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GLOSSARY 
 

Accident condition: The extreme level of an event or condition, which has a specified resistance, limit of 
response, and requirement for a given level of continuing capability, which exceeds off-normal events or 
conditions. Accident conditions include both design-basis accidents and conditions caused by natural and 
manmade phenomena. 

Aging effect: The manifestation of an aging mechanism (e.g., cracking, loss of fracture toughness, loss of 
material). 

Aging management activity (AMA): An application of either the aging management program (AMP) or 
time-limited aging analyses (TLAAs) to provide reasonable assurance that the intended functions of 
structures, systems, and components (SSCs) of independent spent fuel storage installations (ISFSIs) and 
dry storage systems (DSSs) are maintained during the period of extended operation. 

Aging management program (AMP): A program for addressing aging effects that may include prevention, 
mitigation, condition monitoring, and performance monitoring. (See Title 10 of the Code of Federal 
Regulations (10 CFR) 72.3, “Definitions.”) 

Aging management review (AMR): An assessment conducted by the licensee or certificate of compliance 
(CoC) holder that addresses aging mechanisms and effects that could adversely affect the ability of SSCs 
from performing their intended functions during the period of extended operation. 

Aging mechanism: The degradation process for a given material and environment which results in an 
aging effect (e.g., freeze-thaw degradation, neutron irradiation, erosion). 

Amendment of a license or CoC: An application for amendment of a license or a CoC must be submitted 
whenever a holder of a specific license or CoC desires to amend the license or CoC (including a change to 
the license or CoC conditions). The application must fully describe the changes desired and the reasons 
for such changes and following as far as applicable, the form prescribed for original applications. See 10 
CFR 72.56, “Application for Amendment of License,” and 10 CFR 72.244, “Application for Amendment 
of a Certificate of Compliance.” 

Baseline inspection: The first inspection of an AMP to assess the condition of SSCs to either: (1) confirm 
that the results of pre-application inspections conducted at other sites are bounding of the subject site, or 
(2) verify the adequacy of the AMPs and the conclusions of the TLAAs when pre-application inspections 
were not performed. 

Burnup: The measure of thermal power produced in a specific amount of nuclear fuel through fission, 
usually expressed in GWd/MTU (gigawatt days per metric ton uranium). 

Canister (in a dry storage system for SNF): A metal cylinder that is sealed at both ends and may be used 
to perform the function of confinement. Typically, a separate storage cask performs the radiological 
shielding and physical protection function.  
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Certificate of compliance (CoC) (for a dry storage system for SNF): The certificate issued by the NRC 
that approves the design of a spent fuel storage cask in accordance with the provisions of 10 CFR Part 72, 
“Licensing Requirements for the Independent Storage of Spent Nuclear Fuel, High-Level Radioactive 
Waste, and Reactor-Related Greater than Class C Waste,” Subpart L, “Approval of Spent Fuel Storage 
Casks.” (See 10 CFR 72.3.) 

Certificate of compliance holder (CoC holder): A person who has been issued a CoC by the U.S. Nuclear 
Regulatory Commission (NRC) for a spent fuel storage cask design under 10 CFR Part 72. (See 10 CFR 
72.3.) 

Certificate of compliance user (CoC user): The general licensee that has loaded, or plans to load, a dry 
storage system (DSS) in accordance with a CoC issued under 10 CFR Part 72. 

Confinement (in a dry storage system for spent nuclear fuel): The ability to limit or prevent the release of 
radioactive substances into the environment. 

Confinement systems: Those systems, including ventilation, that act as barriers between areas containing 
radioactive substances and the environment. (See 10 CFR 72.3.) 

Criticality: The condition wherein a system or medium is capable of sustaining a nuclear chain reaction. 

Damaged fuel can: A metal enclosure that is sized to confine one damaged spent fuel assembly. A fuel 
can for damaged spent fuel with damaged spent-fuel assembly contents must satisfy fuel-specific and 
system-related functions for undamaged spent nuclear fuel (SNF) required by the applicable regulations. 

Degradation: Any change in the properties of a material that adversely affects the performance of that 
material; adverse alteration. 

Design bases:4 Information that identifies the specific function(s) to be performed by SSCs (both 
important-to-safety and not important-to-safety) of a facility or of a spent fuel storage cask and the 
specific values or ranges of values chosen for controlling parameters as reference bounds for design. 
These values may be (1) restraints, derived from generally accepted “state-of-the-art” practices for 
achieving functional goals, or (2) requirements, derived from analysis (based on calculation, experiments, 
or both) of the effects of a postulated event under which SSCs must meet their functional goals. (See 10 
CFR 72.3.) 

Dry storage: The storage of spent nuclear fuel in a DSS, which typically involves drying the DSS canister 
and backfilling with an inert gas. 

Dry storage system (DSS): A system that typically uses a canister in a storage cask as a component in 
which to store spent nuclear fuel in a dry environment. A DSS provides confinement, radiological 
shielding, sub-criticality control, structural support, and passive cooling of its spent nuclear fuel during 
normal, off-normal, and accident conditions. 

General license: Authorizes the storage of spent fuel in an ISFSI at power reactor sites to persons (i.e., 
general licensee) authorized to possess or operate nuclear power reactors under 10 CFR Part 50 
(“Domestic Licensing of Production and Utilization Facilities”) or Part 52 (“Licenses, Certifications, and 
Approvals for Nuclear Power Plants”). The general license is limited to (1) that spent fuel which the 
general licensee is authorized to possess at the site under the specific Part 50 or Part 52 license for the 
site, and (2) storage of spent fuel in casks approved under the provisions of 10 CFR Part 72, Subpart L. 
See 10 CFR 72.210 (“General License Issued”) and 72.212(a)(1)-(2). 
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High burnup (HBU) fuel: Spent nuclear fuel with burnups generally exceeding 45 GWd/MTU. 

Important to safety (ITS): See structures, systems, and components (SSCs) important to safety. 

Independent spent fuel storage installation (ISFSI): A complex designed and constructed for the interim 
storage of spent nuclear fuel, solid reactor-related greater-than-Class-C (GTCC) waste, and other 
radioactive materials associated with spent fuel and reactor-related GTCC waste storage. (See 10 CFR 
72.3.) 

Inspection: The examination of an SSC, using a nondestructive testing technique, to determine its current 
condition and if there is any damage, defect, or degradation that could have an adverse effect on the 
function of that SSC. 

Intended function: A design-bases function defined as either (1) important to safety or (2) failure of which 
could impact a safety function. 

Interim staff guidance (ISG): Supplemental information that clarifies important aspects of regulatory 
requirements. An ISG provides review guidance to NRC staff in a timely manner until standard review 
plans are revised accordingly.  

Monitoring: Data collection (from activities performed in either the initial storage period or the period of 
extended operation) to determine the status of a DSS, ISFSI, or both, and to verify the continued efficacy 
of the system, on the basis of measurements of specified parameters, including temperature, direct 
radiation, radioactive effluents, functionality, and characteristics of components of the system. 
Monitoring could thus be described as those activities that periodically or continuously monitor 
performance as an indirect indicator of degradation (e.g., monitoring groundwater chemistry) or monitor 
the effectiveness of preventive measures. With respect to direct radiation and radioactive effluents, 
according to 10 CFR 20.1003, “Definitions,” monitoring means the measurement of radiation levels, 
concentrations, surface area concentrations or quantities of radioactive material, and the use of the results 
of these measurements to evaluate potential exposures and doses. 

Normal events or conditions: The maximum level of an event or condition expected to routinely occur. 
Events and conditions that exceed the levels associated with “normal” are considered to be, and to have 
the response allowed for, “off-normal” or “accident-level” events and conditions.  

Not Important to Safety (NITS): An item, function or condition related to the ISFSI, or its activities, that 
does not meet the definition of “Important to Safety.” 

Off-normal events or conditions: The maximum level of an event or condition that, although not 
occurring regularly, can be expected to occur with moderate frequency (once per calendar year) and for 
which there is a corresponding maximum specified resistance, specified limit of response, or requirement 
for a specified level of continuing capability. Off-normal is considered to include “anticipated 
occurrences” as used in 10 CFR Part 72.  

Pre-application inspection: An inspection performed at the discretion of the licensee or CoC holder 
before submittal of the renewal application to provide operating experience to support the aging 
management review, proposed AMP activities, or evaluation of TLAAs. 

Radiation shielding: ISFSI and DSS SSCs that are designed so that dry storage operations at an ISFSI 
meet the requirements of 10 CFR 72.126(a)(6) and 10 CFR 72.128(a)(2) and the requirements of 10 CFR 
72.104(a) and 10 CFR 72.106(b), when both direct radiation and radioactive effluents are considered. 
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Renewal of a license or CoC: A certificate holder may apply for renewal of the design of a spent fuel 
storage cask for a term not to exceed 40 years. In the event that the certificate holder does not apply for a 
cask design renewal, any licensee using a spent fuel storage cask, a representative of the licensee, or 
another certificate holder may apply for a renewal of that cask design for a term not to exceed 40 years. 
See 10 CFR 72.240, “Conditions for Spent Fuel Storage Cask Renewal.” Specific licenses may be 
renewed by the Commission at the expiration of the license term upon application by the licensee for a 
period not to exceed 40 years. (See 10 CFR 72.42, “Duration of License; Renewal.”) 

Retrievability: Storage systems must be designed to allow ready retrieval of spent fuel, high-level 
radioactive waste, and reactor related GTCC waste for further processing or disposal. See 10 CFR 
72.122(l). ISG-2 and NUREG-2215 provide guidance on the fuel retrievability, including ready retrieval. 

Safety analysis report (SAR): The document that a CoC holder, specific licensee, an applicant for a CoC, 
or an applicant for a specific license supplies to the NRC for evaluation. For specific-license renewals, the 
SAR must contain information required in 10 CFR 72.24, “Contents of Application; Technical 
Information.” For CoC renewals, the SAR must meet the requirements of 10 CFR 72.240(b). The SAR 
provides references and drawings of the DSS, ISFSI, or both; details of construction; materials; and 
standards to which the SSC has been designed or fabricated. For clarification, SAR is a general term; 
while FSAR indicates the document that is submitted within 90 days after the issuance of the license or 
CoC that is based on the SAR in the license or CoC application and reflects any changes or applicant 
commitments developed during the license or CoC approval and/or hearing process. Both FSAR and 
updated final safety analysis report (UFSAR) are terms that are used to indicate the FSAR update that is 
required every 2 years. A specific licensee or CoC holder shall update the FSAR in accordance with 10 
CFR 72.70 (“Safety Analysis Report Updating”) or 10 CFR 72.248, (“Safety Analysis Report Updating”) 
respectively. 

Safety evaluation report (SER): The document that the NRC publishes at the completion of a licensing or 
certification review. The SER contains all of the NRC staff findings and conclusions from the licensing or 
certification review. 

Safety function: A function defined as ITS. The ITS functions that structures, systems, and components 
are designed to maintain include: 

• structural integrity 
• content temperature control (i.e., heat-removal capability) 
• radiation shielding 
• confinement 
• sub-criticality control 
• retrievability 

Service conditions: Conditions (e.g., time of service, temperatures, environmental conditions, radiation, 
and loading) that a component experiences during storage. 

Specific license: A license for the receipt, handling, storage, and transfer of spent fuel, high-level 
radioactive waste, or reactor-related GTCC waste that is issued to a named person (i.e., specific licensee) 
on an application filed under regulations in 10 CFR Part 72, Subpart B, “License Application, Form, and 
Contents.” 

Spent fuel storage cask system: All the components and systems associated with the container in which 
spent fuel, or other radioactive materials associated with spent fuel, is stored at an ISFSI. (See 10 CFR 
72.3.) 
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Spent nuclear fuel or spent fuel: Nuclear fuel that has been withdrawn from a nuclear reactor after 
irradiation, has undergone at least a 1-year decay process since being used as a source of energy in a 
power reactor, and has not been chemically separated into its constituent elements by reprocessing. Spent 
fuel includes the special nuclear material, byproduct material, source material, and other radioactive 
materials associated with fuel assemblies. (See 10 CFR 72.3.) 

Storage cask: A heavy-walled concrete, metal, or combined concrete and metal structure designed to store 
spent fuel canisters at an ISFSI. The storage cask provides physical protection of canisters and 
radiological shielding, while allowing passive cooling. 

Structures, systems, and components (SSCs) important to safety: (See 10 CFR 72.3.) Those features of the 
ISFSI and spent fuel storage cask whose functions are at least one of the following: 

• to maintain the conditions required to safely store spent fuel, high-level radioactive waste, or 
reactor-related GTCC waste 
• to prevent damage to the spent fuel, the high-level radioactive waste, or reactor-related GTCC 
waste container during handling and storage 
• to provide reasonable assurance that spent fuel, high-level radioactive waste, or reactor-related 
GTCC waste can be received, handled, packaged, stored, and retrieved without undue risk to the 
health and safety of the public 

Time-limited aging analysis (TLAA): (See 10 CFR 72.3.) A licensee or CoC holder calculation or analysis 
that has all of the following attributes: 

• involves SSCs important to safety within the scope of license or CoC renewal 
• considers the effects of aging 
• involves time-limited assumptions defined by the current operating term, for example, 
40 years 
• was determined to be relevant by the licensee or CoC holder in making a 
safety determination 
• involves conclusions or provides the basis for conclusions related to the capability of the 
SSCs to perform their intended safety functions 
• is contained or incorporated by reference in the design bases 

 
Transfer cask: A shielded SSC used to transfer the fuel canister between the spent fuel handling area and 
the storage cask. 
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1. GENERAL INFORMATION 
Introduction 

The FuelSolutions™  Storage System Certificate of Compliance (CoC) No. 1026, Revision 0 
[1.1] was approved by the U.S. Nuclear Regulatory Commission (NRC) pursuant to 10 CFR 
Part 72 for a term of 20 years effective February 15, 2001, for storage of spent nuclear fuel 
(SNF) by general licensees. The expiration date for CoC 1026 is February 15, 2021. As the 
certificate holder of CoC 1026, Westinghouse Electric Company, LLC. is applying for the 
renewal of CoC 1026 for a term of 40 years in accordance with the 10 CFR 72.240(a) [1.2].   

This application for CoC 1026 renewal includes the Final Safety Analysis Report (FSAR) 
information required by 10 CFR 72.240(c). The FSAR content of this application is based on the 
guidance provided in NUREG-1927 [1.3] and covers the Model Number W150 storage cask; the 
W100 transfer cask; and the W21 and W74 canisters. 

In accordance with NUREG-1927, this renewal application is based “on the continuation of the 
approved design basis throughout the period of extended operation.” The identification and 
management of potential aging degradation mechanisms for different material/environment 
combinations was based on the guidance of NUREG-2214 [1.4] in support of this renewal 
application. 

 

1.1 FuelSolutions Storage System Summary Description 

This section provides a summary description of the FuelSolutions Storage System. A more 
complete description of the FuelSolutions Storage System structures, systems and components 
(SSC) is contained in Section 2.2.2 of this renewal application.  A complete description of the 
FuelSolutions Storage System is contained in the FuelSolutions Storage System FSARs [2.3, 
2.4, and 2.5] referenced in Chapter 2 of this renewal application. 

1.1.1 General System Description 

The FuelSolutions Storage System is a canister-based dry cask spent fuel storage system that is 
comprised of three principal components; the W21 canister for storage of PWR spent fuel 
assemblies, the W74 canister for storage of BWR spent fuel assemblies, and the W150 storage 
cask.  In addition, the system includes the W100 transfer cask that is used for canister 
loading/unloading operations into the W150 storage cask. The system design features are 
intended to facilitate on-site SNF loading, handling, and monitoring operations, and to provide 

 

FuelSolutions TM and SENTRY TM are registered trademarks of Westinghouse Electric Company LLC, 
its affiliates and/or its subsidiaries in the United States of America and may be registered in other 
countries throughout the world. All rights reserved. Unauthorized use is strictly prohibited. Other 
names may be trademarks of their respective owners. 
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for radiological protection, criticality control, and maintenance of structural and thermal safety 
margins. 

1.1.2 Principal Components of the FuelSolutions Storage System 

1.1.2.1 FuelSolutions W21 and W74 Canisters 

The FuelSolutions W21 and W74 canisters are designed for storage in the FuelSolutions W150 
Storage Cask, on-site transfer and loading in the FuelSolutions W100 Transfer Cask. The W21 
canister can store up to 21 PWR spent fuel assemblies and the W74 canister can store up to 64 
BWR spent fuel assemblies.  The major components of these canisters are a basket assembly and 
a shell assembly. The shell assembly is designed as the confinement boundary for on-site transfer 
and storage conditions. The basket assembly is sealed inside the canister shell assembly and 
maintains the position of the SNF assemblies and neutron absorbing materials, thus providing 
criticality control. 

1.1.2.2 FuelSolutionsW150 Storage Cask 

The FuelSolutionsW150 Storage Cask consists of a modular reinforced concrete structure with 
three cylindrical segments, and a concrete and steel cover at the top end. Incorporated within the 
cavity of the storage cask are a thick carbon steel liner, an aluminum thermal shield, carbon steel 
guide rails to center the canister, and carbon steel support rails with a high strength chromium-
manganese-nickel austenitic stainless steel (Nitronic 60) facing to provide bearing surfaces 
during canister transfer operations. The W150 storage cask contains vent openings at the base 
and near the top. The vent openings allow air flow via natural convection to dissipate the decay 
heat generated by the canister.  Eight high-strength steel, full length tie rods are used to secure 
the concrete precast segments of the storage cask together. The canister is supported vertically 
off the bottom of the storage cask cavity by radially arranged, austenitic stainless steel structural 
pipe sections. The support pipes elevate the base of the canister above the bottom of the storage 
cask inner cavity and facilitate air flow. 

1.1.2.3 FuelSolutionsW100 Transfer Cask 

The FuelSolutionsW100 Transfer Cask consists of an austenitic stainless steel inner liner and 
outer structural shell, with lead gamma shielding in the annular space between them. A neutron 
shield, consisting of an outer austenitic stainless steel jacket forming an annular cavity that is 
filled with clean, demineralized water, surrounds the structural shell. With the exception of the 
exterior surface of the neutron shield jacket, all exposed surfaces of the transfer cask (including 
the top and bottom covers) are austenitic stainless steel to facilitate radiological 
decontamination. The exterior of the neutron shield jacket has a white epoxy coating to increase 
its thermal transfer characteristics and to decrease the absorptivity of direct sunlight. This epoxy 
coating has good continuous service temperature resistance (350°F) and excellent 
decontamination characteristics.  High strength chromium-manganese-nickel austenitic stainless 
steel (Nitronic 60) rails are welded to the inner liner cavity to facilitate horizontal transfer. 

The ends of the transfer cask body include austenitic stainless steel forged flanges that are 
welded to the structural shell and inner liner. The covers at each end of the cask are bolted to the 
flanges, providing access to the transfer cask cavity from either end. The bottom cover consists 
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of a thick austenitic stainless steel plate and solid neutron shielding encased in a shell.  The top 
cover is similar to the bottom cover, except that it includes a two-piece design with a primary 
top cover assembly and a central ram access cover assembly which is attached to the top cover 
with bolts. 

Two high-strength austenitic stainless steel trunnions are provided near the top end of the 
transfer cask and are separated by 180° for vertical cask handling operations. Two high-strength 
austenitic stainless steel trunnions near the bottom end of the transfer cask, separated by 180°, 
are provided for cask upending/downending operations onto the transfer skid and transfer cask 
trailer.  The bearing surfaces of the trunnion shoulders are covered by austenitic stainless steel 
sleeves. 

1.1.2.4 Other Site-Specific Structures, Systems and Components (SSCs) 

Other site-specific SSCs related to the FuelSolutions Storage System are described and 
evaluated in Section 2.2.2 of this renewal application.  These other site-specific SSCs include:   

• Spent Fuel Assemblies 
• Fuel Transfer and Auxiliary Equipment 
• ISFSI Storage Pad 
• ISFSI Security Equipment 

 

1.2 FuelSolutions Storage System CoC 1026 Amendments 

Table 1-1 lists each of the approved FuelSolutions Storage System CoC 1026 amendments. The 
table provides a description of the scope of the amendment, its approval time, identification of 
the FSAR which provides the licensing basis, and a pointer to where the AMPs for different 
amendments are located in this application. Note, that because the FSAR is updated for each 
amendment, the latest FSAR contains the full licensing basis for all previous amendments. 

 
  



FuelSolutions CoC Renewal Application  
Docket No. 72-1026   October 2020 
 

1-4 
 

WESTINGHOUSE NON-PROPRIETARY CLASS 3 

Table 1-1 FuelSolutions Storage System CoC 1026 Amendments 
 
Amend 

No. 
Description of Changes Effective 

Date 
FSAR(s) 
Revision(s) 

0 Initial Issue 02/15/01 WSNF-220R0 
WSNF-221R0 
WSNF-223R0 

1 Revised the W74 Technical Specifications to:   
(1) allow the storage of W74 spent fuel assemblies 
having MOX fuel rods,  
(2) allow storage of partial W74 fuel assemblies, and  
(3) allow storage of damaged W74 fuel assemblies. 

05/14/01 WSNF-223R1 

2 Revised the W74 Technical Specifications to:   
(1) provide an alternative to returning the W74 canister 
to the spent fuel building to resolve canister issues,  
(2) clarify the terminology for fuel to be stored in the 
W74 canister, and  
(3) revise the thermocouples called out for consistency 
with the Safety Analysis Report. 

01/28/02 WSNF-223R2 

3 Revised the W21 Technical Specifications to:   
(1) provide an alternative to returning the W21 canister 
to the spent fuel building to resolve canister issues, and,  
(2) make several minor editorial corrections to 
Technical Specification language. 

05/07/03 WSNF-221R2 

4 Revised the W21, W74 and W150 Technical 
Specifications to:   
(1) change the Technical Specifications requirements 
related to periodic monitoring during storage operations 
by allowing longer surveillance intervals for casks with 
total heat loads lower than the design-basis heat load 
and permitting either visual inspection of the cask vent 
screens or measurement of the cask liner temperature to 
satisfy the periodic monitoring requirement of 10 CFR 
72.122(h)(4), and  
(2) make editorial changes to the FuelSolutions Final 
Safety Analysis Reports associated with the company 
name change. 

07/03/06 WSNF-220R3 
WSNF-221R4 
WSNF-223R5 
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2. SCOPING EVALUATION 

Introduction 

The scoping evaluation identifies those Structures, Systems and Components (SSC) of the 
FuelSolutions Storage System that are within the scope of the Certificate of Compliance (CoC) 
1026 renewal and require further evaluation for potential aging effects. The process and 
methodology used for the scoping evaluation is described in Section 2.1. The scoping evaluation 
results are summarized in Section 2.2. 

2.1 Scoping Evaluation Process 

The scoping evaluation of the FuelSolutions Storage System is based on the process described in 
NUREG-1927 [2.1]. The process determines which SSCs (and associated subcomponents) are 
within the scope of the renewal.  SSCs are considered within the scope of the renewal if they 
satisfy either of the following criteria: 

(1) They are classified as Important-To-Safety (ITS), as they are relied on to do one of the 
following safety functions: 

i. Maintain the conditions required by the regulations or CoC to store spent fuel 
safely, 

ii. Prevent damage to the spent fuel during handling and storage, or 

iii. Provide reasonable assurance that spent fuel can be received, handled, packaged, 
stored, and retrieved without undue risk to the health and safety of the public 

These SSCs ensure that important safety functions are met for (1) confinement, (2) radiation 
shielding, (3) sub-criticality control, (4) heat-removal capability, (5) structural integrity, 
and (6) retrievability. 

(2) They are classified as Not-Important-To-Safety (NITS), but, according to the design 
basis, its failure could prevent fulfillment of a function that is ITS. 

The FuelSolutions Storage System is designed to allow ready retrieval of the FuelSolutions W21 
and W74 canisters in accordance with 10 CFR 72.122(l) and satisfy the requirements of 10 CFR 
72.236(m). The FuelSolutions W21 and W74 canisters are designed for removal of individual or 
canned spent fuel assemblies and for canister removal from a storage cask for placement into a 
transfer cask and subsequent transport off-site in the appropriate transportation cask, thus 
meeting the retrievability requirements of 10 CFR 72.122(l) and 10 CFR 72.236(m). 
Retrievability functions are further discussed in Section 3.6 “Other Analyses - Retrievability.” 

The following figure provides a flowchart of the Scoping Evaluation Process utilized. 
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Figure 2-1 Scoping Evaluation Process 

 

 

NOTE:  Figure shown is Figure 2-1 from NUREG-1927 “Standard Review Plan for Renewal of Specific 

Licenses and Certificates of Compliance for Dry Storage of Spent Nuclear Fuel” [2.1] 

The documentation of the scoping evaluation process includes the following: 

• A description of the scoping process and method for the inclusion or exclusion of SSCs 
(and associated subcomponents) from the renewal scope 

• A list of the SSCs (and associated subcomponents) that are identified as within the scope 
of renewal, their intended safety function(s), and safety classification or basis for 
inclusion in the renewal scope 

• A list of the SSCs (and associated subcomponents) that are identified as not within the 
scope of renewal and basis for exclusion 

• A list of the sources of information used 

• Identification of the drawings or documents used to clarify the process, the SSC intended 
functions and the safety classifications 

Referenced sources used to support the scoping evaluation process include the following: 

• FuelSolutions safety analysis reports (SARs) 
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• CoC 1026 and CoC 1026 amendments 

• CoC 1026 technical specifications 

• NRC Safety Evaluation Reports (SERs) for CoC 1026 and for CoC amendments 

• FuelSolutions Storage System design-bases documents (e.g., calculations, specifications, 
design change documents) 

• FuelSolutions Storage System drawings 

• 10 CFR 72.48 (“Changes, Tests, and Experiments”) evaluations and screenings 

• FuelSolutions Storage System vendor information 

• Applicable NRC guidance 
The FuelSolutions canisters, transfer cask, and storage cask are classified as ITS. Individual 
components, assemblies, and piece parts were designed, fabricated, and tested to the quality 
standards commensurate with the item’s graded quality category. The quality categories for the 
FuelSolutions components are based on NUREG/CR-6407, “Classification of Transportation 
Packaging and Dry Spent Fuel Storage System Components According to Importance to Safety,” 
[2.14] as referenced in the associated SAR. The scoping evaluation ensured that SSCs identified 
in the design-bases documents were properly differentiated as being either within or not within 
the scope of the renewal. The identification of SSCs and SSC subcomponents in the scoping 
evaluation are applied consistently throughout the renewal application. 
The SSCs within the scope of renewal are screened to identify and describe the subcomponents 
with intended functions.  SSC subcomponents may degrade by different modes or have different 
criteria for evaluation from the overall component (i.e., different materials or environments). 
The scoping evaluation process (1) defines the intended function of each SSC subcomponent and 
(2) differentiates SSC subcomponents per scoping criteria (1) and (2), as defined above. This 
information is tabulated and described in the scoping evaluation in a comprehensive and accurate 
manner (i.e., SSC subcomponents are not missing from the scoping evaluation; SSC 
subcomponent naming is consistent with the design bases; intended functions are properly 
described) by comparing the results of the scoping evaluation to appropriate SAR drawings or 
tables. 
In accordance with NUREG-1927, the FuelSolutions Storage System CoC renewal is based on 
the continuation of the existing FuelSolutions Current Licensing Basis (CLB) and the intended 
safety functions of the SSC ITS throughout the period of extended operation and maintenance.  
As listed above, the sources of information reviewed in the scoping evaluation process that 
describe the CLB and the intended safety functions of the SSC ITS include the FuelSolutions 
Storage System FSARs, CoC 1026, technical specifications, and NRC SERs. 
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2.2 Scoping Evaluation Discussion and Results 
 
Section 2.2 discusses the FuelSolutions Storage System CoC renewal scoping evaluation and 
results. Table 2-1 summarizes the results of the scoping evaluation, listing the SSC that are 
identified within the scope of renewal and the two safety function criteria discussed in Section 
2.1 upon which they are determined to be within the scope of renewal. The subcomponents of the 
in-scope SSC and their intended safety functions are further identified in Tables 24 through 28. 
 

Table 2-1 
Summary of Scoping Evaluation Results 

Structures, Systems and 
Components  

Criterion 1 

 Performs ITS 
Safety 

Function(s) 

Criterion 2 

NITS But Failure 
Prevents ITS 
Function(s) 

In-Scope 

SNF Assemblies  Yes N/A Yes 

W21 Canister  
W74 Canister  

Yes N/A Yes 

W150 Storage Cask Yes N/A Yes 

W100 Transfer Cask Yes N/A Yes 

Fuel Transfer and Auxiliary 
Equipment  
(ITS and Safety Related per FSAR 
Table 2.1-1 [2.3]) 

Yes N/A Yes 

Fuel Transfer and Auxiliary 
Equipment 
(NITS per FSAR Table 2.1-1 
[2.3]) 

No No No 

ISFSI Storage Pad  No No No 

ISFSI Security Equipment  No No No 
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2.2.1 FuelSolutions Storage System Components and Drawings 

The three FSARs [2.3], [2.4] and [2.5] for the FuelSolutions Storage System identify and apply 
to the following components and equipment: 

• FSAR WSNF-220 

 W150 Storage Cask (W150) 

 W100 Transfer Cask (W100) 

 Fuel Transfer and Auxiliary Equipment (e.g., vertical trailer, transfer trailer, upender / 
downender, J-skid, hydraulic ram assembly, storage cask impact limiter, lift yoke, 
vacuum drying system, helium leak detector, welding equipment) 

 ISFSI Storage Pad 

 ISFSI Security Equipment 

• FSAR WSNF-221 

 W21 Canister (W21)  

• FSAR WSNF-223 

 W74 Canister (W74)  

General arrangement drawings of the FuelSolutions Storage System components and equipment 
are provided in the FSARs that correspond with the initial CoC and all approved CoC 
amendments.  A listing of the general arrangement drawings included in each FSAR and FSAR 
revision associated with the initial CoC and all subsequent CoC amendments is provided in 
Tables 2-9, 2-10 and 2-11 below.  Descriptions of the SSCs are provided in Section 2.2.2.   

2.2.2 Description of SSC 

The FuelSolutions Storage System is a canister-based dry cask spent fuel storage system that is 
comprised of three principal components; the W21 canister for storage and transportation of 
PWR spent fuel assemblies, the W74 canister for storage and transportation of BWR spent fuel 
assemblies, and the W150 storage cask.  In addition, the system includes the W100 transfer cask 
that is used for canister loading/unloading operations at the ISFSI storage pad.  Tables 2-4a and 
4b, 2-5 and 2-6 below provide detailed listings of the W74, W21, W150, and W100 component 
parts and materials. Other site-specific system components include the W100 lifting yoke, on-site 
transfer equipment, canister closure equipment, and the ISFSI storage pad.  Additional 
descriptions of these components are provided in Chapter 1 of the three FuelSolutions FSARs 
[2.3, 2.4 and 2.5] and in the following sections. 



FuelSolutions CoC Renewal Application  
Docket No. 72-1026   October 2020 
 

2-6 
 

WESTINGHOUSE NON-PROPRIETARY CLASS 3 

2.2.2.1 Spent Fuel Assemblies 

FuelSolutions Storage System canisters are designed to safely accommodate up to twenty-one 
(21) intact1, unconsolidated, zircaloy clad Pressurized Water Reactor (PWR) SNF assemblies in 
a FuelSolutions W21 canister or up to 64 intact Boiling Water Reactor (BWR) spent fuel 
assemblies in a FuelSolutions W74 canister.  The intended safety functions of the SNF assembly 
subcomponents are identified in Table 2-12. 

A wide range of PWR SNF assembly types can be accommodated by the FuelSolutions Storage 
System, although as of this renewal application for CoC 1026, no PWR fuel assemblies have 
been loaded.  The fuel types allowed by the CoC include B&W 15x15 Mark B, B&W 17x17 
Mark C, CE/Exxon 14x14, CE 16x16 (including System 80), Westinghouse PWR 14x14, 
Westinghouse PWR 15x15, and Westinghouse PWR 17x17. Exceptions to commercial PWR 
SNF assemblies allowed for storage are noted in Section 2.2 of the FuelSolutions W21 Canister 
FSAR [2.4].   

PWR fuel assemblies may be stored either with or without control components. Fuel assembly 
classes accommodated by the FuelSolutions W21 canister, and the corresponding FuelSolutions 
W21 canister class and type designated for use with each fuel assembly class, are addressed in 
FuelSolutions W21 Canister FSAR [2.4] Section 1.2.1.3. The specific fuel assembly types and 
associated characteristics acceptable for storage in the FuelSolutions W21 canister are addressed 
Section 2.1.1 of the FuelSolutions W21 Technical Specifications [2.12] Table 2.1-1 and Table 
2.1-2, and further defined in Technical Specification Tables 2.1-5 through 8.  SNF assemblies 
stored in FuelSolutions W21 canisters must be intact zircaloy-clad fuel with no known or 
suspected cladding defects greater than pinhole leaks or hairline cracks. For SNF assemblies with 
burnup exceeding 45 GWd/MTU (up to 60 GWd/MTU), cladding oxide thickness is limited to 
70 μm. 

In all cases, the FuelSolutions W21 canister maximum heat load is limited to 1.05 kW per SNF 
assembly (i.e. 22 kW per canister), the post-irradiation time is limited as defined in W21 
Technical Specification Tables 2.1-5 through 8 and the maximum initial enrichment is limited to 
5.0 wt% 235U.  The maximum assembly average burnup level is limited to ≤60,000 MWd/MTU 
for the associated initial enrichments noted.  

FuelSolutions W74 canisters utilize a conservative design that does not require either burnup 
credit or moderator exclusion and are designed to accommodate up to 64 Big Rock Point (BRP) 
zircaloy-clad BWR fuel assemblies without the need for fuel assembly spacers and without flow 
channels. The W74 canisters utilize upper and lower basket assemblies, each containing 32 SNF 
assemblies, stack on top of each other. The ten (10) center cell locations in the FuelSolutions 
W74 canister are mechanically blocked to prevent fuel assembly loading and are not used. The 
FuelSolutions W74 canisters can accommodate UO2 Fuel Assemblies or BRP MOX, partial, and 
damaged fuel assemblies. 

FuelSolutions W74 Canister FSAR [2.5] Table 2.2-1 lists the specific fuel assembly types and 
associated characteristics acceptable for storage in the FuelSolutions W74 canister. Detailed fuel 

 

1 Fuel with no known or suspected gross cladding failures. 
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assembly characteristics for the authorized contents are given in Table 2.1-1 and Table 2.1-2 of 
the FuelSolutions W74 Technical Specifications [2.13]. 

The FuelSolutions W74 canister maximum heat load is limited to 24.8 kW per canister. Spent 
fuel assemblies for storage in W74 canisters must meet the limits specified in Technical 
Specification Tables 2.1-1 through 2.1-6. The maximum array average initial enrichment for 
UO2 Fuel Assemblies Acceptable for Storage in the FuelSolutions W74 Canisters is detailed in 
Technical Specification Table 2.1-7. Mixed-Oxide (MOX) fuel assemblies acceptable for storage 
in the FuelSolutions W74 canister are detailed in Technical Specification Table 2.1-8. The post-
irradiation times are defined in FuelSolutions W74 Technical Specifications Table 2.1-9 and 
Table 2.1-10 with maximum assembly average burnup level limited to 40,000 MWd/MTU for 
the associated enrichments and parameters noted. 

2.2.2.2 W21 Canister 

The W21 canister is described in Section 1.2.1.3 of the FuelSolutions W21 Canister FSAR [2.4].  
The W21 canister is the confinement system for storing up to 21 PWR spent fuel assemblies.  
The W21 canister performs confinement, sub-criticality control, heat-removal and radiation 
shielding safety functions.  The W21 canister consists of a shell assembly, top and bottom inner 
closure plates, vent and drain port covers, internal basket assembly, top and bottom shield plugs, 
and top and bottom outer closure plates. All structural components are constructed of high 
strength carbon (electroless nickel coated) or stainless steel. The W21 canister shell, top and 
bottom inner closure plates, and the vent and drain port tops, port covers and the associated 
welds form the confinement boundary.  The W21 fuel basket is a right circular cylinder 
configuration with 21 stainless steel guide tubes for the PWR SNF contents. The guide tubes are 
laterally supported by a series of spacer plates held in position by support rods that run through 
sleeves between the spacer plates.  The guide tubes include neutron poison sheets (Boral) on all 
four sides.   

The FuelSolutions W21 canister subsystem includes two different classes of FuelSolutions 
canister assemblies. The two classes are as follows:  

• The FuelSolutions W21M class Multi-Purpose Canister (MPC) for storage, 
transportation, and disposal.  

• The FuelSolutions W21T class Transportable Storage Canister (TSC) for storage and 
transportation. 

The two W21 canister classes, W21M and W21T, differ in materials of construction used for the 
canister shell and basket assembly. Each class of canister has four different types differing in 
lengths and materials for the canister end plugs.  The W21M canister include long, depleted 
uranium (LD); long steel (LS); short, depleted uranium (SD), and short steel (SS) designs. The 
W21T canister class consists of a long lead (LL), long steel (LS), short lead (SL), and short steel 
(SS) canister.  

The pressure-retaining components of the W21 canister shell assembly, i.e., the components 
forming the confinement boundary for storage, are designed and fabricated as an ASME Section 
III, Class 1 pressure vessel in accordance with the applicable requirements of Subsection NB 
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[2.7], as discussed in Section 2.1.2 of the W21 Canister FSAR [2.4]. These pressure-retaining 
components include the canister shell, the top and bottom closure plates, the ports, and the 
associated welds.  The non-pressure-retaining components of the W21 canister shell assembly 
are designed and fabricated as an ASME Section III, Class 1 component support in accordance 
with the applicable requirements of Subsection NF [2.7], as discussed in Section 2.1.2 of the 
W21 Canister FSAR [2.4]. These non-pressure-retaining components include the top and bottom 
shield plug assemblies, shell extension, bottom end plate, and the associated welds. The W21 
basket assembly is designed and fabricated as an ASME Section III core support structure in 
accordance with the applicable requirements of Subsection NG [2.7], as discussed in Section 
2.1.2 of the W21 Canister FSAR [2.4].  All canister shell assembly confinement boundary 
material and basket assembly structural materials are ASME Code approved stainless steel or 
carbon steel materials. 

2.2.2.3 W74 Canister 

The W74 canister is described in Section 1.2.1.3 of the FuelSolutions W74 Canister FSAR [2.5].  
The W74 canister is the confinement system for storing up to 64 BWR spent fuel assemblies.  
The W74 canister performs confinement, sub-criticality control, heat-removal and radiation 
shielding safety functions.  The W74 canister consists of a shell assembly, top and bottom inner 
closure plates, vent and drain port covers, internal basket assembly, top and bottom shield plugs, 
and top and bottom outer closure plates. All structural components are constructed of high 
strength carbon (electroless nickel coated) or stainless steel. The W74 canister shell, top and 
bottom inner closure plates, and the vent and drain port adapters, port covers and the associated 
welds form the confinement boundary.   

The W74 fuel basket assembly consists of two right circular cylindrical baskets, with a total of 
74 cell locations and a capacity of up to 64 BWR assemblies. The ten unfueled cell locations are 
mechanically blocked to prevent SNF loading in these positions.  The guide tubes are supported 
by a series of spacer plates, held in position by support tubes that run through sleeves placed 
between the spacer plates.  The guide tubes include neutron poison sheets (borated stainless 
steel) in an arrangement that assures there is a poison sheet between all assemblies.   

The FuelSolutions W74 canister subsystem includes two different classes of FuelSolutions 
canister assemblies. The two classes are: 

• The FuelSolutions W74M class Multi-Purpose Canister (MPC) for storage, 
transportation, and disposal. 

• The FuelSolutions W74T class Transportable Storage Canister (TSC) for storage and 
transportation. 

Unlike other FuelSolutions canister types, the FuelSolutions W74 canister design includes only 
one canister length and cavity size.  Only carbon steel shield plugs are used with the top end 
shield plug assembly comprised of a shield plate with individual shield plugs. No fuel assembly 
spacers are used. The configurations of the two FuelSolutions W74 canister classes are described 
in FuelSolutions W74 Canister FSAR [2.5] Table 1.2-2.  
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The W74 canister shell assembly is designed and fabricated as an ASME Section III, Class 1 
pressure vessel, in accordance with the applicable requirements of Subsection NB [2.7], as 
discussed in Section 2.1.2 of W74 Canister FSAR [2.5].  The basket assembly is designed and 
fabricated as an ASME Section III core support structure, in accordance with the applicable 
requirements of Subsection NG [2.7], as discussed in Section 2.1.2 of W74 Canister FSAR [2.5].  
All canister shell assembly confinement boundary material and basket assembly structural 
materials are ASME Code-approved stainless steel or carbon steel materials. 

2.2.2.4 W150 Storage Cask 

The W150 storage cask is described in Section 1.2.1.1 of the FuelSolutions Storage System 
FSAR [2.3].  The W150 storage cask is the storage overpack for the W21 canister and the W74 
canister. There is a long and a short version of the W150 storage cask, both of reinforced 
concrete with a steel liner. The W150 safety functions include structural integrity, radiation 
shielding, protection from environmental conditions, and natural convection heat-removal 
cooling of the canister during long-term storage.  The W150 storage cask has an annular air 
passage to allow the natural circulation of air around the canister. The W150 storage cask is a 
right circular cylindrical structure that is fabricated primarily from carbon steel and steel-
reinforced normal-weight concrete.  The W150 storage cask is designed in accordance with the 
requirements of ACI 349 [2.10] and constructed in accordance with ACI 318 [2.11].  Carbon 
steel is used to form the inside cavity and air outlet ducts of the W150 storage cask.  Carbon steel 
is also used for the cask lid (i.e., weather cover) and the shield ring.  Carbon steel surfaces of 
these W150 subcomponents that are not embedded inside, or in direct contact with, the W150 
concrete are coated with a high emissivity (> .78), corrosion resistant, temperature resistant (400 
Degrees F Min) and radiation resistant coating to protect against corrosion during storage.   

The W150 storage cask design consists of a modular concrete structure with three cylindrical 
segments and a steel and concrete cover at the top end.  Incorporated within the cavity of the 
storage cask are a thick steel liner, a metallic thermal shield, and hardened steel guide rails to 
center the canister and provide bearing surfaces during canister transfer operations.  The cask 
stores long and short canisters by varying only the length of the middle storage cask segment and 
tie rods.  

As noted above, the safety functions of the W150 storage cask include structural integrity, 
radiation shielding, and heat-removal capability.  The W150 storage cask protects the W21 and 
W74 canisters from damage due to external events, such as tornado generated winds and 
missiles.  The radiation shielding provided by the W150 storage cask reduces occupational 
exposure and assures that the regulatory site-boundary dose limits are met.  Air inlet and outlet 
ducts are cast into the body of the W150 storage cask to provide natural convection heat-removal 
cooling of the SNF assemblies during storage.  

2.2.2.5 W100 Transfer Cask 

A detailed description of the W100 transfer cask is provided in Section 1.2.1.2 of the 
FuelSolutions Storage System FSAR [2.3].  The W100 transfer cask is used for W21 and W74 
canister loading and unloading operations.  The W100 transfer cask provides shielding and heat 
transfer during canister movements. The W100 is a multi-wall (steel/lead/steel/water/steel) 
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design with integral lifting trunnions at the top and bottom. Covers are bolted on each end of the 
W100 to allow access to the cask cavity from either end. The top cover includes a secondary 
central cover for ram access during horizontal loading and unloading operations. Heat removal 
from the W100 transfer cask is primarily by conduction through the cask wall. A thermocouple 
probe is included to ensure that the transfer cask system temperatures are within limits during 
horizontal transfer. 

The W100 transfer cask is comprised of a stainless steel inner liner and an outer structural shell, 
with lead gamma shielding in the annular space between them.  A neutron shield, consisting of 
an outer jacket forming an annular cavity that is filled with water, surrounds the structural shell. 
The structural shell of the transfer cask is sized to accommodate localized loads from the lifting 
trunnions and other design basis loadings.  All exposed surfaces of the transfer cask are polished 
stainless steel to ease decontamination.  Low friction, hardened-steel rails are welded to the inner 
shell cavity to facilitate horizontal canister transfer. 

Unlike the W150 storage cask, only one cavity length design is provided for the W100 transfer 
cask.  The transfer cask internal cavity accommodates the long and short canister designs. When 
a short canister is loaded, a cask cavity axial spacer is installed at the bottom of the W100 
transfer cask cavity. 

Two upper trunnions are provided near the top end of the W100 transfer cask and separated by 
180° for vertical cask handling operations.  The transfer cask upper trunnions, including their 
associated attachment welds to the structural shell and inner liner are designed, fabricated, and 
load tested as a special lifting device, in accordance with ANSI N14.6 [2.9], and NUREG-0612 
[2.8]. The balance of the transfer cask is designed and fabricated as an ASME Section III, 
Subsection NF, Class 1 [2.7] component support rather than a special lifting device consistent 
with its design function.  Two trunnions near the bottom end of the transfer cask, separated by 
180°, are provided for cask upending/downending operations onto the transfer skid and transfer 
cask trailer and are not used for critical lifts. The lower trunnions are off-set from the cask 
centerline to assure the cask center of gravity acts to rotate the cask downward, when the cask is 
lowered from vertical to horizontal.  The transfer cask upper and lower trunnions are fitted with 
replaceable hardened wearing surfaces so that the load bearing portions of the trunnion are not 
damaged during repeated upending/downending operations. 

2.2.2.6 Fuel Transfer and Auxiliary Equipment 

The fuel transfer and auxiliary equipment is depicted in Figure 1.2-1 of the FuelSolutions 
Storage System FSAR [2.3].  Section 2.4.2.2 of NUREG 1927 [2.1] states that transporter 
devices may be classified as important to safety or safety related (under 10 CFR Part 50) in the 
design bases of various ISFSIs or dry cask storage systems. The FSAR should be reviewed to 
determine how these SSCs are used in the FSAR evaluations and described in the license or 
CoC, to understand whether these SSCs are considered part of the design bases, and thus whether 
they should be considered within the scope of renewal. 

Certain FuelSolutions fuel transfer and auxiliary equipment necessary for ISFSI operations and 
spent fuel handling is classified as Important to Safety or Safety Related in Table 2.1-1 of the 
FuelSolutions Storage System FSAR [2.3] (e.g., storage cask impact limiter, canister vertical lift 
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fixture, cask lifting yoke, cask cavity axial spacer, shielded docking collar, cask restraints, and 
empty canister lift fixture).  Other Canister Closure/Opening Equipment, Equipment for 
Horizontal Canister Transfer, and Equipment for Vertical Canister Transfer are classified as not 
important to safety in the FuelSolutions Storage System FSARs [2.3 – 2.5].  The Important to 
Safety and Safety Related FuelSolutions fuel transfer and auxiliary equipment which are 
included in this Scoping Evaluation and CoC 1026 renewal are listed in Table 2-2. Table 2-8 lists 
the safety functions, the FSAR drawings or figures, and the safety classifications of the fuel 
transfer and auxiliary equipment, including subcomponents within the scope of renewal, which 
have been identified in the FuelSolutions Storage System FSAR [2.3]. 

 
Table 2-2 

Important to Safety and Safety Related Fuel Transfer and Auxiliary Equipment 
 

Fuel Transfer and Auxiliary Equipment Classification 

Equipment for Horizontal Canister Transfer: - 
• Storage Cask Impact Limiter Important to Safety 

Equipment for Vertical Canister Transfer: - 
• Canister Vertical Lift Fixture Safety Related 

Common Equipment for Horizontal and Vertical Canister Transfer: - 
• Cask Lifting Yoke Safety Related 
• Cask Cavity Axial Spacer Important to Safety 
• Shielded Docking Collar Important to Safety 
• Cask Restraints Important to Safety 
• Empty Canister Lift Fixture Safety Related 
• Standard Lifting Slings (inside plant facility) Safety Related 

 

2.2.2.7 ISFSI Storage Pad 

Two typical ISFSI storage pad layouts are shown in Figures 1.4-1 and 1.4-2 of the FuelSolutions 
Storage System FSAR [2.3].  The ISFSI storage pad is a steel-reinforced concrete slab that 
supports free-standing FuelSolutions Storage System casks.  As stated in Section 1.4 of the 
FuelSolutions Storage System FSAR [2.3], the ISFSI storage pad is classified as NITS. The 
ISFSI storage pad is capable of supporting the loads from the free-standing FuelSolutions 
Storage System casks and fuel transfer operations.  The W150 storage casks and the W100 
transfer cask are designed such that any potential failures of the ISFSI storage pad would not 
prevent them from fulfilling their intended safety functions.  

The cask storage pad is designed and analyzed to limit cask deceleration during design basis 
drop accidents and postulated tip over events. FuelSolutions FSAR Section 2.3.3.2 Cask Drop 
addresses hypothetical drop accidents. Postulated cask tip-over events are addressed in WSNF-
220 Storage System FSAR Sections 2.3.3.3 "Storage Cask Tip-over" and 3.7.4 Storage Cask Tip-
Over and further delineated in associated W74 FSAR or W21 FSAR Sections 2.3.3.2 "Cask Drop 
and Tip-over" and 3.7.4 "Storage Cask Tip-Over." [2.3 – 2.5]  
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Some FuelSolutions Storage System users may identify their ISFSI storage pad as ITS and may 
perform aging management inspections on a site specific basis. 

2.2.2.8 ISFSI Security Equipment 

The ISFSI security equipment (e.g., ISFSI security fences and gates, lighting, communications, 
and monitoring equipment) are not part of the FuelSolutions Storage System approved by the 
FuelSolutions Storage System CoC [2.6], and as such, are not described in detail in the 
FuelSolutions Storage System FSARs [2.3].  Two typical ISFSI storage pad layouts, which 
identify some ISFSI security features, are shown in Figures 1.4-1 and 1.4-2 of the FuelSolutions 
Storage System FSAR [2.3].  Existing plant programs and procedures ensure that the ISFSI 
security equipment requirements are met.  Potential failure of the ISFSI security equipment 
would not prevent the FuelSolutions Storage System casks from performing their intended safety 
functions.  

2.2.3 SSCs Within the Scope of CoC Renewal 

The SSC determined to be within the scope of renewal include are the W150 storage cask, the 
W100 transfer cask, and the W21 and W74 canisters.  The W150 storage cask, the W100 transfer 
cask, and the W21 and W74 canisters satisfy Criteria 1 of the scoping evaluation process.  The 
subcomponents of these in-scope SSC and their intended safety functions are identified in Tables 
2-4 through 2-7. 

The Important to Safety and Safety Related FuelSolutions fuel transfer and auxiliary equipment 
listed in Table 2-2, along with the subcomponents identified in Table 2-8, are included within the 
scope of the CoC 1026 renewal. 

The SNF assemblies, which are sealed and supported inside the W21 and W74 canisters 
(including any damaged W74 SNF assemblies in damaged fuel cans), are also determined to be 
within the scope of renewal.  However, as noted in NUREG-1927 [2.1], fuel pellets are not 
within the scope of renewal.  The intended safety functions of the SNF assembly subcomponents 
are identified in Table 2-12.  

The above identified FuelSolutions components and equipment are the ITS and safety related 
SSCs within the scope of the CoC 1026 [2.6] renewal under 10 CFR Part 72, Subpart L. 

2.2.4 SSC Not Within the Scope of CoC Renewal 

The SSC that are not in the scope of renewal include certain fuel transfer and auxiliary 
equipment, ISFSI storage pad, ISFSI security equipment, and W100 and W150 instrumentation.  
These components are classified as NITS and do not meet scoping Criteria 2 as their failure does 
not prevent fulfillment of a function important to safety.  

Fuel Transfer and Auxiliary Equipment 

As listed in Table 2-3 below, certain fuel transfer and auxiliary equipment necessary for ISFSI 
operations (e.g., air-pallets, vertical transport trailer, horizontal transfer trailer, vacuum drying 
system, welding equipment, helium leak detector, etc.) are classified as NITS in Table 2.1-1 of 
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the FuelSolutions Storage System FSAR [2.3].  These SSCs are not included as part of the 
FuelSolutions Storage System approved by the FuelSolutions Storage System CoC 1026 [2.6] 
under 10 CFR Part 72, Subpart L.   

As discussed in Section 1.2 of the FuelSolutions Storage System FSAR [2.3], the FuelSolutions 
Storage System W150, W100, W21 and W74 components are designed to withstand potential 
failure of the Table 2-3 listed fuel transfer and auxiliary equipment.  Failure of this equipment 
would not prevent the FuelSolutions Storage System components from fulfilling their intended 
safety functions.  Therefore, the Table 2-3 fuel transfer and auxiliary equipment does not meet 
scoping Criteria 2 and is not in the scope of renewal.  The actual fuel transfer and auxiliary 
equipment used at a given site is addressed by the General Licensee in the 10 CFR 72.212 
Evaluation Report on a site-specific basis.   

ISFSI Storage Pad 

The FuelSolutions Storage System ISFSI storage pad is not part of the approved FuelSolutions 
Storage System CoC [2.6] under 10 CFR Part 72, Subpart L, and as such, is not described in 
detail in the FuelSolutions Storage System FSAR [2.3].  The ISFSI storage pad provides free-
standing support of the FuelSolutions Storage System casks.  The FuelSolutions Storage System 
W150, W100, W21and W74 components are designed such that any potential failures of the 
ISFSI storage pad would not prevent them from fulfilling their intended safety functions. 
Therefore, the ISFSI storage pad does not meet scoping Criteria 2 and is not in the scope of 
renewal. The ISFSI Pad subcomponents are identified in Table 2-13. 

Although not within the scope of the FuelSolutions Storage System CoC renewal, if required an 
aging management inspection of the ISFSI pad may be addressed on a site-specific basis by a 
General Licensee. 

ISFSI Security Equipment 

The ISFSI security equipment (e.g., ISFSI security fences and gates, lighting, communications, 
and monitoring equipment) are NITS components that are not part of the FuelSolutions Storage 
System approved by the FuelSolutions Storage System CoC 1026 [2.6] in accordance with 
10 CFR Part 72, Subpart L.  Failure of the ISFSI security equipment would not prevent 
fulfillment of a function that is important to safety.  

Table 2-3 below lists the Structures, Systems and Components Not Within the Scope of the CoC 
1026 Renewal. 
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Table 2-3 
SSC Not Within the Scope of CoC Renewal 

Structures, Systems and Components Classification 
Canister Closure/Opening Equipment: - 

• Annulus Seal NITS 

• Shield Plug Retainers NITS 

• Vacuum Drying System NITS 

• Inner Closure Plate Strongback NITS 

• Automated Welding/Opening System NITS 

• Helium Leak Detector NITS 
Equipment for Horizontal Canister Transfer: - 

• Horizontal Transfer Trailer NITS 

• Horizontal Transfer Skid NITS 

• Hydraulic Ram System NITS 

• Upender / Downender (Including J-Skid) NITS 

• Horizontal Lid Handling Fixture NITS 
Equipment for Vertical Canister Transfer: - 

• Vertical Transporter NITS 

• Vertical Transport Trailer NITS 

• Air Pallet System NITS 
Common Equipment for Horizontal and Vertical Canister Transfer: - 

• Standard Lifting Slings (inside ISFSI) NITS 
ISFSI Storage Pad NITS 
ISFSI Security Equipment NITS 
W100 and W150 Instrumentation NITS 

 

Notes: 
 

NITS = Not Important to Safety 

 



FuelSolutions CoC Renewal Application  
Docket No. 72-1026   October 2020 
 

2-15 
 

WESTINGHOUSE NON-PROPRIETARY CLASS 3 

2.3  References 

[2.1] U.S. Nuclear Regulatory Commission, NUREG-1927, “Standard Review Plan for 
Renewal of Independent Spent Fuel Storage Installation Licenses and Dry Cask Storage 
System Certificates of Compliance,” Revision 1, June 2016. 

[2.2] U.S. Nuclear Regulatory Commission, NUREG-2214, “Managing Aging 
Processes In Storage (MAPS) Report,” July 2019. 

[2.3] FuelSolutions Storage System Final Safety Analysis Report, Document No. 
WSNF-220, Docket No. 72-1026, Revision 0, February 2001; Revision 1, April 2003; 
Revision 2, April 2005; Revision 3, September 2006; Revision 4, April 2007; and 
Revision 5, April 2015. 

[2.4] FuelSolutions W21 Canister Storage Final Safety Analysis Report, Document No. 
WSNF-221, Docket No. 72-1026, Revision 0, February 2001; Revision 1, April 2003; 
Revision 2, June 2003; Revision 3, April 2005; Revision 4, September 2006; and 
Revision 5, April 2007. 

[2.5] FuelSolutions W74 Canister Storage Final Safety Analysis Report, Document No. 
WSNF-223, Docket No. 72-1026, Revision 0, February 2001; Revision 1, July 2001; 
Revision 2, February 2002; Revision 3, April 2003; Revision 4, April 2005; Revision 5, 
September 2006; and Revision 6, April 2007. 

[2.6] U.S. Nuclear Regulatory Commission, Certificate of Compliance for Spent Fuel 
Storage Casks, Model No.: FuelSolutions Storage System, Certificate No. 1026, Docket 
No. 72-1026; Initial Issue (Effective February 15, 2001); Amendment No. 1 (Effective 
May 14, 2001); Amendment No. 2 (Effective January 28, 2002); Amendment No. 3 
(Effective May 7, 2003); Amendment No. 4 (Effective July 3, 2006). 

[2.7] American Society of Mechanical Engineers (ASME) Boiler and Pressure Vessel 
Code, Section III, Division 1, Rules for Construction of Nuclear Power Plant 
Components, 1995 Edition. 

[2.8] NUREG-0612, Control of Heavy Loads at Nuclear Power Plants, U.S. Nuclear 
Regulatory Commission, 1980. 

[2.9] ANSI N14.6, Special Lifting Devices for Shipping Containers Weighing 10,000 
lbs (4500 kg) or More, American National Standards Institute, 1993. 

[2.10] ACI 349-90, Code Requirements for Nuclear Related Concrete Structures and 
Commentary, American Concrete Institute. 

[2.11] ACI 318-89, Building Code Requirements for Reinforced Concrete, American 
Concrete Institute. 

[2.12] FuelSolutions W21 Canister Technical Specifications Docket No. 72-1026; Initial 
Issue through Amendment No. 4. 



FuelSolutions CoC Renewal Application  
Docket No. 72-1026   October 2020 
 

2-16 
 

WESTINGHOUSE NON-PROPRIETARY CLASS 3 

[2.13] FuelSolutions W74 Canister Technical Specifications Docket No. 72-1026; Initial 
Issue through Amendment No. 4. 
 

[2.14] NUREG/CR-6407, “Classification of Transportation Packaging and Dry Spent 
Fuel Storage System Components According to Importance to Safety,” February 1996. 

 



FuelSolutions CoC-1026 Renewal Application
Table 2-4a W74 Canister and Damaged Fuel Can (6 pages)

October 2020

Structure, System, 
or Component

Intended 
Safety 

Function* Material Environment Aging Mechanism Aging Effect Aging Management Activity

Technical Basis  
(NUREG-2214 

Section) (a,c)
Qual 
CAT

Shell CO, SR* Stainless steel
(welded)

Sheltered Stress-corrosion 
cracking

Cracking Welded Stainless Steel Canister 
AMP

3.2.2.5 A

A

Stainless steel Sheltered Pitting and crevice 
corrosion

Loss of material (Precursor to 
stress corrosion cracking)

Welded Stainless Steel Canister 
AMP

3.2.2.2 A

Microbiologically 
influenced corrosion

Loss of material No 3.2.2.4 A

Fatigue Cracking W74 Canister Fatigue TLAA 3.2.2.7

Radiation embrittlement Cracking No 3.2.2.9

Helium Radiation embrittlement Cracking No 3.2.2.9

Bottom closure plate CO, SR Stainless steel
(welded)

Sheltered**
(** Bottom closure 
plate is extension of 
shell, thus same 
environment and 
effects)

Stress-corrosion 
cracking

Cracking Welded Stainless Steel Canister 
AMP

3.2.2.5 A

Sheltered, Pitting and crevice 
corrosion

Loss of material (Precursor to 
stress corrosion cracking)

Welded Stainless Steel Canister 
AMP

3.2.2.2 A

Microbiologically 
influenced corrosion

Loss of material No 3.2.2.4 A

Fatigue Cracking W74 Canister Fatigue TLAA 3.2.2.7

Radiation embrittlement Cracking No 3.2.2.9

Stainless steel
(welded)

Helium Thermal aging Loss of fracture toughness and 
loss of ductility

No 3.2.2.8

Helium Fatigue Cracking W74 Canister Fatigue TLAA 3.2.2.7

Creep Change in dimensions No 3.2.2.6

Radiation embrittlement Cracking No 3.2.2.9

Embedded (steel, 
depleted uranium)

Radiation embrittlement Cracking No 3.2.2.9

Bottom end plate
and 
Shell extension

SR Stainless steel
(welded)

Sheltered Stress corrosion 
cracking

Cracking Welded Stainless Steel Canister 
AMP

3.2.2.5 B

Stainless steel Sheltered Pitting and crevice 
corrosion

Loss of material (Precursor to 
stress-corrosion cracking)

Welded Stainless Steel Canister 
AMP

3.2.2.2 B

Microbiologically
influenced corrosion

Loss of material No 3.2.2.4 B

B

Radiation embrittlement Cracking No 3.2.2.9 B

Embedded (steel, 
depleted uranium)

Radiation embrittlement Cracking No 3.2.2.9

Stainless steel

Stainless steel

*Safety Functions: Confinement (CO), Subcriticality (CR), Retrievability (RE), Radiation Shielding (SH), Structural Integrity (SR), Thermal/Heat Removal (TH) WESTINGHOUSE NON-PROPRIETARY CLASS 3
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October 2020

Structure, System, 
or Component

Intended 
Safety 

Function* Material Environment Aging Mechanism Aging Effect Aging Management Activity

Technical Basis  
(NUREG-2214 

Section) (a,c)
Qual 
CAT

Top outer closure 
plate

CO, SR* Stainless steel
(welded)

Sheltered Stress corrosion 
cracking

Cracking Welded Stainless Steel Canister 
AMP

3.2.2.5 A

Pitting and crevice 
corrosion

Loss of material
(Precursor to stress corrosion 
cracking)

Welded Stainless Steel Canister 
AMP

3.2.2.2 A

Microbiologically 
influenced corrosion

Loss of material No 3.2.2.4 A

Fatigue Cracking W74 Canister Fatigue TLAA 3.2.2.7
Radiation embrittlement Cracking No 3.2.2.9

Helium Radiation embrittlement Cracking No 3.2.2.9

Stainless steel
(welded)

Helium Thermal aging Loss of fracture toughness and 
loss of ductility

No 3.2.2.8 A

Fatigue Cracking W74 Canister Fatigue TLAA 3.2.2.7 A

Creep Change in dimensions No 3.2.2.6

Radiation embrittlement Cracking No 3.2.2.9
Thermal aging Loss of fracture toughness and 

loss of ductility
No 3.2.2.8 B

Creep Change in dimensions No 3.2.2.6 B
Radiation embrittlement Cracking No 3.2.2.9

Shield plug SH Steel General corrosion Loss of material No 3.2.1.1 B

Galvanic corrosion Loss of material No 3.2.1.3
Thermal aging Loss of fracture toughness and

loss of ductility
No 3.2.1.8

Creep Change in dimensions No 3.2.1.6
Radiation embrittlement Cracking No 3.2.1.9

Embedded
(stainless steel)

Radiation embrittlement Cracking No 3.2.1.9

Embedded
(stainless steel, 
depleted uranium)

Radiation embrittlement Cracking No 3.2.1.9

Lead Embedded
(stainless steel)

None identified None identified No 3.2.6

Depleted uranium Embedded
(stainless steel)

None identified None identified No 3.2.7

Embedded
(stainless steel, steel)

None identified None identified No 3.2.7

Helium

Top inner closure 
plate

CO, SR

Stainless steel Helium

Alignment bar, 
adapter

SR Stainless steel Helium

*Safety Functions: Confinement (CO), Subcriticality (CR), Retrievability (RE), Radiation Shielding (SH), Structural Integrity (SR), Thermal/Heat Removal (TH) WESTINGHOUSE NON-PROPRIETARY CLASS 3
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Structure, System, 
or Component

Intended 
Safety 

Function* Material Environment Aging Mechanism Aging Effect Aging Management Activity

Technical Basis  
(NUREG-2214 

Section) (a,c)
Qual 
CAT

Shield plug support 
assembly

SR Stainless steel
(welded)

Helium Thermal aging Loss of fracture toughness and 
loss of ductility

No 3.2.2.8 B

Stainless steel Helium Creep Change in dimensions No 3.2.2.6 NITS
Radiation embrittlement Cracking No 3.2.2.9 NITS

B

Stainless steel
(welded)

Sheltered Stress corrosion 
cracking

Cracking Welded Stainless Steel Canister 
AMP

3.2.2.5 A

Sheltered Pitting and crevice 
corrosion

Loss of material (Precursor to 
stress corrosion cracking)

Welded Stainless Steel Canister 
AMP

3.2.2.2 A

Microbiologically 
influenced corrosion

Loss of material No 3.2.2.4 A

Fatigue Cracking W74 Canister Fatigue TLAA 3.2.2.7 A

Radiation embrittlement Cracking No 3.2.2.9

Helium Radiation embrittlement Cracking No 3.2.2.9

Instrument port cover, 
vent/drain port cover

CO Stainless steel
(welded)

Helium Thermal aging Loss of fracture toughness and 
loss of ductility

No 3.2.2.8 A

Stainless steel Helium Fatigue Cracking W74 Canister Fatigue TLAA 3.2.2.7 A

Creep Change in dimensions No 3.2.2.6 A
Radiation embrittlement Cracking No 3.2.2.9 A

Vent and drain port SR Stainless steel
(welded)

Helium Thermal aging Loss of fracture toughness and
loss of ductility

No 3.2.2.8 A

Stainless steel Helium Creep Change in dimensions No 3.2.2.6 NITS

Radiation embrittlement Cracking No 3.2.2.9 NITS
A

NITS
A

NITS

NITS

NITS
NITS

Leak test port cover CO

Stainless steel

*Safety Functions: Confinement (CO), Subcriticality (CR), Retrievability (RE), Radiation Shielding (SH), Structural Integrity (SR), Thermal/Heat Removal (TH) WESTINGHOUSE NON-PROPRIETARY CLASS 3
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Table 2-4a W74 Canister and Damaged Fuel Can (6 pages)

October 2020

Structure, System, 
or Component

Intended 
Safety 

Function* Material Environment Aging Mechanism Aging Effect Aging Management Activity

Technical Basis  
(NUREG-2214 

Section) (a,c)
Qual 
CAT

Stainless steel
(welded)

Helium Thermal aging Loss of fracture toughness and 
loss of ductility

No 3.2.2.8 B

Helium Fatigue Cracking W74 Canister Fatigue TLAA 3.2.2.7 B

Creep Change in dimensions No 3.2.2.6 B

Radiation embrittlement Cracking No 3.2.2.9 B

General corrosion Loss of material No 3.4.2.1

Galvanic corrosion Loss of material No 3.4.2.2

Thermal aging Loss of strength No 3.4.2.6

Wet corrosion and 
blistering

Change in dimensions No 3.4.2.3

Creep Change in dimensions No 3.4.2.5

Radiation embrittlement Cracking No 3.4.2.7

Boron depletion Reduction of neutron-
absorbing capacity

W74 Canister Fatigue TLAA 3.4.2.4

Boron depletion Reduction of neutron- 
absorbing capacity

W74 Canister Fatigue TLAA 3.4.1.1 A

Thermal aging Loss of fracture toughness and 
loss of ductility

No 3.4.1.3

Creep Change in dimensions No 3.4.1.2
Radiation embrittlement Loss of fracture toughness and 

loss of ductility
No 3.4.1.4

Thermal aging Loss of fracture toughness and 
loss of ductility

No 3.2.2.8 B

Fatigue Cracking W74 Canister Fatigue TLAA 3.2.2.7

Creep Change in dimensions No 3.2.2.6 NITS

Radiation embrittlement Cracking No 3.2.2.9 NITS

NITS

NITS

NITS

B

B

B

B

NITS

NITS

NITS

B

NITS

Fuel basket support 
rod

SR Stainless steel
(17-4 PH)

Helium Thermal aging Loss of fracture toughness and 
loss of ductility

W74 Canister Fatigue TLAA 3.2.2.8

Fatigue Cracking W74 Canister Fatigue TLAA 3.2.2.7
Creep Change in dimensions No 3.2.2.6

Radiation embrittlement Cracking No 3.2.2.9

Fuel basket support 
rod, support sleeve

BASKET 
ASSEMBLY

SR Stainless steel Helium

Neutron absorber CR Boral Helium

Borated stainless 
steel

Helium

Guide tube assembly CR, SR

Stainless steel

*Safety Functions: Confinement (CO), Subcriticality (CR), Retrievability (RE), Radiation Shielding (SH), Structural Integrity (SR), Thermal/Heat Removal (TH) WESTINGHOUSE NON-PROPRIETARY CLASS 3
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Table 2-4a W74 Canister and Damaged Fuel Can (6 pages)
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Structure, System, 
or Component

Intended 
Safety 

Function* Material Environment Aging Mechanism Aging Effect Aging Management Activity

Technical Basis  
(NUREG-2214 

Section) (a,c)
Qual 
CAT

Fuel basket support 
sleeve

SR Steel Helium General corrosion Loss of material No 3.2.1.1

Galvanic corrosion Loss of material No 3.2.1.3

Thermal aging Loss of fracture toughness and 
loss of ductility

No 3.2.1.8

Fatigue Cracking W74 Canister Fatigue TLAA 3.2.1.7
Creep Change in dimensions No 3.2.1.6
Radiation embrittlement Cracking No 3.2.1.9

General corrosion Loss of material No 3.2.1.1

Galvanic corrosion Loss of material No 3.2.1.3
Thermal aging Loss of fracture toughness and 

loss of ductility
No 3.2.1.8

Fatigue Cracking W74 Canister Fatigue TLAA 3.2.1.7
Creep Change in dimensions No 3.2.1.6

Radiation embrittlement Cracking No 3.2.1.9

Stress relaxation Loss of preload W74 Canister Fatigue TLAA 3.2.1.10
Fuel basket spacer 
assembly

SR Stainless steel Helium Thermal aging Loss of fracture toughness and 
loss of ductility

No 3.2.2.8 B

Fatigue Cracking W74 Canister Fatigue TLAA 3.2.2.7 B

Creep Change in dimensions No 3.2.2.6 B

Radiation embrittlement Cracking No 3.2.2.9 B

Steel Helium General corrosion Loss of material No 3.2.1.1 B

Galvanic corrosion Loss of material No 3.2.1.3 B

Thermal aging Loss of fracture toughness and 
loss of ductility

No 3.2.1.8 B

Fatigue Cracking W74 Canister Fatigue TLAA 3.2.1.7 B

Creep Change in dimensions No 3.2.1.6 B

Radiation embrittlement Cracking No 3.2.1.9

SR Stainless steel
(welded)

Helium Thermal aging Loss of fracture toughness and 
loss of ductility

No 3.2.2.8

Stainless steel Helium Fatigue Cracking W74 Canister Fatigue TLAA 3.2.2.7 C

Creep Change in dimensions No 3.2.2.6 B

Radiation embrittlement Cracking No 3.2.2.9 B

C

C

C

C

C

Fuel basket bolt SR Steel Helium

Damaged fuel can top 
lid assembly (W74 
Canister)

*Safety Functions: Confinement (CO), Subcriticality (CR), Retrievability (RE), Radiation Shielding (SH), Structural Integrity (SR), Thermal/Heat Removal (TH) WESTINGHOUSE NON-PROPRIETARY CLASS 3
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Structure, System, 
or Component

Intended 
Safety 

Function* Material Environment Aging Mechanism Aging Effect Aging Management Activity

Technical Basis  
(NUREG-2214 

Section) (a,c)
Qual 
CAT

Thermal aging Loss of fracture toughness and
loss of ductility

No 3.2.2.8 C

Fatigue Cracking W74 Canister Fatigue TLAA 3.2.2.7 C

Creep Change in dimensions No 3.2.2.6 C

Radiation embrittlement Cracking No 3.2.2.9 B

Stress relaxation Loss of preload No 3.2.2.10 B
Stainless steel
(welded)

Helium Thermal aging Loss of fracture toughness and 
loss of ductility

No 3.2.2.8 B

Fatigue Cracking W74 Canister Fatigue TLAA 3.2.2.7 B

Creep Change in dimensions No 3.2.2.6 B
Radiation embrittlement Cracking No 3.2.2.9

Boron depletion Reduction of neutron- 
absorbing capacity

W74 Neutron Absorber Boron 
Depletion TLAA

3.4.1.1 B

Thermal aging Loss of fracture toughness and
loss of ductility

No 3.4.1.3 A

Creep Change in dimensions No 3.4.1.2

Radiation embrittlement Loss of fracture toughness and 
loss of ductility

No 3.4.1.4

Damaged fuel can 
guide tube assembly
(W74 Canister)

SR

Stainless steel Helium

Damaged fuel can 
neutron absorber 
(W74 Canister)

CR Borated stainless 
steel

Helium

Damaged fuel can top 
lid assembly
hardware
(W74 Canister)

SR Stainless steel Helium

*Safety Functions: Confinement (CO), Subcriticality (CR), Retrievability (RE), Radiation Shielding (SH), Structural Integrity (SR), Thermal/Heat Removal (TH) WESTINGHOUSE NON-PROPRIETARY CLASS 3
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Table 2-4b W21 Canister (6 pages)

October 2020

Structure, System, 
or Component

Intended 
Safety 

Function* Material Environment Aging Mechanism Aging Effect Aging Management Activity

Technical Basis 
(NUREG-2214 

Section) (a,c)
Qual 
CAT

Shell CO, SR* Stainless steel
(welded)

Sheltered Stress-corrosion 
cracking

Cracking Welded Stainless Steel Canister AMP 3.2.2.5 A

NITS

Stainless steel Sheltered Pitting and crevice 
corrosion

Loss of material 
(Precursor to stress 
corrosion cracking)

Welded Stainless Steel Canister AMP 3.2.2.2 A

Microbiologically 
influenced corrosion

Loss of material No 3.2.2.4 NITS

Fatigue Cracking W21 Canister Fatigue TLAA 3.2.2.7

Radiation 
embrittlement

Cracking No 3.2.2.9

Helium Radiation 
embrittlement

Cracking No 3.2.2.9

Bottom closure plate CO, SR Stainless steel
(welded)

Helium Thermal aging Loss of fracture toughness 
and loss of ductility

No 3.2.2.8 A

Stainless steel Helium Fatigue Cracking W21 Canister Fatigue TLAA 3.2.2.7

Creep Change in dimensions No 3.2.2.6

Radiation 
embrittlement

Cracking No 3.2.2.9

Embedded (steel, depleted 
uranium)

Radiation 
embrittlement

Cracking No 3.2.2.9

Stainless steel
(welded)

Sheltered (Bottom closure 
plate is extension of shell, 
thus same environment and 
effects)

Stress-corrosion 
cracking

Cracking Welded Stainless Steel Canister AMP 3.2.2.5

Sheltered Pitting and crevice 
corrosion

Loss of material 
(Precursor to stress 
corrosion cracking)

Welded Stainless Steel Canister AMP 3.2.2.2

Microbiologically 
influenced corrosion

Loss of material No 3.2.2.4

Fatigue Cracking W21 Canister Fatigue TLAA 3.2.2.7

Radiation 
embrittlement

Cracking No 3.2.2.9

Stainless steel

*Safety Functions: Confinement (CO), Subcriticality (CR), Retrievability (RE), Radiation Shielding (SH), Structural Integrity (SR), Thermal/Heat Removal (TH) WESTINGHOUSE NON-PROPRIETARY CLASS 3
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Structure, System, 
or Component

Intended 
Safety 

Function* Material Environment Aging Mechanism Aging Effect Aging Management Activity

Technical Basis 
(NUREG-2214 

Section) (a,c)
Qual 
CAT

Bottom end plate
and 
Shell extension

SR Stainless steel
(welded)

Sheltered Stress corrosion 
cracking

Cracking Welded Stainless Steel Canister AMP 3.2.2.5 A

Stainless steel Sheltered Pitting and crevice 
corrosion

Loss of material 
(Precursor to stress-
corrosion cracking)

Welded Stainless Steel Canister AMP 3.2.2.2 A

Microbiologically 
influenced corrosion

Loss of material No 3.2.2.4 A

Radiation 
embrittlement

Cracking No 3.2.2.9 A

Embedded (steel, depleted 
uranium)

Radiation 
embrittlement

Cracking No 3.2.2.9 A

A

Top outer closure 
plate

CO, SR* Stainless steel
(welded)

Sheltered Stress corrosion 
cracking

Cracking Welded Stainless Steel Canister AMP 3.2.2.5 A

Pitting and crevice 
corrosion

Loss of material
(Precursor to stress 
corrosion cracking)

Welded Stainless Steel Canister AMP 3.2.2.2

Microbiologically 
influenced corrosion

Loss of material No 3.2.2.4

Fatigue Cracking W21 Canister Fatigue TLAA 3.2.2.7

Radiation 
embrittlement

Cracking No 3.2.2.9

Helium Radiation 
embrittlement

Cracking No 3.2.2.9

Stainless steel
(welded)

Helium Thermal aging Loss of fracture toughness 
and loss of ductility

No 3.2.2.8 A

Fatigue Cracking W21 Canister Fatigue TLAA 3.2.2.7

Creep Change in dimensions No 3.2.2.6

Radiation 
embrittlement

Cracking No 3.2.2.9

Thermal aging Loss of fracture toughness 
and loss of ductility

No 3.2.2.8

Creep Change in dimensions No 3.2.2.6

Radiation 
embrittlement

Cracking No 3.2.2.9

Alignment bar, 
adapter

SR Stainless steel

Top inner closure 
plate

CO, SR

Stainless steel Helium

Helium

*Safety Functions: Confinement (CO), Subcriticality (CR), Retrievability (RE), Radiation Shielding (SH), Structural Integrity (SR), Thermal/Heat Removal (TH) WESTINGHOUSE NON-PROPRIETARY CLASS 3



FuelSolutions CoC-1026 Renewal Application
Table 2-4b W21 Canister (6 pages)

October 2020

Structure, System, 
or Component

Intended 
Safety 

Function* Material Environment Aging Mechanism Aging Effect Aging Management Activity

Technical Basis 
(NUREG-2214 

Section) (a,c)
Qual 
CAT

Shield plug SH Steel General corrosion Loss of material No 3.2.1.1 B

Galvanic corrosion Loss of material No 3.2.1.3 B
Thermal aging Loss of fracture toughness 

and loss of ductility
No 3.2.1.8 B

Creep Change in dimensions No 3.2.1.6 B

Radiation 
embrittlement

Cracking No 3.2.1.9 B

Embedded
(stainless steel)

Radiation 
embrittlement

Cracking No 3.2.1.9 B

NITS
NITS

Cracking No 3.2.1.9 NITS

NITS
NITS
NITS
NITS

NITS
NITS

B
B

Lead Embedded
 

None identified None identified No 3.2.6 B
B
B

Depleted uranium Embedded
(stainless steel)

None identified None identified No 3.2.7 B

B
B
B

Embedded
(stainless steel, steel)

None identified None identified No 3.2.7 B

B

Shield plug support 
assembly

SR Stainless steel
(welded)

Helium Thermal aging Loss of fracture toughness 
and loss of ductility

No 3.2.2.8 B

Stainless steel Helium Creep Change in dimensions No 3.2.2.6

Radiation 
embrittlement

Cracking No 3.2.2.9

Helium

Embedded
(stainless steel, depleted 
uranium)

Radiation 
embrittlement

*Safety Functions: Confinement (CO), Subcriticality (CR), Retrievability (RE), Radiation Shielding (SH), Structural Integrity (SR), Thermal/Heat Removal (TH) WESTINGHOUSE NON-PROPRIETARY CLASS 3



FuelSolutions CoC-1026 Renewal Application
Table 2-4b W21 Canister (6 pages)

October 2020

Structure, System, 
or Component

Intended 
Safety 

Function* Material Environment Aging Mechanism Aging Effect Aging Management Activity

Technical Basis 
(NUREG-2214 

Section) (a,c)
Qual 
CAT

Stainless steel
(welded)

Sheltered Stress corrosion 
cracking

Cracking Welded Stainless Steel Canister AMP 3.2.2.5 A

Sheltered Pitting and crevice 
corrosion

Loss of material 
(Precursor to stress 
corrosion cracking)

Welded Stainless Steel Canister AMP 3.2.2.2 A

Microbiologically 
influenced corrosion

Loss of material No 3.2.2.4

Fatigue Cracking W21 Canister Fatigue TLAA 3.2.2.7
Radiation 
embrittlement

Cracking No 3.2.2.9

Helium Radiation 
embrittlement

Cracking No 3.2.2.9

Instrument port cover, 
vent/drain port cover

CO Stainless steel
(welded)

Helium Thermal aging Loss of fracture toughness 
and loss of ductility

No 3.2.2.8

Stainless steel Helium Fatigue Cracking W21 Canister Fatigue TLAA 3.2.2.7

Creep Change in dimensions No 3.2.2.6

Radiation 
embrittlement

Cracking No 3.2.2.9

Vent and drain port SR Stainless steel
(welded)

Helium Thermal aging Loss of fracture toughness 
and loss of ductility

No 3.2.2.8 NITS

Stainless steel Helium Creep Change in dimensions No 3.2.2.6 NITS
Radiation 
embrittlement

Cracking No 3.2.2.9 NITS

NITS
A
A
A
C
C

NITS
A
A
A
C
C

NITS
NITS

Stainless steel
(welded)

Helium Thermal aging Loss of fracture toughness 
and loss of ductility

No 3.2.2.8 B

Helium Fatigue Cracking W21 Canister Fatigue TLAA 3.2.2.7 B
Creep Change in dimensions No 3.2.2.6 B
Radiation 
embrittlement

Cracking No 3.2.2.9 B

B
B
B

Guide tube assembly CR, SR

Stainless steel

Leak test port cover CO

Stainless steel

*Safety Functions: Confinement (CO), Subcriticality (CR), Retrievability (RE), Radiation Shielding (SH), Structural Integrity (SR), Thermal/Heat Removal (TH) WESTINGHOUSE NON-PROPRIETARY CLASS 3



FuelSolutions CoC-1026 Renewal Application
Table 2-4b W21 Canister (6 pages)

October 2020

Structure, System, 
or Component

Intended 
Safety 

Function* Material Environment Aging Mechanism Aging Effect Aging Management Activity

Technical Basis 
(NUREG-2214 

Section) (a,c)
Qual 
CAT

Neutron absorber CR General corrosion Loss of material No 3.4.2.1 A

Galvanic corrosion Loss of material No 3.4.2.2 A

Thermal aging Loss of strength No 3.4.2.6 A

Wet corrosion and 
blistering

Change in dimensions No 3.4.2.3 A

Creep Change in dimensions No 3.4.2.5 A

Radiation 
embrittlement

Cracking No 3.4.2.7

Boron depletion Reduction of neutron-
absorbing capacity

W21 Neutron Absorber Boron Depletion 
TLAA

3.4.2.4

Boron depletion Reduction of neutron- 
absorbing capacity

3.4.1.1

Thermal aging Loss of fracture toughness 
and loss of ductility

No 3.4.1.3

Creep Change in dimensions No 3.4.1.2

Radiation 
embrittlement

Loss of fracture toughness 
and loss of ductility

No 3.4.1.4

Thermal aging Loss of fracture toughness 
and loss of ductility

No 3.2.2.8 B

Fatigue Cracking W21 Canister Fatigue TLAA 3.2.2.7 B
Creep Change in dimensions No 3.2.2.6 B

Radiation 
embrittlement

Cracking No 3.2.2.9 B

B
Fuel basket support 
rod

SR Stainless steel
(17-4 PH)

Helium Thermal aging Loss of fracture toughness 
and loss of ductility

W21 Canister Fatigue TLAA 3.2.2.8 B

Fatigue Cracking W21 Canister Fatigue TLAA 3.2.2.7 B
Creep Change in dimensions No 3.2.2.6 B
Radiation 
embrittlement

Cracking No 3.2.2.9 B

Fuel basket support 
sleeve

SR Steel Helium General corrosion Loss of material No 3.2.1.1 B

Galvanic corrosion Loss of material No 3.2.1.3 B

Thermal aging Loss of fracture toughness 
and loss of ductility

No 3.2.1.8 B

Fatigue Cracking W21 Canister Fatigue TLAA 3.2.1.7 B

Creep Change in dimensions No 3.2.1.6
Radiation 
embrittlement

Cracking No 3.2.1.9

Fuel basket support 
rod, support sleeve

SR Stainless steel Helium

Boral Helium

Borated stainless 
steel

Helium

*Safety Functions: Confinement (CO), Subcriticality (CR), Retrievability (RE), Radiation Shielding (SH), Structural Integrity (SR), Thermal/Heat Removal (TH) WESTINGHOUSE NON-PROPRIETARY CLASS 3



FuelSolutions CoC-1026 Renewal Application
Table 2-4b W21 Canister (6 pages)

October 2020

Structure, System, 
or Component

Intended 
Safety 

Function* Material Environment Aging Mechanism Aging Effect Aging Management Activity

Technical Basis 
(NUREG-2214 

Section) (a,c)
Qual 
CAT

General corrosion Loss of material No 3.2.1.1

Galvanic corrosion Loss of material No 3.2.1.3
Thermal aging Loss of fracture toughness 

and loss of ductility
No 3.2.1.8

Fatigue Cracking W21 Canister Fatigue TLAA 3.2.1.7

Creep Change in dimensions No 3.2.1.6

Radiation 
embrittlement

Cracking No 3.2.1.9

Stress relaxation Loss of preload W21 Canister Fatigue TLAA 3.2.1.10

Fuel basket spacer 
assembly

SR Stainless steel Helium Thermal aging Loss of fracture toughness 
and loss of ductility

No 3.2.2.8 A

Fatigue Cracking W21 Canister Fatigue TLAA 3.2.2.7 A

Creep Change in dimensions No 3.2.2.6 A

A

Radiation 
embrittlement

Cracking No 3.2.2.9 A

Steel Helium General corrosion Loss of material No 3.2.1.1 A

Galvanic corrosion Loss of material No 3.2.1.3
Thermal aging Loss of fracture toughness 

and loss of ductility
No 3.2.1.8 NITS

Fatigue Cracking W21 Canister Fatigue TLAA 3.2.1.7 B

Creep Change in dimensions No 3.2.1.6 B

Radiation 
embrittlement

Cracking No 3.2.1.9 B

B

B

Fuel basket bolt SR Steel Helium

*Safety Functions: Confinement (CO), Subcriticality (CR), Retrievability (RE), Radiation Shielding (SH), Structural Integrity (SR), Thermal/Heat Removal (TH) WESTINGHOUSE NON-PROPRIETARY CLASS 3



FuelSolutions CoC-1026 Renewal Application
Table 2-5 Storage Cask (4 pages)

October 2020

Structure, System,
or Component

Intended Safety 
Function Material Environment Aging Mechanism Aging Effect Aging Management Activity

Technical Basis 
(NUREG-2214 Section) (a,c)

Qual 
CAT

Cracking Reinforced Concrete Structures 
AMP

3.5.1.5

Loss of strength Reinforced Concrete Structures 
AMP

3.5.1.5

Loss of material (spalling, 
scaling)

Reinforced Concrete
Structures AMP

3.5.1.5

Creep Cracking No 3.5.1.2
Cracking No 3.5.1.11
Loss of strength No 3.5.1.11
Loss of material
(spalling, scaling)

No 3.5.1.13

Loss of strength No 3.5.1.13
Cracking No 3.5.1.13

Fatigue Cracking No 3.5.1.10
Cracking Reinforced Concrete Structures 

AMP
3.5.1.1

Loss of material
(spalling, scaling)

Reinforced Concrete
Structures AMP

3.5.1.1

Cracking No 3.5.1.9
Loss of strength No 3.5.1.9
Cracking Reinforced Concrete

Structures AMP
3.5.1.3

Loss of strength Reinforced Concrete
Structures AMP

3.5.1.3

Salt scaling Loss of material (spalling, 
scaling)

Reinforced Concrete
Structures AMP

3.5.1.14

Shrinkage Cracking No 3.5.1.7
Loss of strength Reinforced Concrete

Structures AMP
3.5.1.8

Increase in porosity and 
permeability

Reinforced Concrete
Structures AMP

3.5.1.8

Reduction of concrete pH 
(reducing corrosion resistance of 
steel embedments)

Reinforced Concrete
Structures AMP

3.5.1.8

Loss of concrete/steel bond Reinforced Concrete
Structures AMP

3.5.1.6

Loss of material (spalling, 
scaling)

Reinforced Concrete
Structures AMP

3.5.1.6

Cracking Reinforced Concrete
Structures AMP

3.5.1.6

Loss of strength Reinforced Concrete
Structures AMP

3.5.1.6

General corrosion Loss of material Monitoring of Metallic
Surfaces AMP

3.2.1.1

Galvanic corrosion Loss of material Monitoring of Metallic
Surfaces AMP

3.2.1.3

Pitting and crevice corrosion Loss of material Monitoring of Metallic
Surfaces AMP

3.2.1.2

Microbiologically influenced 
corrosion

Loss of material No 3.2.1.4

Radiation embrittlement Cracking No 3.2.1.9

Embedded
(concrete)

Radiation embrittlement Cracking No 3.2.1.9

B

Steel liner, shield ring SH, SR Steel Sheltered B

BConcrete shell, shear 
key

SH, SR* Shell concrete 
and sheer key 
grout

Air—outdoor Aggressive chemical attack

Dehydration at high 
temperature
Delayed ettringite
formation

Freeze and thaw

Radiation damage

Reaction with aggregates

Leaching of calcium 
hydroxide

Concrete shell SH, SR Reinforcing 
steel

Air—outdoor 
groundwater

Corrosion of reinforcing steel

*Safety Functions: Confinement (CO), Subcriticality (CR), Retrievability (RE), Radiation Shielding (SH), Structural Integrity (SR), Thermal/Heat Removal (TH) WESTINGHOUSE NON-PROPRIETARY CLASS 3



FuelSolutions CoC-1026 Renewal Application
Table 2-5 Storage Cask (4 pages)

October 2020

Structure, System,
or Component

Intended Safety 
Function Material Environment Aging Mechanism Aging Effect Aging Management Activity

Technical Basis 
(NUREG-2214 Section) (a,c)

Qual 
CAT

      
   

  General corrosion Loss of material Monitoring of Metallic
Surfaces AMP

3.2.3.1

Galvanic corrosion Loss of material Monitoring of Metallic
Surfaces AMP

3.2.3.3

Pitting and crevice corrosion Loss of material Monitoring of Metallic
Surfaces AMP

3.2.3.2

Microbiologically influenced 
corrosion

Loss of material No 3.2.3.4

Thermal aging Loss of strength No 3.2.3.7
Creep Change in dimensions No 3.2.3.5

Radiation embrittlement Cracking No 3.2.3.8

General corrosion Loss of material Monitoring of Metallic
Surfaces AMP

3.2.1.1

Pitting and crevice
corrosion

Loss of material Monitoring of Metallic
Surfaces AMP

3.2.1.2

Microbiologically influenced 
corrosion

Loss of material No 3.2.1.4

Radiation embrittlement Cracking No 3.2.1.9

Stress corrosion cracking Cracking Monitoring of Metallic
Surfaces AMP

3.2.2.5

Pitting and crevice corrosion Loss of material Monitoring of Metallic
Surfaces AMP

3.2.2.2

Microbiologically influenced 
corrosion

Loss of material No 3.2.2.4

Radiation embrittlement Cracking No 3.2.2.9
Wear Loss of material Monitoring of Metallic

Surfaces AMP
3.2.2.11

General corrosion Loss of material Monitoring of Metallic
Surfaces AMP

3.2.1.1

Galvanic corrosion Loss of material Monitoring of Metallic
Surfaces AMP

3.2.1.3

Pitting and crevice
corrosion

Loss of material Monitoring of Metallic
Surfaces AMP

3.2.1.2

Microbiologically influenced 
corrosion

Loss of material No 3.2.1.4

Radiation embrittlement Cracking No 3.2.1.9

Stress relaxation Loss of preload Monitoring of Metallic
Surfaces AMP

3.2.1.10

Stress corrosion cracking Cracking Monitoring of Metallic
Surfaces AMP

3.2.2.5

Pitting and crevice corrosion Loss of material Monitoring of Metallic
Surfaces AMP

3.2.2.2

Microbiologically influenced 
corrosion

Loss of material No 3.2.2.4

Radiation embrittlement Cracking No 3.2.2.9

Wear Loss of material Monitoring of Metallic
Surfaces AMP

3.2.2.11

General corrosion Loss of material Monitoring of Metallic
Surfaces AMP

3.2.1.1

Galvanic corrosion Loss of material Monitoring of Metallic
Surfaces AMP

3.2.1.3

Pitting and crevice
corrosion

Loss of material Monitoring of Metallic
Surfaces AMP

3.2.1.2

Microbiologically influenced 
corrosion

Loss of material No 3.2.1.4

Radiation embrittlement Cracking No 3.2.1.9
Stress relaxation Loss of preload Monitoring of Metallic

Surfaces AMP
3.2.1.10

NITS   

C        
NITS   
NITS   
NITS   
NITS   
NITS   
NITS   

Steel Sheltered

Steel Sheltered NITS   
NITS   
NITS   
NITS   
NITS   
NITS   
NITS   
NITS   
NITS           

Guide rail SR, RE NOTE: 
Degraded NITS Items 
May Adversely Affect 
Canister Retriev-
ability (RE)

Stainless steel Sheltered NITS

B
NITS
NITS
NITS
NITS

B

C              
B

Support rail Stainless steel Sheltered B            
B             
B      

NITS  
NITS

Shear lug, thermal 
shield support lug

SR Steel Sheltered

SR, RE NOTE: 
Degraded NITS 
Items May 
Adversely Affect 
Canister Retriev-
ability (RE)

Thermal shield panel 
assembly

TH Aluminum Sheltered

*Safety Functions: Confinement (CO), Subcriticality (CR), Retrievability (RE), Radiation Shielding (SH), Structural Integrity (SR), Thermal/Heat Removal (TH) WESTINGHOUSE NON-PROPRIETARY CLASS 3



FuelSolutions CoC-1026 Renewal Application
Table 2-5 Storage Cask (4 pages)

October 2020

Structure, System,
or Component

Intended Safety 
Function Material Environment Aging Mechanism Aging Effect Aging Management Activity

Technical Basis 
(NUREG-2214 Section) (a,c)

Qual 
CAT

      
   

  Stress corrosion cracking Cracking Monitoring of Metallic
Surfaces AMP

3.2.2.5

Pitting and crevice
corrosion

Loss of material Monitoring of Metallic
Surfaces AMP

3.2.2.2

Microbiologically influenced 
corrosion

Loss of material No 3.2.2.4

Radiation embrittlement Cracking No 3.2.2.9

Stress corrosion cracking Cracking Monitoring of Metallic
Surfaces AMP

3.2.2.5

Pitting and crevice
corrosion

Loss of material Monitoring of Metallic
Surfaces AMP

3.2.2.2

Microbiologically influenced
corrosion

Loss of material No 3.2.2.4

Radiation embrittlement Cracking No 3.2.2.9
Stress corrosion cracking Cracking Monitoring of Metallic

Surfaces AMP
3.2.2.5

Pitting and crevice corrosion Loss of material Monitoring of Metallic
Surfaces AMP

3.2.2.2

Microbiologically influenced Loss of material No 3.2.2.4
Radiation embrittlement Cracking No 3.2.2.9
Stress relaxation Loss of preload No 3.2.2.10
General corrosion Loss of material Monitoring of Metallic

Surfaces AMP
3.2.1.1

Galvanic corrosion Loss of material Monitoring of Metallic
Surfaces AMP

3.2.1.3

Pitting and crevice
corrosion

Loss of material Monitoring of Metallic
Surfaces AMP

3.2.1.2

Microbiologically influenced 
corrosion

Loss of material No 3.2.1.4

Radiation embrittlement Cracking No 3.2.1.9
Stress relaxation Loss of preload Monitoring of Metallic

Surfaces AMP
3.2.1.10

General corrosion Loss of material Monitoring of Metallic
Surfaces AMP

3.2.1.1

Pitting and crevice
corrosion

Loss of material Monitoring of Metallic
Surfaces AMP

3.2.1.2

Microbiologically influenced 
corrosion

Loss of material No 3.2.1.4

Radiation embrittlement Cracking No 3.2.1.9
SR General corrosion Loss of material Monitoring of Metallic

Surfaces AMP
3.2.1.1

Pitting and crevice
corrosion

Loss of material Monitoring of Metallic
Surfaces AMP

3.2.1.2

Microbiologically influenced 
corrosion

Loss of material No 3.2.1.4

Radiation embrittlement Cracking No 3.2.1.9

General corrosion Loss of material Monitoring of Metallic
Surfaces AMP

3.2.1.1

Pitting and crevice corrosion Loss of material Monitoring of Metallic
Surfaces AMP

3.2.1.2

Microbiologically influenced 
corrosion

Loss of material No 3.2.1.4

Radiation embrittlement Cracking No 3.2.1.9

NITSSheltered

Steel Air—outdoor

Tie rod hardware SR

B

C

C

Top cover assembly

B

Steel Sheltered

Stainless steel Sheltered

C   
NITS
NITS   
NITS   
NITS   

Ram anchor SR Steel Sheltered

B

C

BCanister support tube SR Stainless steel Sheltered

Tie rod, tie rod plate SR Stainless steel Sheltered

*Safety Functions: Confinement (CO), Subcriticality (CR), Retrievability (RE), Radiation Shielding (SH), Structural Integrity (SR), Thermal/Heat Removal (TH) WESTINGHOUSE NON-PROPRIETARY CLASS 3



FuelSolutions CoC-1026 Renewal Application
Table 2-5 Storage Cask (4 pages)

October 2020

Structure, System,
or Component

Intended Safety 
Function Material Environment Aging Mechanism Aging Effect Aging Management Activity

Technical Basis 
(NUREG-2214 Section) (a,c)

Qual 
CAT

      
   

  Loss of material
(spalling, scaling)

No 3.5.1.13

Cracking No 3.5.1.13
Loss of strength No 3.5.1.13
Cracking No 3.5.1.9

Loss of strength No 3.5.1.9
Cracking No 3.5.1.3
Loss of strength No 3.5.1.3

General corrosion Loss of material Monitoring of Metallic
Surfaces AMP

3.2.1.1

Pitting and crevice corrosion Loss of material Monitoring of Metallic
Surfaces AMP

3.2.1.2

Microbiologically influenced
corrosion

Loss of material No 3.2.1.4

Radiation embrittlement Cracking No 3.2.1.9
Stress relaxation Loss of preload Monitoring of Metallic

Surfaces AMP
3.2.1.10

Radiation embrittlement Coating degradation Monitoring of Metallic
Surfaces AMP

3.2.8

Thermal aging Coating degradation Monitoring of Metallic
Surfaces AMP

3.2.8

Radiation embrittlement Coating degradation Monitoring of Metallic
Surfaces AMP

3.2.8

Thermal aging Coating degradation Monitoring of Metallic
Surfaces AMP

3.2.8

 (a,c) NITS
NITS
NITS
NITS
NITS
NITS
NITS
NITS
NITS
NITS
NITS
NITS
NITS
NITS
NITS
NITS
NITS
NITS
NITS
NITS
NITS
NITS
NITS
NITS

Coating on carbon 
steel components

SR Coating Air—outdoor

Top cover bolt SR Steel Sheltered

Sheltered

C

C

Concrete Fully encased
(steel)

Delayed ettringite
formation

NITS

Radiation damage

Reaction with aggregates

Top cover assembly 
(continued)

NOTE:  The following Not Important to Safety (NITS) W150 Storage Cask items and parts do not perform any safety functions and their malfunction 
would not preclude Important to Safety (ITS) items and parts from performing their safey functions.  The listed NITS items and parts are typically 
accessible for inspection and maintenance as required, and can be repaired or replaced as necessary without applying an Aging Management Program.  

