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ABSTRACT 

This document (Volume II) is a companion document to a preliminary design 
specification for the design of canisters to be used during the handling, storage, 
transportation, and repository disposal of Department of Energy (DOE) spent nu- 
clear fuel (SNF). This document contains no procurement information, such as the 
number of canisters to be fabricated, explicit timeframes for deliverables, etc. 
However, this rationale document does provide background information and de- 
sign philosophy in order to help engineers better understand the established design 
criteria (contained in Volume I respectively) necessary to correctly design and fab- 
ricate these DOE SNF canisters. 
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ACRONYMS, ABBREVIATIONS, AND DEFINITIONS 

ANS American Nuclear Society 

ANSI American National Standards Institute 

ASME American Society of Mechanical Engineers 

B&PV Boiler and Pressure Vessel 

Can a smaller structure surrounding SNF or other highly radioactive components that can be 
placed into a canister 

canister a large structure (approximately 18 to 24-inch diameter) surrounding SNF or other highly 
radioactive components (bare or in cans) that facilitates handling, storage, transportation, 
and/or disposal and can be placed into a disposal container or cask 

cask a structure used for the transportation or storage of SNF and/or HLW comprised of 
components intended to provide radiation shielding and retention of spent nuclear fuel 
and radioactive material contents during storage or transportation that meets all 
applicable regulatory requirements 

CFR Code of Federal Regulations 

confinement retention of a material within an area from which releases or leakage are permitted but 
controlled, and leakage of other substances into the area may also occur 

containment the complete and absolute retention of any substance within a closed area and no other 
substance may gain access inside the closed area 

CRWMS Civilian Radioactive Waste Management System 

damaged SNF SNF with cladding defects greater than hairline cracks or pinhole leaks (per Draft 
NUREG-1617) 

DIS Disposability Interface Specification (CRWMS Document 
B00000000-0171746W0108, Rev 00) (Draft) 

disposal 
container 

the container in which the DOE SNF canisters are to be placed at the geologic repository 
for disposal, prior to acceptance of the final barrier weld, at which time the disposal 
container becomes a waste package 

DOE Department of Energy 

DOT Department of Transportation 

EM Office of Environmental Management (DOE) 

failed SNF SNF with hairline cracks or pinhole leaks in the cladding (as defined for this document 
only) 



FRR 

HEPA 

HEU 

HLW 

ICD 

intact SNF 

INEEL 

internals 

ISFSI 

LMITCO 

MGDS 

MNIP 

MNOP 

MRS 

NRC 

NSNFP 

NWPA 

NWPAA 

OCRWM 

OD 

package 

packaging 

foreign research reactors 

high efficiency particulate air 

highly enriched uranium 

high-level radioactive waste means (1) the highly radioactive material resulting from the 
reprocessing of spent nuclear fuel and (2) other highly radioactive material that the NRC 
determines by rule requires permanent isolation 

Interface Control Document (CRWMS Document A000000000-01717-8107, Rev 
00) (Draft) 

SNF with no hairline cracks or pinhole leaks in the cladding (as defined for this document 
only) 

Idaho National Engineering and Environmental Laboratory 

items (baskets, spacers, sleeves, dividers, cans, etc.) placed inside the DOE SNF canister 
along with the SNF for supporting and positioning the SNF and to also prevent criticality 

independent spent fuel storage installation 

Lockheed Martin Idaho Technologies Company 

Mined Geologic Disposal System 

Maximum Normal In-plant Handling Pressure (Section 111, Division 3 definition) 

Maximum Normal Operating Pressure (Section III, Division 3 definition) 

monitored retrieval storage 

Nuclear Regulatory Commission 

National Spent Nuclear Fuel Program 

Nuclear Waste Policy Act of 1982 

Nuclear Waste Policy Amendments Act of 1987 

Office of Civilian Radioactive Waste Management (DOE) 

outer diameter 

the packaging together with its radioactive contents as presented for transport 

assembly of components necessary to ensure compliance with the requirements of 10 
CFR Part 71 

pounds per square inch gage pressure 

X 



QA 

Q M M  

repository 

RT 

SNF 

SRS 

SST 

SHIC 

storage 
industry 
canister 

U.S. 

USNRC 

UT 

quality assurance 

quality assurance program manager 

synonymous with geologic repository, a system that is intended to be used for the 
disposal of radioactive wastes in excavated geologic media 

radiographic test 

spent nuclear fuel is fuel that has been withdrawn from a nuclear reactor following 
irradiation, the constituent elements of which have not been separated by reprocessing 

Savannah River Site 

stainless steel 

standard high integrity can 

large outer container (approximately 5 or 6 feet in diameter) used in storage of SNF 

United States 

United States Nuclear Regulatory Commission 

ultrasonic testing 

waste package the name of the disposal container after the final barrier weld is accepted (formal 
definition in 10 CFR Part 60.2) 
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Design Specification 

for Department of Energy 
Standardized Spent Nuclear Fuel Canisters 

Volume II - Rationale Document 
1. INTRODUCTION 

The Department of Energy’s National Spent Nuclear Fuel Program (NSNFP) is working with the 
Department’s Office of Civilian Radioactive Waste Management (OCRWM), the Idaho National 
Engineering and Environmental Laboratory (INEEL), Hanford, Oak Ridge National Laboratory, Argonne 
National Laboratory, and the Savannah River Site (SRS) to develop a set of standard canisters for 
handling, interim storage, transportation, and disposal in the national repository of Department of Energy 
(DOE) spent nuclear fuel (SNF). This resulting preliminary specification is written in two volumes. 
Volume I contains design parameters for the standardized SNF canisters. Volume TI provides background 
information and associated reasons for specifying certain design parameters for these standard canisters. 

1.1 Background 
The Nuclear Waste PoZicy Act of 1982 (NWPA) assigned DOE the responsibility for managing the 

disposal of SNF and high-level waste (HLW) of domestic origin. The OCRWM is responsible for SNF 
and HLW disposal, including the development and licensing of a geologic repository. The process and the 
schedule for this program were specified initially in the NWPA. Additionally, a Presidential 
Memorandum dated April 30, 1985, stated that there was no compelling reason to build a separate 
repository for defense HLW therefore, that waste will also be emplaced in the civilian geologic repository 
mandated by the NWPA. In the Nuclear Waste Policy Amendments Act (1987) (NWF?.), Yucca 
Mountain, Nevada, was designated for characterization as the candidate site for a geologic repository. 

The NWPA defines SNF as the fuel that has been withdrawn from a nuclear reactor following 
irradiation, the constituent elements of which have not been separated by reprocessing. As used in the 
design specification, SNF is also defined to include nonfuel components as identified in 10 CFR Part 961, 
Appendix E. In the NWPA, HLW is defined as the highly radioactive material resulting from reprocessing 
SNF, including liquid waste produced directly in reprocessing, any solid material derived from such liquid 
waste that contains fission products in sufficient concentrations, and other highly radioactive material that 
has been determined by the U.S. Nuclear Regulatory Commission (USNRC or NRC), consistent with law, 
to require permanent isolation. As used in the design specification, HLW is defined to include solidified 
HLW resulting from commercial and defense operations. Note that the 10 CFR Part 60 definition of HLW 
includes SNF. The repository will accept SNF and solidified HLW. 

In the M A ,  Congress identified that storage of SNF in monitored retrievable storage ( M R S )  facilities 
is a safe and reliable option for managing SNF. In the NWPAA, Congress authorized the Secretary of 
Energy to site, construct, and operate one M R S  facility. As stated in 10 CFR Part 72, the MRS will have 
an initial 40-year license term with the option for renewal by the NRC. The M R S ,  if it is built, will 
provide temporary storage of SNF until the SNF is shipped to the Mined Geologic Disposal System 
(MGDS) geologic repository for permanent disposal. Additionally, SNF can pass through or flow through 
the MRS to the MGDS. HLW will be shipped from the producer sites directly to the MGDS. 
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The Office of Environmental Management (EM) at DOE is responsible for the interim management 
and preparation €or disposal of the DOE SNF. The latter primarily includes SNF generated within DOE’S 
nuclear materials (including nuclear weapons materials) and research programs. EM’S Office of Spent 
Fuel Management (EM-67) establishes the methods to be employed in the treatment, handling, storage, 
and preparation for disposal of the DOE SNF, including both current inventory and expected receipts. The 
NSNFF’, operating from the INEEL, assists EM-67 in implementing these methods. The mission of the 
DOE Spent Fuel Program is to safely, reliably, and efficiently manage the DOE-owned SNF and SNF 
returned to the US. from foreign research reactors (FRR) and to prepare it for disposal. 

1.2 Objective 

The objective of this specification is to provide the requirements and necessary information to design 
the standardized canisters to be used for handling, interim storage, transportation, and disposal in the 
national repository of DOE SNF. This design specification addresses two different outer diameter (OD) 
sizes of DOE SNF standardized canisters, including two different lengths for each canister OD, resulting 
in a total of four unique canister geometries. This design specification does not consider using these DOE 
SNF canisters for either U.S. Navy or commercial SNF or HLW (either commercial or defense) materials. 
This design specification does not provide any procurement-specific information. 

Although using the same terminology, the standardized DOE SNF canister must not be confused with 
the containers used in current interim SNF storage systems for commercial spent nuclear fuels. Many 
independent spent fuel storage installation (ISFSI) or dry storage system vendors also call their SNF 
container a canister. However, the commercial nuclear industry storage canister (hereafter refemd to as 
the storage industry canister) is typically 5 to 6 feet in diameter. The DOE SNF canisters are 
approximately 1.5 to 2 feet in diameter. 

