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SAFETY EVALUATION FOR PACKAGING (ONSITE) PLUTONIUM
RECYCLE TEST REACTOR GRAPHITE CASK

PART A: DESCRIPTION AND OPERATIONS

1.0 INTRODUCTION

1.1 GENERAL INFORMATION

The Plutonium Recycle Test Reactor (PRTR) Graphite Cask is used by B&W Hanford Company
to transport radioactive materials among the 323, 324, 325, 326, 327, and 3270 Buildings. The
radioactive materials most frequently transported among buildings are mixed oxide fuel, metal oxide
fuel, and activated structural materials from reactors. The cask will be used to transport Type B,

fissile, non-highway route controlled quantities of radioactive materials within the 300 Area of the
Hanford Site.

This safety evaluation for packaging (SEP) provides the evaluation necessary to demonstrate
that the PRTR Graphite Cask meets the requirements for onsite transportation of a Type B package.
The packaging meets all WHC-CM-2-14, Hazardous Material Packaging and Shipping, requirements for
the Hanford Site. The scope of this SEP includes risk, shielding, criticality, and tiedown analyses to
demonstrate that onsite transportation safety requirements are satisfied. This SEP also establishes

operational and maintenance guidelines to ensure that transport is performed safely in accordance with
WHC-CM-2-14,

1.2 SYSTEM DESCRIPTION
The cask is a horizontal, cylindrical, stainless steel transfer cask with 13.7 em {5.38 in.) of lead
shielding. The outside diameter is 35.6 cm (14.0 in.), and the length is 99.0 cm (39.0 in.). The interior

cavity is 7.9 cm (3.1 in.} in diameter and 63.5 ¢cm (25.0 in.) long. The empty weight of the cask is
1,089 kg {2,400 Ib), and the maximum gross weight of the cask is 1,202 kg (2,650 Ib).

1.3 REVIEW AND UPDATE CYCLES

This SEP is valid until October 1, 1999. An update or upgrade to this document is required
beyond that date. :

A1-1
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2.0 PACKAGING SYSTEM

2.1 CONFIGURATION AND DIMENSIONS

" The PRTR Graphite Cask is fundamentally a right circular cylinder of lead and stainless steel
composite construction. The lead is sandwiched between outer and inner stainless steel tubular shells.
At each end of the cask is a thick circular plate that is welded to both inner and outer shells, which
encapsulates the lead. At the top, closure of the inner cavity is provided by a bolted blind flange with
an attached shield plug of composite lead-stainless steel construction. The cask is equipped with a
manually actuated, rotating, shielded drum door, which provides closure at the bottom end. None of
the end closures are sealed. A handling yoke is provided on the cask and welded to the outer shell.
Attached to the yoke is a lifting bail, which can be locked into position for lifting and handling of the
cask. Support plates are welded to the outer bottom housing to provide support during transport.

The cask is 35.6 cm (14.0 in.) in diameter and 99.0 cm (39.0 in.} in length. Dimensions of the
inner cavity are 7.95 cm {3.13 in.) in diameter by 63.5 cm (25.0 in.} in length. Lead between the outer
and inner shells provides shielding.

2.2 MATERIALS OF CONSTRUCTION

Ali structural components are constructed of 304 stainless steel. Lead is used for shielding.

2.3 WEIGHTS AND CENTER OF GRAVITY

The empty weight of the cask is 1,089 kg (2,400 Ib}). The maximim.weight with contents is
1,202 kg (2,650 Ib). The center of gravity of the PRTR Graphite Cask is approximately the geometric
center of the cask.
2.4 CONTAINMENT BOUNDARY

The containment system consists of the inner container. The cask retains the contents, but is
not considered to be a containment boundary. No credit is taken for containment provided by the cask.
2.5 CAVITY SIZE

The available space within the cask consists of a cylindrical volume 7.9 cm (3.1 in.} in diameter
and 63.5 cm (25.0 in.} in length.
2.6 SHIELDING

The interior of the cask is lined with lead shielding, which is 13.7 cm (5.38 in.} thick.

2.7 LIFTING DEVICES

The lifting device consists of two support arms attached to a lifting yoke. Each support arm is
secured to the yoke by three 5 in.-11 stainless steel cap screws and is secured to the cask shell by a
% in.-13 stainless steel cap screw. The lifting assembly is positionable and is equipped with a locking
device.

A2-1
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2.8 TIEDOWN DEVICES

There are no tiedown devices attached to the cask.
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3.0 PACKAGE CONTENTS

8.1 GENERAL DESCRIPTION

Materials to be transported in the PRTR Graphite Cask include irradiated structural materials
and solid pieces of irradiated fuel containing uranium and plutonium isotopes.

3.2 CONTENTS RESTRICTIONS

The materials specified in this section are the only materials authorized for shipment in the
PRTR Graphite Cask within the 300 Area of the Hanford Site. Contact dose rates shall be less than
2.0 mSv/h {200 mrem/h). Gas-generating materials shall not be loaded into the cask. Absorbed and
unabsorbed liquids are not authorized for shipment in the cask. Organic materials are not authorized
except plastic bags/wrapping.

3.2.1 Radioactive Materials
The cask will transport Type B, fissile, non-highway route controlled quantities of radioactive
materials. Table A3-1 gives the radioactive contents limits for the cask. Fissile limitations are given in

Table A3-2 for shipments of fissionable material scrap of various compositions. The source term limits
in Table A3-1 are a result of the limited shielding ability of the cask as described in Part B, Section 5.0.

Table A3-1. Maximum Allowable Source Term.

Activity limit
Material
TBq Ci
Fissile materials and o emitters* 0.401 10.9
Mixed fission products 13.9 375
Mixed activation products 0.185 5.00

*Fissile/fissionable materials limited by
criticality safety as shown in Part B, Section 2.1.1.

Contents to be transported in the PRTR Graphite Cask shall consist of small pieces or test
samples of irradiated fuel pieces and various activated materials. The contents shall be limited to the
maximum allowable source term as shown in Table A3-1. The cask may also be used to transport
metallographic samples and waste from the 327 Facility examination process.

All materials shall be enclosed in an inner container to prevent the spread of removable
contamination. Table A3-3 provides a description of authorized inner containers and their contents.

3.2.2 Nonradioactive Hazardous Materials

No nonradioactive hazardous materials can be shipped in the PRTR Graphite Cask.

A3-1
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Table A3-2. Fissile/Fissionable Material Limits in the Plutonium
Recycle Test Reactor Graphite Cask.

Material

Limit

235U

275 g* or

289py | 23Y, VI, MAm,
23Am, 24Cm, and 2’Cm

175 g aggregate total*

281>f

242mAm, 203cm, 245cm’ 249Cf, or

Not analyzed and cannot be shipped in excess
of safeguards accountability limits*

Source: Larson, S. L., 1996, Limits for Fissionable Material in Small
Bore Transfer Casks and Lead Pigs (NCS Basis Memo 96-2 to M. Dec, December 30},
Battelle Pacific Northwest Laboratories, Richland, Washington.

*Mixtures of fissionable material are possible provided that the sum-of-
fractions method shown in PNL {1994) and referenced in Larson {1996), attached in
Part B, Section 6.0, are followed.

PNL, 1994, Criticality Safety, PNL-MA-25, Battelle Pacific Northwest
Laboratories, Richland, Washington.

Table A3-3.

Inner Container Description.

Inner container

Contents

Examples of contents

Pin tubes--tubes and fittings must have
a working rating of 20.68 MPa

(3000 psi), with an outer diameter of
1.3 cm {0.50 in.} or 1.9 cm {0.75 in.).
The tubes are welded on one end. A
Swagelok* fitting is used as closure.

Dispersible solid materials

Irradiated structural materials; solid
pieces of irradiated FFTF, PNC, and
N Reactor fuel pins; and small pieces
or test samples of irradiated fue! and
structural materials

DOT Specification 2R per 49 CFR
178.360

Dispersible solid materials

Irradiated structural materials; sofid
pieces of irradiated FFTF, PNC, and
N Reactor fuel pins; and small pieces
or test samples of irradiated fuel and
structural materials in glass or plastic
vials with screw cap

Large solid item put directly into the
cask

Nondispersible solid
structural material and
activated metals put
directly into the cask**

Large solid items with fixed surface
contamination

DOT = U.S. Department of Transportation.

FFTF
PNC

Fast Flux Test Facility.
Power Reactor and Nuclear Fuel Development Corporation.

*Swagelok is a trademark of the Crawford Fitting Company.
** Surface contamination limits not to exceed 100 times the Table A4-1 limits. Verification by

survey or the use of a fixative, such as

paint, is required.

49 CFR 178, 1997, “Specifications for Packagings,” Code of Federal Regulations, as amended.
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4.0 TRANSPORT SYSTEM

4.1 TRANSPORTER

The transporter consists of a low boy or flatbed trailer and tractor. The trailer shall be rated for
the weight of the loaded cask and have a large enough bed to prevent the cask from protruding over
the edges of the trailer.

4.2 TIEDOWN SYSTEM

The cask shall be centered and placed horizontally on the bed of the trailer for shipment. The
long axis of the cask shall be centered along the long axis of the trailer.

The package is to be secured in accordance with U.S. Department of Transportation
regulations {49 CFR 393.100). The cask is to be secured to the trailer by two sets of tiedowns as
shown in Figure 4-1. One set acts as chocks to block and brace the cask from horizontal movement.
The other set acts as vertical restraints. There are two 4x4 wood blocks placed at each end of the
cask. These 4x4 blocks have a 2x2 nailed to the side at the bottom to form landings for the tiedowns.
Each of the chocking tiedowns is looped around the cask from opposite sides of the trailer and
attached to the trailer. The chocking tiedowns lay on the landing and bear against the wood blocks
when drawn tight. The vertical restraint tiedowns are placed over the cask on each side of the lifting
yoke. These tiedowns are then attached to the trailer on opposite sides and drawn tight.

Figure 4-1. Cask Tiedown Configuration.

I——- 1 L—*[ P Tiedown 2

| <
4X4 Wood Block
2X2 Wood Block
Nailed to 4X4
e s _f &
Gt 4
- |

Tiedown 1

Tiedown 3

Tiedown 2
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Each tiedown and trailer attachment point must have a minimum working strength of 11,120 N
{2,500 Ib}. The 2x2 wood blocks must be nailed to the 4x4 wood blocks with a minimum of three 10 d
nails. The length of the blocks is specified as the same as the diameter of the cask to within a
tolerance of 0.32 cm (% in.).

Alternative configurations that have been shown to meet 49 CFR 393, Subpart 1, are
acceptable. ’

4.3 SPECIAL TRANSPORT REQUIREMENTS

4.3.1 Routing and Access Control

The PRTR Graphite Cask is authorized for onsite transport only within the 300 Area. Transfers
shall be made in accordance with WHC-CM-2-14 over a predetermined route. .
4.3.2 Radiological Limitations

The dose rate must be less than 2 mSv/h {200 mrem/h) at the surface of the cask, 0.1 mSv/h
(10 mrem/h) at 1 m from the cask surface, and 0.02 mSv/h (2 mrem/h) in any normally occupied space.
Transport of the PRTR Graphite Cask above these limits is not authorized. The shielding analysis in
Part B, Section 5.0, shows the projected dose rates meet these limits for the authorized source term.
External contamination limits for the exterior of the PRTR Graphite Cask are as shown in

Table A4-1.

Table A4-1. External Container Contamination Limits.

Maximum permissible limits

Contaminant
Ba/em? | uCifem? dpm/cm?

Beta and gammé emitters and low toxicity alpha 0.4 10° 22
emitters
All other alpha-emitting radionuclides 0.04 10° | 2.2

Source: 49 CFR 173.443, 1995, “Shippers--General Requirements for Shipments and Packagings,”
Code of Federal Regulations, as amended.

4.3.3 Speed Limitations

The PRTR Graphite Cask shall not exceed a speed of 8 km/h (5 mi/h) during transport.

4.3.4 Environmental Conditions

In order to reduce the possibility of an accident, there shall be no transfers at temperatures
below 0 °C (32 °F) or during periods of dense fog or adverse road conditions (such as snow or ice).
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4.3.5 Frequency of Use and Mileage Limitations

A risk analysis was performed on the 327 Building casks to determine mileage limitations. The
results of the evaluation have determined that transfers shall not exceed a total of 16.0 km {10.0 mi)
per year for the 327 Building family of casks, which includes the Special Environmental
Radiometallurgy Facility Cask, the Radioactive Waste Disposal Cask, and the PRTR Graphite Cask. This
limit allows up to 40 transfers of 0.40 km (0.25 mi) per year. This limit does not apply to empty cask
shipments. ’ -

4.3.6 Emergency Response
Emergency responders shall be notified prior to transfers of the cask. The shipping and
receiving facilities, Radiation Protection, Safety, Packaging Engineering, and Transportation Logistics

shall be notified of all accidents involving radioactive material shipment that result in vehicle damage,
container damage, personnel injury, or contamination spread.
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5.0 ACCEPTANCE OF PACKAGING FOR USE

5.1 NEW PACKAGING

The PRTR Graphite Cask was originally accepted for use in the 1960s. That acceptance is
documented in Hazardous Materials Packaging and Shipping Manual (HEDL 1987). The cask has been
used for shipments within the 300 Area for approximately 20 years without incident. The PRTR
Graphite Cask has a frequency of use of approximately six transfers per year. No new casks will be
manufactured, so new packaging acceptance requirements do not apply.

5.2 PACKAGING FOR REUSE

In order to continue using the PRTR Graphite Cask, the maintenance and operating plans must
be followed. A visual inspection for physical damage and corrosion on the cask and a check of the
closing mechanism for proper operation shall occur prior to reuse. These inspections shall be

documented in accordance with facility operating procedures.

If required, the cask shall be decontaminated prior to use to meet external contamination limits
per Table A4-1.
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6.0 OPERATING REQUIREMENTS

6.1 GENERAL REQUIREMENTS

The following are requirements for the use of the PRTR Graphite Cask. Prior to loading and
shipment of the cask, specific operating procedures with appropriate Quality Assurance/Quality Control
hold points shall be written by the user and approved per WHC-CM-2-14. The procedures shall
implement the requirements of this section and the additional requirements found in this SEP.

For loading and unloading operations, the following general requirements shal! be performed.

1.

2.

Visually inspect the PRTR Graphite Cask for cracks or damage.
Visually inspect the lifting attachments for cracks and damage.

Verify that radiological contamination limits are within the allowable limits shown in
Table A4-1 of this SEP.

Verify radiological dose rates are acceptable prior to shipment of the cask in
accordance with Part A, Section 4.3.2, of this SEP. The dose rate limits are 2 mSv/h
(200 mrem/h) on any surface of the cask, 0.1 mSv/h (10 mrem/h) at 1 m from the
cask, and 0.02 mSv/h (2 mrem/h} in any normally occupied space.

Verify that the number of transfers or mileage shipped in a year has not exceeded the
amount established by the risk assessment (40 shipments of approximately 0.40 km
[0.25 mi] each or 16.0 km [10.0 mi] per year).

6.2 LOADING OF CONTENTS INTO THE CASK

6.2.1 Inner Container Loading

1.

2.

Prior to loading contents, visually inspect the inner container to be used.
If vials are to be used, visually inspect them for damage.

Place cushioning material in the inner container to protect glass vials. Multiple vials
may be placed in the inner container. Plastic vials may be packaged as glass vials.

After placing the vials in the inner container, fill the void spaces with cushioning
material. ’

Close the inner container.

.6.2.2 Preparing the Cask for Loading

1.

Verify that the contents to be loaded into the cask are as authorized in Part A,
Section 3.0, of this SEP and that criticality limits have not been exceeded.

Vefify that the cask is positioned properly at the cell loading port and is ready to
receive the contents. Open the cell loading port.
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6.2.3 Loading Contents into the Cask

1.

Attach the push/pull rod to the rear end of the cask scoop fixture, commonly called the
cask boat.

Release the locking mechanism and rotate the closure valve 90°.

Release the locking pin holding the boat and push the boat into the cell to the desired
position.

Load the materials onto the boat and pull the boat back into the cask. Secure the
locking pin.

Rotate the closure valve 90° and secure the locking mechanism.
Close the cell loading port and move the cask away from the cell.

Perform radiological dose and contamination surveys to verify levels have not exceeded
the limits authorized in Part A, Section 4.0, of this SEP. Decontaminate if
contamination limits are exceeded. Do not ship if radiological dose has exceeded

2 mSv/h (200 mrem/h) on the surface of the cask, 0.1 mSv/h {10 mrem/h} at 1 m from
the cask, and 0.02 mSv/h (2 mrem/h) in any normally occupied space.

Following radiological survey, wrap the ends of the cask with 10-mil plastic and tape to
the cask body using duct tape.

6.3 PREPARATION OF THE CASK FOR SHIPMENT

1.

Verify that the shipping papers have been prepared properly and the cask is properly
marked and labeled per the requirements of WHC-CM-2-14.

Position the transport vehicle where it will be accessible to the overhead crane.

Verify the lifting equipment is in accordance with the Hanford Site Hoisting and Rigging
Manual, DOE/RL-92-36 (RL 1996).

Attach the lifting equipment to the cask lifting attachment and the crane hook.
Lift the cask from the floor to allow a radiological survey of the cask to be performed.

Move the cask over the vehicle and slowly lower it into position on the transport
vehicle.

Unhook the lifting equipment from the cask and install tiedown attachments per the
requirements of Part A, Section 4.2.

Prior to transport, verify that the shipping documentation has been completed per
WHC-CM-2-14 and signed by a trained Hazardous Material Shipper.
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6.4 UNLOADING THE CASK

Position the transport vehicle where it will be accessible to the overhead crane.

Perform radiological contamination and dose surveys of the cask to verify that the
limits in Part A, Section 4.0, have not been exceeded.

Remove the tiedown equipment from the cask and transport vehicle.
Attach the lifting equipment to the cask lifting attachment and the crane hook.

Lift the cask off of the transport vehicle and move to a designated location. Remove
the plastic from the ends of the cask.

Perform a radiological contamination survey of the cask ends to verify the
contamination limits have not been exceeded.

Position the cask at the cell loading port and remove the rigging equipment from the_
cask.

Open the cell loading port.

Attach the push/pull rod to the rear end of the cask scoop fixture, commonly called the
cask boat.

Release the closure valve locking mechanism and rotate the closure valve 90°.

Release the locking pin holding the boat and push the boat into the cell to the desired
position.

Unload the materials from the boat and pull the boat back into the cask. Secure the

locking pin. :

Rotate the closure valve and secure the locking-mechanism.
Close the cell loading port and move the cask away from the cell.
Perform radiological dose and contamination surveys to verify levels have not exceeded

limits authorized in Part A, Section 4.0, of this SEP. Decontaminate if contamination
limits are exceeded.

6.5 EMPTY PACKAGING

To be transported as an empty radioactive container, the cask must be prepared for transport in
accordance with 49 CFR 173.428 {1995 version).
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7.0 QUALITY ASSURANCE REQUIREMENTS

7.1 INTRODUCTION

This section describes the quality assurance {QA} requirements for operation of the PRTR
Graphite Cask. The packaging was fabricated in the 1960s following a quality program in effect at the
time. The PRTR Graphite Cask is used to perform onsite shipments at the Hanford Site. The format
and requirements for the use of the PRTR Graphite Cask on the Hanford Site are in accordance with
WHC-CM-4-2, Quality Assurance Manual, and WHC-CM-2-14.,

7.2 GENERAL REQUIREMENTS

These requirements apply to activities, which include loading, unloading, and transportation
operations, that could affect the quality of the packaging and associated hardware. The overall
packaging is classified per WHC-CM-2-14 as a Transportation Hazard Index (THI) 1.

THI 1 packaging systems, defined in WHC-CM-2-14, represent the highest level of hazard for
the contents. A packaging system assigned this level has the potential of causing a dose consequence
to an individual in excess of 25 rem at the Hanford Site boundary if fully released.

Each THI invokes a quality level {QL) designator (defined in WHC-CM-2-14) consisting of two
parts: an alpha designator and a numerical designator. The alpha designator assigns the fabrication,
testing, use, maintenance standards, and quality requirements for each component of the packaging
system. The numeric designator following the letter is the THI number of the packaging system.
Because the PRTR Graphite Cask ships a Type B quantity of material with potentially high hazards, the
package as a whole is assigned a QL designator of A-1.

Documentation and review requirements are based upon the QL of the package. Changes or
discoveries of noncompliance for all QL A-1 components and activities shall be reviewed by the
unreviewed safety question screening process to ensure the quality and safety of the change or
discovery. Changes to the SEP safety bases (contents, shielding, structural, containment, criticality)
will require unreviewed safety question screening regardless of QL.

7.3 ORGANIZATION

The organizational structure and the assignment of responsibility shall be such that quality is
achieved and maintained by those who have been assigned responsibility for performing the work.
Quality achievement is to be verified by persons or organizations not directly responsible for performing

the work.

Packaging Engineering and the onsite user are responsible for the quality of the work performed
by their respective organizations and for performing the following activities:

. Follow the current requirements of this SEP, WHC-CM-4-2, and WHC-CM-2-14
. Provide instructions for implementing QA requirements.

The cognizant manager, Quality Assurance, is responsible for establishing and administering the
Hanford QA program as stated in WHC-CM-4-2.
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7.4 QA PLAN AND ACTIVITIES

7.4.1 Design Controf

Design control is not applicable. This cask was fabricated over 30 years ago, and no design
changes wilt be made. B&W Hanford Company is the design authority for the package.
7.4.2 Procurement and Fabrication Control

Procurement and fabrication control is not applicable. This package is over 30 years old, and
no casks will be procured in the future. .
7.4.3 Control of Operations/Processes

’ Loading/unloading procedures written by the user will be used to ensure acceptable operation

of the packaging. Those loading/unloading procedures shall be consistent with this SEP. The
loading/unloading procedures identify actions required by personnel to safely and properly Ioad and

unload the packaging in accordance with this SEP.

Quality Control inspection checkhsts are established to ensure that final inspection verifies
compliance with the following items.

. The PRTR Graphite Cask is properly assembled.
. All acceptance criteria {Part A, Section 5.0) are met for use of the package.
. Operational {Part A, Section 6.0) and maintenance procedures (Part A, Section 8.0) are

properly completed.

7.4.4 Control of Inspection

Control of inspection and testing will be accomplished by facility procedures incorporating the
requirements of Part A, Section 7.4.3.
7.4.5 Test Control

Test control is not applicable. No testing is required on this package.

7.4.6 Control of Measuring and Test Equipment

Any measuring equipment that is used shall meet the accuracy and calibration requirements as
required by WHC-CM-4-2; i.e., radiation survey equipment.
7.4.7 Control of Nonconforming Items

Identification, documentation, evaluation, and disposition of nonconforming items and activities,
shall be accomplished per WHC-CM-4-2, regardless of the assigned QL.
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7.4.8 Corrective Action

Nonconformance, or conditions adverse to quality, are evaluated as described in Part A,
Section 7.4.8, and the need for corrective action is determined in accordance with WHC-CM-4-2.

7.4.9 QA Records and Document Control
Records that furnish documentary evidence of quality shall be specified, prepared, and

maintained per WHC-CM-4-2. This includes all procedures, inspection reports, the SEP, and any
nonconformance reports that are developed while this cask is used.

7.4.10 Audits

Internal and external independent assessments are performed in accordance with WHC-CM-4-2.
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8.0 MAINTENANCE

8.1 GENERAL REQUIREMENTS

The 327 Facility shall provide the procedu'res for the required maintenance and inspectiobns of
the PRTR Graphite Cask.

8.2 INSPECTION AND VERIFICATION SCHEDULES

The PRTR Graphite Cask shall undergo a user inspection every two years. Inspections shall be
performed using the Radioactive Material Shipping Container User Biennial Inspection Checklist (Part A,
Section 10.2). Nondestructive testing of the welds on the lifting apparatus shall be performed every
five years using the Radioactive Material Shipping Container NDT of Lifting Apparatus (5 Year) (Part A,
Section 10.2).

8.3 RECORDS AND DOCUMENTATION
The maintenance records shall be maintained for the length of time the PRTR Graphite Cask is

owned, plus one year. The inspection records of the PRTR Graphite Cask shall be maintained untii the
next inspection of the same type is successfully completed.
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10.0 APPENDICES

10.1 DRAWINGS
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10.2 USER BIENNIAL INSPECTION CHECKLIST AND NONDESTRUCTIVE TESTING OF
. LIFTING APPARATUS

BATTELLE
Pacific Northwest Laboratories
Remote Systems Technology Department

RADIOACTIVE MATERIAL SHIPPING CONTAINER
BIENNIAL USER INSPECTION CHECKLIST

Container No: 2701 Inspection Date: Next Inspection Due:

Ttemi Spec: Section Characteristic/Requirement Reference or| Inspected 5
No. or Dwy, View Test Method | By (Init.) i
b
1. H-3-13699 Closure “drum” position marked | Visual i
Sheet #1 "OPEN" and “CLOSED" on cask. Inspection -
2. H-~3-13699 Closure "drum” handle position | Functional
Sheet #1 is correct in reference to the | Test
“OPEN" and "CLOSED" markings.
o3 H-8-13699 Closure "drum” locking Functional
Sheet #2 device functions properly. Test
4, H-3-13699 Closure "drum” will close Functional
Sheat #2 properly with transfer "boat” | Test

positioned to rear of cask.

5. H-3-13699 Rear locking device holds the functional
Sheet #1 transfer "boat" 1in position. Test e
6. H-3-13699 Verify that closure “drun” Functional
Sheet #2 rotates freely. Test
7. 1-3-13659 Verify that locking pin will Functional i
Sheet #1 Tock Tifting "bait” in the Test i
horizontal/vertical position. P !
8. JHB 327-5 Verity surface is free of Visual
i damage and rust. Inspection S
9. JHB 327-5 Verify that no weld cracking Visual
is evident. Inspection P
10. JHB 327-5 Check for Joose bolts and/or Visual
broken parts. Inspection

Custodian Signature:

e

A10-17
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BATTELLE
Pacific Northwest Laboratories
Remote Systems Technology Department

RADIOACTIVE MATERTAL SHIPPING CONTAINER
NDT OF LIFTING APPARATUS (5 YEAR)

Container No: _2701 __ Inspection Date: Next Inspection Due:
Item| Spec; Section Characteristic/Requirement Test Method | Inspected
No. or Dwg: View By (Init.)
1. H-3-13699 Welds attaching Part #7 to 1" | Dye
- | Sheet #1 thick Cross Bar. penetrant
2. H-3-13699 Welds attaching Part #8 to Oye
 Sheet #1 Part #9. penetrant

EQUIPMENT TEST INFORMATION

1. Requgs‘%er verifies that the equipment to be examined is:
—_ Safe.
. Possible unsafe conditions.

__ Radiation - Dose Rate. .

2. Anticipated part temperature: __ Ambient __Other
3. Material type to be examined:
4. Area to be inspected: ___ Spot Inspection
. . Full Inspection (100% of area requested).
5. QA Plan: Impact Level: Test Procedure:
6. Acceptance Standard:
7. Comments:
8. QARep. contacted: ________ Test Date: _____ Time:

Custodian Signature:

A10-18
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PART B: PACKAGE EVALUATION

1.0 INTRODUCTION

1.1 SAFETY EVALUATION METHODOLOGY

The Plutonium Recycle Test Reactor (PRTR) Graphite Cask was evaluated against the
requirements of WHC-CM-2-14, Hazardous Material Packaging and Shipping, for onsite transportation
of solid, Type B, fissile, non-highway route controlled quantities (non-HRCQ) of radioactive materials.
The analyses presented in this safety evaluation for packaging verify the PRTR Graphite Cask meets
the onsite transportation safety requirements based on a risk evaluation. )

1.2 EVALUATION SUMMARY AND CONCLUSIONS

As shown by the following evaluations, the PRTR Graphite Cask is safe for the onsite
transportation of solid, Type B, fissile radioactive materials. The cask will prevent loss of contents for
normal transport conditions (NTC). A risk evaluation demonstrates that the frequency of an accident

“resulting in loss of contents is less than the required criteria of 107.

1.2.1 Contents

The typical contents of the PRTR Graphite Cask are evaluated in Part B, Section 2.0.

1.2.2 Radiological Risk

The risk evaluation for the PRTR Graphite Cask demonstrates that the PRTR Graphite Cask
meets the onsite transportation safety criteria. In order to satisfy that criteria, the 327 Building casks,
which include the One-Ton Lab Cask, the Long Bore Cask, the Large Bore Cask, the Radioactive Waste
Disposal Cask, the Special Environmental Radiometallurgy Facility (SERF) Cask, and the PRTR Graphite
Cask, cannot be transported more than a total of 16.0 km ({10.0 mi) in any calendar year.

1.2.3 Containment

The containment system consists of the PRTR Graphite Cask and the inner container. The
radioactive contents are contained inside the inner container, which is either a glass or plastic vial. The
vials are placed in a slip lid container, which, in turn, is placed in two 10-mil plastic bags that are
sealed with duct tape. The plastic vials can also be placed in two 10-mil plastic bags that are sealed
with duct tape. Both types of vials are closed with screw caps. The containment evaluation is
presented in Part B, Section 4.0.

1.2.4 Shielding

The shielding analysis for the source term is presented in Part B, Section 5.0. The cask
provides the shielding required to meet the established radiological dose rate criteria.
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" 1.2.5 Criticality

The criticality analysis for the PRTR Graphite Cask is contained in Limits for Fissionable
Material in Small Bore Transfer Casks and Lead Pigs (Larson 1996). The limit for 2%U only is 275 g,
while the limit for other fissionable materials is 175 g.
1.2.6 Structural

The structural analysis for the PRTR Graphite Cask is contained in Part B, Section 7.0. This
analysis shows the PRTR Graphite Cask and the inner containers contain the contents and maintain
shielding during all NTC. Accident conditions are addressed in the risk evaluation.
1.2.7 Thermal

The thermal analysis for the PRTR Graphite Cask is contained in Part B, Section 8.0. This
analysis demonstrates that the PRTR Graphite Cask performs acceptably dunng extreme weather
conditions on the Hanford Site.

1.2.8 Gas Generation

The contents of the PRTR Graphite Cask will be dry to prevent gas generation from radiolysis.

1.2.9 Tiedown System
The package tiedown evaluation in Part B, Section 10.0, ensures that the PRTR Graphite Cask
will remain on the trailer under NTC.
1.3 REFERENCES
Larson, 8. L., 1998, Limits for Fissionable Material in Small Bore Transfer Casks and Lead Pigs (NCS
Basis Memo 96-2 to M. Dec, December 30), Battelle Pacific Northwest Laboratories, Richland, .

Washington.

WHC-CM-2-14, Hazardous Material Packaging and Shipping, Westinghouse Hanford Company,
Richland, Washington.
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2.0 CONTENTS EVALUATION

2.1 CHARACTERIZATION
Contents to be transported in the PRTR Graphite Cask shall consist of irradiated fuel

assemblies, fuel pieces, and various activated materials. The contents shall be limited to the maximum
allowable source term shown in Table B2-1.

Table B2-1. Maximum Allowable Source Term.

Activity limit
Material
TBq Ci
Fissile materials and & emitters* ) 0.401 10.9
Mixed fission products 13.9 375
Mixed activation products 0.185 5.00

*Fissile/fissionable materials limited by criticality safety
as shown in Part B, Section 2.1.1.

. The maximum number of A,s and thermal characteristics of the contents are determined as
shown Table B2-2. Note that the isotopes assumed for A, calculations are for the worst-case
inventory. . : ’

Table B2-2. Decay Heat and A, Calculation for the Plutonium
Recycle Test Reactor Graphite Cask.

Nuclide - Activity . H::;p;:o((\i/v;:éiiz;n Hea:a%:rm(t\a/:/e;tion A, (Cil Ags
5r 1.39 E+13 | 3.75 E+02 1.16 E-03 0.44 2,70 E+00 | 1.39 E+02
oy 1.39E+13 | 3.7 E+02 | 5.54 E-03 2.08 0.00 E+00 | 0.00 E+00
“Co 1.85 E+11 | 5.00 E+00 1.54 E-02 0.08 1.08 E+01 | 4.63 E-01
29py 4.01E+11 [ 1.09 E+01 3.06 E-02 0.33 -5.41E03 | 2.01E+03
Total 2.83E+13 | 7.66 E+02 2.92 2.14E+03

As.shown in Table B2-2, the number of A,s is less than 3,000; therefore, the maximum
radioactive material inventory is a fissile, Type-B, non-HRCQ (49 CFR 173).
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2.1.1 Fissile Material Content

The fissile/fissionable material limits for the PRTR Graphite Cask are shown in Table B2-3.
These limits are 275 g of **U or an aggregate total of 175 g of 2°Pu, 2°U, ®"Np, 2'Am, 22*Am, %Cm,
and 27Cm. Note that mixtures of fissionable material are possible provided that the sum-of-fractions
method shown in Criticality Safety (PNL 1994) is followed.

Table B2-3. Fissile/Fissionable Material Limits in the Plutonium
Recycle Test Reactor Graphite Cask.

Material . Limit

25y : 275 g* or

B9py, 23, 2INp, #'Am, 175 g aggregate total*
243Am, 244Cm’ and 247Cm

22 Am, #3Cm, 2%°Cm, 2*°Cf, | Not analyzed and cannot be shipped in excess
or B'Cf of safeguards accountability limits*

Source: Larson, S. L., 1998, Limits for Fissionable Material in Small
Bore Transfer Casks and Lead Pigs (NCS Basis Memo 96-2 to M. Dec, December 30},
Battelle Pacific Northwest Laboratories, Richland, Washington.

*Mixtures of fissionable material are possible provided that the sum-of-
fractions method shown in PNL {1994) and referenced in Larson {1996), attached in
Part B, Section 6.0, is followed.

PNL, 1994, Criticality Safety, PNL-MA-25, Battelle Pacific Northwest
Laboratories, Richland, Washington. :

2.2 RESTRICTIONS

Contents as shown in Part B, Tables B2-1 and B2-3, including daughter isotopes, are the only
contents authorized for the PRTR Graphite Cask. All contents shall be in inner containers as described
in Tabie B2-4.

2.3 SIZE AND WEIGHT

Only contents smaller than the internal cavity can be shipped in the PRTR Graphite Cask. The
empty weight of the cask is 1,089 kg {2,400 Ib). The total gross weight of the PRTR Graphite Cask
‘and its contents shall not exceed 1,202 kg (2,650 Ib).

2.4 CONCLUSIONS

The fissionable material limits described in Limits for Fissionable Material in Small Bore Transfer
Casks and Lead Pigs (Larson 1996) and discussed in Part B, Section 6.0, and the shielding analyses,
shown in Part B, Section 5.0, demonstrate that the PRTR Graphite Cask can ship the contents shown
in Tables B2-1 and B2-3 safely. The established limits will preclude the possibility of a criticality and
minimize radiological exposure to personnel during transport.

As shown in Table B2-2, the maximum quantity of material to be shipped is a fissile, Type B
non-HRCQ {49 CFR 173).

B2-2
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Table B2-4.

Inner Container Description.

Inner container

Contents

Examples of contents

Pin tubes--tubes and fittings must have
a working rating of 20.68 MPa

(3000 psi), with an outer diameter of
-1.3 ¢m {0.50 in.} or 1.9 cm (0.75 in.).
The tubes are welded on one end. A

Dispersible solid materials

Irradiated structural materials; solid
pieces of irradiated FFTF, PNC, and
N Reactor fuel pins; and small pieces
or test samples of irradiated fuel and

structural materials
Swagelok* fitting is used as closure. .

DOT Specification 2R per 49 CFR
178.360

Dispersible solid materials | Irradiated structural materials; solid
pieces of irradiated FFTF, PNC, and
N Reactor fuel pins; and small pieces
or test samples of irradiated fuel and
structural materials in glass or plastic
vials with screw cap

Nondispersible solid
structural material and
activated metals put
directly into the cask**

Large solid item put directly into the.
cask

Large solid items with fixed surface
contamination

DOT = U.S. Department of Transportation.
FFTF = Fast Flux Test Facility.
PNC = Power Reactor and Nuclear Fuel Development Corporation.
*Swagelok is a trademark of the Crawford Fitting Company.
* * Surface contamination limits not to exceed 100 times the Table A4-1 limits. Verification by
survey or the use of a fixative, such as paint, is required. .

49 CFR 178, 1997, “Specifications for Packagings,” Code of Federal Regulations, as amended.

2.6 REFERENCES

49 CFR 173, 1997, “Shippers--General Requirements for Shlpments and Packagings,” Code of Federal
Regulfations, as amended.

49 CFR 178, 1997, “Specifications for Packagings,” Code of Federal Regulations, as amended.

Larson, S. L., 1998, Limits for Fissionable Material in Small Bore Transfer Casks and Lead Pigs (NCS
Basis Memo 96-2 to M. Dec, December 30}, Battelle Pacific Northwest Laboratories, Richland,
Washington.

PNL, 1994, C//t/ca//ty Safety, PNL-MA-25, Battelle Pacific Northwest Laboratories, Rlchland
Washington.

B2-3



HNF-SD-TP-SEP-063, Rev. O

This page left intentionally blank.

B2-4



HNF-SD-TP-SEP-063, Rev. O
3.0 RADIOLOGICAL RISK EVALUATION

3.1 INTRODUCTION

The 327 Building casks, which include the One-Ton Lab Cask, the Long Bore Cask, the Large
Bore Cask, the Radioactive Waste Disposal Cask, the SERF Cask, and the PRTR Graphite Cask, are
used to transport Type B non-HRCQs of solid activated metals, irradiated fuel, and other solid
radicactive materials among the 300 Area laboratories. Because none of the 327 Building casks are
certified Type B containers, radiological risks are evaluated to determine compliance with onsite
transportation safety requirements per WHC-CM-2-14. Although separate safety documentation has
been issued for each cask, the radiological risk evaluation is prepared for the 327 Building casks as a
composite analysis. The composite analysis was prepared due to the similarity in payload cask type,
and transport environment.,

The 327 Building casks are used routinely over short distances {less than 0.40 km [0.25 mil)
within the 300 Area. The casks are transported by truck.

The assumptions for the radiological risk evaluation are summed as follows:

Highway mode

Approximately 0.40 km (0.25 mi) per trip
A maximum of 24 trips per year

One cask per shipment.

For accident environments, the 327 Building casks must meet onsite transportation safety
requirements as outlined in WHC-CM-2-14 and Mercado (1994). The required safety is determined by
a radiological risk evaluation that uses dose consequences, risk acceptance criteria, cask failure
threshold values, and Hanford Site accident frequencies. For the evaluation, accidents are categorized
as resulting in impact, crush, puncture, and fire forces. Risk acceptance criteria are outlined in Part B,
Section 3.2, and the dose consequence analyses results are provided in Part B, Section 3.3. Cask
failure thresholds are given in Part B, Section 3.4. The analysis of accident release frequencies for
associated failure thresholds is documented in Part B, Section 3.5.. The accident release frequencies
are compared to the risk acceptance criteria determined from the dose consequence analysis to
evaluate the acceptability of the risks related to the 327 Building cask shipments.

3.1.1 Summary of Results

Based on the transport of one 327 Building cask per shipment, the dose consequence analysis
resulted in a risk acceptance criterion of an annual accident release frequency of less than 107. The
release frequency and conditional probability analysis showed that the criterion is met for shipments
totaling over 16.0 km (10.0 mi} per year. Therefore, 24 shipments per year of 0.40 km (0.25 mi) each
easily falls within the range of the acceptable risks as required to meet onsite transportation safety per
WHC-CM-2-14. The risk evaluation shows that up to 40 transfers of 0.40 km {0.25 mi) may be made
per year.

3.2 RISK ACCEPTANCE CRITERIA

Graded dose limitations for probable, credible, and incredible accident frequencies ensure
safety in radioactive material packaging and transportation (Mercado 1994). The dose limitations to
the offsite and onsite individual for probable, credible, and incredible accident frequencies are shown in
Table B3-1.
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Table B3-1. Risk Acceptance Criteria Limits.

Description Annual frequency Offsite dose limit* Onsite dose limit*
{rem) (rem}
Incredible <107 None None
Incredible 107 to < 10° 25 None
Credible 10°%t0 10° 0.5 5
Probable 10°to 1 0.01 0.2

*Total effective dose equivalent.

3.3 DOSE CONSEQUENCE ANALYSIS RESULTS

The dose consequence study for the 327 Building casks is presented in Part B, Section 4.0, of
this safety evaluation for packaging. The analysis does not take credit for the package, rather it
follows International Atomic Energy Agency {IAEA} guidelines and evaluates doses for a release of
100% of the material at risk. The accident results are shown in Table B3-2 for a ground-level release
at the worst location with worst-case (0.5%) meteorology. The doses shown.in Table B3-2 are the
total committed effective dose equivalents (EDE), which are integrated over 50 years.

Table B3-2. Summary of Doses.

Exposure pathway Offsite receptor {rem} Onsite worker (rem}

Total effective dose equivalent 68 2000

When compared to the risk criteria given in Table B3-1, the potential dose to the offsite
receptor requires that the 327 Building casks maintain annual accident release frequencies of less than
107 probability of occurrence per year. Therefore, the annual accident release frequency is limited to
less than 107 per year.

3.4 PACKAGE FAILURE THRESHOLD ANALYSIS

Accident performance of a package is determined by the probability, given an accident, that a
package is subjected to a force more severe than the package failure threshold level for that accident
scenario. For the 327 Building casks, the failure thresholds are assumed to be minimal, and the
package is assumed to fail if an accident occurs. The failure threshold of the 327 Building casks has
been determined for puncture.

. Impact: No impact analysis was performed; the 327 Building casks are assumed to fail
in the event of an impact.

. Puncture: The puncture failure threshold is based on the equivalent steel thickness of

the package. The equivalent steel thickness for each of the six casks is at least
6.4 cm (2.5 in.). This evaluation is documented in Part B, Section 7.0, page B7-15.
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. Crush: No crush analysis was performed; the 327 Building casks are assumed to fail in
any accident involving crush.

. Fire: No fire failure analysis was performed, therefore the 327 Building casks are
assumed to fail any accident involving a fire.

3.5 ACCIDENT RELEASE FREQUENCY ASSESSMENT

3.5.1 Approach

The accident rel frequency ment is based on the assumption that all failure modes
from the different forces described as impact, puncture, crush, and fire result in the same level of
consequence. The union of the package conditional release probabilities from different scenarios with
similar consequences is multiplied by the frequency of truck accidents to arrive at a total annual
accident release frequency.

The frequency (F) of a truck accident is the product of the annual number of trips, the number
of miles per trip, and the accident rate per mile.

-F . humber of trips X miles X accidents
year trip mile

Hanford Site truck accidents havé been compiled in a réport using Site-specific data
(Green et al. 19986), which gives the accident rate for trucks as 2.0 x 107 accidents per mile. For a
shipment of radioactive materials that is carried out by trained truck drivers during daylight hours in
good road conditions, a reduction factor of 20 can be applied to lower the rate to 1 x 10® (H&R 1995)
accidents per mile. Appendix B of Recommended Onsite Transportation Risk Management
Methodology (H&R 1995) summarizes statistics from the U.S. Department of Transportation (DOT).and
the studies conducted by Sandia National Laboratory on accident responses of small and large
packages. The report recommends reducing truck accident rates by 10 for "safe" truck drivers and
another factor of two for shipment of radioactive material. These reduction factors are based on the
following logic.

. Safe truck drivers: Hanford Site truck drivers have special training. Drivers must
complete several driver's education courses, have a valid commercial driver's license
with hazardous endorsement, complete specific training for highway route controlled
quantities of radioactive material, and complete radiation worker and hazardous
materials training. References show that drivers who participate in special safety
programs reduce single-vehicle accident rates by up to a factor of 100. The H&R
report {H&R 1995) recommends using an overall accident reduction factor of 10.

. Radioactive material: An additional factor of two is recommended based on the higher
level of training required for drivers of vehicles carrying radioactive material and the
higher level of caution that would be expected from drivers of cargos consisting of
radioactive material.

