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DB5 — PHOENIX LAKE DAM & RESERVIOR
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MARIN COUNTY, CALIFORNIA

I INTRODUCTION

This report presents the results of our preliminary geotechnical evaluation for Detention Basin 5
(Phoenix Lake Dam and Reservoir) as part of the Watershed Flood Damage Reduction and Creek
Management Study, Marin County, California. The location of the project site is shown on Figure
1, Site Location Map. This report is intended for the exclusive use of Marin County Flood Control
and Water Conservation District, Stetson Engineers and their consultants on this project. No other
use is authorized without the express written consent of Miller Pacific Engineering Group. The
purpose of our current services is to review available data, evaluate geologic and geotechnical
conditions, and provide our opinion regarding the feasibility of using of Phoenix Lake as a flood
control reservoir.

In accordance with our agreement dated January 5, 2010, the scope of our geotechnical services
includes the following:

° Review of geologic and geotechnical data available from the design team and local
government sources (County of Marin, Marin Municipal Water District, local city files and
Division of Safety of Dams (DSOD)), as well as, review of published USGS and state
geologic data, and relative Miller Pacific Engineering Group reference data,

. Site reconnaissance to observe the site conditions, project features, constraints and site
access. Examination of the slopes and general reservoir area for existing landslides, rock
outcrops, structure and stratigraphy,

° Air photo examination for evaluation of geologic surface features suggestive of instability,
faulting or shear zones,

. Review topographic mapping provided by the design team,

. Attendance at project meetings to consult with project team regarding project status,
detention basin storage capacity, drawdown rates and reservoir levels,

° Opinion of rim slope stability associated with use of the reservoir as a detention basin during
flood events,

. Consult with DSOD regarding design requirements and determine probabilistic ground
1
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shaking accelerations at the project site for use in pseudo-static slope stability,

. Develop a model of the dam from information available in the project files and from the
previous geotechnical exploration and laboratory testing performed at the site. This may
include some estimated soil properties based on the soil type and construction practices,

. Perform preliminary static and pseudo-static stability analyses using a cross-section near the
center of the dam. We will evaluate dam stability for various reservoir levels, sudden
drawdown conditions and potential seismic deformations using procedures published by
Bray and Travasarou, and

. Prepare technical memorandum describing the geologic and geotechnical evaluation, site
seismicity, dam stability and geotechnical feasibility of using Phoenix Lake as a flood control
reservoir.

Our current scope of services did not include any subsurface exploration or laboratory testing.
Theses services may be performed as part of a more detailed investigation and design of the flood
control improvements at Phoenix Lake Dam.
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I. PROJECT DESCRIPTION

Phoenix Lake is a recreational reservoir in southern Marin County owner by Marin Municipal Water
District. We understand the Marin County Flood Control and Water Conservation District would
like to utilize this reservoir for short term storage of storm water to aid in flood management of
Corte Madera and San Anselmo Creek. Phoenix Lake Dam is an earth fill dam constructed in
1907 utilizing the construction techniques of that time. From the early 1900’s until the late 1960’s
the reservoir water level was maintained at approximately elevation +180 feet'. The dam was
retrofitted in the late 1960’'s to improve performance during future seismic events. The existing
Phoenix Dam is approximately 94-feet in height (crest elevation 189-feet), 350-feet in length and
has a crest width of approximately 22-feet with slopes varying between approximately 1.5:1
(horizontal:vertical) to 3:1.

As part of the retrofit work performed in the 1960’s, the spillway elevation was lowered to elevation
+ 174-feet. The purpose of this study is to evaluate the potential to temporarily increase the water
level for storm water storage. In consultation with the project team, we have evaluated the
potential for temporary increases in the reservoir level to elevations of +180 and +184 to allow
greater water storage during significant rain events to reduce the potential for flooding of
downstream properties.

! All elevations given in this report are relative to the NGVD29 datum.
3
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M. REFERENCE DATA

We reviewed various geotechnical reports and data on file at the Division of Safety of Dams
(DSOD) that have been performed regarding Phoenix Lake Dam. The relevant reports reviewed
are listed below:

. Dames & Moore “Stability Evaluation Phoenix Lake Dam,” October 1959,

. Leeds, Hill & Jewett, Inc., “Methods of Strengthening Phoenix Lake Dam,” March 1966,

. Marin Municipal Water District, “Specifications for the Rehabilitation of Phoenix Lake Dam,”
Undated (19687?),

. Earth Sciences Associates, “1977-78 Evaluation of Seismic Stability Phoenix Lake Dam,”
March 1978,

. Marin Municipal Water District, “Phoenix Dam Spillway Seismic Analysis,” March 1980,

o Division of Safety of Dams, Department of Water Resources, “Phase 1 Inspection Report for
Phoenix Lake Dam,” May 1981, and

. Earth Sciences Associates, “Phoenix Lake Spillway Reconstruction Geotechnical Report,”
February 1984.