1.3 Standardized Canister Design Approach 

According to the Foreword in ANSI/ANs-57.9-1992, “...the safe storage of spent fuel assemblies is 
achieved by maintaining a minimum of two independent barriers between the fuel and the environs. The 
fuel cladding is considered the primary barrier for undamaged fuel. ...In addition, the complete 
confinement system for the stored fuel is conservatively designed to withstand damaging events ... so that 
there is an effective secondary barrier(s) to the release of radioactive materials under all credible 
conditions.” The storage industry canister is intended to provide the secondary barrier for the Commercial 
SNF. The DOE SNF canisters are intended to provide the primary barrier (cladding replacement) for 
damaged DOE SNF during interim storage and transportation to the repository. Intact, failed, and 
damaged DOE SNF can be placed directly into the standardized DOE SNF canisters. 

Although details regarding SNF loading, interim storage, and transportation are not yet finalized, the 
NSNFP is establishing a design for the DOE SNF canisters. The approach taken by the NSNFF is to 
specify a designa for the DOE SNF canister. This design must be robust. Robust is defined herein to mean 
a design that has significant safety margins for the known loads and safety margins for the loads that have 
been estimated. 

a. The mention of any specific products and/or manufacturers in this document implies neither endorsement or 
preference, nor disapproval by the U. S. Government, any of its agencies, or LMITCO, of the use of a specXic product 
for any purpose. 
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Table 1.1. Design requirements matrix for DOE SNF canisters. 
Requirement Subject Rationale Document 

Section 
Code of Federal Regulations 

10 CFR Part 60.13 1 (h) Criticality control 4.11 
10 CFR Part 60.135 (a) (1) In situ chemical, physical, and nuclear properties do not compromise function of waste 4.7.2 

10 CFR Part 60.135 (a) (2) 
10 CFR Part 60.135 (b) (1) 

10 CFR Part 60.135 (c) (1) 
10 CFR Part 71.63 (b) 
10 CFR Part 72.122 (h) (1) & (5) 
10 CFR Part 72.122 (I) 
10 CFR Part 72.124 
10 CFR Part 72.128 (a) (3) 

DOE OCRWM Documents 
Disposability Interface Specifica- 
tion - February 1998 (Draft) 
Disposability Standard 2.1.20 

Disposability Standard 2.1.21 
Disposability Standard 2.1.26 
Disposability Standard 2.1.27 
Disposability Standard 2.1.28 

Disposability Standard 2.2.20.3 

package I 
Design considerations for waste package and content interactions I 4.7.2 
Waste package and its components shall not contain explosive, pyrophoric, or chemi- 
cally reactive materials 

4.8 

4.9 
4.2 & 4.5 
4.2 & 4.5 

DOE SNF shall be in solid form and placed in sealed containers 
Double containment of certain SNF 
Confinement of SNF 
Retrievability from storage 4.1.2 
Criticality control 4.11 
Confinement during storage 4.2 & 4.5 

Canister shell and lid materials shall be low-carbon austenitic stainless steel or stabi- 
lized austenitic stainless steel 

4.7.2 

4.9 
4.15.2 
4.15.1 

4.3 

Canisters shall be vacuum dried, backfilled with an inert gas (e.g., helium) and sealed 
Canisters shall have a unique alphanumeric identifier 
Canisters not seal-welded shall have a tamper-indicating device 

be lifted and moved, (2) continue to meet the dimensional envelope required for dis- 
posal (loading into the disposal container), and (3) maintain a seal 
Canisters shall have the capability to stand upright without support on a flat surface 
and be capable of being placed, without forcing, into a right-circular cylindrical cavity 
of the Drouer dimension 

Damage or deformation to canisters shall be limited such that the canisters can (1) still 

4.7.1 



Table 1 .l. Design requirements matrix for DOE SNF canisters. (Continued) 

P 

I 

Disposability Standard 2.2.21.3 

Disposability Standard 2.2.22.2 
Disposability Standard 2.3.22 
Disposability Standard 2.4.21 

Canisters shall not exceed the total weight limits as specified (DIS conflicts with ICD 
values but ICD values are used) 
Canisters shall be capable of being lifted vertically with remote handling fixtures 
Canistered SNF shall be shown to have a calculated bff of 0.95 or less 
Canisters shall comply with thermal output limits [currently vague on DOE SNF canis- 

4.8 

4.12.1 
4.11 

4.12.3 

Disposability Standard 2.4.22 
Disposability Standard 2.4.23 
Disposability Standard 2.4.24 

