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SECTION 1.0  INTRODUCTION  

GENTERRA Consultants, Inc. (GENTERRA) has prepared this Study Plan that presents a proposed 
Seismic Hazard Study to be performed by GENTERRA for The Nevada Hydro Company (TNHC). 
This Study Plan is being submitted in response to the Federal Energy Regulatory Commission’s 
(FERC) requirement for Study 2 – Seismic Hazard Study as requested by the U.S. Forest Service 
(USFS) and as described in the FERC letter of June 15, 2018 to support the preliminary engineering 
design of the Lake Elsinore Advanced Pump Storage (LEAPS) Project. The LEAPS project will be an 
approximately 500-megawatt high-head hydroelectric pumped storage project, located adjacent 
to, and within, Lake Elsinore, in Riverside County, California.  The project is identified by the FERC 
as Project No. 14227.  The location of the project is shown on Figure 1-1, Project Location Map. 

The LEAPS project is being developed by TNHC. The overall project consists of multiple interacting 
components and is located mostly within the Cleveland National Forest (Forest), and partially 
within the City of Lake Elsinore and unincorporated Riverside County.  As described in further 
detail in TNHC’s Final License Application (FLA)1. the LEAPS project will consist of an upper 
reservoir, underground water conveyance tunnels (headrace tunnels also called penstocks) 
connecting the upper reservoir to an underground powerhouse for electricity generation, and 
underground water conveyance tunnels (tailrace tunnels) connecting the powerhouse to Lake 
Elsinore, with an intake/outlet structure proposed presently to be located at the edge of the lake 
(lower reservoir).  Generated power will be connected to the regional power grid. 

Previous seismic hazard studies have been performed for the LEAPS project.  The most-recent 
study had been conducted for TNHC by GENTERRA in 2008 (GENTERRA 2008).  As part of the FERC 
licensing process, the USFS has requested that the previous seismic hazard studies be updated 
to incorporate all of the latest seismicity data and any state-of-practice advances in evaluation of 
seismic hazard.  That is the purpose of the proposed Study 2 for which this Study Plan has been 
developed for submittal to the FERC. 

 

                                                 
1  The entire FLA and supplementary material may be found on THNC’s web site at www.leapshydro.com. 
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SECTION 2.0  SITE GEOLOGY 

Figure 2-1 presents a conceptual plan of the project layout. This layout is expected to be revised 
as project engineering progresses.  The LEAPS project is located in the Elsinore Mountains of the 
Santa Ana Mountain Range, a prominent northwest-trending range of the Peninsular Ranges 
Physiographic Province of southern California. 

The Peninsular Ranges comprise an extensive region of linear northwest-trending mountain 
ranges separated by alluvial valleys and fault-bounded troughs. This region extends from the 
east-west- trending Transverse Ranges on the north, to Baja California south of the Mexican 
border on the south. The northern Peninsular Ranges span from the offshore continental 
borderland on the west to the Coachella Valley on the east and they include the Los Angeles 
basin. The southern Peninsular Ranges span from the offshore continental borderland on the 
west to the Imperial Valley on the east (Jahns, 1954). 

The Peninsular ranges are characterized by a basement complex of igneous and metamorphic 
rocks that were intruded and locally altered by younger igneous rocks of the Southern California 
batholith2 during Cretaceous time, approximately 65 to 145 million years before present (Ma3). 
The pre-batholithic rocks vary in age from Middle Cretaceous to Paleozoic (approximately 100 to 
600 Ma). 

Individual faults of the Elsinore fault zone (EFZ) are the closest active faults to the LEAPS site. The 
EFZ is over 200 kilometers long and extends from the southern Imperial Valley northwards to the 
city of Chino where the fault splits into the Whittier and Chino faults. Portions of the EFZ have 
been designated as "active" (ground rupture during Holocene time4) by the State of California 
(Hart and Bryant, 1999). The "active" designation requires that additional fault investigation 
studies be performed for development sites so that inhabited structures are not placed on active 
fault traces. 

Figure 2-2 is a reproduction of a portion of the Geologic Map of California - Santa Ana Sheet 
(Morton 2004). 

                                                 
2 The term "batholith" refers to a very large regional  mass of intruded igneous rock. A batholith may be 
comprised of smaller individual "plutons" that represent discrete episodes of magmatic intrusion.  
3 "Ma" is Mega annum, or one million years.  
4 “Holocene” refers to the last  approximately 11,000 years.  
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SECTION 3.0  STUDY SCOPE 

As requested by the FERC in their June 15, 2018 letter, the objective of this Study Plan for the 
seismic hazard study is to describe the tasks that are needed to evaluate site-specific seismic 
hazards and to develop seismic design parameters to support the preliminary engineering phase 
of the LEAPS project.   