*Safety Functions: Confinement (CO), Subcriticality (CR), Retrievability (RE), Radiation Shielding (SH), Structural Integrity (SR), Thermal/Heat Removal (TH) WESTINGHOUSE NON-PROPRIETARY CLASS 3



FuelSolutions CoC-1026 Renewal Application
Table 2-6 Transfer Cask (5 pages)

October 2020

Structure, System,
or Component

Intended 
Safety 

Function Material Environment Aging Mechanism Aging Effect
Aging Management 

Activity

Technical Basis 
(NUREG- 2214 

Section) (a,c)
Qual 
CAT

Stainless steel
(welded)

Air—
indoor/outdoor

Stress corrosion cracking Cracking No 3.2.2.5

Pitting and crevice 
corrosion

Loss of material No 3.2.2.2

Microbiologically 
influenced corrosion

Loss of material No 3.2.2.4

Fatigue Cracking W100 Transfer Cask 
Fatigue TLAA

3.2.2.7

Radiation embrittlement Cracking No 3.2.2.9

Stainless steel
(welded)

Air—
indoor/outdoor

Stress corrosion cracking Cracking No 3.2.2.5

Pitting and crevice 
corrosion

Loss of material No 3.2.2.2

Microbiologically 
influenced corrosion

Loss of material No 3.2.2.4

Fatigue Cracking W100 Transfer Cask 
Fatigue TLAA

3.2.2.7

Radiation embrittlement Cracking No 3.2.2.9

Pitting and crevice 
corrosion

Loss of material No 3.2.2.2

Microbiologically 
influenced
corrosion

Loss of material No 3.2.2.4

Stress corrosion cracking Cracking No 3.2.2.5
Fatigue Cracking W100 Transfer Cask 

Fatigue TLAA
3.2.2.7

Radiation embrittlement Cracking No 3.2.2.9

Pitting and crevice 
corrosion

Loss of material No 3.2.2.2

Microbiologically 
influenced
corrosion

Loss of material No 3.2.2.4

Stress corrosion cracking Cracking No 3.2.2.5

Fatigue Cracking W100 Transfer Cask 
Fatigue TLAA

3.2.2.7

Radiation embrittlement Cracking No 3.2.2.9
Gamma shield SH Lead Embedded

(stainless steel)
None identified None identified No 3.2.6 B

Pitting and crevice 
corrosion

Loss of material No 3.2.2.2

Microbiologically 
influenced corrosion

Loss of material No 3.2.2.4

Stress corrosion cracking Cracking No 3.2.2.5

Fatigue Cracking W100 Transfer Cask 
Fatigue TLAA

3.2.2.7

Radiation embrittlement Cracking No 3.2.2.9

Wear Loss of material Transfer Cask AMP 3.2.2.11

C

B

B
B
B
B

Guide rail SR Stainless steel Air—
indoor/outdoor

Structural shell SR*

A

Stainless steel Air—
indoor/outdoor

A

Stainless steel Air—
indoor/outdoor

Inner liner SR

Neutron shield jacket 
support rib

SR Stainless steel Demineralized 
water

Neutron shield jacket, 
trunnion support plate, 
thermowell

SR Stainless steel Air—
indoor/outdoor

*Safety Functions: Confinement (CO), Subcriticality (CR), Retrievability (RE), Radiation Shielding (SH), 
Structural Integrity (SR), Thermal/Heat Removal (TH) WESTINGHOUSE NON-PROPRIETARY CLASS 3



FuelSolutions CoC-1026 Renewal Application
Table 2-6 Transfer Cask (5 pages)

October 2020

Structure, System,
or Component

Intended 
Safety 

Function Material Environment Aging Mechanism Aging Effect
Aging Management 

Activity

Technical Basis 
(NUREG- 2214 

Section) (a,c)
Qual 
CAT

 Stainless steel
(welded)

Air—
indoor/outdoor

Stress corrosion cracking Cracking No 3.2.2.5

Pitting and crevice 
corrosion

Loss of material No 3.2.2.2

Microbiologically 
influenced corrosion

Loss of material No 3.2.2.4

Fatigue Cracking W100 Transfer Cask 
Fatigue TLAA

3.2.2.7

Radiation embrittlement Cracking No 3.2.2.9

Fatigue Cracking W100 Transfer Cask 
Fatigue TLAA

3.2.2.7

Radiation embrittlement Cracking No 3.2.2.9

Fatigue Cracking W100 Transfer Cask 
Fatigue TLAA

3.2.2.7

Radiation embrittlement Cracking No 3.2.2.9

Pitting and crevice 
corrosion

Loss of material No 3.2.2.2

Microbiologically 
influenced corrosion

Loss of material No 3.2.2.4

Stress corrosion cracking Cracking No 3.2.2.5

Fatigue Cracking W100 Transfer Cask 
Fatigue TLAA

3.2.2.7

Radiation embrittlement Cracking No 3.2.2.9

Pitting and crevice 
corrosion

Loss of material No 3.2.2.2

Microbiologically 
influenced corrosion

Loss of material No 3.2.2.4

Stress corrosion cracking Cracking No 3.2.2.5

Fatigue Cracking W100 Transfer Cask 
Fatigue TLAA

3.2.2.7

Radiation embrittlement Cracking No 3.2.2.9

Air—
indoor/outdoor

Stress corrosion cracking Cracking No 3.2.2.5

Demineralized 
water

Stress corrosion cracking Cracking No 3.2.2.5

Pitting and crevice 
corrosion

Loss of material No 3.2.2.2

Microbiologically 
influenced corrosion

Loss of material No 3.2.2.4

Fatigue Cracking W100 Transfer Cask 
Fatigue TLAA

3.2.2.7

Radiation embrittlement Cracking No 3.2.2.9

Pitting and crevice 
corrosion

Loss of material No 3.2.2.2

Microbiologically 
influenced corrosion

Loss of material No 3.2.2.4

Fatigue Cracking W100 Transfer Cask 
Fatigue TLAA

3.2.2.7

Radiation embrittlement Cracking No 3.2.2.9

A

A
Stainless steel Air—

indoor/outdoor

Demineralized 
water

Upper trunnion, lower 
trunnion

SR Stainless steel
(welded)

A
C

NITS
A
C

Coupling, pipe, cap SR Stainless steel Air—
indoor/outdoor

Swagelok quick 
connect body, fitting, 
cap

SR Stainless steel Air—
indoor/outdoor

NITS

NITS

B

NITS

B

B

NITS

B

Block SR Stainless steel Embedded 
(stainless steel, 
lead)

Screw thread insert SR Stainless steel Embedded
(stainless steel)

A

Top flange, bottom 
flange

SR A
A

Stainless steel Air—
indoor/outdoor

*Safety Functions: Confinement (CO), Subcriticality (CR), Retrievability (RE), Radiation Shielding (SH), 
Structural Integrity (SR), Thermal/Heat Removal (TH) WESTINGHOUSE NON-PROPRIETARY CLASS 3
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October 2020

Structure, System,
or Component

Intended 
Safety 

Function Material Environment Aging Mechanism Aging Effect
Aging Management 

Activity

Technical Basis 
(NUREG- 2214 

Section) (a,c)
Qual 
CAT

 Pitting and crevice 
corrosion

Loss of material No 3.2.2.2

Microbiologically 
influenced corrosion

Loss of material No 3.2.2.4

Stress corrosion cracking Cracking No 3.2.2.5

Fatigue Cracking W100 Transfer Cask 
Fatigue TLAA

3.2.2.7

Radiation embrittlement Cracking No 3.2.2.9
Wear Loss of material Transfer Cask AMP 3.2.2.11

Pitting and crevice 
corrosion

Loss of material No 3.2.2.2

Microbiologically 
influenced
corrosion

Loss of material No 3.2.2.4

Stress corrosion cracking Cracking No 3.2.2.5

Fatigue Cracking W100 Transfer Cask 
Fatigue TLAA

3.2.2.7

Radiation embrittlement Cracking No 3.2.2.9
Wear Loss of material Transfer Cask AMP 3.2.2.11

Pitting and crevice 
corrosion

Loss of material No 3.2.2.2

Microbiologically 
influenced
corrosion

Loss of material No 3.2.2.4

Stress corrosion cracking Cracking No 3.2.2.5

Fatigue Cracking W100 Transfer Cask 
Fatigue TLAA

3.2.2.7

Radiation embrittlement Cracking No 3.2.2.9
Stress relaxation Loss of preload No 3.2.2.10

General corrosion Loss of material W100 Transfer Cask AMP 3.2.1.1

Pitting and crevice 
corrosion

Loss of material W100 Transfer Cask AMP 3.2.1.2

Galvanic corrosion Loss of material W100 Transfer Cask AMP 3.2.1.3

Microbiologically 
influenced
corrosion

Loss of material No 3.2.1.4

Fatigue Cracking W100 Transfer Cask 
Fatigue TLAA

3.2.2.7

Radiation embrittlement Cracking No 3.2.1.9
Stress relaxation Loss of preload No 3.2.1.10

A

A

C

C

Bolt for top cover, 
bottom cover, ram
access cover

SR Steel Air—
indoor/outdoor

Trunnion bolt SR Stainless steel Air—
indoor/outdoor

C

C

C

C

Demineralized 
water

Trunnion retainer, 
trunnion sleeve

SR Stainless steel Air—
indoor/outdoor

*Safety Functions: Confinement (CO), Subcriticality (CR), Retrievability (RE), Radiation Shielding (SH), 
Structural Integrity (SR), Thermal/Heat Removal (TH) WESTINGHOUSE NON-PROPRIETARY CLASS 3
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October 2020

Structure, System,
or Component

Intended 
Safety 

Function Material Environment Aging Mechanism Aging Effect
Aging Management 

Activity

Technical Basis 
(NUREG- 2214 

Section) (a,c)
Qual 
CAT

 Pitting and crevice 
corrosion

Loss of material No 3.2.2.2

Microbiologically 
influenced corrosion

Loss of material No 3.2.2.4

Stress corrosion cracking Cracking No 3.2.2.5

Fatigue Cracking W100 Transfer Cask 
Fatigue TLAA

3.2.2.7

Radiation embrittlement Cracking No 3.2.2.9

Pitting and crevice 
corrosion

Loss of material No 3.2.2.2 C

Microbiologically 
influenced
corrosion

Loss of material No 3.2.2.4 NITS

Stress corrosion cracking Cracking No 3.2.2.5 A

Fatigue Cracking W100 Transfer Cask 
Fatigue TLAA

3.2.2.7

Radiation embrittlement Cracking No 3.2.2.9

Pitting and crevice 
corrosion

Loss of material No 3.2.2.2 B

Microbiologically influenced 
corrosion

Loss of material No 3.2.2.4 C

Stress corrosion cracking Cracking No 3.2.2.5 NITS

Fatigue Cracking W100 Transfer Cask 
Fatigue TLAA

3.2.2.7 C

Radiation embrittlement Cracking No 3.2.2.9 C
Pitting and crevice 
corrosion

Loss of material No 3.2.2.2 A

Microbiologically 
influenced corrosion

Loss of material No 3.2.2.4 B

Stress corrosion cracking Cracking No 3.2.2.5 NITS

Fatigue Cracking W100 Transfer Cask 
Fatigue TLAA

3.2.2.7 NITS

NITS
NITS

NITS
NITS

Pitting and crevice 
corrosion

Loss of material No 3.2.2.2

Microbiologically 
influenced corrosion

Loss of material No 3.2.2.4

Stress corrosion cracking Cracking No 3.2.2.5

Fatigue Cracking W100 Transfer Cask 
Fatigue TLAA

3.2.2.7

Radiation embrittlement Cracking No 3.2.2.9

BTop lifting 
insert(NOTE: Cover 
lifting inserts are 
included with cover SS 
parts), Bottom support 
ring

SR Stainless steel Air—
indoor/outdoor

Bottom cover SR Stainless steel Air—
indoor/outdoor

Radiation embrittlement Cracking No 3.2.2.9

C

C

C

Top cover SR Stainless steel Air—
indoor/outdoor

Washer for trunnion, 
top cover, bottom
cover, ram access 
cover

SR Stainless steel Air—
indoor/outdoor

Ram access cover SR Stainless steel Air—
indoor/outdoor

*Safety Functions: Confinement (CO), Subcriticality (CR), Retrievability (RE), Radiation Shielding (SH), 
Structural Integrity (SR), Thermal/Heat Removal (TH) WESTINGHOUSE NON-PROPRIETARY CLASS 3
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October 2020

Structure, System,
or Component

Intended 
Safety 

Function Material Environment Aging Mechanism Aging Effect
Aging Management 

Activity

Technical Basis 
(NUREG- 2214 

Section) (a,c)
Qual 
CAT

 Pitting and crevice 
corrosion

Loss of material No 3.2.2.2 C

Microbiologically 
influenced corrosion

Loss of material No 3.2.2.4

Stress corrosion cracking Cracking No 3.2.2.5

Fatigue Cracking W100 Transfer Cask 
Fatigue TLAA

3.2.2.7

Radiation embrittlement Cracking No 3.2.2.9

Thermal aging Loss of fracture 
Toughness and 
loss of ductility

No 3.3.1.2 B

Radiation embrittlement Cracking No 3.3.1.3 B
Boron depletion Loss of shielding W100 Transfer Cask AMP 3.3.1.1

Radiation embrittlement Coating 
degradation

W100 Transfer Cask AMP 3.2.8

Thermal aging Coating 
degradation

W100 Transfer Cask AMP 3.2.8

General corrosion Loss of material W100 Transfer Cask AMP 3.2.5.1

Pitting and crevice 
corrosion

Loss of material No 3.2.5.2

Microbiologically 
influenced corrosion

Loss of material No 3.2.5.3

Radiation embrittlement Cracking No 3.2.5.4

(a,c)

B

B

Pressure relief device SR Brass Air—
indoor/outdoor

Coating on neutron 
shield jacket

TH Coating Air—
indoor/outdoor

Neutron shield jacket SR Stainless steel Air—
indoor/outdoor

Embedded
(RX-277, NS-3)

Radiation embrittlement Cracking No 3.2.2.9

Neutron shielding SH RX-277, NS-3 Embedded 
(stainless steel)

NOTE:  The following Not Important to Safety (NITS) W100 Transfer Cask items and parts do not perform any safety functions and their malfunction 
would not preclude Important to Safety (ITS) items and parts from performing their safey functions.  The listed NITS items and parts are typically accessible 
for inspection and maintenance as required, and can be repaired or replaced as necessary without applying an Aging Management Program.  

*Safety Functions: Confinement (CO), Subcriticality (CR), Retrievability (RE), Radiation Shielding (SH), 
Structural Integrity (SR), Thermal/Heat Removal (TH) WESTINGHOUSE NON-PROPRIETARY CLASS 3
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Structure, System, 
or Component

Intended Safety 
Function Material Environment

Aging
Mechanism Aging Effect Aging Management Activity

Technical Basis 
(NUREG-2214 

Section) Reference
Qual 
CAT

Oxidation Loss of load bearing 
capacity

No 3.6.1.6 A

Pitting corrosion Loss of material No 3.6.1.7

Galvanic corrosion Loss of material No 3.6.1.8
Stress corrosion cracking Cracking No 3.6.1.9

Hydride reorientation Loss of ductility W21 High-Burnup Fuel Monitoring and Assessment AMP 
and a supporting analysis†

3.6.1.1  ** Refer to the W21 Technical Specifications 
Section 5.3.6 "Vacuum Drying Program" 
regarding fuel cladding temperature limits of 400 
C to assure cladding integrity

Delayed hydride cracking Cracking No 3.6.1.2

Thermal Creep Changes in dimensions W21 High-Burnup Fuel Monitoring and Assessment AMP 
and a supporting analysis†

3.6.1.3

Low-temperature creep Changes in dimensions No 3.6.1.4

Radiation embrittlement Loss of strength No 3.6.1.10

Fatigue Cracking No 3.6.1.11

Mechanical overload Cracking No 3.6.1.5

Creep Changes in dimensions No 3.6.2.1 A

Hydriding Changes in dimensions No 3.6.2.2

Radiation embrittlement Loss of strength No 3.6.1.10

Fatigue Cracking No 3.6.1.11

Spacer grids CR, RE, SR, TH Creep Changes in dimensions No 3.6.2.1 A

Hydriding Changes in dimensions No 3.6.2.2

Radiation embrittlement Loss of strength No 3.6.1.10

Fatigue Cracking No 3.6.1.11

Zirconium-based alloy Helium

Guide tubes (PWR) or 
water channels 
(BWR)

CR, RE,
SR

Zirconium-based alloy Helium

Fuel rod cladding CO, CR, RE, SH, 
SR, TH*

Zirconium-based alloy 
(Zircaloy-2, Zircaloy-4, 
ZIRLOTM, or M5®)

Helium

† Hydride reorientation and thermal creep are not expected to result in cladding failures or reconfiguration of the fuel if the design bases are consistent with the acceptance criteria in ISG-11, Revision 3 (NRC, 2003).  However, confirmatory evidence for dry storage 
periods beyond 20 years is expected to be gathered and evaluated per the High-Burnup Fuel Monitoring and Assessment AMP.  Alternatively, an applicant may perform defense-in-depth analyses, assuming credible reconfiguration as discussed in NUREG-2214 Sections 
3.6.1.1 and 3.6.1.3.
It should be noted that no W21 fuel canisters have been loaded as of this CoC renewal.

 ** Refer to the W21 Technical Specifications 
Section 5.3.6 "Vacuum Drying Program" 
regarding fuel cladding temperature limits of 400 
C to assure cladding integrity

*Safety Functions: Confinement (CO), Subcriticality (CR), Retrievability (RE), Radiation Shielding (SH), 
Structural Integrity (SR), Thermal/Heat Removal (TH) WESTINGHOUSE NON-PROPRIETARY CLASS 3



FuelSolutions CoC-1026 Renewal Application
Table 2-7 Spent Fuel Assemblies (2 pages)

October 2020

Structure, System, 
or Component

Intended Safety 
Function Material Environment

Aging
Mechanism Aging Effect Aging Management Activity

Technical Basis 
(NUREG-2214 

Section) Reference
Qual 
CAT

      
 

  
  

  

Spacer grids 
(continued)

Creep Change in dimensions No 3.6.2.1

General corrosion Loss of material No 3.6.2.3
Stress corrosion cracking Cracking No 3.6.2.4

Radiation embrittlement Loss of strength No 3.6.1.10

Fatigue Cracking No 3.6.1.11

Creep Change in dimensions No 3.6.2.1 A

General corrosion Loss of material No 3.6.2.3
Stress corrosion cracking Cracking No 3.6.2.4

Radiation embrittlement Loss of strength No 3.6.1.10

Fatigue Cracking No 3.6.1.11
Creep Change in dimensions No 3.6.2.1

General corrosion Loss of material No 3.6.2.3
Stress corrosion cracking Cracking No 3.6.2.4

Radiation embrittlement Loss of strength No 3.6.1.10

Fatigue Cracking No 3.6.1.11
Creep Change in dimensions No 3.6.2.1 A

Hydriding Change in dimensions No 3.6.2.2

Radiation embrittlement Loss of strength No 3.6.1.10

Fatigue Cracking No 3.6.1.11
Creep Change in dimensions No 3.6.2.1 A

General corrosion Loss of material No 3.6.2.3
Stress corrosion cracking Cracking No 3.6.2.4

Radiation embrittlement Loss of strength No 3.6.1.10

Fatigue Cracking No 3.6.1.11

 ** W74 canisters for BWR fuel can accomodate a maximum assembly burnup limited to 40,000 MWd/MTU as noted in the W74 Technical Specifications..

W21 canisters for PWR fuel can accomadate a maximum assembly burnup limited to < 60,000 MWd/MTU as noted in approved W21 Technical Specification Table 2.1-1.   For 
the W21 canisters loading PWR fuel assemblies, the exposure (burnup) of any inserted control component must not exceed that of the host assembly. For burnups exceeding 45,000 
MWd/MTU, cladding oxide layer thickness is limited to 70μm, to be determined in accordance with W21 Technical Specification 5.3.7.  Burnups greater than 60,000 MWD/MTU 
are not qualified for storage in the W21 canisters as noted in the W21 Technical Specification Table 2.1-5 through Table 2.1-8 notes.
It should be noted that no W21 fuel canisters have been loaded as of this CoC renewal.

Fuel channel
(BWR)

CR, TH Zirconium-based alloy Helium

Poison rod assemblies
(PWR)

CR Stainless steel Helium

Lower and upper end 
fittings

CR, RE, SR Stainless steel Helium

Inconel Helium

Inconel Helium

*Safety Functions: Confinement (CO), Subcriticality (CR), Retrievability (RE), Radiation Shielding (SH), 
Structural Integrity (SR), Thermal/Heat Removal (TH) WESTINGHOUSE NON-PROPRIETARY CLASS 3
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Structure, System,
or Component

Intended 
Safety 

Function Material Environment Aging Mechanism Aging Effect
Aging Management 

Activity

Technical Basis 
(NUREG-2214 

Section) (a,c)
Qual 
CAT

General corrosion Loss of material Monitoring of Metallic
Surfaces AMP

3.2.1.1

Galvanic corrosion Loss of material Monitoring of Metallic
Surfaces AMP

3.2.1.3

Pitting and crevice corrosion Loss of material Monitoring of Metallic
Surfaces AMP

3.2.1.2

Microbiologically influenced 
corrosion

Loss of material No 3.2.1.4

Radiation embrittlement Cracking No 3.2.1.9

General corrosion Loss of material Monitoring of Metallic
Surfaces AMP

3.2.1.1

Galvanic corrosion Loss of material Monitoring of Metallic
Surfaces AMP

3.2.1.3

Pitting and crevice
corrosion

Loss of material Monitoring of Metallic
Surfaces AMP

3.2.1.2

Microbiologically influenced
corrosion

Loss of material No 3.2.1.4

Radiation embrittlement Cracking No 3.2.1.9

Cask Cavity Axial 
Spacer

SR General corrosion Loss of material Monitoring of Metallic
Surfaces AMP

3.2.1.1

Galvanic corrosion Loss of material Monitoring of Metallic
Surfaces AMP

3.2.1.3

Pitting and crevice
corrosion

Loss of material Monitoring of Metallic
Surfaces AMP

3.2.1.2

Microbiologically influenced 
corrosion

Loss of material No 3.2.1.4

Radiation embrittlement Cracking No 3.2.1.9

Shielded Docking Collar SR, SH General corrosion Loss of material Monitoring of Metallic
Surfaces AMP

3.2.1.1

Galvanic corrosion Loss of material Monitoring of Metallic
Surfaces AMP

3.2.1.3

Pitting and crevice
corrosion

Loss of material Monitoring of Metallic
Surfaces AMP

3.2.1.2

Microbiologically influenced 
corrosion

Loss of material No 3.2.1.4

Radiation embrittlement Cracking No 3.2.1.9

General corrosion Loss of material Monitoring of Metallic
Surfaces AMP

3.2.1.1

Galvanic corrosion Loss of material Monitoring of Metallic
Surfaces AMP

3.2.1.3

Pitting and crevice
corrosion

Loss of material Monitoring of Metallic
Surfaces AMP

3.2.1.2

Microbiologically influenced 
corrosion

Loss of material No 3.2.1.4

Radiation embrittlement Cracking No 3.2.1.9

ITS   

Cask Restraints SR Steel Sheltered ITS

ITS

Steel Sheltered

Steel Sheltered

 Safety R
elated

 Safety R
elated

Cask Lifting Yoke SR Steel Sheltered

Canister Vertical Lift 
Fixture

SR Steel Sheltered

*Safety Functions: Confinement (CO), Subcriticality (CR), Retrievability (RE), Radiation Shielding (SH), 
Structural Integrity (SR), Thermal/Heat Removal (TH) WESTINGHOUSE NON-PROPRIETARY CLASS 3
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October 2020

Structure, System,
or Component

Intended 
Safety 

Function Material Environment Aging Mechanism Aging Effect
Aging Management 

Activity

Technical Basis 
(NUREG-2214 

Section) (a,c)
Qual 
CAT

 
 

   General corrosion Loss of material Monitoring of Metallic
Surfaces AMP

3.2.1.1

Galvanic corrosion Loss of material Monitoring of Metallic
Surfaces AMP

3.2.1.3

Pitting and crevice
corrosion

Loss of material Monitoring of Metallic
Surfaces AMP

3.2.1.2

Microbiologically influenced 
corrosion

Loss of material No 3.2.1.4

Radiation embrittlement Cracking No 3.2.1.9
General corrosion Loss of material Monitoring of Metallic

Surfaces AMP
3.2.1.1

Galvanic corrosion Loss of material Monitoring of Metallic
Surfaces AMP

3.2.1.3

Pitting and crevice corrosion Loss of material Monitoring of Metallic
Surfaces AMP

3.2.1.2

Microbiologically influenced
corrosion

Loss of material No 3.2.1.4

Radiation embrittlement Cracking No 3.2.1.9

Storage Cask Impact 
Limiter

SR General corrosion Loss of material Monitoring of Metallic
Surfaces AMP

3.2.1.1 NITS   

Galvanic corrosion Loss of material Monitoring of Metallic
Surfaces AMP

3.2.1.3 NITS  

Pitting and crevice
corrosion

Loss of material Monitoring of Metallic
Surfaces AMP

3.2.1.2 NITS  

Microbiologically influenced 
corrosion

Loss of material No 3.2.1.4 NITS  

Radiation embrittlement Cracking No 3.2.1.9

Poly-
urethane

Embedded B

B

B

NITS

Coating on steel 
components

SR Coating Sheltered Thermal aging Coating degradation Monitoring of Metallic
Surfaces AMP

3.2.8 NITS

Thermal aging Polyurethane 
degradation

Monitoring of Metallic
Surfaces AMP

3.2.8

Steel Sheltered

Safety R
elated

Standard Lifting Slings 
(inside plant facility)

SR Steel Sheltered

Safety R
elated

Empty Canister Lift 
Fixture

SR Steel Sheltered

*Safety Functions: Confinement (CO), Subcriticality (CR), Retrievability (RE), Radiation Shielding (SH), 
Structural Integrity (SR), Thermal/Heat Removal (TH) WESTINGHOUSE NON-PROPRIETARY CLASS 3



FuelSolutions CoC Renewal Application  
Docket No. 72-1026   October 2020 
 

2-49 
 

WESTINGHOUSE NON-PROPRIETARY CLASS 3 

  Table 2-9  -  FuelSolutions Storage System FSAR Drawings  

  (a,c) 

  

  

  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  

  Notes: 
(1) Initial Storage System FSAR [2.3] associated with CoC 1026 initial issue. 
(2) FSAR Revision 1 [2.3] incorporated biennial changes in accordance with 10 CFR 72.48  

(3) FSAR Revision 2 [2.3] incorporated biennial changes in accordance with 10 CFR 72.48  
No drawing revisions have been made after Storage System FSAR Revision 2.  
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Table 2-10  -  FuelSolutions W21 Canister FSAR Drawings (2 Pages) 

(a,c) 

pfabe1j
Line

pfabe1j
Line
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 Table 2-10  -  FuelSolutions W21 Canister FSAR Drawings (2 Pages) 

  (a,c) 

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

         

 Notes: 
 Initial W21 Canister FSAR [2.4] associated with CoC 1026 initial issue. 
 FSAR Revision 1 [2.4] incorporated biennial changes in accordance with 10 CFR 72.48. 

No drawing revisions have been made after W21 Canister FSAR Revision 1. 
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 Table 2-11  -  FuelSolutions W74 Canister FSAR Drawings   

  (a,c) 

  

  

  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  

 Notes: 
(1) Initial W74 Canister FSAR [2.5] associated with CoC 1026 initial issue. 
(2) FSAR Revision 1 [2.5] incorporated changes from CoC 1026 Amendment 1.  

Added Drawing 3319. 
(3) FSAR Revision 2 [2.5] incorporated changes from CoC 1026 Amendment 2.  

No drawing revisions. 
(4) FSAR Revision 3 [2.5] incorporated biennial changes in accordance with 10 CFR 72.48.  

No drawing revisions have been made after W74 Canister FSAR Revision 3. 
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Table 2-12  -  Intended Safety Functions of SNF Assembly Subcomponents 

Subcomponent Intended Safety Functions(1) 

Fuel Pellets --- 

Fuel Cladding CO, CR, RE, SH, SR, TH 

Spacer Grid Assemblies CR, RE, SR, TH 

Upper and Upper End Fitting CR, RE, SR 

Guide Tubes (PWR) or water channels (BWR) CR, RE, SR 

Control Components ---(2) 

Notes: 
(1) Intended safety functions are abbreviated as follows:  Confinement (CO), Subcriticality (CR), 

Retrievability (RE), Radiation Shielding (SH), Structural Integrity (SR), Thermal/Heat Removal (TH) 

(2) The FuelSolutions criticality analysis does not credit negative reactivity effects of control 
components.  Therefore, the control components do not have a criticality control function.  
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Structure, System, or 
Component

Intended 
Safety 

Function Material Environment
Aging

Mechanism Aging Effect Aging Management Activity

Technical Basis 
(NUREG-2214 
Section) (a,c)

Qual 
Cat

Cracking Not Applicable for Renewal ** 3.5.1.5 NITS

Loss of strength Not Applicable for Renewal ** 3.5.1.5

Loss of material (spalling, scaling) Not Applicable for Renewal ** 3.5.1.5

Reduction of concrete pH (reducing corrosion 
resistance of steel embedments)

Not Applicable for Renewal ** 3.5.1.5

Creep Cracking No 3.5.1.2

Cracking No 3.5.1.11
Loss of strength No 3.5.1.11
Loss of material (spalling, scaling) No 3.5.1.13
Loss of strength No 3.5.1.13
Cracking No 3.5.1.13

Differential settlement Cracking No 3.5.1.4
Fatigue Cracking No 3.5.1.10

Cracking Not Applicable for Renewal ** 3.5.1.1
Loss of material (spalling, scaling) Not Applicable for Renewal ** 3.5.1.1
Cracking No 3.5.1.9
Loss of strength No 3.5.1.9
Cracking Not Applicable for Renewal ** 3.5.1.3
Loss of strength Not Applicable for Renewal ** 3.5.1.3

Salt scaling Loss of material (spalling, scaling) Not Applicable for Renewal ** 3.5.1.14
Shrinkage Cracking No 3.5.1.7

Loss of strength Not Applicable for Renewal ** 3.5.1.8
Increase in porosity and permeability Not Applicable for Renewal ** 3.5.1.8
Reduction of concrete pH (reducing corrosion 
resistance of steel embedments)

Not Applicable for Renewal ** 3.5.1.8

Cracking Not Applicable for Renewal ** 3.5.1.5
Loss of strength Not Applicable for Renewal ** 3.5.1.5
Loss of material (spalling, scaling) Not Applicable for Renewal ** 3.5.1.5
Reduction of concrete pH (reducing corrosion 
resistance of steel embedments)

Not Applicable for Renewal ** 3.5.1.5

Creep Cracking No 3.5.1.2
Cracking No 3.5.1.11
Loss of strength No 3.5.1.11
Loss of material (spalling, scaling) No 3.5.1.13
Loss of strength No 3.5.1.13
Cracking No 3.5.1.13

Differential settlement Cracking Not Applicable for Renewal ** 3.5.1.4
Fatigue Cracking No 3.5.1.10

Reinforced concrete: 
ISFSI pad

SR* Concrete Air—outdoor Aggressive chemical attack

Dehydration at high 
temperatures
Delayed ettringite formation

Freeze and thaw

Radiation damage

Reaction with aggregates

Leaching of calcium hydroxide

Groundwater/soil Aggressive chemical attack

Dehydration at high 
temperatures

Delayed ettringite formation

*Safety Functions: Confinement (CO), Subcriticality (CR), Retrievability (RE), Radiation Shielding (SH), 
Structural Integrity (SR), Thermal/Heat Removal (TH) WESTINGHOUSE NON-PROPRIETARY CLASS 3
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Structure, System, or 
Component

Intended 
Safety 

Function Material Environment
Aging

Mechanism Aging Effect Aging Management Activity

Technical Basis 
(NUREG-2214 
Section) (a,c)

Qual 
Cat

  
 

  Cracking Not Applicable for Renewal ** 3.5.1.1
Loss of material (spalling, scaling) Not Applicable for Renewal ** 3.5.1.1

Loss of strength Not Applicable for Renewal ** 3.5.1.12

Loss of material (spalling, scaling) Not Applicable for Renewal ** 3.5.1.12
Increase in porosity and permeability Not Applicable for Renewal ** 3.5.1.12
Reduction of concrete pH (reducing corrosion 
resistance of steel embedments)

Not Applicable for Renewal ** 3.5.1.12

Cracking No 3.5.1.9
Loss of strength No 3.5.1.9
Cracking Not Applicable for Renewal ** 3.5.1.3
Loss of strength Not Applicable for Renewal ** 3.5.1.3

Salt scaling Loss of material
(spalling, scaling)

Not Applicable for Renewal ** 3.5.1.14

Shrinkage Cracking No 3.5.1.7
Loss of strength Not Applicable for Renewal ** 3.5.1.8
Increase in porosity and permeability Not Applicable for Renewal ** 3.5.1.8
Reduction of concrete pH (reducing corrosion 
resistance of steel embedments)

Not Applicable for Renewal ** 3.5.1.8

Loss of concrete/steel bond Not Applicable for Renewal ** 3.5.1.6 NITS
Loss of material (spalling, scaling) Not Applicable for Renewal ** 3.5.1.6
Cracking Not Applicable for Renewal ** 3.5.1.6
Loss of strength Not Applicable for Renewal ** 3.5.1.6

** 

Freeze and thaw

Microbiological degradation

Radiation damage

Reaction with aggregates

Leaching of calcium
hydroxide

Per NUREG-1536, ACI 349 was used for the design of the ISFSI pad at BRP (Ref: UFHSR 09-15-2006 Consumers Ltr - ML062610419.
FuelSolutions Calculation Package CMP 1504.005, Rev 2, "Determination of G-loads for the Storage Cask End Drop and Transfer Cask Side Drop"  provided confirmation that the 
BRP ISFSI design basis deceleration loads for the storage cask and canister are not exceeded.

Reinforcing 
steel

Air—outdoor;
groundwater

Corrosion of reinforcing steel

The ISFSI pad for the FuelSolutions Storage System is classified as not important to safety. Potential ISFSI pad degradation would not adversely affect important to safety cask 
functions.
To assure that degradation of the ISFSI pad resulting in large differential settlements does not occur, minimum design and construction requirements are identified for the ISFSI pad. 
Refer to FSAR WSNF-220 [2.3], Section 2.6.3.5 "ISFSI Pad Requirements." 
ISFSI concrete pad is to be graded for effective drainage.

*Safety Functions: Confinement (CO), Subcriticality (CR), Retrievability (RE), Radiation Shielding (SH), 
Structural Integrity (SR), Thermal/Heat Removal (TH) WESTINGHOUSE NON-PROPRIETARY CLASS 3
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3. AGING MANAGEMENT REVIEW 

Introduction 

The purpose of the aging management review (AMR) for the FuelSolutions Storage System 
Certificate of Compliance (CoC) 1026 is to assess the need for aging management activities 
(AMAs) of structures, systems, and components (SSCs) determined to be within the scope of 
renewal for CoC 1026. The AMR addresses aging mechanisms and effects that could adversely 
affect the ability of the SSCs, including their associated subcomponents, to perform their intended 
safety functions during the requested 40 year period of extended operation. The initial design life 
for the W21 canisters, W74 canisters and W150 storage casks is 100 years. The W100 transfer 
cask has been engineered to perform its design functions for 40 years. 

Utilizing the guidance of NUREG-1927 [2.1] along with that provided by NUREG-2214 [2.2], 
this section addresses the technical bases and considerations used in conducting the FuelSolutions 
Storage System AMR. The areas considered include: 

• identification of materials and environments of SSCs and associated subcomponents 
within the scope of renewal 

• identification of aging mechanisms and the effects requiring management 

• identification of time-limited aging analyses (TLAAs), if applicable, and aging 
management programs (AMPs) for managing the effects of aging for SSCs within scope 

The W150 Storage Cask (W150) and W100 Transfer Cask (W100) FSAR [2.3], the W21 Canister 
(W21) FSAR [2.4] and the W74 Canister (W74) FSAR [2.5] including the associated design 
drawings were utilized as the primary documents to identify the safety classifications, intended 
functions, materials, and service environments of the SSCs and subcomponents.  

The AMR decision process utilized the flowchart obtained from NUREG-1927 as shown in 
Figure 3-1.  

Section 3.1 describes the direct operating experience of the FuelSolutions Storage System casks 
in service as of this AMR date. 

Section 3.2 describes the Aging Management Review Methodology utilized following the 
guidance of NUREG-1927 and the identification of in-scope SSC’s requiring Aging Management 
Review. Section 3.2.2 describes AMR Materials and Environments. Section 3.2.3 describes the 
identification of Aging Effects Requiring Management. Section 3.2.4 describes the aging 
management activity (TLAA or AMP) to manage the effects of aging. 

Section 3.3 presents the results of the Aging Management Review along with a description of the 
FuelSolutions Storage System SSCs. Section 3.4 identifies the Time-Limited Aging Analyses 
(TLAAs) needed and Section 3.5 identifies the Aging Management Programs (AMPs) required. 
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Figure 3-1 Aging Management Review Process 

 
NOTE:  Figure shown is the AMR Process Flowchart per NUREG-1927 [2.1] Figure 3-1 
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3.1 Operating Experience Review 

3.1.1 FuelSolutions Storage System Operating Experience 

A total of seven FuelSolutions Storage System casks have been loaded with spent nuclear fuel and 
are currently in service at the Big Rock Point ISFSI site which is located in Michigan north of the 
town of Charlevoix, on the shore of Lake Michigan.  The Big Rock Point W150 Dry Fuel Storage 
Casks with W74 Canisters were loaded in 2002 and 2003 and continue to be stored in accordance 
with Amendment 2 of the FuelSolutions Storage System CoC 1026. 

3.1.2 User Operating Experience 

A review of user operating experience for the FuelSolutions Storage System was performed to 
evaluate if there was any operating experience or inspection results that would impact the aging of 
the system. As of 2020, the FuelSolutions system is only in use at the Big Rock Point ISFSI 
located in Michigan. Therefore, the review only includes items at that site. This review found the 
following items: 

• W150 Storage Cask Concrete and Grout Degradation 

 A few concrete “bug holes” [Ref 2.2, Table 6-3] and pits were found and repaired on 
the seven W150 storage casks. 

 Degraded grout in some cask seam locations was found and repaired. 

 No deterioration of cask coatings was identified in annual inspections. 

 Concrete hairline cracks, which occurred during the initial cask loading time frame, 
near some of the W150 storage cask tie rod locations have not propagated.  

 Concrete handling damage, which occurred in a small area on one W150 storage cask 
was found and repaired during the canister loading campaign. 

• W100 Transfer Cask 

 No deleterious coating degradation noted during annual inspections. 

 No neutron shield tank leakage identified during annual pressure test using air at 
approximately 5 psi. 

 Neutron shield tank relief valve found to be correctly set between 40 and 45 psig 
during annual inspections. 

• W74 Canister 

 No W74 canister degradation found during each five year borescope visual inspection 
of W150 Storage Cask #7 interior. 
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• Impact Limiters 

 Some deteriorated paint on impact limiter steel sheeting was noted during annual 
inspections. No degradation of the steel sheeting encasing the impact limiter rigid 
polyurethane foam was noted. 

• J-Skid and Other Auxiliary Equipment 

 Operable components have been exercised annually with no degradation identified. 

The conditions noted are proposed to be monitored by the aging management programs described 
in Appendix A for the applicable components. The types of degradation previously seen were 
utilized in determining the criteria for future inspections. Trending of these conditions and 
corrective actions, as necessary, are also part of the proposed aging management programs. The 
reviewed operating experience evaluations covered the in scope subcomponents. Out of scope 
components listed in Chapter 2 were not evaluated for this renewal application. In addition, 
relevant operating experience was gathered from the inspections of other dry fuel storage systems 
as described in Appendix C. 

The aging management programs in Appendix A were developed considering this operating 
experience.  

3.1.3 User Exemption Requests 

No exemption requests have been identified at the time of writing this renewal application that 
have implications regarding aging management involving the design basis requirements for the 
structures, systems and components (SSCs) at the Big Rock Point ISFSI. If exemption requests 
are made in the future, they should be evaluated for impact on aging management. 

3.2 Aging Management Review Methodology 

The aging effects that may adversely affect the ability of SSC to perform intended safety 
functions during the extended period of operations have been assessed in this AMR. This AMR 
utilizes the recommended methodology provided in NUREG-1927 [2.1]. The aging 
management review process involves three major steps.  This AMR utilizes the decision 
flowchart shown on Figure 3-1.  The major steps are outlined as follows: 

• Identify materials and service environments 

• Identify aging mechanism or effects requiring management 

• Identify the TLAAs or AMPs to manage the aging effects 
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3.2.1 Identification of In-Scope SSC’s Requiring Aging Management Review 

As discussed in Chapter 2, the SSC and subcomponents involving potential aging effects were 
identified as being in-scope for license renewal and aging management review. These SSCs / 
subcomponents are presented in Table 2-4 through Table 2-8 in Chapter 2. 

SSC or subcomponents that are not in scope for renewal are excluded from evaluation in this AMR. 

3.2.2 Identification of Materials and Environments 

The FuelSolutions FSARs [2.3, 2.4, 2.5] provide a detailed description of the FuelSolutions 
Storage System and the materials used in the SSCs.  Each in-scope SSC / subcomponent for 
aging management, with its intended function, material, and service environment is listed on 
Table 2-4 through Table 2-8.  SSCs or subcomponents that do not have a safety function or 
support a safety function are not required to undergo aging management.  A summary of the 
materials used in the aging management review is provided in Table 3-1. 
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Table 3-1 Summary of Materials 

Term Usage in this Document 

Aluminum Includes pure aluminum and alloys 
Boral A laminate composite that is used as a neutron absorber material. It consists 

of a core of aluminum and boron-carbide powder sandwiched between sheets 
of aluminum. 

Borated stainless 
steel 

Boron embedded in stainless steel with boron concentrations ranging from 
1.0 to 1.25 weight percent natural boron for neutron absorption.  

Coating Coating on carbon steel components for corrosion protection. Thermal 
coatings on some components. 

Concrete A mixture of hydraulic cement, aggregates, and water, with or without 
admixtures, fibers, or other cementitious materials. 

Depleted Uranium Uranium metal reduced in the isotope U-235 used for canister top and bottom 
shielding. 

Grout Used for filling the FuelSolutions storage cask segment seams.  
Lead Used for canister shield plug and transfer cask shielding. 

Neutron Shielding RX-277 and NS-3 are castable solid materials used for neutron shielding in 
the transfer cask top and bottom covers. 

Nickel Alloy Includes Inconel, which is a family of austenitic nickel-chromium-based 
super alloys. 

Stainless Steel Stainless steel austenitic and martensitic alloys of various types such as 304, 
304L, 316, 316L and 17-4 PH  

Zirconium-based 
alloys 

Materials of construction of fuel cladding and fuel assembly hardware. 
Various zirconium- based materials have been used in commercial reactor 
applications because of their low neutron cross section and excellent 
corrosion resistance to a variety of environmental conditions. This category 
includes (but is not limited to) Zircaloy-2, Zircaloy-4, ZIRLO, and M5. 

Carbon Steel Various carbon steels including ASTM A36, ASTM A320, SA193-Gr. B7, 
SA516-Gr. 70 and reinforcing steel. 

A generic description of the four basic environments is provided below. 

3.2.2.1 Helium 

Helium environment refers to the inside of the W21 and W74 canisters.  Following the canister 
drying process, the canisters are backfilled with high purity helium gas. As a result, the canister’s 
internal environment has negligible, if any, amounts of moisture or air. The canister’s helium 
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environment may experience a range of temperatures as calculated for the W21 and W74 
canisters. 

3.2.2.2 Sheltered Environment 

Sheltered environment refers to environments that may include ambient air, but are shielded from 
sunlight, precipitation and direct wind. The sheltered environment in the FuelSolutions Storage 
System design is the annular space created between the W150 storage cask and the W21 or W74 
canisters.  The ambient air may contain moisture, salinity, dust or other contaminants typical of 
the ISFSI location. The temperature of the sheltered environment reflects the air temperature 
passing through the annular space. 

Sheltered environment may also refer to the interior of a building providing protection from 
elements including sunlight, rain, and wind.  

3.2.2.3 Embedded Environment 

Embedded environment applies to materials that are in contact with or sealed inside another 
component or material. This may prevent ingress of gases, water or contaminants to the 
embedded surface, depending on the permeability of the embedding environment. Items in this 
environment include the shield plugs in the W21 and W74 canisters as well as the rebar and 
internal metal items of the W150 storage cask.  The embedded item is subject to the temperature 
of the component in which it is embedded. 

3.2.2.4 Air-Outdoor Environment 

“Air-outdoor environment” is used for exterior surfaces that are directly exposed to weather, 
including precipitation and wind and which may transport dust or moisture with dissolved salt.  
The in-scope components in an air-outdoor environment in the FuelSolutions Storage System are 
the W150 storage casks and, depending on the licensee ISFSI, the W100 transfer cask.  The air-
outdoor environment has temperature ranges equivalent to the site ambient temperature ranges 
where the ISFSI is located. 

3.2.3 Identifying Effects Requiring Aging Management 

After the materials and environments were identified, the next step involves determining the 
aging effects requiring management.  Aging effects requiring management during the renewed 
license period are those that could cause a loss of SSC intended function.  If degradation of a 
subcomponent would be insufficient to cause a loss of function or the relevant conditions do not 
exist for the aging effect to occur and propagate, then no aging management is required. These 
aging effects were determined based on a review of NRC MAPS report (NUREG-2214) [2.2], 
related industry technical literature and the combination of SSC materials and environments, 
industry operating experience, and maintenance and inspection records from general licensees 
(such as condition reports and inspection reports). Both potential aging effects that could 
theoretically occur, as well as aging effects that have occurred based upon industry operating 
experience were considered. 
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Aging effects occur as a result of various mechanisms.  To manage the effects of aging, the 
mechanisms that may affect the material need to be considered.  The AMR process identifies both 
aging effects and the aging mechanism causing that effect.  The aging effects and mechanisms for 
each SSC are broken down by subcomponent in Table 2-4 through Table 2-8.  The tables in 
Chapter 2 note which subcomponents have ITS related functions during the extended storage 
period.  

3.2.4 Determination of Aging Management Activities  

Aging management activities are established to manage the effect of aging of SSC during the 
extended license period. ISFSI programs and activities are credited to manage these aging effects 
that have the potential to cause a loss of intended function during the renewed license period. 

As described in Section 3.4.1.3 of NUREG-1927 [2.1], there are two methods to address potential 
aging mechanisms and effects on components; consisting of a time-limited aging analysis 
(TLAA) or an aging management program (AMP). 

3.2.4.1 Time-Limited Aging Analysis (TLAA) 

As required by 10 CFR 72.240(c)(2), the CoC application for renewal must include Time-Limited 
Aging Analyses (TLAA) that demonstrates that structures, systems, and components important to 
safety will continue to perform their intended function for the requested period of extended 
operation. Per 10 CFR 72.3, a Time-Limited Aging Analysis (TLAA) refers to a calculation or 
analysis that meets all of the following attributes: 

• Involves SSCs important to safety within the scope of the license or CoC renewal, 

• Considers the effects of aging, 

• Involves time-limited assumptions defined by the current operating term, 

• Was determined to be relevant in making a safety determination, 

• Involves conclusions or provides the basis for conclusions related to the capability of the 
SSCs to perform their intended safety functions, and 

• Is contained or incorporated by reference in the design bases. 

3.2.4.2 Aging Management Program (AMP) 

An Aging Management Program (AMP) monitors and controls the degradation of SSCs within 
the scope of renewal so that aging effects will not result in a loss of intended functions during the 
period of extended operation.  in accordance with NUREG-1927. An AMP includes activities that 
are credited for managing aging mechanisms or effects for specific SSCs, including activities 
conducted during the initial storage period. The AMP may include preventive, mitigation, or 
condition / performance monitoring activities. An AMP is to be started as the FuelSolutions 
Storage System reaches the end of the initially licensed period and serves to support the 



FuelSolutions CoC Renewal Application  
Docket No. 72-1026   October 2020 
 

3-9 
 

WESTINGHOUSE NON-PROPRIETARY CLASS 3 

FuelSolutions Storage System during the renewed license period. The information gained from 
an AMP will provide reasonable assurance that the subcomponent maintains it’s function. 

3.3 Aging Management Review Results 

3.3.1 Aging Management Review Results – W21 and W74 Canisters 

Table 2-4a and Table 2-4b summarize the results of the aging management review for the 
W21 and W74 canister subcomponents determined to be in the scope of the license renewal. 

Additional description of the W21 and W74 canister subcomponents is provided in Section 
3.3.1.1, while Sections 3.3.1.2 and 3.3.1.3 present the materials and environments for the 
specified subcomponents.  The aging effects requiring management and the proposed activities 
required to manage these effects are discussed in Sections 3.3.1.4 and 3.3.1.5, respectively. 

3.3.1.1 Description of W21 and W74 Canister Subcomponents 

W21 and W74 Canisters 

The W21 and W74 canisters are welded cylindrical structures with flat ends that provide 
confinement of the spent nuclear fuel during storage operations.  The confinement boundary, 
comprised of the bottom closure plate, the shell, the top inner closure plate, vent and drain port 
tops or adapters, port covers, and associated welds, is constructed entirely of stainless steel. The 
W21 and W74 top outer closure plate, with welded port covers, is a circular plate edge-welded to 
the canister shell providing a redundant welded closure. Access to the canister cavity for the 
purposes of water and moisture removal and subsequent backfilling with a high purity helium is 
achieved via the vent and drain ports.  Additional details regarding the W21 and W74 canister 
descriptions are included in sections 2.2.2.2 and 2.2.2.3 of this report. 

W21 and W74 Canister Fuel Baskets 

The FuelSolutions W21 canister basket assemblies consist of a series of spacer plates, support rod 
assemblies, and poisoned guide tube assemblies. The guide tube assemblies provide lateral 
support for the fuel assemblies and maintain the position of the neutron absorbing material. The 
spacer plates maintain the relative spacing between guide tubes and provide structural support in 
the lateral direction for the basket assembly and SNF payload. The spacer plates are positioned 
and supported longitudinally by eight support rod assemblies.  

FuelSolutions W74 canister includes an upper and lower basket assembly which are similar in 
construction. Each assembly consists of a series of spacer plates, support tube assemblies, and 
guide tube assemblies. The upper basket assembly includes an engagement spacer plate which 
supports the SNF assemblies in the upper basket assembly for normal vertical transfer and 
storage. The guide tube assemblies provide lateral support for the SNF assemblies and maintain 
the position of the neutron absorbing material. The spacer plates maintain the relative spacing 
between guide tubes and provide structural support for the basket assembly and SNF assemblies 
in the lateral direction. The spacer plates are positioned and supported longitudinally by four 
support tube assemblies.  
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Damaged Fuel Cans  

Spent nuclear fuel assemblies to be stored in the FuelSolutions W21 canister must be intact 
zircaloy-clad fuel with no known or suspected cladding defects greater than pinhole leaks or 
hairline cracks. For SNF assemblies with burnup exceeding 45 GWd/MTU (up to 60 GWd/MTU), 
the cladding oxide thickness is limited to 70 μm. Fuel assemblies that do not meet these criteria 
are considered damaged fuel, and are not acceptable for storage in the FuelSolutions W21 canister 
at this time. Missing or damaged fuel rods may be replaced with dummy rods that displace an 
equal amount of water as the original rods to permit storage in the FuelSolutions W21 canister.  

MOX and UO2 fuel can be stored in the FuelSolutions W74 canister inside of specially designed 
FuelSolutions W74 damaged fuel can assemblies. The FuelSolutions W74 canister is designed to 
accommodate up to eight damaged fuel assemblies. Each damaged fuel assembly is placed inside 
a FuelSolutions W74 damaged fuel can within the upper or lower basket assembly support tubes. 
The FuelSolutions W74 damaged fuel can is designed to contain damaged or undamaged fuel 
assemblies during all normal, off-normal, and accident conditions for on-site storage and transfer 
operations. The FuelSolutions W74 damaged fuel can, containing a damaged fuel assembly, is 
designed to be handled vertically. The bottom end of the damaged fuel can incorporates screened 
holes to allow for water drainage. The damaged fuel can utilizes borated stainless steel neutron 
absorber sheets on all four faces of the tube. Material details for the W74 canister subcomponents 
are provided in Table 2-4a. Rod fragments and/or loose pellets (i.e., fuel debris) are not qualified 
for loading into the damaged fuel cans in the W74 canister.  

3.3.1.2 W21 and W74 Canister Materials 

Depending on the canister type, the baskets in the W21 and W74 canisters are constructed of 
stainless steel or high-strength carbon steel materials. Carbon steel basket subcomponents are 
coated with electroless nickel for corrosion protection following canister fabrication and during 
the brief immersion period during fuel loading in the spent fuel pool. The basket neutron 
absorbers are made from either Boral® for the W21 canisters or borated stainless steel for the 
W74 canisters. The Boral® used in the W21 canisters is encased and seal welded in stainless steel 
to alleviate water immersion of the neutron absorber panel material and possible aluminum 
corrosion and hydrogen generation while immersed. 

Other W21 and W74 canister subcomponents in the scope of the license renewal are stainless 
steel, except for the embedded shield plugs which may consist of either depleted uranium, lead or 
carbon steel depending on the canister class.  The bottom end shield plugs are embedded in 
stainless steel consisting of the canister bottom closure plate, the shell extension and the bottom 
end plate. Depending on the canister class, the top end depleted uranium or lead shield plugs are 
embedded in stainless steel, while top end carbon steel shield plugs are coated with electroless 
nickel for corrosion resistance. 
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The W74 canister damaged fuel cans, including the top lid assemblies, are fabricated from 
stainless steel with a borated stainless steel neutron absorber plate attached to the exterior surface 
of each of the four sides of a damaged fuel can. 

Additional material details for the W21 and W74 canister subcomponents are provided in Tables 
2-4a and 2-4b. 

3.3.1.3 W21 and W74 Canister Environments 

The environments that affect the W21 and W74 canister subcomponents, both externally and 
internally, are described below. 

3.3.1.3.1 External 

Each W21 and W74 canister is stored in a vertical, ventilated W150 storage cask. Based on this 
design, the external surface of each canister is exposed to the same environment as the inside of 
the W150 storage cask (described in Subsection 3.3.2), which is a sheltered environment that 
includes ambient air but is protected from precipitation, direct wind and sunlight.  The ambient air 
may contain moisture, dust and atmospheric contaminants.  The normal operating temperature of 
the outside of the W21 or W74 vertical canister surface is typically highest towards the top. 
Refer to the respective FSAR Figure 3.5-1 for canister shell axial temperature profiles Maximum 
surface temperature limits are unchanged. The variations in canister external temperature does 
not change potential aging mechanisms and does not change the programs needed to manage 
them. 

3.3.1.3.2 Internal 

The W21 and W74 canisters are filled with the inert helium gas. The canister fuel basket 
assembly subcomponents and the W74 damaged fuel can subcomponents are exposed to this 
helium gas environment.  The currently licensed maximum temperature limits remain the same 
for the license renewal period. Changes in canister temperatures do not change potential aging 
mechanisms and does not change their management. 

3.3.1.4 Aging Effects Requiring Management (W21 and W74 Canisters) 

Based on the materials of construction and the environments experienced during the period of 
extended storage for W21 and W74 canister the aging effects that require management are 
cracking (due to corrosion and stress corrosion cracking on the external canister surfaces), the 
loss of material, and radiation effects on the neutron absorber and steel components. 
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3.3.1.5 Aging Management Activities (W21 and W74 Canisters) 

Based on the aging management review of the W21 and W74 canister subcomponents documented 
in Tables 2-4a and 2-4b, including the basket assembly subcomponents and the W74 damaged 
fuel can subcomponents, an AMP is required for the aging management activities of the W21 and 
W74 canisters and a TLAA is required specifically for the effects of radiation on the neutron 
absorbers. These aging management activities are discussed in detail in Sections 3.4 and 3.5. 

3.3.2 Aging Management Review Results – W150 Storage Cask 

Table 2-5 summarizes the results of the aging management review for the W150 storage cask 
subcomponents determined to be in the scope of the license renewal. 

Additional description of the W150 storage cask subcomponents is provided in Section 3.3.2.1, 
while Sections 3.3.2.2 and 3.3.2.3 present the materials and environments for the specified 
subcomponents.  The aging effects requiring management and the proposed activities required to 
manage these effects are discussed in Sections 3.3.2.4 and 3.3.2.5, respectively. 

3.3.2.1 Description of W150 Storage Cask Subcomponents 

The W150 storage cask provides structural support, shielding, and supports natural circulation 
cooling for the W21 and W74 canisters.  The W150 storage cask is ventilated by internal air 
flow paths which allow the decay heat to be removed by natural circulation around the metal 
W21 and W74 canister wall.  Natural convection air enters the system horizontally through the 
four inlet vents and channels located at the bottom of the storage cask, converges vertically into 
the central inlet plenum, flows upward into the storage cask cavity, flows radially outward under 
the canister and through/between the canister support tubes, flows upward through the dual annuli 
formed by the cask liner, thermal shield, and canister shell, and finally flows outward to ambient 
through the outlet vents at the top of the cask.  The internal cavity of the W150 storage cask has a 
coated steel liner and bottom plate. The steel and concrete walls of the W150 storage cask are 
designed to minimize side surface radiation dose rates. The steel liner is coated to promote radiant 
heat dissipation and to minimize corrosion. An aluminum thermal shield is located between the 
canister exterior wall and the W150 storage cask interior wall. The W150 storage cask lid is 
fabricated from steel and concrete and provides additional gamma attenuation in the upward 
direction, reducing both direct radiation and skyshine.  The W150 storage cask top cover is 
bolted in place and protects the W21 and W74 canisters from the environment and postulated 
tornado missiles.  A more detailed description is included in paragraph 2.2.2.4 of this report.  

3.3.2.2 W150 Storage Cask Materials 

The W150 storage cask is fabricated from three reinforced concrete segments with a carbon 
steel inner liner and bottom plate. The three segments are held together with eight alloy steel 
tie rods, nuts and washers, with grout used between the keyed concrete segment joints to 
form a weather tight vertical cylinder. The W150 storage cask reinforced concrete is in contact 
with the carbon steel inner liner and bottom plate. External concrete surface degradation is 
mitigated by using a weather-resistant protective coating.  
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Storage cask materials which come into contact with the canister, such as the canister support 
pipes and support rails, are coated or fabricated from corrosion resistant stainless steel.  The 
carbon steel components of the storage cask, i.e., the liner, top cover, non-load bearing guide 
rails, tie rod tubes, and air inlet and outlet liners, are all protected with long lasting 
temperature- and radiation-resistant coatings. Exposed carbon steel components, such as the 
storage cask cover, are coated and accessible for re-coating if necessary. Exposed carbon steel 
components, such as the storage cask liner, which are not readily accessible are coated and not 
relied upon structurally. The surfaces of the storage cask support rails which contact the canister 
(during horizontal loading) are faced with Nitronic-60. 

Additional material details for the W150 storage cask subcomponents are provided in Table 2-5. 

3.3.2.3 W150 Storage Cask Environments 

The W150 storage casks are located outdoors at their storage site.  The W150 storage casks are 
designed for exposure to the following environmental temperatures as stated in Sections 2.3.1.1 
and 2.3.2.1 of the FuelSolutions Storage System W150 FSAR [2.3]:  

• Normal, long-term annual average design temperature of 77°F is selected as bounding for 
locations in the contiguous United States.  Ambient temperature in the range of 0°F to 
100°F are considered in the design of the storage cask; and  

• Temperature cases of −40°F and 125°F (average daily temperature) are used for W150 
storage cask off-normal conditions for the structural evaluation of the FuelSolutions 
canisters, storage cask, and transfer cask. 

The interior components of the W150 storage casks are exposed to a sheltered environment. This 
environment includes ambient air through the air passages, but does not include precipitation, direct 
sun, or wind exposure. The ambient air may contain dust, moisture, salinity, or other 
contaminants. 

The metal components of the W150 storage cask that are in contact with concrete, such as the 
outer surface of the inner shell, are considered to be in an embedded environment.  The primary 
concern for embedded environments is the potential chemical reaction between the two 
materials.  The interactions between materials of the W150 storage cask subcomponents are 
described in Section 3.3.2.2 and are not considered to be of concern for the extended storage 
period. 

The exterior surfaces of the W150 storage casks are designed to be exposed to the weather-
related effects, including insolation, wind, rain, snow, ice, ambient air, and other environmental 
phenomena at their associated storage sites as an air-outdoor environment. Additionally, the W150 
storage casks are exposed to radiation effects from the W21 and W74 stored canisters. 
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3.3.2.4 Aging Effects Requiring Management (W150 Storage Cask) 

Based on a review of the W150 storage cask materials of construction and the environments 
experienced during the period of extended storage at the ISFSI sites the main aging effects 
requiring management are loss of material due to corrosion, loss of fracture toughness (due to 
radiation impacts) for the metal components, and concrete aging issues caused by freeze thaw 
cycles, alkali-silica reaction, and/or calcium hydroxide leaching. 

3.3.2.5 Aging Management Activities (W150 Storage Cask) 

Based on the aging management review of the W150 storage cask subcomponents documented 
in Table 2-5, it has been determined that the aging management activities required for the W150 
storage cask are the Reinforced Concrete Structures AMP (for the W150 storage cask concrete) 
and the Monitoring of Metallic Surfaces AMP (for W150 metallic materials). These aging 
management activities are discussed in the AMPs identified in Section 3.5.  For those components 
potentially impacted by radiation, the radiation impacts have been evaluated and determined that 
no additional aging management activities beyond those in the W150 storage cask AMPs are 
needed. A W150 TLAA is not required since no W150 analysis was incorporated or referenced in 
the initial W150 design basis. 

3.3.3 Aging Management Review Results – Fuel Assembly 

Table 2-7 summarizes the results of the aging management review for the Fuel Assembly 
subcomponents determined to be in the scope of the license renewal. 

Additional description of the fuel assembly subcomponents is provided in Section 3.3.3.1, while 
Sections 3.3.3.2 and 3.3.3.3 present the materials and environments for the specified 
subcomponents.  The aging effects requiring management and the proposed activities required to 
manage these effects are discussed in Sections 3.3.3.4 and 3.3.3.5, respectively. 

3.3.3.1 Description of Fuel Assembly 

Fuel contained within the W21 or W74 canister consists of up to 21 PWR or 64 BWR fuel 
assemblies respectively.  Maximum heat loads, and burnups times, along with required cooling 
times for the subject canister is addressed in the respective Technical Specification. This renewal 
application evaluates the bounding information as necessary. 

Fuel rod cladding provides the primary confinement barrier, while the fuel assembly maintains the 
axial distribution of the radiological source and its position within the fuel basket.  As noted in 
NUREG-2214 [2.2] fuel assembly hardware includes guide tubes, spacer grids, and lower and 
upper end fittings. The guide tubes may be fabricated using from zirconium-based alloys. The 
other components are usually fabricated using various nickel alloys and stainless steels. In the 
helium environment these components are considered to not be subject to credible degradation 
(creep, fatigue, hydriding, general corrosion, stress corrosion cracking, and radiation 
embrittlement) and thus, aging management during the 60-year timeframe is not required. 
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3.3.3.2 Fuel Assembly Materials 

The fuel assembly subcomponents included in the aging management review are made from 
zircaloy, stainless steel, and/or Inconel.  Additional material details for the Fuel Assembly 
subcomponents are provided in Table 2-7. 

3.3.3.3 Fuel Assembly Environments 

The FuelSolutions Storage System storage systems is designed to store a wide range of spent fuel 
assemblies in a dried and inert (helium) atmosphere. After fuel loading, draining and drying, the 
canister is backfilled with helium to provide an inert environment. The fuel temperatures range 
from the maximum value corresponding to the short term limit for a maximum canister heat load to 
the minimum ambient air temperature as the heat load reduces over time. 

3.3.3.4 Aging Effects Requiring Management (Fuel Assembly) 

Fuel assemblies authorized to be stored in the FuelSolutions Storage System are classified as 
either moderate-burnup fuel (≤45,000 MWd/MTU) for the W74 canisters or high-burnup fuel 
(>45,000 MWd/MTU) for the W21 canisters. 

For BWR fuel loaded in FuelSolutions W74 canisters, post-irradiation times are defined in 
FuelSolutions W74 Technical Specifications Table 2.1-9 and Table 2.1-10 with maximum 
assembly average burnup level limited to 40,000 MWd/MTU for the associated enrichments and 
parameters noted. For the moderate-burnup fuel, cladding embrittlement due to irradiation 
damage or hydride formation is not a concern.  A report prepared by Pacific Northwest 
National Laboratory (PNNL-14390 [3.1]), documenting research conducted by EPRI and the US 
Department of Energy, confirms that similar, non-high-burnup fuel assemblies stored in a helium 
environment, like the one present inside the W21 and W74 canisters, do not exhibit detectable 
degradation of the cladding or more than negligible release of gaseous fission products during 
storage. Therefore, no aging effects requiring management are identified for the moderate-burnup 
fuel assemblies. 

PWR fuel loaded in FuelSolutions W21 canisters must be intact zircaloy-clad fuel with no known 
or suspected cladding defects greater than pinhole leaks or hairline cracks. For fuel assemblies 
with burnup exceeding 45 GWd/MTU (up to 60 GWd/MTU), the cladding oxide thickness is 
limited to 70 μm as prescribed in FuelSolutions W21 Technical Specification 2.12] Section 2.1.1. 
FuelSolutions W21 Canister Storage System FSAR Section 4.3.2 “Fuel Cladding Allowable 
Temperatures” addresses previously established conservatism which meets the guidance noted in 
NUREG-1927.  During the extended renewal period this basis may not be applicable for high 
burnup fuel, thus requiring aging management during the extended storage period. 
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3.3.3.5 Aging Management Activities (Fuel Assembly) 

Based on the above review, it is determined that an AMP is needed for high burnup fuel.  
NUREG-2215 [3.2] Section 8.5.15.2.7 “High Burnup Fuel Monitoring and Assessment (dry 
storage periods beyond 20 years)” provides guidance for the storage of high burnup fuel for 
periods greater than 20 years, and specifies that the applicant may use a maintenance plan to 
obtain confirmatory data as an acceptable means for confirming that the canister contents satisfy 
the applicable regulations. NUREG-2215 in turn refers to NUREG-1927, Rev 1, for evaluation of 
plans. The high burnup fuel AMP should be periodically reviewed and updated whenever new 
data from the demonstration program or other short term tests or modeling indicate potential 
degradation of the fuel or deviation from the assumptions of the AMP. 

Consistent with the guidance of NUREG-2215 the aging management plan will obtain data to 
confirm the stored spent nuclear fuel configurations will remain as analyzed. The Fuel Assembly 
AMP is described in Appendix A. Consistent with the guidance provided in NUREG-1927 [2.1], 
the AMP takes credit for the DOE/EPRI High Burnup Dry Storage Cask Research and Development 
Project (HDRP). 

3.3.4 Aging Management Review Results – W100 Transfer Cask 

Table 2-6 summarizes the results of the aging management review for the W100 transfer cask 
subcomponents determined to be in the scope of the license renewal. 

Additional description of the W100 transfer cask is provided in Section 3.3.4.1, while Sections 
3.3.4.2 and 3.3.4.3 present the materials and environments.  The aging effects requiring 
management and the proposed activities required to manage these effects are discussed in 
Sections 3.3.4.4 and 3.3.4.5, respectively. 

3.3.4.1 Description of W100 Transfer Cask 

The FuelSolutions W100 Transfer Cask is comprised of a stainless steel inner liner and an outer 
structural shell, with lead gamma shielding in the annular space between them. Primary biological 
shielding and structural protection for the canister is provided by the composite stainless steel and 
lead of the transfer cask. The transfer cask uses a liquid neutron shield that envelops its 
cylindrical body and solid neutron absorbing material in its top and bottom covers. The transfer 
cask is capable of containing either a W21 or W74 canister and can utilize a cask cavity axial spacer 
to accommodate short-length FuelSolutions canisters.  

To avoid contamination of the canister external surface and the inner surface of the transfer cask 
cavity, the annulus between the canister shell and inner liner of the transfer cask is filled with 
clean demineralized water and an inflatable seal is placed in the top of the annulus prior to 
submergence of the transfer cask into the spent fuel pool. The top end of the transfer cask cavity 
includes a recess to accommodate the inflatable seal. The W100 transfer cask is equipped with 
upper and lower lifting trunnions to allow rotation of the W100 transfer cask (see Section 2.2.2.5 
for additional W100 transfer cask description details).  
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3.3.4.2 W100 Transfer Cask Materials 

The W100 transfer cask structure, top and bottom covers, and lifting trunnions are fabricated from 
stainless steel. Other materials included in the W100 transfer cask design are lead (for gamma 
shielding), RX-277 or NS-3 solid neutron shielding (for the transfer cask covers), alloy steels for 
bolting, and ethylene propylene elastomer (for the bottom cover seals).  The solid neutron 
shielding and lead shielding materials are completely enclosed, and therefore there are no 
significant galvanic or chemical reactions between these materials and the air or borated water. As 
identified in the FuelSolutions Storage System FSAR [2.3], the neutron shield jacket is coated with a 
high emissivity (> .875), low absorptivity < .25), temperature resistant (>325 degrees f) coating. 
This coating enhances radiation heat transfer from the W100 transfer cask while minimizing the 
effects of insolation. 

The material of each W100 transfer cask subcomponent is identified in Table 2-6. 

3.3.4.3 W100 Transfer Cask Environments 

The exterior of the W100 transfer cask is exposed to water or borated water (PWR) during fuel 
loading (while the W100 transfer cask was in a spent fuel pool), and to demineralized water in the 
annulus. Following fuel loading of the W21 and W74 canisters, the W100 transfer cask is 
removed from the spent fuel pool. 

The W100 transfer cask is exposed to either a sheltered environment, if stack-up is performed in 
the building, or an air-outdoor environment if stack-up is performed outside.  The relatively brief 
exposure of the W100 transfer cask to borated and demineralized water while in the spent fuel 
pool and the outside environment during transfer and loading operations (if applicable), does not 
significantly contribute to the aging of the W100 transfer cask during the renewal period. It is the 
prolonged or frequently recurring exposure to environmental conditions and stresses that must be 
evaluated for aging effects, such as those encountered during idle storage of the cask. 

The environment to which the W100 transfer cask is exposed between W21 and W74 canister 
loading campaigns may be the sheltered atmosphere within a building.  To be conservative and 
bound sites which store the W100 transfer cask outside, the W100 transfer cask storage 
environment is considered to be ambient air. 

3.3.4.4 Aging Effects Requiring Management for W100 Transfer Cask 

Based on a review of the W100 transfer cask materials of construction and the environments 
experienced during the period of extended storage, the main aging effect requiring management is 
loss of material due to corrosion. 

3.3.4.5 Aging Management Activities for W100 Transfer Cask 

Based on the aging management review of the W100 transfer cask subcomponents documented in 
Table 2-6, the aging management activities required for the W100 transfer cask are an AMP for 
the W100 transfer cask, and a TLAA for W100 transfer cask fatigue. 
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The solid neutron shielding material used in the W100 transfer cask covers is in an enclosed 
environment and no damage or change in the properties of the material is expected to occur over 
the service life of the W100 transfer cask.  Therefore, no AMP or TLAA is required. 

3.3.5 Aging Management Review Results – Fuel Transfer/Auxiliary Equipment 

Table 2-8 summarizes the results of the aging management review for the fuel transfer and 
auxiliary equipment and subcomponents identified in the FuelSolutions Storage System FSAR 
[2.3] and determined to be within the scope of the CoC 1026 renewal. 

Additional description of the fuel transfer and auxiliary equipment is provided in Section 3.3.5.1, 
while Sections 3.3.5.2 and 3.3.5.3 present the materials and environments.  The aging effects 
requiring management and the proposed activities required to manage these effects are discussed 
in Sections 3.3.5.4 and 3.3.5.5, respectively. 

3.3.5.1 Description of Fuel Transfer and Auxiliary Equipment 

The in-scope FuelSolutions fuel transfer and auxiliary equipment necessary for ISFSI operations 
and spent fuel handling includes the cask lifting yoke, canister vertical lift fixture, cask cavity 
axial spacer, shielded docking collar, cask restraints, empty canister lift fixture, the standard 
lifting slings used inside the plant facility, and the storage cask impact limiter.  The actual fuel 
transfer and auxiliary equipment used at a given site is identified and addressed by the General 
Licensee in the 10 CFR 72.212 Evaluation Report on a site-specific basis. 

The cask lifting yoke assembly includes a steel A-frame and two lifting arms which interface with 
the W100 transfer cask upper trunnions. Shackles and low stretch slings are used to secure the 
lifting yoke to the crane hook. The canister vertical lift fixture is a steel frame which is slung 
below the cask lifting yoke A-frame and attaches to the W21 or W74 canister, that is used to lift 
or lower the canister into and out of the W100 transfer cask. 

The cask cavity axial spacer is a circular steel frame used in the bottom end of the W100 transfer 
cask when a short canister is placed inside the cask, to take up the axial space in the cask cavity 
and provide positive support for the canister. The cask spacer is mounted to the inside of the 
transfer cask bottom cover to simplify removal during horizontal transfer operations. 

A shielded docking collar is a large shielded ring placed on the top end of a W150 storage cask 
cavity for canister transfer operations to or from the storage cask. The inside diameter of a 
docking collar allows close fit up with a transfer cask or a transportation cask, while allowing the 
transfer cask or transportation cask to dock directly to the storage cask upper shield ring.  Cask 
restraints attach the transfer cask lower trunnions or transportation cask upper trunnions to the 
shielded docking collar on both sides of the cask.  A separate set of cask restraints are also used to 
secure the transfer cask to the transportation cask. 

The empty canister lift fixture is used to lift an empty canister, including the shell and basket 
assembly, vertically using the top shield plug support ring and place the empty canister into the 
transfer cask prior to fuel loading. The empty canister lift fixture engages the bottom of the shield 
plug support ring in four locations and is connected to the plant’s crane by four cable assemblies. 
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Standard lifting slings are used for the handling of various items associated with the 
FuelSolutions canisters, storage cask, transfer cask, and auxiliary equipment. The slings consist of 
standard wire rope, chains, or straps and the associated standard lifting hardware such as shackles, 
clevises, lifting eyes, hooks, and turn buckles. 

A storage cask impact limiter is installed in a recessed area of an ISFSI pad, prior to upending or 
downending a loaded storage cask. The impact limiter provides an effective means to mitigate 
deceleration loads on the storage cask and canister resulting from a postulated tip-over accident of 
the storage cask during upending or downending operations. The 10-foot wide by 30-foot long by 
2-foot thick impact limiter consists of modular steel encased rigid polyurethane foam in four 
subassemblies to facilitate subassembly handling and installation, and to facilitate uniform crush 
of the rigid foam during a postulated storage cask impact. 

3.3.5.2 Fuel Transfer and Auxiliary Equipment Materials 

The in-scope fuel transfer and auxiliary equipment are mostly fabricated from carbon and alloy 
steel which has been coated to mitigate corrosion. The handling slings, wire ropes and chains use 
standard handling component materials which are inspected and controlled using applicable 
industry standards to assure their qualifications during their useful life and are replaced when 
necessary.  

The rigid polyurethane foam material used for the storage cask impact limiter is widely used in 
licensed spent fuel transportation packages and is well characterized. The rigid foam is encased 
with thin-plate carbon steel, which is sufficiently strong to allow handling of the impact limiter 
subassemblies but has a negligible effect on the crush characteristics of the impact limiter. The 
carbon steel provides a sealed closure to assure foam integrity and is coated for corrosion 
protection.  

The materials of the in-scope fuel transfer and auxiliary equipment and subcomponents are 
identified in Table 2-8. 

3.3.5.3 Fuel Transfer and Auxiliary Equipment Environments 

The cask lifting yoke and canister vertical lift fixture are exposed to water or borated water 
(PWR) during fuel loading while the W100 transfer cask is in a spent fuel pool.  While being used, 
the fuel transfer and auxiliary equipment is typically exposed to either an air-outdoor environment 
or a sheltered environment. 

When not in use the fuel transfer and auxiliary equipment is exposed to a sheltered environment. 
Following completion of storage cask loading or unloading operations, the impact limiter is 
removed and placed in a storage area, where it is protected from degradation due to exposure to 
the air-outdoor environment.  

The relatively brief exposure of the fuel transfer and auxiliary equipment to borated and 
demineralized water while in the spent fuel pool and the air-outdoor environment during transfer 
and loading operations (if applicable), does not significantly contribute to the aging of the fuel 
transfer and auxiliary equipment during the renewal period. It is the prolonged or frequently 
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recurring exposure to sheltered environmental conditions, such as those encountered during 
storage of the equipment, that must be evaluated for aging effects. 

3.3.5.4 Aging Effects Requiring Management for Fuel Transfer and Auxiliary Equipment 

Based on a review of the fuel transfer and auxiliary equipment materials of construction and the 
environments experienced during the period of extended storage, the main aging effect requiring 
management is loss of material due to corrosion. 

3.3.5.5 Aging Management Activities for Fuel Transfer and Auxiliary Equipment 

Based on the aging management review of the fuel transfer and auxiliary equipment and 
subcomponents documented in Table 2-8, the aging management activities required for the fuel 
transfer and auxiliary equipment are the Monitoring of Metallic Surfaces AMP. 

