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Ongoing Focus on Dry Spent Fuel 

Storage Defense-In-Depth

3

10/14/14

07/23/15

09/15/16

09/14/17

06/27/18

07/23/15

09/15/16

09/14/17

06/27/18

08/22/19

07/23/15

09/15/16

09/14/17

06/27/18

08/22/19

07/23/15

09/15/16

09/14/17

08/22/19

09/15/16

09/14/17

08/20/20

09/16/21

Elements of Defense-in-Depth Dates Discussed

08/22/19

08/20/20

09/16/21

10/20/22

08/17/23

08/20/20

09/16/21

08/17/23

10/20/22

08/17/23

A link to the history of previous defense-in-depth topics is provided here.
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https://www.songscommunity.com/community-engagement/community-engagement-in-decommissioning/spent-nuclear-fuel-defense-in-depth


Tonight’s Defense-in-Depth Updates
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• Operation:

– Readiness of SONGS spent fuel and 

GTCC waste canisters for shipping

• Inspection:

– Addressing recent questions regarding 

implementation of recommendations 

from independent reviewer for Holtec 

system

– Recent and upcoming inspections 

industrywide and at SONGS

• Remediation:

– R&D to assess various potential canister 

repair methods

NUHOMS 

UMAX



Last of SONGS Spent Fuel Canisters will Qualify for 
Offsite Transportation by 2030 
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All GTCC Waste Canisters at SONGS are 
now Licensed for Transportation

• Revision 11 of Certificate of Compliance 71-9302 approved in January of 
2023, adds Greater-Than-Class-C (GTCC) waste canisters used at SONGS 
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Spent Fuel vs GTCC Waste Storage Canisters

• Spent fuel and fuel inserts stored in spent 
fuel canisters

• NRC rules prohibit mixing spent fuel and 
GTCC waste within a canister, with the 
exception of inserts stored in the fuel (e.g., 
control rods used to stop the fission 
process)

• Fuel canister:

• Fuel basket placed in canister shell

• Canister placed in transfer cask

• Fuel loaded in fuel basket

• Canister within transfer cask sealed, 
processed and transferred to storage 
location
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• GTCC waste canisters contain only activated 
metals:

• “Activated” means metal made radioactive by 
neutrons from fission

• No spent fuel stored in GTCC waste canisters:

• No fission products from the splitting of 
uranium or plutonium, such as Cesium-137 or 
Strontium-90, are stored in GTCC waste canisters

• GTCC waste canister:

• “Furniture” placed in liner

• GTCC waste loaded in furniture

• Canister placed in transfer cask

• Loaded liner placed in canister within transfer 
cask

• Canister within transfer cask sealed, processed 
and transferred to storage location



“Nesting”

Lid installed 

after GTCC

liner loading 

is complete.

Entire liner 

lifted and 

placed in 

canister 

shell, which 

is inside 

(nested in)  

the transfer 

cask.

Spent Fuel Canister GTCC Liner
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GTCC Waste Canister Liner and Furniture

“Furniture,” used to arrange and support 

reactor vessel internals segments, staged 

for installation in liner.

With “furniture” installed, analogous to fuel 

basket shown on previous slide 

“Furniture,” used to arrange and support 

reactor vessel internals segments, placed 

inside a liner.



Spent Fuel vs GTCC Waste Storage Canisters

Model Vendor Storage 

CoC

Transpor-

tation CoC

Stores Shell 

Thickness

Shell 

Material

Seismic 

Rating

Weld Areas 

Laser 

Peened?

Comments

24PT1 TN 72-1029 71-9255 Unit 1 fuel 5/8” 316L SS 1.5g 

horizontal/

1g vertical

No

24PT4 TN 72-1029 71-9302 Units 2/3 fuel 5/8” 316L SS 1.5g 

horizontal/

1g vertical

No

MPC-37 Holtec 72-1040 71-9373 Units 2/3 fuel 5/8” 316L SS 1.5g 

horizontal/

1g vertical

Yes

RWC (GTCC 

Waste)

TN N/A 71-9302 GTCC waste 5/8” 316L SS 1.5g 

horizontal/

1g vertical

No Conservatively 

designed, 

fabricated, and 

processed same 

as a spent fuel 

canister. 
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• Unit 1 GTCC waste canister has same external dimensions as 24PT1 canister (Unit 1 fuel)

• Units 2/3 GTCC waste canisters have same external dimensions as 24PT4 canister (Units 2/3 fuel)

• Shell is same thickness (5/8”) and same material (316L stainless steel)

• Processed and stored similarly



Why Does GTCC Waste Use a Liner?