It is recognized that review and approval by the FERC of this Study Plan is required.  A Study Plan 
for Study 2 – Seismic Hazard Study and a Work Plan for Study 3 – Geotechnical Study must also 
be submitted to the State Division of Safety of Dams (DSOD) once the FERC license is approved, 
as DSOD approval is needed before any field work is started.  The TNHC is not planning to initiate 
any work that is described in this Study Plan before FERC issues the license for the subject project.   

The study will have the following specific objectives in accordance with USFS request for 
additional seismic hazard study through FERC letter dated June 15, 2018.  In addition, we also 
plan to undertake a deterministic seismic hazard analysis in conformance with FERC guidelines: 

1. Identify seismic sources along which future earthquakes are likely to occur;  

2. Characterize the activity, classification of faulting, maximum magnitudes, and recurrence 
interval for each identified fault;  

3. Identify whether a fault may be encountered beneath or adjacent to the dam, dike, 
penstock, and powerhouse and tailrace facilities, and assess the activity of the feature 
and, if active, the likelihood of effects from potential fault displacement and ground 
offset;  

4. Develop maps and information detailing the locations of faults and seismic sources zones 
with specific distance parameters to evaluate ground motion from each source; 

5. Collect historical seismicity data for the region;  

6. Determine the distance and orientation of each fault with respect to the proposed 
reservoir, underground project infrastructure, powerhouses, and switchyards;  

7. Estimate ground motion at the proposed dam, dike, reservoir, and penstock sites based 
on current probabilistic models;  

8. Evaluate the project infrastructure with regard to all seismic hazards including ground 
rupture and/or displacement, strong ground motion (and site-specific amplification 
factors), landslide/rockslide/slope instability, seismically induced settlement and 
liquefaction;  
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9. Prepare an assessment that evaluates the stability of the proposed design of project 
facilities under seismic loading events and addresses the potential for dam break or dike 
failure at full stage and effects to life, property, and resources downstream; and,  

10. Use an independent engineering technical review group to determine structural analysis 
and/or develop site-specific design criteria.  (GENTERRA and Mead &Hunt, the structural 
peer reviewer, interpreted this request as a request to provide independent structural 
peer review for seismic design criteria and parameters developed during the study). 

The seismic hazard study described in this study plan will involve the following activities: 

• Review and evaluate previous fault and seismicity data against current state-of-practice 
concerning establishment of recommended seismic design considerations that should be 
applied to individual components of the LEAPS project; 

• Update previous evaluations of seismic parameters for design of the surface and 
underground components of the project; 

• Establish seismic design criteria for the upper reservoir dam and appurtenances that will 
be subject to California DSOD jurisdiction in addition to FERC jurisdiction; 

• Review and evaluate previous fault rupture hazard analyses for the EFZ; 

• Perform field investigations to better establish fault rupture hazard posed by the Willard 
and Wildomar branches of the EFZ where they cross the planned tailrace and lake 
inlet/outlet structure; 

• Prepare technical memoranda; and, 

• Prepare draft and final study reports. 

The activities listed above are described in more detail in following sections. Some of the listed 
activities are general in nature and are not specific to individual project components. Other 
activities are specific to the location or component (e.g. design ground motion for dam design, 
design ground motion for underground infrastructure, surface fault rupture hazard for the 
tailrace and lake intake/outlet structure, etc.).  

3.1 TASK 1 - Review and Evaluate Existing Faulting and Seismicity Information 

Table 3-1 summarizes the major active faults in the region based on prior reports, along with 
approximate distances from the site (powerhouse location), geometry of slip along the rupture 
surface, fault length and maximum magnitude. As related to the larger fault zones, individual 
fault segments identified in the California Geological Survey (CGS) database (CGS, 2010) are 
listed.  The locations of these faults (except for blind thrust faults that do not reach ground 
surface) are shown on Figure 3-1, and the explanation to the map is shown on Figure 3-2.  These 
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faults are considered by the United States Geological Survey (USGS) and CGS to be capable of 
generating damaging earthquakes; although, the probability of a damaging earthquake occurring 
on any individual fault during the design lifetime of the project varies widely.   