The rigid polyurethane foam material used for the storage cask impact limiter is widely used in 
the construction of buildings with an expected life of 50 to 100 years that is well recognized. The 
impact limiter rigid polyurethane foam is encased with thin-plate carbon steel and spends most of 
its life being stored in a sheltered environment which would prolong it lifetime.  This material is 
in an enclosed environment and no damage or change in the properties of the material is expected 
to occur over the life of the impact limiter.  Therefore, no AMP or TLAA is required. 

3.4 Aging Management Programs (AMP) 

Based on the results of the aging management reviews for systems, structures, and components 
(SSC) previously determined to be within the scope of the license renewal, presented above, 
the following AMP’s are required: 

1. FuelSolutions Welded Stainless Steel Canister AMP 

2. FuelSolutions Reinforced Concrete Structures AMP 

3. FuelSolutions Monitoring of Metallic Surfaces AMP 

4. FuelSolutions W100 Transfer Cask AMP 

5. FuelSolutions W21 Canister High-Burnup Fuel Monitoring and Assessment AMP 

The full details of these AMPs are presented in Appendix A.  
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3.5 Time-Limited Aging Analyses (TLAA) 

Using the TLAA-identification criteria discussed in Section 3.2.4.1, the CoC, SER, Technical 
Specifications were reviewed and the following TLAA’s were identified for further evaluation 
and disposition: 

1. W21 Neutron Absorber Boron Depletion 

2. W74 Neutron Absorber Boron Depletion 

3. W21 Canister Fatigue (Including Basket) 

4. W74 Canister Fatigue (Including Basket) 

5. W100 Transfer Cask Fatigue 

3.6 Other Analyses - Retrievability 

The FuelSolutions W21 and W74 canisters are designed for removal of individual or canned spent 
fuel assemblies and for canister removal from a storage cask for placement into a transfer cask in 
accordance with 10 CFR 72.122(l) and satisfy the requirements of 10 CFR 72.236(m). “NUREG-
2215 Section 3.4.3.8 addresses 10 CFR 72.122(l) in that the “storage systems must be designed to 
allow ready retrieval of spent fuel, high-level radioactive waste, and reactor-related GTCC waste 
for further processing or disposal.” In addition, NUREG-2215 notes the requirements of 10 CFR 
72.236(m) state that CoC holders should design for retrievability “[t]o the extent practicable in the 
design of spent fuel storage casks, consideration should be given to compatibility with removal of 
the stored spent fuel from a reactor site, transportation, and ultimate disposition by the 
Department of Energy.” The FuelSolutions Dry Storage System has the ability to support options 
A and B identified in NUREG-2215:  

 

A. remove individual or canned spent fuel assemblies from wet or dry storage, 

B. remove a canister loaded with spent fuel assemblies from a storage cask/overpack, 

Option A: 

The results of the AMR show that there are no credible aging effects in the SNF 
assemblies that require management during the extended storage period that would 
prohibit retrievability of an assembly from a canister. Individual or canned spent fuel 
assemblies remain retrievable. Moderate-burnup (< 45 GWd/MTU), intact, zircaloy-clad 
SNF assemblies can be stored in the both the W21 and W74 canisters. In addition, high 
burnup (>45 GWd/MTU), intact, zircaloy-clad SNF assemblies can be accommodate in 
the W21 canisters.  
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Corrosion of the canister cover and closure weld are managed by the Welded Stainless 
Steel Canister AMP and Canister Fatigue TLAAs during the extended storage period to 
ensure that no aging effects result in the loss of intended functions (primarily confinement 
and structural support). This provides reasonable assurance that the SNF assemblies will 
be able to be retrieved from the canister and transferred to a spent fuel pool if required. 

Degradation of the cladding of the SNF does not occur during the initial storage period or 
during extended storage since the inert atmosphere inside the canister is maintained. 
Evaluation of canister Off-Normal conditions, including retrieval, is addressed in Section 
3.6 of the associated FSAR. Conditions During Canister Reflooding are discussed in 
Section 4.4.2.3 of the associated FSAR. 

Option B 

Corrosion and degradation of the W21 and W74 canister shell, cover and closure welds 
are managed by the Welded Stainless Steel Canister AMP and Canister Fatigue TLAAs 
during the extended storage period to ensure that no aging effect result in the loss of 
intended functions (primarily confinement and structural support) including canister 
retrievability. 

Corrosion and degradation of the W100 transfer cask and W150 storage cask are managed 
by their applicable AMP(s) and TLAAs during the extended storage period to ensure that 
no aging effect result in the loss of intended functions (e.g. structural support) that may 
affect retrievability of the canister from either cask. The W100 transfer cask is maintained 
and is inspected prior to use to ensure proper condition and safe operation.  This provides 
reasonable assurance that loaded W21 and W74 canisters can be transferred from a storage 
cask to the transfer cask and then to a transportation cask for removal offsite. 

In addition, there are a number of FuelSolutions Storage Systems Technical Specifications which 
facilitate retrievability. Several of these are Design Feature (DF) Technical Specifications which 
state that the principal objective of the DF category of Technical Specifications is to “describe the 
design envelope which might constrain any physical changes to essential equipment.”  By 
constraining physical changes to essential equipment these DF Technical Specifications facilitate 
retrievability of spent fuel assemblies from canisters, and retrievability of canisters from storage 
casks and transfer casks.  These retrievability related FuelSolutions Storage Systems Technical 
Specifications: 

• Establish administrative controls and procedures to assure that the spent fuel cladding 
does not exceed specified temperature limits during loading operations. 

• Monitor storage cask and transfer cask liner temperatures 

• Specify and monitor storage cask temperature limits during horizontal transfers 

• Specify canister helium backfill density requirements 



FuelSolutions CoC Renewal Application  
Docket No. 72-1026   October 2020 
 

3-23 
 

WESTINGHOUSE NON-PROPRIETARY CLASS 3 

• Specify canister spent fuel loading requirements  

• Specify maximum storage cask and transfer cask drop heights and g loadings 

The respective retrievability related Technical Specifications continue to be applicable during the 
extended storage period. 

Thus, FuelSolutions W21 and W74 canisters are designed for removal of individual or canned 
spent fuel from storage, and canister retrieval from a W150 storage cask for placement into a 
W100 transfer cask for subsequent transport off-site in the appropriate transportation cask. These 
retrievability functions support and meet the guidance of “Option A and “Option B” as noted 
above. 

3.7 References 

[3.1] PNNL-14390, “Dry Storage Demonstration for High-Burnup Spent Nuclear Fuel – 
Feasibility Study,” August 2003. 

[3.2] NUREG-2215, Standard Review Plan for Spent Fuel Dry Storage Systems and Facilities," 
U.S. Nuclear Regulatory Commission, November 2017. 

 



FuelSolutions CoC Renewal Application  
Docket No. 72-1026   October 2020 
 

4-1 
 

WESTINGHOUSE NON-PROPRIETARY CLASS 3 

4. AGING MANAGEMENT TOLLGATES 
Introduction 

As noted in NUREG-1927 "Standard Review Plan for Renewal of Specific Licenses and 
Certificates of Compliance for Dry Storage of Spent Nuclear Fuel," Revision 1, the NRC in 
collaboration with the Nuclear Energy Institute (NEI), developed guidance for the nuclear 
industry use when preparing CoC renewal applications.  NEI 14-03, Revision 1, “Format, 
Content and Implementation Guidance for Dry Cask Storage Operations-Based Aging 
Management,” includes guidance based on the continued evaluation of operating experience. 
One of the principles introduced in NEI 14-03 is the use of “tollgates” as a structured approach 
for incorporating operating experience and data from applicable research and industry initiatives 
into the aging evaluation process. NUREG-1927, Revision 1, Section 3.6.1.10, provides the 
associated guidance that may be used for CoC renewals. 

NEI 14-03 provides a proposed framework for learning AMPs through the use of “tollgates” 
and defines “tollgates” as periodic points within the period of extended operation when 
licensees would be required to evaluate aggregate feedback from storage operations and 
perform and document a safety assessment that confirms the safe storage of spent fuel. Tollgates 
are described as an additional set of in-service assessments beyond the normal continual 
assessment of operating experience, research, monitoring, and inspections on DSS component 
and ISFSI SSC performance that is part of normal ISFSI operations for licensees during the 
initial storage period as well as the period of extended operation.  
In addition, NEI 14-03, Revision 1, also describes a framework for the aggregation and 
dissemination of operating experience across the industry through the use of an aging-related 
operating experience “clearinghouse,” titled the ISFSI Aging Management Institute of Nuclear 
Power Operations Database (ISFSI AMID). Aggregate feedback will be assessed by each 
licensee regarding ISFSI components. and if necessary, take actions to: 

• Modify monitoring and inspection programs in AMPs described in Appendix A  

• Modify TLAAs described in Appendix B 

• Perform mitigation 

Per the guidance of NEI 14-03 the tollgate assessments address the following elements as 
applicable: 

Frequency: 

• established from technical basis 

•  reflects aging mechanism initiation and rate of progression 

• reflects risk significance 
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• considers findings from prior tollgate assessments 

Content of tollgate assessments: 

• Summary of research findings, operating experience, monitoring data, and inspection 
results  

• Aggregate impact of findings (including trends) 

• Consistency with the assumptions and inputs in TLAAs 

• Effectiveness of AMPs 

• Corrective actions, including changes to AMPs 

• Summary and conclusions 

Licensees have access to the ISFSI AMID to facilitate the completion of these tollgate 
assessments. Generic tollgates are shown in Table 4-1. Implementation of the tollgates does not 
limit licensee’s ability to evaluate information in a timely fashion through the use of the 
corrective action programs and other licensee programs. The tollgates identify points where 
information is evaluated based on the collection of findings. 

 
  



FuelSolutions CoC Renewal Application  
Docket No. 72-1026   October 2020 
 

4-3 
 

WESTINGHOUSE NON-PROPRIETARY CLASS 3 

Table 4-1: Tollgate Assessments for General Licensees 
 

Tollgate Year Assessment 
1 Year of first 

canister loading 
plus 25 years 

Evaluate information from the following sources (as available) and 
perform a written assessment of the aggregate impact of the 
information, including but not limited to trends, corrective actions 
required, and the effectiveness of the AMPs with which they are 
associated: 

• Results, if any, of research and development programs focused 
specifically on aging-related degradation mechanisms identified 
as potentially affecting the storage system and ISFSI site. One 
example of such research and development would be EPRI 
Chloride-Induced Stress Corrosion Cracking (CISCC) research. 

• Relevant results of other domestic and international research, 
which may include non-nuclear research 

• Relevant domestic and international operating experience, 
which may include non-nuclear operating experience 

• Relevant results of domestic and international ISFSI and dry 
storage system performance monitoring 

Much of this information can be gathered from the Aging Management 
INPO Database (AMID). 

2 Year of first 
canister loading 

plus 30 years 

Evaluate additional information gained from the sources listed in Tollgate 
1 along with any new relevant sources and perform a written assessment 
of the aggregate impact of the information. This evaluation should be 
informed by the results of Tollgate 1. The aging effects and mechanisms 
evaluated at this tollgate and the time at which it is conducted may be 
adjusted based on the results of the Tollgate 1 assessment. 

3 Year of first 
canister loading 

plus 35 years 

Same as Tollgate 2 as informed by the results of Tollgates 1 and 2 

4 Year of first 
canister loading 

plus 40 years 

Same as Tollgate 2 as informed by the results of Tollgates 1, 2, and 3 

5 Year of first 
canister loading 

plus 45 years 

Same as Tollgate 2 as informed by the results of Tollgates 1, 2, 3, and 4 

6 Year of first 
canister loading 

plus 50 years 

Same as Tollgate 2 as informed by the results of Tollgates 1, 2, 3, 4, 
and 5 

7 Year of first 
canister loading 

plus 55 years 

Same as Tollgate 2 as informed by the results of Tollgates 1, 2, 3, 4, 5, 
and 6 

8 Year of first 
canister loading 

plus 60 years 

Same as Tollgate 2 as informed by the results of Tollgates 1, 2, 3, 4, 5, 6, 
and 7 
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APPENDIX A: FUELSOLUTIONS AGING MANAGEMENT PROGRAMS 

 

A.0 Introduction 

 

Section 3.4 identifies the following needed AMPs: 

 

1. FuelSolutions Welded Stainless Steel Canister AMP 

2. FuelSolutions Reinforced Concrete Structures AMP 

3. FuelSolutions Monitoring of Metallic Surfaces AMP 

4. FuelSolutions W100 Transfer Cask AMP 

5. FuelSolutions W21 Canister High-Burnup Fuel Monitoring and Assessment AMP 

 

This appendix contains the 10 elements of the AMPs, following the guidance of NUREG-1927 
Revision 1. 
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FuelSolutions Welded Stainless Steel Canister AMP 
(4 pages) 

Element Description 
1 Scope of 

Program  This program manages the effects of aging for the surfaces of welded stainless steel 
canisters that are directly exposed the sheltered environment.  The scope of the 
program includes the following canister sub-components: 

• Shell 
• Bottom closure plate 
• Shell extension 
• Bottom end plate  
• Top outer closure plate  
• Leak test port cover 

The following aging effects are addressed in this program: 
• Cracking due to stress corrosion cracking 
• Loss of material (precursor to stress corrosion cracking) due to pitting and 

crevice corrosion 

Examinations are performed of the accessible portions of the welded stainless steel 
dry storage canister confinement boundary external surfaces for atmospheric 
deposits, localized corrosion, and Stress Corrosion Cracking (SCC). 

In particular, examinations focus on accessible canister welds, weld heat-affected-
zone areas, and known areas of the canister to which temporary supports or 
attachments were attached by welding and subsequently removed (based on 
available fabrication records) with the following attributes: 

• Locations where a crevice is formed on the canister surface 
• Horizontal (±30-degree) surfaces where deposits may accumulate at a faster 

rate compared to vertical surfaces 
• Canister surfaces that are cold relative to the average surface temperature 
• Canister surfaces with higher amounts of atmospheric deposits 

Examinations can be performed in coordination of the ASME Section XI code 
inspections provided in Code Case N860, “Examination Requirements and Acceptance 
Standards for Spent Nuclear Fuel Storage and Transportation Containment Systems.” 

2 Preventive 
Actions 

Condition monitoring is utilized to manage aging effects.  During fabrication of the 
canisters, however, preventative actions were used to minimize corrosion and stress 
corrosion cracking by selection of stainless steel materials.  In addition, fabrication 
controls were in place during canister fabrication to support improved canister 
corrosion resistance.  Although these preventative actions minimize the likelihood of 
aging effects, they cannot replace condition monitoring during the storage period.  As 
this AMP is based on condition monitoring, new preventative actions are not 
included. 
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FuelSolutions Welded Stainless Steel Canister AMP 
(4 pages) 

Element Description 
3 Parameters 

Monitored / 
Inspected 

The parameters monitored and/or inspected under this AMP include: 

• visual inspections to look for evidence of discontinuities and imperfections, such 
as localized corrosion, including pitting corrosion and stress corrosion cracking of 
the accessible canister welds and weld heat affected zones.  

• The size and location of localized corrosion or stress corrosion cracks 
• The inspections also look for the appearance and location of deposits on the 

canister surfaces. 
4 Detection of 

Aging Effects 
Visual inspection of the canister surface is to be performed per ASME Code Section XI, 
Article IWA-2200 for VT-3 examinations utilizing a video camera, fiber-optic scope or 
other remote inspection  device for the accessible areas of the canister surface since 
direct visual examination may not be possible due to neutron and gamma radiation 
fields near canister surfaces within the storage cask.  

Additional assessments are to be performed as necessary for suspected areas of 
localized corrosion and SCC. VT-1 visual examinations are performed per acceptance 
criteria when indicated by the assessment of the VT-3 results. Indications of corrosion 
within 2 inches of a weld are to receive an augmented surface examination for the 
presence of cracking.  

Volumetric examination consistent with the requirements of ASME Code Section XI, 
IWB-2500, for category B-J components may also be utilized to assess the presence of 
cracking. Inspection of selected areas on the canister may be upgraded to the VT-1 
standard.  

The inspection is to be performed on a minimum of one canister at each ISFSI based 
on the following criteria: 

• EPRI Susceptibility Criteria {Ref: Technical Report 3002005371} 
• Age of the Canister  
• Canister loaded with Lowest Heat Load 
• Canisters with the greatest potential for the accumulation and deliquescence 

of deposited salts that may promote localized corrosion and greatest 
potential for the accumulation and deliquescence of deposited salts that may 
promote localized corrosion and SCC 

• Where applicable, canister with previously identified manufacturing 
deviations which may affect the surface. 

Inspections are to be performed by qualified individual(s) every 5 years (+/- 25%) 
starting with the first inspection  performed within either the later of one (1) year of 
the initial canister’s 20th year loading anniversary or within one year from the 
issuance of first renewal of the CoC.  If possible, examinations should occur on the 
same canister to support trending. 

5 Monitoring 
and Trending 

Monitoring and trending of the results from documented inspection should support 
the ability to evaluate the results against acceptance criteria. Inspection records, 
including photos and /or videos, are to be retained for comparison in subsequent 
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FuelSolutions Welded Stainless Steel Canister AMP 
(4 pages) 

Element Description 
examinations.  Changes to the size or location of discolored areas (e.g. rust), localized 
corrosion, pitting and crevice corrosion, and/or stress corrosion cracking should be 
identified and assessed for further evaluation or subsequent inspections. 

Trending of parameters or effects include the locations and size of any areas of 
localized corrosion or SCC, disposition of canisters with identified aging effects and 
the results of any supplemental canister inspections. 

6 Acceptance 
Criteria 

No indications of localized corrosion pits, etching, crevice corrosion, stress corrosion 
cracking, red-orange-colored corrosion products emanating from crevice locations, or 
red-orange-colored corrosion products in the vicinity of canister fabrication welds, 
closure welds, and welds associated with temporary attachments during canister 
fabrication.  Minor surface corrosion is acceptable. 

Identified flaws may be assessed in accordance with the acceptance standards 
identified in ASME Code Section XI, IWB-3514.  

Results of Inspections Requiring Additional Evaluation  

Indications of interest (locations on the canister surface susceptible to SCC including 
areas adjacent to fabrication welds, closure welds, locations where temporary 
attachments may have been welded to and subsequently removed from the canister 
and the weld heat-affected zones) that are subject to additional examination and 
disposition through the corrective action program include: 

• Localized corrosion pits, crevice corrosion, stress corrosion cracking, and 
etching; deposits or corrosion products 

• Red-orange colored corrosion products or red-orange colored corrosion 
tubercles with deposit accumulations especially when adjacent to welds or 
weld heat affected zones of these areas and locations where temporary 
attachments were welded to and subsequently removed from the canister  

• Appearance of any color of liner corrosion products of any size parallel to or 
traversing fabrication welds, closure welds, and the weld heat affected zones. 

• Red-orange colored corrosion products greater than 1 mm in diameter 
combined with deposit accumulations on any location of the canister 

• Red-orange colored corrosion tubercles of any size 
7 Corrective 

Actions 
Indications not meeting the acceptance criteria above (AMP element 6) require 
additional evaluation after being entered into the site’s corrective action program. An 
evaluation is to be performed to determine the extent and impact of the corrosion on 
the canister’s ability to perform its intended function. The site’s Quality Assurance 
(QA) program ensures that corrective actions are completed within the Corrective 
Action Program (CAP)and include any necessary functionality assessments, cause 
evaluations, extent of condition, actions, identify any modifications to the existing 
AMP (e.g. increased frequency), and determine if the condition is reportable per 10 
CFR 72.75. 
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FuelSolutions Welded Stainless Steel Canister AMP 
(4 pages) 

Element Description 
8 Confirmation 

Process 
The confirmation process is to be commensurate with the site’s QA program.  The QA 
program ensures that the confirmation process includes provisions to preclude 
repetition of significant conditions adverse to quality and the completion of 
inspections, evaluations, and corrective actions. 

9 Administrative 
Controls 

The site QA program ensures that administrative controls include provisions that 
address instrument calibration and maintenance, inspector requirements, record 
retention requirements, and document control.  

Administrative controls also address the frequency for updating the AMP based on 
inspection results along with industry operating experience. This AMP will be updated 
as necessary based on tollgate assessments. 

10 Operating 
Experience 

Previous operating experience for the W74 Canister indicates very minimal corrosion 
detected to date.  That operating experience has been incorporated into the guidance 
on inspections and acceptance criteria contained in this AMP.  

A renewal application re-submittal inspection was performed on the W74 system at 
Big Rock Point in July 2019.2  Three separate tasks were completed consisting of a 
video inspection of the accessible area in the annulus between the cask and canister; 
a visual inspection of the cask interior and visual inspection of the cask storage pad.  A 
representative canister and storage cask were selected by Entergy based on increased 
susceptibility for moisture intrusion and corrosion.  Heat loads at the time of loading 
the canisters at Big Rock Point were within 0.5 kW of each other, and all storage casks 
were placed into service within months of each other (between November 2002 and 
May 2003).  The inspection revealed some minor observations; however, no 
structural deficiencies were identified, and all parts continue to perform their design 
function.   

Surface rust was observed (Cask Serial Number W150-610-NMC) on washers under 
the nut on the tie rods (minimal depth) causing discoloration in the bearing plate and 
nut. Both these components are stainless steel and are not in danger of corroding.  

NRC Region III Inspectors3 reviewed the previous five-year cask inspection 
documentation for Big Rock Point storage cask number 7 that included both pictures 
and video of the interior of the cask and did not identify any findings of significance.  

As canister inspections are performed in the future, inspection results will be 
uploaded into the ISFSI Aging Management Institute of Nuclear Power Operations 
Database (ISFSI AMID) to be shared with other users. 

  

 
2 Report 4T002-RPT-001, Rev 0 “FuelSolutions Renewal Application Pre-Submittal Inspection,” August 29, 2019 
3 Errata to Big Rock Point Independent Spent Fuel Storage Installation - Inspection Reports 07200043-12-001 and 
05000155-12-007 (ADAMS Accession ML13071A379) dated 03/11/13. 
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FuelSolutions Reinforced Concrete Structures AMP 
(4 pages) 

Element Description 
1 Scope of 

Program 
The AMP addresses reinforced concrete structures such as the concrete portions of 
the W150 Storage Cask.  The associated SSCs include the concrete shell, shear key, 
and reinforcing steel in air-outdoor or sheltered environments.   

The following aging effects are addressed in this program: 

• Cracking or loss of material (spalling, scaling) due to freeze-thaw degradation 
• Cracking, loss of strength, and loss of material (spalling, scaling) due to 

aggressive chemical attack 
• Cracking, and loss of strength due to reaction with aggregates 
• Loss of material (spalling, scaling) due to salt scaling 
• Loss of strength, increase in porosity and permeability and reduction of 

concrete pH (reducing corrosion resistance of steel embedments) due to 
leaching of calcium hydroxide 

• Cracking, loss of strength, loss of material (spalling, scaling), and loss of 
concrete/steel bond due to corrosion for reinforcing steel. 

 
Although the ISFSI Storage Pad is not considered Important to Safety, as noted in 
FuelSolutions Storage System FSAR Section 1.2, the pad should be inspected as may 
be required elsewhere. 

2 Preventive 
Actions 

Condition monitoring is utilized to manage aging effects including continuance of 
inspections of air inlet/outlet vents to confirm they are not blocked which also 
ensures design temperature limits are not exceeded and thermal dehydration of the 
concrete remains noncredible during the period of extended operation.  As the 
storage cask reinforced concrete is designed and analyzed in accordance with the 
applicable provisions of ACI-349 and constructed using standard commercial 
practices, in accordance with the applicable provisions of ACI-318, no additional 
preventive actions are required. 

3 Parameters 
Monitored / 
Inspected 

The accessible and exposed concrete surfaces are visually examined for indications 
of surface deterioration.  The parameters monitored or inspected quantify the 
following aging effects: 

• Cracking 
• loss of material (spalling, scaling) 
• increased porosity/permeability 

 
Degradation could affect the ability of the concrete to provide radiation shielding, to 
provide a path for heat transfer and to provide tornado missile shielding.  The inlet 
and outlet vents are also monitored by visual inspection to ensure they are not 
obstructed. 

For inaccessible areas, an inspection using a video camera, fiber-optic scope or other 
remote inspection equipment via existing access points to determine if there is any 
evidence of concrete degradation.  The parameters evaluated consider any surface 
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FuelSolutions Reinforced Concrete Structures AMP 
(4 pages) 

Element Description 
geometries that may identify water ponding which potentially increases the rate of 
degradation.  The accessible internal concrete surfaces of the storage cask are 
inspected for indications of degradation.  These indications may impact the long-
term ability of the storage cask to meet its intended functions.  

4 Detection of 
Aging Effects 

The AMP includes a visual inspection of the exterior surfaces of the storage cask to 
detect if there are any aging effects.  The visual survey can identify staining or 
degradation-related activity and the degree of damage.  This visual inspection 
confirms the current exterior condition of the storage cask and can identify the 
extent and cause of any aging effect noted.  This visual inspection is conducted 
annually by an individual meeting the qualification requirements of ACI-349. 

A visual inspection of the readily accessible areas of the storage cask annular space 
and interior areas of the vents shall be performed using a using a video camera, 
fiber-optic scope or other remote inspection equipment.  This visual inspection shall 
meet the requirements in accordance with the acceptance criteria in ACI 349.3R-02 
(ACI, 2010) and be performed at least once every five (5) years. Note: As the interior 
of the storage cask utilizes a steel liner, the Metallic Surfaces AMP addresses the 
metallic portions of the storage cask.  

In addition to visual inspections, radiological surveys of the storage cask are 
performed to verify compliance with 10 CFR 72.104. Cask surface dose rates are 
monitored per FuelSolutions STORAGE SYSTEM Technical Specification 5.3.5, Cask 
Surface Dose Rate Evaluation Program.  The results of dose rate surveys are also 
reviewed4 by NRC Region III inspectors. 

Data from all inspection and monitoring activities, including evidence of degradation 
and its extent and location, shall be documented on a checklist or inspection form.  
The results for the inspection will be documented, including descriptions of observed 
aging effects and supporting sketches, photographs or video. 

The internal inspection shall be performed on one of the storage casks at each ISFSI 
at a frequency of 5 years (+/- 25%).  The first inspection should occur within 1 year of 
the 20th anniversary of initial storage cask loading at the site or within 1 year of the 
issuance of the renewed license, whichever is later.  

The inspection shall be documented, including a detailed description of the surface 
condition and location of areas showing surface degradation. 

5 Monitoring 
and 
Trending 

Monitoring and trending of the results from documented inspection should support 
the ability to evaluate the results against acceptance criteria. Methods are 
commensurate with consensus defect evaluation guides and standards.  The 
inspections and surveillances described for reinforced concrete are performed 

 

4 NRC Inspection Report 07200043/2018001; 05000155/2018001 Big Rock Point Independent Spent Fuel Storage 
Installation ML18330A231 dated 11/26/2018. 
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FuelSolutions Reinforced Concrete Structures AMP 
(4 pages) 

Element  Description 
periodically in order to identify areas of degradation.  The results will be evaluated 
by a qualified individual, and areas of degradation not meeting established criteria 
will be documented in the site’s corrective action program for resolution or detailed 
evaluation. Inspection records, including photos and /or videos, are to be retained 
for comparison in subsequent examinations. The results from the visual inspections 
will be compared against previous inspections in order to trend progression of 
identified aging effects over time. 

6 Acceptance 
Criteria 

American Concrete Institute Standard 349.3R‐02 includes quantitative three‐tier 
acceptance criteria for visual inspections of concrete surfaces as follows: 

 Tier 1 acceptance without further evaluation 
 Tier 2 acceptance after review 
 Tier 3 acceptance requiring further evaluation 

 
Acceptance signifies that a component is free of significant deficiencies or 
degradation that could lead to the loss of structural integrity.  Acceptable after 
review signifies that a component contains deficiencies or degradation but will 
remain able to perform its design basis function until the next inspection or repair.  
Acceptance requiring further evaluation signifies that a component contains 
deficiencies or degradation that could prevent (or could prevent prior to the next 
inspection) the ability to perform its design basis function.  Degradations or 
conditions meeting the ACI 349.3R‐02 Tier 2 and 3 criteria will be entered into the 
site’s corrective action program for evaluation and resolution. 

The loss of material due to age‐related degradation will be evaluated by a qualified 
person in accordance with ACI 349.3R‐02.  A technical basis will be provided for any 
deviation from ACI 349.3R‐02 acceptance criteria.  

7 Corrective 
Actions 

Results that do not meet the acceptance criteria are addressed by the site’s 
corrective action program (CAP) in accordance with the ISFSI Quality Assurance (QA) 
program.  The site’s QA Program ensures that corrective actions are completed 
within the ISFSI Corrective Action Program (CAP) and include any necessary 
functionality assessments, cause evaluations, extent of condition, actions, identify 
any modifications to the existing AMP (e.g. increased frequency), and determine if 
the condition is reportable per 10 CFR 72.75. 

8 Confirmation 
Process 

The confirmation process will be commensurate with the ISFSI QA Program.  The QA 
program ensures that the confirmation process includes provisions to preclude 
repetition of significant conditions adverse to quality and the completion of 
inspections, evaluations, and corrective actions. 

9 Administrative 
Controls 

The ISFSI QA program ensures that administrative controls include provisions that 
address instrument calibration and maintenance, inspector requirements, record 
retention requirements, and document control. 
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FuelSolutions Reinforced Concrete Structures AMP 
(4 pages) 

Element Description 
Administrative controls also address the frequency for updating the AMP based on 
inspection results along with industry operating experience. This AMP will be 
updated as necessary based on tollgate assessments.   

10 Operating 
Experience 

Previous operating experience for the W150 Storage Cask indicates very minimal 
degradation detected to date, mostly limited to concrete “bug hole” and grout 
degradation.  That operating experience has been incorporated into the guidance on 
inspections and acceptance criteria contained in this AMP. 

A renewal application pre-submittal inspection was performed on the FuelSolutions 
storage cask at Big Rock Point in July 23, 20195.  Three separate tasks were 
completed consisting of a video inspection of the accessible area in the annulus 
between the cask and canister; a visual inspection of the cask interior and visual 
inspection of the cask storage pad.  A representative canister and storage cask were 
selected by Entergy based on increased susceptibility for moisture intrusion and 
corrosion.  Heat loads at the time of loading the canisters at Big Rock Point were 
within 0.5 kW of each other, and all storage casks were placed into service within 
months of each other (as noted, between November 2002 and May 2003).  The 
inspection revealed some minor observations; however, no structural deficiencies 
were identified and all parts continue to perform their design function.   

NRC Region III Inspectors6 reviewed the previous five-year cask inspection 
documentation for Big Rock Point storage cask number 7 that included both pictures 
and video of the interior of the cask and did not identify any findings of significance. 

As storage cask inspections are performed in the future, inspection results will be 
uploaded into the ISFSI Aging Management Institute of Nuclear Power Operations 
Database (ISFSI AMID) to be shared with other users. 

 

  

 
5 Report 4T002-RPT-001, Rev 0 “FuelSolutions Renewal Application Pre-Submittal Inspection,” August 29, 2019 

6 Errata to Big Rock Point Independent Spent Fuel Storage Installation - Inspection Reports 07200043-12-001 and 
05000155-12-007 (ADAMS Accession ML13071A379) dated 03/11/13. 
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FuelSolutions Monitoring of Metallic Surfaces AMP 
(4 pages) 

Element Description 
1 Scope of 

Program 
This program manages the effects of aging for:   

(1) the external surfaces of steel, stainless steel and aluminum components 
that are directly exposed to outdoor air or are sheltered within W150 Storage 
Cask, and  

(2) the Fuel Transfer and Auxiliary Equipment.   

The scope of the program includes the following cask subcomponents and the 
applicable site fuel transfer and auxiliary equipment: 

• Storage Cask Thermal shield panel assembly 
• Storage Cask Shear lug and thermal shield support lug 
• Storage Cask steel liner and shield ring  
• Storage Cask canister support tubes 
• Storage Cask Tie rod hardware 
• Ram anchor 
• Storage Cask Top cover assembly 
• Storage Cask Top cover bolts 
• Storage Cask Support rails 
• Storage Cask Guide rails 
• Cask lifting yoke 
• Canister vertical lift fixture 
• Cask cavity axial spacer 
• Shielded docking collar 
• Cask restraints 
• Empty canister lift fixture 
• Standard lifting slings (inside plant facility) 
• Storage cask impact limiter steel casing 

 
The following aging effects are addressed in this program: 

• Loss of material is due to general corrosion, galvanic corrosion, pitting 
and crevice corrosion and wear 

• Loss of preload due to stress relaxation 
• Coating degradation on steel and aluminum surfaces 

 
Periodic visual inspections monitor for general and localized corrosion, wear, 
coating degradation, and loss of preload (bolting). 

2 Preventive 
Actions 

This program is a condition monitoring program to detect evidence of 
degradation.  It does not provide guidance for the prevention of aging. 

3 Parameters 
Monitored / 
Inspected 

This program monitors the condition of external metallic surfaces to identify 
general corrosion, localized corrosion, wear, and loss of preload of bolted 
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FuelSolutions Monitoring of Metallic Surfaces AMP 
(4 pages) 

Element Description 
connections.  Localized corrosion of stainless steels may be a precursor to stress 
corrosion cracking (SCC). 

Parameters monitored or inspected for external metallic surfaces include: 

• visual evidence of discontinuities, imperfections, and rust staining 
indicative of corrosion, SCC, and wear 

• visual evidence of loose or missing bolts, physical displacement, and 
other conditions indicative of loss of preload 

• visual evidence of coating degradation (e.g., blisters, cracking, flaking, 
delamination) indicative of corrosion of the base metal 

 
Accessible storage cask internal surfaces are inspected for indications of 
corrosion and wear and coating degradation.   

4 Detection of 
Aging Effects 

Inspections are performed by personnel qualified in accordance with site 
procedures and programs to perform the specified task.  Visual inspections 
follow site procedures that are demonstrated to be capable of evaluating 
conditions against the acceptance criteria. 

Readily Accessible Surfaces 

Inspections cover 100 percent of normally accessible surfaces, including the 
external metallic surfaces, bolting, covers, vents, and other metallic components.  
The visual survey performed on metallic surfaces will identify the source of any 
staining or corrosion-related activity and the degree of damage.   

A visual inspection of the metallic exterior surfaces of the storage cask to detect 
aging effects is conducted annually. Visual inspections of fuel transfer and 
auxiliary equipment shall be performed at a minimum of once a year while in 
use. If the fuel transfer and auxiliary equipment is not used, a pre-use visual 
inspection shall be performed.  When the fuel transfer and auxiliary equipment 
is not in use, periodic inspections are not needed.  The visual inspections are 
performed in accordance with site implementing procedures. 

Normally Inaccessible Surfaces 

A visual inspection of the interior areas of the storage cask shall be performed 
with remote inspection techniques such as borescope (or equivalent).  The visual 
inspection should include an examination of the accessible areas of the canister 
exterior surface and the storage cask thermal shield. The accessible areas of the 
storage cask guide rails and support rails should be examined for coating 
degradation and corrosion. 

This visual inspection of the metallic components shall meet the requirements of 
a VT-3 Examination, as given in the ASME Boiler & Pressure Vessel Code (B&PVC) 
Section XI, Article IWA-2200, to the extent practical, even though they are not 
ASME components. 
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FuelSolutions Monitoring of Metallic Surfaces AMP 
(4 pages) 

Element Description 
The internal inspection shall be performed on one storage cask at a frequency of 
5 years (+/- 25%).  ) starting with the first inspection within the later of either 
one (1) year of the initial canister’s 20th year loading anniversary or within one 
year from the issuance of first renewal of the CoC.  The site may consider using 
the storage cask that contains the canister being used for the Welded Stainless 
Steel Canister AMP to consolidate efforts. 

Data from inspections shall be documented, including a detailed description of 
the surface condition and location of areas showing surface degradation. 

5 Monitoring and 
Trending 

Inspection results are compared to those obtained during previous inspections, 
so that the progression of degradation can be evaluated and predicted. 

Monitoring and trending methods and plans and procedures are used to: 

• establish a baseline before or at the beginning of the period of extended 
operation 

• track trending of parameters or effects not corrected following a 
previous inspection, including 
 locations and size of any areas of corrosion, wear or cracking 
 disposition of components with identified aging effects and the 

results of supplemental inspections 
6 Acceptance 

Criteria 
The acceptance criteria for the visual inspections are: 

• no detectable loss of material from the base metal, including uniform 
wall thinning, localized corrosion pits, and crevice corrosion 

• no indications of loose bolts or hardware, displaced parts 
• no degradation (e.g., blisters, cracking, flaking, delamination) of coatings 

on metallic surfaces indicative of base metal corrosion. 
 
If evidence of corrosion or wear is identified, then the severity of the 
degradation must be determined using approved site-specific procedures.  These 
may include additional visual, surface or volumetric NDE methods to determine 
the loss of material. 

7 Corrective 
Actions 

Results that do not meet the acceptance criteria are addressed by the site’s 
Corrective Actions Program (CAP) in accordance with the ISFSI Quality Assurance 
(QA) program.  The site’s QA Program ensures that corrective actions are 
completed within the ISFSI Corrective Action Program (CAP) and include any 
necessary functionality assessments, cause evaluations, extent of condition, 
actions, identify any modifications to the existing AMP (e.g., increased 
frequency), and determine if the condition is reportable per 10 CFR 72.75.  

8 Confirmation 
Process 

The confirmation process will be commensurate with the ISFSI QA Program.  The 
QA program ensures that the confirmation process includes provisions to 
preclude repetition of significant conditions adverse to quality and the 
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FuelSolutions Monitoring of Metallic Surfaces AMP 
(4 pages) 

Element Description 
completion of inspections, evaluations, and corrective actions are completed in 
accordance with the ISFSI CAP. 

9 Administrative 
Controls 

The ISFSI QA program ensures that administrative controls include provisions 
that address instrument calibration and maintenance, inspector requirements, 
record retention requirements, and document control. 

Administrative controls also address the frequency for updating the AMP based 
on inspection results along with industry operating experience.  This AMP will be 
updated as necessary based on tollgate assessments.   

10 Operating 
Experience 

Previous operating experience for the W150 Storage Cask indicates very minimal 
degradation detected to date, mostly limited to coating degradation.  That 
operating experience has been incorporated into the guidance on inspections 
and acceptance criteria contained in this AMP. 

A renewal application pre-submittal inspection7 was performed on the 
FuelSolutions storage casks at Big Rock Point in July 2019.  Three separate tasks 
were completed consisting of a video inspection of the accessible area in the 
annulus between the cask and canister, visual inspection of the cask interior and 
a visual inspection of the cask storage pad.  A representative canister and 
storage cask were selected by Entergy based on increased susceptibility for 
moisture intrusion and corrosion.  Heat loads at the time of loading all of the 
canisters at Big Rock Point were within 0.5 kW of each other, and all storage 
casks were placed into service within months of each other (as noted, between 
November 2002 and May 2003).  The inspection revealed some minor 
observations; however no structural deficiencies, and all parts continue to 
perform their design function.   

NRC Region III Inspectors reviewed [Insp Rpt].8the previous five-year cask 
inspection documentation for Big Rock Point storage cask number 7 that 
included both pictures and video of the interior of the cask and did not identify 
any findings of significance. 

As storage cask inspections are performed in the future, inspection results will 
be uploaded into the ISFSI Aging Management Institute of Nuclear Power 
Operations Database (ISFSI AMID) to be shared with other users. 

  

 

7 Report 4T002-RPT-001, Rev 0 “FuelSolutions Renewal Application Pre-Submittal Inspection,” August 29, 2019 

8 Errata to Big Rock Point Independent Spent Fuel Storage Installation - Inspection Reports 07200043-12-001 and 
05000155-12-007 (ADAMS Accession ML13071A379) dated 03/11/13. 
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FuelSolutions W100 Transfer Cask AMP 
(3 pages) 

Element Description 
1 Scope of 

Program 
The program covers the subcomponents of the W100 Transfer Cask to ensure 
that aging effects do not challenge the capability of the transfer cask to fulfill 
structural support, radiation shielding, and heat transfer functions.  The 
effected SSCs include the trunnion retainers and sleeves, bolts for the top 
cover, bottom cover, and ram access cover, and the pressure relief device in 
the environments of air-indoor/outdoor and demineralized water. 

This program manages loss of material due to general corrosion, galvanic 
corrosion, pitting and crevice corrosion and wear to ensure that this aging 
effect does not challenge the capability of the transfer cask to fulfill structural 
support, radiation shielding, and heat transfer functions. 

The Transfer Cask AMP includes inspections of trunnion retainers and sleeves 
for loss of material and wear, guide rails for wear, cover bolts and pressure 
relief devices for corrosion, cask covers for neutron shielding deterioration 
involving boron depletion, and neutron shield jacket for coating degradation. 

2 Preventive 
Actions 

The Transfer Cask AMP utilizes condition monitoring to detect degradation 
and ensure that the equipment maintains its intended function through the 
extended storage period.  No preventative actions are included as part of this 
AMP. 

3 Parameters 
Monitored / 
Inspected 

The Transfer Cask AMP inspects for visual evidence of degradation of 
accessible surfaces. 

4 Detection of 
Aging Effects 

The Transfer Cask AMP manages loss of material due to corrosion, 
predominately for stainless steel, steel, and brass components, and 
degradation of the coating on the neutron shield jacket. 

Inspection shall be performed at a minimum once a year while in use. If the 
Transfer Cask is not used, a pre-use inspection is appropriate for the Transfer 
Cask.  When the Transfer Cask is not in use, periodic inspections are not 
needed. 

Visual inspections are performed in accordance with the ASME Code Section 
XI, Article IWA-2213, for VT-3 examinations.  The inspections cover 100 
percent of the normally accessible cask surfaces, including the cask exterior, 
cask interior cavity, lid surfaces, and the cask bottom (during lifting or down 
ending). 

Data from the examination, including evidence of degradation and its extent 
and location, shall be documented on a checklist or inspection form.  The 
results of the inspection shall be documented, including descriptions of 
observed aging effects and supporting sketches, photographs, or video.  
Corrective actions resulting from each AMP inspection shall also be 
documented. 
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FuelSolutions W100 Transfer Cask AMP 
(3 pages) 

Element Description 
5 Monitoring and 

Trending 
Inspection results are compared to those obtained during previous 
inspections, so that the progression of degradation can be evaluated and 
predicted. Monitoring and trending methods and plans/procedures are used 
to: 

• establish a baseline before the use of the transfer cask in the first 
loading campaign in the period of extended operation 

• track trending of parameters or effects not corrected following a 
previous inspection 
 the locations, size, and depth of any areas of corrosion 
 the disposition of components with identified aging effects and 

the results of supplemental inspections 
 

6 Acceptance 
Criteria 

For accessible surfaces, including trunnions, acceptance criteria are no 
detectable loss of material from the base metal, including uniform wall 
thinning, localized corrosion pits, crevice corrosion, and wear 
scratches/gouges. 

If evidence of corrosion, wear, or coating degradation are identified, then the 
severity of the degradation of the base metal must be determined using 
approved site-specific procedures.  These may include additional visual, 
surface, or volumetric NDE methods to determine the loss of material. 

For inaccessible internal surfaces, the acceptance criteria are no evidence of 
leakage from the neutron shield jacket or loss of wall thickness beyond a 
predetermined limit established by system-specific design standards or 
industry codes and standards. 

Coating acceptance criteria are no degradation or interruptions (e.g., 
chipping/scratches/flacking) of the coated surface. 

For acceptance of the RX-277 neutron shielding in the top and bottom covers 
of a loaded transfer cask, the top and bottom cover neutron dose rates shall 
not exceed the bounding neutron dose rates in FSAR WSNF-220 Table 5.1-2. 

7 Corrective 
Actions 

Results that do not meet the acceptance criteria are addressed by the site’s 
Corrective Action Program (CAP) in accordance with the ISFSI Quality 
Assurance (QA) program.  The QA Program ensures that corrective actions are 
completed within the ISFSI Corrective Action Program (CAP) and include any 
necessary actions, identify any changes to the existing AMP, and determine if 
the condition is reportable per 10 CFR 72.75. 

8 Confirmation 
Process 

The confirmation process will be commensurate with the site QA program.  
The QA program ensures that the confirmation process includes provisions to 
preclude repetition of significant conditions adverse to quality and the 
completion of inspections, evaluations, and corrective actions. 
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FuelSolutions W100 Transfer Cask AMP 
(3 pages) 

Element Description 
9 Administrative 

Controls 
The QA program ensures that administrative controls include provisions that 
address instrument calibration and maintenance, inspector requirements, 
record retention requirements, and document control. 

Administrative controls also address the frequency for updating the AMP 
based on inspection results along with industry operating experience. This 
AMP will be updated as necessary based on tollgate assessments.   

10 Operating 
Experience 

Previous operating experience for the W100 Transfer Cask indicates very 
minimal degradation detected to date, mostly limited to coating degradation.  
That operating experience has been incorporated into the guidance on 
inspections and acceptance criteria contained in this AMP. 

As transfer cask inspections are performed in the future, inspection 
information will be uploaded into the ISFSI Aging Management Institute of 
Nuclear Power Operations Database (ISFSI AMID) to be shared with other 
users. 
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FuelSolutions W21 Canister High-Burnup Fuel Monitoring and Assessment AMP 
(3 pages) 

Element Description 
1 Scope of 

Program 
The FuelSolutions W21 Canister Storage system is approved for high burnup fuel up to 
60,000 MWd/MTU.  SNF assemblies stored in FuelSolutions W21 canisters are limited 
to intact zircaloy-clad fuel with no known or suspected cladding defects greater than 
pinhole leaks or hairline cracks.  SNF is initially stored in a dry high purity helium 
environment.  SNF assemblies with burnup exceeding 45 GWd/MTU (up to 60 
GWd/MTU), are limited to cladding oxide thickness of 70 μm.  It should be noted that 
as of the submittal of this renewal application for CoC 1026, no high burnup fuel 
assemblies have been loaded in a FuelSolutions W21 Canister. 

The scope of this Aging Management Program (AMP) covers the FuelSolutions W21 
Canister Storage system with high burn up fuel to operate through the extended 
storage period.   

The program relies on the joint EPRI and DOE High Burnup Dry Storage Cask Research 
and Development Project (HDRP) conducted in accordance with the guidance in 
Appendix D of NUREG-1927, Rev 1, as a surrogate demonstration program that 
monitors the performance of high burnup fuel in dry storage. 

The HDRP is a program designed to collect data from a SNF storage system containing 
high burnup fuel in a dry helium environment.  The program entails loading and 
storing a bolted lid cask (the “Research Project Cask”), with intact high burnup fuel of 
nominal burnups between 50 GWd/MTU and 55 GWd/MTU).  The fuel to be used in 
the program includes four kinds of zirconium based cladding.  The Research Project 
Cask is licensed to the temperature limits contained in ISG-11 Rev 3 and loaded such 
that the fuel cladding temperature is as close to the limit as practicable. 

The parameters of the surrogate demonstration program are applicable to the 
FuelSolutions W21 Canister Storage system high burnup fuel, since the maximum 
system burnup limit, (60,000 MWd/MTU) is on the order of those being tested, the 
cladding is of the same type as those being tested, and the temperature limits of the 
fuel are the same as those being tested . 

2 Preventive 
Actions 

During initial loading operations of the FuelSolutions W21 Canisters Technical 
Specification 3.1.2 “Canister Vacuum Drying Pressure” specifies “The CANISTER cavity 
vacuum pressure following drying shall be 3 torr, maintained for at least 30 minutes.” 
FuelSolutions W21 Canisters Technical Specification 3.1.1 “W21 Canister Helium 
Backfill Density” specify the canister helium backfill density range and completion 
time.  In addition, FuelSolutions W21 Canisters Technical Specification 5.3.6 “Vacuum 
Drying Program” delineates the controls to “assure that the spent fuel cladding does 
not exceed the temperature limit during loading operations.” FuelSolutions W21 
Canisters Technical Specification 5.3.7 “Cladding Oxide Thickness Measurement 
Program” denotes controls to verify cladding oxide layer thickness for fuel assemblies 
to be stored. 

These requirements ensure that the high burnup fuel is stored in an inert 
environment, preventing cladding degradation due to oxidation mechanisms.  In 
addition, fuel meets the guidance for temperature criteria noted in ISG-11, which 
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FuelSolutions W21 Canister High-Burnup Fuel Monitoring and Assessment AMP 
(3 pages) 

Element Description 
minimizes the impacts of degradation mechanisms on the fuel.  Refer to FuelSolutions 
W21 Canister Storage System FSAR Section 4.3.2 “Fuel Cladding Allowable 
Temperatures” regarding established conservatism meeting the guidance of ISG-11, 
Rev 3.  There are no additional specific preventative actions included as part of the 
AMP. 

3 Parameters 
Monitored or 
Inspected 

The parameters monitored and inspected are as those described in the HDRP. 

4 Detection of 
Aging Effects 

This AMP utilizes the surrogate demonstration program, HDRP, to monitor 
performance of high burnup fuel and detect aging effects as described in the HDRP 
for high burnup fuel.  FuelSolutions W21 Canisters Technical Specification 5.3.6 
“Vacuum Drying Program” delineates the controls for fuel temperature limits to 
prevent degradation. 

5 Monitoring 
and Trending 

As information / data from the HDRP or from other sources (such as testing or 
research results and scientific analyses) become available, the licensee will monitor, 
evaluate, and trend the information via its operating experience program and /or 
corrective action program to determine what actions should be taken.  

The licensee will evaluate the information / data from the HDRP to determine 
whether the acceptance criteria in Element 6 of this AMP are met. 

• If all the acceptance criteria are met, no further assessment is needed. 
• If any of the acceptance criteria are not met, the licensee must conduct 

additional assessments and implement appropriate corrective actions (see 
Element 7 of this AMP). 

 
Formal evaluations of the aggregate information from the HDRP, available operating 
experience, NRC-generated communications, and other information will be 
performed as required.  Refer to Chapter 4, “Aging Management Tollgates.” 

6 Acceptance 
Criteria 

The following criteria are to be addressed against the information obtained from the 
HDRP.  The criteria are: 

• Hydrogen content – Maximum hydrogen content of the cover gas over the 
approved storage period should be extrapolated from the gas measurements 
to be less than the design-bases limit for hydrogen content 

• Moisture content – the moisture content in the canister, accounting for 
measurement uncertainty should be less than the expected upper-bound 
moisture content per the design-bases drying process 

• Fuel condition / performance – nondestructive and destructive examinations 
should confirm the design-bases fuel condition (i.e., no changes to the 
analyzed fuel configuration considered in the safety analyses of the 
approved design bases) 
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FuelSolutions W21 Canister High-Burnup Fuel Monitoring and Assessment AMP 
(3 pages) 

Element Description 
The design-bases characteristics of the FuelSolutions W21 Canister system and high 
burnup fuel parameters are addressed in the FuelSolutions W21 Canister Storage 
FSAR Section 4.3.1 “W21 Canister.” It should be noted that Westinghouse Electric 
Company was initially involved in developing mathematical correlations based on this 
test data used for development of a creep-based methodology for the determination 
of allowable peak cladding temperature during dry storage as well as addressing 
cladding creep correlation presented in WCAP-151689. 

Note that because the cask design to be used in the HDRP is different from the 
FuelSolutions W21 Canister system, the acceptance criteria will be based on the 
Research Project Cask design bases.  If the fuel in the Research Project Cask meets the 
applicable design bases, the fuel in the FuelSolutions W21 Canisters storage system 
should also meet its design bases, as described in Element 1. 

7 Corrective 
Actions 

The corrective actions are implemented in accordance with the licensee's NRC 
approved QA program. If the acceptance criteria are not met, the issue will be 
entered into the licensee corrective action program to assess fuel performance, 
assess the design-bases safety analyses, consider degraded fuel performance and 
determine the ability of the system to continue to perform its intended functions.  
The corrective action program will identify necessary actions, changes to the existing 
AMP and determine if the condition is reportable. 

In addition, the licensee will obtain the necessary NRC approval in the appropriate 
licensing / certification process for modification of the design bases to address any 
conditions outside of the approved design bases. 

8 Confirmation 
Process 

The confirmation process is commensurate with the licensee's NRC approved QA 
program.  The QA program ensures that required corrective actions are completed 
and effective in accordance with the program to preclude repetition of significant 
conditions adverse to quality. 

9 Administrative 
Controls 

Administrative controls are in accordance with the licensee's QA program and include 
a formal review and approval processes, document control and record retention 
requirements.  This AMP will be updated as necessary based on tollgate assessments.  

10 Operating 
Experience 

As the program continues, operating experience will be evaluated including: 

• information entered into the ISFSI Aging Management Institute of Nuclear 
Power Operations Database (ISFSI AMID) 

• applicable research (ORNL, ANL, EPRI) 
• internal and industrywide condition reports 
• vendor-issued safety bulletins 
• NRC Information Notices 

 
 

9 WCAP-15168, “Dry Storage of High Burnup Spent Nuclear Fuel,” Westinghouse Electric Company, March 1999 
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APPENDIX B: FUELSOLUTIONS TLAAs 

B.0 Introduction 

This appendix outlines the Time Limited Aging Analyses (TLAA) for the FuelSolutions Storage 
System.  TLAAs meet the all the following criteria: 

(1) Involve SSCs important to safety within the scope of the specific-license renewal, as delineated 
in Subpart F of 10 CFR Part 72, or within the scope of the spent fuel storage CoC renewal, as 
delineated in Subpart L of 10 CFR Part 72, respectively. 

(2) Consider the effects of aging. 

(3) Involve time-limited assumptions defined by the current operating term. 

(4) Were determined to be relevant by the specific licensee or certificate holder in making a safety 
determination 

(5) Involve conclusions or provide the basis of conclusions related to the capability of SSCs to 
perform their intended safety functions. 

(6) Are contained or incorporated by reference in the design bases. 

B.1 Identification of FuelSolutions TLAAs 

Using the TLAA-identification criteria discussed in Section 3.2.4.1, the CoC, SER, Technical 
Specifications were reviewed and the following TLAA’s were identified for further evaluation and 
disposition: 

1. W21 Neutron Absorber Boron Depletion 

2. W74 Neutron Absorber Boron Depletion 

3. W21 Canister Fatigue (Including Basket) 

4. W74 Canister Fatigue (Including Basket) 

5. W100 Transfer Cask Fatigue 

B.2 W21 Neutron Absorber Boron Depletion 

As described and analyzed in FuelSolutions W21 Canister Storage FSAR [2.4] Section 6.3, the 
FuelSolutions W21 canister design is based on both favorable geometry and fixed BORAL® 
neutron absorber material (poison) to ensure that fuel assemblies are maintained in a subcritical 
condition with a keff  less than 0.95 under all conditions of storage.  The criticality safety evaluation 
credits only 75% of the manufacturer’s minimum assured boron content and the continued efficacy 
of fixed BORAL® neutron absorber materials are demonstrated to be capable to perform its 
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function until the end of the canister’s service life.   

The continued efficacy of BORAL® is demonstrated by the process controls under which the 
material is manufactured and verified.  These controls assure a homogeneous dispersion of boron 
throughout the material.  In addition, the effects of long-term exposure to neutron flux from 
irradiated fuel is negligible because the thermal neutron flux during dry storage is low.  This fact, 
coupled with the use of the minimum specified boron concentration, reduced by 25%, more than 
accounts for any boron depletion which may occur over the 100-year design life of the 
FuelSolutions W21 canister.   

With the conservatism in the W21 FSAR analysis, boron depletion is not an issue for the BORAL® 
neutron absorber material and satisfies the extended 60-year storage life as well as the 100-year 
canister service life.   

B.3  W74 Neutron Absorber Boron Depletion 

As described in FuelSolutions W74 Canister Storage FSAR [2.5] Section 6.3, the FuelSolutions 
W74 canister design is based on both favorable geometry and fixed borated stainless steel neutron 
absorber material (poison) to ensure that fuel assemblies are maintained in a subcritical condition 
with a keff  less than 0.95 under all conditions of storage and hypothetical accident conditions.   

The relatively low neutron flux during the storage period, which will continue to decay over time, 
does not result in significant depletion of the borated stainless steel’s available boron.  The boron 
content of the material used in the criticality safety analysis is conservatively based on the 
minimum specified boron concentration (rather than the nominal) verified by testing during 
material manufacture.  The criticality safety evaluation credits only 75% of the manufacturer’s 
minimum assured boron content, and the fixed neutron absorber material is demonstrated to be 
capable to perform its function during the canister’s service life.   

As described in FuelSolutions W74 Canister Storage FSAR Section 6.3.2, the effectiveness of the 
fixed borated stainless steel neutron absorbing material utilized in the canister basket design 
assures criticality safety during worst case design basis conditions over the 100-year service life of 
the canister.  This FSAR analysis encompasses the requested 40 year renewal period of storage in 
addition to the initial 20 years of storage for a total 60 year extended period of storage.   

B.4  W21 Canister Fatigue 

B.4.1  W21 Canister Shell Fatigue 

The FuelSolutions W21 Canister Storage FSAR [2.4], Section 3.5.1.4.1 performs the fatigue 
evaluation for the W21 canister shell and associated components in accordance with the 
requirements of ASME Code [B.1] Subsection NB-3222.4(d).  Section NB-3222.4 “Analysis for 
Cyclic Operation”, Subsection (a) “Suitability for Cyclic Condition” states that “If the specified 
Service Loadings of the component meet all of the conditions of Subsection (d), no analysis for 
cyclic service is required, and it may be assumed that the limits on peak stress intensities as 
governed by fatigue have been satisfied by compliance with the applicable requirements for 
material, design, fabrication, examination, and testing of this Subsection.”   



FuelSolutions CoC Renewal Application  
Docket No. 72-1026   October 2020 
 

B-3 
 

WESTINGHOUSE NON-PROPRIETARY CLASS 3 

Subsection NB-3222.4(d) “Components Not Requiring Analysis for Cyclic Service” states that an 
analysis for cyclic service is not required, and it may be assumed that the limits on peak stress 
intensities as governed by fatigue have been satisfied for a component by compliance with the 
applicable requirements for material, design, fabrication, examination, and testing of this ASME 
Code Subsection, provided the specified Service Loading of the component or portion thereof 
meets all the conditions stipulated in the following six operating conditions: 

1. Atmospheric to Service Pressure Cycle 

2. Normal Service Pressure Fluctuation 

3. Temperature Difference–Startup and Shutdown 

4. Temperature Difference –Normal Service 

5. Temperature Difference –Dissimilar Materials 

6. Mechanical Loads 

These six conditions are addressed in W21 Canister FSAR Section 3.5.1.4.1 for the W21 canister 
shell fatigue evaluation and demonstrate that fatigue is not a concern for the canister pressure 
boundary components.  This evaluation is performed using a service life of 100 years.  The results 
of this evaluation are applicable for the license extension to 60 years as well as for the 100-year 
service life of the canister shell.   

B.4.2  W21 Canister Basket Fatigue  

The W21 Storage Canister FSAR, Section 3.5.1.4.2 performs the fatigue evaluation for the canister 
basket assembly and associated components in accordance with the requirements of ASME Code 
[B.1] Subsection NG-3222.4(d).  Section NG-3222.4 “Analysis for Cyclic Operation”, Subsection 
(a) “Suitability for Cyclic Condition” states that “If the specified Service Loadings of the structure 
meet all of the conditions of Subsection (d), no analysis for cyclic service is required, and it may be 
assumed that the peak stress limit discussed in subsection (b) has been satisfied by compliance with 
the applicable requirements for material, design, fabrication, examination, and testing of this 
Subsection”. 

Subsection NG-3222.4(d) “Components Not Requiring Analysis for Cyclic Service” states that an 
analysis for cyclic service is not required, and it may be assumed that the peak stress limit 
discussed in NG-3222.4(b) has been satisfied for a structure by compliance with the applicable 
requirements for material, design, fabrication, examination, and testing of this ASME Code 
Subsection, provided the specified Service Loadings of the structure or portion thereof meets all the 
conditions stipulated in the following four operating conditions: 
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1. Temperature Difference – Startup and Shutdown 

2. Temperature Difference – Normal Service 

3. Temperature Difference – Dissimilar Materials 

4. Mechanical Loads 

These four conditions are addressed in FSAR Section 3.5.1.4.2 for the W21 canister basket 
assembly fatigue evaluation to demonstrate that fatigue is not a concern.  This evaluation is 
performed using a service life of 100 years.  The results of this evaluation are applicable for the 
license extension to 60 years as well as for the 100-year canister basket service life. 

B.5  W74 Canister Fatigue 

B.5.1  W74 Canister Shell Fatigue  

The FuelSolutions W74 Canister Storage FSAR, Section 3.5.1.4.1, addresses the fatigue evaluation 
for the W74 canister shell and associated components in accordance with the requirements of 
ASME Code [B.1] Subsection NB-3222.4(d).  Section NB-3222.4 “Analysis for Cyclic Operation”, 
Subsection (a) “Suitability for Cyclic Condition” states that “If the specified Service Loadings of 
the component meet all of the conditions of Subsection (d), no analysis for cyclic service is 
required, and it may be assumed that the limits on peak stress intensities as governed by fatigue 
have been satisfied by compliance with the applicable requirements for material, design, 
fabrication, examination, and testing of this Subsection.”   

Subsection NB-3222.4(d) “Components Not Requiring Analysis for Cyclic Service” states that an 
analysis for cyclic service is not required, and it may be assumed that the limits on peak stress 
intensities as governed by fatigue have been satisfied for a component by compliance with the 
applicable requirements for material, design, fabrication, examination, and testing of this ASME 
Code Subsection, provided the specified Service Loading of the component or portion thereof 
meets all the conditions stipulated in the following six operating conditions: 

1. Atmospheric to Service Pressure Cycle 

2. Normal Service Pressure Fluctuation 

3. Temperature Difference–Startup and Shutdown 

4. Temperature Difference –Normal Service 

5. Temperature Difference –Dissimilar Materials 

6. Mechanical Loads 



FuelSolutions CoC Renewal Application  
Docket No. 72-1026   October 2020 
 

B-5 
 

WESTINGHOUSE NON-PROPRIETARY CLASS 3 

These six conditions are addressed in FSAR Section 3.5.1.4.1 for the W74 canister shell fatigue 
evaluation to demonstrate that fatigue is not a concern for the canister pressure boundary 
components.  This evaluation is performed using a service life of 100 years.  The results of this 
evaluation are applicable for the license extension to 60 years as well as for the 100-year canister 
shell service life.   

B.5.2  W74 Canister Basket Fatigue  

The W74 Canister FSAR [2.5], Section 3.5.1.4.2 performs the fatigue evaluation for the canister 
basket assembly and associated components in accordance with the requirements of ASME Code 
[B.1] Subsection NG-3222.4(d).  Section NG-3222.4 “Analysis for Cyclic Operation”, Subsection 
(a) “Suitability for Cyclic Condition” states that “If the specified Service Loadings of the structure 
meet all of the conditions of Subsection (d), no analysis for cyclic service is required, and it may be 
assumed that the peak stress limit discussed in subsection (b) has been satisfied by compliance with 
the applicable requirements for material, design, fabrication, examination, and testing of this 
Subsection”. 

Subsection NG-3222.4(d) “Components Not Requiring Analysis for Cyclic Service” states that an 
analysis for cyclic service is not required, and it may be assumed that the peak stress limit 
discussed in NG-3222.4(b) has been satisfied for a structure by compliance with the applicable 
requirements for material, design, fabrication, examination, and testing of this ASME Code 
Subsection, provided the specified Service Loadings of the structure or portion thereof meets all the 
conditions stipulated in the following four operating conditions: 

1. Temperature Difference–Startup and Shutdown 

2. Temperature Difference–Normal Service 

3. Temperature Difference–Dissimilar Materials 

4. Mechanical Loads 

These four conditions are addressed in W74 Canister FSAR [2.5] Section 3.5.1.4.2 for the W74 
canister basket assembly fatigue evaluation to demonstrate that fatigue is not a concern.  This 
evaluation is performed using a service life of 100 years.  The results of this evaluation are 
applicable for the license extension to 60 years as well as for the 100-year canister basket service 
life. 

B.6  W100 Transfer Cask Fatigue 

The FuelSolutions Storage System FSAR [2.3], Section 3.5.3.3.5 addresses the fatigue evaluation 
for the W100 Transfer Cask and associated components in accordance with the requirements of 
ASME Code [B.1] Section NC-3219.2, Condition B.  Section NC-3219.2 “Rules to Determine 
Need for Fatigue Analysis of Integral Parts of Vessels” states that a fatigue analysis is not needed if 
all six criteria in Condition B are met. FuelSolutions Storage System FSAR Section 3.5.3.3.5 
addresses the following six criteria, identified in ASME NC-3219.2, Condition B, that must be met 
so that a fatigue analysis is not required: 
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1. The expected design number of full range pressure cycles 

2. The expected design range of pressure cycles during normal service 

3. The temperature difference between any two adjacent points 

4. The range of temperature difference between any two adjacent points 

5. Temperature Difference- Dissimilar Materials 

6. Mechanical Loading 

For criterion (a), “The expected design number of full range pressure cycles”, using the code and 
associated tables and code fatigue curve, the FSAR identified that the W100 Transfer Cask has a 
maximum of 20,000 full range cycles.  The FSAR stated a design life of 40 years with a maximum 
number of canister transfers estimated at 25 per year for a total of 1000 full range liquid neutron 
shield jacket pressure cycles.  The 1,000 cycles is less than the corresponding maximum number of 
cycles of 20,000 and therefore the criterion is satisfied.  For the extended life of 60 years and the 
estimated cycles of 25 per year, the total of full range cycles will be 60 X 25 = 1,500 cycles which 
is still less than the maximum 20,000 cycles and criterion (a) is satisfied for the 60-year extended 
life. 

For criterion (b), “The expected design range of pressure cycles during normal service”, as 
identified in criterion (a) above, the cask lifetime of loading operations is 1000 cycles based on a 
40-year life.  Based on the code, the maximum number of liquid neutron shield jacket pressure 
fluctuations allowed by the code requirements is 106  with the significant liquid neutron shield 
jacket pressure fluctuation range of 27 psi.  Conservatively assuming that there are 4 significant 
pressure fluctuations during each loading which provides the number of significant fluctuations of 
1000 X 4 = 4000 cycles with a Sa of 80 ksi which provides a 76 psi allowable pressure range which 
is greater than the design range of 65 psi and the condition is met.  For the extended life of 60 
years, the corresponding number of loading cycles is 1,500, from criterion (a) above.  Using the 
method above and described in the FSAR, the significant fluctuations at 6000 cycles, with Sa  of 70 
ksi which provides an allowable pressure range pressure of 67 psi is greater than the design range 
of 65 psi and the condition is met for a 60-year extended life. 

For criterion (c), “The temperature difference between any two adjacent points”, as identified in 
criterion (a) above, for the extended life of 60 years, the total number of startup and shutdown 
cycles in 1500.  Based on 1500 cycles and the W100 material property data, the quantity of Sa / 
2Eα is calculated as approximately 213°F.  Under no condition does the temperature difference 
between any adjacent points approach this value.  Therefore, the third criterion (c) is satisfied for 
the extended life of 60 years. 

Criterion (d), “The range of temperature difference between any two adjacent points”, for a 60-year 
extended life, the range of temperature difference between any two adjacent points does not change 
during normal service by more than approximately 213°F calculated in criterion (c) above.  As 
identified in the W100 FSAR, any changes in the transfer cask temperature are relatively slow and 
gradual due to its large thermal capacity and absence of rapid changes in the external conditions.  
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Therefore, the fourth criterion (d) is satisfied for the extended life of 60 years. 

For the fifth criterion (e), Temperature Difference–Dissimilar Material, as identified in the FSAR 
for the W100 Transfer Cask and components, are all fabricated of Type 304, F304, and F304N 
stainless steel.  The moduli of elasticity and coefficients of thermal expansion are the same for all 
these materials.  Therefore, no dissimilar materials are used, and the fifth criterion (e) is satisfied 
for the extended life of 60 years.  

For the sixth criterion (f), “Mechanical Loading” the transfer cask maximum stress condition only 
occurs for a fully loaded transfer cask and canister.  Based on experience for any given loading 
campaign there is only 1 transfer cask lift fully loaded (with fuel and water), 1 for flooded (water 
but no fuel), and 1 for fully loaded (dry fuel) for a total of 3 lift / setdowns + 5 significant 
vibrations +1 upending/downendings + 1 canister transfer for the total of 10.  The total lifetime 
number of cycles for the 60 year extended life is then 10 X 1,500 = 15,000 and the Sa value for this 
number of cycles is 60 ksi.  As shown in W100 FSAR Table 3.5-8, the total stress intensity at any 
point of the transfer cask does not exceed 55.3 ksi.  Therefore, this criterion(f) is satisfied for the 60 
year extended life. 

Since the six criteria are met for the W100 Transfer Cask, fatigue is not a concern for the 60 year 
extended life. 

B.7  References 

B.1 American Society of Mechanical Engineers (ASME) Boiler and Pressure Vessel Code, Section 
III, Division 1, 1995 Edition. 
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APPENDIX C: SYSTEM INSPECTIONS 

Introduction 

It should be noted that starting in 2012, approximately 10 years after being placed in service, 
inspections of the FuelSolutions Storage System storage cask exterior and cask interior started 
being performed on an annual and five year basis, respectively, to assure conformance within 
system parameters.   

Annual inspections of the exterior surfaces have been performed on each of the FuelSolutions 
W150 Storage Cask in service.  In addition, an interior inspection of the FuelSolutions W150 
storage Cask #7 at the Big Rock Point ISFSI as part of a five (5) year schedule since 2012 with no 
major degradation detected.   

Annual inspections of the FuelSolutions W100 Transfer Cask have also been performed. The 
inspections include coatings and accessible welds. The W100 Transfer Cask inspection have been 
performed since 2013 with no degradation detected.  

Pre-application Inspection 

In addition to the in-service inspections noted above, an extensive pre-submittal inspection of the 
FuelSolutions W74 Canister, a FuelSolutions Storage Cask W150 was performed in 2019 to gather 
information to support development of the renewal application and the supporting AMPs included 
in this application. As the seven (7) storage casks were placed in service within several months of 
each other and the canister heat loads at the time of the loading were within 0.5 kw of each other 
and, the storage cask selected for inspection is considered representative of the all the fuel storage 
casks in service.  Although the ISFSI Storage Pad is not considered to be an in-scope item for the 
purpose of this CoC renewal application, it was prudently included in the inspection none the less.  

The inspection consisted of three separate tasks. A video inspection of the access area in the 
annulus between the storage cask and the canister, a visual inspection of the exterior of the cask 
and a visual inspection of the cask storage pad itself. The canister selected was TSC-LO-005-N. 
The storage cask inspected was W150-610-NMC. As noted in the inspection report10, “The 
videoscope was fed through each of the top vents to inspect the exterior of the canister, the interior 
of the cask shield plate and the support and guide rails. The videoscope was fed through the bottom 
vents to observe the bottom plate and support tubes. Videos were recorded during the inspection. 
Any indications observed were investigated to determine the extent of the indication.” 

The inspection of the FuelSolutions Storage Cask exterior concrete “…revealed only some minor 
local passive cracks. The cracks were less 0.4 mm in width. There were no observed instances of 
damage, scaling or spalling. There were no indications of leaching or chemical attacks. There were 
no indications of exposed reinforcing bar or reinforcing corrosion. Some of the grout placed in the 
joints between cask sections has been replaced. This grout is cosmetic only and is replaced as 
necessary.” Results of the inspection of the FuelSolutions Storage Cask interior note “…there was 

 

10 Report 4T002-RPT-001, Rev 0 “FuelSolutions Renewal Application Pre-Submittal Inspection,” August 29, 2019 
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some debris, dirt and water marks in the vents and on the shield plate inside the W150 cask. No 
structural deficiencies were observed. The cask continues to perform its design function.” 

Inspection of the FuelSolutions W74 canister exterior surface revealed “Some dirt and water marks 
were observed on the cask surface. Several indications were observed. Two indications had a depth 
of 0.003” and one had a depth of 0.04”, 0.535” long. These indications on a 5/8” thick shell result 
in negligible loss of section and are therefore considered to be minor in nature. All indications 
appear to be from the fabrication of the canister or during cask loading operations. There was no 
indication of cracks, unanticipated degradation or corrosion.” 

As noted above, although the ISFSI pad is not considered to be in scope for this CoC renewal 
application, the results did reveal “There were several observed locations of damage to the top 
surface of the pad. In addition, there were surface cracks throughout the pad. None of the observed 
damage or cracks affect the ability of the pad to perform its design function.” 

In total, the pre-application inspection of the W150 Storage Cask and the exterior of the W74 
Canister state there “are no observed deficiencies or unanticipated degradation on the exterior of the cask.” 

As noted in the pre-application inspection report: “Inspection of the FuelSolutions W100 Transfer 
cask was not included in this inspection. In accordance with CCA-000190 the utilities most recent 
Transfer Cask inspections were used in lieu of performing the inspection. Inspections in 
accordance with Big Rock Point Procedure T365-37 performed in 2013 thru 2018 were reviewed. 
The inspections included the surface coatings, accessible welds, cover alignment, bolts and impact 
limiters. There were no identified deficiencies in the inspected components.” 

Baseline Inspections 

Baseline inspections confirm that the results of pre-application inspections are bounding of the site 
and verify the adequacy of the AMPs.  Considering the renewal application pre-submittal 
inspection was performed at the site (Big Rock Point) currently using the FuelSolution Storage 
System, the AMP baseline inspections to be performed upon entering the period of extended 
operation can assess the condition of SSCs to confirm the results of the pre-application inspections 
conducted and serve to verify the technical justifications provided.   

Baseline inspections are to be performed on the in-scope SSC at the ISFSI site at the time the 
system enters the period of extended storage (i.e., 20 years after the first FuelSolutions Storage 
System was placed in service).  The baseline inspection meets the criteria defined in the AMPs in 
Appendix A. The first (baseline) inspection should occur within one year of the 20th anniversary 
of the initial storage cask loading at the site or within one year of the issuance of the renewed 
license, whichever is later.  Subsequent inspections will occur on a 5 year frequency (+/- 25%) 
starting from the baseline date.  This schedule applies to the canister external inspection and the 
storage cask internal inspection.   

For the storage cask external inspections, the first (baseline) inspection should occur within one 
year of the 20th anniversary of the initial overpack loading at the site or within one year of the 
issuance of the renewed license, whichever is later. Future inspections will occur with a 1 year 
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frequency (+/- 25%) starting from the baseline date.  Other AMP inspections are pre-use type 
inspections for which the baseline inspection will occur before the first use of the applicable 
component once it has been in service more than 20 years. Note that the W21 Canister High-
Burnup Fuel Monitoring and Assessment AMP does not have an inspection component and the 
schedule is based on the demonstration project as described in the AMP in Appendix A. 
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APPENDIX D: AGING MANAGEMENT FSAR CHANGES 

The proposed changes to the three FuelSolutions FSARs - WSNF-220, WSNF-221 and WSNF-223 
[2.3, 2.4 and 2.5] reflecting the CoC 1026 Renewal Application are shown in the attached marked 
up FSAR pages. 

The marked up FSAR pages are grouped into three sets of pages, one for each of the three 
FuelSolutions FSARs - WSNF-220, WSNF-221 and WSNF-223.  Each of these three FSARs 
includes a new Appendix 9.A which is the primary location for the aging management information 
applicable to the subject matter covered in each associate FSAR.  

In particular, for the FuelSolutions Storage System FSAR, WSNF-220, the W150 Storage Cask and 
W100 Transfer Cask aging management information is addressed in the associated Appendix 9.A.   

For the FuelSolutions W21 Canister FSAR, WSNF-221, the canister and high burnup fuel aging 
management information is addressed in the associated Appendix 9.A.   

For the FuelSolutions W74 Canister FSAR, WSNF-223, canister aging management information is 
addressed in the associated Appendix 9.A. 

The organization of these three FuelSolutions FSARs has been retained in the three new 
Appendices 9.A. Common aging management information such as Tollgate requirements only 
appears in the WSNF-220 Storage System FSAR Appendix 9.A, and it is referenced in Appendix 
9.A of each canister FSAR, WSNF-221 and WSNF-223.  Specific aging management information 
such as the AMP(s) for a specific component is located in the associated WSNF FSAR Appendix 
9.A, and the location of this specific aging management information is referenced in Appendix 9.A 
of the other WSNF FSARs. 
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FuelSolutions Storage System FSAR WSNF-220 Markups 

1. Table of Contents Markups 

2. List of Tables Markups 

3. Section 2.1.2.2 Transfer Cask Markups 

4. Section 3.1.2.2 Transfer Cask Markups 

5. Section 3.4.1.2 Transfer Cask Markups 

6. Section 3.4.4 Storage and Transfer Cask Service Life Markups 

7. Section 3.5.3.3.5 Fatigue Evaluation Markups 

8. Section 9.2 Maintenance Program Markups 

9. Section 12.3.1 Technical Specification 5.3.9 Aging Management Program Markups 

10. Appendix 9.A Aging Management Program Cover Page 

11. Table 9.A.1-2 FuelSolutions Reinforced Concrete Structures AMP 

12. Table 9.A.1-3 FuelSolutions Monitoring of Metallic Surfaces AMP 

13. Table 9.A.1-4 FuelSolutions W100 Transfer Cask AMP 

14. Section 9.A.2 Tollgates 

15. Table 9.A.2-1: Tollgate Assessments for General Licensees 
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Acceptance Tests and J\1ah1tenance 

The fabrication acceptance basis and maintenance program to be applied to the FuelSolutionsTM 
Wl 50 Storage Cask and storage cask impact limiter are described in Chapter 9 of this FSAR. 
The operational controls and limits to be applied to the FuelSolutions™ Wl50 Storage Cask are 
contained in Chapter 12 of this FSAR. Application of these requirements will assure that the 
FuelSolutionsTM Wl50 Storage Cask is fabricated, operated, and maintained in a manner that 
satisfies the design criteria defined in this chapter. 

Deco111miss;oning 

Decommissioning considerations for the FuelSolutionsTM Storage System, including the 
FuelSolutionsTM Wl50 Storage Cask, are addressed in Chapter 14 of this FSAR. 

2.1.2.2 Transfer Cask 

~~, . ~ 
The FuelSolutionsTM Wl 00 Transfer Cask is designed for ~ years of service, while satisfying 
the requirements of 10CFR72. The design considerations that assure transfer cask performance 
throughout the service life include addressing the following: 

160 

• Exposure to environmental effects 

• Structural fatigue effects 

• Material degradation 

• Maintenance and inspec tion provisions. 

The adequacy of the transfer cask design for the intended service life is discussed in 
Section 3.4.4 of this FSAR. 

Structural 

The FuelSolutions™ Wl00 Transfer Cask includes both structural steel and non-structural 
biological shielding components that are classified as important to safety. The structural steel 
components of the transfer cask, with the exception of the lifting trunnions, are designed and 
fabricated in accordance with the applicable requirements of Section III, Subsection NF, 10 of the 
ASME Code, as discussed in Section 2.6.2. The lifting trunnions and associated attachment 
welds are designed in accordance with the requirements of NUREG-0612 11 and ANSI N l 4.6 12 

for non-redundant lifting devices. The properties for the lead gamma shielding at temperature are 
detennined in accordance with NUREG/CR-0481 . 13 

10 American Society of Mechanical Engineers (ASME), Boiler and Pressure Vessel Code, Section III, Division 1, 
Subsection NF, Component Supports, 1995 Edition. 

11 NUREG-0612, Control of Heavy Loads in Nuclear Power Plants, U.S. Nuclear Regulato1y Commission, 
July 1980. 
12 ANSI N l4.6, Special Lifting Devices for Shipping Containers Weighing 10,000 Pounds (4,500 kg) or More, 
American National Standards Instimte, 1993. 

13 NUREG/CR-0481, An Assessment of Stress-Strain Data Suitable for Finite-Element Elastic-Plastic Analysis of 
Shipping Containers, Sandia National Laboratories, September 1978. 
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3.1.2.1.2 Supplemental Structural Criteria 

The storage cask is designed for operation under extreme off-normal ambient temperatures as 
low as -40°F, hence, the cask materials of construction are selected to provide sufficient 
protection against brittle fracture failure at that temperature. 

Brittle fracture failure is not applicable to the reinforced concrete components. In accordance 
with NUREG/CR-1815, 7 the storage cask liner (shell, bottom plate, and shield ring) and top 
cover plate are considered Catego1y III components and must have sufficient frac ture toughness 
to prevent fracture initiation at minor defects typical of good fabrication practices. 
Section 5.3.1(4) ofNUREG/CR-1815 states that this can be achieved by specifying a material 
with a minimum energy absorption (Cv) of 15 ft-lb at 10°F. Therefore, the storage cask carbon 
steel liner and top cover are fabricated from carbon steel with a supplementa1y requirement of 
demonstrating the above frac ture toughness. As such, sufficient degree of safety is provided 
against brittle fracture failure in the storage cask liner and cover. 

The storage cask cover is attached to the storage cask body using twelve 1 ¼ inch socket head 
cap screws fabricated from SAE Grade 8 bolting material. In accordance with Section 5 of 
NUREG/CR-1815, bolts are generally not considered as fracture-critical components because 
multiple load paths exist and bolting systems are generally redundant, as is the case with the 
storage cask . 

The storage cask top, middle, and bottom reinforced concrete segments are joined together using 
eight full-length tie rods. The tie rods are fabricated from ASTM A564, Grade 630 (Hl 150) 
precipitation-hardened stainless steel. This material and associated clamp nut shall be tested to 
the same requirements as the storage cask liner and cover plate as noted above. 

3.1.2.2 Transfer Cask 

3.1.2.2.1 Applicable Codes and Standards 

The transfer cask structural components that are important to safety are designed using linear 
elastic analysis in accordance with the criteria of ASME Code, Subsection NF8 for Class 1 
component supports. These criteria are applicable to the transfer cask inner liner, structural shell, 
top flange, bottom flange, lower trunnions, neutron shield jacket, top cover, bottom cover, ram 
access cover, closure bolts, and all structural welds, including the trunnion-to-shell welds. A 
summa1y of the transfer cask component functions, safety classes, and applicable codes and 
standards is provided in Table 3.1-1. The transfer cask allowable stress criteria ofNF-3220 is 
summarized in Table 3 .1-5. Subsection NF does not require the evaluation of thennal stress or 

7 NUREG/CR-1815, Recommendations for Protecting Against Failure by B1ittle Fracture in Ferri tic Steel Shipping 
Containers Up to Four Inch Thick, Hohnan, W.R. , Langland, R.T., UCRL-53013, US NRC, August 198 1. 
8 American Society of Mechanical Engineers (ASME) Boiler and Pressure Vessel (B&PV) Code, Section III, 
Division 1, Subsection NF, Component Supports, 1995 Edition. 
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peak stress. In order to address thennal and peak stresses, the design criteria of the more 
restrictive Subsection NC9 of the ASME Code are used. 

The transfer cask upper trunnions are used to lift and handle the transfer cask inside the fuel 
building in areas where its accidental drop could damage safe shutdown equipment. As such, the 
transfer cask upper trunnions are considered interfacing lift points and are designed in 
accordance with the requirements of paragraph 5.1.6(3)(b) of NUREG-0612 10 and Section 7.2 of 
ANSI Nl4.611 for non-redundant lifting devices supporting a critical load. Factors of safety of 6 
on the material yield strength and 10 on the material ultimate strength are required for shear and 
bending stresses in the upper trunnions as they cany the maximum weight of the transfer cask 
and its contents plus any dynamic amplification due to handling loads. 

The transfer cask lower trunnions are used only for rotating the transfer cask between vertical 
and horizontal orientation and supporting the transfer cask horizontally on the transfer skid. The 
lower trunnions are not interfacing lift points for any critical lift conditions. As such, the lower 
trunnions do not have to meet the requirements ofNUREG-0612 and are designed in accordance 
with Subsection NF of the ASME Code, as discussed above. 

3.1.2.2.2 Supplemental Structural Criteria 

Brittle Fracture 

All structural components of the FuelSolutionsD,j transfer cask are fabricated from austeniric 
stainless steels. With the exception of the transfer cask top and bottom cover bolts, all transfer 
cask materials are Type 304, Type F304, or Type F304N austenitic stainless steel. Since these 
materials do not undergo a ductile to brittle transition in the temperature range of interest (down 
to -40°F), they are not subject to brittle fracture. 

The cover bolts are fabricated from SA-320, Grade L43 bolting steel. As discussed in 
NUREG/CR-1815, closure bolts are generally not considered fracture critical components if the 
bolting system is redundant. The top and bottom covers are each fastened to the transfer cask 
body using 16 bolts . Similarly, the ram access cover is attached using four bolts. Therefore, the 
transfer cask cover bolting systems are redundant and are not fracture critical components. 

Fatigue 

The transfer cask is designed to the requirements of Subsection NF of the ASME Code which 
does not require evaluation of fatigue. However, for completeness of the transfer cask design and 
analysis, fatigue is evaluated using the criteria of Subsection NC of the ASME Code. As 
discussed in Section 3.5.3.3.5, the analysis of the FuelSolutionsTM transfer cask demonstrates 
that nonnal operating cycles do not present a fatigue concern for the FuelSolutionsD,j tramfer 
cask components over the · service life. 

60-year 

9 American Society of Mechanical Engineers (ASME) Boiler and Pressure Vessel (B&PV) Code, Section III, 
Division 1, Subsection NC, Class 2 Components, 1995 Edition . 

JO NUREG-0612, Control of Heavy Loads at Nuclear Power Plants, US Nuclear Regulato1y Commission July 1980. 
11 ANSI Nl4.6, American National Standard for Radioactive Material, Special Lifting Devices for Shipping 
Containers Weighing 10000 Pounds (4500 kg) or More, American National Standards Instimte, 1993. 
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Buckling 

In addition to the linear elastic stress analysis discussed in Section 3.1.2.2.1, general instability 
of the transfer cask shell is evaluated for the postulated 72-inch side drop accident at the storage 
pad. These evaluations are perfonned to assure that the transfer cask does not buckle and 
potentially compromise integrity of the canister or prevent retrieval of the canister following a 
drop accident. Because of these criteria, an elas to-plastic analysis of the transfer cask body is 
perfonned to detennine the plastic instability load (i.e., load at which unbounded plastic 
deformation can occur without increase in load). In accordance with the requirements of 
F- l 34 l .4(a) of the ASME Code, the maximum applied load is limited to 70% of the plastic 
instability load. 
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3.4 General Standards for Casks 

3.4.1 Chemical and Galvanic Reactions 

The FuelSolutionsTM storage cask and transfer cask have been evaluated to detennine that the 
materials of constmction will not cause significant chemical, galvanic, or other reactions in the 
intended service conditions. Chemical, galvanic, and other reactions in storage cask and transfer 
cask are discussed in the following sections. 

3.4.1 .1 Storage Cask 

No significant chemical, galvanic, or other reactions are expected for the FuelSolutions'™ storage 
cask considering its materials of construction and intended service conditions. The storage cask 
is ,constmcted with reinforced concrete, coated carbon steel, and austenitic stainless steel. During 
the on-site storage service of the storage cask, the cask exterior concrete is exposed to the 
environment while inside the storage cask is predominately dry and warm. The carbon steel 
components of the storage cask, i.e., the liner, top cover, non-load bearing guide rails, tie rod 
tubes, and air inlet and outlet liners, are all protected with long lasting temperature- and 
radiation-resistant coatings. Due to substantial variation in c01rnsion rates of coated carbon steel, 
storage sites located in coastal or industrial environments should evaluate the need to apply a top 
coat on a site-specific basis. The thermal shield is made of aluminum and the canister support 
pipes are made from austenitic stainless steel. All these components are highly resistant to 
oxidization/corrnsion. 

The dissimilar materials of the storage cask which are in direct contact with one another include 
the concrete, carbon steel liner, and reinforcing steel. Portland cement concrete provides an 
environment which protects the steel liner and reinforcing steel from corrnsion. The high 
alkaline environment (pH> 12.5) in concrete results in the formation of a tightly adhering film 
(gamma iron (III) oxides) which passivates the steel and thereby protects it from corrnsion due to 
penetration of chloride ions. That, together with the heavy reinforcement which minimizes 
shrinkage cracking and the concrete cover provided to protect the reinforcement, assures 
maximum service life. In addition, the external concrete surface degradation is mitigated by 
using a weather-resistant protective coating. 

The only contact between the canister assembly and the storage cask occurs at the external 
surface of the canister shell and the storage cask guide rails and bottom end support pipes. All 
ex.posed surfaces of the canister shell are austenitic stainless steel. The support pipes on which 
the canister rests are also made from austenitic stainless steel. The surfaces of the storage cask 
support rails which contact the canister are faced with Nitronic-60 sheet. Prolonged use of 
sta inless steel in contact with stainless steel or inorganic zinc-coated carbon steel produces no 
significant chemical, galvanic, or other reaction. 

