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References: 
 

1. NRC Letter, “2.206 Petition Regarding Seismic Core Damage Frequency for 
Diablo Canyon Nuclear Power Plant, Units 1 and 2 (EPID L-2024- CRS-0000),” 
dated August 27, 2024 (ML24205A066) 

2. NRC Management Directive (MD) 8.11, “Review Process for 10 CFR 2.206 
Petitions,” dated March 1, 2019 (ML18296A043) 

 
Dear Petition Review Board: 
 
In Reference 1, NRC indicated that the Petition Review Board (PRB) has accepted for 
further review in accordance with the 10 CFR 2.206 process, specific concerns 
submitted by the San Luis Obispo Mothers for Peace, Friends of the Earth, and 
Environmental Working Group (Petitioners) in the petition filed on March 4, 2024.  In 
accordance with NRC processes documented in Reference 2, the licensee may 
voluntarily submit information related to the petition, even if the NRC staff has not 
requested this information.  The purpose of this submittal is to provide NRC information 
related to the specific concerns accepted for further review by the PRB. 
 
Enclosure 1 provides, “Diablo Canyon Updated Seismic Assessment,” dated March 6, 
2024 (Updated 10/14/2024).  This document presents the results of a seismic hazard 
evaluation and analysis update performed in response to California Senate Bill 846, 
which was passed in September 2022 to extend operation of the Diablo Canyon Power 
Plant (DCPP), Units 1 and 2 and included a requirement to perform a seismic analysis 
update.  
 
Enclosure 2, “Phase 1 Review of the Tectonic and Geomorphic Setting of the January 
1, 2024, M7.5 Noto Earthquake, Noto Peninsula, Japan,” was developed by Lettis 
Consultants International, Inc. (LCI) for PG&E to evaluate potential lessons learned 
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from published pre- and post-earthquake literature and address comments raised by the 
Petitioners.  A focus of the Noto earthquake study was to compare tectonic, 
seismologic, and geologic conditions of the Noto Peninsula with respect to those at 
DCPP.  This study shows significant differences between the two regions and refutes 
the Petitioners’ claims that the Noto earthquake is a direct corollary for potential 
earthquakes and hazard models for DCPP.  Despite differences between the regions, 
the LCI study found that general characteristics about Noto Peninsula earthquake 
rupture length scales and widths support modelling decisions made during the 
development of the DCPP seismic source model. 

 
The LCI report presents suggested topics for further evaluation which PG&E is 
performing or evaluating for incorporation into the Long-Term Seismic Program (LTSP).  
Specifically, this includes: 

 
 continuing to monitor the publication of data and research from the Noto 

earthquake and supporting incorporation of the Noto earthquake information 
for the Pacific Earthquake Engineering Research (PEER) NGA-West3 ground 
motion model update; and,   

 
 an ongoing PG&E LTSP-funded research project with the U.S. Geological 

Survey to assess how new dating and modeling methods can further test 
deformation models for Central Coastal California.  

 
PG&E makes no new or revised regulatory commitments (as defined by NEI 99-04) in 
this letter. 
 
Should you have any questions, please contact Mr. Philippe Soenen, Director Strategic 
Initiatives, at 805-459-3701. 
 
Sincerely, 
 
 
 
 
Thomas P. Jones                                                      _____________________ 
Senior Director of Regulatory, Environmental                                            Date 
Repurposing 
 
Enclosures 
cc: Diablo Distribution 
cc/enc: Perry Buckberg, NRC Senior Project Manager 

Mahdi O. Hayes, NRC Senior Resident Inspector  
Samson S. Lee, NRR Project Manager 

  John D. Monninger, NRC Region IV Deputy Administrator 
 
 

October 24, 2024
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EXECUTIVE SUMMARY









1. INTRODUCTION

1.1. BACKGROUND AND PREVIOUS STUDIES  



1.2. SCOPE AND OBJECTIVES  

A covenant that the operator shall conduct an updated seismic assessment. 

1.3. OVERVIEW OF PROCESS  

1.4. REPORT CONTENTS AND ORGANIZATION  





2. PROJECT PROCESS 

2.1. IMPLEMENTATION OF PROCESS 



2.2. ROLES AND RESPONSIBILITIES

2.2.1. Technical Integration (TI) Teams

2.2.2. Hazard Analyst  

2.2.3. Probabilistic Risk Assessment (PRA) Analyst

2.2.4. Project Technical Integrator

2.2.5. Project Manager



2.2.6. Management Support Team

2.2.7. Project Sponsors

2.2.8. Participatory Peer Review Panel (PPRP)

technical procedural 

Evaluation 

2.2.9. External Reviewers
procedural



2.3. Schedule 

Table 2-1. Schedule for the Diablo Canyon Updated Seismic Assessment

Stage Date Action

Planning
April 2023 Gather stakeholder feedback  

May 2023
Initiate data collection and review of background 
documentation  

Evaluation

1 June 2023 Work Commences

26 June 2023 Kick-off Meeting

21 July 2023
Working Meeting #1: Present summary of existing models 
and data and develop project plan  

19 September 2023
Workshop #1: Present comparison of new or improved 
hazard significant data, methods and models and 
recommendation for next steps  

7 November 2023
Workshop #2: Present model updates and decide hazard 
and risk processes next steps

Documentation

7 December 2023 Results Presentation: Present hazard and risk results 

18 December 2023
Draft report to PPRP, External Reviewers and Regulator 
Observers

10 January 2024 Review comments due

22 January 2024 Final report to PPRP  

1 February 2024
PPRP closure letter, Tech Editing Complete, Report to 
stakeholders  



Figure 2-1. Flowchart for a SSHAC Level 1 PSHA study, indicating the review criteria and 
potential questions at each point of engagement by the PPRP 

(from NUREG-2213 [NRC, 2018], Figure 3-2) 

Figure 2-2. Organizational Chart for the Diablo Canyon Updated Seismic Assessment
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3. KEY TASKS AND ACTIVITIES

3.1. DEVELOPMENT OF PROJECT PLAN 

o

o

o

o

o
o

M
o

o

o

o



o

3.2. IDENTIFICATION OF ISSUES 

3.3. EVALUATION OF MODELS AND METHODS 

“The imperative to capture the full range of the integrated distribution should not 
lead the experts doing the model-building to include alternatives in their models only 
as a means to convey the impression of broad capture of epistemic uncertainty. The 
integration process need not be inclusive of all available interpretations and those 
interpretations deemed not credible by the TI Team must be culled from analysis.” 



o

o

3.4. UPDATED HAZARD AND RISK 

3.5. DOCUMENTATION 





4. GROUND MOTION DATA

4.1. GROUND MOTION CATALOGS 



4.1.1. Preliminary Turkish Data

M 
M 

M 

Table 4-1. Table of Events in the Türkiye Database Within the Sub-selection Search 
Parameters  

EQID
Event 
Name

Date Magnitude
Ztor 
(km)

Mechanism
Number of 
Recordings 
RRUP<120km

Number of 
Recordings 
RRUP<15km

7001 Pazarcik 6 Feb. 2023 7.8 0.0 Strike-slip 83 30

7002 Elbistan 6 Feb. 2023 7.7 0.0 Strike-slip 52 0 

7003
20 Feb. 

2023
6.3 4.0 Strike-slip 24 2 

4.1.2. DCPP Data

I I I I I I I - I - I 



GMprocess

Table 4-2. Table of Events in the DCPP California Database Within the Sub-selection 
Search Parameters 

EQID

Event

Name Date M1 Mechanism2
Ztor 
(km)4

Number of Recordings

RRUP<120km RRUP<15km

ci37908735
(8001)

SW of Santa 
Cruz Isl

5 April 2018 5.3 Strike-slip 5.28 53 --

ci38457687
(8002)

ESE of Little 
Lake

6 July 2019 5.5 Strike-slip 4.29 41 2 

ci38457703
(8003)

E of Little 
Lake

6 July 2019 5.0 Strike-slip 6.96 15 --

ci38457847
(8004)

E of Little 
Lake

6 July 2019 5.4 Strike-slip 4.77 30 --

ci39493944
(8005)

SSE of Lone 
Pine

24 June 2020 5.8
Normal/
Oblique

1.595 46 1 

ci39645386
(8006)

SE of Ojai 20 Aug. 2023 5.1
Reverse/
Oblique3 4.846 153 6 

nc73799091
(8007)

ESE of Alum 
Rock

25 Oct. 2022 5.1 Strike-slip 6.38 201 9 

1  M = magnitude
2 Mechanism implied from USGS event page fault plane solution.
3 Mechanism from Temblor article (https://temblor.net/temblor/ojai-earthquake-unrelated-to-tropical-

storm-hilary-15466/) and USGS event page
(https://earthquake.usgs.gov/earthquakes/eventpage/ci39645386/executive). 

4  Inferred from empirical relationship given magnitude and mechanism.
5  Estimate from NGA-West3 database. 
6  Taken as minimum between default value of 7.31 km and hypocenter depth of 4.84 km.

I I I I I I I 
- I -

I 



4.1.3. Preliminary NGA-West3 Data

M 
M 

Table 4-3. Table of New Events Added Since the NGA-West2 Database to the NGA-West3 
Database Within the Sub-selection Search Parameters

EQID Event Name Date M 
Ztor 
(km) Mechanism

Number of Recordings

RRUP<120km RRUP<15km

2013
NW of Mogul, 

NV
26 April 2008 5.01 0.85 Strike-slip 2 1 

2023
Central 

California
21 Oct. 2012 5.29 5.86 Strike-slip 25 0 

2025
WNW of 

Greenville, CA
24 May 2013 5.69 4.69 Strike-slip 8 0 

1901 NW of Brea, CA
29 March 

2014
5.09 2.87

Reverse/
Oblique

346 31

1915 South Napa, CA 24 Aug. 2014 6.02 5.75 Strike-slip 336 11

2034
NNE of Upper 

Lake, CA
10 Aug. 2016 5.09 12.73 Strike-slip 17 0 

2035
NW of The 

Geysers, CA
14 Dec. 2016 5.14 1.51 Strike-slip 

(Induced)
42 0 

2036
SW of 

Hawthorne, NV
28 Dec. 2016 5.66 7.59 Strike-slip 21 0 

2078
SSW of Petrolia, 

CA
23 June 2019 5.58 14.27 Strike-slip 30 2 

2100
2019 Ridgecrest 
EQ Sequence

4 July 2019 6.48 0 Strike-slip 69 2 



EQID Event Name Date M 
Ztor 
(km) Mechanism

Number of Recordings

RRUP<120km RRUP<15km

2101
2019 Ridgecrest 
EQ Sequence

5 July 2019 5.47 4.4 Strike-slip 47 2 

2102
2019 Ridgecrest 
EQ Sequence

6 July 2019 7.06 0 Strike-slip 65 7 

2072 SE of Bodie, CA 11 April 2020 5.24 8.63 Strike-slip 24 0

2074
Monte Cristo 
Range, NV 
Earthquake

15 May 2020 6.49 5.45 Strike-slip 30 0 

2075
SSE of Lone 

Pine, CA
24 June 2020 5.8 1.59

Normal/
Oblique

45 1 

1 Hypocenter depth (km)

4.1.4. Simulation Data

M 

I I I I I I I - I -
I 





Figure 4-1. Map showing the surface projection of the fault plane (red lines) and ground-
motion recording stations (triangles) from the three large earthquakes of the 

Kahramanmaras event sequence (from GEER Association Report 082, 2023, Figure 3.2).
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Figure 4-2. Earthquake epicenters (blue stars) and ground-motion recording station 
locations (open red triangles) for the supplemental DCPP California empirical catalog
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Figure 4-3. Distribution of NGA-West3 data considered in the evaluation plotted as a 
function of rupture distance and magnitude

NGA-West3 Database: New Events since NGA-West2 
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Figure 4-4. Distribution of NGA-West3 data considered in the evaluation plotted as a 
function of Ztor (km) and magnitude

NGA-West3 Database: New Events since NGA-West2 
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Figure 4-5. Distribution of SWUS simulation events completed on the SCEC BBP 
(from GeoPentech, 2015)
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Figure 4-6. CyberShake (2017) study for the Central Coast of California



5. EVALUATION OF SEISMIC SOURCE CHARACTERIZATION

5.1. OVERVIEW OF THE 2015 SSC MODEL 

5.1.1. Types of Seismic Sources

M

Primary Fault Source

Connected Fault Source



Fault Section

Rupture Source

Regional Fault Sources

5.1.1.1. Primary and Connected Fault Sources



Table 5-1. Models That Comprise the Primary Fault Source Characterization

Model Name Description

Fault Geometry Location, dip, and width of fault sections

Fault Slip Rate
Slip rate and sense of slip on fault sections. Used as target rates for the 
slip rate allocation model. 

Rupture Combinations of fault sections that may rupture together

Slip Rate Allocation Portion of fault slip rate allocated to each rupture source

Magnitude Distribution
Range and relative rate of earthquake sizes occurring on each rupture 
source

Time Dependency Equivalent Poisson rate of earthquakes on each rupture source

5.1.1.1.1. Fault Geometry Models



Table 5-2. Fault Geometry Models (FGMs) and Logic Tree Combinations

Hosgri (H) FGMs

SLPB FGMs

Outward-Vergent
(OV)

Southwest-Vergent 
(SW)

Northeast-Vergent
(NE)

Hosgri 90 (H90) H90/ OV H90/ SW H90/ NE

Hosgri 85 (H85) H85/ OV H85/ SW H85/ NE

Hosgri 75 (H75) H75/ OV H75/ SW H75/ NE

M M

5.1.1.1.2. Fault Slip Rate Model

5.1.1.1.3. Rupture Models



Approach

Motivation 



M

M
M

 



Rupture Source Types

Table 5-3. Rupture Source Types

Type Explanation

Characteristic
Rupture source is confined to a single named fault of limited 
length that has a uniform sense of slip.

Linked
Rupture source includes fault sections of multiple named faults 
of the same sense of slip.

Complex
Rupture source contains multiple named faults and more than 
one sense of slip on adjacent fault sections.

Splay
Rupture source includes overlapping faults that rupture 
simultaneously.

5.1.1.1.4. Slip Rate Allocation Models



primary secondary

main primary
splay secondary

5.1.1.1.5. Magnitude Distribution Models

probability density functions MFD

M 



Approach



M A A

M A

M A



Table 5-4. Rupture Source Types and Magnitude PDFs

Rupture Source Type
Branch-Weighted Magnitude PDF 

Branches and Weights

Characteristic and Linked (shorter rupture sources) Characteristic Earthquake [1.0]

Linked (longer rupture sources)
WAACY [0.8]
Truncated Exponential [0.2]

Complex and Splay Simplified Maximum Magnitude [1.0]

5.1.1.1.6. Time Dependency Model



5.1.1.2. Regional Fault Sources

regional

in the aggregate

5.1.1.3. Areal Source Zones

host



5.1.2. Primary Contributors to Hazard and Hazard Deaggregation

Table 5-5. Grouping of Rupture Sources by Fault Source for Hazard Sensitivity

Fault Source Group
(Number of Rupture Sources in Group)

Hosgri
(21)

Shoreline
(11)

Los Osos
(8)

San Luis Bay
(6)

Other 
Connected 

Faults
(9)

H85-01 through 
H85-07
H75-01 through 
H75-07
H90-01 through 
H90-07

OV-01, OV-02, 
OV-03, OV-04
SW-01, SW-02, 
SW-03
NE-01, NE-02, 
NE-03, NE-04

OV-07, OV-08
SW-08
NE-05, NE-06, 
NE-07, NE-08, 
NE-11

OV-05, OV-06
SW-04, SW-05, 
SW-06, SW-07

H75-08, H85-08, 
H90-08
OV-09, OV-10
SW-09, SW-10
NE-09, NE-10



Table 5-6. Fractional Contribution of the Hosgri Fault Source to the Total Hazard at the 
10-4 Annual Hazard Level 

Frequency (Hz)
Fractional Contribution of Hosgri Fault to 

Total Hazard

5 0.5

1 0.7

0.5 0.7

M M

M M

Table 5-7. Deaggregation for Reference Rock Site Hazard at the 10-4 Annual Hazard Level

Distance Range (km)

Fractional Contribution to Total Hazard at Selected Frequencies

5 Hz 1 Hz 0.5 Hz

0 – 3 0.23 0.19 0.17

3 – 6 0.50 0.61 0.61

6 – 10 0.19 0.11 0.10

10 – 20 0.04 0.04 0.04

20 – 30 0.01 0.01 0.01

30 – 50 0.03 0.03 0.03

50 – 75 0.00 0.00 0.00

75 – 100 0.04 0.01 0.00

> 100 0.00 0.00 0.00

5.1.3. Contributions To Hazard Uncertainty



5.2. REVIEW OF NEW INFORMATION 



5.2.1. Overview



Table 5-8. Primary Fault Source Characterization Model Elements and Summary of New 
Information

Model Name New Information Summary

Fault Geometry

No new published information on the location and geometry of the 
Primary faults near the DCPP other than the updated set of fault 
sources and geometries for the WUS ERF-2023 project. Published 
papers on Primary faults present information on fault location and 
geometry that were known during the 2015 SSC SSHAC study.

Fault Slip Rate

New published information on:

The geologic slip rate of the Hosgri fault

The geologic slip rate of the Shoreline fault

Quaternary sequence stratigraphy on continental shelf and slope 
environments, which has a bearing on the Hosgri and Shoreline fault 
slip rates

Marine terrace paleosea levels, which have a bearing on the Los 
Osos fault slip rate

Geodetic- and geologic-based numerical models of slip rate for all 
Primary faults and off-fault deformation in the DCPP vicinity 
(prepared in part for the WUS ERF-2023)

A numerical modeling study that examines coastal uplift near the 
DCPP caused by displacement on the Hosgri fault zone

Rupture and Slip Rate 
Allocation

New published information on:

Empirical patterns of fault rupture propagation and rupture 
terminations coinciding with steps and bends in fault traces

Physics-based dynamic rupture models examining steps, bends, and 
dips for strike-slip and reverse faulting

Insights on rupture connectivity based on evaluating inversion-based 
earthquake rupture forecast models of California

Publications broadly support the 2015 SSC SSHAC approach to include 
alternative rupture pathways as well as complex and splay rupture 
sources. Information is broadly consistent with what was known during 
the 2015 SSC SSHAC study.

Magnitude Distribution

New published information on:

Evidence for and against exponential magnitude-frequency 
relationships for fault traces

Scaling relations between rupture dimensions and moment 
magnitude 

New publications are broadly consistent with information that was 
available during the SSC SSHAC study, and this information broadly 
supports the approach of the 2015 SSC model.

Time Dependency

Very limited new published information on models that could be 
implemented to capture uncertainty in time-dependent behavior for the 
Primary faults. New approaches require additional information on 
paleoseismic rupture history and other data that are not available for the 
local fault sources.



Table 5-9. Summary of New Information for the Local Areal Source Zone

Model Component New Information Summary

Virtual Fault Location and 
Geometry

No new published information was found on the location and geometry 
of potentially seismogenic faults (i.e., other than the Primary and 
Connected fault sources) within the Local source zone.

Earthquake Rate

Catalog seismicity from the Advanced National Seismic System (ANSS) 
Comprehensive Earthquake Catalog (ComCat) for the DCPP vicinity 
was downloaded and reviewed for the period June 2013 through August 
2023. No significant changes to the rate or pattern of seismicity in the 
DCPP vicinity were observed compared to the period examined for the 
2015 SSC SSHAC study. 

Earthquake Magnitude 
Distribution

New published information on:

Methods for measuring off-fault deformation using geodetic data

Models for estimating the magnitude-recurrence relationship 
(including b-value and rate)

Our evaluation of the newly published information concludes that the 
approach taken in the 2015 SSC model is appropriate. Some of the new 
methods and models are determined to not be appropriate and/or 
sufficiently reliable for inclusion in this SSC model update.

5.2.1.1. Fault Geometry Models for Primary Fault Sources





Table 5-10. Comparison of Fault Source Geometries, 2015 SSC Model and WUS ERF-2023 
Fault Model

Fault Source and 
Parameter

2015 SSC Fault Model
(PG&E, 2015a)

WUS ERF-2023 Fault Model 
(Hatem, Collett, et al., 2022)

Hosgri

Location

Three traces (aleatory variability) 
closest to DCPP based on seismic-
reflection data interpretation (Johnson 
and Watt, 2012; PG&E, 2014a) 

One trace that approximates the 
central strand offshore DCPP

Dip
Three fault models with dips of 90°, 
85° east, 75° east (epistemic 
alternatives)

80° east 

Lower 
Seismogenic 
Depth

12 to 15 km (magnitude dependent) 12.2 km

Shoreline

Location
Follows mapped trace from 
geophysical data (PG&E, 2011; 
PG&E, 2014a) 

Simplified but similar location near 
the DCPP

Dip 90° in all fault models 90°

Lower 
Seismogenic 
Depth

12 km 12 km

Los Osos

Location

Follows mapped trace from geological 
and geophysical data closest to the 
DCPP (Lettis and Hall, 1994; PG&E, 
2014a; PG&E, 2015a) 

Simplified but similar location near 
the DCPP

Dip
Three fault models with dips of 60°, 
80°, and 50° southwest (epistemic 
alternatives)

45° southwest

Lower 
Seismogenic 
Depth

12 km 12 km

San Luis Bay
(San Luis Bay and San Luis Range 
extended)

Location
Follows uplift rate boundary and 
varies by fault model (PG&E, 2015a) 

Follows trace in SW model west of 
Shoreline fault; to east follows 
traces of Connected faults

Dip
Three fault models with dips of 75°, 
45°, and 70° northeast (epistemic 
alternatives)

90° (San Luis Bay)
45° northeast (San Luis Range 
extended)

Lower 
Seismogenic 
Depth

12 km
10 km (San Luis Bay)
12 km (San Luis Range extended)



5.2.1.2. Fault Slip Rate Models for Primary Fault Sources

Fault-Specific Studies

Sequence Stratigraphic Models



Coastal Uplift Rate Models



Geodetic Data and Model Constraints 



Table 5-11. Comparison of Fault Source Slip Rates, 2015 SSC Model and WUS ERF-2023 
Deformation Models

Fault Source 2015 SSC Model 
Rates (mm/yr)

WUS 2023-ERF Deformation Model Slip Rates (mm/yr)

Geologic Pollitz Shen-Bird Zeng

Hosgri (all FGMs) 1.7 (0.6-3.0) 2.5 ± 1.0 3.8 ± 1.3 1.0 ± 0.5 2.8 ± 0.7

Shoreline (all FGMs) 0.07 (0.03-0.16) 0.1* ± 0.125 0.01 ± 0.08 0.05 ± 0.10 0.11 ± 0.90

Los Osos OV 0.26 (0.17-0.39)

0.39* ± 0.2 0.25 ± 0.07 0.24 ± 0.08 0.21 ± 0.91Los Osos SW 0.19 (0.13-0.27)

Los Osos NE 0.42 (0.31-0.55)

San Luis Bay OV 0.16 (0.10-0.24)

0.2*† ± 0.125 0.20† ± 0.10 0.12† ± 0.09 0.13† ± 0.7San Luis Bay SW 0.22 (0.13-0.32)

San Luis Bay NE 0.16 (0.10-0.24)

* A category slip rate; not based on site-specific data
† Slip rate listed for the 45° San Luis Range (extended) source, which has a higher slip rate than the vertical San Luis 
Bay source in the ERF-2023 model.



5.2.1.3. Rupture and Slip Rate Allocation Models for Primary Fault Sources



5.2.1.4. Earthquake Magnitude Distribution Models for Primary Fault 
Sources

5.2.1.5. Time Dependency Models for Primary Fault Sources



5.2.1.6. Virtual Fault Geometry Model for Local Areal Source Zone

5.2.1.7. Earthquake Magnitude-Rate Calculation for the Local Source Zone
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5.2.1.8. Summary of Findings on New Information that Warrant Additional 
Analysis



5.2.2. New Information on Hosgri Slip Rate





5.2.3. New Information on Los Osos Slip Rate



5.3. UPDATES TO THE 2015 SSC MODEL  

5.3.1. Hosgri Fault Source Update



Table 5-12. Comparison of Hosgri Fault Slip Rate Sites, 2015 SSC Model

Study Site

Distance 
from 

DCPP
Offset 

Feature

Age of 
Feature 

(approx.)

2015 Model 
Slip Rate 
(mean)

2015 
Logic-
Tree 

Weight

San Simeon
60 km 
(north)

Marine 
Terrace

200 ka 1.8 mm/yr 0.3

Point Estero (CHS)
40 km 
(north)

Relict 
Shoreface

12 ka 2.5 mm/yr 0.2

Southern Estero Bay
15 km 
(north)

Buried 
Channel

700 ka 1.7 mm/yr 0.3

Point Sal
40 km 
(south)

Buried 
Channel

700 ka 0.8 mm/yr 0.2

5.3.1.1. Point Estero (Cross-Hosgri Slope) Slip Rate CDF



Table 5-13. Changes to the Uncertainty PDF, Offset of Cross-Hosgri Slope

Trapezoid 2015 SSHAC 2023 Update Notes

Min limit 15 m 10 m

Limit extended to 10 m beyond the -2 sigma 
value of Johnson et al. (2014) to account for 
unknown variability in the difference between the 
modern slope surface and the intended strain 
marker (the shoreface).

Preferred min 26 m 26 m
No change. Represents the -1 sigma value of the 
estimated offset of the base of the slope using 
the USGS dataset (Johnson et al., 2014).

Preferred max 35 m 35 m
No change. Represents the +1 sigma value of 
the estimated offset of the base of slope using 
the USGS dataset (Johnson et al., 2014).

Max limit 43 m 50 m

Limit extended to 10 m beyond the +2 sigma 
value of Johnson et al. (2014) to account for 
unknown variability in the difference between the 
modern slope surface and the intended strain 
marker (the shoreface). 