Faults of the Temecula segment (this refers to the trace of Wildomar fault which is closer than 
Glen Ivy segment) of the EFZ are the closest active faults to the project site and are capable of 
generating seismic ground motions that will drive project design. The Willard and Wildomar faults 
are individual strands of the Temecula segment of the EFZ.  Other more distant faults listed in 
Table 3-1 are also capable of generating significant ground motion at the site, but it is the EFZ 
that will control owing to its close proximity.   

During the performance of Task 1, after obtaining approval of the Study Plan for Study 2, Table 
3-1 will be revised and updated as necessary to incorporate the latest information on these faults.  

3.2 TASK 2 – Geologic Studies 

3.2.1 Task 2.1 – Regional Fault Evaluation 

The results of Task 1 will be used in conjunction with current published information to compile 
information on the faults and seismic zones in the region that may affect the design and 
construction of key project components including the upper reservoir dam and appurtenances. 
For each significant fault, the style of faulting, maximum magnitude, recurrence intervals, slip 
rate, etc. will be documented. 

For seismic zones (including random sources), the extent of each zone, the maximum magnitude 
that can occur within each zone, and the recurrence relationship pertinent to each zone will be 
determined. 

The output from this task will be in the form of maps and tables that will be included in draft 
technical memoranda and the draft and final study report that will be produced under Task 8. 
The maps will display the geometry of the faults for the expected events, and geometry between 
the faults and key components of the project.  Similar to Table 3-1, the new tables generated in 
this task will identify the magnitude of events, the geometry of the faults and closest distance to 
each fault from key project components. 

 

 

 



STUDY PLAN FOR ADDITIONAL STUDY 2 – SEISMIC HAZARD STUDY 
LAKE ELSINORE ADVANCED PUMPED STORAGE PROJECT (LEAPS) 

FERC Project No. 14227  

 

 
411-NHC-LEAPS Study 2 Study Plan_090718 6 GENTERRA Consultants, Inc. 

3.2.2 Task 2.2 – Special Fault Studies – Willard Fault 

Two strands of the active Temecula segment of the EFZ, the Willard and the Wildomar faults, 
have been mapped in the project area (Weber 1977, Morton 2004) (as shown on Figure 3-3).  

Published literature indicates that the Willard fault as mapped by Weber may not be present in 
the project area. This conclusion is based on previous trenching across the projected traces of 
the Willard fault for an earlier development project that did not find evidence of faulting in the 
tailrace area (Maddox & Assoc., 2000).  Furthermore, if the Willard fault is present, it may not be 
active (D. M. Morton, personal communication in Maddox & Assoc. 2000). Hull (1990) mapped 
the faults of the Elsinore Trough as a part of his Ph.D. dissertation at the University of California, 
Santa Barbara. He also did a detailed study of microseismicity over an approximately ten year 
period immediately prior to 1990. In this study, Hull re-located all microseismic events over M 
1.5, and studied the focal plane mechanisms associated with each. He concluded among other 
things that the distribution of microseismicity does not support the presence of an active Willard 
fault in the project area. Nevertheless, both faults will be evaluated for location and recency of 
movement with respect to potential surface rupture hazard for the tailrace and the intake/outlet 
structure.  

A search of the California Geological Survey files as well as California Division of the State 
Architect (DSA) for fault investigation reports by private consultants in the project vicinity will be 
made. Aerial photos will be studied for evidence of faulting for the two fault zones. Based on 
these data, geophysical surveys will be performed both onshore and offshore.  Hydrographic 
surveys may be conducted offshore depending on the results of the offshore geophysical survey. 

Utilizing the above data and data from the proposed borings, fault investigation trenches will be 
excavated at locations selected to intercept the Willard fault trace, if it exists, in the tailrace area.  
Preliminary potential trench locations for the Willard fault are shown on Figures 4-5 and 5-1 of 
the Study 3 Work Plan.  These locations will be refined following the geologic reconnaissance, 
geophysical surveys and mapping stage planned in Study 3. 

Trenches will be excavated using a track mounted excavator capable of reaching a minimum 
depth of 25 feet.  Trenches will be excavated in accordance with California Occupational Safety 
and health (CalOSHA) trench requirements. Side slopes will be sloped and/or benched in 
accordance with CalOSHA requirements.  

Trenches will be geologically logged by an engineering geologist and samples of datable materials 
will be collected for age dating purposes, if present.  Age data will be supplemented with 
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evaluation of soil stratigraphy to enhance confidence in conclusions regarding age of faulting if 
evidence of faulting is found. 

