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Photo B.1
Peters Canyon Reservoir Roof Looking South West

Photo B.2
Peters Canyon Reservoir Roof and North Wall
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Photo B.3
Peters Canyon Reservoir Roof Central Vent

Photo B.4
Peters Canyon Reservoir Typical Pilaster
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Photo B.5
Peters Canyon Reservoir CMU wall Vent and Zip-Rib Roof

Photo B.6
Peters Canyon Reservoir - Typical Roofing and Flashing
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Photo B.7
Peters Canyon Reservoir West Wall Looking South East

Photo B.8
Peters Canyon Reservoir Typical Purlin and brace at Perimeter Wall
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Photo B.9
Peters Canyon Reservoir Typical Brace Bottom Connection at Perimeter wall

Photo B.10
Peters Canyon Reservoir Typical Framing at Central Vent

20
-E

O
W

W
D

1-
15

P
ho

to
B

9&
10

-9
71

1A
00

.A
I

APPENDIX B

EAST ORANGE COUNTY WATER DISTRICT
CONDITION ASSESSMENT



Photo B.11
Peters Canyon Reservoir Purlin to Glulam Connection

Photo B.12
Peters Canyon Reservoir Interior Concrete Columns and Braces
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Photo B.13
Peters Canyon Reservoir Hypalon Liner

Photo B.14
Peters Canyon Reservoir Zip-Rib Interior Clip Connection
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Photo B.15
Peters Canyon Reservoir Typical Hanger Connection at Purlin

Photo B.16
Peters Canyon Reservoir South Wall Looking North-East
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Photo B.17
Peters Canyon Reservoir East Wall Looking North

Photo B.18
Vista Panorama Reservoir Wall Elevation with Evidence of Water Leak
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Converse Consultants 
Geotechnical Engineering, Environmental & Groundwater Science, Inspection & Testing Services 

 
 
 
January 21, 2015 
 
 
James A. Doering, P.E., S.E. 
Principal Structural Engineer 
Carollo Engineers, Inc. 
3150 Bristol Street, Suite 500 
Costa Mesa, California  92626 
 
 
Subject: GEOTECHNICAL REVIEW OF SLOPE STABILITY ANALYSIS AND 
 PROVIDING UPDATED SEISMIC DESIGN PARAMETERS 
 Existing 6-Million Gallon Reservoir 
 East Orange County Water District 
 Orange, California 
 Converse Project No. 15-31-112-01 
 
 
Dear Mr. Doering: 
 
In accordance with your request, Converse Consultants (Converse) has prepared this letter to 
provide our geotechnical review of slope stability analysis and provide updated seismic design 
parameters for the Geotechnical and Seismic Hazard Assessment Report by American 
Geotechnical, Inc.  
 
Based on our review of the April 2, 2014 Geotechnical and Seismic Hazard Assessment Report, 
the geotechnical recommendations presented in the referenced report with regards to slope 
stability analyses are acceptable. This slope stability analyses also seem to be in agreement 
with a previous Materials Report for Design Section 10 for State Routes 241 and 261, dated 
July 18, 1997. 
 
Our updated seismic design parameters, including fault modeling to account for the Peralta Hills 
Fault based on recent published information, are presented below.  The location of the Peralta 
Hills Fault with reference to the subject site is shown in Drawing No. 1, Project Site. 
 
CBC Seismic Design Parameters 
 
Seismic parameters based on the 2013 California Building Code are calculated using the United 
States Geological Survey U.S. Seismic Design Maps website application and the site 
coordinates (33.7765 degrees North Latitude, 117.7552 degrees West Longitude). The seismic 
parameters are presented in the table below. 
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Table No. 1, CBC Seismic Design Parameters 
Seismic Parameters 2013 CBC 

Site Class C 
Mapped Short period (0.2-sec) Spectral Response Acceleration, SS 1.500 g 
Mapped 1-second Spectral Response Acceleration, S1 0.581 g 
Site Coefficient (from Table 1613.5.3(1)), Fa 1.0 
Site Coefficient (from Table 1613.5.3(2)), Fv 1.3 
MCE 0.2-sec period Spectral Response Acceleration, SMS 1.500 g 
MCE 1-second period Spectral Response Acceleration, SM1 0.755 g 
Design Spectral Response Acceleration for short period, SDS 1.000 g 
Design Spectral Response Acceleration for 1-second period, SD1 0.504 g 
Seismic Design Category D 

Site-Specific Response Spectra 

The subject site is not located in a Seismic Hazard Zone, defined as a mapped California State 
Earthquake (previously Alquist-Priolo Earthquake Fault Zone), Liquefaction or Earthquake 
Induced Landslide zone per latest California Geologic Survey (CGS) state maps.  Based on 
2013 CBC Section 1616A.1.3, a site-specific ground motion analysis is not required  A site-
specific response spectrum was developed for the project for a Maximum Considered 
Earthquake (MCE), defined as a horizontal peak ground acceleration that has a 2 percent 
probability of being exceeded in 50 years (return period of approximately 2,475 years). 