Interface Control Document - 
December 17,1997 
ICD Section 7.1.1 

ICD Section 7.1.2 
NUREG-1617 (Draft) - 

~~~~ ~ 

Canisters shall comply with surface contamination limits 
Canisters shall not exceed pressure limits 
Canisters shall have no detectable leak rate at the time of receipt at the repository. At a 
minimum, the canister shall be leak tested using ANSI N14.5 at the time of closure 
and reevaluated as required if suspected of leaking at any point thereafter. 

4.7.2 
4.12.2 

4.9 

~ 

Canisters are right-circular cylinders and after being filled with SNF can stand verti- 
cally on a flat surface 
Canisters shall not exceed weight limits 

4.7.1 

4.8 

March 1998 
Section 4.5.1.3 Packages designed for the transport of damaged SNF include packaging of the dam- 4.5 

aged fuel in a separate inner container (second containment system) that meets the 
requirements of 10 CFR 71.63(b) 

Table Notes: 
Quality assurance (QA) requirements were not specifically addressed in the above table. 



2. FUNCTIONAL REQUIREMENTS 

2.1 Project Requester and End User 

The development of the standardized DOE SNF canisters is guided under the direction of the National 
Spent Nuclear Fuel Program, as an implementor of the DOE Spent Nuclear Fuel Program. The DOE 
Spent Fuel Program is the project requestor. The National Program personnel are located at the INEEL 
administered by the Lockheed Martin Idaho Technologies Company (LMITCO) contract. The end user of 
the finished canisters will ultimately be the geologic repository program where SNF will be permanently 
disposed. However, where applicable, the fuel custodians at the DOE sites (Hanford, INEEL, and SRS) 
will be responsible for loading, handling, and storing DOE SNF in these standardized canisters. 

2.2 Purpose of the Standardized Canisters 
A standardized canister for DOE-owned SNF has the purpose of (1) providing an easy and standard 

handleable unit to confine DOE SNF materials, (2) providing durable units for storing SNF, (3) providing 
easily transportable units, and (4) ultimately, providing a unit for final disposal at the national repository, 
without the necessity of the DOE SNF being removed from the canister or reopening a sealed canister. 

The standardized DOE SNF canisters will provide long term advantages in four basic areas: 

Handling and safety: 

Ensure that the DOE SNF is directly handled (bare) only once during its interim storage, 
transportation, and final disposal handling stages 

Promote standardized handling of materials at all facilities, interim storage sites, and the 
repository 

Improve human factors and performance efficiency of handling procedures 

Provide contamination control to reduce safety risks 

Reduce radiation exposure and risk to the workers and to the public, by not having to open the 
canisters for inspection and provide better automated, remote handling possibilities 

0 

Storage and disposal: 

0 

0 

Provide standardized storage configurations at the interim storage sites and the repository 

Minimize the number of canisters which must be qualified for interim storage and receipt by the 
repository 

Transportation: 

Promote standard sizing configurations to fit into transportation casks or packagings for better 
effciency in packaging design and, consequently, more efficient loading and unloading 
procedures 

Promote standardized sizes and compatibility for maximum utilization of transportation facilities 
and equipment 
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Economics: 

Reduce overall handling, transportation, and repository emplacement costs in a simpler, more 
integrated operation since fewer modifications will be required for OCRWM to accept DOE SNF, 
and 

Minimize system costs by reducing the design costs of multiple canister designs. 

2.3 General Functional Criteria 
Figure 2.1 shows a schematic for the various paths that the current DOE SNF may follow from the 

point it begins its initial disposal handling until placement into the repository. This basic schematic 
showing the route SNF can take from initial handling, through interim storage to repository disposal is to 
be used as a guide in the demonstration of the technical adequacy of the canister design as well as 
demonstrating the compliance with regulatory requirements. Note that it is possible that some DOE SNF 
might not utilize the canisters but that is not a certainty at this time. The indicated process guides the 
general functional criteria of the standardized canisters. These functional criteria are listed below. 

0 

The canisters shall be right circular cylinders. 

Two different diameter-sized canisters shall be designed, with nominal outer diameters of 610 
mm (24.00 inches) and 457 mm (18.00 inches), to accept a significant portion of the various DOE 
SNF currently in existence. 

Two overall lengths for each canister size, 3,000 mm (1 18.1 1 inches) and 4,570 mm (1 '79.92 
inches), will be considered maximum lengths from end to end inclusive of the cap ends, labeling, 
and any handling fixtures. 

The 610 mm (24.00 inches) OD canister can be accommodated into a repository waste package as 
a replacement for one of the HLW canisters, providing a canister for large sized DOE SNF where 
needed and to also provide a potential overpack option for the 457 mm (18.00 inches) OD 
canister. 

The 457 mm (18.00 inches) OD canister can be accommodated in the center hole of a five pack 
waste package at the repository as well as being able to be stored in various facilities at the 
INEEL, Hanford, or SRS. 

The canisters must perform as required while subjected to the most severely anticipated 
environmental conditions and natural phenomenon postulated to occur for the entire service life 
of the canister. 

The design of the standardized canisters shall be robust enough to accommodate the grappling 
and handling equipment configurations at the interfacing facilities when loaded to the weight 
limits of the canister. 

Sealing of the canisters shall be accomplished by welding. 

The canisters shall be designed to provide safe storage (in coordination with the storage facility 
design) of SNF at any location in the continental United States for a minimum of 40 years. The 
canisters, in coordination with the handling systems, interim storage systems, and transportation 
systems of many different facilities, as well as the repository disposal system must provide 
confinement for the SNF under all anticipated normal, off-normal, and accident conditions. 
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A safety analysis will need to be performed commensurate with the potential consequences of any 
activity being performed in conjunction with these canisters. 

2.4 Assumptions for Standardized Canister Design 

The basic assumptions used for the functional performance of the standardized canister designs for 
DOE-owned SNF are: 

The standardized canisters shall have an inherently robust design such that they can be readily 
incorporated into storage and transportation systems meeting 10 CFR Part 72 and 10 CFR Part 71 
requirements respectively 

The standardized canisters shall be compatible with the currently known repository requirements 

The design of any internal components such as baskets, spacers, sleeves, dividers, cans, etc., 
necessary for the loading of the SNF and for the control of criticality must be constrained by the 
existing design and interior dimensions of the DOE SNF canisters 

Handling facilities will have to accommodate modification to their facilities if these canisters do 
not fit within the safety envelope of the design criteria for accidental drops and confinement for 
expected accidental release scenarios 

The SNF custodian shall select those canisters, or combinations of canisters, that provide an 
optimum packing configuration for the custodian’s SNF 

The DOE SNF canisters shall be capable of accepting intact, failed, or damaged SNF, directly or 
canned - 

The loading of DOE SNF into a canister is done in a hot cell or shielded facility so that the fuel 
can be properly dried and adequate radiation and temperature measurements can be taken to 
assure compliance with applicable canister design limits. If necessary, the DOE SNF can be 
initially placed into a canister underwater (drain holes are provided in the canister design) but the 
fuel and canister must then be properly dried. Final loading and testing would still occur in a hot 
cell or shielded facility 

The loading of the SNF into a canister will not cause significant localized thermal gradients in the 
pressure boundary nor will it result in significant bowing concerns for the canister 

After SNF loading and radiation and temperature acceptance, the canisters shall be backfilled 
with an inert gas (e.g., helium). Canister sealing during storage is optional (depending on the 
storage system used) but seal-welded canisters (backfilled with an inert gas) are required for 
transportation and repository disposal 

The amount of added pressurization from the SNF during interim storage and transportation is 
assumed to be small such that the actual maximum pressure experienced by the canisters during 
their containment lifetime is less than the repository acceptance pressure of 151.7 kPa (22 psig) 

After loading the canisters with SNF, all canisters will require either remote handling due to a 
lack of canister shielding or placement into another container or overpack which provides 
adequate shielding 



Inspections of the SNF after interim storage and prior to transportation to the repository are not 
anticipated at this time. 

The SNF being considered for movement to interim storage, transportation, and final disposal are those 
listed in the Spent Fuel Database, currently maintained by the NSNFP. The two standardized sized 
canisters, 457 mm (18.00 inches) and 610 mm (24.00 inches) nominal outer diameter (OD), each with 
two suggested lengths as listed in the specification, shall provide confinement for the listed DOE SNF, 
with minimal exceptions for larger sized SNF that may or may not have the ability to be transported as 
bare SNF in transportation casks. Some SNF or other radioactive materials, such as the particulate waste 
described in 10 CFR 60.135(~)(2), may require an interior sealed container such as the 5-inch OD 
(approximately) standard high-integrity can (SHIC) for ease of packaging due to their smaller size, to 
maintain structural integrity of the SNF or radioactive material, or to reduce the possibility of Criticality 
configurations or other dangerous scenarios and gas generation concerns. The SNF that is placed in the 
canister will be assumed to be adequately characterized for storage, transportation, and final disposal 
when sealed into the canistec This information includes radiation shielding, decay heat removal, 
corrosion, gas generation, criticality control, and other parameters necessary for adequate safety. 

2.5 Requirements Documentation 
The basic design must conform to the applicable sections of these higher-level documents and 

organization specific criteria (as indicated in the preliminary design specification, Volume I of this 
document): 

Requirements from the Code of Federal Regulations (CFR) Title 10, Parts 60,71, and 72 

Nuclear Regulatory Commission (NRC) requirements for interim storage and transportation to the 
repository 

0 Department of Transportation (DOT) requirements for transportation to the repository 

Department of Energy-OCRWM requirements for transportation, handling, and disposal at the 
repository. 

2.6 Necessary Analyses 
2.6.1 Design 

A design analysis shall be required to clearly demonstrate compliance with the specified design criteria. 
The Design Report, certified by a competent and qualsied professional engineer associated with an 
N-stamp holder, must be submitted by the designer of the DOE SNF canisters. 

2.6.2 Safety 

A safety analysis shall be required commensurate with the potential consequences of any activity being 
performed in conjunction with the use of the DOE SNF canisters. This safety analysis must be performed 
by those SNF custodians using the DOE SNF canisters. 

I 2.6.3 Performance 

SNF dimensions and composition must be characterized for interim storage, transportation, and 
disposal requirements, including radiation shielding, decay heat removal and criticality control. The DOE 
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SNF must be characterized for repository disposal performance assessment in support of licensing 
requirements which have not yet been finalized. 
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4. COMMENTARY ON THE DESIGN SPECIFICATION FOR THE 
DOE SNF CANISTERS 

This preliminary design specification establishes a common basis for all standardized DOE SNF 
canisters so that they can be accepted for disposal at the repository. It is recognized that the DOE SNF 