Each trench will be photographed, and a vertical grid will be established on the trench walls to 
enable recording of the coordinates of features observed. Each trench will be surveyed by a 
California-licensed surveyor prior to backfilling. Certain trenches may be fenced and kept open 
for inspection by regulatory authorities, if required. 

3.2.3 Task 2.3 – Special Fault Study – Wildomar Fault 

The Wildomar fault is considered an active fault by the California Geological Survey. The fault has 
been classified as an active fault since 1980. The zone onshore is located south of Lake Elsinore 
northeast of Rome Hill, is parallel to Grand Avenue, and trends northwest beneath Lake Elsinore. 
At the tailrace and inlet/outlet structure, the fault has been mapped as lying a short distance 
offshore beneath the surface of the lake (as shown on Figure 3-3) (Morton 2004). 

Hull also studied the distribution of gravity anomalies in the Elsinore Trough, and concluded that 
the gravity data strongly support a very steep structural boundary on the southwest side of the 
trough approximately coincident with the northern end of the Wildomar fault as mapped by 
Weber, and a very steep structural boundary on the northeast side of the trough approximately 
coincident with the southern end of the Glen Ivy North fault (Hull 1990). The steepness of the 
gravity gradient on the southwest side of the lake is too great to be plausibly explained by erosion 
of the bedrock surface; therefore, a steep-dipping fault with large vertical displacement of the 
bedrock surface best explains the gravity data. 

Since this fault lies offshore, no trenching is planned. Instead, GENTERRA is planning to perform 
core drilling and Seismic Cone Penetration Tests (SCPTs) from a barge, as well as offshore seismic 
reflection surveying from a boat.  Please refer to Figure 5-1 of the Study 3 Work Plan for 
preliminary locations of planned field work.  The purpose of this work is to attempt to pinpoint 
the location of apparent subsurface offset, if any, of sediment horizons suggestive of faulting. 
The locations and methodology of the planned drilling and geophysics are described in the Study 
3 work plan. 

3.3 TASK 3 – Seismologic Studies 

The planned seismologic studies will conform to the following FERC guidelines: 

• Historical (felt intensity) as well as instrumental records of seismic activity in the region 
will be collected and evaluated.  The USGS (through the ANSS) maintains seismicity 
catalogs for all located events in regions of the USA.  



STUDY PLAN FOR ADDITIONAL STUDY 2 – SEISMIC HAZARD STUDY 
LAKE ELSINORE ADVANCED PUMPED STORAGE PROJECT (LEAPS) 

FERC Project No. 14227  

 

 
411-NHC-LEAPS Study 2 Study Plan_090718 8 GENTERRA Consultants, Inc. 

• The estimated maximum and minimum depths of events in the region will be determined 
from seismicity catalogs.  For historical seismicity, it will be assumed that the historical 
events had a similar depth range. 

• The probable style of faulting expected for the largest events used to determine design 
ground motion will be based on the instrumental records.  The style of faulting will be 
consistent with the overall currently-active seismotectonic regime. 

• For probabilistic studies, the rate of occurrence of earthquakes for particular magnitudes 
will be derived. 

Two fundamentally different approaches to evaluating earthquake ground motions for design of 
critical projects will be used: 1) the deterministic approach, and 2) the probabilistic approach.  
The deterministic approach generally consists of determining the maximum credible earthquake 
(MCE) magnitude that could occur on a particular active fault.  This is done using theoretical 
relationships between magnitude and fault rupture surface area, which is in turn related to the 
fault length and depth.  The MCE is generally assumed to occur on the fault at its closest approach 
to the site, but probabilistic approach will be made to determine the controlling fault for 
deterministic analysis.  Once the controlling fault is identified, ground shaking at the site is then 
determined using commonly-used attenuation relationships that relate earthquake magnitude 
with peak horizontal ground accelerations (PGA) at various distances from the source. 

The PGA at the site is influenced by the type of foundation material that is present in the 
subsurface.  If two sites lie at the same distance from an earthquake, and one is underlain by 
sound rock while the other is underlain by soft rock or soil, ground motions will likely be different 
at the two sites.  The presence of soft rock or soil to substantial depths may dampen the velocity 
of compressional waves, but it may amplify the amplitude of shear waves increasing the relative 
severity of ground shaking.  Certain attenuation relationships such as Next Generation 
Attenuation (NGA) relationships tend to incorporate these effects by including site specific shear 
wave velocity data, while others do not explicitly account for these site-specific damping and 
amplification effects.  Considering certain uncertainties in each attenuation relationship, it is 
standard practice to calculate the geometric mean of the PGA from three or four attenuation 
relationships to obtain the PGA at the site.  The deterministic approach does not address the 
relative probability of the MCE occurring during the project lifetime. 

