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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
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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, S 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, Sws 1.500 g
MCE 1-second period Spectral Response Acceleration, Swm: 0.755¢g
Design Spectral Response Acceleration for short period, Sps 1.000 g
Design Spectral Response Acceleration for 1-second period, Sp1 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 84"
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
S 0.581 Cr1 1.056
Fa 1 0.08 F,/Fa 0.104
Fy 1.3 0.4 F/F, 0.520
Swms 1.500 To 0.101
Swm1 0.755 Ts 0.504
Sps 1.000 T. 8
Sp1 0.504

Copyright 2015 Converse Consultants
Converse Project No. 15-31-112-01 2



Carollo Engineers, Inc.
Existing 6-Million Gallon Reservoir, EOCWD
January 21, 2015

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 (Vsso) 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

29% in 50y P el . Site Specific . Site Specific
periog | Pbalistic | Mok | specira | Determimsic | SSe | MOE | “oosign | Desin
(EED) Acceleration Cr ABBEEMENTT | WICE RESDOrss Level, (9) Acceleration REEIEG Acceleration

© (9) Spectra, (9) @ Spectrum @
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.
Copyright 2015 Converse Consultants
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P American Geotechnical, Inc.

GEOTECHNICAL ENGINEERING / MATERIALS TESTING & INSPECTION

April 2, 2014 File No. 33615-01

Brady Engineering
3710 Ruffin Road
San Diego, CA 92123

Attention: Mr. Sean Sudol, Smarter Water Program Manager

Subject: GEOTECHNICAL AND SEISMIC HAZARD ASSESSMENT REPORT
Existing 6-Million Gallon Reservoir
East Orange County Water District
Handy Creek Road
Orange, California

References: See Appendix A

Dear Mr. Sudol:

In accordance with your request, American Geotechnical has completed a geotechnical investigation and
seismic hazard assessment for the existing 6-Million gallon reservoir site located on Handy Road in Orange,
California, as indicated on Plate 1. The purpose of this investigation was to evaluate the site geotechnical
conditions related to slope stability conditions, to identify potential geologic hazards associated with the
project site, and make recommendations for site improvements related to hillside stability and surface
drainage structures. Our findings, conclusions, and preliminary recommendations for earthwork and
foundations are presented below.

1.0 SCOPE OF WOR

The scope of the work performed during this investigation included the following:

¢ Review of engineering plans for construction of the reservoir;
e Review engineering and hydrogeology reports for the project site prepared by others;
¢ Performing a preliminary geologic reconnaissance of the site and vicinity;

e Dirilling and logging, using visual and tactile methods, four (4) soil borings;

22725 Old Canal Road, Yorba Linda, CA 92887 - (714) 685-3900 - FAX (714) 685-3909
2640 Financial Court, Suite A, San Diego, CA 92117 - (858) 450-4040 - FAX (858) 457-0814
3100 Fite Circle, Suite 103, Sacramento, CA 95827 - (916) 368-2088 - FAX (916) 368-2188
5600 Spring Mountain Road, Suite 201, Las Vegas, NV 89146 - (702) 562-5046 - FAX (702) 562-2457
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e Collection of undisturbed and bulk samples of representative materials encountered in the soil
borings;
o Performing laboratory testing of the selected soil samples;
e Performing engineering analyses of the field and laboratory data;
e Performing a geologic hazard assessment of the project site;
e Evaluation of groundwater conditions beneath the project site;
e Performing slope stability assessments of the existing slopes surrounding the reservoir; and,
e Preparation of this report summarizing our field investigation, laboratory testing, findings,

conclusions, and recommendations.

20  SITE DESCRIPTION

We understand that the project site (6 MG reservoir) was constructed along a northwest-southeast trending
ridgeline through a combination of excavation (cut) and placement of fill soils (fill) and is approximately 290
feet long, 165 feet wide, and approximately 16 to 17 feet deep. The reservoir is a side sloped concrete
structure lined with a flexible hypalon membrane (based on visual appearance approximately 40-45 mil
thick) with a perimeter masonry block wall supporting the existing roof. There is a perimeter asphalt
driveway surrounding the reservoir.

It is understood that the water district is evaluating replacement of the existing roof deck and has requested
evaluation of the stability of the hillsides surrounding the reservoir prior to proceeding with site
improvements.

3.0 SITE GEOLOGY

The project site is underlain by sedimentary deposits mapped by J.E. Shoellhamer and D.M. Kinney, R.F.
Yerkes, and J.G. Vedder (1954) as Eocene to Miocene age “ Undifferentiated Vasqueros Formation and
Sespe Formation” and Late Miocene age "La Vida Member of the Puente Formation®". The geologic map
prepared by Shoellhammer et. al. identify that the existing reservoir straddles the contact between the
Vasqueros/Sespe and La Vida/Puente sediments and they further define the contact as a "fault contact".
This map also identifies that the La Vida/Puente sediments are inclined (dip) to the north at angles ranging
from 21° to 29° (angle from horizontal).
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Subsequent geologic mapping by P.K. Morton and R.V. Miller (1981) also identifies that the site is
underlain by the “Undifferentiated Vasqueros/Sespe Formation” and the "La Vida Member of the Puente
Formation" and similarly identifies the contact between the Vasqueros/Sespe and La Vida/Puente
sediments as a "fault contact". This map also identifies that the La Vida/Puente sediments dip to the north

at an angle of 25° beneath the project site.

A subsequent geologic map prepared by D.M. Morton (2004) continues to depict that the site is underlain
by both the “Vasqueros/Sespe Formation” and the "La Vida Member of the Puente Formation"; however,
the contact between the two units is no longer identified as a "fault contact". Morton identifies that the La

Vida/Puente sediments dip to the north at an angle of 25° beneath the project site.

Geologic mapping of the project site during the site reconnaissance and during the geotechnical
investigation identified sediments on the easterly hillside cut slope and native sediments observed in the
soil borings as being consistent with the La Vida sediments, while the sediments west of the reservoir
property perimeter fence and the Cox Communication facilities were consistent with the Vasqueros/Sespe

sediments.

Prior grading for construction of the reservoir likely encountered both the Vasqueros/Sespe and La Vida
formations, and construction of the fill sediments around the reservoir currently masks the geologic contact.
In addition, the geologic contact between these units could not be observed or distinguished beyond the
reservoir property boundary due to the prior grading and existing soil horizon developed at the ground
surface. Based on the consistency of the native sediments encountered in the geotechnical soil borings,
as well as the previous soil borings advanced by GeoPentech, it is our opinion that the contact between the
Vasqueros/Sespe and La Vida/Puente formations exists along the eastern margin of the site beneath the

reservoir structure.

