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SAFETY EVALUATION FOR PACKAGING 
(ONSITE) SERF CASK 

PART A: DESCRIPTION AND OPERATIONS 

1 .O INTRODUCTION 

1 .I GENERAL INFORMATION 

Three safety evaluations for packaging (SEP) have been prepared for the family of 327 Building 
casks used within the 300 Area. The family of casks consists of the Special Environmental 
Radiometallurgy Facility (SERF) Cask, Radioactive Waste Disposal Cask, and the Plutonium Recycle 
Test Reactor (PRTR) Graphite Cask. 

This SEP evaluates and documents the ability of the SERF cask to meet the requirements of 
WHC-CM-2-14, Hazardous Material Packaging and Shipping, for transfer of Type B quantities (up to 
highway route controlled quantities) of radioactive material within the 300 Area of the Hanford Site. 

This document shall be used to ensure that loading, tiedown, transport, and unloading of the 
package are performed in accordance with WHC-CM-2-14, 

The SERF Cask is used to transport Fast Flux Test Facility (FFTF) and Power Reactor and 
Nuclear Fuel Development Corporation (PNC) fuel, mixed plutonium-uranium oxide fuel pins, uranium 
oxide fuel pins, depleted uranium, N Reactor fuel elements and scrap, enriched uranium, structural 
material from reactors, and cesium chloride capsules. Examination of irradiated fuel assemblies is the 
main mission of the 327 Facility. Shipments of material among the 323, 324, 325, 326, 327, and 
3270 Buildings range from multiple complete fuel pins to metalographic samples. Specifically, the 
SERF Cask is used for full-length fuel pins and high-dose items because it has the largest capacity 
compared to other casks used within the 300 Area. 

1.2 SYSTEM DESCRIPTION 

The SERF Cask consists of two, lead-filled, concentric, stainless steel cylinders; an integral, 
lead-filled, rotating cylindrical valve located in one end; a plug; and a push rod assembly located at the 
other end. Two lifting trunnions are located at the center of gravity of the cask. The cask is equipped 
with a yoke and is horizontally oriented. It is 66.0 cm (26.0 in.) in diameter and 339.2 cm (133.6 in.) 
in length. The internal cavity is 257.9 cm (101.5 in.) long with a diameter of 19.4 cm (7.63 in.). 
There is 20.3 cm (8.00 in.) of lead between the internal and external shells. When in transit, plates are 
bolted over the valve and plug to seal the cavity. The empty weight of the cask is 11,793.6 kg 
(26,000 Ib), and the gross weight is 12.020.4 kg (26,500 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. 

A I -1  



HNF-SD-TP-SEP-058 Rev. 0 

This page left intentionally blank. 

A I - 2  



HNF-SD-TP-SEP-058 Rev. 0 

2.0 PACKAGING SYSTEM 

2.1 CONFIGURATION AND DIMENSIONS 

The SERF Cask is a cylindrical shipping cask with a stainless steel shell. The cask is equipped 
with a yoke and is horizontally oriented. The outer steel shell of the SERF cask is 1.60 cm (0.625 in.) 
thick and has an outer diameter of 66.0 cm (26.0 in.). The inner steel shell has an inner diameter of 
19.4 cm (7.63 in.) and is 1.27 cm (0.50 in.) thick. The lead shielding between the two shells is 
20.3 cm (8.00 in.). 

The integral closure valve is constructed as a lead-filled cylindrical steel shell. A hole with an 
inside diameter of 19.4 cm (7.625 in.) that is transverse to the axis of rotation allows loading and 
unloading of the cask when the valve is open and provides lead shielding when the valve is closed. 
The integral closure valve is actuated by a hand crank and is opened or closed by rotating 90". During 
transit, the integral closure valve is held closed by a stop plate. 

The lead between the inner and outer shell of the cask provides the bulk of the shielding. 
Some additional shielding is provided by the steel shells. 

The bottom plug in the cask is a lead-filled steel shell. It is bolted in the bottom end of the 
cask. I t  contains a small port to allow entry of a push rod that is required to push the bin container 
through the valve into a hot cell. The port is filled with an iron plug when not in use and with an iron 
push rod when in use. 

Seal plates are provided for each end of the cask. These plates are bolted over the valve and 
plug to provide a seal during transit. The seal plate over the valve (stop plate seal assembly) has a 
projection that fits into a recess in the valve to provide a positive lock. 

The lifting bail is attached to the SERF Cask to allow for lifting the cask in a horizontal position. 

The crank assembly provides for remote operation of the cask valve operating mechanism. The 
crank assembly penetrates through the SERF Cask support. 

The contents of the cask are placed in inner containers prior to loading the cask. Fuel pins are 
shipped in stainless steel tubes.' 

2.2 MATERIALS OF CONSTRUCTION 

All structural components are constructed of either 304 or 304L stainless steel. Neoprene' 
gaskets are used to seal the cask. Lead is used for shielding. 

2.3 WEIGHTS 

The empty weight of the cask is 11,793.6 kg (26,000 Ib), with a maximum gross weight of 
12,020.4 kg (26,500 Ib). 

'Neoprene is a trademark of E. I. du Pont de Nemours and Company. 
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2.4 CONTAINMENT BOUNDARY 

The containment boundary consists of the inner container or the double-wrapped plastic. The 
SERF Cask retains the contents, but is not considered a containment boundary. No credit is taken for 
containment provided by the SERF Cask. 

2.5 CAVITY SIZE 

The internal cavity is 257.9 cm (101.53 in.) long with a diameter of 19.4 cm (7.625 in.). 

2.6 SHIELDING 

Shielding is provided by the 20.3 cm (8 in.) of lead between the internal and external stainless 
steel shells and an integral lead-filled rotating cylindrical valve located at one end. 

2.7 LIFTING DEVICES 

Two lifting trunnions are located at the center of gravity of the cask. 

2.8 TIEDOWN DEVICES 

The SERF Cask is not equipped with any tiedown attachment devices. 
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Cesium capsules (2 )  

3.0 PACKAGE CONTENTS 

Cesium chloride 2960 80000 

3.1 GENERAL DESCRIPTION 

Materials to be transported in the SERF Cask include irradiated FFTF and PNC fuel, mixed 
plutonium-uranium oxide fuel pins, uranium oxide fuel pins, depleted uranium, N Reactor fuel elements 
and scrap, enriched uranium, structural material from reactors, and cesium chloride capsules. 

..... Fuel Fuel 

3.2 CONTENTS RESTRICTIONS 

__... 

The materials specified in this section are the only materials authorized for shipment in the 
SERF Cask within the 300 Area of the Hanford Site. Contact dose rates on the cask shall be less than 
200 mrem/h. 

3.2.1 Radioactive Materials 

Table A3-1 gives the radioactive contents limits for the SERF Cask. 

Table A3-1. SERF Cask Contents Limits. 

Material 
Activity limit H 

_._._ ...._ Fissile materials and a 
Mixed material 11 emitters* 

inventory Mixed fission products 

Mixed activation Droducts 555 15000 

*Fissile/fissionable materials limited by criticality safety as shown in Par i  B, 
Section 2.1 .l. 

Absorbed and unabsorbed liquids are not authorized for shipment in the SERF Cask. 

Only dry solid materials, as described in Part A, Section 3.1, shall be shipped in the cask. 
Organic materials are not authorized except plastic bagdwrapping. All materials shall be enclosed in 
an inner container as shown in Table A3-2. 
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Pin tubes -tubing and fittings must 
have a working rating of 3000 psi 
with an outer diameter of 5 in. or 
jl, in. The tubes are welded on one 
end. A Swagelok" fitting is used as 
closure. 

1 aallon container with friction fit lid 

Table A3-2. Inner Container Description 

Fuel pins and dispersible material FFTF, PNC, and N Reactor fuel; 
mixed plutonium-uranium oxide 
fuel pins, uranium oxide fuel pins, 
dispersible scrap, pieces of fuel, 
and fines. 

Nondispersible solid contents** Solid scrap, structural material. 

Inner Container I Contents I Examples 

Specification 2 R  per 49 CFR 
178.360 

Large solid items 

Cesium capsules 

Dispersible solid contents Fuel pieces, scrap, and fines of 
activated fuel and materials. 

Solid structural material and 
activated metals. 

Large solid items to big for a paint can 
will have fixed surface contamination 
and put directly into the cask.' 

cesium chloride ..__ 

"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, 1996, '"Specifications for Packagings," Code of Federal Regulations, as amended 

Fissile limitations are given in Table A3-3 for shipments of fuel pins, N Reactor fuel assemblies, 
and scrap under dry conditions. The information for Table A3-3 was extracted from Limits for Mixed 
Oxide Fuel Pins, N Reactor Fuel Elements and Scrap in the SERF Cask and the Waste Cask (Larson 
19951. Table A3-4 gives the limits for fuel pins of different compositions (239Pu, PuC, PUN, PuO,, U 
metal, UC, UN, and UO,). No other contents shall be included with fuel pin and fuel element 
shipments. 

Scrap materials shall not exceed the limits of Table A3-3 and may include pieces of fuel pins 
and fuel elements, activated structural materials, and laboratory samples. Organic materials are not 
authorized except plastic bagslwrapping. 
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Limits 

Tab le  A3-3. Cr i t i ca l i t y  L im i t s  in t h e  SERF Cask f o r  D r y  (H:sX5) Condit ions.  

SERF Cask 
Maximum fuel  I 

diameter (in.) M ixed  oxide fu,el p in 
Max imum no. fuel pins 

(length of 13.5 in.) 
Max imum no. fuel  pins 

(length o f  37 in.) 

<25 w t %  Pu(>10)Q-U(<94)02 

<25 w t %  Pu1>10)Q-U(<36)02 

< I 6  w t %  Pu1>10)4-U(<41)09 

0.220 52 36 

0.230 67 44 

0.261 58 38 

=-and IV inner elements I 1.1 70 I 

<31 w t %  Pu1>10)Q-U(<0.72)02 

<25 w t %  Pu(>10)Q-U(<68)02 

<5 w t %  Pu(>8)02-U(<9)02 

N Reactor fuel  element 

195 I 

0.220 90 54 

0.250 50 36 

0.500 46 26 

Max imum fuel element length of 26.1 Maximum fuel  
diameter (in.) 

Mark IA and IV outer elements 

Mark IA and IV fuel assemblies 

Scrao 

Pu = plutonium. 

U = uranium. 
SERF = Special Environmental Radiometallurgy Facility (Cask) 

2.350 48 

2.350 48 

.... 250 a 235U onlv or 150 a total  fissionable' 

'No accountable amounts of "'mAm. "'Cm, '"Cm, '"Cf, or '''Cf are permitted 

Source: Larson, S. L., 1995, Limits far Mixed Oxide Fuel Pins, N Reactor Fuel Elements and Scrap in the 
SERF Cask and the Waste Cask (NCS Basis Memo 95-3, Rev. 1, to M. Dec. August 311, Battelle Pacific Northwest 
Laboratory, Richland, Washington. 
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Table A3-4. Fuel Pin Limits for the SERF Cask. 

Fuel type (preirradiation 

(excluding 233U) 

(excluding 233U) 

Source: Hawkes. E. C.. 1995, Limits for Fuel Pins in the Waste Cask, the 327 Building A-Cell, and the 
324 Building Shielded Materials Facility Hot Cells (NCS Basis Memo 95-5 to M. Dec. September 6). Battelle Pacific 
Northwest Laboratory, Richland, Washington. 

3.2.2 Nonradioactive Hazardous Materials 

The authorized contents shall consist of no hazardous materials other than the radioactive 
materials described in Part A, Section 3.2.1. 
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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 sized such that the cask does not protrude beyond the edges of the 
trailer. One cask will be transported per trailer. 

4.2 TIEDOWN SYSTEM 

The SERF Cask shall be attached to the flatbed trailer with a system consisting of tiedown 
devices andlor blocking and bracing devices. The tiedown system shall meet the requirements of 
49 CFR 393, Subpart I. 

The SERF 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. The package is to be secured to 
US. Department of Transportation regulations (49 CFR 393.100). The cask is secured to the trailer by 
chains, cables, or straps, which are placed across and inboard of each support-welded plate on the 
cask and affixed to the trailer. Lifting holes on the cask support plates welded to the cask are not to 
be used for securement. All tiedown and.trailer attachment points must have an aggregate working 
capacity of 6,350 kg (14,000 Ib). The end of the cask facing the front end of the trailer must be 
secured against sliding with devices that have an aggregate working capacity of 8.1.65 kg (1 8,000 Ib). 

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

4.3 SPECIAL TRANSFER REQUIREMENTS 

4.3.1 Routing and Access Control 

The cask shall be transported over a predetermined route and in accordance with 
WHC-CM-2-14. 

4.3.2 Radiological Limitations 

The dose rate must be less than 200 mremlh at the surface of the cask, less than 10 mremlh 
at 2 m from the trailer, and less than 2 mremlh at any space normally occupied by personnel. Transfer 
of the SERF Cask above these limits is not authorized. 

External contamination limits for the exterior of the SERF Cask are as shown in Table A4-1. 
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Contaminant 

Beta and gamma emitters and low toxicity alpha emitters 

All other alpha-emitting radionuclides 

Maximum permissible limits 

Bq/cm2 pCi/cm2 dpmlcm' 

0.4 10-5 22 

0.04 10' 2.2 

4.3.3 Speed Limitations 

The SERF Cask shall be transported at a maximum speed of 8.1 kmlh (5.0 mph). 

4.3.4 Environmental Conditions 

There shall be no shipments at temperatures below 0 "C (32 "F) or during periods of dense fog 
or adverse road conditions (such as snow or ice). 

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 determined that shipments of the 327 Building casks shall not exceed a total 
of 16.0 km (10.0 mi) per year for all casks combined. This mileage limitation does not apply to empty 
packaging shipments. 

4.3.6 Emergency Response 

The shipping and receiving facilities, Radiation Protection, 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 SERF Cask was originally approved for use per the ~azardous Materials Packaging and 
Shipping Manual, MG 137, Rev. 1 (HEDL 1981). Since that time, the SERF Cask has been in use. No 
new casks will be manufactured; therefore, new packaging acceptance requirements will not be 
addressed. Requirements for reuse are given in the following section. 

5.2 PACKAGING FOR REUSE 

Prior to loading, the cask shall be visually inspected for physical damage and corrosion. 
Closing mechanisms and valves shall be checked for proper operation and closure. Visual inspections 
shall be documented in the facility operating procedures. 

If required, the cask shall be decontaminated prior to reuse to meet the 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 SERF Cask. Prior to loading and shipment of 
the cask, specific operating procedures with appropriate Quality AssurancelQuality 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 Part A of this SEP. 

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

1. Visually inspect the SERF Cask for cracks or damage. 

2. Visually inspect the lifting attachments for cracks and damage. 

3. 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. 

4. 

6.2 LOADING OF CONTENTS INTO THE CASK 

6.2.1 Inner Container Loading 

1. Prior to loading contents, visually inspect the inner container for damage or corrosion. 
Ensure containers meet the requirements of Part A, Section 3.2.1. 

2. 

3. 

4. 

Verify the closure mechanism is in good condition and operates properly. 

For one-gallon paint cans, ensure the lid is properly deployed after contents are loaded 
into the can. 

For fuel shipments, ensure that Swagelok' fittings are properly installed after loading 
fuel pins into the stainless steel tubes. 

6.2.2 Preparing the Cask for Loading 

1. 

2. 

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. 

Verify that the cask is positioned properly at the cell loading port and is ready to 
receive the contents. Open the cell loading port. 

'Swagelok is a trademark of the Crawford Fining Company. 
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6.2.3 Loading Contents into the Cask 

1 .  

2. 

3. 

4. 

5. 

6. 

7. 

8. 

Attach the pushlpull rod to the rear end of the cask scoop fixture, commonly called the 
cask boat. 

Release the integral closure valve locking mechanism and rotate the 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. Dunnage will be 
added as necessary to fill void space in the package. Dunnage may consist of empty 
cans or similar items. Secure the boat locking pin. 

Rotate the integral 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 the radiological dose exceeds 
200 mremlh on the surface of the cask. 

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

NOTE: The cesium chloride capsules have a stainless steel overpack, which meets the 
requirement for an inner container. 

6.3 PREPARATION OF THE CASK FOR SHIPMENT 

1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

Verify 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 lifting equipment is in accordance with the Hanford Site Hoisting and Rigging 
Manual, DOE-RL-92-36 (RL 1993). 

Attach 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 

1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 

10. 

11. 

12. 

13. 

14. 

15. 

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 pushlpull rod to the rear end of the cask scoop fixture, commonly called the 
cask boat. 

Release the locking mechanism and rotate the integral 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 integral 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. 

6.5 EMPTY PACKAGING 

To be transported as an empty radioactive container, the SERF Cask must be prepared for 
transport in accordance with 49 CFR 173.428. 
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7.0 QUALITY ASSURANCE REQUIREMENTS 

7.1 INTRODUCTION 

This section describes the quality assurance (QA) requirements for operation of the SERF Cask. 
The packaging was fabricated in the 1960s following a quality program in effect at that time. The 
SERF Cask is used to perform onsite intra-area shipments at the Hanford Site. The format and 
requirements for the use of the SERF 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, including 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 Indicator (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 greater than 25 rem beyond the Hanford Site boundary. 

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 SERF Cask ships a Type B quantity of material, the package as a whole is assigned a QL 
designator of A-I . 

Documentation and review requirements are based upon the QL of the package. Changes or 
discoveries of noncompliance for all QL A-I 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 of Rust Federal Services Inc., Northwest Operations, 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 Control 

Design control is not applicable. This cask was fabricated over 30 years ago, and no design 
changes will 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 OperationslProcesses 

Loadinglunloading procedures written by the user will be used to ensure acceptable operation 
of the packaging. Those loadinglunloading procedures shall be consistent with this SEP. The 
loadinglunloading procedures identify actions required by personnel to safely and properly load and 
unload the packaging in accordance with this SEP. 

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

The SERF 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 8.01 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. 

A7-2 



HNF-SD-TP-SEP-058 Rev. 0 

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 

Maintenance procedures shall be written by the user facility. Maintenance of the cask will be 
in accordance with the following requirements in Part A, Section 8.2. 

8.2 INSPECTION AND VERIFICATION SCHEDULES 

The SERF Cask is a reusable overpack and shall be inspected every two years. Inspections 
shall be performed using the Radioactive Material Shipping Container User Biennial Inspection 
Checklist. Weld inspections of the lifting apparatus shall be performed every five years and shall be 
performed using the Radioactive Material Shipping Container NDT of Lifting Apparatus 15 Year) (see 
Part A, Section 10.2, for examples of the sheets). 
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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 

B&W Hanford 
Nuclear Faci l i t i f s  Operations 

327 Faci l- i ty 

RllDlOACTIVE MATERIAL SHIPPING CONTAINER 
USER BICNNIN INSPFCI'IOP CHFCKI.lS1 

Container No:JdL Inspection Date:_ Next Inspection Due 
_._̂ __._.__I 

Shwt  1 2  
"OPEE!" and "CLOStll" markings. 

devicc functions properly. 

rotates f ree ly .  

J i + H  327 -5 

8 .  1 JHR 327-5 I verify surface .is free 01; I V i s u a l  
damaae arid rus l .  1nsi)ect;ion .d .IHR 327-5 

3HB 327-5 

Verify t h a t  no weld cracking 1 Check fo r  loose bolts andlor 

is evident. 

Droh6:n Darts, 

Visual 
Itispect ion 

V i s u a l  +-- Inspection 

_..I .___.__I.̂ -.. 

- = A  
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BAriELLE 
Pacific Northwest Laboratories 

Remote Systems Technology Department 

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

I Container No: Inspection Due Date: __ Next Inspection Due: I Characteristic/Requirement Test Method Inspected I I BY (QAA) 
Welds attaching trunnions t o  
cask (zones D-12 & 0-7). Two 
welds on each side o f  cask. 

H-3-38542 
Sheet #5 

Init:- 

Date!- 

EQUIPMENT TEST INFORNATION 

1. Requester ver i f ies that  the equipment t o  be examined i s :  
- Safe: 
- Possible unsafe conditions. 
- Radiation - Dose Rate. 

2. Anticipated part  temperature: - Pmbient -Other 

3. Material type t o  be examined: 

4.  Area t o  be inspected: - Spot Inspection 

5 ,  QA Plan: Impact Level : Test Procedure: 

6. Acceptance Standard: 

7. Comnents: 

- Full  Inspection (100% o f  area requested). 

8. QA Rep. contacted: Test Date: Time: __ 
Custodian Signature: 
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PART B: PACKAGE EVALUATION 

1 .O INTRODUCTION 

The Special Environmental Radiometallurgy Facility (SERF1 Cask is evaluated in this part for 
normal transport conditions for onsite transportation. Documentation is required to demonstrate that 
the container will prevent loss of the contents during all normal handling and transport conditions. 

1 . I  EVALUATION SUMMARY AND CONCLUSIONS 

As shown by the following evaluations, the SERF Cask will prevent loss of contents through all 
normal transport conditions. Ensuring that loss of contents will be precluded is demonstrated by 
evaluating the cask for normal transport conditions and risk analysis, showing that an accident 
resulting in loss of contents is incredible. 

1.1.1 Contents 

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

1 . I  .2 Radiological Risk 

The risk evaluation for the SERF Cask demonstrates that the SERF Cask meets the onsite 
transportation safety criteria. In order to satisfy those criteria, the family of 327 Building casks, which 
include the SERF Cask, the Radioactive Waste Disposal Cask, and the Plutonium Recycle Test Reactor 
(PRTR) Graphite Cask, cannot be transported more than a total for the three casks of 16.0 km 
(10.0 mil a year. This does not apply to empty cask shipments. 

1 .I .3 Containment 

Containment was evaluated based on the inner containers providing the containment function. 
The SERF Cask retains the contents, but the SERF Cask is not considered to be a containment 
boundary. The containment evaluation is presented in Part B, Section 4.0. 

1 . I  .4 Shielding 

The shielding analysis for the source term is presented in Part B, Section 5.0. The analysis 
demonstrates that a dose of 200 mremlh will not be exceeded with the source term presented in 
Part A, Section 3.0. 

1 .I .5 Criticality 

The criticality analysis for the SERF Cask is contained in Limits for Mixed Oxide Fuel Pins, 
N Reactor Fuel Elements and Scrap in the SERF Cask and the Waste Cask (Larson 1995). The limit for 
*?U only is 250 g, while the limit for other fissionable materials is 150 g. Specific fuel pin and fuel 
element limits are given in Part A, Section 3.0. 
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1 .I .6 Structural 

The structural analysis for the SERF Cask is contained in Part 8, Chapter 7.0. This analysis 
shows the SERF Cask and the inner containers contain the contents and maintain shielding during all 
normal transport conditions. Accident conditions are addressed in the risk evaluation. 

1 .I .7 Thermal 

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

1 .I .8 Gas Generation 

The gas generation evaluation in Part B, Section 9.0, prohibits materials that may produce gas 
from being loaded into the SERF Cask. The contents of the SERF Cask will be dry to prevent gas 
generation from radiolysis. 

1 .I .9 Tiedown System 

The package tiedown evaluation in Part B, Section 10.0, ensures that the SERF Cask will 
remain on the trailer under normal transport conditions. 

1.2 REFERENCE 

Larson, S. L., 1995, Limits for Mixed Oxide Fuel Pins, N Reactor Fuel Elements and Scrap in the SERF 
Cask and the Waste Cask (NCS Basis Memo 95-3, Rev. 1, to M. Dec, August 31), Battelle 
Pacific Northwest Laboratory, Richland, Washington. 
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Material 

Fissile materials and a 
emitters* 

Mixed fission products 

Mixed activation products 

Cesium chloride 

Fuel 

2.0 CONTENTS EVALUATION 

2.1 CHARACTERIZATION 

Contents to  be transported in the SERF Cask will consist of Fast Flux Test Facility (FFTF) and 
Power Reactor and Nuclear Fuel Development Corporation (PNC) fuel, mixed oxide, 20% 240Pu, 
0.9 w t %  enriched uranium, structural material from reactors, and cesium chloride capsules. The 
contents shall be limited to  the maximum allowable source term shown in Table 82-1. 

Activity limit 

TBq Ci 

_.... ..... 

37 1000 

555 15000 

2960 80000 

....- .____ 

Table B2-1. Maximum Allowable Source Term. 

Source 

Mixed inventory 

Cesium capsules 

Fuel 

“Fissilelfissionable materials limited by criticality Safety as shown in Part E, 
Section 2.1.1. 

Table 82-2. Decay Heat and A, Calculation for the SERF Cask Mixed Inventory. 

This radionuclide is a daughter as defined in 49 CFR 173.433. therefore, its activity was set to 0 for the A, 
calculations. 
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Table 62-3. Decay Heat and A, Calculation for the SERF Cask Cesium Capsule Inventory. 

Nuclide 

ls7Cs* 

’37mBa** 

Total 

A, (Ci) A+ 
Activity Heat production Heat generation 

factor (W/Ci) rate (W) Bq Ci 

2.96 E+15 8.00 E+04 1.01 E-03 8.08 E+01 1.35 E+01 5.93 E+03 

2.80 € + I 5  7.568 E+04 3.92 E-03 2.97 E+02 0.00 E+OO 0.00 E+OO 

5.76 E+ 15 1.56 E+05 3.77 E+02 5.93 E+03 

*This is a highway route control quantity 
**This radionuclide is a daughter as defined in 49 CFR 173.433. therefore, its activity was set to 0 for the A, 

calculations. 

As shown in Table 62-2, the number of A,s is less than 3,000 and the total inventory is less 
than 1,000 TBq (27,000 Ci); therefore, the mixed radioactive material inventory is a fissile, Type-6, 
non-HRCQ (49 CFR 173). However, the cesium capsule inventory, as shown in Table 62-3, exceeds 
1,000 Tbq (27,000 Ci); therefore, the cesium capsule inventory is a Type-6, HRCQ (49 CFR 173). 

Tables 62-2 and 62-3 do not include spent nuclear fuel due to the variability of the payload. 
The spent nuclear fuel payload is limited by criticality safety as shown in Part 6, Section 2.1 .I and 
thermal limits as shown in Part 6, Section 2.2. A spent nuclear fuel payload may qualify as a fissile, 
Type-6, HRCQ. 

2.1 .I Fissile Material Content 

The fissile/fissionable material limits for the SERF Cask are shown in Table 62-4 for shipments 
of mixed oxide fuel pins, N Reactor fuel assemblies, and scrap under dry conditions. Table 62-5 
contains the limits for fuel pins of different compositions (239Pu, PuC, PUN, PuO,, U metal, UC, UN, and 
UO,. Note that mixtures of fissionable material are possible provided that the sum-of-fractions method 
shown in Criticality Sa fe t y  (PNL 1994) is followed. 

62-2 
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Tab le  62-4. Cr i t i ca l i t y  Limits in the SERF Cask  f o r  D r y  (H:sX5) Condit ions.  

Limits 

M ixed  oxide fuel p in 

<25 wt% Pu(>10)Q-U(<94)Oz 

<25 w t %  Pu(>10)Q-U(<36)02 

<16 wt% Pu(>10)Q-U(<41)Oz 

<31 w t %  Pu(>10)Q-U(<0.72)02 

<25 w t %  Pu(>10)Q-U(<68)02 

<5 w t %  Pu(>8)02-U(<9)02 

N Reactor fuel  element 

Waste Cask 
Maximum fuel  
diameter (in.) Maximum no. fuel pins Max imum no. fuel pins 

(length of 13.5 in.) (length o f  37 in.) 

0.220 54 40 

0.230 68 48 

0.261 58 40 

0.220 a7 58 

0.250 56 40 

0.500 46 28 

Maximum fuel 
diameter (in.) 

Maximum fuel element length of 26.1 

Mark IA and IV  inner elements 

Mark IA and I V  outer elements 

Mark IA and I V  fuel assemblies 

Scrap 

*The fuel compositions are given in terms of the maximum weight% Pu in the total U fPu .  the minimum 

*No accountable amounts of 24’”Am. “’Cm, “5Cm, “9Cf, or “‘Cf are permitted. 

