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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

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 %” thick 304 stainless steel. The divider shell is
%" 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 vents?.

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.

! Micro-rem/hour may also be used, if applicable to the survey instrument used.

1|Page



Attachment 1: SCE Notes and Follow-up 09-07-2023 Engineer to Engineer Meeting Page 2 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
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 cladding?. 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 all®. For the SONGS site, a through-wall crack would not occur
sooner than approximately 80 years* (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 tolerant®. 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 cracking®.

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 (1) 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 ISFSls, 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.
5 EPRI Report Aging Management Guidance to Address Potential Chloride-Induced Stress Corrosion Cracking of
Welded Stainless Steel Canisters, 3002008193.
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operational inspection of dry storage systems under a general license that the retrievability requirement
of 10 CFR Part 72.122 () 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 ISFSls, 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 ISFSls 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:

e 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 Canister Canister
Compliance (CoC) inspection/integrity inspection/integrity

verification verification
requirement for non- requirement for HBF?
HBF?

NUHOMS 24PT1 (Unit 1 | 71-9255 No N/A

Fuel)

NUHOMS 24PT4 71-9302 Yes Yes

(Units 2/3 Fuel)

Holtec MPC-37 71-9373 No Yes

(Units 2/3 Fuel)

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 |b.) 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. LCO3.1.1, “The MPC shall be dry and helium filled.”
2. LCO3.1.2, “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 MPCto 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 | and Il 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 Ill 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 (Tul4a-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.
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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+ min
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 upto 6.70m-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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SUMMARY AND CONCLUSIONS

1. Design Earthquake Magnitude, Fault Location and Ground

Displacement

On the premise that a magnitude M =7.5 ecarthquake occurs along 65
miles of a postulated fault along the edge of the shelf at a depth of 100 m between
Newport Beach and La Jolla, statistical information is used to verify that the as-

sumed rupture length is in keeping with such earthquake magnitude.

The fault plane is taken vertical and the sense of offset to be pruedomin-
antly right latcral strike-slip with an associated small component of vertical dip-

slip 1n relative amounts of 1710, 2710 and 3,10.

Statistical information comprising world data in a relationship of maximum
ground displacement A to carthquake magmitade M (Fig. 3) is used to arrive at
an engineering cstimate ot the expected value of A for M =7.5. This is found to
he A ~ 4 m. A nonunal maximum carth displacementof & = 7.5 m is also
sclected as an approximate upperbound 757 confidence limit, Values of strike-
siip and dip-ship components, X and Z respucuvely, jor the two vaiues of A

are given in Tables I (p. 6) and IA (p. 6a).

Data from the Tango earthquake of 1927 in japan (M =7.5) is used next as
a model for the type of dependence of X and 2 upon horizontal distance. v,
normal to the faalt. It is shown that ground movements in the El Centro earth-
guake (M = 7. 1) of 1940 in Califorma are consistent with this model. An empirical
equutiun CEq. (3): is then developed which satisfactorily fits the Tango-El Centro
data and rolates horizontal and vertical ground movements at aay distance y from

the fault to the values of ¥ and Z on the fault,

2 Time Donendency of Earthquake Dislocstion .

-

An oxaminanon of Jduration tirnes of strong shakiag in relation to carthquake
magnitude reveals that, excepr for very large earthquakes, the calculated time for

the shear wave of rapture to travel the faulr lengtis, 15 anaarcliable measure of

shaking tume.
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. Ground velocity and displacement data from the El Centro carthquake
(M = 7.1) of 1940 in California and the Olympia earthquake (M = 7.1) of 1949 in
Washington are then used to shaw that, besides the permanent displacements
occurring in these earthquakes, relatively sizeable transient elastic displace-
ments occurred in the horizontal and vertical directions (Figs 6, S and 9). In
both these earthquakes the permanent displacement was attained 1 about 8
secs, as adduced from these data, and this length of time is supported by a

b calculation of Housner (1963) for the El Centro earthquake. A similar length

| of tince for establishment of the permanent ground displacement in the Alaskan

earthquake (M = 8.5) of 1904 has been infevred from: tydrodynamic arguments

related to rsunami effects,

To simulate this time dependency an cmpirical copression is developed

(Eq. 10) to relate the horizontal nd vertical componceats of permuanent ground

~displacement, & and { respecuvely, atany distance y from the fault and

any time t, with the values X and Z onthe fault,

3. Elastic Displacements and Practical Evaluation of Earth

Movements

The transient displacements in the El Centro and Olympia earthquakes
were so sigmificant that inclusion of their effect in the empirical equations for

(v, and C(y.v) seemecd esscntial. Dr. P.C. Jenuings, noted earthquake

engincer, was consulted on this aspect and pointed out that positive evidence for
this transient displacement had been recorded in the Gobi Alrai carthquake of
1957. Empirical Eqs (16) for £(v,t)/X and {(y,,Z werc thus made to includc
transient terms of 13 secs period with damping allowance in keeping with the
El Centro and Olvmpia carthaguake data.

The cmpirical equations in taeir final torm ‘:Eqs (23) and (2-&)] werc
used next to ovalaate the vertical earth movement £ as a function of time t

for three specific values of v on the continental shelf off San Onofre (Fig. 10).

Resuits are consistent with equivalent type data for the El Centro and Olympia

. carthquakes.
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4. The Formal Hydrodynamic Problem of Tsunami Wave

Genceration

The (y,t) dependent vertical earth movement ¢ on the shelf is next
used in a formal attack on the hydrodynamic problem of determining the nature
of the sea disturbance caused by uplift of sea bed on the shelf and cquivalent
down-drop on the continental slope and ocean floor. The hydrodvnamic equations
are developed in terms of a velocity potential and the evolving expression for the
water surfaco clevation n(y,t) for a vertical plane solution is given in Eqs (G0)
and (51). The ygeneral intangibility of thesc mathematical expressions and their
necd for extensive development ied to an alternative engineering approach to the

problem.

3, Assumecod Initin}_»__fform of Water Surface Elevation

This approach consisted of making an assumption as to the shape of
vertical water surface eievation n(y) attime t= 0, taking the shelf to be of
unifurre depth. .\ saw-tooth shape (Fig. 12) was adopted on the basis that zero
value of % must prevail over the fauit (y = 0) because of the cancelling effects of
ground uplift on the shelf side of the fault and down-drop on the continental slope
side of the fauld

The Fourier series representation of the saw-tooth function, taken to the
third hurnionic, gives a satisfactory and desirable rounding of the saw-tooth
(Fig. 13) and permits the approximate identification of amplitudes and periods of

the harmoenic components in the tsunami (Table 1, p.32) on the continental shelf,

6. Amplification of Wave Tffects at the San Onofre Coastline

Formal hvdrodynamic equations of motion and continuity of water particles
on the shel! (gs o4) are next invoked for analyzing the tsunami-induced oscillations
of the shelf waters. The equations are basicly similar to the equations of motion
goveraing the vibration of a lincar mass-spring svstem, It is pointed out that be-
cause the ground vibrition is extremely rapid rclative to the period of oscillation
of the shelf waters, the effect of the former on the iehavior of the water is quite

minor, {except, of course, in respect of the initial uplifty, Because of this the

S5-3

.




Attachment 2:

Estimate of Tsunami Effect U2 and 3, Dr. Basil Wilson ~ Page 11 of 103

problom can be treated as a free osciliation and the effect of the forcing function

discarded as negligible,

The hydrodynamical eqiations arc then solved numerically for the exact
vertical profile shape of the continental shelf off San Onofre. The calculation is
a finite-difference recursive procedure which "homes in"” on the true values of
the modual periods of free oscillation by using approximate values for a start.
The approximate values needed for this were obtained by using Lamb's mathe-

matical solutions for the free oscillations for a canal of uniformly sloping bed.

The numerical solution achieved via Eqgs (71), makes allowance for the
influence of the shelf in refracting tsunami waves. The refraction effect, com-
puted sepurately. is illustrated in Fig, 16, Boundary requirements on the results

of the calculation are that no horizonta! velocity is possible against the vertical

. sea wall of San Onofre and that =0 at + =0 and t = 0, in keeping with the

—

initial sea disturbance over the fault. Numerical calculations, in the first in-
stance, are evolved as displacement amplitndes of water particles, £ (y) and
v(v), (€ being in respect of vertical surface elevation of the water and v in
respect of horizountal movement, which is uniform with depth for long tsunami
waves), all normalized to unit value of € at the coast, These normalized values
of £, and v for cach mode m(=l, 2, 3, 4) arc given in Tables IV and V (pp.
44-45) for two conditions of water depth, (a) low tide at MLLW and (b) high tide
(7 fty with storm tide (I fr), at MLLW + 8 it , and for six values of vertical dip-
slip 2.

= Modes of Free Qscillation of the Shelf off San Onc)fr_gz~

The periods of escillation, T, , of the several modes m=l, 2, 3, 4) found
from the wnnerical calculations agree quite closely with the periods Ty (n=l, 2, 3)
i~forred rrom the Fourier analysis of the assumed initial sea disturbance (Table
V1, p.47). To impirove the latter's representation of the initial sea disturbance,
a sub-harmonic term (n = #) was introduced to allow for the permanent uplift of

the sca bed [Eqgs (79) and (80) ;.

[ €]
[
shon
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The remaining problem was to determine the wave height scale facrors
(11.) to be applicd to the normalized values of the water displacements £, and
Y. . This was accomplished by linking H, for each mode m(=1, 2, 3, 4\ with the
wave heights, H., for each harmonic n(=a,1,2,3) of the assumed initial dis-
rurbance (as found from Fourier analysis). The basis for the link was the
establishment of congruency in horizontal displacements of the water vver the
fault, as given by the normalized values of 1. (last rows of Tables IV aad V),
and the values of v, based on lincar wave theory and the use of Ha, as derining
the flow of water at a node of the shelf oscillation in each mode. The scale
factors thus calculated are given in Table VII (p. 47). This application concludes
the use of the assumed initial water surface profile (Fig. 13) which is then re-
placed by a more accurate representation of initial proflile (Fig. 16}, which is in

conformity with the hyvdrodynamic requirements of the irregularly shaped shelf.

8. Tsunami Run-up and Draw-down at the Coast

. Tne nnal aesc ['lpl!()ﬂ of water surface eievauon 7}()’ l) and nurwonul

particle movement is given by Egs (83), which combine the modal components

(m=1,2.3,4. FigsI~and 19 give the time historics of 1 at the coast for low
and high t:de conditions and five values of Z, and show that after a small initial
draw-down, the worst effect comes from a wave crest at about 7 mins after the
carthquake and a wave trough some 10 to 'l mins after the quake.  Although
Figs I3 and 19 show nhigher waves forming alicr this time, it is demonstrated
:T‘q (Sb}} that, when appropriate damping effects are atlowed for, they will
actually be lesser waves,

By way of checking rsunauni clevations ac the coast, the height of the
largest tsunami wave is caleulated for a location olishore near the toc of the
slope BCDLE in Fig. 20, An empirical formula of Kishi and Saecki (1Y00) bascd
on theoretical and vxporimental cosults for run-up of solitary waves on slopes
of various stecpncsses is then applicd to estimate the final run-up at the coast,
The comparison of resulis in Table VI (p. 3 is quite good, the more accurate

. results of this study being conservative

S-5
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To permit cvaluation of draw-down effect at low tide on cooling

water intake and diffuser structures, draw-down levels are also given in Table

VIIL.

The calculation of run-up resulis for six values of Z enables a relation-
ship between Z and run-up, R, to be defined in Fig. 24, The relationship is
linear and can be extrapolated to indicate that the vertical dip-slip Z would

have to exceed 5.3 m (18.2 fr) to generate a tsunami that could overtop the 28 ft

i e s

height of the sca wall. Even this "out-of -this-world" result is conservative,
because any appreciable value of Z would also require some vertical elevation

of the entire coastline in approximate accord with Eq. (14).

It turns out, however, that a lesser value of Z, producing a tsunami on

low tide (MLLW), could result in exposurc of the cooling water intake head.

Eq. (92) shows that this limiting value of Z is 4.5 m (14. 8 1), The value of the

total earth movement, A, for such a value of Z at the 10 : 3 ratio for (X/Z) is
. 51.5' fit or 15.7 w. As Fig. 3 shows, such an carth movenient hias no precodint

except for earthquakes of magnitude M=~ 8.5 andis considered wholly =niixely

on a fault such as Rose Canyon or on postulated fault,

9 Maximum Velocities of Uprush and Drawdown near San

Py

Onofre
The drawdown conditions at low tide (MLLW) besides imposing the

severer restriction on water level than runup also provide more severe conditions
as regards velocities of scour. Velocities have been calculated via Eq. (94) and
maxima for [ive values of 7, as a function of distance from the coast,are plotted .
in Fig. 26 and tabulated in Table IX (pp. 65-67 ). It would be advisable to in-
crease the drawdown velocities shown in Fig. 26 (and Table IX) by a suitable
factor to allow for the lessened depths of water resulting from permanent uplift
of the sea bed. Such increascd velocitics in lessened depths would be necded to
provide the same flux of water. At Station 1, (Fig. 16) or at about 1800 ft from

the coast, Eqg. (1) tells us thar sea bed uplity, ., is
1 ¢ :

. | . =0.20Z

S-6




Attachment 2: Estimate of Tsunami Effect U2 and 3, Dr. Basil Wilson Page14 of 103

. For Z =7.07 ft., tten, water depth at that point is lessened by 1.39 ft from
an original 18 ft to ahout 16.6 ft. Scour velocities then should be increased in
the proportion (18,/16.6) or by a factor 1.08. A nominal 10 increase on values
"

given in Table IX or Fig. 26 should then be allowed.

It is pointed out that apart from the scour effects of velocities of with-

drawal up to 13 ft/sec (for Z = 7.07 fv), consideration should be given in design

to the effects of such velocities on the cooling vater intake and diffuser structures,

along with other concomitant wave forces from tides and waves.

10. Effects of the Offshore Islands and Ocean Basins

In the final phase of this report consideration is given to the possible
effects of the tsunami in the adjacent oceanic basins. The oscillating properties
of various such buasins or quasi-basins are examined. In particular it appears
that the decp ocean basin between San Clemente Island and the mainland can oscil-

late in modes with periods very similar to the periods of oscillation of the shelf.

' Tn the acp of 2 teunami dicturbance resulting from dip-slip on the edge
of the shelf, both the shelf and the adjacent oceanic basin are set in oscillation,
describing free oscillations for the coupled system. Because the initial sea up-
heaval over the sheli was assumed to occur with a corresponding subsiderice of
water level on the ocean side of the shelf-edge, the analysis of this study has in

effect allowed for the coupling effect in a conservative way. Considerations of

potential energy release suggest that amplitudes of oscillations in the ocean
basins would be less than on the shelf and that velocities over the shelf-edge

should therefore be somewhat less than prescribed.