3.4.1 .2 Transfer Cask 

No significant chemical, galvanic, or other reactions are expected for the FuelSolutions'™ 
transfer cask considering its materials of construction and intended service conditions. The 
transfer cask is constmcted with austenitic stainless steel, lead, and solid neutron shielding 
material. In addition, water fills a stainless steel jacket sull'otmding the cask. The transfer cask 
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service environment includes short duration exposure to the spent foel pool environment and 
long-tenn exposure to the on-site meteorological conditions. All exposed surfaces of the transfer 
cask are austenitic stainless steel which has a long histo1y of non-galvanic behavior under 
similar service. Stainless steel quickly fonns a protective passive film in these environments and 
its gcncrnl con-osion rate drops to vc1y low levels. At1ste:aitie stainless steels in efo·eet een taet 
1,vith leael ha•; e bee:a :iseel in similaf easies fef 0'Vef 3 0 yeafs tmel ha•; e aet sbe•v.-a ftJ:tY elegrnelatiea. 

3.4.2 Positive Closure 

The FuelSolutionsTM storage cask cannot be inadve1tently opened. The storage cask top cover 
consists of a heavy steel plate which is attached to the storage cask using twelve structural bolts. 
Follow ing placement of the storage cask cover, a lock wire is installed over one or more of the 
top cover bolts. Failure The lead in the transfer cask is fully encased with austenitic stainless steel µ 

and is not exposed to water or atmospheric containments and therefore 
3.4.3 Lifting Devi will not haYe any adverse chemical reaction with the stainless steel. 

The FuelSolutionsTM storage and transfer casks include provisions for lifting associated with 
nonnal handling operations. TI1e following subsections address structural adequacy of the lifting 
devices for both casks. The lifting ofFuelSolutionsTM canisters is addressed in the respective 
Canister Storage FSARs. 

3.4.3.1 Storage Cask 

The storage cask be lifted either from the top using four of the tie rods or from the bottom using 
four jacks and air pallets. The design load for the storage cask vertical lift is equal to the 
deadweight of the heaviest loaded storage cask plus an additional 5% for as-built uncertainties 
and 15% for dynamic effects, as discussed in Section 2.3.1.7. As shown in Section 3.2, the 
weight of the heaviest storage cask w ith canister is less than 335 kips. 

In the case of the top end lift, spreader beams are used to assure that the load is evenly 
distributed between all four tie rods. The resulting maximmn tensile force in each tie rod due to 
the vertical lift of the long storage cask is 

F 
_ 1.05 -1.15 · 335 _ 

0 2
k . . 

rod - ------ - 1 1. 1ps 
4 

1' 

This maximum tensile force in the tie rods due to the vertical lift is less than the tie rod minimum 
preload after the relaxation during storage (see Section 3.1.1.1). Therefore, under nonnal vertical 
lifting loads, the tie rod µreload will maintain compression across the storage cask segment joints 
to assure that the segments remain engaged. 

The storage cask may also be lifted from the bottom end using four j acks positioned inside the 
inlet vent openings. The total load suppo1ted by the jacks is 1.05 • 1.15 • 335 = 404.5kips as 

discussed above. It is conservatively assumed that the total lift load is supported by only two 
diametrically opposed jacks in the event of uneven jacking. Therefore, the maximmn jack load is 
202.3 kips. Using the ACI 349 requirements for bearing loads, the concrete allowable bearing 
stress is calculated to be qi(2 • 0.85f/ ) = 0.7 • (2 • 0.85 • 5) = 5.95 ksi and the necessa1y bearing area 

is 34.0 i1i2. Consequently, each jack is fitted w ith a bearing plate of this or larger area. 
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The evaluation of the transfer cask inner liner and structural shell stresses in the regions of the 
upper lifting trunnions employs finite element analysis and is addressed in Section 3.5.3.3.2. 

The transfer cask top cover is lifted by four attachment points on the top surface. The full weight 
of the top cover (4,414 pounds) and the ram access cover (752 pounds) are assumed to be 
supported by two lifting attachments, thus, providing redundancy of the load path. The design 
load for each attachment of the top cover lifting device is 2,600 pounds plus the 15% increase for 
crane hoist motion, or 2,990 pounds. The lifting slings and attachments which thread into the 
transfer cask top cover are designed with minimum factors of safety of 5 against ultimate in 
accordance with the requirements ofNUREG 0612 for redundant lifting devices. The standard 
lifting slings and eyebolts used to handle the top cover are rated for the specified design load and 
have ~ .............. ,...n safety fac tor of 5 in accordance with ANSI/ASME B30.9.17 

.------------, , renewed for an 
additional 40 years. 

The term of the 10CFR72, Subpart L C of C granted by the NRC its 20 year Nonetheless, the 
FuelSolutions TM Wl 50 Storage Cask is designed for 100 years of service and the 
FuelSolutionsTM WlOO Transfer Cask · while satisfying the 
conservative design requirements defo ed in Chapter 2 of this FSAR, including the regulato1y 
requirements of 1 OCFR 72. In addition the storage cask and transfer cask are designed, 
fabricated and inspected under the co1 prehensive Quality Assurance Program discussed in 
Chapter 13 of this FSAR and in accor ance with the applicable requirements of the ACI and 
ASME Codes. This assures high desi 1 margins, high quality fabrication, and verification of 
compliance through rigorous inspecti n and testing as described in Chapter 9 of this FSAR. 
Technical sp ecifications defined in C apter 12 of this FSAR assure that the integrity of the cask 
and the contained canister are mainta · 1ed throughout the components service life. The service 
life of the FuelSolutionsTM canister is discussed in each FuelSolutionsTM Canister Storage FSAR. 
The service life of the storage cask a1 d transfer cask are discussed further in the following 

sections. was initia lly designed for 40 years of service and has now 

S C k 
been analyzed to be viable for 60 years of service life 

3.4.4.1 torage as 

The principal design considerations which bear on the adequacy of the FuelSolutionsTM W150 
Storage Cask for the design basis service life are addressed as follows : 

Exposure to Envh·onmental Effects 

Thennal gradients resulting from the SNF decay heat and fluctuations in the ambient temperature 
and isolation cause sustained forces and moments in the storage cask reinforced concrete wall 
section over time. The resulting creep defonnations tend to relieve such stresses in reinforced 
concrete. Creep effects for the storage cask are evaluated and found to be insignificant, as 
discussed in Section 3.1. 1. 1 of this FSAR. As discussed in Chapter 9 of this FSAR, the 
aggregates, cement and water used in the storage cask concrete are carefully controlled to 
provide high durability and resistance to weathering. The configuration of the storage cask and 
the low water-cement ratio us.ed provide added resistance to freeze-thaw degradation. The 
controlled environment of the ISFSI storage pad mitigates damage due to salts for ice removal or 

17 ANSI/ASME B30-9, Slings, American Society of Mechanical Engineers, New York, 1984 
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direct exposure to damaging chemicals which may be present in other industrial applications. In 
addition, the storage cask is specifically designed for a full range of enveloping design basis 
natural phenomena which could occur over the 100-year service life of the storage cask as 
defined in Section 2.3.4 and evaluated in Chapter 11 of this FSAR. 

Material Degradahon 

The relatively low neutron flux to which the storage cask is subjected does not result in 
significant degradation of the cask 's material properties or impair its intended safety function. 
The reinforced concrete of the storage cask is not subject to conosion because the reinforcing 
steel has adequate concrete cover in accordance with the requirements of ACI 349. Any storage 
cask materials which come into contact with the canister, such as the canister support pipes and 
support rails, are coated or fabricated from conosion resistant stainless steel. The storage cask tie 
rods are fabricated from high strength conosion-resistant steel and are accessible to verify 
tensioning. Exposed carbon steel components, such as the storage cask cover, are coated and 
accessible for re-coating if necessa1y. Exposed carbon steel components, such as the storage cask 
liner, which are not readily accessible are coated and not relied upon structurally. The controlled 
environment of the ISFSI storage pad mitigates damage due to direct exposure to conosive 
chemicals which may be present in other industrial applications. 

J\1aintenance and Inspection Provisions 

The requirements for periodic inspection and maintenance of the storage cask throughout the 
100-year service life are defined in Chapter 9 of this FSAR. These requirements include 
provisions for routine inspection of the storage cask exterior and peJ·iodic inspection of the 
storage cask interior for damage as well as visual verification that the ventilation flow paths of 
the storage cask are free and clear of debris. ISFSis located in areas subject to atmospheric 
conditions which may degrade the storage cask or canister should be evaluated by the licensee 
on a site-specific basis to detennine the frequency for such inspections to assure long term 
perfonnance. In addition, the FuelSolutionsTM Storage System is designed for easy retrieval of 
the canister from the storage cask, should it become necessa1y to perform more detailed 
inspections and repairs to the storage cask. 

The above findings are consistent with those of the NRC's Waste Confidence Decision Review 18 

which concluded that d1y storage systems designed, fabricated, inspected and operated in 
accordance with such requirements are adequate for a 100-year service life while satisfying the 
requirements of 1 0CFR 72. 

3.4.4.2 Transfer Cask 

The principal design considerations which bear on the adequacy of the FuelSolutions TM WI 00 
Transfer Cask for the design basis service life are addressed as follows : 

Exposure to Envh·onmental Effects 

All transfer cask materials that come in contact with the spent fuel pool are fabricated from 
austenitic stainless steel, as described in Section 3 .1.1.2. The exposed surfaces of the transfer 

18 Nuclear Regulato1y Commis sion IO CFR Part 51 Waste Confidence Decision Review, U.S. Nuclear Reg:ulato1y 
Commission. September 11 , 1990. 
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This stress is well below the corresponding allowable of20 ksi for SA-240, Type 304 at 300°F. 
Due to the presence of ribs, the actual stress is expected to be much lower than the one 
calculated herein. For the same reason, buckling of the neutron shield jacket under the external 
hydrostatic pressure of 15 psig is not a concern. 

3.5.3.3.5 Fatigue Evaluation ASME 

As state in . .2.2.2, the transfer cask is evaluated for fatigue using the criteria of 
AMSE, . ection III, Subsection NC. This evaluation is perfonned by applying the six Condition 
B criteria of the Article NC-3219.2 as discussed below. 

a) The expected design number of full pressure cycles. The transfer cask cavity does not serve as 
a pressure boundary. Only the liquid neutron shield jacket is designed to withstand internal 
pressure. Using the data in Appendix I, the alternating stress for Type 304 stainless steel at the 
conservative temperature of 500°F is found to be Sa = 3Sm= 3 • 17 .5 = 52.5 ksi and tl 60 
corresponding number of cycles is 20,000. The transfer cask design life is ~ ars with""t .-1e _ _. 
maximum number of canister transfers estimated at 25 per year. Therefore, the neutron shield 
jacket will see only 4(t - 2? _1,0~0 Wll-\aJJ 0 e cycJ_:s I bis is 1nuch less than the Code value of 
20,000, hence, the first cntenon 1s s\ausJl60 25 - 1,500 I 
b) The exp ected design range of p ressure cycles during normal service. Similar to (a) above, 
only the liquid neutron shield jacket is designed to withstand internal pressure. During the 
canister transfer operations, the design range of pressure cycle can be conservatively defined to 
be from -15 psi (static head pressure of 35 feet of pool water when the jacket is empty) to the 
bounding internal design pressure of +50 psi. Therefore, the design pressure range during nonnal 
service is 65 psi. 70 1,500 . ~ 6,000 

The number of loading oper tions over the ask lifetime is ~~mined above. Based on 
the number of cycles of 106

, the significant ressure fluctuation ran o is calculated as 27 psi. 
Conservatively assuming iat there are four · nificant pressure 1ctuations during each loading, 
the total number of sign· cant fluc tuations is ~ • 4 = ~ . he Sa value corresponding to 
this number of cycles is ksi and the respective allowable range is 70 
½ • DesignP,esswce -(8/sJ = ½-so.(&&

175 
='6~sign'-r-an_g_e__,of65 psi is below 

this value and, therefore, the second criterion is satisfied . 

c) The temperature difference betll'een any two adjacent points. The specified number of sta1tup 
and shutdown cycles is ~ as dete1mined above. Based on that value and the material property 
data, the quantity of Sa / 2 , is calculated as ~ 0 

• Under no condition does the temperature 
difference between any djacent points approach thi value. Therefore, the ~ riterion is 
satisfied. 1,500 213 third ,__ __ __, 

d) The range of temperature difference betll'een any two adjacent points. The range of 
temperature ditlerence between any two adjacent points does not change during nonnal service 
by more than ~ calculated above. Any changes in the cask temperature are relatively slow 
and gradual due to i . large thermal capacity and absence ofrapid changes in the external 
conditions ____ ~ 

213 
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Fue!SolutionsTM Stora!Ze Sys The transfer cask maximum stress_condition only occurs for a fully loaded transfer 
D k N 

72
_
10

?
6 

- cask and canister. Based on experience for any given loading campaign there 1s 
oc et 0

· - only 1 transfer cask lift fu lly loaded (with fuel and water), 1 lift fu lly loaded for 
flooded (water but no fuel), and 1 lift fully loaded (dry fu el) for a total of 3 

e) Temperature differenc - 1sszmz ar matena s . trans er cas components are a ncate 
from Type 304, F304, an F304N stainless steel. The moduli of elasticity and coefficients of 
thermal expansion are ti same for all these materials. As such, the fifth criterion is satisfied. 

f) Mechanical Loading. The htu~sfer e11<,k 1ueeh11ttie11.l lo11tltng is 11ssoei111eel ,,ifh h11ttellittg lo11el:, . 
Fer eaeh leaelittg e;sele, the 1m1neer ef signifieant 11-¼eehanieal leaElings ean ee eensen:;::t•el;s I I 
esti1tt11teel 11s 5 lift/setdowns + 5 significant vibrations + 3- upending/downendings + 3- mster 1 

transfers for the total of . The total lifetime number of c !es is, then, ~l ,000 - 1 e,000 and 
the Sa value for this mun · of cycles is ~ ksi. As shown 1 Table 3.5-8, t 1 I stress 
intensity at any point of the ransfer cask d s not exceed 55.3 ksi. Therefore, this er erion is 

,-1....ai.:.I.Wi{1tisfied. 10 60 1 10 1,500 = 15,000 

Transfer Cask Load Combinat ions and Comparison with A llowable 
Stresses 

The transfer cask is evaluated for the load combinations in accordance with ANSI/ANS 57.9,20 

as summarized in Section 2.3.5.2 and Table 2.3-8. The transfer cask load combination stress 
evaluation is conservatively performed by combining the maximum transfer cask component 
stress intensities clue to each individual load condition ill'espective of sign and location. The 
transfer cask maxinuun stresses due to the controlling nonnal transfer and storage conditions are 
summarized in Table 3.5-7. The resulting transfer cask normal condition load combination stress 
intensities are reported in Table 3.5-8. The load combination stress results demonstrate that the 
transfer cask has significant design margin for all normal transfer and operating conditions. The 
minimum design margin in the transfer cask for combined normal loading is +9% for the primary 
plus secondary stress intensity in the strucmral shell. 

3.5.4 Cold Ambient Conditions 

The Fue!Solutions'N storage cask and transfer cask have been evaluated for the effects of an 
extreme cold ambient condition with no internal decay heat load. The evaluation considers the 
effects of extreme cold temperamres on the material properties and the potential for freezing of 
the transfer cask liquid neutron shield. 

As discussed in Section 3.1 .2, brittle fracmre of the transfer and storage cask components is not a 
concem clue to the selection of materials with the adequate fracture toughness. 

The effects of an extreme off-nonnal cold ambient temperature combined with maxinuun decay 
heat load are evaluated forthe storage cask in Section 3.6.1.1 of this FSAR. The results of the 
storage cask off-normal cold thermal stress evaluation demonstrate that the storage cask will 
continue to perform its intended safety functions under these conditions. The effects of extreme 
cold ambient conditions combined with a lower decay heat load produce lower stresses in the 
storage cask since the temperamre gradients are a function of the decay heat load. For the 
condition with zero decay heat load, the storage cask has a uniform temperature equal to the 
ambient tempera ture, hence, it remains stress free. 

20 ANSUANS-57.9, Design Criteria for an Independent Spent Fuel Storage Installation (Dry Type), American 
National Standards Institute, I 984. 
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9.2 Maintenance Program 
This section discusses the maintenance programs for FuelSolutions™ Storage System 
components that are classified as important to safety. Noncompliances encountered during the 
required maintenance activities will be dispositioned in accordance with the EnergySolutions 
SFD Quality Assurance Program, discussed in Chapter 13 of this FSAR, or the licensee's 
NRC-approved Quality Assurance Program. The maintenance programs are intended to 
demonstrate that the FuelSolutions™ Storage System continues to perform properly and comply 
with regulatory requirements and the technical specifications contained in Chapter 12 of this 
FSAR. 

9.2.1 Canisters 
The maintenance program for FuelSolutionsTM can isters is discussed in Section 9.2 of each 
FuelSolutionsTM Canister Storage FSAR. The Aging: Management Programs (AMPs) applicable during: 

the additional 40 year license renewal period for the cask C 
9.2.2 Storage Cask of C are contained in Appendix 9.A. 

The FuelSolutions™ Wl50 Storage Cask is a passive system requiring a ninimal amount of 
maintenance. The licensee is to maintain records that include evidence ti at all maintenance and 
testing perfonned on a storage cask is in compliance with an NRC-appr ved quality assurance 

a 1scussed in more detail in the paragraphs that follow. 

The maintenance program for the FuelSolutions™ Wl50 Storage Cask, which is applicable for 
the 100-year design life of the cask, includes the following: 

1. After canister loading into the storage cask, dose rate measurements are to be taken to verify 
compliance with the applicable technical specification contained in Section 12.3 of this 
FSAR. Subsequent periodic radiation surveys are to be performed at the site bounda1y in 
accordance with site radiological control procedures and 1 0CFR 72.106(b ). 8 

2 . The storage cask is periodically monitored, by either visual inspection of the storage cask 
vent screens or measurement of the storage cask liner temperature via the liner thermocouple, 
in accordance with the applicable technical specification contained in Section 12.3 of the 
respective FuelSolutions™ canister storage FSAR. Both methods of periodic monitoring 
allow prompt identification of any ventilation flow obstmctions and initiation of co1Tective 
actions to restore safe storage conditions. 

3. The storage cask temperature monitoring instnunentation is to be checked for proper 
operation and calibrated at least annually. 

4 . An annual inspection of the exposed exterior of the storage cask for surface defects (e.g., 
concrete cracking, spalling, or paint chipping) should also be conducted. Any defects 

8 Title 10. U.S. Code of Federal Regulations. Pa11 72 (10CFR72). Licensing Requirements for the Independent 
Storage of Spent Nuclear Fuel and High-Level Radioactive Waste, 1995. 
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identified are to be documented and evaluated. Any repairs are to be performed using an 
approved procedure. 

5. Every five years, the interior surface of the first storage cask placed into service is to be 
inspected for damage. Inspections may be by direct or indirect visual methods. Any defects 
identified are to be documented and evaluated. Any repairs are to be performed using an 
approved procedure. 

6. If the storage cask is to be re-used following canister unloading and storage cask 
disassembly, the following inspections are to be performed prior to re-assembly: 

• The condition of the components, including the concrete segments, tie-rods, thermal 
shield, cover, etc ., is to be inspected for the presence of any damage or defects. 

• Removal of the grout layer between segments is to be verified. 

• Cleanliness of the lifting coupling threads at the tie-rod sleeves for each concrete 
segment is to be verified. 

• The tie-rod and nut threads are to be inspected to verify that they are in good condition 
and not galled. Any defective component is to be repaired or replaced. 

• The storage cask is to be inspected to verify that no debris is present in the cavity, inlet 
vents, or outlet vents . 

~ 
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Table 9.2-1 - Maintenance Program for the FuelSolutions™ W150 
Storage Cask 

Maintenance Proc ram 

Repair, Replacement, and 
Inspection Tests Maintenance 

a) The storage cask concrete a) The temperatme readout a) If damage has occu!l'ed in the fonn of 
will be inspected ammally in system will be tested and chipping or spalli.ng of the concrete that 
accordance with site-specific calibrated at least exposes the rebar within, then the damaged 
procedm·es to detennine if ammally or more often if area will be repaired with grout, a5 
damage has occu!l'ed. prescribed by a site- prescribed in the site-specific procedure. 

b) The vent screens will be 
specific procedure. 

b) If significant damage to the storag: cask 
visually inspected vent screens ( as described in the site-
periodically to detennine specific procedure) is observed, then the 
that they are in place and are damaged screen will be repaired or 
in good condition. replaced. 

c) The temperatme monitoring c) If the temperatme readout system for a 
system will be read storage cask is fotmd to be malftmctioning, 
periodically. Any indication then it will be repaired or replaced, as 
of malfm1ctioning will be prescribed in a site-specific procedure. 
evaluated. 

d) If radiation readings exceed technical 
d) Radiation readings from the specification limits , the action steps 

storage casks are read per outlined in the technical specification may 
the technical specification. require erecting tempora1y shielding. 

~ 
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9.2.3 Transfer Cask 

The Aging Management Programs (AM Ps) applicable 
- duri ng the additional 40 year license renewal period for 

t he cask Coe are conta ined in Appendix 9./t 
The FuelSolutions™ Wl00 - ransfer Cask is used for loading each canister into a storage cask 
and requires only a limited a ~1ount of periodic maintenance to properly perform its intended 
functions. The licensee is to naintain records that include evidence that all maintenance and 
testing perfo1111ed on the tra1 sfer cask is in compliance with an NRC-approved quality assurance 
program. The maintenance , ~·ogram is summarized in Table 9.2-2 and discussed in more detail in 
the paragraphs that follow. 

The maintenance program for the FuelSolutions™ Wl00 Transfer Cask, which is applicable for 
the 4 0 year desiga life · . e following: 

60-year service 
1. The transfer cask is d for any apparent defects prior to each use. This 

inspection is to evaluate the condition of the cask relative to sealing surfaces, interior surface 
condition and cleanliness, visual integrity of welds, damage to the trunnions. and general fit
up of the components . A surface contamination survey is to be made of the transfer cask 
interior. 

2 . Prior to each use, the liquid neutron shield pressure relief device is to be inspected and 
replaced as necessa1y . The replacement of this device should be performed in accordance 
with a site-specific procedure. 

3. Prior to each use, the bottom cover O-rings and bolt seals are to be inspected for any defects 
that may result in leakage and replaced as necessa1y. The replacement of the O-rings or any 
of the bolts are to be perfo1111ed in accordance with a site-specific procedure. 

4 . Following canister loading, dose rate measurements are to be taken to verify compliance with 
plant-specific procedures and ALARA requirements ( discussed in Section 10. 1.3 of this 
FSAR). Radiation surveys are to be perfo1med during each canister transfer operation to 
assure occupational exposures are maintained ALARA. 

5. Annually, the transfer cask is to be inspected for defects in accessible materials (including 
the neutron shield coating system) and welds, including the trunnion locations. Critical 
trunnion areas and accessible trunnion load bearing welds are to be dye penetrant tested or 
examined with an equivalent non-destructive examination method. Any defects identified are 
to be dispositioned using an approved procedure. Visual inspections of the cask trunnions are 
to be in accordance with ANSI N l4.6 to verify that no pe1manent deformation has occuned 
since the last inspection. Load testing of the transfer cask trunnions is not required. 

6. Annually, the functionality of all transfer cask threaded components and quick-connect 
fittings is to be verified. 

7. Annually, the liquid neutron shield is to be filled and leak tested. Any leaks are to be repaired 
using an approved procedure. 

8. Prior to each use, proper lubrication of all transfer cask threaded connections is to be 
verified. Transfer cask threaded connections are to be lubricated with a lubricant approved 
for use at the designated plant site. 

9. Prior to each use, the transfer cask quick-connect fittings are to be inspected to verify no 
damage or defects and to assure proper operation. 

~ 
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9.2.4 Storage Cask Impact Limiter 
Per-use and annual inspections of the FuelSolutionsTM storage cask impact limiter include visual 
inspection for any apparent defects, the visual integrity of welds, the general condition of the 
impact limiter, and its fit-up with the horizontal canister transfer area pad depression. When not 
in use, the impact limiter will be disassembled and placed in storage for protection from 
degradation. 

~ 
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Table 9.2-2 - Maintenance Program for the FuelSolutions™ W100 
Transfer Cask 

Maintenance Proaram 

Repair, Replacement, and 
Inspection Tests Maintenance 

a) A general visual inspection will a) The neutron shield cavity a) Repairs will be made to co!l'ect 
occm· prior to each use. will be leak tested ammally. any defects found during: the pre-

b) hlspection of the neutron shield b) The neutron shield cavity 
use inspection or ammal 

pressure relief device will occur pressure relief device will be 
inspections. 

prior to use. testecVreplaced ammally. b) Replacement of parts or 

c) Bolts and O-ring:s used on the 
components will be of the same 
quality designation as the 

bottom cover will be inspected 
original. 

before each use. 

cl) Quick-connect fittings will be 
c) Tlu·eaclecl com1ections will be 

inspected prior to each use. 
lubricated prior to use. 

e) Critical tnumion areas and 
accessible tn11mion load bearing: 
welds will be dye penetrant 
inspected on an ammal basis. 
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Administrative Controls 
5.0 

5.0 Administrative Controls 

Total Heat Load (O) 

Q > 20kW 

15 kW < Q • i0 kW 

10kW < Q • i5 kW 

5 kW < Q • iOkW 

Q • S kW 

Measured Thennocouple Temperature(• F) 

Normal Ambient(· iO0• f) Off-Normal Ambient(· i25• F) 

163 192 

156 181 

146 171 

136 161 

126 151 

Alternatively, the program may establish other suitable surveillance frequencies and liner 
thermocouple temperature limits to maintain the concrete temperature below the short-tenn 
allowable temperature of 350• F for a specific CANISTER heat load. 

.4 Special Requirements for First System in Place 

ee the CANISTER Technical Specifications for the applicable infonnation. 

5.3.9 Aging Management Program 

Each general licensee shall have a program to establish. implement, and maintain written 
procedures for each AMP described in the FSAR. The program shall include provisions 
for changing AMP elements, as necessary, and within the limitations of the approved 
licensing bases to address new information on aging effects based on inspection findings 
and/or industry operating experience provided to the general licensee during the renewal 
period. 

The general licensee shall establish and implement these written procedures within one 
year of the effective date of the renewal of the CoC or one year of the 20th anniversary of 
the loading of the first dry storage system at licensee's site, whichever is later. 

The general licensee shall include written evaluations in the 10 CFR 72.212 evaluations 
report describing the implementation of the renewed CoC aging management license 
conditions within this specified time frame. 

Each general licensee shall perform tollgate assessments as described in 

Appendix 9.A of the FuelSolutions Storage System FSAR WSNF-220. 

FuelSolutionsTM Storage System 5.0-7 Amendment4 
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Appendix 9.A Aging Management Program 

In accordance with the renewed FuelSolutions license, sites must implement an aging management 
program.  An aging management assessment of the components of the FuelSolutions Storage System 
was performed.  This review identified inspection and monitoring activities necessary to provide 
reasonable assurance that system components within the scope of license renewal continue to 
perform their intended functions consistent with the current licensing basis for the renewed storage 
period. This appendix describes those aging management programs and the associated tollgate 
assessment requirements. 

9.A.1   Aging Management Programs (AMPs) 

The following AMPs apply to C of C 1026 Amendments 0 through 4. 

9.A.1.1 FuelSolutions Welded Stainless Steel Canister AMP 

The Welded Stainless Steel Canister AMP uses inspections to look for visual evidence of 
discontinuities and imperfections, such as localized corrosion, including pitting corrosion and stress 
corrosion cracking of the canister welds and heat affected zones.  The full program is described in 
Table 9.A.1-1, Welded Stainless Steel Canister AMP, which is located in Appendix 9.A of the 
FuelSolutions W21 Canister FSAR WSNF-221 and Appendix 9.A of the FuelSolutions W74 
Canister FSAR WSNF-223. 

9.A.1.2 FuelSolutions Reinforced Concrete Structures AMP 

The Reinforced Concrete Structures AMP uses inspections to look for indications of concrete 
deterioration that might affect the ability of the W150 Storage Cask to perform its important to safety 
function.  The full program is described in the following Table 9.A.1-2. 

9.A.1.3 FuelSolutions Monitoring of Metallic Surfaces AMP 

The Monitoring of Metallic Surfaces AMP uses inspections to look for indications of metallic 
surface deterioration that might affect the ability of the W150 Storage Cask and Fuel Transfer and 
Auxiliary Equipment metallic surfaces to perform their important to safety functions.  The full 
program is described in the following Table 9.A.1-3. 

9.A.1.4 FuelSolutions W100 Transfer Cask AMP 

The W100 Transfer Cask AMP utilizes inspections to ensure that the equipment maintains its 
intended function through the extended storage period.  The full program is described in the 
following Table 9.A.1-4. 

9.A.1.5 FuelSolutions W21 Canister High-Burnup Fuel Monitoring and Assessment AMP 

The W21 Canister High-Burnup Fuel Monitoring and Assessment AMP only applies to W21 
Canisters that store high-burnup fuel.  The AMP relies on the EPRI and DOE research projects on 
high burnup fuel.  The full program is described in Table 9.A.1-5, W21 Canister High-Burnup Fuel 
Monitoring and Assessment AMP, which is located in Appendix 9.A of the FuelSolutions W21 
Canister FSAR WSNF-221.  
~ 
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Table 9.A.1-2   FuelSolutions Reinforced Concrete Structures AMP 
(4 pages) 

Element Description 
1 Scope of Program The AMP addresses reinforced concrete structures such as the concrete 

portions of the W150 Storage Cask.  The associated SSCs include the 
concrete shell, shear key, and reinforcing steel in air-outdoor or sheltered 
environments.   

The following aging effects are addressed in this program: 

• Cracking or loss of material (spalling, scaling) due to freeze-thaw 
degradation 

• Cracking, loss of strength, and loss of material (spalling, scaling) 
due to aggressive chemical attack 

• Cracking, and loss of strength due to reaction with aggregates 
• Loss of material (spalling, scaling) due to salt scaling 
• Loss of strength, increase in porosity and permeability and 

reduction of concrete pH (reducing corrosion resistance of steel 
embedments) due to leaching of calcium hydroxide 

• Cracking, loss of strength, loss of material (spalling, scaling), and 
loss of concrete/steel bond due to corrosion for reinforcing steel. 

 
Although the ISFSI Storage Pad is not considered Important to Safety, as 
noted in FuelSolutions Storage System FSAR Section 1.2, the pad should 
be inspected as may be required elsewhere. 

2 Preventive Actions Condition monitoring is utilized to manage aging effects including 
continuance of inspections of air inlet/outlet vents to confirm they are not 
blocked which also ensures design temperature limits are not exceeded 
and thermal dehydration of the concrete remains noncredible during the 
period of extended operation.  As the storage cask reinforced concrete is 
designed and analyzed in accordance with the applicable provisions of 
ACI-349 and constructed using standard commercial practices, in 
accordance with the applicable provisions of ACI-318, no additional 
preventive actions are required. 

3 Parameters 
Monitored / 
Inspected 

The accessible and exposed concrete surfaces are visually examined for 
indications of surface deterioration.  The parameters monitored or 
inspected quantify the following aging effects: 

• Cracking 
• loss of material (spalling, scaling) 
• increased porosity/permeability 

 
Degradation could affect the ability of the concrete to provide radiation 
shielding, to provide a path for heat transfer and to provide tornado 
missile shielding.  The inlet and outlet vents are also monitored by visual 
inspection to ensure they are not obstructed. 

For inaccessible areas, an inspection of the concrete inlet ducts using a 
video camera, fiber-optic scope or other remote inspection equipment via 
existing access points on one cask to determine if there is any evidence of 
concrete degradation.  The parameters evaluated consider any surface 
geometries that may identify water ponding which potentially increases 

~ 
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Table 9.A.1-2   FuelSolutions Reinforced Concrete Structures AMP 
(4 pages) 

the rate of degradation.  The accessible internal concrete surfaces of the 
storage cask are inspected for indications of degradation.  These 
indications may impact the long-term ability of the storage cask to meet 
its intended functions.  

4 Detection of Aging 
Effects 

The AMP includes a visual inspection of the exterior surfaces of the 
storage cask to detect if there are any aging effects.  The visual survey 
can identify staining or degradation-related activity and the degree of 
damage.  This visual inspection confirms the current exterior condition of 
the storage cask and can identify the extent and cause of any aging effect 
noted.  This visual inspection is conducted annually by an individual 
meeting the qualification requirements of ACI-349. 

A visual inspection of the readily accessible areas of the storage cask 
annular space and interior areas of the vents shall be performed using a 
using a video camera, fiber-optic scope or other remote inspection 
equipment.  This visual inspection shall meet the requirements in 
accordance with the acceptance criteria in ACI 349.3R-02 (ACI, 2010) 
and be performed at least once every five (5) years. Note: As the interior 
of the storage cask utilizes a steel liner, the Metallic Surfaces AMP 
addresses the metallic portions of the storage cask.  

In addition to visual inspections, radiological surveys of the storage cask 
are performed to verify compliance with 10 CFR 72.104. Cask surface 
dose rates are monitored per FuelSolutions STORAGE SYSTEM Technical 
Specification 5.3.5, Cask Surface Dose Rate Evaluation Program.  The 
results of dose rate surveys are also reviewed11 by NRC Region III 
inspectors. 

Data from all inspection and monitoring activities, including evidence of 
degradation and its extent and location, shall be documented on a 
checklist or inspection form.  The results for the inspection will be 
documented, including descriptions of observed aging effects and 
supporting sketches, photographs or video. 

The internal inspection shall be performed on one of the storage casks at 
each ISFSI at a frequency of 5 years (+/- 25%).  The first inspection 
should occur within 1 year of the 20th anniversary of initial storage cask 
loading at the site or within 1 year of the issuance of the renewed license, 
whichever is later.  

The inspection shall be documented, including a detailed description of 
the surface condition and location of areas showing surface degradation. 

5 Monitoring and 
Trending 

Monitoring and trending of the results from documented inspection 
should support the ability to evaluate the results against acceptance 
criteria.  Methods are commensurate with consensus defect evaluation 
guides and standards.  The inspections and surveillances described for 
reinforced concrete are performed periodically in order to identify areas 

 

11 NRC Inspection Report 07200043/2018001; 05000155/2018001 Big Rock Point Independent Spent Fuel Storage 
Installation ML18330A231 dated 11/26/2018. 
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of degradation.  The results will be evaluated by a qualified individual, 
and areas of degradation not meeting established criteria will be 
documented in the site’s corrective action program for resolution or 
detailed evaluation.  Inspection records, including photos and /or videos, 
are to be retained for comparison in subsequent examinations. The results 
from the visual inspections will be compared against previous inspections 
in order to trend progression of identified aging effects over time. 

6 Acceptance Criteria American Concrete Institute Standard 349.3R-02 includes quantitative 
three-tier acceptance criteria for visual inspections of concrete surfaces as 
follows: 

• Tier 1 acceptance without further evaluation 
• Tier 2 acceptance after review 
• Tier 3 acceptance requiring further evaluation 

 
Acceptance signifies that a component is free of significant deficiencies 
or degradation that could lead to the loss of structural integrity.  
Acceptable after review signifies that a component contains deficiencies 
or degradation but will remain able to perform its design basis function 
until the next inspection or repair.  Acceptance requiring further 
evaluation signifies that a component contains deficiencies or degradation 
that could prevent (or could prevent prior to the next inspection) the 
ability to perform its design basis function.  Degradations or conditions 
meeting the ACI 349.3R-02 Tier 2 and 3 criteria will be entered into the 
site’s corrective action program for evaluation and resolution. 

The loss of material due to age-related degradation will be evaluated by a 
qualified person in accordance with ACI 349.3R-02.  A technical basis 
will be provided for any deviation from ACI 349.3R-02 acceptance 
criteria.  

7 Corrective Actions Results that do not meet the acceptance criteria are addressed by the site’s 
corrective action program (CAP) in accordance with the ISFSI Quality 
Assurance (QA) program.  The site’s QA Program ensures that corrective 
actions are completed within the ISFSI Corrective Action Program (CAP) 
and include any necessary functionality assessments, cause evaluations, 
extent of condition, actions, identify any modifications to the existing 
AMP (e.g. increased frequency), and determine if the condition is 
reportable per 10 CFR 72.75. 

8 Confirmation 
Process 

The confirmation process will be commensurate with the ISFSI QA 
Program.  The QA program ensures that the confirmation process 
includes provisions to preclude repetition of significant conditions 
adverse to quality and the completion of inspections, evaluations, and 
corrective actions. 

9 Administrative 
Controls 

The ISFSI QA program ensures that administrative controls include 
provisions that address instrument calibration and maintenance, inspector 
requirements, record retention requirements, and document control. 

~ 
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Administrative controls also address the frequency for updating the AMP 
based on inspection results along with industry operating experience. This 
AMP will be updated as necessary based on tollgate assessments.   

10 Operating 
Experience 

Previous operating experience for the W150 Storage Cask indicates very 
minimal degradation detected to date, mostly limited to concrete “bug 
hole” and grout degradation.  That operating experience has been 
incorporated into the guidance on inspections and acceptance criteria 
contained in this AMP. 

A renewal application pre-submittal inspection12 was performed on the 
FuelSolutions storage cask at Big Rock Point in July 23, 2019.  Three 
separate tasks were completed consisting of a video inspection of the 
accessible area in the annulus between the cask and canister; a visual 
inspection of the cask interior and visual inspection of the cask storage 
pad.  A representative canister and storage cask were selected by Entergy 
based on increased susceptibility for moisture intrusion and corrosion.  
Heat loads at the time of loading all of the canisters at Big Rock Point 
were within 0.5 kW of each other, and all storage casks were placed into 
service within months of each other (as noted, between November 2002 
and May 2003).  The inspection revealed some minor observations; 
however, no structural deficiencies were identified and all parts continue 
to perform their design function.   

NRC Region III Inspectors reviewed [Insp Rpt].13the previous five-year 
cask inspection documentation for Big Rock Point storage cask number 7 
that included both pictures and video of the interior of the cask and did 
not identify any findings of significance. 

As storage cask inspections are performed in the future, inspection results 
will be uploaded into the ISFSI Aging Management Institute of Nuclear 
Power Operations Database (ISFSI AMID) to be shared with other users. 

 

 
  

 

12 Report 4T002-RPT-001, Rev 0 “FuelSolutions Renewal Application Pre-Submittal Inspection,” August 29, 2019 

13 Errata to Big Rock Point Independent Spent Fuel Storage Installation - Inspection Reports 07200043-12-001 and 
05000155-12-007 (ADAMS Accession ML13071A379) dated 03/11/13. 
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Table 9.A.1-3   FuelSolutions Monitoring of Metallic Surfaces AMP 
(4 pages) 

Element Description 
1 Scope of 

Program 
This program manages the effects of aging for:   

(1) the external surfaces of steel, stainless steel and aluminum components 
that are directly exposed to outdoor air or are sheltered within W150 Storage 
Cask, and  

(2) the Fuel Transfer and Auxiliary Equipment.   

The scope of the program includes the following cask subcomponents and the 
applicable site fuel transfer and auxiliary equipment: 

• Storage Cask Thermal shield panel assembly 
• Storage Cask Shear lug and thermal shield support lug 
• Storage Cask steel liner and shield ring  
• Storage Cask canister support tubes 
• Storage Cask Tie rod hardware 
• Ram anchor 
• Storage Cask Top cover assembly 
• Storage Cask Top cover bolts 
• Storage Cask Support rails 
• Storage Cask Guide rails 
• Cask lifting yoke 
• Canister vertical lift fixture 
• Cask cavity axial spacer 
• Shielded docking collar 
• Cask restraints 
• Empty canister lift fixture 
• Standard lifting slings (inside plant facility) 
• Storage cask impact limiter steel casing 

 
The following aging effects are addressed in this program: 

• Loss of material is due to general corrosion, galvanic corrosion, pitting 
and crevice corrosion and wear 

• Loss of preload due to stress relaxation 
• Coating degradation on steel and aluminum surfaces 

 
Periodic visual inspections monitor for general and localized corrosion, wear, 
coating degradation, and loss of preload (bolting). 

2 Preventive 
Actions 

This program is a condition monitoring program to detect evidence of 
degradation.  It does not provide guidance for the prevention of aging. 

3 Parameters 
Monitored / 
Inspected 

This program monitors the condition of external metallic surfaces to identify 
general corrosion, localized corrosion, wear, and loss of preload of bolted 
connections.  Localized corrosion of stainless steels may be a precursor to stress 
corrosion cracking (SCC). 

Parameters monitored or inspected for external metallic surfaces include: 

• visual evidence of discontinuities, imperfections, and rust staining 
indicative of corrosion, SCC, and wear 
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Table 9.A.1-3   FuelSolutions Monitoring of Metallic Surfaces AMP 
(4 pages) 

Element Description 
• visual evidence of loose or missing bolts, physical displacement, and other 

conditions indicative of loss of preload 
• visual evidence of coating degradation (e.g., blisters, cracking, flaking, 

delamination) indicative of corrosion of the base metal 
 
Accessible storage cask internal surfaces are inspected for indications of 
corrosion and wear and coating degradation.   

 

4 Detection of 
Aging Effects 

Inspections are performed by personnel qualified in accordance with site 
procedures and programs to perform the specified task.  Visual inspections 
follow site procedures that are demonstrated to be capable of evaluating 
conditions against the acceptance criteria. 

Readily Accessible Surfaces 

Inspections cover 100 percent of normally accessible surfaces, including the 
external metallic surfaces, bolting, covers, vents, and other metallic components.  
The visual survey performed on metallic surfaces will identify the source of any 
staining or corrosion-related activity and the degree of damage.   

A visual inspection of the metallic exterior surfaces of the storage cask to detect 
aging effects is conducted annually. Visual inspections of fuel transfer and 
auxiliary equipment shall be performed at a minimum of once a year while in 
use. If the fuel transfer and auxiliary equipment is not used, a pre-use visual 
inspection shall be performed.  When the fuel transfer and auxiliary equipment is 
not in use, periodic inspections are not needed.  The visual inspections are 
performed in accordance with site implementing procedures. 

Normally Inaccessible Surfaces 

A visual inspection of the interior areas of the storage cask shall be performed 
with remote inspection techniques such as borescope (or equivalent).  The visual 
inspection should include an examination of the accessible areas of the canister 
exterior surface and the storage cask thermal shield. The accessible areas of the 
storage cask guide rails and support rails should be examined for coating 
degradation and corrosion. 

This visual inspection of the metallic components shall meet the requirements of 
a VT-3 Examination, as given in the ASME Boiler & Pressure Vessel Code 
(B&PVC) Section XI, Article IWA-2200, to the extent practical, even though 
they are not ASME components. 

The internal inspection shall be performed on one storage cask at a frequency of 
5 years (+/- 25%).  ) starting with the first inspection within the later of either 
one (1) year of the initial canister’s 20th year loading anniversary or within one 
year from the issuance of first renewal of the CoC.  The site may consider using 
the storage cask that contains the canister being used for the Welded Stainless 
Steel Canister AMP to consolidate efforts. 

Data from inspections shall be documented, including a detailed description of 
the surface condition and location of areas showing surface degradation. 
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Table 9.A.1-3   FuelSolutions Monitoring of Metallic Surfaces AMP 
(4 pages) 

Element Description 
5 Monitoring 

and Trending 
Inspection results are compared to those obtained during previous inspections, so 
that the progression of degradation can be evaluated and predicted. 

Monitoring and trending methods and plans and procedures are used to: 

• establish a baseline before or at the beginning of the period of extended 
operation 

• track trending of parameters or effects not corrected following a previous 
inspection, including 

 locations and size of any areas of corrosion, wear or cracking 
 disposition of components with identified aging effects and the 

results of supplemental inspections 
6 Acceptance 

Criteria 
The acceptance criteria for the visual inspections are: 

• no detectable loss of material from the base metal, including uniform wall 
thinning, localized corrosion pits, and crevice corrosion 

• no indications of loose bolts or hardware, displaced parts 
• no degradation (e.g., blisters, cracking, flaking, delamination) of coatings 

on metallic surfaces indicative of base metal corrosion. 
 
If evidence of corrosion or wear is identified, then the severity of the degradation 
must be determined using approved site-specific procedures.  These may include 
additional visual, surface or volumetric NDE methods to determine the loss of 
material. 

7 Corrective 
Actions 

Results that do not meet the acceptance criteria are addressed by the site’s 
Corrective Actions Program (CAP) in accordance with the ISFSI Quality 
Assurance (QA) program.  The site’s QA Program ensures that corrective actions 
are completed within the ISFSI Corrective Action Program (CAP) and include 
any necessary functionality assessments, cause evaluations, extent of condition, 
actions, identify any modifications to the existing AMP (e.g., increased 
frequency), and determine if the condition is reportable per 10 CFR 72.75.  

8 Confirmation 
Process 

The confirmation process will be commensurate with the ISFSI QA Program.  
The QA program ensures that the confirmation process includes provisions to 
preclude repetition of significant conditions adverse to quality and the 
completion of inspections, evaluations, and corrective actions are completed in 
accordance with the ISFSI CAP. 

9 Administrative 
Controls 

The ISFSI QA program ensures that administrative controls include provisions 
that address instrument calibration and maintenance, inspector requirements, 
record retention requirements, and document control. 

Administrative controls also address the frequency for updating the AMP based 
on inspection results along with industry operating experience.  This AMP will 
be updated as necessary based on tollgate assessments.   

10 Operating 
Experience 

Previous operating experience for the W150 Storage Cask indicates very 
minimal degradation detected to date, mostly limited to coating degradation.  
That operating experience has been incorporated into the guidance on 
inspections and acceptance criteria contained in this AMP. 
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Table 9.A.1-3   FuelSolutions Monitoring of Metallic Surfaces AMP 
(4 pages) 

Element Description 
A renewal application pre-submittal inspection14 was performed on the 
FuelSolutions storage casks at Big Rock Point in July 2019.  Three separate tasks 
were completed consisting of a video inspection of the accessible area in the 
annulus between the cask and canister, visual inspection of the cask interior and 
a visual inspection of the cask storage pad.  A representative canister and storage 
cask were selected by Entergy based on increased susceptibility for moisture 
intrusion and corrosion.  Heat loads at the time of loading all of the canisters at 
Big Rock Point were within 0.5 kW of each other, and all storage casks were 
placed into service within months of each other (as noted, between November 
2002 and May 2003).  The inspection revealed some minor observations; 
however no structural deficiencies, and all parts continue to perform their design 
function.   

NRC Region III Inspectors reviewed [Insp Rpt].15the previous five-year cask 
inspection documentation for Big Rock Point storage cask number 7 that 
included both pictures and video of the interior of the cask and did not identify 
any findings of significance. 

As storage cask inspections are performed in the future, inspection results will be 
uploaded into the ISFSI Aging Management Institute of Nuclear Power 
Operations Database (ISFSI AMID) to be shared with other users. 

 

 

  

 

14 Report 4T002-RPT-001, Rev 0 “FuelSolutions Renewal Application Pre-Submittal Inspection,” August 29, 2019 

15 Errata to Big Rock Point Independent Spent Fuel Storage Installation - Inspection Reports 07200043-12-001 and 
05000155-12-007 (ADAMS Accession ML13071A379) dated 03/11/13. 
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Table 9.A.1-4   FuelSolutions W100 Transfer Cask AMP 
(2 pages) 

Element Description 
1 Scope of 
Program 

The program covers the subcomponents of the W100 Transfer Cask to ensure 
that aging effects do not challenge the capability of the transfer cask to fulfill 
structural support, radiation shielding, and heat transfer functions.  The effected 
SSCs include the trunnion retainers and sleeves, bolts for the top cover, bottom 
cover, and ram access cover, and the pressure relief device in the environments 
of air-indoor/outdoor and demineralized water. 

This program manages loss of material due to general corrosion, galvanic 
corrosion, pitting and crevice corrosion and wear to ensure that this aging effect 
does not challenge the capability of the transfer cask to fulfill structural support, 
radiation shielding, and heat transfer functions. 

The Transfer Cask AMP includes inspections of trunnion retainers and sleeves 
for loss of material and wear, guide rails for wear, cover bolts and pressure relief 
devices for corrosion, cask covers for neutron shielding deterioration involving 
boron depletion, and neutron shield jacket for coating degradation. 

2 Preventive 
Actions 

The Transfer Cask AMP utilizes condition monitoring to detect degradation and 
ensure that the equipment maintains its intended function through the extended 
storage period.  No preventative actions are included as part of this AMP. 

3 Parameters 
Monitored / 
Inspected 

The Transfer Cask AMP inspects for visual evidence of degradation of 
accessible surfaces. 

4 Detection of 
Aging Effects 

The Transfer Cask AMP manages loss of material due to corrosion, 
predominately for stainless steel, steel, and brass components, and degradation 
of the coating on the neutron shield jacket. 

Inspection shall be performed at a minimum once a year while in use. If the 
Transfer Cask is not used, a pre-use inspection is appropriate for the Transfer 
Cask.  When the Transfer Cask is not in use, periodic inspections are not needed. 

Visual inspections are performed in accordance with the ASME Code Section 
XI, Article IWA-2213, for VT-3 examinations.  The inspections cover 100 
percent of the normally accessible cask surfaces, including the cask exterior, 
cask interior cavity, lid surfaces, and the cask bottom (during lifting or down 
ending). 

Data from the examination, including evidence of degradation and its extent and 
location, shall be documented on a checklist or inspection form.  The results of 
the inspection shall be documented, including descriptions of observed aging 
effects and supporting sketches, photographs, or video.  Corrective actions 
resulting from each AMP inspection shall also be documented. 

5 Monitoring 
and Trending 

Inspection results are compared to those obtained during previous inspections, so 
that the progression of degradation can be evaluated and predicted. Monitoring 
and trending methods and plans/procedures are used to: 

• establish a baseline before the use of the transfer cask in the first loading 
campaign in the period of extended operation 

• track trending of parameters or effects not corrected following a previous 
inspection 
 the locations, size, and depth of any areas of corrosion 
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Table 9.A.1-4   FuelSolutions W100 Transfer Cask AMP 
(2 pages) 

 the disposition of components with identified aging effects and the 
results of supplemental inspections 

6 Acceptance 
Criteria 

For accessible surfaces, including trunnions, acceptance criteria are no detectable 
loss of material from the base metal, including uniform wall thinning, localized 
corrosion pits, crevice corrosion, and wear scratches/gouges. 

If evidence of corrosion, wear, or coating degradation are identified, then the 
severity of the degradation of the base metal must be determined using approved 
site-specific procedures.  These may include additional visual, surface, or 
volumetric NDE methods to determine the loss of material. 

For inaccessible internal surfaces, the acceptance criteria are no evidence of 
leakage from the neutron shield jacket or loss of wall thickness beyond a 
predetermined limit established by system-specific design standards or industry 
codes and standards. 

Coating acceptance criteria are no degradation or interruptions (e.g., 
chipping/scratches/flacking) of the coated surface. 

For acceptance of the RX-277 neutron shielding in the top and bottom covers of 
a loaded transfer cask, the top and bottom cover neutron dose rates shall not 
exceed the bounding neutron dose rates in FSAR WSNF-220 Table 5.1-2. 

7 Corrective 
Actions 

Results that do not meet the acceptance criteria are addressed by the site’s 
Corrective Action Program (CAP) in accordance with the ISFSI Quality 
Assurance (QA) program.  The QA Program ensures that corrective actions are 
completed within the ISFSI Corrective Action Program (CAP) and include any 
necessary actions, identify any changes to the existing AMP, and determine if 
the condition is reportable per 10 CFR 72.75. 

8 Confirmation 
Process 

The confirmation process will be commensurate with the site QA program.  The 
QA program ensures that the confirmation process includes provisions to 
preclude repetition of significant conditions adverse to quality and the 
completion of inspections, evaluations, and corrective actions. 

9 Administrative 
Controls 

The QA program ensures that administrative controls include provisions that 
address instrument calibration and maintenance, inspector requirements, record 
retention requirements, and document control. 

Administrative controls also address the frequency for updating the AMP based 
on inspection results along with industry operating experience. This AMP will be 
updated as necessary based on tollgate assessments.   

10 Operating 
Experience 

Previous operating experience for the W100 Transfer Cask indicates very 
minimal degradation detected to date, mostly limited to coating degradation.  
That operating experience has been incorporated into the guidance on 
inspections and acceptance criteria contained in this AMP. 

As transfer cask inspections are performed in the future, inspection information 
will be uploaded into the ISFSI Aging Management Institute of Nuclear Power 
Operations Database (ISFSI AMID) to be shared with other users. 

  

~ 
ENERGYSOlllTia'll'V 



FuelSolutions Storage System FSAR   Document No. WSNF-220 
Docket No. 72-1026    

  9.A-12   Revision 6 
 

WESTINGHOUSE NON-PROPRIETARY CLASS 3 

9.A.2 Tollgates 

As noted in NUREG-1927 "Standard Review Plan for Renewal of Specific Licenses and Certificates of 
Compliance for Dry Storage of Spent Nuclear Fuel," Revision 1, the guidance was developed by the NRC as 
an ongoing effort (and as of this CoC renewal application, still is) with efforts by the Nuclear Energy Institute 
(NEI) to develop guidance for the nuclear industry when preparing CoC renewal applications. NEI 14-03, 
Revision 1, “Format, Content and Implementation Guidance for Dry Cask Storage Operations-Based Aging 
Management”, included guidance on the continued evaluation of operating experience. One of the principles 
introduced in NEI 14-03 is the use of “tollgates” as a structured approach for assessing operating experience 
and data from applicable research and industry initiatives. NUREG-1927, Revision 1, Section 3.6.1.10, 
provides the associated guidance that may be used for CoC renewals. 

NEI 14-03 provides a proposed framework for learning AMPs through the use of “tollgates” and defines 
“tollgates” as periodic points within the period of extended operation when licensees would be required to 
evaluate aggregate feedback and perform and document a safety assessment that confirms the safe storage of 
spent fuel. Tollgates are described as an additional set of in-service assessments beyond the normal continual 
assessment of operating experience, research, monitoring, and inspections on DSS component and ISFSI SSC 
performance that is part of normal ISFSI operations for licensees during the initial storage period as well as 
the period of extended operation.  

In addition, NEI 14-03, Revision 1, also describes a framework for the aggregation and dissemination of 
operating experience across the industry through the use of an aging-related operating experience 
“clearinghouse,” titled the ISFSI Aging Management Institute of Nuclear Power Operations Database (ISFSI 
AMID).Aggregate feedback will be assessed by each licensee regarding ISFSI components and if 
necessary, take actions to:  

• Modify monitoring and inspection programs in AMPs 
• Modify TLAAs 
• Perform mitigation  

Tollgate assessment address the following elements as applicable: 

Frequency: 

• Established from technical basis 
• Reflects aging mechanism initiation and rate of progression 
• Reflects risk significance 
• Considers findings from prior tollgate assessments 

Content of tollgate assessment: 

• Summary of research findings, operating experience, monitoring data, and inspection results  
• Aggregate impact of findings (including trends) 
• Consistency with the assumptions and inputs the TLAAs 
• Effectiveness of AMPs 
• Corrective actions, including changes to AMPs 
• Summary and conclusions 

A schedule for these tollgate assessments is shown in Table 9A.2-1. 
 

~ 
ENERGYSOll/T!a'll'V 



FuelSolutions Storage System FSAR   Document No. WSNF-220 
Docket No. 72-1026    

  9.A-13   Revision 6 
 

WESTINGHOUSE NON-PROPRIETARY CLASS 3 

 
Table 9.A.2-1: Tollgate Assessments for General Licensees 

 
Tollgate Year Assessment 

1 Year of first 
canister loading 

plus 25 years 

Evaluate information from the following sources (as available) and 
perform a written assessment of the aggregate impact of the information, 
including but not limited to trends, corrective actions required, and the 
effectiveness of the AMPs with which they are associated: 
• Results, if any, of research and development programs focused 

specifically on aging-related degradation mechanisms identified as 
potentially affecting the storage system and ISFSI site. One 
example of such research and development would be EPRI 
Chloride-Induced Stress Corrosion Cracking (CISCC) research. 

• Relevant results of other domestic and international research, 
which may include non-nuclear research 

• Relevant domestic and international operating experience, which 
may include non-nuclear operating experience 

• Relevant results of domestic and international ISFSI and dry 
storage system performance monitoring 

Much of this information can be gathered from the Aging Management 
INPO Database (AMID). 

2 Year of first 
canister loading 

plus 30 years 

Evaluate additional information gained from the sources listed in 
Tollgate 1 along with any new relevant sources and perform a written 
assessment of the aggregate impact of the information. This evaluation 
should be informed by the results of Tollgate 1. The aging effects and 
mechanisms evaluated at this tollgate and the time at which it is 
conducted may be adjusted based on the results of the Tollgate 1 
assessment. 

3 Year of first 
canister loading 

plus 35 years 

Same as Tollgate 2 as informed by the results of Tollgates 1 and 2 

4 Year of first 
canister loading 

plus 40 year  

Same as Tollgate 2 as informed by the results of Tollgates 1, 2, and 3 

5 Year of first 
canister loading 

plus 45 years 

Same as Tollgate 2 as informed by the results of Tollgates 1, 2, 3, and 4 

6 Year of first 
canister loading 

plus 50 years 

Same as Tollgate 2 as informed by the results of Tollgates 1, 2, 3, 4, and 5 

7 Year of first 
canister loading 

plus 55 years 

Same as Tollgate 2 as informed by the results of Tollgates 1, 2, 3, 4, 5, and 
6 

8 Year of first 
canister loading 

plus 60 years 

Same as Tollgate 2 as informed by the results of Tollgates 1, 2, 3, 4, 5, 6, 
and 7 
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yield strength. Therefore, the allowable weld shear stress is 6. 0 ksi. The shear stress in the top 
shield plug support ring weld for this lift condition is: 

f = 42.6 4 5 k . . Sl 
v [4(5.0 + 2xl)](0.337) 

Conservatively assuming a 2:1 load spread over the height of the shield plug suppo11 ring. 
Therefore, the top shield plug support ring weld provides the required factor of safety. 

The canister top shield plug, inner closure plate, and outer closure plate are each lifted from four 
attachment points on the top surface of the plates for placement on the canister inside the spent 
fuel building. For design pmposes, the full weight of the components is assumed to be supp01ted 
by two lifting attachments. The design load for each attachment includes an additional 15% 
allowance for crane hoist motion. Standard slings and lifting attachments used for critical lifts 
are designed in accordance with the requirements of ANSI/ASME B30-9.17 

, renewed for an additional 

initial ....._-=-_________ __,, 3.4.~ · er Service Life 40 years. 

The enn o 1e 0CFR 72, Subpa11 L C of C granted by the NRC is for 20 year . Nonetheless, 
the FuelSolutions W2 l canister is designed for 100 years of service while satisfying the 
conservative design requirements defined in Chapter 2 of this FSAR, includil1g the regulato1y 
requirements of 10CFR72. Additional assurance of the integrity of the canister and the contained 
SNF assemblies throughout the 100-year service life of the canister is provided through the 
followil1g: 

• Design, fabrication, and illspection ill accordance with the applicable requirements of the 
ASME Code as described in Section 2.1.2 of this FSAR assures high design margins. 

• Fabrication and illspection perfonned ill accordance with the comprehensive Quality 
Assurance program discussed ill Chapter 13 of the FuelSolutionsTM Storage System FSAR 
assures component compliance with the fabrication requirements. 

• Use of materials with known characteristics, verified through rigorous illspection and testing 
as described in Chapter 9 of this FSAR, assures component compliance with design 
requirements. 

Techn;cal specifications, as defined in Chapter 12 of this FSAR and the FuelSolutions™ Storage 
System FSAR, have been developed and imposed on the canister to assure that the illtegrity of 
the canister and the contail1ed SNF assemblies is maintained throughout the 100-year service life 
of the canister. 

The principal design considerations bearing on the adequacy of the FuelSolutionsTM W21 
canister for the design basis service life and the means in which they are addressed follows: 

17 ANSVASME-B30-9, Slings, 1984. 
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stresses in the W2 l suppo1t rod tlu eads due to nonnal thennal conditions are lower than the 
con-esponding Service Level A allowable prima1y membrane stress intensities. 

In addition to the stress evaluation described above, the suppo1t sleeve axial compressive 
stresses due to nonnal thennal conditions are combined with the maximum suppo1t sleeves 
stressed due to dead weight and nonnal handling and evaluated for buckling in accordance with 
NUREG/CR-6322, as discussed in Section 3.5.5.2. 

3.5.1.3.4 Guide Tubes 

As shown in Section 3.5.1.2.2, the W21 guide tubes expand freely within the basket assembly 
and canister shell under all conditions. Therefore, thennal loading does not result in any stress in 
the W21 guide tubes. 

3.5.1.4 Fatigue Evaluation 

3.5.1.4.1 Shell Assembly 

The canister confinement components, consisting of the cylindrical shell, top inner and outer 
closure plates, the bottom closure, and closure welds, are evaluated in accordance with the 
requirements ofNB-3222.4(d) . Specifically, the six criteria ofNB-3222.4(d) are evaluated to 
demonstrate that a detailed analysis of the W21 canister shell for cyclical service is not required. 
These crite1ia are discussed below . 

l . Atmospheric to Se111ice Pressure Cycle: The maximum number of pressure cycles 
associated with sta1tup and shutdown is limited to 30,000 for the W21 canister shell, 
based on the fatigue cmve from Figure 1-9.2.1 of the ASME Code for 3Sm = 51 ksi, 
where the lower bound value of Sm is conse1v atively taken as 17 ksi for the W2 l T 
canister shell Type 304 material design temperature of 550°F. The canister nonnal 
se1v ice includes one vacuum d1y ing operation and one helium fill after closure. All other 
pressure fluctuations during storage are due to changes in atmospheric conditions. Hence, 
the canister is never cycled back to the atmospheric pressure during nonnal se1v ice. 
Therefore, the first criterion is satisfied . 

2. Normal Service Pressure Fluctuation: The total number of pressure cycles is less than 
106 because the pressure cycles only occur due to changes in the ambient temperature 
(assuming one cycle a day, obtain l x365xl00 =36,500 over the lifetime) . As specified in 
this criterion, the value ofS is detennined for 106 cycles and is 28.3 ksi from 
Figure 1-9.2.1 of the ASME Code. The design pressure is 10 psig. Therefore, the cut-off 
for the significant pressure fluctuation is : 

As shown in Chapter 4, the W21 canister shell internal pressure ranges from a minimum 
of 6 psig to a maximum of 10 psig for nonnal conditions. Hence, no significant pressure 
fluctuations are expected during storage. Therefore, the second criterion is satisfied. 

~ 
ENERGYSOLUTIONS 3.5-1 0 Revision 5 



FuelSolutions W21Canister FSAR   Document No. WSNF-221 
Docket No. 72-1026    
 

WESTINGHOUSE NON-PROPRIETARY CLASS 3 

 

 
  

3. Temperature Difference - Startup and Shutdown: The temperature difference between 
any two adjacent points on the canister shell during startup and shutdown is limited to: 

s. / = 1289°F 
7 2Ea ' 

where Sa is detennined to be 708 ksi from Figure 1-9.2.1, conservatively based on 
10 sta1tup-shutdown cycles, and the values ofE and a are conse1v atively taken as 
28.9(10)6 psi and 9.5(10Y6 in/in/°F, respectively. Since the temperature difference 
between any two points in the canister never approaches this quantity, the third criterion 
is clearly satisfied . 

4. Temperature Difference - Normal Se,., ·ice: As detennined in (2) above, the value of Sis 
28.3 ksi. The significant temperature fluctuation is detennined as: 

The nonnal se1v ice in this criterion does not include sta1tups and shutdowns, hence, the 
only temperature variations are due to changes in the ambient conditions. As shown in 
Table 3 .5-2, the temperature difference between any two points in the canister shell does 
not change significantly from nonnal cold to nonnal hot condition. Temperatures at all 
points drop unifonnly by approximately 110°F. Therefore, there are no significant 
variations in the temperature gradient during nonnal service and the fomth criterion is 
satisfied. 

5. Temperature Difference - Dissimilar Materials: The canister shell confinement 
components are fabricated entirely of Type 304 (W21 T) or Type 316 (W21M) stainless 
steel. Hence, no dissimilar materials are used. Therefore, the fifth criterion is satisfied. 

6. Mechanical Loads: The only significant mechanical loads during the canister se1v ice are 
those due to lifting and transfers. Conse1v atively estimating the number of these load 
fluctuations as 100, the Sa value is found to be 261 ksi (Table 1-9.1 of the ASME Code). 
The mechanical loads do not exceed this value and, therefore, the sixth criterion is 
satisfied. 

ore, fatigue is not a concern for the W21 canister shell assembly confinement bounda1y 

3.5.1.4.2 
The canister basket assem components, consisting of the guide tubes, suppo1t rods, supp01t 
sleeves, and spacer plates are e ated in accordance with NG-3222.4(d) for fatigue. In 
accordance with NG-3222.4(d), these nponents do not need a detailed fatigue evaluation if the 
four specified criteria are satisfied . These c ·teria are discussed below . 

The above shell assembly fatigue criteria are satisfied for the 60-year service period 
and for the 100-year service life. 

~ 
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l . Temperature Difference - Startup and Shutdown: The temperature difference between 
any n-vo adjacent points on the canister basket assembly during startup and shutdown. 
excluding the stainless steel spacer plates. is limited to: 

where Sa is determined to be 400 ksi from Figures 1-9.1 and 1-9.2.1 of the ASME Code. 
conservatively based on 10 startup-shutdo~n cycles. and the values of E and a are 
conse1va tively taken as 30(10) 6 psi and 9. 8(10 )-6 in/in/°F, respectively. 

As sho\,n in Chapter 4, the temperature difference within any basket component does not 
exceed 400°F. All of these values are below 680°F. Therefore, the first criterion is 
satisfied. 

2. Temperature Difference - Normal Se1, ·ice: The conservative value of S for 106 cycles is 
12 ksi (Figures 1-9. 1 and 1-9.2.1 of the ASME Code). The significant temperature 
fluctuation for all W21 basket assembly components except the stainless steel spacer 
plates is: 

As sho\,n in Chapter 4, the temperature difference between any two points in the W21 
basket assembly does not change significantly from nonnal cold to nonnal hot condition. 
The largest temperature difference within the W2 l basket assembly occurs in the spacer 
plates. As shown in Section 4.4. the difference in the maximum spacer plate gradient for 
normal hot storage and nonnal cold storage is less than 20°F. Therefore, there are no 
significant variations in the temperature gradient during n01mal sen·ice. The second 
criterion is satisfied. 

3. Temperature Difference - Dissimilar Materials: The cut-off value for significant 
temperanire flucniations in the W21M basket is detennined as: 

where S = 12 ksi (from (2) above). and values for E and a are taken from Section 3.3.1 
for the basket assembly material with the highest coefficient ofthemral expansion 
(e.g., SA-240, Type 316 stainless steel) and the lowest coefficient ofthennal expansion 
(e.g., SA-517, Grade P carbon steel) at the mean basket temperature of 600°F. 

Sinli.larly. for the W2 l T basket assembly. the significant temperature flucniation is: 
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where S = 12 ksi (from (2) above), and values for E and a are taken from Section 3 .3.1 
for the basket assembly material with the highest coefficient ofthennal expansion 
( e.g., SA-517, Grade P carbon steel) and the lowest coefficient of thennal expansion 
(e.g., SA-564, Grade 630 precipitation hardened stainless steel) at the mean basket 
temperature of 600°F, excluding the guide tubes since they expand freely within the 
basket assembly. 

As shown in Section 4.4, the temperature fluctuation between nonnal cold storage and 
nonnal hot storage conditions is approximately 100°F. Therefore, only a ve1y few 
significant temperature fluctuations per year are possible. Assuming the number of 10 per 
year and a canister lifetime of 100 years, there are 1000 significant temperature 
fluctuations over the life of the canister. The lower bound value of Sa is 78 ksi 
(Table 1-9.1 of the ASME Code). The resulting allowable temperature range for all W21 
basket assembly components except the stainless steel spacer plate is: 

This value is higher than the temperature difference in the basket during nonnal service. 
Therefore, the third criterion is satisfied. 

4. Mechanical Loads: The only significant mechanical loads during the canister service are 
those due to transfers. Conservatively estimating the number of these load fluctuations as 
100, the Sa value is found to be 175 ksi (Table 1-9.1 of the ASME Code). The basket 
assembly stresses due to nonnal transfer loads do not exceed this value and, therefore, the 
fomth criterion is satisfied. 

·oue is not a concern for the W21 basket assembly structural components. 

The above basket assembly fa t igue cri teria are satisfied for 
the 60-year service period and for the 100-year service life. 

The canister shell assembly is evaluated for internal pressure loads associated with canister 
loading operations (draining internal pressure) and nonnal on-site transpo1t and storage 
conditions. These conditions are described and evaluated in the following sections. 

3.5.2.1 Canister Draining Internal Pressure 

After installation of the inner closure plate, a compressed gas pressure of 30 psig is applied to the 
canister cavity to speed the water draining process during canister closure operations, thus 
minimizing the personnel dose. The automated canister welder/opener and auxilia1y shield plate, 
described in Section 1. 2.1.4 .1 of the FuelSolutions TM Storage System FSAR, are attached to the 
inner closure plate and a strongback is installed on the transfer cask top flange, as shown in 
Figure 1.2-14 of the FuelSolutions™ Storage System FSAR. The strongback and auxilia1y shield 
plate provide structural support for the canister top inner closure plate and assure that no 

~ 
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The factors that primarily affect the reactivity of the FuelSolutionsn,i canister system are 
radiative neutron absorption and fuel assembly separation. The parameters that affect radiative 
neutron absorption are the neutron absorber panel thickness, the guide tube wall thickness, and 
the spacer plate thickness. The parameters that affect fuel assembly separation include: fuel 
assembly location; spacer plate opening size and location; and guide tube inside width. With the 
exception of the accident induced guide tube defonnation and axial detachment, tolerances are 
applied in the nonnal conditions model consistent with the description provided in 
Section 6.3.1. 1 for accident conditions. 

6.3.2 Material Properties 

The number densities used to model moderator materials and the FuelSolntions·11-,1 W21 canister 
basket, shell and reflector materials are presented in Table 6.3-2 through Table 6.3-11 . These 
material properties are used in all FuelSolutionsn,i W21 canister single package and multiple 
package all'ay models. 

The FuelSolutions™ W21 canister basket inco1vorates panels ofBORAL ® neutron-absorbing 
material. BORAL ® is a thennal neutron absorber (poison) material composed of boron carbide 
and 1100 alloy aluminum. The boron carbide, in the fonn of fine pa1ticles, is homogeneously 
dispersed throughout the central layer of the BORAL ® panels. The outer layers of the panel are 
composed of 1100 alloy aluminum. The two materials, boron carbide and aluminum, are ideally 
suited for long-tenn use in diy storage cask radiation and thennal environments. Aluminum 
contact with borated pool water during sh01t-tenn wet loading operations in PWR spent fuel 
pools is prevented by sealing the panels in stainless steel guide tube wrappers. BORAL ® is 
manufactured by AAR Advanced Stmctures under the control and surveillance of a Quality 
AssurecVQuality Control Program that confonns to the requirements of 1 OCFR50 Appendix B, 
"Quality Assurance Criteria for Nuclear Power Plants." Additional product literature for this 
material is provided in Section 1.5.2 of this FSAR. 

The continued efficacy ofBORAL ® is demonstrated by the process controls under which the 
material is manufactured and verified. These controls assure a homogeneous dispersion of boron 
throughout the material. In addition, the effects of long-tenn exposure to neutron flux from 
ill'adiated fuel is negligible because the thennal neutron flux during d1y storage is low. This fact, 
coupled with the use of the minimum specified boron concentration ftuther reduced by 25%, 
more than accounts for any boron depletion which may occur over the 100-year design life of the 
FuelSolutions·11-,1 W21 canister. 

The neutron shield region of them deled transportation cask geometiy contains NS-4-FR 
neutron shielding material, at a volm e fraction of94.2%, stainless steel 304 backing bars at a 
volume fraction of2.6%, and pure cop er fins at a volume fraction of3 .2%. These components 
are mixed into a homogenous material tlr t fills the neutron shield region in the criticality 
analyses. Table 6.3-11 gives the material scription for pure NS-4-FR neutron shield material. 
The densities shown in the table are multiph d by 0.942 to yield the densities present in the 
homogenous mixture. The stainless steel 304 om densities show11 in Table 6.3-5 are multiplied 
by 0.026 and added to the mixture. Finally, the om density of pure copper 
(0.08493 atoms/barn-cm) is multiplied by 0.032 a d added to the mixture. 

The boron depletion evaluation demonst rates that boron deplet ion levels are 
acceptable for the 60-year service period and for the 100-year design life. 
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9.2 Maintenance Program 
This section discusses the maintenance program for the FuelSolutionsTM W21 canister, which is 
classified as important to safety. Noncompliances encountered during the required maintenance 
activities will be dispositioned in accordance with the EnergySolutions SFD Quality Assurance 
program, discussed in Chapter 13 of the FuelSolutionsTM Storage System FSAR, or the 
licensee's NRC-approved Quality Assurance program. The maintenance program is intended to 
demonstrate that the FuelSolutionsTM W21 canister continues to perfonn properly and complies 
with regulato1y requirements and the technical specifications contained in Chapter 12 of this 
FSAR and the FuelSolutions™ Storage System FSAR. 

The FuelSolutionsTM W21 canister relies on no mechanical components or moving pa1ts once in 
its storage configuration. Exposed materials are co1rnsion-resistant stainless steel. No inspection 
of a loaded canister during storage is required due to the integrity of the canister, as verified 
during fabrication, acceptance testing, and canister closure. Periodic monitoring of the 
FuelSolutions™ storage cask, in accordance with the technical specification contained in 
Section 12.3 of this FSAR, provides added assurance that fuel cladding degradation does not 
occur. Thus, no prescribed maintenance program is necessa1y during the 100-year design life of 
the FuelSolutionsTM W21 canister. 

\_ 
The Aging Management Programs (AMPs) applicable during the additional 40 year license 
renewal period for the canister C ofC are contained in Appendix 9.A. 
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Administrative Controls 
5.0 

5.0 ADMINISTRATIVE CONTROLS 

5.1 Training Modules 

See the Storage System Technical Specification for the applicable infonnation. 

5.2 Preoperational Testing and Training Exercises 

See the Storage System Technical Specification for the applicable infonnation. 

5.3 Programs 
5.3.9 Aging Management Program 

5.3.1-5.3.5 See the Storage System Technical Specification for the applicable information. 
System Technical Specification for the applicable infonnation. 

The FuelSoh tionsTM W21 CANISTER has been evaluated for allowable fuel cladding 
temperature uring LOADING and STORAGE OPERATIONS. During LOADING 
OPERATI S, the fuel cladding temperature is limited to 400·• C to assure cladding integrity. 

This progr m shall establish administrative controls and procedures to assure that the spent fuel 
cladding d es not exceed the temperature limit during LOADING OPERATIONS. For a 
CANIST R loaded with fuel with a total heat load of22.0 kW, the total vacuum d1y ing cycle 
shall be r nited to 12 hours. If the vacuum d1y ing LCO 3.1.2 has not been satisfied, the 
CANIST R shall be backfilled with helium for 4 hours, vacuum dried for 8 hours, backfilled for 
4 hours, etc., until the LCO is met. 

For a h at load of 17 .5 kW or lower, there is no time limit on the initial vacuum d1y ing cycle. 
For he t loads greater than 17.5 kW but less than 22.0 kW. the program shall either use the 
22.0 k W requirements, or establish suitable time limits to maintain the cladding temperature to 
less tl an or equal to 400• C for the specific CANISTER heat load. 

5.3.7 Cladding Oxide Thickness Measurement Program 

For 1el with a bumup exceeding 45 GWcl/MTU, it is necessa1y to verify that cladding oxide 
lay r thickness for fuel assemblies to be stored does not exceed 70 • rn. 

Tl s program shall establish administrative controls and procedures to verify oxide layer 
th" ckness by measurement of a statistical sample of limiting fuel assemblies . 

. 8 Storage Cask Periodic Monitoring Program Storage System 
e the 8TORAGe CASK clmical Specifications for the applicable info1111ation. 

5.4 Special Requirements for First System in Place 

The heat transfer characteristics of the cask system will be recorded by temperature 
measurements of the first STORAGE CASK placed in service w ith a heat load equal to or 
greater than l 0kW. In accordance with 10CFR72.4, a letter report summarizing the results of the 
measurements shall be submitted to the NRC. 

For each cask subsequently loaded with a higher heat load (up to the 22.0 kW limit), the 
calculation and measured temperature data shall be reported to the NRC at eve1y 2 kW increase. 
The calculation and comparison need not be reported to the NRC for STORAGE CASKS that 
are subsequently loaded with lesser loads then the latest reported case. 

FuelSolutions TM W2 l Canis ter 5.0-1 Amendment4 
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Appendix 9.A Aging Management Program 

In accordance with the renewed FuelSolutions license, sites must implement an aging management 
program.  An aging management assessment of the components of the FuelSolutions W21 Canister 
was performed.  This review identified inspection and monitoring activities necessary to provide 
reasonable assurance that components within the scope of license renewal continue to perform their 
intended functions during the renewed storage period.  This appendix describes those aging 
management program requirements. 

9.A.1   Aging Management Programs (AMPs) 

The following AMPs apply to C of C 1026 Amendments 0 through 5. 

9.A.1.1 FuelSolutions Welded Stainless Steel Canister AMP 

The FuelSolutions Welded Stainless Steel Canister AMP uses inspections to look for visual 
evidence of discontinuities and imperfections, such as localized corrosion, including pitting 
corrosion and stress corrosion cracking of the canister welds and heat affected zones.  The full 
program is described in the following Table 9.A.1-1, FuelSolutions Welded Stainless Steel Canister 
AMP. 

9.A.1.2 FuelSolutions Reinforced Concrete Structures AMP 

The FuelSolutions Reinforced Concrete Structures AMP uses inspections to look for indications of 
concrete deterioration that might affect the ability of the W150 Storage Cask to perform its 
important to safety function.  The full program is described in Table 9.A.1-2, FuelSolutions 
Reinforced Concrete Structures AMP, located in Appendix 9.A of the FuelSolutions Storage 
System FSAR WSNF-220. 

9.A.1.3 FuelSolutions Monitoring of Metallic Surfaces AMP 

The FuelSolutions Monitoring of Metallic Surfaces AMP uses inspections to look for indications of 
metallic surface deterioration that might affect the ability of the W150 Storage Cask and Fuel 
Transfer and Auxiliary Equipment metallic surfaces to perform their important to safety functions.  
The full program is described in Table 9.A.1-3, FuelSolutions Monitoring of Metallic Surfaces 
AMP, which is located in Appendix 9.A of the FuelSolutions Storage System FSAR WSNF-220. 

9.A.1.4 FuelSolutions W100 Transfer Cask AMP 

The FuelSolutions W100 Transfer Cask AMP utilizes inspections to ensure that the equipment 
maintains its intended function through the extended storage period.  The full program is described 
in Table 9.A.1-4, FuelSolutions W100 Transfer Cask AMP, which is located in Appendix 9.A of 
the FuelSolutions Storage System FSAR WSNF-220. 

~ 
ENERGYSOlUT[(>.'\\'V 



FuelSolutions W21Canister FSAR   Document No. WSNF-221 
Docket No. 72-1026    
 

 9.A-    Revision 6 
 

WESTINGHOUSE NON-PROPRIETARY CLASS 3 

9.A.1.5 FuelSolutions W21 Canister High-Burnup Fuel Monitoring and Assessment AMP 

The FuelSolutions W21 Canister High-Burnup Fuel Monitoring and Assessment AMP only applies 
to W21 Canisters that store high-burnup fuel.  The AMP relies on the EPRI and DOE research 
projects on high burnup fuel.  The full program is described in the following Table 9.A.1-5, 
FuelSolutions W21 Canister High-Burnup Fuel Monitoring and Assessment AMP. 
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Table 9.A.1-1 FuelSolutions Welded Stainless Steel Canister AMP 
(4 pages) 

Element Description 
1 Scope of 

Program  
This program manages the effects of aging for the surfaces of welded stainless 
steel canisters that are directly exposed the sheltered.  The scope of the program 
includes the following canister sub-components: 

• Shell 
• Bottom closure plate 
• Shell extension 
• Bottom end plate  
• Top outer closure plate  
• Leak test port cover 

 
The following aging effects are addressed in this program: 

• Cracking due to stress corrosion cracking 
• Loss of material (precursor to stress corrosion cracking) due to pitting and 

crevice corrosion 
 
Examinations are performed of the accessible portions of the welded stainless 
steel dry storage canister confinement boundary external surfaces for atmospheric 
deposits, localized corrosion, and Stress Corrosion Cracking (SCC). 

In particular, examinations focus on accessible canister welds, weld heat-affected-
zone areas, and known areas of the canister to which temporary supports or 
attachments were attached by welding and subsequently removed (based on 
available fabrication records) with the following attributes: 

• Locations where a crevice is formed on the canister surface 
• Horizontal (±30-degree) surfaces where deposits may accumulate at a 

faster rate compared to vertical surfaces 
• Canister surfaces that are cold relative to the average surface temperature 
• Canister surfaces with higher amounts of atmospheric deposits 

 
Examinations can be performed in coordination of the ASME Section XI code 
inspections provided in Code Case N860, “Examination Requirements and 
Acceptance Standards for Spent Nuclear Fuel Storage and Transportation 
Containment Systems.” 
 

2 Preventive 
Actions 

Condition monitoring is utilized to manage aging effects.  During fabrication of 
the canisters, however, preventative actions were used to minimize corrosion and 
stress corrosion cracking by selection of stainless steel materials.  In addition, 
fabrication controls were in place during canister fabrication to support improved 
canister corrosion resistance.  Although these preventative actions minimize the 
likelihood of aging effects, they cannot replace condition monitoring during the 
storage period.  As this AMP is based on condition monitoring, new preventative 
actions are not included. 
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3 Parameters 

Monitored / 
Inspected 

The parameters monitored and/or inspected under this AMP include: 

• visual inspections to look for evidence of discontinuities and imperfections, 
such as localized corrosion, including pitting corrosion and stress corrosion 
cracking of the accessible canister welds and weld heat affected zones.  

• The size and location of localized corrosion or stress corrosion cracks 
• The inspections also look for the appearance and location of deposits on the 

canister surfaces. 
4 Detection of 

Aging Effects 
Visual inspection of the canister surface is to be performed per ASME Code 
Section XI, Article IWA-2200 for VT-3 examinations utilizing a videoscope (or 
equivalent technology) device for the accessible areas of the canister surface since 
direct visual examination may not be possible due to neutron and gamma 
radiation fields near canister surfaces within the storage cask.  

Additional assessments are to be performed as necessary for suspected areas of 
localized corrosion and SCC. VT-1 visual examinations are performed per 
acceptance criteria when indicated by the assessment of the VT-3 results. 
Indications of corrosion within 2 inches of a weld are to receive an augmented 
surface examination for the presence of cracking.  

Volumetric examination consistent with the requirements of ASME Code Section 
XI, IWB-2500, for category B-J components may also be utilized to assess the 
presence of cracking. Inspection of selected areas on the canister may be 
upgraded to the VT-1 standard.  

The inspection is to be performed on a minimum of one canister at each ISFSI 
based on the following criteria: 

• EPRI Susceptibility Criteria {Ref: Technical Report 3002005371} 
• Age of the Canister  
• Canister loaded with Lowest Heat Load 
• Canisters with the greatest potential for the accumulation and 

deliquescence of deposited salts that may promote localized corrosion and 
greatest potential for the accumulation and deliquescence of deposited 
salts that may promote localized corrosion and SCC 

• Where applicable, canister with previously identified manufacturing 
deviations which may affect the surface. 

 
Inspections are to be performed by qualified individual(s) every 5 years (+/- 25%) 
starting with the first inspection  performed within either the later of one (1) year 
of the initial canister’s 20th year loading anniversary or within one year from the 
issuance of first renewal of the CoC.  If possible, examinations should occur on 
the same canister to support trending. 

5 Monitoring 
and Trending 

Monitoring and trending of the results from documented inspection should 
support the ability to evaluate the results against acceptance criteria. Inspection 
records including photos and /or videos are to be retained for comparison in 
subsequent examinations.  Changes to the size or location of discolored areas (e.g. 

~ 
ENERGYSOlUTm'II-V 



FuelSolutions W21Canister FSAR   Document No. WSNF-221 
Docket No. 72-1026    
 

 9.A-    Revision 6 
 

WESTINGHOUSE NON-PROPRIETARY CLASS 3 

Table 9.A.1-1 FuelSolutions Welded Stainless Steel Canister AMP 
(4 pages) 

Element Description 
rust), localized corrosion, pitting and crevice corrosion, and/or stress corrosion 
cracking should be identified and assessed for further evaluation or subsequent 
inspections. 

Trending of parameters or effects include the locations and size of any areas of 
localized corrosion or SCC, disposition of canisters with identified aging effects 
and the results of any supplemental canister inspections. 

6 Acceptance 
Criteria 

No indications of localized corrosion pits, etching, crevice corrosion, stress 
corrosion cracking, red-orange-colored corrosion products emanating from 
crevice locations, or red-orange-colored corrosion products in the vicinity of 
canister fabrication welds, closure welds, and welds associated with temporary 
attachments during canister fabrication.  Minor surface corrosion is acceptable. 

Identified flaws may be assessed in accordance with the acceptance standards 
identified in ASME Code Section XI, IWB-3514.  

Results of Inspections Requiring Additional Evaluation  

Indications of interest (locations on the canister surface susceptible to SCC 
including areas adjacent to fabrication welds, closure welds, locations where 
temporary attachments may have been welded to and subsequently removed from 
the canister and the weld heat-affected zones) that are subject to additional 
examination and disposition through the corrective action program include: 

• Localized corrosion pits, crevice corrosion, stress corrosion cracking, and 
etching; deposits or corrosion products 

• Red-orange colored corrosion products or red-orange colored corrosion 
tubercles with deposit accumulations especially when adjacent to welds 
or weld heat affected zones of these areas and locations where temporary 
attachments were welded to and subsequently removed from the canister  

• Appearance of any color of liner corrosion products of any size parallel to 
or traversing fabrication welds, closure welds, and the weld heat affected 
zones. 

• Red-orange colored corrosion products greater than 1 mm in diameter 
combined with deposit accumulations on any location of the canister 

• Red-orange colored corrosion tubercles of any size 
7 Corrective 

Actions 
Indications not meeting the acceptance criteria above (AMP element 6) require 
additional evaluation after being entered into the site’s corrective action program. 
An evaluation is to be performed to determine the extent and impact of the 
corrosion on the canister’s ability to perform its intended function. The site’s 
Quality Assurance (QA) program ensures that corrective actions are completed 
within the Corrective Action Program (CAP)and include any necessary 
functionality assessments, cause evaluations, extent of condition, actions, identify 
any modifications to the existing AMP (e.g. increased frequency), and determine 
if the condition is reportable per 10 CFR 72.75. 

8 Confirmation 
Process 

The confirmation process is to be commensurate with the site’s QA program.  The 
QA program ensures that the confirmation process includes provisions to preclude 
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Element Description 
repetition of significant conditions adverse to quality and the completion of 
inspections, evaluations, and corrective actions. 

9 Administrative 
Controls 

The site QA program ensures that administrative controls include provisions that 
address instrument calibration and maintenance, inspector requirements, record 
retention requirements, and document control.  

Administrative controls also address the frequency for updating the AMP based 
on inspection results along with industry operating experience. This AMP will be 
updated as necessary based on tollgate assessments. 

10 Operating 
Experience 

Previous operating experience for the W74 Canister indicates very minimal 
corrosion detected to date.  That operating experience has been incorporated into 
the guidance on inspections and acceptance criteria contained in this AMP.  

A renewal application re-submittal inspection was performed on the W74 system 
at Big Rock Point in July 2019.16  Three separate tasks were completed consisting 
of a video inspection of the accessible area in the annulus between the cask and 
canister; a visual inspection of the cask interior and visual inspection of the cask 
storage pad.  A representative canister and storage cask were selected by Entergy 
based on increased susceptibility for moisture intrusion and corrosion.  Heat loads 
at the time of loading all of the canisters at Big Rock Point were within 0.5 kW of 
each other, and all storage casks were placed into service within months of each 
other (between November 2002 and May 2003).  The inspection revealed some 
minor observations; however, no structural deficiencies were identified, and all 
parts continue to perform their design function.   

Surface rust was observed (Cask Serial Number W150-610-NMC) on washers 
under the nut on the tie rods (minimal depth) causing discoloration in the bearing 
plate and nut. Both these components are stainless steel and are not in danger of 
corroding.  