Source: Larson, S. L., 1995, Limits far Mixed Oxide Fuel Pins, N Reactor Fuel Elemems and Scrap in the 
SERFCaskand the Waste Cask (NCS Basis Memo 95-3, Rev. 1, to M. Dec. August 31). Battelle Pacific Northwest 
Laboratory, Richland, Washington. 

weight % 240Pu in the total Pu, and the maximum 235U enrichment in the total U. 

1 .I 70 136 

2.350 33 

2.350 33 
.... 250 g 235U only or 150 g total  f issionable** 
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Table 82-5. Fuel Pin Limits for the SERF Cask. 

Fuel type 

Mixed U and Pu compounds 

Maximum enrichment Maximum fuel pin Maximum fuel Maximum fuel 
(preirradiation composition) outer diameter (in.) length (in.) pin limit 

100 wt% 235U or 23sPu 0.8 37 15 

Mixed U and Pu compounds 
(excluding 233U) 

Source: Hawkes, E. C., 1995,  Limits for Fuelpins in the Waste Cask, the 327 Building A-Cell, and the 324 Building 
Shielded Materials Faciliry Hot Cells (NCS Basis Memo 95-5 to M. Dec, September 61, Battelle Pacific Northwest Laboratory, 
Richland, Washington. 

100 wt% 235U or 239Pu 1.3 37 8 

2.2 RESTRICTIONS 

Contents as shown in Part B, Tables 62-1, 82-4, and 82-5, are the bounding conditions for the 
contents authorized in the SERF Cask. In addition, the contents shall be limited t o  a thermal output of 
377 W (Part B, Section 8.0). All contents shall be in inner containers as described in Table B2-6. 

Contents 

Table B2-6. Inner Container Description: 

Examoles Inner Container 

Pin tubes - tubing and fittings must 
have a working rating of 3000 psi. 

1 gallon container with friction fit lid. 

Specification 2 R  per 49 CFR 
178.360 

Large solid items 

Cesium capsule 

Fuel pins, and dispersible material 

Nondisoersible solid contents' 

FFTF, PNC, and N Reactor fuel; 
mixed plutonium-uranium oxide 
fuel pins, uranium oxide fuel pins, 
dispersible scrap, pieces of fuel, 
and fines. 

Solid scrab structural material. 

Dispersible solid contents Fuel pieces, scrap, and fines of I activated fuel and materials. 

Large solid items to big for a paint can 
will have fixed surface contamination 
and out.directlv into the cask.' 

Solid structural material and 
activated metals. 

Cesium chloride I 
FFTF = Fast Flux Test Facility. 
PNC = Power Reactor and Nuolear Fuel Development Corporation. 

' Surface contamination of contents and container must not exceed 100 times the Tabla A4-1 limits. Verification by 
survey or the use of a fixative such as paint is required. 

4 9  CFR 178.  1996,  "Specifications for Packagings." Code of Federal Regulations, as amended. 

2.3 SIZE AND WEIGHT 

Only contents smaller than the internal cavity shall be considered for shipment in the SERF 
Cask. The contents weight shall not exceed 227 kg (500 Ib). The total gross weight of the cask and 
contents shall not exceed 12,020 kg (26,500 Ib). 
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2.4 CONCLUSIONS 

The fissionable material limits described in Limits for Mixed Oxide Fuel Pins, N Reactor Fuel 
Elements and Scrap in the SERF Cask and the Waste Cask (Larson 1995) and discussed in Part B, 
Section 6.0, and the shielding analyses, shown in Part B, Section 5.0, demonstrate that the SERF Cask 
can safely ship the contents shown in Tables 82-1, 82-4, and 82-5. The established limits will 
preclude the possibility of a criticality and minimize radiological exposure to personnel during transport 

As shown in Table B2-3 and Part B, Section 2.1, the maximum quantity of material to be 
shipped is a fissile, Type-B, HRCQ (49 CFR 173). 

2.5 REFERENCES 

49 CFR 173, 1997, “Shippers--General Requirements for Shipments and Packagings,” Code of Federal 
Regulations, as amended 

Larson, S. L., 1995, Limits for Mixed Oxide Fuel Pins, N Reactor Fuel Elements and Scrap in the SERF 
Cask and The Waste Cask (NCS Basis Memo 95-3, Rev. 1, to M. Dec, August 31), Battelle 
Pacific Northwest Laboratory, Richland, Washington. 

PNL, 1994, Criticality Safety, PNL-MA-25, Battelle Pacific Northwest Laboratories, Richland, 
Washington. 
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3.0 RADIOLOGICAL RISK EVALUATION 

3.1 INTRODUCTION 

The 327 Building casks, which include the Radioactive Waste Disposal Cask, the SERF Cask, 
and the PRTR Graphite Cask, are used to transport Type 6, highway route controlled quantities of solid 
activated metals, irradiated fuel, and other solid radioactive 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 

One cask per shipment. 

Approximately 0.40 km (0.25 mi) per trip 
A maximum of 24 trips per year total for the family of casks 

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 6, 
Section 3.2, and the dose consequence analyses results are provided in Part B, Section 3.3. Cask 
failure thresholds are given in Part 6, Section 3.4. The analysis of accident release frequencies for 
associated failure thresholds is documented in Part 6, 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 .I 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 IO’.  The 
release frequency and conditional probability analysis showed that the criterion is met for shipments 
Sotaling 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. 

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 83-1. 

63-1 



HNF-SD-TP-SEP-058 Rev. 0 

Exposure pathway 

Total effective dose equivalent 

Table 83-1. Risk Acceptance Criteria Limits. 

Description 
(rem) (rem) 

Incredible 

Incredible 

Credible l o g t o  103 0.5 

Probable 0.01 0.2 

"Total effective dose equivalent. 

Offsite receptor (rem1 Onsite worker (rem) 

> 68 > 2200 

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 83-2 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. 

When compared to the risk criteria given in Table 83-1, the potential dose to the offsite 
receptor requires that the 327 Building casks maintain annual accident release frequencies of less than 
lo" probability of occurrence per year. Therefore, the annual accident release frequency is limited to 
less than 1 0-7 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. 

//??pact: 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. 
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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 release frequency assessment 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. 

= number of trips accidents 
year trip mib 

Hanford Site truck accidents have been compiled in a report using Site-specific data 
(Green et al. 1996), which gives the accident rate for trucks as 2.0 x 10' 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 (< 
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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. 19781, Severities 
of Transportation Accidents Volume Ill- Motor Carriers (Clarke et al. 1976),' and H&R (1 995). 
A simplified generic flow chart, shown in Figure B3-1, has been developed using statistics presented in 
Clarke et al. (1 976) 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. (1 978). Thus, 
as can be seen in Figure B3-1, the probability of a fire only given a truck accident is 0.01 IO, and the 
probability of an accident resulting in collision or overturn is 0.8935 (Clarke et al. 1976 Ip.131). 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. 11-25]) 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 result in puncture or impact failure for large packages. 
Dennis et al. (1 978) 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 
Ip. 11-1 51) and the value for the fire-only scenario of 0.01 IO. 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 .O for 
-failure or 0 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 .O 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 .O 
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 

'Although the Dennis and Clarke reports were prepared in the 1970s. they still represent the most comprehensive and 
consistent reports available on accident environments encountered by radioactive materials packages. 
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Figure 83-1. Flow Chart for Hanford Site Large Package Truck Accidents. 
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Force type 

equivalent steel thickness of the package. The PPF values are found in Dennis et al. (1978 [p. 11-35]). 
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 

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. 11-23]). 
For the 327 Building casks, the PIF is conservatively assumed to be 1 .O. 

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

Conditional release 
mobability Failure threshold 

Crush Fails crush 

Puncture 6.4 cm (2.5 in.) 4.36 x lo-" 

Fire Fails any fire 

Impact Fails any impact 

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 19811. 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: 

where 

P(fla) = the probability of fire given that an accident has occurred 
P(fc1a) = the probability of fire and crush given that an accident has occurred 

and 

P(FTE f l 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(fla) P(FTEf1f) + P(cla) P(FTE c lc)  + P(1la) P(FTE 111) + 
P(pla) P(FTE p ip)  - P(fcIa1 P(FTE flf) P(FTE c l c l  - 
P(fila1 P(FTE f l f )  P(FTE 111) - .  . . 

When substituted in the above equation, the values from the flow chart in Figure B3-1 and the 
conditional probabilities from Table B3-3 yield a total conditional release probability of 0.978. 
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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 
327 Building casks is 5.9 x I O 8 .  This value is less than the 1 x I O ’  required. In fact, the 327 Building 
family of casks can be shipped for up to 16.0 km (10.0 mi) per year and still be less than the criterion. 
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3.8 APPENDIX: CHECKLIST FOR REVlkW 
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4.0 CONTAINMENT EVALUATION 

4.1 INTRODUCTION 

The radioactive contents within the SERF Cask are contained inside an inner container. That 
inner container can be either a stainless steel pin tube 1.3 cm (0.50 in.) or 1.9 cm (0.75 in.) in 
diameter, a standard one-gallon pain; can, or a DOT Specification 2R container per 49 CFR 178.360, 
The stainless steel tubes have a working rating of 20.68 MPa (3,000 psi) and have Swagelok' fittings 
on one end. Containment credit is not taken for the boundary provided by the SERF Cask itself 
although it does retain the inner containers. 

, 

The SERF 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 SERF Cask does not 
provide containment in the traditional sense, the contents are limited to dry, dispersible and 
nondispersible items packaged in inner containers. The cask provides shielding and, in conjunction 
with the inner container or plastic wrapping, prevents the release of the contents under normal 
transport conditions evaluated in Part B, Section 7.0. 

Another consideration for the safety of the shipment is that each shipment will travel 
approximately 0.40 km (0.25 mi) within the 300 Area. The cask will be used for a limited time to 
facilitate the shutdown of the 327 Building. This SEP is valid until October 1, 1999. The risk 
evaluation has shown that accidents leading to a release are incredible with the annual travel limitation 
of 16.0 km (10.0 mi) total for the entire family of 327 Building casks. 

4.2 CONTAINMENT SOURCE SPECIFICATION 

The authorized radioactive contents of the SERF Cask are described in Part 6, Section 2.1. For 
conservatism, the containment analysis assumes that the inner container consists of the double- 
wrapped, IO-mil plastic bags. 

4.3 NORMAL TRANSFER CONDITIONS 

4.3.1 Conditions To Be Evaluated 

For normal transfer conditions, containment must be demonstrated during the following events. 

4.3.1 .I Water Spray. The package shall be demonstrated to maintain containment through a water 
spray that simulates exposure to rainfall approximately 1.5 cm (0.6 in.) per hour for at least one hour. 

4.3.1.2 Reduced External Pressure. The package shall be capable of withstanding a reduced external 
pressure of 95.2 kPa (13.8 psi) absolute. 

4.3.1.3 Increased External Pressure. The package shall be capable of withstanding an increased 
external pressure of 102.5 kPa 114.9 psi) absolute. 

4.3.1.4 Temperature. The package shall be capable of being transported over a temperature range 
from -33 "C to 46 "C (-27 OF to 115 OF). 

'Swagelok is a trademark of the Crawford Fitting Company. 
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4.3.1.5 Rough Transport. The package shall be evaluated to demonstrate containment subsequent to 
rough transport shock loads of 3.5g vertical to the plane of travel and 2.3 g in the direction of travel. 

4.3.1.6 Penetration. The package shall maintain containment following the impacting force of a bar 
3.18 cm (1.25 in.) in diameter with a hemispherical end weight of 6.0 kg (13.2 Ib), dropped from a 
height of 1 .O m (3.3 ft)  onto that part of the container where maximum damage is expected to occur. 

4.3.1.7 Vibration. The package shall maintain containment when subjected to normal transport 
vibration loadings. 

4.3.2 Containment Acceptance Criteria 

The acceptance criteria for the SERF Cask shall be that the package retains its contents 
throughout normal transport conditions. 

4.4 ACCIDENT CONDITIONS 

4.4.1 Conditions To Be Evaluated 

Accident conditions are evaluated for the SERF Cask by radiological risk and dose consequence 
analyses. The radiological risk evaluation is given in Part B, Section 3.0, of this SEP. The dose 
consequence and associated transportation hazard index are given in Part B, Section 4.6. 

4.5 CONTAINMENT EVALUATION AND CONCLUSIONS 

4.5.1 Normal Transport Conditions 

The SERF Cask has been demonstrated to provide the structural integrity necessary to 
transport its payload. The containment boundary is maintained throughout all normal transport 
conditions. 

4.5.1.1 Water Spray. The SERF Cask is a right circular cylinder constructed of steel. There are no 
crevices or gaps where water could be retained. 

4.5.1.2 Reduced External Pressure. Part B, Section 7.3.4, demonstrates the package can withstand a 
reduced external pressure of 94.5 kPa (13.7 psi) absolute. 

4.5.1.3 Increased External Pressure. Part B, Section 7.3.4, demonstrates the package can withstand 
an increased external pressure of 108 kPa (15.7 psi) absolute. 

4.5.1.4 Temperature. Part B, Section 7.3.3, demonstrates the package can be transported over a 
temperature range from -33 " C  to 46 " C  (-27 "F to 115 "F). 

4.5.1.5 Rough Transport. Part B, Section 72.8, demonstrates the package maintains containment 
subsequent to rough transport shock loads of 3.5g vertical to the plane of travel and 2.3g in the 
direction of travel. 

4.5.1.6 Penetration. Part B, Section 7.3.9, demonstrates the package maintains containment during 
the Denetration event. 
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4.5.1.7 Vibration. Part 6, Section 7.3.5, demonstrates the package maintains containment when 
subjected to normal transport vibration loadings. 

4.5.2 Accident Conditions 

Based on the radiological risk evaluation in Part 6, Section 3.0, and the dose consequence 
evaluation given in Part 6, Section 4.6, the SERF 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 engineering analysis documents the dose consequence calculations used to support the 
Transportation Hazard Index (THI) evaluation for the 327 Building casks. Three casks are used to 
transfer radioactive materials among several buildings in the 300 Area. The casks used for these 
transfers are the Waste 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 radioactive inventory. Dose consequence calculations for the PRTR Graphite Cask require 
this cask to meet THI 1 requirements. The other 327 Building Casks (Waste Cask and SERF Cask) have 
radioactive inventories that exceed that for the PRTR Cask; therefore, the dose consequences for the 
other two casks will be greater than that for the PRTR Cask. Because the PRTR Cask has to  meet the 
highest level of requirements (i.e., those associated with a THI of I), the other casks will also have to 
meet the requirements for a THI of 1, and no additional analysis is required to demonstrate this. 

Table 64-1 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 each 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 64-1. Summary of Doses (rem) for the Plutonium 
Recycle Test Reactor Graphite Cask. 

Exposure pathway 

Note: 100 rem = 1 &vert 6"). 
*This receptor is located 100 m N of the 300 Area. 

4.6.1 Introduction and Overview 

Three casks are used to transport radioactive materials among several buildings in the 
300 Area. The casks used for these transfers are the Radioactive Waste Disposal Cask, the SERF 
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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 6, 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 (1 990) defines a standardized approach for evaluating transportation packaging 
requirements, called the Q-system. The Q-system methods, as outlined in IAEA (1990), have been 
incorporated into the document, Report on Equivalent Safety for Transportation and Packaging o f  
Radioactive Materials (Mercado 1994). This document (Mercado 1994) is used to demonstrate that 
onsite shipments meet onsite transportation 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 P-particles, (3) inhalation, (4) skin contamination and ingestion, and 
(5) submersion in a cloud of gaseous isotopes. In special cases, such as a-particle 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-encompassing 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 < 10-6/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 a-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 authorized 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 
'37Cs, and the mixed activation products (MAP) consist of -Co, which produce the highest gamma 
dose rates. The external dose due to beta particle exposure was calculated assuming the MFP consists 
of 90Sr/soY and the MAP consists of 59Fe, which produce the highest beta dose rates. The inhalation 
dose was calculated assuming the MFP consists of '"Sr, the MAP consists of 59Fe, and the fissile 
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material consists of 175 g (10.85 Ci) of 239Pu, which produce the highest inhalation dose. The use of 
175 g of z3sPu bounds the 2-Ci limit for a 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 13'Cs, "Sr, and %o assumed in the analyses. 

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

Radioactive material Cask (Ci) 

Fissile material and n emitters 10.85 

'Mixed fission products; 0.g.. =Sr, 13'Cs, eto. 
DMixed 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 SO-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 Institute (ANSI) standard ANSI/ANS-6.1 .I-1 991 
(ANS 1991). 

It was conservatively assumed that the MFP (375-Ci limit) consisted of I3'Cs and the MAP (5-C; 
for this analysis. The other radioactive materials (a emitters, others, and fissile limit) consisted of 

materials) will have a negligible contribution to the gamma dose rate compared to  that from 137Cs and 
60Co. 

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/cm3. For this analysis, the source was taken to be iron with a density of 
2.0 g/cm3, 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 ISO-PC is 11 remlh (0.1 1 Svlh) 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. 

4.6.5 External Dose Due to  P-Particle Emitters 

Because of the limited range of @-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 

84-5 



HNF-SD-TP-SEP-058 Rev. 0 

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

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 IAEA 
method to account for the difference between the I -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 
[ ( I  m13 m)] since the dose rate falls off between l / r2  and l /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 84-3 shows the P-particle dose calculations for the inventory in Table 84-2, assuming the 
MFP consists of 'OSrPOY and the MAP consists of 59Fe. Note that 239Pu and 235U are not beta emitters. 
The total P-particle dose rate to the skin for an individual located 3 m from the source is 
2.0 x 1 O3 remlh (2.0 x 10' Svlh). This results in a P-particle dose of 5.0 x 10' 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 P-particle dose is due to  the high- 
energy (2.28 MeV) P-particle emitted by *'Y. 

Table 64-3. P-Particle Dose Rate for Beta Emitters 
Contributing > 0.01 % to the Total Dose. 

"Dose rate factor in units of Gy/h or Sv/h far a 1-m Ci source from IAEA (1990) .  
%hielding factor from IAEA I1 990).  
'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 ,  Explanatory Material for the IAEA Regulations for the Safe Transport o f  Radioactive Material, 
Safety Series No. 7. Second Edition (As Amended 19901, 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 o f  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 
authorized to transport irradiated structural materials or encapsulated solid materials. DOE (1 994) 
identifies a bounding ARF x RF of 1 x 1 O3 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 
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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 I O 3  is applied to the material at risk, which is assumed to be the entire 
cask radioactive inventory, to obtain the quantity of radioactive 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 239Pu, which produce the highest inhalation dose. 
accident release quantities are listed in Table B4-4. 

The 

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

Nuclide Plutonium Recycle Test 
Reactor Gra hite Cask 

S"SrPoY 0.375 

0.005 

0.01 1 

4.6.6.1 .I Discussion of Integrated Normalized Air Concentration Value (XICI'). 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. xIQ' (s/m3) 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 I O '  values are generated consistent with the methods described in Atmospheric 
Dispersion Models for Potential Accident Consequence Assessments at Nuclear Power Plants, 
Regulatory Guide 1 .I 45 (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 . I45 (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. xIQ' 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 I O '  values are also referred to as 99.5% maximum sector and 
95% overall Site X I O '  values. The greater of these two values is called the bounding X I O '  value and is 
used to  assess the dose consequences for accident scenarios. The bounding x/O' value represents 
minimum dispersing conditions that result 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. 

The x/W values in this report were generated using the GXQ computer program, Version 3.1 C 
(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 baken 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. 
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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 XIQ 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 XIQ'  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 xIQ value for 
an onsite receptor is 4.21 x I O '  s/m3 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 I @  value will therefore be 
the same, i.e., the maximum public receptor XIQ' value is 4.21 x IO2 s/m3. The GXQ input file for the 
maximum XIQ' 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 GENll 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 GENll are shown in Table B4-4. An example 
GENU 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 GENll libraries used were as follows: 

. GENll Default Parameter Values (28-Mar-90 RAP) 
Radionuclide Library - Times < 100 years (23-July-93 PDR) 
External Dose Factors for GENll in person Svlyr per Bqln (8-May-90) 
Worst Case Solubilities, Yearly Dose Increments 123-Jul-93 PDR). 

The EDE from GENll for the inhalation and submersion pathways is 1.2 x I O '  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 XIQ value from GENll was 
7.4 x I O 2  slm3 for the maximum onsite receptor. The dose rates calculated by GENll are proportional 
to the XIQ values. The GXQ code calculates the 99.5% maximum sector and 95% overall Site xIQ' 
values consistent with Regulatory Guide 1.145 (NRC 1982) methods, while GENll is inconsistent with 
Regulatory Guide 1 . I 45  methods. As mentioned in the previous section, the maximum onsite receptor 
XIQ' value from GXQ is 4.21 x IO"* s/m3. Therefore, the EDE for the inhalation and submersion 
pathways is 6.8 x 10' rem (6.8 x IO' Sv) for the maximum onsite receptor at 100 m using the GXQ 
x/Q value. This value was obtained by multiplying the GENll dose rate by the ratio of the GXQ xIQ 
value to the GENll XI@ value. Therefore the maximum public receptor dose is 6.8 x I O '  rem 
(6.8 x lo" Sv). 

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 I O 3  rem (20.0 Sv) for the Hanford Site worker. Table B4-5 shows the doses for the postulated 
accident scenario. 
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Effective dose equivalent 

worker Public receptor' (at 3 m) 

2.0 E+03 6.8 E+01 

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 
radioactive 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 itself. 
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 Le,, 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 mz 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 om2 of skin over a 24-hour period. Because the dose 
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 @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. 
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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. Gas generation from broken fuel pins is negligible as the gas is released at the time the pin 
is broken. 

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 (an) 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 84-1 in Part 8, Section 4.6, shows the dose from each exposure pathway. 
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4.8 APPENDICES 

4.8.1 ISO-PC Input File 

0 2 PRTR Cask Side Dose Rate - Unshielded ' 

Cyl. Source Geom - Dose Rate at 3 m Side Surface 
&Input Next= 1 , ISpec= 3 ,  lGeom= 7 ,  ICONC=O, SFACT=l, DUNIT=7, 
NTheta= 30, NPsi= 20, NShld= 1 , JBuf= 1, OPTION=I, 
Slth= 62.2, 
Y =  71 1 , 
T(11=3.969, 
X =  303.969, 
WEIGHT1335) = 375 
WEIGHT13361 = 354.75, 
WEIGHT14721 = 5, & 
1Sourc 9 2.0 
End of Input 
&Input Next= 6 & 

4.8.2 GXQ Input File 

300 Area - Sector 99.5% X/Q Values - 100 m 
c GXQ Version 4.0 Input File 
c mode 

1 
C 

c MODE CHOICE: 
c mode = 1 then X/Q based on Hanford site specific meteorology 
c mode = 2 then X/Q based on atmospheric stability class and wind speed 
c mode = 3 then X/Q plot file is created 

c LOGICAL CHOICES: 
c ifox inorm icdf ichk k i te ipop 

c ifox = t then joint frequency used to compute frequency to exceed X/Q 
c = f then joint frequency used to compute annual average X/Q 
c inorm = t then joint frequency data is normalized (as in GENIII 
c = f then joint frequency data is un-normalized 
c icdf = t then cumulative distribution file created 1CDF.OUT) 
c = f then no cumulative distribution file created 
c ichk = t then X/Q parameter print option turned on 
c = f then no parameter print 
c k i te = 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 
c ipop = t then X/Q is population weighted 
c = f then no population weighting 

c X/Q AND WIND SPEED ADJUSTMENT MODELS: 
c ipuff idep isrc iwind 

c DIFFUSION COEFFICIENT ADJUSTMENT MODELS: 
c iwake ipm iflow ientr 

c EFFECTIVE RELEASE HEIGHT ADJUSTMENT MODELS: 

C 

T F F F F F  

C 

0 0 0 0  

0 0 0 0  

c (irise igrnd)iwash igrav 

c ipuff = 1 then X/Q calculated using puff model 
c 
c idep = 1 then plume depletion model turned on (Chamberlain model1 
c isrc = 1 then X/Q multiplied by scalar 
c = 2 then X/Q adjusted by wind speed function 
c iwind = 1 then wind speed corrected far plume height 
c isize = 1 then NRC RG 1.145 building wake model turned on 
c 
c ipm 

0 0 0 0  

= 0 then X/Q calculated using default continuous plume model 

= 2 then MACCS virtual distance building wake model turned on 
= 1 then NRC RG 1.145 plume meander model turned on 
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c = 2 then 5th Power Law plume meander model turned on 
c = 3 then sector average model turned on 
c if low = 1 then sigmas adjusted for volume flow rate 
c ientr = 1 then method of Pasquill used to account for entrainment 
c irise = 1 then MACCS buoyant plume rise model turned on 
c 
c igrnd = 1 then Mills buoyant plume rise modification far ground effects 
c iwash = 1 then stack downwash model turned on 
c igrav = 1 then gravitational settling model turned on 
c = 0 unless specified otherwise, 0 turns model off 

c PARAMETER INPUT: 

= 2 then ISC2 momenturnlbuoyancy plume rise model turned on 

C 

C 

C 
C 
C 

C 

C 

C 

C 
C 

C 

C 

C 
C 

C 
C 

C 

C 

C 

reference frequency 
release anemometer mixing to 
height height height exceed 
hslm) ha(m) hm(m1 Cx(%l 

0.00000E+00 1.00000E+01 1.00000E+03 6.OOOOOE-01 

initial initial gravitational 
plume plume release deposition settling 
width height duration velocity velocity 
Wb(m) Hblm) trd(hr) vd(m/s) vglmls) 

_ _ _ ~ _ _ _ _ _ _  

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
0.00000E+00 , 0.00000E+00 0.00000E+00 1.00000E-03 1.00000E-03 

initial initial convective 
ambient plume plume release heat release 
temperature temperature flow rate diameter rate(1 1 
Tamb@ TOm VOlm31sl dlml qhlw) 

c (1) If zero then buoyant flux based on plumelambient temperature difference. 

c XIQ Wind 
c scaling Speed 
c factor Exponent 
c cl?) a(?) 
c p p  

1.00000E+00 7.80000E-01 
C 
c RECEPTOR DEPENDENT DATA (no line limit) 
c FOR MODE make RECEPTOR DEPENDENT DATA 
c 1 (site specific) sector distance receptor-height 
c 2 (by class & w i n d  speed) class windspeed distance offset receptor-height 
c 3 (create plot file) class windspeed xmax imax ymax jmax xqmin power 
C 

c RECEPTOR PARAMETER DESCRIPTION 
c sector = 0, 1, Z. . .  (all, S ,  SSW, etc.) 
c distance = receptor distance (m) 
c receptor height = height of receptor lml 
c class = 1, 2, 3, 4, 5, 6, 7 IP-G stability class A, 6, C. D, E, F, GI 
c windspeed = anemometer wind speed Imls) 
c offset = offset from plume centerline lml 
c xmax = maximum distance to plot or calculate to (ml 
c imax = distance intervals 
c ymax = maximum offset to plot (ml 
c jmax = offset intervals 
c xqmin = minimum scaled XIQ to calculate 
c power = exponent in power function step size 
0 100 0 
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4.8.3 GENll Input File 

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

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

= = = = = = = = = = = = = = = = = = = = Default 

F Near-field scenario? (Far-field1 NEAR-FIELD: narrowly-focused 
F Population dose? (Individual1 release, single site 
T Acute release? (Chronic) FAR-FIELD: wide-scale release, 

Maximum Individual data set used multiple sites 
Complete Complete 

TRANSPORT OPTIONS = = = = = = = = = = = = Section 
T Air Transport 1 F Finite plume, external 5 
F Surface Water Transport 2 T Infinite plume, external 5 
F Biotic Transport lnear-field1 3.4 F Ground, external 5 
F Waste Form Degradation (near) 3.4 F Recreation, external 5 

EXPOSURE PATHWAY OPTIONS= = = = = Section 

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 

INVENTORY . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

4 Inventory input activity units: 11-pCi 2-uCi 3-mCi 4-Ci 5-Bq) 
0 Surface soil source units (1- m2 2- m3 3- kgl 

F Inadvertent soil ingestion 

Equilibrium question goes here 

........I .... Release Terms ...... I .......... Basic Concentrations ......... I 
Use when( transport selected I near-field scenario, optionally I 
Release I Surface Buried I Surface Deep Ground Surface1 
Radio- lAir Water Waste lAir Soil Soil Water Water I 
nuclide I/yr /yr /m3 l /m3 /unit /m3 /L /L I 

........I ....................... I ....................................... I 

........I .....................I................................... I 
SR90 3.75E-01 
Y 90  3.75E-01 
FE59 5.00E-03 
PU239 1.09E-02 
........I ----Derived Concentrations----- I 
Use when1 measured values are known I 
Releage [Terres. Animal DriAk Aquatic1 
Radio- IPlant Product Water Food I 
nuclide I/kg /kg /L /kg I ........I ............................ I 

TIME . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

1 Intake ends after (yr) 
50  Dose calc. ends after (yrl 
1 Release ends after lyrl 
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 IIF POPULATION DOSE1 ..................................... 