. After the frequency of accidents is calculated, it is then multiplied by the union of the
conditional release probabilities determined in Part B, Section 3.5.2, to arrive at an annual accident
release frequency. The annual release frequency is compared to the criteria determined from the dose
consequence analysis {<107).
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3.5.2 Accident Release Frequency Analysis

Information for the probability of occurrence and conditional probabilities of failure is taken
from Severities of Transportation Accidents Involving Large Packages (Dennis et al. 1978), Severities
of Transportation Accidents Volume Il - Motor Carriers {Clarke et al. 1976), and H&R {1995).

A simplified generic flow chart, shown in Figure B3-1, has been developed using statistics presented in
Clarke et al. (1976) and Dennis et al. (1978). It visually depicts events that may occur as a result of a
truck accident on the Hanford Site. Scenarios, such as immersion, that are not pertinent to the
shipment of radioactive material on the Hanford Site are not included. Package failure. and material
release may occur from fire, impact, crush, and puncture, which for purposes of the joint probability
calculations are assumed to be independent events.

The probability of an event in the flow chart, given a preceding event, is determined from the
studies presented with large and small packages in Clarke et al. {1976) and Dennis et al. (1978). Thus,
as can be seen in Figure B3-1, the probability of a fire only given a truck accident is 0.0110, and the
probability of an accident resulting in collision or overturn is 0.8935 {Clarke et al. 1976 [p.13]). Trivial
accidents are defined only in terms of the cargo and refer to those accidents that do not affect the
payload {for example accidents with objects of much lesser mass).

The crush force in the flow chart represents static crush. For large packages inertial crush falls
under the category of an impact force, and impact failure thresholds are accordingly evaluated for
either impact or inertial crush failure, whichever is the limiting value. The conditional probability of
static crush given a collision or overturn accident is found in Dennis et al. (1978 [p. II-25]) as 0.05.
This means that 1 in 20 collision or overturn accidents results in static crush to the package. Use of
the 0.05 value is recommended in Dennis et al. (1978) even though the study states that accident
statistics indicate a lower rate would be more representative of accident conditions.

The impact environment may resuit in puncture or impact failure for large packages.
Dennis et al. (1978) cites a value of 0.8020 for the probability of an impact or inertial crush force given
an accident. Accordingly, the probability of an impact force occurring given a collision or overturn is
calculated to be 0.8976 (0.8020/0.8935). In a similar manner, the conditional probability of fire given
a collision or overturn is calculated from the fire frequency per accident of 1.6% (Dennis et al. 1978
[p. 1I-15]} and the value for the fire-only scenario of 0.0110. It is worth noting that the statistics in
Dennis et al. (1978) do not discriminate between fires that affect cargo and fires that'do not affect
cargo. Therefore, some overconservatism may result from the assumption that all fires affect the
cargo. -

3.5.2.1 Conditional Release Probabilities. Conditional release probabilities for crush are either 1.0 for
failure or O for no failure. In an accident involving crush, for example, failure occurs if the static crush
failure threshold for the package is less than the weight of the truck trailer. No other static crush force
will occur on the Hanford Site. For the 327 Building casks, the conditional release probability due to
crush-induced failure (PCF) is 1.0 because the casks are assumed to fail in any accident involving crush
forces.

The conditional probability of release from failure from fire {PFF} is determined from an H&R
report {H&R 1995), which incorporates Hanford Site information for emergency response time and fire
duration. The value represents the probability that the fire duration is greater than the length of time
determined to be the failure point for the package. For the 327 Building casks, PFF is equal to 1.0
because the package is assumed to fail any fire.

The conditional probability of release from puncture given an impact event (PPF) represents the
probability that an impact event will result in a puncture force large enough to penetrate and fail the
equivalent steel thickness of the package. The PPF values are found in Dennis et al. {1978 [p. 1I-35]).
The 327 Building casks have an equivalent steel thickness of 6.6 cm (2.6 in), which is rounded down
to 6.4 cm (2.5 in.} for a PPF value of 4.36 x 107°,
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Figure B3-1. Flow Chart for Hanford Site Large Package Truck Accidents.
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The conditional probability of release from impact forces given an impact event {PIF) represents
the probability that the package will be subjected to an impact resulting in a velocity change greater
than that which could fail the package. As previously stated, inertial crush is included in this category.
The values for the impact conditional release probabilities are found in Dennis et al. (1978 [p. 1I-23]).
For the 327 Building casks, the PIF is conservatively assumed to be 1.0.

Table B3-3. Failure Thresholds and Conditional Release Probabilities.

Force type Failure threshold Con(:)i:lc:)r;alljli;:l/ease
Crush - Fails crush 1.0
Puncture 6.4 cm {2.5in.) 4.36 x 107
Fire Fails any fire 1.0
impact Fails any imp.act 1.0

3.5.2.2 Joint Probabilities. Conditional release probabilities and failure thresholds are shown in
Table B3-3. The joint probability is calculated by taking the union of events (McCormick 1981}, The
equation represents the sum of the probabilities of independent events while the subtracted terms
eliminate double counting arising from the overlap caused by the intersection of the events. The
general equation is given as:

N N
PA +Ayr. +AY=Y P(A)- T P(AA,)+ -
n=1 n=1 men+i

e (S OVTP(A A, A,
where
P{f|a} = the probability of fire given that an accident has occurred
P{fc|a) = the probability of fire and crush given that an accident has occurred
and

P{FTE f[f) = the probability that the failure threshold is exceeded by fire given that a fire has
occurred

then the above equation can be expanded and written as:
P = P(f|a) P(FTE f|f) + P{c|a) PIFTE c|c) + P{l|a) P(FTEI|I) +
P(p|a} PIFTE p|p) - P{fc|a) P(FTE f|f) P(FTE c|c) -
P(fila) P(FTE f|f) PIFTE I|1} - . . .
When substituted in the above equation, the values from the flow chart in Figure B3-1 and the
conditional probabilities from Table 3-3 yield a total conditional release probability of 0.978.

3.6 EVALUATION AND CONCLUSION

The total conditional release probability of 0.978 is multiplied by the frequency (F) to arrive at
an annual accident release frequency. The annual accident release frequency for 24 shipments of
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327 Building casks is 5.9 x 10®. This value is less than the 1 x 107 required. In fact, the 327 Building
casks can be shipped for up to 16.0 km (10.0 mi} per year, and the release frequency is less than the
criterion. ’
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3.8 APPENDIX: CHECKLIST FOR REVIEW

CHECKLIST FOR REVIEW
Document Reviewed: 327 Building Casks Risk Evaluation
_ Scope of Review: entire document

No__NA
[L] * Previous reviews complete and cover analysis, up to scope of
this review, with no gaps.
Problem completely defined.
Accident scenayios developed in a clear and logical manner.
Necessary assumptions explicitly stated and supported.
Computer codes and data files-documented.
Data used in calculations explicitly stated in document.
Data checked for consistency with original source information
as applicable.
Mathematical derivations checked including dimensional
consistency of results.
Models appropriate and used within range of validity or use
outside range of established validity justified.
Hand calculations checked for errors. Spreadsheet results
should be treated exactly the same as hand calculations.
Software input correct and consistent with document reviewed.
Software output consistent with input and with results
reported in document reviewed.
Limits/criteria/guidelines applied to analysis results are
appropriate and referenced. Limits/criteria/guidelines
checked against references.
i Safety margins consistent with good engineering practices.
] Conctusions consistent with analytical results and applicable
. limits.
1 Results and conclusions address all points required in the
]
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problem statement.

112 Format consistent with appropriate NRC Regulatory Guide or
. other standards

[ [xd * Review calculations, comments, and/or notes are attached.
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(5% I A Document approved.

J G McFadden M M aclobon /)57

Reviewer (Printed Name and 8jgnature) . 7 Date

* Any calculations, comments, or notes generated as part of this review should
be signed, dated and attached to this checklist. Such material should be
Tabeled and recorded in such a manner as to be intelligible to a technically
qualified third party.
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4.0 CONTAINMENT EVALUATION

4.1 INTRODUCTION

The containment system consists of the PRTR Graphite Cask and the inner container. The
inner container can be either a stainless steel tube 1.3 cm {0.50 in.} or 1.9 ¢m (0.75 in.) in diameter or
a DOT Specification 2R container per 49 CFR 178.360. An authorized exception to having an inner
container would be a large solid item with fixed surface contamination. Items such as described can
be placed directly into the cask. See Table B2-4.
4.2 CONTAINMENT SOURCE SPECIFICATION

The authorized radioactive contents of the PRTR Graphite Cask are described in Part B,

Section 2.1. For conservatism, the containment analysis assumes that the inner container consists of
the two 10-mil plastic bags, which are placed one inside the other.

4.3 NORMAL TRANSPORT CONDITIONS

4.3.1 Conditions To Be Evaluated

The structural performance of the cask was assessed for the Hanford Site normal conditions
that are listed in Part B, Section 7.3.1.-
4.3.2 Containment Acceptance Criteria

The acceptance criteria for the cask for NTC are that the cask shali retain the inner container
and the inner container (plastic or glass vial} shall retain the radioactive material payload.

4.4 ACCIDENT CONDITIONS

4.4.1 Conditions To Be Evaluated

Accident conditions are evaluated for the PRTR Graphite Cask by radiological risk and dose
consequence analyses. The radiological risk evaluation is given in Part B, Section 3.0, of this safety
evaluation. The dose consequence and associated Transportation Hazard Index (THI) are given in
Part B, Section 4.6. : ’ :

4.5 CONTAINMENT EVALUATION AND CONCLUSIONS

4.5.1 Normal Transport Conditions

The PRTR Graphite Cask will provide the structural integrity necessary to transport the payload.
The PRTR Graphite Cask has been used for shipments within the 300 Area for approximately 20 years.
Prior approval for use of the cask to ship radioactive material was given in MG 137, Hazardous
Materials Packaging and Shipping Manual, Rev. 1 (HEDL 1981). Although the PRTR Graphite Cask
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does not provide containment in the traditional sense, the contents are limited to dry, nondispersible
items packaged in inner containers that are double wrapped in plastic. The cask provides shielding
and, in conjunction with the inner container and plastic wrapping, prevents the release of the contents
under the NTC evaluated in Part B, Section 7.0.

4.5.2 Accident Conditions

Based on the radiological risk evaluation in Part B, Section 3.0, and the dose consequence
evaluation given in Part B, Section 4.6, the PRTR Graphite Cask, in conjunction with the other
327 Building casks, can be transported a maximum of 16.0 km (10.0 mi) per year while still remaining
within the acceptable limits for onsite and offsite receptor doses.

4.6 SUMMARY OF DOSE CONSEQUENCE RESULTS

This section documents the dose consequence calculations used to support the THI evaluation
for the 327 Building casks. Six casks are used to transport radioactive materials among several
buildings in the 300 Area. The casks used for these transfers are the One-Ton Lab Cask, the Long Bore
Cask, the Large Bore Cask, the Radioactive Waste Disposal Cask, the SERF Cask, and the PRTR
Graphite Cask. The authorized contents for each of the casks was reviewed, and the PRTR Graphite
Cask was found to have the lowest allowable radicactive inventory. The other 327 Building Casks
{One-Ton Lab Cask, Long Bore Cask, Large Bore Cask, Radioactive Waste Disposal Cask, and SERF
Cask) have radioactive inventories that exceed that for the PRTR Graphite Cask; therefore, the dose
consequences for the other five casks will be greater than that for the PRTR Graphite Cask. Because
the PRTR Graphite Cask has to meet the highest level of requirements (i.e., those associated with a TH!
of 1), the other five casks will also have to meet the requirements for a THI of 1, and no additional
analysis is required to demonstrate this. ’

Table B4-1 shows the dose consequence results from each exposure pathway for the maximum
authorized contents for the PRTR Graphite Cask. The table also shows the dose to éach receptor,
which is obtained by summing the dose contributions from each pathway. Because the offsite worker

" dose is greater than 25 rem, the packaging must be designed to THI 1 requirements. The criteria for a
THI of 1, as stated in WHC-CM-2-14: ) ’

"THI-1: This represents the highest level of hazard from the contents. A packaging system
assigned this level transports material that has the potential of causing a dose consequence, to
an individual, in excess of 25 rem at the Hanford site boundary if fully released."

Table B4-1.. Summary of Doses {rem) for the Plutonium
Recycle Test Reactor Graphite Cask.

Exposure pathway Hanford Site Public
worker at 3 m receptor*
External photon dose 2.8 NA
External dose from B-particles 5.0 NA
Inhalation and submersion from the airborne transport pathway 2000 68
Totai effective dose equivalent . 2000 68

Note: 100 rem = 1 sievert (Sv}.
*This receptor is located 100 m N of the 300 Area.
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4.6.1 Introduction and Overview

Six casks are used to transport radioactive materials among several buildings in the 300 Area.
The casks used for these transfers are the One-Ton Lab Cask, the Long Bore Cask, the Large Bore
Cask, the Radioactive Waste Disposal Cask, the SERF Cask, and the PRTR Graphite Cask. The
radioactive materials most frequently transported among buildings are irradiated Fast Flux Test Facility
and Power Reactor and Nuclear Fuel Development Corporation fuel, spent N Reactor fuel, mixed oxide,
metal oxide, activated structural materials from reactors, and cesium chloride capsules.

An estimate of the dose consequences for various exposure pathways is necessary to
determine the THI for the 327 Building casks. Part B, Section 4.6.2, discusses the general
methodology used to perform the dose consequence calculations. Part B, Section 4.6.3, addresses the
source term, and Part B, Sections 4.6.4 through 4.6.9, summarize the results for various exposure
pathways. The analysis assumes the casks will only be transported within the 300 Area.

4.6.2 Dose Consequence Analysis Methodology

IAEA (1990} defines a standardized approach for evaluating transportation packaging
requirements, called the Q-system. The Q-system methods, as outlined in [AEA (1990}, have been
incorporated into the document, Report on Equivalent Safety for Transportation and Packaging of
Radioactive Materials (Mercado 1994). This document {Mercado 1994) is used to demonstrate that
onsite shipments meet onsite transporFation safety requirements per WHC-CM-2-14.

In the Q-system, the following five exposure pathways are considered: (1) external exposure to
photons, (2} external exposure to B-particles, {3) inhalation, {4} skin contamination and ingestion, and
{5) submersion in a cloud of gaseous isotopes. In special cases, such as a-particie or neutron emitters,
other exposure routes are considered. In some cases a pathway will be judged to be small with respect
to the others, and consideration will be minimal. Modifications to the IAEA scenarios are incorporated
to more closely describe the particular conditions of the shipment. Detailed calculations for the
postulated accident are performed whenever possible. However, in some cases, the IAEA guide's
(IAEA 1990} worst-case rules-of-thumb are used.

The Q-system was developed as an all- encompassmg generalized methodology using only the
isotope as the defining variable. In this report, the specifics of the package are considered. Some of
the dose pathways may be considered incredible {frequency <10°/yr), and although these pathways
are covered in the IAEA guide, they are disregarded in the analysis.

In the IAEA system, the Q-values that are calculated are the radionuclide activities
corresponding to each exposure route that causes the individual to receive the effective dose
equivalent limit. The minimum Q-values define the A, values for the shipped materials. In the case of
nondispersible materials (limited by the A, values), only the first two Q-values (based on exposure to
external photon and external beta particles) are used. Note that for all radiation except neutrons,
protons, and heavier charged particles {including O-particles), 1 gray (Gy) = 1 sievert (Sv), and 1 rad =
1 rem.

There are two receptors of interest in the Q-system. They are the Hanford Site worker and the
public receptor. The Hanford Site worker is assumed to be located about 3 m from the package. The
public receptor is assumed to be located at the nearest point of public access.

4.6.3 Source Term
The authonzed contents for the PRTR Graphite Cask are shown in Table B4-2. The external

dose due to gamma exposure was calculated assuming the mixed fission products (MFP) consist of
1%7Cs, and the mixed activation products (MAP) consist of 8Co, which produce the hlghest gamma
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dose rates. - The external dose due to beta particle exposure was calculated assuming the MFP consists
of Sr/°°Y and the MAP consists of ®°Fe, which produce the highest beta dose rates. The inhalation
dose was calculated assuming the MFP consists of °Sr, the MAP consists of °Fe, and the fissile
material consists of 175 g {10.85 Ci) of **Pu, which produce the highest inhalation dose. The use of
175 g of **Pu bounds the 2-Ci limit for & emitters for the PRTR Graphite Cask. Note that the alpha
emitters and fissile material have a negligible impact on the external gamma and beta dose rates due to
the high content of '¥Cs, °Sr, and **Co assumed in the analyses.

Table B4-2. Plutonium Recycle Test Reactor
Graphite Casks Radioactive Inventory.

Radioactive material Cask {Ci}
Fissile material and & emitters 10.8
Mixed fission products® 375
Mixed activation products® 5.00

*Mixed fission products; e.g., °°Sr, *’Cs, etc.
*Mixed activation products; e.g., **Co, *Mn, *Fe.

4.6.4 External Dose Due to Photon {Gamma} Exposure

The IAEA scenario assumes that a person is exposed to a damaged transport package following
an accident. The shielding of the package is assumed to be completely lost in the accident. This
analysis will be done assuming a person remains 3 m from the source for a period of 15 minutes.

The computer code 1SO-PC (Rittmann 1995) was used to calculate the dose rate 3 m from the
source. The fluence-to-dose conversion factors used were the anterior-to-posterior irradiation pattern
as outlined in American National Standards [nstitute {ANSI) standard ANSI/ANS-6.1.1-1991
{ANS 1991).

It was conservatively assumed that the MFP {375-Ci limit} consisted of '*’Cs and the MAP (5-Ci
limit} consisted of ®Co for this analysis. The other radioactive materials {a emitters, others, and fissile
materials) will have a negligible contribution to the gamma dose rate compared to that from '*’Cs and
%Co.

The PRTR Graphite Cask has an internal diameter of 7.94 cm (3.125 in.) and a length of 62 ¢cm_
(24.5 in.). The source term was assumed to be homogeneously distributed throughout the cavity of
the cask.

The payload for the PRTR Graphite Cask consists of mainly activated metal structural materials
with a density of 7.86 g/cm®. For this analysis, the source was taken to be iron with a density of °
2.0 g/em®, which is about one-fourth the density of steel. The lower source density is conservative for
this analysis because it results in higher dose rates due to reduced self-shielding and attenuation
effects. Note that the results are not very sensitive to the selection of the source material.

The resulting dose rate from 1SO-PC is 11 rem/h {0.11 Sv/h) at 3 m from the unshielded source.

Therefore, the maximum total external gamma EDE for the Hanford Site worker is 2.8 rem (0.028 Sv}
for a 15-minute exposure period. The ISO-PC input deck is included as Part B, Section 4.8.1.

B4-4



4.6.5 External Dose Due to B-Particle Emitters

HNF-SD-TP-SEP-063, Rev. O

Because of the limited range of B-particles relative to that of photons, a shielding factor is used
by the IAEA to account for residual shielding from material such as package debris. Except for this
factor, no effort is made to account for either self-shielding or shielding from an accurate model of the

damaged package. Shielding and dose rate factors are graphed in the IAEA Safety Guide No. 7

(IAEA 1990) as a function of the maximum energy of the B-particle.
calculation methods are based on an individual located 1 m from the unshielded source.

The IAEA beta dose rate

This analysis assumes an individual remains at a distance of 3 m from the source for a

15-minute exposure period. A factor will be applied to the dose rates calculated using the JAEA

method to account for the difference between the 1-m distance assumed in developing the shielding

factors and the 3-m distance in this analysis. This factor was conservatively taken to be 0.333

[(1 m/3 m)] since the dose rate falls off between 1/r2 and 1/r, where r is the distance from the source.
This also conservatively ignores any attenuation of the beta particles over the 3-m distance.

Table B4-3 shows the B-particle dose calculations for the inventory in Table B4-2, assuming the
MFP consists of *°Sr/**Y and the MAP consists of °Fe. Note that 2*Pu and 2®U are not beta emitters.
The total B-particle dose rate to the skin for an individual located 3 m from the source is
2.0 x 10° rem/h (2.0 x 10" Sv/h). This results in a B-particle dose of 5.0 x 102 rem (5.0 Sv) to the skin
for a 15-minute exposure. Because the tissue weighting factor for the skin is 0.01 (ICRP 1991), the
whole body EDE is then 5.0 rem (0.05 Sv). Note that 98.9% of the B-particle dose is due to the high-
energy {2.28 MeV} B-particle emitted by *°Y.

Table B4-3. B-Particle Dose Rate for Beta Emitters
Contributing > 0.01% to the Total Dose.

soope | AT | Aoty B |y | Primane | Shiads | Doserste | 5, pose
%0gr 3.75E+02 |1.39E+13 1 0.564600 | 1.8 E-04 100 2,25 E+01 1.15
oy 3.75E+02 |1.39E+13 | 0.99989 |2.28390 | 3.1 E-04 2 1.84 E+03 98.85
Totals for beta emitters contributing > 0.01% 1.96 E+03 100.00
Totals for all beta emitters 1.96 E+03 100.00

*Dose rate factor in units of Gy/h or Sv/h for a 1-m Ci source from IAEA (1990).
“Shielding factor from IAEA {1990).
*Note that a factor of 0.333 is applied to the dose rates to account for a source-to-receptor distance of 3 m for this
analysis, versus the 1-m distance assumed in the development of the dose rate factors from IAEA (1990).

IAEA, 1990, Exple

Y

ial for the IAEA

for the Safe Transport of Radioactive Material,

Safety Series No. 7, Second Edition {As Amended 1990}, International Atomic Energy Agency, Vienna, Austria.

4.6.6 Inhalation and Ingestion Dose

Radioactive material may be inhaled following an accident due to resuspension or volatization

of radioactive material released from the package. This section addresses the dose received by

workers and the public due to exposure to airborne radioactivity during a postulated accident event.

4.6.6.1 Selection of Airborne Release Fraction. The U.S. Department of Energy {DOE) handbook,

Airborne Release Fractions/Rates and Respirable Fractions for Nonreactor Nuclear Facilities
(DOE 1994), was reviewed to identify applicable airborne release fractions {ARF) and respirable
fractions (RF) for the authorized contents of the 327 Building casks. The PRTR Graphite Cask is only
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" authorized to transport irradiated structural materials or encapsulated solid materials. DOE {1994}
identifies a bounding ARF x RF of 1 x 10 for contaminated noncombustible materials not undergoing
brittle fracture during shock vibration. This is a conservative airborne release fraction for the cask
contents considering that the authorized contents specify that "All materials shall be enclosed in an
inner container. The type of inner containment. shall be sufficient to contain the item and prevent
spread of removable contamination.” Although the casks have not been analyzed to withstand
hypothetical accident conditions, the inner container and the thick lead walls of the casks will likely
prevent any catastrophic loss of the cask contents. The accident scenario envisioned for this analysis
is an energetic event causing a loss of the cask closure lid, which exposes the cask contents and
results in the radioactivity becoming airborne. No credit is taken for any containment provided by the
inner container or the cask.

The ARF x RF of 1 x 10% is applied to the material at risk, which is assumed to be the entire
cask radioactive inventory, to obtain the quantity of radicactive material that is made airborne for the
postulated accident scenario. As mentioned in Part B, Section 4.6.3, the inhalation dose for the PRTR
Graphite Cask is calculated assuming the MFP consists of °°Sr, the MAP consists of **Fe, and the fissile
material consists of 175 g {10.85 Ci) of **°Pu, which produce the highest inhalation dose. The
accident release quantities are listed in Table B4-4.

Table B4-4. Accident Airborne Release Quantities, Ci.

Nuclide Plutonium Recycle Test i
Reactor Graphite Cask
0sr/2%Y . 0.375
Fe 0.005 '
%Py 0.011

4.6.6.1.1 Discussion of Integrated Normalized Air Concentration Value {x/Q'). After the
radioactive material becomes airborne, it is transported downwind and inhaled by onsite workers or the
public. The concentration of this material is reduced, or diluted, as it is being transported due to
atmospheric mixing and turbulence. X/Q' (s/m?) is used to characterize the dilution of the airborne
contaminants during atmospheric transport and dispersion. It is equal to the time-integrated normalized
air concentration at the receptor. X/Q' is a function of the atmospheric conditions {i.e., wind speed,
stability class) and the distance to the receptor.

Bounding X/Q" values are generated consistent with the methods described in Atmospheric
Dispersion Models for Potential Accident Consequence Assessments at Nuclear Power Plants,
Regulatory Guide 1.145 {NRC 1982). Because atmospheric conditions fluctuate, a bounding
atmospheric condition is determined to be that condition that causes a downwind concentration of
airborne contaminants that is exceeded only a small fraction of time because of weather fluctuations.
Regulatory Guide 1.145 (NRC 1982) defines this fraction of exceedance as 0.5% for each sector or 5%
for the overall Hanford Site. The Hanford Site is broken up into 16 sectors that represent 16 compass
directions; i.e., S, SSW, SW, . .., ESE, SE, SSE. x/Q' values are generated for weather conditions
that result in downwind concentrations exceeded only 0.5% of the time in the maximum sector or 5%
of the time for the overall Site. These X/Q' values are also referred to as 99.5% maximum sector and
95% overall Site X/Q' values. The greater of these two values is called the bounding X/Q" value and is
used to assess the dose consequences for accident scenarios. The bounding X/Q’ value represents
minimum dispersing conditions that resuit in maximum downwind concentrations; i.e., concentrations
exceeded only a very small fraction of the time. This X/Q' value will therefore result in very
conservative estimates of accident consequences.
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The X/Q’ values in this report were generated using the GXQ computer program, Version 3.1C
(Hey 1993a, 1993b). The meteorological data used by GXQ are in the form of joint frequency tables.
The joint frequency data are the most recent data available; they are nine-year-averaged data
(1983-1991) from the Hanford Site meteorology towers located in the 300 Area. The X/Q’ values are
generated using the methods described in Regulatory Guide 1.145 (NRC 1982) for a ground release
with no credit taken for plume rise, plume meander, plume depletion, or any other models. This is
conservative because all of these models reduce the airborne concentration at the downwind receptor
locations.

Although we are interested in the dose to a Hanford Site worker at 3 m, the dose to an onsite
receptor located 100 m from the release point is calculated using the worst-case X/Q' value at 100 m.
This dose is then multiplied by a factor of 30 to obtain the dose to the Hanford Site worker at 1 m in
accordance with IAEA (1990). This approach is taken because the Gaussian equation, along with the
parameters used to calculate the X/Q' values, are only valid for distances of 100 m or greater.
Although this analysis assumes the transport worker remains 3 m from the package, the inhalation
portion of the transport worker dose is conservatively taken to be that calculated using the IAEA
method for a worker located 1 m from the package.

The 327 Building casks will be transported within the 300 Area. The maximum X/Q' value for -
an onsite receptor is 4.21 x 10% s/m® and occurs for an individual located 100 m N of the release point
in the 300 Area.

The 300 Area is not a public exclusion area. Even though the roads may be closed during
movement of the 327 Building casks, members of the public may be in the area. Therefore, it is
conservatively assumed for this analysis that the public receptor is located 100 m from the release
point in any compass direction. The maximum onsite and public receptor X/Q' value will therefore be
the same, i.e., the maximum public receptor x/Q' value is 4.21 x 102 s/m®. The GXQ input file for the
maximum X/Q' case is listed in Part B, Section 4.8.2. The title of the joint frequency file used by GXQ
is 300 AREA - 10 M - Pasquill A - G (1983 - 1991 Average).

4.6.6.1.2 Inhalation and Submersion Dose Calculations. Because the GENIl computer code
Version 1.485 (Napier 1988) is the Site standard computer code for environmental release dose
calculations, it was used to calculate the inhalation and submersion dose for the maximum onsite and
public receptors. The airborne release quantities used in GENIl are shown in Table B4-4. An example
GENIl input deck is listed in Part B, Section 4.8.3. The Worst Case Solubility class library was used,
which is the most conservative library. The GENII libraries used were as follows:

GENI Default Parameter Values {28-Mar-90 RAP)

Radionuclide Library - Times < 100 years {23-July-93 PDR)

External Dose Factors for GENIl in person Sv/yr per Ba/n (8-May-30}
" Worst Case Solubilities, Yearly Dose Increments (23-Jul-93 PDR}.

The EDE from GENII for the inhalation and submersion pathways is 1.2 x 10? rem {1.2 Sv) for
the maximum onsite receptor at 100 m N of the 300 Area. The inhalation dose contribution to the EDE
is based on a 50-year dose commitment period. The maximum X/Q' value from GENI} was
7.4 x 10 s/m*® for the maximum onsite receptor. The dose rates calculated by GENIi are proportional
to the X/Q' values. The GXQ code calculates the 99.5% maximum sector and 85% overall Site X/Q'
values consistent with Regulatory Guide 1.145 {(NRC 1982) methods, while GENII is inconsistent with
Regulatory Guide 1.145 methods. As mentioned in the previous section, the maximum onsite receptor
X/Q’ value from GXQ is 4.21 x 102 s/m®. Therefore, the EDE for the inhalation and submersion
pathways is 6.8 x 10 rem (6.8 x 10" Sv) for the maximum onsite receptor at 100 m using the GXQ
X/Q' value. This value was obtained by multiplying the GENII dose rate by the ratio of the GXQ x/Q’
value to the GENII x/Q' value. Therefore the maximum public receptor dose is 6.8 x 10" rem
(6.8 x 10" Sv).
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To compensate for the fact that the onsite dose is calculated at a source-to-receptor distance
-of 100 m, this dose is multiplied by a factor of 30 to obtain the dose to the transport worker at 1 m in
accordance with IAEA (1990}, Although this analysis assumes the transport worker remains 3 m from
the package, the inhalation portion of the transport worker dose is conservatively taken to be that
calculated using the IAEA method for a worker located 1 m from the package. This results in an EDE
of 2.0 x 10° rem (20.0 Sv) for the Hanford Site worker. Table B4-5 shows the doses for the postulated
accident scenario.

Table B4-5. [nhalation and Submersion Dose {rem).

Hanford worker

i *
{at 3 m) Public receptor

Effective dose equivalent 2000 68

Note: 100 rem = 1 Sv.
*This receptor is located 100 m N of the 300 Area.

4.6.6.1.3 Ingestion and Ground Shine Dose. The other potential internal exposure pathway for
the public receptor is the ingestion pathway. Exposure through the ingestion pathway occurs when
radicactive materials that have been deposited offsite during passage of the plume are ingested either
by eating crops grown in, or animals raised on, contaminated soil or through drinking contaminated
water. There are DOE; DOE, Richland Operations Office; state; and federal programs in place to
prevent ingestion of contaminated food in the event of an accident (RL 1994, WSDOH 1993,
WS 1994, EPA '1992). The primary determinant of exposure from the ingestion pathway is the
effectiveness of public health measures (i.e., interdiction) rather than the severity of the accident itse!f.
The ingestion pathway, if it occurs, is a slow-to-develop pathway and is not considered an immediate
threat to an exposed population in the same sense as airborne plume exposures.

The ground shine pathway is an additional potential external exposure pathway for the public
receptor. Ground shine refers to the external dose received by a person standing on ground
contaminated by radioactive materials deposited during passage of the airborne radioactive plume.
Similar to the ingestion pathway, the primary determinant of exposure from the ground shine pathway
is the effectiveness of public health measures (i.e., interdiction) rather than the severity of the accident

- itself. The ground shine pathway is a slow-to-develop pathway and is not considered an immediate
threat to an exposed population in the same sense as airborne plume exposures.

Because of the large radioactive inventory contained in the casks, it is argued that in the event
of an accident scenario that results in the release of a large portion of the inventory, interdictive
measures (RL 1994, WSDOH 1993, WS 1994, EPA 1992) would be taken to prevent ingestion of
contaminated food and exposure through the ground shine pathway. Therefore, the ingestion and |
ground shine pathway doses were not calculated in this report.

4.6.7 Skin Contamination and Ingestion Dose

in the IAEA guide (IAEA 1990}, it is assumed that 1% of the package contents are spread over
an area of 1 m? and handling of debris results in contamination of the hands to 10% of this level. It is
further assumed that the worker is not wearing gloves but that he recognizes the possibility of
contamination and washes his hands within five hours. The effective dose equivalent to the skin
received by the individual is estimated from a graph provided in the IAEA guide.

The IAEA scenario for the uptake of activity due to ingestion of the material assumes that the
person ingests all of the contamination from 10 cm? of skin over a 24-hour period. Because the dose
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per unit uptake via inhalation is generally the same order or larger than that via ingestion, the inhalation
pathway will normally be limiting for internal contamination due to B-ray emitters. In particular, if the
skin contamination dose is much larger than the inhalation dose, the ingestion pathway is not
considered.

Both these pathways are ordinarily neglected when calculating the dose consequences from an
onsite transportation accident. The transportation workers are trained in the appropriate response to
protect themselves from experiencing unnecessary radiation exposure, including preventing skin
contamination and ingestion.

4.6.8 Submersion Dose Due to Gaseous Vapor

This exposure pathway is caused by submersion in a cloud of gaseous isotopes that are not
taken into the body. A rapid release of 100% of the package contents is assumed. The IAEA guide
(IAEA 1990} concentrates entirely on releases within confined structures. No guidance is given for
outside releases. .

There are no gaseous vapors present in the cask; therefore, this exposure pathway is not
applicable.

4.6.9 Special Considerations

Alpha particle emitters are not of significance in the material considered in this report. The
alpha particle emitters are of a low concentration, and their effect will be through the mechanism of
inhalation that has been considered separately. Therefore, they are not addressed in this report. The
quantity of radon present in the fuel is insignificant; therefore, radon is not addressed in this report.

The fuel (e.g., plutonium) contained in the casks emits neutrons through {a,n) and spontaneous
fission reactions. These neutron emitters will contribute to the dose received by the Hanford Site
worker, but will have a negligible impact on the public receptor. A conservative estimate of the
neutron dose was made using the method described in Nelson (1996). The results indicate that the
neutron dose contribution is negligible compared to the gamma dose due to the large MFP and MAP
inventory. Therefore, the neutron dose was not calculated separately in this report.

Bremsstrahlung has been included in the consideration of photon effects, and the effects of
short-lived daughter products have been included in all of the calculations. Where these isotopes are
significant, they are assumed to be in equilibrium with their longer-lived parent isotopes.

4.6.10 Total Dose

Table B4-1 in Part B, Section 4.6, shows the dose from each exposure patﬁway.
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4.8 APPENDICES

4.8.1 1SO-PC Input File

] 2 PRTR Cask Side Dose Rate - Unshielded

Cyl. Source Geom - Dose Rate at 3 m Side Surface

&lnput Next= 1, ISpec= 3, IGeom= 7, ICONC=0, SFACT=1, DUNIT=7,
NTheta= 30, NPsi= 20, NShid= 1, JBuf= 1, OPTION=1,

Sith= 62.2,

WEIGHT(335)
WEIGHT(336)
WEIGHT(472)
1Sourc 8 2.0
End of Input
&lnput Next= 6 &

375,
354.75,
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4.8.2 GXQ Input File

300 Area - Sector 99.6% X/Q Values - 100 m
¢ GXQ Version 4.0 Input File
¢ mode

1

c
¢ MODE CHOICE:

¢ mode = 1 then X/Q based on Hanford site specific meteorology

¢ mode = 2 then.X/Q based on atmospheric stability class and wind speed
¢ mode = 3 then X/Q plot file is created

c

< LOGICAL CHOICES:

¢ ifox inorm icdf ichk isite ipop
F

T F F F
¢ ifox = tthen joint frequency used to compute frequency to exceed X/Q.
c = f then joint frequency used to compute annual average X/Q
¢ inorm = t then joint frequency data is normalized (as in GENII)
c = f then joint frequency data is un-normalized
cicdf = tthen cumulative distribution file created (CDF.OUT)
c = f then no cumulative distribution file created
cichk = tthen X/Q parameter print option turned on
[ = f then no parameter print
¢ isite = t then X/Q based on joint frequency data for all 16 sectors
c = f then X/Q based on joint frequency data of individual sectors
¢ ipop = tthen X/Q is population weighted
c = f then no population weighting

c
¢ X/Q AND WIND SPEED ADJUSTMENT MODELS:
c ipuff idep isrc iwind
0 0o o0 0
¢ DIFFUSION COEFFICIENT ADJUSTMENT MODELS:
¢ iwake ipm iflow ientr
[V
¢ EFFECTIVE RELEASE HEIGHT ADJUSTMENT MODELS:
¢ {irise igrnd)iwash igrav

0 0 0 0
cipuff = 1 then X/Q calculated using puff model
c = 0 then X/Q calculated using default continuous plume modet

clidep = 1 then plume depletion mode! turned on (Chamberlain model)

cisrc 1 then X/Q multiplied by scalar

¢ = 2 then X/Q adjusted by wind speed function

ciwind = 1 then wind speed corrected for plume height

¢ isize 1 then NRC RG 1.145 building wake model turned on

c = 2 then MACCS virtual distance building wake model turned on
cipm = 1 then NRC RG 1.145 plume meander model turned on

c 2 then 5th Power Law plume meander model turned on

c 3 then sector average model turned on

¢ iflow = 1 then sigmas adjusted for volume flow rate

cientr = 1 then method of Pasquill used to account for entrainment

¢ irise = 1 then MACCS buoyant plume rise model turned on

c = 2 then ISC2 momentum/buoyancy plume rise model turned on
cigrnd = 1 then Mills buoyant plume rise modification for ground effects
¢ iwash = 1 then stack downwash model turned on

cigrav = 1 then gravitational settling model turned on

c = 0 unless specified otherwise, O turns model off

c
¢ PARAMETER INPUT:

c reference frequency
¢ release anemometer  mixing to
¢ height height height exceed
¢ hsim} ha{m) hm{m} Cx{%)
c
0.00000E+00 1.00000E+01 1.00000E+03 5.00000E-01
c
¢ initial initial ) gravitational
¢ plume plume release deposition  settling
¢ width height duration velocity velocity

B4-12



HNF-SD-TP-SEP-063, Rev. 0

¢ Wbim) Hbim) trdihr} vdim/s} vg{m/s)
¢
0.00000E+00 0.00000E+0Q0 0.00000E+00 1.00000E-03 1.00000E-03
c
c initial initial convective
¢ ambient plume plume release heat release
¢ temperature temperature flow rate diameter rate{1)
¢ Tamb(C} TO(C) VO{m3/s} d{m) ah{w}
c
2.00000E+01 2.20000E+01 1.00000E+00 1.00000E+00 0.00000E+ 00
c .

¢ {1} If zero then buoyant flux based on plume/ambient temperature difference.
c

¢ X/Q Wind
¢ scaling Speed
¢ factor Exponent
c cf?} a(?)
[
1.00000E+00 7.80000E-01
c
¢ RECEPTOR DEPENDENT DATA {no line limit)
¢ FOR MODE  make RECEPTOR DEPENDENT DATA
¢ 1 {site specific) sector distance receptor-height

¢ 2 {by class & wind speed) class windspeed distance offset receptor-height
¢ 3 {create plot file} class windspeed xmax imax ymax jmax xqmin power

c
¢ RECEPTOR PARAMETER DESCRIPTION

csector = 0, 1, 2... {all, S, SSW, etc.)

