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Context: 

Southern California Edison hosted a tour of the San Onofre Nuclear Generating Station’s 
Independent Spent Fuel Storage Installation on Sept. 7, 2023, and an engineer-to-engineer 
meeting largely focused on a beyond-design-basis flooding analysis of the Holtec UMAX ISFSI. 
Primary external participants were engineers Paul Blanch and David Lochbaum. SCE was 
represented by engineers Jerry Stephenson and Randall Granaas as well as seismic/tsunami 
specialist Bob Yales. Observers from the local communities were Gary Headrick, Charles 
Langley, and Dan Stetson. Observing from SCE was Manuel Camargo. Lochbaum and Stetson 
participated in the technical discussion virtually, via Microsoft Teams. 

This document captures several key discussion points from the engineer-to-engineer discussion. 
This document also includes new detail regarding the elevation of remnant tsunami deposits in 
north coastal area of San Diego County as provided by the third party consulting firm, Coastal 
Environments. 

ISFSI Specific Safety Issues: 

1. Cavity Enclosure Container (CEC) and Divider Shell material and thickness, and UMAX air
passage.

During the walkdown of the ISFSI, SCE stated the CEC is ¾” thick 304 stainless steel. The divider shell is 
½” thick carbon steel. There is a 6” air passage at the base of the CEC (i.e., between the base of the CEC 
and bottom of the divider shell), which extends around the entire 360° circumference. 

2. Inlet and outlet vent radiation readings.

SCE engineer Granaas carried an RO-2 radiation survey meter during the tour of the ISFSI. An RO-2 reads 
in millirem/hour, which are the units generally recorded on radiation surveys of the NUHOMS and 
UMAX inlet and outlet vents1.  

For the NUHOMS system, the outlet vent radiation reading is lower than the inlet, due to the design of 
the module’s concrete shielding. For the UMAX system, the outlet vent reading is also typically the 
same, or lower, than the inlet vent radiation reading, due to design of the module’s shielding. 

SCE does not routinely survey the NUHOMS system outlet vents, due to their location approximately 20’ 
above grade. Working at this elevation on a routine basis is an avoidable industrial safety risk. Routine 
surveys of the ISFSI include radioactive contamination surveys, which would identify a release of 
radioactive particulate from the outlet vent of a NUHOMS module. 

1 Micro-rem/hour may also be used, if applicable to the survey instrument used. 
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However, in response to an assertion made by a member of the public that SCE and the NRC were hiding 
radiation levels from the outlet vents, SCE arranged to have an independent contractor survey the outlet 
vents in October of 2020. Reference:  

https://www.songscommunity.com/_gallery/get_file/?file_id=5fbdad4f2cfac2529449d162&ir=1&file_ex
t=.pdf 

The independent contractor found no radioactive contamination at the outlet vents. Measured outlet 
vent radiation levels were lower than inlet vent radiation levels. 

The canisters used at SONGS are designed, fabricated, and processed in accordance with NRC 
regulations and guidance. The canisters are leak-tested in accordance with ANSI standards and have 
redundant closure lids.  Radiological surveys of the ISFSI area performed by SCE are consistent with the 
canister design and NRC requirements.  

3. SONGS ISFSI Radiation Monitoring System (IRMS).

During the tour of the ISFSI, Jerry Stephenson (SCE ISFSI engineering manager) pointed out three 
radiation monitors installed adjacent to the storage modules (a fourth control monitor is installed near 
the owner-controlled area boundary). The group observed a 15 micro-rem/hour reading on the monitor 
on the northeast corner of the UMAX ISFSI. 

The group discussed whether the monitors may detect a breach of the canister’s confinement boundary. 
The monitors are not gaseous monitors, and therefore would not detect a gaseous release, if a breach 
occurred in a canister containing fuel with breached cladding2. The monitors would detect a significant 
release of radioactive material from a canister, or significant damage to the shielding surrounding the 
dry storage canister. A microscopic breach in the confinement boundary of a dry storage canister will 
not result in a significant release of radioactive particulate.        

4. Chloride Induced Stress Corrosion Cracking (CISCC).

CISCC cannot occur unless all three of the below elements are present: 

1. Tensile stress (present in weld areas);
2. Susceptible environment (e.g., marine);
3. Susceptible material (e.g., 304 stainless steel).

2 Gaseous activity (primarily Krypton-85 for spent fuel) is normally confined within an intact fuel rod but may be 
released through a cladding breach.  The dose resulting from a release of gaseous activity from a dry storage cask 
is well below applicable regulatory limits, as reported in Table 10 of NRC NUREG-1140, A Regulatory Analysis on 
Emergency Preparedness for Fuel Cycle and Other Radioactive Material Licensees.    
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CISCC is a slow process, if it occurs at all3. For the SONGS site, a through-wall crack would not occur 
sooner than approximately 80 years4 (if it occurs at all). 

The weld areas of SONGS Holtec canisters have been laser peened, which relieves tensile stress and 
creates compressive stress. This negates the potential for CISCC to occur on the Holtec canisters: 
without tensile stress, cracking cannot occur.  

The effect of CISCC on canister structural integrity was discussed during the meeting. Randall Granaas 
stated the canisters are very flaw tolerant5. Therefore, CISCC is unlikely to affect a dry storage canister’s 
structural integrity. 

Red staining has been observed on the shell during inspection of Holtec canisters. The red stains were 
caused by free iron transferred from the coated carbon steel transfer cask liner (breaches in the coating 
exposed carbon steel). Red stains—i.e., corrosion—can be a precursor to CISCC, but is not actual 
cracking. The free iron will likely be expended through oxidation, after which corrosion will cease. SCE 
will be monitoring red stains in weld areas to ensure CISCC is not occurring, in accordance with the 
Inspection and Maintenance Program approved by the California Coastal Commission.  In addition, as 
noted earlier, the affected canisters have been laser peened, removing the tensile stress required for 
CISCC to occur. 

