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Executive Summary

On November 14, 2008, the Pacific Gas & Electric (PG&E) Company informed the

U.S. Nuclear Regulatory Commission (NRC) that it had identified a zone of seismicity that
may indicate a previously unknown fault located offshore of the Diablo Canyon Power Plant
(DCPP). The potential fault was identified as a result of a collaborative research program
between PG&E and the U.S. Geological Survey (USGS).

Shortly after PG&E notified the NRC of the potential for a new fault, it provided the agency
with sets of initial scientific data and information related to the hypothesized fault, which
PG&E subsequently named the “Shoreline fault.” In discussions with the NRC staff, PG&E
described the results from its preliminary assessment that indicated that the hazard potential
of the Shoreline fault is bounded by the current review ground motion spectrum for the
facility, indicating that the plant has been designed to safely withstand the effects from
ground motions or shaking levels larger than the Shoreline fault is capable of producing.

Based on the initial information PG&E provided, the NRC staff immediately performed a
preliminary review of possible implications of the Shoreline fault to the DCPP to determine if
an immediate safety concern existed. The staff subsequently issued Research Information
Letter (RIL) 09-001 entitled, “Preliminary Deterministic Analysis of Seismic Hazard at Diablo
Canyon Nuclear Power Plant from Newly Identified ‘Shoreline Fault” (NRC, 2009).

RIL 09-001 described the staff’s preliminary review, including assessment of the data
available at that time, the parameters used, and the basis for the staff’s initial conclusions.
Although RIL 09-001 discussed all relevant aspects to the extent possible, the work was
based on the limited preliminary information available at the time. Over the next 2 years, the
NRC continued to review information as the USGS and PG&E obtained new data emerging
from their collaborative work.

In January 2011, PG&E submitted to the NRC, “Report on the Analysis of the Shoreline
Fault Zone, Central Coastal California: Report to the U.S. Nuclear Regulatory Commission.”
This report (hereafter called the “Shoreline Fault Report”) provides new geological,
geophysical, and seismological data to assess the potential seismic hazard of the Shoreline
fault. This new information supplements or improves the geological, geophysical, and
seismological information near the DCPP site documented in the PG&E Long-Term Seismic
Program (LTSP). The Shoreline Fault Report provides sufficient data on the Shoreline fault
to allow the NRC to perform a confirmatory analysis.

In reviewing the complete set of seismological, geological, and geophysical data, the NRC
staff worked with independent experts from the Center for Nuclear Waste Regulatory
Analyses in the fields of paleoseismology, tectonics, and structural geology to assess the
quality and reliability of the data, to address the broader questions related to the regional
tectonics, and to develop the five principal scenarios used in the analyses. The NRC staff
and its team of experts also visited the site in October 2011 to view firsthand the geologic
and tectonic features. The assessment of the interpretations of the Shoreline fault, the
deterministic analyses, the site response analyses, and the review of the risk from
secondary faulting were performed by NRC staff.
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Based on a review of the Shoreline Fault Report, insights gained from the site visit, and the
report to the NRC provided by the independent experts, the NRC staff developed an
assessment of the seismic source characteristics of the Shoreline fault and performed a
deterministic seismic hazard assessment (DSHA). In this review of the hazard from the
Shoreline fault, the NRC compared the resulting deterministic seismic ground motions to
loading levels for which the plant has been previously reviewed, specifically the Hosgri
Earthquake (HE) ground motion response spectrum as described in NUREG-0675, “Safety
Evaluation Report Related to the Operation of Diablo Canyon Power Plant, Units 1 and 2,”
Supplement No. 7 (NRC, 1978), and the LTSP ground motion response spectrum as
detailed in NUREG-0675, Supplement No. 34 (NRC, 1991). The results indicate that
deterministic seismic-loading levels predicted for all the Shoreline fault earthquake
scenarios developed and analyzed by the NRC are at, or below, those levels for the HE
ground motion and the LTSP ground motion. The HE ground motion and the LTSP ground
motion are those for which the plant was evaluated previously and demonstrated to have
reasonable assurance of safety.

This RIL presents results from a conservative deterministic (scenario-based) viewpoint and
is intended to allow the NRC staff to determine if a safety concern exists as a result of the
identification of the Shoreline fault. By their nature, deterministic approaches do not
explicitly account for the likelihood of a particular earthquake scenario occurring, or the rate
at which earthquakes can occur on known seismic sources. Therefore, deterministic results
cannot be used for a quantitative assessment of the overall risk to the plant from the
Shoreline fault. Instead, deterministic approaches focus only on the safety margin that
exists for a specific earthquake scenario, in this case for the Shoreline fault. Current NRC
guidance uses a probabilistic seismic hazard assessment (PSHA) approach, as described in
Regulatory Guide (RG) 1.208, “A Performance-Based Approach to Define the Site-Specific
Earthquake Ground Motion” (NRC, 2007); NUREG/CR-6372, “Recommendations for
Probabilistic Seismic Hazard Analysis: Guidance on Uncertainty and Use of Experts” (NRC,
1997); and NUREG-2117, “Practical Implementation Guidelines for SSHAC Level 3 and 4
Hazard Studies” (NRC, 2012). A detailed PSHA is currently being undertaken at DCPP, the
results of which will strengthen the understanding of the relative importance of the Shoreline
fault to the seismic hazard at this site.