0 
0 

NEAR-FIELD SCENARIOS . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Definition option: 1-Use population grid in file POP.IN 
2-Use total entered on this line 

Prior to the beginning of the intake period: (yrl 
0 When was the inventory disposed? (Package degradation starts1 
0 When was LOIC? (Biotic transport starts) 
0 Fraction of roots in upper soil (top 15 cml 
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0 
0 
0 

Fraction of roots in deep soil 
Manual redistribution: deep soillsurface soil dilution factor 
Source area for external dose modification factor lm2) 

T R A N S P O R T # # # # # ~ # # # # # # # # # # # ~ ~ # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # ~ ~ # # ~ ~ ~ # # # # # # #  

= = = = A I R T R A N S P O R T = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = S E C T I O N  
I = = = = =  

3 Option: I-Use chilQ or PM value IF Stack release ITIFI 
0-Calculate PM 10 Release type 10-31 

2-Select MI dist & dir 10 Stack height (ml 
3-Specify MI dist & dir 10 Stack flow lm31sec) 

1 ChiIQ or PM value Stack radius lm) 
1 4  MI sector index (1 =S) l0 jO Effluent temp. 
100. 
T 

MI distance from release point (m) 10 Building x-section lm21 
Use jf data, (TIFI else chilQ grid10 Building height lml 

= = = = S U R F A C E W A T E R T R A N S P O R T = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = S E C T I O N  
2 = = = = =  
0 
0 Mixing ratio, dimensionless 
0 
0 

0 
0 
0 
0 
0 
0 

Mixing ratio model: 0-use value, 1-river, 2-lake 

Average river f low rate for: MlXFLG=O lm31s). MIXFLG=1,2 lm/sl. 
Transit time to irrigation withdrawl location (hr) 
If mixing ratio model > 0: 

Rate of effluent discharge to receiving water body lm3/sl 
Longshore distance from release point to usage location lml 
Offshore distance to the water intake (m) 
Average water depth in surface water body (m) 
Average river width lml, MlXFLG= 1 only 
Depth of effluent discharge point to surface water (m), lake only 

_ _ _ _  - - - -WASTE FORM AVAlLABlLlT'f= = = = = = = = = = = = = = = = = = = = = = = = = = = = = =SECTION 
3 = = = = =  
0 
0 Waste thickness, (m) 
0 

Waste formlpackage half life, (yrl 

Depth of soil overburden, m 

_ _ _ _  _ _ - _BIOTIC TRANSPORT OF BURIED SOURCE= = 
T Consider during inventory decaylbuildup period (TIFI? 
T Consider during intake period ITIFI? I 1-Arid non agricultural 
0 Pre-Intake site condition __._.._....... I 2-Humid non agricultural 

= = = = = = = = = = = = =SECTION 4 =  = = = = 

I 3-Agricultural 

EXPOSURE . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
_ _ _ _  - - - _ E X T E R N A L E X P O S U R E = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = S E C T I O N 5 = = = = =  
Exposure time: I Residential irrigation: 

0 Plume (hrl I T Consider: (T/F) 
0 Soil contamination (hrl I 0 Source: I-ground water 
0 Swimming lhr) I 2-surface water 
0 Boating (hrl I 0 Application rate (inlyrl 
0 Shoreline activities (hrl I 0 Duration (molyr) 
0 Shoreline type: (1  -river, 2-lake, 3-ocean, 4-tidal basin1 
0 Transit time for release to reach aquatic recreation (hr) 
1 .O Average fraction of time submersed in acute cloud (hrlperson hr) 

= = ==INHALATION= = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = ==SECTION 
6 = = = = =  
8766.0 
0 0-No resus- I-Use Mass Loading 2-Use Anspaugh model 
0 pension Mass loading factor (glm31 Top soil available (cml 

Hours of exposure to contamination per year 

_ - _ _  _ _ _ -INGESTION POPULATlON = = = = = = = = = = = = = = = = = = = = = = = = = = = =SECTION 7 = = = = = 

0 
0 

Atmospheric production definition (select option): 
0-Use food-weighted chiIQ, (food-seclm3). enter value on this line 
1 -Use population-weighted chi1Q 
2-Use uniform production 
3-Use chilQ and production grids (PRODUCTION will be overridden) 
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0 
0 
F 

Population ingesting aquatic foods, 0 defaults to  total Ipersonl 
Population ingesting drinking water, 0 defaults to total (person) 
Consider dose from food exported out of region (default=F) 

Note below: S' or Source: 0-none, I-ground water, 2-surface water 

- - - - AQUATIC FOODS I DRINKING WATER INGESTION= = = = = = = = =SECTION 8 =  = = = 
3-Derived concentration entered above _ _ _ _  

F Salt water? (default is fresh1 

USE TRAN- PROD- -CONSUMPTION- I 
? FOOD SIT UCTION HOLDUP RATE I 
TIFTYPE hr kglyr da kglyr I DRINKING WATER 

F FISH 0.00 O.OE+OO 0.00 0.0 I O  Source (see above1 
F MOLLUS 0.00 O.OE+OO 0.00 0.0 I T Treatment?T/F 
F CRUSTA 0.00 O.OE+OO 0.00 0.0 I 0 Holduphransitldal 
F PLANTS 0.00 O.OE+OO 0.00 0.0 I 0 Consumption lL/yrl 

................................I ......................... 

USE GROW --IRRIGATION-- PROD- --CONSUMPTION-- 
? FOOD TIME S RATE TIME YIELD UCTION HOLDUP RATE 
TIFTYPE da * m/yr rnolyr kglm2 kglyr da kglyr 

F LEAFV 0.00 0 0.0 0.0 0.0 O.OE+OO 0.0 0.0 
F ROOT V 0.00 0 0.0 0.0 0.0 O.OE+OO 0.0 0.0 
F FRUIT 0.00 0 0.0 0.0 0.0 O.OE+OO 0.0 0.0 
F GRAIN 0.00 0 0.0 0.0 0.0 O.OE+OO 0.0 0.0 

................................................. 

ANIMAL PRODUCTION CONSUMPTION= = = = = = = = = = = = _ _ _ -  _ _ _ _  
...HUMA N.... TOTAL DRINK ............. STORED FEED .............. 

USE CONSUMPTION PROD- WATER DIET GROW -IRRIGATION-- 
? FOOD RATE HOLDUP UCTION CONTAM FRAC- TIME S RATE TIME 
T/F TYPE kg/yr da kglyr FRACT. TlON da * lnlyr rnolyr kglm3 da 

F BEEF 0.0 0.0 0.00 0.00 0.00 0.0 0 0.0 0.00 0.00 0.0 
F POULTR 0.0 0.0 0.00 0.00 0.00 0.0 0 0.0 0.00 0.00 0.0 
F MILK 0.0 0.0 0.00 0.00 0.00 0.0 0 0.0 0.00 0.00 0.0 
F EGG 0.0 0.0 0.00 0.00 0.00 0.0 0 0.0 0.00 0.00 0.0 

.............................................................. 

.............FRES H FORAGE ............ 
BEEF 0.00 0.0 0 0.0 0.00 0.00 0.0 
MILK 0.00 0.0 0 0.0 0.00 0.00 0.0 

STOR- 
YIELD AGE 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
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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 c* Previous reviews complete and cover analysis, up to scope of 
this review, with no gaps. 
Problem completely defined. 
Accident scenarios 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. 
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/guidel ines 
checked against references. 
Safety margins consistent with good engineering practices. 
Conclusions consistent with ,analytical results and applicable 
1 imi ts. 
Results and conclusions address all points required in the 
problem statement. 
Format consistent with appropriate NRC Regulatory Guide or 
other standards 
Review calculations, comments, and/or notes are attached. 

Document approved. 

Spreadsheet results 

7 -2//47 
7 Date 

J .  G. McFadden 
Reviewer (Printed Name and S 

* Any calculations, comments, or notes generated as part of this review should 
be signed, dated and attached to this checklist. 
labeled and recorded in such a manner as to be intelligible to a technically 
qual if i ed third party. 

Such material should be 
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4.8.5 HEDOP Review Checklist 

HEDOP REVIEW CHECKLIST 
for 

Radiological and Nonradiological Release Calculations 

Document: Transportat!,on Hazard Index (THI) Analysis for the 327 Building 
Casks SEPs, May 9, 1997. 

Scope of Review: Inhalation/Air Submersion Dose Calculations 

YES NO* N/A 

[XI [ I  

A detailed technical review and approval of the 
environmental transport and dose calculation portion o f  
the analysis has been performed and documented. 
Detailed technical review(s) and approval (s) of scenario 
and release determinations have been performe3 and 
documented. 
HEDOP-approved code(s) were used. 
Receptor locations were selected according to HEDOP 
recommendations. 
All applicable environmental pathways and code options 
were included and are appropriate for the calculations. 
Hanford site data were used. 
Model adjustments external to the computer program were 
justified and performed correctly. 
The analysis is consistent with HEDOP recommendations. 
Supporting notes, calculations, comments, comment 
yolutions, or other information is attached. 
Page 1 of X" page numbering format and sign and date 
each added page.) 

(Use the 

10. Approval is granted on behalf of the Hanford 
Environmental Dose Overview Panel 

* All "NO" responses must be explained and use of nonstandard methods 
jus ti f i ed . 

Date 
Kathy Rhoads 
HEDOP-Approved Reviewer (Printed Name and Signature) 

COMMENTS (add additional signed and dated pages if necessary): 

Item 3: GXQ used for air transport calculations; GENII results are included 
for comparison. 
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Tbq 

5.0 SHIELDING EVALUATION 

Ci 

5.1 INTRODUCTION 

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

,ooo 37 Mixed fission'products 

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 85-1. Isotopes other than those 
listed may be shipped in the cask, but the surface dose rate is limited as shown in Part B, Section 5.4 
in all cases. 

Considered to be all 13'Cs 
for shielding 

Table 85-1. Shielding Source Term. 

5ooo 555 Mixed activation products 

I Source 

Considered to be all 'OCo for 
shielding 

Source 

Mixed inventory 

Cesium 

Defined in Part 6,  Section 
2.01 

Cesium capsules 

tT 
2960 80000 13'Cs 

Limits defined by criticality safety. 

Material 

Fissile materials and a 
emitters* 

*Limited by criticality safety as shown In Part B. Section 2.1.1 

5.2.1 Gamma Source 

Two gamma sources were evaluated. The first was a mixed inventory of 'OCo and 13'Cs with 
an equilibrium amount of the '37Cs daughter, '37mBa. Although the mixed inventory may have additional 
gamma sources, these are bounded by the 'OCo and 137Cs terms and were not considered separately. 
The second gamma source considered was for cesium capsules containing 13'Cs with an equilibrium 
amount of 137mBa. 

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 
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Component of source 

0.n) 

Spontaneous fission 

Total 

is minimal and bounded by the gamma source term discussed in Part B, Section 5.2.1. For the isotopes 
evaluated, however, bremsstrahlung was considered. 

5.2.3 Neutron Source 

Source strength (neutronsls) 

7.927 E+03 

3.967 

7.931 E+03 

The neutron source term for the mixed materials inventory was calculated using the ORIGEN2 
computer code. The worst-case neutron source term was found to be from 239Pu and was found to 
occur prior to any decay being considered. Although 235U was considered, its neutron source term is 
negligible compared to 239Pu. The source term is shown in Table 85-2 and the ORIGEN2 input file is 
included in Part B, Section 5.8. 

Table 85-2. Neutron Source Term for 1759 of 239Pu 

The cesium capsule inventory has no neutron emitters. 

5.3 SUMMARY OF SHIELDING PROPERTIES OF MATERIALS 

The shielding in the cask is provided by lead encased in a stainless steel shell. The default 
densities for iron and lead provided in the 60-PC 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 each cask (with an offset of 1 cm) and at 
2 m (6.6 f t )  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 mSvlh (200 mremlh) on any surface of the 
cask, 0.1 mSvlh ( IO mremlh) at 2 m (6.6 ft)  from the cask surface, and 0.02 mSvlh (2 mremlh) in any 
normally occupied space. If these limits are exceeded, material will be removed from the cask or 
supplemental shielding will be added. 
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5.4.3 Assumptions 

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

1. The air space in the closure mechanism tube was ignored: The steel in the closure 
mechanism tube was combined with the steel covering the outside of the mechanism. 

The cask end opposite the closure contains a steel plunger mechanism that extends 
through the shielding (see drawing H-3-38542). A cylindrical source with a diameter 
equivalent to the plunger mechanism and a length equivalent to the cask cavity was 
used to  deiermine the dose outside the plunger. This dose was added to the dose 
considered at the cask end, assuming a uniform steel and lead plug without the 
plunger. It is assumed that a steel rod (essentially a push rod) fills the hole through the 
plunger mechanism although this is not shown on the drawing. Such an arrangement is 
used on other casks of this type, such as the Long Bore Cask. 

The mixed inventory contents were assumed to be mainly iron pieces with a nominal 
density of 1.5 g/cm3. This density was arrived at by considering that one-half of the 
maximum inventory of 226.8 kg (500 Ib) is evenly distributed throughout the entire 
cask volume. 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 cesium capsule inventory density was considered as that of air as the cesium in 
the capsules occupies a small portion of the overall volume. This is a conservative 
approach that eliminates the effects of self-shielding in the payload. 

The source considered is uniformly distributed throughout the cask volume. 

The mixed activation products in the mixed inventory were conservatively assumed to 
be all T o .  

The mixed fission products in the mixed inventory were conservatively assumed to be 
all '37Cs. 

Bremsstrahlung was only considered for isotopes evaluated; e.g., '37Cs, and not for any 
other isotopes that may be present, such as *'Sr. 

2. 

3. 

4. 

5. . 

6. 

7.  

8. 

5.4.4 Shielding Model 

The shielding source term considered is shown in Tables 65-1 and B5-2. The source 
parameters are shown in Table 85-3, and the shielding parameters are shown in Table B5-4. The data 
for the shielding and source parameters were taken from drawing H-3-38542. 

The ISO-PC program (Rittmann 1995) was used for the gamma-ray dose rate calculations. 
ISO-PC uses the point-kernel integration method to compute the dose rate at a detector location. 
Bremsstrahlung 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 ). 
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Diameter 

cm in. 
Source 

Overall (entire cask interior volume) 19.368 7.625 

Plunger only (part of source directly 3.340 1.31 5 
below plunger area) 

Length 

cm in. 
Volume (cm7 

257.886 101.530 76078.187 

257.886 101.530 2262.726 

Table B5-4. Shielding Parameters. 

Plmgerend" 

Plunger 

Detector 
location 

Side 

Closure end 

1.270 0 500 20.625 8.120 1.905 0.750 284.861 112.150 

D I a m e t e r Length 

crn in. cm in. 

3.340 1.315 23.165 9.120 

*Includes cover plate and airspace on plunger end; see drawing H-3-38542, Sheet 8. 

The neutron dose rate was determined using a method discussed in Estimation 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. Table B5-6 shows the gamma dose rate for the cesium capsule inventory. For the mixed 
material inventory, the neutron dose rate calculations utilized data for a,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 0.36 mrem/h at the cask 
surface. The ISO-PC input file, the ORIGEN input file, and the neutron dose calculations are attached in 
Part B, Section 5.8. 
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Detector orientation 

Side 

Closure end 

Plunger end plus plunger 

Table 85-5. Maximum Gamma Dose Rates Around 
the SERF Cask for Mixed Inventory. 

Detector orientation 

Detector location 

2 m  Surface 
(1 crn offset) 

mSv1h mrernlh mSv1h mrernlh 

3.39 E-05 3.39 E-03 4.78 E-06 4.78 E-04 

9.67 E-5 9.67 E-03 8.21 E-06 8.21 E-04 

0.26 25.90 0.02 1.87 

Table B5-6. Maximum Gamma Dose Rates Around the SERF Cask for Cesium Capsule. 

5.5 ACCIDENT CONDITIONS 

A handling accident in which the source material was concentrated against the plunger end of 
the cask was considered for the mixed inventory only. The cesium capsules are considered to remain 
intact in such accident conditions. 

5.5.1 Acceptance Criteria 

The maximum dose rate at 1 m (3.3 f t l  shall be less than 10 mSv/h (1.000 mremlhl. 

5.5.2 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 in) tall. The material density will be conservatively maintained as 1.5 g/cm3. 

B5-5 



HNF-SD-TP-SEP-058 Rev. 0 

5.5.3 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 in). 

5.5.4 Shielding Calculations 

Table 85-7 shows the gamma dose rate estimates for accident conditions as calculated by 
ISO-PC. 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 85-7. Maximum Accident Gamma Dose Rates Around 
the SERF Cask for the Mixed Inventory Payload. 

Detector location 
1 m (3.3 ft)  

mSvlh mremlh 

Side 34.70 

Closure end 

Plun er end Ius lun er 246.24 

Detector orientation 

5.6 CONCLUSIONS 

The gamma dose rates shown in Table 85-5 for the mixed materials inventory and 65-6 for the 
cesium capsule inventory are within the normal conditions of transport acceptance criteria. The criteria 
evaluated were a surface dose rate of less than 2 mSv/h I200 mremlh), 0.1 rnSv1h ( I O  mrem/h) at 2 m 
(6.6 ft), and 0.02 mSv/h (2 mrem/h) at the driver’s position, assuming the driver is no closer than 3.25 
m (10.7 ft). As shown in Table 65-7, the maximum allowed accident condition dose rates are also met 
for the conditions evaluated. The neutron dose rate of 0.36 mremlh at the cask surface is 
inconsequential for the mixed material inventory. 

It should be noted that the shielding model is very conservative, assuming a contents density of 
1.5 glcm3 that is evenly distributed in the cask volume and assuming that the activated materials 
inventory is all 6oCo. During use, the dose rates are measured prior to shipment in accordance with 
facility procedures. Particular attention should be paid to the plunger end of the cask due to the 
reduced shielding in this area. 
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Washington. 
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Westinghouse Hanford Company, Richland, Washington. 
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5.8 APPENDICES 

5.8.1 ISO-PC Input Files 

5.8.1 .I Input File for Mixed Materials Inventory. 

0 2 SERFCask 
Case Side 

&Input Next= 1, IPrnt=O, lGeom= 7, ICONC=O, SFACT=l, 
DUNIT=l, NTheta= 30, NPsi= 30, NShld= 4, J8uf= 4, OPTION=O, 
Slth= 257.886, 
TU)= 9.685, 
T(2) = 1.27, 
T(3)= 20.320, 
T(4) =' 1.588, 
X =  33.863, 
Y =  128.95, 
WEIGHT(335) = 1 .OE3 , 
WEIGHT(336) = 946.0, 
WEIGHT1472) = 1.5E4 , & 
Steel 9 1.5 
Steel 9 7.86 
Lead 14  11 3 5  

1Steel 9 7.86 
Dose Rate at 2 m 
&Input Next=4, X = 232.863, & 
Case Closure End 

&Input Next= 1, IPmt=O, lGeom= 9, ICONC=O, SFACT=l, . 
DUNIT= 1, NTheta= 30, NPsi= 30, NShld= 4, J6uf= 4, OPTION=O. 
Slth= 9.685. 
TI11 = 257.886, 
TI21 = 2.223, 
T131= 19.723, 
T14) = 2.223, 
X =  283.055, 
WEIGHTl335) = 1 .OE3 , 
WEIGHT13361 = 946.0. 
WEIGHT14721 = 1.5E4 , & 
Steel 9 1.5 
Steel 9 7.86 
Lead 14  11.35 
lSteel 9 7.86 
Dose Rate at 2 m 
&Input Next=4, X = 482.055. & 
Case Plunger End 
&Input Next= 1, IPmt=O, lGeom= 9, ICONC=O, SFACT=l, 
DUNIT= 1, NTheta= 30, NPsi= 30, NShld= 4, JBuf= 4, OPTION=O, 
Slth= 9.685, 
TI1)= 257.886, 
TU) = 1.27, 
T(3) = 20.625, 
T14) = 1.905, 
X =  285.861 , 
WEIGHTl335) = 1 .OE3 , 
WEIGHT(336) = 946.0, 
WEIGHT(472) = 1.5E4, & 
Steel 9 1.5 
Steel 9 7.86 
Lead 14  11.35 
1Steel 9 7.86 
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Dose Rate at 2 m 
&Input Next=4, X = 484.861, & 
Estimate Driver Position (3.25 ml 
&Input Next-4, X = 609.861, & 
Case Plunger 

&Input Next= 1, IPmt=O, IGeom= 9, ICONC=O, SFACT= 2.97E-2, 
DUNIT= 1, NTheta= 30, NPsi= 30, NShld= 4, JBuf= 2, OPTION=O, 
Slth= 3.340, 
T(11= 257.886. 
T(21= 23.165 

WEIGHT(336) = 946.0, 
WEIGHT(472) = 1.5E4, & 
Steel 9 1.5 
Steel 9 7.86 
Air 3 0.00129 
lSteel 9 7.86 
Dose Rate at 2 rn 
&Input Next=4. X = 484.861. & 
Estimate Driver Position (3.25 m) 
&Input Next=4, X = 609.861. & 
Case Side Accident 

&Input Next= 1, IPmt=O, lGeorn= 7, ICONC=O, SFACT=l, 
DUNIT=I, NTheta= 30, NPsi= 30, NShld= 4, JBuf= 4, OPTION=O, 
Slth= 2.54, 
TU)=  9.685, 
TU)= 1.27. 
T(31= 20.320, 
T(41= 1.588. 
X =  33.863, 
Y =  1.27, 
WEIGHTI3351 = 1.OE3, 
WEIGHT(336) = 946.0, 
WEIGHT(4721 = 1.5E4, & 
Steel 9 1.5 
Steel 9 7.86 
Lead 14  11.35 

ISteel 9 7.86 
Dose Rate at 1 m 
&Input Next=4, X = 132,863. & 
Case Closure End Accident 

&Input Next= 1, IPrnt=O. IGeom= 9, ICONC=O, SFACT=l, 
DUNIT= 1, NTheta= 30, NPsi= 30, NShld= 5, JBuf= 5, OPTION=O, 
Slth= 9.685, 
T f l I =  2.54. 
TU1 = 255.346, 
T(3) = 2.223, 
T(4) = 19.723. 
T15) = 2.223, 
X =  283.055, 
WEIGHT(335) = 1.OE3, 
WEIGHT(336) = 946.0, 
WEIGHT(4721 = 1.5E4 , & 
Steel 9 1.5 
Air 3 0.00129 
Steel 9 7.86 
Lead 14  11.35 
lSteel 9 7.86 
Oose Rate at 1 m 
&Input Next=4. X = 382.055, & 
Case Plunger End Accident 

&Input Next= 1, IPmt=O, lGeom= 9, ICONC=O, SFACT=l, 
DUNIT= 1, NTheta= 30, NPsi= 30, NShld= 4, J8uf= 4, OPTION=O, 
Slth= 9.685, 
T(1)= 2.54, 
T(2)= 1.27, 
T(31= 20.625, 
T(41= 1.905. 
X =  27.34, 
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WEIGHT1335) = 1 .OE3 , 
WEIGHT1336) = 946.0, 
WEIGHT1472) = 1.5E4 , & 
Steel 9 1.5 
Steel 9 7.86 
Lead 14  11.35 
lSteel 9 7.86 
Dose Rate at 1 m 
&Input Next=4, X = 126.34, & 
Case Plunger Accident 

&Input Next= 1, IPmt=O, lGeom= 9, ICONC=O. SFACT= 2.97E-2. 
DUNIT= 1, NTheta= 30, NPsi= 30, NShld= 4, JBuf= 2, OPTION=O, 
Slth= 3.340. 
T ( l I=  2.54, 
T W =  23.165 
Tl3)= 3.175, 
TI41 = 0.635, 
X =  30.515, 
WEIGHT13351 = 1 .OE3 , 
WEIGHTl336) = 946.0, 
WEIGHT1472) = 1.5E4 , & 
Steel 9 1.5 
Steel 9 7.86 
Air 3 0.00129 
1Steel 9 7.86 
Dose Rate at 1 m 
&Input Next=4, X = 129.515, & 
End of Input 
&Input Next= 6 & 

5.8.1.2 Input File for Cesium Capsule Inventory. 

0 2 SERFCask80 kCi Cs 
Case Side 

&Input Next= 1. IPmt=O, lGeorn= 7, ICONC=O, SFACT=l, 
DUNIT=l,hNTheta= 30, NPsi= 30, NShld= 4, JBuf= 4, OPTION=O. 
Slth= 257.886, 
Til)= 9.685, 
Tl2)= 1.27, 
T(3)= 20.320, 
T(4)= 1.588. 
X =  33.863, 
Y =  128.95, 
WEIGHT13351 = 8.OE4, 
WEIGHT13361 = 75680.0 ,& 
Air 3 0.00129 
Steel 9 7.86 
Lead 14  11.35 

1Steel 9 7.86 
Dose Rate at 2 rn 
&Input Next=4, X = 232.863. & 
Case Closure End 
&Input Next= 1, IPmt=O. lGeom= 9, ICONC=O. SFACT=l. 
DUNIT= 1, NTheta= 30, NPsi= 30, NShld= 4, JBuf= 4, OPTION=O, 
Slth= 9.685, 
T(1)= 257.886, 
TO)= 2.223, 
T(3)= 19.723, 
TI41 = 2.223, 
X= 283.055, 
WEIGHT13351 = 8.OE4, 
WEIGHT13361 = 75680.0 ,& 
Air 3 0.00129 
Steel 9 7.86 
Lead 14  11.35 

1Steel 9 7.86 
Dose Rate at 2 rn 
&Input Next=4, X = 482.055, & 
Case Plunger End 

&Input Next= 1, IPmt=O, lGeom= 9, ICONC=O, SFACT=l, 
DUNIT= 1, NTheta= 30, NPsi= 30, NShld= 4, JBuf= 4, OPTION=O, 
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Slth= 9.685, 
T i l l  = 257.886, 
Ti21= 1.27, 
TI31 = 20.625, 
Ti41 = 1.905, 
X =  285.861 , 
WEIGHT1339 = 8.OE4, 
WEIGHTi336) = 75680.0 .& 
Air 3 0.00129 
Steel 9 7.86 
Lead 14  11.35 
lSteel 9 7.86 
Dose Rate at 2 rn 
&Input Next=4, X = 484.861, & 
Case Plunger 

&Input Next= 1, IPmt=O, lGeom= 9, ICONC=O, SFACT= 2.97E-2, 
DUNIT= 1, NTheta= 30, NPsi= 30, NShld= 4, JBuf= 2, OPTION=O, 
Slth= 3.340, 
TI11 = 257.886, 
Tl21= 23.165 
Ti31= 3.175, 
Ti41 = 0.635, 
X =  285.861 , 
WEIGHT13351 = 8.OE4, 
WEIGHT13361 = 75880.0, & 
Air 3 0.00129 
Steel 9 7.86 
Air 3 0.00129 
lSteel 9 
Dose Rate at 2 m 
&Input Next=4, X = 484.861, & 
End of Input 
&Input Next = 6 & 

7.86 

5.8.2 ORIGEN Input File 

1 
1 
1 

TIT 
8AS 
LIP 0 0 0  
LIB 0 1 2 3 381 382 383 9 0 0 1 1 
PHO 101 102 103 10  
RDA 1 METRIC TON PLUTONIUM 
INP -1 1 -1 -1 1 1 
RDA DECAY FUEL 
MOV -1 1 0 1.00 
ROA 
DEC 50.0 1 2 4 0  
DEC 1.0 2 3 5 0  
DEC 10.0 3 4 5 0  
DEC 20.0 4 5 5 0  
DEC 30.0 5 6 5 0  
DEC 40.0 6 7 5 0  
DEC 50.0 7 8 5 0  
DEC 60.0 8 9 5 0  
DEC 70.0 9 1 0  5 0 
DEC 80.0 10  11 5 0 
RDA 
CUT 5 l.E-10 7 l.E-10 9 l.E-10 -1 
OPTL 24'8 
OPTF 24.8 
OPTA 
OUT 11 1 - 1  0 
STP 4 
2 942390 175.000922350275.00 0 0 0 0 
0 
END 

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

4'8 7 7 7 8 7 8 14'8 
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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 1996). In this method, the total neutron source 
term SIT), which accounts for neutron multiplication, is determined by adding the spontaneous fission 
source term (S(SF)) and the a,n source term (S( a,n) and dividing by 1 minus the keff. 