The Dames & Moore (1959), Leeds, Hill & Jewett, Inc. (1966), and Earth Sciences Associates
(1978) reports analyzed various stability conditions of Phoenix Dam including seismic and rapid
drawdown conditions. The remaining reference reports included design specifications, seismic
analysis of the spillway structure, DSOD inspection report, geotechnical report for the spillway
structure reconstruction, and various general correspondences. The three pertinent geotechnical
analysis reports are outlined below:

Dames & Moore — The 1959 report was issued prior to the retrofit of Phoenix Dam. Dames &
Moore analyzed seismic conditions utilizing a seismic load of “10% gravity”, or 0.10 g, and rapid
drawdown conditions (completely draining the reservoir) on both the upstream and downstream
slopes. Based on the results of the slope stability analyses, Dames & Moore concluded the
downstream seismic and static factors of safety were 1.2 and were “adequate”. Additionally,
Dames & Moore concluded the computed upstream factor of safety of 1.15 during rapid drawdown
was “not high” and the drawdown of the dam should be controlled.

Leeds, Hill, & Jewett — The 1966 report prepared by Leeds, Hill, & Jewett, Inc. (LHJ) provided
Marin Municipal Water District (MMWD) with three conceptual options to retrofit the existing dam
to strengthen the dam. The conceptual plans included:

Plan |-  Repair Plan | was originally developed by MMWD that included flattening the slopes by
4
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adding an impervious “blanket” on the upstream bank, buttressing the downstream
side with a semi-impervious material on the downstream bank, constructing a new
outlet tunnel, and extending the existing spillway.

Plan Il— Repair Plan 1l included flattening the upstream bank by excavation, flattening the
downstream bank by filling, construction of a hydraulically operated gate controlled
inlet, and the construction of a new spillway.

Plan Ill = Repair Plan IIl included flattening the upstream bank by adding an impervious
“blanket”, constructing a drain on the downstream toe of the dam, and constructing an
earth buttress on the downstream toe to confine the drain and provide additional
support.

Leeds, Hill, & Jewett performed seismic slope stability analyzes utilizing a peak ground
acceleration (PGA) of 0.15 g on two of the conceptual plans (Plans Il and IlI), LHJ did not analyze
Plan | due to the relatively high costs of implementing Plan I. The results of the stability analyses
performed on Plan Il indicate the upstream and downstream factors of safety were approximately
1.70 and 1.20, respectively. LHJ concluded the factors of safety for Plan Il indicated “ample
stability”. The results of the stability analyses for Plan Il indicated the upstream factor of safety
was approximately 1.25 and downstream factor of safety was lower. However, LHJ concluded
that the downstream results were “not believed valid” due to the implementation of a drain at the
toe of the dam and the placement of impervious blanket on the upstream slope. They concluded
the phreatic surface would be “significantly lowered” with Plan Il and therefore would “be much
more effective in stabilizing the existing stratified, somewhat pervious dam than simply by the
addition of a pervious stabilizing fill downstream only, as in Plan II”. Therefore, LHJ ultimately
recommended that MMWD construct Plan Il and based on the current configuration of the
Phoenix Dam it appears that Plan Il was designed and constructed.

Earth Sciences Associates — The report prepared by Earth Sciences Associates (ESA) was
performed after Phoenix Dam was retrofitted as described in the report issued by LHJ (Plan III).
ESA performed a SHAKE analysis utilizing a design earthquake event of the San Andreas Fault
rupturing with magnitude 8.4. The results of ESA’'s SHAKE analyses provided the predicted
seismic acceleration throughout the height to the dam (0.56 g at the base to 1.0+ g at the crest).
These accelerations were utilized to conservatively estimate the potential upslope deformation
during the design seismic event and concluded a potential crest settlement of 5.3-feet and down
slope movement of 11-feet.
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V. SITE CONDITIONS

A. Regional and Local Geology

The site is located within the Coast Range Geomorphic Province of California. The regional
bedrock geology mostly consists of complexly folded, faulted, sheared, and altered sedimentary,
igneous, and metamorphic rock of the Jurassic-Cretaceous age (65-190 million years ago)
Franciscan Complex. The Franciscan is characterized by a diverse assemblage of greenstone,
sandstone, shale, chert, and mélange, with lesser amounts of conglomerate, calc-silicate rock,
schist and other metamorphic rocks.