5. Detection of a through-wall crack.

SCE follows industry guidance to select canisters for inspection that are most susceptible to chloride 
induced stress corrosion cracking6.   

If a canister that has not been inspected were to develop an undetected through-wall crack, it is unlikely 
routine radiological surveys of the ISFSI area would identify the crack. This is due to the microscopic 
nature of chloride induced stress corrosion cracking, which will restrict the release of radioactive 
particulate through the crack.   

6. Retrievability.

10 CFR Part 72.122 (I) specifies the requirement for the retrieval of spent nuclear fuel as follows: 

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. 

The retrievability requirement applies to all general license ISFSIs, such as for SONGS, and specific 
licensed ISFSIs. The NRC is responsible to verify by its review of license applications for ISFSIs and by pre-

3 For example, there are many welded stainless-steel pipes and tanks in marine environments that have not 
experienced cracking. 
4 EPRI report Flaw Growth and Flaw Tolerance Assessment for Dry Cask Storage Canisters, 3002002785, Table 3-3.  
Note the table assumes a 0.5" thick shell; SONGS canisters use a 0.625" thick shell. 
5 EPRI report Flaw Growth and Flaw Tolerance Assessment for Dry Cask Storage Canisters, 3002002785, Chapter 4. 
6 EPRI Report Aging Management Guidance to Address Potential Chloride-Induced Stress Corrosion Cracking of 
Welded Stainless Steel Canisters, 3002008193. 

Attachment 1: SCE Notes and Follow-up 09-07-2023 Engineer to Engineer Meeting                 Page 3 of 14



SCE Notes and Follow-up Items from 
09-07-2023 Engineer-to-Engineer Meeting and Tour of SONGS

Prepared by Southern California Edison 
10-25-2023

4 | P a g e

operational inspection of dry storage systems under a general license that the retrievability requirement 
of 10 CFR Part 72.122 (I) is met. The NRC carries out its reviews and inspections using NRC approved 
procedures and, where needed, NRC approved Interim Staff Guidance (ISG) documents, such as ISG No. 
2, Fuel Retrievability (note that ISG No. 2 has been incorporated into NUREG-2215). 

The SONGS dry storage systems have demonstrated their compliance with NRC regulations, including 
retrievability, by the NRC’s extensive licensing reviews performed for both the UMAX and NUHOMS 
systems, which confirmed compliance with their respective Safety Analysis Report, Certificate of 
Compliance (CoC), and other applicable NRC regulations. During its licensing reviews the NRC 
determined, as documented in separate Safety Evaluation Reports (SERs), that both systems meet the 
requirements of 10 CFR Part 72, including retrievability. 

Prior to canisters containing spent fuel being loaded into the SONGS ISFSIs, the NRC also performed pre-
operational inspections of each system in accordance with NRC Inspection Procedure 60854 (IP 60854). 
Among other objectives, IP 60854 requires verification of retrievability. As documented in the inspection 
reports, the demonstration tests required by each CoC and witnessed by the NRC in 2003 for the 
NUHOMS dry storage system and 2017 for the UMAX system confirmed compliance with all CoC 
requirements, including retrievability, and returning a canister to a pool to be opened, if required. 

NUREG-2215, NRC’s Standard Review Plan for Spent Fuel Dry Storage Systems and Facilities, section 
16.4.5 defines ready retrieval as the ability to safely remove the spent fuel from storage for further 
processing or disposal. To demonstrate the ability for ready retrieval, a licensee should demonstrate it 
has the ability to perform any of the three options below. These options may be utilized individually or 
in any combination or sequence, as appropriate: 

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 or overpack, as applicable.
C. Remove a cask or DSF storage container, as applicable, loaded with spent fuel assemblies from the
storage location.

The dry storage canisters stored within the SONGS ISFSIs are retrievable in accordance with option B 
above. 

Note the definition of retrievability does not explicitly include retrieving a canister for repair or 
maintenance.  Furthermore, the NUHOMS and UMAX FSARs do not require the ability to retrieve a 
canister from its storage module for repair.  However, the definition of retrievability implies appropriate 
measures will be taken to ensure canisters remain retrievable, which could potentially include planned 
retrieval of a canister for maintenance or repair.  The design of the dry storage canisters (e.g., material 
selection) and inspection programs implemented by SONGS ensure canisters will remain retrievable.  
SONGS has developed a method to repair UMAX canisters in-situ, in the unlikely event of the need 
arising.  SONGS has also developed a method to repair NUHOMS canisters, which requires withdrawing 
(retrieving) the canister into the transfer cask.  

Regular inspections of the SONGS ISFSIs continue to be performed by the NRC to assure compliance with 
applicable NRC regulations. These ongoing inspections will ensure retrievability is maintained over time. 
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The NRC verified the NUHOMS canisters will remain retrievable during the period of extended operation 
(renewal). Reference the NRC’s SER for renewed CoC 72-1029:  

https://www.nrc.gov/docs/ML2125/ML21258A020.pdf. 

For example: 

• The staff reviewed the applicant’s supplemental evaluation to assess whether there was reasonable
assurance that CISCC will not result in a loss of confinement or prevent retrieval of a CoC 1029 DSC
during the period of extended operation, for a total of 60 years of storage. As noted in the CoC 1029
renewal application, the analysis was based on the CoC 1004 renewal application (ADAMS Accession No.
ML16279A372), which the staff previously evaluated and documented in the CoC 1004 renewal
application SER (ADAMS Accession No. ML17338A121). Specifically, Section 3.3.2 of the CoC 1004
renewal application SER addresses the staff’s evaluation of the applicant’s analysis of (1) DSC shell
temperatures, (2) critical temperatures, relative humidity, and chloride concentration, (3) time for CISCC
initiation, and (4) CISCC crack growth rate. Likewise, Section 3.4.13 of the CoC 1004 renewal application
SER addresses the staff’s evaluation of the applicant’s analysis for DSC shell thickness to maintain the
ASME Code limits during retrieval.