11. Possible Effects of Strike Slip Displacement, X.

Because of the absence of any steeply inclined boundarics that are in any
sense normal to the directioas of fault movement there appears to be no likeli-
hood that any significant effect on the sea would result from the horizontal com-
ponent strike-slip movement of the fault. Precedents for saying this are cited

in the cases of the San Francisco earthquake of 1906 and the Tango earthquake of

. 1927 in Yapan,

S-7
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12. Broad Conclusions and Recommendations
. For convenience the following broad conclusions and recommendations are
further summarized.

(a) A postulated earthquake of magnitude M ~7.5 in the zone of deformation on

. the shelf edge, 5 miles from San Onofre, may be expected to cause an earth
movement having a most probable vaiue A= 4m (13.1 ft). A suggested
design value for the San Onofre site is A~ 7.5 m (24.6 ft). This design
value of A is as large as the most probable value of A for an earthquake
of M =7.95 magnitude,whose chance of occurreunce on a minor fault is
cnnsidered negligible. It is larger even than the movement recorded in
the San Francisco earthquake of 1906 (M = 8.2, see Fig. 3). In any case,
the statistical (Los Angeles Basin) frequency of occurrence of an earth-
quaké of M = 7.5 on rhe postulated fault is 1 in 2000 years (Allen et al,
1965; Wilson, 1969), All these factors suggest that the recommended
design value for A is conservative.

(b) . For design purposes, it is recommended that the dip-slip compcnent Z

. of earth movement be taken as 3/10 of the strike-slip component X,
for which ratio, (for A =7.5 m) the design value of Z would be
Z = 2,2m(7.1ft)., This design value of Z is larger than any known
value of vertical uplift in a California earthquake in recent history, at
least since 1900. Considering the large recurrence interval (2000 years
statistically) for an M = 7.5 earthquake in the Los Angeles Basin area,
this recommended design value of Z is also conservative.

{c) Based upon evidence of earth movements in strike-slip earthquakes in
Japan, California and Washingten, it appears that magnitudes of vertical
bed movement . can be predicted reasonably well by Eqgs (16) or their
empirically developed forms, Egs (23) or (24). Results from Egs (24 i)
give results consistent with observations (Fig. 10). »

()] An odd-function shape for sca bed upheaval is assumed deriving from up-
thrust on the contincutal shelf and down-drop on the coutinental slope

and wcean floor.

S-8
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Egs (16), (23) or (24) show that some permanent upheaval of the entire
coastline in the vicinity of San Onofre will occur. This effe:: would de-
crease water depths slightly and raise levels of cooling water intake
structures and outfalls, etc. No problems should arise from distortion
of the foundations which should be negligible.

Maximum run-up and draw-down elevations likely to occur at San Onofre
for the recommended value Z = 7.1 ft are respectively 4.8 m (15.6 ft)
at high tide (MLLW + 7 ft. astronomical tide + 1 ft storm tide) and 2.8 m
{9. 3 fv) ar low tide (MLLW).

Low tide condition tends to be more critical in terms of scour or with-
drawal velocities than high tide and draw-down velogities exceed those
of uprush. For the suggested design value of Z =7.1 ft., maximum
velocities at 1800 ft offshore are + 5.3 ft/sec (uprush) and - 11.9 ft/sec
(drawdown) on the low tide (MLLW). On the high tide (MI.LW + 8 ft) they
are + 3.6 ft/sec (uprush) and - 7.5 ft/sec (drawdown).

Maximum withdrawal velocities are related to distance from the coast as
shown in Fig. 26. The upperimost curve for Z =7.1ft is recommended
for design and values should be increased an additional 107 over those
plotted 1o allow for uplift of the sea bed.

At the recommended design value of Z =7.1 ft., cooling water intake
structures at the design level of -15.0 ft (below MLLW) should be safe
from exposure. In the extreme they should be safe from an earthquake
likely to occur on the postulated fault,

It is recommended that outfall diffuser ports and cooling water intake
structures, etc., be designed to withstand the maximum velocities of
current mentioned along with concomitant accelerative flow conditions
from wave and swells, storm tide and astronomicatl tide.

Maximum accelerations in the design tsunami (at Z = 7.1 ft. )

can be calculated ‘or any location but are not given in this report.
Results given generally in this study are considered to be conservative

with respect to possible more exact treatment of the coupling effect
p P piing
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between shelf and oceanic oscillations,

There is no likelihood that a local earthquake on the postulated fault could
generate a tsunami capable of overtopping the sea wall at its height of

+ 28 ft. above MLLW. General uplift of land in such an event would tend

to reduce the runup.

S-10
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(] ESTIMATE
OF TSUNAMI EFFECT AT SAN ONOFRE NUCLEAR
GENERATING STATION UNITS 2 AND 3, CALIF.

Basil W. Wilson*

1. Introduction

This study is undertaken in general accord with the discussions between
the writer and engineers of Southern California Edison Company on July 5, 1972,
and their subsequent outline in writing of the requirements of the investigation and
assumptions to be used. A summary of the statement of requirements forms Ap-
pendix A of this report. Appendix B contains the writer's original proposals
for seeking answers to these requirements; some of these proposals have been

subject to modification in the conduct of the present analysis.

2. The Design Earthquake Magnitude and Fault Location

. The premise is adopted that an earthquake of Richter magunitude M = 7.5-
will occur along 65 miles of postulated fault between Newport Beach and Lajolla,
approximately along the edge ot the continental shelf off Southern California. A
statistical relationship between fault length L and earthquake magnitude M
given by Tocher (19538) as

Log;ol = M - 5.6 4}]
for L in kms suggests that this premise is in reasonable accord with expectation
(see alsc Wilson, 1969, Fig. 64). Thus for M =7.5, Eq. () gives L =~ 80 kms
~ 50 miles. However, a result of Ambraseys and Zatopek (1968), namely

Logiel = LI3M - 6.4 (2)
gives L =~ 123 kms ~78 miles. The postulated fault rift of 65 miles is an ap-

proximate mean between the results from Egs (1) and (2) for M =7.5.

The fault location (as given) is approximately along the 60 m (200 ft) depth
contour be cween Dana Point and Oceanside and along the 100 m (330 ft) depth con-

tour between Newport Beach and Dana Point, <s also between Oceanside and

. * Consulting Ocewmographic Engineer, Pasadena, California
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LaJolla and is shown in Fig. 1. This figure shows the system of oceanic basins
and islands which are a prominent feature of the topography of the ocean bed off
Southern California. The topogréphy is shown in more approximate form in

Fig. 2. We shall refer to these features in the course of this study.

3. Ground Displacement of Design Earthquake

The fau!: plane (as given) is taken vertical and trending subiarallel with
the coastline, heing nominallv 5 miles distant from the San Onofre site. The
sense of offset is assunied to be predominantly right lateral strike slip with an

associated small component of vertical dipslip motion.

To arrive at an estiinate of total (maximnm) ground displacement A,
where A is the resultant of the horizontal strike slip, X, and the vertical dip-
slip, Z, at the fault, namely:

A= (x*+23)% (3
we rofer to Fig. 3, which plots some of the available statistical informatioa on
the relationshin berween Taximum ground displacement A and eat.‘thquake mag-
nitude M. This diagram is adapted from Wilson (1964, 1969) and has beer
updated with the "Additional Data” recorded on the left hand side of the figure
(Oakeshott, 1966; Ambraseys and Zatopek, 1968; King and Knopoff, 1568;
Housner, 1971). The new data points, though scattered, do not unbalance the
previously derived median curves given by the full and dash-lines. Although one
might argue that the great scatter of data precludes any attempt to define a mean-
ingful relationship, one might argue that part of this scatter undoubtedly shows
the influence of additional parameters in the relationship, such as focal depth of
carthquake, type and quality of basement rock, depth and quality of overlying
alluvium, e¢tc. From an engineering point of view the median curves do have a
usefulness and meaning 2s an expression of the most probable trend of relation-
ship when the variable parameters are averaged out. The curves could reasonably
be considered to apply to shallow focus earthquakces whose focal depth might be of
the order of 13 to 30 kms. The shaded zone represents the range within which

757, of all data points fall.
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On this basis we feel encouraged to use the curves to adopt a mean

working value of A,

A~ :4m 4)
and a nominal maximum displacement (upper limit of shaded zone, Fig. 3)

A= T7.5m | (4a)

for the earthquake magnitude M =7.5. The Eq. (4) value corresponds with
the Tango (Japan) earthquake data point which is exactly in-between the full and

dash-line curves for M= 7.5,

For the stipulated strike-slip : dip-slip ratios of 10:1, 10: 2 and
10 : 3, we have, then, by use of Egs (3) and (4), values of maximum strike-slip,
X, and dip-slip, Z, in accord with Table I. Corresponding values from Eqgs
(3) and (4a) are given in Table IA.

Of greatest consequence to the present study are the values of Z which
vary from about 1.2 tc 3.8 £t for the median value of A = 4m (Table ) and

from about 2.5 to 7.1ft for the more extreme value of A=7.5m (Table IA).

We shall make the assumption that these maximum displacements will
prevail along at least part of the fault; in particular, that they will be approx-

imately constant in the region between Dana Point and Oceanside (Fig. 1).

The elastic rebound concept of Reid (1910) in explanation of earthquake
dislocations along faults would require an exponential type decay of basement
rock displacement with distance normal to the fault. This concept is now widely
accepted by seismologists (cf. Benioff, 1964) and has, in fact, been verified by
measurements in the field, particularly in areas where fault breaks have pene-

trated to the surface of the overlyiag alluvium,
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TABLE 1 - MOST PROBABLE MAXIMUM EARTHQUAKE SURFACE DISPLACE-
MENTS (M =7.5) ~

Ratio of Strike- Probable Maximum Surface Displacement
Slip : Dip-Slip Strike-Slip Dip-Slip Resultant
X Z A
(m) (fr) (m) (f0) (m) (ft)
10:1 3.98 13.06 0.40 1.3l 4.00 13.12
10: 2 3.92 12.87 0.79 2.58 4.00 13.12
| 16:3 3.83 12,57 L15 3.77 4.00 13.12

TABLE IA - POSSIBLE EXTREME MAXIMUM EARTHQUAKE SURFACE
DISPLACEMENTS (M =7.5)

Ratio of Strike- Extreme Maximum Surface Displacement
Slip : Dip-Slip Strike-Slip Dip-Slip Resultant
X z " A
(m) (ft) (m) (fr) (m) @
10:1 7.46 24,48 0.75 2.45 7.5 24,60
106: 2 7.35 24.12 1.47 4.82 7.5 24,60
10:3 7.18 23.36 2,15 7.07 7.5 21,60

-6a-
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%

. The Tango earthquake (M=7.5) of 1927 in Japan throws some light on earth
movements of this kind involving poth horizontal and vertical displacements.
Fig. 4 which is adapted from Davison (1936), portrays the horizontal shear which
took place along the Gomura fault, which has a dip of about 70° to the southwest.
Actual magnitudes of horizontal movements at various distances from the Gomura
fault along a line normal to the fault at Shimooka, are shown in Fig. 5. Evidently
the displacement decayed exponentially with distance from the singularity at the
fault. This decline of permanent set with distance from the fault was a noticeable

feature also of the San Francisco earthquake of 1906 in which the movements were

very largely horizontal (Lawson, 1908; Davison, 1936).

The vertical displacements across the Gomura fault, although generally
much less than the horizontal, showed the same trend of decay with distance

horizontally, as well as reversed vertical directions at the fault.

The El Centro earthquake (M=7.1) of 1940 in California is another example
in which surface displacements have conformed with this pattern. Thus, accord-

. ing to Berg and Housner (1961), maximum relative displacement on the fault was

approximately 12 ft. At a seismograph measuring site about 10 miles from the
fault the displacement to NNW calculated from the component horizontal motions
(see Fig. 6) was 1 ft, which is consistent with the same kind of displacement as
that of the Tango earthquake on the Gomura fault, (for which the strike offset was

also about 1l or 12 f1).

The curves ot Fig. 3 can be approximated by a normalized empirical
equation for strike-slip, g(y), and dip-slip, g(y) in terms of the corresponding
maxima, X and Z, ai the fault

@e/x) = @erzy=e? )

where y is horizontal distance at right angles to the fault at which the values

g and [ apply, and g nas the dimensions of (ic:'xg!ch)-z

The value of g which approximates the full-line curves of Fig. 5 1is
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i . (i) B = 0.1796 (miles) Lo [for right hand curve of Fig. 57
; (ii) g = 0.2170 (miles)” Lo [for left hand curve of Fig. 5]

Eq. (5) for =ach of these values of g is plotted as a dash-line curve in Fig. 5 as
an indication of goodness of fit. Obviously the empirical equation is a good model

of the measured dependence of horizontal displacement" ¢ ondistance y. It

scems reasonable to assume that Eq. (5), with the same value of g , will also

satisty the dependence of vertical displacement g ony.
For present purposes it seems valid then to adopt a mean value forr 8 of

g = 0.200 (miles) ' ()

4. Duration Time of Earthquake Dislocation

We have already shown that the assumed fault length, L, of 65 miles
would accord with a relationship which would be riedian between Egs (1) and (2).

Such an averaging would yield:
. Log,, L = 1.OTM - 6.0 )

for L in kms. If the duration time t d of severe shaking in an earthquake
represented only the time for rupture to travel along the fault at the velocity of

shear (S) waves in basement rock ( = 3. 25 kms/sec), so that

td s~ L/3.25 secs (8)

for L in kms, then Egs (7) and (8), combined to elimrinate 1. and express td

in terms of earthquake magnitude M, would indicate:
Log10 td = [LO7TM - 6.5] )]

for t4 in secs. A plot of this relationship is shown in Fig. 7 along with readily
available data on the duration time of severe earth shaking observed in a variety
of earthquakes and drawn {rom sources such as Davison {1936), St. Amand (1961),

Housner (1963) and Wilson and Tgrum (1968). It scems evideat from this that

actual duration tirnes of strong shasing tend to exceed the travel time of rupture

along the fault more especiaily for lesser magnitude earthquakes.