4.0 SUBSURFACE INVESTIGATION

Our subsurface investigation included advancing four (4) soil borings (AGSB-1 thru AGSB-4) at the project
site on February 10, 2014, at the approximate locations shown in Plate 2.
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The materials encountered in the soil borings consisted of approximately 10-feet (Boring AGSB-1) to 26-
feet (AGSB-3) of gray silty sand (fill soil) overlying native colluvium consisting of orange to yellow and gray
silty sand with some gravel. Native sediments consisting of dark gray silty sand (siltstone) of the La
Vida/Puente Formation were encountered beneath the fill soils and beneath the colluvium to the depth of
36.5 feet (limits of exploration) across the project site. Groundwater seepage was not encountered in the
soil borings, and regional high groundwater levels are reported to exceed 50-feet below the ground

surface.

The soil borings were logged by our field personnel using both visual and tactile methods. Detailed boring
logs are presented in Appendix B. Representative samples of the subsurface materials were collected
from all borings and forwarded to the laboratory for the purpose of estimating material properties for use in

subsequent engineering evaluations.

GeoPentech advanced soil borings along the southern area the project site in 2010 at approximate
locations depicted on Plate 3 to evaluate groundwater seepage conditions associated with a shallow
hillside slope failure. Their borings extended to depths of 51-feet below the ground surface and
encountered similar fill soil, colluvium, and light- to dark gray siltstone sediments identified as La
Vida/Puente Formation. Groundwater was not observed in the soil borings by GeoPetech personnel at the
time of drilling, and monitoring wells were constructed in each of the borings for long-term monitoring.
Information provided from East Orange County Water District personnel indicated that groundwater has not

been observed in these monitoring wells to date.

Five different geologic cross-sections (Sections A-A' thru E-E') were developed to depict the underlying fill
soil and bedrock conditions at the locations depicted on Plate 3. These cross-sections (see Plates 4 thru
6) were used to assist in selection of critical sections for the slope stability analyses (presented later in this

report).

The soil borings were backfilled with soil cuttings derived from the drilling activities to match the existing

surface conditions.
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5.0 LABORATORY TESTING

Laboratory testing was performed on samples collected during our field exploration. Samples were tested
for the purpose of estimating material properties for use in the subsequent engineering evaluation. Tests
included in-situ moisture and density, maximum density and optimum moisture content, gradation, direct

shear, and chemical testing. A summary of our laboratory test results is presented in Appendix C.
6.0 SEISMIC HAZARDS

The project site is situated within an area of southern California which is traversed by numerous active
faults capable of generating moderate to large magnitude earthquakes. The closest active fault to the
project site is the Whittier Fault located approximately 7.8 miles to the north. A summary of the local faults,
the distances to the project site, estimated maximum magnitude earthquake, and estimated ground
movement at the site resulting from an earthquake along each of these faults is included in Appendix D. A

summary of the nearby active faults is summarized in Table 1 below:

TABLE 1
SUMMARY OF FAULT CHARACTERIZATIONS AND DISTANCE FROM SITE
APPROXIMATE MAXIMUM
FAULT DISTANCE FROM EARTHQUAKE
SITE MAGNITUDE (Mw)
Whittier 7.8 miles Strike Slip 6.8
Elsinore-Glen lvy 8.8 miles Strike Slip 6.8
Chino-antraI Ave. 9.8 miles Strike Slip 6.7
(Elsinore)
Elysian Park Thrust 12.2 miles Thrust 6.7
Compton Thrust 14.1 miles Thrust 6.8
Newport Inglewood 15.3 miles Strike Slip 6.9
(L.A. Basin Segment)
Newport inglewood 15.8 miles Strike Slip 6.9

(Offshore Segment)
Note: Data derived from EQFault Analysis
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Seismic hazards for any site in southern California include primary hazards (ground rupture and ground
shaking) and secondary hazards (liquefaction, ground settlement, lurch cracking, lateral spreading, and

landslides). The primary and secondary hazards for the project site are addressed below:

Fault Rupture
Surface rupture occurs when movement along a fault breaks through to the ground surface. The

ground rupture almost always follows pre-existing faults, which are zones of weakness, and may
occur suddenly during an earthquake or slowly in the form of fault creep. Sudden displacements

are more damaging to structures because they are accompanied by ground shaking.

The project area is not located within an Alquist-Priolo Earthquake Fault Zone, and no active faults
are mapped to pass through the project site. However, previous geologic mapping has identified
the contact between the Vasqueros/Sespe and La Vida/Puente formations to be a "fault contact"
and this contact represents a zone of weaker soil conditions within the footprint of the reservoir. As
such, there is low to moderate risk of localized ground displacement (on the order of millimeters to
centimeters) adjacent to or beneath the reservoir structure as a result of a local large magnitude

earthquake.

Ground Shaking
The intensity of the seismic shaking or strong ground motion at the project site during an

earthquake depends on the distance between the project area and the epicenter of the earthquake,
the magnitude of the earthquake, and the geologic conditions underlying and surrounding the site.
Earthquakes occurring on faults closest to the project site would most likely generate the largest

ground motions within the project area.

The EQFault analysis (Appendix D) estimates that the degree of ground shaking reported as peak
ground acceleration (%Q) at the project site would be 0.316g. This data suggests that the project
site is at moderate risk of experiencing strong ground shaking for future earthquakes along the local
active faults. The EQFault analysis also indicates that the site could experience Intensity IX ground

shaking effects as described by the Modified Mercalli Intensity Scale.
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A regional probabilistic seismic hazard analysis was performed for the project site utilizing the
United States Geologic Survey Probabilistic Seismic Hazard Analysis procedures. This analysis
utilizes historic earthquake records combined with specified earthquake return periods for various
magnitude earthquakes on individual faults. The combined analysis results in an estimation of the
probability of any magnitude earthquake occurring during a given exposure period. Table 2

presents the findings of the probabilistic analysis:

TABLE 2
EARTHQUAKE PROBABILITY ANALYSIS RESULTS
SPECIFIED PROBABILITY OF AN EARTHQUAKE EQUAL TO
EARTHQUAKE OR GREATER THAN THE SPECIFIED
MAGNITUDE MAGNITUDE (X) OCCURRING WITHIN 50 YEARS
(Magnitude X) AND WITHIN 50 KILOMETERS OF PROJECT SITE
M=5 100%
M=6 60% to 80%
M=6.5 40% to 80%
M=7.0 15% to 40%
M=7.5 3% to 12%
M=8.0 0% to 1%

Further evaluation identified that the project site has a cumulative risk of ground motion originating
from an earthquake occurring on any given fault segment for any period of exposure. The analysis
indicated that the site has a 10 percent (10%) probability of experiencing or exceeding a ground
motion of 0.3g to 0.4g during a 50-year exposure period. This 10% in 50-year risk analysis is

consistent with the deterministic results derived from the EQFault analysis.