NRC Region III Inspectors17 reviewed the previous five-year cask inspection 
documentation for Big Rock Point storage cask number 7 that included both 
pictures and video of the interior of the cask and did not identify any findings of 
significance.  

As canister inspections are performed in the future, inspection results will be 
uploaded into the ISFSI Aging Management Institute of Nuclear Power 
Operations Database (ISFSI AMID) to be shared with other users. 

 
  

 
16 Report 4T002-RPT-001, Rev 0 “FuelSolutions Renewal Application Pre-Submittal Inspection,” August 29, 2019 

17 Errata to Big Rock Point Independent Spent Fuel Storage Installation - Inspection Reports 07200043-12-001 and 
05000155-12-007 (ADAMS Accession ML13071A379) dated 03/11/13. 

~ 
ENERGYSOlUTm'II-V 



FuelSolutions W21Canister FSAR   Document No. WSNF-221 
Docket No. 72-1026    
 

 9.A-    Revision 6 
 

WESTINGHOUSE NON-PROPRIETARY CLASS 3 

Table 9.A.1-5  
FuelSolutions W21 Canister High-Burnup Fuel Monitoring and Assessment AMP 

(3 pages) 
Element Description 
1 Scope of 

Program 
The FuelSolutions W21 Canister Storage system is approved for high burnup fuel up to 
60,000 MWd/MTU.  SNF assemblies stored in FuelSolutions W21 canisters are 
limited to intact zircaloy-clad fuel with no known or suspected cladding defects greater 
than pinhole leaks or hairline cracks.  SNF is initially stored in a dry high purity 
helium environment.  SNF assemblies with burnup exceeding 45 GWd/MTU (up to 60 
GWd/MTU), are limited to cladding oxide thickness of 70 μm.  It should be noted that 
as of the submittal of this renewal application for CoC 1026, no high burnup fuel 
assemblies have been loaded in a FuelSolutions W21 Canister. 

The scope of this Aging Management Program (AMP) covers the FuelSolutions W21 
Canister Storage system with high burn up fuel to operate through the extended storage 
period.   

The program relies on the joint EPRI and DOE High Burnup Dry Storage Cask 
Research and Development Project (HDRP) conducted in accordance with the 
guidance in Appendix D of NUREG-1927, Rev 1, as a surrogate demonstration 
program that monitors the performance of high burnup fuel in dry storage. 

The HDRP is a program designed to collect data from a SNF storage system containing 
high burnup fuel in a dry helium environment.  The program entails loading and 
storing a bolted lid cask (the “Research Project Cask”), with intact high burnup fuel of 
nominal burnups between 50 GWd/MTU and 55 GWd/MTU).  The fuel to be used in 
the program includes four kinds of zirconium based cladding.  The Research Project 
Cask is licensed to the temperature limits contained in ISG-11 Rev 3, and loaded such 
that the fuel cladding temperature is as close to the limit as practicable. 

The parameters of the surrogate demonstration program are applicable to the 
FuelSolutions W21 Canister Storage system high burnup fuel, since the maximum 
system burnup limit, (60,000 MWd/MTU) is on the order of those being tested, the 
cladding is of the same type as those being tested, and the temperature limits of the fuel 
are the same as those being tested . 

2 Preventive 
Actions 

During initial loading operations of the FuelSolutions W21 Canisters Technical 
Specification 3.1.2 “Canister Vacuum Drying Pressure” specifies “The CANISTER 
cavity vacuum pressure following drying shall be 3 torr, maintained for at least 30 
minutes.” FuelSolutions W21 Canisters Technical Specification 3.1.1 “W21 Canister 
Helium Backfill Density” specify the canister helium backfill density range and 
completion time.  In addition, FuelSolutions W21 Canisters Technical Specification 
5.3.6 “Vacuum Drying Program” delineates the controls to “assure that the spent fuel 
cladding does not exceed the temperature limit during loading operations.” 
FuelSolutions W21 Canisters Technical Specification 5.3.7 “Cladding Oxide 
Thickness Measurement Program” denotes controls to verify cladding oxide layer 
thickness for fuel assemblies to be stored. 

These requirements ensure that the high burnup fuel is stored in an inert environment, 
preventing cladding degradation due to oxidation mechanisms.  In addition, fuel meets 
the guidance for temperature criteria noted in ISG-11, which minimizes the impacts of 
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Element Description 

degradation mechanisms on the fuel.  Refer to FuelSolutions W21 Canister Storage 
System FSAR Section 4.3.2 “Fuel Cladding Allowable Temperatures” regarding 
established conservatism meeting the guidance of ISG-11, Rev 3.  There are no 
additional specific preventative actions included as part of the AMP. 

3 Parameters 
Monitored or 
Inspected 

The parameters monitored and inspected are as those described in the HDRP. 

4 Detection of 
Aging Effects 

This AMP utilizes the surrogate demonstration program, HDRP, to monitor 
performance of high burnup fuel and detect aging effects as described in the HDRP 
for high burnup fuel.  FuelSolutions W21 Canisters Technical Specification 5.3.6 
“Vacuum Drying Program” delineates the controls for fuel temperature limits to 
prevent degradation. 

5 Monitoring 
and Trending 

As information / data from the HDRP or from other sources (such as testing or 
research results and scientific analyses) become available, the licensee will monitor, 
evaluate, and trend the information via its operating experience program and /or 
corrective action program to determine what actions should be taken.  

The licensee will evaluate the information / data from the HDRP to determine whether 
the acceptance criteria in Element 6 of this AMP are met. 

• If all of the acceptance criteria are met, no further assessment is needed. 
• If any of the acceptance criteria are not met, the licensee must conduct additional 

assessments and implement appropriate corrective actions (see Element 7 of this 
AMP). 

 
Formal evaluations of the aggregate information from the HDRP, available operating 
experience, NRC-generated communications, and other information will be performed 
as required.  Refer to Chapter 4, “Aging Management Tollgates.” 

6 Acceptance 
Criteria 

The following criteria are to be addressed against the information obtained from the 
HDRP.  The criteria are: 

• Hydrogen content – Maximum hydrogen content of the cover gas over the 
approved storage period should be extrapolated from the gas measurements to be 
less than the design-bases limit for hydrogen content 

• Moisture content – the moisture content in the canister, accounting for 
measurement uncertainty should be less than the expected upper-bound moisture 
content per the design-bases drying process 

• Fuel condition / performance – nondestructive and destructive examinations 
should confirm the design-bases fuel condition (i.e., no changes to the analyzed 
fuel configuration considered in the safety analyses of the approved design bases) 
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The design-bases characteristics of the FuelSolutions W21 Canister system and high 
burnup fuel parameters are addressed in the FuelSolutions W21 Canister Storage 
FSAR Section 4.3.1 “W21 Canister.” It should be noted that Westinghouse Electric 
Company was initially involved in developing mathematical correlations based on this 
test data used for development of a creep-based methodology for the determination of 
allowable peak cladding temperature during dry storage as well as addressing cladding 
creep correlation presented in WCAP-1516818. 

Note that because the cask design to be used in the HDRP is different from the 
FuelSolutions W21 Canister system, the acceptance criteria will be based on the 
Research Project Cask design bases.  If the fuel in the Research Project Cask meets the 
applicable design bases, the fuel in the FuelSolutions W21 Canisters storage system 
should also meet its design bases, as described in Element 1. 

7 Corrective 
Actions 

The corrective actions are implemented in accordance with the licensee's NRC 
approved QA program.  If the acceptance criteria are not met, the issue will be entered 
into the licensee corrective action program to assess fuel performance, assess the 
design-bases safety analyses, consider degraded fuel performance and determine the 
ability of the system to continue to perform its intended functions.  The corrective 
action program will identify necessary actions, changes to the existing AMP and 
determine if the condition is reportable. 

In addition, the licensee will obtain the necessary NRC approval in the appropriate 
licensing / certification process for modification of the design bases to address any 
conditions outside of the approved design bases. 

8 Confirmation 
Process 

The confirmation process is commensurate with the licensee's NRC approved QA 
program.  The QA program ensures that required corrective actions are completed and 
effective in accordance with the program to preclude repetition of significant 
conditions adverse to quality. 

9 Administrative 
Controls 

Administrative controls are in accordance with the QA program and include a formal 
review and approval processes, document control and record retention requirements.  
This AMP will be updated as necessary based on tollgate assessments. 

10 Operating 
Experience 

As the program continues, operating experience will be evaluated including: 

• information entered into the ISFSI Aging Management Institute of Nuclear Power 
Operations Database (ISFSI AMID) 

• applicable research (ORNL, ANL, EPRI) 
• internal and industrywide condition reports 
• vendor-issued safety bulletins 
• NRC Information Notices 

  

 
18 WCAP-15168, “Dry Storage of High Burnup Spent Nuclear Fuel,” Westinghouse Electric Company, March 1999 
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Tollgates are established as requirements in the renewed CoC and implemented by ISFSI generic 
licensees to evaluate aging management feedback and perform a safety assessment that confirms 
the safe storage of spent nuclear fuel.  The impact of the aggregate feedback will be assessed by the 
site as it pertains to components at the site’s ISFSI and actions taken as necessary, such as: 

• Adjustment of aging-related degradation monitoring and inspection programs in AMPs 
• Modification of TLAAs 
• Performance of mitigation activities 

Each tollgate assessment will address the following elements as applicable: 

• Summary of research findings, operating experience, monitoring data, and inspection 
results made available since last assessment 

• Aggregate impact of findings, including any trends 
• Consistency of data with the assumptions and inputs in the TLAAs 
• Effectiveness of AMPs 
• Corrective actions, including any changes to AMPs 
• Summary and conclusions 

A schedule for these tollgate assessments is shown in Table 9A.2-1, which is located in Appendix 
9.A of the FuelSolutions Storage System FSAR WSNF-220. 
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The governing tensile. shear, and bending stresses at the weld location are 0.4 ksi. 0.7 ksi, and 
12.0 ksi, respectively. The con-esponding maximum primary membrane plus bending stress 
intensity in the handle is 12.5 ksi. Conse1,;atively assuming this stress occurs in the weld, the 
minimum design margin for the har1dle attachment weld is +0.27. 

The stresses in the damaged fuel car1 top lid assembly base plate due to the vertical lift condition 
ar·e evaluated using the ¼-symmetry finite element model shown in Figure 3.4-1. The base plate 
is modeled using elastic shell elements (SHELL63) with a 3/8-inch unifom1 thickness. The 
slotted holes that acconunodate the engagement hardware are included in the model. Symmet1y 
bounda1y conditions ar·e applied at the two planes of symmetiy. as shown in Figure 3 .4-1 . In 
addition, the nodes at the location of the handle ar·e restrained in the ve1tical direction (i.e .. 
UZ=0). 

The loads applied to the model are detennined based on a bounding weight of720 pollllds for the 
BRP fuel assembly and the damaged fuel can. Each attachment dog supports one fourth of the 
total design load. or 180 pounds. The loads applied to the finite element model are detennined 
assuming that the attachment dog behaves as a rigid beam. 

A free body diagram of the attachment dog for the vertical lift condition is shown in 
Figure 3.4-2. Based upon the principal of static equilibrium, the reaction loads R1 and R2 are 
detennined to be +285 pounds (upward) and - 105 pounds (downwar·d) . respectively. The 
reaction load at the outside attachment bolt (i.e., R1) is applied to the nodes around the perimeter 
of the slotted hole at the outside end, as shown in Figure 3 .4-1. The reaction load at the inner end 
of the attachment dog (i.e .. R2) is applied to the base plate nodes con-esponding to the end of the 
attachment dog \.Yhen in the extended positioIL as shown in Figure 3.4-1. 

As shown in Figure 3.4-3. the results of the finite element evaluation show that the maximtun 
stresses in the top lid assembly base plate occur in the region at the comer of the rectangular· 
cutout. The maximum general primary membrane (Pm). primary membrane plus bending 
(PL +Pb), and primary plus secondary (PL +Pb+Q) stress intensities ar·e 10.4 ksi. 17 .5 ksi. and 
28.8 ksi, respectively. The con-esponding Sep;ice Level A general prima1y membrane. prima1y 
membrane plus bending, and primary plus secondary sti·ess intensities for SA-240.Type 316 
stainless steel at 700°F are 16.3 ksi, 24.5 ksi, and 48.9 ksi. respectively. Therefore. the minimum 
design margin in the top lid assembly base plate for the vertical lift condition is +0.40. due to 
primary membrane plus bending. 

, renewed for an additional 40 

initial 
3.4.~ C · Service Life years. 

The enn o e FR 72. Subpart L C of C granted by the NRC is for 20 years. Nonetheless, 
the FuelSolutions rn W7 4 canister is designed for 100 years of sep;ice while satisfying the 
conservative design requirements defined in Chapter 2 of this SAR. including the regulatory 
requirements of 10CFR72. In additioIL the canister is designed. fabricated and inspected in 
accordance with the applicable requirements of the ASME Code as described in Section 2.1.2 
under the comprehensive Quality Assurance program discussed in Chapter 13 of the 
FuelSolutions™ Storage System SAR which assures high design margins. the use of materials 
with known characteristics. high quality fabrication, and verification of compliar1ce through 
rigorous inspection and testing as described in Chapter 9 of this SAR. Technical specifications. 
as defined in Chapter 12 of this SAR and the FuelSolutions™ Storage System SAR. have been 
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calculations. The weld stress evaluation addresses thermal stresses due to differential thermal 
expansion of dissimilar materials and thennal gradients within the basket assembly. 

As discussed aboYe, differential the1mal expansion of the W74M basket assembly due to nonnal 
thermal conditions results in an axial load of24.2 kips. The resulting average shear stress in the 
LTP spacer plate attachment weld is 1.5 ksi.. Additional shear stresses occur in these welds due to 
the moment reaction resulting from the1111al cruvature of the support nibes. As discussed in 
Section 3.5.1.3.2. the maxi.mum moment reaction at the LTP spacer plate attachment weld 
resulting from thennal cmvature of the suppo11 tubes is 18.7 in-kips. The moment reaction is 
can-ied in shear through the weld. resulting in a maximum weld shear stress of 0.4 ksi.. Therefore, 
the combined shear stress in the weld is 1.9 ksi.. The co!l'esponding Service Level A allowable 
average shear stress is 6.9 ksi., based on SA-240. Type XM-19 stainless steel material prope11ies 
at 700°F and including a 40% weld efficiency factor for single groove weld with smface PT 
examination in accordance with Table ~G-3352-1 of the ASME Code. Therefore, the minimum 
design margin for shear stress in the W74M LTP spacer plate attachment weld due to nonnal 
thermal loading is +2.70. 

3.5.1.3.5 Guide Tubes 

As show·n in Section 3.5.1.2.2, the W74 guide nibes expand freely under all no1mal the1mal 
conditions. Consequently, no significant thennal stresses occur in the W74 guide tubes as a result 
of nonnal the1111al loading. 

3.5.1.4 Fatigue Evaluation 

3.5.1.4.1 Shell Assembly 

The canister confinement components. consisting of the cylind1-ical shell, top inner and outer 
closure plates. and bottom closure plate. are evaluated in accordance with the requirements of 
NB-3222.4(d) . Specifically. the six c1-iteri.a ofNB-3222.4(d) are evaluated to demonstrate that a 
detailed analysis of the W74 canister shell for cyclical se1vi.ce is not required. These c1-iteria are 
discussed below. 

l . Atmospheric to Senice Pressure Cycle: The maxi.mum number of pressure cycles 
associated with startup and shutdo,\'11 is linuted to 30,000 for the W74 canister shell, 
based on the fatigue cmve from Figure I-9 .2 .1 of the ASME Code for 3 Sm = 51 ksi.. 
where the lower bound value of Sm is conse1vati.vely taken as 17 ksi. for the W74T 
ca11ister shell Type 304 material design temperature of 550°F. The canister normal 
se1vi.ce includes one vacmun diying operation and one helium fill after closure. All other 
pressure fluctuations during storage are due to changes in atmospheric conditions. Hence. 
the canister is never cycled back to the atmospheric pressure during no1mal service. 
Therefore. the first criterion is satisfied. 

2. Normal Se,,,ice Pressure Fluctuation: The total number of pressure cycles is less than 
106 because the pressure cycles only occur due to changes in the ambient temperature 
(assunung one cycle a day. obtain l x365x l00 =36.500 over the lifetime). As specified in 
this c1-iteri.on, the value ofS is dete1mined for 106 cycles and is 28 .3 ksi. from 
Figure I-9.2.1 of the ASME Code. The design pressure is 10 psig. Therefore. the cut-off 
for the significant pressure flucniati.on is 
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As shovm in Table 4.4-4, the W74 canister shell internal pressure ranges from a 
minimtun of 6 psig to a maximum of 10 psig for nonnal conditions. Hence, no significant 
pressure fluctuations are expected during storage. Therefore. the second criterion is 
satisfied. 

3. Temperature Difference - Startup and Sh11td01rn: The temperature difference between 
any two adjacent points on the canister shell during startup and shutdown is limited to: 

s. / = L289°F 
12Ea , 

where Sa is detem1ined to be 708 ksi from Figure 1-9.2.1. conservatively based on 10 
startup-shutdown cycles, and the values ofE and a are conservatively taken as 28.9(10)6 
psi and 9.5(10)-6 in/in/°F, respectively. Since the temperature difference betv,een any two 
points in the canister never approaches this quantity. the third criterion is clearly satisfied. 

4. Temperature Difference - Normal Seri-ice: As determined .u1 (2) above. the value of S is 
28.3 ksi . Tue significant temperature fluctuation is detemlined as: 

Tue nonnal service in tllis criterion does not include startups and shutdowns. hence, the 
only temperature. variations are due to changes in the ambient conditions. As sho\:\11 in 
Table 3.5-2. the temperature difference between any two points in the canister shell does 
not change sigilificantly from nonnal cold to nonnal hot condition. Temperanu-es at all 
points drop unifo1mly by approximately 125°F. Therefore, there are no significant 
variations in the temperature gradient during nonnal seIYice and the fourth criterion is 
satisfied. 

5. Temperature Difference- Dissimilar Materials: The ca1lister shell confinement 
components are fabricated entirely of Type 304 (W74T) or Type 316 (W74M) stainless 
steel. Hence. no dissinlilar materials are used. Therefore. the fifth criterion is satisfied. 

6. Mechanical Loads: The only significant mecha1lical loads during the canister service are 
those due to lifting and transfers. Conservatively estimating the number of these load 
fluctuations as 100, the Sa value is found to be 261 ksi (Table 1-9.1 of the ASME Code). 
Tue mechanical loads do not exceed tllis value and. therefore. t11e sixth criterion is 
satisfied. 

erefore. fatigue is not a concern for the canister pressure bounda1y components. 

The above shel l assembly fatigue criteria are sat isfied for the 60-year service 
period and for the 100-year service life. 
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3.5.1.4.2 Basket Assembly 

The canister basket assembly components. consisting of the guide tubes. suppo1t tubes, suppo11 
sleeYes, general spacer plates. LTP spacer plates, and engagement spacer plate are evaluated in 
accordance with NG-3222.4(d) for fatigue. Per NG-3222.4(d) . these components do not need a 
detailed fatigue evaluation if the four specified criteria are satisfied. These criteria are discussed 
below. 

1. Temperature Difference - Startup and Sh11td01rn: The temperature difference between 
any two adjacent points on the canister basket assembly during staitup and shutdown is 
limited to: 

where Sa is determined to be 400 ksi from Figures 1-9.1 and 1-9.2.1 of the ASME Code. 
conservatively based on 10 sta1tup-shutdown cycles, and the values ofE and a are 
conservatively taken as 30(10)6 psi and 9.8(10Y6 in/in/°F, respectively. 

As shown in Chapter 4. the axial temperature difference within any basket component 
does not exceed 400°F and the radial temperature difference within any basket spacer 
disk does not exceed 350°F. All of these values are below 680°F. Therefore. the first 
criterion is satisfied. 

2. Temperature Difference - Nonna/ Ser,'ice: The conservatiYe value of S for 106 cycles is 
12 ksi (Figures 1-9.1 and 1-9.2.1 of the ASME Code) . The significant temperature 
fluctuation is: 

As shown in Chapter 4. the temperature difference between any two points in the h1bes 
does not change significantly from normal cold to n01mal hot condition. Temperatures at 
all points drop uniformly by approximately 100°F. Therefore, there are no significant 
variations in the temperature gradient during normal service. The second criterion is 
satisfied. 

3. Temperature Difference- Dissimilar Materials: The cut-off value for significant 
temperature fluchlations is dete1mined as (S =12 ksi per (2) above): 

The E and a values are taken for SA-240, Type 3 16 stainless steel and SA-517 or A514, 
Grades F or P carbon steel at the mean temperature of 700°F. TI1ese values provide the 
minimum STF and bound all other basket materials. 
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As shown in Table 4.4-3. the temperature fluctuation between nonnal cold and nonnal 
hot conditions is approximately 100°F. Therefore. only a very few significant 
temperature fluctuations per year are possible. Assuming the munber of 10 per year and a 
canister lifetime of 100 years, there are 1000 significant temperature fluctuations over the 
life of the t.:auisler. The lowt:r botm<l \'alue of Sa is 78 ksi (Table I-9 .1 of the ASME 
Code). The resulting allowable temperature range is: 

This value is higher than the temperanu-e difference between any two components in the 
basket during nonnal ser,;ice. Therefore. the third criterion is satisfied. 

4. Mechanical Loads: The only significant mechanical loads dtu-ing the canister se1v ice are 
those due to transfers. Conse1v atively estimating the number of these load fluctuations as 
100. the Sa value is found to be 175 ksi (Table I-9.1 of the ASME Code). The mechanical 
loads do not exceed this Yalue and. therefore, the fourth criterion is satisfied . 

~ e is not a concern for the foel basket components. 
__ ___,The above basket assembly fatigue criteria are satisfied for 

3.5.2 Internal Pressure the 60-year service period and for the 100-year service life. 

The canister shell assembly is eYaluated for internal pressure loads associated with canister 
loading operations (draining internal pressure) and nonnal on-site transport and storage 
conditions. These conditions are described and evaluated in the following sections. 

As discussed in Chapter 4 of this SAR, the FuelSolutionsrn W74 canister internal pressure 
design loads for normal conditions bound those for a FuelSolutionsrn W74 canister containing 
any amount of intact BRP MOX fuel and partial fuel assemblies. and up to eight damaged fuel 
assemblies. Therefore. the FuelSolutionsrn W74 canister shell assembly and basket assembly 
stresses calculated for the design basis n01mal internal pressure loads are bounded for a 
FuelSolutions™ W74 canister containing any amount of intact BRP MOX fuel and partial fuel 
assemblies. and up to eight damaged fuel assemblies. 

3.5.2.1 Canister Draining Internal Pressure 

After installation of the inner closure plate. a compressed gas pressure of30 psig is applied to the 
canister cavity to speed the water draining process during canister closure operations, thus 
minimizing the personnel dose. The automated canister welder/opener and auxiliaiy shield plate, 
described in Section 1.2.1.4.1 of the FuelSolutions™ Storage System SAR, are attached to the 
inner closure plate and a strongback is installed on the transfer cask top flange. as shown in 
Figure 1.2-14 of the FuelSolutionsTM Storage System SAR. The strongback ai1d auxilia1y shield 
plate proYide strnctural suppo11 for the canister top inner closure plate ai1d ensure that no 
pennanent defonnation of the inner closure plate results from the drainage pressure loading 
which could potentially interfere with the proper placement and installation of the outer closure 
plate. 

The strucnu-al evaluation of the W74 canister shell assembly for the drainage internal pressure 
load is perfonned using a combination of hand calculations and finite element analysis. Hand 
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6.3.2 Material Properties 

The number densities used to model moderator materials and the FuelSolutionsTM W74 canister 
basket, shell. and reflector materials are presented in Table 6.3-3 through Table 6.3-12. These 
material properties are used in all FuelSolutions"™ W74 canister single package and multiple 
package an-ay models. 

The FuelSolutions"™ W74 canister basket incorporates panels of borated stainless steel neutron
absorbing material. The borated stainless steel alloy incorporates a mininmm of 1.25 weight 
percent (vd o) natural boron. As discussed at the beginning of Section 6.3 . the MOX and 
damaged BRP assembly criticality analyses model the above boron concentration of 1.25 w/o. 
The intact and partial BRP assembly analyses, however, conservatively model a lower boron 
concentration of 1.0 w/o. The borated stainless steel material descriptions given in Table 6.3-7 
and Table 6.3-13 con-espond to boron concentrations of 1.0 w/o and 1.25 w/o. respectively. 
Stainless steel alloys are ideally suited for use in foel pools containing demineralized or borated 
water, as well as long-te1m dry storage cask radiation and the1mal enviromnents. The borated 
stainless steel is manufactured and verified under the control and smYeillance of the QA program 
described in Chapter 13 of the FuelSolutionsTM Storage System FSAR. Product literature for this 
type of material is proYided in Section 1. 5 .2 of this FSAR. 

The continued efficacy of borated stainless steel is demonstrated by the process controls under 
which the material is manufactured and verified which assure a homogeneous dispersion of 
boron throughout the alloy . In addition. the effects of long-te1m exposure to neutron flux from 
irradiated fuel is negligible because the thennal neutron flux during dty storage is low . This fact. 
coupled with the use of the minimmn boron concentration specified by the material manufacturer 
(rather than the nominal) further reduced by 25%, more than accotmts for any boron depletion 
which may occur OYer the 100 year design life of the FuelSolutionsTM W74 canisuter. 

The boron depletion evaluation demonstrates that boron depletion 
levels are acceptable for the 60 year service period and for the 100 year 
design life. 
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9.2 Maintenance Program 
This section discusses the maintenance program for the FuelSolutionsnf W74 canister and 
damaged fuel can. which are both classified as impo1tant to safety. Noncompliances encotmtered 
dtu-ing the required maintenance activities w ill be dispositioned in accordance with the 
Energy Solutions SFD Quality Assmance program, discussed in Chapter 13 of the 
FuelSolutions™ Storage System FSAR. or the licensee's NRC-approved Quality Assurance 
program. The maintenance program is intended to demonstrate that the FuelSolutions™ W74 
canister and any associated damaged fuel cans continue to perfo1m properly and comply with 
regulato1y requirements and the technical specificatio11s contained in Chapter 12 of this FSAR 
and the Fue1Solutions1'M Storage System FSAR. 

The FuelSolutionsTM W74 canister and damaged fuel cans rely on no mechanical components or 
moving parts once in their storage configuration. Exposed materials (damaged fuel cans are 
completely housed inside W74 canisters and have no exposed materials) are coffosion-resistant 
stainless steel. No inspection of a loaded canister during storage is required due to the integrity 
of the canister, as ve1-ified during fabrication, acceptance testing, and canister closme. Periodic 
monitoring of the FuelSolutionsTM storage cask, in accordance with the technical specification 
contained in Section 12.3 of this FSAR, provides added assurance that fuel cladding degradation 
does not occm. Thus. no prescribed maintenance program is necessaiy during the 100-year 
design life of the FuelSolutionsn1 W74 canister or ai1y associated dainage-d fuel cans. 

~----1The Aging Maiiagement Prograin (A.\1P) applicable during the additional 40 
year license renewal period for the cailister C of C is contained in Appendi.x 9 .A. 

~ 
ENERGYSOWTIONS 9.2-1 ReYision 6 



FuelSolutions W74 Canister FSAR   Document No. WSNF-223 
Docket No. 72-1026    
 

WESTINGHOUSE NON-PROPRIETARY CLASS 3 

 

 
 

Administrative Controls 
5.0 

5.0 A DMINISTRATIVE CONTROLS 

5.1 Training Modules 

See the Storage System Technical Specification for the applicable infonnation. 

5.2 Preoperational Testing and Training Exercises 

See the Storage System Technical Specification for the applicable infonnation. 

5.3 Programs 

5.3.1-5 .3.5 

See the Storage System Technical Specification for the applicable infonnation. 

5.3.6 Vacuum Dryin2 Prom:am 

The FuelSolutionsrn W74 CANISTER has been enluated for allowable fuel cladding 
temperature during LOADING and STORAGE OPERATIONS. During LOADING 
OPERATIONS, the fuel cladding temperature is limited to 400• C to assure cladding integrity. 

This program shall establish administrative controls and procedures to assure that the spent fuel 
cladding does not exceed the temperature limit during LOADING OPERATIONS. For a 
CANISTER loaded with fuel with a total heat load of24.8 kW, the in itial vacuum drying cycle 
shall be limited to 7 hours. If the vacuum dtying LCO 3.1.2 has not been satisfied, the 
CANISTER shall be backfilled with helium for 4 hours. vacuum dried for 4 hours. backfilled for 
4 hours, etc .. until the LCO is met. 

For a heat load of 12.2 kW or lower, there is no time limit on the initial vacuum dtying cycle. 
For heat loads greater than 12.2 kW but less than 24.8 kW. the program shall either use the 
24 .8 kW requirements. or establish suitable tin1e. limits to maintain the cladding temperature to 
less than or equal to 400• C for the specific CANISTER heat load. 

5.3.7 Cladding: Oxide Thickness Measurement Pro2ram 

Not applicable for the W74 CANISTER. 

5.3 .8 Stora2e Cask Pe1iodic Monito1iI12 Pro2ram 

See the Storage System Technical Specification for the applicable infonnation. 

4 Specia l Requirements for First System in Place 

Th heat transfer characteristics of the cask system will be recorded by temperature 
mea urements of the first STORAGE CASK placed in service with a heat load equal to or 
great . than l0kW. In accordance with 10CFR72.4, a letter report summarizing the results of the 
measu ments shall be submitted to the NRC. 

For each ask subsequently loaded with a higher heat load (up to the 24.8 kW limit). the 
cakulatio and measured temperanire data shall be repo1ied to the NRC at every 2 kW increase. 
The cakula ·on and comparison need not be reported to the NRC for STORAGE CASKS that 
are subseque1 tly loaded ·with lesser loads then the latest repo11ed case. 

Cask users ma satisfy these requirements by referencing validation test repo11s submitted to the 
NRC by other us rs . .---------------------------------, 

5.3.9 A2in2 Manaoement Program 
See the Storage System Technical Specification for the applicable infonnation. 
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Appendix 9.A Aging Management Program 

In accordance with the renewed FuelSolutions license, sites must implement an aging management 
program.  An aging management assessment of the components of the FuelSolutions W74 Canister 
was performed.  This review identified inspection and monitoring activities necessary to provide 
reasonable assurance that components within the scope of license renewal continue to perform their 
intended functions during the renewed storage period.  This appendix describes those aging 
management program requirements. 

9.A.1   Aging Management Programs (AMPs) 

The following AMPs apply to C of C 1026 Amendments 0 through 5. 

9.A.1.1 FuelSolutions Welded Stainless Steel Canister AMP 

The FuelSolutions Welded Stainless Steel Canister AMP uses inspections to look for visual 
evidence of discontinuities and imperfections, such as localized corrosion, including pitting 
corrosion and stress corrosion cracking of the canister welds and heat affected zones.  The full 
program is described in the following Table 9.A.1-1, FuelSolutions Welded Stainless Steel 
Canister AMP. 

9.A.1.2 FuelSolutions Reinforced Concrete Structures AMP 

The FuelSolutions Reinforced Concrete Structures AMP uses inspections to look for indications of 
concrete deterioration that might affect the ability of the W150 Storage Cask to perform its 
important to safety function.  The full program is described in Table 9.A.1-2, FuelSolutions 
Reinforced Concrete Structures AMP, located in Appendix 9.A of the FuelSolutions Storage 
System FSAR WSNF-220. 

9.A.1.3 FuelSolutions Monitoring of Metallic Surfaces AMP 

The FuelSolutions Monitoring of Metallic Surfaces AMP uses inspections to look for indications of 
metallic surface deterioration that might affect the ability of the W150 Storage Cask and Fuel 
Transfer and Auxiliary Equipment metallic surfaces to perform their important to safety functions.  
The full program is described in Table 9.A.1-3, FuelSolutions Monitoring of Metallic Surfaces 
AMP, which is located in Appendix 9.A of the FuelSolutions Storage System FSAR WSNF-220. 

9.A.1.4 FuelSolutions W100 Transfer Cask AMP 

The FuelSolutions W100 Transfer Cask AMP utilizes inspections to ensure that the equipment 
maintains its intended function through the extended storage period.  The full program is described 
in Table 9.A.1-4, FuelSolutions W100 Transfer Cask AMP, which is located in Appendix 9.A of 
the FuelSolutions Storage System FSAR WSNF-220. 

~ 
ENERGYSOlUT!a'll'V 



FuelSolutions W74 Canister FSAR   Document No. WSNF-223 
Docket No. 72-1026    
 

 9.A-    Revision 6 
 

WESTINGHOUSE NON-PROPRIETARY CLASS 3 

9.A.1.5 FuelSolutions W21 Canister High-Burnup Fuel Monitoring and Assessment AMP 

The FuelSolutions W21 Canister High-Burnup Fuel Monitoring and Assessment AMP only applies 
to W21 Canisters that store high-burnup fuel.  The AMP relies on the EPRI and DOE research 
projects on high burnup fuel.  The full program is described in Table 9.A.1-5, FuelSolutions W21 
Canister High-Burnup Fuel Monitoring and Assessment AMP, which is located in Appendix 9.A of 
the FuelSolutions W21 Canister FSAR WSNF-221. 
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Table 9.A.1-1 FuelSolutions Welded Stainless Steel Canister AMP 
(4 pages) 

Element Description 
1 Scope of 

Program  
This program manages the effects of aging for the surfaces of welded stainless 
steel canisters that are directly exposed the sheltered environment.  The scope of 
the program includes the following canister sub-components: 

• Shell 
• Bottom closure plate 
• Shell extension 
• Bottom end plate  
• Top outer closure plate  
• Leak test port cover 

 
The following aging effects are addressed in this program: 

• Cracking due to stress corrosion cracking 
• Loss of material (precursor to stress corrosion cracking) due to pitting and 

crevice corrosion 
 
Examinations are performed of the accessible portions of the welded stainless steel 
dry storage canister confinement boundary external surfaces for atmospheric 
deposits, localized corrosion, and Stress Corrosion Cracking (SCC). 

In particular, examinations focus on accessible canister welds, weld heat-affected-
zone areas, and known areas of the canister to which temporary supports or 
attachments were attached by welding and subsequently removed (based on 
available fabrication records) with the following attributes: 

• Locations where a crevice is formed on the canister surface 
• Horizontal (±30-degree) surfaces where deposits may accumulate at a 

faster rate compared to vertical surfaces 
• Canister surfaces that are cold relative to the average surface temperature 
• Canister surfaces with higher amounts of atmospheric deposits 

 
Examinations can be performed in coordination of the ASME Section XI code 
inspections provided in Code Case N860, “Examination Requirements and 
Acceptance Standards for Spent Nuclear Fuel Storage and Transportation 
Containment Systems.” 

2 Preventive 
Actions 

Condition monitoring is utilized to manage aging effects.  During fabrication of the 
canisters, however, preventative actions were used to minimize corrosion and 
stress corrosion cracking by selection of stainless steel materials.  In addition, 
fabrication controls were in place during canister fabrication to support improved 
canister corrosion resistance.  Although these preventative actions minimize the 
likelihood of aging effects, they cannot replace condition monitoring during the 
storage period.  As this AMP is based on condition monitoring, new preventative 
actions are not included. 
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Table 9.A.1-1 FuelSolutions Welded Stainless Steel Canister AMP 
(4 pages) 

Element Description 
3 Parameters 

Monitored / 
Inspected 

The parameters monitored and/or inspected under this AMP include: 

• visual inspections to look for evidence of discontinuities and imperfections, 
such as localized corrosion, including pitting corrosion and stress corrosion 
cracking of the accessible canister welds and weld heat affected zones.  

• The size and location of localized corrosion or stress corrosion cracks 
• The inspections also look for the appearance and location of deposits on the 

canister surfaces. 
 

4 Detection of 
Aging Effects 

Visual inspection of the canister surface is to be performed per ASME Code 
Section XI, Article IWA-2200 for VT-3 examinations utilizing a videoscope (or 
equivalent technology) device for the accessible areas of the canister surface since 
direct visual examination may not be possible due to neutron and gamma radiation 
fields near canister surfaces within the storage cask.  

Additional assessments are to be performed as necessary for suspected areas of 
localized corrosion and SCC. VT-1 visual examinations are performed per 
acceptance criteria when indicated by the assessment of the VT-3 results. 
Indications of corrosion within 2 inches of a weld are to receive an augmented 
surface examination for the presence of cracking.  

Volumetric examination consistent with the requirements of ASME Code Section 
XI, IWB-2500, for category B-J components may also be utilized to assess the 
presence of cracking. Inspection of selected areas on the canister may be upgraded 
to the VT-1 standard.  

The inspection is to be performed on a minimum of one canister at each ISFSI 
based on the following criteria: 

• EPRI Susceptibility Criteria {Ref: Technical Report 3002005371} 
• Age of the Canister  
• Canister loaded with Lowest Heat Load 
• Canisters with the greatest potential for the accumulation and 

deliquescence of deposited salts that may promote localized corrosion and 
greatest potential for the accumulation and deliquescence of deposited salts 
that may promote localized corrosion and SCC 

• Where applicable, canister with previously identified manufacturing 
deviations which may affect the surface. 

 
Inspections are to be performed by qualified individual(s) every 5 years (+/- 25%) 
starting with the first inspection  performed within either the later of one (1) year 
of the initial canister’s 20th year loading anniversary or within one year from the 
issuance of first renewal of the CoC.  If possible, examinations should occur on the 
same canister to support trending. 

5 Monitoring 
and Trending 

Monitoring and trending of the results from documented inspection should support 
the ability to evaluate the results against acceptance criteria. Inspection records 
including photos and /or videos are to be retained for comparison in subsequent 

~ 
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Table 9.A.1-1 FuelSolutions Welded Stainless Steel Canister AMP 
(4 pages) 

Element Description 
examinations.  Changes to the size or location of discolored areas (e.g. rust), 
localized corrosion, pitting and crevice corrosion, and/or stress corrosion cracking 
should be identified and assessed for further evaluation or subsequent inspections. 

Trending of parameters or effects include the locations and size of any areas of 
localized corrosion or SCC, disposition of canisters with identified aging effects 
and the results of any supplemental canister inspections. 

6 Acceptance 
Criteria 

No indications of localized corrosion pits, etching, crevice corrosion, stress 
corrosion cracking, red-orange-colored corrosion products emanating from crevice 
locations, or red-orange-colored corrosion products in the vicinity of canister 
fabrication welds, closure welds, and welds associated with temporary attachments 
during canister fabrication.  Minor surface corrosion is acceptable. 

Identified flaws may be assessed in accordance with the acceptance standards 
identified in ASME Code Section XI, IWB-3514.  

Results of Inspections Requiring Additional Evaluation  

Indications of interest (locations on the canister surface susceptible to SCC 
including areas adjacent to fabrication welds, closure welds, locations where 
temporary attachments may have been welded to and subsequently removed from 
the canister and the weld heat-affected zones) that are subject to additional 
examination and disposition through the corrective action program include: 

• Localized corrosion pits, crevice corrosion, stress corrosion cracking, and 
etching; deposits or corrosion products 

• Red-orange colored corrosion products or red-orange colored corrosion 
tubercles with deposit accumulations especially when adjacent to welds or 
weld heat affected zones of these areas and locations where temporary 
attachments were welded to and subsequently removed from the canister  

• Appearance of any color of liner corrosion products of any size parallel to or 
traversing fabrication welds, closure welds, and the weld heat affected zones. 

• Red-orange colored corrosion products greater than 1 mm in diameter 
combined with deposit accumulations on any location of the canister 

Red-orange colored corrosion tubercles of any size 

7 Corrective 
Actions 

Indications not meeting the acceptance criteria above (AMP element 6) require 
additional evaluation after being entered into the site’s corrective action program. 
An evaluation is to be performed to determine the extent and impact of the 
corrosion on the canister’s ability to perform its intended function. The site’s 
Quality Assurance (QA) program ensures that corrective actions are completed 
within the Corrective Action Program (CAP)and include any necessary 
functionality assessments, cause evaluations, extent of condition, actions, identify 
any modifications to the existing AMP (e.g. increased frequency), and determine if 
the condition is reportable per 10 CFR 72.75. 

8 Confirmation 
Process 

The confirmation process is to be commensurate with the site’s QA program.  The 
QA program ensures that the confirmation process includes provisions to preclude 

~ 
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Table 9.A.1-1 FuelSolutions Welded Stainless Steel Canister AMP 
(4 pages) 

Element Description 
repetition of significant conditions adverse to quality and the completion of 
inspections, evaluations, and corrective actions. 

9 Administrative 
Controls 

The site QA program ensures that administrative controls include provisions that 
address instrument calibration and maintenance, inspector requirements, record 
retention requirements, and document control.  

Administrative controls also address the frequency for updating the AMP based on 
inspection results along with industry operating experience. This AMP will be 
updated as necessary based on tollgate assessments. 

10 Operating 
Experience 

Previous operating experience for the W74 Canister indicates very minimal 
corrosion detected to date.  That operating experience has been incorporated into 
the guidance on inspections and acceptance criteria contained in this AMP.  

A renewal application re-submittal inspection was performed on the W74 system 
at Big Rock Point in July 2019.19  Three separate tasks were completed consisting 
of a video inspection of the accessible area in the annulus between the cask and 
canister; a visual inspection of the cask interior and visual inspection of the cask 
storage pad.  A representative canister and storage cask were selected by Entergy 
based on increased susceptibility for moisture intrusion and corrosion.  Heat loads 
at the time of loading all of the canisters at Big Rock Point were within 0.5 kW of 
each other, and all storage casks were placed into service within months of each 
other (between November 2002 and May 2003).  The inspection revealed some 
minor observations; however, no structural deficiencies were identified, and all 
parts continue to perform their design function.   

Surface rust was observed (Cask Serial Number W150-610-NMC) on washers 
under the nut on the tie rods (minimal depth) causing discoloration in the bearing 
plate and nut. Both these components are stainless steel and are not in danger of 
corroding.  

NRC Region III Inspectors20 reviewed the previous five-year cask inspection 
documentation for Big Rock Point storage cask number 7 that included both 
pictures and video of the interior of the cask and did not identify any findings of 
significance.  

As canister inspections are performed in the future, inspection results will be 
uploaded into the ISFSI Aging Management Institute of Nuclear Power Operations 
Database (ISFSI AMID) to be shared with other users. 

  

 
19 Report 4T002-RPT-001, Rev 0 “FuelSolutions Renewal Application Pre-Submittal Inspection,” August 29, 2019 

20 Errata to Big Rock Point Independent Spent Fuel Storage Installation - Inspection Reports 07200043-12-001 and 
05000155-12-007 (ADAMS Accession ML13071A379) dated 03/11/13. 
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9.A.2 Tollgates 

Tollgates are established as requirements in the renewed CoC and implemented by ISFSI generic 
licensees to evaluate aging management feedback and perform a safety assessment that confirms 
the safe storage of spent nuclear fuel.  The impact of the aggregate feedback will be assessed by the 
site as it pertains to components at the site’s ISFSI and actions taken as necessary, such as: 

• Adjustment of aging-related degradation monitoring and inspection programs in AMPs 
• Modification of TLAAs 
• Performance of mitigation activities 

Each tollgate assessment will address the following elements as applicable: 

• Summary of research findings, operating experience, monitoring data, and inspection 
results made available since last assessment 

• Aggregate impact of findings, including any trends 
• Consistency of data with the assumptions and inputs in the TLAAs 
• Effectiveness of AMPs 
• Corrective actions, including any changes to AMPs 
• Summary and conclusions 

A schedule for these tollgate assessments is shown in Table 9A.2-1, which is located in Appendix 9.A 
of the FuelSolutions Storage System FSAR WSNF-220. 
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APPENDIX E: AGING MANAGEMENT CoC CHANGES 

The proposed changes to the FuelSolutions Storage System CoC 1026 as a result of the renewal, 
and the proposed changes to the CoC 1026 Appendix A FuelSolutionsTM Storage System Technical 
Specifications, W21 Canister Technical Specifications and W74 Canister Technical Specifications, 
are shown in the attached CoC and Technical Specification markups.  While only one CoC 1026 
amendment markup is shown, the markups will be applied to each CoC 1026 amendment, all of 
which are being renewed. 
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NRC FO RM651 
(10 -200 4) 

U'.S. NUCLEAR REGULATORY COMMISSION 

10 CFR 72 CERTIIFICA TE OF COM PLIANCE 
FOR SPEN T FUEL STORAGE CASKS Page of 4 

The U.S. N1Jdea:r Reg1J'latory Commission is issuing this Certificate of Compliance pursuant to T itle 10 of t il e Code of Federal 
Regulations, Part 72 , "U censing Requirements for Independent Storage of Spent Nuclear Fuel and High-L ev el Radioactive Waste" (1 0 
CF R Part 72). This cerfificate is issued ill accordance with 1 O ci= R 72.238, certifying that tll,e storage des ig11 and contents described 
below meet the applicable safe~, stand!ards set forth in 10 CFR Part 72, Subpart L, and on the basis.of the Final Safety Analysis Report 
(FSAR) o,f ~he caslk desig11 _ This certificate is oondi~io11al upon fulfilling the re,quirements of 10 CFR Part 72, as applicab:le, and the 
cond itio11s s ecified belo,w. 

Certificate No. Effective 

1026 
Dale 

02/1 5/01 
Renewed 
Effeclive 
Dal.e 

TBD 
Issued To: (Nam e/Address) 

1. CASK 

Expiralion 
Da le 

02/15/21 
R,enewted 
Expiraliom 

Oate 

TBD 

Docket No. Amendment No. 

72-1026 6 
Revision No-. 

Q_ 

a. Model No. : FuelSolut ions"™ Storage System 

Amendmen1 Effective Date Pacb.ge Identification No. 

TBD USN72-1026 
Revision Effective D ate 

NA 

The FuelSolutions-,--.,' Storage System (the cask) cons ists of the fol lowing components: (1) canister for dry 
storage of spent nuclear fuel (W21 and W74); (2) transfer cask for canister loading , c losure and handling 
capab ility (W100); and (3) storage cask which provides passive vert ica l dry storage o f a loaded can ister 
(W150). The cask stores up to 21 pressurized water reactor (PWR) assemblies or 64 boiling water reactor 
(BWR) assemb lies. 

b. Description 

The FuelSolutions™ Storage System is certified as described in the Safety Analysis Report (SAR) and in 
NRC's Safety Evaluation Report (SER) accompanying the Certificate of Compliance (CoC). The cask 
comprises three discrete components: the W21 and W74 can isters, the W100 transfer cask, and the W150 
storage cask. 

The can ister is the confinement system for the stored fuel A typical canister consists of a shell assembly, 
top and bottom inner closure plates, vent and dra in port covers, internal basket assembly, top and bottom 
shield plugs, and top and bottom outer closure plates. All structura l components are constructed of high
strength carbon (electroless nickel coated) or sta inless steel. The canister shell, top and bottom inner 
closure plates, and the vent and drain port covers form the confinement boundary. The W21 fuel basket is 
a right circu lar cylinder configuration with 21 stainless steel guide tubes for the PWR contents. The gu ide 
tubes are laterally supported bv a series of spacer plates held in position by support rods that run throuqh 
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NRC FORM 651A 
(6-2000) 

U.S. NUCLEAR REGULATORY COMMISSION 
10 CFR 72 

CERTIFICATE OF COMPLIANCE 
FOR SPENT FUEL STORAGE CASKS 

Supplemental Sheet 

Certificate No. 1026 ~ 

Amendment No. 4 

Page 2 of 4 

1. b. Description (continued) 

sleeves between the spacer plates. The guide tubes include neutron poison sheets (Boral) on all four ~ 
sides. The W21 canister has two classes of canister, W21 Mand W21T, differing in materials of , 
construct ion used for the canister shell and basket assembly Each class of ca nister has four ~ 

different types. The W21T canister class consists of a long lead (LL), long steel (LS), short lead (SL), ~ 
and short steel (SS) ca nister. The W21 M ca nister has long, depleted uranium (LO); long steel (LS); 
short, depleted uranium (SD), and short steel (SS) designs. The W74 fuel basket assembly consists ~ 
of two right circular cylindrica l baskets, with a total of 74 ce ll locations and a capacity of up to 64 BWR ~ 
assemblies. The ten unfueled cell locations are mechan ically blocked to prevent loading in these ~ 

positions. The guide tubes are supported by a series of spacer plates, held in position by support , 
tubes that ru n through sleeves placed between the spacer plates. The guide tubes include neutron ~ 

poison sheets (borated stainless steel) in an arrangement that assures there is a poison sheet 
between all assemblies. The W74 can ister has two classes of canister, W74M and W74T, differing in ' 
materials of construction used for the can ister shell and basket assembly. Each canister class has ' 
on ly a long steel (LS) design. ~ 

' The W150 is the storage overpack for both the W21 and W74 can isters. There is a long and a short 
version of the cask, both of reinforced concrete with a steel liner. The W150 provides structural ~ 
support, shielding, protection from environmental cond itions, and natura l convection coo ling of the ~ 

' . . ...... , ~ ~ ..... 
ca nister during long-term storage. The storage cask has an annular air passage to allow the natural 
circu lation of air around the can ister. The spent fuel decay heat is transferred from the fuel 
assemblies to the guide tubes, and then via conduction through the spacer plates and radiation to the 
ca nister wall. Heat flows by rad iation and convection from the can ister wa ll to the circu lating air and is 
exhausted through the air outlets. The passive cooling system is designed to ma intain acceptable 
reinforced concrete and peak cladding temperatures for the authorized fuel types during storage 

The W100 transfer cask provides shield ing during canister movements between the spent fuel pool 
and the storage cask. The cask is a multi-wa ll (steel/lead/steel/water/steel) design . Covers are 
bolted on each end of the cask to allow access to the cask cavity from either end. The top cover 
includes a secondary central cover for ram access during horizonta l loading and unload ing 
operations. The W100 neutron shield cavity is fi lled with clean water either prior to placement in or 
following removal from the spent fuel pool. To prevent contamination of the annular region between 
the W100 and the canister, an inflatable annulus seal is used during load ing. Heat transfer from the 
transfer cask is primarily by conduction through the cask wa ll. A thermocouple probe is included to 
ensu re that the transfer cask system temperatures are within limits during horizontal transfer. 
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NRC FORM 651A 
(6-2000) 

U.S. NUCLEAR REGULATORY COMMISSION 
10 CFR 72 

Certificate No. 1026 
CERTIFICATE OF COMPLIANCE 

FOR SPENT FUEL STORAGE CASKS 
Supp le me nta l Sheet 

Amendment No. 4 

Page 3 of 4 

2. OPERATING PROCEDURES 

Written operating procedures shall be prepared for cask handling , loading , unloading , movement, 
surveillance, and maintenance The user's site-specific written operating procedures sha ll be consistent 
with the techn ical basis described in Chapter 8 of the SAR. 

3. ACCEPTANC E TEST AND MAINTENANCE PROGRAM 

Written cask acceptance tests and a maintenance program shall be prepared consistent with the techn ical 
basis described in Chapter 9 of the SAR. 

4. QUALITY ASSURANCE 

Activities in the areas of design , procurement, fabrication, assembly, inspection , testing, operation, 
ma intenance, repair, modification of structures, systems and components, and decommissioning that are 
important to safety shal l be conducted in accordance with a Commission-approved quality assurance 
program which satisfies the applicab le requ irements of 10 CFR Part 72 , Subpart G, and wh ich is 
established , ma intained, and executed with regard to the cask system. 

5 HEAVY LOADS REQUIREMENTS 

Each licensed facili · must ensur 
requirements and ifrocedures oft 
by the facility (und 0 CFR 50.5 
compliance with e : • g facW / it 

' "" i . 
6. APPROVED CON"'@j'®TS 

Contents of the Fuel~ vtion 
certificate. ~)\) 

7. DESIGN FEATURES \( 

Features or characteristics f 
A to th is certificate. 

; \~ 
I . 

site, cask, or ancillary equipmen 

a. CHANGES TO THE CERTIFICATE oP~o·,,: ·Lr :c~)'( 

""ordance 1 rfh the existing heavy loads 
· made. Aih_t:l:_ dditional safety review 
s required : Jl,ow operational 
nts. 

I ,, 
½,,, 

~ 
ation~iVen in Appendix A to this 

;:..? -c 
ti~ 

~~:i 
·•J s be in accordance with Appendix 

The holder of this certificate who desires to make changes to this certificate, which includes Appendix A 
(Technical Specifications), shall submit an application for amendment of the certif icate. 
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10. FSAR UPDATE FOR RENEWED COC 
 

The CoC holder shall submit updated FSARs to the Commission, in accordance with 10 
CFR 72.4, within 90 days after the effective date of the renewal. The updated FSARs 
shall reflect the changes and CoC holder commitments resulting from the review and 
approval of the renewal of the CoC. 
 

11. AMENDMENTS AND REVISIONS FOR RENEWED COC 
 

All future amendments and revisions to this CoC shall include evaluations of the impacts 
to aging management activities (i.e., time limited aging analyses and aging management 
programs to assure they remain adequate for any changes to SSCs within the scope of 
renewal. 

FOR THE U.S. NUCLEAR REGULATORY COMMISSION 
 
TBD, Chief 
Licensing Branch 
Division of Fuel Management 
Office of Nuclear Material Safety and Safeguards 
Washington, DC 20555 

 
Appendix A – FuelSolutionsTM Storage System Technical Specifications 
 
Appendix B – FuelSolutionsTM W21 Canister Technical Specifications 
 
Appendix C – FuelSolutionsTM W74 Canister Technical Specifications 
 
Appendix D – SENTRYTM Dry Storage System Technical Specification 
(See SENTRY CoC 1026 Renewal Application Addenda for SENTRY TS Markups) 
 

  

NRC FORM 651A 
(6-2000) 
10CFR 72 

9. AUTHORIZATION 

U.S. NUCLEAR REGULATORY COMMISSION 

CERTIFICATE OF COMPLIANCE 
FOR SPENT FUEL STORAGE CASKS 

Supplemental Sheet 

Certificate No. 1026 

Amendment No. 4 

Page 4 of 4 

The FuelSolutions™ Storage System, which is authorized by this certificate, is hereby approved for 
general use by holders of 1 O CFR Part 50 licenses for nuclear reactors at reactor sites under the general 
license issued pursuant to 10 CFR 72.210, subject to the conditions specified by 10 CFR 72.212, and the 
attached Appendix A. 
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Administrative Controls 
5.0 

5.0 Administrative Controls 

5.2 Preoperational Testing and Training Exercises 

A preoperational training exercise of the FuelSolutions™ Storage System is to be conducted 
prior to the first use of any system component or conduct of any specific operation that may 
include, but is not lim.ited to , the following: 

Moving a transfer cask/canister into the spent fuel pool. 

Loading an SNF assembly. This includes operations associated with selecting, loading, 
and independent verification of a dummy SNF assembly. 

Placing the top shield plug and removal of transfer cask/canister from the spent fuel pool. 

Canister sealing, vacuum d1ying, and cover gas backfill operations using a mock-up 
canister subassembly. 

Transfer cask upending/downending on the horizontal transfer trailer. 

Storage cask upending/downending. 

Horizontal canister transfer from the transfer cask to and retrieval from the storage cask. 

Horizontal canister transfer from the transfer cask to and retrieval from the transportation 
cask. 

Horizontal canister transfer from the transportation cask to and retrieval from the storage 
cask. 

Vertical canister transfer from the transfer cask to and retrieval from the storage cask. 

Ve1tical canister transfer from the transfer cask to and retrieval from the transportation 
cask. 

Canister reflood and opening using a mock-up canister subassembly. 

Subsequent training will be in accordance with site-specific procedures. 

5.3 Programs 

The following programs shall be established, implemented, and maintained: 

5.3.1 Cask Sliding Evaluation 

The FuelSolutions™ Wl50 STORAGE CASK has been evaluated for sliding in the unlikely 
events of a seismic event. A sliding coefficient of friction of 0.3 is used in these analyses . This 
program provides a means for evaluating the coefficient of friction to assure that the cask will 
not slide significantly during the seismic event. 

5 .3 .1.1 Pursuant to 1 0CFR 72.212, this program shall evaluate the site-specific ISFSI pad 
configurations/conditions to assure that the cask would not slide significantly 
during the postulated design basis emthquake. The program shall conclude that 
the surface sliding friction coefficient of friction is greater than or equal to 0.3. 

FuelSolutions™ Storage System 5.0-2 Amendment 4 
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5.0 Administrative Controls 

Administrative Controls 
5.0 

5.3.1.2 Alternatively, for site-specific ISFSI pad configuration/conditions with a lower 
sliding coefficient of friction than 0.3, the program shall evaluate the site-specific 
conditions to assure that the FuelSolutions™ Wl50 STORAGE CASK will not 
slide significantly during the postulated design basis earthquake. The program 
shall also evaluate stonn winds, missile impacts and flood forces to assure that the 
cask will not slide such that it could result in impact with other casks or stmctures 
at the ISFSI. The program shall assure that these alternative analyses are 
documented and controlled. 

5.3.2 Cask Transpmi Evaluation Program 

This program provides a means for evaluating various transport configurations and transport 
route conditions to assure that the design basis drop limits are met. 

5.3.2.1 Pursuant to 10CFR72.212, this program shall evaluate the site-specific t:ranspmt 
conditions. To demonstrnte compliance with Technical Specification 4.2.2, the 
program shall conclude that the expected lift height above the transpmt surface 
shall be less than or equal to that described by Technical Specification 4.2.2 . 
Also, the program shall conclude that the transport route conditions (e.g. , surface 
hardness and pad thickness) are equivalent to or less limiting than those 
prescribed for the typical pad surfaces which fonn the basis for Technical 
Specification 4.2.2. 

5.3.2.2 Alternatively, for site-specific transpo1i conditions which are not encompassed by 
those of Technical Specification 4.2.2, the program shall evaluate the site-specific 
conditions to assure that the STORAGE CASK end-drop loading does not exceed 
88.5 g and the TRANSFER CASK side drop loading does not exceed 60 g. This 
alternative analysis shall be cmmnensurate with the analysis which forms the 
basis ofTeclmical Specification 4.2.2 (Reference FuelSolutions™ Storage 
System FSAR, Section 3.7). The program shall assure that these alternative 
analyses are documented and conh·olled. 

5.3.2.3 This program shall establish administrative controls and procedures to assure that 
cask transpmi operations are conducted within the limits imposed by the 
Technical Specification or the alternative analysis described above. 

5.3.3 Technical Specifications (TS) Bases Control Program 

Th.is program provides a means for processing changes to the Bases of these Technical 
Specifications. 

5.3.3.1 Changes to the Bases of the TS shall be made under appropriate administrative 
controls and reviews. 

FuelSolutions™ Storage System 5.0-3 Amendment 4 
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5.0 Administrative Controls 

Administrative Controls 
5.0 

5.3.3 .2 Licensees may make changes to Bases without prior NRC approval provided the 
changes do not involve either of the following: 

A change in the TS incmporated in the license 

A change to the FSAR or Bases that involves an unreviewed safety question, a 
significant increase in occupational exposure, or a significant unreviewed 
environmental impact as defined in 10CFR72.48. 

5.3.3.3 The Bases Control Program shall contain provisions to ensure that the Bases are 
maintained consistent with the FSAR. 

5.3.3.4 Proposed changes that do not meet the criteria of 5.3.3 .2 above shall be reviewed 
and approved by the NRC prior to implementation. Changes to the Bases 
implemented without prior NRC approval shall be provided to the NRC on a 
frequency consistent with 10CFR72.48(b)(2). 

5.3.4 Radioactive Effluent Control Program 

This program implements the requirements of 10CFR72.44(d). 

5.3.4.1 The FuelSolutions™ Storage System does not create any radioactive materials or 
have any radioactive waste treatment systems. Therefore, specific operating 
procedures for the control of radioactive effluents are not required. Specification 
3.1.3, CANISTER Leak Rate, provides assurance that there are essentially no 
radioactive effluents from the CANlSTERs. 

5.3.4.2 This program includes an environmental monitoring program. The 
FuelSolutions™ Storage System may be included in a site environmental 
monitoring program. 

5.3.4.3 An annual report shall be submitted pursuant to 10CFR72.44(d)(3) specifying the 
quantity of each of the principal radionuclides released to the environment in 
liquid and in gaseous effluents during the previous calendar year of operation. 

5.3.5 Cask Surface Dose Rate Evaluation Program 

This program provides a means for ensuring that ISFSis using FuelSolutions™ STORAGE 
CASKS do not violate the requirements of lOCFR 72 and 1 0CFR20 regarding radiation doses 
and dose rates. 

5.3.5 .1 As pmt of its evaluation pursuant to 10CFR72.212, the licensee shall perfmm an 
analysis to confinn that the limits of 10CFR20 and 1 0CFR72.104 will be satisfied 
under the actual site conditions and configurations considering the plam1ed 
nmnber of casks to be used and the planned fuel loading conditions. 

5.3.5.2 On the basis of the ana lysis in 5.3.5 .1, the licensee shall establish a set of cask 
surface dose rate limits which are to be applied to FuelSolutions™ STORAGE 
CASKS used at the site. Limits shall establish average gamma-my and neutron 
dose rates for: 

FuelSolutions™ Storage System 5.0-4 Amendment4 
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Administrative Controls 
5.0 

5.0 Administrative Controls 

The outside vertical surface of the STORAGE CASK at approximately 6 feet 
above the base. 

The inlet or outlet vent screen surfaces. 

The top lid. 

5.3.5.3 Notwithstanding the limits established in TS 5.3 .5.2, the dose rate limits may not 
exceed the following values: 

50 mrem/hr on the side. 

510 mrem/11r at the inlet or outlet vent screen surfaces. 

50 1mem/hr on the top lid. 

5.3.5.4 Within 12 hours fo llowing placement of the loaded STORAGE CASK on the 
ISFSI pad, the licensee shall measure the cask surface dose rates and calculate 
average values as described in 5.3.5.7 and 5.3.5 .8. 

The measured average dose rates shall be compared to the limits established in TS 
5.3.5.2 or the limits in 5.3.5.3 , whichever are lower. 

5.3.5.5 If the measured average surface close rates do not meet the limits of TS 5.3.5.2 or 
TS 5.3.5.3, whichever are lower, the licensee shall take the following actions: 

Notify the U.S. Nuclear Regulato1y Commission (Director of the Office of 
Nuclear Material Safety and Safeguards) within 30 days . 

Administratively verify that the conect fuel was loaded. 

Perfonn an analysis to detennine that placement of the as-loaded cask at the 
ISFSI will not cause the ISFSI to exceed the radiation exposure limits of 
10CFR20 and 10CFR72. 

5.3.5.6 If the analysis in 5.3.5 .5 shows that placement of the as-loaded cask at the ISFSI 
will cause the ISFSI to exceed the radiation exposure limits of 10CFR20 and 
10CFR72, the licensee shall remove all fuel assemblies from the cask within 
30 days of the time of cask loading. 

5.3.5.7 The surface dose rates shall be measured at the following points : 

At least eight readings taken at equal spacing around the outside ve1t ical 
surface of the STORAGE CASK at approximately 6 feet above the base. 

The inlet or outlet vent screen surfaces. 

At least five readings taken on the top lid, with one reading from the center 
and the other four taken at equal spacing 30 inches from the center. 

5.3.5.8 The average dose rates shall be detennined as follows: 

In each of the three measurement zones in 5.3 .5.7, the sum of the dose rate 
measurements is divided by the number of measurements to detennine the 
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Administrative Controls 
5.0 

5.0 Administrative Controls 

average for that zone. The neutron and gamma-ray dose rates are averaged 
separately. Unifonnly spaced dose ra te measurement locations are chosen such 
that each point in a given zone represents approximately the same surface area. 

5.3.6 Vacuum D1ying Program 

See the CANISTER Technical Specifications for the applicable infonnation. 

5.3.7 Cladding Oxide Thickness Measurement Program 

See the CANISTER Technical Specifications for the applicable infonnation. 

5.3.8 Storage Cask Periodic Monitoring Program 

The STORAGE CASK containing a CANISTER loaded with fuel has been evaluated for the 
unlikely event of full blockage of all STORAGE CASK inlet and outlet vent screens during 
STORAGE OPERATIONS. Transient thennal analyses have been perfonned for the blocked 
vent accident condition to detennine the time at which the limiting sho1t -ten11 allowable 
temperature is reached in the STORAGE CASK. Periodic monitoring is required at intervals 
that are less than the time required to reach the limiting sh01t-tenn temperature limit. 

This program shall establish administrative controls and procedures to assure that the licensee 
will be able to detennine when co1Tective action needs to be taken to maintain safe storage 
conditions. The required smveillance frequency for a STORAGE CASK containing a 
CANISTER loaded with fuel is as follows: 

Total Heat Load (0) 

Q > 20kW 

15 kW < Q • 2:0 kW 

10 kW < Q • i5 kW 

5 kW < Q • iOkW 

Q • SkW 

Smveillance Frequencv 

24 hours (1 day) 

48 hours (2 clays) 

96 hours (4 days) 

168 hours (1 week) 

336 hours (2 weeks) 

Acceptable means of monitoring the STORAGE CASK include periodic visual inspection of all 
STORAGE CASK inlet and outlet vent screens OR periodic STORAGE CASK liner 
the1mocouple temperature readings . When the STORAGE CASK liner the1mocouple 
temperature measurements are used as the means of monitoring, the following limits shall be 
met: 
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5.0 Administrative Controls 

Measured Thennocouple Temperature(• F) 

Total Heat Load (0) Nonnal Ambient(· iO0• F) Off-Nonnal Ambient(· i 25• F) 

Q > 20kW 

15 kW < Q • £0 kW 

10 kW < Q • i 5 kW 

5 kW < Q • i 0kW 

Q • 5 kW 

163 192 

156 181 

146 171 

136 161 

126 151 

Alternatively, the program may establish other suitable surveillance frequencies and liner 
thennocouple temperature limits to maintain the concrete temperature below the short-te1m 
allowable temperan1re of 350• F for a specific CANISTER heat load . 

. 4 Special Requirements for Fi rst System in Place 

ee the CANISTER Technical Specifications for the applicable infonnation. 

5.3 .9 Aging Management Program 

Each general licensee shall have a program to establish, implement, and maintain written 
procedures for each AMP described in the FSAR. The program shall include provisions 
for changing AMP elements, as necessmy, and within the limitations of the approved 
licensing bases to address new info1mation on aging effects based on inspection findings 
and/or indust1y operating expe1ience provided to the general licensee during the renewal 
period. 

The general licensee shall establish and implement these written procedures within one 
year of the effective date of the renewal of the CoC or one year of the 20th anniversary of 
the loading of the first diy storage system at licensee's site, whichever is later. 

The general licensee shall include w1itten evaluations in the 10 CFR 72.212 evaluations 
report describing the implementation of the renewed CoC aging management license 
conditions within this specified time frame. 

Each general licensee shall perfonn tollgate assessments as described in 

Appendix 9.A of the FuelSolutions Storage System FSAR WSNF-220. 
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Administrative Controls 
5.0 

5.0 ADMINISTRATIVE CONTROLS 

5.1 Training Modules 

See the Storage System Technical Specification for the applicable information. 

5.2 Preoperational Testing and Training Exercises 

See the Storage System Technical Specification for the applicable information. 

5.3 Programs 
5.3.9 Aging Management Program 

5.3 .1-5.3.5 See the Storage System Technical Specification for the applicable information. 
System Technical Specification for the applicable information. 

The FuelSol tions™ W21 CANISTER has been evaluated for allowable fuel cladding 
temperature uring LOADING and STORAGE OPERATIONS. During LOADING 
OPERA TI S, the fuel cladding temperature is limited to 400• C to assure cladding integrity. 

This progr 111 shall establish administrative controls and procedures to assure that the spent fuel 
cladding es not exceed the temperature limit during LOADING OPERATIONS. For a 
CANIST R loaded with fuel with a total heat load of22.0 kW, the total vacuum drying cycle 
shall be r 1Iited to 12 hours . If the vacuum drying LCO 3.1.2 has not been satisfied, the 
CANIS'I R shall be backfilled with helium for 4 hours, vacuum dried for 8 hours, backfilled for 
4 hours, etc. , until the LCO is met. 

For a h at load of 17.5 kW or lower, there is no time limit on the initial vacuum drying cycle. 
For he t loads greater than 17.5 kW but less than 22.0 kW, the program shall either use the 
22.0 k requirements, or establish suitable time limits to maintain the cladding temperature to 
less tl an or equal to 400• C for the specific CANISTER heat load. 

5.3.7 Cladding Oxide Thickness Measurement Program 

For 1el with a bumup exceeding 45 GWcl/MTU, it is necessary to verify that cladding oxide 
lay r thickness for fuel assemblies to be stored does not exceed 70 • m. 

Tl s program shall establish adrninistrative controls and procedures to verify oxide layer 
th" ckness by measurement of a statistical sample of limiting fuel assemblies. 

5 3.8 Storaoe Cask Periodic Monitoring Program Storage System 
e the STORAGE CASK clmical Specifications for the applicable information. 

5.4 Special Requ irements for First System in Place 

The heat transfer characteristics of the cask system will be recorded by temperature 
measurements of the first STORAGE CASK placed in service with a heat load equal to or 
greater than lOkW. In accordance with 10CFR72.4, a letter rep01t smnmarizing the results of the 
measurements shall be submitted to the NRC. 

For each cask subsequently loaded with a higher heat load (up to the 22.0 kW liniit), the 
calculation and measured temperature data shall be rep01ted to the NRC at every 2 kW increase. 
The calculation and comparison need not be reported to the NRC for STORAGE CASKS that 
are subsequently loaded with lesser loads then the latest rep01ted case. 

FuelSolutions™ W21 Canister 5.0-1 Amendment4 



FuelSolutions CoC Renewal Application 
Docket No. 72-1026   October 2020 
 

WESTINGHOUSE NON-PROPRIETARY CLASS 3 

CoC Appendix C – FuelSolutionsTM W74 Canister Technical Specifications 
Aging Management Program Markups 

Page 1 of 1 

 

Administrative Controls 
5.0 

5.0 ADMINISTRATIVE CONTROLS 

5.1 Training Modules 

See the Storage System Technical Specification for the applicable info1111ation. 

5.2 Preoperational Testing and Training Exercises 

See the Storage System Technical Specification for the applicable info1111ation. 

5.3 Programs 

5.3.1 -5 .3 .5 

See the Storage System Technical Specification for the applicable info1111ation. 

5.3.6 Vacuum D1ying Program 

The FuelSolutions™ W74 CANISTER has been evaluated for allowable fuel cladding 
temperature during LOADING and STORAGE OPERATIONS. During LOADING 
OPERATIONS, the fuel cladding temperature is limited to 400• C to assure cladding integrity. 

This program shall establish administrative controls and procedures to assure that the spent fuel 
cladding does not exceed the temperature limit during LOADING OPERATIONS. For a 
CANISTER loaded with fuel with a total heat load of24.8 kW, the initial vacuum drying cycle 
shall be limited to 7 hours . If the vacuum d1ying LCO 3 .1.2 has not been satisfied, the 
CANISTER shall be backfilled with helium for 4 hours, vacuum dried for 4 hours, backfilled for 
4 hours, etc. , until the LCO is met. 

For a heat load of 12.2 kW or lower, there is no time limit on the initial vacuum drying cycle. 
For heat loads greater than 12.2 kW but less than 24 .8 kW, the program shall either use the 
24.8 kW requirements, or establish suitable time limits to maintain the cladding temperature to 
less than or equal to 400• C for the specific CANISTER heat load. 

5.3.7 Cladding Oxide Thickness Measurement Program 

Not applicable for the W74 CANISTER. 

5.3.8 Storage Cask Periodic Monitoring Program 

See the Storage System Technical Specification for the applicable info1111ation. 

4 Special Requ irements for First System in Place 

Th heat transfer characteristics of the cask system will be recorded by temperature 
mea urements of the first STORAGE CASK placed in service with a heat load equal to or 
great · than lOkW. In accordance with 10CFR72.4, a letter repmt summarizing the results of the 
measm ments shall be submitted to the RC. 

For each ask subsequently loaded with a higher heat load (up to the 24.8 kW limit), the 
calculatim and measured temperan1re data shall be repmted to the NRC at eve1y 2 kW increase. 
The calcula ·on and comparison need not be reponed to the NRC for STORAGE CASKS that 
are subsequer tly loaded with lesser loads then the latest reported case. 

Cask users ma satisfy these requirements by referencing validation test repmts submitted to the 
NRC by other us rs . .-----.----------------------------. 

5.3.9 Agmg Management Program 
See the Storage System Technical Specification for the applicable info1mation. 
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GLOSSARY 

Accident condition: The extreme level of an event or condition, which has a specified resistance, limit of 
response, and requirement for a given level of continuing capability, which exceeds off-normal events or 
conditions. Accident conditions include both design-basis accidents and conditions caused by natural and 
manmade phenomena. 

Aging effect: The manifestation of an aging mechanism (e.g., cracking, loss of fracture toughness, loss of 
material). 

Aging management activity (AMA): An application of either the aging management program (AMP) or 
time-limited aging analyses (TLAAs) to provide reasonable assurance that the intended functions of 
structures, systems, and components (SSCs) of independent spent fuel storage installations (ISFSIs) and 
dry storage systems (DSSs) are maintained during the period of extended operation. 

Aging management program (AMP): A program for addressing aging effects that may include prevention, 
mitigation, condition monitoring, and performance monitoring. (See Title 10 of the Code of Federal 
Regulations 10 CFR 72.3, “Definitions.”) 

Aging management review (AMR): An assessment conducted by the licensee or certificate of compliance 
(CoC) holder that addresses aging mechanisms and effects that could adversely affect the ability of SSCs 
from performing their intended functions during the period of extended operation. 

Aging mechanism: The degradation process for a given material and environment which results in an 
aging effect (e.g., freeze-thaw degradation, neutron irradiation, erosion). 

Amendment of a license or CoC: An application for amendment of a license or a CoC must be submitted 
whenever a holder of a specific license or CoC desires to amend the license or CoC (including a change to 
the license or CoC conditions). The application must fully describe the changes desired and the reasons 
for such changes and following as far as applicable, the form prescribed for original applications. See 10 
CFR 72.56, “Application for Amendment of License,” and 10 CFR 72.244, “Application for Amendment 
of a Certificate of Compliance”. 

Baseline inspection: The first inspection of an AMP to assess the condition of SSCs to either: (1) confirm 
that the results of pre-application inspections conducted at other sites are bounding of the subject site, or 
(2) verify the adequacy of the AMPs and the conclusions of the TLAAs when pre-application inspections 
were not performed. 

Burnup: The measure of thermal power produced in a specific amount of nuclear fuel through fission, 
usually expressed in GWd/MTU (gigawatt days per metric ton uranium). 

Canister (in a dry storage system for SNF): A metal cylinder that is sealed at both ends and may be used 
to perform the function of confinement. Typically, a separate storage cask performs the radiological 
shielding and physical protection function.  
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Certificate of compliance (CoC) (for a dry storage system for SNF): The certificate issued by the NRC 
that approves the design of a spent fuel storage cask in accordance with the provisions of 10 CFR Part 72, 
“Licensing Requirements for the Independent Storage of Spent Nuclear Fuel, High-Level Radioactive 
Waste, and Reactor-Related Greater than Class C Waste,” Subpart L, “Approval of Spent Fuel Storage 
Casks.” (See 10 CFR 72.3.) 

Certificate of compliance holder (CoC holder): A person who has been issued a CoC by the U.S. Nuclear 
Regulatory Commission (NRC) for a spent fuel storage cask design under 10 CFR Part 72. (See 10 CFR 
72.3.) 

Certificate of compliance user (CoC user): The general licensee that has loaded, or plans to load, a dry 
storage system (DSS) in accordance with a CoC issued under 10 CFR Part 72. 

Confinement (in a dry storage system for spent nuclear fuel): The ability to limit or prevent the release of 
radioactive substances into the environment. 

Confinement systems: Those systems, including ventilation, that act as barriers between areas containing 
radioactive substances and the environment. (See 10 CFR 72.3.) 

Criticality: The condition wherein a system or medium is capable of sustaining a nuclear chain reaction. 

Damaged fuel can: A metal enclosure that is sized to confine one damaged spent fuel assembly. A fuel 
can for damaged spent fuel with damaged spent-fuel assembly contents must satisfy fuel-specific and 
system-related functions for undamaged spent nuclear fuel (SNF) required by the applicable regulations. 

Degradation: Any change in the properties of a material that adversely affects the performance of that 
material; adverse alteration. 

Design bases: Information that identifies the specific function(s) to be performed by SSCs (both 
important-to-safety and not important-to-safety) of a facility or of a spent fuel storage cask and the 
specific values or ranges of values chosen for controlling parameters as reference bounds for design. 
These values may be (1) restraints, derived from generally accepted “state-of-the-art” practices for 
achieving functional goals, or (2) requirements, derived from analysis (based on calculation, experiments, 
or both) of the effects of a postulated event under which SSCs must meet their functional goals. (See 10 
CFR 72.3.) 

Dry storage: The storage of spent nuclear fuel in a DSS, which typically involves drying the DSS canister 
and backfilling with an inert gas. 

Dry storage system (DSS): A system that typically uses a canister in a storage cask as a component in 
which to store spent nuclear fuel in a dry environment. A DSS provides confinement, radiological 
shielding, sub-criticality control, structural support, and passive cooling of its spent nuclear fuel during 
normal, off-normal, and accident conditions. 

General license: Authorizes the storage of spent fuel in an ISFSI at power reactor sites to persons (i.e., 
general licensee) authorized to possess or operate nuclear power reactors under 10 CFR Part 50 
(“Domestic Licensing of Production and Utilization Facilities”) or Part 52 (“Licenses, Certifications, and 
Approvals for Nuclear Power Plants”). The general license is limited to (1) that spent fuel which the 
general licensee is authorized to possess at the site under the specific Part 50 or Part 52 license for the 
site, and (2) storage of spent fuel in casks approved under the provisions of 10 CFR Part 72, Subpart L. 
See 10 CFR 72.210 (“General License Issued”) and 72.212(a)(1)–(2). 
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High burnup (HBU) fuel: Spent nuclear fuel with burnups generally exceeding 45 GWd/MTU. 

Important to safety (ITS): See structures, systems, and components (SSCs) important to safety. 

Independent spent fuel storage installation (ISFSI): A complex designed and constructed for the interim 
storage of spent nuclear fuel, solid reactor-related greater-than-Class-C (GTCC) waste, and other 
radioactive materials associated with spent fuel and reactor-related GTCC waste storage. (See 10 CFR 
72.3.) 

Inspection: The examination of an SSC, using a nondestructive testing technique, to determine its current 
condition and if there is any damage, defect, or degradation that could have an adverse effect on the 
function of that SSC. 

Intended function: A design-bases function defined as either (1) important to safety or (2) failure of which 
could impact a safety function. 

Interim staff guidance (ISG): Supplemental information that clarifies important aspects of regulatory 
requirements. An ISG provides review guidance to NRC staff in a timely manner until standard review 
plans are revised accordingly.  

Monitoring: Data collection (from activities performed in either the initial storage period or the period of 
extended operation) to determine the status of a DSS, ISFSI, or both, and to verify the continued efficacy 
of the system, on the basis of measurements of specified parameters, including temperature, direct 
radiation, radioactive effluents, functionality, and characteristics of components of the system. 
Monitoring could thus be described as those activities that periodically or continuously monitor 
performance as an indirect indicator of degradation (e.g., monitoring groundwater chemistry) or monitor 
the effectiveness of preventive measures. With respect to direct radiation and radioactive effluents, 
according to 10 CFR 20.1003, “Definitions,” monitoring means the measurement of radiation levels, 
concentrations, surface area concentrations or quantities of radioactive material, and the use of the results 
of these measurements to evaluate potential exposures and doses.  

Normal events or conditions: The maximum level of an event or condition expected to routinely occur. 
Events and conditions that exceed the levels associated with “normal” are considered to be, and to have 
the response allowed for, “off-normal” or “accident-level” events and conditions.  

Not Important to Safety (NITS): An item, function or condition related to the ISFSI, or its activities, that 
does not meet the definition of “Important to Safety.” 

Off-normal events or conditions: The maximum level of an event or condition that, although not 
occurring regularly, can be expected to occur with moderate frequency (once per calendar year) and for 
which there is a corresponding maximum specified resistance, specified limit of response, or requirement 
for a specified level of continuing capability. Off-normal is considered to include “anticipated 
occurrences” as used in 10 CFR Part 72. 

Pre-application inspection: An inspection performed at the discretion of the licensee or CoC holder 
before submittal of the renewal application to provide operating experience to support the aging 
management review, proposed AMP activities, or evaluation of TLAAs. 

Radiation shielding: ISFSI and DSS SSCs that are designed so that dry storage operations at an ISFSI 
meet the requirements of 10 CFR 72.126(a)(6) and 10 CFR 72.128(a)(2) and the requirements of 10 CFR 
72.104(a) and 10 CFR 72.106(b), when both direct radiation and radioactive effluents are considered. 
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Renewal of a license or CoC: A certificate holder may apply for renewal of the design of a spent fuel 
storage cask for a term not to exceed 40 years. In the event that the certificate holder does not apply for a 
cask design renewal, any licensee using a spent fuel storage cask, a representative of the licensee, or 
another certificate holder may apply for a renewal of that cask design for a term not to exceed 40 years. 
See 10 CFR 72.240, “Conditions for Spent Fuel Storage Cask Renewal.” Specific licenses may be 
renewed by the Commission at the expiration of the license term upon application by the licensee for a 
period not to exceed 40 years. (See 10 CFR 72.42, “Duration of License; Renewal.”) 

Retrievability: Storage systems must be designed to allow ready retrieval of spent fuel, high-level 
radioactive waste, and reactor related GTCC waste for further processing or disposal. See 10 CFR 
72.122(l). ISG-2 and NUREG-2215 provide guidance on the fuel retrievability, including ready retrieval. 

Safety analysis report (SAR): The document that a CoC holder, specific licensee, an applicant for a CoC, 
or an applicant for a specific license supplies to the NRC for evaluation. For specific-license renewals, the 
SAR must contain information required in 10 CFR 72.24, “Contents of Application; Technical 
Information.” For CoC renewals, the SAR must meet the requirements of 10 CFR 72.240(b). The SAR 
provides references and drawings of the DSS, ISFSI, or both; details of construction; materials; and 
standards to which the SSC has been designed or fabricated. For clarification, SAR is a general term; 
while FSAR indicates the document that is submitted within 90 days after the issuance of the license or 
CoC that is based on the SAR in the license or CoC application and reflects any changes or applicant 
commitments developed during the license or CoC approval and/or hearing process. Both FSAR and 
updated final safety analysis report (UFSAR) are terms that are used to indicate the FSAR update that is 
required every 2 years. A specific licensee or CoC holder shall update the FSAR in accordance with 10 
CFR 72.70 (“Safety Analysis Report Updating”) or 10 CFR 72.248, (“Safety Analysis Report Updating”) 
respectively. 

Safety evaluation report (SER): The document that the NRC publishes at the completion of a licensing or 
certification review. The SER contains all of the NRC staff findings and conclusions from the licensing or 
certification review. 

Safety function: A function defined as ITS. The ITS functions that structures, systems, and components 
are designed to maintain include: 

• structural integrity
• content temperature control (i.e., heat-removal capability)
• radiation shielding
• confinement
• sub-criticality control
• retrievability

Service conditions: Conditions (e.g., time of service, temperatures, environmental conditions, radiation, 
and loading) that a component experiences during storage. 

Specific license: A license for the receipt, handling, storage, and transfer of spent fuel, high-level 
radioactive waste, or reactor-related GTCC waste that is issued to a named person (i.e., specific licensee) 
on an application filed under regulations in 10 CFR Part 72, Subpart B, “License Application, Form, and 
Contents.” 

Spent fuel storage cask system: All the components and systems associated with the container in which 
spent fuel, or other radioactive materials associated with spent fuel, is stored at an ISFSI. See 10 CFR 
72.3. 
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Spent nuclear fuel or spent fuel: Nuclear fuel that has been withdrawn from a nuclear reactor after 
irradiation, has undergone at least a 1-year decay process since being used as a source of energy in a 
power reactor, and has not been chemically separated into its constituent elements by reprocessing. Spent 
fuel includes the special nuclear material, byproduct material, source material, and other radioactive 
materials associated with fuel assemblies. See 10 CFR 72.3. 

Storage cask: A heavy-walled concrete, metal, or combined concrete and metal structure designed to store 
spent fuel canisters at an ISFSI. The storage cask provides physical protection of canisters and 
radiological shielding, while allowing passive cooling. 

Structures, systems, and components (SSCs) important to safety: (See 10 CFR 72.3.) Those features of the 
ISFSI and spent fuel storage cask whose functions are at least one of the following: 

• to maintain the conditions required to safely store spent fuel, high-level radioactive waste, or
reactor-related GTCC waste
• to prevent damage to the spent fuel, the high-level radioactive waste, or reactor-related GTCC
waste container during handling and storage
• to provide reasonable assurance that spent fuel, high-level radioactive waste, or reactor-related
GTCC waste can be received, handled, packaged, stored, and retrieved without undue risk to the
health and safety of the public

Time-limited aging analysis (TLAA): (See 10 CFR 72.3.) A licensee or CoC holder calculation or analysis 
that has all of the following attributes: 

• involves SSCs important to safety within the scope of license or CoC renewal
• considers the effects of aging
• involves time-limited assumptions defined by the current operating term, for example,
40 years
• was determined to be relevant by the licensee or CoC holder in making a
safety determination
• involves conclusions or provides the basis for conclusions related to the capability of the
SSCs to perform their intended safety functions
• is contained or incorporated by reference in the design bases

Transfer cask: A shielded SSC used to transfer the fuel canister between the spent fuel handling area and 
the storage cask. 
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1. GENERAL INFORMATION 
Introduction 

The FuelSolutions™ Storage System Certificate of Compliance (CoC) No. 1026, Revision 0 
[1.1] was approved by the U.S. Nuclear Regulatory Commission (NRC) pursuant to 10 CFR 
Part 72 for a term of 20 years effective February 15, 2001, for storage of spent nuclear fuel 
(SNF) by general licensees. The expiration date for CoC 1026 is February 15, 2021. As the 
certificate holder of CoC 1026, Westinghouse Electric Company, LLC. is applying for the 
renewal of CoC 1026 for a term of 40 years in accordance with the 10 CFR 72.240(a) [1.2].  

This application addenda for the CoC 1026 renewal addresses the SENTRY™ Dry Storage 
System including the SENTRY Dry Storage System Safety Analysis Report (SAR) information 
required by 10 CFR 72.240(c).  The SENTRY Dry Storage System is an evolutionary storage 
system design which is incorporated into CoC 1026.  The SENTRY Dry Storage System SAR 
content of this renewal application addenda is based on the guidance provided in NUREG-1927 
[1.3] and covers the Model Number W180 storage cask; the W110 transfer cask; and the W21H 
and W37 canisters. 

In accordance with NUREG-1927, this renewal application is based “on the continuation of the 
approved design basis throughout the period of extended operation.” The identification and 
management of potential aging degradation mechanisms for different material/environment 
combinations was based on the guidance of NUREG-2214 [1.4] in support of this renewal 
application. 

1.1 SENTRY Dry Storage System Summary Description 

This section provides a summary description of the SENTRY Dry Storage System. A more 
complete description of the SENTRY Dry Storage System structures, systems and components 
(SSC) is contained in Section 2.2.2 of this renewal application addenda.  A complete description of 
the SENTRY Dry Storage System is contained in the SENTRY Dry Storage System SAR [2.3] 
referenced in Chapter 2 of this renewal application addenda. 

1.1.1 General System Description 

The SENTRY Dry Storage System is a canister-based dry cask spent fuel storage system that is 
comprised of three principal components; the W21H minimum cooling time canister for storage 
of up to 20 PWR  spent fuel assemblies, the W37 high capacity canister for storage of up to 37 
PWR spent fuel assemblies, and the W180 storage cask.  In addition, the system includes the 

 

FuelSolutions TM and SENTRY TM are registered trademarks of Westinghouse Electric Company LLC, 
its affiliates and/or its subsidiaries in the United States of America and may be registered in other 
countries throughout the world. All rights reserved. Unauthorized use is strictly prohibited. Other 
names may be trademarks of their respective owners. 
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W110 transfer cask that is used for canister fuel loading/unloading operations and canister 
transfer to/from the W180 Storage Cask. The system design features are intended to facilitate 
on-site SNF loading, handling, and monitoring operations, and to provide for radiological 
protection, criticality control, and maintenance of structural and thermal safety margins. 

