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EXECUTIVE SUMMARY 

LPI, Inc. (LPI) performed an independent third-party review (ITPR) of San Onofre Nuclear 

Generating Station’s (SONGS) “Inspection and Maintenance Program” for the Holtec 

International (Holtec) independent spent fuel storage installation (ISFSI), located on the 

SONGS site.  The review was performed at the request of the California Coastal 

Commission (CCC) to ensure that the Holtec multi-purpose canisters (MPCs) at the 

SONGS ISFSI remain structurally sound to allow on-site transfer and off-site transport 

when an off-site facility becomes available. At this time, the Holtec ISFSI at SONGS is 

approved by the CCC for temporary storage through 2035.  Based on current plans, the 

MPCs are to be transferred off-site for permanent storage at that time. The Inspection 

and Maintenance Program was prepared in response to Special Condition 7 of the ISFSI 

Coastal Development Permit (CDP). 

This report summarizes LPI’s ITPR of SONGS’ draft Inspection and Maintenance 

Program (IMP).  Work was performed under the California Marine Sanctuary Foundation 

(CMSF) Contract No. 8003 [3]1.   

The ITPR focused on the MPCs’ structural integrity, corrosion, material compatibility with 

operating environment, type and frequency of Non-destructive Examination (NDE) 

inspections, proposed monitoring and data evaluation, and remediation and repair 

processes. The ITPR is performed to address potential cask condition issues identified 

by inspection processes to ensure that the MPCs will remain in a physical condition 

sufficient to allow on-site transfer and off-site transport through October 6, 2035 [1].  The 

review also assessed whether any industry lessons learned have been incorporated in 

the SONGS IMP – including inspection findings disposition, and planned remediation 

methods. 

LPI reviewed the draft SONGS IMP and supporting documents.  Southern California 

Edison (SCE), the SONGS licensee was responsive to LPI questions and comments; 

conference calls were also held as necessary to expedite information requests and 

provide clarification.  

In summary, based on the documents reviewed for this ITPR and extensive discussions 

with SCE, LPI is of the opinion that the canister fabrication methods (incorporating 

1 Numbers in [xx], refer to references listed in Section 9 of this document. 
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methods of over-rolling and laser peening) will induce residual compressive stresses in 

the outer surface, which will effectively minimize susceptibility to stress corrosion cracking 

– the most credible degradation mechanism at the SONGS site.  Furthermore, LPI is of

the opinion that the Type 316L Stainless Steel Canisters incorporating an additional 0.125

in. of wall thickness (for an overall design wall thickness of 0.625 in.), combined with the

fabrication methods should effectively minimize susceptibility to stress corrosion cracking.

The SCE IMP sets-out MPC inspection schedules, on an earlier and more frequent basis

than mandated in the Certificate of Compliance (CoC) 72-1040 [49] for the spent fuel

storage system canister design licensed by the United States Nuclear Regulatory

Commission (NRC) for ISFSI temporary storage.  LPI generally finds that the IMP

satisfactorily establishes a plan to effectively observe any potential degradation

mechanisms that may occur during the storage period through 2035.  Additionally, the

IMP presents credible maintenance actions, using best available current technology, that

could be implemented to address degradation mechanisms if they should occur.

However, an item of note was associated with the statistical evaluation that was 

performed to predict the maximum (bounding) depth of MPC scratches that may occur 

during insertion and extraction from the vertical ventilated modules (VVMs) used to store 

the MPCs at SONGS.  These analyses employed a Normal distribution to predict a 95 

percent probability bounding flaw depth, with 95 percent confidence level, that wear 

marks identified in future inspections would not be deeper than the bounding flaw depth 

of 0.035 in. for a single canister based on visual inspections of 8 MPCs (out of 29 MPCs) 

([1], Exhibit 4).  A Normal distribution is not appropriate for predicting maximum flaw 

depths as is done via extreme value statistics.  The application of a Normal distribution 

underpredicts maximum flaw depth and the probability of finding a flaw depth greater than 

the bounding flaw depth.   

It was recommended, therefore, that the statistical analyses be revised at this time to 

reflect a more appropriate distribution method, and then updated after the scheduled 2024 

MPC inspections, and every time MPCs inspections are performed thereafter to 

incorporate the additional wear depth data. The number of canister inspections and 

inspection frequency should be revised (as appropriate) based on the revised statistical 

analyses.  The revised statistical analyses should include all wear depth data, and employ 

extreme value statistics to predict 95 percent probability bounding flaw depth, with 95 

percent confidence level for the entire MPC population and not just a single canister. 

Furthermore, unloading operations employed for future removal of MPCs should be 

assessed and modified as appropriate to minimize gouge wear depths.  SCE accepted 

these recommendations and updated the wear depth statistical analyses (see Attachment 

G).    
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A second item of note was associated with the acceptable flaw limit for the Holtec MPCs 

at the SONGS ISFSI.  LPI recommends that a 10% flaw allowable limit for preservice and 

in-service inspection requirements in ASME Code section XI (Table IWB-3514-1) [6] be 

the acceptance criterion for determining maximum allowable flaw depths of MPCs, and 

subsequent repair efforts.  This conclusion is based on maintaining the benefit of the 

compressive residual stresses at the canister welds.  Specifically, the NRC Supplemental 

Inspection Report [34] indicates that the protective layer over the welds and heat affected 

zones is approximately 0.080 in.  Therefore, employing a 10% flaw depth acceptance limit 

of 0.0625 in. ensures that the compressive stresses in the outer surface of the Holtec 

MPCs (induced by over-rolling and laser peening) will not be compromised.   
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1. INTRODUCTION

On October 6, 2015, the California Coastal Commission (CCC) approved storage of spent 

nuclear fuel on-site at the San Onofre Nuclear Generating Station (SONGS) [7].  The 

authorization requires Southern California Edison (SCE) to return to the CCC in 2035 for 

an amendment to authorize the retention, removal, or relocation of the approved 

independent spent fuel storage installations (ISFSI) [2].  SONG’s Inspection and 

Maintenance Program (IMP) [1] is to be “designed to ensure that the fuel storage casks 

will remain in a physical condition sufficient to allow both on-site transfer and off-site 

transport.”  Commensurate with Special Condition 7 of CDP 9-15-0228, the IMP shall 

include a description of [2]: 

1) The cask inspection, monitoring and maintenance techniques that will be

implemented, including prospective, nondestructive examination techniques and

remote surface inspection tools;

2) What data will be collected and how often the results of the inspection and

maintenance program will be reported to the CCC;

3) All available evidence related to the physical condition of the casks and their

susceptibility to degradation processes such as stress corrosion cracking; and

4) Remediation measures that will be implemented, including the submission of a

coastal development permit amendment, if the results of the cask inspection and

maintenance do not ensure that the fuel storage casks will remain in a physical

condition sufficient to allow on-site transfer and off-site transport for the term of the

project

The SONGS ISFSI is based on Holtec International’s Underground MAXimum Capacity 

(UMAX) dry spent fuel storage system, as shown in Figure 1-1.  This Holtec UMAX system 

is comprised of underground vertical ventilated modules, where each module contains a 

multi-purpose canister (MPC).  MPCs are seal-welded Type 316L stainless steel 

canisters, 76 in. diameter, 17 ft tall, and 0.625 in. wall thickness (identified as MPC-37) 

that contain SONGS’ spent nuclear fuel.  The MPCs are stored vertically inside 0.75 in. 

thick steel cavity enclosures (cavity enclosure containers) that provide support and 

protection for the MPCs.  In addition, the MPC-37s are placed within concrete monoliths 

(for radiation shielding) below an ISFSI top pad (35,000 lb steel and concrete lid) for 

physical protection [33].  The heat produced by the spent fuel inside the MPCs is 

transferred to the ambient environment by an air recirculation flow path such that natural 

convection air flow between the concrete casks and stainless steel canisters maintain 
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spent fuel in a safe condition (i.e., no water or fans are used for cooling).  Up to 75 MPCs 

will be stored at the SONGS’ ISFSI [1,33,34,35]. 