In accordance with ASCE 7-10, Section 21.2 the site-specific response spectra can be taken as 
the lesser of the probabilistic maximum rotated component of MCE ground motion and the 84th 
percentile of deterministic maximum rotated component of MCE ground motion response 
spectra.  The design response spectra can be taken as 2/3 of site-specific MCE response 
spectra, but should not be lower than 80 percent of CBC general response spectra. The risk 
coefficient CR has been incorporated at each spectral response period for which the 
acceleration was computed in accordance with ASCE 7-10, Section 21.2.1.1. 

The 2013 CBC mapped acceleration parameters are provided in the following table.  These 
parameters were determined using the United States Geological Survey U.S. Seismic Design 
Maps website application, and in accordance with ASCE 7-10 Sections 11.4, 11.6, 11.8 and 
21.2. 

Table No. 2, 2013 CBC Mapped Acceleration Parameters 
Site Class C Seismic Design Category D 

Ss 1.500 CRS 1.028 
S1 0.581 CR1 1.056 
Fa 1 0.08 Fv/Fa 0.104 
Fv 1.3 0.4 Fv/Fa 0.520 

SMS 1.500 T0 0.101 
SM1 0.755 TS 0.504 
SDS 1.000 TL 8 
SD1 0.504 

Copyright 2015 Converse Consultants 
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A Site-Specific response analysis, using faults within 100 kilometers of the sites, was developed 
using the computer program EZ-FRISK by Risk Engineering (v. 7.62) and the 2008 USGS Fault 
Model database. Attenuation relationships proposed by Boore and Atkinson (2008), Campbell 
and Bozorgnia (2008), Chiou and Youngs (2008) were used in the analysis. These attenuation 
relationships are based on Next Generation Attenuation (NGA) project model.  Maximum 
rotated components were determined using Huang (2008) method.  An average shear wave 
velocity at upper 30 meters of soil profile (Vs30) of 550 meters per second, depth to bedrock of 
with a shear wave velocity 1,000 meters per second at 50 meters below grade, and depth of 
bedrock where the shear wave velocity is 2,500 meters per second at 3,000 meters below grade 
were selected for EZ-Frisk Analysis. 
 
The Peralta Hills fault, which is not found in the available seismic sources database of the EZ-
Frisk program, was modeled based on available reference materials from fault studies (Bryant 
and Fife) as well as USGS Quaternary Fault Google Earth (kmz) files. With the limited data 
available for the Peralta Hills Fault, horizontal and vertical geometry of the fault as well as 
deterministic magnitude, and dip orientation along with several other parameters were modeled 
into the EZ-Frisk seismic sources database to account for the Peralta Hills Fault as part of the 
site specific seismic design parameters analysis. 
 
Applicable response spectra data are presented in the table below and on Drawing No. 2, Site-
Specific Design Response Spectrum. These curves correspond to response values obtained 
from above attenuation relations for horizontal elastic single-degree-of-freedom systems with 
equivalent viscous damping of 5 percent of critical damping. 
 

Table No. 3, Site-Specific Response Spectrum Data 

Period 
(sec) 

2% in 50yr 
Probabilistic 

Spectral 
Acceleration 

(g) 

Risk 
Coefficient 

CR 

Probabilistic 
MCER 

Spectral 
Acceleration 

(g) 
 

84th Percentile 
Deterministic 

MCE Response 
Spectra, (g) 

Deterministic 
CBC Lower 
Level, (g) 

Site Specific 
MCER 

Spectral 
Acceleration 

(g) 

80% CBC 
Design 

Response 
Spectrum 

Site Specific 
Design  

Spectral 
Acceleration 

(g) 

0.03 0.739 1.028 0.760 1.021 0.860 0.760 0.463 0.506 
0.05 0.896 1.028 0.921 1.223 1.033 0.921 0.558 0.614 
0.10 1.332 1.028 1.369 1.764 1.465 1.369 0.797 0.913 
0.20 1.615 1.028 1.660 2.224 1.500 1.660 0.800 1.107 
0.30 1.528 1.032 1.576 2.120 1.500 1.576 0.800 1.051 
0.40 1.320 1.035 1.366 1.909 1.500 1.366 0.800 0.911 
0.50 1.144 1.039 1.188 1.654 1.500 1.188 0.800 0.800 
0.75 0.834 1.047 0.873 1.198 1.040 0.873 0.537 0.582 
1.00 0.646 1.056 0.682 0.891 0.780 0.682 0.403 0.455 
2.00 0.341 1.056 0.360 0.501 0.390 0.360 0.201 0.240 
3.00 0.229 1.056 0.242 0.417 0.260 0.242 0.134 0.161 
4.00 0.173 1.056 0.182 0.360 0.195 0.182 0.101 0.122 

