID Case g23SUlcc Material Geometry Moderator Reflector Enrichment Number Ratio 
/ 

Heucm-OO 1-0 11 84 0.00 4.49781_ Uranium Dioxide Cylinder Oxygen 
WaterlPlexiglass/Polye 

93.15 
thylene 

Heucm-001-012 85 0.00 4.49781 Uranium Dioxide Cylinder Oxygen 
WaterlPlexiglass/Polye 

93.15 
thylene 

Heumf-007 -042 86 0.00 17.18338 U-Metal Cuboid None Polyethylene 93.15 

Heumf-007 -041 87 0.00 17.21505 U-Metal Cuboid None Polyethylene 93.15 

Heucm-OO 1-009 88 0.00 4.49781 Uranium Dioxide Cylinder Oxygen 
WaterlPlexiglass/Polye 

93.15 
thylene 

Heumf-007-018 89 0.00 17.23368 U-Metal Cuboid None Polyethylene 93.15 

Heucm-OO 1-0 1 0 90 0.00 4.49781 Uranium Dioxide Cylin~er Oxygen 
WaterlPlexiglass/Polye 

93.i5 
thylene 

J' 

Heumf-007-017 91 0.00 17.23554 U-Metal Cuboid None Polyethylene 93.15 

Heucm-OO 1-027 92 1.56 5.41384 Uranium Dioxide Cylinder Alcohol 
AlcohollPlexiglasslPol 

93.15 
yethylene 

'-
AlcohollPlexiglasslPol 

Heucm-OO 1-026 93 1.56 5.41384 Uranium Dioxide Cylinder Alcohol 
yethylene 

93.15 

Heucm-OO 1-025 94 1.56 5.41384 Uranium Dioxide Cylinder Alcohol 
AlcohollPlexiglass/Pol 

93.15 
yethylene 

Heucm-OO 1-023 95 1.56 5.41384 Uranium Dioxide Cylinder Alcohol 
AlcohollPlexiglasslPol 

93.15 
yethylene 
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Table 1 Summary of Critical Experiments Modeled

Case H/235U Atom g235U/cc Material Geometry Moderator Reflector Enrichment
'Number Ratio.

r Alcohol/Plexiglass/Pol

Heucm-001-024 96 1.56 5.41384 Uranium Dioxide Cylinder Alcohol A ethylene 93.15yethylene

Heucm-00 1-029 97 1.56 5.41384 Uranium Dioxide Cylinder Alcohol Alcohol/Plexiglass/Pol 93.15yethylene

Heucm-001-028 98 1.56 5.41384 Uranium Dioxide Cylinder Alcohol Alcohol/Plexiglass/Pol 93.15
yethylene

Alcoho!/Plexiglass/Pol
Heucm-001-022 99 1.56 5.41384 Uranium Dioxide Cylinder Alcohol A etho lex s 93.15yethylene

Heucm-001-021 100 1.56 5.41384 Uranium Dioxide Cylinder Alcohol Alcohol/Plexiglass/Pol 93.15yethylene

Heucm-001-020 101 1.56 5.41384 Uranium Dioxide Cylinder Alcohol Alcohol/Plexiglass/Pol 93.15yethylene

Heucm-00 1-008 102 0.00 4.49781 Uranium Dioxide Cylinder Oxygen Water/Plexiglass/Polye 93.15
thylene

Heumm-002-001 i03 0.00 16.52425 U-Metal Sphere None Polyethylene 90.00

Heumm-003-001 104 0.00 16.52425 U-Metal Sphere None Polyethylene 90.00

Heucm-001-005 105 0.00 4.49781 Uranium Dioxide Cylinder Oxygen Water/Plexiglass/Polye 93.15

447thylene

Heumf-007-031 106 0.00 17.37061 U-Metal Cuboid None Plexiglass 93.15

Heumf-007-039 107 0.00 17.24859 U-Metal Cuboid None Polyethylene 93.15
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, 

Case ID Case HP3SU'Atom 
~3SU/CC Material Geometry Moderator Reflector Enrichment . 

Number Ratio .. 

I 
AlcohollPlexiglass/Pol 

Heucm-OO 1-024 96 1.56 5.41384 Uranium Dioxide Cylinder Alcohol 
yethylene 

93.15 

- ~ AlcohollPlexiglasslPol 
Heucm-OO 1-029 97 1.56 5.41384 Uranium Dioxide Cylinder Alcohol 

yethylene 
93.15 

Heucm-OO 1-028 98 1.56 5.41384 Uranium Dioxide Cylinder Alcohol 
AlcohollPlexiglasslPol 

93.15 
yethylene 

Heucm-OO 1-022 99 1'.56 5.41384 Uranium Dioxide Cylinder Alcohol 
Alcohol/PlexiglasslPol 

93.15 
yethylene 

Heucm-OO 1-021 100 1.56 5.41384 Uranium Dioxide Cylinder' Alcohol 
AlcohollPlexiglass/Pol 

93.15 
yethylene 

Heucm-OO 1-020 101 1.56 5.41384 Uranium Dioxide Cylinder Alcohol 
AlcohollPlexiglasslPol 

93.15 
yethylene 

Heucm-OO 1-008 102 0.00 4.49781 Uranium Dioxide Cylinder Oxygen 
WaterlPlexiglass/Polye 

93.15 
thylene . 

Heurrun-002-00 1 103 0.00 16.52425 U-Metal Sphere None Polyethylene 90.00 

Heurrun-003-00 1 . 104 0.00 16.52425 U-Metal Sphere - None Polyethytene 90.00 ' -

" Cylinder 
WaterlPlexiglass/Polye 

93.15 Heucm-OO 1-005 105 0.00 4.49781 Uranil;1m Dioxide Oxygen 
thylene 

Heumf-007 -031 106 O.og 17.37061 U-Metal Cuboid None Plexiglass 93.15 

Heumf-007 -039 107 0.00 17.24859 U-Metal Cuboid . None Polyethylene 93.15 

Page 20 of46 



Table 1 Summary of Critical Experiments Modeled

Case ID CaSe H/ 235U atom g 235U/cc Material Geometry Moderator Reflector Enrichment
Number Ratio

Heumf-007-040 108 0.00 17.28957 U-Metal Cuboid None Polyethylene 93.15

Heucm-001-007 '109 0.00 4.49781 Uranium Dioxide Cylinder Oxygen Water/Plexiglass/Polye 93.15thylene

Heumf-007-038 110 0.00 17.17034 U-Metal Cuboid None Polyethylene 93.15

Heucm-001-006 111 0.00 4.49781 Uranium Dioxide Cylinder Oxygen Water/Plexiglass/Polye 93.15thylene

Heumf-007-037 112 0.00 17.18897 U-Metal Cuboid None Polyethylene 93.15

Heumm-001-001 113 0.00 17.83457 U-Metal Cylinder/Slab None Titanium/Polyethylene 95.98

Heumf-007-013 114 0.00 '17.20853 U-Metal Cuboid None Polyethylene 93.15

Heumf-007-016 115 0.00 17.28212 U-Metal Cuboid None Polyethylene 93.15

Heumf-007-015 116 0.00 17.28957 U-Metal Cuboid None Polyethylene 93.15

Heumf-007-014 117 0.00 17.17872 U-Metal Cuboid None Polyethylene 93.15

Heumf-007-036 118 0.00 17.34839 U-Metal Cuboid None Polyethylene 93.15

Heumf-023-020 119 0.00 17.48432 U-Metal Cylinder None Polyethylene 93.20

Heumf-007-011 120 0.00 17.20853 U-Metal Cuboid None Polyethylene 93.15

Heumf-031 121 0.00 17.83087 U-Metal Cylinder Carbon/Iron/Tungsten Polyethylene 95.96

Heumf-007-035 122 0.00 17.11072 U-Metal Cuboid None Polyethylene 93.15
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Table 1 Summary of Critical Experiments Modeled 

Case ID Case Hp~5U Atom 
gi35U/cc Material Geometry Moderator Reflector Enrichment 

Number Ratio 
-

Heumf-007 -040 108 0.00 17.28957 U-Metal Cuboid None Polyethylene 93.15 -. 

Heucm-OO 1-007 109 0.00 4.49781 Uranium Dioxide Cylinder Oxygen 
WaterlP1exiglass/Po1ye 

93.15 
thy1ene 

Heumf-007 -038 110 0.00 17.17034 U-Meta1 Cuboid None Polyethylene 93.15 

- WaterlPlexiglass/Polye 
Heucm-OO 1-006 111 0.00 4.49781 Uranium Dioxide Cylinder Oxygen 

thylene 
93.15 

Heumf-007 -037 112 0.00 17.18897 U-Metal Cuboid None Polyethylene 93.15 

Heumm-OO 1-00 1 113 0.00 17.83457 U-Metal Cylinder/Slab None TitaniumIPolyethylene 95.98 . 
Heumf-007-013 114 0.00 '17.20853 U-Metal Cuboid None Polyethylene 93.15 

Heumf-007 -016 115 0.00 17.28212 U-Metal Cuboid None Polyethylene 93.15 

Heumf-007 -015 116 0;00 17.28957 U-Metal Cuboid None Polyethylene 93.15 
-

Heumf-007 -014 117 0.00 17.17872 U-Metal Cuboid None. Polyethylene 93.15 

Heumf-007 -036 118 0.00 17.34639 U-Metal Cuboid None Polyethylene 93.15 

Heumf-023-020 119 0.00 17.48432 U-Metal Cylinder None' Polyethylene 93.20 
. 