S(SF) and SI 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; 

where r is the distance from the source and D(r) is the dose in mremlh as a function of r. 

Therefore, the neutron dose for the SERF 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 6.01, SIST) is determined to be, 

= 3.965 x I O 4  nls. s(sq = 3.967 + 7.927 x IO3 
(1 - 0.8) 

Assuming r to be 33.02 cm (the approximate surface of cask as measured radially), the total neutron 
dose rate is estimated to be, 

D(r) = ' 3.965 I O 4  = 0.36 mrem/h 
33.022 
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5.8.4 Checklist for Technical Peer Review 

CIIECKLIST FOR TECHNICAL PEER RNIW 

1)arusent: Safety Evaluation far Packaging (Onsite) SERF Cask, Junc 2. 1997, 
by John McCoy. 

Scope: Shielding portion o f  the analysis. 

_ _  Y C I  NO a 
[ 1 [ 1 [ X I  Previous review complete and cover analysis, up t o  scopc of 

[X: [ 1 [ 1 Problem coinpletely defined. 
[ ] [ ] [ X I  Accidenf scenarios developed in a clear and logical manner. 
[X)  [ ] I 1 Necessary assumptions explicitly stated and supported. 
[ X I  [ 1 L 1 Computer codcs and data filec documented. 
[ X I  1 1 1 1 Data used in cnliulations explicitly sl.atetl i n  document. 
[ X )  [ ] I ] Uata checked tor  Consisteiicy with original source information 

[ X I  [ 1 I ] 
[ X I  [ 1 [ ] 

[ X I  [ ] [ ] liand calculations checked for PPPOPS. Spreadsheet results 

[ X I  [ ] [ ] Software input correct and consistent with document reviewed. 
[ X I  1 1 i I Software output consistent uit.li input and Yith results 

[X: 1 1 I I 

[ X I  1 1 [ 1 
[ X I  [ I I I Conclarions consistent w i t h  analytical results and applicable 

[ X I  [ ] [ ] 

[XI [ 1 [ ] 

[ ] [XJ Review calculations, ronments, and/or notes WC attached. 
1x1 [ 1 [ 1 Document approved. 

th i s  review, with no gaps. 

as applicable. 
Mailmatical derivations checksd including dimensional 
Consistency of results. 
Models appropriate and used within rang@ of validity or use 
outside range o f  established validity justified. 
shauld be treated exactly the snmc as hand calculations. 

reported in document revicwcd. 
Limits/criteria/g~ndeIiner applied t o  analysis results are 
appropriate and referenced. Liniits/criteria/guidelines 
checeed again81 references. 
Szfety marglns consistent with good engineering practices. 
1 imits. 
Results and conclusions address all  points required i n  the 
prob1e:n stitemcnt. 
Farmst. wns i s twt  with appropriate NRC Regulatory Guide or 
Other standards 

i m L h m A w h L & L  U2LU Date 
Ilcviewrr (i 'rinted Nam and slqnature) 
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5.8.4 Checklist for Technical Peer Review 

CHECKLIST FOR TECHNICAL PEER REVIEU 

Dorument: Safety Evaluation for Packaging (Onsite] SERF Cask, June 2, 1997, 
by John McCoy. 

Shic?lding portion of the analysis. Scove: 

Previous reviews complete and cover analysis, up to scope of 
this review, with no gaps. 
Problem covpletely defined. 
Accident scenarios developed in a clear and logical manner. 
Necessary assumptions explicitly stated and supported. 
Computer codes and data files documented. 
Data used in calculations explicitly slated in document. 
Uata checked for consistency with original source information 
as applicable. 
Malhematical derivations cheeked including dimensional 
consistency of results. 
Models dppropriate and used within range of validity or use 
ouiside range o f  established validity justified. 
Hand calculations checked for errors. 
should be treated exactly the samo as hand Calwlitions. 
Software input correct and coniistent wfth document reviewed. 
Software output consistent With input and with results 
reported in document reviewed. 
Limits/criterin/guidelines applied t o  analysis results are 
appropriatc and referenced. L i m i t r / c r i t e r i a / g u i d ~ l i ~ ~ ~  
checked against references. 
Safety natyins eonristcnt With goad engineering practices. 
CnnClUSioOI consiftent with analytical Pesults and spplicablo 
1 irnits. 
Results and, conclusions address all points required in the 
pwblem statmcnt. 
rormat COnsiStenl with appropriate NRC Regulatory Guide or 
Otter standards 
Review calculations, cowments, and/or notos are attached. 

Document approved. 

Spreadsheet rcsultr 
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6.0 CRITICALITY EVALUATION 

Limits for Mixed Oxide Fuel Pins, N Reactor Fuel Elements and Scrap in the SERF Cask and the 
Waste Cask (see Section 6.1) is a criticality safety analysis performed to establish the nuclear safety 
limits for the transportation and storage of mixed plutonium-uranium oxide fuel pins, uranium oxide fuel 
pins, and N Reactor fuel elements in combination with or separate from fissionable material scrap of 
various compositions in the SERF Cask. The analysis includes modeling a number of accident scenarios 
to ensure subcriticality even in the event of a loss of contingency error. The analysis considers dry 
conditions and water flooding of the cask. Because water flooding of the cask is considered only as an 
accident condition, the limits used in this SEP are for dry conditions. Table A3-3 shows the criticality 
limits for dry (H:sX5) conditions in the SERF Cask, which are extracted from the analysis. 

6.1 APPENDIX: CRITICALITY SAFETY ANALYSIS 
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Reference 11: AF Kupinski and H Toffer, "Use of the HAMMER System f o r  Evaluating 
Light-Water Moderated, Cri t ical  Assemblies," DUN-7286, October 1, 
1970. 
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20, 1959. 
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Reference 13: C L  Brown and LE Hansen, "Material Buckling Experiments with 2.1 w t i  
'j5U Enriched Uranium Tubes in Light Water," BNWL-SA-1090, April 27, 
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Reference 14: Memo, SL Larson to  LC Davenport, "NCS Basis Memo 95-3, Limits for  
Mixed Oxide Fuel Pins, N Reactor Fuel Elements and Scrap in the 
SERF Cask and the Waste Cask ,"  July 18, 1995. 

This basis  memo establ ishes  the nuclear safety l imits  f o r  the storage and t ransportat ion 
of mixed plutonium-uranium oxide fuel pins, uranium oxide fuel pins ,  N Reactor fuel 
elements and scrap in the SERF Cask and the Waste Cask. This memo val idates  the l imi t s  
against the  requirements of DOE Order 5480.24 issued 8/12/92 and .ANSI/ANS-8.1-1983 
[Reaffirmed 19881. : '3 

-' Revision Notice 

This basis  memo replaces Reference 14 in i t s  ent i re ty .  The f i r s t  change made in  th i s  
revision corrected the N Reactor fuel diameter given in Tables 24 and 25 t o  r e f l e c t  the 
actual diameter modeled. The second change adds a paragraph below Table 22 which 
indicates  t h a t  the 23EPu scrap l imit  i s  applicable t o  a l l  other  f i ss ionable  materials 
with a la rger  minimum c r i t i c a l  mass. 

Review of Methods Used Previously 

The minimum c r i t i c a l  mass (MCM) and minimum c r i t i c a l  number (MCN) of fuel scrap and 
pins, respect ively,  were calculated for  use in the SERF Cask based on a var ie ty  of 
c r i t e r i a  f o r  various f iss ionable  materials as summarized in  Reference 1. The reference 
assumed water ref lect ion around the f iss ionable  material as the basis  f o r  the l imits .  
The previous calculat ions did not account f o r  the lead ref lect ion of the walls of the 
cask. None of the resu l t s  were compared t o  experimental benchmarks. This memo 
supersedes Reference 1 in i t s  en t i re ty .  Waste Cask was n o t  previously analyzed. 

An analysis  was conducted of the or iginal  technical bases per the requirements of 
ANSI/ANS-8.1-1983 [Reaffirmed 19883. The resul ts  are as fol1oir.s: 

(1) Describe the method with suf f ic ien t  d e t a i l ,  c l a r i t y ,  and lack of ambiguity t o  
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NCS Basis Memo 95-3 Rev 1 
August 31, 1995 
Page 3 

allow independent duplication of resu l t s .  

The casks were modeled using the KENO-Va code t o  determine the maximum subcri t ical  
number of pins. Limits were determined for  mixed oxide fuel pins ,  uranium oxide 
fuel pins ,  N Reactor fuel elements, and scrap in  b o t h  the SERF Cask a n d  the Waste 
Cask (also known as the 327 #30 cask) under b o t h  dry and wet conditions. Current 
regulations require tha t  flooding of the cask be considered a normal event for  
o f f s i t e  shipments.' Onsite shipments, on the other  hand, may be allowed t o  
consider water flooding as an accident scenario. Also, because regulations 
change, l imits  for  b o t h  flooded and dry conditions a re  given i n  t h i s  memo. The 
determination of which l imits  t o  use i s  outside the scope o f . t h i s  memo and must 
be determined by the appropriate par t ies  involved with the shipment. 

The mixed oxide pins were modeled as 13.5" and 37" in  length while the N Reactor 
elements were modeled as 26.1" i n  length. To be conservative, the mixed oxide 
pins were modeled a t  the most react ive composition allowed within the bounds of 
the fuel type. Uranium oxide fuels  of the various enrichments specif ied without 
any plutonium had t o  be considered as the most react ive fuel type because the fuel 
compositions ci ted only a maximum w t X  plutonium and not a minimum. (The fuel 
compositions are  given in terms of the maximum w t %  Pu in the to ta l  U + P u ,  the 
minimum w t %  '"Pu in  the total  P u ,  and the maximum 'j5U enrichment in the to ta l  U . )  
In f a c t ,  the 94 w t %  enriched UO, fuel i s  more.reactive t h a n  the 25 t v t %  Pu(lO)O,- 
U(94)0, fue l .  For the lower 'j5U enrichments however, the mixed oxide fuel i s  more 
react ive.  The minimum 2koPu concentration .specif ied in  the fuel type was used 
throughout as zroPu ac ts  a s ' a  poison. The cladding was not modeled t o  provide 
conservatism because s teel  a n d  Zircaloy cladding a l so  ac t  as neutron poisons: A 
search was conducted with XSDRN to  find the most react ive posi t ion of the pins in 
the casks by varying the distance from the pins t o  the lead in a water f i l l e d  
cask. As XSDRN i s  a two-dimensional code, the pins were centered in  the cask a n d  
the kintin!tr calculated. The resu l t s ,  as shown in Table 1, indicate  a t i g h t  f i t t i n g  
lead re f lec tor  i s  the most react ive.  In the three-dimensional KENO runs, the pins 
do not always completely f i l l  the cask. Therefore, the the cask was modeled with 
the bore in .a horizontal position and the pins were modeled as laying on the 
bottom of the cask f o r  maximum lead ref lect ion within the constraints  of the 
problem. 

Position with Respect t o  Lead Walls 
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Dimension SERF Czik 

AS Reported !.I Modeled . 
Lezd Thickness 8' 9" 

Interior Dimeter 8" I 7.6"-8.4' 

Interior Length 108.75" 108.75' 

Exterior Length 133.5" I 134.6" 

MCS Basis Memo 95-3 Rev 1 
August 31, 1995 
Page 4 

k'2ste Cask 

As Reported . As Modeled 
5.625" 6.64" 

8.7" 8.3"-9.1" 

64.25" 64.25" 

80" ' 81.1. 
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Crrk 
D i a m t w  

Fuel Type' 

(I") 

MCS Bas is  Nemo 95-3 Rev 1 
August 31, 1995 
Page 5 

P i t c h  (In) Wlmbel  Of Keno Keff Keno K95/95 
Pins uncer- 

ta tn ty  

optimum p i t c h  and cask i n n e r  diameter f o r  a s u b c r i t i c a l  c o n f i g u r a t i o n  as g i ven  i n  
t h e  f o l l o w i n g  sec t i ons .  The optimum case was then  r e r u n  with 5000 neutrons per  
genera t i on  t o  decrease the  s t a t i s t i c a l  u n c e r t a i n t y  o f  t h e  r e s u l t  as shown i n  l a t t e r  
t a b l e s .  These KEMO search ca l cu la t i ons ,  however, t racked  o n l y  300 neutrons i n  each 
genera t i on  t o  decrease t h e  computer t ime  needed f o r  each run. A l l  runs modeled 120 
genera t i ons  w i t h  20 generat ions skipped i n  de te rm in ing  t h e  u n c e r t a i n t y  o f  t h e  
c a l c u l a t i o n .  

(1.1) Water Moderated Mixed Oxide Fuel P i n  Resu l t s  

Water Moderated 13.5" Mixed Oxide Fuel Pin Resu l t s  in t h e  SERF Cask 

Table 3 tabu la tes  t h e  r e s u l t s  o f  t h e  search f o r  t h e  optimum p i t c h  and cask i n n e r  
d iamete r  f o r  t h e  water  moderated 13.5" mixed ox ide  f u e l  p i n s  i n  t h e  SERF Cask. The 
p i t c h  and cask d iameter  were va r ied  u n t i l  t h e  optimum case was bounded t o  ensure 
t h e  optimum had been found. The optimum case f o r  t h e  minimum s u b c r i t i c a l  number 
of p i n s  i s  shown i n  bo ld  type i n  the  t a b l e .  

As s t a t e d  e a r l i e r  and shown i n  Table 3, t h e  25 w t %  Pu(10)Oz-U(94)0, p i n s  were 
modeled w i t h  t h e  maximum moun t  o f  z39Pu present ,  i .e . ,  25 wt% Pu(10)O2-U(94)O,) ;;; 
with t h e  minimum amount o f  Pu present  as U(94)0,. Because o f  t h e  h igh  
enrichment, t h e  f u e l  w i thou t  t he  Pu was most r e a c t i v e  with wa te r  moderat ion.  The 
o t h e r  f u e l  types were modeled o n l y  w i t h  the  maximum amount of Pu presen t  as t h i s  
scenar io  i s  more r e a c t i v e  due t o  the  lower  235U enrichment. 
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0.94796 0.00458 0.980 

Increase Pitch 8.0 0.91 61 0.92464 

11 Decrease Pitch I 8.0 I 0.63 I 67 I 0.94766 I 0.00436 I 0.960 

0.00474 0.957 

11 IncreLse Cask Diameter 1 '8.4 I 0.87 I 67 I 0.94837 I 0.00416 I 0.980 

Increase  Cask Diimter I 6.4 I 0.98 

Oecrerre Cask Dirmeter 7.6 0.67 

11 Increase Cask Oiaiiieter I 6.4 I 0.94 I 56 t 0.95551 I 0.00446 I 0.987 

56 0.940k6 0.00446 0.972 

56 0.94543 0.00435 0.977 
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c5 wt'a Pu(s8]02-U(~9)02 Pins with  a %?ximum Fuel Dlameter of 0.500 i n  

Base care 

Increase Pitch 
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Bare case 

Increrse Pitch 

Decrease Pitch 

Increase Czsk Oizsater 
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~(94102 Pins 

8.0 0.98 36 0.93256 0.00439 0.964 

8.0 1 1.02 36 0.92674 0.00433 0.959 

8.0 0.04 36 0.92345 0.00434 0.955 

8.4 0.98 36 0.92418 0.00365 0.956 

Table 3 Optimization of Parameters f a r  Kater Moderated 
13.5" Mixed Oxide Fuel Pins in the SERF Cask 

oncer- 
t 2 $ % t Y  

D1131er 
Fuel Type' 

Decrease Crsk Disneter 1.02 0.90600 O.OOk88 0.938 

~ e c r e r s e  Cask Dizneter 7.6 .0.98 0.91275 0.00455 0.945 

'The compositions show the maximum rt: Pu in U ? Pu, the minimum Wt: "'Pu-in Pu 
and the mximun rt z 21U in U. 

Benchmark S t a t i s t i c s  

aias = -0.00047 

Decrease Crsk Oir;?ter I 7.5 I 0.58 ' I 55 

Decrease Ctsk Oimeter I 7.6 I 1 . 0 2  1 36 

Decrease Crsk Dimetrr 7.5 1.05 36 

Stmd2rd Derirtion = 0.01406 I I  ~ 

I 0.934!0 1 0.00432 0.905 

0.94714 0.00408 0.979 

0.93830 0.00425 0.970 

I 
-~ 

I'ariance - 0.00020 
Water Moderated 37" Mixed Oxide Fuel P i n  Results in the SERF Cask 

Table 4 tabulates  the resul ts  of the search f o r  the optimum pi tch and cask inner 
diameter for  the water moderated 37" mixed oxide fuel  pins i n  the  SERF Cask. The 
pi tch and cask diameter Here varied unt i l  the optimum case was bounded t o  ensure 
the optimum had been found. The optimum case f o r  the minimum subcr i t ica l  number 
of pins i s  shown in bold type in the table .  

Table 4 Optimization of Parameters f o r  Water Moderated 
37" Mixed Oxide Fuel Pins in  the SERF Cask 
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Table 4 Optimization .of Parameters for Hater Moderated 
37" Mixed Oxide Fuel Pins in the SERF Cask I 

Cask Pi tch  ( i n )  Ncnbcr of  Keno K e f f  K w o  K W 9 5  
UnCGr- 
talnry , 

Dilseter V I M  
Fuel Type' 

(I") 

25 vt: Pu(s!0)02-U(~94)02 Pins 

NCS Basis Memo 95-3, Rev 1 
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optimum Case. 7.6 1.02 36 0.91741 0.00418 0.949 

6ase Case 

lncrezse Pitch 

Decrease Pitch 

11 <25 wt: Pu(>l0)02-U(<36)02 Pins with a Kaxiwm Fuel Diameter of 0.230 In  II 
8.0 0.98 44 0.94335 0,00424 0.975 

8.0 1.02 44 0.93970 0.00374 0.971 

8.0 0.94 44 0.93612 0.00426 0.968 

Decrerre Cask Diameter 

11 Increase Crsk O i m t e r  I 8.4 I 0.98 I 44 1 0.92564 I 0.00397 1 0 . 9 5 7 .  '11 
7.6 0.98 44 0.95197 0.00410 0.984 

Decrease Cask Diameter 7.6 1.02 43 0.93229 0.00350 0.964 

. 11 Second Base Case I 8.0 I 1.06 I 38 I 0.93785 I 0.00425 I 0.970 11 
Base Case 

Increase Pitch 

Decrease Pitch 

lncresse Cask Oirmeter 1.06 

8.0 1.02 38 0.93765 0.00<49 0.970 

Decrease Cask Diameter 

Decrease Cask Diameter 

7.6 1.06 38 0.94332 0.00430 0.975 I 
7.6 1.10 37 0.93915 0.00367 0.971 

66-10 
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(irk F i t C h  (in) h.u;.5tr O f  Keno Kef f  
Q i C t t e r  Pins 

Fuel Type‘ 

( 1 4  

8.0 0.E7 54 0.94238 Decrease Pitch 

Increase Cask Dimeter 8.4 0.91 54 0.93741 

Decrease Cask Dianeter 7.6 0.91 54 0.94683 
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Keno X95/95 
uncer- 
tainty 

0.00424 0.974 

0.00365 0.969 

0.00427 0.979 

Base Case I 8.0 I 1.02 I 36 0.93468 0.00448 0.967 

Increase Pitch 

Decrease Pitch 

Incresre Cask Diameter 

Decrease C ~ r k  Diameter I 7.6 I 1.02 I 36 I 0.93832 I 0.00416 I 0.970 11 

8.0 1.06 36 0.93310 0.00537 0.965 

8.0 0.98 36 0.92599 0.00500 0.958 

8.4 I 1.02 36 0.92707 0.00409 0.959 

Decrease Cask Diameter 

Decrease Cask Oirmeter 

Oecresre Carl( Diameter 

7.6 1.06 36 0.93789 0,00448 0.970 

7.6 1.10 . 36 0.94236 0.00356 0.974 

7.6 I 1.14 34 O.Pt023 0.00403 0.952 

Increase Pitch I 8.0 I 1.34 1 26 I 0.93588 I 0.00405 I 0.968 11 
Bise Case 8.0 1.30 26 0.94123 

Oecrerre Pitch I 8.0 I 1.26 I 26 I 0.92981 I 0.00410 I 0.962 11 

0.00439 0.973 

0.92845 0.00375 0.960 lncrerse Cirk Diameter 1 ;:: I :::I , 1 1; 1 1 1 1 
Oecrezse Cssk Diameter 0.92689 0.00391 0.959 

‘The conpoiitions show the l i l i x i i m  ht: Pu i n  U + Pa, the mininun It: “‘Pu i n  P2 
znd :he zaximum wt : ‘“u in U. 

S e n c h m r k  Statistics 

5 i i 1  = -0.00047 
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Carl  PI t rh  ( i o )  limber o f  Keno Keff Keno 
unter- 
tainty 

D i  ~ c e l e r  Pins 
Fuel lype' 

(in) 
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K95/95 

Water Moderated 13.5" Mixed Oxide Fuel Pin Results i n  the  Naste Cask 

Table 5 tabulates  the resul ts  o f  the  search f o r  the optimum pi tch and cask inner 
diameter f o r  the water moderated 13.5" mixed oxide fuel  pins in the Waste Cask. 
The pi tch and cask diameter were varied unt i l  the  optimum case was bounded t o  
ensure the optimum had been found. The optimum case f o r  the minimum subcri t ical  
number of pins i s  shown in bold type in  the tab le .  

0pti;num case 8 . 3  0.?4 I 54 1 0.92292 1 0.00453 1 0.955 

8Ese c2re 

Increase P i t c h  I 8.7 I 0.04 1 66 I 0.02825 I 0.00463 I 0.960 11 
8.7 0.91 68 0.94146 0.00363 0.973 

Decreise P i t c h  1 8.7 1 0.87 1 68 1 0.93328 1 0.00130 1 3.955 11 
Incre2se Cask Oisaeter 9.1 0.91 68 0.93197 0.00162 0.964 
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C i i k  Dlime%er Fuel Type' 

(7571 

' j 

Pi tch  (in) Wvrber of Keno Keff Keno K95195 
P i n s  U"tW. 

tainty 
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Decrease Cask Oizneter 

Decrease Cask Oiaseter 

Table 5 Optimization o f  Parameters for Water Moderated 
13.5" Mixed Oxide Fuel Pins in the Waste Cask 

8.3 0.91 66 0.93639 0.00401 0.968 

8.3 0.87 68 0.93855 0,00394 0.970 

Base Case 

Increase Pitch 

Decrease Pitch 

Increase Cask Diameter I 9.1 I 0.94 I 68 I 0.94467 I 0.00434 I 0.977 ]I 

8.7 0.98 58 0.95057 0.00426 0.982 

8.7 1.02 56 0.92775 0.00493 0.960 

8.7 0.94 58 0.93504 0.00399 0.967 

Increase Cask Dizneter I 9.1 I 0.98 I 67 I 0.92752 I 0.00429 1 0.970 11 

Increase Cask Oiameter 9.1 0.98 58 . 0.94766 0.00505 0.980 

4 6  wtg Pu(~lO)O2-U(~41)02 Pins rith a ltzximvm Fuel Oisaeter of 0.261 in II 

Increase Cask Diameter 9.1 1.02 58 0.93269 0.00404 0.965 

kcrease cask Diameter 

Decrease Cask Oimeter I 8.3 I 0.98 I 56 I 0.92989 I 0.00437 I 0.962 11 
8.3 0.94 58 0.93477 0.00401 0.967 

'ncreare Cask Diameter 

ncreare Cask Diiieter 

lecrease Cssk Diameter 

3ase -Care I 8.7 I 0.83 I 87 I 0.95296 I 0.00466 I 0.985 11 

9.1 0.83 87 0.95217 0.00481 0.984 

9.1 0.87 66 0.94611 0.00429 0.978~ ~ - 1 '  
8.3 0.83 79 0.92739 0.00495 0,959 

Increase Pitch I 8.7 I 0.87 I 79 I 0.92957 I 0.00428 I 0.961 11 
lecreare Pitch 1 8.7 I 0.79 I 87 I 0.93996 I 0.00420 I 0.972 11 

lecresse Czsk Oiraeter I 8 3 I 0.79 I 67 I 0.9G053 I O.OOCi8 I 0.073 11 
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k'ater Moderated 37" Nixed Oxide Fuel P i n  Results in  the GIaste Cask 

Table 6 tabulates  the resul ts  o f  the search for  the o p t i m a  pi tch and cask inner 
diameter f o r  the water moderated 37" mixed oxide fuel  pins in  the Waste Cask. The 
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C i f k  Pi tch (5") liu-ber Of 
Diamler ?ins 

Fuel Type' 

(1.) 
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Keno Keff Keno K95195 

t a i n t y  

pitch and cask diameter were varied unt i l  the optimum case was bounded t o  ensure 
the optimum had been found. The optimum case f o r  the minimum subcri t ical  number 
of pins i s  shown in bold type in the table .  