• Loading a canister with fuel typically takes 6-8 hours

• Loading a liner with GTCC waste can take days or even months:
• Loading of several GTCC waste liners may occur in parallel

• Several transfer casks would be necessary to support parallel loading of canisters:
• Leaving the transfer cask submerged in reactor cavity water for an extended period would 

make decontaminating the cask surface much more difficult and time consuming

• Canister cannot be left in the reactor cavity water outside of the transfer cask, as the 
outside of the canister must remain free of radioactive contamination

• Liners can be left in the reactor cavity water for extended periods, as they will be sealed 
inside the canister shell

• Liner also provides additional shielding for gamma radiation 
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Addressing a question: SCE’s Inspection and 
Maintenance Program (IMP) for Holtec system

• Intended to ensure Holtec multi‐purpose canisters (MPCs) stored in the ISFSI will remain 
in a physical condition sufficient for onsite transfer and offsite transportation

• Submitted by SCE to California Coastal Commission (CCC) on 3/31/2020

• Reviewed by California Commission staff:
• Independently reviewed by engineering consulting firm Lucius Pitkin Inc.
• Lucius Pitkin provided 4 recommendations

• California Coastal Commission staff recommended approval of the IMP (with Lucius Pitkin 
recommendations incorporated) on 6/12/2020

• California Coastal Commission approved the IMP on 7/16/2020

• Assertion made during recent CEP meetings that SCE is not implementing all 
recommendations from Lucius Pitkin
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All 4 Recommendations by the Independent 
Engineering Firm were Accepted by SCE
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1. The IMP should include a flaw depth of 

0.0625” (1/16”) as the threshold for fuel canister

repairs such that flaws deeper than 0.0625” 

would be repaired:

• 90% of the shell wall remains at a 0.0625“ 
(1/16”) threshold; 0.0625" represents 10% of the 
0.625" (5/8”) thick shell

• Nominal shell thickness is 0.5” (1/2”); therefore, 
ASME1 code allowance would be 0.45” (10% 
reduction in wall thickness)

• SCE specified an additional 1/8” shell thickness 
to the nominal design for a total of 5/8”;
therefore, SCE’s position is up to 0.175” is 
allowable (0.625”-0.450” = 0.175”)

1/16” (0.0625”) vs 

5/8“ (0.625”) shell

1 American Society of Mechanical Engineers



Lucius Pitkin Recommendations (4) Accepted by SCE

1. (continued) The IMP should include a flaw depth of 0.0625 as the threshold for fuel 
canister repairs. Flaws deeper than 0.0625 inches would be repaired:

• Lucius Pitkin notes limiting flaw depth to 0.0625” ensures a flaw will not penetrate the 
0.080” (minimum) deep compressive residual stress provided by laser peening of the weld 
areas

• Chloride induced stress corrosion cracking (CISCC) cannot occur if tensile stress is not 
present—i.e., cannot occur within the 0.080” (minimum) deep compressive residual stress 
region

• Therefore, SCE agreed with Lucius Pitkin’s recommended 0.0625” threshold for canister 
repair
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Lucius Pitkin Recommendations (4) Accepted by SCE

2. SCE should employ a more appropriate statistical method to model the maximum depth of canister 
scratches that may occur during insertion and extraction of the canisters into the ISFSI vertical 
storage modules and update the statistical analysis in the future to incorporate data from 
additional canister inspections:
• Lucius Pitkin recommended use of an “extreme value” statistical analysis, rather than “normal distribution”

• SCE contends “normal distribution” is more appropriate but agreed to this recommendation

• SCE plans on using both methods to evaluate future canister inspection results

3. Assess how future canister unloading operations (i.e., when canisters are moved to a different 
location) can be optimized to minimize canister wear depths:
• SCE agreed to this recommendation and has partially addressed the recommendation by improving 

alignment during the download process

• SCE has no foreseeable plans to perform unloading operations (e.g., no facility to ship fuel to)

4. Correct a typographical or miscalculation error in a supporting document related to the potential 
scratch depths on fuel storage canisters:
• Lucius Pitkin noted a minor error in the statistical analysis related to potential scratch depths, which was 

corrected
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Industry R&D
• Funding for Yucca Mountain deep geologic repository was terminated in 2009, leading to 

realization spent fuel will be stored at reactor sites longer than originally intended, 
possibly much longer

• Research focused on potential long-term issues associated with extended storage and 
transportation of spent fuel