-11-
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Examination of two specific earthquakes of magritude M = 7.1 for which ' :
. strong shaking was given as 23 and 24 secs, namely, the El Centro earthquake
of 1940 in California and the Olympia earthquake of 1949 in Washington. (Berg
and Housner, 1961), suggests that these duration times, i each case, incorporate
one or two long Rayleigh waves of elastic ground shaking. This can be seen in
Figs 6,8 and 9 (adapted from Berg and Housner, 1961) from the integrated dis-
placement curves in three component directions, obtained from acceleration
records at distances of 10 miles (El Centro) and 43 miles (Olympia) from the
earthquake epicenters. The displacements for the two earthquakes are quite re- -
markably similar in character and reveal that, besides the transient elastic
vibration of the ground, a permanent set displacement was established within a

time interval of about 8 secs from commencement of each earthquake.

Housner (1963) has drawn some interesting inferences from Fig. 6 in

regard to the probable velocity of shaking of the basement rock in the El Centro
earthquake of 1940. He assumes that the 20 ins transient E-W displacement in
. relation o the 10 ins E-W permanent displacement represents a factor of 2

amplification of motion in the alluvium, and that maximum velocity in the under-

lying rock was thus about & of the registered maximum value of 1.8 ft/sec,
or 0.9 fi/sec. From this he calculates that the time of slippage during
which differential displacement of about 7.5 ft was occurring on each

side of the fault was approximately 8 secs. Fig. 6 confirms that the E-W

permanent set was reached in about this interval of time.

It is of interest also that the writer, in Wilson aad Tgrum, (1972}, has
inferred from indirect (hydrodynamic) arguments that the large earth movements
of the Prince William Sound earthquake of March, 1964, may have been completed

within about S secs.

On the basis of the median (dash-dot) curves of Figs 8 to 10, we may attempt
to define a reasonable value for g {(units of frequency) in an empirical simulation

of time dependency, tanh(yt) as part of an expression for permanent ground /
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. displacement of the form:
@e/X) = (2g/Z, = e “BY tanh(gt) (10)
Generalized, this expression is '
@2¢/X) = (2g/2) = «y) - (O an

where f(y), a function of y only, has already been approximated through

Eqs. (5) and (6), and f(t) is here taken of the form
f(t) = tanh(gt) (12)

Table II gives values of f(t) as measured from the dash-dot curves of Figs
8 and 9 and corresponding '-:f‘,-‘alucs of tanh(gt) for selected values of g, which

show reasonable compliance with the identity expressed by Eq. (12).

TABLE Il - TEST OF ADEQUACY OF f(t) ~ tanh (at)

~ Time EL CENTRO, Ca., Earthquake, May 1940 OLYMPIA,Wash. , Earthq.
April, 1949
’ t (Ground hsptacement Data trom Fig. B) (Data from Fig. 9)
(secs) | E-W Component N-S Component S 80° W. Component
() | tanh(go) £(t) tanh(g 1) f(v) tanh(gt)
(e=0. 262) {=0. 314) (& =0. 200)
0 0 0 6 0 0 0
1 0.236 0. 256 0.310 0. 304 0.154 0.197
2 425 | 0.481 0.543 0.557 0.309 | 0.380
3 0.590 0.656 0.724 0.736 0. 471 0.537
4 0.736 0.781 0.845 0.850 0.625 0. 664
5 0.835 0. 864 0.93t 0.917 0.765 0.761
6 0.915 3. 917 0.983 0.955 0. 860 0.834
7 0.962 0.950 0. 991 0.976 . 0.941 0. 885
5 0. 991 1. 000 1.30Q 0.987 0,985 0.922
9 1.000 1. 000 1. C00 0.993 0.997 0.947
10 1. 000 [. 000 i. 000 0.996 1. 000 0.964

-16-




Attachment 2: Estimate of Tsunami Effect U2 and 3, Dr. Basil Wilson Page 35 of 103

. In sumimary the values of g which satisfy Eq. (12) to good approximation

are:

El Centro, California, Earthquake, May 1940

0.262 (sec)
0. 314 (sec)

[ H

(i) E-W Component o
(ii) N-S Component o

(13)
Olympia, Washington, Earthquake, April 1949

S-80°W. Component ¢ = 0.200 (sec) 1

We shall adopt 2 mean value o = 0.29 (sec) . as being appropriate to California.

It would appear then that basement rock ground displacement, at any point
distant y from the line of strike-slip faulting near the epicenter of an earthquake,
and at any time t from initiation of the earthquake, can be modelled reasonably

well by a gencral empirical equation such as

0.20

(26/X) = (2¢/Z) ~ € 7 tanh (0.299) )

for y (=0)in miles and t (> 0) in secs, and

eO. 20y

i) 2¢/X) w~ tanh (0. 29 ¢t

G. \Y
0. 20y fory <O;t>0 (15)

(i) (2¢/2) ~ e tanh (0. 29 t)

It should be noted that the function (1 - e’at) which was initially proposed
for use has been abandoned here in favor of tanh (gt) because of the failure of the

former tc show reasonable agreement with f{(t) as given in Table IL.

-

5. Elastic Displacements

There remains to remark that actual surface ground z:zovément will tend 1o
inclzde not only the permanent set of the basement rock but tiso the transient dis-
placement from the elastic waves generated by the strain relzase. It would appear
rom Figs 0, 8 and 9 that the transient displacement, superimposed upon the per-
mancent set displacement, can be a significant part of the strike slip or dip slip
uphcaval. {t must also be supposed that the basement rock itself will vibrare sim-

ilarly, though to a lesser extent than the over-riding sediments, and that its

-17-
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extent of strike and dip motion there will tend to exceed the permanent set with

a sort of whip-lash elfect.

This question has been discussed extensively with Dr. Paul C. Jennings,
a specialist in earthquake engineering, who cautions that while the writer's inter-
pretation of Figs 6, 8 and 9 could be correct, it might also be inaccurate because
of the uncer:ainty of accuracy in the digitizaticn and double integration of low
frequencies in the accelerograms which had been performed several years ago.
He points out that the more recent trend in analysis of seismograms is to filter
out both very low and very high frequencies. This, of course, makes it impossible
to interpret any permanent type low frequency displacement in the calculated dis-
placement, though it may indicate correctly the combined elastic displacement and
initial (probably incomplete) permanent set at the first large wave of movement.
Dr. Jennings conceded that the state of knowledge on earth movements was really
insufficient to verify or disprove the writer's interpretations of permanent set and
transient ground displacements, but that in the light of the associated deductions,

the results seemed reasonable and could be a logical basis for proceeding.

Dr. Jennings indicated that fault displacement of the type hypothesized had
been reported in the Gobi Altai earthquake of December, 1957, by Florensov and
Solenko (1963). These authors state (p. 347y

»_ .. the movements show that during the earthquake the active flanks of

the faults were carried by the force of momentum up and beyond the new
equilibrium point of the rock masses. At a later stage the masses moved

back towards this point, but the movement was SO Vigorous that they again

passed it now in the opposite dircction. Subsequently they were again .

shifted eastward with a simultaneous vertical displacement and reached the

equilibrium point.”

Again (p. 348):
“The dislocation of large masses (of scdimentary, metamorphic and igncous
rocks) took place along complicated trajectories. In certain areas the

amplitude of displacement vras twice as large as that of irreversible

-18-
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deformations. This indicates the important role played by elastic deform-

ations. "

The possibility of deformations occurring in a submarine earthquake in
excess of the permanent displacements has not hitherto been considered in relation
to the added momentum that the elastic deformations could impart to the water. The

problem, however, seems to be of significant importance for tsunami generation.

Allowance for a whip-lash effect in the vertical motion {of dominant interest
to usj would require modification of (2¢/Z) in Egs (14) and {15) to the form:
iy @Qp/2) = e-By{ tanh gt +-ye‘5t cos (Ky) sin (t)]
for y50;,t=0 (16)

(1) g/2) = -eBY [ tanh gt +ye 8 cos (Ky) sin (1))

for y<0; t>0

in which _
vy = 2A/Z - (17

expresses the ratio of the amplitude of the elastic wave displacement to that of
the permanent offset Z at the fault, K is the surface wave mumber and (y the
frequency of the standing wave oscillation, normal to the fault, whose decay with
time is taken to be exponential at the logarithmic decrement T§, § being the
decayv frequency and ‘T the oscillation period. The assumption for this model of
earth movemant is that motions on opposite sides of the fault are equal and op-
posite and that the elastic standing wave is in the nature of a Rayleigh earthwave
whose velocity C is of the order of 4.2 kms/hr. Thus

C = (/K = 4.2 km/hr. (18)

It the period T of the standing wave be taken as 15 secs, in conformity

with Fig. 9, then plausible values of K and y in Eq. (18) wauld be

0. 4189 (scc}fl

i

(i) w = Cn/T)

1 (19)
(i) K = (/C) = 0.0997 (kms)
yielding a wavelength of the standing wave
L = (20/K) ~ 63 kms (20)

-19-
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. This would mean that the distance from the fauit to the first node would be approx-
imately L/4 or 16 kms (10 miles) and that, accordingly, the 5-mile width of
continental shelf from the fault to San Orofre would rise and fall almost in unison

with a pericd of 15 secs.

For the exponential decay with time of the elastic deformation we adopt a

value

s = 0.034 (scc)”! @1

arrived at by adopting an amplitude ratio of decay of 0.6, suggested by Figs. 6,
8 and 9, yielding
e 8T & 0.6
Finally, as a value for 4 in Eq. (17), in the light of Fig. 9 and the comments
of Florensov and Solenko (1963), we shall adopt
y =1, (22)
which makes the amplitude of the elastic deformation A "at the fault equal to the

(385 543

. upward (downward) permanent set (Z/2) at the faule. Thig value is agsumed ap-
plicable to bascment rock because it is known that the continental shelf off Southern

California contains no soft sedimentary cover, (Shepard, 1963).

6. Practical Evaluation of Vertical Earth Movement

Adopting the values of g, 8.y, 8, K and y given in Sections 3-5, Egs (16)

become

-0.20

¢ O tanh (0. 290 + 7003

(i) (2 /2) sin (0. 42t) cos(0.16y)}

for y>0, t>0 @3

"0-034t gin (0. 420) cos0.16y)3

Gy  Qz/7) L 20"{:ann (0.291) + e
fory<0, 1 >0

for y in miles and t in sccs.

Over the five miles of continental shelf from the faulr to San Onofre, the

value of cos{U. 16y) varies from 1.0 at the fault to 0,70 ax San Onofre. Egs. (23)

may therefore be shortened to:

-20-




Page 39 of 103

Attachment 2: Estimate of Tsunami Effect U2 and 3, Dr. Basil Wilson

- ™ " " " hkaR

| L

34t

‘ . (i) g2y = e_O' 2Oy{tanh {0.291) + e"g' sin (0. 42t)}
for y>0, t =0 (24)
2 , -
, ) Q2 s e 02 frann @ 200 + e 0 03 gin (0. 4200
fory <0, t>0
I Fig. 10 gives a plot of the function (23:/2), at three distances between the fault and
San Onofre site, as a function of time from the start of the design earthquake. The
curves show the permuacnt deformaticn at each of the three locations and part of
; the first wave of the superimposed transient elastic deformation. Fig. 10 bears

comparison with Fig. 9.

7. The Hydrodvnamic Probiem of Tsunami Wave Generation

In the first phase of an endeavor to determine the character of the sea dis-
turbance arising over the strike-slip fault shown in Fig. 1, we shall neglect all
effects of the horizoatal strike-slip cisplacement and consider only the vertical

dip-slip component. £ , modeled by the empirical Eqs (24).

. The problem is complicated by the fact that in the direction normal to the
vertical fault, the sca-bed on the coniinental shelf slopes upward towards the coast
on the east side and downward towards the continental shelf edge on the west side.
The gradient of the shelf, however, is sufficiently slight (about 1%) to permit the
approximation of a uniform depth condition, at least in the near field of the fault.
The conscquences of the shoaling dep:h can be dealt with later once the nature of

the tsunami is established by the uniform depth approximation.

The problem will also be simplified by neglecting any variation of conditions
in the x-dircction along the fault, sc¢ that it becomes strictly one -dimensional in

the vertical plane, normal to the fault,

Fig. Il is a schoematic represzentation of the carthquake fault as viewed from
a direction parallel to the earthquake fault. The origin O of the reference plane
ZOY is taken on the undisturbed sea-bad at the fault, with the axis of z vertical

and positive upwards and the axis of y horizontal and positive in an easterly
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. direction towards San Onofre. The fluid regime is considered to be divided in two
zones, I, east of the fault and II, west of the fault. Certain conditions govern the
behavior of the water across the extension of the fault plane ZOY at all times:

4 {(a) The water surface elevations 7 must match at all times; thus, if sub-

scripts 1 and 2 identify the zones I and II respectively,

M7 = Ma for t20; aty =0 (235)

(b) The water surface gradient, é}z , must match at all times
y

" dn dn
; = X for t>0; aty =0 (26)
F (dy)1 (dY 3 =
F {c) The horizontal velocity of water flow u across the depth, h, reduced by
the uplift of the sea-bed {, must be common in value and direction
uy = up for t>0; y=0 \ (27)
It is apparent that over the small vertical distance (€3 - e), representing

the offset of dip-slip, horizontal velocity would have to be zero against the
. scarp. but because (fy- Ca)is, at maximum, very small compared with

the water depth, h, its effect in blocking horizontal flow will be neglected.

We may proceed to examine the effects on the water of the earthquake dis-
turbance ‘n terms of a velocity potential @ and the governing Laplacian equation

for potential flow, namely

2 3 ' for t>0
%~?+ -2-;.?—= 0 { -°O<y<°0} (28)
y : 0<z<h

At the free surface the generalized Bernoulli equation is

R 20 ' for t> 0
3 —— R 0 = 29
3¢ T8y % z=h g ( )

where g is the acceleration due to gravity.

At the sea-bed the vertical velocity of the water must equal the vertical

velocity of the earth in the two zones; thus

-24-
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©

Zone 1; [by use of Eq. (161), with cos (Ky) ™~ 11

fort >0
230 .38 L gpHe z=0" (30)
32 Jt y>0
Zone 1I; [by use of Eq. (16ii), with cos {Ky) =~ 1]
fort>0
-3 <
222 3L L Gy H(Y z=0 (31
3z 4 y <0
in which
® Gty = @/ Py
@ Galy) = -z/2)eP? (32)

-0
(ii) H() [asech®(ad) +e ' (w cos wt - 8 sin wt)]
The further requirement of the problem is that there be no motion of the

fluid at the instant t = 0, so that

i © =0 -
j att=0 (33)

. | ~w<y<=
(ii) 3t 0

For a simple solurion of Eq. (28), we shall seek a Fourier transform of
© (y.z,t,y in the form of ©(k,z,0), inwhich k and ¢ are in the nature of a

wave number and frequency respectively. Such a transform, inserted in Eq. (28),

yvields
: 3%0 , .
Ko+ —5~ =0 (34)
oz
enabling Eqg. (34) to be solved in the form:
o(k.2,0) = a(k,0)e’® + bk, 0)e Z (35)

Here a and b are functions of & and o and their values must be determined

from other conditions.