DeCrezSe Czsk Dia re te r  1 8 . 3  

Decrease Cask Dirne:er 8.3 

Decrease C z s t D i m e t e r  I 8.3 

0.98 40 0.94633 0.00420 0.978 

1.02 40  0.95136 0.00404 0.983 

1.06 40 0.94988 0.00424' 0.982 

l n c r e r s e  CEsk D i i m i i e r  I 9.1 

Decrezse C z s k  O i z i e i e r  3.3 

25 rt: Pu(10)02-U(94)02 Pins 

optimum case 

c25 wt% Pu(>lO)Ot-U(<36)02 Pins w i t h  a ga lmum Fuel Diameter of 0.230 i n  

Bzse c a r e  1.02 0.95393 0.00430 0.986 

1.02 48 0.94439 0.00367 0.976 

1.02 L S  0.94952 0.00392 0.981 

1) Increase P i t c h  I 8.7 I 1.06 I 48 I 0.94581 I 0.00375 I 0.977 11 
11 Decrezre P i t c h  I 8.7 I 0.98 I L8 I 0.94795 I 0.00399 I 0.980 11 
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lncrerse Pitch . 
Decrease Pitch 

Increase Cask Dimeter 
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8.7 1 .02  56 0.92642 0.00440 0.958 

8.7 0.91 58 0.94075 0.00407 0.973 

9 .1  0.34 58 0.93989 0.00423 0.972 

9.1 0.98 58 0.94312 0.00427 0.975 

Table 6 Optimization o f  Parameters for Water Moderated 
37" Mixed Oxide Fuel Pins i n  the Waste Cask 

Fuel Type' 

Base Case 

Second Base Case 1.14 

I n c r e w  Pitch 1.18 

Else case 

Decrease Pitch 8.7 I 1.06 40 0.93194 0.00394 0.964 

lncrerre CLsk Diameter 9.1 1.10 40 0.92689 0.00401 0.959 

Increase Cask Diameter 9.1 1.14 < O  0.91568 0.00378 0.947 

8.7 1.02 40 0.94301 0.00426 0.981 

1 D;rease Cask Diameter 1 ;:; 1 1::; 1 ; ~ 0.93892 1 0.00470 1 0.971 

Decrease Cask Diameter 0.92174 0.00426 0.954 

-31 rt: Pu(s10)02-U(r;0.72)02 Pins with a nzxinim Fuel Diameter of  0.220 i n  

Base Ccse 0.94 0.94547 0.00400 0.977 

8.7 0.98 0.94508 0.00440 0.977 

Increzre Cask Oimrter 9.1 1.02 $0 0.92271 0.00375 0.954 

11 OecreLse Cask Diameter I 8.3 I 0.94 I 58 I 0.95440 I 0.00362 I 0.986 

II I 8 . 3  I 0.98 I 56 I 0.94176 I 0.00413 I 0.974 
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cart PIXh ( i n )  Kvmber o f  Keno Keff 

( $ 4  
DlliCtll Pir.i 

h e 1  Type' 

Decrease Cast Diameter 8.3 1.02 40 0.95404 

, 

Keno K W 9 5  
U"Cel- 
1 P I I . t Y  

0.00433 0.986 
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Decrease Cask Oimeter 8.3 1.06 40 0.95242 0.00438 

c5 w t l  Pu[>8)02-U[c9)02 Pins i i:h a M a x j m m  Fuel Diameter o f  0,500 in I1 
Base Case 8.7 1.34 28 0.94192 0.00379 0.974 

8.7 1.38 28 0.94315 0.00375 0.975 

Increase Pitch 8.7 1.42 28 0.93779 0.00384 0.969 

----~- 

Final Results f o r  13.5" and 37" Mixed Oxide Fuel Pins i n  t h e  SERF Cask 

As s t a t e d  e a r l i e r ,  t h e  scoping calculations shown i n  Tables 3 and 4 determined the  
optimum parameters f o r  each fuel type using the KENO code tracking 300 neutrons per 
generation. The optimum case as shown in  boldface i n  these  tab les  was rerun using 
KENO tracking 5000 neutrons per generation t o  reduce t h e  s t a t i s t i c a l  uncertainty 
in  t h e  calculation. The K>s,gj fo r  the  m i n i m u m  subcr i t ica l  number of pins which 
would geometrically f i t  in to  the SERF Cask f o r  each pin type is given in  Table 7 .  
The pin batch l imit  i s  s e t  a t  50% o f  t h i s  subcr i t ica l  number of pins t o  ensure 
s u b c r i t i c a l i t y  in  the  case of a double batch. The SERF Cask.was a l so  modeled 
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Fuel Type' 

<25 wt: Pu(~10)02-u(~94)02 

<25 wt: Pu(>10)02-U(<36)02 
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Fuel K 2 x I r m  PItch ( I n )  h.Ymber,of Keno Keff  Keno x ( j / 9 j  
PI"$ U"<PT. 

tamty 
Length D 1 m e t e r  

13.5 0,220 0.91 52 ' 0.95126 0.00031 0.987 

13.5 0.230 0.87 67 0.94954 0.00109 0.986 

(1") (ID) 

containing one batch of each type of fuel t o  ensure K,,,.j i s  l ess  t h a n  0.95 under 
normal operating conditions. These resul ts  are  shown in Table 8. 

~ 3 1  wt: Pu(>10)02-U(<0.72)02 

<25 !+ti Pu(>10)02-U(<68)02 

4 rt: P"(~8)C2-u(~9)02 

Table 7 Water Moderated Mixed Oxide Fuel Pins i n  the SERF Cask 
M i n i m u m  Subcritical Pin Confiaurations 

13.5 0.220 0.75 90 0.95233 0.00111 0,988 

13.5 0.250 0.98 50 0.92712 0.00113 0.963 

13.5 0.500 1.06 46 0.94584 0.00115 0.382 

II 

<31 rt% Pu(>10)02-U(<0.72)02 

e25 nt: Pu(>10)02-U(<68)02 

' 5 .  wt: Pu(,8)02-U(<9)02 

37 0.220 0.91 54 0.94483 0.00095 0.981 

37 0.250 1.10 36 0.93686 0.00094 0,973 

37 0.500 1.30 26 0.93379 0.00107 0.970 

44 0.94523 0.00102 0.981 

38 0.94267 0.00104 0.979 

36 , 0.94083 0.00111 0.977 ~ 2 5  wt6 Pu(>10)02-U(<94)02 37 0.220 1.02 

c25 wt: Pu(>lO)O24(<36)Oi 37 0.230 0.98 

4 6  rt: Pu(s10)02-U(~41)02 37 0.261 1.06 

'The Compositions show the maximum It: Pu i n  U + Pu. the minimum utX Pu-240 in Pu. 

Benchmark Statistics 

Bias - 0.00101 
Standard Deviation - 0.01548 

Vbriznce - 0.00024 

2nd the sa~lmurn %ti U-235 in U. 
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Fuel M x i m m  P l t c h  ( i o )  Number of Keno Ktff 
Lengih Dimetcr V i i s  

Fuel Typo' 

( i n )  (4 
e25 wt: Pu(s10)02-U(~94)02 13.5 0.220 0.91 26 0.72667 . 
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Keno 105195 
U r . C W -  
*ainty 

0.00096 0.763 

e25 rti  Pu(>10)02-U(<36)02 13.5 0.230 0.87 33 0.74074 0.00114 0,777 

c 3 l  W t i  Pu(>10)OZ-U(<O.72)02 I 13.5 I 0.220 I 0.75 I C5 I 0.75494 I 0.00113 . I 0.791 11 
<16 rt: ?u(~!0)02-U(<41)02 13.5 0.261 0.94 29 0.74910 0.00103 0.7S5 

Standlrd Deviltion = 0.01548 

V r r i m r e  = 0.00024 

Final Results for  13.5" and 37" Mixed Oxide Fuel Pins i n  the Waste Cask 

As s ta ted  e a r l i e r ,  the scoping calculat ions shown in Tables 5 and 6 determined the 
optimum parameters for  each fuel type in the Idaste Cask using the KENO code 
t racking 300 neutrons per generation. The optimum ,case as shown in boldface in 
these tab les  was rerun using KENO tracking 5000 neutrons per generation t o  reduce 
the s t a t i s t i c a l  uncertainty in the calculat ion.  The KES,95 f o r  the minimum 
subcr i t ica l  number of pins which would geometrically f i t  in to  the Idaste Cask for  
each pin type i s  given in Table 9. The pin batch l imi t  i s  s e t  a t  50% of t h i s  
subcr i t ica l  number o f  pins t o  ensure s u b c r i t i c a l i t y  in  the case o f  a double batch. 

' 

cZ5 w t X  Pu(rl0)02-U(c66)02 

B6-19 

37 0.250 1.10 18 0.70296 0.00093 0.739 

c5 wt: P"(>8)02-U(<9)02 37 0.500 1.30 13 0.70875 0.00098 0.745 
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c3l It: Pu(~10)02-U(~0.72)02 

c25 x t l  Pu(>10)02-U(<68)02 

4 w t l  Pu(>8)024(<9)02 
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37 0.220 0.94 58 0.95143 0.00102 0.988 

37 0.250 1.02 40 0.94864 0.00092 0.985 

37 0.500 1.34 28 0.94348 0.00098 0.980 

The k'aste Cask was also modeled containing one batch of each type of fuel to ensure 
K,,,,, is less than 0.95 under normal operating conditions. These results are shown 
in Table 10. 

Minimum Subcritical Pin Configurations 
fuel Type' 

11 4 6  w t %  Pu(>10)02-U(c41)02 I 37 1 '  0.261 I 1.10 I 40 I 0.93622 I 0.00095 I 0.972 11 

'The compositions show the mrxinin ut2 Pu i n  U + Pu 
znd the maximum rt: "'U i h  U. 

Benchmark S t a t i s t i c s  

s i s s  - 0.00101 
Stantizrd Deviation = 0.01548 

Ymiance = 0.00024 

the minimum wt l  '"Pu i n  Po. 
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‘The conpositions show the r z x i m m  w t I  Pu in U + Pu, the minimom rt: “‘Pu i n  Pu, 
2nd the rax i rn im  w t :  ‘j5U in U 

Benchmark Statistics 

311s = 0.00101 

StmCzrd Deviation = 0.01548 

\‘arimce = 0.00024 

(1.2) Water Moderated N Reactor Fuel Element Results 

The most react ive number and configuration of N Reactor inner fuel  pins, outer  fuel 
pins and fuel asscablies were found. First, a search was conducted on the optimum 
pi tch and cask incer d i a m t e r  f o r  each elenent and cask type. These r e su l t s  shown 
i n  the following tables  indicate  the I4 Reactor fuel  elements wil l  not reach 
c r i t i c a l i t y  in  e i the r  o f  the casks without the addition of o the r  f iss ionable  
mater ia l .  
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8.4 2.75 33 0.76179 0.00313 0.793 

8.4 3.14 25 0.80051 0.00336 0.832 

8.4 3.54 20 0.73461 0.00301 0.766 

Water Moderated 26.1" N Reactor Fuel Element Results i n  the  SERF Cask 

Table 11 tabulates the resul ts  of the search for  the optimum pi tch and cask inner 
diameter for  the h-ater moderated 26.1" N Reactor fuel elements in  the SERF Cask. 
The pi tch a n d  cask diameter were varied unt i l  the optimum case was bounded t o  
ensure the optimum had been found. The optimum case i s  shown in bold type in  the 
tab le .  

Base Case 

lncrerse Pitch 

Decrease Pitch 

Increase Cask Diameter 

11 Tight Hexqonal Pitch I 8.4 I 2.35 1 48 I 0.75621 I 0.00299 I 0.788 11 

8.0 1.61 76 0.69085 0.00314 0.723 

8.0 I 1.65 72 0.68867 0.00301 0.720 1 
8.0 I 1.57 83 0.68718 0.00322 0.719 1 
8.4 1.61 80 0.70430 , 0.00310 0.736 

(1 Ksrk 1A Inner Fuel Elenentr with a Raximum Outer Oimeter of 1.17 in  /I 
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CDIL P l t C h  (in) timber o f  Keno Keff 
D l i n l t i  Pins 

PVPl Type 

( $ 0 )  

Increase Cask Dimeter 8.4 1.65 60 0.70638 

Increase Cask Diameter 8.4 1.69 76 0.71187 

Increase Cask Diameter 8.4 1.73 72 0.70231 
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Keno 195195 
U M W -  
:a,nty 

0.00304 0.738 

0.00259 0.744 

0.00288 0.734 

Decrease Cask Diameter 7.6 1 1.50 

8.4 1.17 

11 Decrease Cask Diameter 1 7.6 I 1.61 1 68 I 0.66748 I 0.00322 I 0.699 11 
80 0.66884 0.00278 0.700 

195 0.56646 0,00294 0.598 

Bzse Case 8.0 2.X 36 0.73456 0.00294 0.766 

11 Decrease Pitch I 8.0 I 2.32 I 36 I 0.72267 I 0.00286 I 0.754 11 
Increase Pitch 8.0 2.40 1 32 I 0.73301 1 0.00291 I 0.765 

Increase Cask Diameter 8.4 2.36 36 0.73602 0,00323 0.768 

11 Tight Packed Pitch I 8.4 I 2.35 I 48 I 0.80439 I 0.00330 I 0.636 11 

Increase Cask Oizmiter 

Increase Pitch 

l n c r e ~ s e  Pitch 

Benchmark St-tistics 

3 3 s  = - 0 . O W 7  

Stin;rrJ Deviztion = 0.01406 

8:4 2.40 36 0.75140 0.00302 0.783 

86-23 

Increase Czsk Dimeter , 8.4 2.44 I 36 I 0.75568 I 0.00294 I 0.787 

Increase Cask Diameter 8.4 2.48 32 0.74874 0.00327 0.780 

I Decrease Cask OiameteP I 7.6 2.56 32 0.71104 0.00348 0.743 

Decrease CLsk Diameter 7.6 2.24 36 -0.70182 0,00276 0.733 
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Water Moderated 26.1" N Reactor Fuel Element Resu l t s  i n  t h e  Waste Cask 

Table 12 t abu la tes  the  r e s u l t s  o f  t h e  search f o r  t h e  optimum p i t c h  and cask i n n e r  
d iameter  f o r  t h e  water  moderated 26.1" N Reactor f u e l  elements i n  t h e  Waste Cask. 
The p i t c h  and cask diameter were va r ied  u n t i l  t h e  optimum case was bounded t o  
ensure t h e  optimum had been found. The optimum case i s  shown i n  b o l d  t ype  i n  the  
t a b l e .  

Tight Picked  P i t c h  
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The most reactive configuration found above f o r  each cask type was a l s o  modeled in  
KENO tracking 5000 neutrons per generation. These results a r e  given in  Table 13. 
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Keno K95/95 
UnCIrtllnty 

St tndird Deviation - 0.01548 

Y ~ r i i n c e  = 0.00024 

The preceding resu l t s  indicate tha t  N Reactor fuel elements wil l  remain subcri t ical  
by themselves in e i ther  cask. HOh-eVer, c r i t i c a l i t y  can occur.when mixed oxide or 
other  types or  pins are  also in the ,cask .  Therefore, a f i n i t e  batch l imi t  i s  
needed such tha t  a f ract ion of a batch of N Reactor elements can be added t o  a 
f rac t ion  of a batch of another type of pins. 

To determine t h i s  l imi t ,  f i r s t  N Reactor fuel elements were added t o  a s ingle  batch 
of mixed oxide fuel to  ensure subcr i t ica l i ty  of a double batch. Two compositions 
of mixed oxide pins were used as shown in the following tab les .  The fuel 
composition tha t  i a s  most reactive a t  the pin l imi t  was modeled because of i t s  h i g h  
reac t iv i ty .  The fuel type that  occupied the smallest volume under optimum 
conditions was also modeled as t h i s  type l e f t  a maximum amount o f  space for  N 
Reactor elements in the cask. Each case was r u n  with the mixed oxide pins a t  the 
optimum pitch found above a n d  a t  a s l igh t ly  reduced pi tch.  The pi tch was reduced 
unt i l  the  value of Kei,Ej was s t a t i s t i c a l l y  reduced indicat ing that  a fur ther  
reduction in pitch a n d  hence the addition of more N Reactor elements would be less  
reac t ive .  The N Reactor elements were modeled with a t i g h t  packed (hexagonal) 
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Table 14 N Reactor Fuel Elements plus Mixed Oxide Fuel Pins in the  SERF Cask 
Fan K ~ W  K D ~ D  ~ 9 5 1 9 5  

Pitch K C i f  Uncer- 
amber and lype o f  Fuel P~nr ~n C d '  

, 1 4 " t Y  
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. 

I 

Add Inner  Fuel Elements t o  Pins with Most Reactive Limit 

45 13.5" <31 rt% Pu(~10)02-U(~0.72)02 Pins + 166 H2rk 1A lnner Elements 0.75 0.84895 0.00?01 0.885 

45 13.5" 431 W t %  Pu(~10)02-U(4.72)02 Pins + 168 Kirk !A Inner Elements 0.71 0.83592 0.00099 0.872 

Add Inner  Fuel Elements t o  Pins with Smallest Volume a t  L i m i t  

26 13.5" c25 wt: Pu(>lO)OZ-U(~94)02 Pins + 169 h r k  1A Inner Elenents 0.91 0.85036 0.00097 0.886 

11 26 13.5'' <25 rt: Pu(~10)02-U(~94)02 Pins + 39 KLrk lA Outer Elmentr I 0.83 I 0.90092 I 0.00113 I 0.937 11 

26 13.5" c25 wt: Pu(>10)02-U(c94)02 Pins + 171 Kzrk 1A lnner Elements 0.87 

11 26 13.5" c25 at% Pu(>10)02-U(c94)02 Pins + 40 Hzrk !A Outer Elements I 0.79. I 0.89896 I 0.001!6 I 0.935 11 

0.84479 0.00102 0.881 

Add Fuel Assemblies t o  Pins with Host Rezctive L i m i t  

45 13.5" <31 W t L  Pu(>!O)CZ-U(cO.72)C2 iinf + 43 Yark !A Fuel Asxn5lies I 0.75 I 0.65137 I 0.00030 I 0.887 

45 13.5" 4 1  w t Z  Pu(s10)02-U(<0.72)02 Pins + 23 ?,ark 1A Outer Elements 

11 45 13.5" 4 1  *.:'a P U ( ~ ~ O ) O ~ - U ~ ~ O . ~ I ) O ~  Fins + 43 Kirk 1.4 Fuel Assea5lies I 0.71 I 0.64212 I 0.00099 I 0.878 I( 

0.75 0.89597 0.00105 0.932 
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45 13.5" c3l w t l  Pu(>10)02-U(c0.72)02 Pins + 43 Kark 1A Outer Elements 0.71 0.89335 0.00109 0.929 

26 13.5" e 5  w t I  Pu(>lO)C2-u(<94)02 Pins + 38 Mi:k 1.4 Outer Elements 0.91 0.90249 0.00106 0.939 

26 13.5" c25 w t %  Pu(>i0)02-U(<94)02 Pins + 33 Kzrk 1A Outer Elenmtr 0.87 0.90!40 0.00123 0.938 
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K D S l S S  

26 13.5" c25 x.t: Pu(r10)024(c94)02 Pins + 38 K2rt !A Fuel Arse~,.blies 0.91 0.85603 0.00103 0.892 

26 13.5" c25 wt: Pu(>10)02-U(~94)02 Pins + 39 H w k  1 A  Fuel Asrenblies 0.87 0.85039 

11 23 13.5" 4 st: ? U ( ~ ~ I O Z - U ( ~ ~ ~ C Z  Pins + 21 Krrk !A Outer Elenenti I 1.06 I 0.899<4 I 0.00094 I 0.936 I 

0,00090 0.886 

Add Outer Fuel Elements t o  Pins with Smallest Volume a t  t i n i t  1 

FBR P i t c h  Keno Keff limber an4 Type of Fuel P5.s i n  C2Sk" 
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Keno K95/95 
U"C0I -  
ta inty  

23 13.5" 4 wt: Pu(s8)02-U(<9)02 Pins + 86 #Irk !A Inner Elements 1.10 0.84382 0.00104 0.880 

23 13.5" <5 rt% Pu(s8)0Z-U(c9)02 Plnr + 88 R ~ r k  1 A  Inner Elements 1.06 0.83094 0.00099 0.867 

27 13.5" s25 vt: Pu(r10)02-U(c94)02 Pins + 90 #irk 1A Inner Elenentr 0.94 0.86157 0.00123 0.898 

27 13.5" c25 r t i  Pu(>10)02-U(<94)02 P i n s  + 91 H m k  1A inner Elements 0.91 0.85671 0.00095 0.893 
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FSX P l t C h  amber an6 T W  of Fuel P i n s  i n  CLtk:' 

27 13.5" <25 wt: Pu(~lO)02-U(~94)02 Pins + 22 M2rk 1A Outer Elements 

27 13.5" <25 wti Pu(~10)02-U(~94)C2 Pins + 22 lark 1A Outer Elements 

27 13.5' <25 rti Pu(s10)02-U(C94)02 Pins + 22 Mzrk 1A Outer Elements 

27 13.5" d 5  wti Pu(>10)02-U(<94)02 Pins + 23 M ~ r k  1A Outer Elements 

0.94 

0.91 

0.87 

0.83 . 
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Keno K e f f  Ken> K95/95 
U x o r -  
taii.1). 

0.91439 0.00092 . 0.950 

0.91624 0.00093 0.952 

0.91632 0.00094 0.952 

0.91359 0,00090 0.950 

23 13.5" e5 wt: Pu(r8)02-U(<9)02 Pins t 21 azrk 1A Fuel Arremblies 1.10 0.84627 0.00101 0.684 

.,. 1 27 13.5" c25 rt: Pu(>10)02-U(<94)02 Pins + 22 M r r k  lA Fuel Assemblies I 0.91 I 0.66064 1 0.00099 I 0.897 I 
"The mrxed o x i d e  fuel Compositions show the maxiwm rti Pu i n  U + Pu, the minimum rti '''PY in Pu, 

and the naximvn rt: '"U in U. 

Benchmark Statistics 

Sias = 0.00101 

Stindzrd DeviLtion = 0.01548 

Vrrisnce = 0.00024 

The s u b c r i t i c a l i t y  of the above cases indicates t h a t  the introduction of N Reactor 
elements in to  e i ther  the SERF Cask or the Waste Cask wil l  not cause c r i t i c a l i t y .  
This conclusion i s  supported fur ther  in Sections 1 . 4  and 1.5 t h a t  study unmoderated 
N Reactor fuel elements a n d  the addition of N Reactor elements t o  a s ingle  batch 
o f  scrap,  respectively. 

(1.3) Unmoderated Mixed Oxide Fuel Pin Results 

The 'fuel pins were also modeled without water flooding in  the cask. These 
unmoderated cases assumed a H:X atom ra t io  o f  5 a n d  a t i g h t  packed pitch. I n  a 
t i g h t  packed geometry, the fuel volume i s  qu i te  small. Various moderation 
conditions a l l  resul t ing in a H:X ra t io  5 5 were studied t o  determine the most 
react ive case. (A H:X ra t io  of 5 was chosen because t h i s  i s  the standard 
def in i t ion  of unmoderated material used a t  PI\'L.3) As shown in Table 16, the case 
where the volume beti$,een the pins i ras  f i l l e d  with water a t  a H:X r a t i o  o f  5 and the 
remainder of the cask was voided \\'as most react ive.  

45 wtl. Pu(>8)CZ-U(<9)02 Pins + 21 Mark !A Fuel AssenSlies 
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1.06 0.83899 0,00099 0.875 

~ 2 5  xi: Pu(~10)02-U(~94)02 Pins + 22 Krrk 1A Fuel Assemblies 0.94 0.66739 0.00112 0.903 
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1,5/95 

Cask completely void (H:X=O) 0.36006 0.00235 0.392 

11 Cask filled rith water around the pins at H:X=5 I 0.38094 I 0.00224 t 0.412 It 

Entire cask unifomly filled with later at H:X=5 

. ,)I "Each case modeled 104 c2S wt: Pv(>10)02-U(~36)02 pins rith a diimeter of 0.230" and 2 
ihe wate? moderation inside the cask was modeled 2s lensth of 13.5'' in the SERF Cask. 

0.38437 0.00257 0.416 

Benchmark Statistics 

512s = -0.00047 

Standard Deviation = 0.001406 

Vzriance = 0.00020 

The fuel pin l imit  i s  s e t  a t  the minimum subcr i t ica l  number of pins given in 
Section 1.1 such tha t  an accident tha t  introduces water in to  the cask will n o t  
cause c r i t i c a l i t y .  The KENO runs shown below modeled a double batch of pins t o  
ensure a loss  of mass contingency will a lso remain subcr i t ica l .  The decreased cask 
diameter was,used and the pins were modeled on the bottom of the cask as th i s  
configuration brings the lead closest  t o  the pins .  The pins were modeled in  a 
t i g h t  packed, hexagonal pitch. The s ingle  batch cases were not modeled because 
they a re  less  reactive than the double batch cases t h a t  are  very subcr i t ica l .  

The r e s u l t s  are given in Table 17 a n d  18. These cases tracked 5000 neutrons per 
generation in KENO. The resul ts  are  very low ( i . e . ,  kerf ranges from 0.38 t o  0.84). 
The K E N O  code i s  not benchmarked o r  validated f o r  these low r e a c t i v i t i e s  because 
l i t t l e  experimental data ex is t s  in  t h i s  regime. Thus the uncertainty of the 
calculat ion i s  high and a determination of a K,,,,, value i s  n o t  attempted. However, 
such low resu l t s  do indicate the cases are  subs tan t ia l ly  subcr i t ica l .  

Final Results for  Unmoderated 13.5" and 37" Mixed Oxide Fuel Pins i n  the SERF Cask 
SERF Cask 

Table 17 tabulates  the resul ts  of  the unmoderated 13.5" a n d  37" mixed oxide fuel 
pins in  the SERF Cask. 

Only pins moderated rith wter st H:X=5 0.60183 
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13.5 0.230 134 0.62287 0.00099 

Table 17 Unmoderated (H:X55) Mixed Oxide Fuel Pins i n  
the  SERF Cask - Reactivity o f  a Double Batch 

i i i n t y  

c25 wti P U ~ ~ 1 0 ) 0 2 - u ( ~ 9 4 ) 0 2  

4 6  W t l  PU(>!0)02-U(<41)02 

11 25  wt: Pu(10)02-U(94)02 I 13.5 I 0.220 I 104 I 0.82605 1 0.00121 11 

13.5 I 0.261 116 0.69396 0.00101 

<25 Ut% PU(>10)02-U(<68)02 

<5 It2 Pu(>8)02-U(<9)02 

11 C 3 l  W t ' n  PU(>10)02-U(~O.72)02 I 13.5 1 0.220 I 180 I 0.47331 I 0.00074 11 
13.5 0.250 100 0.77726 0.00113 

13.5 0.500 92 0.44981 0.00069 

c25 W t l  Pu(s10)02-U(~94)02 

U(94)02 37 

25 wtX Pu(10)02-u~94)02 37 

0.220 72 0.75563 0.00116 

0.220 72 0.74890 0.00107 

~ 2 5  rti Pu(~lO)OZ-U(~36)02 

4 6  Wt: Pu(>10)02-U(<41)02 

431 wt: Pu(>lO)OZ-U(<0.72)02 

eZ5' wt: Pu(>l0)02-U(~68)02 

2,- #he compositions show the nixindm wtl Pu in U + Pu. the minimum wtl "'Pu in Pu, 
znd the maximum rt: 2'5U in U. 

37 0.230 88 0.54931 0.00089 

37 0.261 76 0.57001 0.00087 

37 0.220 108 0.39783 0.00072 

37 0.250 72 0.72122 0.0.0095 

Final Results f o r  Unmoderated 13.5" and 37" Mixed Oxide Fuel Pins in  the Waste Cask 

Table 18 tabulates  the resul ts  of the unmoderated 13.5" and 37" mixed oxide fuel 
pins in the Waste Cask. 
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<25 k’t% Pu(>10)02-U(~36)02 

4 6  xtl PU(>10)02-U(~41)02 

<31 wt: Pu(>10)02-U(<0.72)02 

e25 WfZ Pu(>l0)02-U(<68)02 

~5 rt: PU(>~)O~-U(<~)OZ 

NCS Basis Memo 95-3 Rev 1 
August 31, 1995 
Page 31 

13.5 0.230 136 0.61345 0.00104 

13.5 0.261 116 0.63064 0.00090 

13.5 0.220 174 0.45461 ’ 0.00075 

13.5 0.250 112 0.80669 0.00110 

13.5 0.500 92 0.43901 0.00072 

I 

Table 18 Unmoderated (H:X55) Mixed Oxide Fuel Pins i n  the  
Waste Cask - Reactivity o f  a Double Batch 

uncertain 

c25 wt: Pu(>10)02-U(~94)02 

425 Wtl Pu(>10)02-U(~94)02 

u w o z  
25 ut: Pu(10)02-U(94)02 

<25 rti Pu(>10)02-U(<36)02 

37. 0.220 eo 0.77629 0.00131 

37 0.220 80 0.77290 0.00095 

37 0.230 96 0.56448 0.00093 

~ 

C3l h t l  PU(>l0)02-U(40.72)02 

~ 2 5  wtl Pu(>lO)OZ-U(<68)02 

e5 wt: Pu(>8)02-U(<9)02 

4 6  Wt: Pub10)02-U~~41102 I 37 I 0.261 I 80 I 0.57042 I 0.00080 11 
37 0.220 116 0.<0717 0.00077 

37 0.250 80 0.74424 0.00115 

37 0.500 56 0.39037 0.00071 

“The compositions show the iiizxima wt: Pu i n  U + Pu. the minimum ntl. ‘“Pu i n  Pu, 
and the m x i m u m  w t i  ‘”U in U. 

(1.4) Final Results for  Unmoderated N Reactor Fuel Elements 

The N Reactor fuel elements were a l so  modeled without moderation. The elements 
were arranged in a t igh t  packed (hexagonal) pi tch f i l l i n g  the cask. Thus the 
number o f  elements modeled equaled the maximum number of elements t h a t  could 
geometrically f i t  in to  the cask. A H : X  r a t i o  of 5 was modeled uniformly throughout 
the cask as t h i s  i s  the standard maximum r a t i o  f o r  unmoderated f i s s i l e  material 
used a t  PNL.  Five thousand neutrons were modeled per KENO generation. The resu l t s  
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are  shown in Table 19. 