The regional topography is characterized by northwest-southeast trending mountain ridges and
intervening valleys that were formed by compressive movement between the North American and
the Pacific Plates. Continued deformation and erosion during the late Tertiary and Quaternary
Age (the last several million years) formed the prominent coastal ridges and the inland depression
that is now the San Francisco Bay. The more recent seismic activity within the Coast Range
Geomorphic Province is concentrated along the San Andreas Fault zone, a complex group of
generally north to northwest trending faults.

Additional geologic mapping was performed by Earth Sciences Associates (1978) and indicate
Phoenix Lake is predominately surrounded by greywacke sandstone. Minor inclusions of
serpentinite, chert, and greenstone are mapped within the greywacke. The drainage swales
surrounding Phoenix Lake contain colluvial and alluvial deposits. The mapping also indicates
three landslides are located on the surrounding rim of Phoenix Lake. The largest mapped
landslide is located on the northwestern tip of Phoenix Lake. A Site Geology Map is presented on
Figure 2.

B. Seismicity

1. Active Faults in the Region — The project property is located within the seismically active
California Coast region and will therefore experience the effects of future earthquakes. Such
earthquakes could occur on any of several active faults within the region. The California
Geological Survey (CGS)—formerly California Division of Mines and Geology (2000)-has
mapped various active and inactive faults in the region. Active faults are defined by the CGS
as those that show evidence of movement in the past 11,000 years and have reported slip
rates of >0.1 mm/year.

Based on the CGS information (1999) there are no known active faults passing through or in

the immediate proximity of the property. The closest known active fault is the San Andreas

Fault, which is located about 6.4 miles (10.3 kilometers) to the west. The locations of the
6
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active faults relative to the project site are shown on Figure 3.

2. Historical Fault Activity - Numerous earthquakes have occurred in the region within historical
times. The results of our computer database search indicate that 70 earthquakes (Richter
Magnitude 5.0 or larger) have occurred within 100 kilometers (62 miles) of the site between
1735 and 2010. Significant earthquakes to affect the project site are summarized in Table A.

TABLE A
SIGNIFICANT EARTHQUAKE ACTIVITY
PHOENIX LAKE DAM
ROSS, CALIFORNIA

Epicenter
(Latitude, Longitude)  Magnitude Fault Year Distance
37.80, -122.20 6.8 Hayward 1836 37 km
37.60, -122.40 7.0 San Andreas 1838 42 km
37.70, -122.10 6.8 Hayward 1868 50 km
38.20, -122.40 6.2 Rodgers Creek 1898 31 km
37.70, -122.50 8.2 San Andreas 1906 29 km
Post Construction
37.67,-122.48 53 San Andreas 1957 32 km
38.46, -122.69 5.7 Hayward 1969 56 km
37.85, -121.82 5.8 San Gregorio 1980 67 km
37.43, -121.77 5.6 Calaveras 2007 91 km

Reference: USGS (2010)

Probability of Future Earthquakes — The historical records do not directly indicate either the
maximum credible earthquake or the probability of such a future event. To evaluate earthquake
probability in this region, the USGS has assembled a group of researchers into the “Working
Group on California Earthquake Probabilities” to estimate the probabilities of earthquakes on
active faults. Potential sources were analyzed considering fault geometry, geologic slip rates,
geodetic strain rates, historic activity, and micro-seismicity, to arrive at estimates of probabilities of
earthquakes with a Moment Magnitude greater than 6.7 by 2037.

The probability studies focused on seven “fault systems” within the Bay Area. Fault systems are
composed of different, interacting fault segments capable of producing earthquakes within the
individual segment or in combination with other segments of the same fault system. The
probabilities for a magnitude 6.7 or greater earthquake before 2032 on fault segments within the
San Francisco Bay Area are presented on Figure 3.
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In addition to the seven fault systems, the studies included probabilities of “background
earthquakes.” These earthquakes are not associated with the identified fault systems and may
occur on lesser faults (i.e., West Napa) or previously unknown faults (i.e., the 1989 Loma Prieta
and 2000 Napa/Mt. Veeder Earthquake). When the probabilities on all seven fault systems and
the background earthquakes are combined mathematically, there is a 62 percent chance for a
magnitude 6.7 or larger earthquake to occur in the Bay Area by the year 2032. Smaller
earthquakes (between magnitudes 6.0 and 6.7), capable of considerable damage depending on
proximity to urban areas, have about an 80 percent chance of occurring in the Bay Area by 2032
(USGS, 2002). Additional studies by the USGS regarding the probability of large earthquakes in
the Bay Area are on going. These current evaluations include data from additional active faults
and updated geological data.

C. Aerial Photograph Review

We reviewed several aerial photographs obtained from Pacific Aerial Surveys of Oakland,
California. The photographs reviewed are summarized below:

. September 06, 1946, AV9-2-1 (1:23,600) — This aerial photograph is the earliest available
that shows Phoenix Lake and Phoenix Lake Dam. At the time of the photograph, Phoenix
Lake Dam appears to be operating at a relatively high water elevation. The dam is highly
vegetated with grasses. A significant number of trees have encroached onto the
southwestern abutment and toe of the dam.