Applying Eq. (33) to Eq. (29). we have

3o _

P S S 4.
0¢.gaz g

which, for z = h, and by substitution {rom Eq. (33), vields

-25-
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a(k,0) Mgk - 0% = Bk, 0) e o2t g
By making each side of this equation equal to

{P(x,0)/2}(g0? - 0 *],
we can represent the unknowns 2 aund b in terms of a single unknown P, thus

reducing the solution for the Fourier transform to

o(k.z,0) = P(k,0) [gk cosh k(z-h) +02sinh k(z-h) ] (36)

Applicarion of the Fourier transform to Eqs (30) and (31) will result in

-%"29- = G(K).H(0), forz =0 (37

provided G(k) is the transform of G(y), represented as an odd function for which
Gi(y) = - Ga(-y).
Then, use of Eq. (36) in (37) gives, for the condition z = 0,
P(k, o) = H(0) {G(k)/k} [gk sinh kh - ¢° cosh knl!

permitting elimination of P(k,0) in Eq. (36) and specification of the Fourier

transform o(k.z.0) as

_ G(k) . H(@) {gk cosh k(z-h) + 02 sinh k(z-h)}
ek.2,0) = k  "{gksinh ki - o cosh kh} (38)

Finally the desired potential function Q({x, z,1) is given in terms of its transform as
R iky iot
Dly.z.t) = & j [ ekzo)e kY 19 gk do (39)
O -0

and the transforms G(k) and H(o) in terms of G(y) and H(y) as

e = em T am ™ ay (40)
-0
. ™ ‘
Hoy = @m 2 Hwe Ta 4D
Ee o

where i =./(-1).

-20
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e o

a -
- Because 'é’? = —%—g for z = h, at the water surface, Eq. (29) can also
be written as
*p
-8 =0
XY “2)

Upon integration with respect o t

-1%) t
n=welsy I (43)
z=h (
If the value of @(k,z,0) at z=h, given by Eq. {38), is substituted in
Eq. (39) and the latter is differentiated with respect to time t between the limits
t and O, then Eq. (43) gives finaliy the elevation of the water surface resulting
from the earthquake:
' iky . o ioH@) °t-1) do
LT I_m G(ky e dk j_‘oo (gk sinh Kh - 0°cosh Kh) (44)

Here it is understood that only the real part of Eq. (44) is to be retained in the

. final resuit.

To evaluate Eq. (44) we proceed first with development of Eqs {40) and

-

(4!). Substitution of kgs. (32i) and (321i) in Eq. (40) yields on integration,
Gk = zeom T i/ @+ )] (45)

Evaluation of the function H(c) by substitution of Eq. (32iii) in Eq. (41) proves
to be more difficult. The substitution, when H(t) is taken as an even function,
yields

co oo

H(o) = (2m) 21 J o sech? (@t).e Ot + f o GFION s o5 wi-6 sin wt)dt (46)
0 0

where it is to be noted *hat the lower limit of integratica has been taken as 0 be-

cause the function hag to be non-existent for negative ime (t < 0). Considering

initially just the first of the two integrals in Eq. (46), this can be developed to the

form:

-27-
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o . ®  ©
. [ = [e wttanh(at)j + io f e 10T anh @t dt.
. 0 0 0 0

io f e o tanh ot dt.
0

The difficulty arises in determining this integral in clnsed form. It is evaded
only by making an approximation. Thus, as has been shown in the early part of
this work, tanh ot attains a value of (=~ 1) in about 8 secs. It is to be expected
on the other hand that ¢ is a relatively small quantity, so that in integration
between limits ewt will be a relatively long period cyclic function. Consequently
for purposes of approximating the integral in closed form we should not be too far
wrong in writing it

oo 0

@ . -
[~ io [ &% du~ e 0t & 1 (a7
0 0 0

“Fhe second intergral of Eq. (46) presents no problem, so that Eq. (46) is then

‘ determincd as

-& [low cos wt - {w?+08@+i0)] wt -1] (48)

H(o) ~ (M S+ (6 +10)°

In the further development of Eq. (44) we may note two things. First is
that we can replace o° ia the denominator of the secound integral (enciosed) by
the approximation

o =~ K¥.gh , (49)

on the basis that the evolving waves will be long waves in shallow water. Secondly,
because the integrand is a statement related to frequency, it cannot exist in the
negative domain, so that the function is zero between the integration limits -
< g< 0. This enables Fq. (44) to be rewritten, on incorporating results from

Fgs (43) and (48), as
jon] ot
7 [ dk__ J' a (" -nlto) -1} (50)
n = an? ) o, (BT + K)(sinh kh - kb cosh khy J

oo Oi ky

in which f{c) is

. g cos wt - 1wt 8(3+i0)} sin wt
flay = et a 51
) w4 (8 Fio)y ©h

~ 25
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[Because evaluation of this double integral will necessarily have to be performed
(in p>rt) by numerical integration and cannot be accomplished within available
time, it becomes necessary to discontinue the hydrodynamic evaluation of

the water surface elevation via Eq. (30) and proceed by assuming a wave form for

7. This is done in the next section].

8. Assumed Initial Form of Water Surface Elevation

To simulate the effect of the generated wave we shall consider the Fourier
series representation of a saw-tocth wave form of maximum height H, (Fig. 12),
which is assumed to prevail from west to east over a continental shelf ot uniform
depth h and width (L + 4£), of which L represents the distance from the fault to
the coast at San Onofre and £ the distance of the fault from the nominal edge of

the shelf. Fig. 12 may be recogmzed as a crude version of Fig. 1.

The fact that the wave form at the instant of maximum generation is taken
angular is not a serious limitation because its representation as a Fourier series
of sine and/or cosine terms will to a large extent eliminate the angularity by the
mere fact of retaining only the first few terms of the series. The main obiect of
this exercise is to identify the principal wave components that can be considered
to be present and to be representative of the approximate shape of the sea disturb-

ance set up by the earthquake.

If the maximum wave form is defined as n(y), th- 1 its representation as
a Fourier series of sine terms (for an odd function), in relation to an origin in the
water surface in the plane of the fault, (cf. Eagle, 1925) is

-

n(y) = [H, {kHHL,/L-1)7 ] [sin k2 sin ky + 4 sin 2k2 sin 2ky +1/9 sin 3k{ sin 3ky
T (52)

It is considered sufficient to retain just three terms of this series since
it converges rapidly. The height of any n-th wave component may be generalized
as
~ -

H_=2 (/i) (L4 D] sin nki (53)

-0
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s
b

in which n, an integer, has the values 1, 2, 3, ....

The fundamental wave of greatest height has a wave length X\ (= 27 /k)
given by
A = 2L (54)

As a long wave in shallow water, its velocity ¢ will be

c = (gh)é

and its peried T,

T = \/c = 2L(gh)’§ 55)

Generalizing, the period 'I‘n of any n-th component in the wave system,
(=123, ......)is

Tn = 2L/n(gh)# (56)

-

Now it is clear that the saw-tooth wave system comprising predominantly
three systeins of sinusoidal waves will collanse and propagate both shareward ong

‘ seaward. This means that the initial clapoti effect for each of the three wave
systems will subside through the separation of each wave system into independent
standing waves or, what is equivalent, into progressive waves passing through
cach othev in opposite directions, both seaward and shoreward.

At this point it is desirable to evaluate the heights and periods of the three

principal standing vave systems. These are tabulated in Table III for the following

values of M, L, £, and h and by use of Egs (33) und (56)

i

(i) H

122 (assumed)

(i L =5 miles = 26,400 ft (distance faelt to San Cnofre)

(i) £ = limiles=5,230 f1 (assumed by judgement)
(ivi, h = 40 mm 150 {r (ussumed average depth)

-31-
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TABLE il - HEIGHTS AND PERIODS OF COMPONENT STANDING WAVES
CAUSED BY THE ﬁYPOTHET ICAL EARTHQUAKE

Dip Slip Harmonic Sequence (n) of Standing Wave
Offset 9 3
YA
(see Wave Wave Wave Wave Wave Wave
Tables Period Height Period Height Period Height
1 and 1A) T, H,y Ta Ha Ta Ha
( mins) (ft) {mins) (fr) {mins) (ft)
1.31 12.7 .17 63 0.47 4.2 0.21
2.58 12.7 2.30 A3 0.93 4.2 0.41
3.77 12.7 3.36 w3 1.36 4.2 0.60
2.45 12.7 2.19 6.3 0.88 4,2 0.39
4.82 12.7 4.30 0.3 1.74 4,2 0.77
o 7.07 12,7 6.32 6.3 2.%6 4.2 | L4

As a check upon the results of Table III, we use the heights H, to calculate

the initial maximum water surface profile created by the assumed earthquake in ac-
cordance with Eq. (32) or what is equivalent:

n=3
My) = ?(H,;/Z) sin nky (57)

Results are plotted in Fig. 13 for the first three cases of Table III. The initial
uplift of water surfacc is greater than the assumecd uplift of sea bed in each case
becatse of the assumption mads that H (in Eq. 32) is 1.2Z. The factor 1.2 has
been inclided to allow for the dynariic effect suggested by Fig. 10 and discussed
in Sections 5 and 6.

It should be poirted out that Fig. 13 implies that the standing wave system

represcnted by the uplift of the sea surface for any particular value of dip-slip Z,
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. would have zero height at its eastern extremity (the coast), whereas Fig. 10 had
indicated that at San Onofre the permanent uplift of the sea bed would be as nmuch
as 0.37(Z/2) and would thus momentarily give rise to a watex surface elevation
above mean sea level of a similar amount. Actually it would be less than 0.37
(Z/2) because of the {actor sin ky, assumed as unity in Equation (24), but having
an actual value at the coast of = 0.7. This slight disparity does not over-rule
the usefulness of the model of Fig. 12 in reaching for the essential make-up of the

surface wave distorbance,

It is necessary also o emphasize that the model of Fig. 12 suggests a

nodal condition for the standing wave at the coastal boundary (San Onofre), which

is unrealistic. Standing waves are necessarily anti-nodal at a boundary. Again,

this non-compliance with physical requirement need not invalidate the result that

at the moment of generation of the sea disturbance, the system of waves formed

was essentially composite of three harmonic components in accord with Table Iil.

What becomes necessary now is fo derermine what three such oscillations, operat-
. ing on the shelf cdge, realistically could do to the water surface at the coast,

allowing for the slope of the continental shelf.

9. Amplification of Wave Effecis at the San Onofre Coastline

Each of the three harmonic components of the initial disturbance can be
considered to be an oscillation on the edge of the shelf of the form, 7 = A cos O,

where A is the amplitude of the oscillation and ¢ its angular frequency. The

problem nuw posed is that of determining the response at tae coast, at the zero-
depth boundary for a sloping sea bed of length L and irre zular slope (he/L), to

such a sinusoidal pscillation. §

This problem hay been treated by Lamb (1932, 3 I89) for the special case of
a uniform slope, in the absence of friction. He shows that the water surface eie-
vation n(x) at any distance x from an origin in the water suriace taken at the
coast Lh(x) = 07, and normal to the coast, 1§
n(x) - ALl {Z(ffx):,'j; L 20 L)‘}}'j cos (Ot + €) (58)

ERES




Attachment 2: Estimate of Tsunami Effect U2 and 3, Dr. Basil Wilson

Page 53 of 103

» - § — ” ——— ——

. where L is the length of the shelf slope, and € 2 phase angle,
% is a wave number defined by
B = 0°L/gh, (59)

he is the water depth at the shelf edge (x = L), and Jo is a Bessel function

of zero order, of the first kind.

The free modes of oscillation of such a uniformly sloping shelf are
given by the values of (>x) which yield
Jo{2(:07} = 0 (60)
that is,the zero-crossing values of 2(3':x)é which cause the Bessel function

Jo to be zero. From Egs (59) and (60) it may be shown that the periods of

free oscillation are (cf. Wilson, 1972):

£
. E%EL = 2.618; 1.139; 0.728; 0.53Li ..... (61
. where the subscript m refers to the mode number (m =1, 2, 3, cend)

corresponding to the numbers in sequence on the right hand side of Eq. (61).

So long as the forcing frequency O is not too close in value to
w, (= 2m/T.), a natural frequency of the shelf, the value of 7(x) at any point
can be calculated from Eq. (58). However, when o approaches w, in value
the result from Eq. (38) becomes anreliable and is in fact indeterminate for

g = Wg.

Fig. 14 shows that the ~ontinental shelf off San Onefre cannot very satis-
factorily be approximated by a single uniform slope so that the true values of
the narural frequencies w, need to be computed by other means. We shall

approach our problem therefore in a different way.

Considering any one of the three component waves given by Eq. (57), it
is clear that for v = 0, at the shelf edge Bq. (37) yields n(0) = 0, aud the

seeming anomaly exists that no oscillation arizes there. The water disturbance,
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DISTANCE, <x {miles)
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FIG. 14 - PROFILE OF CONTINENTAL SHELF OFF
SAN ONOFRE, CALIFORNIA
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. initially, over the fault at the shelf edge, is nodal [n(0) = 0] because of the
assumed nature of the vertical displacements of the sea bed. In reality the sea
condition at initiation of the tsunami can be considered to be the resultant of two
progressive wave systems; one incident and one reflected, with initial elevat-
jons at the shelf edge of 7y and N respectively. These systems would be
defined as

(i) L1

]

(H/4) sin (ky - W)
(62)

(it) Ny (H/4) sin (ky + «t)
where «{=2m/T) is the angular frequency of a component in the initial dis-
turbance. It is readily shown that the superposition of these progreselve
incident and reflected wave systemé gives

n =m+n. = (H/2) sin ky cos wt (63)
and if t is very small, as would be the case just after the earthquake,

"Eq. (63) would reduce to Eq. (57) for the sum of the three components.

ancmma saadt

the necessary boundary condition for solving the problem of the dynamic oscil-

lation of the shelf waters.