Again, the determination of a KEs,55 value i s  not val id  as the maximum kerf i s  l ess  
than 0.34 and the code i s  not benchmarked a t  these low values. 

I 
tt Wrrk I A  Fuel Asses5lies I 8.4 I 33 I 0.32306 I 0.00050 11 

'%ll cases model N Resctor NLrk 1A fuel elements i n  a tight packed (hexagonal) 

Vari2nce = 0.00024 

(1.5) Scrap Limits 

A scrap l imi t  was also determined f o r  each of the casks. An aqueous 100 w t %  239Pu 
a t  32 g/ l  was modeled as th i s  i s  the most react ive scrap solut ion possible. The 
solut ion was modeled as a cylinder w i t h  a radius equal t o  t h a t  of the in te r ior  of 
the cask. The length o f  the cylinder was calculated such tha t  the cylinder 
contained the required number o f  grams f i s s i l e  a t  the desired concentration. The 
resu l t s  shown in Table 20 indicate the minimum subcr i t ica l  mass i s  330 g Pu or 550 
g 2 3 5 u .  
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To ver i fy  the scrap batch l imi t ,  scrap was added t o  a s ing le  batch of mixed oxide 
fuel pins. The most reactive mixed oxide pins a t  the pin l imi t  in  each cask were 
modeled for  t h i s  scenario. The scrap was modeled as  a cyl inder  in  the center  of 
the cask surrounded by mixed oxide pins. The length of the cyl inder  was s e t  equal 

' t o  tha t  of the pins ( i . e . ,  13.5"). The radius of the cyl inder  was calculated such 
t h a t  the cylinder contained the required grams f i s s i l e  a t  the optimum concentration 
found above. The mixed oxide pins were modeled with f u l l  water moderation a t  the 
optimum pitch found in Section 1.1. The cask diameter was s e t  equal t o  the outer 
diameter of the pins such that  the pins were t i g h t l y  ref lected by the lead.  The 
r e s u l t s  shown in Table 21 indicate the scrap batch l imi t s  must be reduced below 50% 
of the subcri t ical  miss t o  ensure the subcr i t ica l i ty  in  the event of another type 
of double batch e r ror .  F. loss  o f  mass  contingency e r r o r  resul t ing in the 
Combination o f  one batch o f  screp and one batch of mixed oxide pins i s  only 
subcr i t ica l  i f  the scrap batch l imi t  i s  s e t  a t  150 g Pu or 250 g *%. 
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1.82 250 g UZj5  0.94224 0.00123 0.978 

23 <5 wt: Pu(>8)02-U(<9)02 Pins 

23 c5 wti ~ u ( ~ 8 ) 0 2 - ~ ( ~ 9 ) 0 2  Pins 1.75 250 g U235 

(1 23 <5 r:: P;1(>8)02-U(c9)02 Pins 1 1.75 . I 150 9 PU 1 0.93549 1 0.00120 I 0.975 11 

0.93825 0.00315 0.974 

A s i n g l e  ba tch  o f  scrap was a l s o  added t o  a N Reactor f u e l  elements. The geometry 
was modeled s i m i l a r  t o  t h e  mixed ox ide  cases wi th  one except ion .  The N Reactor 
elements were modeled w i t h  a t i g h t  packed (hexagonal) p i t c h  i n  o r d e r  t o  model t h e  
maximum number o f  elements which w i l l  g e o m e t r i c a l l y  f i t  i n t o  t h e  cask. The l e n g t h  
o f  t h e  c y l i n d e r  o f  scrap was again s e t  equal t o  t h e  l e n g t h  o f  one f u e l  element 
f i .e. ,  26.1") b u t  t h e  e n t i r e  cask was f i l l e d  w i th  N Reactor f u e l .  Water 
moderat ion \$as inc luded around t h e  elements. The r e s u l t s  shown i n  Table 22 
i n d i c a t e  t h e  r e a c t i v i t y  o f  the  combined double ba tch  w i l l  n o t  exceed 0.90 i n c l u d i n g  
al lowances f o r  code b i a s  and e r r o r .  
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31 250 g U235 0.87556 0.00094 0.912 

Table 22 N Reactor Fuel Elements plus Fissionable Scrap i n  t h e  SERF and 

LinCertaiify 

Wart IA Inner Fuel Elements 

11 Mark 1A Outer Fuel Elements 1 31 250 9 u235 0.89684 I 0.00094 1 0.933 11 
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(2) Sta te  computer programs used, the options, the recipes  f o r  choosing mesh 
points where applicable, the cross sect ion s e t s ,  and any numerical 
parameters necessary to  describe the input. 

The, SCALE 4.2 system of codes’ Has used t o  model the casks. The codes were 
executed on e i ther  a HP 755 with HP-UNIX version 9.03 o r  a HP 735 running HP-UNIX 
version 9.05. Code qual i ty  assurance documentation ver i f ies  the two operating 
systems give identical resul ts .  The NITAWL a n d  XSDRN codes were used t o  generate 
cell-weighted cross-sections and KENO was used t o  model the cask geometry a n d  
predict  ketf .  The standard 27-group ENDF/B-IV cross-sect ions 1 ibrary was used 
throughout. For calculations used t o  search f o r  the optimum pi tch and cask 
diameter, KENO tracked 300 neutrons per generation. For the f inal  calculat ions 
t h a t  s e t  the pin l imi t ,  5000 neutrons were tracked per generation. All 
calculat ions ran 120 generations with the f i r s t  20 generations skipped when 
determining the standard deviation of the run. Increasing the neutrons tracked 
decreases the s t a t i s t i c a l  uncertainty associated w i t h  the calculated resu l t  b u t  
a l so  s ign i f icant ly  increases the time t o  complete the r u n .  Thus, using the above 
scheme, the searches could be completed quickly while decreasing the uncertainty 
in  the f ina l  resu l t .  All input f i l e s  containing mesh point determinations a n d  atom 
dens i t ies  are  included in Appendix A. 

(3) Ident i fy  experimental data and l i s t  parameters derived therefrom f o r  use in 
the validation of the model. 

The experimental benchmarks modeled with the SCALE 4.2 codes are  shown in Table 23. 
The r e s u l t s  defined the code s t a t i s t i c s  used in  the determination of the K,,,,, value 
f o r  each run. Each benchmark case was modeled.with both 300 a n d  5000 neutrons 
tracked per KENO generation t o  create  a separate s t a t i s t i c a l  basis  f o r  the scoping 
and f ina l  calculations. The same scheme was employed in.generating cross-sections 
s e t s  and calculating keff as was used t o  model the  worst case geometries. All 
parameters required t o  model these benchmarks a re  described in  the input f i l e s  
given in  Appendix B and the references indicated in  Table 23. 
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Hexagonal srrangement with centril H,O 9 1.02992 0.00114 1.03083 0.00551 

Kixed Oxide Pins 

Pitch = 0.38" 

Pitch - 0.49" 
Pitch = 0.61" 

Pitch = 0.76" 

Pitch = 0.98'' 

10 ' 1.01884 0.00105 1.00719 0.00427 

10 1.01247 0.00108 1.01636 0.00525 

10 1.00892 0.00108 1.01253 0.00437 

10 1.01142 0.00094 1.00786 0.00438 

10 1.00855 0.00084 1.00413 0.00354 
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(4) 

The fuel pin l imits  as given in the Conclusions section are  applicable t o  the 
storage and transportation of the specified fuel type i n  the form of pins in the 
SERF and the Waste Casks respectively. The mixed oxide fuel pin composition i s  
given as  the maximum wt4 plutonium in the uranium t plutonium, the minimum w t %  ‘“Pu 
in the  plutonium, and the maximum enrichment of ‘”U in  the uranium. The N Reactor 
fuel element l imits  are applicable f o r  Mark 1A and Mark IV. The maximum outer  
diameter and fuel pin length are a lso given. Broken lengths of pins placed in  an 
outer  sleeve are  considered one pin provided the other  s ize  c r i t e r i a  are  met. 

The. general l imi t s  given in PNL-MA-25’ for  f i s s i l e  material are  n o t  valid in the 
casks. Instead, a scrap limit , that  applies spec i f ica l ly  t o  the casks has been 
determined as given in the Conclusions sect ion.  The 235U mass l imi t  can be used 
only f o r  235U. ,A more general l imit  t h a t  i s  applicable t o  a l l  types of f iss ionable  
mater ia l ,  except 2‘2”Am, ‘%, ‘“Cm, ‘“Cf, o r  ’”Cf, i s  a l so  given in  the Conclusions. 

(5) S t a t e  the bias and the prescribed margin of s u b c r i t i c a l i t y  over the area(s)  
of appl icabi l i ty .  

Calculational resrrlis indicate i h a t  the  overall code bias based on benchmark 
calculat ions tracking 5000 neutrons per generation i s  1 nk. The mean of a l l  
benchmarks i s  0.999 = 0.015 and thus, the standard deviation i s  15 nk. The overall 
code bias  f o r  the sane benchmarks tracking 300 neutrons per generation i s  -0.5 nk 

S t a t e  the area(,) o f  appl icabi l i ty .  

State  the basis  f o r  the margin. 

, 
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with a standard deviation of 14 m k .  I f  these values are  applied t o  the loss  of 
contingency scenarios in a methodology s imilar  t o  t h a t  employed by Marshall 
(Reference 5 ) ,  k,,, will not exceed 0.99 including experimental e r r o r  and biases. 
The margin of subcr i t ica l i ty  i s  therefore greater  than 10 ink and assumes optimum 
conditions and 'a  loss of contingency er ror .  The margin of s u b c r i t i c a l i t y  was 
calculated with a 95% confidence. 

Discussion of Loss of Continaencies 

A loss of mass contingency er ror  would be caused by e i t h e r  exceeding the pin number 
l imi t ,  the scrap mass l imit ,  o r  both l imits .  All of these scenarios have been examined 
t o  ens.ure double contingency safety i s  met with the l imi t s  found previously. 

The fuel pin l imi t s  are s e t  a t  50% of a subcri t ical  number of pins t o  ensure a double 
batch e r r o r  will n o t  resu l t  in a c r i t i c a l i t y .  All double batch scenarios in  .each cask 
have a k., of l ess  t h a n  0.99 including allobances f o r  code bias and experimental e r ror  
as shown in the previous tables .  

A v iolat ion of the scrap mass l imit  alone would also remain subcr i t ica l .  The maximum 
allowed mass o f  scrap i s  250 g 235U or 150 g f i s s i l e  f o r  scrap of unlimited composition. 

''! This mass l imi t  i s  l ess  t h a n  50% of the subcri t ical  mass of 550 g 235U o r  330 g f i s s i l e  
' o f  unlimited concentration. Thus a double batched scenario would clear ly  be 

subcr i t ica l .  

A n  accident exceeding both the scrap and mixed oxide pin l imi t s  was a l so  studied. A 
calculat ion was performed to  ensure subcr i t ica l i ty  of a s ing le  batch of mixed oxide fuel 
pins combined with a s ingle  batch of scrap. The scrap mass l imi t  was reduced from one 
half of a subcri t ical  mass t o  a mass t h a t  remained subcr i t ica l  in  a double batch 
scenario. 

Any combination of N Reactor fuel elements, scrap, mixed oxide fuel pins and water 
moderation wil l  n o t  resu l t  in c r i t i c a l i t y  i n  e i ther  SERF or  the Idaste Cask. To prove 
t h i s ,  the pins'were modeled a t  optimum pitch with water moderation a n d  a t  a t igh t  packed 
pi tch without water. The maximum number of N Reactor fuel elements tha t  would 
physically f i t  in the cask were also added t o .  a s ingle  batch of mixed oxide pins, a 
single  batch of Pu and a s ingle  batch of '"U scrap. The maximum K9s,,5 f o r  a l l  of these 
cases was l e s s  t h a n  0.91 including allowances for  code bias a n d  e r ror .  Thus the minimum 
margin of subcri t i 'cal i ty  i s  90 m k  even with the loss  of one contingency. Therefore, the 
l imi t  of N Reactor fuel elements i s  se t  a t  the maximum number of elements t h a t  can be 
placed in  each of the casks in a t igh t  packed pitch. 

The proven subcr i t ica l i ty  of a double batch of each combination of f i ss ionable  material 
t o  be placed in the cssks indicates that  the sun o f  the i r sc t ions  method of conbining 
d i f fe ren t  types of material into one batch i s  val id .  

As shown in Section 1.5, the K,,,,, o f  t h i s  scenario does not exceed 0.99. 
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Conclusions 

The purpose o f  t h i s  memo was t o  v a l i d a t e  the  o r i g i n a l  t e c h n i c a l  bases f o r  the  
s u b c r i t i c a l i t y  o f  s to rage and handling o f  mixed ox ide  p i n s ,  UO, f u e l  p i n s ,  o r  N Reactor 
f u e l  elements i n  combinat ion w i t h  o r  separate f rom f i s s i o n a b l e  m a t e r i a l  scrap o f  var ious  
composi t ions i n  SERF Cask and t h e  Waste Cask. The a n a l y s i s  i n c l u d e d  model ing a number 
o f  acc ident  scenar ios  t o  ensure s u b c r i t i c a l i t y  even i n  t h e  event  o f  a l o s s  o f  
cont ingency e r r o r .  I n  conclusion, new batch l i m i t s  f o r  t h e  number o f  f u e l  p i n s  and 
amount o f  scrap i n  SERF Cask and the  Waste Cask have been determined. (The general 
l i m i t s  g i v e n  i n  PNL-MA-25 a r e  not  v a l i d  i n  these casks.) I f  water  f l o o d i n g  o f  the  cask 
must be considered under nori;,al operation, t h e  l i m i t s  a r e  g i v e n  i n  Table 24. I f  # a t e r  
f l o o d i n g  o f  t h e  cask i s  considered o n l y  as an acc ident  c o n d i t i o n ,  t h e  l i m i t s  g iven  i n  
T a b l e 2 5  are  appl icable.. For both cases, t h e  l i m i t s  a re  a p p l i c a b l e  o n l y  f o r  f u e l  p i n s  
o f  t h e  s p e c i f i e d  diameter,  l e n g t h  and composi t ion and f o r  scrap o f  t h e  s p e c i f i e d  
compos i t ion  i n  SERF and t h e  Waste Casks. 
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Table 24 Criticality Limits in the SERF Cask and the Waste Cask 

SERF Cask Waste Cask 

with Water Moderation 

Maximum Maximum Maximum Maximum Maximum 
Fuel Fuel Pin Fuel Pin Fuel Pin Fuel Pin 

Diameter Length of Length of Length o f  Length o f  
Kixed Oxide Fuel Pin Limits (in) 13.5" 37" 13.5" 37 

c25 wt: Pu(>lO)OZ-U(~94)02 0.220 26 18 27 ' 20 

-25 wtf Pu(r10)02-U(<36)02 0.230 33 22 34 24 
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' 

. 

4 6  w t %  Pu(>lO)02-U(41)02 

c3l wt: Pu(>10)02-U(c0.72)02 

~ 2 5  wt: Pu(~l0)02-U(~68)02 

0.261 29 19 29 

0.220 4 5  27 43 

0.250 25 18 28 20 

"! 

4 wt: Pu(>8)02-U(<9)02 0.500 23 13 23 14 

Maximum 
Fuel 

Diameter Maximum Fuel Element Maximum Fuel Element 
N Reactor Fuel Element Limits (in) Length of 26.1" Length of 26.1" 

11 Hark I A  and I V  Fuel Assenblies t 2.350 I 48 I 33 II 

Hark I A  and I V  Inner Elements 1.170 195 136 
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Scrap L i m i t  250 g '% only or 
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Maximum 

Diameter Maximum Fuel Element Maximum Fuel Element 
length o f  26.1" Length o f  26.1" N Reactor Fuel Element Limits 1 :r:: 1 ~~ I ~~ 1 

liark I A  znd I Y  Fuel Assenbiles 2.350 48 

Mark IA and I V  Inner Elements 1.170 

Mark 1A and I V  Lhter Elements 2.350 
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m_ u. # 0 . ~ 4 7 ' U . p  
t b V 4 k ) e l e c  

Table 25 Criticality Limits in the SERF Cask and the Waste Cask 
for Drv (H:X=5) Conditions 

13.5" 13.5" 

c25 W t l .  P"(~10)02-u(~94)Cz 0.223 

c25 w t i  Pu(r10)02-U(<36)02 0.210 67 68 48 

4 6  wti Pu(r10)024(<41)02 0.261 58 38 58 40 

28 

<25 w t i  Pu(>10)02-U(c68)02 0.250 50 36 56 

4 It% Pu(>8)02-U(c9)02 0.500 46 26 46 

Concurrence: / A . \ d  3 I n., -=< 
Senior Specialist ' 
Criticality Safety Analysis 
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7.0 STRUCTURAL EVALUATION 

7.1 INTRODUCTION 

The SERF Cask is an onsite, intra-area packaging for transferring Type B radioactive material 
within the 300 Area of the Hanford Site. This section of the document defines and evaluates the 
normal transport condition structural requirements for intra-area transport of this package. Structural 
performance of the package is evaluated only for normal transport conditions; 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 SERF 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 shell, which encapsulates 
the lead. At the top, sealing and 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 integral closure value which provides closure at the bottom end. A secondary 
stainless steel gasketed blind flange plate is bolted on to provide sealing of the cask during transport. 
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 304 or 304L stainless steel, which is welded by welders and weld 
procedures qualified to Section IX of the ASME BP&V Code (ASME 1977a) in use at the time of 
construction. Nondestructive examinations of the welds were performed in accordance with Section V 
of the ASME BP&V Code (ASME 1977b). The lead shielding meeting the requirement of ASTM 829 
(ASTM 1976) was poured into the shielding cavity after construction of the cask. 

Fuel, fuel scraps and filings, and dispersible materials transported in this package are contained 
by a duel systems of sealed tubes. The contents are first sealed in a canister assembly made up of a 
304 or 304L stainless steel tube, which has a welded bottom at one end and a threaded fitting on the 
other. This canister tube is then inserted into a sealed overpack. The overpack (shown in Figure B7-1) 
is a 3.49 cm (I3h in.) diameter tube constructed from 304 or 304L stainless steel tubing conforming to 
the requirements of ASTM A240 or A269. The overpack can be fitted with one of two bottom end 
closures. At the bottom end the overpack can be fitted either with a welded flat stepped plate which 
is socket welded to  the tube as shown in Figure 87-1 with a full penetration bevel weld. The bottom 
end plate has a center area thickness of 0.64 cm ( %  in.) with a minimum joint landing thickness of 
0.43 cm (0.1 70 in.). The bottom end plate is welded to the tube As a alternative a threaded fitting 
can be fitted to the tube to provide the bottom end closure. The top end closure is provided by a 
threaded fitting. .The threaded fitting must extend into the tube a minimum of 0.64 cm ( %  in.).. As 
shown in Part B Section 7.5.2, the overpack has a rated internal pressure capacity of 20,684 MPa 
(3,000 psi). 
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Figure 87-1. SERF Canister Overpack. 

I t- ! 

M a l d v  me 304 or 3041 
puASrm24Oor269 

\ \  

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 no are no agents to generate chemical or 
galvanic reactions. In addition stainless steel forms a natural oxide layers 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 66 cm (26 in.) in diameter by 339.1 cm (1 33.5 in.) 
long. Dimensions of the inner cavity are 20 cm ( 8 in.) in diameter by 276.23 cm (108.75 in.) long. 

7.2.4 Weight 

The SERF Cask empty weight is 11,979 kg (26,300 Ib) and has a maximum gross weight of 
12,201 kg (26,900 Ib). For calculational conservatism the empty weight of the cask is assumed as 
12,247 kg (27,000 Ib) with a gross weight of 12,564 kg (27,700 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 16, % in. bolts. At the bottom-end the flange is secured with 6, % in. bolts. 

7.2.7 Lifting and Tiedown Devices 

For lifting and handling, a yoke is provided on the cask along with 3.49 cm (13h in.) lifting 
attachment holes on the support plates. The four lifting attachment holes are provided on the two 
support plates welded to the cask body for horizontal handling of the cask. As shown in the Part B, 
Section 7.5.1, the yoke and the lifting attachments meet the requirements of the Hanford Site Hoisting 
and Rigging Manual (RL 1993). 

As shown in Part 8, Section 10.0, the lifting attachment holes are also used as tiedown 
securement points. Since these attachment holes have been shown to meet the strength requirements 
of the Hanford Site Hoisting and Rigging Manual (RL 1993), they will meet the 49 CFR 393 securement 
requirements. This is based on the lower load requirements for tiedowns and the configuration of the 
tiedowns. As configured lateral and vertical loads are uni-directional and by symmetry the support 
plates are loaded in the same plane as for lifting. In the longitudinal direction the loading normal 
loading of the support plate is counteracted by the opposite set of tiedowns. Consequently, the 
loadings on the attachment holes is less severe for tiedown securement than for lifting. 

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 (1 15 "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 (1 3.81 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. Since there are 
no in-transit 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 3.2 cm (1 2.5 in.) diameter steel rod with a rounded end 
weighing 6 kg (1 3 Ib) dropping onto the package from a height of 1 m (40 in.). These loads are to  be 
applied independently and non-sequentially. 

In addition, for dispersible materials sealed in the canister tube and overpack are evaluated for 
containing the contents when pressure to an internal pressure of 20,684 MPa (3,000 psi). 
Consequently, the overpack is capable of sustaining an energy loading of 14 kJ (10,332 ft-lb) of 
energy. This is the energy equivalent of a 6 m (18 ft) drop of the maximum payload weight onto a hard 
unyielding surface. 
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7.3.2 Acceptance Criteria 

The criteria for acceptable performance of the package are based on all major critical 
components of the package remain structurally functional, the contents remain contained, and only 
superficial damage of non-critical components is incurred during normal transport conditions. To meet 
the criteria for normal transport conditions, 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 which are within acceptable limits of the 
componentlmaterials used in the package. 

For containing dispersible materials, the criteria for acceptable performance is based on the 
canister overpacks being capable of sustaining a 20,864 MPa (3,000 psi) internal pressure per the 
requirements of ASME Section 111, Subsection NE (ASME 1992b). Performance of the canister 
overpack to sustain this pressure is demonstrate by the positive margins of safety based on an ASME 
Section 111 code evaluation of the overpack. 

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 
377 W from two cesium chloride capsules with solar insolation under Hanford site conditions, the 
maximum internal component temperature of the cask is 73 " C  (1 63 OF). Considering the materials of 
construction (lead and stainless steel), no material degradation or appreciable reduction in yield 
strength will occur. Under these conditions the external temperature of the cask is 71 " C  (159 OF), 
which below the rated 149 "C (300 "F) upper service temperature limit of the neoprene seals 
(Parker 1991). The increase in internal pressure from the rise in internal temperature is only 
approximately 0.3 atm (4 psi) (Part 8, Section 8.0). Due to the robustness of the cask, this increase in 
temperature would not result in any significant loading on the cask. Consequently, structural 
performance of the package is not affected by the Hanford Site hot temperature extreme. 

Evaluation of cold temperature package performance shows that since the primary structural 
material of construction is stainless steel, no extreme cold weather shipping restrictions are required. 
Austenitic stainless steel is not susceptible to low temperature brittle fracture. The low service 
temperature limit for the neoprene seals is -54 "C (-65 OF). Consequently, with an onsite low extreme 
cold temperature of -33 "C (-27 OF), no degradation cask performance will occur. 

7.3.4 Reduced and Increased External Pressure 

For Hanford Site conditions, the largest differential pressure of 0.34 atm (5 psi) is due to 
reduced external pressure, assuming an increased internal pressure due to an internal temperature rise. 
Based on the cask construction and wall thickness, neither reduced nor increased external pressure 
would result in any significant loading of the cask. 

7.3.5 Vibration 

Vibration of the package is not a concern, since the shipment occurs only twelve times a year 
for distance of less than 1.61 km (1 mi). Based on a speed of 24 kph (15 mph) for a distance of 
1.61 km (1 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. 
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7.3.6 Water Spray 

Since the package is sealed at both ends with Neoprene3 gaskets and the cask is of all welded 
construction any in-leakage of water into the cask cavity is not a concern. Also during normal 
transport conditions, it is demonstrated that no inelastic deformation of critical cask components 
occurs. Consequently, under water spray conditions, in-leakage of water into the cask cavity will not 
occur during transport. 

7.3.7 Compression 

The package is shipped as an elusive 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 3.5g vertical to the 
plane of travel and 2.39 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. Since the duration of the shock load is of such 
long duration (greater than 3 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 allowable loading is established on base material 
yield strength with a joint efficiency reduction factor based on ASME Section Vlll (ASME 1992a). 

Evaluation of rough transport loads on the package presented in Part 8, Section 7.5, show 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 loading. In both cases 
the evaluation shows the induced stresses on the package are below the allowable stresses. 

The canister overpack pressure capacity of 20,864 MPa (3,000 psi) is used to demonstrate the 
inertial loading performance of the canister. This is based on a sustained energy load comparison of 
internal energy pressure and energy from a free fall. Assuming a conservative.worst case gross 
canister overpack weight of 272 kg (600 Ib), the energy of equivalent of a 20,864 MPa (3,000 psi) 
pressure load is a 6 m (1 8 ft)  free fall onto a hard unyielding surface. Based on this it is demonstrated 
that the canister will contain any dispersible contents within the cask under normal transport conditions 
considering the transimitted inertial loads of a cask shielded with lead. The lead acts to dampen and 
not amplify any shock loads on the payload applied to the cask. 

7.3.9 Penetration 

The evaluation presented in Part B, Section 7.5.1, shows the exposed surfaces of the package 
cannot be penetrated by a 6 kg (13 Ib) object dropped from 1 m (40 in.). Results of the evaluation 
show that only superficial marring of the exposed stainless steel surfaces resulting from dropping of the 
object. 

3Neoprene is a trademark of E. I. du Pont de Nemours and Company. 
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7.3.10 Conclusions 

The results of these evaluations show the package is acceptable for transport on the Hanford 
Site under normal transport conditions. Also results show that for dispersible materials the canister 
overpack will sustain pressure loads of up to 20,864 MPa (3,000 psi). 
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7.5 APPENDICES 

7.5.1 Structural Evaluation and Puncture Threshold 

ENGINEERING SAFETY EVALUATION 
ion & Puncture Thrwhold P a g c : l o f X  

Date:m9& 
Date:- 

1. Objective: 

The objectivc of lhis cvaluatioii is 10 cvaliiatc tho SERF Cask performance relative to the Normal Transpn~t 
conditions outlined wilhin Scction I oflhis SaCcly Evaluation Packaging (SEI'). Also this evaluation 
determines adequacy ofthe IiRinp systems and, the equivalent steel thickness al'thc cask for delerminalion of 
the punclure l'ailm tltrcshold 

II. Referenccs: 

ANST, 1992, ANSI N14.23, Dro/rAmcricm NaiionaiSlandardlJesi~ Basis for Resislancr foShock ond 
Vibration of Radioocfiw Mofcrial Pockagm (ircaier rhun Om Tin in E-unrek Tmnspoil, Amcrican Nationill 
Slandard Instiluk?, Ncw York, Now Yolk. 

ASME, 1995, Boiler andPrcssure Vcssd Code, Seclion 11, Pdrtn, American Socicty ofMecllaniG?l Bngincers, 
New York, Nnv York. 

Roark, R. J., 1965, Formzdar/orSlres~ andSlroin,Wiirth Pdition, MeGraw-Hill BookCompany,NcwYork, 
New York. 

' 

Blodgclt, 0. W., 1966, Design of WeldedSmctures, Tho James I;. Lincoln Are Wclding Foundation, Clevelaod, 
Ohio. 

Roark, R. I., Young, W. C., 19S3, Formuias/or .Sfre.w andSlmin, YiRh Edition, McGraw-Hili Book Company, 
Ncw York, New York. 

ASME, 1992. Boiler ondPreswre Vewel Code, Section VIII, Division I ,  American Society of Mechanical 
Engineers, Now York, Now York. 