Heumf-007 -011 120 0.00 17.20853 U-Metal Cuboid None Polyethylene 93.15 

. Heumf-031 121 0.00 17.83087 U-Metal Cylinder Carbon/Iron/Tungsten Polyethylene 95.96 

Heumf-007-035 122 0.00 17.11072 U-Metal Cuboid None Polyethylene 93.15 
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Table 1 Summary of Critical Experiments Modeled

Case ID 9Case H/23 U Atom g235U/cc Material Geometry Moderator Reflector Enrichment
Number Ratio

Heumf-026-004 123 0.00 17.48432 U-Metal Cylinder None Paraffin 93.20

Heumf-034-003 124 0.00 17.83087 U-Metal Cylinder Carbon/Iron/Tungsten itaum/Polyethylene 95.96

Heumf-034-001 125 0.00 17.60018 U-Metal Cuboid None Water 94.01

Heumf-034-002 126 0.00 17.83087 U-Metal Cylinder Carbon/Iron/Tungsten Titanium/Polyethylene 95.96
/Aluminum

Heumf-026-006 127 0.00 17.48432 U-Metal Cylinder None . Paraffin 93.20

Heumf-007-030 128 0.00 17.37806 U-Metal Cuboid None Plexiglass 93.15

Heumt-003-001 129 0.00 17.60018 U-Metal Cuboid None Water 94.01

Heumf-007-026 130 0.00 17.27374 U-Metal Cuboid None Polyethylene 93.15

Heumf-007-010 131 0.00 17.24113 U-Metal Cuboid None Polyethylene 93.15

lHeumf-007-025 132 0.00 17.28212 U-Metal Cuboid None Polyethylene 93.15

Heumf-026-003 133 0.00 17.48432 U-Metal Cylinder None Paraffin 93.20

Heumf-004-002 134 0.00 18.35603 U-Metal Sphere None Water 97.68

Heumf-004-00 1 135 0.00 18.35603 U-Metal Sphere None Water, Plexiglass 97.68

Heumf-007-024 136 0.00 0.44400 U-Metal Cylinder Iron/Nickel/Chromium Carbon Steel 93.18

Heumf-007-023 137 0.00 17.27933 U-Metal Cuboid None Polyethylene 93.15

Page 22 of 46

• • • 
Table 1 Summary of Critical Experiments Modeled 

Case ID . Case HP35U·Atom 
g235U/CC Material Geometry Moderator Reflector Enrichment 

Number Ratio . 

Heumf-026-004 123 0.00 17.48432 U-Metal Cylinder None Paraffin 93.20 
. 

Heumf-034-003 124 0.00 17.83087 U-Metal . Cylinder CarbonllroniTungsten 
TitaniumlPolyethylene 

95.96 
IAluminum 

Heumf-034-00 1 125 0.00 17.60018 U-Metal Cuboid None Water 94.01 

Heumf-034-002 126 0.00 17.83087 U-Metal Cylinder CarbonllroniTungsten 
TitaniumlPolyethylene 

95.96 
IAluminum 

Heumf-026-006 127 0.00 17.48432 U-Metal Cylinder None, Paraffin 93.20 

Heumf-007 -030 128 0.00 17.37806 U-Metal Cuboid None Plexiglass 93.15 

Heumt-003-00 1 129 0.00 17.60018 V-Metal Cuboid None Water 94.01 

.- . 
Heumf-007 -026 130 0.00 17.27374 U-Metal Cuboid None Polyethylene 93.15 

Heumf-007 -010 131 0.00 ' 17.24113 U-Metal Cuboid None Polyethylene 93.15 

. Heumf-007 -025 132 0.00 17.28212 U-Metal Cuboid None Polyethylene 93.15 

Heumf-026-003 133 0.00 17.48432 U-Metal Cylinder None Paraffin 93.20 

Heumf-004-002 134 0.00 18.35603 U-Metal Sphere None Water 97.68 

Heumf-004-00 1 135 0.00 18.35603 U-Metal Sphere None Water, Plexiglass 97.68 

Heumf-007 -024 136 0.00 0.44400 U-Metal Cylinder IronIN iekel/Chromium Carbon Steel 93.18 

Heumf-007 -023 137 0.00 17.27933 U~Metal Cuboid None Polyethylene 93.15 
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Table 1 Summary of Critical Experiments Modeled

Case ID Case H/235U Atom g235U/cc Material. Geometry Moderator Reflector Enrichment
Number Ratio

Heumf-007-006 138 0.00 17.31752 U-Metal Cuboid None Polyethylene 93.15

Heumf-007-022 139 0.00 17.30541, U-Metal Cuboid None Polyethylene 93.15

Heumf-007-009 140 0.00 17.27001 U-Metal Cuboid None -Polyethylene 93.15

Heumf-007-008 141 0.00 17.27839 U-Metal Cuboid None Polyethylene 93.15

Heumf-007-005 142 0.00 17.26442 U-Metal Cuboid None Polyethylene 93.15

Heumf-007-003 143 0.00 17.26256 U-Metal Cuboid None Polyethylene 93.15

Heumf-020 144 0.00 17.29423 U-Metal Cuboid None Plexiglass 93.15

Heumf-007-002 145 0.00 16.58525 U-Metal Sphere Carbon/Iron/Tungsten Polyethylene 89.65

Heumf-003-004 146 0.00 17.53125 U-Metal Sphere. None Tungsten Carbide 93.50

Heumf-041 147 0.00 17.37150 U-Metal Cuboid None Beryillum 93.90

Heumf-003-003 148 0.00 17.53125 U-Metal Sphere None Tungsten Carbide -93.50

Heumf-003-002 149 0.00 17.53125 U-Metal Sphere None Tungsten Carbide 93.50

Heumf-007-034 150 0.00 17.13215 U-Metal Cuboid None Teflon 93.15

Heumf-003-001 151 0.00 17.53125 U-Metal- Sphere None Tungsten Carbide 93.50

Heumf-007-033 152 0.00 17.17779 U-Metal Cuboid None Teflon 93.15

Heumf-007-032 153 0.00 17.17779 U-Metal Cuboid None Teflon 93.15
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Table 1 Summary of Critical Experiments Modeled 

Case ID Case HP3SU Atom 
g23SU/cc Material. Geometry Moderator Reflector Enrichment 

Number Ratio 

Heumf-007 -006 138 0.00 17.31752 U-Meta1 Cuboid None Polyethylene 93.15 

Heumf-007 -022 139 0.00 17.30541. U-Meta1 Cuboid None Polyethylene 93.15 

Heumf-007~009 140 0.00 17.27001 U-Metal Cuboid None -Polyethylene 93.15 

Heumf-007 -008 141 0.00 17.27839 U-Metal Cuboid None Polyethylene 93.15 

Heumf-007 -005 142 0.00 17.26442 U-Metal Cuboid None Polyethylene 93.15 

Heumf-007 -003 143 0.00 17.26256 U-Metal Cuboid None Polyethylene 93.15 

Heumf-020 144 0.00 17.29423 U-Metal Cuboid None Plexiglass 93.15 

Heumf-007 -002 145 0.00 16.58525 U-Metal Sphere Carbonllron/Tungsten Polyethylene 89.65 

Heumf-003-004 146 0.00 17.-53125 U-Metal Sphere. None Tungsten Carbide 93.50 

Heumf-041 147 0.00 17.37150 U-Metal Cuboid None Beryillum 93.90 

Heumf-003-003 148 0.00 17.53125 U-Metal Sphere None Tungsten Carbide 93.50 . 

Heumf-003-002 149 0.00 17.53125 U-Metal Sphere None Tungsten Carbide 93.50 

Heumf-007 -034 150 0.00 17.13215 U-Metal Cuboid None Teflon 
., 

93.15 

Heumf-003-00 1 151 0.00 17.53125 U-Metal- Sphere None Tungsten Carbide . 93.50 

Heumf-007-033 152 0.00 17.17779 U-Metal Cuboid None Teflon 93.15 

/ 
Heumf-007-032 153 0.00 17.17779 U-Metal Cuboid None Teflon 93.15 
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Table 1 Summary of Critical Experiments Modeled

Case ID Case H1/235U Atom g235 U/cc Material Geometry Moderator Reflector Enrichment
Number Ratio

Heumf-019 154 0.00 16.54912 U-Metal Sphere Carbon/Iron/Tungsten Graphite 89.60

Heumf-027 155 0.00 16.29293 U-Metal Sphere Carbon/Iron/Tungsten Lead/Iron 89.47

Heumf-023-016 156 0.00 17.48430 U-Metal Cylinder None Polyethylene 93.20

Heumf-018 157 0.00 16.33423 U-Metal Sphere Carbon/Iron/Tungsten None 89.65

Heumf-026-001 158 0.00 17.48432 U-Metal Cylinder None None 93.20

Heumf-001-001 159 0.00 17.65883 U-Metal Sphere None None 93.90

Heumf-007-019 160 0.00 17.31845 U-Metal Cuboid None None 93.15

Heumf-007-001 161 0.00 17.21598 U-Metal Cuboid None None 93.15
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Table 1 Summary of Critical Experiments Modeled 

Case ID Case HP3SU Atom 
g23SU/CC Material Geometry Moderator RefleCtor Enrichment Number Ratio 

Heumf-019 154 0.00 ' 16.54912 U-Metal Sphere CarbonlIroniTungsten Graphite 89.60 , 

Heumf-027 155 0.00 16.29293 U-Metal Sphere CarbonlIroniTungsten Lead/Iron 89.47 

Heumf-023-0 16 156 0.00 17.48430 U-Metal Cylinder None Polyethylene 93.20 

Heumf-018 157 0.00 16.33423 U-Metal Sphere CarbonlIroniTungsten None 89.65 

• 
Heumf-026-00 1 158 0.00 17.48432 U-Metal Cylinder None· None 93.20 

Heumf-OO 1-00 1 159 0.00 17.65883 U-Metal Sphere None None 93.90 

Heumf-007 -019 160 0.00 17.31845 U-Metal Cuboid None None 93.15 

Heumf-007 -001 161 0.00 17.21598 U-Metal Cuboid None None 93.15 
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Table 2 Experimental and Calculation Results

Case ID Case
Number Kexp Sigexp K5calc Sig5calc K6calc Sig6calc ALCF, eV

Heust-032-001 1 1.0000 0.0004 0.9994 0.0008 0.9979 0.0009 2.91E-02

Heust-002-009 2 1.0000 0.0004 1.0081 0.0017 1.0077 0.0018 3.05E-02

Heust-012-001 3 1.0000 0.0004 1.0047 0.0009 1.0018 0.0010 3.08E-02

Heust-037-005 4 1.0000 0.0004 1.0092 0.0012 1.0046 0.0011 3.16E-02

Heust-028-001 5 1.0000 0.0004 1.0019 0.0017 1.0014 0.0021 3.28E-02

Heust-014-002 6 1.0000 0.0004 1.0149 0.0014 1.0157 0.0014 3.31E-02

Heust-035-005 7 1.0000 0.0004 1.0066 0.0013 1.0096 0.0012 3.45E-02

Heust-035-001 8 1.0000 0.0004 1.0045 0.0013 1.0014 0.0011 3.52E-02

Heust-007-009 9 1.0000 0.0004 1.0085 0.0013 1.0080 0.0013 3.61E-02

Heust-037-002 10 1.0000 0.0004 1.0061 0.0011 1.0044 0.0013 3.71 E-02

Heust-011-001 11 1.0000 0.0004 1.0075 0.0012 1.0049 0.0013 3.79E-02

Heumt-006-012 12 1.0000 0.0004 1.0054 0.0016 1.0049 0.0014 4.OOE-02

Heust-025-006 13 1.0000 0.0004 1.0107 0.0009 1.0120 0.0009 4.07E-02

Heust-008-007 14 1.0000 0.0004 1.0003 0.0014 0.9986 0.0014 4.13E-02
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Table 2 Experimental and Calculation Results 