The following are the principal findings from the NRC review of the Shoreline Fault Report:

1. The Shoreline fault was discovered from relocated microearthquakes in 2008.
Further data collection confirmed the existence of the Shoreline fault as a potential
seismic source.

2. The geologic and geophysical information, including geologic mapping and the
earthquake database, can be used to develop reasonable interpretations of fault
geometry, activity, maximum magnitude, and proximity of earthquakes to the DCPP.

3. Geologic evidence for recent surface fault displacement along the Shoreline fault is
not evident in the newly acquired data.

4. The NRC’s conservative estimates for the potential ground motions from the
Shoreline fault are at or below the ground motions for which the DCPP has been
evaluated previously and demonstrated to have reasonable assurance of safety (i.e.,
the HE and LTSP ground motion response spectra). This analysis confirms the
earlier conclusions of RIL 09-001.
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5. The NRC also analyzed the risk to the DCPP from secondary surface fault rupture
associated with the Shoreline fault and found no evidence of significant secondary
surface faulting.

6. The Shoreline fault has a low slip rate that is estimated to be an order of magnitude
less than the Hosgri fault, which implies that its overall contribution to the hazard is
relatively limited. An understanding of the relative importance of the Shoreline fault
to the hazard at DCPP is best demonstrated from a PSHA, which considers the
likelihood of earthquake activity from all the seismic sources.

7. Evaluation of the current dataset indicates that it is sufficient to move forward with
the new Senior Seismic Hazard Analysis Committee (SSHAC) Level 3 PSHA.
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1 Introduction

On November 14, 2008, the Pacific Gas & Electric (PG&E) Company informed the U.S. Nuclear
Regulatory Commission (NRC) that it had identified a zone of seismicity that may indicate a
previously unknown fault located offshore of the Diablo Canyon Power Plant (DCPP). Figure 1-1
shows the relative location of the fault and DCPP. The potential fault was identified as a result
of a collaborative research program between PG&E and the U.S. Geological Survey (USGS).
This research program (the PG&E-USGS Cooperative Research and Development Agreement
(CRADA)) focuses on increasing understanding of the tectonic setting in the region around the
DCPP. The current phase of this long-standing program includes both new geophysical and
geological field studies and the application of advanced seismological techniques to small-
magnitude recorded earthquakes.

Shortly after PG&E notified the NRC of the potential for a new fault, it provided the agency with
sets of initial scientific data and information related to the hypothesized fault (Agencywide
Documents Access and Management System (ADAMS) Accession Nos. ML090690193,
ML090690218), which PG&E subsequently named the “Shoreline fault.” In discussions with the
NRC staff, PG&E described the results from its preliminary assessment that indicated that the
hazard potential of the Shoreline fault is bounded by the current review ground motion spectrum
for the facility, indicating that the plant has been designed to safely shut down following a
ground motion or shaking level larger than the Shoreline fault is capable of producing.

Based on the initial information PG&E and the USGS provided, the NRC staff immediately
performed a preliminary review of possible implications of the Shoreline fault to the DCPP to
determine if an immediate safety concern existed. The staff subsequently issued Research
Information Letter (RIL) 09-001 entitled, “Preliminary Deterministic Analysis of Seismic Hazard
at Diablo Canyon Nuclear Power Plant from Newly Identified ‘Shoreline Fault” (NRC, 2009).
RIL 09-001 described the staff’s preliminary review, including assessment of the available data,
the parameters used, and the basis for the staff’s initial conclusions. Although RIL 09-001
discussed all relevant aspects to the extent possible, the work was based on the limited
preliminary information available at the time. Over the next 2 years, the NRC continued to
review information as the USGS and PG&E obtained new data emerging from the ongoing
CRADA field work.

In January 2011, PG&E submitted to the NRC, “Report on the Analysis of the Shoreline Fault
Zone, Central Coastal California: Report to the U.S. Nuclear Regulatory Commission” (ADAMS
Accession No. ML110140431). This report (hereafter called the “Shoreline Fault Report”)
provides new geological, geophysical, and seismological data to assess the potential seismic
hazard of the Shoreline fault. This new information supplements or improves the geological,
geophysical, and seismological information near the DCPP site documented in the PG&E
Long-Term Seismic Program (LTSP). The Shoreline Fault Report provides sufficient data on
the Shoreline fault to allow the NRC to perform a confirmatory analysis.