Figure 1-1  SONGS ISFSI:  Holtec UMAX Storage System [1] 
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SONGS’ IMP includes inspection and remediation activities, and reporting requirements.  

Design and fabrication enhancements generally utilized in the design for SONGS include 

corrosion-resistant material, increased MPC wall thickness, and welding and fabrication 

improvements to reduce residual tensile stresses were employed by Holtec International 

(Holtec) to reduce the system’s susceptibility to likely degradation mechanisms.  The most 

likely degradation mechanisms, based on NUREG-2214, Section 3.2.2 [31], are 

considered to be fatigue, general and pitting corrosion, and stress corrosion cracking 

(together with galvanic corrosion and wear).  SONGS will be employing robotic 

technology to inspect the MPCs sooner and more often than required by the Nuclear 

Regulatory Commission in their license of the facility [1].  SONGS will also utilize a test 

canister program that simulates the operating environment and loading conditions (except 

radiation exposure) of the MPCs to be inspected and monitored to detect MPC 

degradation ahead of time, enhance data analysis (trending), and to demonstrate the 

ability of canister repair (if required) using a metallic overlay process.  Based on test 

canister inspection results, SCE may increase the MPC and test canister inspection 

frequency as appropriate. 

2. SCOPE OF WORK

As requested by the CCC, LPI, Inc. (LPI) has performed an independent third-party review 

of SONGS’ “Inspection and Maintenance Program” for the Holtec on-site ISFSI.  The 

focus of the ITPR is to ensure the on-site and off-site transportability of the MPCs at 

SONGS’ Holtec ISFSI for when future permanent storage becomes available. 

LPI’s ITPR included a review of the SONGS’ draft IMP (and supporting documents) and 

considered: 

• technical basis of methods and conclusions with respect to referenced codes

and standards

• Nondestructive Examination (NDE) (including planned remote surface

inspections),

• methods for storage and maintenance of canisters,

• approach for handling findings of inspections, remediation plans, and

• areas requiring clarification in the draft IMP.

LPI’s ITPR excludes radiological aspects of the Holtec ISFSI at SONGS as the NRC has 

exclusive jurisdiction over radiological aspects of the ISFSI; the NRC’s exclusive 

jurisdiction preempts states from imposing any regulatory requirements related to 

radiation hazards or nuclear safety. 
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This report summarizes LPI’s ITPR of SONGS’ draft IMP for the Holtec on-site ISFSI, 

conclusions, and recommendations for mitigating potential concerns. 

3. METHODOLOGY

LPI’s ITPR began with the review of SONGS’ draft IMP, followed by initial comments and 

document requests (see Attachment A) to CCC (CCC was the interface between LPI and 

SCE).  A Non-Disclosure Agreement was signed before certain proprietary documents 

were provided to LPI.  It should be noted, as indicated in Attachment B, that several 

proprietary documents were not provided even with the NDA.  In addition, CCC scheduled 

conference calls to expedite resolution of LPI’s questions and comments, as well as to 

track the status of document requests.  SCE provided written responses to LPI’s 

comments (see Attachments B, C, D, E, and F).   

LPI provided technical comments on the draft IMP which are summarized in Section 4 

through Section 7 (editorial comments were also provided).  Section 4 summarizes 

comments on the technical bases for susceptibility to degradation mechanisms, and 

determination of repair efforts; Section 5 summarizes comments on ISFSI inspections; 

Section 6 addresses repair and remediation comments; Section 7 presents comments on 

data collection and analysis efforts for SONGS’ Holtec ISFSI; and Section 8 provides 

conclusions and recommendations. 

4. TECHNICAL BASIS DOCUMENTS

SONGS’ draft IMP references NRC, American Society of Mechanical Engineers (ASME) 

Boiler Pressure and Vessel Code, and several NRC and Electric Power Research 

Institute (EPRI) reports as the bases for the operation, inspection, potential repair, and 

maintenance of the ISFSI by Holtec.  Section 4.1 identifies review comment and 

resolution regarding design and fabrication of the MPCs; Section 4.2 and Section 4.3 

summarize comments and resolution (as applicable) regarding degradation screening 

criteria and repair screening criteria, respectively.   

4.1 Design and Fabrication Specifications 

The design, material selection, and operating conditions of ISFSIs and MPCs have been 

documented in NRC Regulatory and EPRI Reports [8, 9, 30, 31].  The MPC design 

incorporated the following: 

• selection of Type 316L Stainless Steel,
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• nominal wall thickness increased from 0.5 in. to 0.625 in [39], and

• fabrication and welding processes to induce beneficial outer surface compressive

residual stresses [1].

LPI comments and SCE responses regarding design considerations are summarized 

below.  

As a result of the 8/3/2018 transfer incident that placed MPC No. 067 [1] in a misaligned 

condition with lifting devices not supporting the MPC weight, LPI requested that: 

• SCE summarize the safety margin on the MPC lift cleat and attachment methods

considering a dynamic load from a potential drop,

• explain whether a degradation mechanism was evaluated for the attachment

methods of the lift cleats to the MPC, and

• identify the effect (if any) that degradation mechanisms would have on the lift

capacity of the cleat attachment points.

After the 8/3/2018 downloading event, the ability of the MPC downloader slings to 

withstand a sudden load application resulting from momentary contact between the MPC 

and the divider shell shield ring during MPC transfer operations was evaluated as follows: 

• Case 1: MPC comes to rest on the shield ring assembly resulting in a complete

loss of tension in the MPC downloader slings, but the slings remain taut (i.e., no

slack in the slings)

• Case 2: MPC comes to rest on the shield ring assembly resulting in a complete

loss of tension and the slings are slack by 1.25 in. (i.e., slings must be raised 1.25

in. to become taut and restore tension in the slings).

According to the design calculation for the MPC lift cleats, the ultimate capacity of a lift 

cleat is 588,265 lb, relative to an MPC dynamic weight of 137,600 lb.  Thus, the safety 

margin is: 

= 588,265 lb / 137,600 lb – 1.0 

= 3.275, or 327.5% 

These results indicate that there is over 300% safety margin between the ultimate 

capacity of an MPC lift cleat and the peak applied load (static and dynamic) resulting from 

a hypothetical drop.   
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The lift cleats are attached by bolts threaded into tapped holes in the lid of the MPC.  SCE 

also stated degradation of the threads during storage is not expected, but if it is observed, 

degradation will be evaluated and repaired as appropriate.  The lift cleat attachment uses 

special purpose ACME threaded bolts.  A minimum safety factor of 1.263 times code 

requirements was calculated for the bolted joint between the lid and the lift cleats by 

assuming the minimum (conservative) dimensions for each thread parameter (see 

Attachment B).  Furthermore, SCE indicated that at the time when the MPC is to be 

withdrawn, the threads in the lid will be checked to ensure they meet the specified 

tolerances – prior to MPC lift. 