The probabilistic analysis further indicated that the site has a 2 percent (2%) probability of

experiencing or exceeding a ground motion of 0.5g to 0.6g for the same 50-year exposure period.

Liquefaction and Differential Compaction

Liquefaction is a phenomenon in which saturated granular sediments temporarily lose their shear
strength during periods of earthquake-induced strong ground shaking. The susceptibility of a site to
liguefaction is a function of the depth, density, and water content of the sediments and the
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magnitude of an earthquake. Saturated, unconsolidated silts, sands, silty sands, and gravels within
50 feet of the ground surface are most susceptible to liquefaction. Typical effects of liquefaction
include loss of bearing strength, lateral spreading, and settlement. Differential compaction occurs
when unsaturated, cohesionless soil is densified by earthquake vibrations, causing differential

settlement.

The sediments beneath the project site consist of compacted fill soils and dense silty sand deposits,
and the water table exceeds a depth of 50-feet below the ground surface; therefore, the project site

has a low susceptibility for liquefaction and differential compaction.

The project site is situated along an existing hillside cut slope; therefore, the project site has a low
to moderate susceptibility for lurch cracking, lateral spreading, or landslide activity during a strong

earthquake event.

The existing hillside fill slopes have been buried with a thick mantle of vegetation and tree
trimmings/debris resulting in a very soft and loose slope surface condition. In addition, there are
numerous gopher holes present throughout the hillside areas and there are no perimeter curbs or
surface drains on the existing paved perimeter road to intercept and reduce surface water runoff

from flowing directly over the hillside slopes.

A preliminary slope stability assessment was performed for the existing hillside fill slopes

surrounding the reservoir, and the findings are discussed in the following section of this report.

Tsunamis and Seiches

The project site is a reservoir site, therefore, the surrounding hillside slopes have a high
susceptibility for inundation from seiches (water leaving the reservoir through vents or by partial
wall/roof failure); however, given the great distance from the ocean and elevation of the ground

surface (approximately 790 feet msl) the susceptibility due to tsunamis is very low.
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7.0 SLOPE STABILITY ANALYSIS

A preliminary slope stability assessment was performed for the existing hillside slopes surrounding the
reservoir and two (2) cross-sections (Sections D-D' and E-E') were selected as "critical slopes” for further
assessment. Cross-section E-E' was separated into two distinct areas identified as: (1) "upper slope area"
(hillside slope from the reservoir to just above the entrance service road) and (2) "lower slope area" (hillside

slope from the entrance service road to the northerly property boundary) as depicted on Plate 7.
The slope stability analysis was performed on Sections D-D' and E-E' for the following conditions:

1) No groundwater present within 50 feet of the ground surface (dry soil-no leak conditions).

2) No groundwater present within 50 feet of the ground surface (dry soil-no leak conditions) under
seismic loading.

3) Groundwater present at or below the fill soil-native soil contact (long-term minor leak condition).

4) Groundwater present at or below the fill soil-native soil contact (long-term minor leak condition)
under seismic loading.

5) Groundwater present within the fill soils (moderate, long-term leak condition).

6) Groundwater present within the fill soils (moderate, long-term leak condition) under seismic
loading.

7) Groundwater present within the fill soils rising to near the ground surface (catastrophic severe
leak condition).

8) Groundwater present within the fill soils rising to near the ground surface (catastrophic severe

leak condition) under seismic loading.

The stability of the site based on the available information was analyzed using the GSTABL computer

program. The following shear strength parameters were utilized in our analyses:

Material Cohesion (psf
Fill Soil 0
Colluvium 0

Bedrock 400
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The soil shear strength parameters indicated above are based on direct shear test results presented in

Appendix C.

The input and output data of the slope stability analyses are presented in Appendix E. The results of the
stability analyses are also summarized in Table E1, Appendix E. As shown in Table E1, the preliminary
assessment identifies that Sections D-D', E-E' (upper), and E-E' (lower) have a factor-of-safety exceeding
1.5 under static dry fill soil (no leak conditions) and minor-leak conditions (where groundwater is confined

to at or below the fill/native soil contact region).

Section D-D' and Section E-E' (upper) have reduced factor-of-safety of 1.448 and 1.413, respectively,
under moderate leak, partially saturated conditions (groundwater rising half-way in the fill soils). However,
Section E-E' (lower) has a significantly reduced factor-of-safety of 0.667 under these same partially

saturated conditions.

Further reductions in the factor-of-safety under static, fully saturated conditions (groundwater rising in the
fill soils to near ground surface) occur in all cross-sections with Section D-D' reducing to 0.822, Section E-

E' (upper) reducing to 0.941, and Section E-E' (lower) reducing to 0.667.

These analyses identified that the lower portion of hillside slope for Section E-E (located from the entrance
road northward to the toe of the fill slope) has a factor-of-safety below 1.5 under static conditions with

moderate to severe leak conditions.

Further slope stability evaluation under seismic loaded (pseudostatic) conditions identified that the factor-
of-safety for Sections D-D', E-E' (upper) and E-E' (lower) remain above to 1.1 under dry fill soil conditions

(no leak) or minor-leak conditions (where groundwater is confined to the fill/native soil contact region).

As water is introduce into the fill soils the factor-of-safety under seismic loaded, partially saturated
conditions reduces to below 1.0 for all cross-sections evaluated. For moderate and severe leak conditions
(groundwater rising half-way in the fill soils or all the way to the ground surface), the factor-of-safety for

Section D-D' reduces to 0.978 and 0.560, respectively.
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Similarly, the factor-of-safety for Section E-E' (upper) reduces to 1.010 and 0.708 for moderate and severe
leak conditions, respectively. The factor-of-safety for Section E-E' (lower) reduces to 0.429 for both

moderate and severe leak conditions.
The pseudostatic analysis identified that the hillside slopes for Sections D-D' and E-E' have a factor-of-
safety below 1.0 under partially saturated conditions and appear unstable under moderate to severe

groundwater conditions.