canister final design must be integrated with the total system design, including storage and transportation 
requirements. Different groups of DOE SNF canisters may be stored in a variety of facilities and these 
same groups of DOE SNF canisters may even be transported in a variety of transportation casks. 

Each unique group of DOE SNF canisters will require Design Specifications and Design Reports [per 
the ASME Boiler & Pressure Vessel (B&PV) Code]. The Design Report must establish the design bases 
and establish the specified uses of the DOE SNF canister. The Design Reports may also have to be 
updated as necessary when design information changes. 

4.1 Canister Use 
How the DOE SNF canisters are to be used can obviously affect their design. Many different DOE 

facilities at locations throughout the U.S. are expected to use these standardized canisters. The 
preliminary design specification assumes that after the DOE SNF is placed in the canister, their use shall 
be limited to that indicated in four areas: (1) initial loading and subsequent handling of the canister by 
itself, (2) interim storage, (3) transportation to the repository, and (4) disposal at the repository. These 
four use categories are discussed below. Figure 4.1 illustrates the various anticipated uses of the DOE 
SNF canister. 

4.1.1 Initial Loading and Canister Handling 

Prior to loading, all canister materials shall be suitably examined and all canister welds necessary for 
structural integrity shall be volumetricaliy examined, using either radiography (RT) or ultrasonic (UT) 
methods, to assure weld integrity. During SNF loading, due to the potential high levels of radiation, all 
final loading operations, sealing, and testing must be performed remotely. Therefore, it is assumed that 
these activities will be performed while the canisters are inside of a hot cell or shielded facility. After 
loading the SNF and any necessary intemals, the canister top head will be attached. A clamping device 
(e.g., a dearman clamp) may be necessary to minimize ovalization of the canister shell for proper head 
fit-up. The top head weld ( a simple butt weld) will be made using a vessel head that has a backing ring. 
The backing ring will help with weld fit up and also protect the canister contents during welding. 
Inspection of the top head weld can be achieved using UT techniques. 

Sealing of the DOE SNF canisters may be required for interim storage, depending on the type of 
storage system utilized. However, if the storage system permits it, the DOE SNF canisters may be sealed 
after interim storage. Incorporated into the DOE SNF canister design is the option of a threaded plug in 
the top and bottom head. However, prior to transportation and repository disposal, the DOE SNF canister 
must be seal-welded closed. The DOE SNF canisters shall be backfilled with an inert cover gas (e.g., 
helium) inside of the canister at a pressure of 13.8 to 27.6 kPa (2 to 4 psig). The final closure weld shall 
implement a welding procedure that can be qualified to be yield leaktight welds. A leaktight weld shall be 
considered equal to or better than the required leak rate necessary to satisfy the applicable 10 CFR Parts 
71 and 72 requirements. 

Once loaded with SNF, the DOE SNF canisters will have to be handled (by themselves) a number of 
times. These operations include, but are not necessarily limited to, preparing the canister for interim 
storage, preparing the canister for transportation, and preparing for disposal at the repository. All of these 
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handling situations are assumed to be performed within the confines of a facility that has high efficiency 
particulate air (HEPA) filter capabilities. With this assumption, design requirements associated with 
accident events are significantly reduced. The consequences of a potential drop accident of a DOE SNF 
canister (by itself) are that the facility’s offsite dose limits must not be exceeded. 

With this approach, the DOE SNF canister is not required to satisfy any specific ASME B&PV Code 
design stress limits for an accidental drop inside of a HEPA-filtered facility. Anytime the canister is 
outside of a HEPA-filtered facility, it will be inside of another containment vessel (a storage industry 
canister for interim storage or a transportation cask for transportation to the repository). This no-drop 
design philosophy for handling scenarios inside of a HEPA-filtered facility is similar to that followed by 
many SNF storage system vendors for their storage industry canisters at commercial nuclear power 
plants. 

4.1.2 Interim Storage 

The DOE SNF canisters are expected to be used for interim storage (in conjunction with an acceptable 
storage system) at different locations and facilities throughout the US. before disposal at the repository. It 
is assumed that a SNF storage facility, properly designed and licensed per the criteria established in 10 
CFR Part 72 will be utilized. It is also assumed that the DOE SNF canisters will be incorporated into 
those SNF storage systems. However, the specifics of any storage system are not currently known and 
may actually vary among the various DOE sites. Therefore, the precise details of how the DOE SNF 
canister is supported within the interim storage system and the associated storage industry canister details 
are simply not known at this time. 

Therefore, for the purposes of this design specification, the SNF storage system must be designed to 
incorporate the DOE SNF canister into its system. Since the canister is assumed to provide a robust 
design, it is anticipated that incorporation of the DOE SNF canister into any storage system will not be 
difficult. Many design considerations, including retrievability, seismic loads, accidental drop loads, and 
environmental conditions must be adequately addressed by the storage system vendor in order to ensure 
the proper care and use of these DOE SNF canisters. 

A major assumption made regarding the use of the DOE SNF canister in any SNF storage system is 
that the DOE SNF canister will either stay in the hot cell facility for interim storage purposes or be placed 
inside of another storage container (either a storage industry canister, storage cask, or combination storage 
and transportation cask). Typically, this other container will be a containment vessel designed to 
withstand the anticipated operational and accidental loads identified for the SNF storage system. 

4.1.3 Transportation 

Since transportation casks have not yet been identified or designed for the DOE SNF canisters, a 
similar situation exists as it does with the interim storage system. Although the DOE SNF canister is to be 
placed inside of a licensed transportation cask, the precise details of how the canister is supported within 
the cask and associated cask details are not known at this time. 

Therefore, for the purposes of this design specification, the transportation cask must be designed to 
incorporate the DOE SNF canister into its system. Since the canister is assumed to provide a robust 
design, it is anticipated that incorporation of the DOE SNF canister into a transportation cask system is 
achievable. Many design considerations, including the hypothetical accident conditions of 10 CFR Part 
71.73 must be adequately addressed by the entire transportation system (canister and cask) in order to 
ensure the proper care and use of these DOE SNF canisters. 



4.1.4 Disposal at the Repository 

The loaded DOE SNF canisters will be handled (by themselves) at the repository (see Section 4.1.1 
above) during the unloading phase from the transportation cask and during the placement of the canister 
into the repository disposal container (or “waste package” once the final barrier weld is accepted). As 
mentioned above, all of those activities are assumed to occur within the confines of a HEPA-filtered 
building. Placing the canisters into the waste package means that the DOE SNF canisters must be able to 
conform to the material compatibility and criticality issues indicated in 10 CFR Part 60. There are 
additional canister design requirements for the DOE SNF canister but they are contained in various 
repository documents and cover allowable materials, pressures, weights, and other miscellaneous criteria 
including labeling. 

However, the DOE SNF canisters are not currently listed on the Q-list for repository equipment. This 
is an indication that the repository is not currently requiring the canisters to provide any safety function 
and therefore there are no quality assurance (QA) requirements that need to be imposed on the canister 
from the position of the repository. 

Besides the design requirements for safely lifting and handling the DOE SNF canisters, the repository 
has indicated that the only remaining requirements imposed on the DOE SNF canisters are those 
associated with accidental drops or tip-overs of the waste package. Since the canister is assumed to 
provide a robust design, it is anticipated that incorporation of the DOE SNF canister into the waste 
package design accidental drop scenarios (2-meter drop and tip-over) should not be a difficult task. 
Repository personnel have indicated (Reference INEEL letter NLS-02-98) a requirement to remove the 
DOE SNF canister (not the individual fuel pieces) from a damaged (due to tip-over or drop accident) 
waste package so that it can be reloaded into another undamaged waste package. Once the waste package 
has been placed into a drift, repository personnel have indicated that there are no additional design 
requirements imposed on the DOE SNF canister. This includes any requirements associated with the 
retrieval of a waste package per 10 CFR Part 60.111(b). The repository is only anticipating the ability to 
retrieve a waste package, and is not concerned with removing any contents from a waste package during 
any retrieval efforts. 

4.1.5 Other Uses 

By definition, intact SNF is fuel with cladding that has no hairline cracks or pinholes. Failed SNF is 
fuel with cladding that has hairline cracks or pinhole leak defects. Damaged fuel, by definition, is fuel 
with cladding that has defects greater than hairline cracks or pinhole leaks. The DOE SNF canisters are to 
be designed to directly accommodate the placement of intact, failed, or damaged SNF inside of the 
canister. Using this approach, if the DOE SNF degrades during storage or transportation, the canister still 
satisfies necessary requirements. 

The DOE SNF canisters shall not be arbitrarily used for any other purposes beyond those indicated in 
the design specification without additional detailed analysis, evaluation, and testing in order to assure that 
other uses do not violate any of the limitations imposed by the design specification. Examples of use not 
considered herein include placing molten glass or molten HLW in these canisters, dropping the canister 
onto sharp projectiles, and dropping the canister from heights greater than that considered. 

4.2 Canister Barrier Requirements 

The foreword of ANSVANS-57.9-1992 indicates that “ ... the safe storage of spent fuel assemblies is 
achieved by maintaining a minimum of two independent barriers between the fuel and the environs. The 
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fuel cladding is considered the primary barrier for undamaged fuel. ... In addition, the complete 
confinement system for the stored fuel is conservatively designed to withstand damaging events ... so that 
there is an effective secondary barrier(s) to the release of radioactive materials under all credible 
conditions.” 

This barrier philosophy is also followed with the design of the DOE SNF canister. Since it has been 
assumed that damaged SNF will be loaded directly into the DOE SNF canister, the DOE SNF canister 
must perform the function of the cladding as the primary barrier. In this fashion, the storage system outer 
container (typically the storage industry canister) or the transportation cask will continue to provide the 
function of the secondary barrier. Redundant sealing is achieved with this design approach. The design 
specification assumes that the storage or transportation systems do not provide the double barriers 
themselves. 

4.3 Development of a Robust Design for the Canister 

Although details regarding SNF loading, interim storage, and transportation are not yet finalized, the 
NSNFP is establishing a design for the DOE SNF canisters. The approach taken by the NSNFP is to 
specify a design for the DOE SNF canister. This design must be robust. Robust is defined herein to mean 
a design that has significant safety margins for the known loads and safety margins for the loads that have 
been estimated. With this robust design, the NSNFP can proceed with the design and fabrication of the 