In a general sort of way the problem is the parallel of a mechanical
damped spring system as has been shown by Wilson (1972). The governing

hydrodynamic equations can be written as

& 3
M 29 4 Kq+ gbth + 7} MN - R,y =- h+ 7y SPn
< dy p
(64)
it .é..(.l. 5..1) =
(i) 5 T b x 0

where nly,t and gly,t) are respectively the water surface elevation and
horizontal volume flow over a variable width b(y) (the volume being tuken
uniform  with depth for long waves), h(y) is variable wuter depth, K is a
daniping covilicient for linear damping and F(y,t) a surface excitation,
normally related to surface shear stress and pressure (cf. Wilson, 1972, p. 16}

. but here shown to COmMPrise just & pressurc terni.
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. In Eq. (641i), the disturbance F can be considered to be an atmospheric

F pressure variation equivalent to the sea bed disturbance given by Egs (23) or (24).
The main feature of the exciration, as discussed in Sections 5 and 6, is that it is
of short period, about 13 secs (see Fig. 10). On the other hand, the expected
period of free oscillation of the shelf waters is long (several minutes). Because
of this the ratio of the forcing and natural frequencies, (0/w), is likely to be

large and resonance will not be a problem. At the same time, the mechanical

spring analogy tells us that the magnitude of the free oscillation will exceed the
forced oscillation by the ratio (o/w). This fact enables us to discard consider-
ation of the forced oscillation term, F, in Eq. (64i) and solve Eqs (64) for the
free oscillation, relying for the determination of magunitude upon the assumed

initial (maximumn) disturbance of the water surface [Eq. (32) and Fig. 137].

As the effect of damping, via the second term of Eq. (641), may also be
expected to be quite small, we shall discard this also and consider the remaining

terins of Egs (64) in the following approximate forms:

@ , 2% an
(i) — + g. .- =U
3t ay
(65)
. I >~ r
ii — - { bh + = 0
@ g gy (el
1 2 Aamion . - \ 260, , .
F Egs (63) derive from (64) by writing q = b{y)h(y) — and by discarding

n in comparison with h. The quantity £(y.t) now represents the horizontal
displacement of the water particles at any point y and time t in the [ree

oscillation,

The solutions of Eqgs (65) may be taken in the form:

1)

(i) n = L{y) cos wt
(i) 3

where w is the angular frequency of the {ree oscillation and £ and vy are

(66)

Ll

v{y) coswt

amplitude functions (of y only) of the vertical and horizomal displacements

n and § respectively, Inserting Eqs (60) into (63) and writing

-38-




Attachment 2: Estimate of Tsunami Effect U2 and 3, Dr. Basil Wilson Page 57 of 103

S(y) = b(nh(y) 67)
where S(y) is the vertical cross-sectional area normal to the direction of -
oscillation, (that is, approximately parallel with the coast or the shelf-edge),

Egs (63) reduce to

] & . (w?/9v .
ay
(68)
.. _ .1l a
(ii) { = b 5y (Sv)

These equations are now written in finite difference form by adopting a suit-
ably small increment of distance 8:

0} Gp =8+ (6w""/2g)(v,+1 + V)

H]

(69)
(ii) Copr= -0 - /(b + b)8}S:i 42 ¥y - Siw)
Further by subtracting these equations and writing
(1) B = 2/6(bya+h)
" (70)
(i) C = &uf/4g
They are rendered as:
) wp = (BS-Ouw- L 1/(C+BS: 43)
n
(t1) G = O+ 2C0n 0 +0)

From Eq. (711) the value of v,y can be calculated from values of 4§
and L for a preceding distance step: To pursue the numerical calculation it

is necessary to have starting values of v, and § at an end boundary and to

w

kave values of C, B. , S, at increments of distunce & butween the edge of the
continental shell and the coast, Once vyyp is known fron: Eq. L), Lip
can be calculated from Eg. (71ii) and the iteration conaniaxd,

The recursive calculation can be started at the corst where the vertical
amphitude o ati =0 can be normalized to unit value. The horizoatal ampli-
tade there will be zero, - =0 at i =0, ou the basis that the tsunami

oscillition will floed agarnst the vertical sca-wall, The v alue of w in

-39~
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E . Eq. (7Cii), of course, is unknown, but may be approximated by recourse to

“ Eqs (e1) and the adoption of a suitable value of hg for a uniform shelf slope
best approximating the irregular profile of the continental shelf off San Onofre.
From Fig. 14, a value for hg of 85 meters seems reasonable and approx-
[ imate values of w; (m=1, 2, 3, ..., the mode number) from Egs (61) are,

therefore:

w = 4.3 9.95 15.50; 21.23;...(x 10"%) radians/sec. (72)

The condition binding on successful solution of Eqs (71) is that {

must be zero at the edge of the shelf (over the fault), that is

{15 = 0 (ati=15for § = 1794 ft.) @3)

If Eq. (73) is not satisfied by the édoption of any one of the values of &,

E in Eq. (72) then such value of w, must be altered incrementally up or down

and the recursive process repeated until Eq. (73) shows that a solution has

~ been reached.

. 10. Tsunami Wave Refraction over the Continental Shelf

To provide values of by, by and 5 for the numerizal calculation in
solution of the tsunami oscillation a wave refraction diagram has been developed
F for part of the shelf off San Onofre on the assumption that the oscillation will

largely be dictated by the nature of wave transmission between the fault and the
coastiine. The refraction diagram has been calculated numerically and com-

puter-plotted from a program adapted from one given by Orr and Herbich (1969).

Fig. 15 gives part of the grid pattern of depths h(x,y), in meters, used

to define thie topography of the area and Fig. 16 shows the wave fronts and rays

as computer plotted from calculations which determine the refraction of the
waves, The depth reticulation (Fig. 15) uses grid spacings of 1794 ft. which

will be used also as the interval 8 in the solution of Eqs “n.

The wave ray that bears directly on the site at San Onofve is shown in

Figs 15 and 16 by a chain-linc marked by station numbers 15 to 0 at intervals

of & =1794 f1, ‘The adjacent wave rays on either side of this chain-line are

-40-
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. ~ used for estimating the widths b in Eqs (70). The free oscillation of the shelf

to be calculated is assumed to function (in effect) within this ray channel.

11. Modes of Frce Oscillation of the Shelf off San Onofre

With everything now specified as required input to the numericai calcu-
lation using Eqs (71), the modes of free rscillation of the shelf are determined
By the recursive process which homes in on the correct values of «w,. Compu-
tations have been made for two water depths

(a) depth to MLLW

(b) depth to (MLLW + 8 it.)
of which (b) represents a condition of extreme high tide (7 ft.) and allows for

1 ft. additional of storm tide elevation.

Results of these calculations are recorded in Tables IV and V in the
form of values of £ and v, normalized to unit value of ¢ at station 0, the

—

coast. To cbtain actual values, we refer back to Egqs (62) and (63) and the fact

sdane aw slia cYamif At -
L S e P L oY L R T

standing wave system expressed by Eq. (63). For such a system the horizontal

-

= e - IY P | O . o N e b
Sy y 7 8y, the oscillation is nodal (T] =3} for the

particle displacement is given from linear long wave theory as:

£. =~(H, 72}/ k) cos Ky cos wnt 74)

Consecquently, the amplitude value of §; is

v, ==(H./2)(1/k:h) cos k.y @%)
Further, becausc by definition

L. = kn‘il(gh) (76)
Eq. (73) becomes

v, ==(H, /2 (g/h) Jwa s cos ky ' a7)

Accordingly, when y =0 at the sheli edge (station 15), we obtain

UV S
v, ==(H./2) ’.(g{/h) /e (7 8)
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. It is now expedient to point out that in our estimate of initial water dis-
turbance [Eq. (52) and Fig. 137 we neglected to include an allowance for the
permanent uplift of the seabed. ‘Had we done so, the effect on Fig. 13 would be
roughly equivalent to tilting the curves upward at y = 5 miles about a hinge
point at y =0, the amount of tilt at y = 5 miles being of the order of the per-
manent set 2C/Z ait =4 sccs given by Fig. 10, where { in this case refers
to uplift of the scabed. Eq. (52) for the maximum initial disturbance would
then have included a subharmonic term whose amplitude would be given by Eq.

(241i) for vy =5 mi, t =4 secs. We need therefore to modify Eq. (57) to read

[mw]wo=5Gg/msm(wmy+’gsagﬂnsmnw- 09
with
H.! = 0,32 (80)
-~ The addition of the excra term in Eq. (79) will, of course, tend to en-

large the estimate of in(y)}(_o at y =1.35 mi. (Fig. 13) by the amount

0.13Z sin (0. 675k)
which, for k=m/L and L =5 mi, is:
6, 06172
and would thus make the total estimate of the initial sea disturbance H=1322

instead of 1,22 originally takea (p. 3.

It is of some considerable interest to note that our estimate of initial
sea disturbance introduced harmonic components whose periods are quite re-
markably cloze to the values found in Tables IV and V. The comparison is
more easilyv made in Table VI For greater accuracy therefore we may replace
w. in Eq. 5ty ws (= 25,T:) given in Tables [V to \4 8

i (1) Lo the normatized value of the horizontal amplitude of displace-
ment at station 15, as given in the last rows of Tables IV and V, and H; is
the factor by which it must be multiplicd to agree in value with Eq. (78) then

M, ==~TH, /2)y V(g ® /e ) (81)
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TABLE VI COMPARISON OF ESTIMATED AND TRUE MODAL PERIODS
FOR TSUNAMI SHELF OSCILLATION

Estimated Periods Correct Periods
Eqs (52) to (30} (Hydrodynamic Solution; Egs 64 to b
Harmonic Period, T, (mins) Mode Period, T: (mins)
No. No.
n Low Tide | High Tide m Low Tide High Tide
(MLLWY  HMLLWHSD (MLLW) (MLLWHST

® 25,4 24.7 1 28.23 27.56

1 12.7 12.3 2 12.02 11.02

2 6.3 6.1 3 7.32 6.67

3 4.2 4.1 4 4.99 - 4,55

TABLE VII: COASTAL HEIGHTS AND PERIODS OF MODAL COMPONENTS
OF TSUNAMI OSCILLATION CAUSED BY HYPOTHETICAL
EARTHQUAKE (WATER DEPTHS TO MLLW)

22 Dip Slip Modal Sequence of tivdrodynamic Sviucion Gty
5 Oftset | 2 3 4
2 {scw'?;a!:}c:; Period |Height | Pericd Heigivv | Periog Height | Period |[Height
Z  {andla i3t H, Ta H- Ta Ha Te L,
cmins) (%) (;mins) (.0 (mins) (f1) {mins) {fn
12l 25, 2 0.38 | 12.0 | -1.10 | 7.3 | 0.43 5.0 |-0.07
2.5% 28.2 0.75 12.0 | -2.16 7.3 0.85 5.0 |-0.33
- 3.77 28.2 1.10 12.0 | -3.16 7.3 1.24 5.0 1-0.43
ST ; 26.2 | 0.71 | 12.0 | -2.06 | 7.3 | 0.80 5.0 | -0.31
= 4,82 | 28.2 1.40 12,0 | -4.05 | 7.3 1.59 5.0 |-0.6l
7.07 25.2 2,03 12.0 | -3.93 | 7.3 2,34 5.0 | -0.90
1. 31 27,3 0.33 1.0 4 -0.9%8 0.7 0. 41 4.5 |-0.16
< 2,35 27,3 0.66 nmo | -.88 6.7 0. 8t 4.5 |-0.20
¥ 3,771 27,5 0.97 .0 | -275 | 6.7 1.19 4.5 1-0.44
S 27.5 0.63 | 1.0 | -L79 | 67 | 0.77 4.5 [ -0.29
£ 4.8 27.3 L 24 1.0 | -3.52 6.7 1.52 4.5 |-0.57
7.07 27,5 L3l o | -5.17 0.7 2,23 4.5 | -0.54
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¥

This quantity H, in fact will be the true valuc of the modal component height
of the wsunami at the coast, because ({q)o ati= 0 in Tables IV and V was
normaliz~d to the value 1.000. Values of H. and corresponding periods T,
calculated in this way are recorcicd in Table VII. Comparison of Tables III
and VII shows chat the original component heights and periods of the tsunami
oscillation derived from the estimation of initial sca distu:&nce were goad

approximations to the nature of the cscillation which is hydrodynamically correct,

We may check the initial profile, {__n(y)}mo over the shelf width by cal-
=

4

culating the sum of the products (. H,,}

=4
7 = T [(Ca)s Hal ‘ 82)

over cach station i (=1, 1, 2, .... 13), where ({.)y are the normalized values
of ¢ given in Tables IV and V and H, are the corresponding factors from
Table VI. Thus Fig.]7 gives the initial profile of the sea disuirbance in con-
formity with the hydrodynamic properties of the contivental shelf. Fig., lo

bears comparison with Fig. 13. The peak uplift of water level at stations 8 and
9 is now somewhat larger than the original estunates represented by Fig. io.

At the same time an initial drawdown on the coast is disclosed. At high tide
(MLELW -+ 8 ft.) the peak uplift would be stightly larger and more seaward and

the drawdown slightiv less than at tow tide relative o the prevailing sea leval,

as shown in Fig, 17,

12, Tsunuami Runup and Drawdown at the Coast

v

The solutions to Eas 71y given in Tables IV, V and VII provide the pro-
1 [l
duvis (L €y and (L) whereby water particie moevemonts, vertically on thwe

~urface, and hocizoataliy in the body of shelf water, arce defined complotedly ur

Gy steleon paopit 1, dx

. - zo 4
(H il = DO H (L) ere wat
: :
33
. ) o4
iy £ = I o) oowet
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. At the extreme coastal boundary (i = 0), Eq. (831i) is readily calculated
from the data of Tables IV, V .mgi VII. Figs 18 and 19 give the time history of
n at the coast for the different assumed values of the vertical dip-slip Z oc-
curring on the fault in the hypothetical earthquake for the conditions of low tide

(depths to MLLW) - Fig. 18 - and of high tide (depths to MLLW + 8 ft.) - Fig. 19.

In every casec there occurs a nominally instantancous drawdown of water
as result of uplift of the land, but the amount is less than 2. 5 ft, in the most

extreme case (Z = 7.07 ft.). This is followed by the first big wave which would

reach to 4.4 ft. above MLLW datum at low tide for Z = 3.77 ft. or to (4.0+
:; 8.0) = 12 ft. above MLLW at high tide for the same dip-slip. An unlikely extreme
l (Z =7.07 fr.} would make this runup 8.2 ft. above MLLW at low tide and 15.6 ft.
| above MLLW daturn at high tide. The first large wave would crest to about 6.5

mins atter initiation of the sea disturbance and occurrence of the earthquake.

I - The large trough following the first crest would draw down sea level at
. the coast to 5.9 ft. below MLLW datum (Z - 3.77 {t.) and in the extreme to 9.4
ft. below MLLW (Z = 7.07 ft.) - Fig. 18, At the high tide - storm tide condition

the drawdown would be to a level of 3.7 ft. above MLLW datum (2 = 3.77 ft.)

and in the extreme to datum level (MLL™Y iwself (Z = 7.07 ft.).