Table 5-14. Changes to the Uncertainty PDF, Age of Cross-Hosgri Slope Offset Feature

Trapezoid 2015 SSHAC 2023 Update Notes

Min limit 11.5 ka 10.5 ka

Limit decreased to 10.5 ka to reflect radiocarbon 
ages of interpreted reworked shell hash over the 
revetment surface (Kluesner et al., 2023). 
Reflects possible smoothing/renewing of slope 
break after shoreface was formed and while 
offset feature was still subject to strong wave 
energy.

Preferred min 12 ka 11.2 ka

Represents an age after the end of the Younger 
Dryas stadial, after shoreface presumably was no 
longer being formed and as it became more 
submerged. See Johnson et al. (2014).

Preferred max 12 ka 11.7 ka

Represents a preferred age for the end of the 
Younger Dryas, and a start of the likely time 
interval when offset events of the shoreface could 
be preserved.

Max limit 12.5 ka 12.5 ka

Represents the early part of the Younger Dryas 
stadial, and represents the possibility that the 
recently formed shoreface starts to record offset 
events. Implies that shoreface modification during 
and since the Younger Dryas occurs mainly in the 
across-slope direction instead of along-slope, so 
the shoreface is continuously recording lateral 
offset.



Table 5-15. Hosgri Fault Slip Rate CDFs at the Point Estero (Cross-Hosgri Slope) Site, 2015
SSC Model and the SSC Model Update

Percentile
Slip Rate (mm/yr)

2015 SSHAC 2023 Update

0.05 1.6 1.4

0.10 1.8 1.7

0.20 2.0 2.0

0.50 2.5 2.6

0.80 2.9 3.3

0.90 3.1 3.6

0.95 3.3 3.9

Mean 2.5 2.6

5.3.1.2. Weighting of the Four Slip Rate Sites



Table 5-16. Hosgri Fault Slip Rate Study Sites, and Qualitative Ranking of Criteria for 
Weighting

Study Site
Applicability of 

Offset Feature Age

Applicability of 
Slip Rate Site 

Location

Confidence in Site 
Interpretation

2023 Update 
Logic-Tree 

Weight

San Simeon High Moderate Moderate 0.25

Point Estero (CHS) High Moderate High 0.50

Southern Estero 
Bay

Low High Low 0.20

Point Sal Low Low Moderate 0.05

moderate high

high

moderate

low moderate

low



moderate low

moderate

high

moderate low
moderate

5.3.1.3. Update to the Hosgri Fault Source Slip Rate CDF



5.3.1.4. Update to the Hosgri Fault Source Mean EPHR

5.3.2. Los Osos Fault Update





5.3.3. Implementation of the SSC Model Update for the Updated Seismic 
Hazard Assessment

5.3.3.1. Changes to the Hosgri and Los Osos Fault Slip Rates

Table 5-17. Scale Factors for Weighted Mean Slip Rate, Hosgri and Los Osos Fault Sources

Hosgri Fault Weighted 
Mean Slip Rate Scale Factors

Los Osos Fault Weighted 
Mean Slip Rate Scale Factors

H75- H85- H90- OV- SW- NE- 

1.259 1.259 1.259 0.846 0.895 0.929

5.3.3.2. Changes to the Time Dependency Model



Table 5-18. Weighted Mean EPHR Values for the Hosgri Fault Source 

Hosgri Fault Source Weighted Mean EPHR

2015 SSC Model SSC Model Update Scale Factor

1.20 1.24 1.033



Figure 5-1. Logic Tree Structure for the Primary and Connected Fault Sources 
(from PG&E, 2015a, Figure 6-1)
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SW-06 is a splay rupture source, so only the simplified ma,imum magnitude earthquake magnitude PDF model is 
considered. See text. 
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Figure 5-2. Primary and Connected Fault Sources in the Hosgri and 
Outward-Vergent (OV) Fault Geometry Model (from PG&E, 2015a, Figure 6-2) 
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Figure 5-3. Primary and Connected Fault Sources in the Hosgri and 
Southwest-Vergent (SW) Fault Geometry Model (from PG&E, 2015a, Figure 6-3) 
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Figure 5-4. Primary and Connected Fault Sources in the Hosgri and 
Southeast-Vergent (NE) Fault Geometry Model (from PG&E, 2015a, Figure 6-4) 
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Figure 5-5. Primary and Connected Fault Sections in the Fault Geometry Models, 
Southern Region (from PG&E, 2015a, Figure 6-5) 
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Figure 5-6. Primary and Connected Fault Sections in the Fault Geometry Models, 
Northern Region (from PG&E, 2015a, Figure 6-6)
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Figure 5-7. Differences Between Traditional Fault Source and 
Rupture Source Concepts (from PG&E, 2015a, Figure 6-7)
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Figure 5-8. Example Rupture Sources Associated with the Hosgri Fault Source (from 
PG&E, 2015a, Plate 9-1). Rupture Sources: a) H85-01; b) H85-04; c) H85-05; d) H85-07
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Figure 5-9. Example Rupture Sources Associated with the Outward Vergent (OV) Model 
(from PG&E, 2015a, Plate 9-2). Rupture Sources: a) OV-02; b) OV-03; c) OV-06; d) OV-08
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Figure 5-10. Example Rupture Sources Associated with the 
Southwest Vergent (SW) Model (from PG&E, 2015a, Plate 9-2). 
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Figure 5-11. Example Rupture Sources Associated with the Northeast Vergent (NE) Model 
(from PG&E, 2015a, Plate 9-2). Rupture Sources: a) NE-04; b) NE-06; c) NE-08; d) NE-11
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Figure 5-12. Magnitude PDFs Used in the 2015 SSC Model (from PG&E, 2015a, Figure 6-8)

(a) Simplified Maximum 
Magnitude 

(b) Characteristic 
Earthquake 

(c) WAACY 

(d) Truncated 
Exponential 

.. 
~ .. 
l ,_ ... 
C 

" :, 

[ 
u. 

.. 
;;; 

" .. 
"' ,g_ 
~ 
C 

" :, r 
u. 

:i" .. 
~ 
01 
0 
::. ,_ 
" C 

" :, 
0-
!!? 
u. 

01 

0 01 

0001-< 

OOOM 

0 00!)0! I ; 5:: 

n' 

.;Mm1n 

oo, 

ooo, 

00001 

000001 

0 1 

;Mmrn 

001 

0001 

00001 

0 00001 
55 

6 B,5 
Magnitude 

r 
7 

1<-M01ar 
I 

75 8 

EXPLANATION 

__ Low-magnitude 
exponential 

-- Characteristic boxcar 

Mena, 1 1,\ (0.25 shown) 

e ss e 

C 

Magnitude 

~) r 75 
Magnitude 

EXPLANATION 

_ _ Low-m~gnitude 
exponential 

-- Characteristic hump 

High-magnitude tail 

, -Mma:-: 
B 

a 

Schematic Diagrams of Magnitude 
Probability Density Functions Used in the 

Diablo Canyon SSC Model 

DCPP SSC REPORT 

~ Pacific Gas and Electric Company Figure 6-8 



Figure 5-13. Areal Source Zones Used in the 2015 SSC Model 
(from PG&E, 2015a, Figure 6-9)
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Figure 5-14. Reference Rock Hazard (Total and by Source) for 5 Hz Spectral Acceleration
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Figure 5-15. Reference Rock Hazard (Total and by Source) for 1 Hz Spectral Acceleration
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Figure 5-16. Reference Rock Hazard (Total and by Source) 
for 0.5 Hz Spectral Acceleration
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Figure 5-17. Deaggregation of the Reference Rock Hazard for 5 Hz Spectral Acceleration 
for the 10-4 Annual Hazard Level
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Figure 5-18. Deaggregation of the Reference Rock Hazard for 1 Hz Spectral Acceleration 
for the 10-4 Annual Hazard Level
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Figure 5-19. Deaggregation of the Reference Rock Hazard for 0.5 Hz Spectral 
Acceleration for the 10-4 Annual Hazard Level
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Figure 5-20. Summary Tornado Plots for the 2015 SSC Model 
for 5 Hz Spectral Acceleration (from PG&E, 2015a, Figure 14-9)
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Note: Summary tomado plots showing the relative contribution 
to hazard uncertainty for each sensitivity case tested. The 
largest contributors to uncertainty are placed al the top of the 
tornado diagram. 
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Figure 5-21. Summary Tornado Plots for the 2015 SSC Model 
for 0.5 Hz Spectral Acceleration (from PG&E, 2015a, Figure 14-10)
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Note: Summary tomado plots showing the relative contribution 
to hazard uncertainty for each sensitivity case tested. The 
largest contributors to uncertainty are placed at tt,e top of the 
tornado diagram. 
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Figure 5-22. Fault Sources in the DCPP Vicinity Used in the WUS ERF-2023 Study
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Figure 5-23. Predicted Uplift Rates from Viscoelastic Modeling of the Hosgri Fault Zone 
(from O’Connell and Turner, 2023, Figure 3) 
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Figure 5-24. Uplift Rates in the DCPP Vicinity as Interpreted by the 
2015 SSC SSHAC TI Team (from PG&E, 2015a, Figure 7-4)
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Figure 5-25. GPS Velocity Field Relative to Fixed Pacific Plate and Coast-Parallel Motion 
Based on DeMets et al. (2014) (from PG&E, 2015a, Figure 5-13) 
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Figure 5-26. Traces of Virtual Faults Used in the Local Source Zone 
(from PG&E, 2015a, Figure 13-18) 
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Figure 5-27. Composite Focal Mechanisms and Interpreted Seismicity Lineaments Used 
to Develop the Geometry and Style of Faulting for Virtual Faults 

(from PG&E, 2015a, Figure 13-13) 
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Figure 5-28. Hardebeck (2014a) Catalog Seismicity in the DCPP Vicinity (from PG&E, 2015a, Figure 13-2).
Local Source Zone Extent Indicated by the Yellow Polygon.  
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Figure 5-29. Catalog Seismicity in the DCPP Vicinity from  
Hardebeck (2014a) and ANSS ComCat. 
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Figure 5-30. Local Source Zone Seismicity Analysis: a) Magnitude vs. Year; 
b) Annual Rate vs. Magnitude; c) b-Value vs. Completeness Magnitude

a) Local source zone seismicity, Oct. 1987 through Aug. 2023 
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Figure 5-31. Map of the Cross-Hosgri Slope, Point Estero Slip Rate Site 
(from PG&E, 2015a, Figure 8-17)

Note: Hil lshade bathymetric image of the cross-Hosgri 
slope and locations of fault traces interpreted by PG&E 
(2013a) and Johnson and Watt (2012). Johnson et al. 
(2014) interpret offset of both the top and bottom of the 
slope from alignment of geomorphic slope breaks (yellow 
circles) at both the top and bottom of the slope, but the 
amounts differ. Geomorphic evidence for slope failures 
suggest that it has been modified since initial deposition. 
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Figure 5-32. New Geophysical (Chirp) Lines and Sediment Cores Collected Near the 
Cross-Hosgri Slope (from Kluesner et al., 2023, Figure 2) 
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profiles shown in Figures 5 through 8. Red lines denote fault locat ions from the U.S. Geo logical Survey IUSGS) Quaternary Fault and Fold database (Walton et al., 2020}. Black 
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Figure 5-33. Stratigraphic Interpretation of New Chirp and Sediment Core Data Across the 
Cross-Hosgri Slope (from Kluesner et al., 2023, Figure 6) 
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Hosgri fault zone is marked with a dashed red line on panel B. Vertical dashed black li nes show locations of crossing chirp profiles HFC-25a 
and HFC-2Sb shown in Figure 8. TWTT-two-way traveltime. 



Figure 5-34. Stratigraphic and Radiometric Age Data from New Sediment Cores Across 
the Cross-Hosgri Slope (from Medri et al., 2023, Figure 5) 
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Figure 5-35. Marine Terrace Uplift Rates on the Irish Hills Coastline from Alternative Models 
Considered in the 2015 SSC Model (from PG&E, 2015a, Figure 8-4)
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Figure 5-36. Contours of Paleosea Level Along the California Coast for MIS 5e 
(from Simms et al., 2016). Central California Coastline (Upper Map) 

Coincides with the 13 m contour. 
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Figure 5-37. Marine Terrace Uplift Rates on the Irish Hills Coastline Comparing 
Simms et al. (2016) Model to Prior Models. (See Figure 5-35 for Profile Location) 
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Figure 5-38. Hosgri Fault Slip Rate Sites (from PG&E, 2015a, Figure 8-13) 
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Figure 5-39. Hosgri Fault Slip Rate CDF, 2015 SSC Model (from PG&E, 2015a, Figure 8-33) 
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Figure 5-40. Comparison of 2015 SSC Model (Blue), Kluesner et al. (2023) Model (Grey), 
and SSC Model Update (Red) Input PDFs and Slip Rate CDFs for the Point Estero (Cross-

Hosgri Slope) Slip Rate Site on the Hosgri Fault: 
a) Offset PDFs; b) Age PDFs; c) Slip Rate CDFs
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Figure 5-41. Hosgri Fault Source Slip Rate CDFs for the SSC Model Update and 
Comparison with the 2015 SSC Model CDF
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Figure 5-42. Hosgri Fault Source Slip Rate CDFs for the SSC Model Update and 2015 SSC 
Model Compared with (a) Plate Boundary Model Constraints by DeMets et al. (2014) and 
(b) Deformation Model Slip Rates (Means) Used in the WUS 2023-ERF (Field et al., 2023) 

and UCERF3 (Field et al., 2013) Programs

a) Hosgri slip rate CDFs with plate margin constraint (DeMets et al., 2014) 
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Note: Mean EPHR value for the updated mean Hosgri fault source slip rate (2.14 mm/yr) is estimated to 
be 1.24 based on interpolation of calculated values at 1.7 and 2.7 mm/yr.

Figure 5-43. Weighted Mean EPHR for the Hosgri Fault Source Based on 
PG&E (2015a, Chapter 11) and Biasi and Thompson (2018). 
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Figure 5-44. Los Osos Fault Hanging Wall Uplift Rate PDFs Considered in the 2023 SSC 
Model and Weighted Uplift Rate PDF
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Figure 5-45. Los Osos Fault Source Slip Rate CDFs for the Alternative Fault Geometry 
Models, SSC Model Update and Comparison with the 2015 SSC Model CDFs
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Figure 5-46. Los Osos Fault Source Slip Rate CDFs for the SSC Model Update Compared 
with Deformation Model Slip Rates (Means) Used in the WUS 2023-ERF (Field et al., 2023) 

and UCERF3 (Field et al., 2013) Programs
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UCERF3 studies is not plotted because it is a category slip rate that is not based on site-specific 
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6. EVALUATION OF SSC ISSUES, MODELS AND METHODS 
RAISED IN PUBLIC TESTIMONY

6.1. SUMMARY OF TESTIMONY BY SAN LUIS OBISPO MOTHERS 
FOR PEACE 



6.2. GEODETIC MODEL CONSTRAINTS ON DEFORMATION RATES  

6.2.1. On-Fault Deformation



6.2.2. Off-Fault Deformation



6.2.3. Alternative Seismicity Model

seismic hazard

b

b

6.3. PROPOSED ALTERNATIVES TO FAULT GEOMETRY, GEOLOGIC 
SLIP RATES, AND UPLIFT RATES

6.3.1. Fault Geometry



6.3.2. Geologic Slip Rate



6.3.3. Uplift Rate



6.4. CONCLUSIONS 





Figure 6-1. Small-Scale Map Showing General Residual Gravity Anomaly Patterns in the 
United States (from Simpson at al., 1986)
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Figure 6-2. Large-Scale Residual Isostatic Gravity Anomaly Map Showing a Negative Gravity Anomaly Coincident with the 
Irish Hills (modified from Langenheim et al., 2008 and PG&E, 2011, Figure E-2) 
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7. EVALUATION OF GROUND MOTION CHARACTERIZATION

7.1. OVERVIEW OF 2015 MODEL 



7.1.1. Median Model

Table 7-1. Selected Candidate GMPEs for the Median Ground-Motion Model for DCPP (from
GeoPentech, 2015)

GMPE DCPP DCPP Distance Sources

Abrahamson et al. (2014), ASK14 X X 

Boore et al. (2014), BSSA14 X X 

Campbell and Bozorgnia (2014), CB14 X X 

Chiou and Youngs (2014), CY14 X X 

Idriss (2014) X X 

Zhao et al. (2006) X 

Zhao and Lu (2011) adjustment to magnitude scaling X 

Akkar et al. (2014a, 2014b) X 





7.1.2. Aleatory Variability Model



7.1.2.1. SWUS Single-Station Within-Event Standard Deviation

M

M

7.1.2.2. SWUS Between-Event Standard Deviation



M

M

7.1.2.3. SWUS Single-Station Sigma Model

7.2. EVALUATION OF MEDIAN GROUND MOTION MODEL 



7.2.1. Review of Potential New Information



7.2.2. Sammon’s Mapping Methodology



7.2.3. Residual Analyses



es obs SWUS

es e s
obs SWUS

e

es

es e es

7.2.3.1. Preliminary NGA-West3 and Turkish Dataset



7.2.3.2. DCPP Dataset

7.2.3.3. Total Residuals with RRUP



Table 7-2. Events with More than Two Recordings Within 15 km for Residual Analyses

Event Name Date Magnitude
Ztor 
(km) Mechanism

Number of 
Recordings 
RRUP<15km

NW of Brea, CA
29 March 

2014
5.09 2.87 Reverse/Oblique 31

South Napa, CA
24 Aug. 

2014
6.02 5.75 Strike-slip 11

Ridgecrest Sequence 6 July 2019 7.06 0.0 Strike-slip 7 

Pazarcik 6 Feb. 2023 7.8 0.0 Strike-slip 30

SE of Ojai
20 Aug. 

2023
5.1 4.84 Reverse/Oblique 6 

ESE of Alum Rock 25 Oct. 2022 5.1 6.38 Strike-slip 9 

M 

M 

M 

I I I I I I - I 



M 

M 

M 



Table 7-3. Summary Results from Residuals Analysis for Events with Stations Less than 
15 km for Spectral Period of 0.01 sec

Event Name Magnitude Ztor (km)
Number of 
Recordings 
RRUP<15km

Mean 
Residual

Standard 
Error

NW of Brea, CA 5.09 2.87 31 0.256 0.090

South Napa, CA 6.02 5.75 11 -0.128 0.155

Ridgecrest Sequence 7.06 0.0 7 -0.047 0.092

Pazarcik 7.8 0.0 30 0.106 0.092

SE of Ojai 5.1 4.84 6 -0.242 0.150

ESE of Alum Rock 5.1 6.38 9 -1.405 0.118

Table 7-4. Summary Results from Residuals Analysis for Events with Stations Less than 
15 km for Spectral Period of 0.1 sec

Event Name Magnitude Ztor (km)

Number of 
Recordings 
RRUP<15km

Mean 
Residual

Standard 
Error

NW of Brea, CA 5.09 2.87 31 0.350 0.097

South Napa, CA 6.02 5.75 11 -0.272 0.211

Ridgecrest Sequence 7.06 0.0 7 -0.035 0.128

Pazarcik 7.8 0.0 30 -0.009 0.103

SE of Ojai 5.1 4.84 6 0.116 0.173

ESE of Alum Rock 5.1 6.38 9 -1.085 0.167

Table 7-5. Summary Results from Residuals Analysis for Events with Stations less than 15 
km for Spectral Period of 0.4 sec 

Event Name Magnitude Ztor (km)

Number of 
Recordings 
RRUP<15km

Mean 
Residual

Standard 
Error

NW of Brea, CA 5.09 2.87 31 0.334 0.098

South Napa, CA 6.02 5.75 11 -0.113 0.335

Ridgecrest Sequence 7.06 0.0 7 0.002 0.103

Pazarcik 7.8 0.0 30 -0.096 0.085

SE of Ojai 5.1 4.84 6 -0.158 0.223

ESE of Alum Rock 5.1 6.38 9 -1.363 0.155

I I I I - I I I 

I I I I - I I I 

I I I I I I I 



Table 7-6. Summary Results from Residuals Analysis for Events with Stations less than 15 
km for Spectral Period of 1.0 sec 

Event Name Magnitude Ztor (km)

Number of 
Recordings 
RRUP<15km

Mean 
Residual

Standard 
Error

NW of Brea, CA 5.09 2.87 31 0.496 0.089

South Napa, CA 6.02 5.75 11 -0.162 0.384

Ridgecrest Sequence 7.06 0.0 7 -0.089 0.160

Pazarcik 7.8 0.0 30 -0.046 0.081

SE of Ojai 5.1 4.84 6 0.190 0.265

ESE of Alum Rock 5.1 6.38 9 -0.905 0.115

7.2.4. Hanging Wall Model

M

7.2.5. Directivity



M M

7.2.5.1. New Directivity Models and Studies

M
M



7.2.5.2. Centering



7.2.5.3. Treatment of Aleatory Variability

7.2.5.4. Comparisons



7.2.5.5. Summary



7.2.6. Comparison of Non-Ergodic Ground Motion Models

M





Table 7-7. Stations Within 20 km of DCPP in the NGA-West2 Database

Station Name SSN
Station ID 

No. VS30 (m/sec)
Distance to 
DCPP (km)

Number of 
Recordings

DCPP (ESTA28) 100606 DCPP 1100 - 3 

DCPP (ESTA27) 100606 DCPP 570 - 1 

Diablo Creek Digital 100436 DCD 517 1.3 2 

Davis Peak Digital 100437 DPD 382 7.0 6 

Point Buchon – Los Osos 1786 36427 486 7.4 2 

San Luis Hill Digital 100219 SHD 818 9.8 4 

Table 7-8. Deterministic Scenarios Used for Comparisons with Non-ergodic Ground-
Motion Models

Scenario
Eqk

Longitude
Eqk

Latitude Dip
Dip 

Direction Mechanism Magnitude
Width 
(km)

RRUP

(km)

Hosgri Fault -120.9023° 35.1935° 80° East SS 7.5 15 4.79

Shoreline 
Fault

-120.874° 35.213° 90° --- SS 6.4 12.94 1.76

Los Osos 
Fault

-120.85° 35.206° 60° South RV 6.6 15 0.77

7.2.6.1. Hosgri Fault Scenario

I I I I I I I 



7.2.6.2. Shoreline Fault Scenario



7.2.6.3. Los Osos Fault Scenario

7.2.6.4. Summary of Comparisons



7.2.7. Splay and Complex Ruptures

M 



7.3. EVALUATION OF ALEATORY VARIABILITY MODEL 

7.3.1. Evaluation of New Ground Motion Data

M

M
M

7.3.2. Between-Event Variability

M

M M

M M



7.3.3. Single-Station Within-Event Variability

M

SS

M

M M
M

M

7.3.4. Single-Station Sigma



7.4. CONCLUSIONS 

M



Figure 7-1. DCPP GMC logic tree for local seismic sources 
(from GeoPentech, 2015, Figure 1-1) 

Figure 7-2. DCPP GMC logic tree for distant seismic sources 
(from GeoPentech, 2015, Figure 8.2-3) 
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Figure 7-3. SWUS DCPP SS logic tree (from GeoPentech, 2015)

Figure 7-4. SWUS DCPP logic tree (from GeoPentech, 2015)
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Figure 7-5. SWUS DCPP single-station sigma logic tree (from GeoPentech, 2015)
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Figure 7-6. Earthquakes (blue stars) and stations (red triangles) in the preliminary NGA-
West3 database for recordings RRUP < 120 km, and VS30 > 250 m/sec
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Figure 7-7. Earthquakes (blue stars) and stations (red triangles) in the DCPP database for 
recordings RRUP < 120 km, and VS30 > 250 m/sec
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Figure 7-8. Magnitude-distance (left) and magnitude-Ztor (right) distributions of the 
Turkish and NGA-West3 data used in the regression analysis. Earthquakes with at least 5 

recordings were used.