¢ distance = receptor distance {m}

¢ receptor height = height of receptor {m)

cclass = 1, 2, 3, 4,5, 6, 7 (P-G stability class A, B, C, D, E, F, G)
¢ windspeed = anemometer wind speed {m/s)

¢ offset = offset from plume centerline {m}

¢ xmax = maximum distance to plot or calculate to (m)

¢ imax = distance intervals

¢ ymax = maximum offset to plot {m)

¢ jmax = offset intervals

¢ xgmin = minimum scaled X/Q to calculate

c power = exponent in power function step size

0 100 ©
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4.8.3 GENII Input File

Program GENI Input File ############ 8 Jul 88 ####
Title: PRTR Graphite Cask - 300 Area Onsite - Inhalation & Submersion

\SAMPL\G-AIR.AC Created on 01-22-1990 at 07:30
OPTIONS Default

F  Near-field scenario? {Far-field) NEAR-FIELD: narrowly-focused

F Population dose? {individual} release, single site
T Acute release? {Chronic}  FAR-FIELD: wide-scale release,

Maximum Individual data set used multiple sites

Complete Complete
TRANSPORT OPTIONS = = Section EXPOSURE PATHWAY OPTIONS = = = = = Section
T Air Transport 1 F Finite plume, external 5
F Surface Water Transport 2 T Infinite plume, external 5
F Biotic Transport {near-field} 3,4 F Ground, external 5
F Waste Form Degradation {near} 3,4 F Recreation, external 5
T Inhalation uptake 5,6

REPORT OPTIONS F Drinking water ingestion 7,8
T Report AEDE only F Aquatic foods ingestion 7,8
F Report by radionuclide F Terrestrial foods ingestion 7,9
F Report by exposure pathway F Animal product ingestion 7,10
F Debug report on screen F Inadvertent soil ingestion
INVENTORY

4 Inventory input activity units: {1-pCi 2-uCi 3-mCi 4-Ci 5-Bq)
0O Surface soil source units (1- m2. 2- m3 3- kq)
Equilibrium question goes here

-------- |----Release Terms------|----------Basic Concentrations---------|
Use when| transport selected | near-field scenario, optionally |
-------- | | |
Release | Surface Buried | Surface Deep  Ground Surface|
Radio- [Air Water Waste |Air Soil Soil Water Water |
nuclide [fyr  /yr  /m3 |/m3 junit /m3 /L /L |

|

|
SR90 3.75E-01
Y 90 3.75E-01
FE59 5.00E-03
PU239 1.09E-02
-------- |----Derived Concentrations-----|
Use when| measured values are known |

Release | Terres. Animal - Drink Agquatic|
Radio- |Plant Product Water Food |
nuclide |/kg /kg -/L /kg |

TIME

1 Intake ends after {yr)

50 Dose calc. ends after {yr)

1 Release ends after {yr)

0 " No. of years of air deposition prior to the intake period

0 No. of years of irrigation water deposition prior.to the intake period

FAR-FIELD SCENARIOS (IF POPULATION DOSE)

Definition option: 1-Use population grid in file POP.IN

o]
0 2-Use total entered on this line

NEAR-FIELD SCENARIOS

Prior to the beginning of the intake period: (yr)

0] When was the inventory disposed? (Package degradation starts)
0 When was LOIC? (Biotic transport starts)
o] Fraction of roots in upper soil {top 15 cm)
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0o Fraction of roots in deep soil

o] Manual redistribution: deep soil/surface soil dilution factor
0 Source area for external dose modification factor (m2)
TRANSPORT

SECTION

=AIR TRANSPORT

1===

0O-Calculate PM |0 Release type (0-3)

3 Option: 1-Use chi/Q or PM value |F Stack release (T/F)
2-Select Ml dist & dir |0 Stack height {m)
3-Specify Ml dist & dir |0 Stack flow (m3/sec)

1 Chi/Q or PM value |0 Stack radius {m)

14 Ml sector index {1 =S} |0 Effluent temp. {(C}

100. M! distance from release point {m}|0 Building x-section {m2)
T Use jf data, (T/F} else chi/Q grid|0 Building height {m)

= =SURFACE WATER TRANSPORT

SECTION

2 =
0 Mixing ratio model: O-use value, 1-river, 2-lake
o] Mixing ratio, dimensionless
o) Average river flow rate for: MIXFLG'=0 {m3/s}, MIXFLG=1,2 (m/s),
0] Transit time to irrigation withdrawl location (hr}
If mixing ratio model > O:
[o] Rate of effluent discharge to receiving water body {m3/s)
] Longshore distance from release point to usage location {m}
0 Offshore distance to the water intake {m)
0 Average water depth in surface water body (m})
0 Average river width {m}, MIXFLG =1 only
0 Depth of effluent discharge point to surface water {m}, lake only

= =WASTE FORM AVAILABILITY================s========= === = =SECTION

Waste form/package half life, (yr)
Waste thickness, (m}
Depth of soil overburden, m

=== =BIOTIC TRANSPORT OF BURIED SOURCE================8ECTION4=====
Consider during inventory decay/buildup period {T/F)2
Consider during intake period {T/F)? | 1-Arid non agricuitural
Pre-Intake site condition.............. | 2-Humid non agricultural
| 3-Agriculturat

o=

EXPOSURE

=== =EXTERNAL EXPOSURE
Exposure time: | Residential irrigation:
Plume (hr} IT Consider: (T/F)
Soil contamination {hr) | O Source: 1-ground water
Swimming (hr} | 2-surface water
Boating {hr) |0 Application rate {in/yr}
Shoreline activities (hr} | O Duration {mo/yr}
Shoreling type: {1-river, 2-lake, 3-ocean, 4-tidal basin)
Transit time for release to reach aquatic recreation (hr)
0] Average fraction of time submersed in acute cloud {hr/person hr)

SECTION 6=

—oococoo0o0O0O

= =INHALATION= =======s====s===z====z================= == =SECTION

8766.0  Hours of exposure to contamination per year
0 0-No resus- 1-Use Mass Loading 2-Use Anspaugh model
0 pension Mass loading factor {g/m3} Top soil available {cm)

== ==INGESTION POPULATION = = = =
Atmospheric production definition {select option):

0-Use food-weighted chi/Q, {food-sec/m3), enter value on this line
41-Use population-weighted chi/Q

2-Use uniform production

3-Use chi/Q and production grids (PRODUCTION will be overridden)
0o Population ingesting aquatic foods, O defaults to total {person)

oo
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Population ingesting drinking water, O defaults to total (person)
Consider dose from food exported out of region {default=F)

Note below: S* or Source: 0-none, 1-ground water, 2-surface water
3-Derived concentration entered above

= === AQUATIC FOODS / DRINKING WATER INGESTION========

Salt water? {default is fresh)

USE TRAN- PROD- -CONSUMPTION- |
? FOOD SIT UCTION HOLDUP RATE
T/FTYPE hr  kgfyr da kglyr | DRINKING WATER

F FISH 0.00 0.0E4+00 0.00 0.0]0 Source (see above)
F MOLLUS 0.00 0.0E+00 0.00 0.0{T  Treatment? T/F
F CRUSTA 0.00 0.0E+00 0.00 0.0]|0 Holdup/transit(da)}
F PLANTS 0.00 0.0E+00 0.00 0.0|0 Consumption {L/yr}

=== =TERRESTRIAL FOOD INGESTION================

USE © GROW --IRRIGATION-- PROD-  --CONSUMPTION--
? FOOD TIME S RATE TIME YIELD UCTION HOLDUP RATE
T/F TYPE da *infyr molyr kg/m2 kglyr da kglyr

F 0.0 0.0E+00 0.0 0.0
F ROOTV 0.00 0 0.0 0.0 0.0 0.0E+00 0.0 0.0
F FRUIT 0.00 0 0.0 0.0 0.0 0.0E+00 0.0 0.0

F GRAIN 0.00 0 0.0 0.0 0.0 0.0E+00 0.0 0.0

=== =ANIMAL PRODUCTION CONSUMPTION = =

---HUMAN---- TOTAL DRINK -- STORED FEED
CONSUMPTION PROD- WATER DIET GROW -IRRIGATION--

SECTION 8=

? FOOD RATE HOLDUP UCTION CONTAM FRAC- TIME S RATE TIME YIELD AGE
T/IFTYPE kg/yr da kg/yr FRACT. TION da * infyr mo/yr kg/m3 da

BEEF 0.0 0.0 0.00 0.00 0.00 0.0 0 0.0 0.00 0.00 0.0

MILK 0.0 0.0 0.00 0.00 0.00 0.0 0 0.0 0.00 0.00 0.0

EGG

F
F POULTR 0.0 0.0 0.00 0.00 0.00 0.0 0 0.0 0.00 0.00 0.0
F
£

0.0 0.0 0.00 0.00 0.00 0.0 0 0.0 0.00 0.00 0.0 -
FRESH FORAGE

BEEF 0.00 0.0 0 0.0 0.00 0.00 0.0
MILK 0.00 0.0 6 0.0 0.00 0.00 0.0

SECTION 1
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4.8.4 Checklist for Technical Peer Review

CHECKLIST FOR REVIEW
Document Reviewed: THI for the 327 Building Family of Casks
Scope of Review: entire document

Yes _No NA
[1¢f1 [v] * Previous reviews complete and cover analysis, up to scope of
: this review, with no gaps. :

* reported in document reviewed. .
Limits/criteria/guidelines applied to analysis résults are

. appropriate and referenced. Limits/criteria/guidelines
 checked against references. ’
Safety margins consistent with good engineering practices.
Conclusions consistent with analytical results and applicable
Timits. :

AL71101] Problem completely defined. -
10111 Accident scenarios developed in a clear and logical manner.
103111 Necessary assumptions explicitly stated and supported.
10101 Computer codes and data files documented. - ..
A101101 Data used in calculations explicitly stated in document.
101101 Data checked for consistency with original source information
as applicable.
(401101 Mathematical derivations checked including dimensional
consistency of results. -
[/T [1¢01 Models appropriate and used within range of validity or use
.. outside range of established validity justified.
Mrit1l Hand calculations checked for errors. Spreadsheet results
should be treated exactly the same as hand calculations.
[fAL0311]1] Software input correct and conSistent with document reviewed.
[“1i11(1 Software output consistent with input and with results
[1

1
1
1 Results and conclusions address all points requived in the
problem statement.

b Format consistent with appropriate NRC Regulatory Guide or
other standards .
o * Review calculations, comments, and/or notes are attached.

1

1~
—
—

o s i B e B e L |

Document approved.

R

J. G. Mc‘Fadden : Qy@ e dett, | 7/,2/0/ t? -
- ate

Reviewer (Printed Name and Si ure)

* Any calculations, comments, or notes generated as part of this review should
be signed, dated and attached to this checklist. Such material should be

" Yabeled and recorded in such a manner as to be intelligible to a technically
qualified third party.
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4.8.5 HEDOP Review Checklist

HEDOP REVIEW CRECKLIST

for
Radiological and Nonradjological Release Calculations

Document: Transportat1on Hazard Index (THI) Analysis for the 327 Bu11d1ng
. Casks SEPs," May 9, 1997.

Scope of Review: Inhalation/Air Submersion Dose Calculations

"YES  NO* N .

{x] [31 [1 1. Adetailed technical review and approval of the
environmental transport and dose cdlculation portion of

) " the analysis has been performed and documented. -

[1 [1] 1[x] 2. Detailed technical review(s) and approval(s) of scenario
and release determinations have been performed and
documented.

[ 1 [x} [1 3. HEDOP-approved code(s) were used.
[xI [1 [1 4. Receptor locations were selected accordlng to HEDOP
: recommendations.

[x] [1 [ ] 5. All applicable environmental pathways and code options
were included and are appropriate for the calculations.

xI1 [13 [ 1 6. Hanford site data were used.

[x1 [1 '[1. 7. Model adjustments external to the computer program were

’ : justified and performed correctly.

[x] {1 {1 8.. The analysis is consistent with HEDOP recommendations.

[x] - ['1° 9. Supporting notes, calculations, comments, comment
resolutions, or other information is attached. (Use the
"Page 1 of X" page numbering format and sign and date
each added page. )

Ix]I [1 10. Approval is granted on behalf of the Hanford

Environmental Dose Overview Panel.

* A1l "NO" responses must be explained and use of nonstandard methods

Justified. :
Kathy Rhoads %W-/ 5/30/97
HEDOP-Approved Reviewer (Printed Name and Signature) K Date

COMMENTS (add additibnal signed and dated pages if neceésary):

Item 3: GXQ used for air fransport calculations; GENII results éfe included
for comparison.

19
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5.0 SHIELDING EVALUATION

5.1 INTRODUCTION

This shielding evaluation supports the shipment of activated materials and fuel components in
the PRTR Graphite Cask within the Hanford 300 Area.

. 5.2 DIRECT RADIATION SOURCE SPECIFICATION

The source term for the materials transported by the cask will be variable and, therefore, is
described generally and evaluated on the basis of bounding conditions for gamma and neutron
emissions. The source term evaluated for shielding is shown in Table B5-1. Isotopes other than those
listed may be shipped in the cask, but the surface dose rate is limited to those shown in Part B,
Section 5.4, in all cases.

Table B5-1. Maximum Allowable Shielding Source Term.

Activity limit
Material Comments
TBq Ci .
Fissile materials and & a-emitting materials, except for 175 g {10.85 Ci)
emitters* 0.401 | 109 239y, were not considered for shielding. The
- ) neutron dose rate from 2**Pu bounds the neutron
dose rate for all other materials in this category.
Mixed fission products 13.9 375 | Considered to be all **’Cs for shielding
Mixed activation products 0.185 5.00 | Considered to be all ®*Co for shielding

*Fissile/fissionable materials limited by criticality safety as shown in Part B, Section 2.1.1.

5.2.1 Gamma Source

The gamma source term evaluated is a mixed inventory of ®°Co and '*’Cs with an equilibrium
amount of the '¥’Cs daughter, '¥"™Ba. Although the mixed inventory may have additional gamma
sources, these are bounded by the ®*Co and '¥Cs terms and were not considered separately.

5.2.2 Beta Source

Beta particles originating in the source do not contribute directly to the dose rate outside the
casks because of the shielding provided. Although the bremsstrahlung radiation produced by the
deceleration of the beta particles in the source is a potential contribution to the source, the contribution
is minimal and bounded by the gamma source term discussed in Part B, Section 5.1.2. For the isotopes
evaluated, however, bremsstrahlung was considered.
5.2.3 Neutron Source

The neutron source term for the mixed materials inventory was calculated using the ORIGEN2

(Schmittroth 1994) computer code. The worst-case neutron source term was found to be from 2°Pu
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and was found to occur prior to any decay being considered. Although #*U was considered, the
neutron source term is negligible compared to 2°Pu. The source term is shown in Table B5-2, and the
ORIGEN2 input file is included in Part B, Section 5.8. .

Table B5-2. Neutron Source Term for 175g of #®°Pu

Component of source Source strength {neutrons/s})
a,n) 7.927 E+03
Spontaneous fission 3.967
Total 7.931 E+03

The cesium capsule inventory has no neutron emitters.

5.3 SUMMARY OF SHIELDING PROPERTIES OF MATERIALS
The shielding in the PRTR Graphite Cask is provided by lead encased in a stainless steel shell.

The default densities for iron and lead provided in the ISO-PC (Rittmann 1995) computer code were
used for shielding calculations.

5.4 NORMAL TRANSPORT CONDITIONS

5.4.1 Conditions To Be Evaluated

Gamma dose rates were evaluated at the surface of the cask {with an offset of 1.0 cm} and at
2.0 m (6.6 ft) from the cask surface. Neutron dose rates were estimated at the surface of the cask.
5.4.2 Acceptance Criteria

Transportation safety specifies a maximum of 2 mSv/h {200 mrem/h) on any surface of the
cask, 0.1 mSv/h (10 mrem/h) at 2.0 m (6.6 ft) from the cask surface, and 0.02 mSv/h (2 mrem/h) in
any normally occupied space. If these fimits are exceeded, material will be removed from the cask.
5.4.3 Assumptions

The following assumptions were made and applied to the shielding model.

1. The steel in the closure mechanism tube was combined with the steel covering the
outside of the mechanism to make a single inner shell and outer shell.

2. The air space in the closure mechanism was added to the distance to the detector.
3. The cask end opposite the closure contains a steel plunger mechanism that extends
through the shielding (see drawing H-3-13699 [Part A, Section 10.1]}. A cylindrical

source with a diameter equivalent to the plunger mechanism and a length equivalent to
the cask cavity was used to determine the dose outside the plunger. This dose was
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added to the dose considered at the cask end, assuming a uniform steel and lead plug
without the plunger. It is assumed that the cask is transported with the sample boat in
place and that a steel rod fills the hole through the plunger mechanism.

The contents were assumed to be mainly iron pieces with a nominal density of

2.0 g/em®. This density was arrived at by considering that the cask is filled with
uniformly distributed iron pieces with a density approximately one-fourth of the nominal
iron density of 7.86 g/cm®. Note that dose rates are more sensitive to material density
than material type; therefore, this is a conservative approach that reduces the effects
of self-shielding in the payload.

The mixed activation products were conservatively assumed to be all ®Co.
The mixed fission products were conservatively assumed to be all '¥'Cs.

Bremsstrahlung was only considered for isotopes evaluated; e.g., 97Cs, and not for any
other isotopes that may be present, such as *°Sr.

5.4.4 Shielding Model

The shielding source term considered is shown in Tables B5-1 and B5-2. The source
parameters are shown in Table B5-3, and the shielding parameters are shown in Table B5-4. The data
for the shielding and source parameters were taken from drawing H-3-13699.

Table B5-3. Source Parameters.

Diameter Length Volume
Source {em?)
cm in. cm in,
Overall (entire cask interior volume) .| 7.938 3.125 62.2 24.49 | 3082.300
Piunger only (part of source directly 3.334 1.3125 62.2 24.49 | 543.718
- below plunger area)

Table B5-4. Shielding Parameters.

) Steel_inner wall Lead thickness Steel.outer wall [()iiestt::ti)i :I(:!(s:l‘:rtjla:ge
?:::g;onr thickness thickness source thickness)
cm in. cm in. cm in. - cm o in.
Side 0.318 0.125 12.860 | 5.063| 0.635| 0.250 17.781 7.001
Closure end 0.953 0.375 10.133| 3.989( 0.953 0.375 83.796 32.990
Plunger end 1.908 0.750 12.065| 4.750| 0.953}] 0.375 77127 30.365
Diameter Length
Plunger cm in. cm
3.334 1.3125 14.923

B5-3



HNF-SD-TP-SEP-063, Rev. O

The ISO-PC program (Rittmann 1995} was used for the gamma-ray dose rate calculations.
1SO-PC uses the point-kernel integration method to compute the dose rate at a detector location.
Bremsstrahiung photons are accounted for in the dose rate calculations. Fluence-to-dose conversion
factors were based on an anterior-to-posterior irradiation pattern (ANS 1991).

The neutron dose rate was determined using a method discussed in £stimation of Neutron Dose
Rates from Nuclear Waste Packages {(Nelson 1996). This is a very conservative method that does not
take shielding or moderation into account.

5.4.5 Shielding Calculations

Table B5-5 shows the gamma dose rate estimates calculated by ISO-PC for the mixed material
inventory. The neutron dose rate calculations utilized data for o,n and spontaneous fission neutron
production rates generated by ORIGEN. The neutron production rate information was then used in the
dose rate calculation method described in Estimation of Neutron Dose Rates from Nuclear Waste
Packages (Nelson 1996). The neutron dose rate was determined to be 0.0125 mSv/h (1.25 mrem/h) at
the cask surface. The neutron dose rate falls of by a factor of 1/r? and is negligible at 2.0 m (6.6 ft).
The 1ISO-PC input file, the ORIGEN input file, and the neutron dose calculations are attached in Part B,
Section 5.8.

Table B5-5. Maximum Dose Rates Around the Plutonium
Recycle Test Reactor Graphite Cask.

Detector location
Detector orientation Surface (1cm offset) 2m
mSv/h . mrem/h mSv/h mrem/h
Side {gamma and neutron) 1.09 108.65 3.20 E-03 0.32
Closure end {gamma only} 1.87 187.00 3.20 E-03 0.32
Plunger end plus plunger {gamma only) 1.94 194.21 1.79 E-02 1.79
Criteria. 2.00 200.00 1.00 E-01 10.00

5.5 ACCIDENT CONDITIONS
5.5.1 Conditions To Be Evaluated
A handling accident in which the source material was concentrated against the plunger end of

the cask was considered.

5.5.2 Acceptance Criteria

The maximum dose rate at 1.0 m (3.3 ft} shali be less than 10 mSv/h (1,000 mrem/h).
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5.5.3 Assumptions

The same assumptions as shown in Part B, Section 5.4.3, shall be used except that the source
material will be concentrated in a cylinder that is the same diameter as the cask interior and 5.08 cm
(2.0 in.) tall. The material density will be conservatively maintained as 2.0 g/cm?3.

5.5.4 Shielding Model

The shielding model shall be the same as used in Part B, Section 5.4.4, except that the source
length will 5.08 cm (2.0 in.). :
5.5.5 Shielding Calculations

Table B5-6 shows the gamma dose rate estimates for accident conditions as calculated by
ISO-PC (Rittmann 1995). The neutron dose rate was not calculated as it is was already shown to be

insignificant when compared to the gamma dose rate, even without shielding, in Part B, Section 5.4.
The ISO-PC input file is attached in Part B, Section 5.8. .

Table B5-6. Maximum Dose Rates Around the Plutonium Recycle
Test Reactor Graphite Cask for Accident Conditions.

Detector location (1 m)
Detector orientation
mSv/h mrem/h
Side 1.11 E-02 1.11
Closure end . 2.50 E-02 2.50
Plunger end plus plunger 3.62 E-01 36.17

5.6 CONCLUSIONS

The gamma dose rates shown in Table B5-5 for the mixed materials inventory are within the
NTC acceptance criteria for a surface dose rate of less than 2 mSv/h {200 mrem/h}, 0.1 mSv/h
(10 mrem/h} at 2.0 m (6.6 ft), and 0.02 mSv/h (2 mrem/h) at the driver’s position, assuming the driver
is no closer to the cask than 2.5 m. As shown in Table B5-6, the maximum allowed accident condition
dose rate is also met for the conditions evaluated. The neutron dose rate of 0.0125 mSv/h
{1.25 mrem/h} at the cask surface is inconsequential for the material inventory considered as it falls off
by a factor of 1/r? and is negligible in comparison to the gamrna dose rate.

It should be noted that the shielding model is very conservative, assuming a contents density of
2.0 g/cm?® that is evenly distributed in the cask volume and assuming that the activated materials
inventory is all ®®Co. During use, the dose rates are measured prior to shipment in accordance with
facility procedures. Particular attention must be paid to the plunger end of the cask due to the reduced
shielding.in this area. If the dose rate on any surface exceeds the NTC requirements, payload material
will be removed in order to meet the dose rate limits.
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5.8 APPENDICES

5.8.1 ISO-PC Input Files

0 2 PRTR Cask

Case Side

&Input Next= 1, IPrnt=0, IGeom= 7, ICONC=0, SFACT=1,
DUNIT=1, NTheta= 30, NPsi= 30, NShid= 4, JBuf= 3, OPTION=0,
Sith= 62.2,

T{1)= 3.969,

T(2)= 0.318,

T(3)= 12.860,

Ti{4}= 0.635,

X=18.782,

Y=31.1,

WEIGHT{335) = 375.0,

WEIGHT(336) = 354.75,

WEIGHT{472) = 5.0, &

Steel 9 2.0

Steel 9 7.86

Lead 14 11.35

1Steel 9 7.86

Dose Rate at 2 m

&lnput Next=4, X = 217.782, &

Case Closure End

&lnput Next= 1, IPrnt=0, IGeom= 9, ICONC=0, SFACT=1,

DUNIT = 1, NTheta= 30, NPsi= 30, NShid= 4, JBuf= 3, OPTION=0,
Sith= 3.969,
T{1)= 62.2,
T(2)= 0.953,
T{3)= 10.133,
T{4)= 0.953,
X= 84.796,
WEIGHT(335}
WEIGHT(336}
WEIGHT(472)
Steet 9 2.0

Steel 9 7.86

Lead 14 11.35

1Stee! 9 7.86

Dose Rateat2 m

&lnput Next=4, X = 283.796, &

Case Plunger End

&lnput Next= 1, IPrnt=0, i{Geom= 9, ICONC=0, SFACT=1,
DUNIT= 1, NTheta= 30, NPsi= 30, NShld= 4, JBuf= 3, OPTION=0,
Sith= 3.969,

T(1})= 62.2,

375.0,
354.75,
5.0, &
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T(2)= 1.905,

T(3)= 12.0865,

T(4)= 0.953,

X= 78.127,

WEIGHT(335) = 375.0,

WEIGHT(336) = 354.75,

WEIGHT(472) = 5.0, &

Steel ¢ 2.0

Steel 9 7.86

Lead 14 11.35

1Steel 9 7.86

Dose Rate at 2 m

&lnput Next=4, X = 277.127, &

Estimate Driver Position (2 m}

&lnput Next=4, X = 277.127, &

Case Plunger

&lnput Next= 1, IPrnt=0, 1Geom= 9, ICONC=0, SFACT= 0.176,
DUNIT= 1, NTheta= 30, NPsi= 30, NShld= 2, JBuf= 2, OPTION=0,
Sith= 1.667,.

T{(1)= 62.2,

T(2)= 14.923,
X=78.123,
WEIGHT(336) = 375.0,
WEIGHT(336) = 354.75,
WEIGHT{472) = 5.0, &
Steel 9 2.0

1Steel 9 7.86

Dose Rate at 2 m

&Input Next=4, X = 277.123, &

Estimate Driver Position (2 m}

&lnput Next=4, X = 277.123, &

Case Side Accident .

&lnput Next= 1, IPrnt=0, IGeom= 7, ICONC=0, SFACT=1,
DUNIT=1, NTheta= 30, NPsi= 30, NShid= 4, JBuf= 3, OPTION=0,
Sith= 5.08,
T{1}= 3.969,
T{2}= 0.318,
T(3)= 12.860,
T(4}= 0.635,
X=118.782,
Y= 31.1,
WEIGHT{335) =
WEIGHT(336) =
WEIGHT{(472) =
Steel 9 2.0
Steel 9 7.86

Lead 14 11.38

1Steel 9 7.86

Case Closure End Accident

&lnput Next= 1, IPrnt=0, IGeom= 9, ICONC=0, SFACT=1,

DUNIT= 1, NTheta= 30, NPsi= 30, NShid= 5, JBuf= 4, OPTION=0,
Sith= 3.969,
T{1}= 5.08,
T(2)= 57.12,
T{3)= 0.953,
T{4)= 10.133,
T{5)= 0.9863,
X= 184.796,
WEIGHT(335)
WEIGHT(336)
WEIGHT{472)
Steel 9 2.0

Air 3 0.00129

Stee! 9 7.86

Lead 14 11.35

1Steel 9 . 7.86

Case Plunger End Accident

&lnput Next= 1, IPrnt=0, I[Geom= 9, ICONC=0, SFACT=1,

DUNIT= 1, NTheta= 30, NPsi= 30, NShid= 4, JBuf= 3, OPTION=0,

375.0,
354,75,
5.0, &

375.0,
354.75,
5.0, &
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Sith= 3.969,
T{(1)= 5.08,
T{2)= 1.805,
T(3)= 12.085,
T{4)= 0.953,
X= 121.008,
WEIGHT{335)
WEIGHT{336)
WEIGHT{472)
Steel 9 2.0

Steel 9 7.86

Lead 14 11.85

1Steel 9 7.86

Case Plunger Accident

&lnput Next= 1, IPrnt=0, IGeom= 9, ICONC=0, SFACT= 0.176,
DUNIT= 1, NTheta= 30, NPsi= 30, NShid= 2, JBuf= 2, OPTION=0,
Sith= 1.667,

T{1)= 5.08,

T{2)= 14.923,

X=121.008,

WEIGHT(335) = 375.0,

WEIGHT(336) = 354.75,

WEIGHT({472) = 5.0, &

Steel 9 2.0

1Stee! 9 7.86

End of Input

&lnput Next= 6 &

375.0,
354.75,
5.0, &

Lo}

5.8.2 ORIGEN Input File

-1

-1

-1

TIT PU DECAY - 175 g Pu239/ 275 g U235 - Neutron Emission Calc
BAS  PLUTONIUM DECAY IN 5 YEAR INTERVALS
P 000

LB 012338138238390011.

PHO 101 102 103 10

RDA 1 METRIC TON PLUTONIUM

INP 111111

RDA DECAY FUEL

MOV -1101.00

RDA

DEC 50.0 1240
DEC 1.0 2350
DEC 10.0 3450
DEC 20.0 4550
DEC 30.0 5650
DEC 40.0 6750
DEC 50.0 7850
DEC 860.0 8950
DEC 70.0 81050
DEC 80.0 101150
RDA

CcuT 5 1.E-10 7 1.E-10 9 1.E-10 -1
OPTL  24*8

OPTF  24*8

OPTA 4*877787814*8
ouTt 11110

sTP 4

2 942390 175.000 922350 275.00 O 0 0 0
0

END
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5.8.3 Neutron Dose Calculations

The neutron dose rate was determined using.the method described in Estimation of Neutron
Dose Rates from Nuclear Waste Packages {Nelson 1896). In this method, the total neutron source
term S(T), which accounts for neutron multiplication, is determined by adding the spontaneous fission
source term {S(SF)) and the «,n source term (S{ a,n}} and dividing by 1 minus the k.

. (S(SA) - S(a, m)
§(ST) = = rt—— 20
©D = =)

S(SF) and S{ a,n) are determined either from Nelson (1996) or ORIGEN (see Part B, Section 5.8.2).
After S{ST} is determined, it is used to determine the dose rate in the equation;

oy = 291 ;25(37)

where 1 is the distance from the source and D{r}) is the dose in mrem/h as a function of r.

Therefore, the neutron dose for the PRTR Graphite Cask is estimated as follows. Using S{SF)
and S( a.,n) from ORIGEN and conservatively assuming a k of 0.8 (Part B, Section 6.0), S{ST}) is
determined to be,

3.967 + 7.927 x 10°
(1 - 0.8)

S(ST) = = 3.965 x 10% n/s.

Assuming r to be 17.78 cm (the approximate surface of cask as measured radially), the total neutron
dose rate is estimated to be, ’

0.01 - 3.965 x 10*

D) =
" 17.782

= 1.25 mremih
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S

5.8.4 Paeer Review Checklist for Shielding

CHECKLIST FOR TECHNICAL PEER REVIEW

Document:  Safety Evaluation for Packag1ng (Onsite) PRTR Cask, June 4, 1997,
' by John McCoy.
Scope: Shielding portion of the analysis.
Yes No NA ’
[1101I([X] Previous reviews complete and cover ana]ys1s, up to scope of
this review, with no gaps.
XIT11L[1 Problem completely defined.
[101IX] Accident scenarios developed in a clear and logical manner.
X3[1¢L1 Necessary assumptions explicitly stated and supported.
XIT1I[1 Computer codes and data files documented.
[X3[10[1 Data used in calculations explicitly stated in document.
XI[11[1 Data checked for consistency with original source information
) as applicable.
XITL1C1 " Mathematical derivations checked including dimensional
consistency of resuits.
XIL111 Models appropriate and used within range of validity or use
. outside range of established validity justified.
XI[031101 Hand calculations checked for errors. Spreadsheet results
should be treated exactly the same as hand calculations.
X3[(1101 Software input correct and consistent with document reviewed.
XIT111 Software output consistent with input and with results
- reported-in document reviewed.
XI[111[1 Limits/criteria/guidelines applied to analysis results are
) appropriate and referenced. Limits/criteria/guidelines
checked against references.
[XIT11L[]1] Safety margins consistent with good engineering practices.
XI1[0111 Conclusions consistent with analytical results and. app]1cab1e
limits.
X3TL1C01 Results and conclusions address all points required in the
problem statement.
XI[111 Format consistent with appropriate NRC Regulatory Guxde or
other standards
[} [X]1 Review calculations, comments, and/or notes are attached
XI1[111 Document approved
Anthony Savine  MIfe - 6/ 4/97
Reviewer (Printed Name and Signature) . Date
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6.0 CRITICALITY EVALUATION

The criticality analysis of the PRTR Graphite Cask was completed in Limits for Fissionable
Material in Small Bore Transfer Casks and Lead Pigs (see Section 6.1). This analysis demonstrates that
the PRTR Graphite Cask remains subcritical when loaded with 275 g or less of 2°U. The package is
also subcritical when loaded with 175 g or less of Z°Pu, 23U, ®'Np, 'Am, 2**Am, 2**Cm, and 2¥Cm.
The following fissionable materials were not analyzed and cannot be shipped in excess of safeguards
accountability limits: 2**™Am, 23Cm, 5Cm, 2°Cf, or 5'Cf.

6.1 APPENDIX: CRITICALITY SAFETY ANALYSIS
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Date December 30, 1996 - AL Doherty
. » DL Haggard
To M Dec AW Prichard
RD Scheele
From SL Larson 9(, faneon Library
Record Copy
Subject g asis Memo 96-2. Limits for Fissionable File/LB
Material in Small Bore Transfer Casks and Lead
Reference 1: PNL Laboratory Safety, "Criticality Safety," PNL-MA-23, January 1994.
Reference 2: Oak Ridge National Laboratory, SCALE 4.2 Modular Code System for Performing
Standardized Computer Analvses for Licensing Evaluation, v1-3, CCC-5435, November
1993. ’
Reference3: SL Larson, "A Systematic Approach to Establishing Criticality Biases," Proceedings of
the Intemational Conference on Nuclear Criticality 1993, Albuguerque, NM, September
17-21, 1995.

Reference 4: LE Hansen, ED Clayton, RC Lloyd, SR Bierman and RD Johnson, "Critical Parameters
of Plutonium Solutions," Parts I and II, Nuclear Applications, § 371-390, 1969.

Reference 5: BM Durst, SR Bierman and ED Clayton, "Handbook of Critical Experiments
Bénchmarks," PNL-2700, March 1978. .

© Reference 6: - RC Lloyd, CR Richey, ED Clayton, and DR Skeen, "Criticality Studies with Plutonium
Solutions," Nuclear Science and Enginee(ing, vol 25, pp 165-173, 1966.

Reference 7: NEA Nuclear Science Committee, Intémational Handbook of Evaluated Criticality
- enchmar] eriments, Experiment HEU-MET-FAST-QO4,

e
NEA/MSC/DOC(95)03/11, 1995.

Reference 8: SR Bierman, BM Durst and ED Clayton, "Critical Experiments with Subcritical Clusters
of 2.35 wt% and 4.31 wt% **U Enriched UO, Rods in Water with Uranium or Lead
Reflecting Walls," NUREG/CR-0796, vol 2, 1979.

This basis memo establishes the nuclear criticality safety limits for the loading, unloading, storage and
on-site transportation of fissionable material in the following casks: the Large Bore Cask, the Long Bore
Cask, the PRTR Graphite Cask and the One Ton Cask and any other lead shielded cask with a maximum
inner volume of 5 liters. This memo validates the limits against the requirements of DOE Order 5480.24
issued 8/12/92 and ANSI/ANS-8.1-1983 [Reaffirmed 1988].

ES4-1580-301 (22/85)
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NCS Basis Memo 96-2
December 30, 1996
Page 2

- Review of Methods Used Previously

The mass limits for water reflected fissionable material were previously used for the transfer casks. The
casks were not specifically analyzed previously. However, calculations have shown that the lead used
for shielding may be a better reflector than water thereby possibly reducing the minimum critical mass.

Validati the Technical Bases per ANSY/. -8.1- 1 equirement

An analysis was conducted per the requirements of ANSI/ANS-8.1-1983 [Reafﬁnﬁed 1988]. The resuits
are as follows:

@) Describe the method mth sufficient detail, clarity, and lack of amblguxty to allow
independent duplication of results. -

The transfer casks analyzed in this memo have a small inner bore which limits the contents.
Because a large number of fuel pins can not fit into the casks, a mass limit but not a pin limit
was determined for the casks. Fuel pins and pieces can be transported and stored in the casks
under the mass limit. . .

(1.1) Optimum Concentration Determination

The first step in analyzing the lead shielded casks was to determine the optimum concentration of
an aqueous spherical solution of fissile material with a tight fitting spherical lead reflector. The
mass of material modeled is equal to a double batch under the current water reflected limits for
these materials. A lead reflector thickness of 8" was chosen because the casks have a comparable
lead thickness. The results as given in Table | indicate that the optimum fissile concentrations
with lead reflection are 32 g/l for **Pu and 55 g/l for **U. These values are comparable to the |
optimumn water reflected concentrations found in previous work. A Ky value was not
calculated as these calculations are for comparison only. However, notice the systems are
supercritical with a lead reflector although the mass is less than the minimum critical water
reflected mass (530 g ***Pu or 738 g **U). This point indicates that lead is a significantly better
reflector than water for an aqueous solution system of ***Pu or **U.

l Table 1 Optlimum Fissile Concentration with Lead Reflection
Case * E Fissile density (g/1);] KENO K,geve | KENO Uncertainty
Py Scrap :
460 g sphere i 27 | 1.05221, 0.00114 .,
160 g sphere i 32 f 105610 0.60113 o=
460 g sphere P 37 L, i 1.05152 0.00113 b\o/
« &, Hoogmhoe | 42 | 10459 _0.00150 &
\“\ }f‘ ,? QL‘\ \\0
w ’\Q\”“ \;‘ <
~ Q o~ .
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Page 3
Tablel Optimum Fissile Concentration with Lead Reflection
Case * . Fissile density (g/1)] KENO Kgeyve | KENO Uncertainty,
35U Serap
[738 g sphere | 45 1.04042 0.00123
(738 g sphere 50 1.04452 .__0.00116
738 g sphere i 35 1.04661 0.00120
738 g sphere | 60 . 1.04492 0.00123
* Each case models a sphere of fissile material surrounded by an 8" tight fitting
spherical lead reflector. Full water reflection was also modeled around the lead.

(1.2) Large Bore, Long Bore, PRTR Graphite and One Ton Sample Cask Analyses

The four casks specifically analyzed were the Large Bore, the Long Bore, the PRTR Graphite and
the One Ton Sample Casks. The casks were modeled using the KENO-Va code to ensure
subcriticality of the water reflected mass limit for **U and **Pu in the cylindrical geometry of the
casks during normal operations and in the event of a single loss of contingency. The inner
diameter of the cask was increased in the KENOQ model by 0.4" to allow for tolerance and create
a more optimum concentration of material in the cask. The interior length of the cask was
modeled as 1" longer than the actual length for the same reasons. Lead has a large thermal
scattering cross section and small thermal absorption cross section. Therefore, the lead thickness
of the cask was also increased in the model to allow for tolerance as a thicker lead reflector is
more reactive for thermal, optimally moderated system. The actual dimensions and the as
modeled dimensions for each of the four casks modeled are given in Table 2.

Table 2 Cask Dimensions
Nominal Dimensions - Modeled Dimensions

Inner . Inner Lead Ir}ner Inner Lead
Cask Diameter Length Thickness || Diameter Length Thickness
Large Bore 4" 26" 7.75" 44" l o 8.34"
Long Bore Co3 39" C st 34" } 40" 8.09"
PRTR Graphite 3.25" 7 25" 5.375" 3.6" 26" 5.96"
One Ton Sample 3" 13.125" ¢ 6.5" 3.4" : 14.25" 7.09"
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The casks were modeled with the fissionable material in a homogeneous water solution filling
the bore. Full water reflection (>12") was included around the lead shielding to model the most
reactive reflection scenario possible. Three cases with different fissile masses and concentrations
were modeled. The first case demonstrates subcriticality in the event the mass limit is exceeded
while the latter two cases demonstrate that normal operations will have a reactivity less than the
normal operations limit of 0.95. In the first case, the minimum critical mass of material, 820 g
577 or 530 g Pu, was modeled with the concentration of the material determined by the volume
of the cask. In the second case, the cask was filled with the water reflected mass limit of
material, 369 g ***U or 230 g***Pu, with the concentration again determined by the volume of the
cask. The final case modeled the material at the optimum concentration, 55 g/l for ***U or 32 g/l
for #*Pu, with the mass of material determined by the volume of the cask. As shown in Table 3,
each case was subcritical. Note the reactivity is too low in these cases to accurately determine a
K5 value. Because the statistical analysis of the code was performed on critical benchmarks, -
extrapolation to these low reactivities is not possible. However, these low reactivities indicate
the systems are very subcritical with a K g4, certainly less than 0.90.

Table 3 Water Moderated Scrap Limits in Small Bore Casks
ICask Max Cask Fissile Fissile mass Keno Keno
Diameter (in)! density (g/1) (9) K.mo - | Uncertainty
- 51 Scrap
Large Bore 44 1222 820 0.78525 | 0.00137
4.4 55 369 0.64529 0.00112
Long Bore 3.4 138.3 820 0.61548 0.00105
: 34 62.3 369 0.49988 0.00104
3.4 55 326 0.47577 0.00100
PRTR Graphite 3.6 184.6 820 0.66289 0.00127
3.6 - 83.1 369 0.56227 0.00108
3.6 55 244 0.49308 0.00098
One Ton Sample |~ 3.4 391.7 820 0.60800 0.00122
3.4 176.3 369 0.54668 0.00125
3.4 35 115 - 0.39872 0.00094
Py Serap .

Large Bore 44 i 79 - 530 0.78995 0.00130
44 L343 230 0.66425 0.00107
4.4 32 215 0.64965 0.00119
Long Bore 3.4 © 894 530 0.62651 : 0.00117
34 i 388 230 051776 | 0.00094
3.4 32 190 048584 |  0.00088

B6-5



HNF-SD-TP-SEP-063, Rev. 0

NCS Basis Memo 96-2 )
December 30, 1996

Page 5
Table 3 Water Moderated Scrap Limits in Small Bore Casks
Cask’ | Max Cask Fissile | Fissile mass Keno i Keno
IDiameter (in)! densitv (/1) (@) Kerr.eo Uncertainty
PRTR Graphite 3.6 1194 = 530 0.66219 0.00130
3.6 51.8 230 0.57143 0.00114
. 3.6 32 142 0.49819 0.00082 .
One Ton Sample 3.4 i 2532 530 0.59768 | 0.00121
34 | 110 230 0.54649 | 0.00113
T 67 0.40650 | 0.00093
Benchmark Statistics ) :
Bias = 0.00032
Standard Deviation = 0.01163
Variance = 0.00014

The lead thickness of the Large Bore Cask containing 230 g of is9Pu, the most reactive case at the

_mass limit as given in Table 3, was increased by 4" to 28" to model a loss of reflection limit

accident. This scenario could occur if lead bricks were stacked around the cask or two casks
were placed side by side. As determined in Section 1.3, 28" of lead is considered critically
infinite such that increasing the thickness would not increase reactivity. The K,.qq. of the cask
increased to 0.73001 % 0.00111 which is clearly still subcritical.

Note the calculations shown here indicate the water reflected limits in use at the Laboratory are
appropriate for these lead shielded casks. This fact does not, however, indicate that lead is a
comparable reflector to water for thermal systems. In these cases, the geometry of the casks
limits the mass and concentration such that optimum conditions can not be realized.

(1.3) Five Liter Cask Analysis

Instead of analyzing every small bore cask and lead transfer pig in use at the Laboratory, the
maximum fissionable mass limit for a cask with an inner volume of 5 L and an infinite lead
thickness was determined. The fissile material was modeled as a sphere surrounded by a tight
fitting spherical lead reflector as this case is most reactive. A mass limit of 275 g**Uor 175 g
9Py ensures the system will remain subcritical under all loss of contingency scenarios as given
in Table 4. Note **U was not modeled with an increased volume as the normal condition results
in an optimally moderated solution.
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Table 4 Maximum Allowable Volume with Full Lead Reflection
Case® - Cask | Fissie  Fissilemass. Llead | KENO | KENO | Ky
Volume (1) % density (g/1) (g) ! Thickness Kestecsve Uncertainty
i I | am i

2Py Scrap -
Normal Conditions [ 5 | 35 175 1 28 0.84919 | 0.00100 | 0.873
Loss of Mass Limit | 5 P70 350 | 28 ) 0.93479 | 0.00108 { 0.986
Loss of Reflector Limitf 5 | 35 175 1 32 0.86916 | 0.00133 | 0.877
Lossof Volume Limit | 747 32 | 175 | 28 . 0.88350 | 0.00108 | 0.880

23U Serap
Normal Conditions 5 55 275 28 0.83077 | 0.00114 0.858
Loss of Mass Limit 5 110 550 28 0.96002 |- 0.00140 0.987
Loss of Reflector Limit 5 55 275 32 0.83255 | 0.00117 0.859

b Bach case models a sphere of fissile material surrounded by a tight fitting spherical lead reflector of
the indicated thickness. Full water reflection is also modeled around the lead.

Benchmark Statistics

Bias = (0.00032

Staridard Deviation = 0.01163

Variance = 0.00014

Therefore the mass limit for the Large Bore, the Long Bore, the One Ton Sample Cask and the
PRTR Graphite Cask as well as any lead shielded cask with 2 maximum inner volume of 5 L is
set at 275 g 2*U or 175 g *Pu to provide consistency between the casks. The scrap limit found
for #°Pu is applicable to all other fissionable materials with a minimum critical mass greater than
that of ®*Pu as given in Table 6.5 of Reference 1. Fissionable material more reactive than **Pu,
i.e., 2™ Am, **Cm, 2%Cm, 2“Cf, or **'Cf have not been analyzed; however these materials are
considered to be insignificant for the purposes of criticality safety provided the mass does not
exceed the safeguards accountability limits. None of these restricted materials are currently
accounted for at the Pacific Northwest National Laboratory; therefore violation of this limit is not
credible. Sum of Fractions method (Ref. 1, Table 6.1) may be used to determine limit
compliance for mixtures of fissionable material. ’

(1.4) Spacing Requirements

The minimum 12" edge-to-edge spacing requirement for batches of fissionable material is
applicable to the transfer casks and lead pigs. Because the lead in the casks is not of an infinite
thickness for criticality, material around the cask will affect the reactivity of the cask. However,
the cask was proven to be subcritical with an infinite lead thickness in 2ll directions. Therefore,
the 12" edge-to-edge spacing requirement is in effect between the cask and other batches of
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fissionable material but no spacing requirements are needed between the cask and other
reflectors.

(2) State computer programs used, the options, the recipes for choosing mesh points
where applicable, the cross section sets, and any numerical parameters necessary to
describe the input,

The SCALE 4.2 system of codes? was used to model the casks. The codes were executed on
either a HP 755 with HP-UNIX version 9.03 or a HP 735 running HP-UNIX version 9.05. Code
quality assurance documentation verifies the two operating systems give identical results. The
NITAWL code was used to process cross-section data and KENO-Va was used to model the cask
geometry and predict K g, The standard 27-group ENDF/B-IV cross-section library was used
throughout. All calculations ran 120 generations with 5000 neutrons tracked per generation in
KENO-Va. The first 20 generations were skipped when determining the standard deviation of
the run, All input files contajning geometry specification and material atom densities are
included in Appendix A.

(3) Identify experimental data and list parameters derived therefrom for use in the
validation of the model.

The results of the experimental benchmarks modeled with the SCALE 4.2 codes are shown in
Table 5. These cases were chosen to represent the materials and geometries used in the cask
calculations such that the code calculational scheme and cross section libraries are benchmarked.
Therefore, 2**Pu solution and **U solution benchmarks are included in the set to represent the
fissile solution and the lead wall benchmarks are included to represent the lead walls of the
casks. The benchmark results define the code statistics used in the determination of the Kygys
value for each run. Each benchmark case tracked 5000 neutrons per KENO generation for 120
generations with 20 generations skipped. The same scheme was employed in generating cross-
sections sets and calculating K, g.qu. 25 Was used to model the worst case geometries. All
parameters required to model these benchmarks are described in the input files given in
Appendix B and the references indicated in Table 5.
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Table 5 Experimental Bepchmarks Modeled with SCALE 4.2
Description ' Reference | KENO k.. he I KENO Uncertainty
Pu(NQ,) Spheres with Spherical Reflectors i
24.4 g Pw/l sphere with full water reflection 4 1.01407 . | - 0.00111
26.3 g Pwl with thin steel shell + full water 5 1.01064 0.001 12
34.3 g Puw/l with thin steel shell 5 099318 0.00127
35.5 g Pu/l with 4" concrete shell 5 1.02249 0.00105
32.8 g Pu/l with 4" concrete shell 6 _1.02516 0.00115
29.6 ¢ P/l with 10" conrete shell 6 101282 0.00101
neret cted Arra; wi% Enriched Uranyl Nitrate
4x4 Array with 67.28 ¢U/l Solution C 7 L 101074 0.00112
2x2 Array with 76.09 gU/1 Solution 7 1.00676 0.00116
4x4 Array with 360.37 gU/1 Solution ) 1.01108 0.00132
4.3] wt% Enriched Optimum Moderated UQ. Pins. )
Square array with lead wall at 0" -8 1.00195 i v 0.00103
| Square array with lead wall at 0.26" 8 1.00430 0.00113
Square array with lead wall at 0.77" 8 1.00043 ] 0.00111
Square array with lead wall at 2.13" 8 0.98598 __0.00104
Square array without lead wall 8 0.98120 0.00101
4,31 wt% Enriched Undermoderated UQ. Pins
Square array with lead wall at 0" 8 1.00225 0.00105
| Square array with lead wall at 0.26" 8 1.00165 0.00098
|_Square array with lead wall at 0.77" " 8 0.99710 0.00106
_Square array with lead wall at 2.13" 8 ! 0.99544 0.00111
|_Square array without lead wall 8 ' 0.99568 0.00105
2.35 wt% Enriched Qptimum Moderated UQ., Pins.
Square array with lead wall at 0" . 8 0.99550 0.00083
|_Square array with lead wall at 0.26" i 8 0.99414 0.00096
| Square array with lead wall at 1.29" i 8 0.99176 0.00084
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Table 5 Experimental Benchmarks Modeled with SCALE 4.2

Description Reference i KENO K. ' KENO Uncertainty
Square array without lead wall 8 ' 0.98542 - 0.00086
2.35 wt% Enriched Undermoderated UQ., Pi'n )

t Square array with lead wall at 0" ! 8 ' 0.99022 0.00093
Square array with lead wall at 0.26" 8 ! 0.99414 0.00099 .