Figs 18 and 19 show that after a minor intermediate wave, a crest larger

than the first surges in at about 27 mins after the occurrence of the earthquake.

That it is actually larger will depend on the effect of damping which has not been
allowed for in arriving ot the solutions of Eqs (83). The dampiny was bricfly

voferrved to in Eqs (04 by the factor K. Its effect is predicrable through a time-

dependent factor mvelving the exponential function
c—(K/ 2t
which gradualiy subducs the free oscillations of the shelf waters. This factor is
often written in the alternative forn
e-Bwt
where 8 is a dainping coefficient snd w the angular frequency of the oscillation

. (o = 27,703 T = period of escilloton),

-
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Frem measurcments off tide records of the Alaskan tsunami at four west
coast (California) stations, San Francisco, Rincon Istand, Los Angeles and San
Diego, the overall average height ratio of a tsunami wave to that of its predeces-

sor is found to be 0.839 from which 8 is calculable from the equation

e 2™ _ 0,839 (84)
yielding
B = 0.028 ’ (85)
This value is remarkably close to that of B =0.025 found from a record of
seiches occurring in San Francisco Bay (cf. Wilson, 1972, p. 32).
Adopting for the apparent wave period in Fig. 18 and 19 a value of

T = 1l mins, the damping factor after t = 28 mins will be:

e CMBUTY | 5 630 (86)

the value of which will make the crest height of the second large waves in
gs 18 and 19 appreciably less than the first waves, Attention may therefore

Fi
be canfined exelucively to the first high wave and trough.

Recause the numerical calculation of n{y,t) and £(y.t) has been made
for a somewhat course definition of sea bed topography via the distance incre-
ments & = 17694 11, , there is some risk that the results obtained at the coastal
boundary for n (O ) 2o will insufficiently represent the true runup condition,
Fix 20 for instance, shows that in the neighborhood of the coast from A to E,
the =ea bed 1s quite wrregtlar, whereas, within the range of distance of 6000 ft.
wre, it 1s defined by only four station points, 9 to 4, at the

incledod o the fie

~

distance weroments & = 1794t

To ensare that tsenami water levels at the coast, aven by Figs 18 and 9
are ot wit restimates, we caleulate the wave cedition (Y as 1t nught appiy

atl station s 7, intermediate setween stations | and 2, making use oi the para-

mcters S an Tabtes IV, W aoe VIL Figs 21 and 22, in this way, show the

tine Gistories of the tsunami waves os they mieit be recerded at statina Viz”

fyr the teo cases of dip-=tipat Z= 3.77 and Z = 7.07 ft. Considering just the
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]

. first large crest and trough, the wave height (trough to crest) is about H = 5 ft.
for Z =3.77 and about H =9 ft. for Z =7.07 ft. at the toe of the slope BCDE

in Fig, 19. The runup of the tsunami over the slope BCDE is then to be determined.

Although the tsunami oscillation has little real resemblance to a cnoidal
or solitary wave type, we shall apply the known theoretical and experimental re-

sul's for runup of solitary waves for estimation of the runup effect.

The most authoritative work known to the writer on the runup of solitary
waves on slopes of various grades is that of Kishi and Sacki (1966), who have suc-

ceeded in unifving the theory and experiments of various authorities, besides

themselves, who have worked in this field, These authors show that the runup
experiments of Hall and Watts (1933) on steep slopes (>1/10), of Kaplan (1955) on
flat slopes (1,60) and of their own on intermediate slopes (1/30 to 1/10) can all be

accommodated by the general empirical expression

by
R/h = o(H/h)" (87
where ROio the runup moasured above still water level, H the wave height at
. the toc of the slope, where the water depth is h, ¢ a numerical constaat and
Z a numerical exponent, Values of 2 and 2 are given in Fig. 23, which is

reproduced from the paper of Kishi and Saeki (1906},

If from Fig. 20 we adopt an average slope from B to E of 34/2300 or
0, 013 we find {rom Fig. 23
2 = 0.33 = 0.53
Accordingly, for the high tide-storm tide condition (MLLW + 8 ft.)
h = 34 ft, H 3.77 {t)

H 91, (for 72 = 7,07 {1) )

#
it

51t (ler 4

]

and wo ebtain via B, (37)
R
R

0.119h

i
i

4.0 fr. (for Z = 3,77 f1.)
C.163 h = 5.5 ft. (for Z =7.07 ft.)

]

above still water level, or
R
R

#

12,0 1, (Z = 3.77 t.)
13.53 4t {Z =7.07 {t.)

1

- . above MLLW datum,
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[t is convenient now to summarize runup results in Table VIIL

ESTIMATED MAXIMUM RUNUP, R, AND DRAW-DOWN, D, OF
TSUNAMI AT THE SAN ONOFRE SITE

Dip Slip
Offse:
YA
{see Tables

1 and 1A)
{fY)

NI p e .y
Noter o Stal

Maximum Runup, R {ft) above MLLW
Datum (at High Tide + Storm Tido)
ion no., Fiz. 10)

Maximum Draw-down, D,
(fty, below MLLW Datum
{at Low Tide)

This Study from Eﬂ(t)}z:c

(MLLW + 87 conditin)

This Study from o= 1t

and Kishi-Saeki Formula
(MLLW + 8" condition)

This Study from n()]: =

(MLLW condition)

Max. Crest [alax Crest |[Max. Wave | Max Crest Max. TroughMax Trough
Amplitude | Elevation Height Elevation Amplitude Elevation
(1=2) (1=23) (¢ =0)

1. 31 .+ 9.4 --- --- -1.7 -1.7
2.38 2.8 10.8 --- - -3. 4 -3.4
.77 1O 12.0 5.0 12.0 -5.0 -5.0
® 2,45 2.8 0.8 “2.3 -2.8
4. 82 5.2 13.2 - --- -6. 4 -6. 4
T U7 7.6 15.6 3.0 13.5 -9.3 -9.3

ir i« clear trom Table VII that the results of this study are consisten:

with rosslts it are obtainscle from use of the Kishi-Saeki empiricat formula

(Eq.

1=t

573,

A< wohsorvutin e,

W are

i e L atd rre () of O
T 3 ~ v N fe 5 ;v .
T, vy, aronn s broa et

P ositian nosy

iy U
SLORSNAN L

te cemply with the regat

Resoire of Tol!

Hescover, the value of runop heiuht for Z = 7,07 given by this study

deber then that found by (e formala and is considered move reliable as well

ment of Guestion (D

VIT are plotted in

Speioatiun s poassible, oinier Cpproximately no doubt),

what tnustal comditions would cause a jocal tsunami, goenerated at higiv tde in
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. for R and Z in feet. Hence for R = 28 ft., the vertical dip-slip displacement

would have to be

Z = 18.2 ft. or 5.5 m.
At the ratio 10: 3, strike slip to dip slip, the strike displacement of such an
earthquake would be

X = 18.5m
and the resultant displacement

A =19.3m
According to Fig. 3 such an carth movement has no precedent even with the
largest known carthquakes and may be considercd outside tre realm of pos-
sibility on a minor fault. The conclusion, therefore, is that the 28 ft.
protective wall at San Onofre will never be overtopped by any tsunami that is

likely to be generated locally.

Before leaving this section there remains one aspect for consideration
concerning the continuity of operation of the cooling water intake. Drawing
. No. 5lU4344-1 ot 1¥/2, suppiied to the writer, siiows intake head levei for
Nuclear Generaring Unit 3 at 15,0 ft below MLLLW. We desire to know what
valuenof dip-stip offsct, Z, could cause a tsunami great enough to expose the in-

take head and interrupt the inflow of cooling water.

In answering this, we note first from Figs 18 and 21 for stations "o
and "1%" respectively, that the maximum trough amplitude following the first
crest is greater than the crest amplitude in the ratio of about 1.2, With insuf-
{ficient tine on this project remaining to calculate fn(t)}: at the intake position
dircotly, we mast pucss that tor 4 = 7,07 the maxunum trough levei of the
tsunami at low tide would be about 4 ft below MLLW., For a tsunami with a
trougit of ‘ar;t; it below MLLW at that point, we might then expect the value
of Z nucessary to produce it, would be
Z= (;';71;,4) 7.07 72 177 fnl{ P
For the positen of the intake at 3400 {t from shore, Eq. (10) indicates *hat
7 sta bod eplift there {for v = 430 miL > W0 ming) will be €. = 0, 42Z, where the
. gubmeripr rofors to the =co bod, Acenrdingly from BEao (89), Ly, internes of mt!

-t}-
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. becomes

& o= 0.74|n] (90)

For safety against exposure of the intake head, we must then have
{15.0 - 0.74 mt[ } > (nt\
or
< 8.6 it. 1)
in,d 8.6 it
By Eq. (89),this means that the value of Z must be conditioned by

Z < 15.3 fr. (92)

13. Maximum Velocitics of Uprush and PDraw-down near

San Onofre

We return to Eq. (831ii) and differentiate this partially with respect to

t, obtaining an expression for the velocity u{t) of the water particles at any -
station i, namely:

~ =4
. luw]: = %;—= 213 - Hy (W) s sin w,t (93)

It should be noted that it is implicit in the long wave theory used in obtaining
Egs (04) - (see Wilson, 1972) - that the velocity distribution with depth is uniform.
Hence the value given by Eq. (93) may be considered to apply at any depth at a

specitic station i,

Because the numerical integration procedure used in solution of ¥ and
£ {Efis (7!)} rroceeded from the coast seawards, whereas we desire to conform
to the orizinal sense of direction, posi!ivé rowards the coast from an origin of
abseizs e, vy, taken at the fault on the edge of the shelf, we change the =ign of

Eq. (43) aad wree in
R=4

a(© ]y F D OH_ (W), w, sinupt 94)
1

A pasitive velooity, u, will then correspond to un inflow towards the coast and

a negative velocity, vice versa,

-62-
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. Values of [u(t) ], are readily calculated for any particular station point
i (i=0,1, 2,....15; sce Fig. 16). Examples of these calculations are presented
in Fig. 25 for Station !, (i = 1), and for the cases of Z = 3.77 and 7.07 ft. at the
tow tide condition. Fig.25 may be compared with the corresponding traces of
[n (t)l,___ 15 in Fig., 2l.. Although the station points are different for these two
figures, they are sufficiently close together (o show that zero velocities corres-
pond to maxima and minima of n(t) values, a feature similar to slack waters at

high and low astronomical tides.

Our primary interest, however, is in the maxima of the current velocities
in up-rush and draw-down. These maximum values of u{t) are obtainable {rom
data similar to those plotted in Fig. 25, calculated for stations i= L, 2, ...6.
close 1o the coast. The information is conveniently summarized in Table IX,

which spccifies both the maximum values of [u(t)]; and the times (in mins) at

which they oceur, referred to time "zero", [ a few seconds (circa 5-8) after oc-

-
currence of the carthquake ;.

. It will be noticed immediately from Table IX that draw-down velocities
greatly exceed the up-rush maxima, and that the low tide conditions (MLLW) pro-
duce severcr scour velocities than would tend to occur if the tsunami happened
at high tide (MLLW + 8'). Consequently from a design point of view, consider-

ations in respect of scour and possible bed movement must be related to the

Lo tide omiitir

Horizontal velocities, uft), at the San Onofre scawall arce necessarily
zero because of this boundary restricting any horizontal flow. Seaward of this
boundary tae draw-dewn velocities peak at a shert distance from the coast (about .
1600 to 20010 {r.) amd then decline at greater distances from San Onofre. This is
ehown in Fig, 26 where maximum draw-dowa velocitios at low tide (MLLW) for
different values of dip-slip offset, Z, are plorted against distance out to 2 miles.

Deponding epen wiich vatue of Z is adopted for finn! design, the maximoem

velocity of scour current can be obtatned from Fig, 20 for any particular distance

. from the Ccoust,

643~
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TABLE IX: MAXIMUM VELOCITY VALUES AND TIMES OF OCCURRENCE OF UPRUSH
‘ AND DRAWDOWN CURRENTS FROM TSUNAMI AT DIFFERENT STATIONS
OFFSHORE
i
Vertical | Station| LOW TIDE (MLLW) HIGH TIDE (MLLW + 89
Dip-Slip No. iMax Curient Velocity, u; occurrence | Max Curreat Velocity, u;Occurrence -
Offscl Time, t, and Dircction + Time, t, and Direction +
(sec¢ Tables Uprush (#) Drawdown (-) Uprush (+) Drawdown (-} '
I and IA) |
Z i u t u t u t u t
(£ (ft/sec) | (mins) | (ft/scc) |(mins) (fr/sec) | (mins) | ({t/sec) | (mins)
0 0 0 0 ) 0
1 +0. 98 5.0 -2.20 9.0
2 +0.77 4.0 -1.53 9.0
3 +0.73 3.5 -0.91 9.5
1. 31 4 +0.50 3.0 -0.352 7.0
-0.48 10.5
5 +0. 34 2.0 -0.44 6.5 |
' ! -0. 31 1.5
. 6 +0. 22 1.5 -0.33 5.5
15 +0, 09 8.5 ~0.27 2.5
0 0 0 0 0
1 +1.93 3.0 -4.32 9.0
2 +1.51 4.0 -3.00 9.0
3 +1.43 3.5 -1.79 9.5
) 55 4 +0.93 3.0 -1.03 7.0
o -0.94 10.3
5 ). 08 2,0 -0.58 6.3
| -0, 62 1.5
i
t +0, 44 1.3 =13, 03 3.5
15 #0.17 | 8.3 | -9.35 2.0
i ‘
-H5-
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TABLE IX (Continued)
Vertical [Station LOW TIDE (MLLW) HIGH TIDE (MLLW + 8"
sz-’Shp No. Max Current Velocity, ui Occurrence| Max Current Velocity, u; Occurrence
Offsect . . . ) Y ]
) Time, t, and Direction + Time, t, and Direction + ~
(sce Tables = =
I and IA) Uprush () Drawdown () Uprush (+) Drawdown (-)
k Z i u t u t u t u t
‘ {r (ft/sec)| (mins) | (ft/sec) | (mins) (ft/sec) | (mins) {ft/sec)| (mins)
0 0 0 0 0
1 +2. 82 5.0 -6, 32 9.0 +1. 90 4.5 -4, 01 8.0
2 +2.21 4.0 -4,39 9.0 +1, 8! 4.0 -3.68 | 8.0
3 +2.09 3.5 -2.62 9.5 +1.76 3.5 -2.61 8.5
3.77 4 +1.43 3.0 -1.50 7.0 +1.50 3.0 -1.58 | 9.5
= -1.37 10.5
- 5 0,99 | 2.0 | -1.28 6.5 | +1.07 | 2.5 -L17 | 6.0
. -1, 90 1.3 -1.00 | 10.0
6 +0.63 1.3 -{3.95 5.5 +0.73 1.5 -0.88 | 5.3
‘ -0.70 1.0
13 4,25 8.5 -3, 80 2.0
0 0 0 0 0
1 +1.83 3.0 -4, 10 9.0
2 +1.44 4.0 ~-2.85 9.0
3 +1. 36 3.5 -1, 71 9.5
4 (+0.93 3.0 -3, 98 7.0
2,45 ‘ -0, 90 0.5
5 +0, 64 2.0 -0, 83 6.5
-0.538 1.3
5 13, 41 1.5 -0, 0! 5.5
15 +0. 16 % 8.5 -0.52 2.0
i
-66-