• The staff also reviewed the applicant’s assessment that it relied on to support its conclusion that the
evaluations conducted for the CoC 1004 renewal application are valid for the Standardized Advanced
NUHOMS® System and sufficient for the CoC 1029 renewal application.

The discussion of retrievability eventually turned toward options for long-term disposition of the spent 
fuel.  Jerry Stephenson suggested that with the ongoing changes in the way nuclear power is viewed 
politically, it would not surprise him if the fuel wound up being reprocessed, instead of storing or 
disposing. 

7. Onsite transfer equipment.

SCE owns and stores onsite a transfer cask for the NUHOMS system, and a transfer cask for the UMAX 
system.   

SCE also owns and stores onsite the auxiliary equipment necessary to remove a NUHOMS canister from 
its storage module.   

SCE does not own the specialized crane (vertical cask transporter [VCT]) required to remove a UMAX 
canister from its storage module. 

SCE does not keep a trained and qualified crew on standby to operate the transfer equipment. In the 
unlikely event of a need to remove a canister from a storage module, two to three months would be 
required to bring personnel onsite, train the cask handling crew, bring a VCT onsite, and 
preoperationally test the transfer equipment prior to use. 

8. Are canisters required to be inspected prior to transportation?
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David Lochbaum raised this question.  Randall Granaas responded that he would check the individual 
certification of compliance (CoC) for each canister model.  He further offered that SCE would likely 
inspect canisters prior to offsite transportation, even if not required by the CoC. 

There are three (3) transportation CoCs associated with SONGS dry storage canisters.  Whether a 
canister contains high burnup fuel (HBF) may influence whether a pre-shipment inspection is required. 
Storage of HBF within the 24PT1 canister is not authorized. 

Canister Model (Stores) Certificate of 
Compliance (CoC) 

Canister 
inspection/integrity 
verification 
requirement for non-
HBF? 

Canister 
inspection/integrity 
verification 
requirement for HBF? 

NUHOMS 24PT1 (Unit 1 
Fuel) 

71-9255 No N/A 

NUHOMS 24PT4 
(Units 2/3 Fuel) 

71-9302 Yes Yes 

Holtec MPC-37 
(Units 2/3 Fuel) 

71-9373 No Yes 

9. UMAX module flooding.

For the SONGS site, the maximum credible tsunami height is 27’ above the Mean Lower Low Water 
(MLLW) sea level datum, and the maximum flooding elevation for the ISFSI is approximately 21.5’ 
MLLW.  Since the inlet vents of the UMAX system are at approximately 31.5’ above sea level, flooding of 
the SONGS UMAX storage modules is not credible. 
In the event of a beyond design basis tsunami or flood that fills the UMAX modules with water, SCE staff 
would keep the modules filled with water until the air passage at the bottom of the CEC is verified clear 
of debris, sediment, etc.  This direction is included in a site procedure for responding to beyond design 
basis flooding. 

It is important to distinguish between a credible event, and a credible event that is beyond design basis. 
Flooding of the SONGS ISFSI is credible.  Furthermore, flooding is considered a credible event in the 
UMAX FSAR, and is thus evaluated within the FSAR.  However, flooding of the SONGS ISFSI to the height 
of the Vertical Ventilated Module (VVM) inlet vents is not credible.  In other words, the boundaries for 
credible events are site-specific.   

A flooded VVM would hold approximately 2,500 gallons of water.  This is similar to the volume of water 
contained within the fuel cavity of a Holtec dry storage canister after the canister is first removed from 
the spent fuel pool.  SCE trended the heat-up rate of cavity water during inner lid welding activities: the 
heat-up rate was approximately 2° F/hour.  The cavity water reached a maximum temperature of about 
130° F when inner lid welding activities were completed, at which time bulk water was removed from 
the cavity to commence drying operations. 

The highest heat-load of SONGS Holtec multi-purpose canisters (MPC) is approximately 28 kW, or 
approximately 95.5 BTU/hour.  Conservatively assuming adiabatic heat transfer, it would take about 30 
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hours to raise the temperature of 2,500 gallons of water (approximately 20,000 lb.) from 70° F to boiling 
temperature.  Subsequently boiling 2,000 gallons of water, leaving 500 gallons of cooling water within 
the module, would take approximately 165 hours.   

Using the more realistic estimate of 2° F/hour rise, consistent with heating of fuel cavity water during 
welding activities, it would take about three days for flood water in a storage module to start boiling. 

Using the most conservative (adiabatic) case, SONGS staff has approximately 30 hours to begin adding 
water to a VVM before the water would start to boil.  Staff would have approximately 195 hours to 
begin adding water before 2,000 gallons of the original 2,500 gallons boiled to steam.    

Jerry Stephenson noted that the effects of tsunamis are limited to coastal areas.  Thus, equipment 
necessary to keep the storage modules flooded, and to support full recovery (e.g., sediment removal), 
could be obtained from inland areas, if necessary, by helicopter. 

Holtec’s proprietary analysis of VVM flooding, Section 4.6.2.5 of the UMAX FSAR, was discussed.  Randall 
Granaas offered that he has read the analysis, and that it is essentially intuitive: water has orders of 
magnitude better heat transport properties, as compared to air.  In response, David Lochbaum stated 
(paraphrasing): “If Holtec used tried and true methods, they would not make it proprietary.” 

10. Consequences of floodwater entering a SONGS dry storage canister.

For both the NUHOMS and UMAX canisters, the fuel was loaded in accordance with the criticality 
analysis for their respective transportation CoC.  The transportation CoC criticality analysis assumes the 
canister is flooded with unborated water; the fuel remains subcritical. 

Therefore, water entering a SONGS NUHOMS or UMAX dry storage canister will not result in a criticality 
event. 

11. Technical Specification compliance.

Two different technical specifications were discussed during the meeting, which may have been 
conflated at times: 

1. LCO 3.1.1, “The MPC shall be dry and helium filled.”
2. LCO 3.1.2, “The SFSC Heat Removal System shall be operable.”

Reference https://www.nrc.gov/docs/ML2034/ML20349A209.pdf . 