The probabilistic approach, on the other hand, does not focus exclusively on determination of 
the MCE and resulting PGA at the site, but instead combines and weighs a number of different 
factors including the slip rate of the fault, the mean recurrence interval of rupture (RI), the 
rupture per event, the magnitude associated with the rupture, and the rupture rate (inverse of 
the RI). These factors are combined in a model that generates estimates of ground shaking 
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expressed as PGA at various probabilities of exceedance for various time intervals.  The 
probabilistic approach weighs site effects from more distant earthquakes that may be more likely 
to occur during a given time period, in addition to relatively unlikely events that may originate 
much closer to the site. In this approach, large nearby, but unlikely, events are not allowed to 
dominate the analysis. 

Some regulatory agencies rely more on the deterministic approach while others rely more on the 
probabilistic approach in setting design earthquake parameters.  For example, the California 
Division of Safety of Dams (DSOD) historically relied on the deterministic approach exclusively, 
but now DSOD employs a combined deterministic and probabilistic approach to establishing 
appropriate seismic design parameters in their reviews of jurisdictional dams.  The Federal Energy 
Regulatory Commission (FERC) guidelines currently require a deterministic as well as probabilistic 
approach to establishing seismic design parameters for critical structures. 

GENTERRA will apply both deterministic and probabilistic approaches for this phase of the LEAPS 
project.  Each is discussed in the following sections.  

3.4 TASK 4 – Deterministic Development of Earthquake Ground Motions 

The closest active fault to the LEAPS project is the Temecula segment (i.e. mapped trace of 
Wildomar fault which is closer than Glen Ivy segment) of the EFZ as discussed above.  Based on a 
preliminary assumption that the Willard fault is either not present, or if it is present it is inactive, 
the closest approach of the Temecula segment would then be the mapped trace of the Wildomar 
fault in the vicinity of the intake/outlet structure. 

A potential shortcoming of traditional deterministic approaches which do not consider near-
source directivity factors is that the calculated PGA for a site may not be valid when the site is 
very close to the causative fault.  For example, the attenuation relationships typically assume 
that the first seismic wave arrivals are horizontally oriented compressional (P) waves, which may 
be true for sites that lie at a distance from the seismogenic source, but it may not be true for very 
close sites such as LEAPS.  For close sites, so-called "near field" effects, such as simultaneous 
arrivals of both P-waves and shear waves, vertical accelerations and directivity of rupture can 
complicate the character of the ground motion producing damaging effects that might not be 
predicted using the traditional attenuation relationships alone.  In the seismic hazard analysis, 
GENTERRA will include near-source directivity factors proposed by Somerville et al. (1997) and 
Abrahamson (2000). 

Notwithstanding the complications caused by the close proximity of LEAPS to the EFZ, GENTERRA 
will employ the commercial computer program EZ-FRISK for Windows, Version 8 (Fugro 
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Consultants, 1999-2015) to perform deterministic as well as probabilistic seismic hazard analysis 
to estimate PGAs at the proposed dam and upper reservoir.  EZ-FRISK uses digitized information 
on faults and maximum earthquakes compiled by the United States Geological Society (USGS 
2008).  These results are only appropriate for providing a general indication of the PGA to be 
expected, and they may underestimate or overestimate the actual ground shaking associated 
with an MCE event.  These PGAs should not be relied upon for final design of critical components.  
More comprehensive site-specific evaluation of earthquake ground motions using site-specific 
shear wave data to be obtained from preliminary geotechnical investigation will be needed to 
support detailed design. 

Because most of the faults that might potentially affect the LEAPS project have high rates of slip, 
deterministic ground motion estimates require the use of 84th percentile (median plus one 
standard deviation) level criteria to define the ground motion that would be generated at the 
site in case of a tectonic rupture along these faults.  This approach is based on the Consequence 
Hazard Matrix of the DSOD which describes appropriate hazard levels for deterministic 
development of seismic criteria.   

GENTERRA will use the EZ-FRISK program to generate reasonable PGAs at key project component 
locations based on the median plus one standard deviation (also known as 84th percentile) 
ground motion spectral acceleration values using commonly-used Next Generation Attenuation 
(NGA) relationships (also known as NGA West 1 or NGA-W1) as well as the spectral acceleration 
values for other periods.   