8.0 CONCLUSIONS AND RECOMMENDATIONS

8.1 Slope Stability

Geotechnical exploration, analyses, experience, and judgment result in the conclusion that the existing
reservoir site is stable from a geotechnical and geologic perspective under the current site conditions. Our
investigation indicated that the site is underlain by fill over native colluvium and bedrock materials. No
groundwater was encountered up to the depths of our exploration. Assuming that the groundwater remains
at or below the contact between the fill and native, our slope stability analyses indicated more than the
required factor of safeties of 1.5 and 1.1 under static and seismic conditions, respectively. In other words,
the site slopes are stable under the current conditions or even under a minor leak in the water tank that

results in the groundwater rising up to the contact between the fill and native soils.

Further analyses indicate that the hillside slopes would have reduced factor-of-safeties if the ground water
rises above the contact between fill and native soils. A significant long-term leak in the tank can result in
saturation of soil around the tank and eventual perched groundwater conditions above the bedrock contact.
Under the scenario of this groundwater condition, the site slopes would have reduced factor of safeties with

the potential instability.

Various treatment options are available to improve the stability of site slopes. These options include re-
grading of the slopes with soil reinforcements such as geogrids. If desired, further site investigation and
analysis can be performed to provide detailed recommendations for such options. However, in our opinion,
monitoring site ground water conditions and performing preventive measures are more practical for the

site.
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We recommend that the groundwater conditions be monitored around the existing water tank, as a
minimum. Noting that the native sediments underlying the reservoir dip to the north, and that the two (2)
existing monitoring wells are situated "up dip" from the reservoir and may not detect water releases from
beneath the reservoir, it is recommended a minimum of two (2) additional monitoring wells be installed at
the site. The first monitoring well should be installed along the top of the easterly fill slope between
American Geotechnical soil borings AGSB-2 and AGSB-3 to monitor potential water level rise in the
underlying fill soils. The second monitoring well should be installed along the northerly fill slope just
upsiope from American Geotechnical soil boring AGSB-4. This monitoring well would be situated "down-
dip" of the reservoir and could be an early indicator of water release from the reservoir seeping into the
underlying native sediments (as well as the fill soils). It is suggested that the monitoring be performed at
least every three months. If shallow ground water conditions are detected, the tank should be checked for

any leaks along with other preventing measures.

We also recommend that the site drainage around the tank be improved to prevent water infiltration into the
fill mass and improve the site stability. The absence of an existing curb and surface water control along the
northern or southern perimeter road areas which surround the reservoir allows rain runoff to flow directly
onto the hillsides and into the underlying soils. Introduction of water into the fill soils results in a reduction
of the factor of safety for stability of the hillside fill slopes and should be avoided by runoff control and
drainage improvements. It is recommended that a perimeter curb be constructed along the entire top of fill
slope to intercept all rain runoff to a catch basin and into a discharge pipe which discharges the water away
from the hillside slope.

8.2 Seismic Considerations

A moderate to large earthquake (magnitude 5.5 or greater) could result in intense to severe ground shaking
at the site, and there is a potential for sympathetic movement (horizontal and/or vertical offset) on the order
of millimeters to centimeters to occur along the geologic contact/fault contact located beneath the reservoir
as a result of this ground motion. This differential movement along the geologic contact (potential lateral or
vertical propagation of reactivated or new fissures) could be partially mitigated if there was a layer of fill
soils beneath the reservoir concrete slab. However, details of the earthwork beneath the reservoir (such as
depth of over-excavation and compaction) are not known, and as such are considered to be less than 1-

foot thick (if any) and would provide minimal mitigation effects.
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The closest known active fault to the site is the offshore segment of the Whittier Fault, located
approximately 8.4 miles from the site. The following seismic parameters, based the 2013 Edition of the
California Building Code (CBC), Chapter 16, Section 1613, are provided below for consideration in the

design and analysis.

i, Site Class : C
2. Site Coefficients
° F. 1.0
. F, 1.3
3. Mapped spectral accelerations
. S; (for short periods) : 1.500
o S, (for 1-second period) : 0.581
4, Site adjusted spectral accelerations
o Sws (for short periods) ; 1.500
o Swm1 (for 1-second period) * 0.755
5. Design spectral accelerations
. Sps (for short periods) ; 1.000
. Sp1(for 1-second period) 5 0.504

It should be realized that the purpose of the seismic design/analysis utilizing the above parameters is to
safeguard against major structural failures and loss of life, but not to prevent damage altogether. Even if the
structural engineer provides designs in accordance with the applicable codes for seismic design, the
possibility of damage cannot be ruled out if moderate to strong shaking occurs as a result of a large
earthquake. This is the case for essentially all structures in southern California.
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8.3 Asphalt Pavement

The existing asphalt paving ranges from 1-inch to 2-inches of asphalt placed on less than 4-inches of
aggregate base (or placed directly on the fill soils) and is highly deteriorated and cracked which allows
water to percolate directly into the underlying fill soils. It is recommended that the perimeter access road
be removed and replaced with a proper pavement section with a minimum of 3-inches of asphalt over a

minimum of 6-inches of compacted aggregate base (based on the R-Value of 30 and Traffic Index of 5).

After removing the existing asphalt within the new pavement area, the upper 1 foot of subgrade soil shouid
be reworked, moisture conditioned, and compacted to a minimum of 90 percent of relative compaction.
The actual depth of recompaction can be determined by the project soil engineer at the time of construction
and based on the site condition. Prior to start of the subgrade compaction, all utility lines should be located
and marked in the field so that they can be protected and/or relocated, if necessary. All debris and
perishable material should be removed from the site.