_Snge array with lead wall at 1.29" 8 : 0.99176 0.00099
Square array-without lead wall 8 : 0.98365 0.00097

Benchmark Statistics -
Bias = 0.00032

Standard Deviation = 0.01163
Varance = 0.00014

(4) State the area(s) of applicability.

The mass limits for fissionable materials applicable to the loading, unloading, storage and on—site
transportation of specified fissionable material in the Large Bore, the Long Bore, the PRTR
Graphite, the One Ton Sample or any cask with a maximum inner volume of 5 L are shown
below.

275 g for ¥°U,
175 g for 2Py, U, " Np, ! Am, 2> Am, *Cm, and *"C,

The Sum of Fractions method defined in Table 6.1 in PNL-MA-25 may be used to determine
comphance for mixtures of fissionable material. Fissionable material more reactive than 2°Pu,
i.e., *™Am, *Cm, 2%Cm, *°Cf, or 2'Cf have not been analyzed and thus are not allowed under
these limits; however these materials are considered to be insignificant for the purposes of
criticality safety provided the mass does not exceed the safeguards accountability limits. Pacific
Northwest National Laboratory currently has none of these restricted materials in accountable
quantities. These materials can only be obtained in accountable quantities as a source and thus
could not be accidentally obtained. Therefore, violation of this restriction is not credible.

The 12" edge-to-edge spacing requirement is in effect between the cask and other fissionable

material. Spacing requirements between the cask and other heavy metal reflectors are not
necessary because the cask was proven to be subcritical with an infinite lead reflector.
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(5) State the bias and the pi‘escribed margin of subcriticality over the area(s) of
applicability. State the basis for the margin.

Calculational results indicate that the overall code bias based on benchmark calculations given in
Table 5 calculated using KENO-Va tracking 5000 neutrons per generation is 0.3 mk. The mean
of all benchmarks is 0.9997 and the standard deviation of the mean is 12 mk. If these values are
applied to the modeled scenarios using the methodology given in Reference 3, the reactivity will
not exceed 0.988 including experimental error and biases. The margin of subcriticality is
therefore at least 12 mk and assumes optimum conditions and a loss of contingency error.- The
margin of subcriticality was calculated with a 95%/95% confidence.

iscussi P . ie

The Large Bore, Long Bore, PRTR Graphite and One Ton Sample Cask scenarios were modeled with
tolerances on each of the geometric parameters of the casks. The direction of the tolerance was chosen
to create a more reactive situation such as allowing a larger mass in the cask or allowing a more reactive
concentration of material. In addition, the maximum cask volume limit is set based on a spherical
geometry; most casks at the Laboratory have a cylindrical bore and thus will be less reactive. Therefore,
the most reactive geometric models were consxdered

A loss of mass contingency error would be caused by exceeding the mass limit in the cask.- This
scenario was examined by modeling the minimum water reflected critical mass (820 g **U and 530 g
%Py} in each of the casks. In all cases, the margin of subcriticality was greater than 100 mk. This
accident scenario was also modeled in the 5 L lead cask. The result was a subcritical margin of 12 mk.
Therefore, an accident where the mass limit is exceeded will not result in criticality.

An increase in the volume of the cask is not a credible accident for the Large Bore, the Long Bore, the
PRTR Graphite and the One Ton Sample Casks as their geometry is known and documented and
tolerances were added to the nominal dimensions when modeled. However, the use of the 5 L volume
limit on a larger cask which does not meet this requirement is possible. Therefore, the spherical cask
was modeled with the fissile material at the mass limit and at optimum concentration in an increased
volume. These cases were subcritical with a margin of at least 100 mk.

An increase in the thickness of the lead shielding or stacking lead bricks around the cask will also not
result in criticality. To ensure this, the 5 L cask and the Large Bore Cask were modeled at the mass limit
with an critically infinite lead thickness of 28", The subcritical margin was greater than 100 mk in all
cases.

Conclusions
The purpose of this memo was to provide the technical bases for the subcriticality of storage and

handling of fissionable material scrap of various compositions in small bore transfer casks and lead pigs
with lead shielding. The analyses assumed optimum water moderation of the fissionable material
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located inside the casks and demonstrated subcriticality during normal operations and following the loss

of a single contingency including over batching, an increase in the reflector thickness (i.e. stacking lead

bricks around the cask) and an increase in the cask volume (using the mass limit for a larger cask).

These analyses bound all possible loss of contingency scenarios and ensure the double contingency

principle is met. In conclusion, batch limits for the amount of scrap in the Large Bore, the Long Bore,

the PRTR Graphite and the One Ton Sample Casks have been determined. The limit for ***U as the only

fissionable material is 275 g **U. The limit for other types of fissionable material except 22" Am, **Cm,
. ¥5Cm, ¥9Cf, and B'Cf is 175 g of fissionable material. These limits are also valid for lead shielded

- casks with 2 maximum inner volume of 5 liters and ‘an unlimited lead thickness. The 12" edge-to-edge
spacing requirement is in effect between the cask and other fissionable material but spacing requirements
between the cask and other heavy metal reflectors are not necessary.

Concurrence: ¢ A b~ 30 fre ¢

Senior Specialist
Criticality Safety Analysis
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2 3
19 9 15
8 0
0 0 4
0 0
28 94239 -23%27
-23842 £2000 1001
3+ 23627 293 3
0.0 6.8018E-05 1
1 15,9924 1.817¢£+03
23832 293 3
0.0 8.0534E-05 1
1 15,9984 1.5335£+03
23937 293 3
0.0 9.320%€-05 1
1 15.9994  1.3250E+03
23942 293

-

0.0 1.0581E-04
1 15.98%4  1.1678E-03

Lokl 1293
t
end
=kenova
- 480 g Pu Sphere zt 47 001 6.3" Radius
rezd peram
tme=700 gen=120 nsk=20 1ib=4
flx=yes fdn=yes RLELTS
end param
SRRKERA R AR AR
** HIXTURES *

ARk AR AR
rezd mixt  sct=l
mix=1
"Pu et 27.0 9/1
23627 6.8018E-05
8016 3.3383E-02
1001 6.6765E-02

mix=2
Lezd
82000 3.3133E-02

8016 3.3426E-02
1001 6.8855€-02
end mixt
PO
"% GEQUETRY *

e —
read gea‘n

ol Pu Sphere with Lezd Shielding and FRR"
15.%%

HNF-SD-TP-SEP-063, Rev. O

arios

ermination as given in

4 3
20
0 0
9 0
23632 -23837
8016
15.9525 0.00600
1.0079 2.0024+04
1 1
15.6835 0.00%0
1.007¢ 1.6881E-04
1 1
14.3710 0.0000
1.0078 1.45688+04
1
13.7765 - 0.000
1.0079 1.28638-04

1 1,40

8" Lead Refl + FiR
npg=5000
0.0 nfb=8000

ENG DETER
PR R AR R AR ERTRIIR

1001
mix=2
‘Lezd

mix=3
"Water
8016 3.3428£-02
1001 6.6855E-02
end mixt
[Ee Ty seraTTT——
“* GEOWETRY *

e ety

read geom
unit 1
com="Pu Sphere with Le=d Shielding &nd FWR™
sphere 1 . 15.08
sphere 21 35.40
cuboid 31 6p65.40
end geon
énd data
end
=kenove
460 g Pu Sphere at 37.0 g1 " Rzdius 8" Leed Refl + FWR
read param ’
tme=700 gen=120 nsk=20 tTib=4 npg=5000
flx=yes fén=yes tba=60.0 atb=6000
end param
CHERRRRRRREF RIS KT
** MIXTURES *
[T —
resd mixt  sctel
mix=1
‘Pu gt 37.0 g/1
23937 9.3209E-05'
8016 3.3366E-02
1001 6.6731E-02
mix=2
“Lead
82000 3.3133E-02
mix=3
Water |
8016 3.3428£-02
1001 6.6856E-02
end mixt
RARARA SRR AR R,
" GEOETRY *
T —
rezd geom
wnit 1
com="Py Sphere mth Lead Shieldmg and FWR™
sphere 4.37
sphere 2 1 34 69
cuboid 31 6p64.€3
end. geom
end cata
end
~kenova
450 g Pu Sphere zt 42.0 ¢/1 5.4 Radivs 8" Lezd Refl + FWR
rezd psram
me=700 nsk=29 Tid=4 apg=5000
Tix=yes the~53.0 nfb=g000
end perem
CRAARRERRRAT S EERRAR
* MIXTURES *

[
regd mixt  sciel
mix=l
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. 82000 3.3133£-02
mix~3
e
8016 3.3428E-02
1001 6.6855E-02
eng mixt
TR RRRA KRR R R

T —

read gsom
unit 1

con="Pu Sphere with Léad Shielding and FWR"

3
sphere 11
sphere 21
cuboid 31
end geon

end dita

end

34.10

6p64.10

HNF-SD-TP-SEP-063, Rev. O

Input file for Optimm **U Concentration Determination as given in

Table 1

=nitawl

0ss 82
19

1ss 500

cocmworn

]
0
t

2858 92235
~23545 82000
23545 253
0.0 1.1530E-04
1 15.9994
- 23555 293
0.0 1.4092€-04
1 15.9994
23550 293
0.0 1.2811£-04
1 15.9894
23550 293
0.0 1.5373E-04
1 15.9894

1253

3ax

e
t
end
=keaova
738 g U235 Sphere at 45.0
"read param
tme~700
fixwyes
end param
[ ———
** MIXTURES *
[T T ——
read mixt  sctel
mix~l
U235 at 45.0 gN
23545 1.1330£-04
8016 3.3348E-02
1001 6.6587E-02
mix=2
‘Lead
82000

gen=120
fdn=yes

3.3133E-02

ixt
L Rtk Ak
* GEMETRY *

PRERREKE RS KRS I IR

3

15

0

4

-23350
1001

3

1

1.07188+03

3

1

8.7610£+02

3

1

9.6396£+02

3

1
8.0288E+02

9/l 6.2

nsk=20

23885
1

oo

-23550

8016

15.7610
1.0079

1
14.7412
1.0079

1
15.2171
1.0079

1
14.31%8

1.0079
1

Radius

1ib=4
tba=50.0

0.0000
1.1801E+04
1.000
0.0000
9.6503€+03
1.000
0.0000
1.06188+04

1

0.0000
8.8436E-03
1.000

8" Lead Refl + PR

npg=5000
nfH=8000

sphere
cuboid
end geon
end cata
end
~kenova

W
[y

733 g U233 Sghere 2t 50.0 ¢/1

gen~120
“fix=yes fdnuyes
end param

TR AR ERFARERAAR
"+ MIXTURES *

R A ARARARE

36.08
6p66.08

6.0" Radius

nsk=20 Tib=4

the=50.0

read mixt  sctel
[ -l
1.2811E-04
3.3340€-02

1001 6.6679E-02
mix=2
‘Lead

82000 3.3133€-02
mix=3
"Kater

8015 3.3428E-02

1001 6.6855€-02
end mixt
TREEA R EAREERARARRRER
* GEQMETRY *
[E T TTe—
read geom
unit 1
com="U235 Sphere with Lead Shielding and FWR™
sphere 11 15.22
sphere 21 35.54
cubotd 31 6p65.54
ead geom
end data
end
=kenova .
738 g U235 Sphere at 55.0 /1 5.8 Radius
read param
tre=700 gen=120 nsk=20 1ib=4
fix=yes fdn=yes tha=60.0
end param

PERRAAIARESHEE IR SRR

** KIXTURES *
CERARIEREKR R AR AR
read mixt  scisl
mix=l
'U235 2t 55.0 9/1
23585 1.4092€-04
8015 3.3331E-02
1601 6.6652E-02
mix=2
‘Lead o
82000 3.3133E-02
mix=3
‘Water.
5 3.3428£-02
1 6.6856E-02

engd mixt

TREAEARFRRERIRRR RS A

rezd ceom
unit

com="i235 Sphere with Lead Shielcing and FwR™

8" Lesd Refl + AWR

npg=5000
nd=5000

8" Lead Refl + FWR

npg=5000
ntb=6000
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=kenova
738 g U235 Sphere 2t 50.0 g/t
read param

5.6" Radius

tme=700

9en=120 nsk=20

HNF-SD-TP-SEP-063, Rev. 0

8" Lead Refl + FuR

Tib=4 npg=5000

£2000
Water
mix=3
8018

3.3130E-02

3.3426£-02

fix=yes tbe=59.0 nfo=8008

end param
e

"* MIXTURES *
CRRARERRERER AR AS
read mixt  sct=l
mix=1
U235 at 60.0 g/1
23560 1.5373£-04
8016
1001

fdn=yes

3.3322€-02
6.6544E-02
mixe2
‘Lead

82000 3.3133E-02
mix=3
"Water

8016

1001
end mixt
TRRRREERRA RN R AR AR
** GEQMETRY *

[ fetui——
read geon

urit 1
com="U235 Sphere with Lezd Shielding and FWR™
sphere 11 14.32
sphere 21 34.64
cuboid 31 664,64
end geom

end data

end

Input File for 2% Scrap-in the Large Bore Cask as given in Table 3
mnitaw]

1001 6.6855E-02

end mixt
P

* GEQMETRY

0ss 82 2 3 .4 18
19 9 15 2
188 500 7 0 0 0
0 0 3 0 0
0 0
t
288 92235 -35122 -3555 -3560
' 82000 1001 8016
3 35122 293 2 5.8759 0.0000
0.0 3.1335£-04 1 1.0079 4.3244E+03
1 15.9¢54 3.9259E+02 . 1.000
3555 253 2 5.5799 0.0000
0.0 1.4097€-04 1 1.0079 9.6468E+03
1 15.95%4 8.7578E+02 1 1
3560 293 2 5.6799 0.0000
0.0 1.5373E-04 1 1.0079 8.8438E+03
15.9%%4  8.0288E+02 1 co1

4%
t
end

1283

=kenova

820 g U235
rezd param
tre=700
flx=yes
end param
LR —
“* KIXTURE!
[y

rezd mixt
1

Cyltinder @ 122.3 ¢/1 in Large Bore Increzse D

nsk=20

plt=yss

sct=1

Tib=4 =803

run=yes

npg=5900
the=£0.0

-
read geom
unit 1
com="U235 Cylinder Large Bore Cask™
cylinder 1 1 ° 5.57¢9 68.5600  0.0000
cylinder 3 1 5.5800 68.5800  0.0000
orig 0.0000 0.0001
cylinder 2 1 26.7650 €5.4800  -26.5000
orig 009 0.0501
cylinder 3 1 £6.7650 125.4800  -56.9000
orig 0.0000 0.0001
end ceom
end cita
end
~kenova
359 g U235 Cylinder 3 55.0 g/) in Large Bore Increase O
read param
tme=700 gan~120 1ib=4 npg=5000  nfb=8900
flx=yes fdn=yes run=yes tha=50.0
end param
CHrRRRR R
** MIXTURES
[
read mixt  sct-l
*Fuel
mixe]
3555 1.4097E-04
8015 3.3331E-02
2001 6.6562E-02
Lezd
mix=2
82000 3.3130E-02
"Water
mix=3
8016 3.3428€-02
1001 5.6856E-02
end mixt :
PRERRE AR
** GEQMETRY
[rTrestoen
read geom
unit 1
cone"U235  Cylinder Large Bore Cesk™
cylinder 1 1 5.5799 68.5800  0.0000 °
cylinder 3 1 6.5800 68.5800 0.0000
orig 0.0000 0.0001
cylinder 2 1 26.7650  95.4800 -256.2000
crig 0.0000 0.0001
cylinger 3 1 $6.7650 125.4800  -56.9000
orig 0.6000 0.0001
end geom :
end dase
end

=nita
0ss 82
18

158 500
0
0

t

288 92235

a**

B6-15

Input File for % Screp in the Long Bore Cask as given in Table 3
itewl

2 3 4 i3
g 15 2
7 0 9 ¢
0 3 0 ¢
0
-35138 -3352
e 8215
£X) 2



HNF-SD-TP-SEP-063, Rev. O

KES Basis Hemo 96-2
pscender 30, 196 .
1

P
3582 283 2 4.309% 0.0080 unit 1
0.0 1.5682€-04 1 1.0079 8.51822+03 com="U235 Cylinder Long Bore Cask® .
- i 15.0994 7.7314E+02 1 1 cylinder 1 1 4,3099  101.5000  0.0000
3555 28 2 4.30%9 0.0000 cylincer 3 1 4.,3100  101.6000  0.0000
0.0 1.4092¢-04 1 1.0079 9.85036+03 orig 0.0000 0.0001
1 15.9894 8.7610E+02 1 1.000 cylincer 2 1 24,8500 129.2938  -27.6938
i 1253 R s crig ¢.0000 0.0%01 R
T . cylinger 3 1 64,8600 159.2338 -57.6933
2n¢ crig 0.0000 0.0001
=kenova end
§20 g U235 Cylinder a 138.3 g/1 in Long Bore Increzse ] end
read peram end
tme=700 gen=120 nsk=20 Tib=4 npge5000  nfb=3000 =kenova
flx=yes fonmyes plt=yes run=y2s tbe=50.0 326 g U235 Cylinder a 55.0 ¢/1 in Long Bore Increase bl
end peram resd param
“rerReR tme=700  gen=120  nsk=20 Tibe4 npg=5000  nfo~8000
“* MIXTURES . fix fdnmyes  plt=yss run=yes  the=30.0
akEREARERK end paran
read mixt  sct=1 Mokaaldalioloild
'Fuel ** MIXTURES
mixal amrRRERRE
35138 3.5437E-04 read mixt  sct~l
8016 3.3183£-02 ‘Fuel
1001 6.6357€-02 - mixel
‘Lead 3555 1.4092€-04 -
mix=2 8016 '3.3331£-02
82000 3.3130E-02 1001 6.6562€-02
“ "Hater . ‘Lead
mix=3 . mix=2
8015 3.3428E-02 82000 3.3130E-02
1001 6.6555£-02 "Weter
end mixt mix=3
Babisiiisioid 8016 3.3428E-02
¥ GEQMETRY . 1001 6.6856€-02
SEAEKR . end mixt
s
% GEQMZTRY ©
Cylinder  Long Bore  Cask™ aiidaiaiobisieid
cylinder 11 4.2009 101.€000 6.0000 rezd geom
cylinder 31 4.3100 , 101.6000 0.0090 unit 1
) orig 0.0000 0.0001 con="U235  Cylinder  Long Bore  Cask”
cylinder 2 1 24,8500 129.2938 -27.6338 cylinder 1 1 4.309% 101.5983  0.0000
orig 0.0000 0.0001 cylinder 3 1 4.3100  101.6000  0.0000
cylinger 3 1 54.8500 153.2938 -57.6938 orig 0.0602 0.0001
orig 0.0000 0.0001 cylinder 2 1 24,8600 129.2938. -27.6338
end g=om orig 0.0000 0.0001
end data cylinder 3 1 54,8600 159.2938  -57.6938
end . . crig ©.0000 0.0001
=kenova - end geon
369 g U235 Cylincer 3 62.3 ¢/1 in Long Bore Increzse D end data
read param end )
tne=700 gen=120  nsk=20 1ib=4 npg=5000  nH=8000 -0
fixeyes fdn=yes  pltm=yes run=yes  tba=60.0 Input File for 2% Scrap in the PRIR Graphite Cask as given in
end param Table 3
S RREAERER AR =nitewl
** MIXTURES 0ss 82
e . 19
rezd mixt  sci=l 1iss 500
‘Fuz . 0
mix=l . 0
ST t .
2ss 92235
82000
3*x 32185
.0
1
3383
0.0
1
3555
0.0
1
Lxx 283
end
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~kenova

820 g U235 Cylingzr a 184.6 g/1 i PRIR Graph Increzse

read parem
tme=700
fixeyes
end param
xR ARREE
"% MIXTURES
R
read mixt
“Fuel
mix=1
35185 4.7297E-04
8016 3.3102-02
1001 6.6203E-02
‘Lead
mix=2
82000 3.3130z-02
Water
mix=3
8016 3.3426t-
1001 6.6856£-62
end mixt
e

‘* GEQMETRY
takkkkkAkkEx
read geom
unit 1

comeU235
cylinder
cylinder

gen=120
fdn=yes

sct=1 |

Cylincer
11
31

. orig
21
orig
31
orig

cylinder
cylinder

end geom
end data
end
=kenova

nsk=20
piteyes

1ib=4
run~yes

PRTR Graphi Cask™

4.6274
4.6275
6.0000

19.7800

0.0000

49.7800

0.0000

66.0400
66.0400
0.0001

84.0500

. 0.0001
114.0500

0.0001

npg=5000
tbe=50.0

0.0000
9.6000

-18.0100

+48.0100

0

39 g U235 Cylinder a 83.1 g/1 in PRTR Graph !ncrease 0

read param
wme=700
fx=yes
end param
Recsarren
** MIXTURES
Tty
read mixt
‘Fuel
mixs]

3583 2.1291E-04

8015 3.3281E-02

1001 6.6562€-02
*Lead
mix=2

82000

ter

gen=120
fdn=yes

sct=1

te
mix=3

1001
eng mixt
kAR
* GEOMETRY
SRRk
rezg ceom
uait 1
com="U235
cylingar

Cylind:
1
cylinder 3
[
2

2T

i
1
1
i
1

eyl

cylingzr

nsk=20
plimyes

lib=4
run=yes

PRIR Grephi Cask”
4.6274

66.0400
£6.0400
0.0002

npg'SOOO

tha=50.0

0.0960
0.0000

rfo=5000

nfb=8000

HNF-$D-TP-SEP-063, Rev. 0

end gsom
end cata
end
=kencva
244 g U235 Cylinder 3 55.0 /1 in PRIR Graph Incresse D
read paran
thgs700 Gan=120 nsk=20 1ib=4 npg=5000  nto=5000
fixwyes fdnmyes  plt=yes run=yes tha=60.0
end parem
R eTher
* BIXTURES
Pk raaan
read mixt  sct=1
‘Fuel
mix=l
‘Lead
mix~2 .
€2000 3.2130£-02
‘Water
mix=3
8015 3.3428£-02
1001 6.6856E-02 -
end mixt
TR
"* GEQHETRY
(RS-,
read geom
unit 1
com="U235 Cylinder PRTR Grephi Cask”™
cylinder 1 1 4.6274 66.0399  0.0000
cylinder | 3 1 4.6275 66.0400 0.0000
. orig 0.0000 0.0001
cylinder 2 1 19.7800 84,0500 -18.0100
orig 0.0000 0.0001 .
cylinder 3 1 49.7800 1140500  -48.0100
orig 0.0000 0.0001
end geon
end data
end

Input File for U Scrap in the One Ton Sample Cask as given in
Table 3

=nitawl
1131 82 2 3 4 18
19 9 15 20
158 500 7 0 0 [
0 0 3 ] 0
0 0
t .
288 92235 -35392 -35176 -3555
82000 1001 8016
il 35392 293 2 4.3099 0.0000
- 0.0 1.0036£-03 1 1.0079 1.3308E+03
1718, 9994 1.2082£+02 1.000
35176 2 4.3099 0.0000
0.0 4. 517OE 04 1.0079 2.9312E+03
1 15, 9:94 2. 71::5[*02 1 1
3555 293 2 4.3099 0.0000
0 0 1.4002¢-04 1 1.0079 9.6503E-03
15,0984 8.75105+02 1 1.630
s 1283
end
mk2ngvE .
820 g Cylincer & 391.7 o/} in One Ton Increzse D
resd pared
=700 ger nsk=20 1ibm4 rpg=5000  nfo=8000
fix=yas pit=yas run=yss tba=50.0
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rezd mixt  sctel
‘Fuel
RSN
35392 1.00362-03
8015 3.2735€-02
1001 6.547:E-02
“Lead
wix=Z
82500 3.3130£-02
Water
mix=3
8015 3.3428E-02
1001 6.6855€-02

eng mixt
HEARRER K
** GEQMETRY
[P ———
resd geom
unit 1 .
conmw"U235  Cylinder One Ton Cask” .
cylinder 11 4.3099 35.8775
cylinder 3 1 4.3100 35.8775
orig 0.0000 0.0001
cylinder 2 1 22.3200-  57.2213
orig 0.0000 0.0001
cylinder 3 1 £2.3200  87.2213
orig 0.0000 0.0001
end gaom
end data
end
=kencva
369 g U235 Cylinder a 176.3 g/1 in One Ton
read param )
tme=700 gen=120 nsk=20 1ib=4
Tdnwyes plit=yes run=yes
* MIXTURES
SEEERERR
read mixt  sct=l
‘Fuel
mix=l
35175 4.5170E-04
8016 3.3115E-02
1001 © 6.6233€-02
‘Lead
mix=2
82000 3.3130£-02
‘Water
mix=3
8016 3.3428E-02
1001 6.6856E-02
end mixt
FRRARERRRR
“* GEQMETRY
e
read geom
unit 1
com="U235 Cylinder Cne Ton Cask™
cylinder 13 4.3093 35.8775
cylinder 3 1 4.3100 35.8775
orig 0.0000 0.0001
cylinder 21 22.3200 57.2213
orig 0.0000 G.0001
cylinger 31 1 62.323)  87.2213
orig 0.6200 0.0001

rsk=Z0
pli=yis

HNF-$D-TP-SEP-063, Rev. O

0.0009
0.6000

-21.3438
-51.3438

Increase D

npg=5000  nfb=8900

tba=50.0

0.C600
0.0000

-21.3438

&

235

nf=E530

R
** MIXTURES
kAR AR
read mixt
‘Fuel

mix=l

sct=l

82000 3.3130E-02
Water
mix=3
8016 3.3428£-02
1001 6.6856E-02

Cask”
35.8771  0.0000
35.8775  0.0000

0.0003

57.2213  -21.3438

0.0001 - .

87.2213  -51.3438
0.0001

Input File for ®Pu Scrap in the Large Bore Cask as given in Table 3

‘end mixt
P —
‘* GEQMETRY
xrrkkikk
rezd geom
unit 1
com="U235  Cylinder One Ton
cylinder 1 1 4.3099
cylinder 3 1 4,3100-~
orig 0.00C0
cylinder 2 1 22.3200
‘orig 0.0000
cylinder 3 1 52.3200
orig .0.0000
end geon
end data
end |
=nitewl
0oss 82 2
19 9
185 500 7
¢ [
0 0
t
233 94239 -3979
82000 1001
il 3579 293
0.0 1.5904E-04
1 15,9994
3934 293
0.0 8.6408E-05
1 15.99¢4
3932 293
0.0 8.0614E-05
1 15.9994
4x% 1293
t
end
=kenova -
530 g Pu Cylinder a 72.0 /1 in
rzad param
the=700 gen=120  nsk=20
fix=yes {dn=yes plt=yes
end param
jrash e
"+ MIXTURES
[ErER

1001 5.65855-02
‘Lead
mix=2

3 4

15 2

0 0

3 0

-3934 -3932
8016

2z 5.5799

1 1.0078
6.19585+02 1
2 5.5799

1 1.0079
1.43088+03 1
2 5.5799

1 1.0079
1.5335E+03 1

Large gore Increase D

1ib=4
run=yes

ripg=5000
tba=60.0

i8

0
0

0.000¢
6.82495+03

1

0.0000
1.5757E+04

1

0.0000
1.6821E+04
1

nfo=8000
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mix=3 mix=2
8015 3.3428E-02 82000 3.3130£-02
1001 6.6856E-02 ‘Water -
end mixt Rix=3
B 8015 3.3428£-02
% GEOMETRY 1001 6.6856E-02
TRERRE AR end mixt
r22d gean [ESTA
uait 1 Tk GIOMETRY
cor="Pu Cylinder Large Bore Cask” HRERXEREAAK
cylinder 1 1 5.5799 63.5800  0.0000 read geom
cylinder 3 1 5.5800 68.5800  0.0000 unit 1 -
orig 0.0000 0.0001 com="Pu Cylinder Large Bore Cask”
cylinder 2 1 26.7650  ©5.4800  -26.9000 eylinger 1 1 L6789 68.5800  0.0000
crig 0.0000 0.0001 cylinder 3 1 68.5800 0.0000
cylinder 3 1 55.7650 125.4800  -55.9000 orig 0.0001
orig 0.0000 0.0001 cylinger 2 1 §5.4800  -26.%000
end geom crig £.0001
end data cylinger 3 1 125.4800  -56.5000
end | orig 0.0000 0.0001
~kenova end geom
230 9 Py Cylinder 3 34.3 g/1 in Large Bore Increase D end deta
read param . end
tme=700 ~ gen=120 nsk=20 Tib=4 npg=5600  afo=8000
flx=yes fdn=yes plt=yes run=yes tba=60.0 Input File for #'Pu Scrap in thé Long Bore Cask as given in Table 3 ~
end param =nitawl
Baisisiaiciaiokiia 0ss 82 2 3 4 18
** KIXTURES . 19 9 15 20
Biaiichialoial . 158 500 7 [ 0 0
read mixt  sct=l - 0 0 3 0 ]
*Fuel 0 0
mix=1 t
3934 8.6408E-05 238 94239 -3989 -3939 -3932
8016 3.3370E-02 82000 1001 8016
1001 6.6740E-02 3 3989 293 2 4.3099 0.0000
‘Lead . 0.0 2.2521E-04 1 1.0079 6.0285€+0"
mix=2 . - 1 15.9994 5.4730£+02 1~
62000 3.3130-02 3939 2 4.3093 0.0000
Water 0.0 9.7744E-05 1 1.0079 1.3926E+04
mix=3 . 1 15.9994 1.2643£+03 1 1
8016 3.3428E-02 3932 293 2 4.3099 0.0000
1001 6.6856E-02 0.0 8.0614E-05 1 1.0079 1.6892E+04
end mixt 1 15.9%94 1.5335€+03 1 1
kR RH IR ax £293
% GEQMETRY ) t
"Rk AR end -
read gaom =kenova
unit 1 530 g Py -Lylinder a 89.4 g/1 in Long Bore Increase D
com="Pu Cylinder Large Bore Cask™ read parem .
cylinder 11 5.579% 68.5800 0.0000 tme=700 gen=120 nsk=20 1ib=4 npg=5000  nfb=8000
cylinder 31 5.5800 68.5800 0.0000 flx=yes fdn=yes plt=yes run=yes tba=60.0
orig 0.0000 0.0001 end paraa
cylinder 2 1 26.7650  95.4800 -26.8000 Raisisioioisiolainid
orig 0.0000 0.0001 “* MIXTURES
cylinder 3 1 56.7650 125.4800 -56.9000 Raiaiaisisioiitial :
orig 0.0000 0.0061 read mixt  sct=l
end geon : ‘Fuel
end data mix=l .
end 3989 2.2521£-04
~kenova . 8016 3.3277€-02
215 ¢ Pu Cylinder a 32.0 9/1 in Large Sore Increzse D 1001 6.6554E-02
‘Lead
nsk=20 1ib=4 npg=3000  nH=3300 mix=2
pltmyss run=yes foel §20660 3.3130E-C2
ter
CxxRRIRRATE mixe3
"% MIXTURES 8016 3.3428E-02
Ralsokididd 1001 5.68388-02
r22d mixt  sci=l end mixt

B
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cylinger 11 4.3099 101.6000  0.0029
cylinger 3 1 4.3100  101.6000  0.0000
T orig 0.0000 4.0001
f e 21 24.8500 129.2933  -27.£%333
orig 0.0020 0.0001 :
cylinder 3 1 54.85 159.2638 ~ -57.€¢38
orig 0.0000 0.0001
end geom
end Gata
eng
=kencva
230 g Pu  Cylinder a 38.8 g/1 in Long'Bore Increzse D
read parem X
tme=700 " en=120  nsk=20 1ib=4 npg=33d0  a*=3300
flx=yes fdn=yes plt=yes run=yes tha=560.0
end param
R ERREERARR
'* MIXTURES
R
read mixt  sct=1
*Fue
mix=1
3939 9.7744E-05
8016 3.3363E-02
1001 6.6725E-02
Lead
mix=2
82000 3.3130E-02
“Water
mix=3
8016 3.3428£-02
1001 6.6856E-02
end mixt
P
Cylinder Leng Bore  (ask™
cylinder 1 1 4.3099  101.6000 - 0.0000
cylinder 3 1 4.3100  101.6000  0.0009
orig 0.0000 0.0001
cylinder 2 1 24.8660 129.2938 -27.6%38
orig 0.0000 0.0001
cylindsr "3 1 54.86 159.2938  -57.5238
orig 0.0000 0.0001
end geom
end data
end
=kancve
160 g Pu Cylinder a 32.0 g/ in Long Bore Incréase D
resd param
700 gen=120 nsk=20 Tib=4 npg=3000  nfb=8000
flx=yas fda=yes plt=yes run=yes the=50.0
end param
e
* MIXTURES
[Ee—————y
resd mixt  sci=l
“Fuel
mix=l

[
8015

02
. 1002 02
end mxt -
CrkmkarRk

read geom
unit'l
com="Pu Cylinder Long Bore Cask” .
cylinger 1 4.3099  101.6000  0.0000
cylinder 3 1 4.3100  101.€000  0.0000
orig 0.0000 0.0051
cylinder 2 1 24.8500 129.2¢38  -27.6538
orig 0.0000 0.0001
cylinder 3 1 4.5 153.2638  -57.6938
orig 0.0000  0.0001
end geom
end data
end -
Input File for ®'Pu Scrap in the PRTR Graphite Cask as given in
Table 3
=nitawl
£ss 82 2 3 4 18
©1e 12 15 20
i85 500 7 0 0 ¢
. 0 [} 3 9 [}
0 0
t
238 $4239 . -3%119 ~3652 -3932
82000 1001 8016
Kaiad 39119 293 2 4.6274 0.0000
0.0 3.0079E-04 1 1.0079  4.5069E+03
1 15.9994  4.0916E+02 1 1
3952 283 2 4.62714 0.0000
0.0 1.3049€-04 1 1.0079 1.0424E+04
1 15.9994  9.4636E+02 1 1
3932 -293 2 4.6274 0.0000
0.0°8.0614E-05 1 1.0079 1.6891E+04
1 15.9294 1.5335€+03 1. 1
4% 1293
t
end
=kenova .
530 g Pu  Cylinder a 119.4 g/1 i PRIR Graph Increase O
read param .
tme=700 gen=120 nsk=20 1ib=4 npg»5000  nfb=8300
flx=yes fdnmyes plt=yes run=yes tba=60.0
end param
-
** MIXTURES
sk rRRRIRE
read mixt  sctel
'Fuel
mixwl

32119 3.007%E-04

8016 3.3227€-02

1001 6.6453E-02
‘Lead
mix=2

82000 3.3130E-02
"Weter
mix=3 -
8016 3.3428E-02
1001 6.6856E-02

end mixt

erEREAREE

'* GEQMETRY

[—

re2d ceom

unit 1

com="Py Cylinder  PRTR Gr

cylinder 11 .

cylinder 3 1 . N
orig . .

cylinder 2 1 19.7800 84,0500
erig 0.0300 0.000:

cylinger 3 1 45,780 114.6560

. orig ~ 0.0350 0.5001
end g£on
ond Fzta

B6-20
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end
=kenova
230 g Pu
resd param
2700
flx=yas
end piran

gen=120
fdn=yes

Cylinder a 51.8 ¢/1 in PRIR Graph Increase D

nsk=20
plt=yas

1ib=4 npg=5400
run=yes tbe=560.0

FagkErhe

* MIXTURES
[P
read mixt  sci=l
"Fuel
mix=1
3952 1.3045€-04
8016 3.3341E-02
1001 6.6681E-02
‘Lead
mix=2
§2000 3.3130E-02
-Water
mix=3
8016 3.3428E-02
1001 6.6856£-02

end mixt
e
** GEOMETRY
PREIRR AR
read geom
unit 1
com="Pu Cylinder  PRIR Graphi Cask™
cylinder 1 1 4.62 66.0400  0.0000
cylinder 3 1 4.6275 66.0400  0.0000
orig 0.0000 0.0001
cylinder 2 1 19.7800 84,0500 -18.0100
orig 9.0000 4.0001
cylinder 3 1 49.7800  114.0500  -48.0100
B - orig 0.0000 0.0001
end gaom
end ¢3ta
end
=kenova
U2 g Py Cylinder a 32.0 g/1 in PRIR Graph Increzse D
read param
tme=700 gen=120  nsk=20 Tib=4 npg=5000
flx=yes fdn=yes  plt=yes run=yes  tba=60.0
eng param .
"k ok ok
** MIXTURES
R
reed mixt  sci=l
‘Fuel
mix=1
3932 8.0614E-05
8016 3.3374E-02
1001 6.6748€-02
‘Lezd
mix=2
82000 3.3130E-02
Weter
mix=3
§016 3.2428E-02
- 1001 6.6836E-02
end mixt
FP -
CyYindar-  PRTR Graphi Cesk”
11 4.5274 65.0450 0.0809
31 4.6275 €6.0200 0.0650
orig 0.0809 Nidy
21 16,7600 84.0300  -18.0100
orig 6.0001
- s 3 e S

nfb=8000

nfo=g000

HNF-SD-TP-SEP-063, Rev. 0
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oo

0.0000
2.12082+02
1

0.0000
4.8944£+03
1

0.0000
1.6891E+04
1 -

nfo=8000

nfo=5000

orig 0.0000 0.0001
end csom
end date
end
Input File for 2Pu Scrap in the One Ton Sample Cask as given in
Table 3
=nitawl
(33 82 3 4
19 15 20
138 500 0 0
0 3 0
0
t
258 94239 -36110 -3832
82000 8016
3xx 33253 Z 4,30%5
R 1 1.0079
1 1.91636+02 1
39110 2 4.309%
0.0 2.7711E-04 1 1.0079
1 15.9994 4.44348+02 1
3932 293 2 4.3099
0.9 8.0514E-05 1 1.0079
15.9994" 1.5335€+03 1
Ll 293
t
end
. =kenova
530 g Py Cylinder a 253.2 ¢/1 i One Ton Increase D
read parzm
tme=700 gen=120 nsk=20 1ib=4 npg=5000
flx=yes fdn=yes plt=yes run=yes tba=60.0
end parem
"tk ik
"* KIXTURES
[ "
read mixt  sct=l
‘Fuel
mixel
39253 6.3785E-04
8016 3.3001E-02
1001 6.6001E-02
‘Lead
mix=2
82000 3.3130E-02
"Water
mix=3
8016 3.3428E-02
1001 6.6856E-02
end mixt
precwewy
"+ GEOMETRY
[reeevres
read geoa
unit 1 :
com="Py Cylinder - One Ton Cask™
cylinger 1 1 4.3099 35.8775  0.0000
cylinder 3 1 4.3100 35.8775  0.0000
orig 0.0000 0.0001
cylinder 2 1 22.3200 57.2213  -21.3438
orig 0.0000 0.0601
cyiinger 3 1 52.320 87.2212  -51.3438
orig 0.0000 0.0001
* Cylinder 3 110.0 ¢/1 i Qne Ton Incresse D
rezd peram
tre=700 nsk=20 Tib=4
f1 S Plt=ves run=yas
end
P

T MIVTHIIG
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R
mixt  sctel

36110 2.7711E-04
8316 3.3242€-02
1601 6.6483E-C2

2

mix=2
82000 3.3130E-C2
‘Weter
nix=3
8016 3.3428E-02
1001 6.6856E-02
end mixt
RERRRIEARK

SQMETRY

propve
read geom
unit 1
con="Py Cylinder  One Ton Cask™
cylinder - 1 1 4.3089 35.8775  0.0000
cylinder 3 1 4.3100 35.8775  0.0000
orig 0.0000- 0.0001
cylinder 21 22.3200 57.2213  -21.3438
orig 0.0000 0.0601 .
cylinder 3 1 52.320  87.2213 -51.3438
orig *0.0000 0.0001
end geom
end data
end
~kenova
67 g Fu Cylinder 2 32.0 ¢g/1 in One-Ton Increase D
read param ) .
tm--200 gen=120 nsk=20 1ib=4 npg=5000  niH=8000
: fdn=yes  plt=yes run-yes  tha=50.0
€.sparam .
CHARRRARERR,
** MIXTURES
RwRRRREAR
read mixt  sct=l
‘Fuel
mixel

3932 8.0514E-05

8016 3.3374E-02

1001 6.67482-02
‘Lesd
mix=2

82000 3.3130E-02
“Water
mix=3

8016 3.3428E-02

. 1001 6.6856£-02

end mixt
TRREERRRREE
** GEQMETRY
REERERREAE
rezd geon
wit'l
cem="Py Cylinger  Cne Ton Cask”
i 11 4.30¢5 35.8775  0.0000
31 4.3100 35.8775  0.0000
orig 0.0000 0.0001
21 87.2213
orig
31
crig
20
[

Input File for ##Pu in the Large Bore Cask with Increased Lezd
Peflection as given after Table 3
wl

o
19
~
o
IS

w

19 9
158 500 5
0 0
0 0

t

258 94239 -3834
£2000 1001

P 3834 253

0.0 8.64082-05
1 15,9584
4xx 253
t
end
=kenova

230 g Pu Cylinder a 34.3'9/1 in La
12.4°

regd perem
tre=700
Tix»yes
end param
RERR AR
* MIXTURES
-
read mixt  sct=l

‘Fuel R
mix=1

P

=120

¢ nsk=20
fén=yes

plt=yes

3934 8.6408E-05
8016 3.3370E-02
1001 6.6740£-02
‘Lead
mix=2
82000 3.3130E-02
"Water
mix=3
8016 3.3428E-02
1001 5.6856E-02
end mixt
CrRRR AR
* GECHETRY
I
rezd geom
unit 1

15 2
0 0 0
1 0 0
8015
2 5.57¢3 0.0000
1 1.0079 1.5757E+04
1.43056+03 1 1

rge Bore Increase Lead Thickness to

1ip=d
run=yes

npg=5000  nfb=8000

tbe=50.0

com="Pu Cylinder Large Bore Cask with 12.4 inch Leed”

68.5800  0.0000
68.5800  0.0000
0.0001

€5.4800  -26.9000
0.0001

125.4800  -55.9000

0.0001

Input File for #Pu in the 5 1 Cask with 8" Lead Reflector as given

cylinder 11 5.5799
cylinder 3 1 5.5800
T orig 0.0000

cylinder 2 1 37.0760
orig 0.0000

cytinder 31 67.0760
orig 0.0000

end gaom :

end data

end

in Table 4 .