LPI requested the basis document for the dynamic evaluation of the lift cleats attachment; 

however, it was not provided by SCE because it is considered proprietary (even with an 

NDA in-place between the parties).  A conference call was also held in lieu of SCE 

providing the basis document and to supplement written responses on the lift cleats (see 

Attachment A, item number one).   

LPI also submitted an inquiry on whether the ISFSI's vulnerability to flooding from storms, 

tsunamis, and other natural disasters was considered in the design, as well as the 

inspection procedure that would be implemented following a major flooding event.  SCE 

indicated that the ISFSI’s susceptibility to geologic hazards, including seismic ground 

shaking, slope failure, tsunamis, and coastal erosion were considered by the Coastal 

Commission in its approval of the 2015 Coastal Development Permit (CDP) for the 

SONGS Holtec ISFSI, CDP No. 9‐15‐0228 (the 2015 ISFSI CDP [7]), and that corrective 

actions in the event of a flooding event are described in Section 12.2.4.3 of the final safety 

analysis report (FSAR) for Holtec’s ISFSI [39].  Based on input from SCE, if such events 

were to occur, they would be addressed through their normal Corrective Action process 

(see Attachment A, item number 8).  

LPI requested canister welding inspection reports (including radiographs if radiographic 

testing was performed), and plate mill certifications2.  Given the large number of these 

reports, SCE provided samples of canister welding inspection reports for five MPCs [12 

through 16] and five plate mill certification reports [17 through 21]; LPI did not observe 

2 Plate mill certifications are material test reports that document a material’s chemical composition and 
physical properties, and indicate whether the material meets an international organization’s standards (for 
example, ASME).    
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any discrepancies.  LPI also requested to review the welding procedure specifications 

(WPSs) to gain a better understanding of the “optimized welding techniques” referenced 

in the SONGS IMP [1], as well as to determine if the welding processes employed would 

make the Type 316L Stainless Steel MPCs vulnerable to sensitization – which increases 

susceptibility to SCC.  Since the WPSs are propriety, a welding summary table was 

provided by SCE, as shown in Table 4-1, and a conference call was held to discuss the 

summary table [26].   

Table 4-1  Welding Summary Table [26]

LPI also requested grinding, canister plate rolling, and surface peening procedures.  SCE 

indicated that there are no specific procedures for grinding or canister plate rolling and 

provided the licensing drawing as an alternative [11].  SCE employed a rolling process to 

induce compressive stresses on the outer surface (i.e., reduce tensile stresses to prevent 

susceptibility to SCC) such that the MPC flat steel plates were over-rolled to a smaller 

diameter, then expanded to the correct diameter.  SCE also provided a peening 

procedure that specifies the process for laser peening of confinement boundary welds on 

the SONGS MPC-37s [22].  SCE also provided sample figures [23] from a peening 

sourcebook and peening coupon test results summary table [24, 32, 38].  All welds and 

the adjacent heat affected zones (HAZs) with the potential to make incidental contact 

during downloading operations had a protective peened layer applied during 

manufacturing [1]. 

Consistent with the reported depth of compressive stress penetration reported in the 

SONGS IMP [1] and as shown in Figure 4-1, the residual stress is compressive to a 

maximum depth of approximately 0.08 in. from the outer surface.  The top chart and 

bottom graph of Figure 4-1 illustrate the stress profile along the length and height of the 

weld coupon, and the residual stress profile in the hoop direction along the surface of the 

weld coupon (where 0 in. represents the coupon surface) after peening.  Laser peening 

induces compressive stress on material surfaces and, hence, is an effective method for 
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reducing susceptibility to stress corrosion cracking because SCC requires tensile stress 

to be present. 

In summary, LPI reviewed the design and fabrication documentation provided for the 

SONGS MPC-37s, and LPI’s inquiries on this subject were addressed.  Based on the 

information provided, LPI concludes that the welding and fabrication methods employed 

on the MPCs at SONGS significantly reduce the susceptibility to SCC by simultaneously 

minimizing tensile stresses and increasing compressive residual stress. 

Figure 4-1  Through Thickness Residual Stress Results after Peening [23] 

4.2 Degradation Mechanism Screening 

Guidance for identifying susceptibility to degradation mechanisms in stainless steel 

components and mitigation and management methods is well documented.  NUREG-

2214 [31] and other EPRI Reports [9, 36] describe the degradation mechanisms that may 
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affect integrity of the stainless steel MPCs.  In particular, NUREG-2214 evaluates the 

aging-related degradation mechanisms for ISFSI system components that operate in the 

United States.  The degradation mechanisms that could impact the structural integrity of 

the MPCs include pitting and crevice corrosion, galvanic corrosion, chloride-induced 

stress corrosion cracking (CI-SCC), fatigue, and wear.  However, CI-SCC is considered 

the most likely degradation mechanism that could impact long-term operation of the 

stainless steel MPCs at SONGS [9, 31]. 

The SONGS IMP describes the five degradation mechanisms based on the source 
references, listed below as [1]: 

• Pitting and Crevice Corrosion: a localized form of corrosion that is confined to a

point or small area of a metal surface.

• Galvanic Corrosion: occurs when two dissimilar metals or conductive materials are

in physical contact in the presence of a conducting solution.

• Chloride Induced Stress Corrosion Cracking: occurs under the presence of a

susceptible material, corrosive environment, and tensile stress.  Chloride stress

corrosion cracking is a specific form of SCC that occurs in the presence of chloride

ions.

• Fatigue: degradation caused by cyclic loading due to mechanical and/or thermal

effects.

• Wear: occurs when susceptible metal components such as austenitic stainless

steel, slide against each other under an applied load.

Degradation resulting from any of these mechanisms will be visible on the surface of the 

canister, and additional volumetric inspections will be performed as necessary to 

characterize the degraded area, and mitigation would be performed [1].  Given that all 

five degradation mechanisms are credible per NUREG-2214 [31], none of them will be 

screened out, and, as such, visual inspections will be used to monitor degradation as 

outlined in the IMP.   

CI-SCC is considered the most likely degradation mechanism that could adversely affect

long-term operation of the stainless steel MPCs at SONGS.  The SONGS ISFSI is in a

coastal region, and key stressors that promote SCC initiation include temperature and

deliquescence. Higher temperatures generally increase corrosion rates, however the
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MPC temperatures are high enough to decrease the propensity for deliquescence3 which 

will reduce the likelihood of CI-SCC [9, 36]).  Given these conditions, LPI requested SCE 

to provide the estimated maximum values of stressors of CI-SCC such as temperature of 

the MPCs (outer surface), and the chloride concentration and humidity of the air that will 

be used to cool the MPCs.   