DOE SNF canisters. The specified standardized DOE SNF canister designs for the four unique 
geometries are shown on the engineering drawings (see Appendix A in Volume I). The storage system 
vendor and the transportation cask designer must incorporate the specified DOE SNF canister design into 
their respective system designs. 

A canister developed to physically maintain containment (proven by actual testing) after a potential 
9-meter (30-foot) drop accident (similar to that required for transportation casks as described in 10 CFR 
Part 71.73) enhances the robust design concept. It is the capability to maintain containment after a 
9-meter (3SfOOt) drop that truly makes the DOE SNF canister robust. A robust design also minimizes 
canister deformations and damage that could potentially occur during normal, everyday handling 
scenarios, as described in the repository requirement Disposability Standard 2.1.28. 

A major design concern, accidental drop scenarios should not be a major design problem for the 
interim storage vendor or the transportation designer. The assumption has been made that the smaller 
DOE SNF canister will be placed inside of another container (the larger storage industry canister or the 
transportation cask). The storage industry canisters have already been successfully designed to 
accommodate their applicable site-specific and system-specific accidental drop or tipover loads for 
commercial fuel. Transportation casks must be designed to accommodate 9-meter (3Sfoot) drops onto 
an unyielding surface and still be able to remove the SNF contents. Therefore, the DOE SNF canister, 
being inside of the storage industry canister or transportation cask (and being robust), should present an 
easier design situation than deforming baskets. At most, impact limiters inside of the storage or 
transportation systems may be required for certain fuels with special criticality concerns. 

The only remaining accidental drop concerns are when the canister is being handled by itself or when it 
is inside of the waste package at the repository. These anticipated drop scenarios defined to date are a 
7.3-meter (24-foot) accidental drop of a DOE SNF canister at the repository while being placed into a 
disposal container, a 2-meter (6.56-foot) drop of the waste package with the DOE SNF canister inside, 
and a tipover of the waste package with the DOE SNF canister inside. These accident events are not 
listed in the design criteria because the canisters are not to be specifically designed to ASME B&PV Code 
stress limits for these accident event loads. These accident events are listed in order to provide a clear 
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understanding of the intended use of the canister with regards to potential accidental drop events that have 
been identified. 

There are significant advantages to constructing a DOE SNF canister that has a robust design and is 
drop resistant. By definition, drop resistant means that the DOE SNF canister can maintain containment 
during most, if not all, accidental drops from heights less than or equal to 9 meters (30 feet). Since a vast 
amount of design information is still unknown (e.g., drop surfaces, possible puncture targets, canister 
internals, etc.), absolute assurances of maintaining containment for all possible drop accidents cannot be 
provided at this time. By constructing a drop resistant canister, more assurances are provided that the 
canister can be readily incorporated into storage and transportation systems. These systems must be 
designed for certain postulated drop accidents in addition to other dynamic events. Also, if a drop 
accident occurs even in a HFiPA-filtered facility, recovery would be much simpler and quicker for a 
canister that maintains containment of the SNF than if contamination of the facility resulted. It is believed 
that a severe drop accident resulting in contamination of the repository could shutdown the receiving 
operations for a significant period of time and the ripple effect from such a shutdown would impose 
nationwide schedule delays that could cost millions of dollars. 

It is virtually impossible to design a usable DOE SM; canister that satisfies ASME B&PV Code, 
Section 111, Subsection NE%, Level D or Section III, Division 3, hypothetical accident condition stress 
limits for an accidental drop scenario of significant height [greater than 6 meters (20 feet)] without having 
some form of energy absorption. Due to the high radiation levels involved, putting on and removing 
external impact limiters is not practical for the DOE SNF canisters. Having integral energy absorption 
capability is very desirable. Given other constraints of size and useable volume, keeping the elastically 
calculated stresses below the acceptable stress limits for the DOE SNF canister is still nearly impossible 
even with self-contained energy absorption capabilities. Therefore, the NSNFP has designed the DOE 
SNF canister using a plastic strain approach (Reference INEEL EDF AMG-06-98). The canister is 
designed with symmetrical, skirted ends and a cylindrical shell sized to absorb a sufficient amount of 
energy during the impact event so as to limit pressure boundary material straks to acceptable levels. 
Permanent local deformation is expected as a result of accidental drops. However, low strain limits have 
been established (using a relatively severe SNF and basket load geometry) to reasonably assure that 
breech of the canister pressure boundary will not occur during impact for a variety of other SNF and 
intemals. Actual drop testing from heights of 9 meters (30 feet) with the canister and various intemals in 
multiple essential orientations will be used to validate the containment capability of the DOE SNF 
canister design. 

At this time, details of the SNF that will affect the canister performance during a drop event are not 
precisely known, i.e., how much SNF weight is in the canister, geometry of the SNF, placement of the 
SNF in the canister, load footprint of the SNF during a potential accidental drop, etc. Knowledge of the 
canister intemals design (e.g. baskets, spacers, sleeves, cans, and dividers) and impact d a c e  are also 
unknown. These currently unknown details make it impossible to accurately predict the resulting stress 
and strain levels in the DOE SNF canister material during impact. Therefore, the design of the specified 
DOE SNF canister was made robust in order to have margin between expected strain levels and those 
strains that could cause a loss of containment in the canister shell. 

To support the specified DOE SNF canister design, the following recommendations should be 
considered when details and procedures affecting movement of the canister, design of the canister 
intemals, and loading of the canister are finalized. Movements should be planned to minimize the amount 
of handling of the canister and the number of lifts. Unnecessary lifting should be avoided. Movements 
should be made at minimum heights, as close to the floor as practical. Movement paths should be defined 
and restricted to minimize lifts over walls, transport carts, machinery and other obstructions that would 
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require increased lift heights and impose sharp edges and other puncture threats to the canister. To 
minimize high lifts over walls, facilities should be designed using a labyrinth arrangement for divider 
walls when shielding or other reasons for wall separation are required. Facilities and support equipment 
should be designed to eliminate sharp edges, comers, and protrusions. Tops of walls over which lifts may 
occur should be rounded and covered with replaceable energy absorbing impact structures. All features of 
the related facility and support equipment design should give priority to protection of the canister and the 
SNF. 

During accidental drop events, high stress and strain values are expected in local regions of the DOE 
SNF canister where internal structures contact the canister shell pressure boundary. Internal structures 
(baskets, spacers, sleeves, dividers, cans, etc.) and fuel elements may contain sharp, stiff elements that 
pose a puncture threat to the canister containment. Results of the canister drop test evaluations will be 
contingent on the internal structure designs. Canister internal structure designs must consider fuel safety, 
condition, stability and criticality concerns for numerous unique fuel types. A generous volume has been 
allotted in the DOE SNF canister design to allow flexibility in meeting these demands. Canister 
protection shall also be considered in the internal structure design requirements. The DOE SNF specified 
canister design includes two-inch-thick internal end impact plates (part of the internals design) to protect 
the dished heads from internal impacts and punctures. Internal baskets, sleeves, dividers, cans, and 
spacers shall also be designed to avoid sharp comers and protrusions and provide large bearing surfaces 
and energy absorption features that minimize point loads on the containment shell pressure boundary and 
resulting high localized regions of stress and strain. 

Based on discussions with repository personnel, once the DOE SNF canister is placed inside the waste 
package, there are no long-term performance characteristics expected of the DOE SNF canister itself. 
However, the waste package must satisfy certain design requirements for drop and tip-over accidents. A 
dropped or damaged waste package may no longer have the required long-tern performance capability 
and may need to be replaced. In order to utilize a new waste package, the SNF must be removed from the 
damaged waste package. For commercial fuels, this means that the baskets inside of a damaged waste 
package must limit deformations to such an extent that the commercial fuel can still be removed. 

The consequences of a waste package drop or tip-over, however, are not expected to be as severe to the 
DOE SNF canister as they may be to commercial fuels. If a waste package is dropped 2 meters (6.56 feet) 
or if it tips over, there is still the repository requirement to unload that waste package. Unloading the 
DOE SNF out of a damaged waste package does not require maintaining such a precise geometry as 
demanded for commercial fuels. All that is needed is to remove the DOE SNF canister (as well as the 
HLW canisters) so they can be loaded into a new waste package. That means that the ease of removing 
the DOE SNF canister depends only on the removal of at least one of the HLW canisters. That one HLW 
canister could be the canister that was located on top of all the other canisters during the drop or tip-over 
accident. Being on top, it should be relatively undamaged. Once one HLW canister has been removed, 
there should be adequate room for removal of the remaining HLW canisters and the DOE SNF canister. 

Additionally, the thick, internal end impact plates incorporated into all of the DOE SNF canisters will 
provide support and resistance to crushing forces generated during the waste package 2-meter (6.56-foot) 
drop or tip-over events. Other canister internal components (e.g., baskets, spacers, sleeves, cans, and 
dividers) can also be designed to protect the integrity of the canister as well as the fuel. This will help 
mitigate the consequences of these accident events. Therefore, the waste package 2-meter (6.56-foot) 
drop or tip-over accident is not considered to be a design-controlling event for the DOE SNF canister 
itself. 

All design concerns resulting from the materials (SNF and internals) placed inside the DOE SNF 
canisters must be addressed, during normal and off-normal conditions of handling, interim storage, 
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transportation, and disposal. The materials to be placed inside of these sealed canisters must be controlled 
to the extent that adverse or excessive heat, internal pressures, corrosive conditions, and excessive 
radiation fields are not generated. Since a significant amount of the DOE SNF is highly enriched uranium 
(HEU) with U235 enrichment levels greater than 20%, criticality concerns must also be carefully 
addressed when determining what SNF, how much SNF, and where the SNF is to be placed inside of 
these canisters. Maintaining SNF placement may be very crucial at times for certain fuels, requiring 
internal devices such as baskets and spacers to not deform under any specified canister loadings. 

Clearly, the design of the SNF and any intemals and the canister itself must be evaluated together. 
However, the design of the canisters is preceding the design of the canister internals. Intemals required 
for the proper placement of SNF will have to be designed to conform to the design constraints imposed by 