The applicability of LCO 3.1.1 ends after the MPC has been dried, leak-tested, and backfilled; 
“APPLICABILITY: Prior to TRANSPORT OPERATIONS.” 

The applicability of LCO 3.1.2 begins after an MPC has been stored within a VVM. 

During the meeting, it was asserted that SONGS must maintain a spent fuel pool to comply with 
Required Action D.1 of LCO of 3.1.1.  As discussed above, LCO 3.1.1 is no longer applicable after the MPC 
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has been dried, leak-tested, backfilled, and transferred to the ISFSI.  Required Action D.1 may be 
implemented if, for example, there were a defect in the canister, which prevented achieving leak-
tightness prior to transfer to the ISFSI. 

During the meeting, it was asserted that SCE must maintain the capability to transfer an MPC to a 
transfer cask, to comply with Required Action C.2.2 of LCO 3.1.2. 

Per the UMAX FSAR Bases, Chapter 13: 

The intent of this LCO is to address those occurrences of air duct screen blockage that can be reasonably 
anticipated to occur from time to time at the ISFSI (i.e., Design Event I and II class events per ANSI/ANS-
57.9). These events are of the type where corrective actions can usually be accomplished within one 
operating shift to restore the heat removal system to operable status (e.g., removal of loose debris). 

This LCO is not intended to address low frequency, unexpected Design Event III and IV class events 
(ANSI/ANS-57.9) such as design basis accidents and extreme environmental phenomena that could 
potentially block one or more of the air ducts for an extended period of time (i.e., longer than the total 
Completion Time of the LCO). This class of events is addressed by site procedures as required by the CoC. 

In addition to Required Action C.1, efforts must continue to restore cooling to the SFSC. Efforts must 
continue to restore the heat removal system to operable status by removing the air flow obstruction(s) 
unless optional (emphasis added) Required Action C.2.2 is being implemented. 

Section 3.4.12 of Appendix B of the CoC, Amendment 4, states: 

For those users whose site-specific design basis includes an event or events (e.g., flood) that result in the 
blockage of any VVM inlet or outlet air ducts for an extended period of time (i.e., longer than the total 
Completion Time of LCO 3.1.2), an analysis or evaluation may be performed to demonstrate adequate 
heat removal is available for the duration of the event. Adequate heat removal is defined as fuel cladding 
temperatures remaining below the short term temperature limit. If the analysis or evaluation is not 
performed, or if fuel cladding temperature limits are unable to be demonstrated by analysis or 
evaluation to remain below the short term temperature limit for the duration of the event, provisions 
shall be established to provide alternate means of cooling to accomplish this objective. 

Required Action C.2.2 is optional, and there are no credible events at SONGS, such as flooding or burial 
in debris, which results in blockage of any VVM inlet or outlet air ducts for longer than the total 
completion time of LCO 3.1.2.   

Therefore, it is not necessary to maintain equipment available to remove an MPC from a storage module 
per Action C.2.2 of LCO 3.1.2.  Furthermore, SCE is not required to perform an analysis or evaluation to 
demonstrate adequate heat removal.  However, as discussed above, maintaining a VVM full of water (in 
the case of beyond design basis flooding) until the air passages can be verified free of obstruction will 
provide adequate cooling (superior to air cooling).   

12. 10 CFR 72.48 reviews.
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During the meeting, Randall Granaas and Jerry Stephenson emphasized SCE, as the licensee, is 
ultimately responsible for the quality and content of 10 CFR 72.48 reviews performed by Holtec, if 
accepted by SCE for use at the SONGS site. 

Granaas and Stephenson stated that Holtec provides copies of all 10 CFR 72.48 evaluations affecting the 
Holtec Certificate of Compliance used at SONGS (72-1040).  This is required by 10 CFR 72.48(d)(6)(iii).  
SCE documents review of the 10 CFR 72.48 evaluation for applicability to the SONGS site in the SONGS 
corrective action program. 

Tsunami and Flooding General Issues: 

1. UMAX ISFSI Pad Elevation, Height of VVM Inlet Vent, and Flooding

Per the Holtec engineering drawings, the UMAX ISFSI pad elevation varies between el. 31.50‘ (slab high 
point) and 31.16’ (slab low point) and is sloped to drain rainwater from the pad surface. The bottom of 
the inlet opening is about 6” above the surface of the ISFSI pad. Therefore, flood water would have to 
reach a level above el. 31.5’ MLLW to enter the VVM inlet openings. 

For the SONGS site, the design basis water level during a tsunami is el. 27’ Mean Lower Low Water 
(MLLW), and the maximum flooding elevation for the ISFSI during the Probable Maximum Precipitation 
(PMP) event is approximately 21.5’ MLLW.  

Since the inlet vents of the SONGS UMAX system at approximate el. 31.5’ MLLW are well above the 
analyzed water elevations during either a tsunami or PMP event, water entering the VVM inlet vents 
during a flooding event is not considered credible. 
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2. Design Basis Tsunami Water Level

The SONGS Updated Final Safety Analysis Report, Section 2.4 available on the NRC’s online database 
(San Onofre, Units 2 & 3 Final Safety Analysis Report, 2.4 Hydrologic Engineering Through 2.4.15 
References 1-49. (nrc.gov)), addresses how elevation 27 feet was established as the SONGS design basis. 

Section 2.4.6.1 titled Probable Maximum Tsunami states detailed specific analyses were completed by 
Dr. Basil W. Wilson.  

The study concluded that the wave induced by 7-foot sea floor displacement and occurring during 
simultaneous high tide and storm surge would have a maximum runup to elevation +15.6 feet MLLW at 
the Unit 2 and 3 seawall.  

Section 2.4.5.3 describes wave action as producing the lowest and highest instantaneous water 
elevations while storm surge is described in section 2.4.5.2.3 and is the abnormal rise in seawater level 
during a storm, measured as the height of the water above the normal predicted astronomical tide.  