Case ID 
Case 

Kexp Sigexp K5calc Sig5calc K6calc Sig6calc ALCF,eV Number 

~eust-032-001 1 1.0000 0.0004 0.9994 0.0008 0.9979 0.0009 2.91E-02 

-
lHeust -002-009 2 1.0000 0.0004 1.0081 0.0017 1.0077 0.0018 3.05E-02 

lHeust-012-001 3 1.0000 0.0004 1.0047 0.0009 1.0018 0.0010 3.08E-02 

lHeust-037-005 4 1.0000 0.0004 1.0092 0.0012 1.0046 0.0011 ·3.16E-02 

lHeust -028-001 5 1.0000 0.0004 LOO19 0.0017 1.0014 0.0021 3.28E-02 

~eust -014-002 6 1.0000 0.0004 1.0149 0.0014 1.0157 0.0014 3.31E-02 

Heust-035-005 7 1.0000 0.0004 1.0066 0.0013 1.0096 0.0012 3.45E-02 

~eust-035-00 1 8 1.0000 0.0004 1.0045 0.0013 1.0014 0.0011 3.52E-02 
-

Heust-007-009 9 1.0000 0.0004 1.0085 0.0013 1.0080 0.0013 3.61E-02 

Heust-037-002 10 1.0000 0.0004 1.0061 0.0011 1.0044 0.0013 3.71E-02 

Heust -011-001 11 1.0000 0.0004 1.0075 0.0012 1.0049 0.0013 3.79E-02 

Heumt -006-012 12 1.0000 0.0004 1.0054 0.0016 1.0049 0.0014 4.00E-02 

Heust-025-006 . 13 1.0000 0.0004 1.0107 0.0009 1.0120 0.0009 4.07E-02 

lHeust-008-007 14 1.0000 0.0004 1.0003 0.0014 0.9986 0.0014 4. 13E-02 
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Table 2 Experimental and Calculation Results

Case
Case ID Number Kexp Sigexp K5calc Sig5calc K6calc Sig6calc ALCF, eV

Heust-002-010 15 1.0000 0.0004 1.0079 0.0013 1.0089 0.0014 4.19E-02

Heust-003-001 16 1.0000 0.0004 1.0070 0.0014 1.0008 0.0014 4.19E-02

Heumt-006-005 17 1.0000 0.0004 1.0023 0.0015 1.0048 0.0016 4.341E-02

Heust-028-008 18 1.0000 0.0004 1.0010 0.0014 0.9992 0.0015 4.56E-02

Heumt-006-016 19 1.0000 0.0004 1.0030 0.0014 1.0008 0.0017 4.73E-02

Heust-007-010 20 1.0000 0.0004 1.0142 0.0013 1.0162 0.0011 5.06E-02

Heust-037-009 21 1.0000 0.0004 1.0057 0.0013 1.0057 0.0015 5.20E-02

Heust-010-003 22 1.0000 0.0004 1.0023 0.0016 1.0012 0.0015 5.33E-02

Heust-036-002 23 1.0000 0.0004 1.0006 0.0015 0.9966 0.0015 5.56E-02

Heumt-006-018 24 1.0000 0.0004 1.0036 0.0018 1.0031 0.0016 6.04E-02

Heust-015-003 25 1.0000 0.0004 1.0124 0.0013 1.0128 0.0013 6.04E-02

Heumt-006-010 26 1.0000 0.0004 1.0040 0.0015 1.0040 0.0016 6.28E-02

Heust-027-001 27 1.0000 0.0004 0.9983 0.0019 0.9999 0.0016 7.18E-02

Heust-027-005 28 1.0000 0.0004 0.9946 0.0014 0.9989 0.0014 7.33E-02

Heust-002-012 29 1 .0000 0.0004 1.0113 0.0014 1.0082 0.0013 7.52E-02
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Table 2 Experimental and Calculation Results 

Case ID 
Case 

Kexp Sigexp K5calc Sig5calc K6calc Sig6calc ALCF,eV Number 

Heust-002-0 10 15 1.0000 0.0004 1.0079 0.0013 1.0089 0.0014 4.19E-02 
--

Heust-003-001 16 1.0000 0.0004 1.0070 0.0014 LOO08 0.0014 4. 19E-02 

Heumt-006-005 17 1.0000 0.0004 1.0023 0.0015 1.0048 0.0016 4.34E-02 

Heust-028-008 18 1.0000 0.0004 1.0010 0.0014 0.9992 0.0015 4.56E-02 

Heumt-006-0 16 19 1.0000 0.0004 1.0030 0.0014 1.0008 0.0017 4.73E-02 

Heust-007-01O 20 1.0000 0.0004 1.0142 0.0013 1.0162 0.0011 5.06E-02 

Heust-037-009 21 1.0000 0.0004 1.0057 0.0013 1.0057 0.0015 5.20E-02 

-
Heust-O 10-003 22 1.0000 0.0004 1.0023 0.0016 1.0012 0.0015 5.33E-02 

.. 

Heust-036-002 23 1.0000 0.0004 1.0006 0.0015 0.9966 0.0015 5.56E-02 

lHeumt-006-0 18 24 1.0000 0.0004 1.0036 0.0018 1.0031 0.0016 6.04E-02 

lHeust-015-003 25 1.0000 0.0004 1.0124 0.0013 1.0128 0.0013 6.04E-=:02 

lHeumt -006-010 26 1.0000 0.0004 1.0040 0.0015 1.0040 0.0016 6.28E-02 

lHeust-027 -001 27 1.0000 0.0004 0.9983 0.0019 0.9999 0.0016 7.18E-02 

lHeust-027 -005 28 1.0000 0.0004 0.9946 0.0014 0.9989 0.0014 7.33E-02 

lHeust-002-0 12 29 1.0000 0.0004 1.0113 0.0014 1.0082 0.0013 7.52E-02 

Page 26 of46 



Table 2 Experimental and Calculation Results

Case IDCase
Case ID Number Kexp Sigexp K5calc Sig5calc K6calc Sig6calc ALCF, eV

Heust-002-011 30 1.0000 0.0004 1.0041 0.0015 1.0034 0.0015 7.69E-02

Reuct-010-021 31 1.0000 0.0004 1.0059 0.0012 1.0040 0.0013 9.09E-02

Heuct-010-010 32 1.0000 0.0004 1.0009 0.0011 1.0019 0.0011 9.57E-02

Heuct-014-002 33 1.0000 0.0004 1.0028 0.0013 1.0000 0.0013 9.61E-02

Heuct-010-017 34 1.0000 0.0004 1,0056 0.0013 1.0042 0.0012 9.69E-02

Heuct-010-015 35 1.0000 0.0004 1.0027 0.0011 1.0031 0.0012 9.96E-02

Heuct-010-008 36 1.0000 0.0004 1.0025 0.0012 1.0029 0.0012 i.09E-01

Heuct-014-001 37 1.0000 0;0004 1.0001 0.0013 1.0036 0.0012 1.16E-01

Heust-020-003 38 1.0000 0.0004 1.0098 0.0016 1.0083 0.0017 1.32E-01

Heuct-010-005 39 1.0000 0.0004 0.9968 0.0011 0.9963 0.0012 1.37E-01

Heuct-010-006 40 1.0000 0.0004 0.9947 0.0013 0.9965 0.0012 1.38E-01

Heust-030-004 41 1.0000 0.0004 1.0028 0.0015 1.0016 0.0015 1.56E-01

Heust-025-017 42 1.0000 0.0004 1.0057 0.0010 1.0062 0.0010 1.67E-01

Heust-025-016 43 1.0000 0.0004 1.0148 0.0010 1.0134 0.0010 1.79E-01

Heuct-010-004 44 1.0000 0.0004 0.9964 0.0013 0.9958 0.0014 1.90E-01
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Table 2 Experimental and Calculation Results 

CaseID C~se Kexp. Sigexp KScalc Sig5calc K6calc . Sig6calc ALCF,eV Number 

~eust-002-0 11 30 1.0000 0.0004 1.0041 0.0015 1.0034 0.0015 7.69E-02 

~euct-O 1 0-021 31 1.0000 0.0004 1.0059 0.0012 1.0040 0.0013 9.09E-02 

lHeuct-O 1 0-0 1 0 32 1.0000 0.0004 1.0009 0.0011 1.0019 0.0011 9.57E-02 

lHeuct-O 1'4-002 33 1.0000 0.0004 1.0028 0.0013 1.0000 0.0013 9.61E-02 

Heuct-O 1 0-0 17 34 1.0000 0.0004 1.0056 0.0013 1.0042 0.0012 9.69E-02 

Heuct -010-015 35 1.0000 0.0004 1.0027 0.0011 1.0031 0.0012 9.96E-02 

. Heuct -010-008 36 1.0000 0.0004 1.0025 0.0012 1.0029 0.0012 1.09E-Ol 

, 
Heuct -014-001 37 1.0000 0;0004 1.0001 0.0013 1.0036 

. 
0.0012 1.16E-01 

Heust-020-003 38 1.0000 0.0004 1.0098 0.0016 1.0083 0.0017 l.32E-01 

lHeuct-O 1 0-005 39 1.0000 0.0004 0.9968 0.0011 0.9963 0.0012 l.37E-01 

lHeuct-O 1 0-006 40 1.0000 0.0004 0.9947 0.0013 0.9965 0.0012 l.38E-Or 

~eust-030-004 41 1.0000 . 0.0004 1.0028 0.0015 1.0016 0.0015 1.56E-Ol 

~eust-025 -0 17 42 1.0000 0.0004 1.0057 0.0010 1.0062 0.0010 1.67E-01 

lHeust-025 -0 16 43 1.0000 0.0004 1.0148 0.0010 1.0134 - 0.0010 1.79E-01 

~euct-O 10-0.04 44 1.0000 0.0004 0.9964 0.0013 0.9958 0.0014 1.90E-Ol 
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Table 2 Experimental and Calculation Results