As shown in Attachment D, SCE provided values or the references to where values could 

be found in EPRI Reports [9, 36].  SCE indicated that the maximum temperature is 

approximately 225oF.  SCE stated that chloride aerosol concentration monitoring for the 

SONGS site have not been performed as they are assumed to be high enough to support 

SCC initiation and propagation.  

LPI asked whether SCE planned to identify baseline MPC conditions, test (periodically), 

and trend the halide concentration with the MPC environment.  SCE indicated that 

baseline efforts have been performed.  High‐resolution photographs of the entire surface 

of each MPC including the test canister (a total of 68 photos per MPC) were taken prior 

to canister loading at SONGS and will be available to compare to future inspection results.  

SCE also inspected eight MPCs that have been positioned into the vertical ventilated 

modules (and are storing spent nuclear fuel) in 2019; video and photographic records 

were made and retained for future inspections to be compared to these previous 

inspection results.  Furthermore, the test canister will be inspected via the same methods 

approximately every 2.5 years, and inspection results will be compared to previous results 

to evaluate for long term degradation.  SCE will not be measuring halide concentration 

because SONGS is a seaside environment, and a high halide concentration is assumed. 

LPI submitted an inquiry on whether inspections would be targeted at high tensile stress 

regions (e.g. welds, etc.).  SCE explains that MPC inspections are able to cover more 

than 95 percent of the canister vertical surfaces and include, but are not limited to, specific 

regions such as the welds.  Furthermore, SCE will perform susceptibility assessments 

described in EPRI Report 3002005371 [36] to determine the MPCs considered most 

susceptible to degradation and, therefore, selected for subsequent inspection.  These 

susceptibility assessments will consider storage time, canister shell material, canister 

decay heat load (surface temperature), and other considerations to prioritize MPC 

3 Deliquescence refers to a process where salt absorbs water from the air in conditions of high relative 
humidity [31].   



June 12, 2020 California Coastal Commission 

LA192017-R-001 Rev. 1 

18 

inspections.  The current inspection capabilities SCE can employ via remote robotics can 

observe greater than 95 percent of the canister vertical surfaces where SCC would be 

most likely to occur.  The weld areas are clearly visible and could be inspected to a visual 

acuity to observe SCC if it were present.  As such, any indications of degradation (no 

matter the reason) can be identified and assessed, as necessary, to ensure the canisters 

remain acceptable for both on‐site storage and off‐site transport. 

4.3 Repair Screening Criteria 

Inspections will be performed every 2.5 years on the test canister and every 5 years on 

select MPCs to assess the occurrence or propagation of degradation. If observed 

degradation requires repair there are several technologies that have been considered for 

repair of the dry cask storage systems’ MPCs [10].  LPI requested SCE to identify the 

flaw acceptance criteria that will be used to determine when repairs are to be performed.  

To this end, SONGS will perform repairs using a metallic overlay process when any of 

the following conditions occur [1]: 

• the existing observed degradation exceeds the maximum allowable degradation

depth (10% of nominal wall thickness or 0.0625 in. [34] per ASME Code Section

III [37] and XI requirements [6])

• the predicted rate of degradation indicates that the existing degradation will exceed

the maximum allowable degradation depth prior to the next scheduled inspection

interval

• a through-wall degradation (such as a crack due to SCC) is detected

• SCE management conservatively decides to proactively implement canister

mitigation and repair

In summary, based on the documentation provided for the degradation screening and 

repair screening criteria of the MPCs at SONGS, the proposed degradation detection and 

repair methods to be employed at the SONGS Holtec ISFSI are consistent with current 

guidance. 

5. INSPECTIONS AND MONITORING PROGRAM

As noted in the SONGS IMP [1], the NRC licensing process establishes the requirements 

for the operation, inspection and maintenance of ISFSIs in the United States. The 

requirements for the initial license period include periodic monitoring of canister 

conditions through monitoring air vents, and inspection and evaluation of accessible 
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surfaces (normally concrete surfaces) of the ISFSI.  Although the NRC does not require 

any canister inspections during the initial license period of 20 years, such inspections are 

required after 20 years of operation as part of the Aging Management Program. 

LPI comments and SCE responses regarding SONGS’ inspection and monitoring 

program are summarized below.   

5.1 ISFSI System 

The scope of inspections outlined in the SONGS IMP include inspecting the Holtec 

ISFSI’s material condition.  The type of ISFSI inspections and frequency vary as follows: 

• Vertical Ventilated Module (VVM) outlet temperature and inlet/outlet vent screen

inspections for blockage will be monitored daily

• VVM inlet/outlet vent screen will be inspected monthly for damage, holes, and

other evidence of degradation

• ISFSI pad and VVM accessible external surfaces will be visually inspected

annually for any evidence of degradation

• ISFSI structure will be inspected for any indications of settlement every 5 years

LPI requested SCE to provide additional information on how the ISFSI structure 

settlement inspections were to be performed and to specify the acceptance criteria that 

would warrant MPC extraction.  SCE reported that a baseline survey will be performed by 

a licensed professional-approved land surveyor using standard survey methods, although 

advances in the methods and techniques will always be considered.  This initial survey 

will be performed after fuel transfer operations to the ISFSI are complete.  Subsequent 

inspections will be performed every 5 years thereafter as previously stated.  Surveys will 

be performed in accordance with SCE’s Quality Assurance (QA) program.  The 

acceptance criteria for allowable settlement is 0.2 in. even though settlement greater than 

0.2 in. is not expected to impact MPC extraction even if only one corner or one side of the 

ISFSI structure exhibited differential settlement.  

5.2 Test Canister 

The test canister is an unloaded canister that is identical to the MPCs storing spent fuel; 

it contains an electric heat source to simulate the heat load from stored spent fuel, and is 

stored in the ISFSI subjected to the same conditions as an in-service MPC.  The simulated 

heat load will mimic the coolest of the MPCs (see Attachment B item number 6).  The test 

canister is designed to be accessible for monitoring and inspection.  Periodic inspections 
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will be performed on the test canister to detect and monitor any potential canister 

degradation.  As stated previously, the test canister simulates an MPC and its operating 

environment (although it does not contain spent nuclear fuel), and will be inspected more 

often to detect initial signs of degradation and used to demonstrate MPC repair activities 

– if warranted.  SCE has developed high resolution robotic monitoring capability to

remotely inspect the exterior surface of an in-service MPC.

LPI requested information on whether test canister extraction and transportability testing 

has been performed to guide future MPC extractions and prevent misalignment incidents.  

SCE indicated that extraction and transportability testing of the test canister was not 

considered, since the test canister lid was not welded to allow for internal heater repair, if 

necessary.  However, the IMP [1] indicates that the test canister can be removed for 

precise inspections if warranted.  Furthermore, MPC extraction capability was 

demonstrated in 2017 to the NRC using the MPC simulator as a license condition prior to 

the start of fuel transfer operations4.  SCE indicated that testing will be performed before 

transferring a loaded MPC (containing spent nuclear fuel) into a transportation cask. 