Figure 7-9. Magnitude-distance distribution of the DCPP data used in the regression 
analysis. Earthquakes with at least 5 recordings were used.
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Figure 7-10. Regression constant (top) and between-event and within-event standard 
deviations (bottom) of the regression analysis of the Turkish and NGA-West3 data
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Figure 7-11. Between-event residuals of the Turkish and NGA-West3 data versus magnitude for 
periods of 0.01, 0.1, 0.4, and 1 sec. The robust Lowess fit to the data is shown in red.
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Figure 7-12. Between-event residuals of the Turkish and NGA-West3 data versus Ztor for periods of 0.01, 0.1, 0.4, and 1 sec.
The robust Lowess fit to the data is shown in red.
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Figure 7-13. Within-event residuals of the Turkish and NGA-West3 data versus distance for period of 0.01 sec.
The robust Lowess fit to the data is shown in red.
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Figure 7-14. Within-event residuals of the Turkish and NGA-West3 data versus distance for period of 0.1 sec.
The robust Lowess fit to the data is shown in red.
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Figure 7-15. Within-event residuals of the Turkish and NGA-West3 data versus distance for period of 0.4 sec.
The robust Lowess fit to the data is shown in red.
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Figure 7-16. Within-event residuals of the Turkish and NGA-West3 data versus distance for period of 1 sec.
The robust Lowess fit to the data is shown in red.
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Figure 7-17. Within-event residuals of the Turkish and NGA-West3 data versus VS30 for periods of 0.01, 0.1, 0.4, and 1 sec.
The robust Lowess fit to the data is shown in red.
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Figure 7-18. Regression constant (left) and between-event and within-event standard deviations (right) 
of the regression analysis of the DCPP database
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Figure 7-19. Between-event residuals of earthquakes in the DCPP database versus magnitude for 
periods of 0.01, 0.1, 0.4, and 1 sec. The robust Lowess fit to the data is shown in red.
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Figure 7-20. Within-event residuals of recordings in the DCPP database versus distance
for period of 0.01, 0.1, 0.4, and 1 s . The robust Lowess fit to the data is shown in red.
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Figure 7-21. Within-event residuals of recordings in the DCPP database versus VS30 for periods of 0.01, 0.1, 0.4, and 1 sec.
The robust Lowess fit to the data is shown in red.
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Figure 7-22. Average and plus- and minus-one standard error from the NW of Brea (M 5.09) event for 
the periods of 0.01, 0.1, 0.4, and 1 sec
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Figure 7-23. Average and plus- and minus-one standard error from the South Napa (M 6.02) event for the 
periods of 0.01, 0.1, 0.4, and 1 sec
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Figure 7-24. Average and plus- and minus-one standard error from the Ridgecrest Sequence (M 7.06) event for the 
periods of 0.01, 0.1, 0.4, and 1 sec
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Figure 7-25. Average and plus- and minus-one standard error from the Pazarcik (M 7.8) event for the 
periods of 0.01, 0.1, 0.4, and 1 sec
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Figure 7-26. Average and plus- and minus-one standard error from the SE of Ojai (M 5.1) event for the 
periods of 0.01, 0.1, 0.4, and 1 sec
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Figure 7-27. Average and plus- and minus-one standard error from the ESE of Alum Rock (M 5.1) event for the 
periods of 0.01, 0.1, 0.4, and 1 sec
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Figure 7-28. Average and plus- and minus-one standard error residuals for the six earthquakes evaluated from recordings 
with distances less than 15 km and spectral period of 0.01 sec. Upper left as a function of magnitude, upper right as a 

function of RRUP distance, and lower center as a function of Ztor.
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Figure 7-29. Average and plus- and minus-one standard error residuals for the six earthquakes evaluated from recordings 
with distances less than 15 km and spectral period of 0.1 sec. Upper left as a function of magnitude, upper right as a 

function of RRUP distance, and lower center as a function of Ztor. 
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Figure 7-30. Average and plus- and minus-one standard error residuals for the six earthquakes evaluated from recordings 
with distances less than 15 km and spectral period of 0.4 sec. Upper left as a function of magnitude, upper right as a 

function of RRUP distance, and lower center as a function of Ztor. 
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Figure 7-31. Average and plus- and minus-one standard error residuals for the six earthquakes evaluated from recordings 
with distances less than 15 km and spectral period of 1.0 sec. Upper left as a function of magnitude, upper right as a 

function of RRUP distance, and lower center as a function of Ztor. 
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Figure 7-32. Probabilistic sensitivity analysis of the directivity adjustments to the ground 
motion at DCPP from the Hosgri fault at period of 3 sec. Directivity implementations of 

Chiou and Youngs (CY14, 2014) and Watson-Lamprey (WL, 2015) are shown (from
GeoPentech, 2015, Figure 6.5.2-3).
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Figure 7-33. Fault trace (red line), epicentral locations of the hypocenters, and station 
locations for a simplified strike-slip M 7.0 earthquake rupture. Sites A are located off the 

end of the fault, Sites B are located at 45° off the end of the fault, Sites C are 
perpendicular to the end of the fault, Sites D are perpendicular to ¾ of the fault, and Sites 

E are perpendicular to the middle of the fault (from Al Atik et al., 2023).
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Figure 7-34. Estimated directivity median adjustment factors for a M 7.0 strike-slip case from the BS13, WL18, BSS20, CS13, 
and BR20 models for Sites A, B, C, and E at a rupture distance of 5 km (from Al Atik et al., 2023).
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Figure 7-35. Location of the DCPP site (labeled “user site”) and the four neighboring 
sites used to interpolate the probabilistic directivity adjustment factors at DCPP  

(from Mazzoni et al., 2023). Fault traces are shown in red.  



Figure 7-36. Probabilistic ground-motion directivity adjustment factors versus spectral 
periods at the DCPP site for return period of 2,475 yr (top) and 5,000 yr (bottom) 

(from Mazzoni et al., 2023)
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Figure 7-37. Earthquakes and stations in the NGA-West2 database within 50 km of DCPP
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Figure 7-38. DCPP empirical site adjustment factors (from PG&E, 2017b) 
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Figure 7-39. Top: Median predicted response spectra for the Hosgri fault scenario for the 
reference rock model (Ref. Rock) and site-specific conditions at DCPP (CP). Bottom:
Epistemic uncertainty standard deviation of the DCPP median ground-motion model.
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Figure 7-40. Non-ergodic EAS adjustments at DCPP in LN units for the Hosgri fault 
scenario based on the LAK21 model. The mean (top) and standard deviation (bottom) of 

the adjustments over 1000 drawn samples are shown.
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Figure 7-41. Correlation length of the source term (ll1,e), anelastic attenuation term (l ca1,p), 
and regional site term (l 1a,s) in the LAK21 model (from Lavrentiadis et al., 2023) 
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Figure 7-42. Comparison of predicted median ground motion at DCPP for the Hosgri fault 
scenario for ASK14 and LA23 non-ergodic model 1 (top) and CY14 and LA23 non-ergodic

model 2 (bottom)
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Figure 7-43. Comparison of predicted median ground motion at the control point at DCPP 
for the Hosgri fault scenario for the DCPP model and the LA23 non-ergodic models (top)

and of epistemic sigma for the DCPP and the LA23 models (bottom) 
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Figure 7-44. Comparison of the range of predicted median ground motion at the control 
point at DCPP for the Hosgri fault scenario from the DCPP model and LA23 non-ergodic

model 1 (top) and the DCPP model and LA23 non-ergodic model 2 (bottom). 
Dashed lines show median ± sigma.
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Figure 7-45. Comparison of predicted median ground motion at DCPP for the Shoreline 
fault scenario for ASK14 and LA23 non-ergodic model 1 (top) and 

CY14 and LA23 non-ergodic model 2 (bottom) 
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Figure 7-46. Comparison of predicted median ground motion at the control point at DCPP 
for the Shoreline fault scenario for the DCPP model and the LA23 non-ergodic models

(top) and of epistemic sigma for the DCPP and the LA23 models (bottom)   
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Figure 7-47. Comparison of the range of predicted median ground motion at the control 
point at DCPP for the Shoreline fault scenario from the DCPP model and LA23 non-
ergodic model 1 (top) and the DCPP model and LA23 non-ergodic model 2 (bottom). 

Dashed lines show median ± sigma.
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Figure 7-48. Comparison of predicted median ground motion at DCPP for the Los Osos 
fault scenario for ASK14 and LA23 non-ergodic model 1 (top) and 

CY14 and LA23 non-ergodic model 2 (bottom). For the non-ergodic models, the median 
and median ± sigma over 1000 drawn samples are shown. 
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Figure 7-49. Top: Comparison of predicted median ground motion at the control point at 
DCPP for the Los Osos fault scenario for the DCPP model and the LA23 non-ergodic
models. Bottom: comparison of epistemic sigma for the DCPP and the LA23 models.   
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Figure 7-50. Comparison of the range of predicted median ground motion at the control 
point at DCPP for the Los Osos fault scenario from the DCPP model and LA23 non-
ergodic model 1 (top) and the DCPP model and LA23 non-ergodic model 2 (bottom). 

Dashed lines show median ± sigma.

Los Osos Fault: M = 6.6, Rrup = 0.77 km, Vs30 = 968 m/s 

10 

1 

:§ 
<t: 0.1 
Vl 
Cl.. 

0.01 

0.001 

_____ ::=---

---------__ 

--Non-erg GMM1 Median 

--DCPP CP Median 

0.Dl 0.1 1 

Period (sec) 

Los Osos Fault: M = 6.6, Rrup = 0.77 km, Vs30 = 968 m/s 

10 

1 

b.O 
<t: 0.1 
Vl 
Cl.. 

0.01 

0.001 

0.01 

,, ........... __ 

--Non-erg GMM2 Median 

--DCPP CP Median 

0 .1 1 

Period (sec) 

... , ... 

10 

10 



Figure 7-51. Example of a complex rupture with the Hosgri and Los Osos faults (blue area 
is the surface projection of the Los Osos fault plane). DCPP site is indicated with the 

yellow triangle (from GeoPentech, 2015, Figure 5.2.3-3)

Figure 7-52. Example splay rupture with the Hosgri and Shoreline faults. DCPP site is 
indicated by the yellow triangle (from GeoPentech, 2015, Figure 5.2.3-6)
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Figure 7-53
Both models are period-independent. Solid lines show the median models and dashed 

lines show the 5th and 95th percentiles (from INL, 2022)
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Figure 7-54. Comparison of the global SS model versus magnitude to the SWUS SS

models for PGA (top) and period of 1 sec (bottom) 
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8. EVALUATION OF VERTICAL GROUND MOTIONS



Table 8-1. Vertical to Horizontal (V/H) Spectral Ratio Results for the Scenario Event from 
the Gülerce and Abrahamson (2011) and Bozorgnia and Campbell (2016) Models  

G lerce and Abrahamson (2011) Bozorgnia and Campbell (2016)

Frequency (Hz) V/H Spectral Ratios Frequency (Hz) V/H Spectral Ratios

100 0.803 100.00 0.603

50 0.803 50.00 0.640

39.84 0.85 33.33 0.653

33.33 0.911 25.00 0.623

25.13 1.002 20.00 0.600

20 1.083 13.33 0.559

16.58 1.09 10.00 0.558

13.33 0.998 6.67 0.504

11.75 0.918 5.00 0.476

10 0.823 4.00 0.463

8.32 0.726 3.33 0.458

6.67 0.651 2.50 0.451

5.89 0.617 2.00 0.451

5 0.58 1.33 0.465

4.47 0.571 1.00 0.475

4 0.563 0.67 0.495

3.71 0.561 0.50 0.518

3.33 0.561 0.33 0.562

2.82 0.563 0.25 0.556

2.5 0.561 0.20 0.583

2.24 0.559 0.13 0.569

2 0.556 0.10 0.486

1.66 0.574

1.33 0.609

1.17 0.63

1 0.63

0.79 0.63



G lerce and Abrahamson (2011) Bozorgnia and Campbell (2016)

Frequency (Hz) V/H Spectral Ratios Frequency (Hz) V/H Spectral Ratios
0.67 0.63

0.58 0.63

0.5 0.63

0.4 0.63
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Figure 8-1. Vertical to Horizontal (V/H) spectral ratio for the controlling scenario event 
and VS30 of 969 m/sec
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9. EVALUATION OF SITE CHARACTERIZATION

9.1. OVERVIEW OF 2015 MODEL 

9.1.1. Analytical Approach



M M
M



9.1.2. Empirical Approach

9.1.3. Implementation and Results



9.2. EVALUATION OF ANALYTICAL SITE FACTORS 

9.2.1. Approach



9.2.2. Characterization of DCPP Target Site Conditions



9.2.3. Characterization of Host Site Conditions



Table 9-1. Host Kappa for the NGA-West2 GMPEs for VS30 of 760 m/sec Based on the GMPE-
Compatible Method and the PE&A (2015) Analysis

Host Kappa (sec) Target Kappa 
(sec)ASK14 BSSA14 CB14 CY14

GMPE-Compatible 0.0419 0.0429 0.0315 0.0390 0.04 
(0.03 - 0.05)PE&A (2015) 0.03

I I I I I I I 

I I I 



9.3. EVALUATION OF EMPIRICAL SITE FACTORS 

9.3.1. New Information Since 2015



9.3.2. Non-ergodic Modeling
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Table 9-2. Summary of the Lavrentiadis et al. (2023) Model Parameters and 
Hyperparameters (from Lavrentiadis et al., 2023, Table 2) 

9.3.2.1. Data

M

M

M

Group Name Group Notation 

Model parameters 0 

Model hyperparameters 0 hyp 

Components 

DcO• Dco.e• Dcl.e• Dc1a.s· Dc1b.s

cc,,p, 8WS° , 8BO 
,.,. , e,s e 

f l.e• Wl ,e• f la ,s• Wlb,s• W lb.s• 

fcal,p• Wca l ,p• Wca2,p• </Jo, To 



GMproccess

(0.5 + 0.5 )

M
M

9.3.2.2. Analysis
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M

9.3.2.3. Evaluation



9.4. CONCLUSIONS 





Figure 9-1. Locations of 1-D profiles in the power block and turbine building region used 
to define the control point (from PG&E, 2015d) 
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Figure 9-2. Range of VS profiles under the power block and the turbine building regions 
along with the central, upper, and lower VS profiles (shown in black) for the control point 

(from PG&E, 2015d) 
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Figure 9-3. Control point VS profiles compared to the WUS host VS profile (labeled 
reference 760) (from PG&E, 2015d) 
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Figure 9-4. Logic tree for the site condition characterization for the DCPP control point 
used in the PE&A (2015) analytical study (from PG&E, 2015d) 
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Figure 9-5. Modulus reduction and damping curves for the EPRI rock model 
(from PE&A, 2015)
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Figure 9-6. Modulus reduction and damping curves for the Peninsular Range model 
(from PE&A, 2015)
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Figure 9-7. Comparison of modulus reduction (top) and damping (bottom) curves from 
laboratory testing of DCPP soft rock to the EPRI rock and Peninsular Range models 

(from PG&E, 2015d) 
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Figure 9-8. Analytical site adjustment factors for DCPP for a reference rock PGA of 0.2 g 
(top left), 1.07 g (top right), and 1.91 g (bottom). The green, red, and blue curves are for 
the lower, central, and upper VS profiles. The short-dashed lines are for target kappa of 

0.03 sec, the long-dashed lines are for target kappa of 0.05 sec, and the solid lines are for 
target kappa of 0.04 sec. The black line shows the mean factors. (From PG&E, 2015d) 
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Figure 9-9. Top: Components of the epistemic uncertainty of the empirical site term. 
Bottom: Central, upper, and lower estimates of the empirical site term 

(from PG&E, 2017b) 
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Figure 9-10. Uniform hazard spectra (UHS) and GMRS for the DCPP control point 
(from PG&E, 2015d) 
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Figure 9-11. Sensitivity of the UHS to the site term approach (from PG&E, 2015d) 
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Figure 9-12. Comparison of the GMPE-compatible VS profiles for ASK14, BSSA14, CB14, 
and CY14 to the Kamai et al. (2013) reference VS profile for VS30 of 760 m/sec. The control 

profiles (central, upper, and lower) are shown in cyan. The left panel shows full profile 
while the right panel shows the profiles in the top 500 m.

Figure 9-13. Quarter-wavelength linear site amplifications of the host VS profiles and the 
control point target VS profiles
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Figure 9-14. VS-kappa scaling factors for CY14 using the GMPE-compatible host VS

profile and kappa for each of the nine target DCPP VS and kappa branches

Figure 9-15. Comparison of the average VS-kappa scaling factors for each of the four 
NGA-West2 GMPEs using the GMPE-compatible host VS profiles and kappa. The average 

of the factors over the four NGA-West2 GMPEs is shown with the black curve.
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Figure 9-16. Comparison of the analytical and empirical site factors for DCPP to the 
analytical factors obtained using the IRVT approach and 

the GMPE-compatible host VS profiles and kappa
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Figure 9-17. Earthquake epicenters (blue stars) and ground-motion recording station 
locations (open red triangles) for the DCPP expanded dataset used in the non-ergodic

analysis
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Figure 9-18. Magnitude-distance distribution of the expanded dcpp flatfile used in the 
non-ergodic analysis
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Figure 9-19. Earthquake epicenters (blue stars) and ground-motion recording station 
locations (open red triangles) within 50 km of DCPP in the NGA-West2 dataset (top) and 

the expanded preliminary dcpp dataset (bottom) 

Q) 
"C 
.3 

~ 

DCPP 
--R=5km 
--R=20km 
--R=50km 
--R=100km 

* NGA-W2 Eqks 
35°30'N /:,, NGA-W2 Sta1ions 

35°20'N 

35°10'N 

35' N 

34"50'N 

35°40'N 

35°30'N 

35°20'N 

35°10'N 

35"N 

~ 
~ 

121•2ow 

--R=5km 

121•1ow 

--R=20km 
34°SO'N --R = 50 km 

• dcpp flalfile Eqks 
6 dcpp flalfile Slations 

121· 20w 121 "10'W 

121•w 

b. 

0 ~ 3.19 
M2.9 

b. 

12o•sow 

longitude 

* 

* 

120•4ow 

.. 
* * * 

* * 

121· w 

* 

12o· sow 

Longttude 
120•4ow 

120' 30W 120•2ow 

b. 

* 

120"30'W 120· 20w 



Figure 9-20. Number of FAS data in the usable frequency range versus frequency in the 
dcpp flatfile. Vertical lines at 0.3 and 11.6 Hz indicate the range beyond which less than 

35% of the data remain.
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Figure 9-21. FAS between-event residuals versus magnitude at frequencies of 0.1, 1, 5, 10, 14.7, and 23.3 Hz. The blue lines 
show the linear fits to the residuals versus magnitude (from Dr. Sung’s report in Appendix F) 
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Figure 9-22. FAS site-to-site terms versus VS30 at frequencies of 0.1, 1, 5, 10, 14.7, and 23.3 Hz. 
The blue datapoints show bin averages of the site-to-site residuals.  

(from Dr. Sung’s report in Appendix F) 
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Figure 9-23. Top: DCPP site term ( S2S) and its regional ( S2Sreg) and uncorrelated 
( S2Sunc) components in FAS domain. Bottom: Epistemic uncertainty of the regional and 

uncorrelated components of the site term.
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Figure 9-24. Comparison of site term and its regional and uncorrelated components in 
the FAS and PSA domains
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Figure 9-25. Number of recordings versus frequency for the dataset used in the FAS non-
ergodic modeling approach (Data1) and in the PSA sensitivity analysis (Data2) 

(from Dr. Sung’s report in Appendix F) 
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Figure 9-26. Comparison of the PSA regional site term (plot c), uncorrelated site term 
(plot f), and total site term (plot g) obtained from the FAS analysis via RVT for Data1 and 

Data2 and directly from the PSA analysis for Data2 
(from Dr. Sung’s report in Appendix F) 
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Figure 9-27. Comparison of the 2015 empirical site term (LN units) for DCPP to the site 
term and its regional and uncorrelated components obtained from the non-ergodic

approach (updated study) with the preliminary expanded ground-motion dataset

Figure 9-28. Ratio of the empirical site term for DCPP obtained from the non-ergodic
modeling approach (updated) to the 2015 site term
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Figure 9-29. Comparison of the 2015 site term and its epistemic uncertainty (5th and 95th

percentile labeled as lower and upper, respectively) and the updated empirical site term 
obtained from the non-ergodic modeling approach. The average analytical linear site 

term is shown in black.
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10. HAZARD CALCULATIONS AND RESULTS

10.1. CALCULATION PROCESS



10.2. REFERENCE ROCK HAZARD AND GROUND MOTION 
COMPARISONS 

Table 10-1. Scaling Factors for the Adjustment to the Mean Slip Rate, EPHR, and Combined 
Factor for the Hosgri Fault Source

Hosgri Fault Source Value Scale Factor

Table 10-2. Scaling Factors for the Adjustment to the Mean Slip Rate for the Los Osos Fault 
Source

Los Osos Fault Source Scale Factor

OV Fault Model 0.85

SW Fault Model 0.89

NE Fault Model 0.93

10.2.1. Reference Rock Hazard Curves Comparisons 

I 

I I I 



Table 10-3. Mean Total Hazard Curve from the 2015 Study, Updated Mean Total Hazard 
Curve, and Hazard Curve Ratio for the 100 Hz (PGA) Spectral Frequency

PSA (g)
Total Mean Hazard 

Curve (2015)
Total Mean Hazard 
Curve (Updated)

Hazard Curve Ratio 
(Updated/2015) 

0.0100 2.21E-01 2.486E-01 1.124

0.0500 3.31E-02 3.482E-02 1.053

0.1000 1.28E-02 1.377E-02 1.073

0.2000 4.50E-03 4.957E-03 1.103

0.4000 1.42E-03 1.590E-03 1.119

0.8000 2.72E-04 3.044E-04 1.120

1.5000 3.21E-05 3.579E-05 1.113

2.0000 1.04E-05 1.151E-05 1.110

3.0000 1.84E-06 2.034E-06 1.103

5.0000 1.68E-07 1.840E-07 1.094

10.0000 4.30E-09 4.639E-09 1.078

20.0000 6.01E-11 6.359E-11 1.059



Table 10-4. Mean Total Hazard Curve from the 2015 Study, Updated Mean Total Hazard 
Curve, and Hazard Curve Ratio for the 50 Hz Spectral Frequency

PSA (g)
Total Mean Hazard 

Curve (2015)
Total Mean Hazard 
Curve (Updated)

Hazard Curve Ratio 
(Updated/2015)

0.0100 2.24E-01 2.522E-01 1.126

0.0500 3.38E-02 3.559E-02 1.053

0.1000 1.32E-02 1.417E-02 1.073

0.2000 4.70E-03 5.179E-03 1.103

0.4000 1.53E-03 1.705E-03 1.118

0.8000 3.06E-04 3.424E-04 1.117

1.5000 3.79E-05 4.212E-05 1.110

2.0000 1.25E-05 1.379E-05 1.107

3.0000 2.27E-06 2.496E-06 1.100

5.0000 2.13E-07 2.328E-07 1.091

10.0000 5.72E-09 6.153E-09 1.076

20.0000 8.53E-11 9.023E-11 1.058

Table 10-5. Mean Total Hazard Curve from the 2015 Study, Updated Mean Total Hazard 
Curve, and Hazard Curve Ratio for the 33.333 Hz Spectral Frequency 

PSA (g)
Total Mean Hazard 

Curve (2015)
Total Mean Hazard 
Curve (Updated)

Hazard Curve Ratio 
(Updated/2015)

0.0100 2.37E-01 2.693E-01 1.136

0.0500 3.76E-02 3.966E-02 1.054

0.1000 1.51E-02 1.615E-02 1.071

0.2000 5.48E-03 6.031E-03 1.100

0.4000 1.82E-03 2.031E-03 1.116

0.8000 3.98E-04 4.432E-04 1.114

1.5000 5.45E-05 6.039E-05 1.107

2.0000 1.86E-05 2.056E-05 1.104

3.0000 3.57E-06 3.921E-06 1.099

5.0000 3.59E-07 3.912E-07 1.091

10.0000 1.06E-08 1.147E-08 1.078

20.0000 1.82E-10 1.938E-10 1.065



Table 10-6. Mean Total Hazard Curve from the 2015 Study, Updated Mean Total Hazard 
Curve, and Hazard Curve Ratio for the 20 Hz Spectral Frequency

PSA (g)
Total Mean Hazard 

Curve (2015)
Total Mean Hazard 
Curve (Updated)

Hazard Curve Ratio 
(Updated/2015)

0.0100 2.64E-01 3.051E-01 1.155

0.0500 4.82E-02 5.076E-02 1.053

0.1000 2.01E-02 2.138E-02 1.065

0.2000 7.57E-03 8.269E-03 1.092

0.4000 2.64E-03 2.938E-03 1.112

0.8000 7.17E-04 7.992E-04 1.114

1.5000 1.29E-04 1.431E-04 1.109

2.0000 4.89E-05 5.401E-05 1.104

3.0000 1.06E-05 1.166E-05 1.099

5.0000 1.24E-06 1.349E-06 1.090

10.0000 4.56E-08 4.912E-08 1.077

20.0000 1.03E-09 1.097E-09 1.061

Table 10-7. Mean Total Hazard Curve from the 2015 Study, Updated Mean Total Hazard 
Curve, and Hazard Curve Ratio for the 13.333 Hz Spectral Frequency

PSA (g)
Total Mean Hazard 

Curve (2015)
Total Mean Hazard 
Curve (Updated)

Hazard Curve Ratio 
(Updated/2015)

0.0100 3.01E-01 3.555E-01 1.183

0.0500 6.28E-02 6.619E-02 1.054

0.1000 2.68E-02 2.847E-02 1.061

0.2000 1.07E-02 1.156E-02 1.086

0.4000 3.86E-03 4.286E-03 1.111

0.8000 1.18E-03 1.328E-03 1.121

1.5000 2.58E-04 2.899E-04 1.124

2.0000 1.06E-04 1.186E-04 1.122

3.0000 2.51E-05 2.808E-05 1.118

5.0000 3.23E-06 3.588E-06 1.112

10.0000 1.35E-07 1.483E-07 1.100

20.0000 3.52E-09 3.818E-09 1.085



Table 10-8. Mean Total Hazard Curve from the 2015 Study, Updated Mean Total Hazard 
Curve, and Hazard Curve Ratio for the 10 Hz Spectral Frequency

PSA (g)
Total Mean Hazard 

Curve (2015)
Total Mean Hazard 
Curve (Updated)

Hazard Curve Ratio 
(Updated/2015)

0.0100 3.27E-01 3.946E-01 1.205

0.0500 7.36E-02 7.768E-02 1.055

0.1000 3.13E-02 3.317E-02 1.059

0.2000 1.25E-02 1.356E-02 1.081

0.4000 4.62E-03 5.112E-03 1.106

0.8000 1.51E-03 1.685E-03 1.116

1.5000 3.70E-04 4.128E-04 1.115

2.0000 1.61E-04 1.788E-04 1.112

3.0000 4.11E-05 4.548E-05 1.106

5.0000 5.72E-06 6.288E-06 1.099

10.0000 2.67E-07 2.901E-07 1.087

20.0000 7.91E-09 8.482E-09 1.072

Table 10-9. Mean Total Hazard Curve from the 2015 Study, Updated Mean Total Hazard 
Curve, and Hazard Curve Ratio for the 6.667 Hz Spectral Frequency

PSA (g)
Total Mean Hazard 

Curve (2015)
Total Mean Hazard 
Curve (Updated)

Hazard Curve Ratio 
(Updated/2015)