Case ID Case Kexp Sigexp K5calc Sig5calc K6calc Sig6calc ALCF, eV
Number

Heust-008-014 45 1.0000 0.0004 1.0000 0.0017 1.0005 0.0014 2.06E-01

Heust-021-006 46 1.0000 0.0004 1.0132 0:0015 1.0138 0.0014 2.15E-01

-eust-005-015 47 1.0000 0.0004 0.9984 0.0014 0.9985 0.0014 2.23E-01

-eust-003-011 48 1.0000 0.0004 • 1.0024 0.0017 1.0012 0.0014 2.28E-01

-eust-005-008 49 1.0000 0.0004 1.0039 0.0012 1.0031 0.0013- 2.33E-01

-eust-008-008 50 10000 0.0004 1.0004 0.0016 0.9998 0.0015 2.40E-01

-eust-002-003 51 1.0000 0.0004 1.0020 0.0017 1.0029 0.0017 2.48E-01

-eust-003-018 52 1.0000 0.0004 0.9990 0.0016 1.0003 0.0014 2.54E-01

-eust-007-008 53 1.0000 0.0004 1.0046 0.0015 1.0040 0.0015 2.66E-01

-eust-007-006 54 1.0000 0.0004 1.0065 0.0014 1.0059 0.0016 2.70E-01

-eust-021-018 55 1.0000 0.0004 1.0030 0.0015 1.0061 0.0016 2.79E-01

-eust-033-003 56 1.0000 0.0004 1.0033 0.0013 1.0020 0.0013 2.90E-01

-eust-021-023 57 1.0000 0.0004 0.9989 0.0014 1.0014 0.0014 2.98E-01

-eust-033-008 58 1.0000 0.0004 1.0029 0.0013 1.0041 0.0014 3.07E-01

-euct-013-002 59 1.0000 0.0004 0.9993 0.0012 1.0004 0.0011 3.12E-01
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Table 2 Experimental and Calculation Results 

Case ID 
Case 

Kexp Sigexp K5calc Sig5calc K6calc Sig6calc ALCF,eV Number 

Heust-008-014 45 1.0000 0.0004 1.0000 0.0017 1.0005 0.0014 2.06E-Ol 

Heust -021-006 46 1.0000 0.0004 1.0132 0;0015 1.0138 0.0014 2.l5E-Ol 

Heust-005-0 15 47 1.0000 0.0004 0.9984 0.0014 0.9985 0.0014 2.23E-Ol 

Heust-003-0 11 48 1.0000 0.0004 J 1.0024 0.0017 1.0012 0.0014 2.28E-Ol 

Heust-005-008 49 1.0000 0.0004 1.0039 0.0012 1.0031 0.0013 2.33E-Ol 

lHeust-008-008 50 LOOOO 0.0004 1.0004 0.0016 0.9998 0.0015 2.40E-Ol 

lHeust-002-003 51 1.0000 0.0004 1.0020 0.0017 '1.0029 0.0017 2.48E-Ol , 

Heust-003-018 52 1.0000 0.0004 0.9990 0.0016 1.0003 0.0014 2.54E-Ol 

Heust-007-008 53 1.0000 0.0004 1.0046 0.0015 1.0040 0.0015 2.66E-Ol 

lHeust-007 -006 54 1.0000 0.0004 1.0065 0.0014 1.0059 0.0016 2.70E-Ol 

lHeust-021-018 55 1.0000 0.0004 1.0030 0.0015 1.0061 0.0016 2.79E-Ol . 

lHeust-033-003 56 1.0000 0.0004 1.0033 0.0013 1.0020 0.0013 2.90E-Ol 

lHeust-021-023 57 1.0000 0.0004 0.9989 - 0.0014 1.0014 0.0014 2.98E-Ol 

lHeust-033-008 58 . 1.0000 0.0004 1.0029 0.0013 1.0041 0.0014 3.07E-Ol 

Heuct-O 13-002 59 1.0000 0.0004 0.9993 0.0012 1.0004 0.0011 3.12E-Ol 
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Table 2 Experimental and Calculation Results

Case ID Case Kexp Sigexp K~calc Sig5calc K6calc Sig6calc ALCF, eV
Number

Heust-006-022 60 1.0000 0.0004 1.0037 0.0012 1.0024 0.0011 3.14E-01

Heust-009-002 61 1.0000 0.0004 1.0046 0.0014 1.0045 0.0014 3.18E-01

Heuct-010-003 62 1.0000 0.0004 0.9947 0.0015 0.9912 0.0014 3.24E-01

Heucm-001-002 63 1.0000 0.0004 1.0102 0.0014 1.0111 0.0013 3.56E-01

Heust-006-014 64 1.0000 0.0004 1.0048 0.0010 1.0029 0.0012 3.58E-01

Heust-006-021 65 1.0000 0.0004 1.0040 0.0008 1.0043 0.0009 4.44E-01

Heuct-013-001 66 1.0000 0.0004 0.9995 0.0014 0.9994 0.0012 4.49E-01

Heuct-011-002 67 1.0000 0.0004 0.9976 0.0012 0.9954 0.0011 5.39E-01

Heuct-012-001 68 1.0000 0.0004 0.9957 0.0015 0.9963 0.0014 5.94E-01

Heuct-011-001 69 1.0000 0.0004 0.9972 0.0012 0.9972 0.0012 7.04E-01

Heust-004-004 70 1.0000 0.0004 1.0027 0.0017 1.0044 0.0016 1.09E+00

Heust-020-001 71 1.0000 0.0004 1.0065 0.0020 1.0037 0.0019 1.35E+00

Heust-004-003 72 1.0000 0.0004 1.0017 0.0015 1.0015 0.0016 2.68E+00

Heumt-003-005 73 1.0000 0.0004 0.9943 0.0017 0.9917 0.0015 2.73E+00

Heust-004-002 74 1.0000 0.0004 1.0000 0.0017 1.0015 0.0017 5.59E+00
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Table 2 Experimental and Calculation Results 

Case ID Case 
Kexp Sigexp K5calc Sig5calc K6calc Sig6calc ALCF,eV 

Number 

lHeust~006-022 60 1.0000 0.0004 1.0037 0.0012 1.0024 0.0011 3.14E-01 

lHeust-009-002 61 1.0000 0.0004 1.0046 0.0014 1.0045 0.0014 3.18E-01 

lHeuct-O 1 0-003 62 1.0000 0.0004 0.9947 0.0015 0.9912 0.0014 3.24E-01 

lHeucm-OO 1-002 63 1.0000 0.0004 1.0102 0.0014 1.0111 0.0013 3.56E-01 

Heust-006-0 14 . 64 1.0000 0.0004 1.0048 0.0010 1.0029 0.0012 3.58E-01 

Heust-006-021 65 1.0000 0.0004 1.0040 0.0008 1.0043 0.0009 4.44E-01 

Heuct-O 13-00 1 66 1.0000 0.0004 0.9995 0.0014 0.9994 0.0012 4.49E-01 

Heuct-O 11-002 67 1.0000 0.0004 . 0.9976 0.0012 0.9954 0.0011 5.39E-01 

Heuct-O 12-00 1 68 1.0000 0.0004 0.9957 0.0015 0.9963 0.0014 5.94E-01 

Heuct-O 11-00 1 69 1.0000 '0.0004 0.9972 0.0012 0.9972 0.0012 7.04E-01 

lHeust-004-004 70 1.0000 0.0004 1.0027 0.0017 1.0044 0.0016 1.09E+00 

Heust-020-00 1 71 1.0000 0.0004 1.0065 0.0020 1.0037 0.0019 1.35E+00 

Heust-004-003 72 1.0000 0.0004 1.0017 0.0015 1.0015 0.0016 2.68E+00 

Heumt-003-005 73 1.0000 0.0004 0.9943 0.0017 0.9917 0.0015 2.73E+00 

lHeust-004-002 74 1.0000 0.0004 1.0000 0.0017 1.0015 0.0017 5.59E+00 
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Table 2 Experimental and Calculation Results

CaseDCase Kexp Sigexp K5calc Sig5calc K6calc Sig6calc ALCF, eV
Case ID Number

Heust-004-001 75 1.0000 0.0004 1.0049 0.0016 1.0013 0.0016 1.30E+01

Heucm-001-018 76 1.0000 0.0004 1.0072 0.0016 1.0079 0.0014 2.35E+01

Heucm-001-017 77 1.0000 0.0004 1.0022 0.0010 1.0019 0.0010 2.50E+01

Heucm-001-015 78 1.0000 0.0004 1.0129 0.0011 1.0129 0.0012 2.88E+01

Heucm-001-016 79 1.0000 0.0004 1.0024 0.0011 1.0051 0.0010 2.92E+01

Heumf-007-043 80 1.0000 0.0004 1.0081 0.0017 1.0073 0.0017 3.32E+01

Heucm-001-019 81 1.0000 0.0004 1.0061 0.0014 1.0075 0.0017 5.81E+01

Heuci-004-001 82 1.0000 0.0004 1.0138 0.0004 1.0141 0.0004 1.45E+02

Heucm-001-013 83 1.0000 0.0004. 1.0061 0.0011 1.0081 0.0010 2.32E+02

Heucm-001-011 84 1.0000 0.0004 1.0074 0.0013 1.0085 0.0012 2.58E+02

Heucm-001-012 85 1.0000 0.0004 1.0050 0.0012 1.0011 0.0011 2.59E+02

Heumf-007-042 86 1.0000 0.0004 1.0066 0.0011 1.0037 0.0013 2.91E+02

Heumf-007-041 87 1.0000 0.0004 1.0044 0.0015 1.0035 0.0014 3.05E+02

Heucm-001-009 88 1.0000 0.0004 1.0061 0.0012 1.0042 0.0012 3.46E+02

Heumf-007-018 89 1.0000 0.0004 0.9972 0.0014 0.9959 0.0013 3.47E+02
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Table 2 Experimental and Calculation Results 