The attenuation relationships that will be used for NGA West 1 are: 

• Abrahamson & Silva (2008) 

• Boore & Atkinson (2008) 

• Campbell & Bozorgnia (2008) 

• Chiou &Youngs (2008) 

GENTERRA will also use the latest attenuation relationships known as NGA West 2 or NGA-W2 to 
determine 84th percentile spectral acceleration values.  The attenuation relationships that will be 
used for NGA West 2 are: 

• Abrahamson & Silva (2014) 

• Boore & Atkinson (2014) 

• Campbell & Bozorgnia (2014) 

• Chiou &Youngs (2014) 
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In the seismic hazard study report, we will report the PGA for the subject project using the NGA-
W1 and NGA-W2 ground motion prediction equations. 

3.5 TASK 5 - Probabilistic Development of Earthquake Ground Motions 

For the preliminary design level probabilistic seismic hazard analysis, GENTERRA will use the EZ-
FRISK program to estimate the PGA at key project component locations, for an earthquake having 
10 percent probability of exceedance in a 50-year period (475 years return period), and for an 
earthquake having a 2 percent probability of exceedance in a 50-year time period (2475 years 
return period). 

Previous ground motion studies performed by GENTERRA for the LEAPS project using the 
probabilistic PGA estimates for an earthquake having a 2 percent probability of exceedance in 50 
years exceeded the PGA estimates using the deterministic approach.  This is an intuitively 
unrealistic result because the deterministic approach considers the PGA produced by the 
maximum earthquake event at the nearby active fault without consideration of probability of 
occurrence.  The deterministic PGA should therefore exceed probabilistic PGA estimates.  
Deaggregation of the probabilistic estimate in the previous study indicated that the EFZ 
contributes on the order of 90 percent of the probabilistic PGA.  The mean RIs for both the Glen 
Ivy and Temecula segments of the EFZ are much less than the standard 2,475 years return period 
associated with the 2 percent probability of exceedance during a 50-year time period; therefore, 
use of the standard probabilistic analysis approach for the 2 percent probability of exceedance 
in 50 years criterion may not be valid for the LEAPS site location.  Further discussions will be made 
with FERC and DSOD during this study to get their opinion to select the appropriate return period 
to be used during probabilistic seismic hazard analysis for the subject project. 

The planned probabilistic study will include consideration of alternative probabilistic approaches 
if probabilistic PGAs using the standard approach exceed PGAs using the deterministic approach.  
Discussions will be made with FERC and DSOD during this study to select the appropriate PGA 
value as well as the design spectrum for the project.  We may even have to develop a composite 
design spectrum by considering arias intensity and significant duration targets for one or more 
controlling faults. 

It should be noted that earthquake magnitudes, recurrence intervals, rupture rates and other key 
parameters for active faults are subject to ongoing refinement, and therefore will likely result in 
refinements to the parameters used in previous studies. 
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3.6 TASK 6 - Selection of Seismic Parameters for Pseudostatic Analysis 

The ground-motion parameter used in a pseudostatic analysis is referred to as the pseudostatic 
seismic coefficient.  The pseudostatic seismic coefficient is not equivalent to the peak horizontal 
ground acceleration value obtained either by using probabilistic or deterministic methods.  
Therefore, the PGA should not be used as a pseudostatic seismic coefficient in pseudostatic 
analyses.  The use of PGA as a pseudostatic seismic coefficient will usually result in overly 
conservative factor of safety. 

Based on GENTERRA’s experience, a pseudostatic coefficient of 0.25g (normally used maximum 
value in southern California) has been used previously for pseudostatic stability analyses.  Please 
note that this 0.25g is very close 1/3 of the anticipated average PGA (0.76g) which is used by 
some agencies as the pseudostatic coefficient in pseudostatic analyses.  During the proposed 
seismic hazard study, we will re-evaluate whether the pseudostatic coefficient of 0.25g is still 
appropriate for the LEAPS project. 

3.7 TASK 7 - Selection of Design Response Spectrum 

A Deterministic Seismic Hazard Analysis (DSHA) will be performed by computing the 5% damped 
response spectra using the Next Generation Attenuation (NGA) Ground Motion Prediction 
Equations (GMPEs) that incorporate hanging wall effects.  The median plus one standard 
deviation (also known as the 84th percentile) ground motion levels will be computed using 
detailed NGA GMPE parameters. To develop the design response spectrum, the average of the 
set of four NGA-W1 84th percentile spectra and the average of the four NGA-W2 84th percentile 
spectra will be computed for each fault scenario.  The design response spectrum will be based 
on the envelope of one or more nearby fault rupture scenario(s), using four NGA GMPEs at the 
84th percentile of ground motions, each equally weighted.  The 84th percentile Arias Intensity 
and Significant Duration targets will also be calculated with the GMPEs using the input 
parameters from the nearby fault rupture scenario(s).  The governing fault for spectral periods 
shorter that a specific value may be controlled by one particular fault rupture while the spectral 
periods longer that a specific value may be controlled by another nearby fault rupture.  