In reviewing the complete set of seismological, geological, and geophysical data, the NRC staff
worked with consultants from the Center for Nuclear Waste Regulatory Analyses in the fields of
paleoseismology, tectonics, and structural geology to assess the quality and reliability of the
data, to address the broader questions related to the regional tectonics, and to develop the five
principal scenarios described in Section 4. The NRC staff and its team also visited the site in
October 2011 to view firsthand the geologic and tectonic features. The assessment and
weighting of interpretations of the Shoreline fault, the deterministic analyses, the site response



analyses, and the review of the risk from secondary faulting were performed by NRC staff.
Contributors to this document are listed in the Acknowledgements Section.

Based on a review of the Shoreline Fault Report, insights gained from the site visit, and the
report to the NRC provided by the consultants, the NRC staff developed an assessment of the
seismic source characteristics of the Shoreline fault and performed a deterministic seismic
hazard assessment (DSHA). In this review of the hazard from the Shoreline fault, the NRC
compared the resulting deterministic seismic ground motions to loading levels for which the
plant has been previously reviewed, specifically the Hosgri Earthquake (HE) ground motion
response spectrum as described in NUREG-0675, “Safety Evaluation Report Related to the
Operation of Diablo Canyon Power Plant, Units 1 and 2,” Supplement No. 7 (NRC, 1978), and
the LTSP ground motion response spectrum as detailed in NUREG-0675, Supplement No. 34
(NRC, 1991). The results indicate that the 84™-percentile deterministic seismic-loading levels
predicted for all the Shoreline fault earthquake scenarios developed and analyzed by the NRC
are at or below those levels for the HE ground motion and the LTSP ground motion. The HE
ground motion and the LTSP ground motion are those for which the plant was evaluated
previously and demonstrated to have reasonable assurance of safety.

This RIL presents results from a deterministic (scenario-based) viewpoint and is intended to
allow the NRC staff to determine if a safety concern exists as a result of the identification of the
Shoreline fault. However, current NRC guidance endorses a probabilistic seismic hazard
assessment (PSHA) approach, as described in Regulatory Guide (RG) 1.208, “A Performance-
Based Approach to Define the Site-Specific Earthquake Ground Motion” (NRC, 2007);
NUREG/CR-6372, “Recommendations for Probabilistic Seismic Hazard Analysis: Guidance on
Uncertainty and Use of Experts” (NRC, 1997); and NUREG-2117, “Practical Implementation
Guidelines for SSHAC Level 3 and 4 Hazard Studies” (NRC, 2012).

Over the last year, PG&E initiated a new project to use the NRC'’s current regulatory guidance
(RG 1.208) in the development of a new PSHA model that includes both a new seismic source
characterization model and a new ground motion characterization model. This project is being
conducted using the Level 3 process from the Senior Seismic Hazard Analysis Committee
(SSHAC) guidance as detailed in NUREG/CR-6372 (NRC, 1997) and NUREG-2117 (NRC,
2012). This process is more commonly known as a “SSHAC Level 3” process and is laid out in
practical terms in NUREG-2117. A summary of the SSHAC process is also provided in
Appendix A of this document. PG&E initially stated that its objective for conducting the SSHAC
Level 3 project was to apply a state-of-the-art process to the full set of newly acquired data to
develop a new PSHA model consistent with NRC requirements for new reactors. However, on
March 12, 2012, the NRC issued a letter to all operating reactor licensees entitled, “Request for
Information Pursuant to Title 10 of the Code of Federal Regulations 50.54(f) Regarding
Recommendations 2.1, 2.3, and 9.3 of the Near-Term Task Force Review of Insights from the
Fukushima Dai-ichi Accident” (hereafter called the “10 CFR 50.54(f) Request for Information
Letter,” ADAMS Accession No. ML12056A046). The letter requested updated seismic hazard
information to be submitted to the NRC. This updated information for DCPP would be
developed through the site-specific SSHAC Level 3 study that PG&E has already initiated.



Section 2 of this RIL summarizes the history of DCPP licensing as it relates to seismic hazard.

In Section 3 of this report, the NRC reviews the datasets and discusses PG&E’s interpretation of
the datasets. Section 4 provides the NRC'’s interpretation of the data in the Shoreline Fault
Report. Section 5 and Appendix B discuss the parameters and results of the DSHA performed
by the NRC staff. A discussion of the PSHA method is provided in Section 6 and Appendices A
and D provide a summary of the SSHAC Level 3 process for PSHA studies and the use of
constraints on PSHA inputs respectively. Section 7 provides a summary of a confirmatory
analysis of the potential for risk from secondary rupture, which is discussed in detail in Appendix
C. Section 8 is a summary of the key findings of the staff’s review.
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2 Background (Historical Context and Recent Events)