0.0100 3.50E-01 4.262E-01 1.217

0.0500 8.38E-02 8.815E-02 1.051

0.1000 3.53E-02 3.720E-02 1.053

0.2000 1.41E-02 1.520E-02 1.077

0.4000 5.25E-03 5.793E-03 1.105

0.8000 1.79E-03 2.007E-03 1.119

1.5000 4.91E-04 5.524E-04 1.126

2.0000 2.26E-04 2.544E-04 1.127

3.0000 6.18E-05 6.957E-05 1.126

5.0000 9.17E-06 1.030E-05 1.124

10.0000 4.60E-07 5.135E-07 1.117

20.0000 1.45E-08 1.608E-08 1.108



Table 10-10. Mean Total Hazard Curve from the 2015 Study, Updated Mean Total Hazard 
Curve, and Hazard Curve Ratio for the 5 Hz Spectral Frequency

PSA (g)
Total Mean Hazard 

Curve (2015)
Total Mean Hazard 
Curve (Updated)

Hazard Curve Ratio 
(Updated/2015)

0.0100 3.62E-01 4.443E-01 1.228

0.0500 8.43E-02 8.856E-02 1.050

0.1000 3.46E-02 3.632E-02 1.051

0.2000 1.34E-02 1.435E-02 1.074

0.4000 4.83E-03 5.314E-03 1.101

0.8000 1.63E-03 1.819E-03 1.120

1.5000 4.38E-04 4.951E-04 1.129

2.0000 2.00E-04 2.261E-04 1.132

3.0000 5.41E-05 6.131E-05 1.134

5.0000 8.00E-06 9.077E-06 1.135

10.0000 4.01E-07 4.552E-07 1.135

20.0000 1.26E-08 1.426E-08 1.133

Table 10-11. Mean Total Hazard Curve from the 2015 Study, Updated Mean Total Hazard 
Curve, and Hazard Curve Ratio for the 4 Hz Spectral Frequency

PSA (g)
Total Mean Hazard 

Curve (2015)
Total Mean Hazard 
Curve (Updated)

Hazard Curve Ratio 
(Updated/2015)

0.0100 3.62E-01 4.444E-01 1.228

0.0500 7.94E-02 8.320E-02 1.048

0.1000 3.15E-02 3.306E-02 1.049

0.2000 1.17E-02 1.258E-02 1.072

0.4000 4.09E-03 4.504E-03 1.100

0.8000 1.32E-03 1.471E-03 1.119

1.5000 3.25E-04 3.659E-04 1.127

2.0000 1.42E-04 1.597E-04 1.128

3.0000 3.63E-05 4.095E-05 1.129

5.0000 5.06E-06 5.702E-06 1.127

10.0000 2.34E-07 2.628E-07 1.122

20.0000 6.77E-09 7.536E-09 1.113



Table 10-12. Mean Total Hazard Curve from the 2015 Study, Updated Mean Total Hazard 
Curve, and Hazard Curve Ratio for the 3.333 Hz Spectral Frequency 

PSA (g)
Total Mean Hazard 

Curve (2015)
Total Mean Hazard 
Curve (Updated)

Hazard Curve Ratio 
(Updated/2015)

0.0100 3.57E-01 4.371E-01 1.224

0.0500 7.27E-02 7.588E-02 1.045

0.1000 2.78E-02 2.913E-02 1.047

0.2000 9.91E-03 1.061E-02 1.070

0.4000 3.32E-03 3.645E-03 1.099

0.8000 9.87E-04 1.101E-03 1.115

1.5000 2.11E-04 2.357E-04 1.118

2.0000 8.63E-05 9.642E-05 1.118

3.0000 2.07E-05 2.310E-05 1.117

5.0000 2.71E-06 3.027E-06 1.116

10.0000 1.17E-07 1.296E-07 1.111

20.0000 3.11E-09 3.443E-09 1.106

Table 10-13. Mean Total Hazard Curve from the 2015 Study, Updated Mean Total Hazard 
Curve, and Hazard Curve Ratio for the 2.5 Hz Spectral Frequency

PSA (g)
Total Mean Hazard 

Curve (2015)
Total Mean Hazard 
Curve (Updated)

Hazard Curve Ratio 
(Updated/2015)

0.0100 3.36E-01 4.051E-01 1.205

0.0500 5.87E-02 6.106E-02 1.040

0.1000 2.15E-02 2.253E-02 1.047

0.2000 7.26E-03 7.777E-03 1.072

0.4000 2.32E-03 2.557E-03 1.104

0.8000 6.21E-04 6.995E-04 1.127

1.5000 1.19E-04 1.356E-04 1.140

2.0000 4.75E-05 5.450E-05 1.146

3.0000 1.13E-05 1.307E-05 1.155

5.0000 1.50E-06 1.744E-06 1.164

10.0000 6.70E-08 7.889E-08 1.178

20.0000 1.96E-09 2.348E-09 1.195



Table 10-14. Mean Total Hazard Curve from the 2015 Study, Updated Mean Total Hazard 
Curve, and Hazard Curve Ratio for the 2 Hz Spectral Frequency

PSA (g)
Total Mean Hazard 

Curve (2015)
Total Mean Hazard 
Curve (Updated)

Hazard Curve Ratio 
(Updated/2015)

0.0010 7.86E-01 1.535E+00 1.953

0.0100 3.10E-01 3.660E-01 1.182

0.0500 4.70E-02 4.871E-02 1.036

0.1000 1.66E-02 1.734E-02 1.045

0.2000 5.38E-03 5.766E-03 1.073

0.4000 1.70E-03 1.885E-03 1.110

0.8000 4.16E-04 4.711E-04 1.133

1.5000 6.89E-05 7.880E-05 1.144

2.0000 2.57E-05 2.949E-05 1.147

3.0000 5.54E-06 6.373E-06 1.150

5.0000 6.43E-07 7.399E-07 1.151

10.0000 2.33E-08 2.688E-08 1.152

Table 10-15. Mean Total Hazard Curve from the 2015 Study, Updated Mean Total Hazard 
Curve, and Hazard Curve Ratio for the 1.333 Hz Spectral Frequency

PSA (g)
Total Mean Hazard 

Curve (2015)
Total Mean Hazard 
Curve (Updated)

Hazard Curve Ratio 
(Updated/2015)

0.0100 2.33E-01 2.624E-01 1.125

0.0500 2.70E-02 2.787E-02 1.031

0.1000 8.85E-03 9.261E-03 1.047

0.2000 2.75E-03 2.989E-03 1.086

0.4000 8.23E-04 9.299E-04 1.130

0.8000 1.75E-04 2.030E-04 1.163

1.5000 2.67E-05 3.152E-05 1.182

2.0000 9.72E-06 1.155E-05 1.188

3.0000 2.04E-06 2.436E-06 1.194

5.0000 2.30E-07 2.759E-07 1.200

10.0000 8.08E-09 9.745E-09 1.206

20.0000 1.75E-10 2.120E-10 1.213



Table 10-16. Mean Total Hazard Curve from the 2015 Study, Updated Mean Total Hazard 
Curve, and Hazard Curve Ratio for the 1 Hz Spectral Frequency

PSA (g)
Total Mean Hazard 

Curve (2015)
Total Mean Hazard 
Curve (Updated)

Hazard Curve Ratio 
(Updated/2015)

0.0010 6.83E-01 1.141E+00 1.671

0.0100 1.66E-01 1.791E-01 1.081

0.0500 1.59E-02 1.640E-02 1.029

0.1000 5.04E-03 5.333E-03 1.057

0.2000 1.60E-03 1.776E-03 1.112

0.4000 4.48E-04 5.214E-04 1.163

0.8000 8.00E-05 9.564E-05 1.196

1.5000 1.04E-05 1.261E-05 1.211

2.0000 3.57E-06 4.343E-06 1.215

3.0000 6.95E-07 8.478E-07 1.220

5.0000 7.16E-08 8.773E-08 1.225

10.0000 2.24E-09 2.760E-09 1.230

Table 10-17. Mean Total Hazard Curve from the 2015 Study, Updated Mean Total Hazard 
Curve, and Hazard Curve Ratio for the 0.667 Hz Spectral Frequency

PSA (g)
Total Mean Hazard 

Curve (2015)
Total Mean Hazard 
Curve (Updated)

Hazard Curve Ratio 
(Updated/2015)

0.0010 5.76E-01 8.509E-01 1.478

0.0100 9.18E-02 9.565E-02 1.042

0.0500 7.51E-03 7.755E-03 1.032

0.1000 2.26E-03 2.446E-03 1.085

0.2000 6.63E-04 7.652E-04 1.154

0.4000 1.50E-04 1.810E-04 1.204

0.8000 2.08E-05 2.556E-05 1.231

1.5000 2.20E-06 2.729E-06 1.241

2.0000 6.93E-07 8.622E-07 1.245

3.0000 1.20E-07 1.496E-07 1.249

5.0000 1.06E-08 1.330E-08 1.253

10.0000 2.66E-10 3.336E-10 1.255



Table 10-18. Mean Total Hazard Curve from the 2015 Study, Updated Mean Total Hazard 
Curve, and Hazard Curve Ratio for the 0.5 Hz Spectral Frequency 

PSA (g)
Total Mean Hazard 

Curve (2015)
Total Mean Hazard 
Curve (Updated)

Hazard Curve Ratio 
(Updated/2015)

0.0010 4.82E-01 6.513E-01 1.351

0.0100 5.56E-02 5.699E-02 1.025

0.0500 4.24E-03 4.425E-03 1.043

0.1000 1.19E-03 1.325E-03 1.111

0.2000 2.90E-04 3.411E-04 1.175

0.4000 5.11E-05 6.207E-05 1.215

0.8000 5.95E-06 7.353E-06 1.237

1.5000 5.83E-07 7.273E-07 1.248

2.0000 1.80E-07 2.251E-07 1.252

3.0000 3.05E-08 3.833E-08 1.256

5.0000 2.68E-09 3.382E-09 1.261

10.0000 6.79E-11 8.589E-11 1.266

Table 10-19. Mean Total Hazard Curve from the 2015 Study, Updated Mean Total Hazard 
Curve, and Hazard Curve Ratio for the 0.333 Hz Spectral Frequency  

PSA (g) 
Total Mean Hazard Curve 

(2015) 
Total Mean Hazard 

Curve (Updated) (Updated/2015) 

10.2.2. Reference Rock Horizon Uniform-Response Spectra Comparisons

I I I I I 



Table 10-20. Original 2015 UHS and Updated UHS for the Three Hazard Levels of 10-4, 10-5,
and 10-6

Frequency 
(Hz)

UHS 2015 
(10-4) 
(g)

UHS 2015 
(10-5) 
(g)

UHS 2015 
(10-6) 
(g)

UHS Updated 
(10-4) 
(g)

UHS Updated
(10-5) 
(g)

UHS Updated
(10-6) 
(g)

100.000 1.0739 2.0171 3.4183 1.1093 2.0669 3.4889

50.000 1.1205 2.1075 3.5811 1.1573 2.1584 3.6531

33.333 1.2383 2.3299 3.9807 1.2794 2.3858 4.0610

20.000 1.6180 3.0425 5.2284 1.6674 3.1109 5.3230

13.333 2.0315 3.7728 6.4567 2.0983 3.8767 6.6022

10.000 2.3033 4.3268 7.4182 2.3755 4.4356 7.5666

6.667 2.5803 4.8849 8.3524 2.6782 5.0344 8.5723

5.000 2.4789 4.7097 8.0925 2.5769 4.8722 8.3338

4.000 2.2179 4.1901 7.2080 2.2993 4.3226 7.4005

3.333 1.9070 3.6015 6.2293 1.9767 3.7027 6.3793

2.500 1.5837 3.0954 5.4716 1.6513 3.2107 5.6629

2.000 1.3167 2.5670 4.5027 1.3795 2.6628 4.6551

1.333 0.9638 1.9840 3.5446 1.0160 2.0766 3.6968

1.000 0.7313 1.5163 2.7413 0.7856 1.5968 2.8796

0.667 0.4614 0.9816 1.8252 0.4935 1.0414 1.9273

0.500 0.3060 0.6766 1.2960 0.3295 0.7239 1.3757

0.333 0.1755 0.3816 0.7183 0.1890 0.4064 0.7596

I I I I I I I I 
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Table 10-21. UHS Ground Motion Ratios (Updated/2015) for the Three Hazard Levels of
10-4, 10-5, and 10-6

Frequency 
(Hz) 

Ra o (Updated/2015) 
(10-4) 

Ra o (Updated/2015) 
(10-5) 

Ra o (Updated/2015) 
(10-6) 

100.000 1.033 1.025 1.021 
50.000 1.033 1.024 1.020 
33.333 1.033 1.024 1.020 
20.000 1.031 1.022 1.018 
13.333 1.033 1.028 1.023 
10.000 1.031 1.025 1.020 
6.667 1.038 1.031 1.026 
5.000 1.040 1.034 1.030 
4.000 1.037 1.032 1.027 
3.333 1.037 1.028 1.024 
2.500 1.043 1.037 1.035 
2.000 1.048 1.037 1.034 
1.333 1.054 1.047 1.043 
1.000 1.074 1.053 1.050 
0.667 1.070 1.061 1.056 
0.500 1.077 1.070 1.061 
0.333 1.077 1.065 1.057 

10.2.3. Reference Rock Horizon GMRS Comparisons
The GMRS is defined based on the UHS results for the 10-4 and 10-5 hazard levels. The 
mathematical function form for the GMRS is defined as:

GMRS(f) = UHS1E-4(f) * DF Equation (10-1)

where

DF(f) = MAX[0.6*AR0.8,1] Equation (10-2)

and

AR = UHS1E-5(f) / UHS1E-4(f) Equation (10-3)

Original 2015 and updated GMRS for the reference rock horizon based on the hazard curve and 
UHS results are listed in Table 10-22 and Table 10-23, respectively. These two GMRS are 
plotted on Figure 10-20. In addition, the ratios of the GMRS ground-motion values are listed in 
Table 10-24 and plotted on Figure 10-21. The ratio results for the GMRS are similar to the UHS 



Table 10-22. Original 2015 GMRS for the Reference Rock Horizon

Frequency 
(Hz)

UHS 2015 (10-4) 
(g) AR DF

GMRS 2015
(g)

100.000 1.0739 1.878 1.000 1.0739

50.000 1.1205 1.881 1.000 1.1205

33.333 1.2383 1.882 1.000 1.2383

20.000 1.6180 1.880 1.000 1.6180

13.333 2.0315 1.857 1.000 2.0315

10.000 2.3033 1.878 1.000 2.3033

6.667 2.5803 1.893 1.000 2.5803

5.000 2.4789 1.900 1.003 2.4854

4.000 2.2179 1.889 1.000 2.2179

3.333 1.9070 1.889 1.000 1.9070

2.500 1.5837 1.955 1.026 1.6243

2.000 1.3167 1.950 1.024 1.3477

1.333 0.9638 2.058 1.069 1.0303

1.000 0.7313 2.073 1.075 0.7863

0.667 0.4614 2.128 1.098 0.5064

0.500 0.3060 2.211 1.132 0.3464

0.333 0.1755 2.175 1.117 0.1960

Table 10-23. Updated GMRS for the Reference Rock Horizon

Frequency 
(Hz)

UHS Updated (10-4) 
(g) AR DF

GMRS Updated
(g)

100.000 1.109 1.863 1.000 1.1093

50.000 1.157 1.865 1.000 1.1573

33.333 1.279 1.865 1.000 1.2794

20.000 1.667 1.866 1.000 1.6674

13.333 2.098 1.848 1.000 2.0983

10.000 2.375 1.867 1.000 2.3755

6.667 2.678 1.880 1.000 2.6782

5.000 2.577 1.891 1.000 2.5769

4.000 2.299 1.880 1.000 2.2993

3.333 1.977 1.873 1.000 1.9767

2.500 1.651 1.944 1.021 1.6865

2.000 1.379 1.930 1.015 1.4008

1.333 1.016 2.044 1.063 1.0800

I I I I I I 

I I I I I I 



Frequency 
(Hz)

UHS Updated (10-4) 
(g) AR DF

GMRS Updated
(g)

1.000 0.786 2.033 1.058 0.8314

0.667 0.494 2.110 1.090 0.5382

0.500 0.329 2.197 1.126 0.3711

0.333 0.189 2.150 1.107 0.2092

Table 10-24. GMRS Ratios for the 2015 Study Results and the Updated Results for the 
Reference Rock Horizon

Frequency 
(Hz)

GMRS 2015
(g)

GMRS Updated
(g)

GMRS Ratio 
(Updated/2015) 

100.000 1.0739 1.1093 1.0330

50.000 1.1205 1.1573 1.0328

33.333 1.2383 1.2794 1.0332

20.000 1.6180 1.6674 1.0306

13.333 2.0315 2.0983 1.0329

10.000 2.3033 2.3755 1.0313

6.667 2.5803 2.6782 1.0379

5.000 2.4854 2.5769 1.0368

4.000 2.2179 2.2993 1.0367

3.333 1.9070 1.9767 1.0365

2.500 1.6243 1.6865 1.0383

2.000 1.3477 1.4008 1.0394

1.333 1.0303 1.0800 1.0482

1.000 0.7863 0.8314 1.0573

0.667 0.5064 0.5382 1.0626

0.500 0.3464 0.3711 1.0713

0.333 0.1960 0.2092 1.0673

10.3. CONCLUSIONS 





Figure 10-1. Mean hazard curves from the 2015 study (solid lines) and updated scaled 
results (dashed lines) for the Los Osos fault source (green lines), Hosgri fault source 

(black lines) and total hazard curves (blue lines) for 100 Hz (PGA)

Figure 10-2. Mean hazard curves from the 2015 study (solid lines) and updated scaled 
results (dashed lines) for the Los Osos fault source (green lines), Hosgri fault source 

(black lines) and total hazard curves (blue lines) for 50 Hz
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Figure 10-3. Mean hazard curves from the 2015 study (solid lines) and updated scaled 
results (dashed lines) for the Los Osos fault source (green lines), Hosgri fault source 

(black lines) and total hazard curves (blue lines) for 33.333 Hz

Figure 10-4. Mean hazard curves from the 2015 study (solid lines) and updated scaled 
results (dashed lines) for the Los Osos fault source (green lines), Hosgri fault source 

(black lines) and total hazard curves (blue lines) for 20 Hz
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Figure 10-5. Mean hazard curves from the 2015 study (solid lines) and updated scaled 
results (dashed lines) for the Los Osos fault source (green lines), Hosgri fault source 

(black lines) and total hazard curves (blue lines) for 13.333 Hz

Figure 10-6. Mean hazard curves from the 2015 study (solid lines) and updated scaled 
results (dashed lines) for the Los Osos fault source (green lines), Hosgri fault source 

(black lines) and total hazard curves (blue lines) for 10 Hz
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Figure 10-7. Mean hazard curves from the 2015 study (solid lines) and updated scaled 
results (dashed lines) for the Los Osos fault source (green lines), Hosgri fault source 

(black lines) and total hazard curves (blue lines) for 6.667 Hz

Figure 10-8. Mean hazard curves from the 2015 study (solid lines) and updated scaled 
results (dashed lines) for the Los Osos fault source (green lines), Hosgri fault source 

(black lines) and total hazard curves (blue lines) for 5 Hz
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Figure 10-9. Mean hazard curves from the 2015 study (solid lines) and updated scaled 
results (dashed lines) for the Los Osos fault source (green lines), Hosgri fault source 

(black lines) and total hazard curves (blue lines) for 4 Hz

Figure 10-10. Mean hazard curves from the 2015 study (solid lines) and updated scaled 
results (dashed lines) for the Los Osos fault source (green lines), Hosgri fault source 

(black lines) and total hazard curves (blue lines) for 3.333 Hz
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Figure 10-11. Mean hazard curves from the 2015 study (solid lines) and updated scaled 
results (dashed lines) for the Los Osos fault source (green lines), Hosgri fault source 

(black lines) and total hazard curves (blue lines) for 2.5 Hz

Figure 10-12. Mean hazard curves from the 2015 study (solid lines) and updated scaled 
results (dashed lines) for the Los Osos fault source (green lines), Hosgri fault source 

(black lines) and total hazard curves (blue lines) for 2 Hz
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Figure 10-13. Mean hazard curves from the 2015 study (solid lines) and updated scaled 
results (dashed lines) for the Los Osos fault source (green lines), Hosgri fault source 

(black lines) and total hazard curves (blue lines) for 1.333 Hz

Figure 10-14. Mean hazard curves from the 2015 study (solid lines) and updated scaled 
results (dashed lines) for the Los Osos fault source (green lines), Hosgri fault source 

(black lines) and total hazard curves (blue lines) for 1 Hz
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Figure 10-15. Mean hazard curves from the 2015 study (solid lines) and updated scaled 
results (dashed lines) for the Los Osos fault source (green lines), Hosgri fault source 

(black lines) and total hazard curves (blue lines) for 0.667 Hz

Figure 10-16. Mean hazard curves from the 2015 study (solid lines) and updated scaled 
results (dashed lines) for the Los Osos fault source (green lines), Hosgri fault source 

(black lines) and total hazard curves (blue lines) for 0.5 Hz
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Figure 10-17. Mean hazard curves from the 2015 study (solid lines) and updated scaled 
results (dashed lines) for the Los Osos fault source (green lines), Hosgri fault source 

(black lines) and total hazard curves (blue lines) for 0.333 Hz

Figure 10-18. UHS from the 2015 study (solid lines) and the updated results (dashed 
lines) for hazard levels of 10-4 (blue lines), 10-5 (red lines), and 10-6 (green lines)
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Figure 10-19. Ratio of UHS from the 2015 study and the updated results for hazard levels 
of 10-4 (blue line), 10-5 (red line), and 10-6 (green line)

Figure 10-20. GMRS for the reference rock horizon from the 2015 study (solid line) and 
updated results (dashed line)
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Figure 10-21. GMRS spectral ratio (Updated/2015) for the reference rock
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11. CONTROL-POINT HAZARD FOR RISK ASSESSMENT

11.1. DEVELOPMENT OF SITE ADJUSTMENT FACTORS 

11.2. CONTROL-POINT HAZARD CURVES 



Table 11-1. Selected Scale Factors for the Control Point Hazard Curves Based on the 
Scaling Adjustments

Frequency (Hz) Scale Factor

100.0000 1.110

20.0000 1.100

10.0000 1.100

5.0000 1.135

2.5000 1.155

1.0000 1.212

0.5000 1.233

11.3. CONCLUSIONS 



Figure 11-1. Hazard curve ratio (i.e., scaled hazard divided by 2015 hazard) plotted as a 
function of 2015 total hazard (solid blue line), scaled total hazard (dashed green line), and 

selected scale factor (dashed red line) for 100 Hz (PGA)
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Figure 11-2. Hazard curve ratio (i.e., scaled hazard divided by 2015 hazard) plotted as a 
function of 2015 total hazard (solid blue line), scaled total hazard (dashed green line), and 

selected scale factor (dashed red line) for 20 Hz
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Figure 11-3. Hazard curve ratio (i.e., scaled hazard divided by 2015 hazard) plotted as a 
function of 2015 total hazard (solid blue line), scaled total hazard (dashed green line), and 

selected scale factor (dashed red line) for 10 Hz
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Figure 11-4. Hazard curve ratio (i.e., scaled hazard divided by 2015 hazard) plotted as a 
function of 2015 total hazard (solid blue line), scaled total hazard (dashed green line), and 

selected scale factor (dashed red line) for 5 Hz
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Figure 11-5. Hazard curve ratio (i.e., scaled hazard divided by 2015 hazard) plotted as a 
function of 2015 total hazard (solid blue line), scaled total hazard (dashed green line), and 

selected scale factor (dashed red line) for 2.5 Hz
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Figure 11-6. Hazard curve ratio (i.e., scaled hazard divided by 2015 hazard) plotted as a 
function of 2015 total hazard (solid blue line), scaled total hazard (dashed green line), and 

selected scale factor (dashed red line) for 1 Hz
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Figure 11-7. Hazard curve ratio (i.e., scaled hazard divided by 2015 hazard) plotted as a 
function of 2015 total hazard (solid blue line), scaled total hazard (dashed green line), and 

selected scale factor (dashed red line) for 0.5 Hz
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Figure 11-8. Selected scale factors (open blue circles) for the seven spectral frequencies 
and 5 Hz value (dashed black line) 
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12. RISK ASSESSMENT  

12.1. CALCULATION PROCESS



12.2. DISCUSSION AND CONCLUSIONS



13. SUMMARY AND CONCLUSIONS

13.1. MODEL EVALUATIONS

13.1.1. Source Characterization



13.1.2. Ground Motion Characterization
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13.1.3. Site Characterization



13.2. HAZARD ANALYSIS

13.2.1. Hazard Curve Scaling
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PROJECT SCOPE 

This document presents a project plan for a seismic hazard assessment update for the 
Pacific Gas & Electric Company’s (PG&E) Diablo Canyon Power Plant (DCPP) to 
satisfy the covenant for the performance of a seismic update associated with the State 
of California Senate Bill (SB) 846(Reference [1]) plant license extension. SB 846 states that 
the loan agreement with the California Department of Water Resources (DWR) must 
include:  

A covenant that the operator shall conduct an updated seismic assessment. 

The purpose of the work addressed in this updated seismic assessment project plan is 
to address this covenant by no later than the end of August 2024, which is prior to the 
expiration of the current operating licenses for DCPP. The Diablo Canyon Independent 
Safety Committee (DCISC), and DWR are invited to be observers during the 
performance of this assessment and are herein referred to as the stakeholders.  

The project plan was developed by the PG&E Geosciences Department, which will 
manage the work, at the request of the DCPP License Renewal Project (Notification No. 
51199572[2]).  

1.1 Background 

Since initial start of operation of the plant (1984 and 1985 for Units 1 and 2, 
respectively), numerous studies and updates of the seismic hazard and seismic risk 
have been performed. In addition, PG&E has maintained a Geosciences Department 
and the Long-Term Seismic Program (LTSP) focused on monitoring earthquakes, 
keeping track of scientific studies and state of knowledge on earthquake sources and 
hazards applicable to the site, and directing and funding new research through 
collaboration with the U.S. Geological Survey and various academic institutions. To 
sustain this work, PG&E and the U.S. Nuclear Regulatory Commission (NRC) agreed to 
an operating license commitment to continue the Geosciences Department and LTSP 
for the duration of the plant’s operating licenses[3]. 