Three pairs of time histories will be developed for numerical analyses of the proposed dam 
embankment and other key design features.  Starting with the thousands of horizontal records 
in the PEER NGA-W2 database, the number of potential Seeds records for spectral matching will 
be reduced based on magnitude, distance, Peak Ground Acceleration (PGA), Spectral 
Acceleration (Sa), Arias intensity, azimuth, and significant duration.  Three pairs of horizontal 
records will be selected and will be spectrally matched to the envelope design response 
spectrum.   
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The seismic hazard study report will include the design response spectrum (envelope) as well as 
tables and figures for use in preliminary engineering analysis and design.   
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SECTION 4.0  STRUCTURAL PEER REVIEW 

4.1 TASK 7 – Coordination of Independent Structural Review 

The FERC requested that TNHC develop this seismic hazard study plan in consultation with the 
USFS and file it with the Commission, along with any USFS’s comments on the plan.  Separately, 
the USFS requested that an independent engineering technical review group determine 
structural analysis and/or develop site-specific design criteria. 

Accordingly, GENTERRA did arrange for independent structural review of the study plan for Study 
2 by an engineering firm (Mead & Hunt) with extensive experience in the structural design of 
hydropower projects. Their letter reporting the approval of the study plan is presented in 
Appendix A.  
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SECTION 5.0  REPORTING 

5.1 TASK 8 – Reports 

Reporting for Study 2 will include progress reports, technical memoranda, and draft and final 
study reports. 

5.1.1 Task 8.1 - Progress Reports 

Monthly progress reports will be prepared and submitted to TNHC. These reports will include 
narrative discussion of study progress, any changes to scope, accomplishments in the reporting 
month, cumulative accomplishments, budget expended both in the reporting month and 
cumulative, schedule status, planned activities in the next reporting period, and problems 
encountered, if any. 

5.1.2 Task 8.2 - Technical Memoranda 

Technical memoranda (TMs) will be prepared and submitted on an as-requested basis. TMs may 
be prepared to present partial findings, to justify scope changes, to provide advance notice of 
key issues for design and construction, and for other miscellaneous reasons. TMs will be prepared 
as drafts for client review. Following reconciliation of client comments, final TMS will be issued 
for regulatory review as appropriate. 

5.1.3 Task 8.3 - Draft and Final Study Reports 

At the conclusion of Study 2, a comprehensive draft report will be prepared.  The report will 
document all field investigations performed, all data gathered, and the results of all evaluations 
and analyses performed.  The report will present findings, conclusions and recommendations 
based on the results.  The report will include tables and figures presenting summaries of data and 
results of evaluations.  The report will be supplemented by appendices that will present data 
compilations, and that will address certain specific topics in greater detail.  Following review of 
the draft Study report, and reconciliation of comments received, a final study report will be 
produced.  The final study report will include a comment/response matrix as an appendix. 

5.1.4 Task 8.4 - Report of Independent Structural Review 

The selected structural engineering review team, Mead and Hunt, who performed an 
independent structural peer review of this Study Plan, will provide a separate report 
documenting their review of the Study Report.  This report will be included in the final study 
report as an appendix. 
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5.1.5 Task 8.5 - Response to Comments 

There will likely be several rounds of comments and responses including but not limited to: client 
comments, structural review comments, regulatory agency comments, and other stakeholder 
comments. GENTERRA will provide support to reconciling comments and preparing 
comments/response matrices, if and as requested. 
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Table 3-1 Summary of Regional Active Faults and Key Parameters 

Fault (Segment) Approx.  Distance1

Geometry2
Fault Length Slip Rate

(mm/yr) 

Maximum 
Earthquake3  

(Mw) Km. Mi. Km. Mi. 