After completion of recompaction of subgrade materials, an aggregate should be placed over the
reworked/compacted fill. The aggregate base is assumed to have a minimum R-value of 78 and should
conform to Caltrans Standard Specifications Section 26 or Green Book specifications (Section 200-2.2).
The base should be placed with a minimum compaction of 95 percent. In all new pavement areas,

adequate surface drainage should be provided.
8.4 Concrete

Laboratory testing indicated that the surface soil at the site has low levels of sulfates, and as such no
special sulfate resistant concrete mix design is required for any proposed concrete construction. However,
we recommend that low-permeable concrete be utilized at the site for better performance. For this purpose,
the water-to-cement ratio in the concrete should be limited to 0.5 (0.45 preferred). Use of utilizing Type V
cement is also preferred. Limited use of a water-reducing agent may be included to increase workability.
The concrete should be properly cured to minimize risk of shrinkage cracking. The code dictates at least
seven days of moist curing. Two to three weeks is preferred to minimize cracking. Special surface-applied
curing compounds can be used subject to acceptance by the design engineer. One-inch hard rock mixes

are recommended. Pea-gravel mixes are specifically not recommended but could be utilized for relatively
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non-critical improvements (e.g., flatwork) and other improvements, provided the mix designs consider
limiting shrinkage. Contractors/other designers should take care in all aspects of designing mixes,
detailing, placing, finishing, and curing concrete. The mix designers and contractor are advised to consider
all available steps to reduce cracking. The use of shrinkage compensating cement or fiber reinforcing
should be considered. Alternatively, the concrete mix can also incorporate W.R. Grace/Eclipse shrinkage
reducing admixture dosed for maximum benefit. Mix designs proposed by the contractor should be

considered subject to review by the project engineer.

8.5 Corrosion Potential

In addition to sulfate tests, Chloride, pH, and resistivity tests on near-surface site soil were performed.
Results of these tests are presented in Appendix C. Appropriate design considerations should be made to

reduce the risk of damage from corrosion.

9.0 REMARKS

Only a portion of subsurface conditions have been reviewed and evaluated. Conclusions,
recommendations, and other information contained in this report are based upon the assumption that
subsurface conditions do not vary appreciably between and adjacent to the observation points. Although

no significant variation is anticipated, it must be recognized that variations can occur.

This report has been prepared for the sole use and benefit of our client. The intent of this report is to
advise our client on geotechnical matters involving the proposed improvements. It should be understood
that the geotechnical consulting provided and the contents of this report are not perfect. Any errors or
omissions noted by any party reviewing this report and/or any other geotechnical aspect of the project
should be reported to this office in a timely fashion. The client is the only party intended by this office to
directly receive the advice. Subsequent use of this report can only be authorized by the client. Any

transferring of information or other directed use by the client should be considered "advice by the client."

Geotechnical engineering is characterized by uncertainty. Geotechnical engineering is often described as
an inexact science or art. Conclusions and recommendations presented herein are based upon the

evaluation of technical information gathered, experience, and professional judgment. The conclusions and
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recommendations presented should be considered "advice." Other consultants could arrive at different
conclusions and recommendations. Typically, "minimum" recommendations have been presented.
Although some risk will always remain, lower risk of future problems would usually result if more restrictive
criteria were adopted. Final decisions on matters presented are the responsibility of the client and/or the

governing agencies. No warranties in any respect are made as to the performance of the project.

Respectfully submitted,

AMERICAN GEOTECHNIC

Arumugam Alvappillai,
Principal Engineer
G.E. 2504

Chigf Engmeermg Geologlst / Hydrogeo!oglst
CEG 1:?38 CHG 32
Enclosures:  Plates 1-7 Lf-' VAN
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BORING LOG

Project Name: EOCWD Peters Canyon Facility 6MG Reservoir Fijle Number: 33615-01
Logging c.glick Drill Date(s) February 10, 2014
Boring Location: Southern Access Road, Approx. 40-feet Southwest of Existing Monitoring Well
Ground Elev. (ft): Total Depth (ft): 16'
Drill Company: _ J&H Drilling Drill Method: CME-75 Vertical Drop (in): __ 30"
Drive Weights: 140 1b. Boring Diameter (in): 8
Instrumentation Details:
9
- = BORING No. AG-SB-1
'Y
g g 8
-
0 E = c 2 o
& & E 3 = % LITHOLOGIC
s o 't ]
§ 8§ & 3 5 § DESCRIPTION
¢ 2 3 2 [
(=] - (-] (-] a =
— ol — .
1-1/2 Inch Asphalt/6-inch of Aggregate Base
GRAVELLY CLAY, olive-gray-brown, damp, dense (FILL)
SILTY SAND, gray, damp, dense with some gravel (FILL)
5!
24192
SPT 12/19/21
10°
43/28
SPT 40/50/5" SILTY SAND (SILTSTONE), gray, damp, dense (La Vida Formation)
moderate carbonate development
15"
33/50
Bottom of exploration 16-feet, no water in boring
20' -—

American
Geotechnical, Inc.



BORING LOG

Project Name: EOCWD Peters Canyon Facility 6MG Reservoir File Number: 33615-01
Logging c.glick Drill Date(s) February 10, 2014

Boring Location: Southwest Corner of Perimeter Access Road

Ground Elev. (ft): Total Depth (ft): 3r
Drill Company: _ J&H Drilling Drill Method: CME-75 Vertical Drop (in): __ 30"
Drive Weights: 140 1b. Boring Diameter (in): 8
Instrumentation Details:
9
. £ BORING No. AG-SB-2
p S 8
- 5 8§ o % %
> - - - O
0 £ -3 c 0
s 8 £ § 2 LITHOLOGIC
> ¢ 8 8 £ 5
§ 8 & 3z 5 3 DESCRIPTION
0 2 3 Cl [
a E o o a =
— o‘ —
1-Inch Asphalt
SILTY SAND, olive-gray, damp, dense with some gravel (FILL)
5'
23/30
SPT 14/20/23
10"
25/26
SPT 18/24/26
“15°
16/26
SILTY SAND, orange-gray, damp, dense (FILL)
SILTY SAND, olive, damp, dense with some gravel (FILL)
‘20" -
18/14

American
Geotechnical, Inc.