Rinehart, J. S., and Pearson, J., 1954,Be/tov?or of Mclrr1.s Undw Impulsive Lgads, American Society of Metals, 
Clcvcland, Ohio. 

ANSI, 1 993, ANSI N14.6, American Nafional Slundardfo? Rndioa&e Maferials-Spec?nI W i n g  Dcviccsfir 
Shipping Conruiners Weighing 10 000 Pound7 (4500 kn) 01 Mom, American National Standard Institute, New 
York, New York. 

ORNL, 1970,0RNL-NISC-68, Cask D e s p w ' s  Cuidc, Oak RidgcNatiunal Laboratory, Oak Ridge, 
Tennessee. 1970. 

HI. Results and Conclusions: 

This evalualion shows that the SERF Cask will mctt normal tansport conditions (NTC) and lining loads as 
specified in Section I ofthis SEP. The evaluation shows thc incrtinl loadings on the cask from rou@ trdnsport 
are well below the material yield. Consequently, rough transpan will not rmulf in any pcrmaneiit deformation of 
tbc package. l'he results dcmonstatc L a t  thc cask will not sustain any damage during NTC and rcmain fully 
functional. 

Also, within this evaluation, the equivalent steel thickness ofthe packase is delcnnincd. Based on empirical 
data (Rinclcm, 1954) the equivalent steel thickness of the cask body is 4.6 inches. 
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BNCINBERING SAFETY EVALUATION 
Subject: SERF Cask NTC Structural Evaluation & Punctum Threshold Page:_2pfJ 
Originator: S. S. Shiraca fi Date:- 
Checker: --RJL$!nl@-JJ$$&h ________._l___l_ .l_.._l_____ __Date:45lLW.?Z 

IV. Evaluation: 

Nornisl Transsort Conditions Evaluation ofSEl lP  Cask: 

Dctcrmination of inertial loading for NTC; 

During normal transport of this package no in-transit load transfers are involved. Consqucntly. normal 
condition inertial loads arisc from rough transport shack loads. Rough transport loads arc derived from ANSI 
Nl4.23 (ANSI, 1980). Rough transport shock loads for this package are defined as a verticul3.5 g Rnd 
longitudinal (in direction oftravcl) 2.3 g shock load to the pnckags. l,i+lerd load of I .A g is neglected, as it is 
bounded by the verlical and longitudinal loads. Assume the shock is a single pulse applied to the package as 
a quasi-static load. Acceptance criteria is the package remain fully functional after the event, i. e., no plastic 
deformation of components. 

Empty weight of packagw W = ZGOOOlbf Maximum weight of payload: W pay . : SOOlhf 

Gross weight o f  package: 

Inertial loadin&$: Vertical: g v  :-3.5 Longitudinal: g I :=2.3 

W 1 .> W t W pay 

Material parameters (ASME, 1995): 

Assume cask shells arc constructed of 304L stainless steel (SA 240, Class 2) at 250 OF : 

Yield strength s ysst .= '21.3+19.1\ , . ksi s ysst =20-ksi Poisson'SKatio: vSSt :=0.31 
\ 

Elasticmodulus: ESst .= (27~6~!).106.psi ESst =2.73107 *psi 
, 2 l  

2 Allowable stress for NTC on sst components based on ASME criteria: s 

Assumed cask bolts arc constnlcicd of SA193 Type BS (Class 2) at 250 "I? 

.= -..s ysst 

Allowable stress for N E  bolts based on ASMEcdteria: 

Assumc lead properties at 250 OF (ORNL,, 1070): 

Yieldstrength: s ypb :-- 8.ksi Poisson's ratio: v,,b :10A 

Elastic modulus: Epb : 2.106.psi 

s ab '=?.s yb sal, -18.ksi 
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ENGINEERING SAFETY EVALUATION 
Subject: S E K F  Cask N1C Structural Evalualion & Pimclure7'hreshoI~ P a g e ; A o Q J  
Originator: S. S. Shiraaa c/RB Date?- 
Checker: R. J. Smith d!&- Date:= 

Geometric parameters o f  package: 

Idealize the package as a composite beam with ofconcentric cylinders ofstainless sfeel and lead. 

Lengthofcask 1, .: 133.56in 7. Diamctcrofcask d :-2G.in 

Y 

Isngth between sappott~: I .:: 66.5in 

Outer shell wall thickness: 

Outer shell outside radius: 

Outershellinsideradius: r o i : = r o o ~  toS 

Inner shell outside radius: 

t os :.0.625in 

. d c  
roo '"'2- 

'io :.:!::? 

BooU~nA-A 
Inner shell inside radius: r ii :z72Gzp 

Innershellwallthickness: tis =ria- r i i  tjS=0.49'in 

End plate thickness: t ep ' - 2.4in h d  plate weld log: w leg ,.-0.5.in 

Determine deflection of lend, assuming the lcnd i s  onbondcll to the stninless steel walls: 

Density of lead: Ppb ::710!bf 
d 

Idealize as ring supporting it's own wcight. Use 
Roark, 1765,case 18, page 176. 

Weight per linear inch of lead 

~ ~ b : = ~ ~ b . r " . ( r ~ : - ' i o 2 : ) ]  wpb=171'!bf i n  

Moment of inertia ofthe section: 

r A r .  4 rph ,-". O1 ... !?. rpb=18l5pin4  
4 

Nominal radius: 
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ENGTNEERINC; SAFETY EVALUATION 
Subject: SERF Cask NTC Sductural Evaluation & Puncture Threshold - Page:q"-of-lJ 
Originator: S .  S. Shirapa Date:05/10/r)7 
Checker: R. J. Smitk.- Date:= 

4 

A y = ~ - 3 . 7 8 1 0 '  *in gv'wpb''pb 

Eph'rpb 
Diametrial compression of lead: A := - -.---------.(0.4674) 

T l h  is rtcgligible, wnrequerttly nosignificon1 loadon inner sltcll. 

Determine Loading on Cask Body due to Bending: 

Sincc cask is shipped in the horizontal, setting on two suppolt plates, idealize as simply supported beam with 
uniform loading which over hangs each end (Blodgett, 1966). 

I W 1 I 

c, x.- Is _I_ x 4  

I - I s  
x=33.53'in Assvtned uniform load: w 1  .-sv'w-! %VI =69&!5f Overhang distance: x:-?----. 

Reactionioildsacsupports: F ,  = w r l x + - ? )  Pr=4G375'lbf 

I C  in 

I I '  

\ 2 .  

Maximummomentatcentcr: M ~ : -  w1.(~,2 4.2j ~ , = - - G 4 9 3 ' l h ~ i n  
8 

W,.2 
Moment nt supports: M .=--- M = 3903GVlbFin 

s 2  

Martnuni Ioud mid momenf af supports. 

Determine composite moment of inertia: 

Moment of inertia about center (neutral axis) of cross section: 
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ENGINEERING SAFETY EVALUATION 
Page:&of_11 
Date:- 
Date:- 

Compositcmoment ofinertia: 

Determine cnmposile a rea  

Outershell: A,, r r r . ( r o ~ - r  01 .2' I ~ n n e r s ~ i e ~ :  ~ ~ ~ . z n . ( r i z  ri$ 

Lead shielding: Apb : ~ - ? v ( r 0 ~  r;:) 

E1 ~ B S s t . l o s  + R ph . I  pb + L?sst.Iis 

obos  =0.93%i , . M s.Esst.'oo 
Bonding stress in outer shell at maximum moment: B bos . E1 

crbis =0.3l'ksi Ms.Bsst.'io 
Bending stress in inner shell at maximum moment: B bis 1.: - 

E1 

s'Ep"';ri obph =0,0pksi -@ 

BI 
Bonding stress in lead shielding at maximum moment B bpb - 

rsOs =0.5'ksi %I p iEsst 
Maximum shear stress in outer shell: 'T sos AB 

F<Esst 
Maximom shear stress in inner shell: 'T . :I--. 

AB 

. _  iE pb 
'T pb '- -AT 

Maximum shear stress in shielding: 

'T sis = 0.5'ksi 

'T pb E 0.04'ksi -@ 

Since s l r a s a  are not ,signiJcmt, package is dcmonslrolcdto mccf acceptance criteria for verlica2 loadin& 

Detcrminc worst cnsc end load 

Assume as a worst case entire weight of cask is inertially loaded onto tho cnd plate, weakest component is the 
weld. Also assume the plate thickness is uniform and that o f  thc thinnest section. 

Idealize as a glatc with a ccnter hole, clamped and fixed at oiiter and inner edges, loaded with a uniformly 
distributed load (Roark, 1983, Table 24,2h). 

For determination ofmomenls redefine: 
. . 10.75in 

r io 

w pi .A I 56'psi Inertial load on end plate assumcunifomly distributed. wpl :. I 2  ' 
\ 01 1 0 7  

n.'r . . - I .  
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ENGINEERING SAFETY EVALUATION 
Subject: SERF Cask NTC Structural Ovahation & Pnncture Threshold Page:-fL.of_l_l_ 
Originator: S. S. Shiraqa Date:- 
Checker: R. J. Smith &!/- Date:&X&ZZ 

Plate factors: 

Axial load on inner weld: 

Axial load on outer weld: 

Moment on inner weld: 

Momcnt on outer weld  

Axial load from moment on oufer weld f bow z r  McF 
in 
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. ENGINEERING SAFETY EVALUATION 
Sul)ject: SERF Cask NTC Struclural Evaluation & Puncture Threshold P a g c : L o f n  

.. Date: 05/19/97 
Date:- 

Originator: $. S. Shiraea /& 
Checker: I R. J. Smith w- 
Totalloadon innerweld: f t iw : = f i w -  f b i w  

I___ 

/ 
ftiw;R6Ld?,f 

in 

Totalload onouterweld: f tow .=fow<-fbow 

Determine allowable on welds: 

Assuming b s e  matcrial strengths and ASME joint etficiency facton: 

Leg length of inner weld: w i n  ':: 0.25in lag Ianglli ofouter weld: woUt =0.5.in 

ASMP,joinleffciency (ASME, 1992) factor assuming no inspection: 

Allowable on inner weld: fia11.=0.?03s ysst'w in.eIf f ia11=2142'lbf 
in 

Allowableon outerwcld: foall :-0.707s y ~ t ~ w o u t ~ e f f  foalI =42E&!hf 

Marginofsafelyonillnerweld: MSjw:.rit!'- 1 MSi,"=I.49 ='a 

ftow =-5PO*!bf 
in 

eff .=0.60 

in 

rtiw 

Margin of safety on outer weld:. MS ow :?-f..L - I MS ow = 7.25 
lftowl 

All margins of safely arcparilive, tl~ereforc OK. 

Determine end loading of top end closure bolts: 

Assume payload is rcstraincd 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 numher ofbolts. Loading results from 
shield plug and payload. 

Weight of  shield plug, ignore inner plumbing: 

Platediameter: d = 13.Sin Plate thickness: tpl z0.75in 

ShellOD ad sh .̂ lOin Wallthickness: tSl, --0.375in Len@ Ish : A  11.3?ia-. tpl 

Inner shell O D  od ish : -od  sh 2.t sh Inner shell length: I ish :?3.in lnnerplatethickness: t ipl:"0.5.in 

ID of iiiner shell: id is!, :> 7.625in 
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ENGINEERING SAFETY EVALUATION 
Subject: SERF Cask NTC Structural Evaluation & Puncture Thrcshold 
OriginatOK S. S. sliiraza &5' 
Checker: R. J .  Smith *& 

____ Page:JofJ.! 
Dak-7 
Date:= 

Lead length: 

Weight of stainless steel: 

I pb =Ish  .. 3 5 i n  Stainless steel density: psst .=0.2dbf 
ii? 

4 Ish 
od in: . id isl, 

wSSt = IOl'lbf 

Weight oflea& w pb .:: ppb..o.d-!&.l pb wpb=80'lbf 

Totalplugwcight: ~ ~ , ~ ~ : - : u ' ~ ~ ~  i w p b  wPlllg =181'lbf 

Assume bolls are uniformly Iqaded 

Nominal diameterofbolls: d b -0.S.in Lead: l b  :=!3 . 
in 

Tensile stress area: A :=0.7854 d b -. cFrr Number of bolts: n bolt':'. 18 i 
Prcload on bolts: 

AsnumeprcloadlorqueTorbollsis: Tpre  :::2401blin Tpro=2Vfi'Ibf 

Assume nut friction factor: p n  '::0.2 

Preload force pcr bolt: F pre p? F p'e = 2400'lbf 
d b P n  

F cl Tensile stress on bolts: utcn -I- 

n bolt'A s 

s 
Margin ofsofely: MS bolt .= -%k - 1 MS bolt =n.i 1 -Q 

ten 

Titwefwc OK, since margin nf safety bpositiv& 
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ENGINEERING SAFETY EVALUATION 
S u b j c c t - S ~ ~ ~ a & N ~ C  &t&.Wa! evaluation & Puncture Threshold - Page:S_ofA. 

DiW05/1')/L)7 
Checker: R. J. Smith e p -  Date:- 

Lifting Evaluation: 

Determine if the cask lifiing yoke meets the 3 lo  1 requirements of ANSI N14.6, 1993: 

Idealize ljfillg yoke as a short beam uniformly loaded and clamped and fixed at each end: 

Length ofyoke: l y  ::(4.00- 0.75)4n Diameter ofyoke: d --3.00in 

Originator: S. S. $hiram . /M 
I 

Load on yoke: plead 7-2- Dynamic load factor: DLF :- 1.25 

d 2  d 4  
Cross sectional area: A :::n.--y-- Moment ofinertia: 1 :=w-?. 

y 4  64 

LiRing of cask is accomplished by lifting at the lifiing points of the outrigger support plates : 

Assume a straight vertical lifi with spreadcr bar: 

Assumed holediameter: d -: 1.37Si11 Plate thickness: tpl := 1.5in 

Number of outrigger support plates for lifting: n z L _  2 

Numberoflift points: n lifi::4 Assumed distance to edge: d .=2.in .- --!! 
d 

Load on each lift point: P load c-!?! 

lift 
Dynamic load factor: DLF - 1.25 

Bearing Stress: a bear aboar=4.02'ksi =Q 

Assume each plate is wclded for 300 ofcircumferencc, and wclded on both sides: 

Angularlength: u w  ?30deg uW=O.52'ra(l 

d h l p l  
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ENGINEERING SAFETY EVALUATION 
Subject:-P age: IO of I 1  
Originator: S. S. Shiraca & D a t c : m  
Checker: R. I. Smith A,&- n a t l x ~ o ~  

Lengthofweld: I ws ' ' r o o ~ a w  I, =6.81'in 

Lou& are well underyieldsfrengilz of nuderial 

NTC Proctration orPackage: 

Mass ofprojectile: m p  -=G.kg 

Evaluate packagc penctration by cmpirical methods (Rhinehart and Pearson, 1954): 

velocity ofprojectile: v .T,/~Ti:hdr v o  = I~.Y--  

Assuming !he test rod is a hard unyiclding object, at this velocity (< 10,000 Wscc), thc forcc that acts on 
lhc projectile is proportional to the cross sectional area and is essentially constant during pcnctration. 

d 2  

Height ofdrop: h dr = 1.m Hemispherical cnd diamcter: d hnni,  -3.2.cn1 

n 
scc 

cross sectional area ofprojectile: A ::-m hcmi A = I .25.in2 

Volume of material displaced per unit of energy constant (Rhinehart and Pearson, 1954, pagc 202, Table 12-1): 

K 
~ e p t b  ofpenetration into steel: s sp : . ; m p i  :. .- s ssp -0.001'in -@ 

* P  
Tlrepenetrulion depth is nut signifljirnnf, nopenelration info fliepackage. 

SERF Cask Puncture Failuro Thresholds. Euuivalcnt Steel Thickness: 

Bquivalent Thickness of lead to  steel (Rinchart, 1954): 

OD ofouter Shell: od o6 '-?.&in Outer Shell Wall 7hickneos: 1  ow^ 'z0.G2Si~~ 

ID of Outer Shell: 

f,, --2.3 

id o~ := od 06- 2.tow6 id o,j =21.75'in 

OD ofInner Shell: od i6 'z  8.625in ID oflnner Shell: id iG - -7625in  

ad i6- id iG 

2 
Inner Shell Wall Thickness: t irv6 := .--- . t iw6=0.5'in 
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ENGINEERING SAFETY EVALUATION 
Subject: SERF Cask NTC Structural Evaluation & Puncture Threshold _________,Page:Jlof_l1 
Originator: -S. S. Shiraea fl I)ate:05/10/97 
Checker: R. 3. Sinitli Date:&LZ!Z 

id o6 .- od i,j 

2 
Led Thickness: t pb6 :: t pb6 = S.O@in 

Total Equivalent thickness of steel: t e1,6 :-: t ow6 i. t iw6.k tpb6 - 
fcqu 

teq6=4.6*in 
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7.5.2 Pressure Evaluation 

HNF-SD-TP-SEP-058 Rev. 0 

ENGINEERING SAFETY EVALUATION 

Checker: P. C. Ferreii '1 
Section Chief: S. S. Shiraua .al 

c 
1 .O OBJECTIVE 

The objective of this evaluation is t o  verify the 20,684 MPa (3,000 psi) pressure capacity of the 
SERF canister overpack. 

2.0 REFERENCES 

ASME. 1995, Boiler and Pressure Vessel Code, Section 11, Part D, American Socicty of Mechanical 
Engineers, New York, New York. 

ASME. 1992, Boiler and Pressure Vessd Code, Section 111, Appendices, American Society Of  
Mechanical Engineers, New York, New York. 

ASME, 1992, Boiler and PressrJrc Vessel Code, Section 111, Subsection NE, American Society of 
Mechanical Engineers, New York, New York. 

3.0 ASSUMPTIONS, RESULTS, AND CONCLUSIONS 

In this evaluation the overpack is assumed to be designed as shown in the first figure Of the 
evaluation. It is assumed t o  be constructed of 304 stainless steel manufactured t o  ASTM A240 or 
A 269 requirements. For this classicel linear elastic analysis, the overpack is idealized as a 
cylindrical tube with fiat ends of unequal thickness. The overpack can be provided with a welded 
flat bottom end plate and a threaded fitting or, the other end or a threaded fitting can be provided 
on each end. The overpack is evaluated per the requirements of ASME Section 111, Subsection NE. 

The results of this evaluation outline the minimum requirements for the overpack. The overpack 
must be a 1 3h in. 304 stainless steel tube with a minimum wall thickness of 0.109 in. If the 
overpack is provided with a welded flat bottom end plate, the plate must be welded to the tube via 
a Socket joint, wi th a minimum weld thickness being the same as the wall of the tube. The Plate 
must have a center thickness of % in. and the minimum thickness of the joint landing must 0.170 
in. Tho threaded end fitting must have either NPT or UNF threads and must extend into the tube a 
minimum of Vi  in. 

This overpack provides the 3,000 psi prcssurc boundary mandated in the SARP, for encapsulating 
the dispersible material and fuel scrap canisters. 
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W 

ENGINEERING SAFETY EVALUATION 

w* 

Page 2 o f 2  Subject: SERF Canister OverDack Pressure Evaluation 
Date 09/10/97 Preparer: S. S. Shiraqg #, 

Checker: P. C. Ferrell @e& Date  0 9 / 1 1  /97 
Sect ion Chief: S. S. Shiraaa 1% Date 0 9 / 1 1 / 9 7  

4.0 EVALUATION 
SERF Canister Overpack Pressure Caoscitv Determination 

Evaluate Canister Overpack for internal pressure to ASMP, Section Ill, Appendix, A!ticle A:2000, 
A-5000, and A-6000. Idealize as a cylindrical vessel with flat ends. 

Maximum iiiternal pressure: p int  '=3OOOpsi Length ofcanister: I,,, :=37.in 

Outsidediameter: d : 11.375in Wall thickness: t W :  ;0.109in 

6 7 - 1  9 
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w*> 

Subject:  SERF Canister Overoack  Pressure Evaluation P a g e  o f a  
Preparer:-S. S .  Shiraaa  & Date  09/10/97 
Checker:  P. C. Ferrell n?? D a t e  0911 1/97 
Sect ion  Chief: S. S. Shi raaa  & Date  OW1 1 /97 

Material Properties from ASME Section 11, Part D assumed at 200OF. 

Assume material equivalent fo SA-240 and evaluate to Section 111, Subsection N E  

Elastic modulus (same for lid, vessel, bottom forging and bolts): 

Mean coefficient ofthermal expnnsion(sameforal1): 

Assume Poisson's Ratio: 

Allowablestress intensity: s :J 18.Eksi 

Subsection NE allowable: s ne = 1.1,s s ne -20.7'ksi 

Gcometric parameters: 

Outside radius of shell: r '=-- 

ESst :=27.G106.psi 

asst :=S.79106.F 
in 

vSSt := 0.29 

r o  =0.69'in 'Thicknessofstepend: tied :=0.170in d 0  
2 
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Subject:  SERF Canister Overpack Pressure Evaluation Page  4 o f 2  
Da te  0 9 / 1 0 / 9 7  Preparer: S .  S. Shi raaa  

Checker:  P. C. Ferrell -p'?4 Date 0 9 / 1 1 1 9 7  
Sec t ion  Chief: S. S. Shi raaa  f l  Date  0 9 / 1 1 / 9 7  

Thickness of at center platc: I r:: O.25Oin Assumcd plug filting thickncss: t :- 0.5.in 

Assumed plug fitting thickness at step end  

lnsideradiusofshell: r i : = r o -  t,,, r i=0.58'in meanradius: r,:? 

t I = 0.2Sin 
r . i - r i  

I 

Length factor: 3 =0.61'in and I cnn =37'in Therefore can be considered a long cylinder. e 
Ratio ofoutside radius to intcrmcdiatersdius: Z : ro  

r 111 

r 0  Ratio of outside rndius to inside radius: Y .- 

Shell influence coeflicients: 
r .  

Zs-1.09 

Ys=1.19 
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Page 5 o f X  
Date 09/10/97 
Date 09/11/97 
Date 09/11 /97 

Subject: SERF Canister OverDack Pressure Evaluation 
Preparer: S. S. Shiraqa . 
Checker: P. C. Ferrell 
Sect ion Chief: S. S. Shiraqa 

I,id flat plate geometric constam: 

Form factor: f ' -  led f l  =0.25 Poisson'sratio: vssL =0.29 
.-;- 

Bottom flange geometric constants: 

Fom factor: f b  =0.36 Poisson'sralio: vSSt = O D  
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Subject:  SERF Canis te r  Overvack  Pressure  Evaluation 
Preparer: S. S. Shiraaa  /& D a t e  09/10/97 
Checker:  P. C. Ferrell PW Date  0911 1197 
Section Chief: S. S. Shiraga  Date  0 9 / 3 1  197  

P a g e  -6- o f 2  

General primary membrane stress intensity: 

Maxmum value of primary plus secondary stress intensity: 

(r gpsi . , - ! ' i t~ t '~ i+P~~ - cgpsi =17'ksi 
w 2  

(r mps = 20.6'ksi 

1 MSpm,-O.10 -@ 
.. s n e  

gpsi 
Margin of Safety primnry membrane: MS p,nl .-. - 

3,s 
Margin of Safety primary plus secondary stress intensity: 

Displacements at joint location 0 lid section due to pressure: 

MS pl :.7;22 - 1 MSpsl =2.02 =Q 

mps 

Displacement at joint location L bottom section due to pressure: 

t 
Rotational displacement: 0 ,, := . int Radial displacement: 6 b :::. i . 0  b 

At either end of shell, displacement of midsurface due to pressure: 

Radialdisplacement: 6sh :=pint , :  1 '  .[r$.(l- 2 ~ V S S t ) ~ I . r ~ ~ ( 1 i . V S S f )  I 
Rotational displacement: Gsh '-0 
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Page 1_ ofJ.2- Subject: SERF Canister Overpack Pressure Evaluation 
Preparer: S. S. Shiraqa M,  Date  09110197 

Date  0 9 / 1  1 / 9 7  Checker: P. C. Ferrell Pf/c-  
Dale  OW1 1 / 9 7  Sect ion Chief: S. S. Shiraaa /& 

Total displacements at junction 0. 

Total displacements at junction L: 

Radial displacement: 
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Subject: SERF Canister Overuack Pressure Evaluation Page 8 ofJ.2.- 
Preparer: S. S. Shiraaa /A Date 09/10/97 __ 
Checker: P. C. Ferrell Date 09/11 /97 
Section Chief: S. S. Shiraoa // Date 09/11/97 

Rotational displaccmcnt: 

Use Mathcad solve block funetion to solve for four unknowns with four equafions (Matlwad, 1994). 

Radial s h i r  forces: Q 0 5 -468 ."' 
in 

Q L -1 15 f 
M T, = -5 'Ibf Longitudinal bending momentr: 

For other axial locations, the combined effects of lollding at  the two edges may be evalualcd by applying the 
equations to the loading at each edge, sepemtely and superimposing the rcsults. 

Principal stresses duo to bending ai location %=O in. (Discontinuity): 

M 0 = 7'lbf 

xo ' _  0411 
I 
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P a g e  9 o f 2  Subjcc t :  SERF Canis te r  Ovcroack  Prcssure  Evaluation 
D a t e  09/10/97 Preparer: S. S. Shi raqa  

Checker:  P. C. Ferrell pC+ Date  0911 1197 
Sect ion  Chief: S. S. Shiraqa & Date  OW1 1197 

Tangential: 

Longitudinal: 

Radial: 

Radial Shear: ... IQXOll 
rso ' 

*W 

ulbo =3.6'ksi 

rTs0 =4.3'ksi 
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Subject:  SERF Canis te r  O v e m a c k  P r e s s u r e  Evaluation P a g e  - 
Preparer: S. S. Shi raqa  D a t e 3  
Checker:  P. C. Ferrell fw Date3 
Sect ion  Chief: S. S. Shi raaa  / ? !  D a t e 3  

0 0f-g- 
10/97 
11/97 
'1 1 /97 

Since at discontinuity these are sccondary stresses, maximum secondary strcss intcnsily: 

s o l  =olbo .. otbo s o l  =29.3'ksi 

Maximum total stress intensity at joint: 
si :=amps .I- s ol + T rso si = 5 W k s i  

0.6s 
Margin of Safety shear stress: MS ssl :':---..e .- 1 MS ssl =1.89 "6, 

' rso 

Margin of Safety primary plus secondary stress intensity: 

Principal stresses due tu bonding a t  locstion 5'1, (Discontinuily): 

Location: X I  =Win 

MS ps2 :=-:E - 1 MSps2=0.15 "63 
0 
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Subject: SERF Canis te r  OverRaak Prcssure Evaluation P a g e  11 of& 
Date 0 9 1 1 0 / 9 7  Preparer: S. S. Shi raqa  

Checker:  P. C. Ferrell &+ D a t e  0911 1 / 9 7  
Section ChieT: S. S. Shi raqa  /& Date  0911 1 / 9 7  

Tangential: 

Longitudinal: 

Radial: 

(r =-2.7'ksi 

Radial Shear: * rsL ' =  IQx' rBL=l . l 'ks i  

Since at discontinuity these arc secandary stresses, maximum secondary stress intensity: 

t W  

s I . .2 u cbL - u tbL s = P'ksi 

Maximum total stress intensity at bottom end joint: 

s i l : : u m p s t - s L + r r s L  si I =30'ksi 

0 6 s  nc 

rjl. 
Margin of Safety shear stress: MS ss2 =-;--- - 1 MSsSL=10.76 -ZJ 

Margin of Safety primary plus secondary stress intensity: MS ps3 3's ne - 1 MSps3 ~ 1 . 0 4  % 
si 1 
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Subjec t :  SERF Canis te r  O v e m a c k  Pressure Evaluation P a g e  12 o f 1 2  
Preparer: S. S. Shi raqa  & Date 09/10/97 

D a t e  O W 1  1 /97 Checker:  P. C. Ferrell 
Sec t ion  Chief: S. S. Shi raqa  ,/@ Date  OW1 1 /97 

Determine loading at edge of end dosure by methods outlined in Article A-5000, Appeiidices. 