Section 2.4.6.6 titled Effects on Safety-Related Facilities states When storm waves are superimposed, the 
predicted maximum runup is to elevation +27 MLLW, as discussed in paragraph 2.4.5.3. Superimposing 
storm waves is conservative. This elevation for maximum water elevation during a tsunami remains the 
SONGS design basis and was accepted by the Nuclear Regulatory Commission during review of the 
SONGS 2&3 Final Safety Analysis Report. 
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3. Recent Tsunami Hazard Studies for SONGS

As part of the NUHOMS ISFSI permit extension process required by the California Coastal Commission, 
SCE engaged oceanographic engineering & environmental consulting company Coastal Environments to 
prepare an updated tsunami hazard report. The purpose of the report was to understand the current 
tsunami hazards at the waste storage facility based on information available in 2022. The analysis was 
performed using deterministic worst-case scenarios, both for far-field and near-field tsunamis. The 
assessments used a conservative maximum still water level called an “extreme water level.” This 
extreme water level includes astronomical tides, storm surge, limited wave setup caused by breaking 
waves, and sea level rise using the extreme H++ scenario (2.8 ft in year 2050).  

The studies were submitted to the California Coastal Commission, reviewed by their staff geologist, and 
summarized in the CCC Staff report for permit extension for the NUHOMS ISFSI. Findings from the 2022 
CE Tsunami Hazards report, as summarized in the CCC Staff Report, are as follows: 

Near-field tsunamis 

Near-field tsunamis may be generated by earthquakes on the Newport-Inglewood/Rose Canyon 
(NIRC) fault system, which is the closest fault system offshore SONGS. The hypothetical near-
field modeling conducted by SCE included earthquakes ranging from M7.62 to M7.44 and with 
seafloor uplift ranging from 13.1 ft to 8.2 ft. The analysis found a maximum potential water 
elevation at the waste storage facility of 23.6 ft MLLW, with a water depth above ground surface 
of 3.9 ft. Although inundation would be present in this scenario, the predicted water levels are 
lower than those predicted to be generated from a worst-case far-field tsunami source. 

Far-field tsunamis 

The updated analysis found that tsunamis originating from earthquakes on the AlaskaAleutians 
subduction zone, particularly the eastern portion of the subduction zone, would produce the 
highest tsunami wave heights offshore of SONGS. Tsunami sources from this region were used 
to model a worst-case scenario for tsunamis on top of the extreme water level discussed above. 

The worst-case hypothetical far-field tsunami would come from a M9.5 earthquake in the 
eastern Aleutians. In the worst-case scenario, which would include 2.8 ft of sea level rise (H++ 
projection for 2050), the maximum potential water elevation at the waste storage facility would 
be 29.8 ft MLLW, with a water depth above ground surface of 9.1 ft around the NUHOMS waste 
storage facility. [Note: Reducing for future sea level rise, the current estimate is el. 27.0 ft 
MLLW]. The worst-case scenario was modeled without the seawall present to demonstrate that 
the waste storage facility was not reliant on existing shoreline protection devices. The presence 
of the seawall is expected to reduce the waste storage facility exposure to tsunamis.  

Submarine landslide tsunamis 

Finally, offshore submarine landslides occurring along the steep escarpments present on the 
southern California seafloor have also been considered as potential tsunami sources. Prior 
simulations performed for SCE have found that tsunami runup from submarine landslides along 
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the Thirtymile Bank formation towards the San Diego Trough and from the Fortymile Bank 
formation into the North San Clemente Basin are the most significant potential local landslide 
sources of tsunamis. One of these simulations found high water levels on the cliffs adjacent to 
SONGS of 21.7 ft MLLW from Thirtymile Bank and 18.7 ft MLLW from Fortymile Bank. Although 
significant, both of these predictions are lower than the water levels predicted to be generated 
from a worst-case far-field tsunami source. The worst-case far-field tsunami therefore remains 
the most extreme worst-case tsunami scenario.  

Conclusion 

The worst-case scenario tsunamis from far-field, near-field, and local landslide sources may all 
inundate the waste storage facility site (conservatively assuming for analytical purposes that the 
sea wall is not present). Most predicted inundation is expected to be below 4 ft. The maximum 
depth of inundation is expected to be 9.1 ft from a far-field source in the eastern Aleutians after 
a M9.53 earthquake.  

In summary, flooding of the SONGS site due to a tsunami resulting from even the most extreme 
environmental hazards does not result in a water depth above el. 27.0 ft MLLW. Since the inlet vents of 
the UMAX storage modules are at el. 31.5 ft MLLW, flooding of the SONGS UMAX storage modules is not 
credible. 

Links to the CCC staff reports are as follows: 

2015 CCC staff report (Tu14a-10-2015.pdf (ca.gov)) 

2022 CCC Staff Report (Th12a-10-2022-report.pdf (ca.gov)) 

4. The SONGS Seawall

The SONGS North Industrial Area (formerly Unit 1) seawall was built to protect SONGS Unit 1 from a 
potential tsunami hazard. Following the decommissioning of SONGS Unit 1 and transfer of spent fuel 
into the existing ISFSI, the seawall was no longer required for tsunami protection. Although the seawall 
continues to provide some level of site protection from a tsunami hazard, it is not required by either the 
TN NUHOMS ISFSI or the Holtec HI-STORM UMAX system as they are designed to safely withstand 
flooding effects, including complete submergence up to 50 feet and 125 feet, respectively. The NIA 
seawall continues to function as a physical security barrier between publicly accessible areas (i.e., the 
beach walkway and San Onofre State Beach) and the SONGS site. 

The seawall extends along the seaward side of the North Industrial Area (NIA) which includes the ISFSI 
site. The seawall is constructed of 3/8" thick steel sheet piling approximately 36' long with a soil 
embedment depth of 22'. The top of the seawall is at elevation (El.) 28.2' referenced to the site mean 
lower low water (MLLW) tidal datum. The sheet pile seawall is protected from the marine environment 
with a 2.5" thick layer of gunite on both faces. It was originally designed to maintain structural integrity 
during a SONGS design basis earthquake followed by the design basis tsunami to water elevation 27.0’ 
MLLW.  