In addition to the studies performed by PG&E under the LTSP, additional studies related 
to the seismic hazards applicable to the DCPP were performed by PG&E following the 
recommendations of the California Energy Commission (CEC) in response to State of 
California Assembly Bill 1632[4] were performed between 2006 and-2014[5].  These 
included new information characterizing seismic sources, velocity structure, and 
reliability of the plant. Also, in responding to the NRC’s Request for Information related 
to Recommendation 2.1 (Seismic) of the Near Term Task Force (NTTF) Review of 
Insights from the Fukushima Dai-Ichi Accident[6] PG&E updated seismic hazard and 
seismic probabilistic risk assessments for DCPP[7]. This work included a Probabilistic 
Seismic Hazard Analysis (PSHA) which was completed in 2015. The PSHA followed the 
NRC guidelines for a Senior Seismic Hazard Analysis Committee (SSHAC) Level 3 
hazard study described in NUREG-2117[8] and included a Participatory Peer Review 
Panel (PPRP) to provide the confident technical basis and mean-centered estimates of 
the ground motions. This multi-year study addressed all aspects of the seismic hazard 

1. 
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at the DCPP. In December 2016, the NRC stated that the reevaluated seismic hazard 
for DCPP (i.e., the results of the PSHA) is suitable for use in the other seismic 
assessments associated with the 50.54(f) letter[9]. The seismic hazards developed 
though the PSHA served as input to the updated DCPP seismic probabilistic risk 
assessment (SPRA). In January of 2019, the NRC stated that the updated SPRA met 
the requirements specified in the 10 CFR 50.54(f) letter and that no further response or 
regulatory actions are required[10]. 

Since the completion of the AB 1632 and NTTF Recommendation 2.1 studies, 
monitoring of earthquakes and targeted research under the ongoing LTSP have 
continued, with updates provided to the California Public Utilities Commission (CPUC) 
Independent Peer Review Panel (IPRP) and the Diablo Canyon Independent Safety 
Committee (DCISC). These continuing studies and reviews have served to keep DCPP 
current on seismic activity around the plant and new sources, ground motion and 
hazard data or methods that could potentially impact hazard or risk at the plant. This 
information provides a basis for the proposed SB 846 seismic update addressed in this 
workplan. 

1.2 Project Objective 

To develop the scope for the SB 846 seismic update several aspects were considered: 
the previous PSHA was recently completed, PG&E has continued monitoring and 
research/data collection under the LTSP, there is limited time for new information or 
new methodologies to be developed during this project, and the importance of seismic 
safety to both PG&E and the public. With these considerations, PG&E will follow an 
incremental hazard assessment process that first evaluates new information and 
models (i.e., comparison of hazard inputs) in a qualitative approach.  If no significant 
changes in models or inputs are identified, the assessment will be complete with no 
further assessment required. If sufficient differences are found with inputs used in the 
2015 assessment, then the study is extended to include quantitative analyses with 
integration and recalculation of hazard. 

Nuclear Regulatory Commission (NRC) NUREG-2213[11], provides updated guidelines 
on implementing SSHAC studies including a flow chart for the SSHAC Level 1 process 
(Figure 1, and the interaction with the PPRP. The initial scope of this project is the 
“Evaluation” portion in the Figure 1 flowchart, where the 2015 model is evaluated 
against potential new information to decide if the Integration step is warranted. 

In this process, interaction with stakeholders will take place during the development of 
the study plan, summary of the evaluation, and if necessary once hazard calculations 
are completed. Stakeholders will have the opportunity to observe and provide written 
feedback. 

There are three means to extend the study to the Integration phase where hazard is 
calculated. First, during the evaluation phase, the project team will use the guidance in 
Figure 2, (Payne et. al.[12]) to determine whether changes in data, models and methods 
warrant an escalation.  
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Electric Company 
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Second, additional considerations by the project team will include: if any hazard 
significant discrepancies are found with the previous study; if updated inputs are outside 
of the center, body, and rage of the previous study; and if evaluators do not have 
confidence in their assessment.  

Finally, the results of the findings will be presented to the stakeholders, and upon review 
may recommend that an elevated quantitative study be initiated. 

Figure 1: Flowchart for a SSHAC Level 1 PSHA study, indicating the review 
criteria and potential questions at each point of engagement by the PPRP 

(Figure 3-2 of NRC NUREG-2213[11]). 
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Figure 2: Decision and evaluation processes used in the Seismic Hazard Periodic 
Reevaluation Methodology for existing nuclear facilities that are classified as 

Seismic Design Category 3 
(Figure 1 of Payne, et. al. (2017)[12]). 

1.3 Summary of Scope 

This SB 846 updated seismic assessment will be conducted using working meetings, 
workshops, and other technical activities. The final scope of model components 
considered will be developed by the project team including reviewers. The following 
areas have been identified as initial potential topics for consideration by the Technical 
Integration Team. 
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1.3.1 Topics for the Technical Integration Teams 

1.3.1.1 Refinement of Inputs for the Seismic Source Characterization (SSC) 

1) New data, models, or methods with the potential to change hazard -
significant seismic source parameters, especially for seismic sources closest
to the plant, including the Hosgri, Los Osos, San Luis Bay and Shoreline
faults and the Background source. Tornado plots from the 2015 study can be
used to identify hazard-significant source parameters and help understand
the impact of parameter changes.

2) Updated earthquake catalog – over 6000 earthquake events have been
recorded by the PG&E Central Coast Seismic Network (CCSN) since 2015
and may inform fault geometry and rates of aerial source zones

3) Background model – accounts for earthquakes that occur off recognized fault
sources or secondary low slip rate sources

1.3.1.2 Refinement of Parameters for the Ground Motion Characterization 
(GMC) 

1) Review of Ground Motion Models (GMM) to include: Median; Variability; and
Uncertainty – there have been no new models since the Southwestern
United States (SWUS) project (one of the elements of the PSHA described
in Reference [7]). However, it is relevant to review the logic trees and
implementation of the models.

2) Directivity models
3) Updates to the local earthquake catalog; in particular, the four events within

100 km with a magnitude greater than M4.
4) Non-ergodic models and their potential application – these models are still

being developed, but many advancements have been made.

1.3.1.3 Additional Topics 

1) Potential updates to empirical site amplification models - There are two
instruments near the project site; one is on the site property and records
triggered events, the other is off-site and provides a continuous record.

2) Recent modifications to the software HAZ used to compute the PSHA -
Review modifications made to the code HAZ and impact of those changes.
The end goal of this task is to run old hazard inputs on a new executable.

PROJECT ORGANIZATION 

The project organization is composed of the following members (see organization chart 
in Figure 3): 

Two PG&E Project Sponsors - The Project Sponsors provide financial support 
and “own” the results of the study in the sense of property ownership. The 

2 . 
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Project Sponsors will attend project meetings, review project documents, and 
facilitate data gathering. 
One Project Manager (PM) - The PM is responsible for managing the schedule, 
and budget and coordinates the execution of the project. In addition, the PM 
interacts with the Project Sponsors to keep them informed on the progress. 

 Three Technical Integration (TI) Team members - The TI Team is a team of 
Evaluator Experts with PSHA experience that are responsible for conducting the 
evaluation and integration process. Two members of the TI Team will review the 
GMC and one member, along with staff, will review the SSC. These team 
members were involved in the previous and were selected based on their 
experience with the previous efforts and expertise in the field. 
Two Participatory Peer Review Panel (PPRP) members – The PPRP is a panel 
of experts with SSHAC methodology and PSHA experience capable of 
evaluating the technical judgments of the TI Team. 

 Three External Reviewers – The external reviewers are also experts with SSHAC 
methodology and PSHA experience.  They will provide external review of the 
process, methodology and documentation of the project.  They will ensure that it 
is consistent with the intent of the covenant. 
One Technical Writer – The technical writer will be editing report content and 
working closely with the various members of the organizational team. 

Figure 3: Organizational structure for this project
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DELIVERABLES 

The results of the evaluation will first be presented to the PPRP and External reviewers 
during workshops. The TI Teams will prepare a report that presents what new 
information was considered and an evaluation of the potential impact. 

The PPRP will review the documentation and provide comments back to the TI Team. 
The TI Team will then review and incorporate comments, as necessary, then present 
the final results to the PPRP and the External Reviewers. This presentation will be 
followed by the Final Report and submitted to the PPRP. The PPRP will provide a 
closure letter, if appropriate, and will send all documentation to the External Reviewers 
for review before review and acceptance by the Diablo Canyon Power Plant team. 

SCHEDULE 

A detailed schedule will be developed to meet the project requirements and ensure the 
ability to track progress. 

QUALITY REQUIREMENTS 

The DCPP work request for this project[2] indicates that the classification of the work is 
“Graded Quality.”  Therefore, the work is not classified as “Safety Related” and the 
DCPP Quality Assurance Program does not apply.  In accordance with DCPP 
Procedure No. AD9.ID2[15], the DCPP Qualify Verification group developed the Quality 
Verification Plan (QVP) for this project, as documented in DCPP Notification No. 
51200395[14], to define the quality requirements applicable to the various aspects of the 
project. 

5.1 Project Documents 

Documentation developed in support of this project shall be subject to the following 
general requirements: 

Geosciences Department-generated input reviewed by another competent PG&E 
personnel to assure that the results are reasonable, including inputs and 
assumptions. 

Vendor-generated input and results reviewed and accepted by PG&E personnel 
to assure that the results are reasonable, including inputs and assumptions. 

The vendor-generated results shall be processed in accordance with one of the 
following DCPP procedures, as applicable to the document type: 

Procedure No. CF7.ID4, “Processing of Documents Received from Suppliers” 

Procedure No. CF3.ID17, “Design and Analysis Documents Prepared by External 
Contractors” 

3. 

4. 

5 . 
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5.2 Vendors/Consultants 

The project team is comprised of a combination of PG&E personnel and consultants 
(see Project Organization Chart in Figure 3).  Consultants shall be classified as “Task 
Specialists” in accordance with DCPP Procedure No. TQ2.ID4 (Training Program 
Implementation[16]) and their qualifications documented in accordance with this 
procedure. 

5.3 Application of the SSHAC Process 

As indicated in Section 1.2, this project will be performed in a similar manner to the 
Level 1 SSHAC process (NUREG-2213[11]), which includes explicit internal reviews.  In 
accordance with the SSHAC process, the analyses performed by the TI Team will be 
scrutinized by the PPRP.  Additionally, this project includes the use of an External 
Review Team who will examine the methods, process and documentation. 

This methodology will provide added assurance of the validity of the updated seismic 
assessment. 
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M E M O R A N D U M

Date: September 30, 2024 

To: Dr. Chris Madugo 
Geosciences Department 
Pacific Gas & Electric Company 
C7M0@pge.com 

From: Brian Gray, CEG, LCI Principal Geologist 
Chris Bloszies, CEG, LCI Senior Geologist 

SUBJECT: Phase 1 Review of the Tectonic and Geomorphic Setting of the January 1, 
2024, M7.5 Noto Earthquake, Noto Peninsula, Japan 
LCI Project No. 1005.125 

Dear Dr. Madugo, 

Lettis Consultants International, Inc. (LCI) is pleased to submit this technical memorandum that 
reviews the geologic, seismotectonic, and geomorphic setting for the M7.5 Noto Hanto 
Earthquake that occurred along the Noto Peninsula, Japan on January 1, 2024. Specifically, this 
memorandum provides a summary of the January 1 earthquake and preceding seismicity, 2) 
focuses on summarizing the tectonic, geologic, and geomorphic setting of the Noto Peninsula for 
comparison to the Irish Hills, California, and 3) identifies potential research focus areas for 
consideration under the Pacific Gas and Electric Company Diablo Canyon Power Plant Long 
Term Seismic Program (DCPP LTSP). An important element of the LTSP is using information 
learned from global earthquakes for advancing seismic models and understanding of seismic 
hazard for implementation in PG&E asset assessments.  The Noto Hanto Earthquake has been 
conjectured to be a possible analogue for modeling seismic hazard to the DCPP at and around 
the plant site. 

LCI Principal Geologist Brian Gray (CEG) and Senior Geologist Chris Bloszies (CEG) prepared 
this memorandum to assist PG&E Geosciences with ongoing efforts to characterize and evaluate 
seismic sources in the San Luis Obispo area. This review-level effort provides a summary of the 
Noto Peninsula to better understand the significance (if any) of the Noto earthquake as it relates 

Lettis Consultants International, Inc. 
1000 Burnett A venue, Suite 350 
Concord, CA 94520 
(925) 482-0360; fax (925) 482-0361 
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to seismic hazard at DCPP and assesses the benefit of a site visit or follow-up research for the 
LTSP. LCI appreciates the opportunity to work on this engaging project. Please contact us if you 
have any questions regarding this memorandum. 

KEY F INDINGS 

• The Noto Peninsula is a northeast trending landmass on the northwest margin of Japan
measuring approximately 70 km by 15 to 25 km.  The peninsula presently accommodates
crustal shortening between the eastern margin of the Amur Plate and adjacent subduction
zones of the Philippine Sea and Pacific Plates. The contemporary tectonic setting is a
product of two primary phases of deformation: initial backarc extension during early to
middle Miocene that produced distinct basins underlain by oceanic crust, surrounded by
regions of thick oceanic crust and rifted continental crust, followed by crustal shortening
that initiated in the late Neogene and continues to the present.

• Faults in the vicinity of the Noto Peninsula include primarily southeast-dipping reverse
faults that parallel the northwest coast, a southeast-dipping fault zone along a portion of
the southeast margin of the peninsula, doubly vergent faults crossing the peninsula
isthmus, and a northwest-vergent reverse fault producing up to ~2 m of displacement in
the hanging wall of causative fault(s) of the January 1, 2024, earthquake.

• The uplift pattern of emergent marine terraces around the Noto Peninsula and topographic
profiles across the axis of the peninsula are consistent with asymmetric block uplift, with
the highest uplift rates coincident with faults along the northwest coast.

• The Noto Peninsula region has hosted several significant recent earthquakes, including
the 2007 M6.7, 2023 M6.2, 2024 M7.5 earthquakes and a 2020 earthquake swarm which
occurred on faults along the west coast of the peninsula. The 2024 earthquake ruptured
multiple named faults for a total length of approximately 100 km and an aftershock
distribution extending 150 km. The length of the rupture extended 30 km northeast of the
Noto Peninsula. The rupture width was roughly coincident with the northwestern half of
the peninsula. Offshore of the northwest side of the Noto Peninsula, the 2024 earthquake
produced seafloor scarps with heights up to two meters coincident with composite scarps
along mapped seafloor faults. Dips of faults that have ruptured since 2007 range from
approximately 37° to 60° based on focal mechanisms and aftershock distributions.

• Similarities between the Noto Peninsula and Irish Hills include that both regions are
seismically active, characterized by inverted fault-bounded basins, and have fault
geometries that allow for multi-fault ruptures. Key differences include the scale, tectonic
evolution and geology, geometry and geomorphic expression of faults, kinematics, rates
and patterns of deformation, and seismic history. These differences preclude using the
Noto Peninsula as a direct analog for seismic source characterization of the Irish Hills.

• Despite tectonic, geologic, and geomorphic differences between the two locations,
observations from the January 1, 2024, M7.5 earthquake can be used to test the 2015
DCPP SSC. For example, the 2015 model includes a range of characteristic earthquake
magnitudes (used to anchor the magnitude-recurrence relationships) that are based on
the dimensions of one or multiple fault sections mapped along the strike length of the Irish



LCI Project No. 1005.125 3 September 30, 2024

Hills and San Luis Range. The use of such length scales of faults to define characteristic 
ruptures is supported by the dimensions of historic earthquakes on the Noto Peninsula 
relative to mapped crustal faults. 

• The concepts used to define the down-dip location and width of the reverse or reverse-
oblique fault sources in the 2015 DCPP SSC model, such as constraining the fault ramps
to underlie the actively uplifting Irish Hills and San Luis Range, are consistent with the
position of the reverse fault ramp that ruptured in the Noto earthquake relative to the width
of the actively uplifting Noto peninsula.

• Research methods used to evaluate and model deformation patterns and rates for the
Noto Peninsula may be useful for future DCPP LTSP studies.

1.0  NOTO PENINSULA 
1.1 TECTONIC SETTING 

The contemporary tectonic setting of Japan is driven by complex interactions of the Amur, 
Okhotsk, Pacific, and Philippine Sea plates (Figure 1; e.g., Apel et al., 2006; Loveless and Meade, 
2010; Petit and Fournier, 2005). The Noto Peninsula is located along the northeastern coastline 
of central Honshu, Japan near the eastern margin of the Amurian (Amur) Plate (Figure 1). The 
region is characterized by active crustal shortening driven primarily by eastward migration of the 
Amur Plate, which is a sub plate of the Eurasian Plate, and traction generated by the subducting 
Philippine Sea Plate and Pacific Plate (Figure 1). The Amur plate moves eastward relative to the 
Eurasian Plate at a rate of ~10 to 15 mm/yr (Petit and Fournier, 2005; Loveless and Mead, 2010). 
GPS vectors defined relative to the stable Eurasian Plate (Loveless and Meade, 2010) indicate a 
reversal in plate motion occurs roughly along the Niigata-Kobe Tectonic Zone, a NE-SW-trending 
band of high shear strain (>15 mm/yr slip rate; Loveless and Meade, 2010) extending roughly 
between Niigata and Kobe, Japan (Figures 1 and 2). Based on models presented by Wei and 
Seno (1998), Bird (2003), and Apel et al. (2006), the Noto Peninsula is located near the eastern 
margin of, but well within the Amurian Plate.  

The contemporary structure of the Noto Peninsula and adjacent Sea of Japan is primarily 
influenced by the Cenozoic evolution of the region as a former convergent boundary and 
subsequent back-arc spreading center (Van Horne et al., 2017 and references therein). In the 
study region, there are multiple oceanic-crust cored basins separated by zones of incompletely 
rifted continental crust (Figure 3; Van Horne et al., 2017). The Noto Peninsula and nearby seafloor 
are located within a region of extended continental crust (Figure 3; Van Horne et al., 2017). Sato 
(1994) indicates the onset of the primary phase of extension and normal faulting in the region 
likely began during the late Oligocene to early Miocene and continued to the mid Miocene, with 
near cessation of extension occurring at ~13 to 15 Ma (Van Horne et al., 2017 and references 
therein: Sato, 1994). Multiple changes in extensional strain orientation are documented over this 
time period (Sato, 1994). The primary extensional phase in the Sea of Japan region was followed 
by a period of low-strain-rate extension and localized shortening, terminating with an inversion to 
crustal shortening (Nakamura, 1992; Sato, 1994; Okamura et al., 1995; Katagawa et al., 2008). 
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The transition to the contemporary phase of shortening was likely completed sometime between 
3 and 4 Ma (Sato, 1994, Van Horne et al., 2017). Collectively, Neogene extension in the Sea of 
Japan region resulted in extended crust with complex systems of normal faults that now 
accommodate shortening between the Amur, Okhotsk, Philippine, and Pacific plates (Figure 1). 
The zone of shortening along the eastern margin of Honshu (onshore and offshore), roughly 
coincident with the north-south-trending Okhotsk/Amur plate boundary, has produced many 
historical M7.5+ events on predominantly east-dipping reverse faults. Although the eastern 
margin of the Sea of Japan has no associated Wadati-Benioff zone, some researchers have 
suggested that the zone of reverse faults may represent an incipient subduction zone (e.g., 
Kobayashi, 1983 ; Nakamura, 1983 ; Tamaki and Honza, 1985 ; van der Werff; 2000 ; Lallemand 
and Arcay, 2021) that is in the early phases of initializing along a primary fault zone, consistent 
with historical earthquakes.  
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Figure 1. Tectonic setting of Japan and the surrounding region showing plate boundaries, rates, and 
principal geographic elements. Orange band depicts the approximate location of the Niigata – Kobe tectonic 
zone. Figure modified from Mahoney et al. (2016). 
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Figure 2. GPS velocity field of Japan from 1997-2000 GEONET data, relative to the stable Eurasian Plate. 
Modified from Loveless and Meade (2010). 

Figure 3. Distribution of major crustal elements in the Sea of Japan. The Noto Peninsula is located within 
a region of rifted continental crust (light green). Figure modified from Van Horne et al. (2016).  
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As shown on Plates 1 and 2 (GSJ, 2010), the geology of the Noto Peninsula is dominated by 
sequences of Miocene-age clastic and volcanic stratigraphy associated with late Paleogene to 
Neogene extension. Approximately 80% of the rocks shown on Plate 1 are intermediate to silicic 
volcanic sequences of lavas, tuffs, and volcaniclastics intercalated with sediments ranging from 
conglomerates (nearshore) to mudstones (GSJ, 2010) produced during the late Oligocene to early 
Miocene primary phase of extension. Younger, mid to late Miocene rocks are localized near the 
northeast tip of the peninsula (Plate 1) and appear to be composed of progressively more clastic 
stratigraphy related to waning volcanism. Some of the sedimentary rocks are calcareous. 
Pliocene rocks are localized south of the Peninsula only and represented by sandstones, 
siltstones, and mudstones. Quaternary deposits mapped on the Noto Peninsula are generally 
associated with uplifted/abandoned marine terraces (as discussed below) and localized valley 
infill near the coasts (Plate 1). 

Offshore geology is dominated by uplifted Miocene stratigraphy and volcanic rocks locally faulted 
against latest Pleistocene to Holocene seafloor stratigraphy on the continental shelf (Plate 2). 
These deposits are mapped at depths entirely above the last glacial maximum (LGM) sea level 
(ca. 120 m below present from ~16 to 20 ka), which suggests most of the area was exposed for 
significant periods of the late Pleistocene and that faulted deposits may reflect younger marine 
deposition. The formerly exposed shelf extends 30 to 40 km northwest of the Noto Peninsula.  

1.1.1 Fault Structure 

Mapped fault zones in the vicinity of the Noto Peninsula appear composed of complex sets of 
overlapping and relatively short fault segments (typically <20 km). Figures 4 and 5, and Plates 1 
and 2 show the distribution of mapped faults in the region, including Quaternary active faults. GSJ 
(2010) identified and located faults based on a combination of onshore geologic and remote-
based (imagery and topographic datasets) mapping and offshore mapping completed from 
seismic reflection and bathymetry surveys. The Japan National Institute of Advanced Industrial 
Science and Technology (AIST) map of active faults (AIST, 2024) in the region documents three 
primary zones of active faults on or around the Noto Peninsula. From these two sources, 
documented active faults of the peninsula appear to fall into three categories: (1) southeast-
dipping, northwest-vergent reverse faults mapped along the northern margin of the Noto 
Peninsula (Monzen-oki, Wajima-oki, Machino-oki, Noroshi-oki); 2) relatively short, southeast-
dipping reverse faults mapped onshore along a portion of the southern margin of the Peninsula 
(Notokaigan fault); and (3) parallel and doubly vergent, reverse (thrust) faults crossing the isthmus 
south of the Peninsula (Bijosan and Sekidosan faults) (Figure 5). Except for the Notokaigan fault, 
these faults appear to represent clear uplift rate boundaries. Slip rate estimates for all faults are 
provided by the AIST active fault database with parameters summarized in Table 1 below.  
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Table 1: Noto Peninsula Active Fault Parameters from the AIST Database. 

Fault Dip Sense of 
Slip 

Length 
(km) 

Slip Rate 
(mm/yr) 

Most Recent 
Event(s) 

Monzen, Wajima, Machino, 
Noroshi-Oki 60° SE Reverse 106 (end to 

end length) 0.3 2007, 2023, 2024 

Notokaigan 60° SE Reverse 18 0.1 Unknown 
Bijosan 30° NW Reverse 19 0.5 Unknown 

Sekidosan 20° SE Reverse 30 1.3 AD -1048 to 739 

Figure 4. Structural map of the Noto Peninsula, with a focus on offshore features. Figure Modified from 
GSJ (2010) explanatory text. 
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Figure 5. Map of active faults in the vicinity of the Noto Peninsula from the AIST (2024) database showing 
(1) the causative fault system of the January 1, 2024, earthquake along the northwest margin of the
Peninsula, (2) the Notokaigan fault zone along the southeast margin of the peninsula, and (3) doubly
vergent faults cutting obliquely across the isthmus. Figure modified from the AIST (2024) web map.

1.2 GEOMORPHOLOGY AND QUATERNARY GEOLOGY OF THE NOTO PENINSULA 

The geomorphology of the Noto Peninsula is characterized by moderate elevations but rugged 
topography within the interior that transitions to the southeast into gently sloping coastal plains, 
and to the northwest meets the Sea of Japan along a steep, near-continuous coastal cliff. The 
result is an asymmetric topographic profile (see Figure 27), with elevations of 300 m (and up to 
540 m) within 3 km of the northwest coastline, but up to 20 km from Toyama Bay (Plate 3; Figures 
6 and 7).  

Two geomorphic regimes dominate the Noto Peninsula that characterize uplift patterns relative to 
eustatic changes over the mid to late Quaternary: (1) net-erosional, steep coastal topography to 
the north along the Sea of Japan, dominated by landslides (and other mass wasting) and coastal 
retreat; and (2) a gentle coastline with a near-continuous, modern wavecut platform broken by 
drowned fluvial valleys along Toyama Bay (Figure 6 and 7). The northwest coast of the Noto 

X 13 E 

329-02 Wajima-0ki "' 
NE-SW trending southeast-dipping reverse 

fault with right-lateral strike-slip component in 

Japan Sea 

trend : 60" 
dip : 60" S 
length : 33 km 
slip rate : 0.3 m/ky 
slip per event : 3.8 m 
recurrence interval 13.0 ky 
age of the last faulting 
historical record 
elapsed time rate 
rupture probability in next 30 years 
by BPT distribution model 
by Poisson process model : /1.90.2% 

more detail 
,., 

Zoom 

.13 .SE 



LCI Project No. 1005.125 10 September 30, 2024

Peninsula is heavily dissected, and the many small drainages are short and steep, tightly sinuous 
or linear, and follow the prevailing bedrock structure. The few larger drainage basins consist of a 
series of moderately sized depositional basins that are interconnected by channels deeply incised 
into the surrounding landscape. Channels are especially incised at the downstream end of the 
basins – likely the result of landslide impoundment and subsequent incision – resulting in stepped 
channel profiles and thick fill terraces especially at the coastline. Evidence for coastal retreat is 
abundant along this northwest coastline. Landslides, landslide scars, faceted ridgelines, and 
steep coastal drainages dominate the coastline, and the few beaches are rocky, shingle beaches, 
especially to the northeast (Plate 1; Figure 6). 