Elsinore (Glen Ivy) 1.7 1.1 rl-ss 36 22.5 5.0 (6.8)3 
Elsinore (Temecula) 2.5 1.6 rl-ss 43 26.9 5.0 (6.8)3 
Chino-Central Ave. (Elsinore) 27.3 17.0 rl-r-o 28 17.5 1.0 6.7 
San Joaquin Hills 28.2 17.5 r,23SW 28 17.5 0.5 6.6 
Whittier 33.8 21.0 rl-r-o 38 23.8 2.5 6.8 
San Jacinto-San Jacinto Valley 38.2 23.7 rl-ss 43 26.9 12.0 6.9 
Newport-Inglewood (Offshore) 39.4 24.5 rl-ss 66 41.3 1.5 7.1 
San Jacinto-San Bernardino 43.6 27.1 rl-ss 36 22.5 12.0 6.7 
San Jacinto-Anza 43.7 27.2 rl-ss 91 56.9 12.0 7.2 
Elsinore (Julian) 44.6 27.7 rl-ss 76 47.5 5.0 7.1 
Newport-Inglewood (L.A. Basin) 51.1 31.8 rl-ss 66 41.3 1.0 7.1 
Puente Hills Blind Thrust 55.7 34.6 r,25N 44 27.5 0.7 7.1 
San Andreas – S.B.-Coachella M-1b-2 57.3 35.6 rl-ss 96 60 25.0 7.7 
San Andreas – S.B.-Coachella M-2b 57.3 35.6 rl-ss 96 60 25.0 7.7 
San Andreas - San Bernardino M-1 57.3 35.6 rl-ss 103 64.4 24.0 7.5 
San Andreas - Whole M-1a  57.3 35.6 rl-ss 103 64.4 24.0 8.0 

NOTES:  

1. Distance is from powerhouse location; results for other project component locations will differ. See text Section 3.2.2 for 
discussion of actual distance vs. distance in fault model; the Temecula segment is actually closer than the Glen Ivy segment.   

2. Geometry refers to sense of slip along fault rupture surface: rl-ss = right lateral strike slip; rl-r-o = right lateral-right-oblique; 
r,23SW = reverse, dips 23 degrees southwest. 

3. Data from CGS, 2002, updated data on EFZ available from WGCEP, 2006a,b. 
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August 31, 2018   
 
 
 
Joseph J. Kulikowski, PE, GE 
President, CEO & Sr. Principal Engineer  
GENTERRA Consultants, Inc. 
15375 Barranca Parkway, Building L 
Irvine, CA 92618 
 
Subject: Independent Structural Peer Review - RE: LEAPS Study 2 and Study 3 Work Plans 
 
Dear Mr. Kulikowski, 
 
As you requested, we have completed an independent structural review of the “Study Plan for Additional 
Study 2 – Seismic Hazard Study” and the “Work Plan for Additional Study 3 – Geotechnical Study” for the 
Lake Elsinore Advanced Pumped Storage Project. Both studies were prepared by GENTERRA 
Consultants, Inc. (GENTERRA) and the drafts for our review were dated August 3, 2018.  The purpose of 
these studies is to collect geotechnical and seismic design data to be used for the preliminary design of 
the Lake Elsinore Advanced Pumped Storage (LEAPS) Project. The geotechnical exploration scope 
includes a comprehensive array of field activities, including rock cores, packer testing, soil borings, 
geophysical surveys, test pits and trenches, piezometers, groundwater sampling/testing and other 
geotechnical exploration work. 
 
We understand that the Study 2 and Study 3 work plans will be implemented by GENTERRA after 
Federal Energy Regulatory (FERC) and California Division of Safety of Dams (DSOD) approvals. During 
the course of the preliminary design phase, the geotechnical data collected will be further processed to 
result in geotechnical recommendations and parameters necessary for structural design of various project 
features. Following the preliminary design phase, we understand that there will be an opportunity to 
perform additional geotechnical investigations and collect additional geotechnical data to support final 
design. 
 
Based on review of the work plans referenced above, it is our professional opinion that the level of 
geotechnical investigation and scope proposed in the Study 3 work plan, coupled with the seismic study 
proposed in the Study 2 work plan, will yield the appropriate geotechnical and seismic design data to be 
used as inputs for structural engineering at the Preliminary Design phase.  
 



Joseph J. Kulikowski  
August 31, 2018  
Page 2 
 
 
We appreciate the opportunity to assist in the LEAPS project. If you have any questions or require 
additional information, please contact me. 
 
Sincerely, 
 
MEAD & HUNT, Inc. 

 
Eric Love, PE, SE 
Structural Engineer & Project Manager 
 
cc: Soma Balachandran (GENTERRA Consultants, Inc.) 
 Nathan Rockwood, PE, SE (MEAD & HUNT, Inc.) 
 Grace Rose, PE (MEAD & HUNT, Inc.) 
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