Attachment 1: SCE Notes and Follow-up 09-07-2023 Engineer to Engineer Meeting                 Page 12 of 14

https://documents.coastal.ca.gov/reports/2015/10/Tu14a-10-2015.pdf
https://documents.coastal.ca.gov/reports/2022/10/Th12a/Th12a-10-2022-report.pdf


SCE Notes and Follow-up Items from 
09-07-2023 Engineer-to-Engineer Meeting and Tour of SONGS

Prepared by Southern California Edison 
10-25-2023

13 | P a g e

Although the ISFSI does not rely upon the NIA seawall for protection against tsunami does not mean the 
structure provides no environmental hazard protection for the SONGS site. The seawall remains a robust 
structure that is periodically inspected, and repairs are performed when conditions warrant. The steel 
sheet pile members are protected against corrosion by an active cathodic protection system as well as 
the existing gunite cover.  

5. Gerald G. Kuhn [2005], Paleoseismic features as indicators of earthquake hazards in North
Coastal, San Diego County, California, USA

The purpose of this 2005 scientific paper was to evaluate the seismic hazard of the north coastal area of 
San Diego County due to tsunami deposits and paleoseimically deformed sediments exposed by new 
road cut and mass-grading excavations. He found that remnant tsunami deposits occur up to 100+ m in 
elevation around the modern coastal lagoons and estuaries.  

The 2005 Kuhn paper has been used and referenced numerous times for studies related to the seismic 
and tsunami hazard at SONGS. Most recently, the paper was referenced in the geological hazards study 
completed by Coastal Environments in 2022 for the NUHOMS ISFSI permit extension and used to 
establish the worst-case earthquake that could occur on the Newport-Inglewood/Rose Canyon fault 
system. The earthquake information was then used as input for computer-generated tsunami prediction 
model summarized in the 2022 CE Tsunami Hazards Report. 

Because the elevation of remnant tsunami deposits described in the Kuhn (2005) paper were located at 
elevations greater than results of the 2022 Coastal Environments (CE) Tsunami Hazards Report, SCE 
requested a review of the issue by CE for potential impact to the conclusions of the 2022 Tsunami 
Hazards Report. Their findings are summarized as follows: 

Most of the tsunami deposits identified by Kuhn (2005) are located on marine terrace surfaces 
remnant from past sea level high water levels which exist throughout the Southern California 
area. Prominent marine terraces include the Nestor (120,000 years) and Bird Rock (80,000 
years) in the San Diego area. Stuart Mesa in the Oceanside/Camp Pendleton area exists at 
elevation 32 m and represents an ~225,000 year surface (Kern and Rockwell, 1992). Remnant 
tsunami deposits found on these marine terraces are due to geological uplift. Although uplift 
rates of these terraces have been estimated, these are long term (100,000 years) values and 
may be in inaccurate for the most recent tectonics conditions as the convergence proceeds.  The 
average estimate for uplift in southern California varies from 0.13 mm/year (millimeter) to 0.25 
mm/year. 

The Tsunami deposits elevation found by Kuhn (2005) at elevations between 6.7-9.14 m, MSL 
(Mean Sea Level) and other deposits at lower elevations (3.04-3.35 m, MSL) are consistent with 
tsunami modeling for San Onofre site performed by CE in 2022. 

CE is not aware of any “Known” historic tsunamis with run up in the Southern California Region 
greater than that presented in the 2022 Tsunami Hazards Report. The prehistoric tsunami 
deposits identified by Kuhn in his study at the Batiquitos lagoon with run up to 6.70 m - 9.14 m 
el. MSL do not have established age controls. Even if present sea level is used, the maximum run 
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up elevation in the Batiquitos lagoon may have been achieved due to local channeling in the 
lagoon that otherwise would not have been observed elsewhere along the coastline. 

Coastal Environments concluded that the results described in the 2022 CE Tsunami Hazards 
Report remains a credible upper bound for tsunami run up at SONGS and are consistent with the 
observations found in the Kuhn (2005) study. 
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SONGS ISFSI Flooding Analysis 
Follow-up material from 09-07-2023 technical discussion at SONGS 
Prepared by Southern California Edison Company 

1. SCE ac�ons and deliverables

a. Whether each canister must be inspected before transporta�on to an offsite storage or
disposal facility.

i. As discussed during our mee�ng, as a prac�cal mater, it is likely all SONGS canisters
would be visually inspected prior to offsite transporta�on, regardless of
transporta�on Cer�ficate of Compliance (CoC) requirements. Such an inspec�on
would provide addi�onal assurance for the receiving facility.

ii. There are three transporta�on CoCs associated with SONGS dry storage canisters.
Whether a canister contains high burnup fuel (HBF) may influence whether a pre-
shipment inspec�on is required. Storage of HBF within the 24PT1 canister is not
authorized. Detail as follows:

Canister model 
(Stores) 

Certificate of 
Compliance 
(CoC) 

Canister 
inspection/integrity 
verification 
requirement for 
non-HBF? 

Canister 
inspection/integrity 
verification 
requirement for HBF? 