Project Name:

Logging

Boring Location:

c.glick

Ground Elev. (ft):

Drill Company: _ J&H Drilling

Drive Weights: 140 1b

& Depth (Feet)

- 25

30°

35"

40° -

mentation Details:

In-situ Samples

Bulk Samples
Blow Counts
Dry Unit Wt (PCF)

SPT 10/14/22

50/8"
SPT 50/6"

SF T 47/5(/4"

Moisture Content (%)

BORING LOG

EOCWD Peters Canyon Facility 6MG Reservoir File Number: 33615-01

Drill Date(s) February 10, 2014

Southwest Corner of Perimeter Access Road

Total Depth (ft):
Drill Method: CME-75 Vertical Drop (in): __ 30"

Boring Diameter (in):
BORING No. AG-SB-2 (continued)

LITHOLOGIC
DESCRIPTION

SILTY SAND, olive, damp, dense with some gravel (FILL)

SILTY SAND (SILTSTONE), olive-gray, damp, dense (La Vida Formation)

SILTY SAND (SILTSTONE), gray, damp, dense (La Vida Formation)

Bottom of exploration 31-feet, no water in boring

American
Geotechnical, Inc.

31



BORING LOG

Project Name: EOCWD Peters Canyon Facility 6MG Reservoir File Number: 33615-01
Logging c.glick Drill Date(s) Feb 10, 2014
Boring Location: Northwest Corner of Perimeter Access Road
Ground Elev. (ft): Total Depth (ft): 36.5'
Drill Company: _ J&H Drilling Drill Method: CME-75 Vertical Drop (in): __ 30"
Drive Weights: 1401b Boring Diameter (in): 8
mentation Details:
<
- BORING No. AG-SB-3
? S §
S " & E
e 2 9 2 . O
o £ - c 2 o
L 8§ E 3 T @ LITHOLOGIC
-~ 2 8 8 £ 5
§ 2 ¢ 3 3 F DESCRIPTION
0 2 3 S 2 o
a = [ [~ a =
— OI —
1-Inch Asphalt
SILTY SAND, olive-gray, damp to moist, dense with some gravel (FILL)
interbedded lenses of medium-grained sand
5'
25132
SPT 10/16/21
10’
16/25
SPT 20/20/25
“15'
15/30
SPT 12/20/26 SILTY SAND, orange-gray, moist, dense (FILL)
interbedded with lenses of olive-gray silty sand
‘20" - . .
SILTY SAND, olive, damp to moist, dense (FILL)
19/24

American
Geotechnical, Inc.



BORING LOG

Project Name: EOCWD Peters Canyon Facility 6MG Reservoir Fijle Number: 33615-01
Logging c.glick Drill Date(s) February 10, 2014
Boring Location: Northwest Corner of Perimeter Access Road
Ground Elev. (ft): Total Depth (ft): 36.5'
Drill Company: _ J&H Drilling Drill Method: CME-75 Vertical Drop (in): __ 30"
Drive Weights: 140 Ib. Boring Diameter (in): 8
Instrumentation Details:
- = BORING No. AG-SB-3 (continued)
o S &
9 " a ¢
s & ¢ 8 T B
0 £ a £ 2 ©
i 3 E 3 - o LITHOLOGIC
= o 't 3
§ £ ¢ 3 5 % DESCRIPTION
® £ 3 @& 2 %®
a = -] ] Q =
20' .
SILTY SAND, olive, damp, dense (FILL)
SPT 20/25/26 interbedded lenses of yellow sand and gray sand
25
13/16/2!
SPT 23/24/26
SAND, yellow and gray, damp, dense (COLLUVIUM)
mottled texture with some carbonate development
30"
SFT 21/22 27
18/23
SILTY SAND (SILTSTONE), gray, damp, dense (La Vida Formation)
35" '50
Bottom of exploration 36.5-feet, no water in boring
40" -

American
Geotechnical, Inc.



Project Name:

Logging

Boring Location:

c.glick

Ground Elev. (ft):

Drill Company: _ J&H Drilling

Drive Weights: 140 1b.

Instrumentation Details:

Depth (Feet)

|
Q
|

10°

15°

120"~

In-situ Samples

Ty
&
0
9 8 -
a € 2
£ 5
] 2 b+
n (%] |
x 3 32
5 ) [«
(] -] a
22/35

SPT 11/27/31

19/35

17/20
SPT 156/17/18

24/30

Moisture Content (%)

BORING LOG

EOCWD Peters Canyon Facility 6MG Reservoir Fijle Number: 33615-01

Drill Date(s) February 10, 2014

Northern Access Road

Total Depth (ft):
Drill Method: CME-75 Vertical Drop (in): __ 30"

Boring Diameter (in):
BORING No. AG-SB-4

LITHOLOGIC
DESCRIPTION

1-Inch Asphalt
SILTY SAND, mottled olive-gray and orange, moist, dense (FILL)

SILTY SAND, orange, damp, dense, some gravel (COLLUVIUM)

SILTY SAND, orange, damp, dense (COLLUVIUM)

SILTY SAND (SILTSTONE), dark gray, damp, dense (La Vida Formation)

American
Geotechnical, Inc.

22.5'



BORING LOG

Project Name: EOCWD Peters Canyon Facility 6MG Reservoir Fijle Number: 33615-01
Logging c.glick Drill Date(s) Februa 10, 2014
Boring Location: Northern Access Road
Ground Elev. (ft): Total Depth (ft): 22.5'
Drill Company: _ J&H Drilling Drill Method: _CME-75__ Vertical Drop (in): __ 30"
Drive Weights: 140 1b. Boring Diameter (in): 8
Instrumentation Details:
= = BORING No. AG-SB-4 (continued)
9 S o
2 . & £
e~ a 9 2 - o
o E -3 € 2 o
e 3 E 3 - o LITHOLOGIC
~ 2 8 8 ¥ 5
§ £ ¢ 3z 5 % DESCRIPTION
o 2 3 28 2
a = [ o a =
20" . .
SILTY SAND (SILTSTONE), dark gray, damp, dense (La Vida Formation)
SPT 16/19/24
Bottom of exploration 22.5-feet, no water in boring
25
“30°
" 35
.40! —

American
Geotechnical, Inc.



BIAmerican Geotechnical, Inc.

File No. 33615-01
April 2, 2014

APPENDIX C

Summary of Laboratory Testing
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BAmerican Geotechnical, Inc.