The DCPP has unique and complex seismic design and licensing bases. A brief review of the
history of the DCPP is provided to explain both the basis for the NRC assessment of the new
fault and the context of the research program that identified the fault. The Atomic Energy
Commission originally issued construction permits to PG&E for DCPP Units 1 and 2 in 1968 and
1970, respectively. These construction permits included a “Double Design Earthquake” (DDE)
ground motion response spectrum with a horizontal peak ground acceleration (PGA) of 0.4g and
a “Design Earthquake” (DE) ground motion response spectrum with a horizontal PGA of 0.2g.
The DDE ground motion and the DE ground motion were similar to the regulatory ground motion
levels that the NRC subsequently developed as the “Safe Shutdown Earthquake (SSE)” ground
motion and the “Operating Basis Earthquake (OBE)” ground motion. Development of the DDE
and DE for DCPP is described in Section 3.8.5.2, “Ground Response Spectra,” in Supplement
No. 7 to NUREG-0675 (NRC, 1978). Both the DE and the DDE ground motions were
determined using a “scenario-based” DSHA. Later, as the plant was under construction and the
operating license applications were under development (about 1971), proprietary oil company
studies describing a significant and previously unknown seismic zone offshore near the DCPP
were made public. PG&E included a brief discussion of this seismic zone in the Diablo Canyon
final safety analysis report (FSAR) submitted in 1973. PG&E called the zone the East Boundary
Fault Zone in the FSAR, but it is now known as the Hosgri Seismic Zone.

In the years following the FSAR submittal, PG&E investigated the Hosgri Seismic Zone in
response to NRC requests for additional information. At the same time, the USGS performed
an independent investigation of the fault zone for the NRC. Based on USGS recommendations
and on requirements contained in Appendix A, “Seismic and Geologic Siting Criteria for Nuclear
Power Plants,” to 10 CFR Part 100, “Reactor Site Criteria” (which was newly issued at that
time), the NRC required a significant increase in the ground motion used for the seismic design
basis of the plant to what is now known as the Hosgri Earthquake (HE) ground motion. The HE
ground motion has a horizontal PGA of 0.75g, consistent with the scenario of a M7.5
earthquake on the Hosgri Fault, which is located 5 kilometers (km) (3 miles) from the DCPP.
PG&E performed a reevaluation, including reanalysis of designated safety-related structures,
systems, and components in a safe-shutdown path, and using the higher HE ground motion,
reanalyzed and upgraded the plant design to accommodate the new seismic design basis.
Necessary hardware upgrades were implemented where components exceeded their
acceptance limits. As a result, DCPP is currently the only U.S. nuclear power plant (NPP) with
three ground motion levels incorporated into its license. These are the DE, DDE, and HE
ground motions levels (quantitatively described as response spectra), as shown in Figure 2-1.
Each ground motion level has a different set of analysis assumptions (e.g., damping values) and
different performance criteria. This is discussed in NUREG-0675, Supplement No. 7 (NRC,
1978).

In addition to defining the new HE ground motion and the associated reevaluation and retrofit
required before licensing, the Diablo Canyon Unit 1 full-power license DPR-80 also has a
license condition (2.C.(7)) that required a future reevaluation of the seismic design basis of the
plant. This was included in response to the Advisory Committee on Reactor Safeguards
(ACRS) recommendation that “...the seismic design of Diablo Canyon be re-evaluated in about
10 years taking into account applicable new information.” To meet this requirement, PG&E
developed the LTSP.



The license condition reads as follows:
2.C.(7) Seismic Design Bases Reevaluation Program (SSER 27 Section IV.5)

PG&E shall develop and implement a program to reevaluate the seismic design
bases used for the Diablo Canyon Nuclear Power Plant.

The program shall include the following Elements:

(1) PG&E shall identify, examine, and evaluate all relevant geologic
and seismic data, information, and interpretations that have
become available since the 1979 Atomic Safety and Licensing
Board (ASLB) hearing in order to update the geology, seismology
and tectonics in the region of the Diablo Canyon Nuclear Power
Plant. If needed to define the earthquake potential of the region
as it affects the Diablo Canyon Plant, PG&E will also reevaluate
the earlier information and acquire additional new data.

(2) PG&E shall reevaluate the magnitude of the earthquake used to
determine the seismic basis of the Diablo Canyon Nuclear Plant
using the information from Element 1.

(3) PG&E shall reevaluate the ground motion at the site based on the
results obtained from Element 2 with full consideration of site and
other relevant effects.

(4) PG&E shall assess the significance of conclusions drawn from the
seismic reevaluation studies in Elements 1, 2 and 3, utilizing a
probabilistic risk analysis and deterministic studies, as necessary,
to assure adequacy of seismic margins.

PG&E shall submit for NRC staff review and approval a proposed program plan
and proposed schedule for implementation by January 30, 1985. The program
shall be completed and a final report submitted to the NRC three years following
the approval of the program by the NRC staff.