NUHOMS 24PT1 
(Unit 1 Fuel) 

71-9255 No N/A 

NUHOMS 24PT4 
(Units 2/3 Fuel) 

71-9302 Yes Yes 

Holtec MPC-37 
(Units 2/3 Fuel) 

71-9373 No Yes 

b. Provide hyperlinks to California Coastal Commission Staff Reports.
2. The 2015 CCC Staff Report for construc�on of the Holtec UMAX ISFSI discusses findings

from the Kuhn 2005 Paleoseismic Features Paper. Link as follows:
htps://documents.coastal.ca.gov/reports/2015/10/Tu14a-10-2015.pdf

3. The 2022 CCC Staff Report for the permit extension of the NUHOMS ISFSI references the
hazards reports prepared by Coastal Environments. Both of Coastal Environments’
Geological Hazards and Tsunami Hazards reports are referenced in the CCC staff report
and each use findings from the Kuhn 2005 Paleoseismic Features Paper (see Appendix A
for Kuhn cita�on). Link as follows:
htps://documents.coastal.ca.gov/reports/2022/10/Th12a/Th12a-10-2022-report.pdf

a. Provide the founda�on for 27-foot level as the design basis for SONGS including Dr. Basil W.
Wilson’s 1972 tsunami paper.

i. FSAR Sec�on 2.4, available on the NRC’s online database, addresses how 27 feet was
established as the SONGS design basis.
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• Sec�on 2.4.6.1 �tled Probable Maximum Tsunami states detailed specific
analyses were completed by Dr. Basil W. Wilson.

• The study concluded that the wave induced by 7-foot sea floor displacement
and occurring during simultaneous high �de and storm surge would have a
maximum runup to eleva�on +15.6 feet MLLW at the Unit 2 and 3 seawall.

• Sec�on 2.4.5.3 describes wave ac�on as producing the lowest and highest
instantaneous water elevations while storm surge is described in sec�on
2.4.5.2.3 and is the abnormal rise in seawater level during a storm, measured as
the height of the water above the normal predicted astronomical �de.

ii. Sec�on 2.4.6.6 �tled Effects on Safety-Related Facilities states When storm waves
are superimposed, the predicted maximum runup is to elevation +27 MLLW, as
discussed in paragraph 2.4.5.3. Superimposing storm waves is conserva�ve.

b. Provide a statement indica�ng that SCE cannot release Holtec’s proprietary flood analysis in
sec�on 4.6.2.5 of its FSAR.

i. Flood informa�on in sec�on 4.6.2.5 of the Final Safety Analysis Report for the HI-
STORM UMAX Canister Storage System by Holtec Interna�onal was withheld by
Holtec in accordance with 10 CFR 2.390. SCE is not at liberty to disclose proprietary
informa�on belonging to another party.

ii. Reference page 4.38 of the Holtec FSAR:
htps://adamswebsearch2.nrc.gov/webSearch2/main.jsp?AccessionNumber=ML122
85A090

c. Retrievability.
i. 10 CFR Part 72.122 (I) specifies the requirement for the retrieval of spent nuclear

fuel as follows: 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.

ii. The retrievability requirement applies to all general license ISFSIs, such as for
SONGS, and specific licensed ISFSIs. The NRC is responsible to verify by its review of
license applica�ons for ISFSIs and by pre-opera�onal inspec�on of dry storage
systems under a general license that the retrievability requirement of 10 CFR Part
72.122 (I) is met. The NRC carries out its reviews and inspec�ons using NRC
approved procedures and, where needed, NRC approved Interim Staff Guidance
(ISG) documents, such as ISG No. 2, Fuel Retrievability (note that ISG No. 2 has been
incorporated into NUREG-2215).

iii. The SONGS dry storage systems have demonstrated their compliance with NRC
regula�ons, including retrievability, by the NRC’s extensive licensing reviews
performed for both the UMAX and NUHOMS systems, which confirmed compliance
with their respec�ve Safety Analysis Report, Cer�ficate of Compliance (CoC), and
other applicable NRC regula�ons. During its licensing reviews the NRC determined,
as documented in separate Safety Evalua�on Reports (SERs), that both systems meet
the requirements of 10 CFR Part 72, including retrievability.
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iv. Prior to canisters containing spent fuel being loaded into the SONGS ISFSIs, the NRC
also performed pre-opera�onal inspec�ons of each system in accordance with NRC
Inspec�on Procedure 60854 (IP 60854). Among other objec�ves, IP 60854 requires
verifica�on of retrievability. As documented in the inspec�on reports, the
demonstra�on tests required by each CoC and witnessed by the NRC in 2003 for the
NUHOMS dry storage system and 2017 for the UMAX system confirmed compliance
with all CoC requirements, including retrievability, and returning a canister to a pool
to be opened, if required.

v. NUREG-2215, NRC’s Standard Review Plan for Spent Fuel Dry Storage Systems and
Facili�es, sec�on 16.4.5 defines ready retrieval as the ability to safely remove the
spent fuel from storage for further processing or disposal.  To demonstrate the ability
for ready retrieval, a licensee should demonstrate it has the ability to perform any of
the three op�ons below. These op�ons may be u�lized individually or in any
combina�on or sequence, as appropriate:

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 or
overpack, as applicable.
C. Remove a cask or DSF storage container, as applicable, loaded with spent fuel
assemblies from the storage location.

vi. The dry storage canisters stored within the SONGS ISFSIs are retrievable in
accordance with op�on B above.

vii. Regular inspec�ons of the SONGS ISFSIs con�nue to be performed by the NRC to
assure compliance with applicable NRC regula�ons. These ongoing inspec�ons will
ensure retrievability is maintained over �me.

viii. The NRC verified the NUHOMS canisters will remain retrievable during the period of
extended operation (renewal). Reference the NRC’s SER for renewed CoC 72-1029:
https://www.nrc.gov/docs/ML2125/ML21258A020.pdf. For example:

• The staff reviewed the applicant’s supplemental evaluation to assess whether
there was reasonable assurance that CISCC will not result in a loss of
confinement or prevent retrieval of a CoC 1029 DSC during the period of
extended operation, for a total of 60 years of storage. As noted in the CoC
1029 renewal application, the analysis was based on the CoC 1004 renewal
application (ADAMS Accession No. ML16279A372), which the staff previously
evaluated and documented in the CoC 1004 renewal application SER (ADAMS
Accession No. ML17338A121). Specifically, Section 3.3.2 of the CoC 1004
renewal application SER addresses the staff’s evaluation of the applicant’s
analysis of (1) DSC shell temperatures, (2) critical temperatures,
relative humidity, and chloride concentration, (3) time for CISCC initiation,
and (4) CISCC crack growth rate. Likewise, Section 3.4.13 of the CoC 1004
renewal application SER addresses the staff’s evaluation of the applicant’s
analysis for DSC shell thickness to maintain the ASME Code limits during
retrieval.