File No. 33615-01
April 2, 2014

APPENDIX D

EQFault and Probabilistic Ground Motion Data



eocwd

Thdhh vtk hhdhhdend

EQFAULT

*
*
%*
* version 3.00
*
%

'{.‘
%
%
*
*
k3
Ahhhdhhthhhhdhhhhrhdhdhdsd

DETERMINISTIC ESTIMATION OF
PEAK ACCELERATION FROM DIGITIZED FAULTS

JOB NUMBER: 33615-01
DATE: 02-21-2014

JOB NAME: EOCWD 6MG Reservoir
CALCULATION NAME: Test Run Ana1ysis
FAULT-DATA-FILE NAME: CDMGFLTE.DAT
SITE COORDINATES:

SITE LATITUDE: 33.7765

SITE LONGITUDE: 117.7552

SEARCH RADIUS: 100 mi

ATTENUATION RELATION: 15) cCampbell & Bozorgnia (1997 Rev.) - Soft Rock

UNCERTAINTY (M=Median, S=Sigma): M Number of Sigmas: 0.0
DISTANCE MEASURE: cdist

SCOND: 0

Basement Depth: 5.00 km Campbell SSR: 1 Campbell SHR: O

COMPUTE PEAK HORIZONTAL ACCELERATION
FAULT-DATA FILE USED: CDMGFLTE.DAT

MINIMUM DEPTH VALUE (km): 3.0

Page 1



eocwd

EQFAULT SUMMARY

DETERMINISTIC SITE PARAMETERS

Page 1

ABBREVIATED
FAULT NAME

WHITTIER
ELSINORE-GLEN IVY
CHINO-CENTRAL AVE.
ELYSIAN PARK THRUST
COMPTON THRUST
NEWPORT-INGLEWOOD (L.A.Basin)
NEWPORT-INGLEWOOD (Offshore)
SAN JOSE

ELSINORE-TEMECULA

CUCAMONGA

STIERRA MADRE

PALOS VERDES

RAYMOND

SAN JACINTO-SAN BERNARDINO
CLAMSHELL-SAWPIT

VERDUGO

SAN JACINTO-SAN JACINTO VALLEY
CORONADO BANK

HOLLYWOOD

(Elsinore)

SAN ANDREAS - Southern .
SAN ANDREAS - San Bernardino
SAN ANDREAS - Mojave

SAN ANDREAS
CLEGHORN
SANTA MONICA
NORTH FRONTAL FAULT ZONE (west)
SIERRA MADRE (San Fernando)

SAN GABRIEL

MALIBU COAST

SAN JACINTO-ANZA

ROSE CANYON

NORTHRIDGE (E. Oak Ridge)
ELSINORE-JULIAN

ANACAPA-DUME

SANTA SUSANA

PINTO MOUNTAIN

HOLSER

NORTH FRONTAL FAULT ZONE (East)
HELENDALE - S. LOCKHARDT

OAK RIDGE (Onshore)

1857 Rupture

APPROXIMATE
DISTANCE
mi Ckm)
7.8 12.
8.8 14.
9.8 15.

12.2 19.
4.1 22.
15.3  24.
15.8 25
20.1  32.
25.2  40.
25.8 41.
25.8  41.
26.2 42.
31.1  50.
32.6  52.
32.9  53.
34.1 54.
34.1 54.
36.5 58.
36.7  59.
38.5 61.
38.5 6l.
39.1 63.
39.1 63
40.6  65.
43.5 70.
45.7 73.
47.9 77.
48.1 77.
48.2 77
48.2 77
48.6  78.
50.5  8l1.
50.8  81.
57.0 91l.
57.8 93,
62.4 100.
62.7 100.
62.9 101.
65.3 105.
68.8 110.

o 00 H NOYOOYWWU

owNOoOVTA OYOW

NV

ESTIMATED MAX. EARTHQUAKE EVENT

MAXIMUM PEAK EST. SITE
EARTHQUAKE SITE INTENSITY
MAG. (Mw) ACCEL. g MOD.MERC.
6.8 0.316 IX
6.8 0.282 IX
6.7 0.287 IX
6.7 0.219 IX
6.8 0.193 VIII
6.9 0.166 VIII
6.9 0.159 VIII
6.5 0.095 VII
6.8 0.079 VII
7.0 0.094 VII
7.0 0.094 VII
7.1 0.096 VII
6.5 0.049 VI
6.7 0.051 VI
6.5 0.044 VI
6.7 0.049 VI
6.9 0.056 VI
7.4 0.078 VII
6.4 0.035 v
7.4 0.073 VII
7.3 0.067 VI
7.1 0.055 VI
7.8 0.099 VII
6.5 0.031 \'
6.6 0.031 v
7.0 0.039 \'
6.7 0.029 \Y
7.0 0.037 \Y
6.7 0.029 v
7.2 0.044 VI
6.9 0.034 \Y
6.9 0.031 \%
7.1 0.038 v
7.3 0.035 v
6.6 0.020 Iv
7.0 0.026 \Y
6.5 0.016 Iv
6.7 0.019 v
7.1 0.026 v
6.9 0.019 Iv



eocwd

DETERMINISTIC SITE PARAMETERS

Page 2
ESTIMATED MAX. EARTHQUAKE EVENT
APPROXIMATE
ABBREVIATED DISTANCE MAXIMUM PEAK EST. SITE
FAULT NAME mi (km) EARTHQUAKE SITE INTENSITY
MAG. (Mw) ACCEL. g MOD.MERC.
SIMI-SANTA ROSA 70.2 112. 6.7 0.016 Vv
SAN ANDREAS - Coachella 74.6 120. 7.1 0.021 v
SAN CAYETANO 74.6 120. 6.8 0.015 v
SAN JACINTO-COYOTE CREEK 75.0 120.7 6.8 0.016 Vv
LENWOOD-LOCKHART-OLD WOMAN SPRGS 75.7 121.9 7.3 0.025 \Y;
SAN ANDREAS - carrizo 77.1 124. 7.2 0.022 IV
EARTHQUAKE VALLEY 79.0 127. 6.5 0.012 ITI
BURNT MTN. 80.0 128.8 6.4 0.010 III
JOHNSON VALLEY (Northern) 80.5 129.6 6.7 0.013 ITII
LANDERS 81.4 131.0 7.3 0.023 v
EUREKA PEAK 81.8 131.7 6.4 0.010 III
SANTA YNEZ (East) 85.7 138. 7.0 0.016 IV
0AK RIDGE(BTind Thrust offshore) 86.4 139. 6.9 0.013 ITI
EMERSON So. - COPPER MTN. 87.3 140.5 6.9 0.014 iRY;
CHANNEL IS. THRUST (Eastern) 87.9 141.5 7.4 0.019 IV
VENTURA - PITAS POINT 89.1 143.4 6.8 0.012 III
GRAVEL HILLS - HARPER LAKE 89 4 143.8 6.9 0.014 ITI
CALICO - HIDALGO 93.3 150.2 7.1 0.015 IV
MONTALVO-OAK RIDGE TREND 93.3 150.2 6.6 0.009 ITI
GARLOCK (West) 93.9 151. 7.1 0.015 IV
M.RIDGE-ARROYO PARIDA-SANTA ANA 95.0 152.9 6.7 0 010 III
BLACKWATER 96.1 154.6 6.9 0 012 ITI
ELSINORE-COYOTE MOUNTAIN 97.7 157.3 6.8 0 011 ITI
PLEITO THRUST 97.7 157.3 7.2 0 014 IV
PISGAH-BULLION MTN.-MESQUITE LK 98.1 157.8 7.1 0 014 IV
SAN JACINTO - BORREGO 98.1 157.9 6.6 0 009 ITI
RED MOUNTAIN 98.7 158. 6.8 0 010 | III
hdhhhhfhkhhhhdhhtfh i ddehddd Jekdddh Akt hfhhdehd kbbb fhdehhhdshd chkfhhhtth