PG&E shall keep the staff informed on the progress of the reevaluation program
as necessary, but as a minimum will submit quarterly progress reports and
arrange for semi-annual meetings with the staff. PG&E will also keep the ACRS
informed on the progress of the reevaluation program as necessary, but not less
frequently than once a year.

To meet this condition, as part of the LTSP, PG&E performed a full seismic reevaluation of the
DCPP between 1985 and 1988. Both a seismic margins assessment (SMA) and a seismic
probabilistic risk assessment (SPRA) were performed as detailed in the “Final Report of the
Diablo Canyon Long-Term Seismic Program” (PG&E, 1988) and as summarized in the Seismic
Safety Evaluation Report, NUREG-0675, Supplement No. 34 (NRC, 1991). During that
reevaluation, PG&E determined that the Hosgri fault was still the fault capable of producing the
largest ground motion at DCPP and therefore it remained the fault with the highest deterministic
hazard (i.e., the “controlling fault’). However, the NRC staff came to believe that the faulting
may have a larger component of reverse-slip than previously accounted for, leading to higher
review shaking levels over some ground motion frequencies. As a result of NRC staff
comments, PG&E increased the review spectrum over part of the frequency range and
undertook a reevaluation of the plant with this new LTSP spectrum. The LTSP response
spectrum has been used as a review spectrum for the plant and is used as a point of
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comparison in this study, along with the HE response spectrum. Figure 2-1 shows each of the
DCPP seismic response spectra.

Because the science and tools available to study the seismic zone continue to evolve over time,
PG&E committed, in letters dated April 17, 1991, and May 29, 1991 (PG&E, 1991a and 1991b),
to continue to study seismic issues and to perform periodic seismic reviews of the DCPP. This
commitment to ongoing research and review led to the development of the CRADA program,
which identified the Shoreline fault.

Although the CRADA is a long-term program that has been in place since 1997, the USGS
identified the lineament called the Shoreline fault during a new phase of the CRADA that was
recently implemented. The NRC staff and members of the broader seismic community are
aware of the work being undertaken through the CRADA program and will continue to monitor
any results as they become available. This work performed through the CRADA, which has
typically been published by the USGS, has increased understanding of the tectonics in the
region around the DCPP and includes both a large set of new field studies and the application of
new advanced seismological techniques to a catalog of small-magnitude recorded earthquakes.
The data produced as a result of the CRADA will be used in the SSHAC Level 3 PSHA study
currently ongoing and will, in turn, be used to address the 10 CFR 50.54(f) Request for
Information Letter (see Section 1).

The USGS has undertaken both field studies and analyses of each of the data sets as
information was obtained. The “Action Plan for the Study of the Shoreline Fault” (ADAMS
Accession No. ML090720505) describes the field work that was focused specifically on
characterization of the Shoreline fault. The CRADA program has now moved back to a broader
regional characterization focus. A description of the currently available datasets is provided in
the following Section.
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3 Available Data and Information for Hazard Assessment

3.1 Data and Information Overview

In the Shoreline Fault Report, PG&E provided new geological, geophysical, and seismological
data to assess the potential seismic hazard from the Shoreline fault. This new information
supplements or improves the data and information documented in the PG&E LTSP. The data
set currently developed for the region around the DCPP as part of the USGS/PG&E CRADA is
of significantly higher quality than the data available at the time of the earlier LTSP study
(PG&E, 1988), although that LTSP dataset was state-of-the-art at its time. The new data
include observations from both terrestrial and marine studies, including two aeromagnetic
surveys—one acquired by fixed-wing airplane and another by helicopter—and highly detailed
bathymetric data. PG&E used these new data, interpretations, and analyses with existing
information in the LTSP to support its characterization of the Shoreline fault as a potential
seismic source that could produce strong ground shaking at the DCPP. This new information is
also being used to evaluate the Shoreline fault hazard within the existing licensing basis ground
motion for the plant. The NRC also reviewed each of the datasets provided, and they are
discussed below.

The NRC reviews provided in Section 3 (data) and Section 4 (interpretations) are focused on
the datasets, analysis, and interpretations important to describing the characteristics of the
Shoreline fault as a possible seismic source. These are (1) the potential that the fault is capable
of producing significant ground motions at the plant, (2) the style of faulting: reverse, thrust, or
strike-slip (see Figure 3-1), (3) fault geometry defined by the fault’s trace length, down-dip width,
and orientation, and (4) the maximum magnitude earthquake that slip on the fault could produce
based on this geometry.