Figure 6. Topography and marine terrace distribution of the Noto Peninsula. Emergent marine terrace 
mapping from Ota and Hirakawa (1979) and GSJ (2010). Mapped terraces are colored by age with coldest 
(blue) colors representing early Pleistocene features and warmest colors representing late Pleistocene or 
younger features. Contour interval = 50 m. 
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Figure 7. Distribution and elevation of marine terraces of the Noto Peninsula. 
Terrace profiles are shown for the southeast and northwest margins of the 
Peninsula. Figure adopted from Ota and Hirakawa (1979). 

Sea of Japan 

Wajima 

® 

10Km 

Ba y 

u!lt 

• Hl 

0 H3 

• Ml 

+ 

+ 3JS 

E A S T 

H O R y ij M T s. 

® 

0 0 00 .. . ... 

I 

' t • 
I 

p . . ' 

I 
~~ 

0 O o i 0 

C 
0

0 I 

' .. 
® 

. 
C C CO 

o " . . . 
WE S ; UWATS UKI MTS 

C O A S T 

® 

• HI H • 2 o H3 o H4 •M l 

C O A S T 

HACHJBllSE MTS. 

I 
i 

' i 
' ' ' ' : 
' ' . 

: I< UW A T S U K A M T S. IBIJfi MTS. m.M S.I 

[ 200 

' ' i 
' i 

... ... ~ 
' 00 i 0 

. . .. 
I 

e c l O o 

• •. l " ,:,; 
C C 0 

@ 
_BJJii MTS. 

..... , ... 
CD 

' I 
' ' ~-.:~ 
' 
' i 

a £l / .. • 

' ., 
i 
' 

NOTO JlMA (0 lOKm 

mMS.l 

150 



LCI Project No. 1005.125 12 September 30, 2024

By contrast, the southeast coastline (especially closer to Noto Island) is typified by muted 
topography and a low coastal cliff broken only by drowned valleys (Malatesta et al., 2024). Above 
the coastal cliff, the landscape increases in elevation from the southern coast but is muted and 
gentle (Figures 6 and 7). Beaches are uncommon and are narrow, steep, and poorly developed, 
and a near-continuous bedrock wavecut platform is exposed along the coast suggesting limited 
coastal erosion with only minor wave action. Drainages are fewer but larger, and appear to 
coalesce at or near the shoreline forming a radial pattern within the coastal landscape. Here, the 
coastline is locally embayed where drainages meet the coast, with sea water intruding and 
drowning the confluence to create small bays. 

1.2.1 Quaternary Geology and Marine Terraces 

The Quaternary geology of the Noto Peninsula consists of mainly of marine terrace deposits and 
landslide debris. There is also a limited distribution of terrestrial deposits localized along the larger 
drainages that consist of fluvial terraces and channel deposits, and depositional basins (Plate 1; 
Figure 6). Marine terraces are distributed across the entire Noto Peninsula, especially along the 
coastline, but are also present in the interior of the peninsula, inset into the lower elevation, 
southeast slope of interior highlands. The distribution of marine sediments appears to result from 
a preservation bias – along the lower energy southern, southeast, and eastern shorelines, 
terraces and terrace flights are common, whereas to the northwest, terraces are absent.  

The distribution of marine terraces across the Noto Peninsula suggests a gradient in uplift rates 
that increases to the north and northeast, and is less to the southwest, especially near Noto Island, 
and may increase again slightly to the south near Nanao (Figures 6 and 7; Plate 1; Ota and 
Hirakawa, 1979; Tam and Yokohama, 2021). The terraces associated with the most recent paleo-
highstands (MIS 5) are near-uniformly present along the coastline of the Noto Peninsula, signaling 
baseline uplift of the coastline through the late Quaternary (Ota and Hirakawa, 1979; Fuji, 1991; 
GSJ, 2010; Tam and Yokohama, 2021). To the northeast, along both the shorelines facing the 
Sea of Japan and Toyama Bay, these paleo-shorelines are differentiated into up to seven different 
terraces (M3 to H3 of Ota and Hirakawa, 1979) of which M3, M2, and M1 are linked to highstands 
in the last ca. 125 ka (Figures 6-8). These clearly identifiable, discrete sets of emergent terraces 
and marine platforms in the northeast suggest a rapid uplift relative to eustatic changes that may 
have outpaced uplift to the southwest. Further, the collective elevation of paleo-shorelines relative 
to the present sea level is higher to the northeast. For example, the MIS 5e terrace (M1 in Figures 
7 and 8) is mapped up to 85±69m in the far northeast part of the peninsula, whereas the same 
terrace is only 18±15 to 36±38m along the coastline to the southwest based on a review of 
previous terrace mapping with modern elevation control (Tam and Yokohama, 2021). In contrast, 
near Nanao (Plate 1), the MIS 5e terrace is uplifted by 38±45m to 53±17m, which corresponds to 
the elevation of nearby MIS 5e terraces on the mainland possibly providing a baseline regional 
uplift rate (Tam and Yokohama, 2021).  
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Figure 8. Distribution of the MIS 5e terrace around the Noto Peninsula from Ota and Omura (1991). Cross 
section X-Y shows the facies associated with the M1 and M2 terraces of Ota and Hirakawa (1979), 
associated with the MIS 5e marine highstand.  

Marine terraces along the steep northwest-facing coastline of the peninsula are few and terraces 
older than MIS 5e are absent (Figures 6 and 7). Presumably, evidence of paleoshorelines here, 
where other geomorphic evidence suggests uplift rates are the highest, has been removed by 
coastal retreat driven by strong wave action, increased orographic rainfall and erosion, and 
oversteepened slopes leading to increased mass wasting.  

Where encountered on the Noto Peninsula, marine terrace deposits consist of (1) bedrock 
platforms that are gently tilted toward the coastline, covered by a thin veneer of sand and gravel 
with littoral origin (Ota and Hirakawa, 1979; Omura, 1980); (2) locally thick sequences of 
sublittoral sands capped by nearshore deposits; and (3) shell beds, interpreted to represent 
offshore shoals developed in water approx. deeper than 10 m (Omura, 1980; Fuji, 1991). Age is 
largely constrained by a limited number of Uranium-Thorium ages from shells collected from the 
Uji and Hiradoko shell beds, located in far eastern Noto Peninsula (Figure 8) that returned ages 
averaging 120±6 ka (Omura, 1980). The Sumbe-Kisuki tephra (Ota and Omura, 1991) is both 
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interbedded with littoral deposits associated with MIS 5a-c and overlayed MIS 5e deposits, 
leading to an unconstrained and inferred 110-115 ka eruption age (ca. MIS 5b; Toyokura, 1991; 
Tam and Yokohama, 2021). 

2.0  HISTORICAL SEISMICITY OF THE NOTO PENINSULA REGION 
The Noto Peninsula region has been the subject of considerable seismotectonic research over 
the last several decades due to the occurrence of multiple M6 or greater earthquakes and related 
seismic swarms, including the recent January 1, 2024, M7.5 Noto earthquake (Figure 9). The 
occurrence and spatial overlap of these recent earthquakes along or near the peninsula provides 
a unique opportunity to study the interactions of multiple faults capable of both independent and 
linked ruptures, yielding insights on complex earthquake cycles. Table 2 and the section below 
summarize these recent events and key source parameters. 

Table 2. Notable Earthquakes near the Noto Peninsula, Japan, in the last 35 years. 

Event Date 
(Name) Magnitudeǂ Sense of 

Slip Dip Notes 

Feb 7, 1993 Mj6.6 Reverse 47° NW(1) Event generated a small (~0.5 m) tsunami(1). 

March 25, 2007 
(Noto Hanto -

Oki) 
Mj6.9 (M6.7) Reverse 

RL oblique 
53° to 60° 

SE(2,4) 

Generated vertical deformation ranging from -
0.08 to 0.44 m. Coseismic uplift boundary 
documents clear onshore projection of fault. Fault 
section also ruptured in the Jan 1 Noto event. 

May 5, 2023 Mj6.5 (M6.2) Reverse 45° SE3

Earthquake occurred following more than two 
years of a complex seismic swarm (>20k Mj >1 
events) at the NE end of the Noto Peninsula. 
Fault section also ruptured in the Jan 1 Noto 
event. 

Jan 1, 2024 
(Noto Hanto) Mj7.6 (M7.5) Reverse 37° to 41° 

SE 

The Noto Hanto earthquake represents the 
largest and most damaging historical earthquake 
on or near the Noto Peninsula. Rupture length 
was ~150 km (JMA, 2024) from aftershocks or 
closer to 100 km from tsunami and waveform 
data (Fujii and Satake, 2024). Modeled coseismic 
displacements reached ~4 m (Fujii and Satake, 
2024, Yang et al., 2024). Event generated a 
damaging tsunami. 

Jan 9, 2024 Mj 6.1 (M5.9) Reverse 46° NW 

This earthquake represents an event that was 
likely triggered by stress changes associated with 
the M7.5 earthquake 8 days prior. The fault is 
directly north of the interpreted rupture patch of 
the M7.5 event but its dip is to the NW, (USGS, 
2024; Fujii and Satake, 2024), opposite the Jan 1 
fault plane(s). 

ǂJapan Meteorological Agency Local Magnitude (Mj) 
1Abe and Okada, 1995, 2Hiramatsu et al., 2008, 3Kato, 2024; 4Kato et al., 2008; 
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Figure 9. Notable historical earthquakes along the eastern margin of the Sea of Japan. Lower panel shows 
the distribution of historical Noto Peninsula earthquakes and their relations to JSPJ fault sources from 
tsunami source model. Figures from Fujii and Satake (2024). 

2.1 PRIOR NOTABLE EARTHQUAKES IN THE NOTO PENINSULA REGION 

As summarized in Table 2 above and shown on Figure 9, the recent historical seismicity of the 
Noto Peninsula region is concentrated along an alignment of northeast-striking (SE-dipping) and 
southwest-striking (NW-dipping faults). Focal mechanisms for the largest events (Figure 9; Fujii 
and Satake, 2024) are generally subparallel to the coastline and indicate primarily reverse 
displacement with some degree of obliquity. 

February 7, 1993 Earthquake 

The earliest >M6 well-instrumented event in the Noto Peninsula region occurred on a northwest-
dipping reverse fault (Abe and Okada, 1995) on February 7, 1993. Tsukuda et al. (1994) indicate 
that the damage was largely limited to the far northeastern end of the peninsula, consistent with 
an aftershock distribution that lies almost entirely offshore about 5 to 25 km to the northeast. 
There appears to be some uncertainty regarding whether the source fault, which likely dips 
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northwest (Tsukuda et al., 1994; Abe and Okada, 1995) is represented in bathymetry. Notably, 
the source fault dips opposite that of catalogued active faults at the northeast end of the peninsula 
(AIST, 2024). If correct, the January 1, 2024 Noto Hanto earthquake apparently did not re-rupture 
the fault that generated the 1993 earthquake (as described below). 

2007 Noto Hanto-Oki Earthquake 

The March 25, 2007, Noto Hanto-Oki earthquake occurred near the southern end of the Noto 
Peninsula (Figures 9, 10, and 11), on or parallel to an offshore fault previously mapped by 
Katagawa et al. (2005). The event generated nearly 0.5 m of uplift along the coastline 
accompanied by a small tsunami (Awata et al., 2008). As described by Toda (2008) and Awata 
et al. (2008), the 2007 earthquake was blind, generating broad deformation but no surface 
rupture. Aftershock relocation indicates a fault dip of ~60° (Kato et al., 2008) along a fault that 
bisects the southwest coast of the Noto Peninsula (Figure 10). Coastal uplift associated with the 
earthquake (inclusive of coseismic and afterslip) is well-defined by growth positions of intertidal 
fauna (Awata et al., 2008; Shishikura et al., 2009) and delineates positions of fold hinges onshore 
(Figure 11). Shishikura et al. (2009) document evidence for two or three pre-2007 uplift events 
since AD 1025, with the penultimate event (pre-2007) likely having occurred in 1892, associated 
with a low M6 earthquake (Usami, 2003). Interestingly, the magnitude of the penultimate uplift 
decreases to the northwest, opposite that of the 2007 earthquake. Shishikura et al. (2009) indicate 
the antepenultimate uplift event may have been coseismic or associated with eustatic sea-level 
change. The oldest uplift event is recorded by an abrupt notch, indicative of 40 to 50 cm of 
coseismic uplift (Shishikura et al., 2009). Latest Pleistocene to Holocene uplift rates and post-MIS 
5e (~120 ka) rates support late Quaternary uplift rates on the order of ~0.5 mm/yr along the 
section of coast uplifted during the 2007 Noto Hanto-Oki earthquake.  

Figure 10. Distribution of aftershocks from the March 25, 2007, Noto Hanto earthquake. Approximate areas 
of seismicity profiles shown with color-corresponding bounding boxes. Offshore faults from Katagawa et al. 
(2005). Figure modified from Toda (2008).  

,.,._,, 

~ D 
Bedrock e,posure SlHply clipping Fold BXIS (Pio-Piel.._.,) 

reven;elaull 

0 

l<alagaWa el &I • 2005 

14.J.j 15 

20 ,, 21 

10km 

SSE 

b 

0 

E 
.::t:. 

10 .r: 
a. 
Q) 

0 

10 

SSE ::L~N;Nw:,__-r--""'J~ 20 
10 -10 0 

Distance (km) 



LCI Project No. 1005.125 17 September 30, 2024

Figure 11. Distribution and age of latest Holocene to historical shoreline elevation changes from coseismic 
and aseismic events. Figure modified from Shishikoura et al. (2009). 

Northeast Noto Peninsula Earthquake Swarm and associated 2023 M6.2 Earthquake 

A period of increased seismicity (i.e., “seismic swarm”) initiated in late November 2020 near the 
northern end of the Noto Peninsula (e.g., Nishimura et al., 2023; Nakajima, 2022; Figure 12), 
occurring in a roughly 20x20 km region (Kato, 2024). The swarm was associated with earthquakes 
as large as M6.2 (May 5, 2023 event). The distribution of events indicates the swarm seismicity 
that preceded the May 5, 2023 earthquake occurred within four individual clusters on one or more 
moderately southwest-dipping faults (Figures 12 and 13; Nishimura et al., 2023; Yoshida et al., 
2022). Seismicity analyzed by Nishimura et al. (2023) and Nakajima (2022) indicates that nearly 
all swarm seismicity occurred at <15 km depth and that the introduction of mantle fluids from a 
low-velocity body likely induced tensile shear at the base of the seismogenic crust, triggering the 
multi-year earthquake swarm. Seismicity profiles from Nakajima (2022) and Yoshida et al. (2022), 
using data prior to May 5, 2023, do not clearly delineate associated fault planes, but the profiles 
suggest that the events are associated with southeast dipping structures that likely project to the 
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surface northwest of the mapped Noroshi-Oki fault (Figure 5). Work presented by Kato (2024) 
indicates the May 5, 2023 M6.2 event occurred within the area of the seismicity swarm, likely on 
the same structure(s); this reverse faulting event nucleated at a depth of ~11 km and induced an 
aftershock sequence that produced seismicity at depths mostly between 4 and 14 km on two 
closely spaced faults that dip ~45° southeast (Figure 13). Based on the absence of seismicity in 
the upper 4 km, Kato (2024) suggests that the earthquake likely did not produce rupture of the 
seafloor.  

Figure 12. Seismicity cluster zones of the 2020 northeast Noto 
Peninsula earthquake swarm. Figure from Nishimura et al. (2023) 

2.2 THE JANUARY 1, 2024 NOTO HANTO EARTHQUAKE 

The Noto Peninsula experienced its largest historical earthquake on New Years Day 2024. The 
M7.5 event resulted in significant loss of life with 281 fatalities as of June 2024 (NHK, 2024), 
strong ground shaking throughout the peninsula and surrounding region, destructive tsunami, 
landslides, coastal uplift and marine regression, liquefaction, and related damage to critical 
infrastructure. Noto Peninsula communities such as Wajima were devastated by the effects of the 
strong ground shaking, resulting fires, and tsunami.  

The M7.5 Noto Hanto earthquake nucleated on or near the same fault(s) associated with the 
2020-2023 earthquake swarm and related May 5, 2023, M6.2 event (Figure 9; Okuwaki et al., 
2024). The January 1 earthquake may represent the culmination of the decades-long series of 
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Figure 13. Distribution of relocated aftershocks following the May 2023, M6.2 earthquake as part of the 
northeast Noto Peninsula earthquake swarm. Aftershocks delineate at least two strands of the southeast-
dipping fault zone at depths shallower than 15 km. Figure Modified from Kato (2024). 

earthquakes beneath the peninsula, and the earthquake likely accommodated many centuries to 
several millennia of accumulated strain given the AIST (2024) Quaternary fault slip rates.  

The complex nature of the rupture is immediately apparent when compared with the AIST (2024) 
active fault database (Figure 5) and combined geologic mapping (GSJ, 2010). The primary event 
ruptured a distance of ~100 km (Yang et al., 2024), coincident with the peninsula length and a 
submarine ridgeline extending an additional 30 km to the northeast. Associated aftershocks 
extend and additional 50 km northeast for a total distance of ~150 km (Fujii and Satake, 2024). 
The event likely involved no fewer than four named faults with multiple mapped strands in the 
AIST (2024) database (Figure 5) and four defined fault sections (Fujii and Satake, 2024) defined 
by the Japan Sea Earthquake Tsunami Research Project (JSPJ) tsunami forecast model (Sato et 
al., 2020; implemented by Satake et al., 2022) (Figure 9). Profiles of aftershocks plotted by the 
University of Tokyo (ERC, 2024) between January 1st and 27th document seismicity relative to the 
JSPJ fault source models (Figure 14). In several instances, the seismicity appears to highlight 
multiple southeast-dipping fault planes, consistent with seismicity profiles from the May 2023 
event in the same area of the peninsula (Figure 13). Focal mechanisms from the Japan 
Meteorological Agency (JMA) and USGS indicate mainshock dips of 37° and 41°, respectively, 
for the southeast-dipping nodal plane solutions. This represents a shallower dip at greater depth 
than the fault plane defined for the May 2023 event. A shallowing at depth is consistent with the 
Nishimura et al. (2023) model (in Kato, 2024) that the causative fault(s) become listric at depth 
(Figure 15). As shown on Figures 9 and 16, the January 1, 2024, epicenter is located within 
several kilometers of the 2023 event epicenter, with JMA and USGS reported depths of 16 and 
15.5 km, respectively. Notably, the 16 km depth is below nearly all of the preceding swarm 
seismicity, including aftershocks from the May 2023 event. 
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Figure 14. Aftershock seismicity profiles from January 1 to January 27th, 2024. Aftershocks are for all 
sections generally support moderately southeast-dipping faults at depth. Aftershocks along NT02 and NT02 
are notably deeper and support northwest-dipping faults. Relative positions of AIST strands are noted with 
red squared at the top of each profile. Figure from ERC (2024). 

Figure 15. Model of crustal processes and fault geometries associated with northeastern Noto Peninsula 
earthquake swarm. Figure from Kato (2024). 
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Figure 16. Distribution of aftershocks within 24 hours of the January 1, 2024, Noto Hanto earthquake. 
Epicentral regions from the 2020 earthquake swarm and May 2023 M6.2 aftershocks also shown. Figure 
from Okuwaki et al. (2024). 

The aftershock distribution includes a northwest-dipping fault or faults (F2 and F3 of the JSPJ 
model) that hosted a M5.9 event on January 9, 2024, at the far northeast end of the sequence 
(Figures 9 and 14). The 24-hour aftershocks shown by Okuwaki et al. (2024) appear to occur 
along these northwest-dipping faults, which are not included in the AIST (2024) database. We 
note that aftershock seismicity at the northeast end of the rupture on JSPJ fault source NT04 is 
several kilometers deeper than events to the southwest, with many occurring below the inferred 
16-km base of the seismogenic crust. Aftershocks on the adjacent section NT03 to the north are
predominantly deeper than 15 km while those on section NT02 occur almost exclusively deeper
than 15 km (Figures 9 and 14). This transition appears to represent a marked change in the
thickness of the seismogenic crust at the northern end of the January 1st rupture. Fujii and Satake
(2024) suggest that the northwest dip of F2 could have limited the northern extent of the January
1 earthquake. Both the dip reversal and significant change in the seismogenic thickness at the
northeast terminus of the mainshock rupture provide a basis for rupture termination in a seismic
source model.
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2.2.1 Displacement 

The January 1, 2024, earthquake was associated with several meters of total displacement (Fujii 
and Satake, 2024; Tsunetaka et al., 2024; Yang et al., 2024) which yielded significant coastal 
uplift and marine regression, exposing the contemporary bedrock wave-cut platform along much 
of the western Noto Peninsula coastline. Using GNSS (i.e., GPS) data and tsunami waveforms, 
Fujii and Satake (2024) modeled coseismic displacements of 3.5, 3.2, and 3.2 m on JSPJ fault 
sections NT4, NT5, and NT6, respectively (Figure 9), while Yang et al. (2024) modeled two slip 
patches for the event with a maximum displacement of ~4 m and documented ~0.25 m of afterslip 
in the mainshock rupture area. Work by Tsunetaka et al. (2024) using photogrammetry from pre- 
and post-event orthoimagery, presented in an unpublished manuscript, documents nearly 4 m of 
maximum uplift, which yields about 6.3 m of pure dip slip displacement on a 40°-dipping fault. 
Maximum vertical displacement reported by ERC (2024) using GNSS data is also ~4 m, with a 
maximum displacement of 5.3 m modeled on 50°-dipping fault sections. The ERC (2024) analysis 
documents two notable regions of high onshore uplift: one at the southwestern end of the 
peninsula and one with a peak ~18 km from the northeast end of the peninsula (Figure 17). The 
estimated 4 m of uplift is generally consistent with Geological Survey of Japan (GSJ) work 
showing harbor and wave-cut platform uplift of 3.6 to 3.9 m at the southwest end of the peninsula 
(Figure 18; Shishikoura and Yukitani, 2024). Tsunetaka et al. (2024) also describe approximately 
200 m of marine regression, consistent with our observations from pre- and post-event Google 
Earth imagery (that does not account for tidal fluctuations). Due to uplift and regression, many of 
the harbor structures and recreation facilities along the western Noto Peninsula coastline were 
rendered unusable and will require reconstruction.  

Primary surface fault rupture resulting from the January 1, 2024, Noto Hanto earthquake occurred 
along the mapped AIST (2024) faults offshore to the northwest of the Peninsula, based on 
currently available reports and literature. The ERC (2024) report documents clear evidence of 
seafloor rupture from bathymetric surveys completed within the first few weeks of the mainshock. 
Surveyed areas of the faults (Figure 19) were previously documented in 2008. New scarps are 
clearly visible along the previously interpreted fault traces, confirming the rupture offsets the 
seafloor. We found no information supporting onshore surface rupture along the JSPJ NT8 
section, which is the only fault section where the surface trace could intersect the peninsula. 
Intermittent surface rupture was documented, however, on a roughly 5-km-long section along the 
Wakayama River near Suzu city, about 7 km southeast of the surface projection of fault zone and 
within several kilometers of the epicenter. The total length of the surface rupture looks to be about 
2 to 2.5 km from the ERC (2024) report. At this location, the onshore geologic map by GSJ (2010) 
depicts several well-located or inferred fold axes and an active, southeast-dipping reverse fault 
about 1 km to the southwest. Displacement here was up-to-the-southeast reverse oblique with a 
maximum scarp height of 2.2 m, with possible sinistral offset indicated by a single measurement 
of 1.2 m. Surface displacement here appears to result from triggering on a preexisting fault and 
from the available data, it is unclear if the fault represents an independently capable seismogenic 
structure or a synthetic hanging wall feature that accommodates shortening during large events 
on the primary fault(s) at depth.  
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Figure 17. Uplift of the Noto Peninsula following the January 1, 2024, mainshock using GNSS data from 
the Geospatial Information Authority of Japan, presented by ERC (2024). Two principal zones of high uplift 
are documented and highlight the along-strike variability of uplift generating along the complex rupture. 
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Figure 18. Example of 
coastal uplift along the 
northwest coast of the 
Noto Peninsula 
documented soon after 
the earthquake. The 
bottom panel displays a 
topographic profile of the 
uplifted platform shown in 
the middle panel. 
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Figure 19. Locations of seafloor rupture following the 
January 1, 2024, earthquake. Survey areas 1-5 displayed 
evidence of bathymetric surface rupture. Upper right panel 
(location 1) depicts the 2024 scarp (illuminated from the 
southeast) compared to the seafloor bathymetry from 
2008 in the lower right panel.  