1.1.2 Principal Components of the SENTRY Dry Storage System 

1.1.2.1 SENTRY W21H and W37 Canisters 

The SENTRY W21H and W37 canisters are designed for storage in the SENTRY W180 storage 
cask, and for on-site canister transfer and loading in the SENTRY W110 transfer cask. The 
W21H canister can store up to 20 PWR spent fuel assemblies having at least 1-1/2 years of 
post-irradiation cooling time, and the W37 canister can store up to 37 PWR spent fuel assemblies 
having at least 3 years of post-irradiation cooling time.  Up to four of the 37 positions in the W37 
canister can be utilized to store damaged fuel assemblies in W37 damaged fuel cans. The major 
components of these canisters are a basket assembly and a shell assembly. The shell assembly is 
designed as the leak tight confinement boundary for transfer and storage conditions. The W21H 
canister shell has 120 vertical fins welded to the outside of the shell to provide additional canister 
cooling.  The basket assembly is sealed inside the canister shell assembly and maintains the 
position of the SNF assemblies. 

1.1.2.2 SENTRY W180 Storage Cask 

The SENTRY W180 storage cask consists of a cylindrical vertical reinforced concrete structure 
with a thick carbon steel liner enclosing an internal canister cavity. The W180 storage cask 
contains four inlet vent openings at the base and four outlet vents near the top. The vent 
openings allow air flow via natural convection to dissipate the decay heat generated by the 
canister.  [  

 
 

 

](a,c). 

1.1.2.3 SENTRY W110 Transfer Cask 

The SENTRY W110 transfer cask consists of an austenitic stainless steel inner liner and outer 
stainless steel shell, with lead gamma shielding in the annular space between them. The transfer 
cask has a neutron shield consisting of an outer austenitic stainless steel jacket forming an 
annular cavity that is filled with [  ](a,c) solid neutron shielding material. The exposed 
surfaces of the transfer cask (including the bottom covers) are austenitic stainless steel to 
facilitate radiological decontamination. The transfer cask exterior surface has a white epoxy 
coating to increase its thermal transfer characteristics and to decrease the absorptivity of direct 
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sunlight. This epoxy coating has good continuous service temperature resistance (>325°F) and 
excellent decontamination characteristics.   

The ends of the transfer cask body include an austenitic stainless steel upper ring and a lower 
flange that are welded to the structural outer shell and inner liner. The covers at the bottom end 
of the cask are bolted to the lower flange, providing access to the transfer cask cavity for 
canister transfer operations. The bottom covers consist of an outer austenitic stainless steel 
sealing lid, and an inner two-piece detachable stainless steel structural lid, all of which are 
attached to the transfer cask bottom flange with bolts. 

Two high-strength austenitic stainless steel lifting features with lugs are provided at the top end 
of the transfer cask separated by 180° for vertical cask handling operations. The two lifting 
features are bolted to the transfer cask top ring. 

In the W21H configuration, the W110 transfer cask also includes an additional bolted upper seal 
ring and auxiliary shielding shell to accommodate the smaller diameter and higher radiation 
levels of the W21H canister. 

1.1.2.4 Other Site-Specific Structures, Systems and Components (SSCs) 

Other site-specific SSCs related to the SENTRY Dry Storage System are described and 
evaluated in Section 2.2.2 of this renewal application addenda.  These other site-specific SSCs 
include:   

• Spent Fuel Assemblies
• Fuel Transfer and Auxiliary Equipment
• ISFSI Storage Pad
• ISFSI Security Equipment

1.2 FuelSolutions Storage System CoC 1026 Amendments 

Table 1-1 lists each of the FuelSolutions Storage System CoC 1026 amendments, including 
Amendment 5 to add the SENTRY Dry Storage System. The table provides a description of the 
scope of the amendment, its approval time, and identification of the FSAR which provides the 
licensing basis for each amendment. 
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Table 1-1 FuelSolutions and SENTRY Dry Storage System CoC 1026 Amendments 

Amend 
No. 

Description of Changes Effective 
Date 

FSAR(s) 
Revision(s) 

0 Initial Issue 02/15/01 WSNF-220R0 
WSNF-221R0 
WSNF-223R0 

1 Revised the W74 Technical Specifications to:  
(1) allow the storage of W74 spent fuel assemblies having 
MOX fuel rods,
(2) allow storage of partial W74 fuel assemblies, and
(3) allow storage of damaged W74 fuel assemblies.

05/14/01 WSNF-223R1 

2 Revised the W74 Technical Specifications to: 
(1) provide an alternative to returning the W74 canister
to the spent fuel building to resolve canister issues,
(2) clarify the terminology for fuel to be stored in the W74
canister, and
(3) revise the thermocouples called out for consistency
with the Safety Analysis Report.

01/28/02 WSNF-223R2 

3 Revised the W21 Technical Specifications to:  
(1) provide an alternative to returning the W21 canister to
the spent fuel building to resolve canister issues, and,
(2) make several minor editorial corrections to Technical
Specification language.

05/07/03 WSNF-221R2 

4 Revised the W21, W74 and W150 Technical 
Specifications to:   
(1) change the Technical Specifications requirements
related to periodic monitoring during storage operations by
allowing longer surveillance intervals for casks with total
heat loads lower than the design-basis heat load and
permitting either visual inspection of the cask vent screens
or measurement of the cask liner temperature to satisfy the
periodic monitoring requirement of 10 CFR 72.122(h)(4),
and
(2) make editorial changes to the FuelSolutionsTM Final
Safety Analysis Reports associated with the company
name change.

07/03/06 WSNF-220R3 
WSNF-221R4 
WSNF-223R5 

5 Adds the SENTRY Dry Storage System to CoC 1026 TBD WSNF-230R0 
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1.3 References 

[1.1] NRC letter dated January 29, 2001 from E. William Brach, Director to Robert D. 
Quinn, Operations Manager, BNFL Fuel Solutions, Subject: “Certificate Of Compliance 
For The FuelSolutionsTM Spent Fuel Management System” - ML010300164.  

[1.2] Title 10 Code of Federal Regulations Part 72, “Licensing Requirements for the 
Independent Storage of Spent Nuclear Fuel, High-Level Radioactive Waste, and Reactor-
Related Greater Than Class C Waste.” 

[1.3] U.S. Nuclear Regulatory Commission, NUREG-1927, “Standard Review Plan for 
Renewal of Specific Licenses and Certificates of Compliance for Dry Storage of Spent 
Nuclear Fuel,” Revision 1, June 2016. 

[1.4] U.S. Nuclear Regulatory Commission, NUREG-2214, “Managing Aging 
Processes in Storage (MAPS) Report”, July 2019. 
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2. SCOPING EVALUATION 
Introduction 

The scoping evaluation identifies those Structures, Systems and Components (SSC) of the 
SENTRY Dry Storage System that are within the scope of the Certificate of Compliance (CoC) 
1026 renewal and require further evaluation for potential aging effects. The process and 
methodology used for the scoping evaluation is described in Section 2.1. The scoping evaluation 
results are summarized in Section 2.2. 

2.1 Scoping Evaluation Process 

The scoping evaluation of the SENTRY Dry Storage System is based on the process described in 
NUREG-1927 [2.1]. The process determines which SSCs (and associated subcomponents) are 
within the scope of the renewal.  SSCs are considered within the scope of the renewal if they 
satisfy either of the following criteria: 

(1) They are classified as Important-To-Safety (ITS), as they are relied on to do one of the 
following safety functions: 

i. Maintain the conditions required by the regulations or CoC to store spent fuel safely, 

ii. Prevent damage to the spent fuel during handling and storage, or 

iii.  Provide reasonable assurance that spent fuel can be received, handled, packaged, 
stored, and retrieved without undue risk to the health and safety of the public 

These SSCs ensure that important safety functions are met for (1) confinement, (2) 
radiation shielding, (3) sub-criticality control, (4) heat-removal capability, (5) structural 
integrity, and (6) retrievability. 

(2) They are classified as Not-Important-To-Safety (NITS), but, according to the design 
basis, its failure could prevent fulfillment of a function that is ITS. 

The SENTRY Dry Storage System is designed to allow ready retrieval of the SENTRY W21H 
and W37 canisters in accordance with 10 CFR 72.122(l) and satisfy the requirements of 10 CFR 
72.236(m). The SENTRY W21H and W37 canisters are designed for removal of individual or 
canned spent fuel assemblies and for canister removal from a storage cask for placement into a 
transfer cask and subsequent transport off-site in the appropriate transportation cask, thus 
meeting the retrievability requirements of 10 CFR 72.122(l) and 10 CFR 72.236(m). 
Retrievability functions are further discussed in Section 3.6 “Other Analyses - Retrievability.” 

The following figure provides a flowchart of the Scoping Evaluation Process utilized. 
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Figure 2-1 Scoping Evaluation Process 

 

NOTE:  Figure shown is Figure 2-1 from NUREG-1927 “Standard Review Plan for Renewal of Specific 

Licenses and Certificates of Compliance for Dry Storage of Spent Nuclear Fuel” 

The documentation of the scoping evaluation process includes the following: 

• A description of the scoping process and method for the inclusion or exclusion of SSCs 
(and associated subcomponents) from the renewal scope 

• A list of the SSCs (and associated subcomponents) that are identified as within the scope 
of renewal, their intended safety function(s), and safety classification or basis for 
inclusion in the renewal scope 

• A list of the SSCs (and associated subcomponents) that are identified as not within the 
scope of renewal and basis for exclusion 

• A list of the sources of information used 

• Identification of the drawings or documents used to clarify the process, the SSC intended 
functions and the safety classifications 
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Referenced sources used to support the scoping evaluation process include the following: 

• SENTRY Dry Storage System safety analysis report (SAR) 

• CoC 1026 and CoC 1026 amendments 

• CoC 1026 SENTRY Dry Storage System technical specifications 

• NRC Safety Evaluation Reports (SERs) for CoC 1026 and CoC amendments 

• SENTRY Dry Storage System design-bases documents (e.g., calculations, specifications, 
design change documents) 

• SENTRY Dry Storage System drawings 

• Vendor information 

• Applicable NRC guidance 

The SENTRY canisters, transfer cask, and storage cask are classified as ITS. Individual 
components, assemblies, and piece parts were designed, fabricated, and tested to the quality 
standards commensurate with the item’s graded quality category. The quality categories for the 
SENTRY Dry Storage System components are based on NUREG/CR-6407, “Classification of 
Transportation Packaging and Dry Spent Fuel Storage System Components According to 
Importance to Safety,” [2.6] as referenced in the SENTRY Dry Storage System SAR. The 
scoping evaluation ensured that SSCs identified in the design-bases documents were properly 
differentiated as being either within or not within the scope of the renewal. The identification of 
SSCs and SSC subcomponents in the scoping evaluation are applied consistently throughout the 
renewal application addenda. 

The SSCs within the scope of renewal are screened to identify and describe the subcomponents 
with intended functions.  SSC subcomponents may degrade by different modes or have different 
criteria for evaluation from the overall component (i.e., different materials or environments). 

The scoping evaluation process (1) defines the intended function of each SSC subcomponent and 
(2) differentiates SSC subcomponents per scoping criteria (1) and (2), as defined above. This 
information is tabulated and described in the scoping evaluation in a comprehensive and accurate 
manner (i.e., SSC subcomponents are not missing from the scoping evaluation; SSC 
subcomponent naming is consistent with the design bases; intended functions are properly 
described) by comparing the results of the scoping evaluation to appropriate SAR drawings or 
tables. 

In accordance with NUREG-1927, the CoC 1026 renewal is based on the continuation of the 
existing SENTRY Dry Storage System Current Licensing Basis (CLB) and the intended safety 
functions of the SSC ITS throughout the period of extended operation and maintenance.  As 
listed above, the sources of information reviewed in the scoping evaluation process that describe 
the CLB and the intended safety functions of the SSC ITS include the SENTRY Dry Storage 
System SAR, CoC 1026, technical specifications, and NRC SERs.     
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2.2 Scoping Evaluation Discussion and Results 

Section 2.2 discusses the SENTRY Dry Storage System CoC renewal scoping evaluation and 
results. Table 2-1 summarizes the results of the scoping evaluation, listing the SSC that are 
identified within the scope of renewal and the two safety function criteria discussed in Section 
2.1 upon which they are determined to be within the scope of renewal. The subcomponents of the 
in-scope SSC and their intended safety functions are further identified in Tables 24 through 28. 

Table 2-1 Summary of Scoping Evaluation Results 

Structures, Systems and 
Components  

Criterion 1 

Performs ITS 
Safety 

Function(s) 

Criterion 2 

NITS But Failure 
Prevents ITS 
Function(s) 

In-Scope 

SNF Assemblies  Yes N/A Yes 

W21H Canister  
W37 Canister  
W37 Damaged Fuel Can 
Fuel Assembly Spacer 

Yes N/A Yes 

W21H Center Cross No No No 

W180 Storage Cask Yes N/A Yes 

W110 Transfer Cask Yes N/A Yes 

Fuel Transfer and Auxiliary 
Equipment  
(ITS and Safety Related per SAR 
Table 3.1-1 [2.3]) 

Yes N/A Yes 

Fuel Transfer and Auxiliary 
Equipment 
(NITS per SAR Table 3.1-1 [2.3]) 

No No No 

ISFSI Storage Pad  No No No 

ISFSI Security Equipment  No No No 
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2.2.1 SENTRY Dry Storage System Components and Drawings 

The FSAR [2.3] for the SENTRY Dry Storage System identifies and applies to the following 
components and equipment: 

• W180 Storage Cask (W180) 

• W110 Transfer Cask (W110) 

• W21H Canister (W21H) including Fuel Assembly Spacers 

• W37 Canister (W37) including Fuel Assembly Spacers 

• W37 Damaged Fuel Can 

• Fuel Transfer and Auxiliary Equipment (e.g., transfer cask lifting yoke, canister handling 
device, active cooling system, welding machine, hydrostatic test pump, mass 
spectrometer for leak testing, transfer mating device, low profile carrier, crawler) 

• ISFSI Storage Pad 

• ISFSI Security Equipment 

General arrangement drawings of the SENTRY Dry Storage System components and equipment 
are provided in the SENTRY Dry Storage System SAR [2.3].  A listing of the general 
arrangement drawings included in the SENTRY Dry Storage System SAR is provided in Table 
2-9 below.  Descriptions of the SSCs are provided in Section 2.2.2.   

2.2.2 Description of SSC 

The SENTRY Dry Storage System is a canister-based dry cask spent fuel storage system that is 
comprised of three principal components; the W21H Minimum Cooling Time Canister and the 
W37 High Capacity Canister, both for storage and transportation of PWR spent fuel assemblies, 
and the W180 storage cask.  In addition, the system includes the W110 transfer cask that is used 
for canister loading/unloading operations and canister transfer to/from the W180 storage cask.  
Tables 2-4a and b, 2-5 and 2-6 below provide detailed listings of the W37, W21H, W180, and 
W110 component parts and materials. Other site-specific system components include the W110 
transfer cask lifting yoke, on-site transfer equipment, canister closure equipment, and the ISFSI 
storage pad.  Additional descriptions of these components are provided in Chapter 1 of the 
SENTRY Dry Storage System SAR [2.3] and in the following sections. 

2.2.2.1 Spent Fuel Assemblies 

SENTRY Dry Storage System canisters are designed to safely accommodate up to twenty (20) 
intact1, zircaloy clad Pressurized Water Reactor (PWR) SNF assemblies in a SENTRY W21H 

 

1 Fuel with no known or suspected gross cladding failures. 
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Minimum Cooling Time Canister, or up to 37 intact PWR SNF assemblies in a SENTRY W37 
High Capacity Canister.  The SENTRY W37 canister can accommodate up to four (4) damaged 
fuel assemblies in damaged fuel cans.  The intended safety functions of the SNF assembly 
subcomponents are identified in Table 2-10. 

A wide range of PWR SNF assembly types can be accommodated by the SENTRY Dry Storage 
System.  The fuel types allowed by the CoC include B&W 15x15, B&W 17x17, CE 14x14, 
Westinghouse PWR 14x14, Westinghouse PWR 15x15, and Westinghouse PWR 17x17. PWR 
SNF assemblies allowed for storage are noted in Section 3.2.1 of the SENTRY Dry Storage 
System SAR [2.4] and detailed in associated SAR Table 3.2-1 – “Fuel Assemblies Acceptable 
for Storage in the SENTRY W37 and W21H Canister.”  PWR fuel assemblies may be stored 
either with or without control components.  

The specific fuel assembly types and associated characteristics acceptable for storage in the 
SENTRY W21H canister are addressed Section 2.1.2 of the SENTRY Dry Storage System 
Technical Specifications [2.12] and further defined in SENTRY Dry Storage System Technical 
Specification Tables 2.1-6 through 9.  SNF assemblies stored in SENTRY W21H canisters must 
be intact zircaloy-clad fuel with no known or suspected cladding defects greater than pinhole 
leaks or hairline cracks. For SNF assemblies with burnup exceeding 45 GWd/MTU (up to 65 
GWd/MTU), cladding oxide thickness is limited to 70 μm as noted in SENTRY Dry Storage 
System SAR [2.4] Section 3.2.1. 

The SENTRY W21H canister maximum heat loads, the post-irradiation times and the 
enrichments of 235U are limited as defined in the SENTRY Dry Storage System Technical 
Specification Tables 2.1- 33 through 56.  The maximum assembly burnup level is limited to ≤65 
GWd/MTU for the associated enrichments noted. Heat load limits per assembly position are 
noted in associated W21H Technical Specification Figures 2.1-8 through 11.  

The specific fuel assembly types and associated characteristics acceptable for storage in the 
SENTRY W37 canister are addressed Section 2.1.1 of the SENTRY Dry Storage System 
Technical Specifications [2.12] and further defined in SENTRY Dry Storage System Technical 
Specification Tables 2.1-1 through 5.  SNF assemblies stored in SENTRY W37 canisters must be 
intact zircaloy-clad fuel with no known or suspected cladding defects greater than pinhole leaks 
or hairline cracks. For SNF assemblies with burnup exceeding 45 GWd/MTU (up to 65 
GWd/MTU), cladding oxide thickness is limited to 70 μm as noted in SENTRY Dry Storage 
System SAR [2.4] Section 3.2.1. 

The SENTRY W37 canister maximum heat loads, the post-irradiation times and the enrichments 
of 235U are limited as defined in the SENTRY Dry Storage System Technical Specification 
Tables 2.1-11 through 32.  The maximum assembly burnup level is limited to ≤65 GWd/MTU 
for the associated enrichments noted. Heat load limits per assembly position are noted in 
associated W21H Technical Specification Figures 2.1-1 through 4. 
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2.2.2.2 W21H Minimum Cooling Time Canister 

The W21H Minimum Cooling Time Canister is described in Section 1.2.1.3 of the SENTRY Dry 
Storage System SAR [2.3].  The W21H canister is the confinement system for storing up to 20 
PWR spent fuel assemblies.  The W21H canister performs confinement, sub-criticality control, 
heat-removal and radiation shielding safety functions.  The W21H canister consists of a shell 
assembly, bottom closure plate, canister lid, vent and drain port covers and an internal basket 
assembly. The canister body of the SENTRY canisters consist of an assembly of two rolled plates 
longitudinally welded and joined between them by a circumferential weld. The internal support 
structure (canister basket), has twenty (20) positions or cells for spent fuel assemblies plus one 
empty position in the center of the canister basket. In order to limit the gap between the SNF 
assemblies top and the canister closure lid, fuel spacers are attached to the closure lid. Structural 
components are constructed of stainless steel. The W21H canister shell, top and bottom closure 
plates, port covers and the associated welds form the leak tight confinement boundary.  
Permanent fixed neutron absorbing materials (poison) are provided to ensure neutron absorbing 
capabilities during the design basis storage period. The criticality safety design features and 
analysis are discussed further in SENTRY Dry Storage System SAR [2.3] Chapter 7. 

The pressure-retaining components of the W21H canister (i.e., the components forming the 
confinement boundary for storage), are designed in accordance with the applicable requirements 
of ASME Boiler and Pressure Vessel Code, Section III, Division 3 Subsection WC [2.7], as 
discussed in Sections 1.2.1.3 and 3.3.2.1 of the SENTRY Dry Storage System SAR [2.3]. The 
canister structural components include the internal basket assembly and the shell assembly; both 
classified as ITS. The internal basket assembly is designed and fabricated as an internal support 
structure in accordance with the applicable requirements of ASME Code, Section III, Division 3, 
Subsection WD, to the maximum extent practicable, as discussed in Section 3.6.1 of the 
SENTRY Dry Storage System SAR [2.3]. 

2.2.2.3 W37 High Capacity Canister 

The W37 High Capacity Canister is described in Section 1.2.1.2 of the SENTRY Dry Storage 
System SAR [2.3].  The W37 canister is the confinement system for storing up to 37 PWR spent 
fuel assemblies.  The W37 canister performs confinement, sub-criticality control, heat-removal 
and radiation shielding safety functions.  The W37 canister consists of a shell assembly, top and 
bottom closure plates, vent and drain port covers, closure ring and internal basket assembly. The 
canister body of the SENTRY canisters consist of an assembly of two rolled plates longitudinally 
welded and joined between them by a circumferential weld. The W37 internal support structures 
(canister basket), has 37 positions or cells for spent fuel assemblies.  Four (4) of those cells on 
the outer periphery can be utilized to store damaged fuel cans. In order to limit the gap between 
the SNF assemblies top and the canister closure lid, fuel spacers are attached to the closure lid. 
The criticality safety design features and analysis are discussed further in SENTRY Dry Storage 
System SAR [2.3] Chapter 7. 

The W37 canister shell, bottom closure and top closure, port covers and the associated closure 
welds provides a leaktight confinement boundary.  The pressure-retaining components of the 
W37 canister (i.e., the components forming the confinement boundary for storage), are designed 
in accordance with the applicable requirements of ASME Boiler and Pressure Vessel Code, 
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Section III, Division 3, Subsection WC [2.7], as discussed in Sections 1.2.1.2 and 3.3.2.1 of the 
SENTRY Dry Storage System SAR [2.3]. Structural components are constructed of stainless 
steel. The canister structural components include the internal basket assembly and the shell 
assembly; both classified as ITS. The internal basket assembly is designed and fabricated as an 
internal support structure in accordance with the applicable requirements of ASME Code, 
Section III, Division 3, Subsection WD, to the maximum extent practicable, as discussed in 
Section 3.6.1 of the SENTRY Dry Storage System SAR [2.3]. Canister shell assembly 
confinement boundary material and basket assembly structural materials are ASME Code-
approved stainless steel materials. 

W37 Damaged Fuel Cans (DFCs) are stainless steel enclosures for PWR damaged fuel 
assemblies and fuel debris to allow storage inside of one of the four reserved positions in the 
W37 canister. The DFC provides structural stability, criticality control, and a fixed location for 
damaged SNF.  Each DFC has screens to allow fluid flow within the can, as well as water 
drainage. The DFC does not provide a confinement function. The SENTRY W37 DFC structural 
components are designed and constructed in accordance with ASME Code Section III, Division 
3, Subsection WD to the maximum extent practicable. 

2.2.2.4 W180 Storage Cask 

The W180 storage cask is described in Section 1.2.1.1 of the SENTRY Dry Storage System SAR 
[2.3].  The W180 storage cask is the storage overpack for the W21H canister and the W37 
canister. The W180 safety functions include structural integrity, radiation shielding, protection 
from environmental conditions, and natural convection heat-removal cooling of the canister 
during long-term storage.  The W180 storage cask is a right circular cylindrical structure that is 
fabricated primarily from carbon steel and steel-reinforced concrete.  For the concrete normal 
density, Type II Portland cement is used. The W180 storage cask has an annular air passage to 
allow the natural circulation of air around the canister. Air inlet and outlet ducts are cast into the 
body of the W180 storage cask to provide natural convection heat-removal cooling of the SNF 
assemblies during storage. 

The W180 storage cask is designed in accordance with the requirements of ACI 349 [2.10] and 
constructed in accordance with ACI 318 [2.11].  The ANSI/American Institute of Steel 
Construction AISC 360-10 Code [2.12] is used for the design of the structural steel elements that 
are part of the W180 storage cask.  The W180 storage cask is constructed of reinforced concrete 
with a rebar cage. 

Carbon steel is used to form the inside cavity liner and air ducts of the W180 storage cask.  
Carbon steel is also used to enclose the concrete used for shielding in the cask top cover.  
Exposed carbon steel surfaces including the interior surfaces of the air inlet and outlet ducts 
assemblies, are coaled with an inorganic zinc-rich primer and a high build epoxy enamel finish, 
for example Carboline Carbozinc® 11 primer with Carboguard® 890 enamel.  Rebar and 
surfaces in contact with concrete need not be coaled. 

The W180 storage cask has two configurations, one configuration for storage of the W21H 
Minimum Cooling Time Canister and one configuration for storage of the W37 High Capacity 
Canister. [  
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 ](a,c). 

As noted above, the safety functions of the W180 storage cask include structural integrity, 
radiation shielding, and heat-removal capability.  The W180 storage cask protects the W21H and 
W37 canisters from damage due to external events, such as tornado generated winds and 
missiles.  The radiation shielding provided by the W180 storage cask reduces occupational 
exposure and assures that the regulatory site-boundary dose limits are met.   

2.2.2.5 W110 Transfer Cask 

A detailed description of the W110 transfer cask is provided in Section 1.2.1.4 of the SENTRY 
Dry Storage System SAR [2.3].  The W110 transfer cask is used for W21H and W37 canister 
loading and unloading operations.  The W110 transfer cask provides shielding and heat transfer 
during canister movements. Heat removal from the W110 transfer cask is primarily by 
conduction through the cask wall. The transfer cask includes top and bottom pipe connections for 
attachment of an active cooling system (ACS) when additional cooling is needed. 

The W110 transfer cask is a multi-wall (stainless steel/lead/stainless steel/ [  ](a,c) 
neutron shielding/stainless steel) design. The W110 transfer cask has a stainless steel inner liner 
and outer structural shell, with lead gamma shielding in the annular space between them.  A 
neutron shield, consisting of a stainless steel outer jacket forming an annular cavity that is filled 
with [  ](a,c) epoxy-resin neutron shielding, surrounds the structural shell. All exposed 
surfaces of the transfer cask are polished stainless steel to ease decontamination.  The transfer 
cask exterior surface has a white epoxy coating to increase its thermal transfer characteristics and 
to decrease the absorptivity of direct sunlight. This epoxy coating has good continuous service 
temperature resistance (>325°F) and excellent decontamination characteristics. 

The ends of the transfer cask body include an austenitic stainless steel upper ring and a lower 
flange that are welded to the structural outer shell and inner liner. The covers at the bottom end 
of the cask are bolted to the lower flange, providing access to the transfer cask cavity for canister 
transfer operations. The bottom covers consist of an outer austenitic stainless steel sealing lid, 
and an inner two-piece detachable stainless steel structural lid, all of which are attached to the 
transfer cask bottom flange with bolts.  

The W110 transfer cask has two high-strength austenitic stainless steel lifting features (lifting 
lugs) bolted to the upper ring at the top of the cask separated by 180° for vertical cask handling 
operations. These two lifting features are designed, fabricated, and load tested as a special lifting 
device in accordance with ANSI N14.6 [2.9] and NUREG-0612 [2.8].  The balance of the 
transfer cask is designed and fabricated as an ASME Section III, Subsection NF, Class 1 [2.7] 
component support rather than a special lifting device consistent with its design function.   
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The W110 transfer cask configuration described above is for W37 canister handling operations. 
For W21H canister handling operations, the W110 transfer cask also includes an additional 
bolted upper seal ring and auxiliary shielding shell to accommodate the smaller diameter and 
higher radiation levels of the W21H canister. 

2.2.2.6 Fuel Transfer and Auxiliary Equipment 

The fuel transfer and auxiliary equipment is described in Section 1.2.1.5 of the SENTRY Dry 
Storage System SAR [2.3].  Section 2.4.2.2 of NUREG 1927 [2.1] states that transporter devices 
may be classified as important to safety or safety related (under 10 CFR Part 50) in the design 
bases of various ISFSIs or dry cask storage systems. The SAR should be reviewed to determine 
how these SSCs are used in the SAR evaluations and described in the license or CoC, to 
understand whether these SSCs are considered part of the design bases, and thus whether they 
should be considered within the scope of renewal.  

Certain SENTRY Dry Storage System fuel transfer and auxiliary equipment necessary for ISFSI 
operations and spent fuel handling is classified as Important to Safety or Safety Related in Table 
3.1-1 of the SENTRY Dry Storage System SAR [2.3] (e.g., transfer cask lifting yoke and paddle 
extension, canister handling device, active cooling system, and transfer mating device).  Other 
Canister Closure/Opening Equipment, and Transfer to Storage Equipment, are classified as not 
important to safety in the SENTRY Dry Storage System SAR.  The Important to Safety and 
Safety Related fuel transfer and auxiliary equipment which are included in this Scoping 
Evaluation and CoC 1026 renewal are listed in Table 2-2.  Table 2-8 lists the safety functions, 
the FSAR drawings or figures, and the safety classifications of the fuel transfer and auxiliary 
equipment which have been identified in the SENTRY Dry Storage System SAR. 

 
Table 2-2 

Fuel Transfer and Auxiliary Equipment Classification 
 

Fuel Transfer and Auxiliary Equipment Classification 

Handling Equipment: − 
• Transfer Cask Lifting Yoke and Paddle Extension Safety Related 
• Canister Handling Device (Vertical Canister Lift Fixture) Important to Safety 

Canister Closure/Opening Equipment: − 
• Active Cooling System (and Associated 

 
Important to Safety 

Transfer to Storage Equipment: − 
• Transfer Mating Device Important to Safety 

 

Note: 
Components under 10 CFR 72 scope having a safety function are classified “Important to Safety”, and 
components under 10 CFR 50/52 are classified “Safety Related”. 

2.2.2.7 ISFSI Storage Pad 

ISFSI storage pad aging related design features and storage pad classifications are not discussed 
in the SENTRY Dry Storage System SAR [2.3].  The SENTRY Dry Storage System is designed 
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such that any potential failure of the ISFSI storage pad would not prevent fulfilling system safety 
functions.  

The cask storage pad enveloping design parameters used to analyze SENTRY Dry Storage 
System cask deceleration during postulated design basis end drop accidents and postulated 
non-mechanistic tipover events are delineated in SENTRY Dry Storage System Technical 
Specification 4.2.2, Pad Properties to Limit Cask Gravitational Loadings Due to Postulated 
Drops of the Storage Cask [2.4], and SENTRY Dry Storage System SAR Table 4.6-8, Envelope 
Parameters used for End Drop and Tipover Analyses. The results of the postulated cask end drop 
and tipover events are summarized in SENTRY Dry Storage System SAR Table 4A-4, Peak 
Accelerations for the ISFSI Pad Sensitivity Analyses. 

If SENTRY Dry Storage System users classify their ISFSI storage pad as Important to Safety, 
then ISFSI storage pad aging management inspections should be identified and performed on a 
site-specific basis. 

2.2.2.8 ISFSI Security Equipment 

The ISFSI security equipment (e.g., ISFSI security fences and gates, lighting, communications, 
and monitoring equipment) are not part of the SENTRY Dry Storage System under CoC 1026 
[2.6], and as such, are not described in detail in the SENTRY Dry Storage System SAR [2.3].  
Plant security programs and procedures ensure that the ISFSI security equipment requirements 
are met.  Potential failure of the ISFSI security equipment would not prevent the SENTRY Dry 
Storage System casks from performing their intended safety functions.  

2.2.3 SSCs Within the Scope of CoC Renewal 

The SSCs determined to be within the scope of renewal include are the W180 storage cask, the 
W110 transfer cask, and the W21H and W37 canisters.  The W180 storage cask, the W110 
transfer cask, and the W21H and W37 canisters (including W37 damaged fuel cans and fuel 
assembly spacers) satisfy Criteria 1 of the scoping evaluation process.  The subcomponents of 
these in-scope SSCs and their intended safety functions are identified in Tables 2-4 through 2-7. 

The Important to Safety and Safety Related SENTRY Dry Storage System fuel transfer and 
auxiliary equipment listed in Table 2-2, and further identified in Table 2-8, are included within 
the scope of the CoC 1026 renewal. 

The SNF assemblies, which are sealed and supported inside the W21H and W37 canisters 
(including any damaged W37 SNF assemblies in damaged fuel cans), are also determined to be 
within the scope of renewal.  However, as noted in NUREG-1927 [2.1], fuel pellets are not 
within the scope of renewal.  The intended safety functions of the SNF assembly subcomponents 
are identified in Table 2-10. 

The above identified SENTRY Dry Storage System components and equipment are the ITS and 
safety related SSCs within the scope of the CoC 1026 [2.6] renewal under 10 CFR Part 72, 
Subpart L. 
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2.2.4 SSC Not Within the Scope of CoC Renewal 

The SSC that are not in the scope of renewal include certain fuel transfer and auxiliary 
equipment, the ISFSI storage pad, ISFSI security equipment, and W110 and W180 
instrumentation.  These components are classified as NITS and do not meet scoping Criteria 2 as 
their failure does not prevent fulfillment of a function important to safety.  

Fuel Transfer and Auxiliary Equipment 

As listed in Table 2-3 below, certain fuel transfer and auxiliary equipment necessary for ISFSI 
operations (e.g., inflatable seals, annulus water pressure equalizer tank, draining and drying 
machine, automatic remote welding machine, hydrostatic test pump, mass spectrometer for leak 
testing, etc.) are classified as NITS in Table 3.1-1 of the SENTRY Dry Storage System SAR 
[2.3].  These SSCs are not included as part of the SENTRY Dry Storage System described in the 
SENTRY Dry Storage System CoC 1026 [2.6] under 10 CFR Part 72, Subpart L.   

As described in Section 1.2 of the SENTRY Dry Storage System SAR [2.3], the SENTRY Dry 
Storage System W180, W110, W21H and W37 component safety functions are not affected by 
the potential failure of the Table 2-3 listed fuel transfer and auxiliary equipment.  Failure of this 
equipment would not prevent the SENTRY Dry Storage System components from fulfilling their 
intended safety functions.  Therefore, the Table 2-3 fuel transfer and auxiliary equipment does 
not meet scoping Criteria 2 and is not in the scope of CoC 1026 renewal.  The actual fuel transfer 
and auxiliary equipment used at a given site is addressed by the General Licensee in the 10 CFR 
72.212 Evaluation Report on a site-specific basis.   

ISFSI Storage Pad 

The SENTRY Dry Storage System ISFSI storage pad is not part of the SENTRY Dry Storage 
System CoC 1026 [2.6] under 10 CFR Part 72, Subpart L, and as such, is not described in detail 
in the SENTRY Dry Storage System SAR [2.3].  The ISFSI storage pad provides free-standing 
support of the SENTRY Dry Storage System casks.  The SENTRY Dry Storage System W180, 
W110, W21H and W37 components are designed such that any potential failures of the ISFSI 
storage pad would not prevent them from fulfilling their intended safety functions. Therefore, the 
ISFSI storage pad does not meet scoping Criteria 2 and is not in the scope of renewal. The ISFSI 
Pad subcomponents are identified in Table 2-11. 

Although not within the scope of the CoC 1026 renewal, if required aging management 
inspections of the ISFSI pad may be addressed on a site-specific basis by a General Licensee. 

ISFSI Security Equipment 

The ISFSI security equipment (e.g., ISFSI security fences and gates, lighting, communications, 
and monitoring equipment) are NITS components that are not part of the SENTRY Dry Storage 
System under CoC 1026 [2.6] in accordance with 10 CFR Part 72, Subpart L.  Failure of the 
ISFSI security equipment would not prevent fulfillment of a SENTRY Dry Storage System 
function that is important to safety.  
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Table 2-3 below lists the Structures, Systems and Components Not Within the Scope of the CoC 
1026 Renewal. 

Table 2-3 
SSC Not Within the Scope of CoC Renewal 

     SENTRY System Structures, Systems and Components Classification 
Fuel Load Related Equipment:  

• W21H Center Cross NITS 
• Inflatable Seals NITS 
• Annulus Water Pressure Equalizer Tank NITS 

Canister Closure/Opening Equipment:  
• Automatic Remote Welding Machine NITS 
• Hydrostatic Test Pump NITS 
• Mass Spectrometer for Leak Testing NITS 
• Draining and Drying Machine NITS 

Transfer to Storage Equipment:  
• Low Profile Carrier and Traction Pole NITS 
• Crawler (Including Storage Cask Lifting Devices) NITS 

ISFSI Storage Pad NITS 
ISFSI Security Equipment NITS 
W110 and W180 Instrumentation NITS 

 

Notes: 
 

NITS = Not Important to Safety 
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Structure, System, or 
Component

Intended Safety 
Function* Material Environment Aging Mechanism Aging Effect Aging Management Activity

Technical Basis
(NUREG-2214 Section) (a,c)

Qual 
CAT

CO, SR* Stainless steel
(welded)

Sheltered Stress-corrosion cracking Cracking Welded Stainless Steel Canister AMP

Sheltered Pitting and crevice corrosion Loss of material (Precursor to 
stress corrosion cracking)

Welded Stainless Steel Canister AMP 3.2.2.2

Microbiologically influenced 
corrosion

Loss of material No 3.2.2.4

Fatigue Cracking W37 and W21H Canister Shell and Basket Fatigue TLAA 3.2.2.7

Radiation embrittlement Cracking No 3.2.2.9

Helium Radiation embrittlement Cracking No 3.2.2.9

Sheltered Stress-corrosion cracking Cracking Welded Stainless Steel Canister AMP 3.2.2.5

Pitting and crevice corrosion Loss of material (Precursor to 
stress corrosion cracking)

Welded Stainless Steel Canister AMP 3.2.2.2

Microbiologically influenced 
corrosion

Loss of material No 3.2.2.4

Fatigue Cracking W37 and W21H Canister Shell and Basket Fatigue TLAA 3.2.2.7

Radiation embrittlement Cracking No 3.2.2.9

Helium Radiation embrittlement Cracking No 3.2.2.9

Stainless steel
(welded)

Helium Thermal aging Loss of fracture toughness and 
loss of ductility

No 3.2.2.8

Creep Change in dimensions No 3.2.2.6

Radiation embrittlement Cracking No 3.2.2.9

TH Stainless steel
(welded)

Sheltered Stress corrosion cracking Cracking Welded Stainless Steel Canister AMP 3.2.2.5

Pitting and crevice corrosion Loss of material (Precursor to 
stress corrosion cracking)

Welded Stainless Steel Canister AMP 3.2.2.2

Microbiologically influenced 
corrosion

Loss of material No 3.2.2.4

Radiation embrittlement Cracking No 3.2.2.9

Closure Lid CO, SR Stainless steel
(welded)

Sheltered Stress corrosion cracking Cracking Welded Stainless Steel Canister AMP 3.2.2.5

Pitting and crevice corrosion Loss of material
(Precursor to stress corrosion 
cracking)

Welded Stainless Steel Canister AMP 3.2.2.2

Microbiologically influenced 
corrosion

Loss of material No 3.2.2.4

Fatigue Cracking W37 and W21H Canister Shell and Basket Fatigue TLAA 
and
W37 and W21H Canister Closure Lid Threaded Holes 
Fatigue TLAA

3.2.2.7

Radiation embrittlement Cracking No 3.2.2.9

Helium Radiation embrittlement Cracking No 3.2.2.9
Closure ring CO, SR Stainless steel

(welded)
Sheltered Stress corrosion cracking Cracking Welded Stainless Steel Canister AMP 3.2.2.5

Pitting and crevice corrosion Loss of material
(Precursor to stress corrosion 
cracking)

Welded Stainless Steel Canister AMP 3.2.2.2

Microbiologically influenced 
corrosion

Loss of material No 3.2.2.4

Fatigue Cracking W37 and W21H Canister Shell and Basket Fatigue TLAA 3.2.2.7

Radiation embrittlement Cracking No 3.2.2.9

Stainless steel
(welded)

Embedded
(stainless steel)

Thermal aging Loss of fracture toughness and 
loss of ductility

No 3.2.2.8

Embedded (stainless 
steel)

Creep Change in dimensions No 3.2.2.6

Fatigue Cracking W37 and W21H Canister Shell and Basket Fatigue TLAA 3.2.2.7

Radiation embrittlement Cracking No 3.2.2.9

Helium Radiation embrittlement Cracking No 3.2.2.9

Bottom plate CO, SR

Stainless steel Sheltered,

Canister lifting lug SR

Heat dissipation fins

Port cover

B

Stainless steel Helium

A

A
A

Stainless steel

3.2.2.5

A

A

A

A

Stainless steel Sheltered

Stainless steel Sheltered

Sheltered

CO

Stainless steel

Stainless steel

Shell

Stainless steel
(welded)

*Safety Functions: Confinement (CO), Subcriticality (CR), Retrievability (RE), Radiation Shielding (SH), Structural Integrity (SR), Thermal/Heat Removal (TH) WESTINGHOUSE NON-PROPRIETARY CLASS 3 Addenda Page 28 of 135
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Structure, System, or 
Component

Intended Safety 
Function* Material Environment Aging Mechanism Aging Effect Aging Management Activity

Technical Basis
(NUREG-2214 Section) (a,c)

Qual 
CAT

Creep Change in dimensions No 3.2.2.6

Radiation embrittlement Cracking No 3.2.2.9

Stainless steel
(welded)

Helium Thermal aging Loss of fracture toughness and 
loss of ductility

No 3.2.2.8

Creep Change in dimensions No 3.2.2.6
Radiation embrittlement Cracking No 3.2.2.9

Creep Change in dimensions No 3.2.2.6

Radiation embrittlement Cracking No 3.2.2.9

Stainless steel
(welded)

Helium Thermal aging Loss of fracture toughness and 
loss of ductility

No 3.2.2.8

Helium Fatigue Cracking NO 3.2.2.7

Creep Change in dimensions No 3.2.2.6
Radiation embrittlement Cracking No 3.2.2.9

Stainless steel
(welded)

Helium Thermal aging Loss of fracture toughness and 
loss of ductility

No 3.2.2.8

Fatigue Cracking W37 and W21H Canister Shell and Basket Fatigue TLAA 3.2.2.7

Creep Change in dimensions No 3.2.2.6

Radiation embrittlement Cracking No 3.2.2.9

General corrosion Loss of material No 3.2.3.1
Thermal aging Loss of strength No 3.2.3.7
Creep Change in dimensions No 3.2.3.5
Radiation embrittlement Cracking No 3.2.3.8
General corrosion Loss of material No 3.2.3.1
Thermal aging Loss of strength No 3.2.3.7
Creep Change in dimensions No 3.2.3.5
Radiation embrittlement Cracking No 3.2.3.8
General corrosion Loss of material No 3.4.2.1
Galvanic corrosion Loss of material No 3.4.2.2
Thermal aging Loss of strength No 3.4.2.6
Creep Change in dimensions No 3.4.2.5
Radiation embrittlement Cracking No 3.4.2.7
Boron depletion Reduction of neutron-absorbing 

capacity
W21H Neutron Absorber Boron Depletion TLAA 3.4.2.4

Stainless steel
(welded)

Helium Thermal aging Loss of fracture toughness and 
loss of ductility

No 3.2.2.8

Fatigue Cracking No 3.2.2.7
Creep Change in dimensions No 3.2.2.6
Radiation embrittlement Cracking No 3.2.2.9

Stainless steel
(welded)

Helium Thermal aging Loss of fracture toughness and 
loss of ductility

No 3.2.2.8

Fatigue Cracking W37 and W21H Canister Shell and Basket Fatigue TLAA 3.2.2.7

Creep Change in dimensions No 3.2.2.6

Radiation embrittlement Cracking No 3.2.2.9

Helium Fatigue Cracking W37 and W21H Canister Shell and Basket Fatigue TLAA 3.2.2.7

Creep Change in dimensions No 3.2.2.6
Radiation embrittlement Cracking No 3.2.2.9

W21H center device Stainless steel
(welded)

Helium Thermal aging Loss of fracture toughness and 
loss of ductility

No 3.2.2.8 NITS

Creep Change in dimensions No 3.2.2.6

Radiation embrittlement Cracking No 3.2.2.9

Vent and drain block SR

Stainless steel Helium

Drain Tube SR Stainless steel Helium

SR

Stainless steel Helium

B

NITS

Upper fuel spacer SR

Quick connect SR NITSStainless steel

Fuel basket plate TH

B

Stainless steel

Fuel basket aluminum plates TH  Aluminum Helium

Fuel basket aluminum  guides TH  Aluminum Helium

Fuel plates upper stiffener and 
basket retainer

TH, SR

 Neutron absorber

Drain guide funnel, tube, and 
support

TH, SR

TH Borated metal 
matrix composite

Helium

B
C
C
C

Stiffener, studs washer and nut SR Stainless steel

NITS

Stainless steel Helium

A

B
B

Stainless steel Helium

A

A

A

Stainless steel Helium

Helium

*Safety Functions: Confinement (CO), Subcriticality (CR), Retrievability (RE), Radiation Shielding (SH), Structural Integrity (SR), Thermal/Heat Removal (TH) WESTINGHOUSE NON-PROPRIETARY CLASS 3 Addenda Page 29 of 135
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Structure, System, or 
Component

Intended 
Safety 
Function* Material Environment Aging Mechanism Aging Effect Aging Management Activity

Technical Basis
(NUREG-2214 

Section) (a,c) Qual CAT

Stainless steel
(welded)

Stainless steel Sheltered Pitting and crevice corrosion Loss of material (Precursor 
to stress corrosion cracking)

Welded Stainless Steel Canister AMP 3.2.2.2

Microbiologically influenced 
corrosion

Loss of material No 3.2.2.4

Fatigue Cracking W37 and W21H Canister Shell and Basket Fatigue TLAA 3.2.2.7
Radiation embrittlement Cracking No 3.2.2.9

Helium Radiation embrittlement Cracking No 3.2.2.9

Sheltered Stress-corrosion cracking Cracking Welded Stainless Steel Canister AMP 3.2.2.5

Microbiologically influenced 
corrosion

Loss of material No 3.2.2.4

Fatigue Cracking W37/W21H Canister Shell Fatigue TLAA 3.2.2.7
Radiation embrittlement Cracking No 3.2.2.9

Helium Radiation embrittlement Cracking No 3.2.2.9

Stainless steel
(welded)

Helium Thermal aging Loss of fracture toughness 
and loss of ductility

No 3.2.2.8

Creep Change in dimensions No 3.2.2.6

Radiation embrittlement Cracking No 3.2.2.9

Closure lid CO, SR Stainless steel
(welded)

Sheltered Stress corrosion cracking Cracking Welded Stainless Steel Canister AMP 3.2.2.5

Pitting and crevice corrosion Loss of material
(Precursor to stress 
corrosion cracking)

Welded Stainless Steel Canister AMP 3.2.2.2

Microbiologically influenced 
corrosion

Loss of material No 3.2.2.4

Fatigue Cracking W37 and W21H Canister Shell and Basket Fatigue TLAA  and
W37 and W21H Canister Closure Lid Threaded Holes 
FatigueTLAA

3.2.2.7

Radiation embrittlement Cracking No 3.2.2.9

Helium Radiation embrittlement Cracking No 3.2.2.9

CO, SR Stainless steel
(welded)

Sheltered Stress corrosion cracking Cracking Welded Stainless Steel Canister AMP 3.2.2.5

Pitting and crevice corrosion Loss of material
(Precursor to stress 
corrosion cracking)

Welded Stainless Steel Canister AMP 3.2.2.2

Microbiologically influenced 
corrosion

Loss of material No 3.2.2.4

Fatigue Cracking W37 and W21H Canister Shell and Basket Fatigue TLAA 3.2.2.7

Radiation embrittlement Cracking No 3.2.2.9

Stainless steel 
(welded)

Embedded
(stainless steel)

Thermal aging Loss of fracture toughness 
and loss of ductility

No 3.2.2.8

Embedded (stainless 
steel)

Creep Change in dimensions No 3.2.2.6

Fatigue Cracking W37 and W21H Canister Shell and Basket Fatigue TLAA 3.2.2.7

Radiation embrittlement Cracking No 3.2.2.9

Helium Radiation embrittlement Cracking No 3.2.2.9

Creep Change in dimesions No 3.2.2.6

Radiation embrittlement Cracking No 3.2.2.9

NITS

A

Stainless steel

Drain tube SR Stainless steel Helium

A

Stainless steel Sheltered

Port cover  CO

Closure ring

A

Stainless steel Sheltered

B

Stainless steel Helium

Canister lifting lug SR

A

Pitting and crevice corrosion Loss of material (Precursor 
to stress corrosion cracking)

Welded Stainless Steel Canister AMP 3.2.2.2

A
A

Bottom plate CO, SR Stainless steel
(welded)

3.2.2.5Shell, (Lower shell and Upper 
Shell)

CO, SR* Sheltered Stress-corrosion cracking Cracking Welded Stainless Steel Canister AMP

Stainless steel Sheltered,

*Safety Functions: Confinement (CO), Subcriticality (CR), Retrievability (RE), Radiation Shielding (SH), Structural Integrity (SR), Thermal/Heat Removal (TH) WESTINGHOUSE NON-PROPRIETARY CLASS 3 Addenda Page 30 of 135
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Table 2-4b W37 Canister and Damaged Fuel Can (3 pages)
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Structure, System, or 
Component

Intended 
Safety 
Function* Material Environment Aging Mechanism Aging Effect Aging Management Activity

Technical Basis
(NUREG-2214 

Section) (a,c) Qual CAT

           Stainless steel
(welded)

Helium Thermal aging Loss of fracture toughness 
and loss of ductility

No 3.2.2.8

Creep Change in dimensions No 3.2.2.6

Radiation embrittlement Cracking No 3.2.2.9

Creep Change in dimensions No 3.2.2.6

Radiation embrittlement Cracking No 3.2.2.9

Stainless steel
(welded)

Helium Thermal aging Loss of fracture toughness 
and loss of ductility

No 3.2.2.8

Helium Fatigue Cracking No 3.2.2.7

Creep Change in dimensions No 3.2.2.6

Radiation embrittlement Cracking No 3.2.2.9

Stainless steel
(welded)

Helium Thermal aging Loss of fracture toughness 
and loss of ductility

No 3.2.2.8

Thermal aging Loss of fracture toughness 
and loss of ductility

No 3.2.2.8

Fatigue Cracking W37 and W21H Canister Shell and Basket Fatigue TLAA 3.2.2.7

Creep Change in dimensions No 3.2.2.6

Radiation embrittlement Cracking No 3.2.2.9

General corrosion Loss of material No 3.2.3.1

Thermal aging Loss of strength No 3.2.3.7

Creep Change in dimensions No 3.2.3.5

Radiation embrittlement Cracking No 3.2.3.8

General corrosion Loss of material No 3.2.3.1

Thermal aging Loss of strength No 3.2.3.7

Creep Change in dimensions No 3.2.3.5

Radiation embrittlement Cracking No 3.2.3.8

Stainless steel
(welded)

Helium Fatigue Cracking No 3.2.2.7

Thermal aging Loss of fracture toughness 
and loss of ductility

No 3.2.2.8

Creep Change in dimensions No 3.2.2.6

Radiation embrittlement Cracking No 3.2.2.9

Stainless steel
(welded)

Helium Thermal aging Loss of fracture toughness 
and loss of ductility

No 3.2.2.8

Fatigue Cracking W37 and W21H Canister Shell and Basket Fatigue TLAA 3.2.2.7

Creep Change in dimensions No 3.2.2.6

Radiation embrittlement Cracking No 3.2.2.9

Stainless steel
(welded)

Helium Thermal aging Loss of fracture toughness 
and loss of ductility

No 3.2.2.8

Fatigue Cracking W37 and W21H Canister Shell and Basket Fatigue TLAA 3.2.2.7

Creep Change in dimensions No 3.2.2.6

Radiation embrittlement Cracking No 3.2.2.9

A

Fuel plates upper stiffener and 
basket retainer     

SR

Fuel basket retainer plate   TH, SR

B
B

Stainless steel Helium

C

Stainless steel Helium

A

A

Drain guide funnel, tube, and 
support 

TH, SR

Basket assembly   guides TH Aluminum Helium

NITS

Stainless steel Helium

Basket assembly  aluminum 
plate 

TH Aluminum Helium

B

Stainless steel

Basket assembly stainless steel 
plate

SR, TH,

Upper fuel spacer SR

Stainless steel Helium

NITS

B
B

Quick connections SR Stainless steel Helium

Vent and drain block SR

Stainless steel Helium

*Safety Functions: Confinement (CO), Subcriticality (CR), Retrievability (RE), Radiation Shielding (SH), Structural Integrity (SR), Thermal/Heat Removal (TH) WESTINGHOUSE NON-PROPRIETARY CLASS 3 Addenda Page 31 of 135
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Structure, System, or 
Component

Intended 
Safety 
Function* Material Environment Aging Mechanism Aging Effect Aging Management Activity

Technical Basis
(NUREG-2214 

Section) (a,c) Qual CAT

           Helium Fatigue Cracking W37 and W21H Canister Shell and Basket Fatigue TLAA 3.2.2.7

Creep Change in dimensions No 3.2.2.6

Radiation embrittlement Cracking No 3.2.2.9

Stainless steel
(welded)

Helium Thermal aging Loss of fracture toughness 
and loss of ductility

No 3.2.2.8

Fatigue Cracking No 3.2.2.7

Creep Change in dimensions No 3.2.2.6

Radiation embrittlement Cracking No 3.2.2.9

Stainless steel
(welded)

Helium Thermal aging Loss of fracture toughness 
and loss of ductility

No 3.2.2.8

Fatigue Cracking No 3.2.2.7
Creep Change in dimensions No 3.2.2.6
Radiation embrittlement Cracking No 3.2.2.9

Stainless steel
(welded)

Helium Thermal aging Loss of fracture toughness 
and loss of ductility

No 3.2.2.8

Fatigue Cracking No 3.2.2.7
Creep Change in dimensions No 3.2.2.6
Radiation embrittlement Cracking No 3.2.2.9

Stainless steel
(welded)

Helium Thermal aging Loss of fracture toughness 
and loss of ductility

No 3.2.2.8

Fatigue Cracking No 3.2.2.7

Creep Change in dimensions No 3.2.2.6

Radiation embrittlement Cracking No 3.2.2.9

Stainless steel
(welded)

Helium Thermal aging Loss of fracture toughness 
and loss of ductility

No 3.2.2.8

Fatigue Cracking No 3.2.2.7

Creep Change in dimensions No 3.2.2.6

Radiation embrittlement Cracking No 3.2.2.9

Stainless steel
(welded)

Helium Thermal aging Loss of fracture toughness 
and loss of ductility

No 3.2.2.8

Fatigue Cracking No 3.2.2.7

Creep Change in dimensions No 3.2.2.6

Radiation embrittlement Cracking No 3.2.2.9

Thermal aging Loss of fracture toughness 
and loss of ductility

No 3.2.2.8

Creep Change in dimensions No 3.2.2.6

Radiation embrittlement Cracking No 3.2.2.9

General Corrosion Loss of material No 3.4.2.1

Galvanic corrosion Loss of material No 3.4.2.2

Thermal aging Loss of strength No 3.4.2.6

Creep Change in dimensions No 3.4.2.5

Radiation embrittlement Cracking No 3.4.2.7

Boron depletion Reduction of neutron- 
absorbing capacity

W37 Damaged Fuel Can Boron Depletion  3.4.2.4

B
C
C
B

B
C

Stainless steel Helium

Damaged fuel can neutron 
absorber

CR Borated metal Helium

Damaged fuel can screens and 
pressure rings 

CO Stainless steel Helium

A

B
B
B
C
C

Stainless steel Helium

Damaged fuel can device CR, SR

Damaged fuel can socket head 
cap screws and coner stop

CR, SR

A
B

Stainless steel Helium

B

Stainless steel Helium

B
B

Stainless steel Helium

BDamaged fuel can lifting handel  SR

Damaged fuel can top plate, 
Pipe, dog, intermediate plate, 
bottom plate and closing foil 

CR, SR

Stainless steel Helium

Damaged fuel canister base 
plate

CR, SR

A
B
C
C
C

Damaged fuel can tube body  
and reinforcement ring plate 

CR, SR

Damaged fuel can tube, 
stiffener, studs, washer and nut

CR, SR Stainless steel

*Safety Functions: Confinement (CO), Subcriticality (CR), Retrievability (RE), Radiation Shielding (SH), Structural Integrity (SR), Thermal/Heat Removal (TH) WESTINGHOUSE NON-PROPRIETARY CLASS 3 Addenda Page 32 of 135
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October 2020

Structure, System, or 
Component

Intended 
Safety Function Material Environment Aging Mechanism Aging Effect Aging Management Activity

Technical Basis (NUREG-
2214 Section) (a,c)

Qual 
CAT

Cracking Reinforced Concrete 
Structures AMP

3.5.1.5

Loss of strength Reinforced Concrete
Structures AMP

3.5.1.5

Loss of material (spalling, scaling) Reinforced Concrete
Structures AMP

3.5.1.5

Creep Cracking No 3.5.1.2
Cracking No 3.5.1.11

Loss of strength No 3.5.1.11
Loss of material (spalling, scaling) No 3.5.1.13

Loss of strength No 3.5.1.13

Cracking No 3.5.1.13

Fatigue Cracking No 3.5.1.10
Cracking Reinforced Concrete

Structures AMP
3.5.1.1

Loss of material
(spalling, scaling)

Reinforced Concrete
Structures AMP

3.5.1.1

Cracking No 3.5.1.9

Loss of strength No 3.5.1.9

Cracking Reinforced Concrete
Structures AMP

3.5.1.3

Loss of strength Reinforced Concrete
Structures AMP

3.5.1.3

Salt scaling Loss of material (spalling, scaling) Reinforced Concrete
Structures AMP

3.5.1.14

Shrinkage Cracking No 3.5.1.7

Loss of strength Reinforced Concrete
Structures AMP

3.5.1.8

Increase in porosity and
permeability

Reinforced Concrete
Structures AMP

3.5.1.8

Reduction of concrete pH (reducing 
corrosion resistance of steel 
embedments)

Reinforced Concrete
Structures AMP

3.5.1.8

Loss of concrete/steel bond Reinforced Concrete
Structures AMP

3.5.1.6

Loss of material (spalling, scaling) Reinforced Concrete
Structures AMP

3.5.1.6

Cracking Reinforced Concrete
Structures AMP

3.5.1.6

Loss of strength Reinforced Concrete
Structures AMP

3.5.1.6

General corrosion Loss of material Monitoring of Metallic
Surfaces AMP

3.2.1.1

Pitting and crevice corrosion Loss of material Monitoring of Metallic
Surfaces AMP

3.2.1.2

Galvanic corrosion Loss of material Monitoring of Metallic
Surfaces AMP

3.2.1.3

Microbiologically influenced 
corrosion

Loss of material No 3.2.1.4

Radiation embrittlement Cracking No 3.2.1.9

Embedded
(concrete)

Radiation embrittlement Cracking No 3.2.1.9

B

Cask body - Steel Liner and lower 
cap, including headed stud 
anchors

SH, SR, TH Steel Sheltered B

Concrete shell rebar SH, SR Reinforcing 
steel

Embedded in 
concrete

Corrosion of reinforcing steel

BConcrete shell SH, SR* Concrete Air—outdoor Aggressive chemical attack

Dehydration at high temperatures

Delayed ettringite
formation

Freeze and thaw

Radiation damage

Reaction with aggregates

Leaching of calcium hydroxide

*Safety Functions: Confinement (CO), Subcriticality (CR), Retrievability (RE), Radiation Shielding (SH), Structural Integrity (SR), Thermal/Heat Removal (TH) WESTINGHOUSE NON-PROPRIETARY CLASS 3
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October 2020

Structure, System, or 
Component

Intended 
Safety Function Material Environment Aging Mechanism Aging Effect Aging Management Activity

Technical Basis (NUREG-
2214 Section) (a,c)

Qual 
CAT

     General corrosion Loss of material Monitoring of Metallic
Surfaces AMP

3.2.1.1

Pitting and crevice
corrosion

Loss of material Monitoring of Metallic
Surfaces AMP

3.2.1.2

Microbiologically influenced 
corrosion

Loss of material No 3.2.1.4

Radiation embrittlement Cracking No 3.2.1.9

General corrosion Loss of material Monitoring of Metallic
Surfaces AMP

3.2.1.1

Pitting and crevice corrosion Loss of material Monitoring of Metallic
Surfaces AMP

3.2.1.2

Microbiologically influenced 
corrosion

Loss of material No 3.2.1.4

Radiation embrittlement Cracking No 3.2.1.9

Loss of material
(spalling, scaling)

No 3.5.1.13

Cracking No 3.5.1.13
Loss of strength No 3.5.1.13
Cracking No 3.5.1.9
Loss of strength No 3.5.1.9
Cracking No 3.5.1.3
Loss of strength No 3.5.1.3

General corrosion Loss of material Monitoring of Metallic
Surfaces AMP

3.2.1.1

Pitting and crevice
corrosion

Loss of material Monitoring of Metallic
Surfaces AMP

3.2.1.2

Microbiologically influenced 
corrosion

Loss of material No 3.2.1.4

Radiation embrittlement Cracking No 3.2.1.9

General corrosion Loss of material Monitoring of Metallic
Surfaces AMP

3.2.1.1

Pitting and crevice corrosion Loss of material Monitoring of Metallic
Surfaces AMP

3.2.1.2

Microbiologically influenced 
corrosion

Loss of material No 3.2.1.4

Radiation embrittlement Cracking No 3.2.1.9
Embedded
(concrete)

Radiation embrittlement Cracking No 3.2.1.9

General corrosion Loss of material Monitoring of Metallic
Surfaces AMP

3.2.1.1

Pitting and crevice
corrosion

Loss of material Monitoring of Metallic
Surfaces AMP

3.2.1.2

Microbiologically influenced 
corrosion

Loss of material No 3.2.1.4

Radiation embrittlement Cracking No 3.2.1.9

Stress corrosion cracking Cracking Monitoring of Metallic
Surfaces AMP

3.2.2.5

Pitting and crevice corrosion Loss of material Monitoring of Metallic
Surfaces AMP

3.2.2.2

Microbiologically influenced 
corrosion

Loss of material No 3.2.2.4

Radiation embrittlement Cracking No 3.2.2.9

General corrosion Loss of material Monitoring of Metallic
Surfaces AMP

3.2.1.1

Galvanic corrosion Loss of material Monitoring of Metallic
Surfaces AMP

3.2.1.3

Pitting and crevice
corrosion

Loss of material Monitoring of Metallic
Surfaces AMP

3.2.1.2

Microbiologically influenced 
corrosion

Loss of material No 3.2.1.4

Radiation embrittlement Cracking No 3.2.1.9

General corrosion Loss of material Monitoring of Metallic
Surfaces AMP

3.2.1.1

Pitting and crevice
corrosion

Loss of material Monitoring of Metallic
Surfaces AMP

3.2.1.2

Microbiologically influenced 
corrosion

Loss of material No 3.2.1.4

Radiation embrittlement Cracking No 3.2.1.9

Tip over devices (W21H 
configuration)  

SR Steel Sheltered

Steel 
(optional)

Sheltered

B

B

B

End drop device
 (W37 Configuration)   

SR Stainless Steel Sheltered

Top and bottom tip over devices 
(W37 configuration) 

SR Steel Sheltered

Cask top SH, SR Steel

B

B
B

B
B

Sheltered

Air—outdoor

B

Radiation damage

Reaction with aggregates

B
B
B
B
B
B

Sheltered

Top cover SH, SR Steel Air—outdoor

Concrete Fully encased
(steel)

Delayed ettringite
formation

*Safety Functions: Confinement (CO), Subcriticality (CR), Retrievability (RE), Radiation Shielding (SH), Structural Integrity (SR), Thermal/Heat Removal (TH) WESTINGHOUSE NON-PROPRIETARY CLASS 3
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Structure, System, or 
Component

Intended 
Safety Function Material Environment Aging Mechanism Aging Effect Aging Management Activity

Technical Basis (NUREG-
2214 Section) (a,c)

Qual 
CAT

     Stress corrosion cracking Cracking Monitoring of Metallic
Surfaces AMP

3.2.2.5

Pitting and crevice corrosion Loss of material Monitoring of Metallic
Surfaces AMP

3.2.2.2

Microbiologically influenced 
corrosion

Loss of material No 3.2.2.4

Radiation embrittlement Cracking No 3.2.2.9

General corrosion Loss of material Monitoring of Metallic
Surfaces AMP

3.2.1.1

Galvanic corrosion Loss of material Monitoring of Metallic
Surfaces AMP

3.2.1.3

Pitting and crevice
corrosion

Loss of material Monitoring of Metallic
Surfaces AMP

3.2.1.2

Microbiologically influenced 
corrosion

Loss of material No 3.2.1.4

Radiation embrittlement Cracking No 3.2.1.9

General corrosion Loss of material Monitoring of Metallic
Surfaces AMP

3.2.1.1

Pitting and crevice
corrosion

Loss of material Monitoring of Metallic
Surfaces AMP

3.2.1.2

Microbiologically influenced 
corrosion

Loss of material No 3.2.1.4

Radiation embrittlement Cracking No 3.2.1.9

Stress corrosion cracking Cracking Monitoring of Metallic
Surfaces AMP

3.2.2.5

Pitting and crevice corrosion Loss of material Monitoring of Metallic
Surfaces AMP

3.2.2.2

Microbiologically influenced 
corrosion

Loss of material No 3.2.2.4

Radiation embrittlement Cracking No 3.2.2.9

General corrosion Loss of material Monitoring of Metallic
Surfaces AMP

3.2.1.1

Galvanic corrosion Loss of material Monitoring of Metallic
Surfaces AMP

3.2.1.3

Pitting and crevice
corrosion

Loss of material Monitoring of Metallic
Surfaces AMP

3.2.1.2

Microbiologically influenced 
corrosion

Loss of material No 3.2.1.4

Radiation embrittlement Cracking No 3.2.1.9

General corrosion Loss of material Monitoring of Metallic
Surfaces AMP

3.2.1.1

Pitting and crevice
corrosion

Loss of material Monitoring of Metallic
Surfaces AMP

3.2.1.2

Microbiologically influenced 
corrosion

Loss of material No 3.2.1.4

Embedded
(concrete)

Radiation embrittlement Cracking No 3.2.1.9

Lifting device anchoring rebars  SH, SR Reinforcing 
Steel

Embedded 
(Concrete) 

Radiation embrittlement Cracking No 3.2.1.9 B

General corrosion Loss of material Monitoring of Metallic
Surfaces AMP

3.2.1.1

Pitting and crevice corrosion Loss of material Monitoring of Metallic
Surfaces AMP

3.2.1.2

Microbiologically influenced 
corrosion

Loss of material No 3.2.4.3

Radiation embrittlement Cracking No 3.2.4.6
Stress relaxation Loss of preload No 3.2.4.7

SR General corrosion Loss of material Monitoring of Metallic
Surfaces AMP

3.2.1.1

Pitting and crevice corrosion Loss of material Monitoring of Metallic
Surfaces AMP

3.2.1.2

Microbiologically influenced 
corrosion

Loss of material No 3.2.2.4

Radiation embrittlement Cracking No 3.2.2.9

NITS

B

Circular Washer M90 nom.  (for 
closing bolt) 

Steel Sheltered

Closing Bolts M90x6 SR Steel Air-outdoor

BInner block (For cover closing and 
cask lifting)

SH, SR Steel Sheldered

B

Steel 
(optional) 

Sheltered

B

B
B

Positioning Plate 
(W21H Configuration)    

SR Stainless Steel Sheltered

Steel    
(optional) 

Sheltered

Auxiliary shielding including 
support ring (W21H 
configuration)

SH, SR Steel Sheltered

End drop device (W21H 
Configuration)    

SR Stainless Steel Sheltered B

*Safety Functions: Confinement (CO), Subcriticality (CR), Retrievability (RE), Radiation Shielding (SH), Structural Integrity (SR), Thermal/Heat Removal (TH) WESTINGHOUSE NON-PROPRIETARY CLASS 3
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October 2020

Structure, System, or 
Component

Intended 
Safety Function Material Environment Aging Mechanism Aging Effect Aging Management Activity

Technical Basis (NUREG-
2214 Section) (a,c)

Qual 
CAT

     General corrosion Loss of material Monitoring of Metallic
Surfaces AMP

3.2.1.1

Galvanic corrosion Loss of material Monitoring of Metallic
Surfaces AMP

3.2.1.3

Pitting and crevice corrosion Loss of material Monitoring of Metallic
Surfaces AMP

3.2.1.2

Microbiologically influenced
corrosion

Loss of material No 3.2.1.4

Radiation embrittlement Cracking No 3.2.1.9
Embedded
(concrete)

Radiation embrittlement Cracking No 3.2.1.9

Radiation embrittlement Coating degradation Monitoring of Metallic
Surfaces AMP

3.2.8

Thermal aging Coating degradation Monitoring of Metallic
Surfaces AMP

3.2.8

Radiation embrittlement Coating degradation Monitoring of Metallic
Surfaces AMP

3.2.8

Thermal aging Coating degradation Monitoring of Metallic
Surfaces AMP

3.2.8

(a,c)
Vent Screen Assembly

Top and botton vents SR Steel Sheldered

NOTE:  The following Not Important to Safety (NITS) W180 Storage Cask items and parts do not perform any safety functions and their malfunction would not preclude Important to Safety (ITS) items and parts from performing their safey functions.  The listed NITS items and parts are typically accessible for inspection and maintenance as required, and can be repaired or replaced as necessary without applying an Aging 
Management Program.  

C

Sheltered

Coating on exposed carbon steel 
surfaces  

SR Coating Air—outdoor

NITS
NITS

*Safety Functions: Confinement (CO), Subcriticality (CR), Retrievability (RE), Radiation Shielding (SH), Structural Integrity (SR), Thermal/Heat Removal (TH) WESTINGHOUSE NON-PROPRIETARY CLASS 3
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Table 2-6 W110 Transfer Cask (4 pages)

October 2020

Structure, System,
or Component

Intended 
Safety 

Function Material Environment Aging Mechanism Aging Effect Aging Management Activity
Technical Basis 

(NUREG- 2214 Section) (a,c)
Qual 
CAT

SR* Stainless steel
(welded)

Air—
indoor/outdoor

Stress corrosion cracking Cracking No 3.2.2.5

Pitting and crevice corrosion Loss of material No 3.2.2.2

Microbiologically influenced 
corrosion

Loss of material No 3.2.2.4

Radiation embrittlement Cracking No 3.2.2.9

Embedded 
(lead / epoxy-resin)

Radiation embrittlement Cracking No 3.2.2.9

Stainless steel (welded) Air—
indoor/outdoor

Stress corrosion cracking Cracking No 3.2.2.5

Stainless steel Pitting and crevice corrosion Loss of material No 3.2.2.2
Microbiologically influenced 
corrosion

Loss of material No 3.2.2.4

Radiation embrittlement Cracking No 3.2.2.9

Embedded (lead) Radiation embrittlement Cracking No 3.2.2.9

Gamma shield SH Lead Embedded (stainless 
steel)

None identified None identified No 3.2.6 B

Stainless steel
(welded)

Air—
indoor/outdoor

Stress corrosion cracking Cracking No 3.2.2.5

Pitting and crevice corrosion Loss of material No 3.2.2.2

Microbiologically influenced 
corrosion

Loss of material No 3.2.2.4

Stress corrosion cracking Cracking No 3.2.2.5

Radiation embrittlement Cracking No 3.2.2.9

Stainless steel
(welded)

Air—
indoor/outdoor

Stress corrosion cracking Cracking No 3.2.2.5

Pitting and crevice corrosion Loss of material No 3.2.2.2

Microbiologically influenced 
corrosion

Loss of material No 3.2.2.4

Stress corrosion cracking Cracking No 3.2.2.5

Radiation embrittlement Cracking No 3.2.2.9
Stainless steel
(welded)

Air—
indoor/outdoor

Stress corrosion cracking Cracking No 3.2.2.5

Pitting and crevice corrosion Loss of material No 3.2.2.2

Microbiologically influenced 
corrosion

Loss of material No 3.2.2.4

Stress corrosion cracking Cracking No 3.2.2.5

Radiation embrittlement Cracking No 3.2.2.9

Pitting and crevice corrosion Loss of material No 3.2.2.2

Microbiologically influenced 
corrosion

Loss of material No 3.2.2.4

Stress corrosion cracking Cracking No 3.2.2.5

Radiation embrittlement Cracking No 3.2.2.9

Pitting and crevice corrosion Loss of material No 3.2.2.2

Microbiologically influenced 
corrosion

Loss of material No 3.2.2.4

Stress corrosion cracking Cracking No 3.2.2.5

Radiation embrittlement Cracking No 3.2.2.9

A

BFill inlet pipe SR Stainless steel Air—
indoor/outdoor

B

B

A

Cooling quick connections SR Stainless steel Air—
indoor/outdoor

Rib SR

Stainless steel Air—
indoor/outdoor

Support flange SR

Stainless steel Air—
indoor/outdoor

Upper ring SR A

Stainless steel Air—
indoor/outdoor

A

Stainless steel Air—
indoor/outdoor

Inner shell SH, SR, TH

Outer shell

A

Air—
indoor/outdoor

*Safety Functions: Confinement (CO), Subcriticality (CR), Retrievability (RE), Radiation Shielding (SH), 
Structural Integrity (SR), Thermal/Heat Removal (TH) WESTINGHOUSE NON-PROPRIETARY CLASS 3
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October 2020

Structure, System,
or Component

Intended 
Safety 

Function Material Environment Aging Mechanism Aging Effect Aging Management Activity
Technical Basis 

(NUREG- 2214 Section) (a,c)
Qual 
CAT

 Stainless steel (welded) Air—
indoor/outdoor

Stress corrosion cracking Cracking No 3.2.2.5

Stainless Steel Air—
indoor/outdoor

Pitting and crevice corrosion Loss of material No 3.2.2.2

Microbiologically influenced 
corrosion

Loss of material No 3.2.2.4

Stress corrosion cracking Cracking No 3.2.2.5
Radiation embrittlement Cracking No 3.2.2.9

Embedded (lead) Radiation embrittlement Cracking No 3.2.2.9

Pitting and crevice corrosion Loss of material No 3.2.2.2

Microbiologically influenced
corrosion

Loss of material No 3.2.2.4

Stress corrosion cracking Cracking No 3.2.2.5

Radiation embrittlement Cracking No 3.2.2.9

Embedded 
(epoxy-resin)

Radiation embrittlement Cracking No 3.2.2.9

Thermal aging Loss of ductility No 3.3.1.2

Radiation embrittlement Cracking No 3.3.1.3

Boron depletion Loss of shielding W110 Transfer Cask Neutron Shielding TLAA 3.3.1.1

Pitting and crevice corrosion Loss of material No 3.2.2.2

Microbiologically influenced 
corrosion

Loss of material No 3.2.2.4

Stress corrosion cracking Cracking No 3.2.2.5

Radiation embrittlement Cracking No 3.2.2.9

Embedded (stainless 
steel)

Radiation embrittlement Cracking No 3.2.2.9

Pitting and crevice corrosion Loss of material No 3.2.2.2

Microbiologically influenced 
corrosion

Loss of material No 3.2.2.4

Stress corrosion cracking Cracking No 3.2.2.5
Fatigue Cracking W110 Transfer Cask Subcomponent Fatigue TLAA 3.2.2.7

Radiation embrittlement Cracking No 3.2.2.9

Stainless steel (welded) Air—
indoor/outdoor

Stress corrosion cracking Cracking No 3.2.2.5

Pitting and crevice corrosion Loss of material No 3.2.2.2

Microbiologically influenced 
corrosion

Loss of material No 3.2.2.4

Stress corrosion cracking Cracking No 3.2.2.5

Radiation embrittlement Cracking No 3.2.2.9

Wear Loss of material W110 Transfer Cask AMP 3.2.2.11

A

NITS

B

Bottom sealing lid SH, SR

Bottom lid halves SR Stainless steel Air—
indoor/outdoor

B

Stainless Steel Air—
indoor/outdoor

B

Neutron shielding SH Epoxy-resin Embedded (stainless 
steel)

Neutron shielding shell SR Stainless steel Air—
indoor/outdoor

Rupture disc SR Stainless steel Air—
indoor/outdoor

Shielding box SH B

*Safety Functions: Confinement (CO), Subcriticality (CR), Retrievability (RE), Radiation Shielding (SH),
Structural Integrity (SR), Thermal/Heat Removal (TH) WESTINGHOUSE NON-PROPRIETARY CLASS 3
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Structure, System,
or Component

Intended 
Safety 

Function Material Environment Aging Mechanism Aging Effect Aging Management Activity
Technical Basis 

(NUREG- 2214 Section) (a,c)
Qual 
CAT

 Pitting and crevice corrosion Loss of material No 3.2.2.2

Microbiologically influenced 
corrosion

Loss of material No 3.2.2.4

Stress corrosion cracking Cracking No 3.2.2.5

Radiation embrittlement Cracking No 3.2.2.9

Pitting and crevice corrosion Loss of material No 3.2.2.2

Microbiologically influenced 
corrosion

Loss of material No 3.2.2.4

Stress corrosion cracking Cracking No 3.2.2.5

Fatigue Cracking W110 Transfer Cask Subcomponent Fatigue TLAA and 
W110 Transfer Cask AMP

3.2.2.7

Radiation embrittlement Cracking No 3.2.2.9

Stainless steel (welded) Air—
indoor/outdoor

Stress corrosion cracking Cracking No 3.2.2.5

Pitting and crevice corrosion Loss of material No 3.2.2.2 C
C

Microbiologically influenced 
corrosion

Loss of material No 3.2.2.4

Stress corrosion cracking Cracking No 3.2.2.5
Radiation embrittlement Cracking No 3.2.2.9

Stainless steel (welded) Air—
indoor/outdoor

Stress corrosion cracking Cracking No 3.2.2.5

Stainless steel (welded) Air—
indoor/outdoor

Stress corrosion cracking Cracking No 3.2.2.5

Pitting and crevice corrosion Loss of material No 3.2.2.2

Microbiologically influenced 
corrosion

Loss of material No 3.2.2.4

Stress corrosion cracking Cracking No 3.2.2.5

Radiation embrittlement Cracking No 3.2.2.9

Pitting and crevice corrosion Loss of material No 3.2.2.2

Microbiologically influenced 
corrosion

Loss of material No 3.2.2.4

Stress corrosion cracking Cracking No 3.2.2.5

Fatigue Cracking W110 Transfer Cask Subcomponent Fatigue TLAA and 
W110 Transfer Cask AMP

3.2.2.7

Radiation embrittlement Cracking No 3.2.2.9

Stress relaxation Loss of preload No 3.2.2.10

Pitting and crevice corrosion Loss of material No 3.2.2.2

Microbiologically influenced 
corrosion

Loss of material No 3.2.2.4

Stress corrosion cracking Cracking No 3.2.2.5

Fatigue Cracking W110 Transfer Cask Subcomponent Fatigue TLAA 3.2.2.7

Radiation embrittlement Cracking No 3.2.2.9

Stress relaxation Loss of preload No 3.2.2.10

A

B

B

B

A

Lifting feature bolts and 
associated threaded holes (W37 
and W21H configurations)

SR Stainless steel Air—
indoor/outdoor

Screws and washers
(W37 and W21H  
configurations)

SR Stainless steel Air—
indoor/outdoor

O-rings (W37 and W21H 
configurations)  

SR VMQ Air—
indoor/outdoor

Thermal aging Water leakage B
B

NITS

No (Inspect and replace as necessary)

C
B

Upper sealing ring (W21H 
configuration) 

SR, SH

Auxiliary shielding shell 
(W21H configuration)

SR, SH Stainless steel Air—
indoor/outdoor

C
C
CStainless steel Air—

indoor/outdoor

Lifting feature SR Stainless steel Air—
indoor/outdoor

Bottom lid plugs SR Stainless steel Air—
indoor/outdoor

A
A

*Safety Functions: Confinement (CO), Subcriticality (CR), Retrievability (RE), Radiation Shielding (SH), 
Structural Integrity (SR), Thermal/Heat Removal (TH) WESTINGHOUSE NON-PROPRIETARY CLASS 3

Addenda Page 39 of 135

-

-



SENTRY System CoC-1026 Renewal Application Addenda
Table 2-6 W110 Transfer Cask (4 pages)

October 2020

Structure, System,
or Component

Intended 
Safety 

Function Material Environment Aging Mechanism Aging Effect Aging Management Activity
Technical Basis 

(NUREG- 2214 Section) (a,c)
Qual 
CAT

 Pitting and crevice corrosion Loss of material No 3.2.2.2

Microbiologically influenced 
corrosion

Loss of material No 3.2.2.4

Stress corrosion cracking Cracking No 3.2.2.5

Radiation embrittlement Cracking No 3.2.2.9

Stress relaxation Loss of preload No 3.2.2.10

Radiation embrittlement Coating degradation W110 Transfer Cask AMP 3.2.8

Thermal aging Coating degradation W110 Transfer Cask AMP 3.2.8

Wear Loss of material W110 Transfer Cask AMP 3.2.2.11

Radiation embrittlement Cracking No 3.2.2.9

(a,c)

Coating (W37 and W21H 
configurations)

TH Coating Air—
indoor/outdoor

Varies

NOTE:  The following Not Important to Safety (NITS) W110 Transfer Cask items and parts do not perform any safety functions and their malfunction would not preclude Important to Safety (ITS) items and 
parts from performing their safey functions.  The listed NITS items and parts are typically accessible for inspection and maintenance as required, and can be repaired or replaced as necessary without applying an Aging Management Program.  

Thread insert SR Stainless steel Embedded
(stainless steel)

Screws and washers (W21H 
configuration)

SR Stainless steel  Air—
indoor/outdoor

NITS

NITS

NITS

NITS

B

*Safety Functions: Confinement (CO), Subcriticality (CR), Retrievability (RE), Radiation Shielding (SH), 
Structural Integrity (SR), Thermal/Heat Removal (TH) WESTINGHOUSE NON-PROPRIETARY CLASS 3
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SENTRY System CoC-1026 Renewal Application Addenda
Table 2-7 Fuel Assemblies (2 pages)

October  2020

Structure, System, 
or Component

Intended Safety 
Function* Material Environment

Aging
Mechanism Aging Effect Aging Management Activity

Technical Basis
 (NUREG-2214 

Section) Reference
Qual 
CAT

Oxidation Loss of load bearing capacity No 3.6.1.6 A
Pitting corrosion Loss of material No 3.6.1.7
Galvanic corrosion Loss of material No 3.6.1.8
Stress corrosion cracking Cracking No 3.6.1.9
Hydride reorientation Loss of ductility Canister High-Burnup Fuel Monitoring and Assessment 

AMP and a supporting analysis†
3.6.1.1  ** Refer to the SENTRY Dry Fuel Storage System Technical Specifications 

Section 5.3.6 “Active Cooling System Program” delineates the controls to “to 
determine the time at which the maximum allowable temperature in the fuel 
cladding or in other components are reached.”

Delayed hydride cracking Cracking No 3.6.1.2
Thermal Creep Changes in dimensions Canister High-Burnup Fuel Monitoring and Assessment 

AMP and a supporting analysis †
3.6.1.3  ** Refer to the SENTRY Dry Fuel Storage System Technical Specifications 

Section 5.3.6 “Active Cooling System Program” delineates the controls to “to 
determine the time at which the maximum allowable temperature in the fuel 
cladding or in other components are reached.

Low-temperature creep Changes in dimensions No 3.6.1.4
Radiation embrittlement Loss of strength No 3.6.1.10

Fatigue Cracking No 3.6.1.11

Mechanical overload Cracking No 3.6.1.5

Creep Changes in dimensions No 3.6.2.1 A

Hydriding Changes in dimensions No 3.6.2.2

Radiation embrittlement Loss of strength No 3.6.1.10
Fatigue Cracking No 3.6.1.11
Creep Changes in dimensions No 3.6.2.1 A
Hydriding Changes in dimensions No 3.6.2.2

Radiation embrittlement Loss of strength No 3.6.1.10

Fatigue Cracking No 3.6.1.11
Creep Change in dimensions No 3.6.2.1
General corrosion Loss of material No 3.6.2.3
Stress corrosion cracking Cracking No 3.6.2.4

Radiation embrittlement Loss of strength No 3.6.1.10

Fatigue Cracking No 3.6.1.11

Spacer grids CR, RE, SR, TH Zirconium-based alloy Helium

Inconel Helium

Guide tubes (PWR) CR, RE,
SR

Zirconium-based alloy Helium

Fuel rod cladding CO, CR, RE, 
SH, SR, TH*

Zirconium-based alloy 
(Zircaloy-2, Zircaloy-4, 
ZIRLOTM, or M5®)

Helium

† Hydride reorientation and thermal creep are not expected to result in cladding failures or reconfiguration of the fuel. Refer to Section 3.3.3.4, "Aging Effects Requiring Management (Fuel Assembly)," of this renewal application. 
SENTRY Dry Storage System Safety Analysis Report, Section 5.4.2 addresses the NUREG-2215 guidance and recommended limits involving high burnup fuel. 
Also refer to SENTRY Dry Storage System Safety Analysis Report, Section 4.6.2.2 "Properties of the Cladding Material"

Confirmatory evidence for dry storage periods beyond 20 years is expected to be gathered and evaluated per the High-Burnup Fuel Monitoring and Assessment AMP.  Alternatively, an applicant may perform defense-in-depth analyses, assuming credible reconfiguration (See NUREG-2214 Section Sections 3.6.1.1 and 3.6.1.3).