 
Vertical acceleration at the site may be calculated using the ASCE 7-10, Section 12.4. 
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To:  Municipal Water District of Orange County 

P.O.Box 20895 
Fountain Valley, CA 92728 

 
Attention: MR. RICHARD B.BELL 
  Principal Engineer 
        &  MR. LEE A. JACOBI 
  Senior Engineer 
 
Subject: Five Earthquake Scenario Ground Motion Maps for Northern  Orange County 
 
 
Introduction and Purpose: 
 
At your request, and per your authorization, Earth Consultants International (ECI) has prepared this 
report summarizing five earthquake scenarios within the Municipal Water District of Orange 
County’s (MWDOC) service area in the northern part of Orange County. The five earthquakes that 
we modeled were selected in consultation with you, and include: the Peralta Hills fault, the Whittier 
fault, the Puente Hills fault, the San Joaquin Hills fault, and the Newport-Inglewood fault. The The 
purpose of our study was to calculate and map the strong ground motions that the five earthquakes 
would generate during a geologically determined plausible event.  This report presents the results of 
our study. 
 
Scope of Work: 
 
Specific tasks that we completed for this study are listed below: 
 

• We identified the known active faults with highest probability of movement in Orange 
County. 

• We reviewed published papers describing the five faults in the vicinity. These faults include 
the Peralta Hills Thrust, Puente Hills Thrust, Whittier, San Joaquin Hills thrust, and Newport-
Inglewood faults. 

• We developed a GIS-based ground motion modeling program based on a methodology, 
similar to that used by the U.S. Geological Survey (USGS), to calculate the level of shaking 
caused by a defined earthquake on each fault. These are deterministically generated 
computer maps of the Peak Ground Acceleration (PGA) and intensity of ground shaking 
expected in Orange County area from five different potential earthquakes that this area 
could experience. 

• We prepared this report summarizing our results. 
 
Earthquake Scenarios: 
 
Earthquake scenarios describe the expected ground motions and effects of specific hypothetical 
large earthquakes. To make the calculations, we rely on consensus-based information about the 
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potential behavior of the faults to assume that a particular fault or fault segment will rupture over a 
certain length. Once the size and location of the hypothetical earthquake are chosen, the ground 
motions at all locations in the region are estimated.  In the five cases used here, both larger and 
smaller earthquakes are possible, but we have chosen magnitudes that seem to best represent the 
fault’s average behavior. 
 
Please note that these earthquake scenarios are not earthquake predictions. That is, no one knows in 
advance when a future earthquake will occur, or how large it will be. However, if we make 
assumptions about the size and location of hypothetical future earthquake, we can make a 
reasonable prediction of the effects of the assumed earthquake when it occurs.  
 
We calculated the five earthquake scenarios that we consider as the most significant cases for the 
MWDOC’s Orange County service area. The scenarios that we chose are as follows: 
 

1) A magnitude 7.5 earthquake on the Puente Hills thrust;  
2) A magnitude 6.6 earthquake on the San Joaquin Hills thrust; 
3) A magnitude 6.8 earthquake on the Whittier fault; 
4) A magnitude 6.9 earthquake on the Newport-Inglewood fault; 
5) A magnitude 6.8 earthquake on the Peralta Hills thrust. 

 
Figure 1 shows the simplified fault map for Orange County. The Whittier and Newport Inglewood 
faults are thought to be near the end of their earthquake cycles and both faults extend through the 
study area, with the potential to cause significant damage in the area. The Puente Hills blind thrust 
is also important, because recent seismologic and geologic studies have revealed the danger of this 
system which directly beneath Los Angeles (Shaw and Shearer 1999, Dolan et. al 2003).  Parameters 
used for calculating the scenarios are summarized in Table 1.   
 