3.2 Geologic Setting

As described in the Shoreline Fault Report, the DCPP is located on the southwestern edge of
the Irish Hills, the northwestern-most portion of the San Luis Range. The Shoreline fault, as
mapped by PG&E in the Shoreline Fault Report, is an approximately 16-23 km-long fault that
bounds most of the western margin of the Irish Hills. At its closest approach, the fault is located
approximately 600 meters from the plant (Figure 3-2). The San Luis Range is one of many
northwest to north-northwest trending ranges that make up the central Coast Ranges of
California. According to PG&E (1988, 1991, and 2011) and Lettis et al. (2004), “this region of
California is characterized by transpressional deformation’ between the San Andreas fault zone
to the east and the San Gregorio-San Simeon-Hosgri system of near-coastal faults to the west.”
As shown in Figure 3-3, the transpressional deformation is responsible for the series of uplifted
blocks and subsiding basins that make up what is termed the “Los Osos domain.” The San Luis
Range and the Irish Hills are one uplifted portion or structural block (termed the San Luis-Pismo
block) within the Los Osos domain that is characterized by block bounding northwest-striking
reverse, oblique, and strike-slip faults. The San Luis-Pismo block is bounded on the north by
Moro Bay and the Los Osos Valley and on the south by the Santa Maria basin. Figure 3-4

Transpressional deformation occurs when a region experiences both compression and shear forces.



shows focal mechanisms and recorded seismicity for the DCPP region. The rocks exposed in
the vicinity of DCPP range from the Jurassic Franciscan complex to the Pliocene Pismo
Formation (Plate 1 of the PG&E Shoreline Fault Report). The structure of the Irish Hills is a
syncline, with older rocks of the Franciscan complex and Cretaceous sedimentary rocks forming
the exposed limbs of the syncline and younger late Tertiary rocks of the Obispo, Monterey, and
Pismo formation forming the core.

Structurally, the San Luis-Pismo block is bounded on the west by the strike-slip Hosgri fault
zone, on the northeast by the reverse-oblique slip Los Osos fault, and on the south-southwest
by what has been termed the Southwest Boundary fault zone. The Southwest Boundary zone is
believed to include the north-dipping San Luis Bay fault zone (which includes the Olson and
Rattlesnake faults), as well as the Wilmer Avenue, Pecho, Los Berros, and Oceano faults.

Lettis and Hall (1994) and Lettis et al. (2004) believe that the San Luis-Pismo block is being
uplifted as a relatively rigid crustal block. Studies of late Quaternary? deformation (Hanson et
al., 1994, 2004) indicate that the uplift rate for the block is about 0.1 to 0.2 mm/yr.

The major structural and tectonic feature in the area of the DCPP is the north-northwest-striking
Hosgri fault. This fault zone, located approximately 5 km southwest from DCPP, was not
identified until the early 1970s with the availability of seismic reflection profiles. Since its
discovery, this fault has been the subject of controversy, speculation, and study.
Disagreements over the fault have centered on its length, segmentation, relationship to other
faults, age, cumulative displacement, sense of slip (thrust/reverse versus strike-slip), and
activity. Studies conducted by and for DCPP consider the Hosgri fault to be the southern-most
part of the 410-km-long San Gregorio-San Simeon-Hosgri fault system. These studies
characterize the 110-km-long Hosgri fault to be a transpressional, convergent right-slip fault.
The Hosgri fault has been mapped along its entire length using seismic reflection data (PG&E,
1991, 1988) and was remapped as part of the Shoreline fault investigation using single-channel,
high-resolution sparker data (PG&E, 2011, Appendix H). In the immediate vicinity of DCPP, the
Hosgri trends about N 25° to N 30° W and is characterized by multiple fault traces up to 18 km
long in a zone up to 2.5 km wide (PG&E, 2011, Plate 1). Fault traces appear vertical to steeply
dipping in the upper most sedimentary section but some of the traces dip steeply to the east
below about 1 km depth. Given its location offshore, no direct data are available on the slip rate
for the Hosgri fault. The slip rate is estimated to be 1 to 3 mm/yr, based primarily on studies
and data collected on the on-land San Simeon fault, which PG&E characterizes as a separate
section or segment within the San Gregorio-San Simeon-Hosgri fault system. This major
conclusion within their characterization is based on an apparent right step-over of 3 to 5 km
between the northern Hosgri and the San Simeon fault immediately south of San Simeon, CA.

The Los Osos fault, located about 10 km north of DCPP, is believed to be a southwest-dipping,
reverse right-oblique fault. Extensive studies, including detailed geologic mapping and
paleoseismic trenching, were conducted on this fault in the late 1980s (PG&E, 1988 and 1991).
In the Shoreline Fault Report, PG&E characterizes the Los Osos fault as dipping between 45°
and 70° to the southwest and capable of producing a maximum earthquake magnitude of 6.8.