the existing DOE SNF canisters. This includes the consideration of geometry as bounded by the inner 
diameter of the canisters, basket, spacer, or other internals deformations, canister deformations, and 
canister stresses from SNF or intemals loads. 

Using the above approach, a lightweight, spacious and robust canister can be designed for DOE SNF 
that can meet accident condition demands and satisfy performance requirements for handling, storage, 
transportation and disposal at the repository. 

4.4 Regulation Guidance 
At the present time, Title 10 of the Code of Federal Regulations provide very little explicit design 

criteria for the standardized DOE SNF canisters. 10 CFR Part 72 regulations describe the design criteria 
necessary for an interim storage facility to be approved and licensed by the NRC. The DOE SNF canisters 
will be part of the components comprising an interim storage facility but it is not intended for the DOE 
SNF canisters to be an interim storage facility by themselves outside of a hot cell facility. 10 CFR Part 71 
regulations describe the criteria necessary for transportation casks. The DOE SNF canisters by themselves 
are not transportation casks but will be placed into NRC licensed transportation casks. 10 CFR Part 
71.63(b) does mention double containment under certain SNF circumstances. 10 CFR Part 60 regulations 
describe the criteria necessary for repository disposal. Once again, the DOE SNF canisters will not be 
placed directiy into the repository but will be placed into a disposal container (or waste package after the 
final barrier weld is accepted) before being officially disposed. Generic requirements such as confinement 
or containment barriers for the SNF, material interactions and compatibilities, and the need for criticality 
control are mentioned in the regulations but complete and explicit design parameters for the DOE SNF 
canisters are not provided in the Code of Federal Regulations. 

4.5 Design Basis 
With the assumption that the transportation cask does not provide double containment, the direct 

placement of damaged SNF into the DOE SNF canister imposes the requirement of using ASME B&PV 
Code, Section 111 design criteria. As indicated in NUREG-1617 (Draft), “Venfy that packages designed 
for the transport of damaged SNF include packaging of the damaged fuel in a separate inner container 
(second containment system) that meets the requirements of 10 CFR 71.63(b).” 

Since the term “packaging” was used, the DOE SNF canisters shall be designed, fabricated, and 
examined to the requirements of the ASME B&PV Code, Section ID, Division 3,1997 Edition (or most 
recent edition approved by the NRC) for the loads and environments identified in the design specification 
(Volume I). Section III, Division 3 provides the design, fabrication, and examination criteria specified in 
NUREG-1617 (Draft) for assuring containment in transportation casks or packagings. However, due to 
the presence of the SNF after loading, the DOE SNF canisters shall not be required to satisfy pressure test 
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requirements of Section III, Division 3, after loading the SNF. The DOE SNF canisters shall not contain 
any pressure relief devices. The DOE SNF canisters shall be stamped following the philosophy of a 
proposed Code Case for spent fuel storage canisters currently being considered by the ASME B&PV 
Code, Section 111, Subgroup on Containment Systems for Spent Fuel and High Level Waste Transport 
Packagings. 

The DOE SNF canisters shall be designed to the loads and environment specified in the preliminary 
design specification (Volume I) and evaluated to the acceptance criteria of Section III, Division 3. Once 
storage and transportation details become available, the DOE SNF canisters shall also have the Design 
Reports incorporate storage and transportation system specifics so that the canisters can be utilized in 
those systems. The Design Report justifies how the DOE SNF canister can be used. As such, the design 
loads defined in 10 CFR Parts 71.71 and 71.73 shall be applied to the DOE SNF canister and the outer 
transportation cask as a combined system (canister and cask), not individually. The same combined 
system design philosophy applies to the DOE SNF canister and the applicable storage system. 

Depending on how the DOE SNF canister is used for interim storage, there could exist the possible 
requirement to demonstrate DOE SNF canister structural adequacy. If this occurs, it may be necessary to 
demonstrate compliance with the requirements of the ASME B&PV Code, Section III, Division 1, 
Subsection NB. However, this is achievable because the DOE SNF canisters are already Section III 
vessels. 

4.6 Canister Design Limitations 

Reasonable design criteria must be established to adequately address anticipated loadings and events. 
However, all potential site-specific or facility-specific circumstances may not be incorporated into the 
design bases of these DOE SNF canisters. Hence, it becomes incumbent on all users of these canisters to 
understand their design limitations and be able to adjust their operations where necessary. One obvious 
example may be the potential internal pressure. If a specific user intends to load DOE SNF in such a 
manner that the internal pressure exceeds the maximum considered design pressure, then adjustments 
should be made to limit the amount of SNF, the amount of included water, or whatever variable that can 
be adjusted such that the design pressure is not exceeded. 

Another more subtle example of user awareness may be the potential for canister puncture during a 
possible drop event. From a design perspective, it is nearly impossible to identify geometries of an 
unlimited number of potential targets that might puncture the canisters. Therefore, the DOE SNF canisters 
have not been explicitly designed for any specific puncture resistance, although the dropresistant robust 
design instills a significant puncture resistance capability by itself. Hence, it will be up to the user to 
determine if any potential exists for canister puncture during any canister (by itself) handling operations. 
If the potential for puncture exists, the user can either perform an analytical evaluation to determine if 
puncture is possible or the user can pad the identified target to prevent puncture. 

Establishing the acceptability of future use of canisters that may have been subjected to significant 
loadings imposed while empty or while filled with SNF but before the top head is attached becomes the 
responsibility of the user. Any significant loadings imposed on empty canisters (such as accidental drops) 
shall be evaluated per the final acceptance criteria specified in Section III, Division 3 (or possibly Section 
HI, Division 1 , Subsection NB if appropriate) of the ASME B&PV Code. Significant loadings 
inadvertently imposed on filled canisters (before the top head is attached) should be evaluated in the same 
fashion. If a filled canister (before the top head is attached) is adversely loaded or dropped, the facility 
must address the potential cleanup situation under its own operating requirements. Once the canister can 
be emptied and decontaminated (if necessary), then the user can perform the evaluations and inspections 
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necessary to demonstrate the acceptability of future use or properly dispose of the nonconforming 
canister. Under many circumstances, attempting to use a canister that has been adversely stressed or 
strained (e.g., dropped from a significant height) may be more difficult to justify from a political than a 
technical standpoint. 

Although the criteria identified in the preliminary design specification (Volume I) will incorporate 
reasonable and appropriate design bases, the user must once again recognize that local conditions and 
situations must be addressed if they exceed the specified design criteria. Hence, as indicated before, it 
becomes incumbent on all users of these canisters to understand the design limitations of the canisters and 
be able to adjust their operations where necessary in order to achieve the functionality expected of these 
DOE SNF canisters. This includes the proper storage (e.g., dry storage without contamination by 
damaging environments) of empty DOE SNF canisters prior to loading. 

4.7 Geometry and Materials 

Appendix A of the preliminary design specification (Volume I) contains engineering drawings which 
provide canister design details, including geometry and material information. 

4.7.1 Geometry 

Since the intent was for the DOE SNF canisters to be used during interim storage, transportation, and 
disposal at the repository, all of these uses have to be considered before a final canister size is specified. 
However, at the moment, the repository has not yet provided their final decision on acceptable canister 
sizes. Therefore, canister dimensions cannot be fialized at this time. However, the NSNFP is proceeding 
on the assumption that the 457 mm (18.00 inches) nominal OD canister will be acceptable to the 
repository. 

All of the DOE SNF canisters shall be right circular cylinders that are able to stand vertically when 
placed on a flat surface after being loaded with SNF [Disposability Standard 2.2.20.33. The large canister 
shall have a nominal OD of 610 mm (24.00 inches) and a nominal wall thickness of 12.7 mm (0.500 
inches). The small canister shall have a nominal OD of 457 mm (18.00 inches) and a nominal wall 
thickness of 9.53 mm (0.375 inches). Both of these canisters shall be designed for a maximum overall 
length of either 3,000 mm (118.11 inches) or 4,570 mrn (179.92 inches). Appendix A of the preliminary 
design specification contains the engineering drawings showing the specified NSNFP canister design. 
Dimensional tolerances and fabrication processes (including weld grinding where necessary) shall be 
controlled so that the maximum dimensions are not exceeded. 

Typical fabrication tolerances are indicated on the engineering drawings. Since the material 
specification is SA-312 (for seamless and welded austenitic stainless steel pipes), certain dimensional 
tolerances (from material specification SA-530 in Section 11 of the ASME B&PV Code) associated with 
the exterior canister shell are already specified. Outer diameter variations shall not be over by more than 
3.2 mm (0.125 inches) for the 610 mm (24.00 inches) canister and 2.4 mm (0.093 inches) for the 457 mm 
(1 8.00 inches) canister. For ovality, the difference in extreme outside diameter readings in any one 
cross-section shall not exceed 1.5% of the specified nominal outside diameter. Straightness tolerances for 
each canister shall not exceed 3.2 mm (0.125 inches) maximum deviation for every 3.0 m (10 feet) of 
pipe length (both ends of a 3.0-m (10-foot) straightedge used for the measurement are in contact with the 
surface). In addition to the above mentioned mill tolerances, provisions must be made for the as-welded 
condition of the final canister weld (attaching the top head to the canister shell). Therefore, an additional 
diameter increase of 4.76 mm (0.1875 inches) shall be considered acceptable for the crown of the final 
canister weld. 

. 
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In order to ensure that certain contents can be placed inside these canisters and that the canister can be 
placed in the repository waste package, the following dimensions shall be incorporated into the canister 
design: 

Table 4.1. DOE SNF canister dimensions. 

Canister 
Size 

Large 

Small 

Nominal 
Outer 

Diameter 
610 mm 

(24.00 in.) 

Long Canister 
Max. External 

4,570 mm 
(179.92 in.) 

Short Canister 
Max. External 

Length 

3,000 mm 
(118.11 in.) 

Drter 1 ~ o ; ~ z s t e r  1- Canister 
Internal Min.Inted  MhInternal 

579 mm 4,064.0 mm 2,495.6 mm 
(22.80 in.) (160 in.) (98.25 in.) 

Length 

457mm 4,570mm 3,000 mm 430 mm 4,140.2 mm 2,565.4 mm 
(18.00 in.) (179.92 in.) (118.11 in.) (16.93in.1 (163 in.) (101 in.) 

4.7.2 Materials 

Since the intent was for the DOE SNF canisters to be used during interim storage, transportation, and 
disposal at the repository, all of these uses have to be considered before a canister material selection could 
be made. Current repository criteria (Disposability Standard 2.1.20) indicates that low-carbon austenitic 
stainless steel or stabilized austenitic stainless steel materials are acceptable. The NSNFP is proceeding 
on the assumption that low-carbon austenitic stainless steel will be acceptable to the repository. 

In order to make some effective progress, stainless steel is currently the identified material in this 
design specification due to its performance in scoping drop tests and its ease of availability and relatively 
low cost. Although canister specific drop tests have been performed that clearly demonstrate the 