=nitawl

0ss 82

188

t

33

Fx

B6-22
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4=* 263 cuboid 31 €p73.0
t end geon
end rezd mixt
=kanova *PY ISOTCPICS
Normal Conditions 230 g 5L Pu sphere 8" lezd refl + FiR mix=1 °4032 8.0514E-05 €015 3.3374E-02 1001 6.6743E-02
read parzm . "WATER 1SOTOR.
=230.0 1ib=4 " flx=y2s fdn=yes npg=5000 . mix=3 eO!o 3.2428E-02 1901 6.6855E-02
=120 tH2=£0.0 nsk=20 nub=yes nfd=8000 LERD

mix~2 2000 3.3133€-02
sct=1 end mixt

raad geom

sphere 11 10.608 end data
sphere 21 30.628 end
cuboid 31 £p72.0
end geom Input File for #U in the 5 1 Cask with 8" Lead Reflector as given in
read mixt Table 4
‘PU ISOTOPICS =nitawl
mix=1 94045 1.1588E-04 8015 3.3350£-02 1001 6.57: 73 82 2 3 & 18
‘A 1S0TOPICS 8 ? 5 ol
mx-3 8016 3.3428E-02 1001 6.6856E-02 158 500 7 0 0 0
“LEAD 0 ] 3 0 [
mix=2 82000 3.3133E-02 0 0
sct=1 end mixt ) t
end Ceta 258 8016 1002 92235 -92738 -02369
end . -€2007 . 82000
#kenova K 92738 23 T3 10.6080 0.00 =
Loss, of Mass 460 G SL Pu sphere 8" Jead refi + FuR 0.0 3.7817E-04 1 1.0079 3.5783E+03
read param . 1 15.9994  3.2485E+02 1 1.000
tne=200.0 1ib=4 flx=yes fdn=yes npg=5000 92359 253 3 10.6080 0.0000
9en=120 tba=60.0 nsk=20 nub=yes nd=8000 0.0 1.8909E-04 1 1.0079 7.1848E+03
end param 1 15,9954 6.5227€+02 1 1.000
read geom 92007 293 3 11.7000 0.0000
sphere 11 10.608 0.0 1.4092€-04 1 1.0079 9.65035+03
sphere 2 1 30.928 1 15,9934 8.76108+02 1 1.000
cuboid 3 1 6p72.0 4% £203
end geon t .
read mixt end
‘PY ISOTOPICS ~kenove
mix=1 94092 2.3176E-04 8015 3.3273E-02 1001 6.6546E-02 Nar:ra] Condition 359 g 5L U235 73.8 ¢/1 sphere with 8° lead ref) +
"WATER 1S0TOPICS
mix=3 8015 3.34282-02 1001 6.6855£-02 read param tre=150.0 1ib~4 nsk=20 gen=120 npg=5000
LEAD | nud=yes  flx-yes fdn=yes tbz=60.0 nfb=8000 end param
mix=2 82600 3.3133E-02 resd geometry

sphere 11 10.608

sct=1 end mixt
sphere 21 30.928

end dete

end A X cuboid 31 €72.0

~kenova end geon

Loss of Refl 230 g 5L Pu sphere 12" lead ref) + FWR read mixt

read param FUEL
2=200.0 11t=4 fixmyes fdn=yes npg=5000 - mixel 92355 1.8909E-C4 8016 3.3298E-02 1001 6.6595€-02
n~120 tha=60.0 nsk=20 nub=yes nTb~8000 "WATER ISOTOPICS

end parem mix=3 8016 3.3428£-02 1001 6.6656E-02

‘read geom LEAD
sohere 11 10.608 mix=2 82000 3.3133E-02
sphere 211 4). 088 end data
cuboid 31 6582, end
end geom . =kenova
read mixi Loss of Mess 738 ¢ Sb U235 147.6 ¢/U sphere with 8" Tead refl + FiR
‘PUISOTOPICS read perem tme~150.0 1ib=4 nsk=20 9en=120 npg=5000
mix=1 94045 1.1588E-04 8015 3.335CE-02 1001 6.5701£-02 nub=yes  flx=yes fdn=yes tba=50.0 nf>=8000 end param

£R 1SOTOPICS . read caometry
mix=3 8015 3.24282-02 1001 6,6856E-02 sphere 11 10.608

LERD sphere 21 30.928

cuboid 3169720

3.3:

2 7817204
T Volume 230 g 7L Pu sohera §"1e2d refl + FiR C

peram

=200.0 Tib=4 flx=yes fdamyes npg=5000
bg=50.0 nsk=2) nubmyss afh=S300

TORICS
mix-3 €015 3.3428£-02 1001 6.£5

0 3.31332-02
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ra22d perem tme=150.0 1ib=4 nsk=20 gen=120 rpg~5000
nub=yes Tlx=yes fdn=yes iba=50.0 nfb=8000 end perem

r 77 geometry

2 1110.608
spere 21 41.088
cubsid 31 6p82.0
end gaom
3 mixt

mix=l 52369 1.8995E-04 8016 3.3298E-02 1001 6.63¢32-02
THATER ISQTOPICS
mix=3 8015 3.3428€-02 1001 6.6856E-02

£
mix=2 82000 3.3133€-02

end deta

end

“kenova

Loss of Voluwe 385 ¢ 6.71L U235 55 g/L sp + PR

reed param tme=150.0 1ib=4 nsk=20 gen~120 npg=5000
nub=yes  flxmyes fdn=yes tbe=£0.0 nfb=8000 end param
read geometry
sphere 11 11,7000
sphere 2 1 32.0200
cuboid 31 6p63.0
end geom
read mixt
FUEL
mix=1 2007 1.4092E-04 8016 3.3331E-02 1001 6.6662E-02
WATER 1SOTOPICS
mix=3 8016 3.3428E-02 1001 6.68558-02
‘LEAD .
© mix=2 82000 3.3133E-02
end data

end
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hppendix B Input Files for Benchmark Cases given in Table §

Input File for Pu(NO,), Sphere at 26.3 g Pu/l1 with Thin Steel Shell
and Full Water Reflection

Input File for Pu(NO,), Sphere at 34.3 g Pu/l with Thin Steel Shell
Input File for Pu(NO,), Sphere at 35.5 g Pu/] with 4" Concrete Shell
Input File for Pu(N0,), Sphere at 32.8 g Pu/l with 4" Concrete Shell
Input File for Pu(NO,), Sphere at 29.6 g Pu/1 with 10" Concrete Shell

Input File for 4x4 array of 93.2 wt¥ Enriched Urahy] Nitrate Solution
at 67.28 gU/1 with concrete reflection

=aitaw]

0ss82 2 3 4 138
1920 915

1ss 500 17 0 0 0
00 6 0 0

¢ 0

t .

255 92235 G2234 92236 92238 14000
25000 7014 6012 8016 1001
20000 22000 11023 12000 13027
18600 16000

3** 92234 293 2 10.5500 0.9502

0.0 1.7693E-06 11.0079 7.51258+05
1 16.160% 7.4984E+04 1 1.000
€2235 293 2 10.5600 0.9502

0.0 1.6061E-04 11.0079 8.2758E+03
1 15.9415 8.1445€+02 1 1.000
92236 263 2 10.5600 0.9502

0.0 7.4495E-07 11,0079 1.7843£3G5
1 16,1622 1.7813E+05 1 1.000
92238 283 2 . 10.5500 0.9502

0.0 9.1432€-056 1 1.0073 1.4537E+05
1 16.1517 1.4502€+04 1 1.000
26000 293 1 25.4000 0.0000

0.0 2.52785-03 1 1.0079  §.3939E+02
1 16.7297 8.9763t+02 1 1.000

11023 293 1 25.4000 0.0000

0.0 3.8303€-04 11.0079 5.5395E+02
1 16,8578 5.9671f+02 1 1.000
4xx £203

t

end -

~kenova ROTS3 4x4 array of UN solution w/o sleeve (67.28 QuA-21.32
¢ diam cyl) .

read param  gen=120  nsk=20 npg=5000 n¥b=8000

tme=700 fonwyes plt=yes run=yes tba=60.0

fixmyas 1ib=4 nub=yes

end peran

rezd mixt
PARERKARK IR AR

"* MIXTORES *

PRERKERERRARIAR

B6-25

20000 8.0213£-03
25000 2.5278E-04
12600 4.8576E-04
12000 7.71362-03

. 28082-05
2.8152E-05
end mixt
TERRRC ARSI,

* GIQMETRY
[EET S
read geom

unip 1

com with gU/1-21.12 cn dizm ¢yl) *
cyltinder 1 1 0.505 0.00 -0.32
cylinder 2 1 10.56 0.00 -0.32
cylinder 1 1 10.56 27.15 -0.32
cylinder 0 1 10.56 19.1 -0.32
cylinder 2 1 10.96 119.1 -0.32
cuboid 0 1 15.24 .15.24 15.24 -15.24 123.445 -0.32
unit 2 A
cylinder 1 1 0.505 25.40 0.00
cylinder 2 1 0.635 25.40 0.00
cubeid 3 1 15.24 -15.24 15.24 -15.24 25.4 0.0
unit 3 !
cylinder 1 1 0.505 5.06 0.00
cylinder 2 1 0.635 5.00 0.00
cwboid 0 1 15,24 -15.24 15.24 -15.24 5.0 0.0
unit 4 R
cylinder 1 1 1.4 0.00 -0.32
cylinder 2 1 10.56 0.00 -0.32
cylinder 1 1 10.56 27.15 -0.32
cylincer 0 1 10.55 119.1 -0.32
cytinder 2. 1 10.96 19.1 -0.32
cuboid 0 1 15,24 -15.24 15.24 -15.24 123.445 -0.32
unit §
cylinder 1 1 1.14¢ 25.40 0.00
cytinger 2 1 1.270 25.40 0.00
cudoid 3 1 15.24 -15.24 15.24 -15.24 25.4 0.0
unit 6
cylinder 1 1 1.140 5.00 0.00
cylinder 2 1 1.271 5.00 0.60
cuboid 0 1 15,24 -15.24 15,24 -15.24 5.0 0.0
unit 7 array=l 0.0 0.0 0.0
unit § arrey=2 0.0 0.0 0.0
vnit § 2rray=3 0.0 0.0 0.0
unit 10
cudoid 0 1 121.52 0.00.24 0.0 5.0 0.0
cuboid 3 1 121.92 0.0 0.14 0.0 30.4 0.0-
cuboid 0 1 120.82 0.0 0.14 0.0 154.165 0.0
unit 11 .
cuboid 0 1 25.7 0.0 122.20.0 5.0 0.0
cuoid 3 1 257 0.0 122.20.0 30.4 0.0
cudoid § 1 25.7 0.0 122.2 0.0 31.035 0.0
cuboid 3 1 25.7 0.0 122.2 0.0 154.165 0.0
unit 12
cubsid § 1 173.32 0.025.7 0.0 5.0 0.0
choid 31 173.32 0.0 25.7 0.0 30.4 0.0
cuboid 0 1 173.32 0.0 25.7 0.0 31.035 0.0
cudoid 3 1 173.32 0.0 25.7 0.0 134.155 0.0
vhit 13 arrey~4 0.00.0 0.0
uait 14 errayss 0.90.09.0
clchel unit 15 errey=5 9.90.090.0
reflector 0 1 0000 0.00.006.5350.01:.0
ector 3 1 0.00.0 00002540010
end geom
CHrRRFERRERRRRE
hpRRAY %
PRERERER R RAE IR

rrzy
~uxe} nuy=1
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ara=2 aux=1 nuy=1 nuz=3 fill 654 end fill 12000 7.1885E-04
ara=3 nux=4 nuy=4 nuzel fi11 7777 13027 1.1241€-03
- 7877 20900 8.0213€-03
7877 26000 2.5278E-04
77177 end fill 19000 4.8976E-04
are=4 nux=1 nuy=3 nuz=l 111 10 9 120 end fill 14000 7.7135%-03
&re=5 aux=3 nuy=1 nez«l 111111311 end fill 1001 1.0401E-02
ara=5 nux~l nuy=3 nuzel fill 12 14 12  end fill 11023 3.8303€-04
end array 8016 4.2362€~02
rezd plot €012 5.4237€-03
tti=Plot" nch=" *1.* 7014 1.9958E-05
xule0 x1r=125 yul=71.45 ylr=71.46 2zul=165 z1r=-5 15000 8.2809E-05
uzx=1 wdn=-1 nax=130 nda=80 1pi~10 picmmix end 22000 2.9192E-05
end plot end mixt
El'Id data TREAFERARIRIRK
end - ‘* GEQMETRY *
- [ e——
Input File for 2x2 array of 93.2 wt¥ Enriched Uranyl Nitrate Solution
at 76,09 gU/1 with concrete reflection unit
=nitawl cylinder 1 1 0.505
0ss 82 2 3 4 8 cylinder 2 1 10.55
19 20 9 - 15 cylinder 1 1 10.56
1s$ 500 17000 cylinder 0 1 10.56
0060¢ cylinger 2 1 10.96
00 cuboid 0 1 15.24
t usit 2
258 92235 92234 92236 2238 14009 cylincer 1 1 0.505
26000 7014 6012 8016  cO1 cylinder-2 1 0.635
20000 - 22000 11023 12000 13027 cuboid 3 1 15.24
19000 15000 unit 3
3+ 62234 293 2 10.5800 0.9502 cylinder 1 1 0.505
0.0 2.0009e-06 1 1.007% . 6.6236E+05 cylinger 2 1 0.635
116.1816 6.6870E+04 1 1.000 cuboid 0 1 15.24
92235 293 2 10.5600 0.8502 unit 4
0 1.8164E-04 1 1.0079 7.2963t+03 cylinder 1 1 1.14
15,9352  7.2503E+02 1 1.000 cylinder 2 1 10.56
293 2 10.5600 0.9502 cylinder 1 1 - 10.56
0.0 8.4250E-07 1 1.0079 1.5731E+06 cylinder 0 1 10.56
116.1829 1.5883E+05 1 1.000 cylinder 2 1 10.96
92238 293 2 10.5600 0.9502 cuboid 0 1 15.24
0.0 1.0341£-05 1 1.0079 1.28158+05 unit 5
116.1712 1.2930E+04 1 1.000 cylinger 1 1 1.140
26000 293 1 25.400 0.0000 cylinder 2 1 1.270
0.0 2.5276E-04 1 1.0079 8.3535E+02 cuboid 3 1 15.24
116.7297 B.97636+02 1 1.000 uait 6 -
11023 293 1 25.400 0.0000 cylinder 1 1 1.140
0.0 3.8303t-04 1 1.0079 5.53%5E+02 cylinder 2 1 12710
116.8578 . 5.9671€+02 1 1.000 cuboid 0 1 15.24
4% f283 unit 7 array=l 0.0 0.
t unit 8 erray=2 0.040
end unit 9 arrey=3 000
=kenova unit 10
ROTS4 2x2 array w/o sleeve (76.09 gU/1-21.12 ecm diam cyl) cuboid 0
read param gen=120 nsk=20  npg=5000 nib=8000 cuboid 3
tmew700 fdn=yes plt=yes run=yes tbz=50.0 cuboid 0
fix=yes 1ib=4 nubmyes unit 11
end param cuboid 0
rezd mixt cubdid 3
CRRRRREEREREAN cuboid 0
** MIXTURES * unit 12
CARRREAAEIRAAE cuboid 0
cubeid 3
cuboid 0
, cuboid 3
unit 13

HNF-SD-TP-SEP-063, Rev. 0

3ol

0.00  -0.32
0.00 -0.32
62.3  -0.32
g1 -0.32

118.1 -0.32
-15.24. 15.24 -15.24 123.445 -0.32

25.40 9.00

25.40 0.00

-15.24 15.24 -15.24  25.4 0.0
5.00 0.00
5.00 0.00

-15.24 15.24 -15.24 5.0 0.0
0.00 -0.32
9.00 -0.32

62.34 -0.32

119.1 -0.32

- 11901 -0.32

-15.24 15.24 -15.24 123.445 -0.32
25.40 0.00

25.40 - 0.00

-15.24 15.24 -15.24 25.4 0.0
5.00 0.00
5.00 0.00

15.24 15.24 -15.24 5.0 0.0
0.0

0.0

0.0
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end geom ERRRERRAEHINERE
CRRARARREAIARE “x BIXTURES *
Tk OARRAY % PRREXARREEKRAIE
RRRRARRRERARE .

read array

aca=l nux=1 nuy=1 nuz=3 fill 321 end fill
are=2 nex=1 nuy=l  nuz=3 fi1l 654 end fill
&ra=3 nux=2 nuy=2  avz= Till 8787 end fih
ara~4 nux=3 nuy=1 nuz=l fi1l 10 %10 eng finl
&re=5 nux=l nuy=3 nez=) fitl 11 1411 end fiNl
ara=6 nux=3 nuy=l} nuz=1 fill 12 1512 end fill

ara=7 nux=1 nuy=3  nuz=l fiil 13 16 13 end fill 1001 5. 8u54‘ 02
end array mix=2
read plot ‘Al tank
ttl="Plot® - nch=" *!.° pic=mix 13027 5.¢4552-02
xul=25, xIr=73 yul=71.45 ylr=71.46 2u1=166 zZlr=-1 Fix=3
v2x=] win=-1 nax=130 ndn=80 1pi=10 end ‘Ste2l Sleave
end plot ‘25001 5.9852E-02
end data 24000 1.8965E-02
end . 26000 7.5400E-03
- 6012 2.6231E-04
Input File for 4x4 array of 93.2 wtY Enriched Uranyl Nitrate Solution 14000 1.3768€-03
at 360.37 gU/1 with concrete reflection 15031 3.8530E-05
=aitawl 15000 2.82826-05
0ss 82 2 3 4 18 ) 25055 1.1209€-03 -
19 20 9 15 42000 8.95636-06
188 500 23000 - ix=4
00 1000 ‘Concrete
00 . 12000 7.1885€-04
t 13027 1.1241E-03
258 92235 92234 92236 92238 14000 . 20000 8.0213E-03
26000 -26001 6012 8016 1001 26000 2.5278E-04
20000 22000 11023 12000 13027 19000 4.6976E-04
19000 16000 15031 25055 42000 14000 7.7139€-03
7014 24060 28000 1001 1.0401E-02
Eiid 92234 293 2 8.3800 0.6576 : 11023 3.8303E-04
0.0 9.4767E-06 1 1.0079  1.2499E+05 8015 4.2362E-02
116.7021 1.8007€+04 1  1.000 . 6012 6.4237€-03
92235 293 2 8.3809 0.6576 7014 1.9858E-05
0.0 8.6027E-04 1 1.0079 1.3769£+03 16000 8.2809€-05
115.7583 1.8678E+02 1. 1.000 22000 2.9192£-05
92236 293 2 8.3800 0.6575 end mixt
0.0 3.9902E-06 1 1.0073 2.9685E+05 eksiohoisialinisiaioid
116.7073  4.2781E+04 1 1.000 T* GEOMETRY *
92238 293 2 8.3800 0.6576.° ekshobidehiiioioboil
0.0 4.8974E-05 1 1.0079 2.4186E+04 reed geon .
116.6623 3.4756E+03 1 1.000 unit 1
26000 293 1 25.4000 0.0000 cylinder 1 1 0.505 0.00 -0.32
0.0 2.5278E-04 1 1.007¢ 8.3939E+02 cylinder 2 1 8.05 0.00 -0.32
116.7297 B8.9763E+02 1  1.000 cylinder 1 1 8.06 32.32 - -0.32
11023 293 1 25.4000 0.0000 | cylinder 0 1 8.06 119.1 -0.32
0.0 3.8303-04 1 1.007% §5.5395E+02 cylinder 2 1 8.38 11%.1 -0.32
116.8578 5.9671E+02 1 1.000 cylinder 0 1 8.38 121.68 -0.32
25001 283 1 0.3100 0.0000, cylinder 3 1 8.69 121.68 -0.32
0.0 5.9852€-02 1 .58.6% 2.2046E+00 cuboid 00 1 15.24 -15.24 . 15.24 -15.24 123.445 -0.32
148.1197  4.0995€-02 1 1.000 . unit 2
25055 293 1 0.3100 0.0000 cylinder 1 1 - 02505 25.40 T 0.00
0.0 1.1209E-03 1 35.847 6.0872E+02 cylinder 2 1 0.635 25.40 0.00
154.2180 3.6440E-02 1 1.000 cuboid 4 1 15.24 -15.24 1524 -15.24 25.4 0.0
24200 2¢3 1 0.3160 0.0900 unit 3
0.0 1.6885£-02 1 55.847 4.0171E+01 cytinder 1 1 0.505 5.00 0.00

0.€35 5.00 0.00

1 55.4860 3.56218-02 1 1.000
15.24 -15.24 15.24 -15.24 5.0 0.0

28000 263 1 0.3100 0.0000
0.0 7.5400£-03 1 55.847 9.0
1481187 4.0895E-02 1 1.0

Q151 4x4 erray UN scluticn w/sieeve (350,37 gU/1-15.12 e dian cyl)
d parem cen=1 nsk=20 np 00 nTomE000

g pit=yes ru s the=50.6

Tiomt  nubmyss

123.445 -0.32
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cuboid 4 1 15.24 -15.24 15.24 -15.24 5.4 0.0
Lait
“inder 1 1 1.140 5.00 0.00
nder 2 1 1.270 5.00 0.00
cuboid 0 1 15.24 -15.24 1524 -35.24 5.9 0.0
unit 7 array=1 0.0 0.¢ 0.0 .
uiit'8 srrey=2 0.00.60.0
unit ¢ array=3 0.00.00.0
unit 10
cuboid 0 1 121.92 0.0 0.14 0.0 5.0 0.0
cubdid 4 1 121.52 0.00.24 0.0 32.4 0.0
cuboid ¢ 1 121.82 0.0 0.14 0.0 154.185 0.0
unit 11
cuboid 0 1 25.7 0.0 122.20.0 5.0 0.0
cuboid 4 1 .25.7 0.0 122.20.0 39.4 0.0
cuboid 0 1 25.7 0.0 122.2 0.9 31.035 0.0
cuboid 4 1 25.7 0.0 122.2 0.0 152,185 0.0
wit 12
cuboid 0 1 173.32 0.025.7 0.0 5.0 0.0
cvboid 4 1 173.32 0.025.7 0.0 30.4 0.0 -
cuboid 0 1 173.32 0.0 25.7 0.031.035 0.0
cubdid 4 1 173.32 0.0 25.7 0.0 154.155 0.0
unit 33 array=4 0.00.00.0
unit 14 erray=3 0.0 0.0-0.0
global unit 15 array=5 0.00.00.0
reflector 0 1 0.00.0 0.00.0056350.01.0
reflector 4 1 0.00.0 0.00.025.40.01.0
end geom
AR AR
ko PRRAY %
R AR
read array
ara=l nux=1 auy=1 nuz=3 fill 321 end i1l
ara=2 nux=l nuy=l nuz=3 il 65 end Till
nux=4 nuy=4 nuz=l 117777
7877
7877
77177 end fill
- ara=4 nux=1 nuy=3 avz=l fil1 109 10 end fiNl
ara=5 nux=3 nuy=1 ruz=l 1911 1113 11 end fi1
ara=g nux=} nuy=3 auzel fill 1234 12 end fill
end array °
read plot
tti="Plot’ nch=" *1.* picemix

xul=0. x1r=150, yul=71.46 yir=71.46 zulw155 z1r=-3
vax~l win=-1  nex=130  ncn=§0 lpi=10 end

end plot

end data

end

Input File for 4.31 wtX Optimum Moderated U0, Rods with Lead Reflector
at Various Distances

=nitaw] .
0ss 82 2 3 4 18
19 20 9 15
55 500 21 0 0 0
0 0 5 0 9
0 0 -
t
255 92235 92238 13027 82000 8016
1001 29000 -26001 26000 -25001
18069 23500 20000 7014
17509 22050 6012

12000

%

0.040%
7.743%€6+00
1.000

35.08563

283

end

kgnova

4.3] wik 102
read paren
tme=700
flx=yes fdnmyes
run=yes end parem
TARRR AR ARSI AR R

* MIXTURES *
CRrARRAREA AR R
rezd mixt  sct=l
“Fuel )

mixe]

oen=120

62235 1.0124E-03

34,0419
23
1.0904€-04 1

6.1400£+01
2

6.0131£+01

Tib=4
nub=yes

nsk=20-
tbe=50.0

- 92238 2.2183E-02 |

615 4.6411€-02
‘Clad
mix=2
T 13027 5.7878E-02
14000 2.3072£-04
25001 2.0305E-04
29001 1.0197€-04
25085 4.4230E-05
12000 7.9981E-04
24000 1.0904£-04
22900 5.0729E-05

Water
nix=3

8015 3.3426£-02
1001 6.6856E-02
17000 5.1298E-07
26600 3.2350€-10
82000 1.4532€-11
45000 3.2144E-11
7014 4.07925-09

82000 3.2771€-02
23000 1.3509E-04
£nd Caps

5012 3.8415E-02
1001 5.1304E-02
20000 2.2527€-03
15000 4.2183E-04
8016 1.0989E-02
14000 8.4975€-05

end mixt
ERR R AR TR AR IR

** GEOMETRY *

R RRRARR SRR RE IR H
read geon

unit

B6-28

0.63245
0.64135
6.70735

1
0.70735
25.98154

1

npg=5000
n=8000

91.44

1.000

0.0000

1.000

rods P=2.54 ¢ (Opt Moc) tezad refiector @ 0.09 in

7.4308€+02
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‘Weter tank oo 3 1 20.960. -0.66 152.31 -11.69 107.42 -15.68
cuboid 3 1 §0.82 -30.50 170.80 -30.50 121.8% -30.50 *Outer shall to i1l with lead

end geon b 31.18 -10.85 152.31.-11.69 107.42 -15.93

. 13 .

read array cuseid 3 1 50.82 -30.50 171.12 -30.50 121.84 -30.50

111 104r1 t eng i1

zre=} nux=8 nuy=13 nuz=l
are=2 rux=1 nuy=5 nuz~l

11123232 t-end fild

end gzon

end array r array .
end cata E nuxeS nuy=13 nuz=l 111 104r1 t ead fill
end are=2 nux=l nuy=s nuz=l 31123232t end fil
=kenova . end arrey
4.31 wt3 U02 rods P=2.54 cm (Opt Mod) lead reflector @ 0.25 in end data
read param end
tme=7G0 gen=120 nsk=29 . Tib=4 npg=3000 =kenova
fix=yes fdn=yes 1the=50.0 nud=yas nfb=8000 4,31 wt¥ U2 rods F=2.54 cm (Opt Mod) lead reflector 6 0.52 in
run=yes end parem read paran R
Boiboboiticlshohinioiuidaialed tre=700" ¢an=120 nsk=20 Tib=4 npg=5000
' MIXTURES * fix=yes faormyes tha=60.0 nub=yes nfo=§060
[ Funsyes end parem X
rezd mixt  sctel CRRERARERF RS RRS IR
*Fuel . "* MIXTURES *
mix=l R KRR AR R AR
92235 1.0124£-03 read mixt  sct=l
92238 2.2193E-02 : ‘Fuel .
8016 4.6411E-02 mix=l o -
“Clad 92235 1.0124£-03
mix=2 92233 2.2193E-02
- 13027 5.7878E-02 8015 4.6411£-02
14000 2.3072€-04 ‘Clad
25001 2.0305E-04 mix=2
25001 1.0187E-04 13027 5.7878E-02
25055 4.4230E-05 14000 2.3072€-04
12000 7.9981E-04 25001 2.0308E-04 .
24000 1.0904E-04 29001 1.0197€-04 : .
22000 5.0729E-05 25055 4.4230E-05
“Water 12000 7.9381E-04
mixe3 - 24000 1,0904E-04
8016 3.3426E-02 22000 5.0729-05
1001 6.6836E-02 ‘Water .
17000 5.1298E-07 mix=3
26000 3.2350E-10 £015 3.3428E-02
82000 1.4532E-11 1001 6.6856E-02
48000 3.2144E-11 17000 5.1296E-07
7014 4.0792E-09 26050 3.2350E-10
‘Lead 82000 1.4532E-11
mix=4 48000 3.2144E-11
82000 3.2771E-02 7014 4.0792E-08
29000 1.3%0S£-04 ‘tead - .
* ‘Rubber End Caps mix=4
mix«s : 82000 3.2771E-02
6012 3.6415€-02 25000 1.3909E-04
1001 5.1304£-02 ‘Rubber £nd Caps
20000 2.2627€-03 mix«5
16000 4.2183€-04 6012 3.8415E-02
8016 1.098%E-02 1001 5.1304E-02
14300 8.49 05 20060 2.2627€-03
end mixt B 15000 4.21832-04

8215 1.098%2-02
14207 8.4575E-05

CRECASRRRARERIKRRRE
‘* GEOYZTRY *
T ——
reed geom

wnit 1

end mixt
TRARERAARERARREAR AR
*GIOMETRY *

AR AR RRS A AR AR
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cuboid 3 1 20.980 -0.66 152.31 -11.69 107.42 -15.¢8

‘Water tenk

cuboid 3 1 50.82 -30.50 170.80 -30.50 121.¢4 -30.50 "Outar sh21l to fill with ltead
end geom cuboid 4 1 31.18 -10.86 152.31.-11.69 107.42 -15.58
. "Water
read erray cubeid 3 1 50.82 -30.50 171.12 -30.50 121.94 -30.50
ara=l nux=8 nuy=13 nuz=l £i1) 104l t end fi1 end geom .

sre=2 nux~1 nuy=5 nuz=l

Ti11 23232t end.fil

end array T2y
end ¢3ta nux=3 nuy=13 nuz=l . 111 104r] t - end fill
end are=2 nux=l nuy=5 nuz=l fi11 23232t end fill
=kenova end errey
4.31 wt$ U02 rods P=2.54 ca (Opt Fod) lead reflector @ 0.25 in end deta
read param end
tme=700 gan=120 nsk=20 Tib=4 npg=5000 =kenova
flx=yes fdn=yes tbe=60.0 nub=yes nfo=8060 4,31 wik U02 rods P=2.54 cm (Opt Mod) lead reflector € 0.52 in
run=yas end param . read param
Bakioisholsdoidcieisdeioiailie tme=7 00 gen=120 nsk=20 . Tib=4 npg=5000
“* MIXTURES * fix=yas fon=yes tha=63.0 nub=yes nib=2000
AR AR AR RARK runmyas end param
read mixt  sct=l R AR R
“Fuel "* MIXTURES *
mixel AR RR SRR
92235 1.0124€-03 read mixc  sctel
$2238 2.2193€-02 ‘Fuel
8016 4.6411€-02 mix=1 - -
‘Clad 62235 1.0124€-03
mix=2 92238 2.2193E-02
13027 5.7878£-02 8015 4.6411£-02
14000 2.3072E-04 ‘Cled
25001 2.C305E-04 - mix=2 )
25001 1.0187E-04 13027 5.7878€-02°
25055 4.4230E-05 14000 2.3072E-04
12000 7.9881E-04 26001 2.0305E-04
24000 1.0504E-04 25001 1.0197E-04
22000 5.0729€-05 25055 4,4230E-05
‘Water 12000 7.9981E-04
mix=3 24000 1.0304€-04
8016 3.34282-02 22000 5.0729E-05
1001 6.6856E-02 "Water .
17000 5.1258E-07 mix=3 X )
26000 3.2350E-10 8015 3.3428E-02
82000 1.4532E-11 . 1001 6.6856E-02
48000 3.2144E-11 17000 5.1298E-07
7014 4.0792E-09 26000 3.2350E-10
'Lezd 82600 1.4532¢-11
mix=4 43000 3.2144E-11
82000 3.2171€-02 7014 4.0792E-09
25000 1.3%9%€-04 “Leed . -
- 'Rubber End Caps mix=4
mix=5 82060 3.2771E-02
€012 3.84158-02 29069 1.3909E-04 .
1001 5.1304€-02 *Rubber End Caps . i
25000 2.2527€-03 mix=5
15000 4.2183€-04 6012 3.8415E-02
8016 1.09895-02 1001 5.1304€-02
14000 8.4875E-05 20000 2.2627E-03
end mixt . 150090 4.2183-04
S RFEFIR IR R AR TR RTRRX £015 1.0988E-02
" GEQMETRY * 14500 8.4875E-05
CRAERRRR AR AR A IR end mixt -
RRERRRRRRRRR AR AR
"% GEOMETRY *
[T ———
©.63245 §1.44
0.64135 ¢1.44
0.70735 91.44 :
0.70735 ¢3.63 0.63243 g1.44 ¢
*1.270 -1.270 1.270 -1.27G  93.93 0.64135 91.44 (
-10.15 -16.51 0.70735 G1.44 4
of pins” 0.70735 93.98 -2.54
1.270 -1.270 1.279 -1.270 93.98 -2.34
-10.16 -15.61 -2.54
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cudoid 3 1 2p10.160 2p9.520
glcbal unit 4 errey2 000
T e shell for lesd

cudoid 3 1 21.641 -1.32 ‘50 57 ~13.43 107.42 -15.
“Lugr sh2h) to fill with lead
cubsid 4 1 31.84 -11.52 150.57 -13.43 197.42 -15.
er tark R
cwboid 3 1 50.82 -30.50 167.64 -30.50 121.¢4 -30
end gzom :
read array

911 104r1 ¢ end fil1

2ra=1 nux=8§ nuy=13 nuz=l
fill23232¢tend fill

ara=2 nux=1 nuy=5 nuz=l

end array

g Csta
=2neva
4.31 wtk UC2 rods r-2 54 cm (Opt Mod) lesd reflector @ 2.12 in
cead param
tme=700 gen=120 nsk~20 1ib=4 npg=5000
fixmyes fdamyes tba=60.0 = nub=yes nfo=8000
cun=yes end param

[

** MIXTURES *
SRR R AR RRA R AR
read mixt  sc=l
*Fuel
mix=l
92235 1.0124€-03
92238 2.2193€-02
8016 4.5411E-02

‘Clad
mix=2

13027 5.7878£-02
14000 2.3072€-04
26001 2.0305E-04
29001 1.0197E-04
25055 4.4230E-05
12000 7.9981E-04
24000 1.0904E-04
22000 5.072%E-05

'Witer
Rix=3
§016 3.3428€-02
1001 6.6856€-02
17000 5.1298€-07
26000 3.2350E-10
82000 1.4532E-11
48000 3.2144€-11
7014 4.0792€-09
‘Lead .
mix=4

82000 3.2771€-02
25000.1.3903E-04
‘Rubber End Caps
mix=5

6012 3.8415€-02
1001 5.1304E-02
20009 2.2627€-03
16009 4.21835-04
8016 1,0689€-02
1’000 8.49736-03

’-,,,,*,,,,‘mx,*,x.**
reand gagm

1 .
v Single Fue) Pin”

oo

(SR

]

o3

.59

con="13 x § erray of pins”
3

“Critical Separation - Water Gep™
id 3 1 2010.150
glchzl unit 4 array 2 000

1 Yor lead

2p5.150 93.98 -2.54

5i¢ 3 25.725 -5.41 141.83 -22.17 107.42 -15.¢8
Quter srm 0 fi11 with lead
cudsid 4 1 . 35.93 -15.61 141.83 -22.17 107,42 -15.98
20k
cuoig 3 1
end g2om

50.82 -30.50 150.16 -30.50 121.94 -30.50

read arrey
are=1 =2 ruy=13 nuz=l
are=2 nux=1 nuy=5 nuzel
eng arrey

eng cete

end

=kenova

4,231 wt% U02 rods P=2.54 cm {Opt Mod) without lead reflector
read perem .

tue=700

fi11 104rl t end fill
fil1 23232t end fill

npg=5000
nfb=8000

can=120 nsk=20 1ib=4

fx=yss fdn=yes tba=60. 0 nub=yes

run=yes end paran

CRARR AR AR

* MIXTURES *

CRRRRRREAFEREIRRERRE

rezd mixt  sct=l

‘Fuel

mix=}

92235 1.0124E-03

2238 2.2193E-02

8015 4.6411E-02

*Clad -

mix=2
13027 5.7878E-02
140090 2.3072€-04
25001 2.0305E-04
23001 1.0197E-04
25055 4.4230£-05

7.9981E-04

2:000 1.0904E-04

22900 5.0725€-05

‘Weter

mix=3
§015 3.3428€-02
1001 6.6856E-02
17000 5.1298€-07
25000 3.2350€-10
82000 1.4532E-11
48000 3.2144E-11
7014 4.0792€-09

"Lead

fix=4
82000 3.2771£-02
23000 1.3909E-04

'Rubber End Caps

mixes

2 3.8415€-02

.1304£-02

B6-31
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cylinder 5 1 0.70735 €3.98 -2.54
.ocudoid 3 1 1.270 -1.270 1.270 -1.27¢ 93.98 -2.54
wit 2 array 1 -10.16 -16.51 -2.54
com="13 x 8 array of pins”
unit 3
cor="Critical Ssparetion - Water Gap~
cuboid 3 1 2p10.160 2p4.120  93.55 -2.54

globat unit 4 arrzy 2 000
‘weter tank

cuboid 3 1 50.82 -30.50 146.04 -30.50 121.54 -30.50
end geom

read array

ara=1 nux=8 nuy=13 nuz=l
arg=2 nux=1 nuy=5 nuz=l
end array

end data

end

£i11 104r1 t end fill
fi1123232¢end fin

Input File for 4,31 wit Undermoderated UO, Rods with Lead Reflector at

Various Distances

=nitawl
088 82 2 3 4 18
19 9 15 2
1ss 500 24 0 0 0
0 2 0 [
0 4
t
288 92234 25055 92235 =235 8016
92235 24304 92238 -238 1001
26304 25000 42000 28304 14200
13027 12000 5010 5011 © 24000
25000 28000 40302 82000
I 235 293.16 2 0.63245 0.1804¢496
0.0 0.0010104 15,9994 171.4236421
1 238.049392 232. 5850::28 1 1
233 293.15 2 0.63245 0.18049496
6.0 0.02216 1 15,5994 7.816175451
1 235.043971 0.536340131 i 1
4x% £293.16
t
end
=Xenoh

SIMULATED SHIPFING CONTAINER EXP - 4 31 WT% FUEL LEAD REFL (npg-5000)

read parameters

152=290.0 tba=50.0 cen=120 npg=3000 1it=4
flx=yes fdn=yes nub=yes pwi=yes

plt=yes run=yes nsk=20

end parameters

Cx SETUP MIXTGRES *

read mixt sctel
* FUEL ISOTOPICS
mix= 1
92234 5.1843E-06
235 1.0104£-03
92236 5.1403:-05
238 2.2160E-02
8016 4.6762€-02
' CLAD ISOTORPICS
mix= 2
13027
1z009
14300
24060
25035
26000
25000
an

*LEAD WALL ISOTOPICS
mix= &
82000 3.2771£-02
25000 3.9239€-04
end mixt

* SETUP GEQMETRY

* *

* 12X15 PIN LATTICE *

read geametry

unit.

92.075 0.0
c_yhnder 01 0.64135 92.075 0.0
cylinder 21 0.70735 92.075 0.0
cuboid 31 0.946 -0.946 0.946 -0.946 €2.075 0.0

unit 2 arrey 1 -11.352° -15.136 0.0
com=" 12X16 PIN ARRAY (ASSEMBLY)™-
cuboid 3 1 11.35201 -11.35?01 15.13501 -16.13601 $2.075 0.0

unit 3 |
com=" CRITICAL SEPARATION WATER GAP * .
cuboid  3111.35201 -11.35201 8.87 -8.87 92.075 0.¢

globat unit 4 array 2 0.0 0.0 0.0

com=" CRITICAL ARRAY GEOMETRY (3 ASSEMBLIES) -

*INNER CUBDID SHELL FOR LEAD

cubeid 3 1 22.70402 -0.00002 145,148 -18.852 105.56 -17.84
OUTER CUBOID SHELL TO FILL W/LEAD

cuboid 4 1 32.50402 -10.20002 145,148 -18.852 105.56 -17.84
"CUSQID OF WATER TANK

cuboid 3 1 53.20401 -30.501 170.878 -54.122 107.275 -17.84
end geomstry

read array

ara=1 nux=12 nuy-ls nuz=l fi13 192r]1 t end fill

ara=2 aux=l nuy=5 nuz=l fil1 23232t end fill

end array

fead start nstel end start

* PLOT GEOMETRY *

read plot

tti=" Xy PIN CELL BY MATERIAL®

nch=" 0:-"

xul=0.0 x1r=1.892 yul=}.892 y1r=0.0 zui=50.0 z1r=50.0
uax~1.0 vgr=-1.0 n2x=80 1pi=10 pic=nzt end

ttl= XY SECT!ON OF 12x15 ASSEMSLY BY MATERIAL®
nch="
xL/l-3 0 x1 r=22

704 yul=30.272 yir=0.0 201=50.0 zir=50.0
end

0 nzx=120 1pi=18 pic

N OF CRITICAL ARRAY BY MA

3.0 yui=1.27 y
.0 nex=100 154
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end pict
end ¢:t3
bt

Swwizted shipping container exp - 4.31 wit fuel lezd redd (npg=5000)

read parameters

tn2=290.0 t52=80.0 ¢2n=120 nsk=2) npg=5900 Yib=4
fi s fdnmyes nubwyes pwimyes

8 run=yes

€ng paremsiers

* setup mixtures *

rezd mixt sct=l
’ isctopics
mix= 1
92234 5.1843e-06
235 1.0104e-03
92236 5.1403¢-05
238 2.2160e-02
8016 4.6752¢-02
* cled isotopics
mix= 2
13027 5.8075¢-02
12000 5.3487e-04
14000 4.6300e-04
24000 1.0942-04
25055 4.438le-05
26000 2.03742-04
29000 1.0233¢-04
* moderetor isotopics
mix= 3
. T 8016  3.33892-02
©1001 6.67372-02
+d wall isotopics
mix» 4
82000 3.2771e-02
25000 3.923%e-04

end mixt

tox setup geometry *

Coa *
* 12x15 pin lattice *

read geometey

[EAEA

com=" ynit pin cell ~

cylinder 11 0.63245 92.075 0.0

cylinger ¢ 1 0.64135 92.075 0.0

cylinder 21 0.70735 92.075 0.0

cuboid 31 0.946 -0.946 0.%48 -0.945 92.075 0.0

unit 2 erray 1 -11.352 -15.135 0.0
12x156 pin 2irrey (2ssembly)”

i 4errey2 0.0 0.0 0.
erivical er y (3 esseabliss)

"cuboid of water tank
cuboid 3 1 53.20401 -30.501 170.878 -54.122 107.275 -17.84
end ceometry

array

1 nux=12 nuy=16 nuz=l fill 162r1 t end il
are=2 nux=l nuy=s nuz=l fi11232321tend fill
eng array

read start nst=1 end start

o piot geometry : *

ttl=" xy pin cell by meterial’

nch=" o0:-"

Xul=0.0 x1r=1.892 yul=l.892 ylr=(.0 zui=30.0 z1r=50.0
vex=1.0 vin=-1.0 nax=80 1pi=10 pic=mst end

tt1=" xy ssction of 12x16 esseably by material’

nche* 00-"

xuI=0.0 x1r=22.704 yul=30.272 ytr=0.0 zul=50.0 21r=50.0
uex=1.0 vdn=-1.0 n2x=100 1pi=10 pic=met end

tt]=" xy sectien of critical arrey by material’

nch=* 00-*" -

x1=-15.0 x1r=35.0 yui=140.0 ylr=-5.0 zul=50.0 21r=50.0
vax~1.0 vdn=-1.0 nax~100 1pi=10 pic=met end

=" xz section of critical array by material’

nch=" 0o-%*

xul=-15.0 x1r=35.0 yul=1.27 yIr=1.27 zv1=50.0 21r=-10.0
vax=1.0 wdn=-1.0 nax~100 1pi=10 pic=mat end

end plot

end data

end

=kencS

Simulated shipping container exp -4.31wty fuel lead refl 63 cm (5000)

read parametars .