. 
Case Case ID Number 

Kexp Sigexp KScalc Sig5calc K6calc Sig6calc ALCF,eV 

lHeust-004-00 1 75 1.0000 0.0004 . 1.0049 0.0016 1.00l3 0.0016 l.30E+Ol 

lHeucm-OO 1-0 18 76 1.0000 0.0004 1.0072 0.0016 1.0079 0.0014 2.35E+Ol 

lHeucm-OO 1-0 1 7 77 1.0000 0.0004 1.0022 0.0010 1.Q019 0.0010 2.50E+Ol 

lHeucm-OO 1-0 15 78 1.0000 0.0004 1.0129 0.0011 1.0129 0.0012 2.88E+Ol 

Heucm-OO 1-0 16 79 1.0000 0.0004 1.0024 0.0011 1.0051 0.0010 2.92E+Ol 

Heumf-007 ~043 80 1.0000 0.0004 1.0081 0.0017 1.0073 0.0017 3.32E+Ol 

Heucm-OO 1-0 19 81 1.0000 0.0004 1.0061 0.0014 1.0075 0.0017 5.81E+Ol 

Heuci-004-00 1 82 1.0000 0.0004 1.0l38 0.0004 1:0141 0.0004 1.45E+02 

Heucm-OOJ -0 13 83 1.0000 . 0.0004 1.0061 0.0011 1.0081 0.0010 2.32E+02 

Heucm-00l-0ll 84 1.0000 0.0004 1.0074 0.00l3 1.0085 0.0012 2.58E+02 

Heucm-OO 1-0 12 85 1.0000 0.0004 1.0050 0.0012 1.0011 0.0011 2.59E+02 

Heumf-007 -042 86 1.0000 0.0004 1.0066 0.0011 1.0037 0.00l3 2.91E+02 

Heumf-007 -041 87 1.0000 0.0004 1.0044 0.0015 1.0035 0.0014 3.05E+02 

Heucm-OO 1-009 88 1.0000 0.0004 1.0061 0.0012 1.0042 0.0012 3.46E+02 

lHeumf-007 -018 89 1.0000 0.0004 0.9972 0.0014 0.9959 0.0013 3.47E+02 
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Table 2 Experimental and Calculation Results

Case IDCase
Case ID Number Kexp Sigexp K5calc Sig5calc K6calc Sig6calc ALCF, eV

Heucm-001-010 90 1.0000 0.0004 0.9996 0.0012 1.0004 0.0012 3.50E+02

Heumf-007-017 91 1.0000 0.0004 0.9943 0.0014 0.9959 0.0013 3.72E+02

Heucm-001-027 92 1.0000 0.0004 1.0066 0.0012 1.0063 0.0012 3.83E+02

Heucm-001-026 93 1.0000 0.0004 1.0049 0.0012 1.0052 0.0012 4.01E+02

Heucm-001-025 94 1.0000 0.0004 1.0021 0.0014 1.0025 0.0012 4.42E+02

Heucm-001-023 95 1.0000 0.0004 1.0131 0.0011 1.0107 0.0013 4.54E+02

Heucm-001-024 96 1.0000 0.0004 1.0056 0.0011 1.0080 0.0013 4.54E+02

Heuem-001-029 97 1[0000 0.0004 1.0096 0.0013 1.0064 0.0012 4.64E+02

Heucm-001-028 98 1.0000 0.0004 1.0089 0.0012 1.0112 0.0012 4.82E+02

Heucm-001-022 99 1.0000 0.0004 1.0059 0.0011 1.0046 0.0011 5.28E+02

Heucm-001-021 100 1.0000 0.0004 1.0067 0.0011 1.0077 0.0010 5.35E+02

Heucm-001-020 101 1.0000 0.0004 1.0122 0.0011 1.0100 0.0012 5.39E+02

Heucm-001-008 102 1.0000 0.0004 1.0017 0.0012 1.0017 0.0013 5.54E+02

Heumm-002-001 103 1.0000 0.0004 1.0096 0.0011 1.0108 0.0012 1.18E+03

Heumm-003-001 104 1.0000 0.0004 1.0107 0.0012 1.0084 0.0012 1.18E+03
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Table 2 Experimental and Calculation Results 

CaseID 
Case 

Kexp Sigexp K5caic Sig5calc K6calc Sig6calc ALCF,eV Number : 
-

lHeucm-OO 1-0 10 90 1.0000 0.0004 0.9996 0.0012 1.0004 0.0012 3.50E+02 

lHeumf-007 -017 91 1.0000 0.0004 0.9943 0.0014 0.9959 0.0013 3.72E+02 

lHeucm-OO 1-027 92 1.0000 0.0004 1.0066 0.0012 1.0063 0.0012 3.83E+02 

. 
lHeucm-OO 1-026 93 1.0000 .0.0004 1.0049 0.0012 1.0052 0.0012 4.01E+02 

lHeucm-OO 1-025 94 1.0000 0.0004 1.0021 0.0014 1.0025 0.0012 4.42E+02 
1 

lHeucm-OO 1-023 
~ 

95 1.0000 0.0004 1.0131 0.0011 1.0107 0.0013 4.54E+02 

.lHeucm-OO 1-024 96 1.0000 0.0004 1.0056 0.6011 1.0080 0.0013 4.54E+02 
.' 

lHeucm-OO 1-029 97 1:0000 0.0004 1.0096 0.0013 1.0064 0.0012 4.64E+02 

lHeucm-OO 1-028 98 1.0000 0.0004 1.0089 0.0012 1.0112 0.0012 4.82E+02 

Heucm-OO 1-022 99 1.0000 0.0004 1.0059 0.0011 1.0046 0:0011 5.28E+02 

Heucm-OO 1-021 100 1.0000 0.0004 1.0067 0.0011 1.0077 0.0010 5.35E+02 

Heucm-OO 1-020 101 1.0000 0.0004 1.0122 0.0011 1.0100 0.0012" 5.39E+02 

Heucm-OO 1-008 102 1.0000 0.0004 1.0017 0.0012 1.0017 0.0013 5.54E+02 
, 

Heumm-002-00 1 103 1.0000 0.0004 1.0096 0.0011 1.0108 0.0012 1.18E+03 

Heumm-003-00 1 104 1.0000 0.0004 1.0107 0.0012 1.0084 0.0012 1.18E+03 ". 
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Table 2 Experimental and Calculation Results

Case ID Case Kexp Sigexp K5calc Sig5calc K6calc Sig6calc ALCF, eVNumber

Heucm-001-005 105 1.0000 0.0004 1.0084 0.0011 1.0082 0.0011 1.54E+03

Heumf-007-031 106 1.0000 0.0004 1.0002 0.0015 1.0011 0.0014 1.61E+03

Heumf-007-039 107 1.0000 0.0004 1.0041 0.0011 1.0019 0.0013 1.70E+03

Heumf-007-040 108 1.0000 0.0004 1.0066 0.0012 1.0071 0.0014 1.70E+03

Heucm-001-007 109 1.0000 0.0004 1.0092 0.0012 1.0073 0.0011 1.72E+03

Heumf-007-038 110 1.0000 0.0004 1.0016 0.0011 1.0008 0.0012 1.74E+03

Heucm-001-006 111 1.0000 0.0004 1.0035 0.0010 1.0024 0.0010 1.82E+03

Heumf-007-037 112 1.0000 0.0004 1.0032 0.0012 1.0032 0.0011 1.90E+03

Heumm-001-001 113 1.0000 0.0004 1.0053 0.0012 1.0050 0.0012 2.26E+03

Heumf-007-013 114 1.0000 0.0004 0.9972 0.0014 0.9997 0.0012 2.54E+03

-Ieumf-007-016 115 1.0000 0.0004 0.9947 0.0014 0.9954 0.0014 2.82E+03

Jdeumf-007-015 116 1.0000 0.0004 0.9949 0.0013 0.9925 0.0012 2.83E+03

ýIeumf-007-014 117 1.0000 0.0004 0.9974 0.0013 0.9953 0.0013 3.70E+03

eumf-007-036 118 1.0000 0.0004 1.0049 0.0011 1.0046 0.0013 3.90E+03

eumt-023-020 119 1.0000 0.0004 1.0036 0.0013 1.0020 0.0012 5.14E+03
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Table 2 Experimental and Calculation Results 

€aseID 
Case 

Kexp Sigexp K5calc Sig5calc K6calc Sig6calc ALCF,eV 
Number 

lHeucm-OO 1-005 105 1.0000 0.0004 1.0084 0.0011 1.0082 0.0011 1. 54E+03 

lHeumf-007 -031 106 1.0000 0.0004 1.0002 0.0015 1.0011 0.0014 1.61E+03 

lHeuinf-007-039 107 1.0000 0.0004 1.0041 0.0011 1.0019 0.0013 1.70E+03 

lHeumf-007 -040 108 1.0000 0.0004 1.0066 
/ 

0.0012 1.0071 0.0014 1.70E+03 

lHeucm-OO 1-007 109 1.0000 0.0004 1.0092 0.0012 1.0073 0.0011 1.72E+03 

lHeumf-007-038 110 1.0000 0.0004 1.0016 0.0011 1.0008 0.0012 1.74E+03 
. 

lHeucm-OO 1-006 111 1.0000 0.0004 1.0035 0.0010 1.0024 0.0010 0' 1. 82E+03 

lHeumf-007-037 112 1.0000 0.0004 1.0032 0:-0012 1.0032 0.0011 1.90E+03 

lHeumm-OO 1-00 1 113 1.0000 0.0004 1.0053 0.0012 1.0050 0.0012 2.26E+03 

Heumf-007 -013 114 1.0000 0.0004 0.9972 0.0014 0.9997 0.0012 2.54E+03 

Beumf-007:016 115 1:0000 0.0004 0.9947 0.0014 0.9954 0.0014 2.82E+03 -I 

~eumf-007 -015 116 1.0000 0.0004 0.9949 0.0013 0.9925 0.0012 2.83E+03 
~ 

lHeumf-007 -014 117 1.0000 0.0004 0.9974 0.0013 0.9953 0.0013 3.70E+03 

~eumf-007 -036 118 1.0000 0.0004 1.0049 0.0011 1.0046 0.0013 3.90E+03 

Heumf-023-020 119 1.0000 0.0004 1.0036 0.0013 1.0020 0.0012 5. 14E+03 
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Table 2 Experimental and Calculation Results