acceptability of 304L, stainless steel 316L has better resistance to pitting corrosion and hydrogen 
embrittlement (Reference INEEL letter HuJS-06-98). It is believed that the use of 316L (considering the 
variations in actual material properties of stainless steel) would be an acceptable canister material, even 
considering accidental drop events. 

Therefore, the DOE SNF canisters shall be made of SA-312, type 316L stainless steel for the shell and 
SA-240, type 316L for all other parts, including the heads, nameplates, and lifting rings. The optional 
plugs shall be SA479, type 316L stainless steel. All stainless steel materials shall be annealed and 
pickled. Per the DIS, the DOE SNF and canister intemals shall preclude chemical, electrochemical, or 
other reactions (such as internal corrosion) of the canister or waste package such that there will be no 
adverse effects on normal handling, transportation, storage, emplacement, containment, or isolation or on 
abnonnal Occurrences such as a canister drop accident and premature failure in the repository 
[Disposability Standard 2.1251. 

As part of the material selection process, important parameters to consider are the anticipated erosion 
and corrosion values expected during storage and transportation use. A total value of 1.27 mm (0.050 
inches) of pressure boundary wall thickness reduction has been established as the erosion and corrosion 
value to be used for canister design purposes. 

The canisters will be subjected to a radiation environment. Since criticality is to be eliminated, the 
canisters should not be exposed to large neutron fluences. Long-term cumulative exposures to high 
neutron fluence (on the order of 1017 dcm2 and greater) has caused degradation in reactor vessels but this 
is not applicable to the DOE SNF canisters. Radiation fields (lo7 rad/hr or less) are expected but no 
significant material damage or degradation is anticipated for the stainless steel material (Reference 
INEEL letter ELS49-98). 
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Both the inner and outer surfaces of the canisters shall have a finished condition such that acceptable 
nondestructive examinations can be performed in order to satisfy ASME B&PV Code, Section III, 
Division 3 requirements. However, no specific surface finish is specified for the DOE SNF canisters. The 
repository has limits on outside surface contamination for the canister but has not imposed an associated 
surface finish in conjunction with the surface contamination requirement [Disposability Standard 2.4.221. 
The repository does require that any burrs, sharp edges, and weld edges shall not exceed 0.5 mm (0.0197 
inches). The interior surfaces shall be smooth enough to allow easy loading of any DOE SNF or intemals 
(baskets, spacers, sleeves, dividers, cans, etc.) so as to not damage the SNF. 

4.8 Contents 
As indicated previously, the contents (SNF and any applicable internals necessary for the safe 

placement and orientation of the DOE SNF) have not been specifically defined to date. Therefore, 
minimal criteria which is believed to provide reasonable design parameters have been specified. 
However, it is assumed that all contents will not compromise the structural integrity of the DOE SNF 
canister. It is also assumed that the contents will satisfy any and all applicable regulations and 
requirements, especially those set forth by the repository. For example, per the DIS, the contents of the 
disposal canister shall contain no pyrophoric, combustible, explosive, or chemically reactive materials in 
an amount that could compromise surface-facility or repository preclosure safety or repository long-term 
performance [Disposability Standard 2.1.24 and 2.1.251. 

The DOE SNF canisters shall be designed for the total maximum allowable weights (canister plus 
contents) listed in the table below. These weight limits are equal to or less than the weight limits 
established in the repository’s ICD. 

Table 4.2. DOE SNF canister maximum total allowable weights. 
Canister Nominal Outer Long Canister Short Canister 

Size Diameter Maximum Total Weight Maximum Total Weight 
Large 610 mm 4,535 kg 4,080 kg 

(24.00 in.) ( 1 0 , ~  lbf) (8996 lbf) 
Small 457 mm 2,721 kg 2,270 kg 

(18.00 in.) (6,OOO lbf) (5,005 lbf) 

When loading the DOE SNF, the center-of-gravity of the entire contents (SNF, baskets, spacers, 
sleeves, dividers, etc.) shall be within 127.0 mm (5 inches) of the canister centerline for the 457 mm 
(18.00 inches) nominal OD canister and within 203.2 mm (8 inches) of the canister centerline for the 610 
mm (24.00 inches) nominal OD canister. These loading restrictions are to avoid excessive lopsided 
loading situations and to limit resulting stresses in the lifting ring and adjacent skirt portion of the canister 
to stress limits that satisfy the requirements of ANSI N14.6. When possible, the center-of-gravity of the 
loaded DOE SNF will be as close to the canister centerline as reasonably achievable. The axial location of 
the center-of-gravity of a loaded DOE SNF canister shall be within 609.6 mm (24.0 inches) of the 
canister centroid. Sites performing SNF loading may make separate evaluations of center-of-gravity 
locations if the indicated center-of-gravity limitations are exceeded. However, all acceptance criteria 
shall still be satisfied. 

4.9 Canister Sealing 
Storage, transportation, and repository disposal criteria all indicate specific requirements associated 

with the safe and proper sealing of SNF containers. The NRC issued Bulletin 96-04 which discussed how 
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an inert cover gas introduced into the storage industry canisters or transportation casks could reduce the 
generation of hydrogen gas which could combust during final seal welding. After loading the SNF, the 
DOE SNF canisters shall be inerted with a cover gas (e.g., helium) inside of the canister [Disposability 
Standard 2.1.21 3. Such a gas is intended to eliminate or significantly reduce SNF corrosion, provide more 
appropriate heat transfer conditions internally, and to reduce combustion concerns. 

Sealing of the DOE SNF canisters may be required for interim storage, depending on the type of 
storage system utilized. However, if the storage system permits it, the DOE SNF canisters may be sealed 
after interim storage. Incorporated into the DOE SNF canister design is the option of a threaded plug in 
the top and bottom head. However, prior to transportation and repository disposal, the DOE SNF canister 
must be seal-welded closed. The DOE SNF canisters shall be backfiled with an inert cover gas (e.g., 
helium) inside of the canister at a pressure of 13.8 to 27.6 kPa (2 to 4 psig). The final canister weld 
(attaching the top head to the canister shell) shall implement a welding procedure that can be qualified to 
yield leaktight welds. A leaktight weld shall be considered equal to or better than the required leak rate 
necessary to satisfy the applicable 10 CFR Parts 71 and 72 requirements. After closure of the canister, the 
DOE SNF canister shall not contain or generate free gases other than air, inert cover gas, and radiogenic 
gases with an immediate internal gas pressure not to exceed 15 1.7kpa (22 psig) [Disposability Standard 
24-23]. Therefore, the DOE SNF canister shall have a maximum allowable (design) pressure of 344.8 
P a  (50 psig). 

Incorporated into the DOE SNF canister design is the option of a threaded plug in the top and bottom 
head. These threaded plugs can be used, where necessary, for a number of functions including canister 
draining, degassing, and remote inspection among others. Installation or removal of the threaded plug(s) 
would be expected to be performed while the DOE SNF canister is inside of a hot cell since the 
containment feature of the canister depends upon the proper installation of the threaded plug. When using 
these threaded plugs, it is necessary to seal-weld the threaded plugs in order to establish an acceptable 
containment boundary per ASME B&PV Code, Section III requirements. The seal weld shall cover any 
exposed threads OB the plug. 

4.10 Shielding 

For the purposes of the design specification, it is assumed that the DOE SNF canisters do not require 
additional shielding beyond that provided by the canisters themselves or in conjunction with shielding 
provided by the facilities handling the DOE SNF canisters or the storage or transportation systems. It is 
assumed that any of the facilities handling the DOE SNF canisters or the repository will have adequate 
equipment necessary to handle the DOE SNF canisters by themselves. If additional shielding is required 
by local sites or facilities, it is up to the user to provide adequate shielding measures without adversely 
affecting the DOE SNF canisters. 

4.11 Criticality 

For the purposes of the design specification, it is assumed that adequate attention to the types and 
amounts (proper fissile limits) of SNF to be loaded into the canisters or proper configuration using 
properly designed internals (baskets, spacers, sleeves, dividers, cans, etc.) will preclude any criticality 
concerns [Disposability Standard 2.3.221. Therefore, this design specification assumes no criticality 
events during the canister’s design life. For criticality concerns, the DOE SNF canisters must be capable 
of maintaining reasonable geometric integrity only. The personnel responsible for any designs of internals 
necessary for criticality prevention must address any associated concerns should the DOE SNF canisters 
be loaded, dropped or handled in such a fashion as to adversely load the SNF or internals. 
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4.1 2 Normal Operating Loads and Environmental Conditions 
for the DOE SNF Canister 

The assumption has been made that the physical condition of the DOE SNF canister during interim 
storage, transportation, and initial disposal at the repository will govern the design of the DOE SNF 
canisters. Corrosion effects identified in Section 4.7.2 of this companion document shall be included 
where required. The DOE SNF canisters are assumed to have adequate room (diameter and length) for 
stress-free thermal expansion during all uses. Preliminary thermal evaluations (Reference INEEL letter 
GLH-02-98) provided insights into heat generation limits each specific SNF could introduce into the 
canisters assuming the temperature limitations indicated in the design specification. 

Since all of the canister design parameters are not known at this time, it is not currently possible to 
identify the limiting design parameters for the DOE SNF canisters. Therefore, the currently known 
environmental and loading conditions that could occur during each use (loaded canister handling by itself, 
interim storage, transportation, and repository disposal) are identified in the design specification. Once 
additional design parameters become known (for either interim storage, transportation, or even repository 
disposal,if necessary), the DOE SNF canister Design Report must incorporate the information in order to 
qualify the DOE SNF canister for that use. 

4.1 2.1 Weight 

The weight considerations listed in Table 4.1 are for all of the DOE SNF canister geometries. The DOE 
canisters shall not be horizontally or vertically stacked at any time with any other canisters without a 
proper evaluation of all possible consequences. Interim storage, transportation, and disposal scenarios are 
situations where the canisters are within other enclosures or facilities and these canister placements shall 
be properly evaluated. The limitation of no vertical or horizontal stacking is imposed not from a strength 
concern but rather from a safety viewpoint. Vertically stacking these long, slender canisters (either empty 
or filled) would prove to be a major safety concern for personnel due to a lack of stability. Horizontally 
stacking these canisters (like a cord of fmwood) could be permissible in an empty condition but that 
could also be unstable due to rolling concerns unless specific actions are taken to prevent it from 
happening. Horizontally stacking these canisters when filled with SNF appears to be undesirable from a 
rolling stability concern. Potential criticality implications and excessive heat generation concerns may 
exist if the canisters were to be stacked in close proximity to each other. Therefore, due to a number of 
unknown implications and concerns, the preliminary design specification assumes that the canisters will 
not be vertically or horizontally stacked. If the canister user needs to stack the DOE SNF canisters, then 
the user must provide the justification, addressing all potential implications. 

The lifting fixture is not part of the canister design specification. However, the design of the lifting 