192+290.0 the~60.0 gen=120 nsk=20 npg=5000 1ib=4
fixuyes fdnwyes nubwyes’ pwt=yes

plt=yes run=yes

end parzreters

tox setup mixtures *

read mixt - sct=l
' fuel isotcpics
mix= 1
92234 5.1843e-06
235 1.0104e-03
92236 5.1403e-06
238" 2.2160e-02
8015 4.6762e-02
* ¢lad isctepics
mix= 2 .
13027 5.8072-02
12000 5.3487e-C4
£300e-04
0¢422-04
05

o da b
>
&

.02332-04
* *or isotopics
3.33692-02

£7372-02
$otonics
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25000 3.923%-04
end mixt
tox setup geometry *
- x
o 12x15 pin lattice *

read geometry

unit 1

cot=" unit pin cell

cylinder 11 0.63245 62.075 0
cylindar 01 0.64135 €2.075 0.
cylinder 21 0.70735 92.075 0
cuboid 31 0.946 0.4 0.%

Rooo

6 -0.945 92.075 0.0

wiit 2 array 1 -11.352 -15.136 0.0
com=" 12x16 pin array (assembly)”
cuboid 3 1 11.35201 -11.35201 15.13601 -15.13601 92.075 0.0

unit 3

com=" ¢riticzl separation water gep

cuboid 31 11.35201 -11.35201 8 125 -8.125 92.075 0.0

globel unit 4 arrey 2 0.0 0.0 0.0

com critical array gecmetry (3 assemblies) "

“inner cuboid shell for lead

cubmd 3125.704 -3.0 145,148 -18.852 105. 55 -17.84
*outer cuboid shell to fill w/iead

cuboig 4 1 35.504 -13.2 145,148 -18.852 105.65 -17.64
“cuboid of water tank

cuboid 3 1 53.20401 -30.501 170.878 -54.122 107.275 -17.84

e'\d geometry

reed array

ara=] aux=12 nuy=16 nuz=l fill 192rl1 t end fill
are=2 nux=1 nuy=5 nuz=l fill 23232 ¢tend fill
end array

r-ad start nstel end start

to* plot geometry S

read plot

tti=" xy pm cell by material’

nche' 0:-

xul=0.0 x1r=1.£92 yul=1.882 y1r=0.0 zul=50.0 21r=5).0
uax-l 0 vdn=-1.0 nex-80 1pi=10 pic=met end

ttl=" xy section of 12x16 assembly by meterizl’

nch=" 00-"

xui=0.0 x1r=22.704 yul=30.272 y1r=3.0 z.:'l-::0.0 2ir=3).0
vaxvl. 0 vine-1.0 nax=100 1pi=10 picmmzt end

b xz secticn of critica'l array by material”

end

x"r-~5 [ yul-'.\ 27 y‘lr-’ 27 251=50.0 21re-13.0

=keno5

Simulated shipping container exp - 4.3] wtt fuel lead refl {npg=5000)

read pereteters
1me=280.0 tha=50.0 gen=120 nsk=20 npg=5000 1id=4
fix=yas fdo=yes nub=yes pwi=yes

plit=yes run~yes

end paraneters

o setup mixtures *

read mixt sct=l
* fuel isotopics
mix=1 -
92234 5.1€43e- 05'
2 .
92235 5,1403- 05
238 2.2150e-02
8016 4.5762e-02
' clad isctopics
mix» 2
13027 5.8075e-02
12000 5.3487e-04
14000 4.6300e-04
24000 1.0942e-04
25035 4.4381e-05
26000 2.0374e-04 *
29000 1.0233e-04
* modergtor isotopics
mix= 3
8016 3.33692-02
1001 6.6737e-02
* Jead w2l isotcpics
mix= 4
82000 3.2771e-02
23000 3.923%-04

eng mixt

Cox setup geomatry *

o *
* 12x16 pin lattice *

read geometry

wait 1

cor=" unit pin cell *

cylinder 11 0.63245 $2.075 0.0

cylinder 01 0.64135 92.075 0.0

eylinder 21 0.70735 92.075 0.0 .
cuboid 31 0.946 -0.946 0.946 -0.946 92.075 0.0

wit 2 arrey 1 -11.352 -15.336 0.0

com=" 12x15 pin array (assenbly)”
cubo‘d 31 11.35201 -11.35201 l:: 13501 -15.13601 92.075 0.0

urit 3

com~" critics] seperation water ozp ”
cudoie 81 11.35201 -11.38201 7.175 -7.17% 92.075 0.0

globz) unit 4 err2y 2 0.0 0.8 0.0

con=" criticel arrzy ceometry (3 assemblies) ™
*ianer cubdid shell for lexd
cuboid 3 1 28.109 -5.405
‘outsr cuboid sheﬂ o f\?] w

5.148 -18.852 105.56 -17.84

-13.652 105.55 -17.84
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tor 12x3% pin la:ti‘ce *
re .array ‘
H “aux=12 nuy=16 nuz=l fitl 192r ng fill rezd geomatry

192r1 ¢ e
gre o nux=l nuy=3 nuz=l fi11 23232t end fill
end array
rezd start nst=l eng start 1
! unit pin cell ”
er 11 083245 92.075

0.0
* plot geometry * cylingar 21 £4135 92,075 0.0
cylinder 21 0.70735 92.075 0.0
4 cudbold 31 0.946 -0.945 0.945 -0.966 92.075 0.0
read plot i
=" xy pvr\ cell by material’ - unit 2 arrey 1 -11.352 -15.136 0.0
nch=' 61 12x15 pin &rray (2ssembly)”
0.0 xir=1.852 yu1=1.852 yir=0.0 2u1=30.0 21r=50.0 cuheid 31 13.35201 ~11.35201 3513501 -15.13601 €2.075 0.0
vzx=1.0 vdn=-1.0 nax=80 1pi=10 pic=mst end " , .
ttl=" xy section of 12x16 assembly by material’ unit 3
nch=" 00-" com" criticel separation water gzp " :
xul=0.0 xIr=22.704 yul=30.272 y¥r=0.0 zv1~50.0 21r+50.0 cudeid 31 11.352 -11.352 6.485 -5.485 92.075 0.0
uax=1.0 vdn=-1.0 nax=100 1pi=10 pic=mzt end ’
tti=" xy section of critical array by materizl’ globel unit 4 erray 2 0.0 0.0-0.0
nch=" 00-** ’ ) con=" critice] array ceometry (3 assemblies) "
xui=-15.0 x1r=35.0 y.ﬂ-l40 0 yle=-5.0 2v1=50.0 2ir=50.0 cuboid 3 1 53.20401 -30.501 147.25603 -30.503 107.275 -17.84
uex=1.0 vdn=-1.0 nax=100 1pi=10 pic-met end end geometry
ttl=' xz section of critical array by material’ "
nch=" op-*" read array
xul=-15.0 xTr=35.0 yul=1.27 ylr=1.27 2u1=50.0 zlr=-10.0 . ara=1 nux~12 nuy=16 nuz=1 fill 19 2r1't end i
uex=i.0 win=-1.0 nax=100 1pi=10 pic-na’ end ara=2 nux=1 nuy~5 nuz=l fi11 232321t end fill
end plet end 2rray
enﬁ-da\ua read start nst=l end start
S*Imlafed shipping container exp - 4.31 wtX ‘u°1 water ref) to* plot geometry *
(rpg=5000) ’
rezd parameters . '
1mew290.0 tba=60.0 gen=120 npg=3000 1ib=4 read plot
flx=yes fda=yes nubmyes pwi=yes : .
pit=yes run=yes nsk=20 tt1=' xy pin celd by material”
end parameters nch=" 0:-
h xul=0.0 x1r=1.892 yul=1.892 yIr=0.0 2v1~50.0 21r+50.0
v uax-l.O vin=-1.0 nex=80 1pi=10 pice=mat end
tox setup mixtures *
: =" xy secnon of 12x16 essembly by meterial®
: nch=' oc-"
read mixt scte=l xul=0.0 x1r=22.704 yul=30.272 y1r=0.0.zu1=50.0 z1r=50.0
* fuel isotopics uax-l.O vdn=-1.0 nax-loo Tpi=10 pic-met end
mix= 1
92234 5.1843e-05 ottt xy sectwn of crmcal array hy material®
235 1.0104e-03 nch=" 00-*
92236 5.14032-05 xul=-5.0 x1r~25.0 yul=140.0 ylr=-5.0 2u1=50.0 21r~50.0
238 2.2180e-02. uex=1.0 van=-1.0 nax=100 1pi~10 pic=mzt end
8016 4.5752e-02 : ‘ -
" ¢lad isotopics ttl=" xz section of critical array by material®
mix= 2 nch=" 00-" )
13027 5.80752-02 ) xut=-5.0.x1r=25.0 yul=1.27 ylr=1.27 zv1=100.0 zir=-10.0
12000 5.3487e-04 Lzx=1.0 win=-1.0 nax=100 1pi=1) pic=mst end
end plot
end data
eng

Input File for 2.35 wi¥ Optimum Moderated U0, Rods with Lead Reflector
et Various Distances

" : =ritewl
3.335%2-02 0ss &2 2 3 4 8
$.6737e-02 . 12 20 9 15
158 500 17 ¢ G 9
0 9 0 9
0 9
- - t
= * 288 g2l 13527
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23300 -25001 12000 4000 giobel unit 4 arrey 2000
48000 25000 -25001 22000 *Trner shell ea
8015 1601 17000 82000 cuboid 3 1 32,512 0.00 153.75 -10.25 109.33 -14.¢
3+ 62235 298 2 0.5588 0.0697 Quter shall of )
0.0 4.£828E-C4 115.9994  3.1135£+02 cuboid 4 1 42,71 -30.20 153.75 -10.25 109.33 -14.0
1 23808 4.34802+02 1.000 “Water tank
92238 283 2 0.5588 0.0897 cudig 3 1 63.01 -30.50 174.00 -30.50 121.84 -30.5

8.0 2.6v33£~02 115.9354  7.58568+00 &nd geom
2 2. 1.009 '

1 043 §517£-01
26001 2353, 2 0.6350 0.0000 array
0.8583  2.0305E-04 1 26.98184  3.9906E+02 ara=} pux=16 nuy=19 nuz=l fill 304rl t end fill
130.4524  2.3202£+01 1 1.000 ara=2 nuxel nuy=5 nuz=l fill 23232t endfill
29001 293 2 0.6350 0.0000 end arrey
0.5588  1.0197E-04 1 26.98154  7.94838+02 read stert ast=l end start
134.0419  6.1400E+01 1 1.000 . end C3ta
23000 223 2 0.6350 0.0000 end . =kenova
0.5568  1.0804E-04 1 26.96154  7.4309E+02 2.35 w3 2 rocs with 1gad reflector at 0.26 in
1 35.0863 6.0131E+01 1 1.000 reed parem
4r% £293 tme=700  ¢en=120 nsk=20 npg=5000 nfb=8000
t . flx=yes fdnmyes pltwyes run=yes tba=60.0
end =kenova . nubmyes 1ib=4
2.35 wt3  U02 rods with lesd reflector 3t §.00 in . end parzm
read param _ CRRARARARER AR R
tae=700 gen=120 nsk=20 npg=5000 nfo=8000 ** MIXTURES *
flx=yes fdnmyes plt=yes run=yes tba=50.0 Bidaiaiabbhdasistid
nub=yes lib=4 read mixt sct=l
end parem ) "Fuel
Pre mix=l
** MIXTURES * 92235 4.8828E-04
PardkR Rk kRRI kKR K K 92238 2.0033E-02
rezd mixt sct=l §015  4.1043€-02
“Fuel . *Cleg
mix=1 mix=2
92235 4.8828E-04 13027  5.7878E-02
92238  2.0033E-02 ) . 14000 2.3072E-04
8016  4.1043£-02 26001 2.0305E-04
'Clad 29001 1.0297E-04
mix=2 25055 4.4230E-05
T 13027 5.7878E-02 12600 7.9981E-03
14000 2.3072E-04 24000 1.0904E-04
25001  2.0305E-04 22000 5.07292-05
23001 1.0167€-04 Water
25055  4.4230E-05 mix=3
12000  7.9S81E-04 §016  3.3427E-02
24000 1.0804E-04 1001 6.6854E-02
22000 5.0729E-05 17000 1.0095€-06
“Water . 26000 3.2350€-10
fix=3 . 82000  3.860%E-10
8015  3.3427E-02 : 45000 5.379BE-11
1801 6.6854E-02 ‘Lead
17000 1.0095E-05 mix=4
26000 3.2350E-10 . 82000  3.2771E-02
82000 3.8508€-10 25000 1.3908E-04
48000 5.3798E-11 - end mixt
‘Lead J e
mix=4 . ‘* GEGMETRY *
82090 3.2771E-02 THARKRIF AT AF RS
25000 1.3806¢-04 rezd ceom
end mixt uait 1
[ —— “Fuel
cylinder 1 1 0.5588 1.4 Q
‘Al Clag
cylingze 2 1 0.635 G1.44 0
‘Al Eng Plucs

eylinger 2 1
cudoic 3 1
12 errzy 1

conm="Crit Separation” .
1 2015.255 205.850  ¢6.52 -1.27
arrey 200¢ -

33.172 -0.%5

£3.37 -19.82

B6-36
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‘Water tank read arrey
cudoid 3 1 63.01 -30.50 173.76 -30.50 121.94 -30.5 ara=1 nuy=19 nuzel fill 304rl t end fill .
* "7 gom ) L ara2 m nuy=5 A=l fI11 23232t end fill
end array
feed array rezd stert nst=l  end stert
&ra=l nux=15 nuy=19 nuz=l £i11  304rl ¢ end Til) end ¢zta .
&rz=2 nux=l. nuy=s  nuz<l fill 232321t . endfill ~kanova
E 2y U02 rods without lezd reflector
rzzd.start nst«l  end stert 5
end data tre=700 ©2n=120 nsk=20 npg=3000 nfo=8000
end flxuyes fdn=yes plt=yes run=yes tba=60.0
=kenova nub=yes 1ib=4
2.35 wt¥  U02 rods with le2d reflector et 1.03 in end param
rezd param RERRERRRIRARRE
=700 gen=120 nsk=20 npg=3000 nTo=5000 vk MIXTURES * -
ix=yas fdn=yes plt=yes run=yss tba«£l.0 i eiisioiolobahaiaiad
rub=yes 1ib~4 read mixt sct=l
end param ‘Fuel .
R mixel
* MIXTURES * 92235  4.8828E-04
AERRRRRE AR AR 92238 2.0033€-02
read mixt sct=l 8015  4.1043E-02
“Fuel . Cled
mix=1 . mix=2 -
92235  4.8828E-04 13027 5.7878E-02
92238 2.0033t-02 14000  2.3072e-04
8016  4.1043-02 26001  2.0305€-04
‘Clad . 25001  1.0197€-04
mix=2 . ’ 25055 4.4230£-05
13027 5.7878E-02 . 12000 7.9981E-04
2.3072€-04 24000 1.0504£-04
2.0305€-04 22000 5.0726E-05
1.0197€-04 . “Water .
4.4230£-05 . mixs3
7.9981€-04 8016  3.3427E-02
1.0904E-04 1001 6.6854E-02
5.0729E-05 17000 1.0095E-06
25000  3.2350E-10
82000  3.8609€-10
3.3427€-02 . 28000 5.3798E-11
6.6854£-02 : “Lead
1.0085£-06 mix=4
3.2350£-10 82000  3.2771£-02
3.86092-10 - 29000 1.3909E-04
5.3798E-11 ) end mixt
P
** GEQMETRY *
3.2771E-02 [Tt
29000 1.350%£-04 read geom
end mixt unit 1
e —— “Fuel
* GEOMETRY * cylinder 1 1 0.5588 91.44 0
PEARARRERERRRRER Al Clad
read ceom © cylinder 2 1 0.635 91.44 0
enit 1 . ‘Al End Plugs
Fuel cylinder 2 1 0.635 95.52 -1.27
cylinder 1} 0.5588 91.44 0 cuboid 3 1 1.016 -1.016 1.015 -1.015 96.52 -1.27
Al Clad unit 2 array 1 ~16.256 -19.304 [
cylinder 2 1 0.635 91.44 [} unit 3
At End Plugs con="Crit Ssparation”
cylinder 2 ) 0.635 96.52 -1.27 . cubeid 3 1 2p16.256  2p4.155  95.52 -1.27
cuhoid 3 1 1.016 -1,0i5 1.015 -1.016 €5.82 -1.27 glohel unit 4 arrzy 2000
uait 2 arrey 1 -16.256 -12.304 K] nK
urit 3 31 63,01 -30.50 152.94 -30.50 121.¢4 -30.5

2015.255 205.825  ¢5.52 -1.27
erray 2000 r roay
& niux=13 nuy=12 nuz=l fil% 304r1 t end TiD
35.128 -2.62 151.16 -12.84 109.33 -15.9 &ra=2 nux=l nuy=5  nuzel fill 23232t end fill
. eng array
45.33 -12.62 151.16 -12.84 108.33 -14.0 rezd start nst=l  end
end dete
end
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Input File for 2.35 wt¥ Undermoderated U0, Rods with Lead Reflector at

Various Distances

=nitew)
oss 82 -2 3
13 20 9
155 500 17 0
0 0 5
0 0
t
258 92235 82238 13927
29000 -29001 12000
48000 26000 -26001
8016 1001 17000
i 92235 293 2

0.0 4.8828E-04
1 238.0502

1
4.34808+02

92238 2
0.0 2.0033g-02 1
1 235.0439 2.8517E-01

26001 293 2
0.5588 2.0305E-04 1
30.4624  2.3202E+01

23001 293 2
0.5588 1.0197£-04 1

1
4000
0.5588
ey
t

end
=kencva

1283

34.0419  6.1400€+01

.29,
1.0504E-04
1 350863 6.0131E+01
G

2.35 wtk UD2 Rods P=1.684 (Undermod)

read parem
tre700
flx=yes
end peram
kR RRE R RRE AR AR SR
"% MIXTURES *
CRRERARRREARRERRIER
read mixt  sct-l
"Fyel

ix=l

gen=120
fdn=yes

nsk=20
nub=yas

92235 4.8828£-04
92238 2.0033E-02
8015 4.1043£-02

‘Clad
mix=2

13027 5.7878E-02
14000 2.3072E-04
26001 2.0305E-04
29001 1.0197€-04
25055 4.4230£-05
12000 7.981E-04
24000 1.0904E-04
22000 5.0725€-05

“Water
mix=3

8016 3.34278-02
1001 6.6854E-02

17000 8.433:
25000 2.588
£2000 1.43

45000 5.35736-12

‘Lezg

Fix=4

-08

end mixt

RRRE AR RRRAARKEAY
"% GECMETRY *
[T ———

lesd refiect:

1ba=60.0
Tib=4

HNF-SD-TP-SEP-063, Rev, O

~

w0

Y

No

FA

Hot
by

S

14

or & 0.00

rpg=5009
nfb=8000

cylingar 1 1 €.5588
‘Al Clad
cylinger 2 1 0.835
‘Al End Plugs
cy¥inder 2 1 £.635
cubsid 3 1 4p0.842
nit 2 erray 1 -15.158
come"Center Cluster”
unit 3 arrey 2 . -15.156
cor="End Qluster”
unit 4
com="Critical Separation - Weter Gzp”
cuboid 3 1 2p15.158
global unit 5 errey 3 000
‘Inrer shell lead
cuboid 3 1 30.312 0.00
*Outer shell of lead
. cuboid 4 1 40.51 -10.20
‘Water tank
cuboid 3 1 60.81 -30.50
. end geom
read array :
ara=l nux=18 nuy=23 nuz~l filt 414

2ra=2 nux=18 nuy=20 nuz=1 fi13 360
arz=3 nux=1 nuy=5 nuz=l fill
end array
end data
end
»k2nova
2.35 Wtk U02 Rods P=1.684 (Undermod)
read param .
tme=700 gen=120 nsk=20
fix~yes fdnmyes nub=yes
end param
| AR AR AR
"* MIXTURES *
SRR AR R,
read mixt  sct=l
"Fuel
mix=1

92235 4.8828E-04
92238 2.0033E-02
8016 4.1043€-02
‘Cled
mix=2
13027 5.7878E-02
14000 2.3072E-04
25001 2.0305E-04
29001 1.0197E-04
25055 4.4230€-05
12000 7.9981E-04
24000 1.0904E-04
22000 5.0728€-05
“Weter :
mix=3
8015 3.3427£-02
1001 6.6854E-02
17000 8.4931E-08
25000 2.5880E-07
82000 1.4532E-11
48000 5.3573E-12

82000 3.2771£-02

22280 1.390%2-04
end mixt
P
T*OGEQVETRY x| .
SRR RS A SRR

¢1.44 2

91.44 0

96.52 -1.27

95.52 ~1.27

-19,356 -1.27

©16.84 -1.27

2p5.030 96.52 -1.27

145,11 -18.89 109.33 -14.08

145.11 -18.89 109.33 ~l4.0$

156.71 -30.50 127.02 -30.50
rl t end fill

rl t end fill
3424 3tend fill

lead reflector @ 0.26

tba=60.0
Tib=4

npg~5000
nfo=8000

w
™~
I

2
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cylinder 2 1 0.635 91.44 0 cylinder 2 1 0.635 £6.52 -1.27
*Al End Plugs cuboid 3 1 4p0.842 66.52 -1.27
- sylinder 2 1 0.635 $6.52 -1.27 unit 2 arrey 1 -15.155 -19.366 <1.27
“eudoid 3 1 40.842 96.52 -l.27 com="Center Cluster”
un.. 2 arrey 1 -15.156 -19.366 -1.27 unit 3 arrey 2 -13.156 -16.84 -2.27
com="Center Cluster™ com="gnd Cluster”
unit 3 arrey 2 . * -15.155 -16.84 -1.27 unit &
[ -‘End Cluster” com="Critical Separation - Water Gap™
cuboid 3 1 2p15.156 2p4.250 $6.52 -1.27
cc..y-"Cr'ltica\ Separation - Water Gap” . gliobal unit Serrey 3 000
cuboid 3 1 2p15.155 2p5.055 86.52 -1.27 "inner shell lead
global unit S array 3 000 . cuboid 3 1 33.588 -3.28 143.55 -20.45 109.33 -14.08
*Inner shell lead *Outer shell of lead
cudoid 3 1 30.972 -0.65 145.16 -18.84 109.33 -14.08 cuboid 4 1 43.79 -13.48 143.55 -20.45 109.33 -14.08
“Outer stiell of lezd i *Weter tank
cuscid 4 1 41,17 -10.85 145.15 -18.84 109.33 -14.03 cubcid 3 1 60.81 -30.50 153.59 -30.50 127.02 -30.50.
"Water tenk end ceom
cubcid 3 1 £0.81 -30.50 155.81 -30.50 127.02 -30.50 ‘ .
end geom : . read array
‘ 2ranl nux=i8 nuy=23 nuz=l i1l 414cl t end fiNN
read array ara=2 nux=13 nuy=20 nuz«l £§11 350rt t end il
gra=1 nux=18 nuy=23 nuz=l 111 414r1 t end i) 2re=3 nux=1  nuy=5 nuz=1 fi11 3424 3t end fill
are=2 nux=18 nuy=20 nuz=l fi11 350r1 t end fill end array
are=3 nux=l nuy5 nuz=l - fil11 34243 tend fill end cata
end array end
ead data =kencva
end 2.35 wtt U02 Rods P=1.684 (Undermod)  without lead reflector
=kenova read param
2.35 wt¥ UO2 Rods P~1.684 (Undermod) lezd reflector @ 1.29 tme=700 gen=129 nsk=20 tba=60.0 npg=5000
read param fix=yas fdn~yes nub=yes Tib=4 nfb=8000
tme=700 gen=120 nsk=20 tba=£0.0 npg=3000 end param
fix=yes fdn~yas nub=yes lib-4 nfb=8000 PRk kR Rkk kAR Rk
end param ** MIXTURES *
CRRRRRIR KRR AR A B e ]
XTURES * read mixt  sctel
Nk AR RIS EERRRAR *Fuel
P mixt sct=l mix=1
“Fuel . 92235 4.8828E-04
mix=1 . 62238 2.0033E-02
92235 4.8523E-04 . 8015 4.1043£-02
92238 2.0033E-02 ‘Clad :
8016 4.1043E-02 mix=2
‘Clag . 13027 -5.7878E-02
mix=2 14000 2.3072E-04
13027 5.7878€-02 26001 2.0305£-04
14000 2.3072E-04 : 28001 1.0197€-04
25001 2.0305E-04 25055 4.42302-05
25001 1.0197€-04 . 12000 7.9981E-04
25085 4.4230E-05 . 22000 1.0904E-04
12000 7.9¢81E-04 22000 5.0725€-05
24000 1.0904E-04 Water N
22000 5.0729€-05 . mix=3
‘Water - 8015 3.3427E-02
mix=3 1001 6.6854E-02
8015 3.3427€-02 17000 8.4631E-08
1001 6.6853E-02 25000 2.5880E-07
17000 8.4931E-08 . £2000 1.4532£-11
25000 2.5880E-07 43000 5.3573g-12
82000 1.4832€ ‘Lezd
43000 5.357: mix=4

82000 3.2771E-02

29000 1.3906E-04
end mixt .
CHRRARARRRE SRR A

SRR AT AR ATERE

se0m

o
n
&
&
&
w©
=3

w
S

®
o
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unit 2 errey 1 -15.156 -19.355 -1.27
con="Center Cluster”

nit 3 erray 2 -15.15%6 | -16.84 -1.27

ng Cluster”

cor="Critical Seperation - Water Gap"
! cudoid 3 2015.15% 203.285 | 95.82 -1.27
gichel vnit S array 3 000 -

end geon

read arcay
2rz=1 nux~18 ni
are=2 nux=18 i
2re=3 nuxel
gnd array

end deta

end

Ter tink
cudoid 3 1 60.81 -30.50 145.77 -30.80 127.62 -30.50

uy=23 nuz=} £i11 414r1 t end i1
uy=20 nuz=1 £i11 360ri t end fil1
nuy=5 nuz=1 fil1 3424 3¢ end fi1)
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SEP-063, Rev. O

- Appendix B Input Files for Benchmarks used for the Statistical Analysis of the Calculations in this Basis Memo

nput File for ’Pu Water Reflected Critical Mass as given in Table 5.

wl
0SS 82 234181991520
1S§ 5001200000950000

t
288 94239 .23901  -23902 23903 23904
-23908  -23906 -23908  -23911

1001 8016
3ee 23901 293 3 17530 0.000
0.0 6.1468E-5 I 10079 22161E4
1 159994 20119E3 1 1.000
23902 293 3 15700 0.000
0.0 8.3637E-S 1 10079 1.6232ES
1 159994 1.4380E3 1 1.000
23503 293 3715230 0.000
0.0 9.7240E-5 1 1.0079 13999E4
1159994 1.2708E3 1 1000
23904  .293 3 15100 0.000
0.0 9.7492E-5 1 10079 1.3962E4
1+ 159994 1.2676E3 1 1.000
23905 293 3 14370 0.000
0.0 1.1966E-4 1 1.0079 1.137IE4
1 159994 1.0323E3 1 1.000
23906 293 3 15230 0.000
0.0 1.8390E-4 T 1.0079 7.3891E3
b15.9994 6. 708152 ¥ 1000
23908 293 12640 0.000
0.0 2.5192E4 l 1.0079 5.3867E3
1 159994 4.8903E2 1 1.000
23911 293 3 12210 0.000
0.0 7.4316E-4 1 10079 1.8030E3
1 159954 1.6414E2 1 1.000
23914 293 .3 83% 0000
0.0 1.0480E-2 1 10079 1.0288E2
1 159994 9.340100 1 1.000
F293

. end

=keno$

pu 24 49/1 sphere with water reflector (npg=5000)

read param tme=200.0 lib=4 nsk=20 gen=120 flx=yes
fdnmyes npgeS000 nubmycs tba=60.0 end param

sead geometry sphere 111754

sphere 2148.02

cuboid 01 6P48.05

end geom

read mixt mix=] 23901 6.1468-5 8016 3,3387-2 1001 6.6774-2
mix=2 8016 3.34558-2 1001 6.69116-2 sctw] end mixt
end data. end

Input File for 2’Pu with 2 Thin Steel Shell and Full Water Reflection as given in Table
5. .

1
285 8016 7014 1001

21000 28000 26000 -26001
. 94238 94239 94240 9e1 94242
See 94239 2098 3 17.7800 00000

0.06.6004E-05 1 10079 2.0092E-0%

1 158772 20505E+03 1 L

26001 2998 3 17.9070 0000

00 0068 1 s 2312

1 SE9960 11SI6E-00 1 1000
4'r F299.8 N
t
ad .
kenoS -
J BENCHMARK 4 SPHERE WITH STEEL SHELL AND WATER REFLECTOR
(1pg=5000)  read param tmem200.0 libmd nsk=30 gen=]20 fixmyes
fdnmyes nubmyes npgmS000 ta=60.0 end parem
read geometry sphese 1117.78
sphese 2117.907
sphere 3146.000

cuboid 01 6P46.100

end geor

read mixt mixa} 94239 6.6004-5 94240 3.5692.7

7014 7.5114-4 8016 3.4514-2 100 6.5006-2 26000 .5457-6
mix=2 26001 6.175E-2 24000 1.658-2 28000 8.158-3

mixw3 8016 3 -2 1001 6.663-2 scr=l end mixt

end data end

Input File for *"Pu with 2 Thin Steel Shell and No Water Reflection as given in Table 5.
nitaw]
058 82 2 3 4 18
9 9 15 20
1ss 500 12 o 0 0
[ o 3 o o
o 0

t
258 8016 7034  100F 26000 -2600%
23000 28¢
94238 94239 94240 94241 94242
3°e 94239 2998 ° 3 193130 0.0000
0.0 8.2232E-05 1 10079 1.6254E+04
1 158987 1.6340E-03 T 1000
94240 2998 3 193180 0.0000
0.03.9521E-06 1 10079 3,3992E+03
1 16.0005 3.4396E<04 11000
26001 2998 3 194400 0.0000
0.0 6.3310E-02 1 5869 1.799SE~00
1 519960 1.1234E+00 1 1000
400 2998
t

eod
wkenos
PU BENCHMARK 4 SPHERE WITH STEEL REFLECTOR (npg=5000)
7ead param mne=200.0 Jib=d nske20 gen=120 flxmycs
fdnmyes npg=5000 nubmyes tha=60.0 end pasam
read geomenry sphere 1119318
sphere 2119.84
cuboid 016P19.5
end geom
read mixt mix~] 94239 8.2232-5 94240 3. 9:2l~6 94241 2.6356-7
94242 5.3567-9 7014 6.4132-4 8016 3.4536-2 1001 6.5520-2 26000 6.965-7
fmix=2 26001 6.331E-2 24000 1.654-2 28000 6.51-3 sct=1 end mixt
nd

end data en
1nput File for ™Pu with a thin Steel Shell plus a 4" Concrete Shell 45 given in Table 5.
mnitaw] .
058 82 2 3 4 13
19 9 13 20

158 500 20 o ¢ 0
0 0 1 ¢ 0
0 0

t
2ss 8016 7014 1001 24000 28000
94238 94239 94230 94241 94242
26000 26001 26002 12000 13027
20000 19000 25055 14000 11023
3 94239 296 3 17.8700 0.0000
0.0 8.5060E-05 1 1.0079 1.4673E~04
1157040 1.8144E+03 1 1,000
94240 296 3 17.8700  0.0000
0.0 4.0700E-06 1 1.0079 3.0665E+05
b 157945 3.8144E-04 1 1000
26001 296 3 179820 0.0000
0.0 63310E-02 1 5869 1 79955—00
1 519960 1.1233E-00 1
26002 296 3.0000E+00 28. 142 0 0000
0.0 0.0015 1 10079 264045
1 18.0027 1.6293E-02 1 1000
28058 296 3.0000E-00 28.142 0.0000
0.0 2.7560E-05 1 1.0079 12857.329
1 18.3550 8.4872E-03 11000
11023 "96 3.0000E-00 28342  0.0000

0.01.14 11,0079 3094042
1188823 2040XE'0: 11000
400 296
1
end

=kenos
PU BENCHMARK 21 SPKERE WITH STEEL SHELL AND CONCRETE REFLECTOR
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(5000)

sead param tme=200.0 libad nsk=20 gen=120 fixeyes

fdn=yes npg=3000 nubeyes tba=60.0 end param

read geometry sphere 1112.87

spheze 21 17.982

sphere 3128.142

cuboid 0 1 6P28.2

end geom

read mixt

"PU ISOTOPICS

mixm] 94239 8.506-5 94240 £.070-6 94241 2.7-7

94242 6.0-9 7014 2.098-3 3016 3.601-2 1001 6.118-2 26000 7.3-7
*STEEL VESSEL ISOTOPICS

mix=2 26001 6.331E-2 24000 1.654-2 28000 6.51-3
'CONCRETE 1SOTOPICS

mix=3 12000 7.62-4 13027 3.353-3 20000 2.609-3 26002 1.342-3
19000 4.358-4 25055 2.756-5 14000 1.293-2 1001 1.757-2

11023 1.145-4 8016 4.529-2 scx=} end mixt

end data : end

Input File for 2”Pu with 4 Concrete Shelt as given in Table 5.
=nitawl

088 82 2 3 4 18
19 9 15 20

t

255 8016 704 1001 94239 94240
2 -26001 12060 13027 20000
19000 25055 14000 11023 24000

30t 94239 298 3 17.7800 0.0000
0.0 7.8828E-05 1 1.0079 1.6419E-04
1 158238 L7975E-03 1 Lo00

4240 298 3 179800 0.0000
0.0 3.7851E-06 1 1.0079 3.4195E405
1 159157 3.9659E+04 - 1 1.000

26000 298 3 17.89176  0.0000

0.0 6.3310E-02 1 5869 1799
1 519960 1.1234E~00 1 1.000

26001 298 3 2805176  0.0000

0.0 1.3417E-03 1 1.0079 2.6444E+02 -
1 176042 1.5657E+02 .1 1.000

25055 298 3 28.05176  0.0000

0.0 2.7673E-05 1" 1.0079 1.2821E-04
1 184810 8.1422E+03 1 1.000

1023 298 3 2805176 0.0000
0.0 1.1417E-04 1 1.0079 3.1077E+03
1 184778 1.9708E+03 1 1000
4 298
t
end
=keooS

PU SPHERE WITH STEEL SHELL AND 4" CONCRETE REFLECTOR (npg=5000)
7cad param tmen200.0 libmd nsk=20 1ba=60.0 gen=120 flxwyes
fdnmyes plrmyes nub=yes run=yes npg=5000 end param

read geomenry sphere |1 17.78

sphore 21 17.8918

sphere 312805

cuboid 01 6P28.1

end geom

read mixt

'PU 1SOTOPICS

mix=] 94239 7.§83.5

94240 3.785-6

7014 1.146-3

8016 3.516-2

1001 6.345-2

'STEEL VESSEL ISOTQPICS

mix=2 26000 6.531E-2

240001 654.2

38000 6.51-3

'CONCRETE ISOTOPICS

i3
12000 7.619-4
13027 33553
20000 2.609-3
26001 1.342:3
19000 2.357-4
25055 2.561-5
12 2

1001 1.739-2
11033 1.1424

8016 4,532

setw] end mixt

read plot

wi='XY SECTION THROUGH CENTER OF SPHERE'
Reh= O-**

Xul-45.0 xlpmt5.0 yul=i5.0 ylrest.0 z0l=0.0 0.0
tax=1.0 véam 1.0 n2x80.0 Ipi=10.0 picemat end plot
end data end

Input File for *’Pu with a 10" Concrete Shell 25 given in Table 5.
=mitaw]
0s$ 82 2 3 4 18
19 ¢ 1s 20
185 500 16 0 ¢ 0
0 [ 6 0 4
0 G :

t
258 8016 014 1001 94239 94240
26000 -2600% 12060 13027 20000
19000 25055 14000 11023 28000
24000
300 94259 298 3 172800 0.0000
0.0 7.1137£-05 T 10079 L794SE+04
1158213 1.9691E-03 1 1000
9424 298 312780077 0.0000
0.0 3.4158E-06 1 1.0079 3.7373E+05
1 159052 4.1235E+04 1 000
26000 298 3 17.89176  0.0000
0.0 6.3310E-02 1 58.69 1.7995E+00
1 519960 1.1234E+00 1 1000
26001 298 3 4329196 0.0000
0.0 1.3417E-03 1 10079 2.6444E+02
1 17.6042 1.5657E+02 11000
25055 298 3 43.29176  0.0000
0.0 2.7673E-05 1 10079 1.2821E+04
1 184810 8.1422E+03 1 1.000
3 4329176  0.0000

13023 298
0.0 1.1517E-04 1 1.0079 3.1077E+03
1 184778 1.9708E+03 1 000
4% 298
t
end
=kenoS

PU SPHERE WITH STEEL SHELL AND 10 CONCRETE REFLECTOR (npgn5000)
Te2d param tme=200.0 fibed nskw20 tba=60.0 gen=120 flx=yes
fdamyes plimyes nubwyes runwyes npg=5000 cnd param
1ead geometry sphere 1117.78

sphere 21 17.8918

sphere 314329

cuboid 0 6P44.0

ead geom

read mixt

PU ISOTOPICS

mixw] 94239 7.114-5

94240 3.416-6

7014 1.146.3

80163.473-2

1001 62582

“‘STEEL VESSEL ISOTOPICS

mix=2 26000 6.331E-2

24000 1.654-2

28000 6.53-3

‘CONCRETE ISOTOPICS

mix=3

12000 7.619-%

15027 3.353-3

20000 2.609-3

26001 1.342-3

19000 43571

11025 1.142-4

5016 4.53-

sexw] end mist

read plot

~'XY SECTION THROUGH CENTER OF SPHERE'
O

¥Irmt5.0 zul=0.0 2r=0.0
i=10.0 picwmat ead plot

xulmet$.0 310m35.0 yulms
0 vinee1.0 paxe!
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_enddma end elinder] 1 1056 2715 032
eylinder0 1 1056 119.1 032
“put File for a $x¢ Concretc Reflected Array of 93.2 wt% Enriched Urany! Nitrate 2t eylinder2 1 1096 119.1 032
©7.28 gl as given in Table 5. . cuboid0 | 1524 <1524 1524 1524 123.445.0.32
~nitawl unit 2
0ss 52 2 3 418 cylinder1 1 0505 2540 0.00
1920 915 . : clinder2 1 0635 25.40 0.00
155 500 17 0 0 0 cuboid3 1 1528 -15.24 1524 -1524 254 00
0600 unit3
00 olindert 1 0505 500 000
1 alinder2 1 0635 500 0.00
255 92255 92234 92236 92238 14000 cuboid 0 1 1524 -1524 15.24 1524 5.0 00

26000 014 6012 8016 1001
20000 22000 11623 12000 13027 1 114 000 '-032
000 1 10.56 0.00 -0.32
3%+ 92234 293 2 105600 09502 1 10.56 2715 032
0.0 1.7693E-06 1 10679 7.5125E-05 i
1
1

1 161609 74984E~04 1 1.000

10.56 119.1 0.52
10.96 119.1 032

92235 293 2 105600 09502 cuboid 0 15.24 41524 1524 -1524 123.445-0.32
0.0 1.6061E-04 1 10079 $.2758E+03 unit$ :
.1 159415 8.445E-02 1 1.000 eylinder1 1 1140 2540 0.00
92236 293 2 10.5600  0.9502 cylinder 2 1 1270 2540 0.00
0.0 7.4495E-07 1 1.0079 1.7843E+06 11524 <1524 1524 +}524 254 00
1 161622 1.7311E-0S 1 1.0600 unit§
92238 293 2 105600  0.9502 cylinder 1 1 1740 5.00 0.00
0.0 9.1432E-06 1 1.0079 1.4537E~05 cylinder2 1 1270 5.00 000
1 161517 L4502E-04 1 1.000 cubeid0 1 1524 -15.24 1524 1524 5.0 0.0
26000 293 1 254000  0.0000 unit 7 amay=] 0.00.000
0.0 2.5278E-04 1 1.0079 8.3939E+02 . unit 8 amay=2 0.00.00.0
1 167297 89763E+02 1 1.000 unit$ amy=3 0.00.00.0
13023 293 1 254000  0.0000 unit 10
0.0 3.8303E-04 1  1.0079 5.5395E-02 cuboid0 1 12892 0.0 014 00 50 00
1 168578 S96TIE+02 1 1.000 cubeid3 1 12192 0.0 01400 304 0.0
4sv 293 cuboid0 1 12192 0.0 0.14 00 15416500
t it 11 - )
end cuboid0 1 257 0.0 122200 5.0 00
=kenova cuboid3 1 257 0.0 122200 304 0.0
ROTS3 dx4 an2y of UN solution wo sleeve (67.28 gUA-21.12 em diam ¢yl) cuboid0 1 257 0.0 122200 31.03500
" adparam  gen=120 nsk=20 npg=5000  nfb=8000 . cuboid3 1 257 0.0 122200 15416500
. dem700 fdnmyes  pleyes  momyes  1a=60.0 wnit 12
Seglxmyes lib=3 pubmyes cuboid0 1 1733200 25700 50 00
end param ) . cuboid3 1 1733200 257 00 304 00
T i «cuboid0 1 17332 00 257 00 3103500
“ A cuboid3 1 17332 0.0 257 00 15416500
* MEXTURES * . unit 13 amy=4 0.00.00.0
- eessnsenes uoit 14 amay=5 0.00.000
mixs} global unit 15 amay=6 0.00.00.0
Fuel . reflector 01 0000 0000 06350010

92234 1.7693E-06 . reflector 31 0.000 0000 2540010
92235 1.6061E-04 .
92236 7.4493E-07
92238 9.1432E-06

8016 34149E-02 . .

014 4.2162E-04 . read amay

1001 6.5156E-02 ara=] pux=lowy=l nuz=d fill 321 endfill

mix=2 ara=2 pux~lnuy=l nuz=3 il 654 endfill

‘Al tank . araw3 pux=douy=d nuz=lfll 7777
13027 5.9469E-02 7877

mix=3 7877

“Conereté - 7777 endfil
12000  7.138SE-04 areed muxwlmuy=3 pur=lfil 10910 eadfill
13027 11241503 ae=S mxw3noy=l maz=lfill 101310 endill
20000  8.0213E03 . 2326 nux=lnuy=3 nuzelfill 121412 endfill
26000  2.5278E-04 . end wray

. 15000 48976504 read plot

14000 7.7139E-03 tl=Plot  pch=' L

1001 1.0401E:02 xuled xi=125 yuln7146  yI=7Th46  zul=l66 =S
1023 3.8305E-04 waem] wdnm-l nax=130 ndn=S0 Ipin10 picemix end

8016 £.02 end plot

6012 64257603 ead data

7614 1.9958E-05 exd
16000 8.2S0SE-05 -
22000 2,9192E-05 Izput File for a 232 Concrete Reflected Array of 93.2 wi% Enriched Uranyl Nitrate at

d mixt 22 given in Table 5.