*Safety Functions: Confinement (CO), Subcriticality (CR), Retrievability (RE), Radiation Shielding (SH), 
Structural Integrity (SR), Thermal/Heat Removal (TH) WESTINGHOUSE NON-PROPRIETARY CLASS 3
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October  2020

Structure, System, 
or Component

Intended Safety 
Function* Material Environment

Aging
Mechanism Aging Effect Aging Management Activity

Technical Basis
 (NUREG-2214 

Section) Reference
Qual 
CAT

     
  

  
  

  

Creep Change in dimensions No 3.6.2.1 A
General corrosion Loss of material No 3.6.2.3
Stress corrosion cracking Cracking No 3.6.2.4

Radiation embrittlement Loss of strength No 3.6.1.10
Fatigue Cracking No 3.6.1.11
Creep Change in dimensions No 3.6.2.1
General corrosion Loss of material No 3.6.2.3
Stress corrosion cracking Cracking No 3.6.2.4
Radiation embrittlement Loss of strength No 3.6.1.10
Fatigue Cracking No 3.6.1.11
Creep Change in dimensions No 3.6.2.1 A
General corrosion Loss of material No 3.6.2.3
Stress corrosion cracking Cracking No 3.6.2.4

Radiation embrittlement Loss of strength No 3.6.1.10
Fatigue Cracking No 3.6.1.11

 ** The SENTRY W21H and W37 canisters for PWR fuel can accomodate a maximum assembly burnup limited to 65 GWd/MTU as noted in the SENTRY Dry Fuel Storage System  Technical 
Specifications..
For burnups exceeding 45,000 MWd/MTU, cladding oxide layer thickness is limited to 70μm, per FSAR Section 3.2.1 "Spent Nuclear Fuel Specifications" 

Poison rod 
assemblies
(PWR)

CR Stainless steel Helium

Lower and upper 
end fittings

CR, RE, SR Stainless steel Helium

Inconel Helium

*Safety Functions: Confinement (CO), Subcriticality (CR), Retrievability (RE), Radiation Shielding (SH), 
Structural Integrity (SR), Thermal/Heat Removal (TH) WESTINGHOUSE NON-PROPRIETARY CLASS 3
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Table 2-8 Fuel Transfer and Auxilary Equipment (1 page)

October  2020

Structure, System,
or Component

Intended 
Safety 

Function Material Environment Aging Mechanism Aging Effect Aging Management Activity

Technical Basis 
(NUREG-2214 

Section) (a,c) Qual CAT

General corrosion Loss of material Monitoring of Metallic
Surfaces AMP

3.2.1.1

Galvanic corrosion Loss of material Monitoring of Metallic
Surfaces AMP

3.2.1.3

Pitting and crevice
corrosion

Loss of material Monitoring of Metallic
Surfaces AMP

3.2.1.2

Microbiologically influenced
corrosion

Loss of material No 3.2.1.4

Radiation embrittlement Cracking No 3.2.1.9

Lifting Yoke Paddle 
Extension

SR General corrosion Loss of material Monitoring of Metallic
Surfaces AMP

3.2.1.1

Galvanic corrosion Loss of material Monitoring of Metallic
Surfaces AMP

3.2.1.3

Pitting and crevice
corrosion

Loss of material Monitoring of Metallic
Surfaces AMP

3.2.1.2

Microbiologically influenced 
corrosion

Loss of material No 3.2.1.4

Radiation embrittlement Cracking No 3.2.1.9

Transfer Mating Device SR, SH General corrosion Loss of material Monitoring of Metallic
Surfaces AMP

3.2.1.1

Galvanic corrosion Loss of material Monitoring of Metallic
Surfaces AMP

3.2.1.3

Pitting and crevice
corrosion

Loss of material Monitoring of Metallic
Surfaces AMP

3.2.1.2

Microbiologically influenced 
corrosion

Loss of material No 3.2.1.4

Radiation embrittlement Cracking No 3.2.1.9
General corrosion Loss of material Monitoring of Metallic

Surfaces AMP
3.2.1.1

Galvanic corrosion Loss of material Monitoring of Metallic
Surfaces AMP

3.2.1.3

Pitting and crevice
corrosion

Loss of material Monitoring of Metallic
Surfaces AMP

3.2.1.2

Microbiologically influenced 
corrosion

Loss of material No 3.2.1.4

Radiation embrittlement Cracking No 3.2.1.9

General corrosion Loss of material Monitoring of Metallic
Surfaces AMP

3.2.1.1

Galvanic corrosion Loss of material Monitoring of Metallic
Surfaces AMP

3.2.1.3

Pitting and crevice
corrosion

Loss of material Monitoring of Metallic
Surfaces AMP

3.2.1.2

Microbiologically influenced 
corrosion

Loss of material No 3.2.1.4

Radiation embrittlement Cracking No 3.2.1.9
Coating on steel 
components

SR Coating Sheltered Thermal aging Coating degradation Monitoring of Metallic
Surfaces AMP

3.2.8 NITS

Safety 
Related

Canister Handling 
Device (Vertical Canister 
Lift Fixture)

SR Steel Sheltered

ITS   

Active Cooling System TH Steel (other 
materials may 
vary 
depending on 
the ACS 
design and 
would be 
maintained or 
replaced as 
needed) 

Sheltered ITS

Safety 
Related

Steel Sheltered

Steel Sheltered

Safety 
Related

Transfer Cask Lifting 
Yoke

SR Steel Sheltered

*Safety Functions: Confinement (CO), Subcriticality (CR), Retrievability (RE), Radiation Shielding (SH), 
Structural Integrity (SR), Thermal/Heat Removal (TH) WESTINGHOUSE NON-PROPRIETARY CLASS 3
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Table 2-9  -  SENTRY Dry Storage System SAR Drawings (2 Pages) 

    (a,c) 
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 Table 2-9 (continued) (2 pages)    

  
(a,c) 

   

  

  

  

  

  

  

  
  

  

  

  

  

  
  

  

  

  

  

  

  

  

    
 

 

Note: 
(1) Initial SENTRYTM Dry Storage System SAR [2.3] is associated with CoC 1026 Amendment 5. 
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Table 2-10  -  Intended Safety Functions of SNF Assembly Subcomponents 

Subcomponent Intended Safety Functions(1) 

Fuel Pellets --- 

Fuel Cladding CO, CR, RE, SH, SR, TH 
Spacer Grid Assemblies CR, RE, SR, TH 

Upper and Lower End Fitting CR, RE, SR 

Guide Tubes  CR, RE, SR, 
Control Components ---(2) 

Notes: 
(1) Intended safety functions are abbreviated as follows:  Confinement (CO), Subcriticality (CR), Retrievability 

(RE), Radiation Shielding (SH), Structural Integrity (SR), Thermal/Heat Removal (TH) 

(2) The SENTRY Dry Storage System Criticality Analysis does not credit negative reactivity effects of control 
components.  Therefore, the control components do not have a criticality control function.  
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Table 2-11 ISFSI Pad (2 pages)

October 2020

Structure, System, or 
Component

Intended 
Safety 

Function Material Environment
Aging

Mechanism Aging Effect Aging Management Activity

Technical Basis 
(NUREG-2214 

Section) (a,c)
Qual 
Cat

Cracking Not Applicable for Renewal ** 3.5.1.5 NITS

Loss of strength Not Applicable for Renewal ** 3.5.1.5

Loss of material (spalling, scaling) Not Applicable for Renewal ** 3.5.1.5
Reduction of concrete pH (reducing corrosion resistance of steel 
embedments)

Not Applicable for Renewal ** 3.5.1.5

Creep Cracking No 3.5.1.2
Cracking No 3.5.1.11
Loss of strength No 3.5.1.11
Loss of material (spalling, scaling) No 3.5.1.13
Loss of strength No 3.5.1.13
Cracking No 3.5.1.13

Differential settlement Cracking No 3.5.1.4
Fatigue Cracking No 3.5.1.10

Cracking Not Applicable for Renewal ** 3.5.1.1
Loss of material (spalling, scaling) Not Applicable for Renewal ** 3.5.1.1
Cracking No 3.5.1.9
Loss of strength No 3.5.1.9
Cracking Not Applicable for Renewal ** 3.5.1.3
Loss of strength Not Applicable for Renewal ** 3.5.1.3

Salt scaling Loss of material (spalling, scaling) Not Applicable for Renewal ** 3.5.1.14
Shrinkage Cracking No 3.5.1.7

Loss of strength Not Applicable for Renewal ** 3.5.1.8
Increase in porosity and permeability Not Applicable for Renewal ** 3.5.1.8
Reduction of concrete pH (reducing corrosion resistance of steel 
embedments)

Not Applicable for Renewal ** 3.5.1.8

Cracking Not Applicable for Renewal ** 3.5.1.5
Loss of strength Not Applicable for Renewal ** 3.5.1.5
Loss of material (spalling, scaling) Not Applicable for Renewal ** 3.5.1.5
Reduction of concrete pH (reducing corrosion resistance of steel 
embedments)

Not Applicable for Renewal ** 3.5.1.5

Creep Cracking No 3.5.1.2
Cracking No 3.5.1.11
Loss of strength No 3.5.1.11
Loss of material (spalling, scaling) No 3.5.1.13
Loss of strength No 3.5.1.13
Cracking No 3.5.1.13

Differential settlement Cracking Not Applicable for Renewal ** 3.5.1.4
Fatigue Cracking No 3.5.1.10

Cracking Not Applicable for Renewal ** 3.5.1.1
Loss of material (spalling, scaling) Not Applicable for Renewal ** 3.5.1.1
Loss of strength Not Applicable for Renewal ** 3.5.1.12
Loss of material (spalling, scaling) Not Applicable for Renewal ** 3.5.1.12
Increase in porosity and permeability Not Applicable for Renewal ** 3.5.1.12
Reduction of concrete pH (reducing corrosion resistance of steel 
embedments)

Not Applicable for Renewal ** 3.5.1.12

Cracking No 3.5.1.9
Loss of strength No 3.5.1.9
Cracking Not Applicable for Renewal ** 3.5.1.3
Loss of strength Not Applicable for Renewal ** 3.5.1.3

Salt scaling Loss of material
(spalling, scaling)

Not Applicable for Renewal ** 3.5.1.14

Shrinkage Cracking No 3.5.1.7
Loss of strength Not Applicable for Renewal ** 3.5.1.8

Increase in porosity and permeability Not Applicable for Renewal ** 3.5.1.8
Reduction of concrete pH (reducing corrosion resistance of steel 
embedments)

Not Applicable for Renewal ** 3.5.1.8

Reinforced concrete: 
ISFSI pad

SR* Concrete Air—outdoor Aggressive chemical attack

Dehydration at high 
temperatures
Delayed ettringite formation

Freeze and thaw

Radiation damage

Reaction with aggregates

Leaching of calcium 
hydroxide

Groundwater/soil Aggressive chemical attack

Dehydration at high 
temperatures
Delayed ettringite formation

Freeze and thaw

Microbiological degradation

Radiation damage

Reaction with aggregates

Leaching of calcium
hydroxide

*Safety Functions: Confinement (CO), Subcriticality (CR), Retrievability (RE), Radiation Shielding (SH),
Structural Integrity (SR), Thermal/Heat Removal (TH) WESTINGHOUSE NON-PROPRIETARY CLASS 3
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October 2020

Structure, System, or 
Component

Intended 
Safety 

Function Material Environment
Aging

Mechanism Aging Effect Aging Management Activity

Technical Basis 
(NUREG-2214 

Section) (a,c)
Qual 
Cat

Loss of concrete/steel bond Not Applicable for Renewal ** 3.5.1.6 NITS

Loss of material (spalling, scaling) Not Applicable for Renewal ** 3.5.1.6
Cracking Not Applicable for Renewal ** 3.5.1.6
Loss of strength Not Applicable for Renewal ** 3.5.1.6

** 

Reinforcing 
steel

Air—outdoor;
groundwater

Corrosion of reinforcing 
steel

Potential ISFSI pad degradation would not adversely affect important to safety SENTRY Dry Storage System functions.
Minimum design and construction parameters for the ISFSI pad concrete are identified in SENTRY Dry Storage System SAR Table 4.6-8.  
ISFSI pad concrete is to be graded for effective drainage.
ACI 349 is to be used for the design of the ISFSI pad.

Reinforced concrete: 
ISFSI pad
(continued)

*Safety Functions: Confinement (CO), Subcriticality (CR), Retrievability (RE), Radiation Shielding (SH),
Structural Integrity (SR), Thermal/Heat Removal (TH) WESTINGHOUSE NON-PROPRIETARY CLASS 3
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3-1 
WESTINGHOUSE NON-PROPRIETARY CLASS 3 

3. AGING MANAGEMENT REVIEW 

Introduction 

The purpose of the aging management review (AMR) for Certificate of Compliance (CoC) 1026 
is to assess the need for aging management activities (AMAs) of structures, systems, and 
components (SSCs) determined to be within the scope of renewal for CoC 1026. The AMR 
addresses aging mechanisms and effects that could adversely affect the ability of the SSCs, 
including their associated subcomponents, to perform their intended safety functions during the 
requested 40 year period of extended operation. The initial design life for the W21H canisters, 
W37 canisters and W180 storage casks is 80 years. The W110 transfer cask has been engineered 
to perform its design functions for 60 years. 

Utilizing the guidance of NUREG-1927 [2.1] along with that provided by NUREG-2214 [2.2], 
this section addresses the technical bases and considerations used in conducting the SENTRY 
Dry Storage System AMR. The areas considered include: 

• identification of materials and environments of SSCs and associated subcomponents 
within the scope of renewal 

• identification of aging mechanisms and the effects requiring management 

• identification of time-limited aging analyses (TLAAs), if applicable, and aging 
management programs (AMPs) for managing the effects of aging for SSCs within scope 

The SENTRY Dry Storage System SAR [2.3] for the W180 storage cask, the W110 transfer 
cask, the W21H canister, and the W37 canister  including the associated design drawings were 
utilized as the primary documents to identify the safety classifications, intended functions, 
materials, and service environments of the SSCs and subcomponents.  

The AMR decision process utilized the flowchart obtained from NUREG-1927 as shown in 
Figure 3-1.  

Section 3.1 describes CoC 1026 dry cask storage system operating experience related to the 
SENTRY Dry Storage System casks. 

Section 3.2 describes the Aging Management Review Methodology utilized following the 
guidance of NUREG-1927.  Section 3.2.1 describes the identification of in-scope SSC’s 
requiring Aging Management Review.  Section 3.2.2 describes AMR Materials and 
Environments.  Section 3.2.3 describes the identification of Aging Effects Requiring 
Management.  Section 3.2.4 describes the aging management activity (TLAA or AMP) to 
manage the effects of aging.  

Section 3.3 presents the results of the Aging Management Review along with a description of the 
SENTRY Dry Storage System SSCs, Section 3.4 identifies the Aging Management Programs 
(AMPs) required, and Section 3.5 identifies the Time-Limited Aging Analyses (TLAAs) needed. 
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Figure 3-1 Aging Management Review Process 

 
NOTE: Figure shown is the AMR Process Flowchart per NUREG-1927 [2-1] Figure 3-1 
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3.1 Operating Experience Review 

3.1.1 CoC 1026 Dry Storage System Operating Experience 

The SENTRY Dry Storage System is the follow-on dry fuel storage system design related to the 
CoC 1026 FuelSolutions Storage System.  Both systems use vertical cylindrical reinforced 
concrete storage casks with an inner steel liner.  Both systems use welded stainless steel 
canisters.  Both systems use stainless steel transfer casks having inner and outer stainless steel 
shells enclosing lead shielding, with exterior neutron shielding material enclosed by a stainless 
steel jacket. 

The SENTRY Dry Storage System advances the use of materials and engineering technologies in 
producing a cost and time saving “step-change” to dramatically shorten cooling times and 
increase heat loads. 

3.1.2 User Operating Experience 

A review of user operating experience for the CoC 1026 dry storage system was performed to 
evaluate if there was any operating experience or inspection results that would impact the aging 
of CoC 1026 systems.  As of 2020, the only CoC 1026 FuelSolutions storage systems in use are 
at the Big Rock Point ISFSI located in Michigan. Therefore, the review only includes items at 
that site. This review found the following items: 

• Storage Cask Concrete and Grout Degradation 
 A few concrete “bug holes” [Ref 2.2, Table 6-3] and pits were found and repaired on 

the seven storage casks. 
- Degraded grout in some cask seam locations was found and repaired. 
- No deterioration of cask coatings was identified in annual inspections. 
- Concrete hairline cracks, which occurred during the initial cask loading time frame, 

near some storage cask top bolting locations have not propagated.  
- Concrete handling damage, which occurred in a small area on one storage cask was 

found and repaired during the canister loading campaign. 
• Transfer Cask 

- No deleterious coating degradation noted during annual inspections. 
- No neutron shield jacket deterioration identified during annual pressure test using air 

at approximately 5 psi. 
- Neutron shield jacket relief valve found to be correctly set between 40 and 45 psig 

during annual inspections. 
• Welded Stainless Steel Canister 

- No welded stainless steel canister degradation found during each five year 
borescope visual inspection of Big Rock Point Storage Cask #7 interior. 

• Auxiliary Equipment 
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- Equipment has been inspected and exercised annually with no degradation
identified.

The conditions noted are proposed to be monitored by the aging management programs 
described in Appendix A for the applicable components. The types of degradation previously 
seen were utilized in determining the criteria for future inspections. Trending of these conditions 
and corrective actions, as necessary, are also part of the proposed aging management programs. 
The reviewed operating experience evaluations covered the in scope subcomponents. Out of 
scope components listed in Chapter 2 were not evaluated for this renewal application. In 
addition, relevant operating experience was gathered from the inspections of other dry fuel 
storage systems as described in Appendix C. 

The aging management programs in Appendix A were developed considering this operating 
experience.  

3.1.3 User Exemption Requests 

No exemption requests have been identified at the time of writing this renewal application that 
have implications regarding aging management involving the design basis requirements for the 
CoC 1026 structures, systems and components (SSCs) at the Big Rock Point ISFSI. If exemption 
requests are made in the future, they should be evaluated for impact on aging management. 

3.2 Aging Management Review Methodology 

The aging effects that may adversely affect the ability of SSC to perform intended safety 
functions during the extended period of operations have been assessed in this AMR. This AMR 
utilizes the recommended methodology provided in NUREG-1927 [2.1]. The aging management 
review process involves three major steps.  This AMR utilizes the decision flowchart shown on 
Figure 3-1.  The major steps are outlined as follows: 

• Identify materials and service environments

• Identify aging mechanism or effects requiring management

• Identify the TLAAs or AMPs to manage the aging effects

3.2.1 Identification of In-Scope SSC’s Requiring Aging Management Review 

As discussed in Chapter 2, the SSC and subcomponents involving potential aging effects were 
identified as being in-scope for license renewal and aging management review. These SSCs / 
subcomponents are presented in Table 2-4 through Table 2-8 in Chapter 2. 

SSC or subcomponents that are not in scope for renewal are excluded from evaluation in this 
AMR. 

3.2.2 Identification of Materials and Environments 

The SENTRY Dry Storage System SAR [2.3] provides a detailed description of the SENTRY 
Dry Storage System and the materials used in the SSCs.  Each in scope SSC / subcomponent for 
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aging management, with its intended function, material, and service environment is listed on 
Table 2-4 through Table 2-8.  SSCs or subcomponents that do not have a safety function or 
support a safety function are not required to undergo aging management.  A summary of the 
materials used in the aging management review is provided in Table 3-1. 

Table 3-1 Summary of Materials 

Term Usage in this Document 

Aluminum Includes pure aluminum and alloys 
Coating Coating on carbon steel components for corrosion protection. Thermal 

coatings on some components. 
Concrete A mixture of hydraulic cement, aggregates, and water, with or without 

admixtures, fibers, or other cementitious materials. 
Grout Used for repair of damaged concrete. 
Lead Used for transfer cask shielding. 

MMC Metal Matrix Composite material [
](a,c) neutron absorber. 

Neutron Shielding  [  ] (a,c) epoxy-resin which forms a solid material 
used for neutron shielding in the transfer cask neutron shielding jacket. 

Nickel Alloy Includes Inconel, which is a family of austenitic nickel-chromium-based super 
alloys. 

Stainless Steel Stainless steel austenitic and martensitic alloys of various types such as 304, 
304L, 316, 316L and 17-4 PH  

Zirconium-based 
alloys 

Materials of construction of fuel cladding and fuel assembly hardware. 
Various zirconium- based materials have been used in commercial reactor 
applications because of their low neutron cross section and excellent corrosion 
resistance to a variety of environmental conditions. This category includes 
(but is not limited to) Zircaloy-2, Zircaloy-4, ZIRLO, and M5. 

Carbon Steel Various carbon steels including ASTM A36, ASTM A320, SA193-Gr. B7, 
SA516-Gr. 70 and reinforcing steel. 

A generic description of the four basic environments is provided below. 

3.2.2.1 Helium 

Helium environment refers to the inside of the W21H and W37 canisters.  Following the canister 
drying process, the canisters are backfilled with high purity helium gas. As a result, the canister’s 
internal environment has negligible, if any, amounts of moisture or air. The canister’s helium 
environment may experience a range of temperatures as calculated for the W21H and W37 
canisters. 
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3.2.2.2 Sheltered Environment 

Sheltered environment refers to environments that may include ambient air, but are shielded 
from sunlight, precipitation and direct wind. The sheltered environment in the SENTRY Dry 
Storage System design is the annular space created between the W180 storage cask and the 
W21H or W37 canisters.  The ambient air may contain moisture, salinity, dust or other 
contaminants typical of the ISFSI location. The temperature of the sheltered environment reflects 
the air temperature passing through the annular space. 

Sheltered environment may also refer to the interior of a building providing protection from 
elements including sunlight, rain, and wind.  

3.2.2.3 Embedded Environment 

Embedded environment applies to materials that are in contact with or sealed inside another 
component or material. This may prevent ingress of gases, water or contaminants to the 
embedded surface, depending on the permeability of the embedding environment. Items in this 
environment include the rebar and internal metal items of the W180 storage cask which are 
embedded in concrete and the lead and neutron shielding in the W110 transfer cask which are 
embedded in stainless steel.  The embedded item is subject to the temperature of the component 
in which it is embedded. 

3.2.2.4 Air-Outdoor Environment 

 “Air-outdoor environment” is used for exterior surfaces that are directly exposed to weather, 
including precipitation and wind and which may transport dust or moisture with dissolved salt.  
The in-scope components in an air-outdoor environment in the SENTRY Dry Storage System 
are the W180 storage casks and, depending on the licensee ISFSI, the W110 transfer cask.  The 
air-outdoor environment has temperature ranges equivalent to the site ambient temperature 
ranges where the ISFSI is located. 

3.2.3 Identifying Effects Requiring Aging Management 

After the materials and environments were identified, the next step involves determining the 
aging effects requiring management.  Aging effects requiring management during the renewed 
license period are those that could cause a loss of SSC intended function.  If degradation of a 
subcomponent would be insufficient to cause a loss of function or the relevant conditions do not 
exist for the aging effect to occur and propagate, then no aging management is required. These 
aging effects were determined based on a review of NRC MAPS report (NUREG-2214) [2.2], 
related industry technical literature and the combination of SSC materials and environments, 
industry operating experience, and maintenance and inspection records from general licensees 
(such as condition reports and inspection reports). Both potential aging effects that could 
theoretically occur, as well as aging effects that have occurred based upon industry operating 
experience were considered. 

Aging effects occur as a result of various mechanisms.  To manage the effects of aging, the 
mechanisms that may affect the material need to be considered.  The AMR process identifies 
both aging effects and the aging mechanism causing that effect.  The aging effects and 
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mechanisms for each SSC are broken down by subcomponent in Table 2-4 through Table 2-8.  
The tables in Chapter 2 note which subcomponents have ITS related functions during the 
extended storage period.  

3.2.4 Determination of Aging Management Activities  

Aging management activities are established to manage the effect of aging of SSC during the 
extended license period. ISFSI programs and activities are credited to manage these aging 
effects that have the potential to cause a loss of intended function during the renewed license 
period. 

As described in Section 3.4.1.3 of NUREG-1927 [2.1], there are two methods to address 
potential aging mechanisms and effects on components; consisting of a time-limited aging 
analysis (TLAA) or an aging management program (AMP). 

3.2.4.1 Time-Limited Aging Analysis (TLAA) 

As required by 10 CFR 72.240(c)(2), the CoC application for renewal must include Time-Limited 
Aging Analyses (TLAA) that demonstrates that structures, systems, and components important 
to safety will continue to perform their intended function for the requested period of extended 
operation. Per 10 CFR 72.3, a Time-Limited Aging Analysis (TLAA) refers to a calculation or 
analysis that meets all of the following attributes: 

• Involves SSCs important to safety within the scope of the license or CoC renewal, 

• Considers the effects of aging, 

• Involves time-limited assumptions defined by the current operating term, 

• Was determined to be relevant in making a safety determination, 

• Involves conclusions or provides the basis for conclusions related to the capability of the 
SSCs to perform their intended safety functions, and 

• Is contained or incorporated by reference in the design bases. 

3.2.4.2 Aging Management Program (AMP) 

An Aging Management Program (AMP) monitors SSCs within the scope of renewal for aging 
mechanisms or effects during the period of extended operation in accordance with NUREG-
1927.  The AMP may include preventive, mitigation, or condition / performance monitoring 
activities. An AMP must be started after the SENTRY Dry Storage System reaches 20 years of 
operation and serves to support the SENTRY Dry Storage System during the period of extended 
operation. An AMP can be initiated earlier if desired by the owner but it is not required.  The 
information gained from an AMP will provide reasonable assurance that SSCs and 
subcomponent maintain their required functions. 
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3.3 Aging Management Review Results 

3.3.1 Aging Management Review Results – W21H and W37 Canisters 

Table 2-4a and Table 2-4b summarize the results of the aging management review for the W21H 
and W37 canister subcomponents determined to be in the scope of the license renewal. 

Additional description of the W21H and W37 canister subcomponents is provided in Section 
3.3.1.1, while Sections 3.3.1.2 and 3.3.1.3 present the materials and environments for the 
specified subcomponents.  The aging effects requiring management and the proposed activities 
required to manage these effects are discussed in Sections 3.3.1.4 and 3.3.1.5, respectively. 

3.3.1.1 Description of W21H and W37 Canister Subcomponents 

W21H and W37 Canisters 

The W21H and W37 canisters are welded cylindrical structures with flat ends that provide 
confinement of the spent nuclear fuel during storage operations.  The confinement boundary, 
comprised of the shell assembly, top and bottom closure plates, vent and drain port covers, and 
associated welds, is constructed entirely of stainless steel. The W21H and W37 top closure plate, 
with welded port covers and closure ring provide a redundant welded closure. Access to the 
canister cavity for the purposes of water and moisture removal and subsequent backfilling with a 
high purity helium is achieved via the vent and drain ports.  Additional details regarding the 
W21H and W37 canister descriptions are included in Sections 2.2.2.2 and 2.2.2.3 of this renewal 
application addenda. 

W21H and W37 Canister Fuel Baskets 

The SENTRY W21H canister basket assembly is designed and fabricated as an internal support 
structure in accordance with the applicable requirements of ASME Code, Section III, Division 3, 
Subsection WD, to the maximum extent practicable, as discussed in SENTRY Dry Storage 
System SAR Section 3.6.1. For the W21H canister, the stack-up of grid plates is composed of a 
structural ASME certified SA-240 Type 304/304L SST plate, an aluminum plate for heat 
transfer, and a neutron absorber plate (neutron poison) for criticality control.  

The SENTRY W37 canister basket assembly is made up of interlocking, slotted plates to form 
egg-crate type structures. For the W37 canister, the egg-crate structures form a grid of 33 
positions, or cells, for undamaged spent fuel assemblies and 4 positions intended for the loading 
of damaged fuel cans [  

](a,c). The stack-up of grid plates is composed of a structural 
ASME certified SA-240 Type 304/304L SST plate and an aluminum plate for heat transfer.  

W37 Damaged Fuel Cans  

Damaged fuel can be stored in the SENTRY W37 canister inside of specially designed 
SENTRY W37 damaged fuel cans (DFC). The SENTRY W37 canister is designed to 
accommodate up to four damaged fuel assemblies. Each damaged fuel assembly is placed inside 
a SENTRY W37 DFC. The SENTRY W37 damaged fuel can is designed to contain damaged or 
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undamaged fuel assemblies during all normal, off-normal, and accident conditions for on-site 
storage and transfer operations. The SENTRY W37 damaged fuel can, containing a damaged 
fuel assembly, is designed to be handled vertically. Each DFC has screens to allow fluid flow 
within the can, as well as water drainage. 

[  
 

 
 

 
](a,c).  Material details for the W37 canister subcomponents 

are provided in Table 2-4b. 

3.3.1.2 W21H and W37 Canister Materials 
 
The W37 canister basket is composed of stainless steel and aluminum tubes, forming a total of 
37 fuel openings for the W37 canister. Similarly, the W21H canister basket cells are made of 
layers of stainless steel, aluminum and Metal Matrix Composite (MMC) [  

 ](a,c). 

Additional details for the W21H and W37 canister subcomponents are provided in Tables 2-4a 
and 2-4b. 

3.3.1.3 W21H and W37 Canister Environments 

The environments that affect the W21H and W37 canister subcomponents, both externally and 
internally, are described below. 

3.3.1.3.1 External 

Each W21H and W37 canister is stored in a vertical, ventilated W180 storage cask. Based on 
this design, the external surface of each canister is exposed to the same environment as the 
inside of the W180 storage cask (described in Subsection 3.3.2), which is a sheltered 
environment that includes ambient air but is protected from precipitation, direct wind and 
sunlight.  The ambient air may contain moisture, dust and atmospheric contaminants.  The 
normal operating temperature of the outside of the W21H or W37 vertical canister surface is 
typically highest towards the top. Refer to the respective SENTRY SAR Figures 5.4-9 and 
5.4-11 for Axial Temperature Distribution for the W37 Canister and W21H Canister 
respectively and does not change the programs needed to manage them. 

3.3.1.3.2 Internal 

The W21H and W37 canisters are filled with the inert helium gas. The canister fuel basket 
assembly subcomponents and the W37 damaged fuel can subcomponents are exposed to this 
helium gas environment.  Changes in canister temperatures do not change potential aging 
mechanisms and does not change their management. 
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3.3.1.4 Aging Effects Requiring Management (W21H and W37 Canisters) 

Based on the materials of construction and the environments experienced during the period 
of extended storage for W21H and W37 canister the aging effects that require management are 
cracking (due to corrosion and stress corrosion cracking on the external canister surfaces), the 
loss of material, and radiation effects on the neutron absorber and steel components. 

3.3.1.5 Aging Management Activities (W21H and W37 Canisters) 

Based on the aging management review of the W21H and W37 canister subcomponents 
documented in Tables 2-4a and 2-4b, including the basket assembly subcomponents and the 
W37 damaged fuel can subcomponents, an AMP is required for the aging management activities 
of the W21H and W37 canisters and a TLAA is required specifically for the effects of radiation 
on the neutron absorbers. These aging management activities are listed in Sections 3.4 and 3.5 
and addressed in detail in Appendix A and Appendix B of this renewal application addenda. 

3.3.2 Aging Management Review Results – W180 Storage Cask 

Table 2-5 summarizes the results of the aging management review for the W180 storage cask 
subcomponents determined to be in the scope of the license renewal. 

Additional description of the W180 storage cask subcomponents is provided in Section 
3.3.2.1, while Sections 3.3.2.2 and 3.3.2.3 present the materials and environments for the 
specified subcomponents.  The aging effects requiring management and the proposed activities 
required to manage these effects are discussed in Sections 3.3.2.4 and 3.3.2.5, respectively. 

3.3.2.1 Description of W180 Storage Cask Subcomponents 

The W180 storage cask provides structural support, shielding, and supports natural circulation 
cooling for the W21H and W37 canisters.  The W180 storage cask is ventilated by internal air 
flow paths which allow the decay heat to be removed by natural circulation around the metal 
W21H and W37 canister wall.  Natural convection air enters the system horizontally through 
the four inlet vents and channels located at the bottom of the storage cask, flows upward through 
the storage cask cavity, and finally flows outward to ambient through the outlet vents at the top 
of the cask.  The internal cavity of the W180 storage cask has a coated steel liner and bottom 
plate. The steel and concrete walls of the W180 storage cask are designed to minimize side 
surface radiation dose rates.  The W180 storage cask top cover is fabricated from steel and 
concrete and provides additional gamma attenuation in the upward direction, reducing both 
direct radiation and skyshine.  The W180 storage cask top cover is bolted in place and protects 
the W21H and W37 canisters from the environment and postulated tornado missiles.  A more 
detailed description is included in paragraph 2.2.2.4 of this renewal application addenda.  

3.3.2.2 W180 Storage Cask Materials 

The W180 storage cask is fabricated from reinforced concrete with a carbon steel inner liner 
and lower cap steel plate to form a vertical cylinder with an inner cavity for storage of the 
W21H and W37 canisters. The W180 storage cask reinforced concrete is in contact with the 
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carbon steel inner liner and lower cap steel plate.  External concrete surface degradation is 
mitigated by using a weather-resistant protective coating.   

Storage cask materials which come into contact with the canister, such as the carbon steel tip 
over devices and end drop devices are coated or fabricated from corrosion resistant stainless 
steel.  The carbon steel sheltered components of the storage cask, e.g., the liner, top cover, 
and air inlet and outlet liners, are protected with an inorganic zinc-rich primer and high build 
epoxy enamel coating. Exposed carbon steel components, such as the storage cask top cover, are 
coated and accessible for re-coating if necessary. Exposed carbon steel components, such as the 
storage cask liner, which are not readily accessible are coated and not relied upon structurally.  

Additional material details for the W180 storage cask subcomponents are provided in Table 2-5.  

3.3.2.3 W180 Storage Cask Environments 

The W180 storage casks are located outdoors at their storage site.  The W180 storage casks are 
designed for exposure to the environmental temperatures in Sections 3.2.2.1.1, 3.2.2.2.1, 
3.2.2.3.1, and Table 3.2-2 of the SENTRY Dry Storage System SAR [2.3]:  

• Normal, average yearly temperature of 80°F is selected as bounding for locations in the 
contiguous United States. 

• Temperature cases of −40°F and 104°F (average over 3 days) are used for W180 storage 
cask off-normal conditions for the structural evaluation of the W180 storage cask. 

• A maximum extreme temperature of 133°F (average over 3 days) is used for design of 
the W180 storage cask. 

The interior components of the W180 storage casks are exposed to a sheltered environment. This 
environment includes ambient air through the air passages, but does not include precipitation, 
direct sun, or wind exposure. The ambient air may contain dust, moisture, salinity, or other 
contaminants. 

The metal components of the W180 storage cask that are in contact with concrete, such as the 
outer surface of the inner shell, are considered to be in an embedded environment.  The primary 
concern for embedded environments is the potential chemical reaction between the two 
materials.  The interactions between materials of the W180 storage cask subcomponents are 
described in Section 3.3.2.2 and are not considered to be of concern for the extended storage 
period. 

The exterior surfaces of the W180 storage casks are designed to  be exposed to the weather-
related effects, including insolation, wind, rain, snow, ice, ambient air, and other environmental 
phenomena at their associated storage sites as an air-outdoor environment. Additionally, the 
W180 storage casks are exposed to radiation effects from the W21H and W37 stored canisters. 
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3.3.2.4 Aging Effects Requiring Management (W180 Storage Cask) 

Based on a review of the W180 storage cask materials of construction and the environments 
experienced during the period of extended storage at the ISFSI sites the main aging effects 
requiring management are loss of material due to corrosion, loss of fracture toughness (due to 
radiation impacts) for the metal components, and concrete aging issues caused by freeze thaw 
cycles, alkali-silica reaction, and/or calcium hydroxide leaching. 

3.3.2.5 Aging Management Activities (W180 Storage Cask) 

Based on the aging management review of the W180 storage cask subcomponents documented 
in Table 2-5, it has been determined that the aging management activities required for the W180 
storage cask are the Reinforced Concrete Structures AMP (for the W180 storage cask concrete) 
and the Monitoring of Metallic Surfaces AMP (for W180 metallic materials). These aging 
management activities are discussed in the AMPs identified in Section 3.4.  For those 
components potentially impacted by radiation, the radiation impacts have been evaluated and 
determined that no additional aging management activities beyond those in the W180 storage 
cask AMPs are needed. A W180 TLAA is not required since no W180 analysis was incorporated 
or referenced in the initial W180 design basis. 

3.3.3 Aging Management Review Results – Fuel Assembly 

Table 2-7 summarizes the results of the aging management review for the fuel assembly 
subcomponents determined to be in the scope of the CoC 1026 license renewal. 

Additional description of the fuel assembly subcomponents is provided in Section 3.3.3.1, while 
Sections 3.3.3.2 and 3.3.3.3 present the materials and environments for the specified 
subcomponents.  The aging effects requiring management and the proposed activities required 
to manage these effects are discussed in Sections 3.3.3.4 and 3.3.3.5, respectively. 

3.3.3.1 Description of Fuel Assembly 

Fuel contained within the W21H or W37 canister consists of up to 20 PWR or 37 PWR fuel 
assemblies respectively.  Maximum heat loads, and burnups times, along with required cooling 
times for the subject canisters are addressed in the SENTRY Dry Storage System Technical 
Specification [2.4]. This renewal application addenda evaluates the bounding information as 
necessary. 

Fuel rod cladding provides the primary confinement barrier, while the fuel assembly maintains 
the axial distribution of the radiological source and its position within the fuel basket.  As noted 
in NUREG-2214 [2.2] fuel assembly hardware includes guide tubes, spacer grids, and lower and 
upper end fittings. The guide tubes may be fabricated using from zirconium-based alloys. The 
other components are usually fabricated using various nickel alloys and stainless steels. In the 
helium environment these components are considered to not be subject to credible degradation 
(creep, fatigue, hydriding, general corrosion, stress corrosion cracking, and radiation 
embrittlement) and thus, aging management during the extended storage period is not required. 
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3.3.3.2 Fuel Assembly Materials 

The fuel assembly subcomponents included in the aging management review are made from 
zircaloy, stainless steel, and/or Inconel.  Additional material details for the fuel assembly 
subcomponents are provided in Table 2-7. 

3.3.3.3 Fuel Assembly Environments 

The SENTRY Dry Storage System is designed to store a wide range of PWR spent fuel 
assemblies in a dried and inert (helium) atmosphere. After fuel loading, draining and drying, the 
canister is backfilled with helium to provide an inert environment. The fuel temperatures range 
from the maximum value corresponding to the short term limit for a maximum canister heat load 
to the minimum ambient air temperature as the heat load reduces over time. 

3.3.3.4 Aging Effects Requiring Management (Fuel Assembly) 

Fuel assemblies authorized to be stored in the SENTRY Dry Storage System are classified as 
either moderate-burnup fuel (≤45,000 MWd/MTU) or high-burnup fuel (>45,000 MWd/MTU) 
for the canisters. 

For PWR fuel loaded in SENTRY W37 canisters, payload configuration parameters are defined 
in SENTRY Technical Specification 2.1.1 “Fuel to be Stored in the SENTRY W37 
CANISTER” [2.4] and detailed in SENTRY Dry Storage System Technical Specification Tables 
2.1-1 through 2.1-5 with maximum assembly burnup levels limited to 65 GWd/MTU as noted. 
Fuel must be intact zircaloy-clad fuel with no known or suspected cladding defects greater than 
pinhole leaks or hairline cracks. For fuel assemblies with burnup exceeding 45 GWd/MTU (up 
to 65 GWd/MTU), the cladding oxide thickness is limited to 70 μm as prescribed in SENTRY 
Dry Storage System SAR [2.3] Section 3.2.1. 

For PWR fuel loaded in SENTRY W21H canisters, payload configuration parameters are 
defined in SENTRY Dry Storage System Technical Specifications 2.1.2 “Fuel to be Stored in 
the SENTRY W21H CANISTER” [2.4] and detailed in SENTRY Technical Specification 
Tables 2.1-6 through 2.1-9 with maximum assembly burnup levels limited to 65 GWd/MTU as 
noted.  Fuel must be intact zircaloy-clad fuel with no known or suspected cladding defects 
greater than pinhole leaks or hairline cracks. For fuel assemblies with burnup exceeding 45 
GWd/MTU (up to 65 GWd/MTU), the cladding oxide thickness is limited to 70 μm as 
prescribed in SENTRY Dry Storage System SAR [2.3] Section 3.2.1.  

For the moderate-burnup fuel (burnup less than 45 GWd/MTU), cladding embrittlement due to 
irradiation damage or hydride formation is not a concern.  In 2003, a report prepared by Pacific 
Northwest National Laboratory (PNNL-14390 [3.1]), documenting research conducted by EPRI 
and the US Department of Energy, confirmed that similar, non-high-burnup fuel assemblies 
stored in a helium environment, like those to be stored inside the W21H and W37 canisters, do 
not exhibit detectable degradation of the cladding or more than negligible release of gaseous 
fission products during storage. Therefore, no aging effects requiring management are identified 
for the moderate-burnup fuel assemblies. 
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High burnup fuel acceptability for the canisters 80-year service life, meets the guidance in 
NUREG-2215 [3.4].  As addressed in SENTRY Dry Storage System SAR [2.3] Section 5.4.2.1 
“Conditions Analyzed for Loading Operations” the guidance of NUREG-2215  is met that 
zirconium-based alloy cladding maximum calculated fuel-cladding temperature does not exceed 
752°F for short-term loading operations, including cask drying and backfilling.  

SENTRY Dry Storage System SAR Section 8.16.1.4 “Allowable Fuel Cladding Temperatures” 
states “The allowable long-term SNF cladding temperatures (400°C) used for thermal 
acceptance of the SENTRY canister designs are conservatively based on a 80-year service life.” 
SAR Section 8.13.2 notes “The SENTRY DSS design does not limit the number of cycles and 
variation of cladding temperatures (65°C), as the mechanical properties considered for the 
cladding are based on NUREG-2224 (Reference 12) and PNL-17700 (Reference 14) and bound 
mechanical properties with hydrides reorientation.”  

Regarding cladding temperature variations, SENTRY Dry Storage System SAR Section 5.4.2.1.4 
addresses NUREG-2215 [3.4] guidance recommending a limit of 117°F for cladding temperature 
variations during thermal cycles of loading operations involving high burnup fuel which states 
“The fuel rod structural evaluation performed in Chapter 4 uses bounding cladding-only 
mechanical properties with respect to hydrides reorientation. As stated in NUREG-2224, the 
orientation of the hydrides is not a critical consideration when evaluating the adequacy of 
cladding-only mechanical properties. Therefore, the use of mechanical properties for cladding in 
either the as-irradiated or hydride-reoriented condition is considered acceptable for the 
evaluation of drop accident scenarios and consequently there is no any [sic] thermal cycling 
limitation for the loading operations of the SENTRY DSS.” 

Regarding the orientation of the precipitated hydrides in the cladding SENTRY Dry Storage 
System SAR Section 4.6.2.2 “Properties of the Cladding Material” notes: “Conservatively the 
properties of the cladding material are evaluated at the maximum temperature allowed during 
storage time (752°F). It is also conservatively considered that this temperature is uniform 
throughout the entire cladding.” Also, the SAR notes that consistent with the guidance NUREG-
2224 [3.2], the use of cladding material properties reported by PNNL-17700 [3.3] are used. The 
section also notes, per NUREG-2224, “…the effect of the orientation of the precipitated hydrides 
in the cladding can be neglected given that, under bending loads (the case during end and side 
drops), the stresses are parallel to the radial and circumferential hydrides.” 
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3.3.3.5 Aging Management Activities (Fuel Assembly) 

Based on the above review, it is determined that an AMP is needed for high burnup fuel.   

NUREG-2215 [3.7] Section 8.5.15.2.7 “High Burnup Fuel Monitoring and Assessment (dry 
storage periods beyond 20 years)” provides guidance for the storage of high burnup fuel for 
periods greater than 20 years, and specifies that the applicant may use a maintenance plan to 
obtain confirmatory data as an acceptable means for confirming that the canister contents satisfy 
the applicable regulations. NUREG-2215 in turn refers to NUREG-1927, Rev 1, for evaluation 
of plans. The high burnup fuel AMP should be periodically reviewed and updated whenever 
new data from the demonstration program or other short term tests or modeling indicate 
potential degradation of the fuel or deviation from the assumptions of the AMP. 

Consistent with the guidance of NUREG-2215 the aging management plan will obtain data to 
confirm the stored spent nuclear fuel configurations will remain as analyzed. The High-Burnup 
Fuel Monitoring and Assessment AMP is described in Appendix A. Consistent with the guidance 
provided in NUREG-1927 [2.1], the AMP takes credit for the DOE/EPRI High Burnup Dry 
Storage Cask Research and Development Project (HDRP). 

3.3.4 Aging Management Review Results – W110 Transfer Cask 

Table 2-6 summarizes the results of the aging management review for the W110 transfer cask 
subcomponents determined to be in the scope of the CoC 1026 license renewal. 

Additional description of the W110 transfer cask is provided in Section 3.3.4.1, while Sections 
3.3.4.2 and 3.3.4.3 present the materials and environments.  The aging effects requiring 
management and the proposed activities required to manage these effects are discussed in 
Sections 3.3.4.4 and 3.3.4.5, respectively. 

3.3.4.1 Description of W110 Transfer Cask 

The SENTRY W110 transfer cask is comprised of a stainless steel inner liner and an outer 
structural shell, with lead gamma shielding in the annular space between them. Primary 
biological shielding and structural protection for the canister is provided by the composite 
stainless steel and lead of the transfer cask. The transfer cask has a stainless steel neutron shield 
jacket that envelops its cylindrical body and is filled with [  ](a,c) solid neutron 
shielding material.  The transfer cask bottom covers consist of an outer austenitic stainless steel 
sealing lid, and an inner two-piece detachable stainless steel structural lid, all of which are 
attached to the transfer cask bottom flange with bolts.  Two high-strength austenitic stainless 
steel lifting features with lugs are provided at the top end of the transfer cask separated by 180° 
for vertical cask handling operations. The two lifting features are bolted to the transfer cask top 
ring. The transfer cask is capable of containing either a W21H or W37 canister. In the W21H 
configuration, the W110 transfer cask also includes an additional bolted upper seal ring and 
auxiliary shielding shell to accommodate the smaller diameter and higher radiation levels of the 
W21H canister.  

To avoid contamination of the canister external surface and the inner surface of the transfer cask 
cavity, the annulus between the canister shell and inner liner of the transfer cask is filled with 
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clean demineralized water and uses inflatable seals in the top of the annulus prior to 
submergence of the transfer cask into the spent fuel pool.  

3.3.4.2 W110 Transfer Cask Materials 

The W110 transfer cask structure, bottom covers, W21H auxiliary shielding, and lifting devices 
are fabricated from stainless steel.  Other materials included in the W110 transfer cask design are 
lead (for gamma shielding), [  ](a,c) solid neutron shielding material, stainless steel for 
bolting, and elastomers (for the bottom cover and annulus seals).  The solid neutron shielding 
and lead shielding materials are completely enclosed, and therefore there are no significant 
galvanic or chemical reactions between these materials and the air or borated water. As identified 
in the SENTRY Dry Storage System SAR [2.3], the transfer cask exterior is coated [  

 
_](a,c). This coating enhances radiation heat transfer from the W110 transfer cask while 

minimizing the effects of insolation. 

The material of each W110 transfer cask subcomponent is identified in Table 2-6. 

3.3.4.3 W110 Transfer Cask Environments 

The exterior of the W110 transfer cask is exposed to water or borated water (PWR) during fuel 
loading (while the W110 transfer cask is in a spent fuel pool), and to demineralized water in the 
annulus. Following fuel loading of the W21H and W37 canisters, the W110 transfer cask is 
removed from the spent fuel pool. 

The relatively brief exposure of the W110 transfer cask to borated and demineralized water 
while in the spent fuel pool does not significantly contribute to the aging of the W110 transfer 
cask during the renewal period. It is the prolonged or frequently recurring exposure to 
environmental conditions that must be evaluated for aging effects, such as those encountered 
during extended transfer cask storage periods. 

The environment to which the W110 transfer cask is exposed between W21H and W37 canister 
loading campaigns may be the sheltered atmosphere within a building.  To be conservative and 
bound sites which store the W110 transfer cask outside, the W110 transfer cask storage 
environment is considered to be ambient air. 

3.3.4.4 Aging Effects Requiring Management for W110 Transfer Cask 

Based on a review of the W110 transfer cask materials of construction and the environments 
experienced during the period of transfer cask extended storage, the main aging effect requiring 
management is coating deterioration and fatigue during transfer cask handling. 
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3.3.4.5 Aging Management Activities for W110 Transfer Cask 

Based on the aging management review of the W110 transfer cask subcomponents documented 
in Table 2-6, the aging management activities required for the W110 transfer cask are an AMP 
for the W110 transfer cask, and a TLAA for W110 transfer cask fatigue. 

The [  ](a,c) solid neutron shielding material used in the W110 transfer cask neutron 
shield jacket is in an enclosed environment and no damage or change in the properties of the 
material is expected to occur over the service life of the W110 transfer cask.  Therefore, no 
AMP or TLAA is required. 

3.3.5 Aging Management Review Results – Fuel Transfer/Auxiliary Equipment 

Table 2-8 summarizes the results of the aging management review for the fuel transfer and 
auxiliary equipment and subcomponents identified in the SENTRY Dry Storage System SAR 
[2.3] and determined to be within the scope of the CoC 1026 renewal. 

Additional description of the fuel transfer and auxiliary equipment is provided in Section 3.3.5.1, 
while Sections 3.3.5.2 and 3.3.5.3 present the materials and environments.  The aging effects 
requiring management and the proposed activities required to manage these effects are 
discussed in Sections 3.3.5.4 and 3.3.5.5, respectively. 

3.3.5.1 Description of Fuel Transfer and Auxiliary Equipment 

The in-scope SENTRY Dry Storage System fuel transfer and auxiliary equipment necessary for 
ISFSI operations and spent fuel handling includes the transfer cask lifting yoke and paddle 
extension, canister handling device (aka, vertical canister lift fixture), active cooling system (and 
associated instrumentation), and the transfer mating device.  The actual fuel transfer and 
auxiliary equipment used at a given site is identified and addressed by the General Licensee in 
the 10 CFR 72.212 Evaluation Report on a site-specific basis.  

The transfer cask lifting yoke includes a steel A-frame and two lifting arms which interface with 
the W110 transfer cask lifting feature lugs. Either lifting yoke pins secure the lifting yoke to the 
crane hook or a paddle extension is used between the crane hook and the lifting yoke pins if the 
lifting yoke user does not want the crane hook to contact the spent fuel pool water. The canister 
handling device is a steel fixture which is slung below the cask lifting yoke A-frame and uses 
canister lifting adapters which bolt to the W21H or W37 canister closure lid assembly.  The 
canister handling device is used to lift or lower the canister into and out of the W110 transfer 
cask. 

The transfer mating device is a component that ensures the correct attachment of W110 transfer 
cask to W180 storage cask, facilitates the disassembly and extraction of the transfer cask bottom 
lids, and the lifting or lowering of the canister between the two casks.  The attachment of the 
storage cask to the transfer mating device is done first by bolting the mating device to the W180 
storage cask top using the W180 cover lid threaded holes.  Then, the mating device is attached 
to the transfer cask lower flange by tightening the transfer cask lower flange bolts to the mating 
device while both W110 and W180 casks are in a vertical stack-up position.  The mating device 
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thereby facilitates the removal of the transfer cask bottom lids and provides a pathway for the 
transfer of the canister from W110 transfer cask to the W180 storage cask. 

The W110 transfer cask has water inlet and outlets to allow for the use of an active cooling 
system (ACS) that, if needed, provides circulation and cooling of the water that is located in the 
annulus between the transfer cask and the canister. The water outlet is located on the upper ring 
and the water inlet is formed by a pipe crossing the transfer cask wall assembly at the bottom. 

The ACS provides appropriate cooling capabilities to maintain the maximum calculated 
fuel-cladding temperature below 400°C for short term loading operations, including cask drying 
and backfilling, and maintain the temperature of SENTRY Dry Storage System components 
within acceptable temperature limits during transfer operations. 

In order to mitigate the risk of losing active cooling during these operational stages, the ACS is 
equipped with redundant water cooler/chiller and pumps capable of supplying the required 
minimum water flow rate and cooling capacity. The required cooling system water (68°F) flows 
from bottom to top of the W110 transfer cask annulus at a volumetric flow rate of 31.7 gpm.  
The ACS is also powered with a redundant power supply. The required ACS redundancy may 
be provided by a spare ACS capable of supplying the required minimum water flow rate and 
chilling capability.  The ACS is connected when required based on total canister heat load.  

3.3.5.2  Fuel Transfer and Auxiliary Equipment Materials 

The in-scope fuel transfer and auxiliary equipment are mostly fabricated from carbon and alloy 
steel which has been coated to mitigate corrosion. The materials of the in-scope fuel transfer and 
auxiliary equipment and subcomponents are identified in Table 2-8.  The materials of the W110 
transfer cask active cooling system (ACS) are not identified in the SENTRY Dry Storage 
System SAR [2.3] and may vary from site to site depending on available cooling water supply 
and power supply equipment.  The ACS components, including ACS instrumentation, are 
readily accessible and will be inspected and replaced if necessary prior to each loading 
campaign or each use. 

3.3.5.3 Fuel Transfer and Auxiliary Equipment Environments 

The cask lifting yoke, paddle extension and canister handling device (aka canister vertical lift 
fixture) are exposed to borated or demineralized water during fuel loading while the W110 
transfer cask is in a spent fuel pool.  While being used, the other fuel transfer and auxiliary 
equipment is typically exposed to either an air-outdoor environment or a sheltered environment.  
When not in use the fuel transfer and auxiliary equipment is typically exposed to a sheltered 
environment.  

The relatively brief exposure of the fuel transfer and auxiliary equipment to borated or 
demineralized water while in the spent fuel pool and the air-outdoor environment during 
transfer and loading operations (if applicable), does not significantly contribute to the aging of 
the fuel transfer and auxiliary equipment during the renewal period. It is the prolonged or 
frequently recurring exposure to sheltered environmental conditions and stresses, such as those 
encountered during storage, that must be evaluated for aging effects. 
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3.3.5.4 Aging Effects Requiring Management for Fuel Transfer and Auxiliary Equipment 

Based on a review of the fuel transfer and auxiliary equipment materials of construction and the 
environments experienced during the period of extended storage, the main aging effect requiring 
management is loss of material due to corrosion. 

3.3.5.5 Aging Management Activities for Fuel Transfer and Auxiliary Equipment 

Based on the aging management review of the fuel transfer and auxiliary equipment and 
subcomponents documented in Table 2-8, the aging management activities required for the fuel 
transfer and auxiliary equipment are the SENTRY System Monitoring of Metallic Surfaces 
AMP.  

3.4 Aging Management Programs (AMP) 

Based on the results of the aging management reviews for systems, structures, and components 
(SSC) previously determined to be within the scope of the license renewal, presented above, 
the following AMP’s are required: 

1. SENTRY Welded Stainless Steel Canister AMP 
2. SENTRY System Reinforced Concrete Structures AMP 

3. SENTRY System Monitoring of Metallic Surfaces AMP 

4. SENTRY W110 Transfer Cask AMP 

5. SENTRY Canister High-Burnup Fuel Monitoring and Assessment AMP 

The full details of these AMPs are presented in Appendix A.  

3.5 Time-Limited Aging Analyses (TLAA) 

Using the TLAA-identification criteria discussed in Section 3.2.4.1, CoC 72-1026 and 
associated SERs, and SENTRY Dry Storage System Technical Specifications were reviewed 
and the following TLAA’s were identified for further evaluation and disposition: 

1. W21H Neutron Absorber Boron Depletion. 
2. W37 Damaged Fuel Can Neutron Absorber Boron Depletion. 

3. W37 and W21H Canister Shell and Basket Fatigue. 

4. W37 and W21H Canister Lid Threaded Holes Fatigue. 

5. W110 Transfer Cask Subcomponent Fatigue. 
6. W110 Transfer Cask Neutron Shielding Thermal Aging, Radiation Embrittlement 

and Boron Depletion. 

The full details of these TLAAs are presented in Appendix B. 
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3.6 Other Analyses - Retrievability 

The SENTRY Dry Storage System W21H and W37 canisters are designed for retrievability of 
individual or canned spent fuel assemblies and for canister removal from a storage cask for 
placement into a transfer cask in accordance with requirements of 10 CFR 72.122(l) and 10 CFR 
72.236(m).   

“NUREG-2215 Section 3.4.3.8 addresses 10 CFR 72.122(l) in that the “storage systems must be 
designed to allow ready retrieval of spent fuel, high-level radioactive waste, and reactor-related 
GTCC waste for further processing or disposal.” In addition, NUREG-2215 notes the 
requirements of 10 CFR 72.236(m) state that CoC holders should design for retrievability “[t]o 
the extent practicable in the design of spent fuel storage casks, consideration should be given to 
compatibility with removal of the stored spent fuel from a reactor site, transportation, and 
ultimate disposition by the Department of Energy.” The SENTRY Dry Storage System has the 
ability to support options A and B identified in NUREG-2215:  

A. remove individual or canned spent fuel assemblies from wet or dry storage, 

B. remove a canister loaded with spent fuel assemblies from a storage cask/overpack, 

Option A 

The results of the AMR show that there are no credible aging effects that require 
management during the extended storage period that would prohibit retrievability of an 
assembly or DFC from a canister.  The W37 and W21H canisters store intact, zircaloy-
clad SNF assemblies with burnup up to 65 GWd/MTU. As noted in SENTRY Dry 
Storage System SAR Section 3.3.8, the internal basket assembly design of the SENTRY 
W37 and W21H canisters maintains the geometric spacing of the SNF assemblies, which 
provides for retrievability of the SNF assemblies for all design loadings.  

In addition, FSAR Section 3.2.1 "Spent Nuclear Fuel Specifications" notes that spent 
fuel assemblies with known or suspected cladding defects greater than pinhole leaks or 
hairline cracks or spent fuel assemblies with burnup exceeding 45 GWd/MTU and 
cladding oxide thickness exceeding 70 μm are considered damaged are to be placed 
inside SENTRY W37 Damaged Fuel Cans. SENTRY Dry Storage System SAR Section 
4.1.3 notes the SENTRY W37 Damaged Fuel Cans are designed to contain damaged fuel 
assemblies during all normal, off-normal, and accident conditions for on-site storage and 
transfer operations.  

Degradation of the fuel assembly cladding will not occur during the initial or extended 
storage since the inert atmosphere inside the canister is maintained. Corrosion of the 
canister shell, cover and closure welds (i.e. confinement) are managed by the SENTRY 
Welded Stainless Steel Canister AMP during the extended storage period to ensure that 
no aging effects result in the loss of intended functions (primarily confinement and 
structural support).  This provides reasonable assurance that the SNF assemblies and 
DFC will be able to be retrieved from the canister and transferred to a spent fuel pool. 
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Option B 

Corrosion and degradation of the W21H and W37 canister shell, cover and closure welds 
are managed by the SENTRY Welded Stainless Steel Canister AMP during the extended 
storage period to ensure that no aging effect result in the loss of intended functions 
(primarily confinement and structural support) including canister retrievability. Time 
Limited Aging Analyses (TLAAs) for the W21H and W37 canisters shell, basket and 
canister lid threaded holes are addressed in Appendix B of this renewal application. 

Corrosion and degradation of the W110 transfer cask and W180 storage cask are 
managed by their applicable AMP(s) during the extended storage period to ensure that 
no aging effect results in the loss of intended functions (e.g. structural support) that may 
affect retrievability of the canister from either cask.  The W110 transfer cask is 
maintained and is inspected prior to use to ensure proper condition and safe operation. 
TLAAs for the W110 transfer cask are addressed in Appendix B of this renewal 
application. This provides reasonable assurance that loaded W21H and W37 canisters 
can be transferred from a W180 storage cask to the W110 transfer cask and then to a 
transportation cask for removal offsite. 

The SENTRY Dry Storage System SAR [2.3], Section 11.3 titled “Procedures for Unloading the 
Storage Cask” contains the operating procedure for unloading a canister.   

The SENTRY Dry Storage System Technical Specifications; 

• Establish administrative controls and procedures to assure that the spent fuel cladding 
does not exceed specified temperature limits during loading operations. 

• Specify canister helium backfill density requirements 

• Specify canister spent fuel loading requirements  

• Specify maximum storage cask and transfer cask drop heights and g loadings 

• Establish an Active Cooling System Program 

These unloading (retrievability) related Technical Specifications and procedures will continue to 
be applicable during the extended storage period. 

Conclusion 

Thus, W21H and W37 canisters are designed for safe removal of spent fuel from storage for 
further processing or disposal through license renewal and the aging management of the design.  
These retrievability functions support and meet the guidance of NUREG-2215 Section 3.4.3.8 
“Option A” and “Option B” as noted above. 
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4. AGING MANAGEMENT TOLLGATES 

Introduction 

As noted in NUREG-1927 "Standard Review Plan for Renewal of Specific Licenses and 
Certificates of Compliance for Dry Storage of Spent Nuclear Fuel," Revision 1, the guidance was 
developed by the NRC in collaboration with the Nuclear Energy Institute (NEI) to develop 
guidance for the nuclear industry when preparing CoC renewal applications.  NEI 14-03, 
Revision 1, “Format, Content and Implementation Guidance for Dry Cask Storage Operations-
Based Aging Management”, includes guidance based on the continued evaluation of operating 
experience.  One of the principles introduced in NEI 14-03 is the use of “tollgates” as a 
structured approach for incorporating operating experience and data from applicable research 
and industry initiatives into the aging evaluation process. NUREG-1927, Revision 1, Section 
3.6.1.10, provides the associated guidance that may be used for CoC renewals. 

NEI 14-03 provides a proposed framework for learning AMPs through the use of “tollgates” 
and defines “tollgates” as periodic points within the period of extended operation when 
licensees would be required to evaluate aggregate feedback from storage operations and 
perform and document a safety assessment that confirms the safe storage of spent fuel.  
Tollgates are described as an additional set of in-service assessments beyond the normal 
continual assessment of operating experience, research, monitoring, and inspections on DSS 
component and ISFSI SSC performance that is part of normal ISFSI operations for licensees 
during the initial storage period as well as the period of extended operation.  

In addition, NEI 14-03, Revision 1, also describes a framework for the aggregation and 
dissemination of operating experience across the industry through the use of an aging-related 
operating experience “clearinghouse,” titled the ISFSI Aging Management Institute of Nuclear 
Power Operations Database (ISFSI AMID).  Aggregate feedback will be assessed by each 
licensee regarding ISFSI components. and if necessary, take actions to:  

• Modify monitoring and inspection programs in AMPs described in Appendix A  

• Modify TLAAs described in Appendix B 

• Perform mitigation 

Per the guidance of NEI 14-03 the tollgate assessments address the following elements as 
applicable: 

Frequency: 

• established from technical basis 

•  reflects aging mechanism initiation and rate of progression 

• reflects risk significance 

• considers findings from prior tollgate assessments 
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Content of tollgate assessments: 

• Summary of research findings, operating experience, monitoring data, and inspection 
results  

• Aggregate impact of findings (including trends) 

• Consistency with the assumptions and inputs in TLAAs 

• Effectiveness of AMPs 

• Corrective actions, including changes to AMPs 

• Summary and conclusions 

Licensees have access to the ISFSI AMID to facilitate the completion of these tollgate 
assessments. Generic tollgates are shown in Table 4-1. Implementation of the tollgates does not 
limit licensees ability to evaluate information in a timely fashion through the use of the 
corrective action programs and other licensee programs. The tollgates identify points where 
information is evaluated based on the collection of findings. 
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Table 4-1: Tollgate Assessments for General Licensees 
 

Tollgate Year Assessment 
1 Year of first 

canister loading 
plus 25 years 

Evaluate information from the following sources (as available) and 
perform a written assessment of the aggregate impact of the 
information, including but not limited to trends, corrective actions 
required, and the effectiveness of the AMPs with which they are 
associated: 

• Results, if any, of research and development programs focused 
specifically on aging-related degradation mechanisms 
identified as potentially affecting the storage system and ISFSI 
site. One example of such research and development would be 
EPRI Chloride-Induced Stress Corrosion Cracking (CISCC) 
research. 

• Relevant results of other domestic and international research, 
which may include non-nuclear research 

• Relevant domestic and international operating experience, 
which may include non-nuclear operating experience 

• Relevant results of domestic and international ISFSI and dry 
storage system performance monitoring 

Much of this information can be gathered from the Aging Management 
INPO D t b  (AMID)  2 Year of first 

canister loading 
plus 30 years 

Evaluate additional information gained from the sources listed in 
Tollgate 1 along with any new relevant sources and perform a written 
assessment of the aggregate impact of the information. This evaluation 
should be informed by the results of Tollgate 1. The aging effects and 
mechanisms evaluated at this tollgate and the time at which it is 
conducted may be adjusted based on the results of the Tollgate 1 
assessment. 

3 Year of first 
canister loading 

plus 35 years 

Same as Tollgate 2 as informed by the results of Tollgates 1 and 2 

4 Year of first 
canister loading 

plus 40 years 

Same as Tollgate 2 as informed by the results of Tollgates 1, 2, and 3 

5 Year of first 
canister loading 

plus 45 years 

Same as Tollgate 2 as informed by the results of Tollgates 1, 2, 3, and 4 

6 Year of first 
canister loading 

plus 50 years 

Same as Tollgate 2 as informed by the results of Tollgates 1, 2, 3, 4, 
and 5 

7 Year of first 
canister loading 
plus 55 years 

Same as Tollgate 2 as informed by the results of Tollgates 1, 2, 3, 4, 5, 
and 6 

8 Year of first 
canister loading 
plus 60 years 

Same as Tollgate 2 as informed by the results of Tollgates 1, 2, 3, 4, 5, 6, 
and 7 
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WESTINGHOUSE NON-PROPRIETARY CLASS 3 

APPENDIX A: SENTRY SYSTEM AGING MANAGEMENT PROGRAMS 
 

A.0 Introduction 

Section 3.4 identifies the following needed SENTRY System AMPs: 

1. SENTRY Welded Stainless Steel Canister AMP 

2. SENTRY System Reinforced Concrete Structures AMP 

3. SENTRY System Monitoring of Metallic Surfaces AMP 

4. SENTRY W110 Transfer Cask AMP 

5. SENTRY Canister High-Burnup Fuel Monitoring and Assessment AMP 

This appendix contains the 10 elements of the AMPs, following the guidance of NUREG-1927 
Revision 1. 
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WESTINGHOUSE NON-PROPRIETARY CLASS 3 

SENTRY Welded Stainless Steel Canister AMP 
(4 pages) 

Element Description 
1 Scope of 

Program  
This program manages the effects of aging for the surfaces of SENTRY W21H and 
W37 welded stainless steel canisters that are directly exposed to the sheltered 
W180 storage cask environment.  The scope of the program includes the following 
canister subcomponents: 

• Upper and Lower Shell 
• Bottom Plate 
• Closure Lid 
• Closure Ring 
• Port Cover 
• Heat Dissipation Fins (W21H Configuration Only)  

The following aging effects are addressed in this program: 

• Cracking due to stress corrosion cracking. 

• Loss of material (precursor to stress corrosion cracking) due to pitting and 
crevice corrosion. 

Examinations are performed of the accessible portions of the welded stainless steel 
dry storage canister confinement boundary external surfaces for atmospheric 
deposits, localized corrosion, and Stress Corrosion Cracking (SCC). 

In particular, examinations focus on accessible canister welds, weld heat-affected-
zone areas, and known areas of the canister to which temporary supports or 
attachments were attached by welding and subsequently removed (based on 
available fabrication records) with the following attributes: 

• Locations where a crevice is formed on the canister surface. 
• Horizontal (±30-degree) surfaces where deposits may accumulate at a 

faster rate compared to vertical surfaces. 
• Canister surfaces that are cold relative to the average surface temperature. 
• Canister surfaces with higher amounts of atmospheric deposits. 

Examinations can be performed in coordination of the ASME Section XI code 
inspections provided in Code Case N860, “Examination Requirements and 
Acceptance Standards for Spent Nuclear Fuel Storage and Transportation 
Containment Systems.” 

2 Preventive 
Actions 

Condition monitoring is utilized to manage aging effects.  During fabrication of the 
canisters, however, preventative actions were used to minimize corrosion and 
stress corrosion cracking by selection of stainless steel materials.  In addition, 
fabrication controls were in place during canister fabrication to support improved 
canister corrosion resistance.  Although these preventative actions minimize the 
likelihood of aging effects, they cannot replace condition monitoring during the 
storage period.  As this AMP is based on condition monitoring, new preventative 
actions are not included. 
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SENTRY Welded Stainless Steel Canister AMP 
(4 pages) 

Element Description 
3 Parameters 

Monitored / 
Inspected 

The parameters monitored and/or inspected under this AMP include: 

• Visual inspections to look for evidence of discontinuities and imperfections, 
such as localized corrosion, including pitting corrosion and stress corrosion 
cracking of the accessible canister welds and weld heat affected zones.  

• The size and location of localized corrosion or stress corrosion cracks. 
• The inspections also look for the appearance and location of deposits on 

the canister surfaces. 

4 Detection of 
Aging Effects 

Visual inspection of the canister surface is to be performed per ASME Code Section 
XI, Article IWA-2200 for VT-3 examinations utilizing a video camera, fiber-optic 
scope or other remote inspection device for the accessible areas of the canister 
surface since direct visual examination may not be possible due to neutron and 
gamma radiation fields near canister surfaces within the storage cask.  

Additional assessments are to be performed as necessary for suspected areas of 
localized corrosion and SCC.  VT-1 visual examinations are performed per 
acceptance criteria when indicated by the assessment of the VT-3 results.  
Indications of corrosion within 2 inches of a weld are to receive an augmented 
surface examination for the presence of cracking.  

Volumetric examination consistent with the requirements of ASME Code Section XI, 
IWB-2500, for category B-J components may also be utilized to assess the presence 
of cracking.  Inspection of selected areas on the canister may be upgraded to the 
VT-1 standard.  

The inspection is to be performed on a minimum of one canister of each type (e.g., 
W21H and W37) when used at each ISFSI based on the following criteria: 

• EPRI Susceptibility Criteria {Ref: Technical Report 3002005371}. 
• Age of the Canister.  
• Canister loaded with Lowest Heat Load. 
• Canisters with the greatest potential for the accumulation and 

deliquescence of deposited salts that may promote localized corrosion and 
greatest potential for the accumulation and deliquescence of deposited 
salts that may promote localized corrosion and SCC. 

• Where applicable, canister with previously identified manufacturing 
deviations which may affect the surface. 

Inspections are to be performed by qualified individual(s) every 5 years (+/- 25%) 
starting with the first inspection performed within one (1) year after the initial 
canister’s 20th year loading anniversary at the site.  If possible, examinations should 
occur on the same canister to support trending. 

5 Monitoring 
and Trending 

Monitoring and trending of the results from documented inspection should support 
the ability to evaluate the results against acceptance criteria.  Inspection records 
including photos and /or videos are to be retained for comparison in subsequent 
examinations.  Changes to the size or location of discolored areas (e.g. rust), 
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WESTINGHOUSE NON-PROPRIETARY CLASS 3 

SENTRY Welded Stainless Steel Canister AMP 
(4 pages) 

Element Description 
localized corrosion, pitting and crevice corrosion, and/or stress corrosion cracking 
should be identified and assessed for further evaluation or subsequent inspections. 

Trending of parameters or effects include the locations and size of any areas of 
localized corrosion or SCC, disposition of canisters with identified aging effects and 
the results of any supplemental canister inspections. 

6 Acceptance 
Criteria 

No indications of localized corrosion pits, etching, crevice corrosion, stress 
corrosion cracking, red-orange-colored corrosion products emanating from crevice 
locations, or red-orange-colored corrosion products in the vicinity of canister 
fabrication welds, closure welds, and welds associated with temporary attachments 
during canister fabrication.  Minor surface corrosion is acceptable. 

Identified flaws may be assessed in accordance with the acceptance standards 
identified in ASME Code Section XI, IWB-3514.  

Results of Inspections Requiring Additional Evaluation  

Indications of interest (locations on the canister surface susceptible to SCC including 
areas adjacent to fabrication welds, closure welds, locations where temporary 
attachments may have been welded to and subsequently removed from the 
canister and weld heat-affected zones) that are subject to additional examination 
and disposition through the corrective action program include: 

• Localized corrosion pits, crevice corrosion, stress corrosion cracking, and 
etching; deposits or corrosion products. 

• Red-orange-colored corrosion products or red-orange-colored corrosion 
tubercles with deposit accumulations especially when adjacent to welds or 
weld heat affected zones and locations where temporary attachments were 
welded to and subsequently removed from the canister.  

• Appearance of any color of liner corrosion products of any size parallel to or 
traversing fabrication welds, closure welds, and weld heat affected zones. 

• Red-orange colored corrosion products greater than 1 mm in diameter 
combined with deposit accumulations on any location of the canister. 

• Red-orange colored corrosion tubercles of any size. 
 

7 Corrective 
Actions 

Indications not meeting the acceptance criteria above (AMP element 6) require 
additional evaluation after being entered into the site’s corrective action program.  
An evaluation is to be performed to determine the extent and impact of the 
corrosion on the canister’s ability to perform its intended function.  The site’s 
Quality Assurance (QA) program ensures that corrective actions are completed 
within the Corrective Action Program (CAP)and include any necessary functionality 
assessments, cause evaluations, extent of condition, actions, identify any 
modifications to the existing AMP (e.g. increased frequency), and determine if the 
condition is reportable per 10 CFR 72.75. 
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WESTINGHOUSE NON-PROPRIETARY CLASS 3 

SENTRY Welded Stainless Steel Canister AMP 
(4 pages) 

Element Description 
8 Confirmation 

Process 
The confirmation process is to be commensurate with the site’s QA program.  The 
QA program ensures that the confirmation process includes provisions to preclude 
repetition of significant conditions adverse to quality and the completion of 
inspections, evaluations, and corrective actions. 

9 Administrative 
Controls 

The site QA program ensures that administrative controls include provisions that 
address instrument calibration and maintenance, inspector requirements, record 
retention requirements, and document control.  

Administrative controls also address the frequency for updating the AMP based on 
inspection results along with industry operating experience.  This AMP will be 
updated as necessary based on the toll gate assessments. 

10 Operating 
Experience 

Operating experience from the CoC 1026 FuelSolutions Storage System installed at 
Big Rock Point was utilized in the development of this AMP. 

As operating experience is achieved for the SENTRY canisters, it will be added to the 
ISFSI Aging Management Institute of Nuclear Power Operations Database (ISFSI 
AMID). 

As canister inspections are performed in the future, inspection results will be 
uploaded into the ISFSI Aging Management Institute of Nuclear Power Operations 
Database (ISFSI AMID) to be shared with other users. 
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SENTRY System Reinforced Concrete Structures AMP 
(4 pages) 

Element Description 

1 Scope of 
Program 

The AMP addresses reinforced concrete structures such as the concrete portions of 
the SENTRY W180 Storage Cask.  The associated SSCs include the concrete shell and 
reinforcing steel in air-outdoor or air-outdoor groundwater environments.   

The following aging effects are addressed in this program: 

• Cracking or loss of material (spalling, scaling) due to freeze-thaw 
degradation. 

• Cracking, loss of strength, and loss of material (spalling, scaling) due to 
aggressive chemical attack. 

• Cracking, and loss of strength due to reaction with aggregates. 
• Loss of material (spalling, scaling) due to salt scaling. 
• Loss of strength, increase in porosity and permeability, and reduction of 

concrete pH (reducing corrosion resistance of steel embedments) due to 
leaching of calcium hydroxide. 

• Cracking, loss of strength, loss of material (spalling, scaling), and loss of 
concrete/steel bond due to corrosion of reinforcing steel. 

Although the ISFSI Storage Pad is not considered within the scope of this AMP, it 
should be inspected for aging effects. 

2 Preventive 
Actions 

Condition monitoring is utilized to manage aging effects including continuance of 
inspections of air inlet/outlet vents to confirm they are not blocked which also 
ensures design temperature limits are not exceeded and thermal dehydration of 
the concrete remains noncredible during the period of extended operation.  As the 
storage cask reinforced concrete is designed and analyzed in accordance with the 
applicable provisions of ACI-349 and constructed using standard commercial 
practices, in accordance with the applicable provisions of ACI-318, no additional 
preventive actions are required. 

3 Parameters 
Monitored / 
Inspected 

The accessible and exposed concrete surfaces are visually examined for indications 
of surface deterioration.  The parameters monitored or inspected quantify the 
following aging effects: 

• Cracking. 
• Loss of material (spalling, scaling). 
• Increased porosity/permeability. 

Degradation could affect the ability of the concrete to provide radiation shielding, 
to provide a path for heat transfer and to provide tornado missile shielding.  The 
inlet and outlet vents are also monitored by visual inspection to ensure they are not 
obstructed. 

For inaccessible areas, use a video camera, fiber-optic scope or other remote 
inspection equipment via existing access points to determine if there is any 
evidence of concrete degradation.  The parameters evaluated consider any surface 
geometries that may identify water ponding which potentially increases the rate of 
degradation.  The accessible internal concrete surfaces of the storage cask are 
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SENTRY System Reinforced Concrete Structures AMP 
(4 pages) 

Element Description 

inspected for indications of degradation.  These indications may impact the long-
term ability of the storage cask to meet its intended functions.  

4 Detection of 
Aging Effects 

The AMP includes a visual inspection of the exterior surfaces of the storage cask to 
detect if there are any aging effects.  The visual survey can identify staining or 
degradation-related activity and the degree of damage.  This visual inspection 
confirms the current exterior condition of the storage cask and can identify the 
extent and cause of any aging effect noted.  This visual inspection will be conducted 
annually (+/- 25%) by an individual meeting the qualification requirements of ACI-
349. 

A visual inspection of the readily accessible areas of the storage cask annular space 
and interior areas of the vents shall be performed using a using a video camera, 
fiber-optic scope or other remote inspection equipment.  This visual inspection shall 
meet the requirements and acceptance criteria in ACI 349.3R-02 (ACI, 2010) and be 
performed at least once every five (5) years.  Note: As the interior of the storage 
cask utilizes a steel liner, the Monitoring of Metallic Surfaces AMP addresses the 
metallic portions of the storage cask.  

In addition to visual inspections, radiological surveys of the storage cask are 
performed to verify compliance with 10 CFR 72.104.  Cask surface dose rates are 
monitored per SENTRY Dry Storage System (DSS) Technical Specification 5.3.5 “Cask 
Surface Dose Rate Evaluation Program.”   

Data from all inspection and monitoring activities, including evidence of 
degradation and its extent and location, shall be documented on a checklist or 
inspection form.  The results for the inspection will be documented, including 
descriptions of observed aging effects and supporting sketches, photographs or 
video. 

The internal inspection shall be performed on one of the storage casks at each ISFSI 
at a frequency of 5 years (+/- 25%).  The first inspection should occur within 1 year 
after the 20th anniversary of initial storage cask loading at the site.  

Inspections shall be documented, including a detailed description of the surface 
condition and location of areas showing surface degradation. 

5 Monitoring and 
Trending 

Monitoring and trending of the results from documented inspection should support 
the ability to evaluate the results against acceptance criteria. Methods are 
commensurate with consensus defect evaluation guides and standards.  The 
inspections and surveillances described for reinforced concrete are performed 
periodically in order to identify areas of degradation.  The results will be evaluated 
by a qualified individual, and areas of degradation not meeting established criteria 
will be documented in the site’s corrective action program for resolution or detailed 
evaluation.  Inspection records, including photos and /or videos, are to be retained 
for comparison in subsequent examinations.  The results from the visual inspections 
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SENTRY System Reinforced Concrete Structures AMP 
(4 pages) 

Element Description 

will be compared against previous inspections in order to trend progression of 
identified aging effects over time. 

6 Acceptance 
Criteria 

American Concrete Institute Standard 349.3R-02 includes quantitative three-tier 
acceptance criteria for visual inspections of concrete surfaces as follows: 

• Tier 1 acceptance without further evaluation. 
• Tier 2 acceptance after review. 
• Tier 3 acceptance requiring further evaluation. 

Acceptance signifies that a component is free of significant deficiencies or 
degradation that could lead to the loss of structural integrity.  Acceptable after 
review signifies that a component contains deficiencies or degradation but will 
remain able to perform its design basis function until the next inspection or repair.  
Acceptance requiring further evaluation signifies that a component contains 
deficiencies or degradation that could prevent (or could prevent prior to the next 
inspection) the ability to perform its design basis function.  Degradations or 
conditions meeting the ACI 349.3R-02 Tier 2 and 3 criteria will be entered into the 
site’s corrective action program for evaluation and resolution. 

The loss of material due to age-related degradation will be evaluated by a qualified 
person in accordance with ACI 349.3R-02.  A technical basis will be provided for any 
deviation from ACI 349.3R-02 acceptance criteria.  

7 Corrective 
Actions 

Results that do not meet the acceptance criteria are addressed by the site’s 
corrective action program (CAP) in accordance with the ISFSI Quality Assurance 
(QA) program.  The site’s QA Program ensures that corrective actions are completed 
within the ISFSI Corrective Action Program (CAP) and include any necessary 
functionality assessments, cause evaluations, extent of condition, actions, identify 
any modifications to the existing AMP (e.g. increased frequency), and determine if 
the condition is reportable per 10 CFR 72.75. 

8 Confirmation 
Process 

The confirmation process will be commensurate with the ISFSI QA Program.  The QA 
program ensures that the confirmation process includes provisions to preclude 
repetition of significant conditions adverse to quality and the completion of 
inspections, evaluations, and corrective actions. 

9 Administrative 
Controls 

The ISFSI QA program ensures that administrative controls include provisions that 
address instrument calibration and maintenance, inspector requirements, record 
retention requirements, and document control. 

Administrative controls also address the frequency for updating the AMP based on 
inspection results along with industry operating experience.  This AMP will be 
updated as necessary based on the toll gate assessments.   

10 Operating 
Experience 

Operating experience from the CoC 1026 FuelSolutions Storage System installed at 
Big Rock Point was utilized in the development of this AMP. 
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SENTRY System Reinforced Concrete Structures AMP 
(4 pages) 

Element Description 

As operating experience is achieved for the Sentry W180 Storage Cask, it will be 
added to the ISFSI Aging Management Institute of Nuclear Power Operations 
Database (ISFSI AMID). 

As storage cask inspections are performed in the future, inspection results will be 
uploaded into the ISFSI Aging Management Institute of Nuclear Power Operations 
Database (ISFSI AMID) to be shared with other users. 
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WESTINGHOUSE NON-PROPRIETARY CLASS 3 

SENTRY System Monitoring of Metallic Surfaces AMP 
(4 pages) 

Element Description 
1 Scope of 

Program 
This program monitors the effects of aging of metallic surfaces for the SENTRY W180 
Storage Cask and Fuel Transfer and Auxiliary Equipment including:   

(1) The external surfaces of steel and stainless steel subcomponents that are 
directly exposed to air-outdoor or sheltered environments  

(2) The coating on exposed carbon steel surfaces. 

The scope of the program includes the following cask subcomponents and the 
applicable site fuel transfer and auxiliary equipment: 

• Storage Cask Steel Liner Body 
• Storage Cask Steel Bottom Lower Cap 
• Storage Cask Steel Top Cover 
• Storage Cask Top  
• Storage Cask Inner Block 
• Storage Cask Closing Bolts and Washers 
• Storage Cask Top and Bottom Vents 
• Storage Cask Top and Bottom Tip Over Devices (W37 Configuration) 
• Storage Cask End Drop Device (W37 Configuration) 
• Storage Cask Tip Over Device (W21H Configuration)  
• Storage Cask End Drop Device (W21H Configuration)  
• Storage Cask Auxiliary Shielding and Support Ring (W21H Configuration) 
• Storage Cask Positioning Plate (W21H Configuration) 
• Transfer Cask Lifting Yoke 
• Lifting Yoke Paddle Extension 
• Transfer Matting Device 
• Active Cooling System Metallic Surfaces 
• Canister Handling Device (Vertical Canister Lift Fixture) 
• Coating on Exposed Carbon Steel Surfaces 

The following aging effects are addressed in this program: 

• Loss of material is due to general corrosion, galvanic corrosion, and pitting 
and crevice corrosion. 

• Cracking is due to stress corrosion cracking. 
• Coating degradation on steel surfaces due to radiation embrittlement and 

thermal aging. 

Periodic visual inspections monitor for general and localized corrosion, and coating 
degradation. 

2 Preventive 
Actions 

This program is a condition monitoring program to detect evidence of degradation.  It 
does not provide guidance for the prevention of aging. 

3 Parameters 
Monitored / 
Inspected 

This program monitors the condition of external metallic surfaces to identify general 
corrosion and localized corrosion.  Localized corrosion of stainless steels may be a 
precursor to stress corrosion cracking (SCC). 
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SENTRY System Monitoring of Metallic Surfaces AMP 
(4 pages) 

Element Description 
Parameters monitored or inspected for external metallic surfaces include: 

• Visual evidence of discontinuities, imperfections, and rust staining indicative 
of corrosion, and SCC. 

• Visual evidence of coating degradation (e.g., blisters, cracking, flaking, 
delamination) indicative of corrosion of the base metal. 

Accessible storage cask internal surfaces are inspected for indications of corrosion 
and wear and coating degradation.   

 

4 Detection of 
Aging Effects 

Inspections are performed by personnel qualified in accordance with site procedures 
and programs to perform the specified task.  Visual inspections follow site procedures 
that are demonstrated to be capable of evaluating conditions against the acceptance 
criteria. 

Readily Accessible Surfaces 

Inspections cover 100 percent of normally accessible surfaces, including the external 
metallic surfaces, bolting, covers, vents, and other metallic components.  The visual 
survey performed on metallic surfaces will identify the source of any staining or 
corrosion-related activity and the degree of damage.   

A visual inspection of the metallic exterior surfaces of the storage cask to detect aging 
effects is conducted annually.  Visual inspections of fuel transfer and auxiliary 
equipment shall be performed at a minimum of once a year while in use.  If the fuel 
transfer and auxiliary equipment is not used, a pre-use visual inspection shall be 
performed.  When the fuel transfer and auxiliary equipment is not in use, periodic 
inspections are not needed.  The visual inspections are performed in accordance with 
site implementing procedures. 

Normally Inaccessible Surfaces 

A visual inspection of the interior areas of the storage cask shall be performed with 
remote inspection techniques such as a video camera, fiber-optic scope or other 
remote inspection device.  The visual inspection should include an examination of the 
accessible areas of the cask internal surfaces for coating degradation and corrosion. 

This visual inspection of the metallic components shall meet the requirements of a 
VT-3 Examination, as given in the ASME Boiler & Pressure Vessel Code (B&PVC) 
Section XI, Article IWA-2200, to the extent practical, even though they are not ASME 
components. 

The internal inspection shall be performed on one storage cask at a frequency of 5 
years (+/- 25%).  The first inspection should occur within one (1) year after the initial 
canister’s 20th year loading anniversary.  The site may consider using the storage cask 
that contains the canister being used for the Welded Stainless Steel Canister AMP to 
consolidate efforts. 
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SENTRY System Monitoring of Metallic Surfaces AMP 
(4 pages) 

Element Description 
Data from inspections shall be documented, including a detailed description of the 
surface condition and location of areas showing surface degradation. 

5 Monitoring 
and Trending 

Inspection results are compared to those obtained during previous inspections, so 
that the progression of degradation can be evaluated and predicted. 

Monitoring and trending methods and plans and procedures are used to: 

• Establish a baseline before or at the beginning of the period of extended 
operation. 

• Track trending of parameters or effects not corrected following a previous 
inspection, including 

- Locations and size of any areas of corrosion, wear or cracking. 
- Disposition of components with identified aging effects and the 

results of supplemental inspections. 
6 Acceptance 

Criteria 
The acceptance criteria for the visual inspections are: 

• No detectable loss of material from the base metal, including uniform wall 
thinning, localized corrosion pits, and crevice corrosion. 

• No indications of loose bolts or hardware, displaced parts. 
• No degradation (e.g., blisters, cracking, flaking, delamination) of coatings on 

metallic surfaces indicative of base metal corrosion. 

If evidence of corrosion is identified, then the severity of the degradation must be 
determined using approved site-specific procedures.  These may include additional 
visual, surface or volumetric NDE methods to determine the loss of material. 

7 Corrective 
Actions 

Results that do not meet the acceptance criteria are addressed by the site’s 
Corrective Actions Program (CAP) in accordance with the ISFSI Quality Assurance (QA) 
program.  The site’s QA Program ensures that corrective actions are completed within 
the ISFSI Corrective Action Program (CAP) and include any necessary functionality 
assessments, cause evaluations, extent of condition, actions, identify any 
modifications to the existing AMP (e.g., increased frequency), and determine if the 
condition is reportable per 10 CFR 72.75.  

8 Confirmation 
Process 

The confirmation process will be commensurate with the ISFSI QA Program.  The QA 
program ensures that the confirmation process includes provisions to preclude 
repetition of significant conditions adverse to quality and completion of inspections, 
evaluations, and corrective actions are completed in accordance with the ISFSI CAP. 

9 Administrative 
Controls 

The ISFSI QA program ensures that administrative controls include provisions that 
address instrument calibration and maintenance, inspector requirements, record 
retention requirements, and document control. 

Administrative controls also address the frequency for updating the AMP based on 
inspection results along with industry operating experience.  This AMP will be 
updated as necessary based on the toll gate assessments.  
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SENTRY System Monitoring of Metallic Surfaces AMP 
(4 pages) 

Element Description 
10 Operating 

Experience 
Operating experience from the CoC 1026 FuelSolutions Storage System installed at Big 
Rock Point was utilized in the development of this AMP. 

As operating experience is achieved for the SENTRY W180 Storage Cask and fuel 
transfer and auxiliary equipment, it will be added to the ISFSI Aging Management 
Institute of Nuclear Power Operations Database (ISFSI AMID). 

As storage cask inspections are performed in the future, inspection results will be 
uploaded into the ISFSI Aging Management Institute of Nuclear Power Operations 
Database (ISFSI AMID) to be shared with other users. 
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SENTRY W110 Transfer Cask AMP 
(2 pages) 

Element Description 
1 Scope of 

Program 
The program covers the subcomponents of the W110 Transfer Cask to ensure that aging 
effects do not challenge the capability of the transfer casks to fulfill structural support, 
radiation shielding, and heat transfer functions.  The effected SSCs include the transfer 
cask bottom sealing lid for wear, thread inserts when used in stainless-steel threaded 
connections, and the coating on the external surfaces of the transfer cask. 

This program monitors bottom lid sealing and threaded inserts for wear and coating 
degradation to ensure that aging effects do not challenge the capability of the transfer 
cask to fulfill structural support, radiation shielding, and heat transfer functions. 

The Transfer Cask AMP includes inspections of the coated areas for coating degradation 
due to radiation embrittlement and thermal aging and the bottom sealing lid and the 
thread inserts for loss of material due to wear.   

2 Preventive 
Actions 

The Transfer Cask AMP utilizes condition monitoring to detect degradation and ensure 
that the equipment maintains its intended function through the extended storage 
period.  No preventative actions are included as part of this AMP. 

3 Parameters 
Monitored / 
Inspected 

The Transfer Cask AMP inspects for visual evidence of degradation of accessible 
surfaces. 

4 Detection of 
Aging Effects 

The Transfer Cask AMP manages loss of material due to wear, predominately for 
stainless steel components, and degradation of the coating on the external parts of the 
transfer cask. 

Inspections shall be performed at a minimum once a year while in use.  If the Transfer 
Cask is not used, a pre-use inspection is appropriate for the Transfer Cask.  When the 
Transfer Cask is not in use, periodic inspections are not needed. 

Visual inspections are performed in accordance with the ASME Code Section XI, Article 
IWA-2213, for VT-3 examinations.  The inspections cover 100 percent of the normally 
accessible cask surfaces, including the cask exterior, cask interior cavity, cover surfaces, 
and the cask bottom.  The Transfer Cask lifting feature lugs and bottom lid halves bolts 
shall be dye penetrant tested or examined with an equivalent NDE method for fatigue 
cracking. 

Data from the examination, including evidence of degradation and its extent and 
location, shall be documented on a checklist or inspection form.  The results of the 
inspection shall be documented, including descriptions of observed aging effects and 
supporting sketches, photographs, or video.  Corrective actions resulting from each 
AMP inspection shall also be documented. 