Location: x t  = !! Form factor: 
f : . .  5.: 

Radial location ofhighost impact load: r t  '=0% 

P q : ' i . [ 8 - f f ( 4 -  Ff).(l-vsst)]  F4=0.88 

Radial and Tangential siress at center duo to pressure: 

Radial and Tangential sircss at center due to  radial force and moment: 

Maximum stress intensily: 

shec Larcf\afi l  sbec=16.9ksi 

Margin ofsafety on primary membranestress intensity: MS pm2 ::.:ne - 1 MS pm2=0.32 %U 
=rc 

3,s 
Margin ofsafcty on primaly plus sccondnry strcss intensity: MS ps4 :: . - n e  I MS ps4 2.67 %Y 

bcc 
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8.0 THERMAL EVALUATION 

8.1 INTRODUCTION 

The SERF Cask is an onsite, intra-area packaging for transferring Type B radioactive material 
within the 300 Area of the Hanford Site. This section of the document defines and evaluates the 
normal transport condition structural requirements for intra-area transport of this package. Thermal 
performance of the package is evaluated only for normal transport conditions; accident conditions are 
evaluated in the risk and dose consequence sections of this document. 

8.2 THERMAL EVALUATION OF PACKAGE 

8.2.1 Package Description 

The SERF 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, sealing and closure of the inner cavity are 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 integral closure value, which provides closure at the bottom end. 
A secondary, stainless steel, gasketed, blind flange plate is bolted on to provide sealing of the cask 
during transport. 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 304 or 304L stainless steel, which is welded by welders and weld 
procedures qualified to Section IX of the ASME B&PV Code (ASME 1977a) in use at the time of 
construction. Nondestructive examinations of the welds were performed in accordance with Section V 
of the ASME B&PV Code (ASME 1977b). The lead shielding meeting the requirement of ASTM 829 
(ASTM 1976) was poured into the shielding cavity after construction of the cask. 

8.3 NORMAL TRANSPORT CONDITIONS THERMAL EVALUATION 

8.3.1 Conditions To Be Evaluated 

Thermal performance of the package is assessed for Hanford Site normal transport conditions 
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 (1 15 "F [Fadeff 19921) with decay heat sources with and 
without solar insolation. As a worst case the thermal performance of the package is evaluated with 
two cesium chloride capsules producing a total heat load of 377 W. 

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 (1 15 "F) and in the shade is not to exceed 85 "C (1 85 O F ) .  This is based 
on this package being transported as an exclusive-use shipment. Also the maximum temperature of 
the cesium chloride capsules, which are assumed as the worst case thermal payload, must be 
maintained below 800 "C (1472 O F ) .  
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8.3.3 Thermal Evaluation and Conclusions 

For this evaluation the worst-case decay heat source is assumed to generate a total heat load 
of 377 W. This heat load is based on two cesium chloride capsules loaded in the boat in the package. 
Since the capsules are loaded in the boat, the capsules can be assumed to be radially centered in the 
cask. For conservatism no consideration is given the heat conduction capability of the boat. Within 
this evaluation the maximum temperature of the payload is also determined. 

Results of this evaluation show the cask component temperatures under solar insolation are 
bounded by the temperature of 73 "C (163 "F) for the structural evaluation. The results also show the 
cask meets the exterior surface temperature requirement for normal transport conditions of 85 "C 
(185 "F) in the shade for exclusive-use shipments. The results of the evaluation show the maximum 
temperature of the cesium chloride capsules under normal transport conditions do not exceed the 
800 "C (1472 "F) requirements of the capsule. Also as configured in the cask, the high heat load of 
the cask does not melt the lead shielding under normal transport conditions. This is demonstrated by 
the comparison of the maximum internal cask component temperature of 73°C (163 "F) with the 
327 "C (621 "F) melting point of lead. 

8.4 REFERENCES 

ASME, 1995a, Boiler and Pressure Vessel Code, Section IX, American Society of Mechanical 
Engineers, New York, New York. 

ASME, 1995b. Boiler and Pressure Vessel Code, Section V, American Society of Mechanical Engineers, 
New York, New York. 

ASTM, 1976, Annual Book of ASTM Standard, American Society of Testing, Philadelphia, 
Pennsylvania. 

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 APPENDICES 

8.5.1 Thermal Evaluation 

ENGINEERING SAFETY EVALUATION 

Subject: Page- of -11. 
Date. 09/08/97 Preparer 

Checker Date 09/10/97 
Section Date 09/10/97 

1 .O OBJECTIVE 

The objective of this evaluation is t o  determine the cask component temperature 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 ISEPI. A secondary objective of this 
evaluation is estimate the maximum surface temperature of the payload. 

2.0 REFERENCES 

1rrv.n. J. J , 1995. WHC-SD-TP-RPT-005, Rev. 1, Thermal AnJiysis Methods for Safety 
Analysis Reports for Parkagarg. Westinghouse Haniord Company. Richland. Wash. 

GRNL, 1970. Cgsk Dcsigncr’s Guide, ORNL-NISC.68, Oak Rtdgc National Laboratory. Oak 
Ridge. Tennessee. 

Jakob. M.. Hawkins, G. A.. 1957, Elements ofHeor Transfer. John Wilcy & Sons. Inc., New 
York, Ncw York. 

MothCad Plus 5, 1994, User‘s Guide. Math Soft inc., Cambridge, Massachusetts. 

3.0 ASSUMPTIONS, RESULTS, AND CONCLUSIONS 

The basic assumption for this evaluation is that the cask is loadcd with two CsCi capsules for 
a worst case total heat load of 377 watts. The ambient outside tcmperaturc is 115 “F, which 
is the maximum Hanford Site ternperatule. For worst case heat loading, it is assumed the 
capsules are mounted in the handling boat and iocaled approximalely in the geometric radial 
center of the cask and spaced apart in the cask, with no dunnage. 

Results 01 1111s evaluation show the exterior tcmperaturo of tile cask in the shade IS 133 “F. 
Wurst caw m w n a l  tcmperature uf tile cask with full solar insolat.on is 163 OF. The esltmatod 
rnoxirnum rcnip~rati ire 01 the payload is 879 OF. based on the worst case intornal l cm~era tu~o.  

Based on the results of this evalJatton, 11 is dcmonstrnred tnnr the cask WI I mcot fhe NTC 
e~ter lor  temperalure (equirernsnts of 186 “F in tile shade for exclusive use shipments. Also 
tlie worst internal cahk component temperatures are well below the nielting point of .ead 
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ww 

Subject: SERF Cask NTC Thermal Evaluation 
Preparer: S. S. Shiraaa L&& 
Checker: P. C. Ferrell pw 
Section Chief: S .  S. Shiraaa A& 

P a g e 2  of 11 
Date 09/08/97 
Date 09/10/97 
Date 09/10/97 

which is  approximately 621 OF. The conservatively estimated maximum temperature of the 
payload is below the capsule test temperature of 1472 OF, as specificd for the capsule special 
form tests. Consequently, it is demonstrated that the lead within the cask will not melt and 
that the capsule will maintain its special form parameters. 
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Subjec t :  SERF C a s k  NTC Thermal Evaluation Page& of 2 
_I_ Date  09/08/97 

Date 09/10197 
Preparer: S. S. Shiraqa  A&? 
Checker:  P. C. Ferrell ,?.. 
Sect ion  Chief: S. S. Shiraoa  # D a t e  09/10/97 

4.0 EVALUATION 

NormnI Trnnsnort  Conditions (NTC) Thermal Evaluntion: 

Determine temperature of outer shell with and without solmr insolation: 

Evaluate as steady state heat transfer for a horizontal cylinder with flat plate ends (Irwin, 1995): 

Freeconvection caefftcient for a horizontal cylinder: klrc =0.27BTc 
hr.$ 

Free convection coefftcient for a vertical plate: 

Surface A 

Surface A b  

Length of cylinder: I :=  133.5Gin Diameter of plate: d .= 2G.ia 

Surface area of cylinder: A :-n.I ,.d Surface arc8 of platc: A b .-T.d 
4 c  
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Subject: SERF Cask  NTC Thermal Evaluation 
Preparer: S. S. Shiraaa  Date 0 9 / 0 8 / 9 7  
Checker:  P. C. Ferrell pC& Date  0 9 / 1 0 / 9 7  
Sec t ion  Chief: S. S. Shi raaa  /@ Date  0 9 / 1 0 / 9 7  

P a g e L  of 11 

Convection coefficients: 

Radient heating cbnstant: 

Stefan-Bolmian's oatural constant: a s h  := O.l714lO~*~--"U-- 
hr.fi2.R4 

Emissivity ofstainless stecl (Irwin 1995, page 23): E :-O.G 

Radiation coefficients K 1 ."asb'E ,.A K : z  a sb% ,.2.A 

Solar heat loading (Irwin, 1995), hourly average loading based on a 12 hr period 

Non-vertical surfaces, flat surfaces: Q , 

Internal heal load: q int :: 377walt q int = I Z S S E 2  -s 
hr 

Assumed solar absorptivity (Irwin, 1995, page A-25 ): a sol 0.52 
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Subject :  SERF Cask NTC Thermal Evaluation 
Preparer: S. S. Shiraaa A/, D a t e  09/08/97 
Checker: P. C. Fsrrell 6? '? Date  09/10/97 
Sect ion Chief: S. S. Shirsaa A%' Date  09/10/97 

P a g e A  of 3 

Outside ambient temperahre is 115 "I: and in Rankine: 

Using conservation of energy: 

T o  (1 I Si- 457.n.R 

q in - q out=O 

'Then by substitution: q - q nd -- q con=O 01 

Solve for Tfl  which is the temperature at the surface, using MatlCad roots ofequation solution: 

I I 

T f l  =root I '  q t o t -  K I . ( T ; - T d )  Kz.(T: T a )  hd , . (Tf  To)' h d 2 . ( T f - T o ) 4 3 T f  

External surface ternperaturc in sun: T ,-I =619'R 

Tcmpcrature in Shade: 

Total shaded heat load: 

Solve for Towhich is the temperature a1 the surface, using MatlCad roob o f  equation solution: 

q stat : : q int 

External surface temperature in shade: T fz = 592'R 

Ta- 459.71 
Tempera1urein"F T m : : I - -  Tm-133 ';Fy 
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ENGINEERING SAFETY EVALUATION 63 
u w  

Subject. SERF C a s k  NTC Thermal Evaluation P a g e L  of -11. 
Preparer: S. S. Shi raaa  ,hi&! D a t e  09/08/97 
Checker:  P. C. Ferrell D a t e  O W 1  OB7 - 
Sect ion  Chief: S. S. Shi raaa  1%' Date  09/10/97 

With this simplified model determine temperature o f  inner shell with solur insolation: 

Assume as one-dimensional heat iransfer and internal heat source is against inside shell wall, wiih no 3ap. 

Thernial conduction propertics o f  materials: 

Conductivity (Irwin, 1995): 

Lead at212OV: kpb ':0.000447>? 304Lstainlesssteelat20OoF kSst : ~ 0 . 0 0 0 2 1 5 B T ~ ~ ~  
seem s e e m  

Inner shell insidemdius: 

Inner shell outsideradius: r 2  :=?> 
Outer shell insidendius: r3  :=%,in-. 0.575in 

r 4  :: z:3 Outer shell outside mdius: 

Outer shell temperahrrc, for full solar insolation: 
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Subject :  SERF Cask  NTC Thermal Evaluation Page-?.,- of 11 
Preparer: S. S. Shiraaa ,H, Date  0 9 / 0 8 / 9 7  

Date 0911 0197 Checker: P. C. Ferrell P M  
Date 09110197 Sect ion Chicf: S. S. Shirasa /M 

Solvc hcnt transfcr equation for inner temperature: 

.Inside temperature of inner shell (OF): T 1 = 163 %I 

Dctcrminc maximum tcmpcraturc of payload: 

Assume capsule is in center of package, since in boat. 
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Subject:  SERF C a s k  NTC Thermal.Evaluation 
Preparer: S. S. Shiraaa  m. Date 09/08/97 
Checker:  P. C. Ferrell &?& D a t e  09/70/97 
Sect ion  C h i e f : a S h i r a a a  &- Date  09/10/97 

P a g e X  of 11 

Cesium capsule dimensions: 

Diameter of capsule: D cap F 2.62Sin Radius: 

External lcngth of capsule: I cap : 20.77Sin 

Inner shcll inside radius of cask: r 2  ;=z@-k 

Outershell inside radius ofcask  r,:;2G.in-- 0.67Sin 

Stefan-Bolt7.mann'sconstant inBritishTechnicalUnill (Jakob 1957, page2S): 

Inner shell outsidcradius ofcask  r 3  :- 
2 

Outershell outsidcradiusofcask: 14 ::26.? 
2 2 

- 8, UTU 

hr.112 
abu :-0.171410 

Assume average air temperature in cask is 500 OF,  (Irwin 1995, page B-17): 

Density of air: p a i r ' =  0.04121b. Tharmal conductivily ofair: kair 0.0231_"Tu 
1K.R 

Dynamicviscosity ofair: pair:: l .XP105.2b-- PrantelNumber: Pr :=0.683 

IsobaricComprcssibility: D e i r . =  1.04103 

Giip distance be tmen outside of capsule and inside ofcask 

ft3 

A.sec 

6 ::: r 2- r 6 = 2.5'ill 

Assuming capsules are wldcly scperatcd and a cnpsulc only radiates to half 
tlie cask, inside radiated area of cask 

A, -(2.n.rzlc) A c = 3 2 0 1 . S d  
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Subjec t :  SERF Cask  NTC Thermal Evaluation 
Preparer: S. S. Shi raaa  ,d@ Date  0 9 / 0 8 / 9 7  
Checker:  P. C. Ferrell -‘p@?- Date  0 9 / 1 0 / 9 7  
Sec t ion  Chief: S. S. Shi raaa  D a t e  0 9 / 1 0 1 9 7  

P a g e 9  of 

Rrad= __-_____ L---- \ ‘  2 
Radiative resistance equation across gap: 

d, 1p s.abu.<T Ig+ Tzg,v\T lg >. T2,”).A 

Convective resistance across gap, assuming still air: 

Gap convection constant based on dimensionless numbers defined in (Irwin 1995, page 27): 

Determine effective conductivity across gap, assuming Rayleigh number of cylinder less than 10 7: 

Temperature at insidc of cylindcr in Oi? 

Equation for Rayleigh number ofcylinder: 

T zs - T 

Racylfconst 1’(T l g -  T zg) * 

I 
I 

Effective thermal conductivity: k ,ff=0.386 (. -2:---)‘.1 wnst 1. (T l g  - T 2g).p-k air 
.O.SGl-. Pr 

Convective resishnce across gap: 
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Page& of 11 Subjec t :  SERF Cask NTC Thermal Evaluation 
D a t e  09/08/97 Preparer: S. S. S h i r a s a  L&@ 

Checker:  P. C. Ferrell P W  Date  OW1 0197 
Sect ion  Chief: S. S. Shi raqa  /M D a t e  09/10/97 

The amount of heat from the capsules are given up to the cask by con\v?ctioii and radiation: 

Temperature ai surface of capsulc in OF: T = G27 
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ENGINEERING SAFETY EVALUATION 

ww 

P8ge-J.j- of 2 Subject: SERF Cask NTC Thermal Eva!u&on 
Date 0 9 / 0 8 / 9 7  Preparer: S. S. Shiraqa ,%.A 
Date 0 9 / 1 0 / 9 7  Checker: P. C. Ferrell /’@k 

Sect ion Chief: S. S. Shiraqa ,& Date 09/10/97 

Temperature at surfam ofcapsule in “C: 

Mnximum temperature of payload (Irwin 1995, p a p  30): 

T I gc = 330 

Maximum temperature of‘ payload in*F: 

Maximum temperature of payload in°C 

Tn,,,=879 

T max)(c= 470 
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8.5.2 Thermal Output 

User Input Flle: serf.in Date/Time of execution: 09/04/97 11:00:17.81 

Summary of Nuclide Information For the Source Term 

Specific Heat Prod Heat Gener Sum of f(I) 
Activity Activity Activity Quantity Factor Rate A2 Fraction -------- 

w/c1 w %Cont Ci A2 A2111 Nuclide Bq Ci Ci/g g 

SR90 3.70E113 1.00Et03 1.40E102 7.14Ei00 1.16E-03 1.16E+00 4.58E-01 2.70Et00 3.70Et02 2.24E-02 

tY 90 3.708+13 1.00E+03 5.40Et05 1.85E-03 5.541-03 5.54Et00 2.19Et00 0.00EtO0 0.00Et00 O.OOEtO0 

C060 5.558114 1.50E+04 1.10Et03 1.36Et01 1.548-02 2.31Et02 9.13Et01 1.08E+01 1.39Et03 8.428-02 

***PIT239 1.85Ei13 5.00Ei02 6.20E-02 8.06Et03 3.068-02 1.53E+01 6.05Ei00 5.41E-03 9.248+04 5.60EiOO 

.._______ ..._____ ..._____ ....____ _..._.__ ___.._.__ ___...____ ____..._ ______... ._______ ..._____ 

___._.___ ___._.___ _______. _._____. 
Total = 6.48E+14 1.15Et04 Tot Heat Rate = 2.53Et02 W Sum Of A2 - 9.42Ei04 
Total = 6.11E+14 1.65E+04 lexcluding daughters 6 nuclides with A2=01 Sum of f(I)/AZ(I) = 5.71EtO0 

A2 for Mixture Of Normal Form [l/sumlf~Il/A2lIlll = 1.75E-01 
The mixture contains 
Normal Form : Highway Route Controlled Quantity since A2 - 9.42Et04 whlch exceeds 3000 f A2 for normal form 

9.42Et04 A Z d g  using a source term weight of 1.00Et00 g 

+ This radionuclide is a daughter as defined in 49 CFR 173.433, therefore, its activity was set to 0 for 
a l l  A1/A2 calculations 

* Fissile radionuclrde as deflned in 49 CFR 173.403a 
Total Fissile = 8.06Et03 - This exceeds the 15 g criteria for fissile excepted in 49 CFR 173.453a. 

Note that Other criteria in 49 CFR 173.453 may oualifv this S O U Z C ~  term as 
fissile excepted 

** Total TRU Activity = 5.OOEtll nC2 
TRU Activity Concentration = 5.00Eill nCi/g > 100 nCi/g using a Source term welght of 1.00Ei00 g 
Requires 5.00Et09 grams of waste matria to be < 100 nCi/g 
[Note: TRU defined in EP-0063 as waste contaminated alpha emitters with Z > 92 and T-1/2 > 20 years and 

concentrations > 100 nCi/g of waste matrix at the time of assay. 
radium murces a0d.U-233 in concentrations > 100 nCi/g are managed as TRU waste.] 

*** Indicates a fissile and TRU radionuclide 

In addition to TRU radionuclides, 
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User Input File: csc1.in Date/Time of execution: 09/04/97 10:39:30.72 

Summary of Nuclide Information For the Source Term 

Specific Heat Prod Heat Gener sum of flI) 
Activity Activity Activity Quantity Factor Rate A2 Fraction -------- 

Nuclide Bq Ci ci/g 9 W/ci W %Cont Ci A2 A2111 

CS137 2.968+15 8.00Et04 8.10EIOl 9.20Et02 1.018-03 8.08Et01 2.148+01 1.35Et01 5.938103 7.41E-02 

+BA13lM 2.80Et15 7.578+04 0.0OEt00 O.OOE+OO 3.928-03 2.91Ei02 1.86Et01 0.0OEt00 0.00Et00 0.00Et00 

.._______ ..______ ._______ _______. ._______ .______.. ._____.... _____... ._"______ __-_____ ___-____ 

..______. ._______. _____..._ ______.. ._____.. 
Total p 5.768115 1.568105 Tot Heat Rate ~ 3.71Et02 W Sum of A2 - 5.93Et03 
Total = 2.96Ei15 8.00Et04 lexcluding daughters 6 nuclides with A2-01 Sum Of f(I)/A2lI) - 1.418-02 

A2 for Mixture Of Normal Form ll/sumlflI)/A2ll)ll = 1.35Et01 
The mixture contains 
Highway Route Controlled Quantity since Activity = 
normal or special form 
Normal Form : Highway Route Controlled Quantity since A2 E 5.93EtO3 which exceeds 3000 f A2 for normal form 

5.93Et03 A2dg using a source term weight of 1.00Et00 g 
1.56Et05 ci which exceeds 21000 Ci for 

f This radionuclide is a daushter as defined ~n 49 CFR 113.433, therefore, Its activity was set t o  0 foc 
a l l  A1/A2 calculations 
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9.0 PRESSURE AND GAS GENERATION EVALUATION 

Only dry contents are authorized for shipment in the SERF Cask: therefore, there are no 
pressure and gas generation concerns. If fuel pins are not intact, any gas present will be released 
during handling. No additional gas will be generated. 
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10.0 PACKAGE TIEDOWN SYSTEM EVALUATION 

10.1 SYSTEM DESIGN 

The SERF Cask is assumed to 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. The package is to be 
secured in accordance with DOT regulations (49 CFR 393.100). The cask is to be secured to the trailei 
by eight chains or cable which are attached to the cask lift points at one end and affixed to the trailer 
at the other. For adequate securement of this package, the tiedowns must be configured as shown in 
Figure B10-1 of this section and the tiedowns have an aggregate working capacity of greater than Yz 
the weight of the cask. 

Figure B10-1. SERF Cask Tiedown Configuration. 

Trai ler T ra i l e r  

. . 

’: 

10.2 AlTACHMENTS AND RATINGS 

Lifting holes on the cask support plates welded to the cask are to be used for securement 
points. Each tiedown and trailer attachment must have a minimum working capacity of 3,175 kg 
(7,000 Ib). 

10.3 REFERENCE 

49 CFR 393.1 00, 1997, “Protection Against Shifting or Falling Cargo,” Code of Federal Regulations, as 
amended. 
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10.4 APPENDIX: TIEDOWN EVALUATION 

@I 
,-- 

ENGINEERING SAFEIY EVALUATION 

1.0 OBJECTIVE 

r h c  objective of this evalu~f ion is to dmormine tho CBpaCity and configuration of the tiodown 
S y m m  for tho 327 SERF Cask$. Tho tiedowns 8‘8 Specified to the requirDmslltS Of 49 CFR 
393.100. 

2.0 REFERENCES 

49 CI:R393.10D,1995, ‘Trotection Again* lblling Cargo:’Subpartl. Code ofF~dcrdR8Sdatiom. 9s 
nmantimJ. 

3.0 ASSUMPTIONS, RESULTS, AND CONCLUSIONS 

As defined 10 this dessmem. Shipment of the 327 SERF Cask Witilin tho 300 Area is  
authorized under B rssk bomd ssscssment. Consequenfly, the tiedown SYItCm must be a” 
nngrrrecrcd system 10 ensure that the package remains on lhe conveyance during ail normal 
“on-accident conditions. The system is Sectl ied basod on the requirements 01 49 CFR 
393.100. No chocking is nsr;umod 

Ar shown in the Cvaiustion, the cask is eosumed to bo centered 011 n ~fandard flat bod trailor. 
The cask is tied down at the Cask l i f t  brWkef% The system COnsistF of eight 1idLWnS. With a 
set of two t10dow.11~ at each of tho b u r  cask lift points. Each tiedown is to be independently 
atmched t o  tho lift ~ o i m  and drown tight. The minimum specified working Strength of the 
tiedowns and sltnchmmtS is 7,000 ib. Each tiedown shall hove a minimum honzmttal 
distance from the C ~ E X  ilttschrnenl fo tha altachmonf to the tr311M Of 24 in. 

B10-2 



HNF-SD-TP-SEP-058 Rev. 0 

61 0-3 



HNF-SD-TP-SEP-058 Rev. 0 

ENGINEERING SAFETY EVALUATION 8 

810-4 



To From 

D i s t r i b u t i o n  Packaging Engineering 
Project Title/Work Order 

Safety Evaluat ion f o r  Packaging (Onsi te)  SERF Cask 
IHNF-SD-TP-SEP-058. Rev. 0) 

Text Text Only Attach./ EDT/ECN 
With All I MS'N 1 At tach. I 1 A p ~ ~ ~ i x  I Only 

Page 1 of 1 , 

Date -Sept. 29, 1997 
EDT No. 621095 
ECN No. N/A 

D .  W .  Claussen 
R .  L. Clawson 
J .  G .  F ie ld  
C .  R. Hoover 
S .  B. Johnston 

s7-55 X 
H1-14 X 
H1-15 X 
H1-15 X 
L1-03 X 

HNF-SD-TP-SEP-058 F i l e  H1-15 X 
P97-046 \ H1-15 X 
Central Files B1-07 X 

A-6000-135 .(01/93) WEF067 


	3.3 DOSE CONSEQUENCE ANALYSIS RESULTS
	3.4 PACKAGE FAILURE THRESHOLD ANALYSIS
	3.5 ACCIDENT RELEASE FREQUENCY ASSESSMENT
	3.5.1 Approach

	3.7 REFERENCES
	4.5 CONTAINMENT EVALUATION AND CONCLUSIONS
	4.5.1 Normal Transport Conditions
	4.5.2 Accident Conditions

	4.6 SUMMARY OF DOSE CONSEQUENCE RESULTS
	4.6.1 Introduction and Overview
	4.6.2 Dose Consequence Analysis Methodology
	External Dose Due to Photon (Gamma) Exposure
	External Dose Due to 13-Particle Emitters
	4.6.8 Submersion Dose Due to Gaseous Vapor
	4.6.9 Special Considerations
	4.6.1 0 Total Dose

	4.8.1 ISO-PC Input File
	4.8.2 GXQ Input File
	4.8.3 GENll Input File
	4.8.5 HEDOP Review Checklist
	5.2.1 Gamma Source
	5.2.2 Beta Source
	5.2.3 Neutron Source

	5.3 SUMMARY OF SHIELDING PROPERTIES OF MATERIALS
	5.4 NORMAL TRANSPORT CONDITIONS
	5.4.1 Conditions To Be Evaluated
	5.4.2 Acceptance Criteria
	5.4.5 Shielding Calculations

	5.5 ACCIDENT CONDITIONS
	5.5.3 Shielding Model
	5.5.4 Shielding Calculations

	5.6 CONCLUSIONS
	5.7 REFERENCES
	5.8 APPENDICES
	5.8.1 ISO-PC Input Files
	5.8.2 ORIGEN input File
	5.8.3 Neutron Dose Calculations

	7.0 STRUCTURALEVALUATION
	7.1 INTRODUCTION
	7.2 STRUCTURAL EVALUATION OF PACKAGE
	7.2.1 Package Structural Description
	7.2.2 Chemical and Galvanic Reactions
	7.2.3 Sizes of Package and Cavity
	7.2.6 Positive
	Devices


	7.3 NORMAL TRANSPORT CONDITIONS
	7.3.1 Conditions to be Evaluated ;
	7.3.2 Acceptance Criteria
	7.3.3 Hot and Col
	7.3.4 Reduced an essure
	7.3.5 Vibration
	7.3.9 Penetration


	8.2 THERMAL EVALUATION OF PACKAGE
	8.2.1 Package Description
	8.5 APPENDICES
	8.5.1 Thermal Evaluation


	10.0 PACKAGE TIEDOWN SYSTEM EVALUATION
	10.1 SYSTEM DESIGN
	10.2 ATTACHMENTSANDRATINGS
	10.3 REFERENCE
	10.4 APPENDIX: TIEDOWN EVALUATION

	B3.1 Flow Chart for Hanford Site Large Package Truck Accidents
	87.1 SERF Canister Overpack
	810.1 SERF Cask Tiedown Configuration

	B2.4 Criticality Limits in the SERF Cask for Dry (H:sX5) Conditions
	82.5 Fuel Pin Limits for the SERF Cask

	B3.1 Risk Acceptance Criteria Limits
	83.2 Summary of Doses
	the Total Dose
	84.4 Accident Airborne Release Quantities Ci

	B4.5 Inhalation and Submersion Dose (rem)
	85.2 Neutron Source Term for 1759 of 239Pu
	85.3 Source Parameters
	85.4 Shielding Parameters

	B5.6 Maximum Gamma Dose Rates Around the SERF Cask for Cesium Capsule
	II
	II
	II
	II
	II
	II
	II
	II
	/I
	II
	/I
	II
	II
	II