GEOMETRY * 0s§ 82 2 3

3 418
1920 915
read geom 155 500 13 0 0 0
wit ] 00600

“Sphere U238
derd 1
er2 1

gUi2t12em diameyl) " [N
0.00 032 .
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114 000 032
10.56 0.00 -0.32

26000 014 6012 8016 1001
20000 22000 1023 12000 13027

|
!
19000 16000 11056 62.34 -0.32
3o 92234293 2 103600  0.9502 2001 10.56 1191 032
0.0 2.0009E-06 ) 1.0079 66236E+0S alinder2 1 1096 119.0 -032
1 161816 6.6870E=08 1  1.000 . cuboid 0 1 1524 -15.24 15.24 -15:24 123.445-0.52
92235 295 2 105600 09502 unit §
0.0 1.5164E-04 1 10079 7.2963E=03 clinder] 1 1140 25.40 0.00
1159352 72503E-02 1 1.000 clinder2 1 1270 2540 0.00
92236 293 2 105600  0.9502 cuboid3 1 1524 -15.24 1524 -15.24 254 0.0
0.0 84250E07 ) 1.0079 1.5731E<06 unit6 :
1 161829 1.5883E-05 1 1.000 olinder ] 1 1340 500 0.00
92238 293 2 10.5600 09502 ylinder2 1 1270 500 0.00
0.0 1.0341E-05 1  1.0079 1.2816E+05 cuboid 0 1 15.24 -15.28 1524 +1524 5.0 00
1161712 12930E~04 1 1.000 wait?  amy=l 000000 :
26000 293 1 25400 0.0000 - . unit8  amy=2 000000
00 2.5278E-04 1 10079 8.3939E-02 wnit9  amays3 000000
1167297 89763E<02 1  1.000 unit 10
11023 293 1 25.400  0.0000 cuboid0 1 30.48 0.0 609600 50 0.0
00 38303E04 1| 10079 S5.5395E+02 cuboid3 1 30.48 00 609600 30.4 0.0
1 168578 S96TNE02 1 1.000 cuboid® 1 3048 0.0 609600 154.1650.0
40 293 uait 11
t cuboid® 1 12192 00 306200 50 00
end cuboid3 1 12192 00 306200 304 0.0
~kenova : cuboid0 1 12192 00 306200 15416500
. ROTS42x2  amaywio  sleeve (76,09 gUA-21.12 em diam cyl) unit 12
readparam  gen=120  nsk=20  npg=S000  nfbm3000 cuboid0 1 257 00 1222 007 -
me=700  fdnmyes  pleeyes  runwyes  tham60.0 . cuboid3 1 25.7 00 1222 0.0
fixmyes  lib=4 nubsyes cuboid0 1 257 0.0 1222 0.0
end param cuboid3 1 257 0.0 1222 00 15416500
read mixt unit 13
b erese cuboid0 1 17332 00 25200 50 00
* MIXTURES * cuboid3 | 17332 00 257 0.0 304 00
cboid0 1 17332 0.0 257 00  31.03500
mixe1 cuboid3 1 17332 0.0 257 0.0 15416500
Fuel witls  amay=d 000000
92234 2.0009E-06 witls  amy=5  0.00000
92235  1.8164E-04 witle  amayss  0.00000°
92236  8.4250E.07 global unit 17 amay=?  0.00.00.0
92238 1.0341E-05 reflector 01 0000 0000 06350010 .
8016  3.4248E-02 reflecor 31 0000 0000 2540010
7014 4.7215E-04 - end
1001 6.4966E-02 :
mixe2 .
Al tank venssstrer
13027 S.9469E-02 read amay ;
mix~3 . ara=) nux=lnuy=] nuz=d Gl 321 endfill
“Concrete ara=2 nuxel nuy=l nuzed fill 654 endfill
12000 7.)88SE-04 . ar2e3 nuxs2noy=2 nuzelfil 8787  endfil
13027 1.1241E-03 aramd nux=3nuy=1 nuzelfil 10910  endfill
20000 8.0213E-03 ara=$ nux=lnuy=3 nuz=lfill 111411  endfill
26000 2.5278E-04 aram6 mux=3ouy=] puz=lfill 121512 endfill
19000 4.8976E-04 ara=? nux=louy=3 ouz=lfill 131613 end Al
14000 7.7139E-03 end amay
1001 1.0401E-02 : sead plot .
11023 3.8303E-04 t=Plot  nich=" 1" pic=mix
5016 4.2362E-02 . xula25, xIre?3 yule?146  ylm7146  zul=166 Zlr=-)
6012 6.4237E-03 vax=} wene-! nax=130  ndn=§0 Ipi=10 end
7014 1.9958E:05 - end plot :
16000  8.2309E05 ¢nd cata
22000 2.9192E-05 end
hedd Input File for 2.4x4 Conerete Reflected Array of 93.2 wt% Enriched Uranyl Nitrate at
** GEOMETRY * 360.37 g/l as given in Table 5.
—nitowl
read geom os§ 82 2 3 418
wnit 1920 9135
eylinder1 1 0.505 0.00 -0.32 . 155 500 23 0 0 0
elinder2 1 10.56 0.00 -0.32 0010 00
11056 6233 03 00
1 10.56 1191 t
11096 191 - 255 92 o33 92236 92238 14000
} 1524 41528 15.24 1524 123.445-0.32 26000 26001 6012 8016 1001

20000 22600 11023 12000 13027

viinder1 1 0.505 25.40 0.00 12031 25055 42000
eylinder2 1 0.635 25.40 0.00 28000 .
cuboid3 1 1524 -15.24 1524 -15.24 254 €0 3 83500  0:6576

vnit 3 . 1 1.0059 1.2495E+05
cylinder1 1 0505 500 000 . 6.7021 1.8007E=04 1 1.000
olinder2 1 0635 5.00 0.00 83890  0.6576

Cuboid 0 1 1524 1524 15.24 <1524 50 00
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8.06 0.00 -0.32
8.06 3232 .32
806 1390 -0.32

92236 293 2 83800  0.6576 cylinder2 1
I
|l
1 838 13191 052
1
1
1

0.0 3.9902E-06 1 1.0079 2.9685E+05
1 163073 42781E-0¢ 1 1.000
92238 293 2 83800 0.6576

0.0 4.8974E-05 1 1.0079 2.4185E-04
T 166623 3.4759E-03 1 1.000
26000 293 1 254000  0.0000

8.38 121.68 0.32
8.69 121.68 -0.32
1528 +15.24 15.24 -15.23 123.445-0.32

0.0 2.5278E-04 | 10079 8.3939E-02 wnit 2
1| 163297 8.9363E+02 1 1000 edindert 1 0505 2540 0.00
11023 203 1. 254000  0.0000 . ofinder2 1 0635 2540 000 °
0.0 3.8303E04 1 1.0079 5.5395E-02 coboid ¢ | 1524 1524 1524 1524 25.4 00
1168578 S96TIE02 1 1060 wit 3
26001 293 1 03100 . 0.0000 Glinder] 1 0505 500 000
0.0 5.9852E02 1 5869 2.2046E<00 Glindec2 1 0635 500 0.00
b 481197 40995802 1 1000 cuboid® 1 15247-15.28 1524 -1524 5.0 0.0
25055 293 1| 03100  0.0000 univ 4
0.0 LI209E-03 1 55847 6.0872E-02 cylinder} 1. Li$ 000 052
1 542180 3.6440E02 1 1000 cfinder2 1 806 000 -0.32
24000293 1 05100  0.0000 cyfinder] 1 8.06 3232 032
0.0 1.6985E02 ) 55837 40171E+01 : cinder0 1 806 119 032
1 554800 3.5621E02 | 1.000 olinder2 1 838 1191 032
28000 295 | 03100 0.0000 olinder0 1 833 12168 032
0.0 7.5500E03 1 55.847 9.0492E+01 olinder3 1 869 12168 032
1481197 40995E02 ) 1000 cuboid0 1 1524 -15.24 1524 1524 123.445.0.32
400 0293 wnit 5
t . finder] 1 1140 2540 0.00
end cilinder2 1 1270 2540 000" :
~kenova cuboid4 1 1524 -15.24 1524 <1524 25.4 0.0
ROTG61 4x4 array UN solution wisleeve (360.37 gUA-16.12 em diam cyl) unit 6
readparam  pene120  nsk=20 npg=3000  nf>=§000 ofinder 1 | 1140 500 000
we=700  fdnmyes plemyes. runeves  1bam60.0 . colinder2 1 1270 500 0.00
fixmyes  lib=d oubmyes Cuboid0 1 15.24 +15.24 1524 41524 5.0 00
end param - it 7 amay=l 000000
sead mixt . wnit 8 aray=2 0.00.00.0
weseseesgenes it amay=3 0.00.000

unit 10
cuboid0 1 12192 0.0 0.14°00 50 00
cuboidd I 12192 00 0.4 0.0 304 0.0
cuboid0 1 12192 0.0 0.J4 0.0 15416500
9.4767E-06 unit 11

92235 8.6027E-04 cuboid0 1 257 0.0 122200 50 0.0
92236 3.9902E-06 cuboid4 1 257 0.0, 122200 304 00
2238 4.8974E-05 cuboid0 1 257 0.0 122200 3103500
8036 3.2293E.02 cuboid4 ) 257 0.0 122200 15416500
7014 2.1977E-03 unit 12 y
1001 5.8064E-02 <uboid 0 17332 00 257 00 5.0 00

1
cuboidd 1 1733200 257 00 304 00
cuboid0 1 173.32 00 257 0.0 3103500
cuboidd 1 17332 0.0 257 0.0 15406500
unit 13 amay=4 0.00.00.0
unit 14 aay=$ 0.00.00.0
5.9852E-02 global unit 15 amay=6 0.00.00.0

1.6985E-02 seflector 01 . 0000 0000 06350010
7.5400E-03 reflecor 41 0000 0000 2540010
ead geom
13768803 evesurarensren
3.8530E-05 :
2.8262E-05
- 25055 1.1209E-03 . read armay
42000 8.9563E-06 ara=] nux~lnuysl nuz=d fill 321 endfill
mixed . ara=2 puxelouy=l nuze3 fill 654 endfill
“Conerete ara=3 puxmimuy=d - muz=l il 7777
12000 7.1885E-04 - 7877 .
15037 11241603 7877
20000 §.0213E-03 7777 endfilt
26000 2.5273E-08 aamd noxmlouy=3 nuzelfil 10910 endfil

15000 4.3976E-03 nez=l Bl 111310 end fill

14000 7.7139E-03 ar=§ nux nuzed fill 121412 end fill
1001 1.0401E-02 end armay

11023 3.3503E-04 1ead plot
8016 4.2362E-02 «l picemix

yir=71.46  20l=166 2lr=-3
nda=80 Ipi=10. ead

6012 6A23TE-03
14 )1.$558E-05
16000 $.2809E-05

22006¢  2.5192E-05

3 mixt
* GEOMETRY * ' . Input File for 4.31 wi% Enriched Undermoderated UQ, Fuel Rods with 2 Lead Wall
“ Reflector 25 given in Table .
wi
82 2 3 18
1 0.505 000 -0.32 19 20 9 15
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185 500 19 0 0 0 coma"CritSeparation”
0 0 5 [} 0 cuboid3 1 15.136-15.136 8.870 -8.870 95.98 <2.5%
[ 0 global unit4 amay2 000
t “Inner shell for lead
255 92235 92238 13027 82000 8016 cuboid 3 1 ;o’vzow 145.15 -18.85 109.96 -13.44
© 1001 29000 29001 26000 -2600) Outershell o fill  wile:
14000 16000 24000 20000 cuboidd | 404 -wzo 145.15 18,35 109.96 -15.44
25085 12000 17000 22000 6012 “Water tank
293 2 06325 01801 : cuboid3 1 60.77-30.50 156.80 -30,50 121.94 -30.50
00 1.0124E-03 ) 15.9994 1.6980E=02 : end geom
} 2380508 23237E-02 bo1000 : .
o238 293 2 06325 01301 read amay
0.0 22193E-02 1159994 2.7459E~00 aram) nux=l6nuy=12  nuz=l fill 19211 end fill .
1 2550439 $3372E-01 11000 aran?nexel poy=S  muz=) il 232321 end fill
26001 253 2 06985 00000 end armay
0.6325 2.0305E-04 1 2698154 3.9906E+02 end data
| 304624 2.3202E-01 P00 . ead
29001 293 2 06985 00000 =kenova .
06325 1.0197E-04 1 2698154 7.9463E-02 4>1m~/. UO2rods  withfead reflector at 0.264n
340419 6.1400E-01 11000 read p
26000 293 2 06985 00000 e gca=120  nsk=20  lib=f  npg=5000
06325 1.0904E-04 P26 9s|s4 7.43095-02 flxmyes fdomyes  tha=60.0 nubsyes  nfbe3000
1 350863 6.0131E-01 1.000 end parem
e £93
' ** MIXTURES *
end . esieenssene
=keaova readmixt sct=] -
431wi% UO2rods withlead  reffector at 0.00 in . Fuel
zcad param mix=]
tne=700  gen=120  nsk=20  lib=d  pg=5000 92235 1.0124E-03
fxmyes  fdnmyes  192=600 nubmycs  nfb=8000 92238 2219302
8016 4.6311E02
“Clad
mix=2
. . 13027 57878E-02
read mixt  set= 14000 2.3072E-04-
Fuel 26001 2.0305E-04
mix=1 29001 1.0197E-04
92235 1.0124E03 . 25085 4.4230E-05
92238 22193802 12000 7.9981E-04
8016 4.6411E02 24000 1.0904E-04 .
Clad 22000 6.1944E05
mix=2 : “Warer .
13027 5.7878E-02 mix=3
14000 2.3072E-04 016 33427E02
26001 2.0305E-04 1001 6.6855E-02
29001 1.0197E-04 15000 8.4931E08
25055 4.4230E05 26000 2.5880E-07
12000 7.9981E-04 . . Lead
26000 1.0904E-04 mix=d
22000 6.1944E-05 82000 32771E-02
Water . 29000 1 3909E-04
mix=3 Rubber  End C2ps
8016 3342702 mix=5
1001 6.6855E-02 6012 38413602
17000 8.4931E-08 : 1001 5.1304E-02
26000 2.5880E-07 20000 2.2627E-03
‘Lead 14000 4.2185E-04
mix=d 3016 1.0989E-02
82000 3.2771E-02 . 16000 8.497SE-0S

29000 1.3909E-04
Rubber  End Caps

mix=$

6012 3.841SE-02

1001 $.1304E-02 r:ad geom

20000 2.2627E-03 unit 1

14000 4.21S3E-04 cylinder 1 1 063245 9144 [

8016 1.0989E-02 . cylinder3 1 064135 91.44 0

16000 8.497SE-05 cxlinder2 1 0.20735 9144 0

L cylinder 5 1 070735 9398  -2.54

cuboid 3 1 0.946 -0.946 0.946-0.946 93.! 98 4254

unit2  zmeyl 15136 -11.352
unit 3

com="Cait Stparation”
cuboid 1 15.136-15.136 9,090 9.090 9398 254
global unit s amay2 000

eylinder1 1 063228 9. ~4

elinder 3 1 “Inner shell for lead
cvl inder 2 1 cubeid 3 1 30.932-0.66 145.59 -13.41 109.96 -13.4%
93, 98 ‘Outer shell to fill  wilead
0.94 -09 6 0946v09 cuboid 4 1 40.47 -10.20 145.59 -18.41 109.96 -13.44
“Water tank

cuboid 3 | 60.77 -30.50 157.68 -30.50 121.94 +30.50
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_ endgeom

16 nuy=12 mezel fill 19211t end fill
1 nuy=s nuz=l fill 23232t endfill

=kenova
431wi% UOlrods withlead reflector at 0.77 in
read pwram

mea700  gen=120  msk=20  lib=d  npgm5000
fixwyes  fdieyes  1ha=60.0 nubmyes  nfbe3000

“Fuel

mix=1
92235 1.0124E-03
92238 2.2193E-02
8016. 4.6411E-02

‘Clad

mix=2
13027 5.7878E-02
14000 2.3072E-04
26001 2.0505E-04
29001 1.0195E-04
25055 4.4230E-05
12000 7.9981E-04
24000 1.0904E-04
22000 6.1944E-05

“Water

mix=3

8016 33427E-02

1001 6.68355E-02

17000 8.4931E-08

26000 2.5880E-07

“mix=4
82000 3.2771E-02
29000 1.3909E-04
‘Rubber  End Caps
mixm$
6012 3.8415E-02°
1001 5.1304E-02
20000 2.2627E-03
15000 4.2183E-04
$016 1.0989E-02
16000 8.4975E-05
:ndmlxx

read peom

unit 1

inder 1 ] 063245 91.44 4

der3 1 0.64135 91.44 0
O

cylinder2 1 0.70735 9144
cylinder 5 1 0.70735 93.98
cuboid 3 1 0.946 -0.946 0.946 -0.946 9; 98 <254
unit2 amay -15.136  -11352 0
unit3 .

com="Crit  Separation™
cuboid3 1 15.136 - 151:68715~8715 93.98 -2.54
globalunit4 amay2 000
“Tnner shel! for lead
cuboid 3 | 32.228+1.96 144.84-19.16 109.96 -13.44
On(er sh:ll wfill  wilead
40.47-10.20 144.84-19.16 109.96 -13.44

0.27 -30.50 156.18 -30.50 121.94 -30.50

nuz=l fill 192r1t  endfill
nuz=] fill 23232t endfill

HNF-SD-TP-SEP-063, Rev. O

451w1% UO2rods  withlead reflectorat 1.97in

me=700" gen=120  nsk=20  fib=d  npg=5000
flmyes  féamyes  1a=60.0 nubmyes  nfb=8000

" .\ﬂXTL'R..S .

md mixt se=]

mixw]
92235 1.0124E-03
92238 2.2193E-02
8016 4.6311E-02

17 5.7STSE-G2
14000 2.3072E-04
26001 2.0305E-04
29001 1.0197E-04
25055 4.4230E-0S
12000 7.9981E-04
24000 1.0904E-04
22000 6.1944E-05

8016 3.3327E-02
1001 6.6855E.02
17000 8.4931E-08
26000 2.5880E-07

. 82000 3.2771E-02
29000 1.3909E-04
‘Rubber  End Caps.
mix=$
6012 3.8415E-02
1001 $.1304E-02
20000 2.2627E-03
14000 42183E-04
8016 1.0989E-02
16000 8.4975E-05
end mixt )

1¢2d geom
unit 1
c)hnd:r I} 063245 91.44 0
0.64135 9144 0
070735 91.“ D
070735
0.946 -0.946 0946 -0 936 93 98 «2.54
enit2 amay 1 -15.136  -1).352

unit 3
come"Crit Separation”

cuboid 3 1 15136 -15.136 7.175 -7.175 93.98 -2.54
globalunitd amay2 000
"Inner shell for fead

cuboid 3 1 35273500 141,76 22.24 109.96 «13.44
‘Outer shellto fill - whead

boi J 1 40.47-10.20 141.76 -22.24 109.96 -13.44

Water tar .
c\lbold 31 60.77 -30.50 150,02 -30.50 121.94 -30.50
end geom

read armay
ara=] pux=16 ruy=12 nuz=] fill 192r1t end fill
nuz=} il 23232¢ endfill

UO2reds  without lead sefiector

resd pacem
themI00  gen=120  nsk=30  Nbmd  npgeS00D
fxmyes  fiveyes  hamé00 mubeyes  nb=3000
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“Fuel 1 30.462% 2.3202E+01 1 1.000
mix=1 25001 293 2 090735 0.0000 .
92235 1.0124E-03 0.64135 1.0197E-04 1 2698154 7.9463E-02
92238 2.2193E-02 1 419 6.1400E+01 1 1.000
8016 4.6411E-02 23000 293 2 070735 0.0000
‘Clad 0.64135 1.0903E-03 | 1 2698153 7.4309E-02
mix=2 1 350863 6.0131E~01 1 1.000
13027 5.7878E-02 A 293
14000 2.3072E-04 1
26001 2.0305E-04 end
29001 1.0197E-04 =kenova
25055 4.4230E-05 4.31 wt% UO2 rods P=2.54 cm (Opt Mod) lead reflector @ 0.00 in
12000 7.9981E-04 read param
24000 1.0904E-04 me=700  gen=]20  nsk=20  lib=d npg=5000
22000 6.1944E-05 flxeves  fdnwyes bam60.0  nubmyes  nfbw8000.
“Water ives d param
mix=3
8016 3.3427E-02
1001 6.6855E-02
17000 8.4931E-08
26000 2.5880E-07
‘Lead
mix=4

82000 3.2771E-02
25000 1.3909E-04
Rubber  End Caps
mix=5
6012 3.8415E.02
1001 5.1304E-02
20000 2.2627E-03
14000 4.2183E-04
8016 1.0989E-02
16000 8.4975E-05
endmixt

read geom
wit}
alinder1 1
cylinder 3 1
cylinder2.1
eylinder 51
cuboid 3 1
unit2 amy !
nit3
com="Crit Separation”

cuboid 3 1 15.136 -15.136 6.485 -6.435 93.98 -2.54
00

global unit4 amay 2
‘Water tank

cuboid 3 1
end geom

read amay

ara=] nux=16 nuy=12
ara=2 nux=] nuy=5
end anray

end data

end

1nput File for 4.31 wt% Enriched Optimum Moderated UO, Fuel Rods with 2 Lead Wali

0.63245
0.64135
0.70735
0.70735

nuz=1 filk

noz=] fill

Reflecor as given in Table 5.

=nitawt
0§ 82 2 3 4
19 20 9 15
155500 21 [ 0
o 0 s [ 0
° [ .
t
28§ 92235 92235 13027 $2000 S016
1001 29000 25008 26000 26001
14000 16000 24000 20000 7614
25055 12000 17000 22000 6012
45000 )
300 92235 293 205325 00409
0.0 1.0124E-03 1159994 1.698CE-02
1 2380508 23237E-02 11000
92233 2 206325 0009
0.0 2.2193E-02 1 159993 7.T43SE-00
1235 5.3372E-01 1100
26001 2050738
064135 1

9144
91.44
9144
93.98

19201t
23232t endfill

0
0

0
-2.54

0.946 -0.946 0.946 -0.946 93.98 -2.54
-15.136  -11.352

0

60.77 +30.50 147.26 -30.50 121.94 -30.50

end fill

13027 5.7878E-02
14000 2.3072E-04
26001 2.0305E-04
29001 1.0197E-04
25055 4.4230E-05
12000 7.9981E04
24000 1.0904E-04
22000 5.0729E-05
Wates
mix=3
8016 3.3428E-02
1001 6.6856E-02
17000 5.1298E-07
26000 3.2350E-10
82000 1.4532E-11
48000 3.2144E-11
7014 4.0792E-09
Lead
mix=4
- $2000 3.2771E-02
29000 1.3909E-04
Rubber End Caps
mixws
6012 3.8415E-02
100} $.1304E-02
20000 2.2627E-03
16000 4.2133E-04
8016 1,0939E-02
14000 §.4975E-05

** GEOMETRY *

ersnseararess

read geom
nit 3 X
coma"Single Fuel Pin™ .
exlinder 1 1 63245 9144 o
cylinder 0 1 0.64135 9144 o
0.20735 9144 T
cylinder 5 1 35 9398 ~2.54
cuboid3 1 1.270-1.2701.270-1.270 93.93 -2.54
2 zmey) 10.16  -16.51 <254
=713 x § armay of pins”

wnit
frical Separation - Water Gap”

31 2pi0160 2p10310 9398 -2.54
amey2 000
1 for lead

200.00 152,15 -11.85 107.42 -15.98
“Outer shelt to il w .
cuboid § 1
Water tazk
ccboid3 1 508
exd grom

ead
30.52-10.20 152.15 -11.85 107.42 -15.98

0.50 170.80 -30.50 121.94 -30.50
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fead assay

ra=] nux=8 nuy=13 nuz=l  fil} J04rl t endfill
a2 nuxw] nuy=$ nuzel  fil23232tendill
end amay
ead data
end

ova
431 w1% UO2 rods P2.54 cm (Opt Mod) lead reflector @ 0.26 in
read param

we=100  gen=120 nsk=20  lib=t  npg=5000
fixwyes fdn=yes 13=60.0 nubmyes nfb=3000
runeyes  end parem

‘eeiessreen v

MIXTURES *

wesssnernve

read mixt  sct=l

Foel *

mixw]
92235 1.0124E-03
92238 2.2193E-02
8016 4.6411E-02

"Clad

mix~2
13027 5.7878E-02
14000 2.3072E-04

12000 7.¢ 9981E-04
24000 1.0904E-04
22000 5.0729E-05
‘Water
mix=3

8016 5.3428E-02
1001 6.6856E-02
17000 5.1298E-07
26000 3.2350E-10
82000 1.4532E-13
45000 3.2144E-11
7014 4.0792E-09
Lead
mix=4 M
82000 3.2771E-02
29000 1.3909E-04
‘Rubber End Caps -
mixe.
6012 3.8415E-02
1001 5.1304E-02
20000 2.2627E-03
16000 4.2183E.04
8016 1.0989E-02
14000 8.4975E-05
end mi;

i GEOMETRY .

read geom
unit 1
com="Single Fue! Pin*
cylinder I 1 0.63245 91.44 o
c)hndero 1 55 9144 0
91 44 0

euboxd 3 1.270-1.270). 270 I 270 9:

unit2 amey ! 2006 -165)
com="13 x  areay of pins”
unit 5

coms~Critical Separation - Water Gap*

cuboid 3 1 "p]O 160 2p10.390  93.98 -2.54
global witd amay2 0
sh:‘l for lezd

0980-066 152,31 -11.69 167.42-15.98

cJNaldi 1 31 xS 108615231 21169 107.42-15.98
“Water tank

cuboid 3 1 50.82-30.50 37).12 -30.50 121,94 -30.50
¢nd geom

read amay
.'n-l nus=$ nuy=13 o

1041t end §i
£fil23232 |¢1d’ll

HNF-SD-TP-SEP-063, Rev. 0

@052in
re:dpl.-am

tne=i0  gen=i20 nsk=20  lbed  npg=5000
fiwyes  fawyes 1hamS00 mubmyes  nfo=8000

read mixt  set=l

Fuel

mix=}
92235 1. 0!’45—03
92238 2.2193E.02
8016 4.6411E-02

290011 0]915-0‘
25055 4.4230E-05
12000 7.9981E-04
24000 1.0903E-04
22000 5.0729E-05 s

1001 6.6856E-02
17000 5.1298E-07

S’OOO 1 45 E-11
48000 3.2144E-11
7014 4.0792E-09
Tead
mix=$
82000 3.2771E-02
29000 1 3909E-04
‘Rubber. E\d Caps
misxm$
6012 3,84 SE-02
1001 5.1304E-02
20000 2.2627E-03
16000 4.2183E-04

8016 1.0989E-02
14000 8.4975E-05

GEOMETRY *
vee

read geom
unit 1

com="Siagle Fuel Pin®
063245 9144 [
064135 9144 0
0.70735 91.44
cytinder 5 1 070735 93 2.54
wboid3 1 1.270-1.2701270-1270 9398 254
wit? amay ] Q006 41651 254
come"15x 8 aray of pins”
unit3
come"Criical Separation - Water Gap®
cuboid3 1 2p10.160 299520 93.98 254
global wait4 amay2 000
“Inacr shell for lead .
cuboid3 1 21.641+1.32150.57-13.43 107.42 1598
-o.m m'x o il with Jead
31.84 11,52 150,57 +13.43 107.42-15.98

£0.82 -30.50 167.64 -30.50 121.94 -30.50

sxe§nuyml3nez]  fl1 10471 t end il
awas2noxs] puymS ruzel  f232320end f
end ey . .
ead dxia

end

02 rods Pr2.53 em (Opt Mod) icad reftector @ 2.13
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sead param
=700 genwi20 nsk=20  libxd  npgms000
fix=yes. fdueyes thow60.0 nubyes nfoaS000
runmyes  end param

read mixt  sci=]
‘Fuel

mix=]
92235 1.0124E-03
92238 2.2193E-02
8016 4.6411E-02
‘Clad
mix=2
13027 5.7878E-02
14000 2.3072E-04
26001 2.0505E-04
29001 1.0197E-04
25055 4.4230E-05
12000 7.9981E-04
23000 1.0904E-04
22000 5.0729E-05

3016 3.3428E-02
1001 6.6856E-02
17000 5.1298E-07
26000 3.2350E-10
82000 1.4532E-11
48000 3.2144E-11
7014 4.0792E-09
Lead
mix=4
52000 3.2771E-02
29000 1.5909E-04
‘Rubber End Caps .
mix=$
6012 3.8415E-02
1001 5.1304E-02
20000 2.3627E-03
16000 4.2183E-08
8016 1.0989E-02
14000 8.4975E-05

end mixt

read geom
vnit 1
0.65245 91.44 0
0.64135 91.44 4
020735 9144 0
cylindes 5 1 0.70735 93.98 .54
cuboid 3 1 12701270 1.270-1.270 93 98 ~2.54
unit2 amay} <1016 <1651 -2.54

coms ~13 x 8 amay of pins”

cem-'CnucaJ Separation - Water Gap™

cuboid 3 1 2pl0.160  2p5.150 93.98 -2.54
global unit4 aray 2 000
‘Inner shell for Jead

cuboid 3 1 25725 -5.41 141.85 -22.17 107.42 -15.98
“Ouler sheil to fill with lead

cuboid4 1 35.95-15.61 141.83 .22.17 107.42 -15.98
“Water tank

cuboid 3 } 50.82 -30.50 150.16 -30.50 121.94 -30.50
end geom

read asray
1nuxeS nuy=13 nezml 6l 10461 ¢ end il
nuxel nuy=S nuzel  fi125232tend il

end
=kenova
431 %8 02 rods P=2.54 em (Opt Mod) without lead reffetor

nsk=20 . lib=d npg=$000
thom$0.0 nub-yes #i>=3000

HNF-SD-TP-SEP-063, Rev. 0

Hesasesnennisessene

92255 1.0125E-03

92238 2.21$3E-02

8016 £.6411E-02

'Clad

mix=2
13027 5.7878E-02
14000 2.3072E-04
26003 2.0305E-04
29001 1.0197E-04
25055 4.4230E-05
12000 7.9981E-04
24000 1.0904E-03
22000 5.0729E-05

Water

mix=3
8016 3.3428E-02
1001 6.6856E-02
17000 5.1298E-07
26000 3.2350E-10
82000 3.4532E-11
48000 3.2144E-1) -
7014 4.0792E-09 -

“Lead

mix=d
82000 3.2771E-02
29000 1.3909E-04

*Rubber Eod Caps

mix=$
6012 3.8415E-02
1001 5.1304E-02
20000 2.2627E-03
16000 4.2183E-04
80161 E-02
14000 8.4975E-05

end mixt

read geom
unit |
com="Single Fuel Pin®
cylinder1 1 . 0.63245 91.44 0
cylinder 0 1 0.64135 91.44 0
eytinder2 1 070735 " 9144
cylinder 5 1 070755 93.98 -2.54
cuboid3 1 127012701270 -1.270 93.98 -2.34
unit2 amay i <1016 1651 254
com="13 x 8 amay of pins”
usit

com="Critical Separation - Water Gap"

cuboid 3 1 2p10.160  2p4.120 9398 -2.54
global unit4 amay2 000
"Water taok

cuboid 3 1 50.82 -30.50 146.04 -30.50 121.94 -30.50
end geom

1ead avay .

ara=] nux=8 nuy=t3nuzel” fill 104rt 1 end fill
ara=2 nux=] nuy=$ nuz=]  fill23232tend fill
end array

end data

end

Input File for 2.35 wt% Enriched Undermoderated UO, Fuel Rods with 2 Lead Wall
Reflector as given in Table 5.

=nitawl .

0ss 82 4 18
19 15

158 500 0 o
0 o 0 0
o o

1

28§ 92235 92238 13027 14000 25055
29000 29000 12000 24000
28000 26000 -26000 22000
8016 1091 13800 $2000

B6-50



NCS Basis Memo 96-2
December 30. 1996
Page 49
92235 293 2 05588 02008
0.04.5528E-04 1159994 3.134E-02
1 2380508 4.3450E-02 1 100
92258 293 2 05588 02098
0.02.0033E-02 P 15.9994 7.5886E-00
1 2550439 28517601 P
26000 293 2 06350 00000
0.5588 2.0305E-04 12695154 39506E~02
1 304624 23200E-00 1 1000
29001 293 2 06350 00000
0.5558 1.0197E-04 12695154 TH46SE02
1 340419 6.1400E+01 1 1000
26000 293 2 06350 00000
0.5588 1.0904E-04 12698154 7.4309E+02
| 35.0863 6.0131E-01 V1000
o 093
1
end
=kenova

2.35 wi% UO2 Rods P=1.684 (Undermod) lead refiector @ 0.00
sead param

me=700  gen=120 ask=20  1ha=60.0 npg=5000
fixmyes  fdneyes mubmyes fibmd  nfo=3000

d

MEIXTURES *

“ evesereasase

read mixt  sctwl
‘Fuel

mix=}
92235 4.8828E-04
92238 2.0033E-02
8016 4.1043E-02
d

mixw2
13027 5.7878E-02
14000 2.3072E-04
26001 2.0505E-04
29007 1.0197E-04
25055 4.4230E-05
12000 7.9981E-04
24000 1.0904E-04
22000 5.0729E-05
Water
mixe=3
$016,3.3427E-02
1001 6.6854E-02
17000 8.4931E-08
26000 2.5880E-07
82000 1.4332E-11
48000 53573812

82000 3.2771E-02
29000 1.3909E-04
ixt

‘* GEOMETRY *

read geom
unit §

Fuel
atinder1 1 05588 91.4% 0
‘Al Clad X
cylinder2 1 0635 9144 6
*Al End Plugs .
eylinderd 1 0635 9652 127
eubeid 3 1 40842 9652 M
unit 2 amay ) 15456 19366 <127
Center Clusier®
2

+15.156  -16.84 -1.27

P
2p13.156 2p5.030  96.52.1.27
000

5 amey 3

! of lead

cuboid 3 1 30.3320.00 145.11 -18.89 109.33 .14.08
‘Quter shell
idd 1

40.51-10.20 135,11 -18.89 109.33 .14.08

40,81 .30.50 156 50122023050

HNF-SD-TP-SEP-063, Rev. 0

ead geom

1ead 22y

arz=t nux=18 nuy=23 nuz=l  £ill 41311 tend fill
2ra=2 nux=18 nuy=20 nuz=l  fill 360r1 t end ill
aa=3nux=l puyeS nuzel fill34233tend fill
end amay

=ksnova

2.35 wt% UO2 Rods Pr1.684 (Undermod) lead seflector @ 0.26
sead pasem R

tnea700  genmi0 nske20  162=600 npges000
fixwyes fdueyes nubmyes lib=d  nfomS000

end pacem

e

** MIXTURES *

read mixt  scr=1
‘Fuel
mix=]
92235 4.8828E-04
92238 2.0033E-02
8016 4.1043E-02
“‘Clad
mix=2
13027 5.7878E-02
14000 2.3072E-04
26001 2.0305E-04
29001 1.0197E-04
25055 4.4230E-05
12000 7.9981E-04
24000 1.0903E-04
22000 5.0729E-05
"Warer
mix=3
8016 3.3427E.02
100} 6.6854E-02
17000 8.4931E-08
.26000 2.5880E-07
82000 1.4532E-11
48000 $.3573E-12
“Lead
mi

ix=$
82000 3.2771E-02
29000 1.3909E-04
end mi

read geom
wnit ]
Fuel

cxlinder1 1 0.5588 9had o
‘Al Clad

eylinder2 1 0.635 9144 ° o
"Al End Phugs .

cylinder2 1 0.635 96.52 -1.27

cuboid 3 1 4p0342 9652 127

unit 2 arrey 1 -15.156  -19.366 -1.27
comm="Center Cluster”
unit 3 aray 2 -15.156 " -16.84 ~1.27
com="End Cluster” .
unitd

comw="Critical Separation - Watér Gap™
T cuboid3 1 2p15.056 . 2p5.055  96.52-1.27
global wnit Samay3 000
“Inner shell lead
. cubeid3 1 30972 -0.66 145.16 -18.84 109.33 -14.08
"Outer sheli of lead
cuboid 4 1 41.17-10.86 145.16 -18.84 109.33 -14.08

60.81 -30.50 156,81 -30.50 127.02 -30.50

fill 41451 tend fill
il 36011 t end fiil
fill342431end fill
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=kenov: .

2.35 wi% UO2 Rods Pr1.684 (Undermod) lead reflector @ 1.29
1ead pasem
tme=700

nskn20
nubmyes

ha=60.0  npg=5000
lib=d nfb=3000

gen=120
fdn=yes

read mixt  sci=]
‘Fuoel
mix=1
92235 4.8828E-04
8 2.0033E-02

92!
8036 4.1043E-02

‘Clad
mix=2
13027 5.7878E-02
14000 2.3072E-04
26001 2.0305E-04
29001 1.0197E-04
25055 4.4230E-05
12000 7.9981E-04
24000 1.0904E-04
22000 5.0729E-05
‘Water
mix=3
8016 3.3427E-02
1001 6.6854E-02
17000 8.4931E-08
26000 2.5880E-07
82000 1.4532E-11
48000 $3573E-12
Lead .
mix=4
82000 3.2771E-02
25000 1.3909E-04

end mixt

read geom
unit 1

“Fuel *
eylinder 1
‘Al Clad
cylinder2 1
*Al End Plugs
ovlinder2 1
cuboid3 §
unit 2 array 1
com="Center Cluster”
unit 3 amay 2
com="End Cluster™
unit
com="Critical Separation - Water Gap”
cuboid 3 | 2p15.156 2p3.250
global unit 5 amay3 000
“Inner shell Jead
cuboid3 1
"Quter shell of iead
cuboid 4 1
“Water tank
cuboid 3 1
end geom

0.5588 91.44 [

0635 9144 o
0635

4p0.842 -

-15.156

96.52

96.52
~19.366 -1.27
-15156 1688

96.52+1.27

33.588-3.28 143.55 -20.45 109.33 -14.08
43.79 -13.48 145,55 -20.45 109,33 -14.08

60.81 -30.50 153.59 -30.50 127.02 -30.50

read armay
araw] nuxe=18 nuy=23 nuzal
2:2m2 nux=18 nuy=20 puz=1
r2=3 puxm] nuy=$ muzel
end amay

fill $14rt tend fill
£ill 3601 tead fill
154243 1epddill

02 Rods P=1.684 (Undznmod) without lead reflector

nsk=20
nubs=yes

tham60.0  npg=5000
lib=4 nib=5000

gen=120
fdnmyes

HNF-SD-TP-SEP-063, Rev. O

read mixt  sctel
"Fuel

26001 2.0303E-04
29001 1.0197E-04
25055 4.4230E-05
12000 7.99S1E-04
24000 1.09045-04
22000 5.0729E-05
“Water
mixe3
8016 3.3427E-02
1001 6.6854E-02
17000 8.4931E-08
26000 2,£880E-07
$2000 1.4532E-1
48000 5.3573E412
Lead
mixed
82000 3.277VE-02
29000 1.3909E-04
end mixt

GEOMETRY *

read geom
unit 1
uel
cylinder 1 | 91.44 0
'Al Clad
cylinder2 1
*Al End Plugs
cylinder2 1
cuboid 3 1
unit 2 aay 1
com="Center Cluster™
unit 3 amay
com="End Cluster™
unit 4
comm~Critical Separation - Water Gap”
cuboid 3 1 2pl15.156 2p3.295
globalunit Samay3 000
Water tank
cuboid 3 1
end geom

0.5588

0635 9144 [

0635
40.842
-15.156

96.52
96.52
~19.366

-1.27
<27
-127

15156

-16.84 -1.27

96.52-1.27
60.81 -30.50 149.77 +30.50 127.02 -30.50

read amay

ara=] pux=18 nuy=23 nuz=)
ara=2 nux=18 nuy =20 nuz=1
are=3 nuxs] muy=S puzel
end array

end data

end

fill 414r] tend fill
ill 36071 ¢ end fill
fil34243tend fill

Input File for 2.35 wt% Enriched Optimum Moderated U0, Fuel Rods with 1 Lead Wall
Reflector a5 given in Table 5.

=nitaw]
(539 82 2 3 4 18
19 20 9 15
iss 500 17 o [ 0
0 0 5 0 0
0 0
t
288 $2235 92238 13027 14000 25055
29000 -29%01 12000 24000
45000 26000 26001 22000
17000 $2000
30 2 05588 0.0897
. 1 15.9994 3.11352-02
0508 4.3490E-02 1 1.000
2 0.5588  0.0897
1 159994 7.5886E-00
JE-01 1 1.000
2 06350 0.0000
1 2695184 3.9506E-02

B6-52



NCS Basis Memo 96-2

December 30, 1996
Page St
1 30.462¢ 2.3202E-01 1 L0
29001 293 2 06350 0.0000
05558 1.0197E-04 I 2698154 1.9463E-02
1 30819 6.1400E-01 Lo
24000 295 2 06350
0.5588  1.0904E-04 12658158 7
1 350863 6.0131E-01 !
Bl 293
t
nd
<kenova

235 wi% UO2rods  withJead  reflectorat 0.00 in

gen=120  nsk=20  npg=3000  nfb=3000
fdneyes  phmyes  runeyes  1ha=600
lib=4

4.8828E-04
2.0033E-02
4.1043E-02

5.7878E-02
2E-04
2.0305E-04
1.0197E-04
4.4230E-08
7.9981E-04
1.0904E-04
5.0729E-05

3.3427E-02
6.6853E-02
1.00935E-06
3.2350E-10
3.8609E-10
5.3798E-11

* GEOMETRY *

tead geom
uait 1
“Fuel
cylinder 1 1 0.5588 9144 0
‘Al Clad
cylinder2 1 0.635 9144 o
*Al End Plugs
cylinder2 1 0.635 96.52 -1.27
cuboid 3 | 1.016-1.016 1.016-1.01696.52 -1.27
unit2 amey | -i6.256  ~19.304
unit3

com="Crit__ Separzrion”

cuboid3 1 2pl6256  2p6920 9652 127
glebalunit s oray2 000
“Inner shell tea .

cuboid3 1 32512000 153751025 109.33 +14.0
“Outer shelt of

cuboid4 1 427 -20.20 153.75-10.35 10
“Water tank

cuboid3 1 63.01-30.50 174,00+
end geom

<140

312194305

read avay

nezel fill 304clt endfill
nuzeml fill 232321 endfill

end st

HNF-SD-TP-SEP-063, Rev. 0

235wi%  UOZrods  withlead  reflcctor at 0.3 in
read param

tne=700  gen=120  nsk=20  npg=3000  nfb=5000
ficmyes  fdnmyes  plteyes  runwyes  tha=60.0
nubeyes  libmd

end param

read mixt ser=l

92235 4.8328E-04
92238 2.0033E-02
8016 4.1043E-02

13027 5.7878E-02
14000 2.3072E-04
26001 2.0305E-04
29001 1.0i97E-04
25085 4.4230E-05
12000 7.9981E-04
24000 1.0904E-04
22000 5.0729E-05

8016 3.3427E-02
1001 6.6854E-02
17000  1.0095E-06
26000 3.2350E-10
82000 3.8609E-10
48000 5.3798E.11

82000 32771E-02
29000 1.3909E-04

** GEOMETRY *

reaessrasrrsees

1ead geom
unit
"Fuel )

cylinder1 1, 0.5588 9141 0
*Al Clas

cylinder2 1. 0.635 9144 0
*Al End Plugs

cvlinder2 1 0.635 96.52 <127

cuboid 3 1 1016 -1.016 1.016-1.016 96.52 -1.27

unit2 amay | -16.256 19304 0
unit3 -

com="Crit  Separation”
cuboid 3 1 2p16.256 2p6.860 96.52 -1.27
globalunitd amay2 000

‘Inner shell lea

cuboid 3 1 33.172-0.66 153.63 -10.37 109.33 -14.0
*Outer shell of

cuboid4 1 43.37-10.86 153.63 -10.37 109.33 -14.0
“Water tank

cuboid3 1 63.01-30.50 173.76 -30.50 121.94 -30.5
end geom

read amay
nuy=19  nurelfill 3041t endfill
nuy=S muzel fill 232321 endfill

nste] end start
LO2rods  withlead refiectorat 1.03in

20 nske20  npg=S000  nfo=8030
plimyes  rnmyes  15am60.0
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mix=]
92235 4.8828E-04
92238 2.0033E-02
8016 4.1043E-02

5.7878E-02
- 230728404
2.0303E-04
1.0197E-04
4.4230E-05
7.9981E-04
1.0904E-04
5.0729E-05

3.3427E-02

6.6854E-02
1.0095E-06
3.2350E-10
3.8609E-10
5.3798E-11

3.2771E-02
1.3909E-04 N

read geom
unit 1
‘Fuel
cylinder} 1 0.5588 9t.44 0
cylinder2 1 0.635 91.44 0
‘Al End Plugs
cylinder2. 1 - 0635 96.52 -127
cuboid 3 1 1.016-1.016 1.016-1.01696.52 -1.27
unit 2 amay 1 -16256  -19.304
unit3 )
com="Crit  Separation”
cuboid 3 § 2p16.256 2p5.625  96.52 «1.27
global unit4 aay2 000

‘Inner shell fea

cuboid 3 1 35.128-2.62 15116 -12.84 109.33 -14.0
"Quter shell of

cuboid 4 1 45.33-12.82 151.16-12.84 109.33 -14.0
"Water tank .

cubeid3 1 63.01 +30.50 168.82 -30.50 121.94 -30.5
end geom
1ead amray
ara=] nux=16 nuy=19 puzel fill 304rlt  end filt
ag=2nux=]l  nuy=$ nuz=l fill 23232t endfill
end amay
readstart nste) end start
end data
end
=kenova
235w% UO2rods  withoutlead reflector
read pasam
me=700 pen=120  nsk=20 npg=5000  afd=8000
fixwyes  fdnmyes  plimyes - runmyes  tha=60.0
nubmyes  lib=3
end param

readmixt  sct=]
‘Fuel

mix=]

5 3.8828E-64
2 2

13027
13000

HNF-SD-TP-SEP-063, Rev. 0

12000 7.9981E-04
1.0904E-04
22000 £.0729E-05

5016 3.3427E-02

1000 6.6S54E-02

¥ 009SE-06
26000 3.2350E-10
82000 3.8609E-10
43000 $.3798E-11

Lead

mix=d )
52000 3.2771E02
25000 1.3909E-04

end mixt

** GEOMETRY *
wenvreseravacie
tead geom
unit
Fuet
eylinder 1 1
‘Al Clad
eylinder2
‘Al End Plugs
cylinder2 1 0.635
cuboid3 1
amay 1

0.5588

0.635

unit 2 ~16.256

unit 3

com="Crit  Scparation”
cuboid 3 T 2p16.256

global unit4 amay2 000

readamy
ara=) puxel6  nuy=19
aras2nuxel  nuysS

nuz=1 fill
nuz=] fill

readstant psi~l end start
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7.0 STRUCTURAL EVALUATION

7.1 INTRODUCTION

The PRTR Graphite Cask, or Radiometallurgy Cask 27, is an onsite, intra-area packaging for
transporting Type B radioactive material within the 300 Area of the Hanford Site. This section of the
document defines and evaluates the NTC structural requirements for intra-area transport of this
package. Structural performance of the package is evaluated only for NTC; accident conditions are
evaluated in the risk and dose consequence section of this document.