5 Monitoring 
and Trending 

Inspection results are compared to those obtained during previous inspections, so that 
the progression of degradation can be evaluated and predicted. Monitoring and 
trending methods and plans/procedures are used to: 

• Establish a baseline before the use of the transfer cask in the first loading 
campaign in the period of extended operation. 
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SENTRY W110 Transfer Cask AMP 
(2 pages) 

Element Description 
• Track trending of parameters or effects not corrected following a previous 

inspection. 
- The locations, size, and depth of any areas of corrosion. 
- The disposition of components with identified aging effects and the results 

of supplemental inspections.  
6 Acceptance 

Criteria 
For accessible surfaces, acceptance criteria are no detectable loss of material from the 
base metal, including uniform wall thinning, and wear scratches/gouges/thread galling. 

If evidence of wear, or coating degradation are identified, then the severity of the 
degradation of the base metal must be determined using approved site-specific 
procedures.  These may include additional visual, surface, or volumetric NDE methods 
to determine the loss of material. 

If evidence of wear or thread galling are identified on the thread inserts they shall be 
replaced. 

Coating acceptance criteria are no degradation or interruptions (e.g., 
chipping/scratches/flaking) of the coated surface. 

7 Corrective 
Actions 

Results that do not meet the acceptance criteria are addressed by the site’s Corrective 
Action Program (CAP) in accordance with the ISFSI Quality Assurance (QA) program.  
The QA Program ensures that corrective actions are completed within the ISFSI 
Corrective Action Program (CAP)and include any necessary actions, identify any changes 
to the existing AMP, and determine if the condition is reportable per 10 CFR 72.75. 

8 Confirmation 
Process 

The confirmation process will be commensurate with the site QA program.  The QA 
program ensures that the confirmation process includes provisions to preclude 
repetition of significant conditions adverse to quality and the completion of inspections, 
evaluations, and corrective actions. 

9 Administrative 
Controls 

The QA program ensures that administrative controls include provisions that address 
instrument calibration and maintenance, inspector requirements, record retention 
requirements, and document control. 

Administrative controls also address the frequency for updating the AMP based on 
inspection results along with industry operating experience.  This AMP will be updated 
as necessary, based on the toll gate assessments.   

10 Operating 
Experience 

Operating experience from the CoC 1026 FuelSolutions Storage System installed at Big 
Rock Point was utilized in the development of this AMP. 

As operating experience is achieved for the Sentry W110 Transfer Cask it will be added 
to the ISFSI Aging Management Institute of Nuclear Power Operations Database (ISFSI 
AMID). 

As transfer cask inspections are performed in the future, inspection information will be 
uploaded into the ISFSI Aging Management Institute of Nuclear Power Operations 
Database (ISFSI AMID) to be shared with other users. 
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SENTRY Canister High-Burnup Fuel Monitoring and Assessment AMP 
(4 pages) 

Element Description 
1 Scope of 

Program 
The scope of this Aging Management Program (AMP) covers the SENTRY Dry Storage 
System with high burnup fuel to operate through the extended storage period. 

The SENTRY Dry Storage System accommodates high burnup fuel up to 65 
GWd/MTU.  SNF is initially stored in a dry high purity helium environment.  SNF 
assemblies with burnup exceeding 45 GWd/MTU (up to 65 GWd/MTU), are limited 
to cladding oxide thickness of 70 μm.  SNF assemblies stored in SENTRY canisters are 
limited to intact zircaloy-clad fuel with no known or suspected cladding defects 
greater than pinhole leaks or hairline cracks.  Fuel assemblies that do not meet these 
criteria are considered damaged fuel and are not acceptable for storage in the W21H 
canister and are to be loaded in the W37 canister by means of W37 damaged fuel 
cans.  Refer to SENTRY Dry Storage System SAR Section 3.2.1 “Spent Nuclear Fuel 
Specifications.” 

The program relies on the joint EPRI and DOE High Burnup Dry Storage Cask 
Research and Development Project (HDRP)2 conducted in accordance with the 
guidance in Appendix D of NUREG-1927, Rev 1, as a surrogate demonstration 
program that monitors the performance of high burnup fuel in dry storage. 

The HDRP is a program designed to collect data from a SNF storage system 
containing high burnup fuel in a dry helium environment.  The fuel to be used in the 
program includes four kinds of zirconium based cladding.  The Research Project Cask 
is licensed to the temperature limits contained in ISG-11 Rev 33, and loaded such 
that the fuel cladding temperature is as close to the limit as practicable. 

The parameters of the surrogate demonstration program are applicable to the 
SENTRY Dry Storage System high burnup fuel, since the maximum system burnup 
limit (65 GWd/MTU) is on the order of those being tested, the cladding is of the 
same type as those being tested, and the temperature limits of the fuel are the same 
as those being tested . 

2 Preventive 
Actions 

During initial loading operations of the SENTRY Dry Storage System Technical 
Specification 3.1.3 “Canister Vacuum Drying Pressure” specifies “The CANISTER 
cavity vacuum pressure following drying shall be ≤ 3 torr for ≥ 30 min., maintained 
for at least 30 minutes.”  Technical Specification 3.1.2 “Canister Helium Backfill 
Density” specifies the canister helium backfill density range and completion time.  In 
addition, Technical Specification 5.3.6 “Active Cooling System Program” delineates 
the controls “to determine the time at which the maximum allowable temperature 
in the fuel cladding or in other components are reached.”  SENTRY Dry Storage 
System SAR Section 3.2.1 "Spent Nuclear Fuel Specifications" states for "assemblies 
with burnup exceeding 45 GWd/MTU (up to 65 GWd/MtU), the cladding oxide 

 

2 EPRI/DOE, HBU Dry Storage Cask Research and Development Project Final Test Plan, February 27, 2014, DOE 
Contract No. DE-NE-0000593. Accessible at https://www.osti.gov/servlets/purl/1133392 

3 Interim Staff Guidance - 11, Revision 3, Cladding Considerations for the Transportation and Storage of Spent Fuel 
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SENTRY Canister High-Burnup Fuel Monitoring and Assessment AMP 
(4 pages) 

Element Description 
thickness is limited to 70 μm" with the licensee being responsible to assure the 
specified criteria is met for the fuel assemblies placed in SENTRY canisters. 

These requirements ensure that the high burnup fuel is stored in an inert 
environment, preventing cladding degradation due to oxidation mechanisms.  In 
addition, fuel meets the guidance for temperature criteria noted NUREG-2215 
guidance recommended limit of 117°F for cladding temperature variations during 
thermal cycles of loading operations involving high burnup fuel to minimizes the 
impacts of degradation mechanisms on the fuel.  Refer to SENTRY Dry Storage 
System SAR Section 5.4.2 “Analytical Methods, Models, And Calculations for Loading 
Operations” regarding established conservatism to maintain adequate temperatures 
in materials during the loading and unloading activities of the SENTRY canisters.  SAR 
Section 5.4.2 addresses the NUREG-2215 guidance recommended limit of 117°F for 
cladding temperature variations during thermal cycles of loading operations 
involving high burnup fuel.  There are no additional specific preventative actions 
included as part of the AMP. 

3 Parameters 
Monitored or 
Inspected 

The parameters monitored and inspected are as those described in the HDRP. 

4 Detection of 
Aging Effects 

This AMP utilizes the surrogate demonstration program, HDRP, to monitor 
performance of high burnup fuel and detect aging effects as described in the HDRP 
for high burnup fuel.  SENTRY Dry Storage System Technical Specification 5.3.6 
“Active Cooling System Program” delineates the controls for fuel temperature limits 
to prevent degradation. 

5 Monitoring 
and Trending 

As information / data from the HDRP or from other sources (such as testing or 
research results and scientific analyses) become available, the licensee will monitor, 
evaluate, and trend the information via its operating experience program and /or 
corrective action program to determine what actions should be taken.  

The licensee will evaluate the information / data from the HDRP to determine 
whether the acceptance criteria in Element 6 of this AMP are met. 

• If all of the acceptance criteria are met, no further assessment is needed. 

• If any of the acceptance criteria are not met, the licensee must conduct 
additional assessments and implement appropriate corrective actions (see 
Element 7 of this AMP). 

Formal evaluations of the aggregate information from the HDRP, available operating 
experience, NRC-generated communications, and other information will be 
performed as required.   
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SENTRY Canister High-Burnup Fuel Monitoring and Assessment AMP 
(4 pages) 

Element Description 
6 Acceptance 

Criteria 
The following criteria are to be addressed against the information obtained from the 
HDRP.  The criteria are: 

• Hydrogen content – Maximum hydrogen content of the cover gas over the 
approved storage period should be extrapolated from the gas 
measurements to be less than the design-bases limit for hydrogen content 

• Moisture content – the moisture content in the canister, accounting for 
measurement uncertainty should be less than the expected upper-bound 
moisture content per the design-bases drying process 

• Fuel condition / performance – nondestructive and destructive examinations 
should confirm the design-bases fuel condition (i.e., no changes to the 
analyzed fuel configuration considered in the safety analyses of the 
approved design bases) 

The design-bases characteristics of the SENTRY Dry Storage System and high burnup 
fuel parameters are addressed in the SENTRY Dry Storage System SAR Section 3.2.1 
“Spent Nuclear Fuel Specifications.” It should be noted that Westinghouse Electric 
Company was initially involved in developing mathematical correlations based on 
this test data used for development of a creep-based methodology for the 
determination of allowable peak cladding temperature during dry storage as well as 
addressing cladding creep correlation presented in WCAP-151684. 

Note that because the cask design to be used in the HDRP is different from the 
SENTRY Dry Storage System, the acceptance criteria will be based on the Research 
Project Cask design bases.  If the fuel in the Research Project Cask meets the 
applicable design bases, the fuel in the SENTRY Dry Storage System should also meet 
its design bases, as described in Element 1. 

7 Corrective 
Actions 

The corrective actions are implemented in accordance with the licensee's NRC 
approved QA program.  If the acceptance criteria are not met, the issue will be 
entered into the licensee corrective action program to assess fuel performance, 
assess the design-bases safety analyses, consider degraded fuel performance and 
determine the ability of the system to continue to perform its intended functions.  
The corrective action program will identify necessary actions, changes to the existing 
AMP and determine if the condition is reportable. 

In addition, the licensee will obtain the necessary NRC approval in the appropriate 
licensing / certification process for modification of the design bases to address any 
conditions outside of the approved design bases. 

 

 

4 WCAP-15168, “Dry Storage of High Burnup Spent Nuclear Fuel,” Westinghouse Electric Company, March 1999 
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SENTRY Canister High-Burnup Fuel Monitoring and Assessment AMP 
(4 pages) 

Element Description 
8 Confirmation 

Process 
The confirmation process is commensurate with the licensee's NRC approved QA 
program.  The QA program ensures that required corrective actions are completed 
and effective in accordance with the program to preclude repetition of significant 
conditions adverse to quality. 

9 Administrative 
Controls 

Administrative controls are in accordance with the licensee's QA program and 
include a formal review and approval processes, document control and record 
retention requirements.  This AMP will be updated as necessary based on the toll 
gate assessments. 

10 Operating 
Experience 

As the program continues, operating experience will be evaluated including: 

• information entered into the ISFSI Aging Management Institute of Nuclear 
Power Operations Database (ISFSI AMID) 

• applicable research (ORNL, ANL, EPRI) 
• internal and industrywide condition reports 
• vendor-issued safety bulletins 
• NRC Information Notices 
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APPENDIX B: SENTRY SYSTEM TLAAs 

B.0 Introduction 

This appendix outlines the Time Limited Aging Analyses (TLAAs) for the SENTRY Dry Storage 
System.  TLAAs meet the following criteria: 

(1) Involve SSCs important to safety within the scope of the specific-license renewal, as 
delineated in Subpart F of 10 CFR Part 72, or within the scope of the spent fuel storage 
CoC renewal, as delineated in Subpart L of 10 CFR Part 72, respectively. 

(2) Consider the effects of aging. 
(3) Involve time-limited assumptions defined by the current operating term. 

(4) Were determined to be relevant by the specific licensee or certificate holder in making a 
safety determination 

(5) Involve conclusions or provide the basis of conclusions related to the capability of SSCs 
to perform their intended safety functions. 

(6) Are contained or incorporated by reference in the design bases. 

B.1 Identification of SENTRY Dry Storage System TLAAs 

Using the TLAA-identification criteria discussed in Section 3.2.4.1 of this CoC 1026 renewal 
application addenda, the SENTRY Dry Storage System SAR [2.3], CoC 1026 [2.6], and 
SENTRY Dry Storage System Technical Specifications [2.4] were reviewed and the following 
TLAA’s were identified for further evaluation and disposition: 

1. W21H Neutron Absorber Boron Depletion. 
2. W37 Damaged Fuel Can Neutron Absorber Boron Depletion. 
3. W37 and W21H Canister Shell and Basket Fatigue. 
4. W37 and W21H Canister Closure Lid Threaded Holes Fatigue. 
5. W110 Transfer Cask Subcomponent Fatigue. 
6. W110 Transfer Cask Neutron Shielding Thermal Aging, Radiation Embrittlement and 

Boron Depletion. 

B.2  W21H Neutron Absorber Boron Depletion 

As described and analyzed in the SENTRY Dry Storage System SAR [2.3], Sections 7.3.2 and 
8.16.1.5, the W21H canister incorporates metal matrix composite (MMC) plates for criticality 
control [  ](a,c).  The 
criticality safety analysis conservatively used the minimum boron concentration and not the 
nominal value and further reduced it by 10% for analysis purposes.  This analysis concluded that 
there are sufficient levels of boron present in the basket assembly neutron absorbing material to 
maintain criticality safety function over the 80-year W21H canister service life which encompasses 
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the extended CoC 1026 license renewal period of 40 years. 

B.3  W37 Damaged Fuel Can Boron Depletion   

As described and analyzed in the SENTRY Dry Storage System SAR [2.3], Section 7.3.2 states 
that the W37 Damaged Fuel Can (DFC) incorporates MMC plates for criticality control [  

 ](a,c).  The criticality safety analysis 
conservatively modeled the 10B content at 90% of the minimum boron concentration and not the 
nominal value for analysis purposes.  This analysis concluded that there are sufficient levels of 
boron present in the DFC neutron absorbing material to maintain criticality safety function over the 
80-year DFC service life which encompasses the extended CoC 1026 license renewal period of 40 
years. 

B.4  W37 and W21H Canister Shell and Basket Fatigue 

B.4.1 W37 and W21H Canister Shell Fatigue 

The SENTRY Dry Storage System SAR [2.3], Section 4.5.1.1.9 performs the fatigue evaluation for 
the W37 and W21H canister shell in accordance with the requirements of ASME Code [B.1] 
Subsection WC-3219 “Fatigue Evaluation”.  WC-3219 states “If cyclic loadings are identified in 
the Design Specifications, the need for a fatigue analysis shall be determined in accordance with 
WC-3219.1.” 

Subsection WC-3219.1, “Rules to Determine Need for Fatigue Analysis of Integral Parts of 
Containments” states “A fatigue analysis need not be made, provided all of Condition A 
(WC-3219.1.1) or all of Condition B (WC-3219.1.2) is met.  If neither Condition A nor Condition 
B is met, a detailed fatigue analysis shall be made in accordance with the rules of Section III 
Appendices, Mandatory Appendix XIII for those parts which do not satisfy the conditions.  The 
rules of Condition A or Condition B are applicable to all integral parts of the containment, 
including integrally reinforced type nozzles.” 

Subsection WC-3219.1.1 “Condition A” states “Fatigue analysis is not mandatory for materials 
having a specified minimum tensile strength not exceeding 80.0 ksi (550 MPa) when the total of 
the expected number of cycles of types (a) plus (b) plus (c) plus (d), defined below, does not 
exceed 1,000 cycles”: 

1. is the expected design number for full range pressure cycles 

2. is the expected number of operating pressure cycles in which the range of pressure variation 
exceeds 20% of the Design Pressure.  Cycles in which the pressure variation does not 
exceed 20% of the Design Pressure are not limited in number.  Pressure cycles caused by 
fluctuations in atmospheric conditions need not be considered. 

3. is the effective number of changes in metal temperature between any two adjacent points in 
the containment, including nozzles.  Temperature cycles caused by fluctuations in 
atmospheric conditions need not be considered.  

4.  for containments with welds between materials having different coefficients of expansion, 
is the number of temperature cycles, which causes the value of (α1  − α2) ΔT to exceed 
0.00034, where α1 and α2 are the mean coefficients of thermal expansion, 1/°F (1/°C) and 
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ΔT is the operating temperature range, °F (°C).  

These four conditions are addressed in SENTRY Dry Storage System SAR Section 4.5.1.1.9 for the 
W37 and W21H canister shell fatigue evaluation.  Given that they have a specified minimum 
tensile strength not exceeding 80.0 ksi with a total of 231 cycles, which is less than the allowable 
1,000 cycles, this demonstrates that the canister shells are exempted from fatigue evaluation and 
are not a concern for the canister pressure boundary components.  This evaluation is performed 
using a canister shell service life of 80 years which encompasses the extended CoC 1026 license 
renewal period of 40 years.   

B.4.2 W37 and W21H Canister Basket Fatigue  

The SENTRY Dry Storage System SAR [2.3], Section 4.5.1.2.6 performs the fatigue evaluation for 
the W37 and W21H canister basket assembly in accordance with the requirements of ASME Code 
[B.1] Subsection WD-3222.5(d) “Structures Not Requiring Analysis for Cyclic Operation” states 
that “An analysis for cyclic operation is not required, and it may be assumed that the limits on peak 
stress intensities, as governed by fatigue, have been satisfied for a structure by compliance with the 
applicable requirements for material, design, fabrication, and examination of this Subsection, 
provided the specified normal loadings of the structure, or portion thereof, meets all the conditions 
stipulated in (1) through (4) below.” 

The four ASME Code Subsection conditions are: 

1. Temperature Difference–Loading and Unloading of Contents 

2. Temperature Difference–Normal Conditions 

3. Temperature Difference–Dissimilar Materials 

4. Mechanical Loads 

These four conditions are addressed in SENTRY Dry Storage System SAR Section 4.5.1.2.6 for the 
W37 and W21H canister basket assembly fatigue evaluation to demonstrate that fatigue is not a 
concern.  This evaluation is performed using a canister basket service life of 80 years.  The results 
of this evaluation are applicable for the extended CoC 1026 license renewal period of 40 years. 

B.5  W37 and W21H Canister Closure Lid Threaded Holes Fatigue 

The SENTRY Dry Storage System SAR [2.3], Section 4.5.1.1.10 addresses the fatigue evaluation 
for the W37 and W21H canister closure lid threaded holes in accordance with the requirements of 
ASME Code [B.2] Mandatory Appendices XIII-3520 “Procedure for Fatigue Analysis”.  Appendix 
XIII-3520 in part states that “the ability of the component to withstand the specified cyclic service 
without fatigue failure shall be determined as provided in this subarticle.  The determination shall 
be made on the basis of the stresses at a point, and the allowable stress cycles shall be adequate for 
the specified Service Loadings at every point. Only the stress differences due to service cycles as 
specified in the Design Specifications need be considered.”  The following four conditions are 
evaluated: 

(a) Stress Differences 
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(b) Local Structural Discontinuities. 

(c) Design Fatigue Curves.  

(d) Effect of Elastic Modulus. 

These four conditions are addressed in SENTRY Dry Storage System SAR Section 4.5.1.1.10 for 
the W37 and W21H canister closure lid threaded holes fatigue evaluation with a result that the 
number of admissible cycles against fatigue failure of the threaded holes is greater than 1x1011  
cycles and concludes that the component will not fail because of cyclic loading during the canister 
closure lid design life of 80 years and therefore fatigue is not a concern.  The results of this 
evaluation are applicable for the extended CoC 1026 license renewal period of 40 years. 

B.6 W110 Transfer Cask Subcomponent Fatigue 

The SENTRY Dry Storage System SAR [2.3], Sections 4.5.4.4 and 8.16.2.1 address the fatigue 
evaluation for the W110 transfer cask subcomponents in accordance with the requirements of 
ASME Code [B.2] Mandatory Appendix XIII-3520 “Procedure for Fatigue Analysis”.  Appendix 
XIII-3520 in part states that “the ability of the component to withstand the specified cyclic service 
without fatigue failure shall be determined as provided in this subarticle.  The determination shall 
be made on the basis of the stresses at a point, and the allowable stress cycles shall be adequate for 
the specified Service Loadings at every point. Only the stress differences due to service cycles as 
specified in the Design Specifications need be considered.”  The following four conditions are 
evaluated: 

(a) Stress Differences 

(b) Local Structural Discontinuities. 

(c) Design Fatigue Curves.  

(d) Effect of Elastic Modulus 

This evaluation is performed for the following W110 transfer cask subcomponents: 

• Bottom Lid Halves – (SAR Section 4.5.4.4.1). 
• Bottom Lid Halves Bolts – (SAR Section 4.5.4.4.2). 
• Lifting Feature Bolts – (SAR Section 4.5.4.4.3). 
• Lifting Lug on the Lifting Feature – (SAR Section 4.5.4.4.4). 
• Upper Flange Threaded Holes for Lifting Feature Bolts – (SAR Section 4.5.4.4.5). 

These four conditions from the ASME Mandatory Appendix XIII-3520 are addressed in the 
SENTRY Dry Storage System SAR for W110 transfer cask subcomponent fatigue.  The fatigue 
evaluation determines the number of admissible cycles against fatigue for each of the 
subcomponents before fatigue failure is a risk.  The following summarized the fatigue evaluation 
results: 

• Bottom Lid Halves – 39,516 cycles. 
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• Bottom Lid Halves Bolts – 934 cycles. 
• Lifting Feature Bolts – 12,230 cycles. 
• Lifting Lug on the Lifting Feature – 869 cycles. 
• Upper Flange Threaded Holes for the Lifting Feature Bolts- greater than 1 x 1011 cycles.  

The results indicate the number of loading cycles the subcomponents can withstand before fatigue 
is a risk within the 60-year service life of the transfer cask.  As shown above, the bottom lid halves 
bolts and the lifting lug on the lifting feature have cycles of 934 and 869 respectively.  As identified 
in SENTRY Dry Storage System SAR Section 8.16.2.1, if the transfer cask loading cycles within 
the 60 year service life approaches the cycles for these two components fatigue failure is a risk and 
that these subcomponents will be inspected regularly in order to detect any occurrence of defects 
that require repair or replacement.  The above admissible cycles against fatigue failure show that 
the W110 transfer cask subcomponents are acceptable for the 60-year design life encompassing the 
extended CoC 1026 license renewal period of 40 years. 

B.7  W110 Transfer Cask Neutron Shielding Thermal Aging, Radiation Embrittlement, and 
Boron Depletion 

The W110 transfer cask incorporates [  ](a,c) neutron shielding material [  
 ](a,c) encased between stainless steel shells and rings welded together.  The 

SENTRY Dry Storage System SAR [2.3], Section 8.9.1 addresses the W110 transfer cask neutron 
shielding material, and SENTRY SAR Section 8.16.2.2 addresses the material degradation   

[  

 
  

  
   

 
 

 
 
 

 
 
 

   
 

  
](a,c).   

The infrequent use of the transfer cask and relatively low neutron flux to which the transfer cask 
materials are subjected mitigate the risk of radiation embrittlement or degradation of the cask’s 
shielding materials which could impair the transfer cask’s intended safety function for the transfer 
cask 60-year service life which encompasses the extended CoC 1026 license renewal period of 40 
years. 
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B.8  References 

B.1 American Society of Mechanical Engineers (ASME) Boiler and Pressure Vessel Code, Section 
III, Division 3, 2017 Edition. 

B.2 American Society of Mechanical Engineers (ASME) Boiler and Pressure Vessel Code, Section 
III, Appendices, 2017 Edition. 
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APPENDIX C: SENTRY SYSTEM INSPECTIONS 

Introduction 

The SENTRY Dry Storage System SAR [2.3] Section 12.2, identifies the inspection requirements 
for the storage system once a storage cask has been placed on the ISFSI storage pad.  The 
following inspection requirements are identified in the SAR for the SENTRY Dry Storage System 
components utilized for storage of SNF at the ISFSI.  

W21H and W37 Canisters 

The SENTRY Dry Storage System SAR states that the W21H and W37 canisters rely on no 
mechanical or moving parts once they are in their storage configuration. The exposed materials are 
corrosion-resistant stainless steel.  There are no prescribed maintenance program inspections 
necessary during the initial 20-year storage period. No inspection of a loaded canister during the 
initial 20 year storage period is required due to the integrity of the canister, as verified during 
fabrication, acceptance testing, and canister closure. Periodic monitoring of the W180 storage cask 
in accordance with the Technical Specifications provides added assurance that fuel cladding 
degradation does not occur. 

W180 Storage Cask 

The exposed surface of the W180 storage cask is to be inspected annually for surface defects such 
as concrete cracking, spalling, or chipping, and for carbon steel corrosion or coating deterioration. 
Storage cask vent screens are visually inspected periodically and repaired or replaced as necessary.  
In addition, every five (5) years for the first W180 storage cask placed into service, the interior 
surface is to be inspected for damage by direct or indirect visual methods. 

W110 Transfer Cask 

Prior to each use, the W110 transfer cask is it is to be visually inspected for apparent defects or 
damage.  The inspection is to evaluate the condition of the cask relative to sealing surfaces, interior 
surface condition and cleanliness, coatings, visual integrity of the welds, damage to the lifting 
features, and general fit-up of the components.  In addition, a surface contamination survey is to be 
performed on the transfer cask interior.   

The rupture discs (or relief valves), annulus inflatable seals, auxiliary shielding and annulus sealing 
ring including O-ring (for W21H configuration  The bottom sealing lid O-ring and detachable lid 
bolt sealing washers are also to be inspected prior to each use and replaced as necessary.  In 
addition, other transfer cask bolts and threaded holes are to be inspected prior to each use and 
proper lubrication of transfer cask threaded connections is to be verified.  The torque on the lifting 
feature bolts is to be verified before each use of the transfer cask. 

Inspection for defects in accessible transfer cask materials and welds is to be performed annually, 
and after performing major repairs to the transfer cask.  The lifting feature lugs are to be dye 
penetrant tested or examined with an equivalent NDE method and the bolts are to be replaced or 
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examined with an appropriate NDE method.  The tests and inspections of the lifting feature lugs are 
to be in accordance with ANSI N14.6 [2.9] to verify that no permanent deformation has occurred 
since the last inspection.  The functionality of the transfer cask threaded components and quick-
connect fittings is to be verified.   

Baseline Inspections 

Baseline inspections are to be performed on the in-scope SENTRY Dry Storage System SSC at the 
ISFSI site at the time the system enters the period of extended storage.  The baseline inspection 
meets the criteria defined in the AMPs in Appendix A.  The first baseline inspection should occur 
within one year after the 20th anniversary of the initial W180 storage cask loading at the site.  
Subsequent inspections will occur on a 5 year frequency (+/- 25%) starting from the baseline date.  
This schedule applies to the canister external inspection and the storage cask internal inspection.   

For the storage cask external inspections, the first baseline inspection should occur within one year 
after the 20th anniversary of the initial W180 storage cask loading at the site.  Future inspections 
will occur with a 1 year frequency (+/- 25%) starting from the baseline date.   

Other AMP inspections are pre-use type inspections for which the baseline inspection will occur 
before the first use of the applicable component after it has been in service more than the initial 20 
year storage period. 

Note that the High-Burnup Fuel Monitoring and Assessment AMP does not have an inspection 
component and the schedule is based on the demonstration project as described in the AMP in 
Appendix A. 
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APPENDIX D: AGING MANAGEMENT SENTRY SYSTEM SAR CHANGES 

The proposed changes to the SENTRY Dry Storage System SAR [2.3] reflecting the CoC 1026 
Renewal Application Addenda are shown in the attached marked up SENTRY Dry Storage 
System SAR pages. 

In particular, the SENTRY Dry Storage System Aging Management Programs (AMPs) are 
contained in the new SENTRY Dry Storage System SAR Appendix 12A.  SENTRY Aging 
Management Tollgate requirements are also included the new SENTRY Storage System SAR 
Appendix 12A. 

 

SENTRY Dry Storage System SAR Markups 

1. SAR Table of Contents Markups 

2. SAR List of Tables Markups 

3. Section 8.16 Management of Aging Degradation Markups 

4. Section 12.2 Maintenance Program Markups 

5. Section 12.4 References 

6. Appendix 12A Aging Management Program Cover Page 

7. Table 12A.1-1 SENTRY Welded Stainless Steel Canister AMP 

8. Table 12A.1-2 SENTRY System Reinforced Concrete Structures AMP 

9. Table 12A.1-3 SENTRY System Monitoring of Metallic Surfaces AMP 

10. Table 12A.1-4 SENTRY W110 Transfer Cask AMP 

11. Table 12A.1-5 SENTRY Canister High-Burnup Fuel Monitoring and Assessment AMP 

12. Section 12A.2 Tollgates 

13. Table 12A.2-1: Tollgate Assessments for General Licensees 

14. Section 17.2 Technical Specification 5.3.10 Aging Management Program Markups 
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8.16 MANAGEMENT OF AGING DEGRADATION 
~---------------!INSERT A from 

8.16.1 SEN TRY W37 and W21H canisters next 3 pages. 

The tenn of the 10 CFR 72, Subpart L (Reference 17), Ce1tificate of Compliance granted by the NRC is for a 

period not to exceed 40 years. Nonetheless, the SENTRY W37 and W21H canisters are designed for 80 years 
of service, while satisfying the conse1vative design requirements defined in Chapter 3, including the regulat01y 
requirements of 10 CFR 72. Design features to suppo1t the integrity of the canister and the contained SNF 

assemblies throughout the SO-year se1vice life of the canister include: 

• Design, fabrication, and inspection of the SENTRY canisters m accordance with the applicable 
requirements of the ASME Code 

• Fabrication and inspection perf01111ed in accordance with the Quality Assurance program discussed in 

Chapter 15. 

• Use of materials with known characteristics, verified through rigorous inspection and testing as 

described in Chapter 12. 

TSs have been developed and imposed on the canisters to assure that the integrity of the canisters and the 
contained SNF assemblies is maintained throughout the SO-year service life of the canisters. 

The principal design considerations bearing on the adequacy of the SENTRY W3 7 and W21H canisters for 

the design basis service life and the means in which they are addressed are discussed in the subsections below. 

8.16.1.1 Corrosion 

All canister materials that are susceptible to conosion, or that come in contact with the SNF assemblies, are 

fabricated from c01rnsion-resistant austenitic stainless steel. Additionally, the associated weld filler metal used 
for the canisters is selected to provide the same level of conosion protection as the base metal. The 
conosion-resistant characteristics of such materials for d1y SNF storage canister applications, as well as the 

protection offered by these materials against other material degradation effects such as radiation embrittlement, 
aging, and creep, have been demonstrated over more than 50 years in similar storage products. The canisters 

are vacuum dried to remove all oxidizing liquids and gases and subsequently back.filled with d1y, ine1t helium 
at the time of closure to maintain an inert atmosphere in the canister that provides conosion protection for the 
canister basket assemblies and SNF cladding throughout the d1y storage period. The prese1vation of this non

c01rnsive atmosphere is assured by the canisters confinement boundaiy integrity as described in Chapter 9. 

8.16.1.2 Structural Fatigue 
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INSERT A – SENTRYTM DSS SAR Section 8.16 (3 Pages) 

8.16.0 Aging Management Process 

In accordance with the aging management guidance in NUREG-1927 [Reference 15], the aging 
management process is based on the continuation of a Dry Storage System’s (DSSs) approved 
design basis throughout a period of extended dry fuel storage. The identification and management 
of potential aging degradation mechanisms for different material/environment combinations is 
based on the guidance in NUREG-2214 [Reference 18]. 

8.16.0.1 Scoping Evaluation 

The first step in the aging management process is to perform a scoping evaluation which identifies 
those Structures, Systems and Components (SSC) of the DSS that are within the scope of the aging 
management process and require further evaluation for potential aging effects. 

The scoping evaluation of the DSS is based on the process described in NUREG-1927 [Reference 
15]. The process determines which SSCs (and associated subcomponents) are within the scope of 
the aging management process.  SSCs are considered within the scope of the aging management 
process if they satisfy either of the following criteria: 

(1) They are classified as Important-To-Safety (ITS), as they are relied on to do one of the 
following safety functions: 

i. Maintain the conditions required by the regulations or CoC to store spent fuel safely, 

ii. Prevent damage to the spent fuel during handling and storage, or 

iii.  Provide reasonable assurance that spent fuel can be received, handled, packaged, stored, 
and retrieved without undue risk to the health and safety of the public 

These SSCs ensure that important safety functions are met for (1) confinement, (2) radiation 
shielding, (3) sub-criticality control, (4) heat-removal capability, (5) structural integrity, and 
(6) retrievability. 

(2) They are classified as Not-Important-To-Safety (NITS), but, according to the design basis, its 
failure could prevent fulfillment of a function that is ITS. 

The scoping evaluation process (1) defines the intended function of each SSC subcomponent and 
(2) differentiates SSC subcomponents per scoping criteria (1) and (2), as defined above. This 
information is tabulated and described in the scoping evaluation to determine that SSC 
subcomponents are not missing from the scoping evaluation; the SSC subcomponent naming is 
consistent with the design bases; and intended functions are properly described by comparing the 
results of the scoping evaluation to appropriate SAR drawings or tables. 
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8.16.0.2 Aging Management Review 

The next step in the aging management process is to conduct an aging management review (AMR). 
The purpose of the AMR is to assess the need for aging management activities (AMAs) for the 
SSCs determined to be within the scope of the aging management process. The AMR addresses 
aging mechanisms and effects that could adversely affect the ability of the SSCs, including their 
associated subcomponents, to perform their intended safety functions during a period of extended 
dry fuel storage. 

Utilizing the guidance of NUREG-1927 [Reference 15] along with that provided by NUREG-2214 
[Reference 18], the AMR addresses the following technical bases and considerations: 

• DSS operating experience 

• identification of materials and environments of SSCs and associated subcomponents within 
the scope of the AMR 

• identification of aging mechanisms and the effects requiring management 

• identification of time-limited aging analyses (TLAAs), if applicable, and aging 
management programs (AMPs) for managing the effects of aging for SSCs within scope 

After the identification of DSS operating experience and materials and environments, the next 
AMR step involves determining the aging effects requiring management.  Aging effects requiring 
management are those that could cause a loss of SSC intended function.  If degradation of a 
subcomponent would be insufficient to cause a loss of function or the relevant conditions do not 
exist for the aging effect to occur and propagate, then no aging management is required. These 
aging effects are determined based on a review of:   

• the aging effects described in NUREG-2214 Chapter 3  

• industry technical literature regarding the combinations of SSC materials and environments  

• industry operating experience 

• maintenance and inspection records from DSS licensees (such as condition reports and 
inspection reports) 

Both potential aging effects that could theoretically occur, as well as aging effects that have 
occurred based upon industry operating experience are considered.  The AMR process identifies 
both aging effects and the aging mechanism causing that effect.  The aging effects and 
mechanisms for each SSC are broken down to the subcomponent level. 

Finally, aging management activities such as TLAAs and AMPs are established to manage the 
effect of SSC aging during an extended period of storage. The applicable SENTRY Dry Storage 
System TLAAs and the SENTRY Dry Storage System SAR sections where these TLAAs are 
analyzed are listed in Table 8.16-1. 
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Table 8.16-1 – SENTRY Dry Storage System Time-Limited Aging Analyses (TLAAs) 

SAR Section(s) SENTRY System TLAA Description 

Sections 7.3.2 and 8.16.1.5 W21H Neutron Absorber Boron Depletion 

Section 7.3.2 W37 Damaged Fuel Can Boron Depletion 

Section 4.5.1.1.9 W37 and W21H Canister Shell Fatigue 

Section 4.5.1.2.6 W37 and W21H Canister Basket Fatigue 

Section 4.5.1.1.10 W37 and W21H Canister Closure Lid Threaded Holes 
Fatigue 

Sections 4.5.4.4 and 8.16.2.1 W110 Transfer Cask Subcomponent Fatigue 

Sections 8.9.1 and 8.16.2.2 W110 Transfer Cask Neutron Shielding Thermal Aging, 
Radiation Embrittlement, and Boron Depletion 

AMPs are effectively maintenance program monitoring and inspection activities performed during 
extended dry fuel storage periods and are addressed in SENTRY SAR Section 12.2, Maintenance 
Program, and SAR Appendix 12A, SENTRY Aging Management Programs  The SENTRY Dry 
Storage System SAR table containing each SENTRY Dry Storage System AMP is listed in Table 
8.16-2. 

Table 8.16-2 - SENTRY Dry Storage System Aging Management Programs (AMPs) 

SAR Table SENTRY System AMP  

Table 12A.1-1 SENTRY Welded Stainless Steel Canister AMP 

Table 12A.1-2 SENTRY System Reinforced Concrete Structures AMP 

Table 12A.1-3 SENTRY System Monitoring of Metallic Surfaces AMP 

Table 12A.1-4 SENTRY W110 Transfer Cask AMP 

Table 12A.1-5 SENTRY Canister High-Burnup Fuel Monitoring and 
Assessment AMP 

A discussion of significant SENTRY Dry Storage System aging management considerations for the 
major SENTRY Dry Storage Systems components follows.  
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12.2 MAINTE ANCE PROGRAM 

This section discusses the maintenance programs for SENTRY DSS components that are classified as ITS. 

Non-compliances encom1tered during the required maintenance activities will be dispositioned in accordance 

with the Westinghouse Electric Company quality assurance program, discussed in Chapter 15, or the licensee 's 

NRC-approved Quality Assurance Program. The maintenance programs are intended to demonstrate that the 

SENTRY Storage System components continues to perfonn properly and comply with regulatmy requirements 

and the Technical Specifications in Chapter 17. Integrity of the canister is 

The SENTRY W21H and W37 canisters rely on no mechanical comp 1ents or moving paits once in its storage 

configuration. Exposed materia ls are conosion-resistant stainle steel. "Ho ltt~peetlott of a loadeel eattl~tef 

<-luring 9*ornge j9 l"O(!Mi:i·ea c-ltte *o Hte ie*egi.·itoy ofH-l.e eaei9*er, es erified during fabrication, acceptance testing, 

and canister closure. Periodic monitoring of the SENTRY Wl 80 storage cask, in accordance with the Technical 

Specifications contained in Section 17, provides added assurance that fuel cladding degradation does not occur. 
Tlnt9, no pre9eribec-l ffteinteeeeee progi.·etH j9 eeees9ery c-lttrieg Hte IOQ yeer c-lesign life oHke g£NTRY W21H 

e,f 3.il 37 eHttistet·. To provide reasonable assurance that SENTRY DSS components continue to 
perfonn their intended functions during their design life, an Aging Management 

_/ --.:,::---_____ _JProgram has been established as required by SE TRY DSS Technical 

12.2.1 
Specification 5.3.10. SENTRY DSS Aging Management Program (AMP) 

Storage Cask - · d · · · 1· bl d · d d · momtonng an mspechon reqmrements app 1ca e unng exten e storage 

The SE TRY Wl80 stora~ periods for the SENTRY DSS components are contained in Appendix 12A. 

is to maintain records that include evidence that maintenance and testing perfonned on a storage cask is in 

compliance with an NRC-approved quality assurance program. The maintenance program is summarized in 
Table 12.2-1 and discussed in more detail in the paragraphs that follow. 

The maintenance program for the SENTRY Wl80 storage cask, which is applicable for the 100-year design 

life of the cask, includes the following: 

1. After canister loading into the storage cask, dose rate measurements are to be taken to verify compliance 
with the applicable Technical Specifications. Subsequent periodic radiation smveys are to be perfonned at 
the site boUl1daiy in accordance with site radiological control procedures and 10 CFR 72.106(b) (Reference 
13). 

2. The storage cask is periodically monitored, by either visual inspection of the storage cask vent screens or 
measurement of the storage cask outlet vent temperature and compared to ambient temperature to ensure 
heat transfer meets the assumptions . Both methods of periodic monitoring allow prompt identification of 
ventilation flow obstructions and initiation of conective actions to restore safe storage conditions. 

3. The storage cask temperature monitoring instrumentation, if used, is to be checked for proper operation 
and calibrated at least annua lly. 
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Appendix 12A - SENTRY System Aging Management Programs 

In accordance with the renewed CoC 1026 license, sites must implement an aging management 
program.  An aging management assessment of the components of the SENTRY Dry Storage 
System was performed.  This review identified inspection and monitoring activities necessary to 
provide reasonable assurance that system components within the scope of license renewal continue 
to perform their intended functions consistent with the current licensing basis for the renewed 
storage period. This appendix describes those aging management programs and the associated 
tollgate assessment requirements. 

12A.1 Aging Management Programs (AMPs) 
The following AMPs apply to the CoC 1026 SENTRY Dry Storage System. 

12A.1.1 SENTRY Welded Stainless Steel Canister AMP 
The SENTRY Welded Stainless Steel Canister AMP uses inspections to look for visual evidence of 
discontinuities and imperfections, such as localized corrosion, including pitting corrosion and stress 
corrosion cracking of the canister welds and heat affected zones.  The full program is described in 
the following Table 12A.1-1.  

12A.1.2 SENTRY System Reinforced Concrete Structures AMP 
The SENTRY System Reinforced Concrete Structures AMP uses inspections to look for indications 
of concrete deterioration that might affect the ability of the W180 Storage Cask to perform its 
important to safety function.  The full program is described in the following Table 12A.1-2. 

12A.1.3 SENTRY System Monitoring of Metallic Surfaces AMP 
The SENTRY System Monitoring of Metallic Surfaces AMP uses inspections to look for 
indications of metallic surface deterioration that might affect the ability of the W180 Storage Cask 
and Fuel Transfer and Auxiliary Equipment metallic surfaces to perform their important to safety 
functions.  The full program is described in the following Table 12A.1-3. 

12A.1.4 SENTRY W110 Transfer Cask AMP 

The SENTRY W110 Transfer Cask AMP utilizes inspections to ensure that the equipment 
maintains its intended function through the extended storage period.  The full program is described 
in the following Table 12A.1-4. 

12A.1.5 SENTRY Canister High-Burnup Fuel Monitoring and Assessment AMP 
The SENTRY Canister High-Burnup Fuel Monitoring and Assessment AMP applies to storage of 
high-burnup fuel.  The AMP relies on the EPRI and DOE research projects on high burnup fuel.  
The full program is described in the following Table 12A.1-5. 
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Table 12A.1-1   SENTRY Welded Stainless Steel Canister AMP 
(4 pages) 

Element Description 
1 Scope of 

Program  
This program manages the effects of aging for the surfaces of SENTRY W21H and 
W37 welded stainless steel canisters that are directly exposed to the sheltered 
W180 storage cask environment.  The scope of the program includes the following 
canister subcomponents: 

• Upper and Lower Shell 
• Bottom Plate 
• Closure Lid 
• Closure Ring 
• Port Cover 
• Heat Dissipation Fins (W21H Configuration Only)  

The following aging effects are addressed in this program: 

• Cracking due to stress corrosion cracking. 

• Loss of material (precursor to stress corrosion cracking) due to pitting and 
crevice corrosion. 

Examinations are performed of the accessible portions of the welded stainless steel 
dry storage canister confinement boundary external surfaces for atmospheric 
deposits, localized corrosion, and Stress Corrosion Cracking (SCC). 

In particular, examinations focus on accessible canister welds, weld heat-affected-
zone areas, and known areas of the canister to which temporary supports or 
attachments were attached by welding and subsequently removed (based on 
available fabrication records) with the following attributes: 

• Locations where a crevice is formed on the canister surface. 
• Horizontal (±30-degree) surfaces where deposits may accumulate at a 

faster rate compared to vertical surfaces. 
• Canister surfaces that are cold relative to the average surface temperature. 
• Canister surfaces with higher amounts of atmospheric deposits. 

Examinations can be performed in coordination of the ASME Section XI code 
inspections provided in Code Case N860, “Examination Requirements and 
Acceptance Standards for Spent Nuclear Fuel Storage and Transportation 
Containment Systems.” 

2 Preventive 
Actions 

Condition monitoring is utilized to manage aging effects.  During fabrication of the 
canisters, however, preventative actions were used to minimize corrosion and 
stress corrosion cracking by selection of stainless steel materials.  In addition, 
fabrication controls were in place during canister fabrication to support improved 
canister corrosion resistance.  Although these preventative actions minimize the 
likelihood of aging effects, they cannot replace condition monitoring during the 
storage period.  As this AMP is based on condition monitoring, new preventative 
actions are not included. 
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Table 12A.1-1   SENTRY Welded Stainless Steel Canister AMP 
(4 pages) 

Element Description 
3 Parameters 

Monitored / 
Inspected 

The parameters monitored and/or inspected under this AMP include: 

• Visual inspections to look for evidence of discontinuities and imperfections, 
such as localized corrosion, including pitting corrosion and stress corrosion 
cracking of the accessible canister welds and weld heat affected zones.  

• The size and location of localized corrosion or stress corrosion cracks. 
• The inspections also look for the appearance and location of deposits on 

the canister surfaces. 

4 Detection of 
Aging Effects 

Visual inspection of the canister surface is to be performed per ASME Code Section 
XI, Article IWA-2200 for VT-3 examinations utilizing a video camera, fiber-optic 
scope or other remote inspection device for the accessible areas of the canister 
surface since direct visual examination may not be possible due to neutron and 
gamma radiation fields near canister surfaces within the storage cask.  

Additional assessments are to be performed as necessary for suspected areas of 
localized corrosion and SCC.  VT-1 visual examinations are performed per 
acceptance criteria when indicated by the assessment of the VT-3 results.  
Indications of corrosion within 2 inches of a weld are to receive an augmented 
surface examination for the presence of cracking.  

Volumetric examination consistent with the requirements of ASME Code Section XI, 
IWB-2500, for category B-J components may also be utilized to assess the presence 
of cracking.  Inspection of selected areas on the canister may be upgraded to the 
VT-1 standard.  

The inspection is to be performed on a minimum of one canister of each type (e.g., 
W21H and W37) when used at each ISFSI based on the following criteria: 

• EPRI Susceptibility Criteria {Ref: Technical Report 3002005371}. 
• Age of the Canister.  
• Canister loaded with Lowest Heat Load. 
• Canisters with the greatest potential for the accumulation and 

deliquescence of deposited salts that may promote localized corrosion and 
greatest potential for the accumulation and deliquescence of deposited 
salts that may promote localized corrosion and SCC. 

• Where applicable, canister with previously identified manufacturing 
deviations which may affect the surface. 

Inspections are to be performed by qualified individual(s) every 5 years (+/- 25%) 
starting with the first inspection performed within one (1) year after the initial 
canister’s 20th year loading anniversary at the site.  If possible, examinations should 
occur on the same canister to support trending. 

5 Monitoring 
and Trending 

Monitoring and trending of the results from documented inspection should support 
the ability to evaluate the results against acceptance criteria.  Inspection records 
including photos and /or videos are to be retained for comparison in subsequent 
examinations.  Changes to the size or location of discolored areas (e.g. rust), 
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Table 12A.1-1   SENTRY Welded Stainless Steel Canister AMP 
(4 pages) 

Element Description 
localized corrosion, pitting and crevice corrosion, and/or stress corrosion cracking 
should be identified and assessed for further evaluation or subsequent inspections. 

Trending of parameters or effects include the locations and size of any areas of 
localized corrosion or SCC, disposition of canisters with identified aging effects and 
the results of any supplemental canister inspections. 

6 Acceptance 
Criteria 

No indications of localized corrosion pits, etching, crevice corrosion, stress 
corrosion cracking, red-orange-colored corrosion products emanating from crevice 
locations, or red-orange-colored corrosion products in the vicinity of canister 
fabrication welds, closure welds, and welds associated with temporary attachments 
during canister fabrication.  Minor surface corrosion is acceptable. 

Identified flaws may be assessed in accordance with the acceptance standards 
identified in ASME Code Section XI, IWB-3514.  

Results of Inspections Requiring Additional Evaluation  

Indications of interest (locations on the canister surface susceptible to SCC including 
areas adjacent to fabrication welds, closure welds, locations where temporary 
attachments may have been welded to and subsequently removed from the 
canister and weld heat-affected zones) that are subject to additional examination 
and disposition through the corrective action program include: 

• Localized corrosion pits, crevice corrosion, stress corrosion cracking, and 
etching; deposits or corrosion products. 

• Red-orange-colored corrosion products or red-orange-colored corrosion 
tubercles with deposit accumulations especially when adjacent to welds or 
weld heat affected zones and locations where temporary attachments were 
welded to and subsequently removed from the canister.  

• Appearance of any color of liner corrosion products of any size parallel to or 
traversing fabrication welds, closure welds, and weld heat affected zones. 

• Red-orange colored corrosion products greater than 1 mm in diameter 
combined with deposit accumulations on any location of the canister. 

• Red-orange colored corrosion tubercles of any size. 
 

7 Corrective 
Actions 

Indications not meeting the acceptance criteria above (AMP element 6) require 
additional evaluation after being entered into the site’s corrective action program.  
An evaluation is to be performed to determine the extent and impact of the 
corrosion on the canister’s ability to perform its intended function.  The site’s 
Quality Assurance (QA) program ensures that corrective actions are completed 
within the Corrective Action Program (CAP)and include any necessary functionality 
assessments, cause evaluations, extent of condition, actions, identify any 
modifications to the existing AMP (e.g. increased frequency), and determine if the 
condition is reportable per 10 CFR 72.75.  
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Table 12A.1-1   SENTRY Welded Stainless Steel Canister AMP 
(4 pages) 

Element Description 
8 Confirmation 

Process 
The confirmation process is to be commensurate with the site’s QA program.  The 
QA program ensures that the confirmation process includes provisions to preclude 
repetition of significant conditions adverse to quality and the completion of 
inspections, evaluations, and corrective actions. 

9 Administrative 
Controls 

The site QA program ensures that administrative controls include provisions that 
address instrument calibration and maintenance, inspector requirements, record 
retention requirements, and document control.  

Administrative controls also address the frequency for updating the AMP based on 
inspection results along with industry operating experience.  This AMP will be 
updated as necessary based on the toll gate assessments. 

10 Operating 
Experience 

Operating experience from the CoC 1026 FuelSolutions Storage System installed at 
Big Rock Point was utilized in the development of this AMP. 

As operating experience is achieved for the SENTRY canisters, it will be added to the 
ISFSI Aging Management Institute of Nuclear Power Operations Database (ISFSI 
AMID). 

As canister inspections are performed in the future, inspection results will be 
uploaded into the ISFSI Aging Management Institute of Nuclear Power Operations 
Database (ISFSI AMID) to be shared with other users. 
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Table 12A.1-2   SENTRY System Reinforced Concrete Structures AMP 
(4 pages) 

Element Description 

1 Scope of 
Program 

The AMP addresses reinforced concrete structures such as the concrete portions of 
the SENTRY W180 Storage Cask.  The associated SSCs include the concrete shell and 
reinforcing steel in air-outdoor or air-outdoor groundwater environments.   

The following aging effects are addressed in this program: 

• Cracking or loss of material (spalling, scaling) due to freeze-thaw 
degradation. 

• Cracking, loss of strength, and loss of material (spalling, scaling) due to 
aggressive chemical attack. 

• Cracking, and loss of strength due to reaction with aggregates. 
• Loss of material (spalling, scaling) due to salt scaling. 
• Loss of strength, increase in porosity and permeability, and reduction of 

concrete pH (reducing corrosion resistance of steel embedments) due to 
leaching of calcium hydroxide. 

• Cracking, loss of strength, loss of material (spalling, scaling), and loss of 
concrete/steel bond due to corrosion of reinforcing steel. 

Although the ISFSI Storage Pad is not considered within the scope of this AMP, it 
should be inspected for aging effects. 

2 Preventive 
Actions 

Condition monitoring is utilized to manage aging effects including continuance of 
inspections of air inlet/outlet vents to confirm they are not blocked which also 
ensures design temperature limits are not exceeded and thermal dehydration of 
the concrete remains noncredible during the period of extended operation.  As the 
storage cask reinforced concrete is designed and analyzed in accordance with the 
applicable provisions of ACI-349 and constructed using standard commercial 
practices, in accordance with the applicable provisions of ACI-318, no additional 
preventive actions are required. 

3 Parameters 
Monitored / 
Inspected 

The accessible and exposed concrete surfaces are visually examined for indications 
of surface deterioration.  The parameters monitored or inspected quantify the 
following aging effects: 

• Cracking. 
• Loss of material (spalling, scaling). 
• Increased porosity/permeability. 

Degradation could affect the ability of the concrete to provide radiation shielding, 
to provide a path for heat transfer and to provide tornado missile shielding.  The 
inlet and outlet vents are also monitored by visual inspection to ensure they are not 
obstructed. 

For inaccessible areas, use a video camera, fiber-optic scope or other remote 
inspection equipment via existing access points to determine if there is any 
evidence of concrete degradation.  The parameters evaluated consider any surface 
geometries that may identify water ponding which potentially increases the rate of 

Addenda Page 117 of 135

8 Westinghouse 



SENTRY™ Dry Storage System SAR                                                       Document No. WSNF-230 
Docket No. 72-1026   
 

  Page 12A-7 
 WESTINGHOUSE NON-PROPRIETARY CLASS 3 

Table 12A.1-2   SENTRY System Reinforced Concrete Structures AMP 
(4 pages) 

Element Description 

degradation.  The accessible internal concrete surfaces of the storage cask are 
inspected for indications of degradation.  These indications may impact the long-
term ability of the storage cask to meet its intended functions.  

4 Detection of 
Aging Effects 

The AMP includes a visual inspection of the exterior surfaces of the storage cask to 
detect if there are any aging effects.  The visual survey can identify staining or 
degradation-related activity and the degree of damage.  This visual inspection 
confirms the current exterior condition of the storage cask and can identify the 
extent and cause of any aging effect noted.  This visual inspection will be conducted 
annually (+/- 25%) by an individual meeting the qualification requirements of ACI-
349. 

A visual inspection of the readily accessible areas of the storage cask annular space 
and interior areas of the vents shall be performed using a using a video camera, 
fiber-optic scope or other remote inspection equipment.  This visual inspection shall 
meet the requirements and acceptance criteria in ACI 349.3R-02 (ACI, 2010) and be 
performed at least once every five (5) years.  Note: As the interior of the storage 
cask utilizes a steel liner, the Monitoring of Metallic Surfaces AMP addresses the 
metallic portions of the storage cask.  

In addition to visual inspections, radiological surveys of the storage cask are 
performed to verify compliance with 10 CFR 72.104.  Cask surface dose rates are 
monitored per SENTRY Dry Storage System (DSS) Technical Specification 5.3.5 “Cask 
Surface Dose Rate Evaluation Program.”   

Data from all inspection and monitoring activities, including evidence of 
degradation and its extent and location, shall be documented on a checklist or 
inspection form.  The results for the inspection will be documented, including 
descriptions of observed aging effects and supporting sketches, photographs or 
video. 

The internal inspection shall be performed on one of the storage casks at each ISFSI 
at a frequency of 5 years (+/- 25%).  The first inspection should occur within 1 year 
after the 20th anniversary of initial storage cask loading at the site.  

Inspections shall be documented, including a detailed description of the surface 
condition and location of areas showing surface degradation. 

5 Monitoring and 
Trending 

Monitoring and trending of the results from documented inspection should support 
the ability to evaluate the results against acceptance criteria. Methods are 
commensurate with consensus defect evaluation guides and standards.  The 
inspections and surveillances described for reinforced concrete are performed 
periodically in order to identify areas of degradation.  The results will be evaluated 
by a qualified individual, and areas of degradation not meeting established criteria 
will be documented in the site’s corrective action program for resolution or detailed 
evaluation.  Inspection records, including photos and /or videos, are to be retained 
for comparison in subsequent examinations.  The results from the visual inspections 

Addenda Page 118 of 135

8 Westinghouse 



SENTRY™ Dry Storage System SAR                                                       Document No. WSNF-230 
Docket No. 72-1026   
 

  Page 12A-8 
 WESTINGHOUSE NON-PROPRIETARY CLASS 3 

Table 12A.1-2   SENTRY System Reinforced Concrete Structures AMP 
(4 pages) 

Element Description 

will be compared against previous inspections in order to trend progression of 
identified aging effects over time. 

6 Acceptance 
Criteria 

American Concrete Institute Standard 349.3R-02 includes quantitative three-tier 
acceptance criteria for visual inspections of concrete surfaces as follows: 

• Tier 1 acceptance without further evaluation. 
• Tier 2 acceptance after review. 
• Tier 3 acceptance requiring further evaluation. 

Acceptance signifies that a component is free of significant deficiencies or 
degradation that could lead to the loss of structural integrity.  Acceptable after 
review signifies that a component contains deficiencies or degradation but will 
remain able to perform its design basis function until the next inspection or repair.  
Acceptance requiring further evaluation signifies that a component contains 
deficiencies or degradation that could prevent (or could prevent prior to the next 
inspection) the ability to perform its design basis function.  Degradations or 
conditions meeting the ACI 349.3R-02 Tier 2 and 3 criteria will be entered into the 
site’s corrective action program for evaluation and resolution. 

The loss of material due to age-related degradation will be evaluated by a qualified 
person in accordance with ACI 349.3R-02.  A technical basis will be provided for any 
deviation from ACI 349.3R-02 acceptance criteria.  

7 Corrective 
Actions 

Results that do not meet the acceptance criteria are addressed by the site’s 
corrective action program (CAP) in accordance with the ISFSI Quality Assurance 
(QA) program.  The site’s QA Program ensures that corrective actions are completed 
within the ISFSI Corrective Action Program (CAP) and include any necessary 
functionality assessments, cause evaluations, extent of condition, actions, identify 
any modifications to the existing AMP (e.g. increased frequency), and determine if 
the condition is reportable per 10 CFR 72.75. 

8 Confirmation 
Process 

The confirmation process will be commensurate with the ISFSI QA Program.  The QA 
program ensures that the confirmation process includes provisions to preclude 
repetition of significant conditions adverse to quality and the completion of 
inspections, evaluations, and corrective actions. 

9 Administrative 
Controls 

The ISFSI QA program ensures that administrative controls include provisions that 
address instrument calibration and maintenance, inspector requirements, record 
retention requirements, and document control. 

Administrative controls also address the frequency for updating the AMP based on 
inspection results along with industry operating experience.  This AMP will be 
updated as necessary based on the toll gate assessments.   

10 Operating 
Experience 

Operating experience from the CoC 1026 FuelSolutions Storage System installed at 
Big Rock Point was utilized in the development of this AMP. 
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Table 12A.1-2   SENTRY System Reinforced Concrete Structures AMP 
(4 pages) 

Element Description 

As operating experience is achieved for the Sentry W180 Storage Cask, it will be 
added to the ISFSI Aging Management Institute of Nuclear Power Operations 
Database (ISFSI AMID). 

As storage cask inspections are performed in the future, inspection results will be 
uploaded into the ISFSI Aging Management Institute of Nuclear Power Operations 
Database (ISFSI AMID) to be shared with other users. 
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Table 12A.1-3   SENTRY System Monitoring of Metallic Surfaces AMP 
(4 pages)  

Element Description 
1 Scope of 

Program 
This program monitors the effects of aging of metallic surfaces for the SENTRY W180 
Storage Cask and Fuel Transfer and Auxiliary Equipment including:   

(1) The external surfaces of steel and stainless steel subcomponents that are 
directly exposed to air-outdoor or sheltered environments  

(2) The coating on exposed carbon steel surfaces. 

The scope of the program includes the following cask subcomponents and the 
applicable site fuel transfer and auxiliary equipment: 

• Storage Cask Steel Liner Body 
• Storage Cask Steel Bottom Lower Cap 
• Storage Cask Steel Top Cover 
• Storage Cask Top  
• Storage Cask Inner Block 
• Storage Cask Closing Bolts and Washers 
• Storage Cask Top and Bottom Vents 
• Storage Cask Top and Bottom Tip Over Devices (W37 Configuration) 
• Storage Cask End Drop Device (W37 Configuration) 
• Storage Cask Tip Over Device (W21H Configuration)  
• Storage Cask End Drop Device (W21H Configuration)  
• Storage Cask Auxiliary Shielding and Support Ring (W21H Configuration) 
• Storage Cask Positioning Plate (W21H Configuration) 
• Transfer Cask Lifting Yoke 
• Lifting Yoke Paddle Extension 
• Transfer Matting Device 
• Active Cooling System Metallic Surfaces 
• Canister Handling Device (Vertical Canister Lift Fixture) 
• Coating on Exposed Carbon Steel Surfaces 

The following aging effects are addressed in this program: 

• Loss of material is due to general corrosion, galvanic corrosion, and pitting 
and crevice corrosion. 

• Cracking is due to stress corrosion cracking. 
• Coating degradation on steel surfaces due to radiation embrittlement and 

thermal aging. 

Periodic visual inspections monitor for general and localized corrosion, and coating 
degradation. 

2 Preventive 
Actions 

This program is a condition monitoring program to detect evidence of degradation.  It 
does not provide guidance for the prevention of aging. 
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Table 12A.1-3   SENTRY System Monitoring of Metallic Surfaces AMP 
(4 pages)  

Element Description 
3 Parameters 

Monitored / 
Inspected 

This program monitors the condition of external metallic surfaces to identify general 
corrosion and localized corrosion.  Localized corrosion of stainless steels may be a 
precursor to stress corrosion cracking (SCC). 

Parameters monitored or inspected for external metallic surfaces include: 

• Visual evidence of discontinuities, imperfections, and rust staining indicative 
of corrosion, and SCC. 

• Visual evidence of coating degradation (e.g., blisters, cracking, flaking, 
delamination) indicative of corrosion of the base metal. 

Accessible storage cask internal surfaces are inspected for indications of corrosion 
and wear and coating degradation.   

 

4 Detection of 
Aging Effects 

Inspections are performed by personnel qualified in accordance with site procedures 
and programs to perform the specified task.  Visual inspections follow site procedures 
that are demonstrated to be capable of evaluating conditions against the acceptance 
criteria. 

Readily Accessible Surfaces 

Inspections cover 100 percent of normally accessible surfaces, including the external 
metallic surfaces, bolting, covers, vents, and other metallic components.  The visual 
survey performed on metallic surfaces will identify the source of any staining or 
corrosion-related activity and the degree of damage.   

A visual inspection of the metallic exterior surfaces of the storage cask to detect aging 
effects is conducted annually.  Visual inspections of fuel transfer and auxiliary 
equipment shall be performed at a minimum of once a year while in use.  If the fuel 
transfer and auxiliary equipment is not used, a pre-use visual inspection shall be 
performed.  When the fuel transfer and auxiliary equipment is not in use, periodic 
inspections are not needed.  The visual inspections are performed in accordance with 
site implementing procedures. 

Normally Inaccessible Surfaces 

A visual inspection of the interior areas of the storage cask shall be performed with 
remote inspection techniques such as a video camera, fiber-optic scope or other 
remote inspection device.  The visual inspection should include an examination of the 
accessible areas of the cask internal surfaces for coating degradation and corrosion. 

This visual inspection of the metallic components shall meet the requirements of a 
VT-3 Examination, as given in the ASME Boiler & Pressure Vessel Code (B&PVC) 
Section XI, Article IWA-2200, to the extent practical, even though they are not ASME 
components. 

The internal inspection shall be performed on one storage cask at a frequency of 5 
years (+/- 25%).  The first inspection should occur within one (1) year after the initial 
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Table 12A.1-3   SENTRY System Monitoring of Metallic Surfaces AMP 
(4 pages)  

Element Description 
canister’s 20th year loading anniversary.  The site may consider using the storage cask 
that contains the canister being used for the Welded Stainless Steel Canister AMP to 
consolidate efforts. 

Data from inspections shall be documented, including a detailed description of the 
surface condition and location of areas showing surface degradation. 

5 Monitoring 
and Trending 

Inspection results are compared to those obtained during previous inspections, so 
that the progression of degradation can be evaluated and predicted. 

Monitoring and trending methods and plans and procedures are used to: 

• Establish a baseline before or at the beginning of the period of extended 
operation. 

• Track trending of parameters or effects not corrected following a previous 
inspection, including 

- Locations and size of any areas of corrosion, wear or cracking. 
- Disposition of components with identified aging effects and the 

results of supplemental inspections. 
6 Acceptance 

Criteria 
The acceptance criteria for the visual inspections are: 

• No detectable loss of material from the base metal, including uniform wall 
thinning, localized corrosion pits, and crevice corrosion. 

• No indications of loose bolts or hardware, displaced parts. 
• No degradation (e.g., blisters, cracking, flaking, delamination) of coatings on 

metallic surfaces indicative of base metal corrosion. 

If evidence of corrosion is identified, then the severity of the degradation must be 
determined using approved site-specific procedures.  These may include additional 
visual, surface or volumetric NDE methods to determine the loss of material. 

7 Corrective 
Actions 

Results that do not meet the acceptance criteria are addressed by the site’s 
Corrective Actions Program (CAP) in accordance with the ISFSI Quality Assurance (QA) 
program.  The site’s QA Program ensures that corrective actions are completed within 
the ISFSI Corrective Action Program (CAP) and include any necessary functionality 
assessments, cause evaluations, extent of condition, actions, identify any 
modifications to the existing AMP (e.g., increased frequency), and determine if the 
condition is reportable per 10 CFR 72.75.  

8 Confirmation 
Process 

The confirmation process will be commensurate with the ISFSI QA Program.  The QA 
program ensures that the confirmation process includes provisions to preclude 
repetition of significant conditions adverse to quality and completion of inspections, 
evaluations, and corrective actions are completed in accordance with the ISFSI CAP. 

9 Administrative 
Controls 

The ISFSI QA program ensures that administrative controls include provisions that 
address instrument calibration and maintenance, inspector requirements, record 
retention requirements, and document control. 
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Table 12A.1-3   SENTRY System Monitoring of Metallic Surfaces AMP 
(4 pages)  

Element Description 
Administrative controls also address the frequency for updating the AMP based on 
inspection results along with industry operating experience.  This AMP will be 
updated as necessary based on the toll gate assessments.  

10 Operating 
Experience 

Operating experience from the CoC 1026 FuelSolutions Storage System installed at Big 
Rock Point was utilized in the development of this AMP. 

As operating experience is achieved for the SENTRY W180 Storage Cask and fuel 
transfer and auxiliary equipment, it will be added to the ISFSI Aging Management 
Institute of Nuclear Power Operations Database (ISFSI AMID). 

As storage cask inspections are performed in the future, inspection results will be 
uploaded into the ISFSI Aging Management Institute of Nuclear Power Operations 
Database (ISFSI AMID) to be shared with other users. 
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Table 12A.1-4   SENTRY W110 Transfer Cask AMP 
(2 pages) 

Element Description 
1 Scope of 

Program 
The program covers the subcomponents of the W110 Transfer Cask to ensure that aging 
effects do not challenge the capability of the transfer casks to fulfill structural support, 
radiation shielding, and heat transfer functions.  The effected SSCs include the transfer 
cask bottom sealing lid for wear, thread inserts when used in stainless-steel threaded 
connections, and the coating on the external surfaces of the transfer cask. 

This program monitors bottom lid sealing and threaded inserts for wear and coating 
degradation to ensure that aging effects do not challenge the capability of the transfer 
cask to fulfill structural support, radiation shielding, and heat transfer functions. 

The Transfer Cask AMP includes inspections of the coated areas for coating degradation 
due to radiation embrittlement and thermal aging and the bottom sealing lid and the 
thread inserts for loss of material due to wear.   

2 Preventive 
Actions 

The Transfer Cask AMP utilizes condition monitoring to detect degradation and ensure 
that the equipment maintains its intended function through the extended storage 
period.  No preventative actions are included as part of this AMP. 

3 Parameters 
Monitored / 
Inspected 

The Transfer Cask AMP inspects for visual evidence of degradation of accessible 
surfaces. 

4 Detection of 
Aging Effects 

The Transfer Cask AMP manages loss of material due to wear, predominately for 
stainless steel components, and degradation of the coating on the external parts of the 
transfer cask. 

Inspections shall be performed at a minimum once a year while in use.  If the Transfer 
Cask is not used, a pre-use inspection is appropriate for the Transfer Cask.  When the 
Transfer Cask is not in use, periodic inspections are not needed. 

Visual inspections are performed in accordance with the ASME Code Section XI, Article 
IWA-2213, for VT-3 examinations.  The inspections cover 100 percent of the normally 
accessible cask surfaces, including the cask exterior, cask interior cavity, cover surfaces, 
and the cask bottom.  The Transfer Cask lifting feature lugs and bottom lid halves bolts 
shall be dye penetrant tested or examined with an equivalent NDE method for fatigue 
cracking. 

Data from the examination, including evidence of degradation and its extent and 
location, shall be documented on a checklist or inspection form.  The results of the 
inspection shall be documented, including descriptions of observed aging effects and 
supporting sketches, photographs, or video.  Corrective actions resulting from each 
AMP inspection shall also be documented. 

5 Monitoring 
and Trending 

Inspection results are compared to those obtained during previous inspections, so that 
the progression of degradation can be evaluated and predicted. Monitoring and 
trending methods and plans/procedures are used to: 

• Establish a baseline before the use of the transfer cask in the first loading 
campaign in the period of extended operation. 
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Table 12A.1-4   SENTRY W110 Transfer Cask AMP 
(2 pages) 

Element Description 
• Track trending of parameters or effects not corrected following a previous 

inspection. 
- The locations, size, and depth of any areas of corrosion. 
- The disposition of components with identified aging effects and the results 

of supplemental inspections.  
6 Acceptance 

Criteria 
For accessible surfaces, acceptance criteria are no detectable loss of material from the 
base metal, including uniform wall thinning, and wear scratches/gouges/thread galling. 

If evidence of wear, or coating degradation are identified, then the severity of the 
degradation of the base metal must be determined using approved site-specific 
procedures.  These may include additional visual, surface, or volumetric NDE methods 
to determine the loss of material. 

If evidence of wear or thread galling are identified on the thread inserts they shall be 
replaced. 

Coating acceptance criteria are no degradation or interruptions (e.g., 
chipping/scratches/flaking) of the coated surface. 

7 Corrective 
Actions 

Results that do not meet the acceptance criteria are addressed by the site’s Corrective 
Action Program (CAP) in accordance with the ISFSI Quality Assurance (QA) program.  
The QA Program ensures that corrective actions are completed within the ISFSI 
Corrective Action Program (CAP)and include any necessary actions, identify any changes 
to the existing AMP, and determine if the condition is reportable per 10 CFR 72.75. 

8 Confirmation 
Process 

The confirmation process will be commensurate with the site QA program.  The QA 
program ensures that the confirmation process includes provisions to preclude 
repetition of significant conditions adverse to quality and the completion of inspections, 
evaluations, and corrective actions. 

9 Administrative 
Controls 

The QA program ensures that administrative controls include provisions that address 
instrument calibration and maintenance, inspector requirements, record retention 
requirements, and document control. 

Administrative controls also address the frequency for updating the AMP based on 
inspection results along with industry operating experience.  This AMP will be updated 
as necessary, based on the toll gate assessments.   

10 Operating 
Experience 

Operating experience from the CoC 1026 FuelSolutions Storage System installed at Big 
Rock Point was utilized in the development of this AMP. 

As operating experience is achieved for the Sentry W110 Transfer Cask it will be added 
to the ISFSI Aging Management Institute of Nuclear Power Operations Database (ISFSI 
AMID). 

As transfer cask inspections are performed in the future, inspection information will be 
uploaded into the ISFSI Aging Management Institute of Nuclear Power Operations 
Database (ISFSI AMID) to be shared with other users. 
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Table 12A.1-5    
SENTRY Canister High-Burnup Fuel Monitoring and Assessment AMP 

(4 pages)  
Element Description 
1 Scope of 

Program 
The scope of this Aging Management Program (AMP) covers the SENTRY Dry Storage 
System with high burnup fuel to operate through the extended storage period. 

The SENTRY Dry Storage System accommodates high burnup fuel up to 65 
GWd/MTU.  SNF is initially stored in a dry high purity helium environment.  SNF 
assemblies with burnup exceeding 45 GWd/MTU (up to 65 GWd/MTU), are limited 
to cladding oxide thickness of 70 μm.  SNF assemblies stored in SENTRY canisters are 
limited to intact zircaloy-clad fuel with no known or suspected cladding defects 
greater than pinhole leaks or hairline cracks.  Fuel assemblies that do not meet these 
criteria are considered damaged fuel and are not acceptable for storage in the W21H 
canister and are to be loaded in the W37 canister by means of W37 damaged fuel 
cans.  Refer to SENTRY Dry Storage System SAR Section 3.2.1 “Spent Nuclear Fuel 
Specifications.” 

The program relies on the joint EPRI and DOE High Burnup Dry Storage Cask 
Research and Development Project (HDRP)5 conducted in accordance with the 
guidance in Appendix D of NUREG-1927, Rev 1, as a surrogate demonstration 
program that monitors the performance of high burnup fuel in dry storage. 

The HDRP is a program designed to collect data from a SNF storage system 
containing high burnup fuel in a dry helium environment.  The fuel to be used in the 
program includes four kinds of zirconium based cladding.  The Research Project Cask 
is licensed to the temperature limits contained in ISG-11 Rev 36, and loaded such 
that the fuel cladding temperature is as close to the limit as practicable. 

The parameters of the surrogate demonstration program are applicable to the 
SENTRY Dry Storage System high burnup fuel, since the maximum system burnup 
limit (65 GWd/MTU) is on the order of those being tested, the cladding is of the 
same type as those being tested, and the temperature limits of the fuel are the same 
as those being tested . 

2 Preventive 
Actions 

During initial loading operations of the SENTRY Dry Storage System Technical 
Specification 3.1.3 “Canister Vacuum Drying Pressure” specifies “The CANISTER 
cavity vacuum pressure following drying shall be ≤ 3 torr for ≥ 30 min., maintained 
for at least 30 minutes.”  Technical Specification 3.1.2 “Canister Helium Backfill 
Density” specifies the canister helium backfill density range and completion time.  In 
addition, Technical Specification 5.3.6 “Active Cooling System Program” delineates 
the controls “to determine the time at which the maximum allowable temperature 
in the fuel cladding or in other components are reached.”  SENTRY Dry Storage 
System SAR Section 3.2.1 "Spent Nuclear Fuel Specifications" states for "assemblies 

 

5 EPRI/DOE, HBU Dry Storage Cask Research and Development Project Final Test Plan, February 27, 2014, DOE 
Contract No. DE-NE-0000593. Accessible at https://www.osti.gov/servlets/purl/1133392 

6 Interim Staff Guidance - 11, Revision 3, Cladding Considerations for the Transportation and Storage of Spent Fuel 
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Table 12A.1-5    
SENTRY Canister High-Burnup Fuel Monitoring and Assessment AMP 

(4 pages)  
Element Description 

with burnup exceeding 45 GWd/MTU (up to 65 GWd/MtU), the cladding oxide 
thickness is limited to 70 μm" with the licensee being responsible to assure the 
specified criteria is met for the fuel assemblies placed in SENTRY canisters. 

These requirements ensure that the high burnup fuel is stored in an inert 
environment, preventing cladding degradation due to oxidation mechanisms.  In 
addition, fuel meets the guidance for temperature criteria noted NUREG-2215 
guidance recommended limit of 117°F for cladding temperature variations during 
thermal cycles of loading operations involving high burnup fuel to minimizes the 
impacts of degradation mechanisms on the fuel.  Refer to SENTRY Dry Storage 
System SAR Section 5.4.2 “Analytical Methods, Models, And Calculations for Loading 
Operations” regarding established conservatism to maintain adequate temperatures 
in materials during the loading and unloading activities of the SENTRY canisters.  SAR 
Section 5.4.2 addresses the NUREG-2215 guidance recommended limit of 117°F for 
cladding temperature variations during thermal cycles of loading operations 
involving high burnup fuel.  There are no additional specific preventative actions 
included as part of the AMP. 

3 Parameters 
Monitored or 
Inspected 

The parameters monitored and inspected are as those described in the HDRP. 

4 Detection of 
Aging Effects 

This AMP utilizes the surrogate demonstration program, HDRP, to monitor 
performance of high burnup fuel and detect aging effects as described in the HDRP 
for high burnup fuel.  SENTRY Dry Storage System Technical Specification 5.3.6 
“Active Cooling System Program” delineates the controls for fuel temperature limits 
to prevent degradation. 

5 Monitoring 
and Trending 

As information / data from the HDRP or from other sources (such as testing or 
research results and scientific analyses) become available, the licensee will monitor, 
evaluate, and trend the information via its operating experience program and /or 
corrective action program to determine what actions should be taken.  

The licensee will evaluate the information / data from the HDRP to determine 
whether the acceptance criteria in Element 6 of this AMP are met. 

• If all of the acceptance criteria are met, no further assessment is needed. 

• If any of the acceptance criteria are not met, the licensee must conduct 
additional assessments and implement appropriate corrective actions (see 
Element 7 of this AMP). 

Formal evaluations of the aggregate information from the HDRP, available operating 
experience, NRC-generated communications, and other information will be 
performed as required.   
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Table 12A.1-5    
SENTRY Canister High-Burnup Fuel Monitoring and Assessment AMP 

(4 pages)  
Element Description 
6 Acceptance 

Criteria 
The following criteria are to be addressed against the information obtained from the 
HDRP.  The criteria are: 

• Hydrogen content – Maximum hydrogen content of the cover gas over the 
approved storage period should be extrapolated from the gas 
measurements to be less than the design-bases limit for hydrogen content 

• Moisture content – the moisture content in the canister, accounting for 
measurement uncertainty should be less than the expected upper-bound 
moisture content per the design-bases drying process 

• Fuel condition / performance – nondestructive and destructive examinations 
should confirm the design-bases fuel condition (i.e., no changes to the 
analyzed fuel configuration considered in the safety analyses of the 
approved design bases) 

The design-bases characteristics of the SENTRY Dry Storage System and high burnup 
fuel parameters are addressed in the SENTRY Dry Storage System SAR Section 3.2.1 
“Spent Nuclear Fuel Specifications.” It should be noted that Westinghouse Electric 
Company was initially involved in developing mathematical correlations based on 
this test data used for development of a creep-based methodology for the 
determination of allowable peak cladding temperature during dry storage as well as 
addressing cladding creep correlation presented in WCAP-151687. 

Note that because the cask design to be used in the HDRP is different from the 
SENTRY Dry Storage System, the acceptance criteria will be based on the Research 
Project Cask design bases.  If the fuel in the Research Project Cask meets the 
applicable design bases, the fuel in the SENTRY Dry Storage System should also meet 
its design bases, as described in Element 1. 

7 Corrective 
Actions 

The corrective actions are implemented in accordance with the licensee's NRC 
approved QA program.  If the acceptance criteria are not met, the issue will be 
entered into the licensee corrective action program to assess fuel performance, 
assess the design-bases safety analyses, consider degraded fuel performance and 
determine the ability of the system to continue to perform its intended functions.  
The corrective action program will identify necessary actions, changes to the existing 
AMP and determine if the condition is reportable. 

In addition, the licensee will obtain the necessary NRC approval in the appropriate 
licensing / certification process for modification of the design bases to address any 
conditions outside of the approved design bases. 

 

7 WCAP-15168, “Dry Storage of High Burnup Spent Nuclear Fuel,” Westinghouse Electric Company, March 1999 
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SENTRY Canister High-Burnup Fuel Monitoring and Assessment AMP 

(4 pages)  
Element Description 
8 Confirmation 

Process 
The confirmation process is commensurate with the licensee's NRC approved QA 
program.  The QA program ensures that required corrective actions are completed 
and effective in accordance with the program to preclude repetition of significant 
conditions adverse to quality. 

9 Administrative 
Controls 

Administrative controls are in accordance with the licensee's QA program and 
include a formal review and approval processes, document control and record 
retention requirements.  This AMP will be updated as necessary based on the toll 
gate assessments. 

10 Operating 
Experience 

As the program continues, operating experience will be evaluated including: 

• information entered into the ISFSI Aging Management Institute of Nuclear 
Power Operations Database (ISFSI AMID) 

• applicable research (ORNL, ANL, EPRI) 
• internal and industrywide condition reports 
• vendor-issued safety bulletins 
• NRC Information Notices 
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12A.2 Tollgates 

As noted in NUREG-1927 "Standard Review Plan for Renewal of Specific Licenses and Certificates of 
Compliance for Dry Storage of Spent Nuclear Fuel" (Reference 14), the guidance was developed by the 
NRC as an ongoing effort (and as of this CoC renewal application addenda, still is) with efforts by the 
Nuclear Energy Institute (NEI) to develop guidance for the nuclear industry when preparing CoC renewal 
applications. NEI 14-03, Revision 1, “Format, Content and Implementation Guidance for Dry Cask Storage 
Operations-Based Aging Management” (Reference 15), included guidance on the continued evaluation of 
operating experience. One of the principles introduced in NEI 14-03 is the use of “tollgates” as a structured 
approach for assessing operating experience and data from applicable research and industry initiatives. 
NUREG-1927, Section 3.6.1.10, provides the associated guidance that may be used for CoC renewals. 

NEI 14-03 provides a proposed framework for learning AMPs through the use of “tollgates” and defines 
“tollgates” as periodic points within the period of extended operation when licensees would be required to 
evaluate aggregate feedback and perform and document a safety assessment that confirms the safe storage 
of spent fuel. Tollgates are described as an additional set of in-service assessments beyond the normal 
continual assessment of operating experience, research, monitoring, and inspections on DSS component 
and ISFSI SSC performance that is part of normal ISFSI operations for licensees during the initial storage 
period as well as the period of extended operation.  

In addition, NEI 14-03, Revision 1, also describes a framework for the aggregation and dissemination of 
operating experience across the industry through the use of an aging-related operating experience 
“clearinghouse,” titled the ISFSI Aging Management Institute of Nuclear Power Operations Database 
(ISFSI AMID).Aggregate feedback will be assessed by each licensee regarding ISFSI components and if 
necessary, take actions to:  

• Modify monitoring and inspection programs in AMPs 
• Modify TLAAs 
• Perform mitigation  

Tollgate assessment address the following elements as applicable: 

Frequency: 

• Established from technical basis 
• Reflects aging mechanism initiation and rate of progression 
• Reflects risk significance 
• Considers findings from prior tollgate assessments 

Content of tollgate assessment: 

• Summary of research findings, operating experience, monitoring data, and inspection results  
• Aggregate impact of findings (including trends) 
• Consistency with the assumptions and inputs the TLAAs 
• Effectiveness of AMPs 
• Corrective actions, including changes to AMPs 
• Summary and conclusions 

 
A schedule for these tollgate assessments is shown in Table 12A.2-1.  
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Table 12A.2-1: Tollgate Assessments for General Licensees 
 

Tollgate Year Assessment 
1 Year of first 

canister loading 
plus 25 years 

Evaluate information from the following sources (as available) and 
perform a written assessment of the aggregate impact of the information, 
including but not limited to trends, corrective actions required, and the 
effectiveness of the AMPs with which they are associated: 

• Results, if any, of research and development programs focused 
specifically on aging-related degradation mechanisms identified as 
potentially affecting the storage system and ISFSI site. One 
example of such research and development would be EPRI 
Chloride-Induced Stress Corrosion Cracking (CISCC) research. 

• Relevant results of other domestic and international research, 
which may include non-nuclear research 

• Relevant domestic and international operating experience, which 
may include non-nuclear operating experience 

• Relevant results of domestic and international ISFSI and dry 
storage system performance monitoring 

Much of this information can be gathered from the Aging Management 
INPO Database (AMID). 

2 Year of first 
canister loading 

plus 30 years 

Evaluate additional information gained from the sources listed in 
Tollgate 1 along with any new relevant sources and perform a written 
assessment of the aggregate impact of the information. This evaluation 
should be informed by the results of Tollgate 1. The aging effects and 
mechanisms evaluated at this tollgate and the time at which it is 
conducted may be adjusted based on the results of the Tollgate 1 
assessment. 

3 Year of first 
canister loading 

plus 35 years 

Same as Tollgate 2 as informed by the results of Tollgates 1 and 2 

4 Year of first 
canister loading 

plus 40 year  

Same as Tollgate 2 as informed by the results of Tollgates 1, 2, and 3 

5 Year of first 
canister loading 

plus 45 years 

Same as Tollgate 2 as informed by the results of Tollgates 1, 2, 3, and 4 

6 Year of first 
canister loading 

plus 50 years 

Same as Tollgate 2 as informed by the results of Tollgates 1, 2, 3, 4, and 5 

7 Year of first 
canister loading 

plus 55 years 

Same as Tollgate 2 as informed by the results of Tollgates 1, 2, 3, 4, 5, and 
6 

8 Year of first 
canister loading 

plus 60 years 

Same as Tollgate 2 as informed by the results of Tollgates 1, 2, 3, 4, 5, 6, 
and 7 
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Programs 
5.3 

5.3 Programs 

5.3.9 (continued ) 

This program shall establish administrative controls and procedures to assure that the licensee 
will be able to determine when corrective action needs to be taken to maintain safe storage 
conditions. The minimum required surveillance frequency for a STORAGE CASK containing a 
W37 CANISTER loaded with design basis heat load fuel is 72 hours, and for a STORAGE CASK 
containing a W21 H CANISTER loaded with design basis heat load fue l is 24 hours. 

This program shall establish per the thermal analysis methodology described in 
Chapter 5 a longer su rveillance freq uency for lower heat loads. 

Acceptable means of monitoring the STORAGE CASK include periodic visual inspection of al l 
STORAGE CASK inlet and outlet vent screens OR monitoring of the STORAGE CASK air outlet 
temperature by means of a thermocouple on the...m.itlet vent. Outlet temperatures are expected to 
vary sl ightly between successive measurements due to changes in the ambient temperature. 
When the difference of temperature between the STORAGE CASK air outlet temperature and the 
ISFSI ambient temperature is used as the means of monitoring , this program 
shall establish corrective actions when sig nificant changes in readings are detected . 

5.3.10 Aging Management Program 

Each general license shall have a program to establish, implement, and maintain written procedures for 

each AMP described in the SENTRY System SAR Appendix 12A. The program shall include provisions for 
changing AMP elements, as necessary, and within the limitations of the approved licensing bases to 
address new information on aging effects based on inspection findings and/or industry operating 
experience provided to the general licensee during the CoC 1026 licensing period. 

The general licensee shall establish and implement these written procedures within one year after the 

effective date of the licensing period of the CoC or within one year after the 20th anniversary of the 
loading of the first SENTRY dry storage system at licensee's site, whichever is later. 

The general licensee sha ll include written eva luations in the 10 CFR 72.212 evaluations report describing 
the implementation of the renewed CoC aging management license conditions within this specified t ime 

frame. 

Each general licensee shall perform tollgate assessments as described in SENTRY System SAR Appendix 
12A. 
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FuelSolutions portion of the CoC 1026 renewal application. The proposed Aging Management 
Program changes to the renewed CoC 1026 Appendix D SENTRY Dry Storage System 
Technical Specification are shown on the next page. 
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Programs 
5.3 

5.3 Programs 

5.3.9 (continued) 

This program shall establish administrative controls and procedures to assure that the licensee 
will be able to determine when corrective action needs to be taken to maintain safe storage 
conditions. The minimum required surveillance frequency for a STORAGE CASK containing a 
W37 CANISTER loaded w ith design basis heat load fuel is 72 hours, and for a STORAGE CASK 
containing a W21 H CANISTER loaded with design basis heat load fuel is 24 hours. 

This program shall establish per the thermal analysis methodology described in 
Chapter 5 a longer surveillance frequency for lower heat loads. 

Acceptable means of monitoring the STORAGE CASK include periodic visual inspection of all 
STORAGE CASK inlet and outlet vent screens OR monitoring of the STORAGE CASK air outlet 
temperature by means of a thermocouple on the..QJ.Jtlet vent. Outlet temperatures are expected to 
vary slightly between successive measurements due to changes in the ambient temperature. 
When the difference of temperature between the STORAGE CASK air outlet temperature and the 
ISFSI ambient temperature is used as the means of monitori ng, this program 
shall establish corrective actions when significant changes in readings are detected. 

5.3.10 Aging Management Program 

Each general license shall have a program to establish, implement, and maintain written procedures for 

each AMP described in the SENTRY System SAR Appendix 12A. The program shall include provisions for 

changing AMP elements, as necessary, and within the limitations of the approved licensing bases to 
address new information on aging effects based on inspection findings and/or industry operating 

experience provided to the general licensee during the CoC 1026 licensing period. 

The general l icensee shal l establish and implement these written procedures within one year after the 

effective date of the licensing period of the CoC or within one year after the 20th anniversary of the 
loading of the first SENTRY dry storage system at licensee's site, wh ichever is later. 

The general l icensee shall include w ritten evaluations in the 10 CFR 72.212 evaluations report describing 

the implementation of the renew ed CoC aging management license conditions w ithin th is specified t ime 

frame. 

Each general licensee shall perform tollgate assessments as descr ibed in SENTRY System SAR Appendix 
12A. 
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