-END OF SEARCH- 67 FAULTS FOUND WITHIN THE SPECIFIED SEARCH RADIUS.

THE WHITTIER FAULT IS CLOSEST TO THE SITE.
IT IS ABOUT 7.8 MILES (12.5 km) AWAY

LARGEST MAXIMUM-EARTHQUAKE SITE ACCELERATION: 0.3162 ¢

Page 3



CALIFORNIA FAULT MAP

EOCWD 6MG Reservoir
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Acceleration (g)

MAXIMUM EARTHQUAKES
EOCWD 6MG Reservoir

T TTTTTI T Ay L I

o
N
I

T TTTTTI

I

.001 i IIiIIIIi t ||m|11‘ | 11||m||

A 1 10 100
Distance (mi)




EARTHQUAKE MAGNITUDES & DISTANCES
EOCWD 6MGQG Reservoir
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STRIKE-SLIP FAULTS

15) Campbell & Bozorgnia (1997 Rev.) - Soft Rock
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DIP-SLIP FAULTS

15) Campbell & Bozorgnia (1997 Rev.) - Soft Rock
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BL -THRUST FAULTS

15) Campbell & Bozorgnia (1997 Rev.) - Soft Rock
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BAmerican Geotechnical, Inc.

File No. 33615-01
April 2, 2014

APPENDIX E

Slope Stability Ana



F.N. 33615-01 East Orange County Water District
Peters Canyon Facility
Handy Creek Road Reservoir
Summary of Slope Stability Analyses

Factor-of-Safety Factor-of-Safety

Section Case # Description (Static) (Pseudostatic)
D-D' 1 No leak 1.532 1.105
D-D' 2 Minor leak 1.632 1.105
D-D' 3 Moderate leak 1.448 0.978
D-D' 4 Severe leak 0.822 0.560
E-E' 1 Lower bank - No leak 1.577 1.130
E-E' 2 Lower bank - Minor leak 1.577 1.130
E-E' 3 Lower bank - Moderate leak 0.667 0.429
E-E' 4 Lower bank - Severe leak 0.667 0.429
E-E' 1 Upper bank - No leak 1.642 1.194
E-E' 2 Upper bank - Minor leak 1.642 1.194
E-E' 3 Upper bank - Moderate leak 1.413 1.010
E-E' 4 Upper bank - Severe leak 0.941 0.708
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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

150 El Camino Real, Suite 212 <%= Tustin (® California ®) 92780
Telephones: (714) 412-2653 (% Facsimile: (714) 544-5553
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potential behavior of the faults to assume that a particular fault or fault sesgment 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:

A magnitude 7.5 earthquake on the Puente Hills thrust;

A magnitude 6.6 earthquake on the San Joaquin Hills thrust;
A magnitude 6.8 earthquake on the Whittier fault;

A magnitude 6.9 earthquake on the Newport-Inglewood fault;
A magnitude 6.8 earthquake on the Peralta Hills thrust.

genhE

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.

Maximum Approximate

Fault Name Fault Type| Length (km) | Slip Rate(mm/yr) | Magnitude | Recurrencelnterval

per CGS Earthquake (yrs)
Puente Hills Blind
Thrugt B 44 +/- 4 0.7 +/-0.4 75 2,750
Newport-1nglewood
(onshore) B 75 1+/-05 6.9 2,200-3,900
Whittier A 38+/-4 25+/-1 6.8 1,100
Peralta Hills B 10to 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

Municipal Water District of Orange County
Earthquake Vulnerability Study
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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, 3D,
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
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Figure 1. Regional fault map of the central Transverse Ranges and northern Peninsular Ranges. Principal Quaternary-age fauits
snown ana Peralta Hills fault located in southern area. PH = Peraita Hifls fauit. EM = El Modeno faulit.
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Photograph 1. View looking south at east wall of bulldozer

trench. Peraita Hills fauit at south end. Walt height is about 15 feet
(4.8m). Qswy = younger slopewash, Qswo = older slopewas

h. Qps = older paieosol, Tp = Puente Formation.

406









Tan, S. S., Miller, R. V., and Fife, D. L., 1982 (in press), Engineering
Geologic aspects of the north half of the El Toro Quadrangle, QOrange
County, California: Calif. Div. Mines Geol., spec. rpt.

Weber, F. H., 1977, Seismic hazards related to geologic factors,
Elsinore and Chino fault zones, northwestern Riverside County,
California: U. S. Geol. Survey, Open File Report 77-4LA, 96 p., 6 pls.

yeats, R. S., Clark, M. N., Keller, E. A., and Rockwell, T. K., 1981,
Active fault hazard in southern California: Ground rupture versus
seismic shaking: Geol. Soc. Americ. Bull., Pt. I, v. 92, p. 189-196.

Yeats, R. S., 1982, Low-shake faults of the Ventura Basin, California,
in Guidebook, Neotectonics in southern California: 78th annual
Meeting of the Cordilleran Section of the Geological Society of
America, p. 3-15.

Yerkes, R. F., 1957, Volcanic rocks of the El Modeno area, Orange
County, California: U. S. Geol. Survey, Prof. Paper 274-L, p.
313-334, 2 pls.

Yerkes, R. F., 1972, Geology and oil resources of the western Puente
Hills area, southern California: U. S. Geol. Survey, Prof. Paper
420-C, 63 p., 4 pls.

409