fixture does have an affect on the resulting design of the canister. Therefore, some insights regarding 
design requirements of the lifting fixture should be mentioned. The lifting fixture shall provide at least 
three locations to engage the canister lifting ring, with the capability to engage and disengage remotely. 
The lifting fixture shall be capable of engaging and disengaging while remaining within the projected 
perimeter of the DOE SNF canisters. The amount of engagement provided by the lifting fixture shall be 
determined so that ANSI N14.6 stress criteria for the canister are satisfied. With a proper lifting fixture 
available, the DOE SNF canister shall be designed so that the canisters can be lifted and moved safely. 

1. The DOE SNF canisters shall be designed to be vertically lifted with a lifting fixture that engages 
underneath the 12.7-mm (1/2-inch) thick lifting ring [Disposability Standard 2.2.22.21. The 
amount of engagement provided by the lifting fixture shall be determined so that ANSI N14.6 
stress criteria for the canister are satisfied. Material temperature limits for lifting the canisters shall 
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be 148.9OC (300OF). Due to the symmetry of the specified DOE SNF canister design (see the 
engineering drawings in the preliminary design specification, Appendix A), either end shall be 
capable of being used to lift the canister. The Maximum Normal In-Plant Handling Pressure 
(MNIP) shall be considered to be acting coincidentally. 

2. With respect to recovering from an accidental canister drop or tipover (regardless of severity), 
the canisters shall be designed to be picked up from both extreme ends or tilted back upright from 
a horizontal position. Stresses resulting from this action shall satisfy normal operating condition 
stress limits defined in the ASME B&PV Code, Section 111, Division 3. Worst case temperatures 
and pressures shall be considered to be acting coincidentally. The weight of the contents shall be 
assumed to be lumped at the centroid of the canister. 

4.1 2.2 Pressure 

The following specified pressure loadings are listed for all of the DOE SNF canister geometries. 

1. The Maximum Normal In-Plant Handling Pressure (MNIP) is the maximum pressure that would 
develop in a DOE SNF canister during initial handling, interim storage, transportation, or initial 
repository handling or disposal container loading prior to actual emplacement in a repository drift 
under the most severe conditions of normal in-plant handling operations. The DOE SNF canister 
shall be designed for a MNIP not to exceed 344.8 kPa (50 psig) per the criteria of the ASME 
B&PV Code, Section 111, Division 3. (For ASME B&PV Code, Section III, Division 1, Subsection 
NB evaluations, the M N I P  shall be considered to be the design pressure.) 

2. The Maximum Normal Operating Pressure (MNOP) is the maximum pressure that would develop 
in a DOE SNF canister during initial handling, interim storage, transportation, or initial repository 
handling or disposal container loading prior to actual emplacement in a repository drift without 
venting. The DOE SNF canister shall be designed for a MNOP not to exceed 151.7 kPa (22 psig) 
per the criteria of the ASME B&PV Code, Section 111, Division 3. (For ASME B&PV Code, 
Section 111, Division 1, Subsection NB evaluations, the MNOP shall be considered to be the 
operating pressure.) 

4.1 2.3 Thermal 

1. 

2. 

3. 

The Primary Service Temperature for a DOE SNF canister when it is not inside any other 
container (by itself, in a 25OC (77OF) calm air environment) is 176.7OC (35OoF), and 343.3OC 
(65OOF) after placement within another enclosed container (e.g., a storage industry canister for 
interim storage, a transportation cask, or the waste package at the repository), possibly with other 
heat generating DOE SNF canisters or HLW canisters. (For ASME B&PV Code, Section III, 
Division 1, Subsection NB evaluations, the Primary Service Temperature shall be considered to be 
the design temperature.) 

The maximum operating temperature for a DOE SNF canister when it is not inside any other 
container (by itself, in a 25OC (77OF9 calm air environment) is 148.9OC (30O0F), and 315.5OC 
( 6 0 0 O F )  after placement within another enclosed container (e.g., a storage industry canister for 
interim storage, a transportation cask, or the waste package at the repository), possibly with other 
heat generating DOE SNF canisters or HLW canisters. 

The DOE SNF canisters shall be designed for 20 full MNIP and temperature cycles of a canister 
achieving its maximum steady state operating temperature of 315.5OC (6OOOF) inside of another 
container and then suddenly being exposed to an external calm air temperature environment of 
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lOOC (WE9 while the canister simultaneously loses its internal pressure. The maximum thermal 
gradient associated with this event shall be evaluated per the criteria of the ASME B&PV Code, 
Section III, Division 3. If the canisters are subjected to any other significant fatigue loads due to 
initial SNF loading, interim storage, transportation, or loading into a disposal container at the 
repository, a detailed fatigue analysis shall be performed per WB-3221.9(e). If necessary, 
cumulative usage factors from all uses (SNF loading, canister handling, storage, or transportation) 
shall be evaluated once these values are known. 

4. The DOE SNF canisters shall be capable of maintaining containment in temperature environments 
that range from -4OOC to 343.3OC (-4OOF to 65OoQ, excluding accidental drop scenarios or other 
accidental events when being handled by itself or inside of the waste package at the repository. 

4.12.4 Other Normal Operating Condition Loads 

1. For situations requiring specific design evaluations where significant compressive stresses occur 
in the canister, the buckling stress shall be taken into account. Acceptance criteria for buckling 
evaluations shall be obtained from the ASME Nuclear Code Case N-284. Buckling situations 
need to be considered in terms of being able to remove the canister from the enclosing container 
(either the storage industry canister or the transportation cask). 

2. The DOE SNF canisters shall be designed for any other normal operating condition loads resulting 
from initial handling, interim storage, transportation, or handling and loading into a disposal 
container at the repository once the loads and environments have been defined. 

4.1 3 Hypothetical Accident Loads and Environmental Conditions 
for the DOE SNF Canister 

As discussed previously, anytime a loaded DOE SNF canister is being handled by itself, the canister 
shall be within a HEPA-filtered building or facility. This eliminates the requirement of specifically 
designing the DOE SNF canisters to any specific ASME B&PV Code stress limits for accidental drop 
events. However, when the DOE SNF canister is enclosed within a storage industry canister for interim 
storage purposes or within a transportation cask, the DOE SNF canister shall be designed in accordance 
with the criteria in the ASME B&PV Code, Section III, Division 3 stress limits identified in WB-32% or 
Section III, Division 1, Subsection NB-3225 as required. For the repository waste package drop or 
tip-over event, the canister shall be considered adequate as-developed since the only requirement is to 
remove the DOE SNF canister from the damaged waste package and place it into another undamaged 
waste package. The DOE SNF canister has a robust design since it was developed to maintain 
containment when subjected to a 9-meter @-foot) drop onto an essentially unyielding surface. It is this 
robust design that makes the DOE SNF canister adequate to survive the waste package drop or tip-over 
event. 

Another design concern is to maintain permissible deformations for the DOE SNF criticality concerns. 
However, this design evaluation is considered to be beyond the scope of this current design specification 
due to the involvement of the not yet defined canister internals (baskets, spacers, sleeves, dividers, cans, 
etc.). Therefore, the internals shall be required to provide any necessary geometry control regarding 
criticality evaluations of the DOE SNF. 

For situations requiring specific design evaluations where si@icant compressive stresses occur in the 
canister, the buckling stress shall be taken into account. Acceptance criteria for buckling evaluations shall 
be obtained from the ASME Nuclear Code Case N-284. Buckling situations need to be considered only in 
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terms of being able to remove the canister from the enclosing container (either the storage industry 
canister or the transportation cask). 

4.14 Quality Assurance 

The designer and fabricator of the DOE SNF canisters shall establish, maintain, and execute a quality 
assurance program based on the criteria necessary to satisfy ASME B&PV Code, Section III, Division 3 
construction criteria, 10 CFR Parts 71 (Subpart H), and 72 (Subpart G) quality assurance requirements. 

10 CFR Part 60 (Subpart G )  has been implemented in DOL.3/RW-O333P, Revision 8, Quality Assurance 
Requirements and Description for the Civilian Radioactive Waste Management Program. Currently, the 
DOE SNF canister is not listed on the repository's @list. The DOE SNF canister does not perform any 
required safety function at the repository. Therefore, since the DOE SNF canister is not on the repository 
Q-list, compliance with 0333-P is not required. 

4.1 5 Miscellaneous Requirements 
4.15.1 Physical Protection of SNF 

Since the DOE SNF canisters are to be seal-welded for transportation and repository disposal, the DOE 
SNF canisters do not require the use of an NRC approved tamper-safe seal. Per the DIS, tamper indicating 
devices are only required on canisters containing strategic special nuclear material that are not 
seal-welded [Disposability Standard 2.1.271. Depending on how the DOE SNF canister is being used 
within an interim storage system, a tamper-safe seal may be required if the DOE SNF canister is not 
seal-welded. 

4.1 5.2 Labeling 

The DOE SNF canisters shall be capable of being properly labeled per the requirements of the DIS 
[Disposability Standard 2.1.261. The highlights of these requirements include: 

The label shall be an integral part of the canister [engraved to a depth no greater than 0.8 mm 
(1/32 of an inch)] that can be reasonably expected to remain legible for 100 years at temperatures 
of 25OC (77OF') to 400°C (752OF). 

The label shall have a unique alphanumeric identifier 

The label shall not impair the integrity of the canister 

The label shall be chemically compatible with the canister material 

The label shall be visible from the top of the canister with the lifting fixture engaged, with 
characters approximately 25.4 mm (1 inch) in height 

The label shall not cause the canister dimensional limits to be exceeded. 

This specification is requiring the DOE SNF canisters to be labeled on the outer most surface of the 
lifting ring on the top end of the canister. The alphanumeric identifier shall be readable as if the remotely 
operated cameras are on the outside of the canister looking inward toward the axial centerline of the 
canister. Placement of an alphanumeric label on the lifting ring shall not cause any interference or loading 
concerns. 
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4.1 5.3 Documentation 

The designer of the DOE SNF canisters shall provide adequate documentation, reports, and design 
drawings in the proper form and format to satisfy the proper quality assurance requirements and record 
storage requirements. In addition, adequate documentation shall also be provided that: 

Supports the acceptable design of the DOE SNF canisters and is to be certified by a qualified 
professional engineer (the Design Report and Design Drawings) 

0 Permits an independent review of all design procedures and calculations 

Identifies all software used in the design process 

Indicates appropriate validation and verification documentation of all software used for the design 
calculations 

Indicates the involved design personnel have the experience, education, training, and proficiency 
commensurate with the minimum requirements established 

Is legible and in a form suitable for reproduction, filing, and retrieval. 

Additional documentation requirements (including the detailed and specific requirements associated 
with the testing of computer software) can be located in the quality assurance requirements that are 
applicable. All additional evaluations requested by this design specification shall also be included in the 
documentation. 
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Figure 4.1. Standardized DOE SNF Canister Usage. 
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