7.2 STRUCTURAL EVALUATION OF PACKAGE

7.2.1 Package Structural Description

The PRTR Graphite Cask is fundamentally a right circular cylinder of lead and stainless steel
composite construction. The lead is sandwiched between outer and inner stainless steel tubular shells.
At each end of the cask is a thick circular plate. that is welded to both inner and outer shells, which
encapsulates the lead. At the top, closure of the inner cavity is provided by a bolted blind flange with
an attached shield plug of composite lead-stainless steel construction. The cask is equipped with a
manually actuated, rotating, shielded drum door, which provides closure at the bottom end. None of
the end closures are'sealed. A handling yoke is provided on the cask and welded to the outer shell.
Attached to the yoke is a lifting bail, which can be locked into position for lifting and handling of the
cask. Support plates are welded to the outer bottom housing to provide support during transport.

The cask is constructed of welded 304 stainless steel. Shielding is provided by lead, which is
poured after fabrication of the stainless steel body and internal components.
7.2.2 Chemical and Galvanic Reactions

At the operating temperatures, no chemical or galvanic interaction of the materials will occur.
The lead is encapsulated in the stainless steel; consequently, there are no agents to generate chemical
or galvanic reactions. In addition, stainless steel forms a natural oxide layer, which provides protection
from most corrosive agents (i.e., water) under the normal operating temperatures.
7.2.3 Sizes of Package and Cavity

The outside dimensions of the cask are 36.0 ¢cm {14.0 in.) in diameter by 99.0 cm (32.0 in.) in
length. Dimensions of the inner cavity are 7.94 c¢m { 3.13 in.} in diameter by 63.5 ¢cm (25.0 in.) in
length. ’
7.2.4 Weight

The PRTR Graphite Cask has an empty weight of 1,089 kg (2,400 ib) and a maximum gross
weight of 1,202 kg (2,650 Ib). .
7.2.5 Tamper- Indicating Devices

Due to the weight of the cask closures and the intra-area shipment of this cask, no tamper
indicating devices are provided.
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7.2.6 Positive Closure

Positive closure of the cask is provided by the bolted blind end flanges. The top end blind
flange is secured with four, No. 10 hex head screws. At the bottom end the flange is closed off with a
rotating shielded drum door.

7.2.7 Lifting and Tiedown Devices

No tiedown devices are provided on the cask. For lifting and handling, yokes on each side of
the cask with a rotating bail are provided. The yokes are recessed into the outer housing and
reinforced with welded plates. The bail is equipped with bearings that are pressed onto the yoke. As
shown in the Part B, Section 7.5, the yoke and the lifting attachments meet the requirements of the
Hanford Site Hoisting and Rigging Manual {RL 1993).

7.3 NORMAL TRANSPORT CONDITIONS

7.3.1 Conditions To Be Evaluated

Onsite structural performance of the package is assessed for Hanford Site normal conditions in
this section. The onsite conditions evaluated for are hot and cold temperature extremes, reduced and
increased external pressure, vibration, water spray, compression, inertial loading, and penetration. The
package structural response with solar insolation is evaluated for the onsite hot ambient temperature
extreme of 46 °C (115 °F [Fadeff 1992]} and without for the cold ambient temperature extreme of
-33 °C (-27 °F [Fadeff 1992]). Reduced and increased external pressure structural response is
evaluated for a Hanford Site maximum barometric pressure range of 0.94 atm (13.81 psi} to 1.01 atm
(14.85 psi). Vibrational loading response of the package is evaluated for the parameters established in
ANSI N14.23 (ANSI 1980). In the case of water spray, package response is evaluated for in-leakage of
water at ambient temperatures and pressures. The package structural response to compression is
evaluated for compressive loads resulting from anticipated stacking onto the package. Because there
are no in-transient load transfers, structural response of the package to inertial loads is evaluated for
rough transport of the package based on ANSI N14.23 shock loading parameters. Penetration
structural response is'idealized as a loading from a steel rod 3.2 cm (1.25 in.}) in diameter with a
rounded end weighing 6.0 kg (13.0 Ib) dropping onto the package from a height of 1.0 m {40.0 in.}.
These loads are to be applied independently and nonsequentially.

7.3.2 Acceptance Criteria

The criteria for acceptable performance of the package are based on all major critical
components of the package remaining structurally functional, the contents remaining contained, and
only superficial damage of noncritical components being incurred during NTC. To meet the criteria for
NTC, the analytical tests are to assume, as a worst case, the package is intermittently subjected to the
above loading conditions during normal transport operations. Performances of the package in meeting
these criteria are demonstrated by either positive margins of safety based on material yield strength or
package loadings that are within acceptable limits of the component/materials used in the package.

7.3.3 Hot and Cold Evaluation
Based on the thermal evaluation from Part B, Section 8.0, for a worst-case heat source of
5.65 W with solar insolation under Hanford Site conditions, the maximum internal component

temperature of the cask is 79 °C (175 °F). Considering the materials of construction {lead and
stainless steel), no material_degradation or appreciable reduction in yield strength will occur. Under
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these conditions the external temperature of the cask is 78 °C {172 °F). Consequently, structural
performance of the package is not affected by the Hanford Site hot temperature extreme. Following
the thermal analysis, the radiological payload activity was reduced, resulting in a heat loading of
2.92 W. Because the heat lcading is less than that previously analyzed, the conclusions remain the
same.

Evaluation of cold temperature package performance shows that because the primary structural
material of construction is stainless steel, no extremely cold weather shipping restrictions are required.
Austenitic stainless steel is not susceptible to low-temperature brittle fracture. Consequently, with an
onsite, low, extremely cold temperature of -33 °C (-27 °F}, no degradation cask of performance will
ocour.

7.3.4 Reduced and Increased External Pressure

Because the cask is not sealed, reduced or increased external pressure is not a concern.

7.3.5 Vibration

Vibration of the package is not a concern because the shipment occurs only 12 times a year for
a distance of less than 1.61 km (1.0 mi). Based on a speed of 24 km/h {15 mi/h) for a distance of
1.61 km (1.0 mi}, 12 times a year, at a loading frequency of 2 Hz (ANSI 1980}, this equates to
approximately 6,000 cycles per year. Relative to the loading on the materials and the material fatigue
strengths, vibrational loading on this cask is not significant.

7.3.6 Water Spray

. Because the package is not sealed, in-leakage of water into the cask cavity is a concern.
Consequently, all payloads must be shipped in sealed containers. Prior to and after transport, the cask
must be inspected for any in-leakage of water into the cask cavity.

7.3.7 Compression

The package is shipped as an exclusive-use shipment, and stacking on the package is
prohibited. Consequently, package compression is not a concern.

7.3.8 Inertial Loading

During normal transport of this package, no in-transit load transfers are involved.
Consequently, normal condition inertial loads would arise from rough transport shock loads of 3.5¢gs
vertical to the plane of travel and 2.3gs in the direction of travel (ANSI 1980).

In the case of the rough transport, shock loads of the conveyance are evaluated as intermittent
in nature and applied as a single pulse to the package. Because the duration of the shock load is of
such long duration (greater than three times the natural frequency of the system), it is applied as a
quasi-static load, and the package is evaluated by classical linear elastic methods. To ensure
component and material loading are within the elastic range, the allowable stresses are established on
the basis of the maximum shear stress theory of failure. The weld ailowable loading is established on
base material yield strength with a joint efficiency reduction factor based on the American Somety of
Mechanical Engineers Boiler and Pressure Vessel Code, Section VIII {ASME 1992).
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Evaluation of rough transport loads on the package presented in Part B, Section 7.5, shows
that the package remains fully functional, maintains structural integrity, and maintains the contents. In
the evaluation, package performance is analyzed for both vertical and longitudinal loadings. In both
cases the evaluation shows the induced stresses on the package are below the allowable stresses.

7.3.9 Penetration
The evaluation presented in Part B, Section 7.5, shows the exposed surfaces of the package
cannot be penetrated by a 6.0-kg (13.0-Ib) object dropped from 1.0 m {40.0 in.). Results of the
evaluation show that only superficial marring of the exposed stainless steel surfaces results from
dropping the object.
* 7.3.10 Conclusions
The results of these evaluations show the package is acceptable for transport on the Hanford
Site under NTC. Due to the possibility of in-leakage of water into the cask cavity, proper protection
and sealing of the payload and cask internals are required.
7.4 REFERENCES
ANSI, 1980, American National Standard Design Basis for Resistance to Shock and Vibration of
Radioactive Material Packages Greater than One Ton in Truck Transport, DRAFT, ANSI N14.23,

American National Standards Institute, New York, New York.

ASME, 1992, Boiler and Pressure Vessel Code, Section VI, Division 1, American Society of
Mechanical Engineers, New York, New York.

Fadeff, J. G., 1992, Environmental Conditions for On-site Hazardous Materials Packages,
WHC-SD-TP-RPT-004, Rev. 0, Westinghouse Hanford Company, Richland, Washington.

RL, 1993, Hanford Site Hoisting and Rigging Manual, DOE/RL-92-36, U.S. Department of Energy,
Richland Operations Office, Richland, Washington.
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7.5 APPENDIX: STRUCTURAL ANALYSIS

ENGINEERING SAFETY EVALUATION

Subject;  PRTR Cask NTC & Puncture Threshold

Originator: _S. S. Shiraga Date: 05/19/97
Checker: __R.J. Smith A G i, Date: 05/25/97
L Objective:

1

=

The objective of this evaluation is to evaluate the PRTR cask performance relative to the Normal Transport
Conditions outlined within Scction 7 of this Safety Evaluation Packaging (SEP). Also this evaluation
determines adequacy of lifting system and the cquivalent steel thickness of the cask for determination of the
puncturc failure threshold.

. References:

ANSI, 1992, ANSI N14.23, Draft American National Standard Design Basis for Resistance to Shock and
Vibration of Rudioactive Material Packages Greaier than One Ton in Truck Transport, American National
Standard Institute, New York, New York.

ASME, 1995, Boiler and Pressure Vessel Code, Section 11, Part D, American Socicty of Mcchanical Engineers,
New York, New York.

Roark, R. )., 1965, Formulas for Stress and Strain, Fourth Edition, McGraw-Hill Book Company, New York,
New York.

Blodgett, O. W., 1966, Design of Welded Structures, The James F. Lincoin Arc Welding Foundation, Clevefand,
Ohio.

Roark, R. J., Young, W. C., 1983, Formulas for Stress and Strain, Fifth Edition, McGraw-Hill Book Company,
New York, New York.

ASME, 1992, Boiler and Pressyre Vessel Code, Section VI, Division 1, American Society of Mechanical
Engineers, New York, New York.

Rinchart, J. S., and Pearson, J., 1954, Behavior of Metals Under Impulsive Loads, American Socicty of Metals,
Cleveland, Ohio.

ANSY, 1993, ANSI N14.6, American National Standard for Radioactive Materials-Special Lifing Devices for
Shipping Containers Weighing 10 000 Pounds (4500 kg} or More, American National Standard Institute, New
York, New York.

ORNL, 1970, Cask Designer’s Guide, ORNL-NISC-68, Qak Ridge National Laboratory, Oak Ridge,
Tennessec.

Mathcad Plus 5, 1994, User’s Guide, Math Soft Inc., Cambridge, Massachusetts.

. Results and Conclusions:

This evaluation shows that the PRTR cask will meet normal transport conditions (NTC) and lifting loads as
specified in Section 7 of this SEP. The evaluation shows the incriial loadings on the cask from rough transport
arc well below the material yicld. Consequently, rough transport will not result in any permanent deformation of
the package. The results demonstrate that the cask will not sustain any damage during NTC and remain fully
functional.

Also, within this evalvation, the equivalent steel thickness of the package js determined. Based on empirical
data (Rinchart, 1954) the cquivalent steel thickness of the cask body is 2.6 inches.
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ENGINEERING SAFETY EVALUATION

Subject; PRTR Cask NTC Structural Cvaluation & Puncture Threshold Page: 2 of 11
Originator: _S. 8. Shiraga Date: 05/19/97
Checker: __R.J. Smith __ZAfA— Date: 05/25/97

1V. Evaluation:

Normal Transport Conditions Evaluation of PRTR Cask:

Determiration of inertial Ieading for NTC:

During normal transport of this package no in-transit load transfers are involved. Consequently, normal
condition inertial foads arise from rough transport shock loads. Rough transport loads are derived from ANST
N14.23 (ANSI, 1980). Rough transport shock loads for this package are defined as a vertical 3.5 g and
longitudinal (in direction of travel} 2.3 g shock load to the package. Laterat load of 1.6 g is neglected, as it is
bounded by the vertical and longitudinal foads. Assume the shock is a single pulsc applied to the package as
a quasi-static load. Acceptance criteria is the package remain fully functional afier the event, i. ¢., no plastic
deformation of components.

Empty weight of package: W P 24001bf Maximum weight of payload: W pay 2501bf
Gross weight of package: WimW p* w pay
Inertial loadings: Vertical: gy =35 Longitudinak: g|:=23

Material parameters (ASME, 1995):
Assume cask shells are constructed of 304L stainless steet (SA 240, Class 2) at 200 °F :

Yicld strength: s ysst 12213 kst Poisson's Rali_o: Vgt 7031

Elastic modulus:  E gy i 27.616%psi

Allowable stress for NTC on sst components based on maximum shear stress: S gest ¢

Assumed cask bolts are constructed of SA193 Type B8 (Class 2) at 200 °F:
Yield strength: s yb ¥ 27.5ksi

Allowable stress for NTC bolts based on ASME criteria: Sab §~s yb

Assume lead properties at 250 oF:

Yieldstrength: sy, 1= 8ksi Poisson's ratio: vpp =04

Elastic modulus: pr 2 106~psi
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ENGINEERING SAFETY EVALUATION

Subject;_PRTR Cask NTC Structural Evaluation & Puncture Threshold Page:_3 of 11
Originator: _S. S. Shiraga Date: 05/19/97
Checker: __R.J. Smith //L Date: 05/25/97
Geometric parameters of package:
Idealize the packageas a itc beam with of ic cylinders of stainless steel and lead.
‘e
I Ay [ Length of cask:
T .
4z Diameterof cask: d = 14in
7 & -
A Length between supports: 15 11+ 2:(2.5in)

Quter shell wall thickness:  t ¢ '=0.250in

Quter shell outside radivs:

Outershell inside radius:

Inner shell outside radius:

Seotion A=A

Inner shell inside radius: Tt 31 z»s—"“
Inner shell wall thickness: s i~ T i =0.12%n
End plate thickness: top® 0.5in End plate weld leg: Wy 0.1875in

D ine di ion of lead, ing the lead is unbonded to the stainless steel walls:
Density of lead: Ppb 1—‘7!()!!’-f
I

Idealize as ring supporting it's own weijght. Use
Roark, 1965, case 18, page 176.

Weight per linear inch of lcad:
2 2 — ez lbf
Wb "'Ppb'[""("oi “Fig )] Wb =55 ;

Moment of inertia of the section:
N 4,
! ,:"__’_gi Tio
Jpb 4

n

Iy, =162¢°in’"

it T
Nominat radins: 1 5p = 012 o
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ENGINEERING SAFETY EVALUATION

Subject:  PRTR Cask NTC ion & Puncture Threshold Page: 4 of 11
Originator: _§. 8. Shiraga Date: 05/19/97
Checker: __R.J. Smith K/ﬂk Date: 05/25/97

Diametrial'compression of lead: A v A y =-8.810°C “in

no signij load on inner shell.

This is
Determine Loading on Cask Body duc to Bending:

Since cask is shipped in the horizontal, setting on two support plates, idealize as simply supported beam with
uniform loading which over hangs each end (Blodgett, 1966).

L 1 :

c
"1
e x ls } x =

Assumed uniform load:  wy: Over hang distance:  x: x=2.5'n

Reaction loads at supports:

i
wy (x+ 25) F, =46381bf
Maximum moment at center:

M ¢ =34346"Ibfin

Moment at supports: M

Muaximun: load and moment at supports.

Detérmine composite moment of inertia:

Moment of inertia about center (neutral axis) of cross section:

Tnner shell: [P

Outer shell: 1
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ENGINEERING SAFETY EVALUATION
Subject; _PRTR Cask NTC Structural Bvaluation & Puncture Threshold Page: 5 of_11
Originator: _S. . Shiraga
Checker: __R.1.Smith___#17F—~ Date: 05/25/97

Composite moment of inertia: El:= Esst" ost pr~l pbt Bsst'l is

Determine composite area;

Outer shell: A g '»‘»1:-(r 002 - 'oi2) Toner sheli: A Z:Sn-(r ioz‘ rﬁz)
Lead shiclding: A pp, ool ricd)

Composite area factor: ABFA (o Eg + A pb'E pb A is'E sst

Bending stress in outer shell at maximum moment: Cpos =1367psi =&

M Eoot Tig .
Bending stress in inner shel! at maximum moment: O g H4m o —— Chis =329psi  “®
Mg BppTop
Bending stress in lead shielding at maximum moment: Sopb 7 ———'—EI«—«» Sbpb =0.95'psi =&
. Felost
Maximum shedr stress in outer shell: Tsos _AE & Tgos =021°ksi =&
- FrBost . .
Maximum shear stress in inner shell: T gig Tsis =021ksi =
AE
Maximum shear stress in shielding: Tpb tE- Tpb =002'%ksi @
Since stresses are not signi) package is to meet criteria for vertical loading.

Determine worst case end load:

Assume as a worst case entire weight of cask is inertially loaded onto the end plate, weakest component is the
weld. Also assume the plate thickness is uniform and that of the thinnest section,

Tdealize as a plate with a center hole, clamped and fixed at outer and inner edges, loaded with a uniformly
distributed load (Roark, 1983, Table 24, 2h).
.. 5.5in

For determination of moments redefine: Tio®

- 0.188in

Inertial load on end plate assume uniformly distributed: Wt = 50°psi
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ENGINEERING SAFETY EVALUATION

Subject; PRTR Cask NTC Structural Evaluation & Puncture Threshold Page:_6 of 11
Originator: _$. S. Shiraga Date: 05/19/97
Checker: __R. T. Smith /}A& Date: 05/25/97

Plate factors:

2
1
Li7:7 = RREZ LR PR i}
4 ) ( sﬂ)
. . {c2L14- C5LIT Ibf
Axial load on inner weld: £ TW T ( Eapkehg il £ = 1440
e ol oo eaes ) W

/f w
ibf
Axial load on outer weld: £~ fiw-l;’f? E {rplv'(roiz . 102> fow =..89._i_';31.
oif of
Moment on imier weld: My, 1= -w ,‘rof-(m}f“l C‘.“_Ll_‘.) M .o, =-04+bf
P C2C6 - C3C5
2 =63
Moment on outer weld: M g, 3% M 1 C8+ fr0r 05-C9- Wit of “L17 M gy = 63°Ibf
5 N L aqalbf
Axial load from moment on inner weld: fi;,, Thiw =37
m
: ’ ..o
Axial load from moment on outer weld: fl)oW : = Frow =9
Foi in
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ENGINEERING SAFETY EVALUATION

Subject; _PRTR Cask NTC ion & Puncture Threshold

Originator: _8. 8. Shiraga ,/ 3

Checker: __R.J. Smith /(y/v%— Date: 05/25/97
. . Ibf

Total load on inner weld: i, 2= Fiu + fpiw iy =181~

in

Ibf

Total load on outer weld: £y, 1 [fou ] + Fhow Fiow =80%~
m

Determine altowable on welds:

Assuming base material strengths and ASME joint efficiency factors:
Length of inner weld: Wi 77 0.1875in Leg length of outer weld: Wyt -7 0.1875in
ASME joint efficiency (ASME, 1992) factor assuming no inspection:.  eff:=0.60 »
Allowable on inner weld:  £,4°70.70%s W efl = 1694'19-f
iall ysst ™ in iall o

Ibf

f,
Margin of safety on outer weld: MS gy el 1 MS (, =2026 <@

Determine end loading of top end closure bolts:

Assume payload is restrained in cavity by dunnage and bears against the top and bottom closures. Worst
case loading would occur at the top closure, since it has the fewest number of bolts. Loading results from
shield plug and payload.

‘Weight of shield plug, ignore inner plumbing:

Plate diameter:  d spl* 8.75in Plate thickness: = 0.375in

tpl
Shell OD:  od g "5.25in Wall thickness: € g, ©0.250in Inner plate thickness: tip1 ¥ 0.25in
Taner shelt ID: id g, -+ od g, - 2t Length: g :=5.00in- tip)

Lead length: lpb =l Stainless stec] density: Pest -:‘0.29%!?::
mn
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ENGINEERING SAFETY EVALUATION
Subject; PRTR Cask NTC Structural E: ion & Poncture Threshold Page: 8 of 11
Originator: _S, 8. Shiraga % Date: 05/19/97
Checker: __R.J. Smith % Date: 05/25/97

Weight of stainless steel:

2 2 . 2
. dpi od gy gy |
West T Psst) T wtpptm e sk

id
. - h .
Weight of lead: ~ w b " ppb-w—:{w-l pb Wb ™ 11+1bf

Total plug weight: Wolug Wt T W pb Wilug = 25°1bf
Assume bolts are uniformly loaded:
=20

Nominal diameter of bolts:  dy, " 0.25in  Lead: 1,173
in

. 2
Tensile stress area: A =0.7854 (d b 212743) Nomberofbolts:  nyqp ¥4
b

Assume preload torque forboltsis: T pre’” 30bfin T pre =25 Ibf
Assume nut friction factor: By 02
Prel bolt: P B F ro =600 Tbf
reload force per bolt: pre " " - pre =
bHn
Total load on top closure bolts: FonpoF pre” & |-(w plug * W pay) F o =176910f =&
Fol .
Tensile stress on bolts: O pop =TT Cion = 13.8%kst o
NholtA s
Sab
Margin of safety: MS bolt ==~ 1 MS o =032 =
Cten

Therefore OK, since margin of safely is positive.
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ENGINEERING SAFETY EVALUATION

Subject;  PRTR Cask NTC Structural ion & Puncture Threshold Page: 9 of 11
Originator: _S. S. Shiraga Date: 05/19/97
Checker: __R. J. Smith % Date: 05/25/97

Lifting Evaluation:
Determine if the cask lifting yoke meets the 3 to 1 requirements of Hanford Hoisting & Rigging Manual:
Ideatize lifting yoke as a short beam vniformly loaded cantilever;

Length of yoke: ly =0.9375in Diameter of yoke: d v 1.5739in

Load on yoke: Dynamic load factor: DLF:=125

)t
Moment ofinertiaz 1, ™" me--= -
Y e

DLFFjgaq°!
Maximum bending stress at end: Syb 12 e

d
k4 y) Oy =a06ks @

Maximum shear stress: T ey S T =114k =g

Loads are well under yield strength of material.

Determine if lifting bracket meets requirements of Hanford Hoisting & Rigging Manual:

Cask attachment brackets at yoke:

y _ 4.25i!1— d y

. d .
Edge distance: d edge =3.5in- --2— Side edge distances: d side T uz_ o

Bracket thickness:  ty,0 - IR

Shear tear out of braeket: Cppp = 124%si =

Tensile stress on bracket: O pton =0-62ksi @

Lifting bail:
Bail thickness: Lpai) - I1in Minimum cdge distance: d in " (5.25- 3.5)in

Assumed diameter of hook:  d 0 17 I+in
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. ENGINEERING SAFETY EVALUATION
'TC Structural Evaluation & Puncture Threshold Page:_10 of 11

Subject; PRI
Originator: _S, 8. Shiraga Date: 05/19/97
Checker: __R. J. Smith y&—— Date: 05/25/97

Shear tear out of bail: o e 1

Py © pailto = 0:47°kst =&

it bai
Loads are well under yield strength of material.
Check of bolts holding bail and cask yoke brackets together.

Nominal diameter: d, :~0.625in Lead: Ipi® —}’: - Number of bolts per leg: ng 73
Yield strength of PH-18-8 bolt ( assumed same as 304 stainless steel):

2
Tensile stress area of screw: A ¢ 170.7854 (d b 0'—?74—3)
b
Determine If ient Thread E TIs Available (Industrial Press, 1992):
Available thread depth: L ayail - 1:500 Number of threads per in: ngitly
DLFF 4,9

Minimum tensile strength of boft: s oy, 17~ S ol =2°ksi =6

nyAg
Maximum minor diameter of internal thread: K - 17 0.546in
Minimum pitch diameter af external thread:  E g3 1 0.556kn

Minimum engagement Jength since materials are the same:

2A
L S

6" ; Le=047in <o

K a5 + 0577350 ¢ (Bsmin' K omax)

Since Lavail>Le, there is sufficient thread engagement and bolt strength,
NTC Penetration of Package:
Mass of projectile: m p =6-kg Height of deop: h g ™ I'm  Hemispherical end diameter:  d popy; "~ 3.2:cm

Evaluate package penetration by empirical methods ( Rhinehart and Pearson, 1954):

Velocity of projectile: Vo 2’-,\/2<gr11 dr Vo= 145-—9-
sec

B7-14



HNF-SD-TP-SEP-063 DRAFT Rev. 0 May 19, 1997

ENGINEERING SAFETY EVALUATION
Subject:_PRTR Cask NTC Structural Evaluation & Puncture Threshold Page:_11_of_11
Originator: _S. S. Shiraga 7, Date: 05/19/97
Checker: __R.J. Smith 7L Date: 05/25/97

Assuming the test rod is a hard unyiclding object, at this velocity (< 10,000 fsec), the force.that acts on
the projectile is proportional to the cross sectional area and is essentially constant during penetration.

2
Shemi.
4

Cross sectional area of projectile: A A p= 1.25%n°

Volume of material displaced per unit of cnergry constant (Rhinchart and Pearson, 1954, page 202, Table 12-1):

.3
Forsteel: K~ 0261041

Depth of penetration into steel: s Ssp =0,001in =&

—1
sp° 2

Thep ion depth is not sif of package,

PRTR Cask Puncture Fai‘lnre Thresholds, Equivalent Steel Thickness:

Equivalent Thickness of lead to steel (Rinehart, 1954): f equ =23

1D of Outer Shell:  id o3 7 13:5in Outer Shell Wall Thickness: t ow3 (5 025in

OD of Tnner Shell:  od §3:3.375in ID of Inner Shell:  id ;3:73.125in

Inner Shell Wall Thickness: i3 =0.125%n

Lead Thickness: b3 b3 =5.06%in

t
Total Equivalent thickness of steel: t g3 Ttowdt tiwst EPM t°q3 =2.6%n o)
equ
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8.0 THERMAL EVALUATION

8.1 INTRODUCTION

The PRTR Graphite Cask is an onsite, intra-area packaging for transporting Type B radioactive
material within the 300 Area of the Hanford Site. This section of the document defines and evaluates
the NTC structural requirements for intra-area transport of this package. Thermal performance of the
package is evaluated only for NTC; accident conditions are evaluated in the risk and dose consequence
section of this document.

8.2 THERMAL EVALUATION OF PACKAGE

8.2.1 Package Description

The PRTR Graphite Cask is fundamentally a right circular cylinder of lead and stainless steel
composite construction. The lead is sandwiched between outer and inner stainless steel tubutar shells.
At each end of the cask is a thick circular plate that is welded to both inner and outer shells, which
encapsulates the lead.” At the top, closure of the inner cavity is provided by a boited blind flange with
an attached shield plug of composite lead-stainless steel construction. The cask is equipped with a
manually actuated, sliding trap door, which provides closure at the bottom end. None of the end
closures are sealed. A handling yoke is provided on the cask and welded to the outer shell. In
addition, support plates are welded to the outer housing of the cask to provide support during transport -
and lifting attachment anchors for handling.

The cask is constructed of welded 304L stainless steel. Shielding is provided by lead, which is
poured after fabrication of the stainless steel body and internal components.

8.3 NORMAL TRANSPORT CONDITIONS THERMAL EVALUATION

8.3.1 Conditions To Be Evaluated

Thermal performance of the package is assessed for Hanford Site NTC in this section. The
package is evaluated for the worst-case Hanford Site thermal loading condition of a still-air ambient
temperature of 46 °C {115 °F [Fadeff 1992]) with decay heat sources with and without solar
insolation. Because of the variability of the payloads, the heat sources are assumed to be tightly
packed in the cask cavity and against the inside wall of the cask.

8.3.2 Acceptance Criteria

The criterion for acceptable performance of the package is the accessible surface of the
package in still air at 46 °C (115 °F) and in the shade is not to exceed 82 °C {182 °F). This is based
on this package being transported as an exclusive-use shipment.
8.3.3 Thermal Evaluation and Conclusions -

For this evaluation the worst-case decay heat source is assumed to geherate a total heat load
of 5.65 W. Based on the variable geometries of the payloads, the configuration of the heat source is

assumed to be uniformly distributed over the length of the cask cavity and fitted tightly up against the
inside wall of the cavity. This provides a conservative estimate of the cask temperature, but it does
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not provide a conservative estimate of the temperature load to the payload. This evaluation bounds
temperatures for the cask, but does not provide any estimation of payload temperatures. Temperature-
sensitive payloads must be evaluated on a case- by~case basis to determine the temperature parameters
within the cask. -

Results of this evaluation show the cask component temperatures under solar insolation are
below 99 °C (211 °F) for the structural evaluation. The results also show the cask meets the NTC
exterior surface temperature requirement of 82 °C {182 °F) in the shade for exclusive-use shipments.
Table B2-2 shows a heat loading of 2.92 W resulting from a reduced payload. Because the heat
loading is less than the previously analyzed heat loading, the thermal evaluation conclusion remains the
same.

8.4- REFERENCE

Fadeff, J. G., 1992, Environmental Conditions for On-site Hazardous Materials Packages,
WHC-SD-TP-RPT-004, Rev. 0, Westinghouse Hanford Company, Richland, Washington,
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8.5 APPENDIX: PRTR GRAPHITE CASK NTC THERMAL EVALUATION

" ENGINEERING SAFETY EVALUATION

Subject: PRTR Cask Normal T Page: 1 of S ‘

Originator:
Checker: ___S.R.Crow.

I

=

Date: 05/20/97
Date: 05/25/97

Objective:

The objective of this evaluation is determine the cask component temperatures under solar insolation for the
structural evaluation and the exterior temperature in the shade as specified in Section 8 of this Safety Evaluation
for Packaging (SEP).

References:

Irwin, J. J., 1995, WHC-SD-TP- RPT- 005, Rev. 1, Thermal Analysis Methods for Safety Analysis Reports for
Packaging, Westinghouse Hanford Company, Richland, Wash.

ORNL, 1970, Cask Designer’s Guide, ORNL-NISC-68, Oak Ridge National Laboratory, Oak Ridge,
Tennessee. -

Mathcad Plus 5, 1994, User’s Guide, Math Soft Inc., Cambridge, Massachusetts.

WHC, 1980, Drawing No. H-3-13699, Rev, 7, PRTR G}aphite Sample Cask Assy., Westinghouse Hanford
Company, Richland, Washington.

. Results and Conelusions:

The results also show the cask meets the normal transport conditions (NTC) exterior temperature requirement of
182 °F in the shade for exclusive use shipments. Because of the variability of the payloads, the heat sources are
assumed to be tightly packed in the cask cavity and against the inside wall of the cask. This provides a
conservative estimate of the peak temperatures subjected to the cask, but it does not provide a conservative
estimate of the payload temperatures. Temperature sensitive payloads must be evaluated on a case by case basis
to verify payload stability and integrity.
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) ENGINEERING SAFETY EVALUATION

Page: 2 of 5

Date: 05/20/97

Subject; PRTR Cask Normal Transport Conditions Thermal Evaluation
Originator: _S. S. Shiraéa ﬁ

Checker: __S. R. Crow \CHer,

Date: 05/25/97

IV. Evaluation:

Normal Transport Conditions (NTC) Thermal Evaluation:
Determine temperature of outer shell with and without solar insolation:

Evaluate as steady state heat transfer for a horizontal cylinder with flat plate ends (Irwin, 1995):

Free convection coefficient for a horizontal cylinder: kpe = O.Z’LET—U

> br-f?

Free convection coefficient for a vertical plate: k vp = ().29§IU_—2
hr-f

Surface A o

Surface Ay,

Length of cylinder: 1, :=3%in Diameter of plate: di=14in

Surface area oféylinder: A c‘:= nlgdg Surface area ;_)fp]até: Ay = Z--d cz

4
. kioA oR ky,2A R
Convection coefficients: hd ::ﬁ._c__ : ZvpTRbE
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" ENGINEERING SAFETY EVALUATION:

Page: 3 of_5

Subject: PRTR Cask Normat Transport Conditions Thermal Evaluation
Originator: _S. S. Shiraga ﬁ

Date: 05/20/97

Checker: __S.R. Crow -Co>A@r

Date: 05/25/97

Radient heating constant:
Stefan-Boltzman's natural constant: o =0.1714 10 s BTU .
’ hr8*R*
" Emissivity of stainless steel: £g =032
Radiation coefficients Ky =ogpegAe Ky =oges2Ay
- N

Solar heat loading (Irwin, 1995), hourly average loading based on a 12 hr period:

Curvedsurfaces: Qg =314X2 Q) =09.54 BT
n hr~ﬁz_

9 .
st g ea9m B
2 hr-f?

Non-vertical surfaces, flat surfaces: Qg =

Internal heat load: Qi = 565watt B

Assumed solar absorptivity: T go) 2057

A
Solarheatload:  qgo) S gep Qs-—z—b+ Qs1'Ac
Total heat load: Qgot “qg01 T Dint Qot =710-—Bhl-U
r

" Outside ambient temperature js 115 °F and in Rankine: T, :=(115+ 459.7)-R

Using conservation of energy: Gin= 9 out™0

Then by substitution: Qtot~ 9rad = 9 con™0 or

1

Qot ™ Kl-<Tf4— To“)— K2-<Tf4— To“)— hd (T ¢- To)“—hdz-(Tf- T,)*=0
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'ENGINEERING SAFETY EVALUATION-

Subject: PRTR Cask Normal Transport Conditions Thermal Evaluation Page: 4 of S
Originator: _S. S. Shiraga ﬁ i Date: 05/20/97

Checker: __8.R. Crow é %(’/ Date: 05/25/97

Solve for Tgwhich the temperature at the surface using MathCad roots of equation solution:
1 1

Tq 3=root[qtot— K1~_<Tf4— ro“) - Kz-(Tf“— To“)— hd (T4~ T,)*-nd >(TeTo) Ty

External surface temperature in sun:

Ty 459.7R
R

Temperature in °F: T  Tg=208 )

Temperature in Shade:

Total ;haded heatload: Qo = qint

Solve for Tywhich the temperature at the surface using MathCad roots of equation solution:

1 1

= 4 4 4 4 4 4
TQ-—rootL stot = Kl.(rf -T, )- K2~(Tf -Tq )- hd (T To)* —hd o (Tg=To) T
External surface temperature in shate: T =577R

T - 459.7R

Temperature in °F: Teg= Y

Tp=117 =

With this simplified model determine temperature of inner shell with solar insolation:

Assume as one-dimensional heat transfer and internal heat source is against inside shell wall, no gap.

2nly(Ty-Ty)

Geot™ 1 r "
ln(—z) In(—3) Inj —4)
UG VA L7 AP 4

kst k pb Kgst
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R ENGINEERING SAFETY EVALUATION
Page: 5 of 5

Subject; PRTR Cask Normal Transport Conditions Thermal Evaluation
Originator: _S. S. Shira;a % . Date: 05/20/97
Checker: __S. R. Crow e . Date: 05/25/97

Inner shell inside radius: ry= 3_1%
Inner shell outside radius: r = 3375in
Quter shell ins_ide radius: r3 =l325_m
. dg
Outer shell outside radius: ry= ?

Outer shell temperature, for full solar insolation:

T4 =T
Thermal properties of materials:
Conductivity (Irwin, 1995):
Leadat212F: Ky, 0000447510 3041 stainless steel 8 200°F: K o =0.000215 2
. P sec-in sec-in

Solve heat transfer equation for inner temperature:

Qeop 27 e T,
Ty r3 4
Inj—] Ini—} hl—
r r r T r r
Vol ey ,{m(_z) m(_s) ln(_‘*)
r r r
Ty= sst pb sst 1 . 2 +- 3
2mlg l kst kob L

Inside temperature of inner shell (°F): T (=211 =
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9.0 PRESSURE AND GAS GENERATION EVALUATION

Only dry contents are authorized for the PRTR Graphite Cask. Therefore, there are no pressure
or gas generation concerns.
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10.0 TIEDOWN EVALUATION

10.1 SYSTEM DESIGN

The PRTR Graphite Cask shall be centered and placed horizontally on the bed of the trailer for
shipment. The long axis of the cask is centered along the long axis of the trailer. In accordance with
the regulations, the tiedowns must have an aggregate working capacity of one-half the cask weight.

The package is to be secured in accordance with DOT regulations (49 CFR 393.100). The cask
is to be secured to the trailer by two sets of tiedowns as shown in Figure 10-1. One set acts as
chocks to block and brace the cask from horizontal movement. The other set acts as vertical
restraints. There are two 4x4 wood blocks placed at each end of the cask. These 4x4 blocks have a
2x2 nailed to the side at the bottom to form landings for the tiedowns. Each of the chocking tiedowns
is looped around the cask from opposite sides of the trailer and attached to the trailer. The chocking
tiedowns lay on the landing and bear against the wood blocks when drawn tight. The vertical restraint
tiedowns are placed over the cask on each side of the lifting yoke. These tiedowns are then attached
to the trailer on opposite sides and drawn tight.

Figure 10-1. Cask Tiedown Configuration.

l-— 1 L—’i P Tiedown 2

| <
4X4 Wood Block -
2X2 Wood Block
Nailed to 4X4
— _T 8"
p r
« » l

Tiedown 1

Tiedown 3

Tiedown 2

hy
i
[}
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-10.2 ATTACHMENTS, RATINGS, AND REQUIREMENTS
Each tiedown and trailer attachment point must have a minimum working strength of
11,120 N {2,500 Ib). The 2x2 wood blocks must be nailed to the 4x4 wood blocks with a minimum of

three 10 d nails. The length of the blocks is specified as the same as the diameter of the cask to
within a tolerance of 0.32 cm (¥ in.).

10.3 REFERENCE

49 CFR 393.100, 1997, “Parts and Accessories Necessary for Safe Operation,” Code of Federal
Regulations, as amended.
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10.4 APPENDIX: ENGINEERING SAFETY EVALUATION .

[\ ENGINEERING SAFETY EVALUATION

\Z
Subject:__327 PRTR Cask Tiedown Evaluation Page _1 of_3
Preparer:__S. S. Shiraga i Date_07/21/97
Checker:__P. C. Ferrell ,M/// Date__JA/% 7
Section Chief:_S. S. Shiraga M/ Date_ §/5/52

1.0 OBJECTIVE

The objective of this evaluation is to determine the capacity and configuration of the tiedown
system for the 327 PRTR Cask. The tiedowns are specified to the requirements of 49 CFR
393.100.

2.0 REFERENCES

49 CFR 393.100, 1995, “Protection Against Falling Cargo,” Subpart I, Code of Federal Regulations, as
amended.

3.0 ASSUMPTIONS, RESULTS, AND CONCLUSIONS

As ‘defined in this document, shipment of the 327 PRTR cask within the 300 Area is
authorized under a risk based assessment. Consequently, the tiedown system must be an
engineered system to ensure that the package remains on the conveyance during all hormal
non-accident conditions. Since the shipment is only within the 300 Area, the system is
specified based on the requirements of 49 CFR 393.100.

As shown in the evaluation, the cask is assumed to be centered on a standard flat bed trailer
and the lifting yoke placed in the vertical position. The system consists of two 4X4 wood
blocks with 2X2 wood blocks nailed to them, forming an “L” shape. These “L” shaped blocks
span the width of the cask and are placed at each end. Two cables or chains are looped
around the cask and blocks from each side and drawn tight. The cables or chains rest on the
landing formed by the “L” shape of the blocks. This forms the blocking and bracing to restrain
longitudinal and lateral loads. Placed over the cask on each side of the lifting yoke are two
tiedown straps, cables, of chains to provide vertical restraint. The minimum specified working
strength of the tiedowns is 2,500 Ib. The wood blocks are to be constructed from standard
commercial grade lumber. The 2X2 blocks are to be nailed to the 4X4 blocks with a minimum
of three 10 d nails. .

WMNW-PE-00172
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sy ENGINEERING SAFETY EVALUATION

&
Subject:__327 PRTR Cask Tiedown Evaluation Page _2_ of 3
Preparer:__S. S. Shiraga Date_07/21/97
Checker:___P. C. Ferrell (e Date_ ¥/5/27
Section Chief:_S. S. Shiraga _ 22/ : Date_ J/Sf7

4.0 EVALUATION

PRTR Cask Tiedown Evaluation:

ODofcask:  od ;o = 14in Length of cask: 1, :=39.625in
Gross weight of cask: Wcask = 26501bf DOT inertial load factor: g 404 :=0.5
Chain height from deck:  hy, :=1.5in Length to trailer attachment: 1, :=15in
Load on tiedowns: F oh =8 dot'W cask F op =1325:1bf
e ] t_-l —— Tiedown R
S
P I Note:Tiedowns 1&2 go around cask
_I, 8’
L 7."" 41
i 1
//
Tiedown 1 nl
.
i
Tiedown 3
% /— Tiedown 2
\ | Ak
! AR
! \ el ho4 / - by
Bt ¥ 4
[)

WMNW-PE-001/2
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o\ : ENGINEERING SAFETY EVALUATION

&z
Subject:__327 PRTR Cask Tiedown Evaluation Page _3 of_3
Preparer:___S. S. Shiraga - Date_07/21/97
Checker:__ P. C. Ferrell 12 Date_ §/5/ 77
Section Chief:_S. S. Shiraga __Z2Z7 Date__§/S /52
od
4gin- —K
Angle off horizontal: o ‘=atan —————l—z——- o =69.9°deg
t -
[hyeos(a)
Angle off vertical: B :=atan|-————— B =24deg
t
Determine chocking tiedowns:
Fch
Tension on lateral chain only one tiedown acting: Tlg = ———— T [q¢ = 1412°10f
. sin{o)-cos(B)
Fch

Tension on longitudinal chain, two tiedowns acting: T long = 1929°1bf

Tiope = ——
long 2-(cos(a)-cos(B))

Determine tiedowns:

od
Vertical tiedown angle: ¥ ‘=atan -4—083) v =16.3*deg
Fch
Tension in vertical tiedowns: Tyer = T yer =2366°1bf
2-sin(y)

Based on above, minimum working load of all tiedowns is spea;'ﬁed as 2,500 Ib.

WMNW-PE001/2
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