• Shortly after 2009, first “gap analysis” performed to identify and evaluate potential long-
term issues:
• Compares existing knowledge base to credible aging mechanisms
• For example, fuel known as “high burnup” was initially identified as a potential long-term concern
• Research performed since the first gap analysis has alleviated initial concerns about high burnup fuel
• No immediate or near-term concerns about safety of spent fuel storage
• SCE will report out on ongoing research as it is completed

• Research led by DOE, National Labs, universities, Electric Power Research Institute and 
private industry
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Industry R&D: Evaluating Potential Mitigation and 
Repair Methods for Multipurpose Canisters

• Electric Power Research Institute Technical Report “Investigation of Advanced 
Coating Technologies for Mitigation of Chloride-Induced Stress Corrosion 
Cracking” (3002023825) examined several methods:
• Cold spray
• Arc welding
• Inorganic coating
• Liquid metal
• Geopolymer

• Methods were evaluated for:
• Leak tightness after sealing lab-created CISCC cracks
• Salt fog, tests for sensitivity to chloride induced stress corrosion cracking
• Slow Strain Rate Testing (SSRT), evaluates effectiveness of coating protecting a specimen 

in a corrosive environment
• Electrochemical corrosion
• Adhesion
• Atmospheric exposure
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Industry R&D: Cold Spray Found to be Leading Repair 
Method
• Arc welding cannot be deployed remotely 

inside storage modules

• Liquid metal unable to develop a sufficient 
bond

• Geopolymer coating had relatively low 
strength and completely ineffective at 
sealing the stress corrosion cracks

• Among non-metallic material, Restochem
inorganic coating had best overall 
performance, selected for further evaluation 
and development: 

• Adhesion must be improved, additional work 
necessary to improve application procedures 
and ensure consistent adhesion

• Cold spray (metallic overlay) still found to be 
the leading mitigation and repair method
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Cold spray (a.k.a. metallic overlay) 

nozzle attached to robot applying 

coating on canister mock-up at 

vendor facility



SCE Leading Industry in Defense-in-Depth and Inspections

• Specified thicker shell for canister (5/8” vs. nominal 1/2”)

• Specified more corrosion resistant material for canister confinement 
boundary shell (316L stainless steel vs. 304 stainless steel)

• Specified higher seismic rating for dry storage systems used as SONGS (1.5g 
horizontal)

• Laser-peening of weld areas of Holtec dry storage canisters, essentially 
eliminating the potential for CISCC (no tensile stress to cause cracking)
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SCE Leading Industry in Defense-in-Depth and Inspections

• Inspection and Maintenance Program (IMP) for the Holtec system:
• Exceeds NRC requirements, only site in the U.S. inspecting dry storage 

system during the initial 20 years of operation

• Heated test canister (first-of-a-kind), leading indicator of canister 
corrosion

• NUHOMS system inspected per NRC-approved aging management 
program

• SCE developed Metallic Overlay (first-of-the-kind) to remotely repair a 
crack in the canister confinement boundary, in the unlikely event of a 
crack ever occurring

• Inspection Ring for the NUHOMS system (first-of-a-kind), enhanced 
inspection and repair capability

20

Installation of SONGS Heated Test Canister



Inspections of Dry Cask Storage Systems at SONGS 
and Industrywide
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Upcoming SONGS inspections:

1. Heated test canister in Holtec
UMAX storage module in Spring 
2024, and

2. Two Holtec MPCs with spent fuel in 
Spring 2024, and

3. Two NUHOMS canisters with spent 
fuel in 2026

Recent and upcoming industrywide 
inspections:

• Two additional canisters inspected at 
Oyster Creek since previous DID 
meeting (October 20, 2022)

• Holtec HI-STORM 100 systems at five 
sites slated for inspection in 2023
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Increasing Number of Inspections 

Industry Wide

Note: indicates inspections completed in U.S. since last DID update Green



SCE Participating in a Number of Industry Forums 
Related to Dry Fuel Storage and Transportation

• EPRI Extended Storage Collaboration Program (ESCP):
• Utilities, Regulators, Universities, DOE and National Laboratories, Research 

Organizations, Vendors, International Atomic Energy Agency (IAEA), Nuclear Energy 
Institute (NEI), Nuclear Waste Technical Review Board (NWTRB), others

• As of 2021, 750 members from 22 countries

• SCE co-chairs Mitigation and Repair subcommittee 

• NEI Dry Storage Task Force

• NEI Used Fuel Transportation and Consolidated Interim Storage Task Force

• ASME Task Group for Mitigation and Repair of Spent Nuclear Fuel Canisters

• TN (NUHOMS system) Users Group

• Holtec (UMAX system) Users Group  
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