LPI also submitted on inquiry on whether the location of the test canister is representative 

of the population’s susceptibility to SCC, and the dates for when the test canister and first 

MPC were installed at the SONGS ISFSI.  SCE stated that the test canister was installed 

in December 2019 and its location is a conservative representation of the loaded MPC 

population because it is closest to the ocean and the test canister temperature is set lower 

than the coolest MPCs to increase its susceptibility to SCC initiation.  The test canister 

heat load will be installed in July 2020.  The first loaded MPC was installed at the SONGS 

ISFSI in January 2018.  Per LPI’s request, SCE agreed to include the test canister on the 

Holtec ISFSI Pad Location and Visual Assessment Scope Map (located on Page A-1 of 

Exhibit 4 of [1]). 

LPI requested that SCE describe the thermal distribution of the electric heaters in the test 

MPC versus the heat distribution from a typical fuel bundle.  Three heater banks, each 

comprised of 3 heaters stacked vertically, were installed inside the test canister to 

simulate the heat distribution of a loaded MPC.  Only two of the three heaters from each 

bank are energized, and the heat load can be adjusted by varying the current to attain 

4 Detailed information is provided in the NRC Report ML18200A400, 
https://adamswebsearch2.nrc.gov/webSearch2/main.jsp?AccessionNumber=ML18200A400. 
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the target temperature.  SCE compared the temperature profile of the test canister to the 

spent fuel loaded MPCs and verified that the test canister temperature profile is similar 

to, and cooler than, the temperatures of the lowest heat‐load MPCs that will be loaded in 

the ISFSI. 

In summary, LPI reviewed the documentation provided for the inspection and monitoring 

of the test canister and LPI’s inquiries on this subject were adequately addressed.  The 

inclusion of a test canister program is an effective strategy for early detection of possible 

degradation of the MPCs at SONGS. 

5.3 Multi-Purpose Canisters 

The SONGS IMP provides the inspection schedule for the MPCs, which began in 2019 

and included 8 MPCs.  Going forward, the test canister will be inspected every 2.5 years, 

and multiple MPCs every 5 years.  This inspection frequency is considered to be very 

conservative, since current NRC requirements consider initial MPC inspections after 20 

years of service [6, 9, 31].   

SONGS will inspect two MPCs; one of the two MPCs will be the MPC with the highest 

susceptibility to SCC – this canister will be inspected every five years.  The second MPC 

to be inspected will be selected based on guidance provided in EPRI Report [9].  As 

mentioned previously in Section 4.2, SCE will perform susceptibility assessments per 

EPRI guidance [36] to determine the MPCs considered most susceptible to degradation. 

These susceptibility assessments will take into account storage time, canister shell 

material, canister decay heat load (surface temperature), and other considerations to 

prioritize MPCs inspections.  Supplemental inspections will be performed if the observed 

degradation exceeds flaw depth acceptance criteria and/or degradation is not consistent 

with previous inspection results.  The supplemental inspections will employ current 

industry standards and technology available at the time of inspection.  Inspection methods 

under consideration include supplemental visual inspections (VT-1 resolution), which 

could presently be implemented, or Eddy-Current Testing (ECT) or Ultrasonic Testing 

(UT).  The flowchart given in Exhibit 5 of the SONGS IMP illustrates the process for 

performing MPC inspections and subsequent tasks [1]. 

SCE’s inspections plan is based on ASME Draft Code Case N-860 [6].  This Code Case 

provides guidance for the inspection and maintenance of spent fuel canisters for 

managing the most credible degradation mechanism (SCC) that may compromise the 

integrity of the MPCs.  Code Case N-860 provides guidance on the frequency, number, 
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and type of inspections that should be performed on spent fuel canisters and assumes 

that canister inspections begin after approximately 20 years of service.   

LPI also inquired about the expected degradation rate of the MPCs and whether more 

frequent inspections may inadvertently accelerate (by exposure) the degradation rate.  

SCE reports that the anticipated degradation rates for the MPC weld regions are 

conservatively based on the SCC degradation rates of 0.0036 to 0.0261 in./yr as reported 

in NUREG-2214 [31].  The inspection of the MPCs does not change the daily 

environment, as such, no acceleration effects are expected to occur due to inspections. 

If degradation is observed, SCE stated that the degradation would be measured and 

evaluated in accordance with criteria reported in the SONGS IMP [1], and the results 

would be communicated to the nuclear industry for information and evaluation, as 

appropriate.  

In summary, LPI reviewed the documentation provided for the inspection and monitoring 

of the MPCs at SONGS, and LPI’s inquiries on this subject were adequately addressed.  

The proposed inspection frequency of the MPCs is consistent with the current guidance 

and best practices available.  

6. REPAIR AND REMEDIATION

As stated in Section 5, SCE will be inspecting the test canister every 2.5 years and the 

MPCs every 5 years during the initial 20 years of service.  The SONGS IMP describes 

the response and remediation plans that will be implemented based on the inspection 

results as illustrated by Figure 6-1.   

SCE is actively working with industry to develop repair techniques that can be used to 

repair damaged MPCs.  SCE has selected a combination of grinding to remove a flaw 

and, if necessary, application of a metallic overlay to mitigate flaw propagation [1]. 

Subsequent sections describe the repair and remediation plans when observed 

degradation exceeds flaw depth acceptance criteria of 0.0625 in. (i.e., 10% of MPC wall 

thickness). 
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Figure 6-1  SONGS IMP Inspection and Remediation Plan [1] 

6.1 Metallic Overlay 

The metallic overlay process involves the application of a nickel coating to the damaged 

surface of an MPC.  The metallic overlay process combines the capabilities of a robotic 

visual assessment with a high-energy solid-state coating and powder consolidation 

process involving an electrically heated high-pressure carrier gas (nitrogen or helium) to 

accelerate metallic powder through a supersonic nozzle above a critical velocity for 

particle adhesion (see Figure 6-2) [1, 25].  SCE and its partners developed and have 

demonstrated the capability to remotely apply a metallic overlay to mitigate a potential 

flaw in a canister.  Remote inspection and canister mitigation procedures have been 

developed and approved by SCE [1]. 
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Figure 6-2  Metallic Overlay Process for Repairing MPCs at SONGS [1] 

LPI requested clarification on the potential for any adverse effects that result from the 

metallic overlay methodology, and how the overlay may affect the desired fabrication 

stresses of the MPC.  SCE stated that laboratory tests do not show any adverse effects 

resulting from application of the metallic overlay process.  Instead, the metallic overlay 

process induces a compressive stress on the base material, which improves the 

resistance to SCC initiation.  

6.2 Alternative Mitigation Methods 

Besides grinding and the metallic overlay process, SCE considered encapsulating an 

MPC in an overpack, such as placing an MPC in a licensed transportation cask for 

storage.  SCE is engaged with DOE, EPRI, industry, and academia investigating new 

methods to repair damaged MPCs, which will allow for the selection of modern repair and 

mitigation methods throughout the service life of the MPCs at SONGS. 