The Southwest Boundary zone is believed to include the north-dipping San Luis Bay fault zone
(which includes the Olson and Rattlesnake faults), as well as the Wilmer Avenue, Pecho,

Los Berros, and Oceano faults. In the Shoreline Fault Report, the San Luis Bay fault is modeled
as a 50° to 80° north-dipping fault with a maximum magnitude of 6.3. The source modeling for
the San Luis Bay is complicated because of its possible interaction with the Shoreline fault.

We are currently in the Quaternary period of the Cenozoic Era in terms of geologic time. Therefore, late
Quaternary deformations are of importance because they are recent.
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3.3 Geology of the Diablo Canyon Power Plant Site

As shown in Figure 3-5, the DCPP is located on a relatively broad Quaternary terrace surface
near the mouth of Diablo Canyon Creek. Bedrock at the site consists of the Miocene Obispo
Formation, a 400-meters-thick sequence of thin to thickly-bedded marine volcanic and
volcaniclastic deposits. Near the site, the Obispo Formation has been subdivided into three
basic subunits: a tuff or tuffaceous sandstone, fine-grained sandstone and claystone, and an
intrusive diabase. In the Shoreline Fault Report, PG&E reported an age of the tuff unit at 15.5
to 15.3 million years. Within the DCPP site, the Obispo Formation has been both faulted and
folded and typically dips 35° to 75° to the north (Hall, 1973). Overlying the Obispo Formation
bedrock is a thin veneer, typically 1- to 2-meters thick, of marine sands and gravels underlain by
a relatively thick sequence (1-meter thick to several 10s of meters thick) of nonmarine, fluvial
sands and gravels and colluvium. The basal contact between the overlying marine sands and
gravels and the underlying Obispo Formation is a gently southwest-sloping eroded marine
terrace platform. This eroded platform can be very sharp and planar or have considerable relief,
depending on the resistance of the beds within the Obispo Formation. In Appendix | of the
Shoreline Fault Report, PG&E concludes that at the site, this platform was eroded during the
last interglacial marine high-stand, which is referred to as marine isotope stage 5e (MIS 5e).
MIS 5e occurred about 120 ka. The shoreline angle for this platform (i.e., the former sea cliff) at
the site is at an elevation of 301 to 34+1 meters (Hanson et al., 1994; PG&E, 2011,

Appendix I).

3.4 Onshore-Offshore Geologic Mapping

In the Shoreline Fault Report, PG&E developed new and more detailed maps of the surface
exposures in the vicinity of the DCPP, especially along the outcrop exposures in sea cliffs and
bedrock surface exposed on wave-cut platforms (at low tide). Mapping of the rock formations
and geologic features, such as faults and folds, was enhanced beyond what was compiled for
the LTSP (PG&E, 1991, 1988), because the mapping teams used Light Detection and Ranging
(LiDAR) and orthophoto maps—technology that was not available during the development of the
LTSP in the 1970s and 1980s. The new maps are largely consistent with earlier geologic
mapping and add additional information and constraints to the overall geologic and tectonic
setting of the DCPP.

The geology mapped onshore was projected offshore using much of the new data in the
Shoreline Fault Report, including bathymetry data from new multibeam echo soundings
(MBES), magnetic and gravity anomaly maps, seismic reflection data, and diver-collected rock
samples. Fifty new diver samples were collected in July 2010 to complement the existing suite
of samples obtained for the LTSP (PG&E, 1991, 1988). The sample locations were picked from
areas where the MBES data revealed distinct bathymetric textures and at locations where the
revised geologic mapping indicated different geologic interpretations from those in the LTSP
(PG&E, 1991, 1988). The new samples were also taken to support interpretations of the
potential field maps, by providing direct measurements of density, magnetic susceptibility, and
magnetic remanence. However, these results were not included in the Shoreline Fault Report
because the laboratory measurements of the 2010 dive samples were not yet completed.

One of the most important geological datasets used to make interpretations of the recent
tectonic and seismic history of the DCPP site is the mapping and analyses of both raised and
submerged marine terraces and their associated wave-cut platforms and paleoshorelines (see
Figure 3-6). Marine terraces develop at the shoreline impact zone as waves cut into the rocks
at the elevation of the current sea level. Because this process takes time, discrete observable
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terraces require that the sea level remain stable over a long period of time. This process can be
seen occurring along the California coastline today. The identification and dating of marine
terraces in the DCPP region, coupled with the known chronology of sea level elevations during
different sea level “stands” (periods of time when the sea level was stable long enough for a
platform to be developed), allow for a long-term estimate of how fast the landmass has moved
upward or downward. The chronology and naming of sea level stands follows a global protocol
tied to the climatic conditions that cause the melting or creation of the global ice mass that
directly affects the elevation of the oceans. The term MIS is part of the naming approach and is
followed by a number identifying the stage. For example, we currently are in MIS 1 (11 ka to
present). The last glacial maximum was MIS 2 (ca. 24 ka), and the DCPP sits on the MIS 5e
terrace. The stages move backward in time with increasing numbers. Table I-1-1 of the
Shoreline Fault Report provides definitions helpful to the reader unfamiliar with this important
technique.