Attachment 2: Estimate of Tsunami Effect U2 and 3, Dr. Basil Wilson

TABLE IX (Continued)
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Vertical |Station LOW TIDE (MLLW) HIGH TIDE (MLLW + 8
%i;:i:p No. Max Current Velocity, u; Qccurrence | Max Current Velocity, uiOccurrence
. - . Time, t, and Direction + Time, t, and Direction +
(sec Tables - +
I and IA) Uprush () Drawdown (~) Uprush () Drawdown (-)
Z i u t u t u t u t
(it (ft/sec) | (mins) | (fr/sec) | (mins) (it/sec) | (mins) | (ft/sec) {mins)
0 0 0 0 0
1 +3.62 3.0 -8.09 9.0
2 +2,84 4.0 -5.62 9.0
3 +2.68 3.3 -3.36 9.5
4 +1.83 3.0 -1.92 7.0
1.82 176 | 10.5
3 +1.27 2.0 -1.03 6.3
. -1.15 I
6 +0. 81 1.3 -1.21 5.5
13 +). 32 8.3 -1.02 2.0
0 o 0 0 0
1 +5.32 5.0 -11. 89 9.0 +3.57 4.5 -7.54 | 8.0
- +4,17 4.0 -8.26 9.0 +3.39 4.0 -6,92 | 8.0
3 +3, 94 3.3 -4,93 3.5 +3. 31 3.3 -4.89 | 8.3
- 7 4 +2.69 3.0 -2.82 7.0 +2,.33 3.0 -2.96 | 9.5
i -2.58 10,3
b +1. 87 2.0 -2.40 0.3 +2.0 2.5 =219 0.4
- Loy 1.3 -1,.87 {1d.9
o +1.20 1.3 -1.738 5.5 +E.37 1.3 -1.6d | A5
-1.32 i
15 +{). 47 5.3 -1L.30 2.0

-b']-
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. It will not be possible within the time available for this study to comment
adequately upon the effect of the draw-down velocites on the bed materials, this

being a complicated subject in itself beyond the scope of this investigation.

It must be pointed out that all vertical structures such as diffuser ports
and cooling water intake structures will need to be carefully designed to resist
the hydrodynamic forces of the tsunami current plus additional accelerative cur-
rents such as those [rom astronomical tide, storm tide and regular wind waves
and sw lls. The design magnitudes of the possible combinations of velocities
and accclerations will depend upon the position of the structure ad the selection
of a design value of Z, but Fig. 26 should be helpful in arriving at suitable values
of tsunami velocities and corresponding accelerations could be readily calculated,

but are not given in this report.

14, Oscillating Propertics of the Oceanic Basins

Question 3 of Appendix A and items (i) and (i) in answer thereof remain

Fizs 1 and 2 show the topography of the oceanic basins. In dealing hydro-
dvnamically with the oscillating properties of these three-dimensional basins in an
approximate manner we shall attempt to describe their topography through some
simple geometrical shapes that represent them reasonably as to boundary shapes
and depths,  We shall deal with the shelf and cceanic basins in four separate ways:

(1)  shel! between Dana Point and Rose Canyon

(1) Ocean basin of the Gulf of Santa Catalina from Newport Beach to
La iolla

(=) Qcean basin between San Clemente [sland and the San Onofre coastline
() Ocean basin between Santa Buarbara chanoe! ishuds, San Nicolas
and San Clemente Islands and the =outhern California coastline

The first of these will treat only the shelf waters, The remaining three will

constdoer oscillations in the oceanie basins,
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(2) Dana Point - Rose Canyvon Shelf

In the first instance we simulate the shelf in this area (see Fig. 1) as a
semi-elliptic bowl of very large major/minor axis ratio. The length L, of
this “basin” is about 32 naut.mi. and its semi-minor axis width (B/2), about
4.7 naut.mi. For an elliptical basin as elongated as this, ils major responses
are dictated almost entirely by the trausverse modes of uscillation, which
approximate closely the modes of tree oscillation for an infinicely long straight

shelf of semi-parabolic depth profile,

The concave semi-parabolic depth profile, however, is not a very good
approximation to the true shape of the shelf between Dana Point and Rose Canyon,
which is convex rather than concave in profile, as shown in Fig. 20, Since the
three d: - .ensicnality of the problem largely falls away, we may substitute a
more satisfactory geometric approximation to the true shape of the shelf bed
L+ considering it to be one-half of a quartic curve with depth defined as

By) = hol - 4y%/L%) (95)
in whici: he is the depth at the edge of the shelf and y the distance measured
normally fivm the shelf cdge and taken pesitive towards the coast. The modes of
free oscillation of such a shelf will be the same as the od modes of oscillation
of the full quartic Lisin formed by the shelf and its mirror image, for which
the solution is known (ci. Wilson, 1972, p. 39). Periods T, of these odd modes
are given by )

T (gho® = 4965 2,482 ... .e.s (96!
in which B is the width of the shelf and the numbers on the right hand side of

Eq. () correspond tu the shell inodes m =1, 2, ..., in sequence.

For B =3milvs and hy = 10 m. =323 {t., Eq. (?5) gives
T, = 21,3 mins
o7)
Ts 10. 6 mins

These results are reasonably consistent with tie more aceurate numerical

H

determinttions of periods of shelf oscillation given tn Tuble VI but provide a

rough-and-ready check upon the latter,

-70-
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(by Gulf of Santa Catalina from Newpor® Beach to La Jolla

Fig. 27 shows another representation of the oceanic basins off the

southern California coast with all areas of less than 600 ft depth shaded to em-

phasize virtual boundaries that exist for particular areas.

Considering just the ocean basin immediately flanking the coastal shelf
edge from La Jolla to Newport Beach, it is evident from Fig. 27 that the area
can be simulated quite effectively by a semi-clliptic basin of roughly para-

boloidal bortom with its major axis in the deepest part of the Gulf in a NW-SE

direction. Its major-axis dimension is L =~ 66 naut.mi. and its major/minor

axis ratio L/B~ 3/2.

The f. ndamental mode of transverse oscillation for this basin, having
an antinode a the edge of the corzinental shelf and a node along its major axis
has been shown (Wilson, 1971) to have a period

T, = 30.1 mins ., (98)

. 1 eopnnd made in which the semi-elliptic basin could respond with a node along

the major axis of the ellipse and a node along a concentric semi-ellipse, paral-
lel to the boundary semi-ellipse, would have & period

Tg = 24.5 mins (99)
These natural periods are evidently not too greatly different from the natural
periods of the shelf off San Onoire, as given in Tubte VI, so that the oceanic
basin might be expected to show some response to the hypothetical earthquake.

The important question lies in the magnitude of such response.

Without a very long and compticated analysis it is only nossible to answer
P -1 A g

this now in very general terms.  The essential difference between oscillation of

e shelf waters and oscillation of the occanic basin waters, as result of the
initial sea di-turkonce visualized schematically in Fig. 12, is that while approx-
itmatelv caual potential energies are released in the two bodies of water, the

volumes of water which must be moved by these releases are vastly different,

-71-
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ot o N U Nt

. The total energy per unit width in any induced seiche developing in an
open-mouth basin, such as the shelf or oceanic quasi basin we are considering,
can be approximated as

E~2pgnel (100)

in which 7n, is the amplitude of the boundary elevation of the water and L is

the length of the basin. If we use subscripts s and o to designate shelf and
ocean respectively, and drop off the subscript b, then for equal energies E,
Mo/mg® = Lsilo

or

Mo/m) = (Ly/lo) ton

Because (Lg/Lo) =~ 0.21, we could then expect

(no/ny) =~ 0.46 102)

Eq. (102) implies that the oscillation in the oceanic basin would have less than

half the height of that developing on the shelf.

. It is not oxpocted that this effect in the ccennic quaci-hasin will greatly
influence rhe results already calculated for the shelf. The shelf oscillation
calculations have in effect already provided for the oceanic basin oscillation
through the assumption of an 243 function description of the initial sea disturb-
ance. Thus Eq. (32) also describes the negative sea disturbance over the ocean

for ncpative v (y < 0), and the determination of Hy via Eq. (81) is consistent

with a flow at the edge of the shelf dictated by the interaction of the shell and
oceanic waters,

14

it has o be admaitted that this kind of interaction at the shelf edge is
approxtmate only,  Strwerly, for a more complete solution of the prolllem of the
coupied bBasins we woold need to have appliced Egs (71) to a chain of stations

extending boevoud fo. 15 at the shelf edge, going into deep water as far as the

major axis of the semi-elliptic basin, This however would open up the com-
plexitics 7 the three-dimensionality of the problem because the responses of

the oceanic basin cannot properiv be determined from the analysis of a narrow

-73-
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. filament of water in the manner done for the shelf oscillations,

It appears nevertheless that our results lor the shelf oscillations should
be conservative, because in terms of Eq. (102), flow velocities at the shelf edge
should really he less than they were taken., There is, in any case, no question
of resonance occurring because the forced oscillation is still only the earth
movement with its rapid vibration at about 15 secs period (Egs 24), and the be-
havior of the shelf and oceanic waters will merely constitute the free oscillation

in the coupled system of basins arising from the initial disturbance.

(¢) Oceanic Quasi-Basin between San Clemente Island and

the Mainland

Much the same considerations as those discussed under (b), apply to the

quasi-basin lying between San Clemente Island and the mainland (Fig. 27).

Consideration of this quasi-basin on its own is just another rough - and-ready
means of assessing the behavior of the oceanic waters off San Onofre. Actually
. the behavior of these waters will be a very complicated {rec oscillation in-
fluenced by the entire topography of the ocean bed and boundaries so that any
treauments of the problem under these items {a) to (§) does not necessarily
imply that eacii case gives an independent cifect that can be superimposed on the

others.

The profile of the ocean bed {rom San Clemente Island to the mainland is

shown ie Fig, 28, Figs 1, 27 and 28 show that San Clemente Island forms an
almonss vertival wall which would be capable of retlecting tsunami energy back
towacds the enact,  The profile shape [mkm approximately along the minor axis
of the semi-cHip=e considered previously (Fiy. 27) s so nearly rectangular that
we oy approarmate the quesi-basin as one of rectungulur plan shape, vertical

cnds and uetform depti, Approvimate dimensions irom Fig, 27 are L ~43.8 n.mi.,

h #= 480 fathoms or 2880 ft.
Such a rectangular basin has natural modal periods, T, given by

T, = 2L/m (gmi’ (103)

-7 4~
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’ and for the dimensions given, their values, m =1, 2, 3...., are
T, = 29.1; 14.6; 2.7; 7.3 5.8, 4.9; 4.1 (104)

The closeness in period values of the fundamental oscillations for this rectangular

quasi-basin (29.1 mins) and the semi-elliptic basin of section (b) [30.1 mins,

Eq. (94)] is evident, but expected. With the exception perhaps of Ta(=14.6 mins},
the periods of Eq. (104)are quite close in value to the shelf modal periods. This
will ensure some longevity for the shelf oscillations set up by the earthquake
because of the tendency for some of the enexrgy of the dicturbance to become trap-

ped in oscillations between San Clemente and the mainland coast.

The amount of encrgy per unit width so trapped would be given by Eq.(100)
for L = 43.8 n.miles. From Eq. (101), therefore, we could expect the ratio of

amplitudes of boundary disturbance on the shelf (ng) and in this ocean basin (ng)

to be
- (Mg/Mo) =~ 0.31 (105)
. which by the same argument discussed in section (b), would tend to make our

calculation: of the sheli oscillations still more coaservative.

(&) Oceanic Quasi-Basin from the Santa Barbara Channel

Islands to San Diego

The shaded boundary areas in Fig. 27 suggest that the entire southern
Califoruia coastline from San Diego to the Santa Barbara Islands effectively forms

a semi-ellipse and that San Nicolas and San Clemente Islands provide a large

part of the mirror-image semi-ellipse, thus creatinga pseudo-elliptical basin.

Althoughi the depths of this quasi-basin are very irregular we shall apply
the gross approximarion that the sea bed is ellipsoidal and calculate the modes of
osciliation ¢f sl a basin asing the theory of Goldsbrough (1930). The major and
miner axis lenths, Ioand B respectively, ave

1. = 143.3 n.mi.

R

B = 32,9n.mi,

If we neglect the presience of Santa Catalina Island, near the center of the ellipse,




Attachment 2: Estimate of Tsunami Effect U2 and 3, Dr. Basil Wilson Page 95 of 103

as an artifice to achieving useful results, we may assume maximum central
depth hy for the ellipsoidal bed as
he =~ 3600 ft,

Some of the modal periods at which the waters of this eliiptical basin
could oscillate are obtainable directly from a summary of Goldbrough's results
(Wilson, 1972). Thus in the lengitudinal sense (with symmetry about the minor

axis) the modal periods T, (m=1,2,3,...) should approximate

Tu(gho)?/L =~ 2.22; 1.02; 0.73; 0.40; .... (106)
In the transverse sense (with symmetry about the major axis) the modal periods

should approximadte
'I’.(ghc)k/B ~ 2,22; 1.91; 1.5% 0.82;.... (107)

For the dimensions given, the modal periods from Eq. (107) are
T, = 34.4; 29.6; 23.4; 12.7;.....mins (108)

From Eq. (106) the modal periods would be
. T, ~ 54.7; 47.8; SLL W.l.....mine (109)

‘Tahle VI for the shelf oscillations, se that it would seem evident that we have

a further-sastaining system for trapping wave energy in the region and preveunting

too rapid decay. Again, however, the argument { discussed in Section (b) ]} applies that

this factor should not lead to amplification of effects en the shelf over those cal-

culated in Sections © to 13 by virtue of the approach taken in those calculations.

15. Possible Tsunami Effects from thc Strike-Slip Componunt

of Earthquake Displacement on the Fault

In complicuce with item 1 of Appendix B, we discuss here the possibility

that the strite-siip movements X along the fault ar the shelf edge (sec Tables

[ and IA) conld be instrumental in generating any tangible tsunami effects.