Based on the documentation provided on the metallic overlay process, and SCE’s efforts 

to employ the latest repair methods on degraded MPCs (if it should occur), the proposed 

repair and mitigation plan for the SONGS Holtec ISFSI canisters is reasonable.   
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7. DATA ANALYSIS AND REPORTING

The inspection results, condition trending reviews, and any corrective actions taken will 

be summarized in a report and provided to the CCC within 180 days of the completion of 

an MPC inspection (i.e., every five years).  In addition, if mitigation is required to address 

any degradation on a loaded fuel canister, the CCC will be notified within 30 days of the 

decision to mitigate, followed by a plan detailing the actions SCE will undertake to assure 

future transportability of the MPCs.  SCE’s report to the CCC will provide the following: 

• Summary of ISFSI inspections

• Inspection information for the selected location for the MPC

• ISFSI pad location,

• Test canister inspection location

• Inspection results and trending of data, and comparison with previous inspections

• Corrective actions that may have been taken based on the inspection results

• Assessment of whether the inspection frequency is adequate and revision of such,

if necessary

• Assessment of degradation rate and impact to the structural integrity of MPCs and

their transportability

7.1 Statistical Analysis Summary 

SCE performed visual examinations (March and April of 2019) of the accessible surfaces 

of 8 out of the 29 Holtec MPCs installed (at the time) at this SONGS ISFSI.  Visual 

assessments were performed to observe and characterize (width and depth) surface 

irregularities using a robotic crawler equipped with navigational cameras and a 

borescope, and a flexible camera with interchangeable lenses. This equipment is capable 

of measuring surface defects greater than 0.001 in. [27].  The majority of observed wear 

marks were caused from contact with the divider shell shield ring (maximum wear depth 

of 0.012 in.) and the MPC inner seismic restraints (0.026 in.).  Surface irregularities were 

compared to post-fabrication photos to determine if the irregularities were present prior 

to MPC downloading.  The 28 surface regularities have a mean depth of 0.0111 in. and 

standard deviation of 0.0075 in. [27].  A statistical assessment that was performed 

concluded that any wear mark that might occur during downloading operations has a 95 

percent probability, with a 95 percent confidence level, of having an upper bound depth 

of 0.035 in. [1]. 

LPI requested that SCE provide details of the statistical evaluation that was performed to 

describe the technical basis for maximum depth projections, as well as an explanation of 
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why only 8 MPCs were inspected, what data and trend analysis would be performed on 

wear depth data, and what is the acceptance criteria. 

As shown in Attachment B, SCE provided responses to LPI’s questions and provided 

additional documentation, an NRC report [34], and a May 2, 2019 report [27].   

The May 2, 2019 report is summarized below: 

• Based on wear depth data from 8 MPCs (out of 29), a statistical analysis was

performed to determine the bounding depth at the 95/95 confidence level of a

double scratch on the MPC wall resulting from insertion and then withdrawal from

a VVM [27].  This analysis conservatively assumed a worst-case scenario that the

insert and withdrawal scratches occur at the same location.  It was further

concluded that the deepest total scratch depth at one location resulting from

insertion followed by withdrawal at the 95/95 confidence level is 0.0584 in. [27].

As a result, even under a worst-case scenario, potential scratches would reduce

the SONGS canister wall thickness to 0.5666 in., which is above a minimum wall

thickness of 0.5625 in. specified by ASME (i.e., 10% reduction in the nominal wall

thickness) [4, 5, 34].

With regard to the trending and acceptance criteria of wear depth data, SCE reported that 

detailed photographs and videos were recorded during MPC inspections to allow long 

term comparison of canister conditions and to allow analysis (as needed) and predictions 

of future degradation based on past history.  SCE indicated that additional visual 

examination and analysis will be performed as necessary, consistent with the guidance 

in ASME Draft Code Case N‐860 [6].  All the inspection data will be entered into the 

SONGS inspection database for initial evaluation and will also allow for long-term 

analysis.   

LPI provided additional questions on the statistical analyses relative to specific ASME 

Code flaw depth criteria, as well as why a Normal (Gaussian) distribution was assumed 

for the statistical analysis of wear depths since the Normal distribution includes negative 

flaw depths (based on the reported wear depth mean and standard deviation) – negative 

flaw depths do not make physical sense.  SCE provided responses as shown in 

Attachment C and additional documentation showing that various statistical analyses had 

been performed on April 10, 2019 [28] and April 15, 2019 [29], as summarized below: 

• A statistical analysis (April 10, 2019) was performed to determine the number of

loaded canisters that need to be inspected to provide reasonable confidence that

the deepest scratch in the entire population of canisters (29) that have been loaded
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to-date is less than an upper bound scratch depth [28].  By assuming that the 

deepest scratch on each of 3 MPCs can be treated as a Normally distributed 

random variable, it was concluded that there is 95 percent confidence that each of 

the 26 remaining canisters will not have a scratch deeper than 0.109 in.  If 5 

additional canisters are sampled and the measured depths are as expected (same 

mean and variance), the additional sample data would support conclusions that 

the bounding scratch depth at 95 percent and 99 percent confidence is 0.053 and 

0.088 in., respectively.  Likewise, if 10 additional canisters (total of 13) are sampled 

and the measured depths are as expected (same mean and variance), the 

additional sample data would support conclusions that the bounding scratch depth 

at 95 percent and 99 percent confidence is 0.046 and 0.070 in., respectively [28].  

• A subsequent statistical evaluation (April 15, 2019) was performed on wear depth

measurements from 8 MPCs.  It was conservatively assumed that the probability

of two scratches occurring at the exact same location, due to (inserting and

extracting the MPC into the VVM), is unity [27].  The wear depths were assumed

to be random variables, and, therefore, a Normal distribution was used for the

analysis as random variables follow a Normal distribution.  A simulation was

conducted based on 1500 trials to produce a modified Normal distribution that

forces all scratch depth measurements to be positive numbers (i.e., truncated

Normal distribution) to assess whether using a standard Normal distribution was

adequate.  Results indicate that there is negligible difference in the confidence

intervals between using a standard Normal distribution and a truncated Normal

distribution [29, 40].  The statistical analysis also concluded that this sample size

yields a 95 percent probability, with 95 percent confidence level, that wear marks

would not be deeper than 0.035 in. [1, 29] – this conclusion applies for the

remaining 21 canisters that had been installed at that time and future canisters

(total of 75 MPCs) at the Holtec ISFSI at SONGS [34].  This scratch depth is below

the ASME acceptable flaw depth of 0.0625 in.

SCE also reported that finite element (FE) modeling was performed on the unloading 

operations for MPCs.  Results of this deterministic analysis suggested that wear depths 

will not exceed 0.030 in. (see Attachment D).  Specifically, a finite element model was 

developed [41, 42] to determine the scratch depth and canister shell indentation resulting 

from downloading and uploading canister operations. Contact between the canister wall 

and an inner seismic support was modeled as a circular contact area on a flat canister 

surface. The resulting scratch depths calculated by the model are consistent with the 

results reported for actual simulated test data [41].  The analysis concluded the MPC wall 
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thinning due to scratching will be less than a maximum of about 0.015 in. - even under 

contact loads of 30,000 lb [41].   LPI requested surface profiles of the wear marks to gain 

a better understanding on how the modeling implemented wear mark measurements and 

whether the modeling methods employed produce results that are consistent with 

measurements performed to-date (see Attachment E). SCE stated (see Attachment F), 

that the scratching modelled in the FEA model is a different phenomenon than what has 

been observed because of contact with the seismic restraint.  