Case IDu Case Kexp Sigexp K5calc Sig5calc K6calc Sig6calc ALCF, eVNumnber

Heumf-007-011 120 1.0000 0.0004 0.9931 0.0012 0.9955 0.0015 5.53E+03

Heumf-031 121 1.0000 0.0004 1.0018 0.0012 1.0045 0.0012 6.81E+03

Reumf-007-035 122 1.0000 0.0004 0.9971 0.0012 0.9964 0.0012 7.53E+03

Fleumf-026-004 123 1.0000 0.0004 1.0013 0.0012 1.0033 0.0011 1.08E+04

[-eumf-034-003 124 1.0000 0.0004 1.0006 0.0011 1.0003 0.0013 1.51E+04

Heumf-034-001 125 1.0000 0.0004 0.9963 0.0012 0.9966 0.0012 1.58E+04

Fleumf-034-002 126 1.0000 0.0004 0.9937 0.0012 0.9940 0.0013 1.62E+-04

E-Ieumf-026-006 127 1.0000 0.0004 0.9999 0.0011 1.0029 0.0011 1.65E+04

E-Ieumf-007-030 128 1.0000 0.0004 0.9942 0.0013 0.9946 0.0013 1.75E+04

Heumt-003-001 129 1.0000 0.0004 1.0009 0.0013 1.0013 0.0012 1.83E+04

Heumf-007-026 130 1.0000 0.0004 0.9943 0.0014 0.9934 0.0013 2.50E+04

eumf-,007-010 131 . 1.0000 0.0004 0.9970 0.0012 0.9934 0.0013 2.64E+04

F-eumf-007-025 132 1.0000 0.0004 0.9940 0.0012 0.9970 0.0013 2.66E+04

/

H-Ieumf-026-003 133 1.0000 0.0004 1.0036 0.0012 1.0037 0.0011 3.06E+04

Eleumf-004-002 134 1.0000 0.0004 0.9972 0.0013 1.0002 0.0011 3.10E+04
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Table 2 Experimental and Calculation Results , 

CaseID' 
Case, 

Kexp Sigexp KScalc Sig5calc K6<;alc Sig6c~lc ALCF,eV 
Number 

, 

lHeumf-007-011 120 1.0000 0.0004 0.9931 0.0012 0.9955 0.0015 5.53E+03 

lHeumf-031 121 1.0000 0.0004 1.0018 0.0012 1.0045 0.0012 6.81E+03 

Heumf-007-035 122 1.0000 0.0004 0.9971 0.0012 0.9964 0.0012 7.53E+03 

Heumf-026-004 123 1.0000 0.0004 1.0013 0.0012 1.0033 0.0011 1.08E+04 

Heumf-034-003 124 1.0000 0.0004 1.0006 0.0011 1.0003 0.0013 1.51E+04 

Heumf-034-00 1 125 1.0000 0.0004 0.9963 0.0012 0.9966 0.0012 1. 58E+04 

Heumf-034-002 /126 1.0000 0.0004 0.9937 0.0012 0.9940 0.0013 1. 62E+04 

Heumf-026-006 127 1.0000 0.0004 0.9999 0.0011 1.0029 0.0011 1.65E+04 

Heumf-007 ~030 lis 1.0000 0.0004 0.9942 0.0013 0.9946 0.0013 1.75E+04 

Heumt-003-001 129 1.0000 0.0004 1.0009 0.0013 1.0013 0.0012 1.83E+04 

, 

Heumf-007 -026 130 1.0000 0.0004 0.9943 0.0014 0.9934 0.0013 2.50E+04 

Heumf~007 -010 131 1.0000 0.0004 0.9970 0.0012 0.9934 0.0013 2.64E+04 

Heumf-007 -025 132 1.0000 0.0004 0.9940 0.0012 0.9970 0.0013 2.66E+04 

) 

Heumf-026-003 133 1.0000 0.0004 1.0036 0.0012 1.0037 0.0011 3.06E+04 

-

Heumf-004-002 134 1.0000 0.0004 0.9972 0.0013 1.0002 0.0011 3.10E+04 
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Table 2 Experimental and Calculation Results

Case

Case ID Number Kexp Sigexp K5calc Sig5calc K6calc Sig6calc ALCF, eV

Heumf-004-001 135 1.0000 0.0004 0.9988 0.0011, 0.9954 0.0011 3.12E+04

Heumf-007-024 136 1.0000 0.0004 0.9975 0.0011 0.9959 0.0012 5.84E+04

Heumf-007-023 137 1.0000 0.0004 0.9975 0.0014 0.9969 0.0013 6.25E+04

Heumf-007-006 138 1.0000 0.0004 1.0011 0.0015 1.0035 0.0012 1.61E+05

Heumf-007-022 139 1.0000 0.0004 0.9979 0.0012 0.9961 0.0013 1.80E+05

Heumf-007-009 140 1.0000 0.0004 0.9965 0.0013 1.0004 0.0013 1.82E+05

Heumf-007-008 141 1.0000 0.0004 0.9960 0.0012, 0.9946 0.0012 2.06E+05

Heumf-007-005 142 1.0000 0.0004 0.9965 0.0013 0.9949 0.0012 2.54E+05

-eumf-007-003 143 1.0000 0.0004 0.9964 0.0014 0.9994 0.0012 3.76E+05

-eumf-020 144 1.0000 0.0004 1.0016 0.0013 1.0001 0.0013 4.82E+05

Ieumf-007-002 145 1.0000 0.0004 0.9962 0.0012 0.9969 0.0010 4.98E+05.

Heumf-003-004 146 1.0000 0.0004 1.0135 0.0011 1.0143 0.0012 5.60E+05

H-eumf-041 147 1.0000 0.0004 1.0066 0.0012 1.0065 0.0011 5.65E+05

Heumf-003-003 148 1.0000 0.0004 1.0088 0.0010 1.0083 0.0011 5.75E+05

Heumf-003L002 149 1.0000 0.0004 1.0045 0.0011 1.0048 0.0011 6.23E+05
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Table 2 Experimental and Calculation Results 

Case ID 
Case 

Kexp Sigexp K5calc Sig5calc K6calc Sig6calc ALCF,eV Number 

lHeumf-004-00 1 135 1.0000 0.0004 0.9988 0.0011 0.9954 0.0011 3.l2E+04 

lHeumf-007 -024 136 1.0000 0.0004 0.9975 0.0011 0.9959 0.0012 5.84E+04 

lHeumf-007 -023 137 1.0000 0.0004 0.9975 0.0014 0.9969 0.0013 6.25E+04 

Heumf-007 -006 138 1.0000 0.0004 1.0011 0.0015 1.0035 0.0012 1.61E+05 

Heumf-OO:;7 -022 139 1.0000 0.0004 0.9979 0.0012 0.9961 0.0013 1.80E+05 

Heumf-007 -009 140 1.0000 0.0004 0.9965 0.0013 1.0004 0.0013 1. 82E+05 

Heumf-007 -008 141 1.0000 0.0004 0.9960 0.0012· 0.9946 0.0012 2.06E+05 

Heumf-007 -005 142 1.0000 0;0004 0.9965 0.0013 0.9949 0.0012 2.54E+05 

Heumf-007 -003 143 1.0000 0.0004 0.9964 0.0014 0.9994 0.0012 3.76E+05 

Heumf-020 144 1.0000 0.0004 1.0016 0.0013 1.0001 0.0013 4.82E+05 

Heumf-007 -002 145 1.0000 0.0004 0.9962 0.0012 0.9969 0.0010 4.98E+05 

lHeumf-003-004 146 1.0000 0.0004 1.0135 0.0011 1.0143 0.0012 5.60E+05 

lHeumf-041 147 1.0000 0.0004 1.0066 0.0012 1.0065 0.0011 5.65E+05 

lHeumf-003-003 148 1.0000 0.0004 1.0088 0.0010 1.0083 0.0011 5.75E+05 

lHeumf-003~002 149 1.0000 0.0004 1.0045 0.0011 1.0048 0.0011 6.23E+05 
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Table 2 Experimental and Calculation Results

Case
Case ID Number Kexp Sigexp K5calc Sig5calc K6calc Sig6calc ALCF, eV

Heumf-007-034 150 1.0000 0.0004 1.0105 0.0013 1.0099 0.0012 6.59E+05

Heumf-003-001 151 1.0000 0.0004 1.0063 0.0011 1.0048 0.0011 6.82E+05

-eumf-007-033 152 1.0000 0.0004 1.0064 0.0013 1.0082 0.0013 7.23E+05

-eumf-007-032 153 1.0000 0.0004 1.0005 0.0012 0.9991 0.0011 7.97E+05

-eumf-019 154 1.0000 0.0004 1.0061 0.0010 1.0047 0.0012 8.16E+05

Heumf-027 155 1.0000 0.0004 1.0131 0.0012 1.0131 0.0012 8.55E+05

-eumf-023-016 156 1.0000 0.0004 1.0019 0.0012 0.9999 0.0013 8.85E+05

Heumf-018 157 1.0000 0.0004 0.9987 0.0012 1.0019 0.0011 8.89E+05

Heumf-026-001 158 1.0000 0.0004 1.0021 0.0013 1.0031 0.0011 8.99E+05

Heumf-001-001 159 1.0000 0.0004 1.0014 0.0011 0.9999 0.0011 9.05E+05

Heumf-007-019 160 1.0000 0.0004 0.9962 0.0012 0.9971 0.0013 9.08E+05

Heumf-007-001 161 1.0000 0.0004 0.9960 0.0011 0.9937 0.0012 9.14E+05
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Table 2 Experimental and Calculation Results 

Case ID 
Case 

Kexp Sigexp K5calc Sig5calc K6calc Sig6calc ALCF,eV Number 

Heumf-007 -034 150 1.0000 0.0004 1.0105 0.0013 1.0099 0.0012 6.59E+05 

Heumf-003-00 1 151 1.0000 0.0004 1.0063 0.0011 1.0048 0.0011 6.82E+05 

Heumf-007-033 152 1.0000 0.0004 1.0064 0.0013 1.0082 0.0013 7.23E+05 

Heumf~007-032 153 1.0000 0.0004 1.0005 0.0012 0.9991 0.0011 7.97E+05 

Heumf-019 154 1.0000 0.0004 1.0061 0.0010 1.0047 0.0012 8.16E+05 

Heumf-027 155 1.0000 0.0004 1.0131 0.0012 1.0131 0.0012 8.55E+05 

Heumf-023-0 16 156 1.0000 0.0004 1.0019 0.0012 0.9999 0.0013 8.85E+05 

lHeumf-018 157 1.0000 0.0004 0.9987 0.0012 1.0019 0.0011 8.89E+05 

lHe~mf-026-00 1 158 1.0000 0.0004 1.0021 0.0013 1.0031 0.0011 8.99E+05 

lHeumf-OO 1-00 1 159 1.0000 0.0004 1.0014 0.0011 0.9999 0.0011 9.05E+05 

lHeumf-007-019 160 1.0000 0.0004 0.9962 0.0012 0.9971 0.0013 9.08E+05 

lHeumf-007 -001 161 1.0000 0.0004 0.9960 0.0011 0.9937 0.0012 9.14E+05 
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Table 3 Summary of Analysis Results