Fault Name 
 

Fault Type 
per CGS 

Length (km) 
 

Slip Rate (mm/yr) 
 

Maximum 
Magnitude 
Earthquake 

Approximate 
Recurrence Interval 

(yrs) 
Puente Hills Blind 
Thrust B 44 +/- 4 0.7 +/- 0.4 7.5 2,750 
Newport-Inglewood 
(onshore) B 75 1 +/- 0.5 6.9 2,200-3,900 
Whittier A 38 +/- 4 2.5 +/- 1 6.8  1,100 
Peralta Hills B 10 to 30 unknown, < 1 mm 6.8 unknown 
San Joaquin Hills B 28 +/- 3 0.5 +/- 0.2 6.6 1,600 - 3,100 
 
Estimating Ground Motions for Scenario Earthquake:  
 
To analyze ground shaking accelerations at these sites due to the selected scenario earthquakes, we 
employed deterministic analyses, using industry-standard software (EZ-FRISK by Risk Eng. Inc.). 
Deterministic analyses estimate the Horizontal Peak ground accelerations (PGA) that can be 
expected at a site due to earthquake rupture of the selected fault, attenuated by distance from the 
fault and the geologic conditions of the site. Because of the large area, we performed our analysis in 
2.5 km grid nodes, then used a contouring program to generate the final maps. The parameters 
selected for display in the maps are PGA and instrumental intensity, which correlate well with 
damage and is also a convention that users are familiar with. This deterministic PGA analysis 
accounts for the effects of earthquake magnitude and distance, and the physical properties of the 
sediment underlying the each grid location. Our method is similar to that used by the USGS where 
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ground motions are estimated using an empirical attenuation relationship.EZ-FRISK incorporates 
fault parameters provided by the California Geological Survey (CGS). For creating the scenario maps 
we used the attenuation relationship of Boore et al. (1997) for calculating peak ground acceleration 
for bedrock. Local soil characteristics are coming from the WRMS documentation (2000). We then 
correct the amplitude at each location with the amplitude and frequency-dependent factors 
determined by Borcherdt (1994). The amplification correction used is based on the Quaternary, 
Tertiary, Mesozoic (“QTM”) geological classification of Park and Ellrick (1998). These categories 
can be considered to represent soil, soft rock, and hard rock, respectively, and hence they provide a 
very simple but effective way to assign amplification factors on a large scale. To obtain site 
amplification factors based on these QTM categories, we used the mean shear-wave velocities 
assigned to each unit, and then applied the frequency and amplitude-dependent amplification 
factors determined by Borcherdt (1994) based on these velocities. 
 
For each scenario earthquakes we have prepared two maps, one showing the peak ground 
acceleration and one showing the shaking intensity away from the fault.  On the right hand side in 
each set of figures, the ocation of the fault is also represented. Calculated ground acceleration 
results from these scenario earthquakes are shown on Figures 2 through 6. Figures 2a, 3a, etc. show 
the anticipated seismic intensities as a result of the earthquake scenarios, whereas Figures 2b, 3b, 
etc. show the peak ground accelerations expected in the area. 

The approach used in this study is only approximate in that it shows the average ground motion 
effect for producing the scenario shake maps. Fault location is accounted for in the present method, 
but the direction of rupture was not taken into account. The methodology gives average peak 
ground motion values so it does not account for all the expected variability in motions other than 
the site amplification variations. Following the USGS earthquake scenario methodology, the way of 
including the site amplification in the current study is conservative. However, these simple 
geological classifications are available for the whole Orange County area, and considering the 2.5 
km grid size used, are probably accurate enough for the purpose of the analysis. A compilation of 
more localized (and better constrained) site corrections based on either shallow soil velocity profiles 
or mainshock / aftershock studies may improve the results. However, such data are not uniformly 
available.  

Actual strong ground motions depend largely on the local site effects, show significant variability for 
a given distance, magnitude, and site condition and, hence, the scenario ground motions are more 
uniform than would be expected for an actual earthquake. The true variations are partially 
attributable to three-dimensional (3D) wave propagation, path effects (such as basin edge 
amplification and focusing), differences in motions among earthquakes of the same magnitude, and 
complex site effects not accounted for by the present method.  A complete modeling of a scenario 
earthquake to incorporate all of these factors is a very labor and data intensive effort, and well 
beyond the stated needs of this project. 

 
 
We appreciate the opportunity to work with Municipal Water District of Orange County, and we 
trust that the information provided herein provides you with the information you need at this time.  
Should you have any questions regarding this report, please do not hesitate to contact either of us. 
 
Respectfully submitted on behalf of  
EARTH CONSULTANTS INTERNATIONAL,  
Registered Geologists and Certified Engineering Geologists in the State of California 
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Eldon Gath, CEG 1292  Engin D. Gurler, Ph.D. 
President/Senior Consultant  Project Consultant 
(714) 412-2653  (714) 412-0641 
gath@earthconsultants.com  gurler@earthconsultants.com   
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