2.2.2 Strong Ground Shaking 

Strong ground shaking associated with the January 1, 2024, Noto Hanto earthquake was 
documented by the Japan strong motion seismograph K-NET and Kik-net networks (NRIESDR, 
2024). As shown on a presentation figure by Garini and Gazetas (2024), K-NET and Kik-net 
stations recorded peak ground accelerations that exceeded 1.0 g (981 gal) for at least one 
component at all stations along the western coastline (Figure 20). A maximum PGA of 2.73 g (E-
W component) was observed at the TOGI station in Togiryokemachi, the largest community on 
the peninsula southwest of Wajima City (Figure 20). Vertical and north-south components for this 
station recorded PGA of 1.16 g and 1.5 g, respectively. Importantly, we have no site information 
(e.g., geology, Vs30) for these instruments and cannot further evaluate the context of the ground 
motion recordings at this time. Modeled shaking intensities (ERC, 2024) reached 6 on the JMA 
seismic intensity (a.k.a., “Shindo”) scale (Figure 21). The JMA scale maxes out at intensity 7, 
which corresponds to Modified Mercalli intensities of IX to XII and is associated with collapse or 
damage to all structures (including earthquake resistant construction), significant ground 
distortion, the inability for people to move or relocate, and PGA in excess of 4 m/s2 (~0.4 g).  
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Figure 20. PGA recordings in the Noto Peninsula region during the January 1, 2024, earthquake. PGA 
exceeded 1.00 g for at least one component of all sites along the west coast of the peninsula. From Garini 
and Gazetas (2024). 

Figure 21. Shindo-scale shaking intensities shown in the ERC (2024) report. Shaking intensities were ≥ 6 
for all locations on the Noto Peninsula. 
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3.0  SUMMARY OF IRISH HILLS TECTONICS,  GEOLOGY,  AND 
GEOMROPHOLOGY 

The Irish Hills region has been the subject of numerous geologic, tectonic, and geomorphic 
studies since the siting and construction of the DCPP in the 1960s. The following review of the 
Irish Hills tectonic setting, bedrock and Quaternary geology, and geomorphology is largely 
summarized from the PG&E (2015) SSC report, the PG&E (2014) CCCSIP effort, and various 
subsequent LCI reporting efforts (e.g., LCI, 2024).  

3.1 TECTONIC AND GEOLOGIC SETTING OF THE IRISH HILLS – LOS OSOS DOMAIN 

The Irish Hills and San Luis Range form the San Luis-Pismo Block, a northwest-southeast 
trending structural block bounded by major right lateral strike-slip faults to the west and east and 
a series of reverse faults to the northeast and southwest. The San Luis-Pismo Block is one of 
many similar structural blocks within the Los Osos domain (Figure 22), a triangular region 
bordered to the west by the more northerly trending Hosgri fault zone, and to the northeast by the 
Oceanic–West Huasna fault system (PG&E, 1988; Clark et al., 1994; Steritz and Luyendyk, 1994; 
Lettis et al., 2004). The thrust systems that bound the San Luis-Pismo block are thus part of a 
northwest-trending structural grain that represents a transition between the west-trending grain in 
the Transverse Ranges to the south, and the north-northwest-trending grain of the Santa Lucia– 
San Rafael ranges to the northeast (Figure 22). 

The bedrock of the San Luis-Pismo Block is the result of deposition within a transtensional setting 
during the Miocene and early Pliocene. Volcanic and Marine sedimentary rocks of the Obispo and 
Pismo Formations, respectively, were deposited upon Franciscan Complex basement rocks 
within extensional or transtensional basins that formed with the primary plate boundary faults 
offshore of south-central coastal California. Rocks began uplifting with the change to the 
contemporary transpressional plate boundary approximately 8–6 Ma in response to a >20° 
clockwise rotation in the direction of relative motion between the Pacific and North American 
plates (Atwater and Stock, 1998; Krijgsman et al., 1999). The plate boundary progressively shifted 
landward to the present location of the San Andreas fault zone by approximately 5 Ma, coincident 
with opening of the Gulf of California (Atwater and Stock, 1998), resulting in shortening and uplift 
to the San Luis-Pismo Block that induced local folding. In addition to the prominent transform 
strike-slip faults, contractional structures, such as reverse and reverse-oblique slip faults, 
including those bounding the San Luis-Pismo block, likely formed as reactivations of older 
transtensional structures, and thus reflect a composite geologic history (Figure 23; Plate 4). The 
area west of the San Andreas fault is seismically active; Figure 24 shows historic earthquakes 
M≥5 prior to 1987 along the Central California Coastline in the region of the Irish Hills.  

3.1.1 Local Faults 

Within the Los Osos domain, faults that bound the San Luis-Pismo Block include (1) large dextral 
strike-slip faults such as the San Gregorio–Hosgri fault system to the west and Oceanic-West 
Huasna fault zone to the east, and (2) northwest-striking thrust and oblique-slip faults, such as 
the Los Osos fault to the north and faults that make up the Southwestern Boundary Zone to the 
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south (Figure 25). The San Luis-Pismo Block is interpreted to have been uplifted as a rigid block 
during the late Quaternary by reverse slip on both the Los Osos fault and Southwestern Boundary 
zone faults. Altitudes and ages of the marine terraces on the margin of the San Luis Range show 
that the range is uplifting at rates of between ~0.1 mm/yr to the southeast and ~0.2 mm/yr to the 
northwest (see discussion of terraces below), with little or no observable internal deformation 
(Hanson et al., 1994; PG&E, 2011). Principal faults bounding the Irish Hills are described below. 

• The 110 km-long- Hosgri fault zone lies offshore to the west of the Irish Hills where it forms
the western termination of the offshore bedrock platform associated with uplift of the San
Luis–Pismo block (Figure 22). Here, the Hosgri fault is located based on a prominent shelf
break that represents the northeastern boundary of the Santa Maria Basin, which trends
approximately N25°W to N30°W, and abundant stratigraphic and geomorphic evidence,
including offset submarine channels and paleoshorelines interpreted from high-resolution
offshore bathymetric and seismic data; these features also help constrain an estimated
slip rate of 2 mm/yr of right lateral motion (PG&E, 2015). Collectively, the Hosgri fault zone
consists of multiple traces in a zone up to 2.5 km wide directly offshore of Diablo Canyon
(Figure 22). The fault traces appear vertical to steeply dipping in the upper few hundred
meters of sedimentary section, as imaged by seismic reflection surveys. Focal
mechanisms and the distribution of microseismicity along the Hosgri fault zone document
nearly pure strike-slip on a near-vertical to steeply (75°) east-dipping fault to a depth of 12
km (McLaren and Savage, 2001; PG&E, 2011; Hardebeck, 2013).

• The 55-km-long Los Osos fault zone consists of a 2-km-wide system of discontinuous,
subparallel, and en echelon fault traces that intersect with the Hosgri fault zone to the
northwest and the Oceanic-West Huasna fault zone to the southeast. The fault zone
separates the uplifting San Luis–Pismo block from the more slowly uplifting and locally
subsiding Cambria block to the northeast (Figure 22; Lettis et al., 1994). Paleoseismic
studies show primarily dip slip movement on a southwest-dipping fault plane, with an
estimated dip of 30°–60° and net slip rate of 0.2–0.7 mm/yr (Lettis and Hall, 1994). Further,
paleoseismic studies have encountered evidence of recurrent latest Pleistocene to
Holocene behavior with at least one, possibly multiple Holocene events for the Los Osos
fault (Lettis and Hall, 1994; LCI, 2016).

• The 60-km-long, 4 to 10-km-wide zone of late Quaternary reverse, oblique-slip, and
(possibly) strike-slip faults collectively called the Southwestern Boundary zone bounds the
San Luis-Pismo Block to the southwest (Lettis et al., 1994, 2004). The faults generally
strike west-northwest and dip moderately to steeply northeast. Principal structures within
this fault zone include the following faults: San Luis Bay, Wilmar Avenue, Los Berros,
Oceano, and Nipomo (previously mapped as a segment of the Wilmar Avenue fault by
PG&E, 1988; Lettis et al., 1994). The cumulative rate of vertical separation across the fault
zone, based primarily on deformation of the marine terrace sequence along the coast and
southwest side of the range onshore, ranges from approximately 0.1 to 0.3 mm/yr, with
each fault generally having a rate of 0.04–0.1 mm/yr (Lettis et al., 1994).
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Figure 22. Key bounding faults and generalized structure of the Los Osos domain (green triangular 
boundary) of south-central coastal California. From PG&E (2015).
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Figure 23. North-south geologic cross section of 
the Irish Hills showing interpreted geology, fault 
structure and seismicity at depth. From PG&E 
(2015). 
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Figure 24. Historical earthquakes M ≥ 5, before 1987 along the Central 
California Coastline in the vicinity of the Irish Hills. From PG&E (2015), 
adapted from PG&E (2011) and McLaren and Savage (2001). 
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• Within the Southwestern Boundary zone, the Shoreline fault and the San Luis Bay fault lie
closest to the DCPP and may intersect directly offshore. The Shoreline fault was initially
described based on aligned seismicity (PG&E, 2011). Subsequent bathymetric and
seismic reflection imaging revealed a distinct bedrock lineament roughly parallel to the
coastline and coincident with the seismicity trend (Plate 4; PG&E, 2015). The bedrock
lineament defined a northeast-side-up step in the submerged wavecut platform of less
than 10 m (Plate 4). The projection of the bedrock lineament through offshore, submerged
marine terraces, however, showed little to no observable vertical separation across the
fault, suggesting that the fault has accommodated limited to no vertical displacement in
the latest Pleistocene and Holocene (PG&E, 2015). Subsequent interpretation of seismic
reflection data showed that the bedrock lineament is, in fact, coincident with a subsurface
fault that intersects with the Hosgri fault zone northwest of Point Buchon on the north
(Figures 24 and 25; PG&E, 2015). To the southeast within San Luis Obispo Bay, 3D
seismic data clearly show sediment and geomorphology of interpreted late Quaternary
age displaced in a right lateral sense, including paleo-terrace risers and one or more
buried channels similarly displaced in a right-lateral sense, providing clear geologic
evidence of late Quaternary fault activity (PG&E, 2015). This evidence constrains a right-
lateral slip rate of 0.01 to 0.37 mm/yr, with a preferred range of 0.07 to 0.12 mm/yr (PG&E,
2015).

• Southeast of DCPP the Shoreline fault may intersect the San Luis Bay fault, based on
limited and equivocal offshore data (PG&E, 2015). The San Luis Bay fault projects west
from the shoreline where it is expressed as a broad monoclinal fold in the emergent terrace
flight (AMEC, 2011a; PG&E, 2015). Offshore expression of the fault is limited however,
and the exact location of a junction with the Shoreline fault is uncertain. Alternatively, it is
possible that the San Luis Bay fault extends offshore to the west, cross cutting the
Shoreline fault to intersect the Hosgri fault, indicated by an apparent uplift rate boundary
between submerged marine terraces of the Islay and Santa Rosa reef platforms (PG&E,
2015). The overall lack expression in the submerged bedrock marine platform offshore
provides limited clear evidence for exact configuration of the San Luis Bay and Shoreline
faults.

Other major geologic structures within the range, including the Pismo syncline, which cores the 
San Luis–Pismo block, and the San Miguelito, Edna, and Pismo faults, do not recognizably 
deform Quaternary deposits or landforms and do not appear to be active structures in the 
contemporary tectonic setting and none of these faults appear to deform the marine terrace 
sequence where they intersect the coastline (Figure 25, Plate 4; Lettis et al., 1994, 2004; PG&E, 
2015).  
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Figure 25. Key faults and uplift rates in the vicinity of the Irish Hills. From PG&E (2015). 
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3.2 GEOMORPHOLOGY AND QUATERNARY GEOLOGY OF THE IRISH HILLS 

The margins of the Irish Hills are geomorphically diverse, defined by the relatively abrupt 
termination of the Irish Hills at the margin of the Los Osos Valley to the north and the rounded 
southern shoreline flanked by a broad, continuous marine platform. The Holocene-active Los 
Osos fault (LOF) is mapped along the northern Irish Hills, where the rangefront varies from steep 
to gently sloping, and is punctuated by dozens of drainages that are (1) rangefront-perpendicular 
spaced about 50 to 500 m apart, and (2) deeply incised reflecting uplift along the LOF (Plate 4). 
Rangefront scarps indicative of individual fault strands are most commonly short (several hundred 
meters long) and discontinuous, except in locations where Franciscan bedrock faults define major 
lithologic contacts. Although numerous trenches have been excavated across the Irish Hills 
section of the LOF and documented recent fault activity, it is unlikely that any single trenching 
investigation has exposed the full extent of the fault zone due to its broad and complex 
composition.  

The southern and western Irish Hills are flanked by a suite of marine terraces that consist of wave-
cut platforms (bedrock strath surfaces) commonly covered by near-marine and littoral sediments 
and capped by terrigenous deposits (colluvium, windblown sand, alluvium, etc.) to form 
constructional landforms that can reach thicknesses in excess of 10 to 20 m (Plate 4). For the 
most recent emergent terraces, many of the terrace treads and most or all of the terrace risers 
are preserved, allowing for the easy estimation of the elevation of the shoreline angle. For older 
terraces, such as those older than MIS 9, the shoreline angle position is more difficult to estimate 
due to local erosion, either during sea-level reoccupation during subsequent sea-level highstands, 
or due to slope processes (Hanson et al., 1994; AMEC, 2011a).  

Of the approximately 19 distinct terraces along the coastal Irish Hills, the lowest and most recent 
are best expressed: Q1, Q1a, Q2, and Q3 (Figure 26). The Q1 terrace is almost flat, with a 
relatively gentle shoreline slope, which along the southwestern coastline of the Irish Hills is locally 
steeper, possibly reflecting increased colluvial and/or alluvial cover (AMEC, 2011a). Hanson et 
al. (1994) report a maximum Q1 elevation of 14±2 m along the western shoreline at Montaña de 
Oro, and between 9±2 and 12±2 m along the southern shoreline of the Irish Hills (Figure 26; Plate 
4). Various studies interpret the Q1 terrace to correspond with MIS 5a (approximately 84 ka; 
PG&E, 1988; Hanson et al., 1994; AMEC, 2011a). Hanson et al. (1994) also identify a Q1a 
terrace, apparently only on the basis of two surfaces between the Q1 and Q2 terrace of otherwise 
unclear attribution, located along the southern coastline of the Irish Hills (Figure 26; Plate 4). In 
both cases, Hanson et al. (1994) express uncertainty about this surface, and it is queried on their 
maps. If present, this terrace most likely corresponds with the MIS 5c highstand (approximately 
101 ka; PG&E, 1988; Hanson et al., 1994; AMEC, 2012a). 

The Q2 terrace is well defined along the Irish Hills coastline (Figure 26; Plate 4) and is similar in 
slope and morphology to the Q1 terrace but approximately 8 to 20 m higher – 32±3 m near 
Montaña de Oro . It is 13±1 to 20 m near along the southern coastline (Figure 26; Plate 4). Hanson 
et al. (1994) state that the Q2 wavecut platform is covered by relatively thin marine deposits (1-2 
m) that are typically coarse gravels, which can be covered by 15 to 30 m of alluvial, colluvial and
eolian sediments. The Q2 terrace is associated with the MIS 5e highstand (Hanson et al., 1994).



LCI Project No. 1005.125 35 September 30, 2024

Figure 26. Profile of marine terraces mapped along the western and 
southern coastline of the Irish Hills. Adapted from LCI (2024), AMEC 
(2011a), and Hanson et al. (1994). 

llJJ 

200 

100 

9J 

Los Osos 
Valley 

Los Osos 
\ Faul 
\ Zone 

\ 
\ 
\ 
\ 
\ 

\ 

lt-laz 
iCilll'f(ln 

I 

,1, IIUIQ 'kyr 
[pa6I IO) 

I 
IUJ, ,1 lil .Rl':3 'liyli 

[pa6I IOJ 

I 

\.·" 
~ 2111!!) 210.l 

6IB"!f 
Cre<el 

I 

24: 0J 'kJJ 
[po6.:" a . ) 

I 
D.2 .± 00, mfl.JT 

(pos:. a.) 

I 

Doon Point 
aee~ s ue:oon 

I I 

So1111theastern Irish Hl iills 

··'f- ··· .. - .. ,,! . ······ .. ~iJ .. 
\ .,_ ·····Q11 :.···· ····· ···•· .. ....... ...... ....... .. ......... ... ....... ........ .... , ...... ...... ......... ...... .. ........ ........... ... ...... .. . 

\ 

iei n11ar 
c anyoo 

I 

198-16.-3 1~L 

111.:23 i; a.ll2 m . ·r 
(p11!6'1 Gl j 

I 
111.:2□ i; a.Dl m r 

(p11!6'1 Gl,) 

I 

• b lo Diab lo C a:nyo:111 

Ca~ I r • Pbm 

...... •·-I-- . lj!ll ! · · ···•· .. . • ...... .... .. ,, .•. ···· ··y ••"' 

1•61t 

ll."1!H □3m.!l. 

1:posi a.) 

I 

Green 
e 
I 

0.-1,11,t D:2 m!l:JT 
(poi.t a_,) 

I 
1 .. ,1 lil.ID•3 'k'jli 

[pa6t ,a::,1 

I 

iQfE(]n Daullle 
HIii Roel 
I I 

lSIJI 

lOO 

··f!rl ······ ...... ....... .. ...... .. .......... ... . ,, ...... .. ... . .. ......... ... ..................... ,, ................ ..... ...... ........... ·····••·•• .. ··-l···· 
I Z-~+ 

• • • •• ••• • • ••••••••••••• • •••••••• • ••••••••••• • •• •••••• • •• •••• .. -·· _6 . 

100 

50 

• 1 

<'1-·····---t-- --~- ·--

SJ7"E S611Ji"E 
I 

4 ---------------------B---------+-----------------------f -----------------7' 

CROSS SECTION LINES CROSS SECTION SYMBOLS 

Shoreline ngle 

~ WCP 

• 5• 

• 
• 
i 

Shortllnt ngle wl!h well •exposed wave-cut pl llorm 

Shoreline ngle wltnout well •axpo d wav -cut pl tlorm 

frod d shor line ngle 

fault D 11h d wh 10 uncor1aln, don d where inl rrod: 
arrows Indicate rel tlv sens of dl11placem nt 

Wave-cut plellorm 

un I assembl ga (laorope aubstna lndlc:,rod) 

Car I U-sarlea ag (thous nds or y nrs) 

Bone Us rlH g (thous nda ol y 

Shore~ne angle rrom A.MEG Goomatrix 201 o fie ld studies 
(measured by Trimble GPS) 

Revised shoreline angle elevation from AMEC Oeomatrix 
2010 office s tudies based on SLO County DEM 
a- 2010 LIDAR dala 

0 

* 

c:, 

0 

200+ 

Altltud b sed on ,urvoylng of expos d shoreline ngl (meters 

All1tude based on borehole or water well projections (metera) 

Altltud b s don projection of surveyed w ve-cut platform exposed 
In seaclllf. stream or xc va110n (m te1s) 

Al11tudo bas don 1r nch logs of H rdlng L wson Aasocl tea (1973) 
(meters) 

Al1,1ude es1lmo1ed lrom 1 :24,000 scalo, USGS 1opogr phlc mapa 
having 40·11 contour ln1orval 

Allllude eslimal d from 1 :24,000 SC I , USGS topogr phlo m pa 
having a 20 fl contour ln1erv I 

Altitude es!lma1ed lrom 1 :2.000•acale, PG&E 10pogrephic maps 
having a 10-h contour interv I altitude 

Minimum 1111ude (melera) ol !he shoreline angle of a stripped 
marine I rrece 

Ages of Marine Terraces 
Matin• 011.ygan laotope 
Tarr c Stage 

(Sh 111011 Wld Op,,Jyke . t g 3) 

Q 1 Subs! ge 5 

Q la Su b ■ I g Sc 

01 

01 

tl.4 
Stog 11 

Sieg l:J 

Smgo 15 o, ol , , 

0 ka 

10 

120 

210 k 

330 kB 

4 0 kll 

'1801\, 

~Ou 

:Profile Location 

Explanation 

~ ~ D 

Lon~itudinal profile segments of marine terraces 



LCI Project No. 1005.125 36 September 30, 2024

The Q3 terrace is observed in Montaña de Oro State Park and in various locations near DCPP 
as an isolated surface inset into bedrock (Figure 26; Plate 4). As opposed to the lower terraces, 
Q3 as mapped by Hanson et al. (1994) is steeper (8 to 14%), likely reflecting erosion at the 
coastline associated with the Q2 terrace, and local input of colluvium and small alluvial fans and 
debris flows. Along the northwestern coastline, the Q3 terrace is mapped as two inset surfaces 
with shoreline angles of 51±2 and 44±3 m, respectively (AMEC, 2011a). Along the southwestern 
and southern coastline, isolated Q3 terrace surfaces are mapped between 34±3 to 44±2 m 
(AMEC, 2011a). 

Hanson et al. (1994) and AMEC (2011a) identify up to eleven marine terraces older than the Q3 
terrace at elevations up to 250 m above present sea level along the coastal Irish Hills (Figure 26; 
Plate 4). In general, terraces older than Q3 are laterally discontinuous and mapped as isolated 
remnants with poor to no correlative adjacent surfaces (Hanson et al., 1994). Only along the 
northwestern coastline where the Q1-Q3 terraces reach maximum uplift, are older terraces 
preserved in a stair-step morphology that allows for age attribution based on succession. Here, 
AMEC (2011a) correlates these surfaces with the following terraces (and elevations): Q4? (65±3 
m), Q5? (79±3 m), Q6? (87±3 to 90±2 m), Q7? (111±3 m), Q8? (119±3 to 127±3 m), Q13? (238±6 
m), and Q14? (247+ m). Along the southern and southwestern coastline, similar terraces are 
identified, all at lower overall elevations: Q4 or Q5 (55±1 to 58 m), Q7? (113±6 to 114+ m), Q8 
(120+ m), Q9? (146+ m), Q10? (168+ to 171+ m), Q11? (189+ m), and Q12 (201+ m). In both 
locations, older terraces are a combination of planar, bedrock wave-cut platforms, and 
constructional landforms consisting of littoral sand and gravel, both covered by colluvium, alluvium 
and eolian deposits of variable thickness.  

4.0  COMPARISON OF NOTO PENINSULA AND CENTRAL 
CALIFORNIA COAST 

Sections 1 through 3 of this review provide important information on the January 1, 2024 and 
earlier earthquakes of the Noto Peninsula, and a summary of similar information for the Irish Hills 
and the Central California Coast, which represents the basis for comparison of the two regions. 
Below, we compare and contrast key aspects of the neotectonic setting, Quaternary geology, 
geomorphology, and contemporary seismicity of the Noto Peninsula and Central California Coast. 
We also consider whether information from the Noto Peninsula offers insights for understanding 
and/or characterizing the seismic hazard for the Central California Coast.  

4.1 TECTONIC SETTING 

The Noto Peninsula region presently accommodates crustal shortening between the eastern 
margin of the Amur Plate and adjacent subduction zones of the Philippine Sea and Pacific Plates 
(Figure 1). The contemporary tectonic setting is a product of two primary phases of deformation: 
initial backarc extension during early to middle Miocene that produced distinct basins underlain 
by oceanic crust, surrounded by regions of thick oceanic crust and rifted continental crust (Figure 
3), followed by crustal shortening that initiated in the late Neogene and continues to the present. 
The historical record of earthquakes in the region along the eastern margin of the Sea of Japan 
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and Amur-Okhotsk plate boundary, includes numerous >M7 events on north-northwest to north-
northeast-striking reverse faults. The zone of backarc shortening in the Noto Peninsula may 
represent the initial formation stage of an east-vergent subduction zone (e.g., Kobayashi, 1983; 
Nakamura, 1983; Tamaki and Honza, 1985; van der Werff; 2000; Lallemand and Arcay, 2021). 
The faults presently accommodating this shortening are inherited from the earlier phase of 
extension and normal faulting, and are now inverted as reverse faults (Nakamura, 1992; Sato, 
1994; Okamura et al., 1995; Katagawa et al., 2008). The Neogene bedrock geology reflects this 
history – Miocene volcanics interfinger with and are overlain by marine sediments filling 
extensional basins that were subsequently uplifted and exhumed along the Noto Peninsula 
concurrent with the shift to crustal shortening. 

The contemporary tectonics of the Central California Coast are a product of the Neogene-to-
present transition from a transtensional back-arc environment to the present-day dextral 
transpressional environment. As part of this transition, many neotectonic structures have formed 
along older pre-existing structures in response to block rotation of the Transverse Ranges from 
mid Miocene to present (PG&E, 2015). Faults in the vicinity of DCPP consist of dextral or oblique 
dextral faults (Hosgri, Oceanic-West Huasna) and reverse or dextral reverse faults that bound 
structural blocks, such as the Los Osos fault and the Southern Boundary zone faults, in response 
to the regional transpressional environment (the Los Osos domain; Figure 22). Neogene and 
younger bedrock of the Irish Hills reflects this transition – composed of strata deposited in 
extensional or transtensional structural basins, associated with formation of the Transverse 
Ranges (e.g., Rincon, Obispo, Monterey, Pismo Formations) subsequently uplifted with oblique 
shortening associated with rotation of the Transverse Ranges and eventual shelf and subaerial 
exposure in the vicinity of the Irish Hills.  

The Noto Peninsula and Central California Coast share superficial similarities in their tectonic 
evolution, including extension and basin development followed by contraction and basin inversion, 
however, contrasts in the contemporary tectonics for each area result in key differences in 
basement structure, fault geometry, and kinematics. The 2015 SSC for DCPP (PG&E, 2015) 
accounts for a broad range of uncertainty regarding strain accommodation in the vicinity of the 
Irish Hills, including shortening that might be of a similar style to that along the Noto Peninsula, 
however, given the tectonic differences in the two regions, we do not consider information on the 
tectonics of the Noto Peninsula to be directly applicable to source model parameters for DCPP.  