Regarding allowable flaw acceptance limit response by SCE in Attachment C, SCE 

indicated that instead of the ASME 10% depth tolerance (or 0.0625 in.) [5], a flaw depth 

limit of 0.175 in. is more appropriate per the local primary membrane stress limit of 1.1·Sm 

in ASME Code Section III [37] given that the MPC wall thickness is 0.125 in. thicker than 

the nominal wall thickness of 0.50 in.: 

0.625 in. – [0.50 in. – (0.50 in x 10%)] = 0.175 in. 

Consistent with NUREG-2214 [31] and the NRC Supplemental Inspection Report [34], 

LPI recommends that a 10% flaw allowable limit for preservice and in-service inspection 

requirements in ASME Code section XI (Table IWB-3514-1)) [6] be the acceptance 

criterion for determining maximum allowable flaw depths of MPC, and subsequent repair 

efforts. This conclusion is based on maintaining the benefit of the compressive residual 

stresses at the canister welds.  Specifically, the NRC Supplemental Inspection Report 

[34] indicates that the protective layer over the welds and heat affected zones is

approximately 0.080 in.  Therefore, employing a 10% flaw depth acceptance limit of

0.0625 in. ensures that the compressive stresses in the outer surface of the Holtec MPCs

(induced by over-rolling and laser peening) will not be compromised.

7.2 Recommendations for Statistical Analyses 

LPI is of the opinion that the Normal distribution is not appropriate to model the maximum 

scratch depth per canister.  In [29], the Normal distribution is based on the initial three 

measurements of 0.000, 0.012, and 0.026 in., with a corresponding mean and standard 

deviation (calculated by LPI) of 0.0127 in. and 0.013 in., respectively.  In contrast, the 

Canister Inspection Plan [29] mistakenly reports the mean and standard deviation as 

0.013 in. and 0.0125 in., respectively.  This was clarified by SCE (as outlined in 

Attachment G) by conservatively replacing the reported 0.000 in. value with a 0.001 in. 

value to derive the mean and standard deviation values of 0.013 in. and 0.0125 in., 

respectively.  An LPI plot of the data and fit are shown Figure 7-1. 
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Figure 7-1  Normal Distribution, Three Wear Depth Measurements 

For the initial three data points shown in Figure 7-1, it is evident that approximately 16.5 

percent of the distribution extends into a region of negative or impossible values.  If the 

mean and standard deviation for all 8 measurements had been used, approximately 7 

percent of the distribution would still fall below zero.  Both sets of data fail the typical “95% 

range check” [43] for considering the Normal distribution, whereby 95 percent of the fitted 

distribution needs to make physical sense. Although the primary region of concern is the 

upper tail of the distribution, specifically at 0.0625 in., having a significant amount of 

probability assigned to physically impossible negative values deprives the larger 

maximum scratch depths of probability, thereby underestimating the true risk to the 

canisters. 

Of concern for the more significant (deeper) gouges identified on the MPC is the process 

of galling of the stainless steel canister with contact to the stainless steel seismic restraint 

within the VVM. The process of galling occurs when two materials, typically of similar 

hardness slide over each other. Galling is a different process to what was modelled in the 

previously identified finite element analysis. Galling is self-limiting in that material is 

typically removed from the surface in one region and redeposited in another region, the 

depth of the gall (trough), and height of the redeposited material as a prow, is limited by 

the contact stress between the materials and the hardness of the contact materials. 

Galling, as a process, is well documented in the literature [44 - 48].  LPI utilized the 

existing data obtained from SCE inspection results [1] to perform a statistical evaluation 

and concluded, with a 95 percent probability and 95 percent confidence, that the deepest 
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galled region for all 65 uninspected canisters would not be greater than 0.052 in. This 

damage depth is less than the 0.0625 in. ASME code 10% wall thickness limit, and within 

the depth of compressive stresses associated with the laser peening.   

In summary, it was recommended the statistical analyses be updated at this time using a 

more appropriate distribution method, this was done by SCE, as outlined in Attachment 

G. Additionally, it is recommended that the statistical evaluation be reassessed after the

scheduled 2024 MPC inspections, and every time MPCs inspections are performed

thereafter to incorporate the additional wear depth data.  The revised statistical analyses

should include all wear depth data, and employ extreme value statistics to predict 95

percent probability bounding flaw depth, with 95 percent confidence level for the entire

MPC population and not just a single canister.  The number of canister inspections and

inspection frequency should be revised (as appropriate) based on the revised statistical

analyses.  Scratch depth data from future inspections will likely reduce the probability in

a meaningful way provided, of course, that the maximum scratch depths stay within the

range of previous depth measurements.

In addition, it is not clear whether efforts have been made to minimize galling (gouging) 

and scratches during unloading operations based on the information provided for LPI’s 

review.  It is recommended to assess how unloading operations for future removal of 

MPCs can be improved to minimize wear depths. 

8. CONCLUSIONS AND RECOMMENDATIONS

LPI performed an independent third-party review (ITPR) of SONGS’ “Inspection and 

Maintenance Program” for the Holtec International (Holtec) independent spent fuel 

storage installation (ISFSI).  The focus of the ITPR was to assess the methods for 

inspection and maintenance during storage and future retrieval for off-site transport of the 

MPCs for when future permanent storage becomes available.  The SONGS IMP is 

comprised of inspection and remediation activities, and data management and reporting 

requirements. 

LPI reviewed the draft SONGS IMP and supporting documents.  The ITPR focused on 

design and structural stability of the MPCs given the materials of construction, fabrication 

methods, susceptibility and mitigation methods for potential degradation mechanisms, 

monitoring and inspections methods, number and frequency of canister inspections, data 

analysis and trending of inspections results, and the technical basis for proposed methods 

of the IMP.  SCE was responsive in providing answers to LPI comments.  In this regard, 

conference calls were also held to expedite comment resolution and provide clarification, 

as necessary.  
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In summary, based on the documents reviewed for this ITPR and extensive discussions 

with SCE, LPI is of the opinion that the canister fabrication methods (i.e., over-rolling and 

laser peening) will induce residual compressive stresses in the outer surface, which will 

effectively minimize susceptibility to stress corrosion cracking – the most credible 

degradation mechanism at the SONGS site.  Furthermore, LPI believes that the Type 

316L Stainless Steel Canisters combined with an additional 0.125 in. wall thickness (for 

an overall wall thickness of 0.625 in.), and the fabrication methods should effectively 

minimize susceptibility to stress corrosion cracking.  The SCE IMP sets-out MPC 

inspection schedules, on an earlier and more frequent basis than mandated in the 

Certificate of Compliance (CoC) 72-1040 [49] for the spent fuel storage system canister 

design licensed by the United States Nuclear Regulatory Commission (NRC) for ISFSI 

temporary storage.    LPI generally finds that the IMP satisfactorily establishes a plan to 

effectively observe any potential degradation mechanisms that may occur during the 

storage period through 2035.  Additionally, the IMP presents credible maintenance 

actions, using best available current technology that could be implemented to address 

degradation mechanisms if they should occur.    