• The staff also reviewed the applicant’s assessment that it relied on to support
its conclusion that the evaluations conducted for the CoC 1004 renewal
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application are valid for the Standardized Advanced NUHOMS® System and 
sufficient for the CoC 1029 renewal application. 

d. Applicability of LCO 3.1.1 The MPC shall be dry and helium filled.
i. Reference: htps://www.nrc.gov/docs/ML2034/ML20349A209.pdf

ii. Required Ac�on D. 1 states, with a comple�on �me of 30 days: Remove all fuel
assemblies from the SFSC.

iii. The associated FSAR bases state:
• D.1
• If the MPC fuel cavity cannot be successfully returned to a safe, analyzed

condi�on, the fuel must be placed in a safe condi�on in the spent fuel
pool. The Comple�on Time is reasonable based on the �me required to
re-flood the MPC, cut the MPC lid welds, move the TRANSFER CASK into
the spent fuel pool, remove the MPC [mul�purpose canister] lid, and
remove the spent fuel assemblies in an orderly manner and without
challenging personnel.

iv. As discussed during our mee�ng, Required Ac�on D.1 is not applicable a�er the
MPC has been dried, backfilled, and leak tested per Surveillance Requirements SR
3.1.1.1, 3.1.1.2, and 3.1.1.3.  See below screen capture from the LCO:

e. Provide assessment of Kuhn study and context for understanding of carbon found at tsunami
deposi�ons within the last 20,000 years.

i. In the 2005 Kuhn paper, Sec�on 7 on Tsunamigenic Features discusses tsunami
deposits and there is no men�on of tsunami deposits coinciding with human ac�vity
at any of the eleva�ons.

ii. Confusingly, Figures 27, 28, and 29 related to liquefac�on that describe human
ac�vity are located within Sec�on 7 of the paper, and that sec�on covers
Tsunamigenic features. However, Figures 27, 28, and 29 are discussed in Sec�on 6
(Age of liquefaction features). Liquefac�on is a different mechanism than tsunami
and can certainly occur up to eleva�on 100+ meters, even today.
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iii. Reference:
htps://www.sciencedirect.com/science/ar�cle/abs/pii/S0013795205000785

iv. Moreover, SCE has engaged third-party experts to analyze the tsunami risk at San
Onofre. The most recent research was conducted by Coastal Environments in
connec�on with permi�ng processes required by the California Coastal
Commission. That research found that the greatest risk of a significant tsunami at
the site is from a far-field (versus a near-field) tsunami that originates from the
eastern Aleu�ans. Findings are available in CCC Staff Reports, as follows:
 2015 Staff Report for construc�on of the UMAX ISFSI is available at

htps://documents.coastal.ca.gov/reports/2015/10/Tu14a-10-2015.pdf
 2022 Staff Report for extension of the NUHOMS ISFSI permit is available at

htps://documents.coastal.ca.gov/reports/2022/10/Th12a/Th12a-10-2022-
report.pdf

f. Periodicity for radia�on surveys of ISFSI storage system inlets and outlets.
i. SONGS technicians perform quarterly radiological surveys of both the UMAX and

NUHOMS ISFSIs, which include obtaining radia�on measurements for each storage
module using sensi�ve handheld instruments and performing contamina�on surveys
of the en�re facility to iden�fy the presence of loose surface contamina�on. UMAX
surveys include the inlet and outlet vents. NUHOMS inspec�ons cover the inlet
vents. NUHOMS surveys do not include the storage module outlet vents, which are
located approximately 20 feet above grade. Contamina�on surveys would determine
whether any radioac�ve contamina�on had leaked from the canisters. Each
quarterly radiological survey is formally documented and maintained as a plant
record for regular inspec�on by the NRC.

ii. In addi�on to SCE's regular radiological monitoring, independent surveys of the
SONGS ISFSIs were performed in 2018 and in 2020. The results of the independent
surveys were consistent with SCE’s radia�on surveys.

• On September 6, 2018, members of Residents Organized for a Safe
Environment (ROSE) performed independent radia�on monitoring of both
SONGS ISFSIs using their own instrumenta�on. ROSE's survey results were
consistent with SCE's radia�on monitoring surveys. More on the survey by
ROSE is available HERE.

• On September 24, 2018, the County of San Diego Office of Emergency
Services performed an independent radia�on survey of both SONGS ISFSIs
using its own handheld instruments. The survey results did not show
evidence of risk to public health or the environment and confirmed radia�on
levels were well within NRC regulatory limits. Link: County SD Field Survey
SONGS ISFSI.pdf (songscommunity.com)

• On October 22, 2018, NRC inspectors performed independent
measurements and verifica�on of radiological condi�ons for both SONGS
ISFSIs using their own handheld instruments. In its report the NRC
concluded there were no safety or regulatory concerns with loaded spent
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fuel canisters on the ISFSI pads at San Onofre. Link: 
htps://www.nrc.gov/docs/ML1901/ML19011A457.pdf 

• On October 19, 2020, an independent, third-party vendor surveyed the
NUHOMS ISFSI. The survey was completed in response to comments from a
member of the public during the August 2020 CEP mee�ng.

• Link to video:
htps://www.songscommunity.com/news/releases/san-onofre-
community-engagement-panel-mee�ng-to-include-updates-on-
recent-radia�on-survey-dismantlement-progress

• Link to report:
htps://s3.amazonaws.com/cms.ipressroom.com/339/files/2020
10/Explana�on+of+NUHOMS+Radia�on+Survey+Results+FINAL.
pdf

g. Send photographs taken during the tour that have been cleared by SCE Security to Blanch,
Headrick, and Langley for their unrestricted use.

2. Paul Blanch ac�ons
a. Request proprietary analysis from Holtec.
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