Fig. 27 shows that the shelf edge between Newport iseach and Rose Canyon

is relatively straight. Horizontal slippage along the fault can arfcct the water
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‘ mass above it only through bottom stress or by the movement of a boundary
that is steep and normal (or nearly so) to the direction of the {ault. Bottom
stress effect can be discounted 1t once as negligible. Normal boundary effect
may also be considered negliyible because within the 65 miles of postulated
fault movement no boundaries with sufficient inclination to the fault direction

are involved.

There is general support for this type of conclusion from the fact that
the San Francisco earthquake of 1906 (magnitude M = 8.2), in which the San
Andreas Fault movement was almost exclusively strike-siip, failed to gencrate
g any tsunami, notwithstanding that the epicenter was on the submarine extension

of the fault, north of San Francisco.

Likewise the Tango earthquake of 1927 in Japan (Fig. 4) in which the
earth movement was predominantly strike-slip along a fault running into the

sea, with the epicenter in the Sca of Japan, also failed to generate any tsunami.

. We couclude, therefore, that the sirike-slip movcinent should not Cos

stitute any problem in generating sea disturbance off the coast at San Onofre.

.~ >
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i o

. APPENDIX A

SOUTHERN CALIFORNIA EDISON COMPANY ASSUMED
PARAMETERS AND REQUIREMENTS OF INVESTIGATION

Paramcters for investigation should be based on the following as-

sumptions:
1. A postulated offshore fault extending between Newport and Rose

Canyon could rupture along its entire postuleted length of 65 miles.

2. The fault planc is vertical and trends subparallel to the coastline.
Its position is five miles offshore of San Onofre and generally follows

the edge of the continental shelf as shown on the attached drawing.

3. ‘The scnse of offset is predominantly strike slip (right lateral) with

an associated small component of vertical dip-slip motion. Assume
~ the east block will move up relative to the west block which moves
down. There ic no known reason to assume the development of

. either a graben or a horst.

4. Consider ratics of strike slip to dip-slip offset as being 10: 1, 1012,
and 10 : 3.

Questions to be addressed in the investigation

I.  What parameters of maximum fault offsets (horizontal and vertical)
using the above assumptions would create a Tsunami run-up of 28
fect at the plant site? This would provide the most conservative
imechanism of ofiset.

2. What would be the natural period of oscillation in the south coast
offshare study arca?

3. What effccts on Tsunami run-up would be due to the presence of
ofishore islands and particularly San Clemente Island?

4. What would be the effects of draw-back on:
a. Beach materials near the sca wall?

h Cooling watct structures and continuity of operation?

-gzm
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® APPENDIX B

PROPOSLED APPROACH TO PROBLEM

(a) From the condition of a postulated rupture length of 63 miles along the
offshore fault, establish a probable (design) earthquake magnitude from

statistical data relating fault length with earthquake magnitude.

(b) For the carthquake magnitude found from (a), use statistical data relating
maximum ground displacement to earthquake magnitude to determine a
probable (dcsign) value of maximum ground displacement (resultant of

horizontal siurike-slip and vertical dip-slip),

(c) Hence for the specified ratios »f strike-slip : dip-slipof 10:1, 10: 2,
10 : 3, establish values of stri.e-slip and of dip-slip likely to ensue under
the postulated conditions. Assume that between Dana Point and Oceanside

these ground displacements are reasonably constant.

[o%

2.9 Too ol o £ e oa e ad T o *iem R ;i - 3 i i
. Wiy Ta the ficst consideration of tsunami generatien, assume that the dip-clip

vertical upthrust on the east side, and down throw on the west side, of

the fault conform to an cquation of the form

L.t = Al-e Y1) W

with

H

(i) 184%) e_ﬁy (for v > 0)

@
@ o = - (ory<o0)

where L (v,t) dcfines vertical ground displacement as a function ol time
t and horizontal distance vy measurcd normally {rem the fault line and
taken posinive 1n an easterly direction. The quantity A is one-half the
vertical displacement found from item (¢). The parameter « (units of
frequency) will be determined from statistical information relating th2

duration tisac of carthquake shaking with earthquake magnitude, The para-

roo -1 . . L .
meter B | units of (leagth) } will be determined from statistical in-

. formtion volating (harvizontal) strike-slip displecement with distance
from the fault and earthqpake magritude.  Egs (D) and (2), rogether, dve

-83-
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(e)

Y]

()

)

(1

expected to model reasonably well the expected time-dependent vertical

earth movement between Dana Point and Occeanside.

Treating the continental shell as uniformly sloping from zero depth at
the coast to 100m. at the shelf edge with the earthquake fault breaking
surface at 100 m. depth, paraltel to the coast and normal te the shelf
slope, make a best etfort attempt to solve the hydrodynamic equations
for the model of ground displacement adopted under item (d) in order to
estatlish the initial wave form of the tsunami. The hydrodynamic
solution will be compieted for just enough time to establish the rature

of the waves advancing in the east and west directions from the fault.

LIf the hydrodynaniic solution proves too time consuming, an assumption
based on engineering judgement may have to be made in regard to the

initial tsunami wave form. lEstablish a period for the tsunami wave(s).

Pursue the propagation of the tsunami wave from the fault to the coast-
line by the traditional mcthods of graphical refraction, allowing for
shoaling, refraction, friction and reflection and taking into account

1 in accord with shallow water wave theories.

Apply the most authoritative (theoretical and experimental) results for
estimating the run-up of the tsunami wave at the San Onofre site from the

heiwht obtained under (i) near the coast (say in 10 m. water depth).

Investigare the oscillating characteristics of the coutinental shelfl between
Dana Peint and Oceanside by approximating the sheif as a semi-cllipseidal
bow! of larye major; minor axis ratio. Estimate the possibilities and
conscquences of rescnance between the exciting tsunami period and the

free nodes i osciltation ol the shell,

fnvestate the osceill wieg characteristcs of the occanic basin between
San Clemente Istand and the mainland coast and e=timate the possibilities
and consegrences of resonance between the exciti..or tsunami period and
the free modes of oscillation of the basin, Other torms of oceanic basins

rayv be discassed and thers peasible eifvct commented upan.
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. @) Plot final estimates of tsunami run-ap at the San Onolfre site so as to
establish the parameters likely to yield a tsunami run-up of 28 ft. It
is expected that sufficient results will be obtained to permit extrapolation,

if necded.

(k) Examine, as possible, the effects of tsunaini draw back and the flow
velocities hikely to accur near the
(i) sca wall
(ii) cooling water structures.
Draw conclusions regarding effects on bed materials and the continuity of

operation of cooling water intake.

'§)) Estimate the possible cffects on the tsunami disturbance of the horizontal
strike-slip component of curthquake displacc’mem along the fault. These
effects are expecred to be small, but the influences of the north-south end
boundaries to the Gulf of Santa Catalina oceanic basin (formed by the con-
. tincutal siupes to the San Pedro shelf and the San Diege shelf) will need tn
be investigated in association with the natural oscillating characteristics

of this basn.
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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 actions and deliverables

Page 1 of 6
09-18-2023

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

i. Asdiscussed during our meeting, as a practical matter, it is likely all SONGS canisters
would be visually inspected prior to offsite transportation, regardless of
transportation Certificate of Compliance (CoC) requirements. Such an inspection
would provide additional assurance for the receiving facility.

ii. There are three 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. Detail as follows:

(Units 2/3 Fuel)

Canister model | Certificate of Canister Canister
(Stores) Compliance inspection/integrity | inspection/integrity
(CoC) verification verification

requirement for requirement for HBF?
non-HBF?

NUHOMS 24PT1 | 71-9255 No N/A

(Unit 1 Fuel)

NUHOMS 24PT4 | 71-9302 Yes Yes

(Units 2/3 Fuel)

Holtec MPC-37 | 71-9373 No Yes

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

2.

from the Kuhn 2005 Paleoseismic Features Paper. Link as follows:

https://documents.coastal.ca.gov/reports/2015/10/Tul4a-10-2015.pdf

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 citation). Link as follows:
https://documents.coastal.ca.gov/reports/2022/10/Th12a/Th12a-10-2022-report.pdf

a. Provide the foundation for 27-foot level as the design basis for SONGS including Dr. Basil W.
Wilson’s 1972 tsunami paper.
i. FSAR Section 2.4, available on the NRC'’s online database, addresses how 27 feet was

established as the SONGS design basis.
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e Section 2.4.6.1 titled Probable Maximum Tsunami states detailed specific
analyses were completed by Dr. Basil W. Wilson.

e 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.

e 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.

b. Provide a statement indicating that SCE cannot release Holtec’s proprietary flood analysis in
section 4.6.2.5 of its FSAR.

Flood information in section 4.6.2.5 of the Final Safety Analysis Report for the HI-
STORM UMAX Canister Storage System by Holtec International was withheld by
Holtec in accordance with 10 CFR 2.390. SCE is not at liberty to disclose proprietary
information belonging to another party.

Reference page 4.38 of the Holtec FSAR:
https://adamswebsearch?2.nrc.gov/webSearch2/main.jsp?AccessionNumber=ML122
85A090

c. Retrievability.

10 CFR Part 72.122 (1) 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 ISFSls, 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-operational inspection of dry storage
systems under a general license that the retrievability requirement of 10 CFR Part
72.122 (1) 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.
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iv. Prior to canisters containing spent fuel being loaded into the SONGS ISFSls, 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.

v. 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.

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

vii. 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.

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:

e 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.

e 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: https://www.nrc.gov/docs/ML2034/ML20349A209.pdf
ii. Required Action D. 1 states, with a completion time of 30 days: Remove all fuel
assemblies from the SFSC.
iii. The associated FSAR bases state:
e D.1
o |f the MPC fuel cavity cannot be successfully returned to a safe, analyzed
condition, the fuel must be placed in a safe condition in the spent fuel
pool. The Completion Time is reasonable based on the time required to
re-flood the MPC, cut the MPC lid welds, move the TRANSFER CASK into
the spent fuel pool, remove the MPC [multipurpose canister] lid, and
remove the spent fuel assemblies in an orderly manner and without
challenging personnel.
iv. As discussed during our meeting, Required Action D.1 is not applicable after 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:

Multi-Purpose Canister (MPC)
3.1.1

3.1 SFSC INTEGRITY
3.1.1 Multi-Purpose Canister (MPC)
LCO 3.11 The MPC shall be dry and helium filled.

Table 3-1 provides decay heat and burnup limits for forced helium
dehydration (FHD) and vacuum drying.

APPLICABILITY: Prior to TRANSPORT OPERATIONS

ACTIONS
NOTES
Separate Condition entry is allowed for each MPC.

‘ ‘ CONMDI ETIONI

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

i. Inthe 2005 Kuhn paper, Section 7 on Tsunamigenic Features discusses tsunami
deposits and there is no mention of tsunami deposits coinciding with human activity
at any of the elevations.

ii. Confusingly, Figures 27, 28, and 29 related to liquefaction that describe human
activity are located within Section 7 of the paper, and that section covers
Tsunamigenic features. However, Figures 27, 28, and 29 are discussed in Section 6
(Age of liquefaction features). Liquefaction is a different mechanism than tsunami
and can certainly occur up to elevation 100+ meters, even today.
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iii. Reference:
https://www.sciencedirect.com/science/article/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
connection with permitting 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 Aleutians. Findings are available in CCC Staff Reports, as follows:
= 2015 Staff Report for construction of the UMAX ISFSl is available at
https://documents.coastal.ca.gov/reports/2015/10/Tul4a-10-2015.pdf
= 2022 Staff Report for extension of the NUHOMS ISFSI permit is available at
https://documents.coastal.ca.gov/reports/2022/10/Th12a/Th12a-10-2022-

report.pdf

f.  Periodicity for radiation surveys of ISFSI storage system inlets and outlets.

i. SONGS technicians perform quarterly radiological surveys of both the UMAX and
NUHOMS ISFSls, which include obtaining radiation measurements for each storage
module using sensitive handheld instruments and performing contamination surveys
of the entire facility to identify the presence of loose surface contamination. UMAX
surveys include the inlet and outlet vents. NUHOMS inspections cover the inlet
vents. NUHOMS surveys do not include the storage module outlet vents, which are
located approximately 20 feet above grade. Contamination surveys would determine
whether any radioactive contamination had leaked from the canisters. Each
quarterly radiological survey is formally documented and maintained as a plant
record for regular inspection by the NRC.

ii. Inaddition 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 radiation surveys.

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

e On September 24, 2018, the County of San Diego Office of Emergency
Services performed an independent radiation 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 radiation
levels were well within NRC regulatory limits. Link: County SD Field Survey
SONGS ISFSl.pdf (songscommunity.com)

e On October 22, 2018, NRC inspectors performed independent
measurements and verification of radiological conditions 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:
https://www.nrc.gov/docs/ML1901/ML19011A457.pdf

e 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 meeting.

e Link to video:
https://www.songscommunity.com/news/releases/san-onofre-
community-engagement-panel-meeting-to-include-updates-on-
recent-radiation-survey-dismantlement-progress

e Linkto report:
https://s3.amazonaws.com/cms.ipressroom.com/339/files/2020
10/Explanation+of+NUHOMS+Radiation+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 actions
a. Request proprietary analysis from Holtec.

Page 6 of 6


https://www.nrc.gov/docs/ML1901/ML19011A457.pdf
https://www.songscommunity.com/news/releases/san-onofre-community-engagement-panel-meeting-to-include-updates-on-recent-radiation-survey-dismantlement-progress
https://www.songscommunity.com/news/releases/san-onofre-community-engagement-panel-meeting-to-include-updates-on-recent-radiation-survey-dismantlement-progress
https://www.songscommunity.com/news/releases/san-onofre-community-engagement-panel-meeting-to-include-updates-on-recent-radiation-survey-dismantlement-progress
https://s3.amazonaws.com/cms.ipressroom.com/339/files/202010/Explanation+of+NUHOMS+Radiation+Survey+Results+FINAL.pdf
https://s3.amazonaws.com/cms.ipressroom.com/339/files/202010/Explanation+of+NUHOMS+Radiation+Survey+Results+FINAL.pdf
https://s3.amazonaws.com/cms.ipressroom.com/339/files/202010/Explanation+of+NUHOMS+Radiation+Survey+Results+FINAL.pdf

	Attachment 1 -SCE Notes and Followup 09-07-2023 Engineer to Engineer Meeting
	Attachment 2 - Estimate of Tsunami Effect U2and3 - Dr. Basil Wilson
	Attachment 3 - Action items from 09-07-2023 SONGS flood analysis discussion