However, an item of note was associated with the statistical evaluation that was 

performed to predict the maximum (bounding) depth of MPC scratches that may occur 

during insertion and extraction from the vertical ventilated modules (VVMs).  These 

analyses employed a Normal distribution to predict a 95 percent probability bounding flaw 

depth, with 95 percent confidence level, that wear marks identified in future inspections 

would not be deeper than the bounding flaw depth of 0.035 in. for a single canister based 

on visual inspections of 8 MPCs (out of 29 MPCs).  A Normal distribution is not 

appropriate for predicting maximum flaw depths as is done via extreme value statistics.  

The application of a Normal distribution underpredicts maximum flaw depth and 

probability of finding a flaw depth greater than the bounding flaw depth.   

It was recommended the statistical analyses be updated at this time using a more 

appropriate distribution method. This was done by SCE, as outlined in Attachment G. 

Additionally, it is recommended that the statistical evaluation be reassessed after the 

scheduled 2024 MPC inspections, and every time MPCs inspections are performed 

thereafter to incorporate the additional wear depth data. The number of canister 

inspections and inspection frequency should be revised (as appropriate) based on the 

revised statistical analyses.  The revised statistical analyses should include all wear depth 

data, end employ extreme value statistics to predict 95 percent probability bounding flaw 

depth, with 95 percent confidence level for the entire MPC population and not just a single 

canister.    Furthermore, unloading operations employed for future removal of MPCs 

should be assessed and modified as appropriate to minimize gouge wear depths.   
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A second item of note was associated with the acceptable flaw limit for the Holtec MPCs 

at the SONGS ISFSI.  LPI recommends that a 10% flaw allowable limit for preservice and 

in-service inspection requirements in ASME Code section XI (Table IWB-3514-1)) [6] be 

the acceptance criterion for determining maximum allowable flaw depths of MPCs, and 

subsequent repair efforts.  This conclusion is based on maintaining the benefit of the 

compressive residual stresses at the canister welds.  Specifically, the NRC Supplemental 

Inspection Report [34] indicates that the protective layer over the welds and heat affected 

zones is approximately 0.080 in.  Therefore, employing a 10% flaw depth acceptance limit 

of 0.0625 in. ensures that the compressive stresses in the outer surface of the Holtec 

MPCs (induced by over-rolling and laser peening) will not be compromised. 
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Document: Inspection and Maintenance Program

Rev.: DRAFT Dated 3/31/20

Comment 

No:

Section 

No: Page No: Parg/Sent. Comment:

1 -- -- --

Given the 8/3/2018 transfer incident that placed the MPC in a misaligned 

condition with lifting devices not supporting the MPC weight, what is the 

safety margin on the MPC lift cleat and attachment methods considering a 

dynamic load from a potential drop? Has a degradation mechansim been 

considered/evaluated for the attachment methods of the lift cleats to the 

MPC? What effect if any would degradation mechanisms have on the lift 

capacity of the cleat attachment points? 

2 -- -- --
Are there any plans to test the extraction and transportability of the test 

canister prior to extraction of MPCs with SNF?

3 -- -- -- All figures need to be called out in the main body.

4 -- i --

Table of contents should include the appendix (that is referenced on page 

20) and the six exhibits.  A reference section should also be included.

5 I.a. 1 --

8 MPCs were inspected out of how many canisters?  Need to provide 

technical basis for the number of canisters selected and inspection 

frequency.

6 I.b. 2 --

Is the location of the test canister representative of the population for the 

susceptible degradation mechanism (i.e. SCC). When was the test canister 

implemented relative to loaded MPC - is the test canister as old as the first 

canister(s)?  Provide dates for both.

7 I.b 2 --/2nd
Describe the thermal distribution of the electric heaters vs. the heat 

distribution from a typical fuel bundle, and the effect(s) if any. 

8 I.c. 2 --

Was the ISFSI's vulnerability to flooding from storms, tsunamis, etc., 

considered? What is the inspection procedure (if any) following a major 

flooding event?

9 I.c 2 --/2nd
What is the flaw criteria for consideration/application of the metallic 

overlay? 

10 I.c 2 --/2nd

Are there any adverse effects (e.g. residual stresses, etc.) as a result of 

the metallic overlay methodology? How does the overlay affect the desired 

fabrication stresses?

11 II.E. 7 4th/--

Specify how the five degradation mechanisms will be monitored, identify 

acceptance criteria, and parameter values that will be used to screen in/out 

susceptibility to each of the degradation mechanisms.

12 II.E 7 4th/last

Given SCC is considered the most likely long term degradation mechanism, 

are inspections targeted at high tensile stress regions (e.g. welds, etc.)? 

Are there pre-defined inspection checklists and acceptance criteria for 

targeted locations that may be more susceptible to SCC? Are there any 

plans to baseline, test on a periodic basis, and trend the halide 

concentration within the MPC environment?

13 III.A.1 13 4th/--

How will the inspection for ISFSI structure settlement be performed? Laser 

scanning, etc.? What is the acceptance criteria to affect MPC extraction? 

14 III.A.2 13 --

Consider using automated photograph comparision technology such as 

Change Detection System (CDS) developed by DOE/INL. LPI is a 

commercialization partner/service provider of the CDS technology for the 

nuclear industry.

15 III.A.2.a 14 1st/1st

Need to clarify the following sentence:  "The SONGS inspections were 

informed by previous inspections carried out by EPRI’s Extended Storage 

Collaboration Program, which is discussed in more detail in section B.2  

below."  Should "...previous inspections" read "...previous inspectors"?

16 III.A.2.c 16 2nd/last

Regarding ".....SCE will conservatively begin inspecting canisters much 

sooner," reference to Table 1 should be included in this statement. 

17 III.A.2.c 16 3rd/2nd

Table 1 is referenced here, is this the same Table 1 mentioned in the 

Executive Summary?

18 III.A.2.c 17 1st/1st

How will  the canisters’ relative susceptibility to degradation  be determined 

for selection of the bounding MPC?  

19 III.B.3 22 5th/1st

Is the "..miniaturized mitigation system.." mentioned here referring to the 

overlay system? If so, suggest rewording to be consistant elsewhere. 

20 III.C 22 1st/1st

What is the basis of the 180-day reporting requirement from inspection 

completion?

21 III.C.2 23 --

What analysis and trending data is expected? What would be the 

acceptance criteria of that data? 

22 III.C.5 23 --

What is the expected degradation rate considering industry OE (i.e. a slow-

developing and well understood phenomenon that is not expected to occur 

within the first couple decades of the life of a canister)? Does more 

frequent inspection have the potential to accelerate (by exposure) industry 

established degradation rates? 
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Document: SONGS Draft IMP Exhibits

Rev.: DRAFT Dated 3/31/20

Comment 

No:

Section 

No: Page No: Parg/Sent.
Comment:

1 Exhibit 4 3 --

Provide details of the statistical evaluation that was performed, as it 

provides the technical basis for maximum depth projections, 95 percent 

confidence levels/probability, as well as the number of MPCs that were 

inspected (why are 8 MPCs adequate...out of how many?).

2 Exhibit 4 A-1 -- Would be helpful to provide the test canister on the map.

3 Exhibit 5 -- --
How is SCC distinguished from other corrosion mechanisms? Are there 

plans to test for halide concentration? 
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