4.2 QUATERNARY FAULTS, ASSOCIATED EXPRESSION, AND GEOMETRIC CONSTRAINTS 

4.2.1 Fault Distribution 

The distribution, expression, and geometry of Quaternary faults in the Noto Peninsula region 
(AIST, 2024) are documented by offshore observations from seismic reflection and bathymetry 
surveys combined with onshore geologic and geomorphic mapping (GSJ, 2010; Plates 1 and 2). 
Based on their mapped location, orientation, and vergence, Quaternary faults in the Noto 
Peninsula region can be grouped into (1) primarily southeast-dipping reverse faults that parallel 
the northwest coast, (2) a southeast-dipping fault zone along a portion of the southeast margin of 
the peninsula that lies southeast of the epicentral zones of seismicity from the 2020 swarm, May 
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2023 aftershocks, and January 2024 aftershocks, (3) doubly vergent faults crossing the peninsula 
isthmus about 20 km southeast of the 2024 aftershock zone, and (4) a northwest-vergent reverse 
fault producing up to ~2 m of displacement in the hanging wall of causative fault(s) of the January 
1, 2024, earthquake. Recent and older fault scarps are clearly visible in the geomorphology, both 
on land and as seafloor scarps associated with these faults, and have been readily imaged by 
bathymetric surveys both prior to and following the 2024 event. 

The Irish Hills are bounded by the reverse oblique Los Osos and Southwest Boundary zone faults 
along the northeastern and southwestern margins, respectively (see Section 3.1.1). Along the 
northern margin of the Irish Hills, the moderately southwest-dipping Los Osos fault broadly defines 
the rangefront between the Irish Hills and the adjacent Los Osos valley. Numerous scarps are 
expressed within both Mesozoic bedrock and Quaternary deposits and define a zone that is up to 
2 km wide along the rangefront. The Los Osos fault zone, however, generally lacks a single, 
continuous, through-going scarp, and the many strands of the Los Osos fault zone yield variable 
observations of activity and orientation where studied in detail by several trench investigations 
(e.g., LCI, 2016; Lettis and Hall, 1994). The Southwest Boundary zone represents a combination 
of at least 5 previously named and disparately expressed, southwest-vergent reverse and oblique 
reverse faults that bound the San Luis Range and the southern Irish Hills. Faults of the Southwest 
Boundary zone are defined based on regional bedrock strain gauges and lack clearly defined 
geomorphic expression due to their low slip rates (<0.2 mm/yr), broad zone of deformation, and 
poor environments for preservation (e.g., along the coastline, or offshore).  

Compared to the Noto Peninsula faults that are readily identifiable from their acute geomorphic 
expression on the seafloor, the relative lack of expression of the Irish Hills bounding faults 
indicates that despite exhaustive investigation from detailed topographic, bathymetric, geologic, 
and geophysical investigations onshore and offshore, these faults are not directly analogous to 
those generating uplift along the Noto Peninsula. 

4.2.2 Slip Rate Comparison 

The total length of the Noto Peninsula is about 70 km, approximately 30 km shorter than the 
modeled mainshock rupture length (Yang et al., 2024), and less than half the 150-km length of 
the aftershock distribution (Fujii and Satake, 2024). However, as indicated above, a submarine 
ridgeline extends northeast of the peninsula, for an additional 30 km, generally coincident with 
the full (100-km) rupture extent. Offshore, the faults associated with the Noto Hanto earthquake 
are apparently well-expressed as compound fault scarps consistent with reverse fault 
displacement. Sections of these scarps re-ruptured during the latest earthquake, indicating that 
despite the relatively low slip rate of ~0.3 mm/yr reported by AIST (2024), recurrent behavior has 
been preserved on the continental shelf. In contrast, the San Luis Bay and Shoreline faults show 
little to no bathymetric expression offshore of the Irish Hills. Where they displace late-Pleistocene 
unconsolidated shelf deposits, offshore faults (e.g., Hosgri, Los Osos, Shoreline) are readily 
identifiable from seismic reflection profiles and time/depth slices. Offset channels indicate the 
Shoreline fault has a dextral sense of slip (PG&E, 2015). Additionally, and despite exhaustive 
topographic, bathymetric, geologic, and geophysical investigations, the absence of other 
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unattributed scarps provides positive evidence for the absence of other unrecognized 
seismogenic faults analogous to those of the Noto Peninsula. 

4.2.3 Fault Geometries 

Fault dip for Quaternary faults in the vicinity of the Noto Peninsula is defined based on aftershock 
seismicity from the various earthquakes. Dips for southeast-dipping faults associated with recent 
earthquakes (post-2007) range from 37° to 60° (Table 2). As noted above, the focal mechanisms 
from the January 1, 2024, earthquake indicate the shallowest fault dips are also the deepest (15.5 
km), supporting the Kato (2024) listric model (Figure 15). In contrast, dips utilized for the 2015 
DCPP seismic source model (PG&E, 2015) for the southwest-dipping Los Osos fault ranged from 
50° to 80° with a weighted mean of 66°. The PG&E (2015) San Luis Bay fault model considered 
a range of 45° to 75° with a weighted mean of 62°. The characterization of reverse fault dips in 
the PG&E (2015) seismic source model is based on structural cross sections, seismic reflection 
profiles, stress inversions, and kinematic interpretations developed from exhaustive efforts as part 
of the preceding seismic source characterization work (PG&E, 2014).  

While dip information from the Noto Peninsula would not be used as a direct input in the seismic 
source characterization for DCCP, it is consistent with global statistics from historical earthquakes 
that indicate reverse fault ruptures have considerable variance in dip with an average of ~45 
degrees (Basili and Tiberti, 2017). The Noto peninsula fault dips defined from the historical 
earthquakes overlap with dips characterized and modeled on reverse faults around the Irish Hills. 
The widths of faults bounding the Irish Hills are modeled to not extend beyond the width of the 
hills, which is consistent with observations of the width of faulting beneath the Noto Peninsula. 

Along-strike geometric perturbations (e.g., steps, bends, dip changes) have been documented as 
important controls on coseismic rupture length (e.g., Biasi and Wesnousky, 2017); notably, the 
severity of a bend or the width of a stepover. In reviewing the historical earthquakes listed in Table 
2, we note that all but the January 1 earthquake appear to have ruptured no more than one or 
two of the defined fault sections, whereas the January 1 earthquake ruptured multiple mapped 
and/or named faults. At the southern end of the January 1 rupture, the earthquake apparently 
included the fault(s) that ruptured during the March 2007 earthquake which generated several 
tens of centimeters of uplift (Figures 10 and 11). Faults here appear to transition to a more 
northerly strike to the south and are manifest as a series of folds (Figure 10). The significant 
change in strike at the southern end of the rupture together with the apparent dip reversal and 
notable increase in seismogenic thickness at the northern end represent features likely to be 
considered as rupture barriers in a seismic source model with an adequately studied fault. 
Features collocated with the rupture termini for the January 1, 2024, earthquake were apparently 
recognized as potential ruptures barriers in the JSPJ model based on the distribution of 
aftershocks and source polygons (Figure 9).   

Fault sections in the PG&E (2015) SSC are primarily defined by along-strike changes in fault 
geometry, slip rate, and geomorphic expression together with the presence of fault steps and 
bends. These fault sections are then utilized to construct the various earthquake rupture 
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topologies considered in the source model. The Los Osos fault includes four primary sections 
defined in the PG&E (2015) SSC representing: 1) the northern offshore section connecting to the 
Hosgri fault, 2) a roughly east-west striking section parallel to Morro Bay, 3) the Los Osos Valley 
section between Morro Bay and San Luis Obispo, and 4) the Edna fault section between San Luis 
Obispo and the intersection with the Oceanic-West Huasna fault to the southeast. The Edna fault 
section is interpreted to have a slip rate below 0.2 mm/yr while sections to the north, including the 
offshore section, have interpreted rates that slightly exceed 0.2 mm/yr (PG&E, 2015). Although 
site-specific structural complexities in the Noto Peninsula are not directly applicable to source 
characterization around DCPP, similar complexities and variations for fault sections bounding the 
Irish Hills and the numerous other sources in the PG&E (2015) DCPP SSC were considered in 
the development of the DCPP source model.  

4.3 COSEISMIC AND LONG-TERM DEFORMATION 

The distribution and magnitude of deformation associated with faults in the Noto Peninsula region 
can be addressed from both coseismic observations (e.g., GNSS, waveform, shoreline uplift) and 
evidence of long-term deformation (e.g., regional geomorphic form [topographic and bathymetric], 
marine terraces, fluvial incision). Apart from the prominently uplifted shoreline, limited coseismic 
geomorphic information resulted from the January 1, 2024 earthquake, and review of available 
literature and reports indicates that the short northwest-vergent reverse fault in the hanging wall 
generated the only onshore surface rupture. Both the January 1, 2024 event and historical 
earthquakes have instead occurred primarily on southeast-dipping offshore faults (Figures 5 and 
9), plus a northwest-dipping fault associated with the 1993 Mj6.6 earthquake. Thus, geomorphic 
expression of faults associated with historical seismicity in the Peninsula region is best manifest 
as the uplifted Noto Peninsula. Topographic profiles of the peninsula (Figure 27) show a relatively 
planar block that dips gently (0.5° to 0.7°) to the southeast. Along the northwest margin of the 
peninsula, the southeast dip of the block surface increases between the coast and a line that 
generally parallels the northwest coast about, about 7-10 km southeast of the coast (Figure 7). 
The onshore section of the block ranges from about 17 to 25 km wide, narrowing to 10 km at the 
far northeast end. The asymmetric tilt of the Noto Peninsula is in marked contrast to the Irish Hills 
(Figure 27) that displays topographic symmetry when profiled perpendicular to its bounding faults. 

The distribution of Noto Peninsula marine terraces suggests that uplift rates are highest along the 
western coastline, closest to the primary offshore fault zone, and generally decrease in elevation 
to the southeast (Figure 7). This is consistent with the topography shown on Figures 6, 7, and 27, 
and indicates that the overall pattern of uplift provided by the terrace distribution is likely 
representative of Noto Peninsula uplift as a whole. Observations of increasing terrace height 
towards the west coast are also consistent with paleoseismic observations from sea level 
indicators documented by Shishikoura et al. (2009) and shown on Figure 11. Vertical coseismic 
displacements recorded following the January 1, 2024, earthquake are commensurate with late 
Quaternary regional uplift patterns, where maximum uplift occurs along the coastline and 
attenuates to the southeast (Figure 17). In addition, there is a prominent step in terrace elevations 
that coincides with the southwest (offshore) projection of the Notokaigan fault (Figure 5). While 
further work is required to confirm the relation between the step in terrace elevations and the 
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offshore extension of the Notokaigan fault, their spatial coincidence supports the use of terrace 
correlations to identify seismogenic structures at a regional scale.  

Similarly, the robustly mapped terrace sequence along the western and southern Irish Hills coast 
has been utilized in estimates of uplift rate and to evaluate possible tilting of the San Luis block. 
In contrast to the clear gradient in terrace uplift in the Noto Peninsula in response to hanging wall 
uplift of the primary offshore fault zone, and the lesser example across the Notokaigan fault, the 
terraces along the Irish Hills show broadly uniform uplift, with a slight increase to the north in 
proximity to the Los Osos fault zone. Here, terrace uplift rates are estimated at 0.23 to 0.24 mm/yr, 
whereas along the southern coastline, terrace-derived uplift rates are estimated at 0.18 to 0.20 
mm/yr (Figure 26), suggesting a prevailing signal of relatively uniform uplift. The topography 
across the Irish Hills shows a near-symmetrical north-south profile (Figure 27), supporting an 
interpretation of block uplift in a transpressional system, in contrast to the asymmetrical profile of 
the Noto Peninsula (Figure 27).  

While uplift patterns for the Noto Peninsula and Irish Hills both offer useful constraints on local 
deformation patterns and fault slip rates, they are a function of the local tectonics and deformation 
rates and therefore not interchangeable between the regions. The DCPP SSC uses hanging wall 
and footwall uplift rates to characterize slip rates of the Los Osos and San Luis Bay faults.  

4.4 SOURCE MODEL CONSIDERATIONS 

The occurrence of multiple, well-documented earthquakes in the Noto Peninsula region, together 
with a relative abundance of geologic, geomorphic, and geophysical information represents an 
important dataset with which to evaluate the seismic cycle of a reverse fault system. Notable 
observations and/or components of the historical dataset include: 

1) The occurrence of overlapping events within months to less than a few decades of one
another. 

2) Distribution of aftershock sequences that define rupture area for a given earthquake.
3) Constraints on seismogenic thickness and potential inter-event variability.
4) Seismic source characterization limitations associated with data-poor regions.
5) Potential rupture barriers associated with changes in fault dip and seismogenic

thickness. 
As discussed above, presented in Table 2, and shown on Figures 9 and 16, the Noto Peninsula 
region has hosted several earthquakes ranging from the high M5s to the M7.5 January 1 event. 
The 2007 M6.7, 2023 M6.2, and 2024 M7.5 earthquakes and the 2020 earthquake swarm appear 
to have occurred on faults that hosted one or more of these listed events. Faults that hosted these 
events are capable of (1) generating earthquakes with magnitudes consistent with their individual 
fault section areas, and (2) participating in much larger linked ruptures like the January 1 
earthquake. In the case of the January 1 re-rupture of faults associated with the March 2007 and 
May 2023 earthquakes, both faults generated documented surface deformation during their 
respective individual earthquakes and as part of the subsequent January 1 event. This sequence 
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highlights the importance of considering a broad range of technically defensible rupture scenarios 
and associated magnitudes for a given fault source or suite of sources.  

The DCPP SSC captures a wide range of uncertainty in characteristic and maximum magnitude 
ruptures, including rupture of individual named faults, multiple faults with the same sense of slip, 
faults with different senses of slip, and parallel faults. As discussed in PG&E (2015) and presented 
by McLaren and Savage (2001), the historical earthquake record along the Central California 
Coast and Transverse Ranges documents a large number of earthquakes in the M5 to M7 range, 
with notable events including the M6.5 San Simeon and M7 Lompoc earthquakes, the latter 
representing the largest recorded earthquake in the south-central California coast region. In the 
vicinity of San Luis Bay and the Irish Hills, McLaren and Savage (2001) document two M5.0 to 
5.9 events in 1913 and 1916. The range of scenarios considered in the DCPP SSC accounts for 
the types of single to multi fault ruptures that have occurred on the Noto Peninsula and along the 
Central California Coast.  

The PG&E rupture models for the Irish Hills-bounding faults include a broad suite of scenarios 
that range from relatively simple characteristic models of fault sections bounding the Irish Hills to 
complex multi-segment multi-fault ruptures. The various rupture model topologies are included 
within the context of three separate fault geometry models: 1) an outward-vergent model that 
considers uplift of the San Luis-Pismo structural block to be a product of transpression; 2) a 
southwest-vergent model that considers uplift to be a product of primary southwest-vergent faults 
splaying upward from a more gently dipping ramp or detachment; and 3) a northeast-vergent 
model where block uplift is primarily accommodated by the northeast-vergent southwest-dipping 
Los Osos fault zone. All models are considered in the DCPP SSC (PG&E, 2015) with the outward-
vergent model considered to be the most representative of the available data and tectonic 
interpretations. Example rupture scenarios include: 1) characteristic ruptures of one or two fault 
sections (e.g., Morro Bay and Los Osos Valley sections), 2) linked ruptures of the Hosgri and 
offshore, Morro Bay, and Irish Hill sections of the Los Osos, 3) full Los Osos fault rupture, and 4) 
scenarios where Irish Hills-bounding sections of the Southwest Boundary zone and Los Osos 
fault zone rupture together producing block uplift. Collectively, the rupture scenarios considered 
in the DCPP SSC (PG&E, 2015) account for a broad range of earthquake magnitudes and spatial 
distributions, not unlike the range of events that have occurred along or near the Noto Peninsula 
in the last several decades. 
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Figure 27. Comparison of topographic expression for the Noto Peninsula (Left) and the Irish Hills (right). Cross section lines are oriented approximate to the prevailing geologic structure and the 
long axis of the coastline. Note the different scales for the two profiles.
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5.0  TOPICS FOR POTENTIAL FURTHER REVIEW 
Despite some topographic, structural, bedrock geological, and geomorphic similarities between 
the Irish Hills and the Noto Peninsula, the two regions exhibit notably distinct seismotectonic and 
tectonic geomorphic settings, such that LCI does not recommend PG&E complete a post-
earthquake reconnaissance of the January 1, 2024 Noto Hanto earthquake at this time. There 
exist, however, several areas where additional information may support a better comparison of 
the two regions, should the need for additional comparison arise. Methods used to characterize 
and model seismic sources, paleoseismology, long-term uplift rates, and ground motions for the 
Noto Peninsula may be useful for LTSP seismic hazard studies for DCPP. 

1) LITERATURE REVIEW: Much of the information summarized in this memo was
preliminary and/or was still in manuscript form and yet to be peer reviewed. Additional
data collection and analyses efforts for the January 1 earthquake are likely still in
progress, with associated publishing in the following months to years. Revisiting
publications and references on the Noto Hanto earthquake in 6 to 12 months could
provide additional information applicable to DCPP.

2) SOURCE CHARACTERIZATION: Comparison of the JSPJ inputs with observations of
rupture behavior may help support future seismic source characterizations for multi-
segment reverse fault systems, including those along the Central California Coast and in
the Transverse Ranges. Models could be tested by obtaining the input parameters and
associated constraints for the Japan Sea Earthquake Tsunami Research Project (JSPJ)
tsunami forecast model to assess model aspects that succeeded or failed to adequately
capture epistemic and aleatory uncertainties. Lessons learned from the parameterization
of Noto Peninsula seismic sources may have general applicability to reverse fault
systems along the California coast.

3) PALEOSEISMOLOGY: Coseismic uplift records on the Noto Peninsula provide proxies
for the timing and amount of slip on faults offshore of the Noto Peninsula. Whether similar
event-specific information can be collected for the Irish Hills could be revisited. Given the
paucity of information on the timing of large earthquakes on the San Luis Bay and Los
Osos fault, methods to collect paleoseismic data used by researchers on the Noto
Peninsula could be used to constrain magnitude frequency distributions for characteristic
earthquakes and constrain models for non-Poisson recurrence.

4) LONG TERM UPLIFT RATES: A direct comparison of terrace uplift patterns and rates for
terraces older than MIS 5e could vastly improve the understanding of long-term
deformation at both the Noto Peninsula and the Irish Hills. Geochronologic techniques
are now available to resolve the ages of older terraces; these techniques were not
available when the terrace investigations were performed at both locations in the late
1970s and 1980s. This work would test the stability of site-specific and more regional
uplift rates over time.

5) GROUND MOTIONS: Site conditions to contextualize measured accelerations from the
January 1 earthquake were not available to LCI during compilation of this memo.
Collection of such information could greatly improve the understanding of strong ground
shaking for this event and application to ground motion models. Future ground motion
models for DCPP could benefit from supporting efforts to assess and incorporate
ground motion data into future ground motion models such as NGA West 3.
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6.0  CLOSURE 
We appreciate the opportunity to support Pacific Gas & Electric in their investigation of the 
geologic, tectonic, and geomorphic setting of the January 1, 2024 M7.5 Noto Earthquake, 
northwest of the Noto Peninsula, Japan. Please do not hesitate to contact us if there are any 
questions or comments regarding the material presented in this memorandum. 

Respectfully, 
Lettis Consultants International, Inc. 

Brian Gray, C.E.G., Principal Geologist Chris Bloszies., C.E.G., Senior Geologist 
bgray@lettisci.com bloszies@lettisci.com 
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Plates 

Plate 1:  1:200,000 Scale Geological Map of the Northern Part of the 
Noto Peninsula 

Plate 2:  1:200,000 Scale Seamless Geological Map of the Northern 
Part of the Noto Peninsula (Onshore and Offshore) 

Plate 3:  1:200,000 Seamless Geological Cross Sections of the 
Northern Part of the Noto Peninsula 

Plate 4:  Geological Map of the Irish Hills and Adjacent Area 

Notes: 

Plates 1–3 are from the Geological Survey of Japan (2010) and are provided in full 
resolution as separate PDF files. Screen captures of the plates are provided on 
subsequent pages. 

Plate 4 is provided in full resolution on a subsequent page. 
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PLATE 4: Geologic Map of the Irish Hills and 
Adjacent Area, reproduced from PG&E (2014)
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EXPLANATION 
Geologic Units 

af i Artificial fill: fill material emplaced locally during construction and improvement 
'"--'-'"• activities. 

Qs 

Qsw 

[ ocsJ 

Q,s 

a, 

Qo 

a, 

Qaf 

1· 01•7 
1• am ij 

Qoa 

Marine sediments, offshore: unlithif1ed marine sand and sill with minor gravel 
mantling bedrock offshore. 

Sand wave deposits. offshore: unlithified sheets of sand that form migrating 
marine dunes 

Fluvial channel fill , offshore: sediments filling paleo-stream channels cut into 
submerged bedrock platforms, inferred to be sand wave deposits (Qsw) over 
remnant alluvium and older marine sediment. 

Estuarine deposits of Morro Bay: unlithified mud, silt, and sand within 
intertidal zone and channels. 

Eoli<m deposih;: unlithified sand deposited in dunes (may be active or inactive) 

Alluvial deposits: unlithified sill. sand. and gravel valley fill deposited during 
overbank flooding. channel backfill ing, and construction of debris flow levees. 

Colluvium: unl1thified poorly sorted silt, sand and gravel mantling bedrock 
hill.slopes. 

Fluvial terrac:e deposits: unlithi fied silt, sand, and gravel deposited in stream 
\/alleys. 

Alluvial fan deposits: unlithified silt, sand , and gravel deposited in fans along 
valley margins. 

Landslide deposits: unlithified masses of displaced bedrock and/or soil, may 
be active or inactive. 

Marine terrace deposits: unl1th1fied to weakly l1thif1ed marine sand and gravel 
deposited above wave-cut platforms in the Pleistocene and commonly overlain 
by alluvial fan and colluvial deposits 

Older alluvial deposits: weakly lithified siltstone. sandstone, and conglomerate 
deposited as valley fill in the Ple1stoce11e. 

Quaternary deposits. undifferentiated 

Pismo Formation 

I Tpps 

I Tppg ~ 

Squire Member: unstratified white to tan, medium-to coarse-grained 
sandstone. 

Belleview Member: sandy claystone, siltstone, clay.stone and f1ne
gra1ned sandstone, d1atomaceous horizons 

Gragg Member: fine- to medium-grained sandsto11e, rare diatomaceous 
siltstone, pebble conglomerate, and bituminous sandstone. 

t 

Goldtree 
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National Forest 
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Geologic Units (cont.) 

Cretaceous Sandstone: arkosic to lithic sandstone. brown, 
bedded, ,vell-l1thif1ed, fine- to course-grained, includes minor shale. 

Franciscan Complex, undifferentiated 

I KJfm 
Francisc;m Complex, melange: sheared ;;hale, 
mudstone and siltstone with small bodies of 
graywacke (gw). schist (sch), blueschist (bs), 
conglomerate (cg). metavolcanic rocks (mvJ, 
serpent1111te (s). quartz silica carbo11ate (sc). shale 
(sh), and green. white. or red cheri {ch) . 

oh 

gw 

mv 

• 
" 

h 

Blueschist 

Conglomerate 

Chert 

Greywacke 

Metavolcanic rocks 

Serpentine 

Silica-carbonate rocks 

Schist 

Shale 

KJg , Franciscan Complex, graywacke sandstone 

KJfmv I Franciscan Complex, metavolcanic rocks 

KJfo Franciscan Complex, ophiolite 

Geologic Structures 

S)"ncline: solid where 1111ell located, dashed where 
approximate, dotted where concealed, queried where 
inferred. Arrow points in direction of plunge. 

Anticline: solid where well located, dashed where 
apprO)dmate, dotted where concealed, queried where 
inferred. Arrow points 1n direction of plunge. 

Miguelita Member: siltstone and claystone, brown, thinly bedded, 
moderately well-l1th1fied, 111cludes rare to commo11 intervals of 
siliceous and and dolomitic siltstone, opaline and porcelaneous shale. 
and bituminous sandy siltstone. 

------ .. ,? .. . Fault: solid ,vhere well located, long dash where 
approximate, short dash where inferred , dotted where 
concealed, queried where uncertain 

Tmpe Edna Member: sandstone, brown. thinly bedded to unstratified, weakly 
to moderately well-lilhified, includes intervals of bituminous sandstone. 

[ Tmm j ---------
Monterey Forma1ion: tuffaceous siliceous, and diatomaceous siltstone and shale, 
gray and brown (weathers to chalky white), thinly bedded and well-lith1f1ed, i11cludes 
common chert laminations. 

Obispo Formation 

[ rmr I 

Tov 

( rmod 

I Tmo 

Obispo Formation. diabase: brown, aphan1t1c to phanerilic. intrusive 
in dikes and sills. 

Obispo Formation. undifferentiated: tuffaceous, dolomitic siltstone 
and fine sandstone, rare diatomaceous siltstone, tuff, and resistant 
zeolitized tuff_ 

Rincon Formation: siltstone and silty claystone, dark brown, thinly bedded, includes 
intervals of dolomitic sandstone. 

Vaqueros Sandstone: conglomerate and sandstone, tan ta gray, includes prominent 
coqu i11a horizon. 

Tocf ~ Cambria Felsite: Hard rhyol1te/dac1te grayish-white crystalline felsite 
~-~ 

Tom Morro Rock- Islay Hill Volcanic Intrusive Complex: dacite volcanic plugs, lava 
domes, i11trusive sheets, and felsic-rhyol1te dac1te. 

Other 

tI 

Coastl ine {white line) at mean lower 
low water (appr□)(imate sea level) 

Oil and gas exploratio11 well 

-¢- Hydrogeologic borehole/well 

\ 

(j) 

Lineament: solid where well expressed, dashed where 
moderately expressed, tics 1nd1cate facing direction of 
scarps; possible fault.. 

Inclined bedd111g 

Overturned bedding 

Inclined fault 

Vert ical fault 

Inclined shear or foliation 

Vert ical shear or foliation 

Inclined bedding 

Vert ical bedding 

Overturned bedding 

Horizontal bedding 

lnc;:lined foult 

* Diablo Canyon Power Plant (DCPP) 
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