K5Group 1
All Data

K5Group 2
ALCF < 102

eV

K5Group 3
102 eV <ALCF

< l 0seV

K5Group 4
ALCF > 10

eV

K6Group I
All Data

K6Group 2
ALCF _< 102

eV

K6Group 3
102 eV <

ALCF:< 105

eV

K6Group 4
ALCF > 105

eV

Numberof 161 81 56 24 161 81 56 24
Experiments

Mean Experimental keff 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000

Mean Calculated keff 1.0030 1.0037 1.0024 1.0023 1.0028 1.0033 1.0022 1.0023
Ex~erimental kenfExperimenta . 1.6000E-07 1.6000E-07 1.6000E-07 1.6000E-07 1.6000E-07 1.6000E-07 1.6000E-07 1.6000E-07
variance

Calculated keff variance 2.6907E-05 2.3170E-05 3.0155E-05 3.1154E-05 2.6907E-05 2.3170E-05 3.0155E-05 3.1154E-05

aKENO-calc mean, 0.0013 0.0014 0.0012 0.0012 0.0013 0.0014 0.0012-- 0.0012

t-value -2543 -1876 -1365 -879

t-critical 1 tail (95%) 1.8610 .1.9620 2.0380 2.3090

t-critical 2 tail (95%) 1.9674 1.9750 1.9750 1.9818

t-test 2 tail pass/fail Fail Fail Fail Fail

Method-Bias +0.0030 +0.0037 +0.0024 +0.0023 +0.0030 +0.0037 +0.0024 +0.0023
Uncertainty (U) {1 tailUnetit 0.0022 0.0024 0.0027 0.0037 0.0022 0.0024 0.0027 0.0037

Total Uncertainty 0.0031 0.0033 0.0034 0.0042 0.0030 0.0.033 0.0034 0.0042
UppoKENOrcaic) L (0)
Upper Limit kerr 0.9469 0.9467 0.9466 0.9458 0.9470 0.9467 0.9466 0.9458

Notes; Positive biases were neglected in the determination of the keff limits and the mean KENO-calculated standard deviation (C) was used to
determine the Upper Limit.
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K6Group3 
> 

,K5Group 2 K5Group3 K5Group4 K6Group2 K6Group4 
K5Group 1 

ALCF:$; 102 102 eV <ALCF ' ALCF> 105 K6Group 1 
ALCF:$; 102 102 eV < ALCF> 105 

All Data 
eV :$; 105 eV eV 

All Data' 
eV 

ALCF:$; lOs' 
eV 

eV 
Number of 161 81 ~ 56 24 161 81 56 24 
Experiments 

Mean Experimental kelT 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 , 
Mean Calculated kelT 1.0030 1.0037 1.0024 1.0023 1.0028 1.0033 1.0022 1.0023 
", " ' 

ExperiinentalkelT 1.6000E-07 1.6000E-07 1.6000E-07 1.6000E-07 1.6000E-07 1.6000E-07 1.6000E-07 1.6000E-07 ,,"',>, ... 

variance 

Caiculated kelT variance 2.6907E~05 2.3170E-05 3.0155E-05 3.1154E-05 2.6907E~05 2.3170E-05 3.0155E-05 3.1154E-05 

aKENO-calc mean' 0.0013 0.0014 0.0012 0.0012 0.0013 0.0014 0.0012· , 0.0012 

t-value -2543 -1876 -1365 -879 ' 

t-critic.al 1 tail (95"(0) 1.8610 1.9620 2.0380 2.3090 

, t-critical2 tail (95%) 1.9674 1.9750 1.9750 1.9818 

t-test7 tail pass/fail Fail Fail Fail Fail 

Method Bias +0.0030 +0.0037 +0.0024 +0.0023 +0.0030 +0.0037 +0.0024 +0.0023 
. 

Uncertainty (U) {I tail, , 0.0022 0.0024 0.0027 0.0037 0.0022 0.0024 0.0027 0.0037 
(95%)} 
Total Uncertainty 

0.0031 0.0033 0.0034 0.0042 0.0030 0.0033 0.0034 0.0042 
K:(aKENO-calc) + (U) 

Upper Limit kelT 0.9469 0.9467 0.9466 0.9458 0.9470 0.9467 0.9466 0.9458 

Notes; Positive biases were neglected in the determination of the keff limits and the mean KENO-calculated standard deviation (0-) was used to 
determine the Upper Limit. 
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analysed with: Analyse-it + General 1+65

Test Continuous summary descriptives
Group 1

Kcalc

Performed by RDMontgomery Date I 7 July 2004

35

30
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• 20

15o
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Mean
95% Cl

Variance
SD
SE
CV

161

1.00302
1.00222 to 1.00383

0.000027
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0.000409

1%

Median
96.0% CI

Range I
IQK

Percentile

1.00290
1.00200 to 1.00410

0.0218
0.0071

25th
50th
75th

97.5th

U.99421
0.99930

1.00290
1.00640
1.01379

3
0

2

S12

0.

0z -1-

-2 -

I Coefficient P
. . . .~ ~~. I. . .. .

Anderson-Darling I
Skewness

Kurtosis

0.4951 0.2146

0.1862 0.3228
-0.5371 0.0741

0
-3 1

0.993 0995 0,998 1000 1 003 1 005 1 008 1010 1,013 1 015

Kcalc

Figure 1, Group 1 Histogram, Skewness and Kurtosis.
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Test Continuous summary descriptives 
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Figure 1, Group 1 Histogram, Skewness and Kurtosis. 
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analysed with: Analyse-it ÷ General 1.65

Test Continuous summary descriptives
Group 2
kcalc

Performed by I RDMontgomery Date I 10 September 2003

81
25-
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Mean
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Figure 2, Group 2 Histogram, Skewness and Kurtosis.
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analysed with: Analyse~jt + General 1.65 

Test Continuous summary descriptives 
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analysed with: Analyse-it + General 1.65

Test lContinuous summary descriptives
Group 3
kcalc

Performed by RDMontgomery Date I 10 September 2003
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Figure 3, Group 3 Histogram, Skewness and Kurtosis.
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Test Continuous summary descriptives 
Group 3 
kcalc 

Performed by RDMontgomery 

12 

10 

8 ,.. 
u 
c .. 

6 ;0 
r:r 
! 
u.. 

4 

2 

0 

3 

2 

~ 1 
;: .. 
;0 

a 0 
;;; 
E 
~ -1 

-2 

~ - ---- --~------- -- - - - ~ 

o 

o 

-3+---r--'--~--~--'---~--r-~~~ 

0.993 0.995 0 .998 1.000 1003 1.005 1.008 1.010 1.013 1.015 

kcalc 

analysed with : Analyse-it + General 1.65 

Date 10 September 2003 

n I 56 

Mean I 1.00235 
95%CI 1.00088 to 1.00382 

Variance 0.000030 
SO 0.005491 
SE 0.000734 
CV 1% 

Median I 1.00265 
95.6% CI 1.00020 to 1.00490 

Range I 0.0207 
IQR 0.0091 

Percentile 
2.5th 0.99336 
25th 0.99735 
50th 1.00265 
75th 1.00648 

97.Sth 1.01350 

Coefficient p 

Anderson-Darling 0.50751 
Skewness 0.0838 

0.2000 
0.7834 
0.0391 Kurtosis -0.8797 1 

Figure 3, Group 3 Histogram, Skewness and Kurtosis. 
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analysed with Analyse-it + General 1.65

Test lContinuous summary descriptives
lGroup 4

kcalc

Performed by RDMontgomery Date I 10 September 2003
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Figure 4, Group 4 Histogram, Skewness and Kurtosis.
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Test Continuous summary descriptives 
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Figure 4, Group 4 Histogram, Skewness and Kurtosis. 
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SCALE 4.4a Validation of KENO V.a for HEU Systems
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Figure 5, Plot of kerr with the Enrichment (wt% 23 5U).
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SCALE 4.4a Validation of KENO V.a for HEU Systems
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Figure 6, Plot of keff with the Energy of the Average Lethargy Causing Fission (ALCF).
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SCALE 4.4a Validation of KENO V.a for HEU Systems
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Figure 7, Plot of the keff with the Moderator-to-Fissile atom ratio (I/ 235U).
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SCALE 4.4a Validation of KENO V.a for HEU Systems
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Figure 8, Plot of keff with the Fissile Denstiy (g 235U/cc)
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Figure 9, Plot of KENO VI kff with the KENO Va keff
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APPENDIX A

SCALE INPUT CASES FOR DATA SETS 1 THROUGH 161 CRITICAL EXPERIMENTS

(This information available in electronic media only)
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7.0 PACKAGE OPERATIONS

The Century Versa-Pac (US Patent Pending) Shipping Container is used to transport a variety of
materials. It is to be loaded, inspected and handled in accordance with standard, plant operating
procedures.

Due to the low specific activity and low abundance of gamma emitting radionuclides, dose rates
from the contents of the package are minimal. As a result of the low dose rates, there are no
special handling requirements for radiation protection.

As a minimnum, the operating procedure should include the steps described in the subsequent
sections.

7.1 PACKAGE LOADING

7.1.1 Preparation for Loading

Prior to loading the Century Versa-Pac, the packaging is inspected to ensure that it is in
unimpaired physical condition. The inspection looks for damage, dents, corrosion, and missing
hardware. Acceptance criteria and detailed loading procedures derived from this application are
specified in user written procedures. These user procedures are specific to the authorized content
of the package inspected to ensure packaging complies with Appendix 1.3.1, Packaging General
Arrangement Drawings.

Components requiring repair will be fixed prior to shipping in accordance with approved
procedures consistent with the quality program.