As noted, the identification and dating of marine terraces in the local coastal region provides
important data for evaluating uplift rates of the Irish Hills and the DCPP site. The rate of uplift is
an important constraint and provides input to understanding the overall kinematics and tectonic
movements in the region. The location, elevation, geomorphic characteristics, and ages of
these features were mapped in detail by Hanson et al. (1994) and by PG&E as part of the LTSP
(PG&E, 1991, 1988). In the Shoreline Fault Report, PG&E updates the original mapping by
Hanson et al. (1994) and LTSP (PG&E, 1991; 1988), enhancing the original work with the
addition of improved topographic maps based on LiDAR. In addition, because of the detailed
bathymetric data acquired as part of the MBES and the high-resolution seismic reflection data,
PG&E was better able to identify and map submerged paleoshoreline features in the shallow
marine environment offshore.

The updated marine terrace information supports the earlier interpretations of Hanson et al.
(1994) and the LTSP (PG&E, 1991; 1988) that the uplift rate for the Irish Hills is approximately
0.2 mm/yr compared to a lower uplift rate of less than 0.1 mm/yr for areas south of the DCPP,
including San Luis Bay. The boundary separating the differentially uplifting blocks is the
offshore projection of the San Luis Bay fault zone, which also includes the Rattlesnake fault and
the Olson Hill zone of deformation. An important observation provided in the Shoreline Fault
Report from these new data is that the San Luis Bay fault zone appears to cross, and perhaps
truncate, the Shoreline fault, with as much as 8 meters of down-to-the-north displacement,
before continuing westward to intersect the Hosgri fault. If correct, this observation constrains
the southern extent of the Shoreline fault, limiting its trace length to approximately 16 km. In the
Shoreline Fault Report, PG&E also concludes that there is no observable vertical offset across
the Shoreline fault, within the 1-to 2-meter uncertainty of the bathymetric data, where wave-cut
platforms about 75 ka cross the mapped trace of the Shoreline fault.

PG&E (2011) also concludes that there are no site-specific data with which to constrain a slip
rate for the Shoreline fault. PG&E’s analyses rely primarily on comparisons of the geomorphic
and geologic features of the Shoreline fault relative to the Hosgri fault. The Hosgri fault has an
estimated horizontal slip rate between 0.5 and 6 mm/yr (preferred rate of 1 to 3 mm/yr; Hall et
al., 1994; Hanson et al., 1994, 2004). PG&E estimates that the slip rate for the Shoreline fault is
probably at least an order of magnitude lower than that for the Hosgri. Thus, PG&E estimates
the slip rate of the Shoreline fault to range from 0 to a maximum horizontal rate of 0.2 to

0.3 mm/yr. In the seismic source characterization of the Shoreline Fault Report (PG&E, 2011,
Section 5), the horizontal slip rate is considered to be between 0.05 and 1.0 mm/yr, with the
highest weights given to 0.1 and 0.3 mm/yr.

The NRC agrees with PG&E that it can be very difficult to determine the slip rate for a strike-slip
fault; however, a more careful look at the available offshore data to better constrain the slip rate
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for the Shoreline fault may be beneficial, especially given PG&E’s current efforts to update its
assessment of earthquake risk at the DCPP with a new PSHA. Specifically, detailed mapping of
the tectonic geomorphology of the fault trace, similar to that done for onshore strike-slip faults,
may be beneficial to document and measure the presence (or absence) of lateral offsets of
piercing points (discrete features in the landscape, such as streams, that cross a fault and help
to quantify slip over time).

3.5 Seismic (Earthquake) Data

3.5.1 Earthquake Locations

As noted in Section 1, the alignment of relocated earthquake hypocenters was the original piece
of information that led to the discovery of the Shoreline fault. Although seismic recordings were
available from a few stations in central California before the 1980s, consistent recordings of
local earthquakes began with the installation of the USGS National Earthquake Hazard
Reduction Program system in 1981. The system was enhanced in 1987, following the
installation of the Central California Seismic Network (CCSN) by PG&E. The minimum
magnitude threshold for the CCSN is approximately M1.0 to M1.5. Since 1987, the network has
recorded more than 23,500 events, many considered to be aftershocks from the 2003 San
Simeon M6.5 earthquake. The epicenter of the San Simeon Earthquake was approximately

10 km north of San Simeon, CA, and approximately 40 km north of the DCPP. According to
McClaren et al. (2008), the San Simeon mainshock was located on a 30-km-long thrust fault
that projects to the surface near or to the west of the mapped trace of the Oceanic fault.

Precisely locating the earthquakes in the CCSN catalog, especially microearthquakes with
magnitudes of M3.0 or less, is not straightforward because earthquakes in the offshore region
are recorded by stations 