The User shall inspect the accessible surfaces of the closure and sealing devices in accordance
with approved procedures prior to loading of the container to assure the following at a minimum:

a. Ensure that the most recent certification performed is in accordance with
Section 8.2.

b. The contents are within the limits of the Certificate of Compliance.

c. The package inner and outer surfaces are visually free from damage that may
impair the safe use of the package.

d. The Package is free of debris or other foreign matter that could interfere with
the propjer and safe use of the container.

e. Verify that the outer drum and visible inner plugs are in place.

f. Gaskets are in place and intact and are not deteriorated or damaged. Replace
as needed.
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g. The containment flange and outer drum cover and all mating surfaces are
sound and fit properly.

h. Closure bolts are the proper type and size and that thread inserts are in
working order.

i. Ensure that security seal holes are functional and capable of maintaining their
integrity when seals are required.

7.1.2 Loading of Contents

The radioactive 'contents of the Century Versa-Pac package must be contained inside the
containment area of the package. The maximum loading shall comply with the limits given in
Section 1.2.2, Contents.

The User shall load the container in accordance with in-plant approved procedures and at 'a
minimum include the following items:

a. Verify that the steps previously outlined by Section 7.1.1 have been
completed at a minimnum.

b. The contents may be pre-packaged within plastic jars, sealed metal cans,
plastic bags, drums or other appropriate forns; however, these items are not
required for transport.

c. Carefully load the package content into the containment area.

7.1.3 Preparation for Transportation

a. Place the containment blind flange and gasket into place and tighten the bolts
lock washers to the specified torque of 38 to 42 foot-pounds.

b. Place the outer gasket in place and carefully install the outer reinforced
insulated drum cover.

c. Install the appropriate bolts and washers and tighten to the specified torque of
38 to 42 foot-pounds.

d. Secure the outer drum closure ring and tighten to 60 +2 foot pounds and
tighten the jam nut against the bolt lug.

e. Install the security seals and record their numbers, if applicable.

f. Complete a radiation and contamination survey in compliance with the
applicable regulations.

g. Remove any old labels and re-label per the applicable regulations.
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h. Records should be maintained in accordance with the appropriate regulations.

7.2 PACKAGE UNLOADING

The User shall unload the Century Versa-Pac in accordance with in-plant approved procedures
and at a minimum include the following items:

7.2.1 Receipt of Package from Carrier

a. Complete a receiving report and complete any survey's that are appropriate.

b. Remove and record the package seal, if applicable.

7.2.2 Removal of Contents

a. Loosen and remove the outer drum lid closure ring, reinforcing ring blots and
insulated drum cover.

b. Loosen and remove the bolts from the containment flange.

c. Remove the contents from the containment area.

7.3 PREPARTION OF EMPTY PACKAGE FOR TRANSPORT

Empty Century Versa-Pac packaging are prepared and transported per the requirements of
49 CFR § 173.428. Prior to shipping as an empty Century Versa-Pac packaging, the packaging is
surveyed to ensure that contamination levels are less than the 49 CFR § 173.433(a) limit. The
packaging is inspected to ensure that it is in an unimpaired condition and is securely closed so
that there will be no leakage of material under conditions nonrally incident to transportation.

Any labels previously applied in conformance with subpart E of part 172 of this subchapter are
removed, obliterated, or covered and the "Empty" label prescribed in 49 CFR §172.450 of this
subchapter is affixed to the packaging.

7.4 OTHER OPERATIONS

Not Applicable.

7.5 APPENDIX

Not Applicable.
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8.0 ACCEPTANCE AND MAINTENANCE PROGRAMS

Per the requirements of 10 CFR §71.85(c)', this section discusses the inspections and tests to be
performed prior to first use of the Century Versa-Pac (U.S. Patent Pending) package.

8.1. FABRICATION ACCEPTANCE TESTS

All Century Versa-Pac packaging materials of construction shall be examined in accordance with
the requirements delineated on the drawings in Appendix 1.3.1, Packaging General Arrangement
Drawings, per the requirements of 10 CFR §71.85(a).

Source inspections and final release of the package will be performed, verifying the quality
characteristics were inspected and that the packaging is acceptable. Any characteristic that is out
of specification must be reported. It will then be dispositioned according to procedure. The
following tests are performed by the fabricator prior to release of the packaging for use by the
User.

8.1.1. Visual Inspection and Measurements

Prior to the initial use, a visual inspection is performed including the following items at a
minimum:

a. Confirm that the package dimensions are in compliance with the appropriate
drawings (This may be accomplished by a review of the Quality Assurance and
Fabrication Records).

b. Insure that the visible seals (Internal and External) are in place.

c. Insure that all bolts and washers are the correct type and size per the drawing.

d. Insure that all gaskets are in place and are in compliance with the drawings.

e. Verify that the nameplates and markings are correct.

8.1.2. Weld Examinations

As part of the normal course of fabrication, the Century Versa-Pac Shipping Container is
subjected to visual inspections of all welds and magnetic particle inspection of those welds
shown on the fabrication drawings to insure that the welds of the package are in compliance with
the applicable codes and standards required by the drawings and specifications of the Century
Versa-Pac. These inspections are recorded on the Fabrication Control Record as part of the
Quality Assurance program.

'Title 10, Code of Federal Regulations, Part 71 (10 CFR 71), Packaging and Transportation of Radioactive
Material, 1-1-98 Edition.
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8.1.3. Structural and Pressure Tests

The Century Versa-Pac Shipping packaging does not contain any tie-down devices that are a
structural part of the package. The Century Versa-Pac Shipping Container is handled, loaded,
and unloaded using standard handling equipment.

The Century Versa-Pac Shipping package is not a pressure-retaining package and no per unit
pressure testing is required prior to use. As identified in Section 2.2.1, Mechanical Properties
and Specifications, the drum design is qualified with a hydrostatic pressure, 29 psig (200 kPa), as
part of the UN drum qualification testing.

No other Structural or Pressure testing is performed.

8.1.4. Leakage Tests

The Century Versa-Pac Shipping packaging does not contain any seals or containment boundaries
that require leak testing. Therefore, this section is not applicable.

8.1.5. Component and Materials Tests

The closed cell polyurethane foam, alumina silica paper, and gasket materials are acceptance in
accordance with the drawing requirements. Inspect package containment components for any
damage that would prove detrimental to their ability to properly function as required.

8.1.6. Tests for Shielding Integrity

Shielding tests are not applicable to the Century Versa-Pac Shipping Container. The Century
Versa-Pac Shipping packaging does not contain any biological shielding.

8.1.7. Thermal Acceptance Tests

The material properties utilized in Chapter 3.0, Thermal, are consistently conservative for the Normal
Conditions of Transport (NCT) and Hypothetical Accident Condition (HAC) thermal analyses. As
such, with the exception of the tests required for specific packaging components, as discussed in
Section- 8.1.5, Component and Material Tests, specific acceptance tests for material thermal
properties are not required or performed.

8.1.8. Miscellaneous Tests

No other additional tests are required prior to use of the Century Versa-Pac Shipping Container.

8.2. MAINTENANCE PROGRAM

This section describes the maintenance program used to ensure continued performance of the
Century Versa-Pac Shipping packaging. The Century Versa-Pac Shipping packaging is
maintained consistent with a 10 CFR 71 subpart H QA program. Packagings that do not
conform to the license drawings are removed from service until they are brought back into
compliance. Repairs are performed in accordance with approved procedures and consistent with
the quality assurance program.
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The User shall establish written. procedures for the periodic maintenance and inspection of the
Century Versa-Pac Shipping Container requiring the following as a minimum:

8.2.1. Structural and Pressure Tests

The Century Versa-Pac Shipping packaging does not contain any lifting/tie-down devices that
require load testing. No pressure tests are necessary to ensure continued performance of the
Century Versa-Pac Shipping packaging.

8.2.2. Leakage Tests

No leakage tests are necessary to ensure continued performance of the Century Versa-Pac
Shipping packaging.

8.2.3. Component and Material Tests

8.2.3.1. Prior to Each Use

The following items shall be performed as a minimum prior to each package use for
shipment:

a. Visually inspect.: the outer and inner surfaces as appropriate for rust or other
superficial discontinuities. Properly trained personnel should repair any adverse
indications as necessary in accordance with the drawing requirements.

b. Visually inspect all gaskets -and pads for wear and/or deterioration and replace as
necessary.

c. Inspect all sealing surfaces for damage that would interfere with the safe use of
the package.

8.2.3.2. Every Five Years

The Owner of the individual Century Versa-Pac Shipping Container shall perform and
maintain a record of the following inspections at a minimum:

a. All inspections listed in Section 8.2.3.1.

b. Full visual of all accessible surfaces and welds for the presence of cracks or other
unacceptable discontinuities. Any questionable condition of a weld shall be
subject to further examination to assure proper compliance. Any weld defects
shall be repaired in accordance with the appropriate procedures.

c. Check flanges and covers for warpage and/or distortion that prevent proper
closure.

d. During the visual inspection, of exterior surfaces, if areas are suspected of having
corrosion, the inspection should insure that corrosion has not reduced the outer
package wall thickness by more than 10% of the nominal thickness over a 6"
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square area. When visual inspection cannot assure sufficient wall thickness, other
methods of inspection should be utilized, such as ultrasonic testing, to assure
acceptability.

e. All repairs shall be performed by sources that are competent and properly trained.
Allowable repairs shall include repairs made to welds and base metal Repairs
that require welding shall be made by welders that are qualified in accordance
with Section IX of the ASME Boiler and Pressure Vessel Code and/or Section 5
of AWS D1. 1. The repair shop shall provide certification of weld procedures and
welder qualifications.

f. Weigh the container to verify that the container is within 10 pounds of the original
fabrication weight recorded on the nameplate.

g. If the package contains payload or is in transit at the test due date, the inspection
may be deferred to allow unloading and/or transport of the package, as necessary.

8.2.4. Thermal Tests

No thermal tests are necessary to ensure continued performance of the Century Versa-Pac
packaging.

8.2.5. Miscellaneous Tests

Localized deformations in the outer drum of the Century Versa-Pac packaging are permitted up
to 1-inch provided the shell material is not breached. The packaging may be repaired in
accordance with the drawings in Appendix 1.3.1, Packaging General Arrangement Drawings.

8.3. List of Appendices

Not applicable to the Century Versa-Pac packaging.
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