. July 02, 1970, AV957-03-25 (1:12,000) — This areal photograph was taken in the summer of
1970 and the vegetation on the dam appears to be dead/dormant and lighter in color. The
light color and bright summer sun caused the photo to “wash-out”, concealing the finer
details of the dam. However, it appears trees have been removed from the southeastern
abutment. It also appears the additional buttress and bench has been constructed on the
downstream side of the dam.

. April 01, 1980, AV1840-03-29 (1:12,000) — The aerial photograph is relatively unchanged
from the previous photograph. The spillway is more detailed in the 1980 photograph and it
appears to be a covered structure.

. May 03, 1982, AV2140-03-25 (1:12,000) — The aerial photograph is relatively unchanged
from the previous photograph. However, it appears some erosion has occurred at the
spillway outlet.

. April 19, 1986, AV2860-10-18 (1:12,000) — The aerial photograph is relatively unchanged
from the previous photograph However the water level of Phoenix Lake has reached
capacity and the spillway is operating.

. March 15, 1990, AV3766-8-29 (1:12,000) — The aerial photograph is relatively unchanged
from the previous photograph. However, it appears the erosion at the spillway outlet has
been repaired.

8
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August 14, 1995, AV4890-16-54 (1:12,000) — The aerial photograph is relatively unchanged
from the previous photograph.

March 06, 2005, KAV9010-19-1 (1:12,000) — The aerial photograph is relatively unchanged
from the previous photograph.
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D. Site Reconnaissance and Surface Conditions

We performed a site inspection on February 17, 2010 to observe existing conditions and identify
any significant visual threats that could preclude use of Phoenix Lake as a flood-control detention
basin. Our geologic and geotechnical site reconnaissance is summarized below with our
observations noted on the attached Figure 2, Geologic Map.

The reservoir is surrounded by rugged terrain, characterized by steep slopes and deeply incised
drainage channels. Bedrock typically is composed of Franciscan sandstone and shale, often
interbedded in discontinuous layers, are visible in outcrops along most of the shoreline and
adjacent trails. Bedrock typical of this portion of Mount Tamalpais is especially well-exposed just
east of the dam along the shoreline, and in a large cut slope along the rim trail approximately %
miles west of the dam. Locally, bedrock may be thin- to thick-bedded and relatively fresh. In
general, bedrock is massive and highly altered through physical and chemical weathering
processes.

The slopes surrounding the lake are generally steep, with inclinations ranging from 0.5:1
(horizontal:vertical) to 3:1 or shallower. In general, slopes consist of a few feet of colluvial and
residual soil over relatively competent bedrock. On slopes where colluvial deposits are present,
some soil creep is suspected due to the overall “terraced” appearance. On slopes where
vegetation is more prevalent and soil deposits are thicker, small landslides and debris flows are
common. Drainage channels are typically filled with debris, including soil, rock, and vegetation.
Cut slopes along adjacent hiking trails commonly exhibit evidence of instability, including
sloughing, raveling, and debris flows.

Two larger landslides were noted during our reconnaissance. Both are on the north shore of the
lake, and have been mapped previously by Rice (1976). The main rim trail has been graded
across both slides. One slide toes into the lake near its western end, while the other toes into a
tributary which discharges at the north end of the dam. Both landslides deposited soil and rock
debris into the reservoir which has likely reduced the storage capacity.

Phoenix Lake Dam appears to be in good condition. We observed erosion channels at various
locations along the downstream edges the dam, incised to depths of less than 1 foot. Some
surface rills were present on both upstream and downstream faces of the dam to a maximum
depth of approximately 3-inches, though they were uncommon. We did not observe any signs of
seepage through the dam or visible damage to the spillway walls, floor, or piers.

10
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E. Interpreted Subsurface Conditions and Laboratory Testing

Our scope of services did not include performing a subsurface exploration. However, subsurface
explorations were performed by Dames & Moore (1959) and Earth Sciences Associates (1970).
The approximate boring locations of the previous subsurface explorations are shown on Figure 4.
The subsurface explorations performed by the aforementioned firms observed silty sands (SM)
and silty clays (CL) within the upper 20-feet of the embankment. The lower portions of the
embankment consisted of gravely sandy clay (CL) and clayey sandy gravels (GC). The observed
bedrock below the earth dam is graywacke sandstone with minor inclusions of shale and
metagraywacke. The boring logs performed by Dames & Moore and Earth Sciences Associates
are presented in Appendix A.

Both Dames & Moore and Earth Sciences Associates performed laboratory testing on select soil
samples to determine the pertinent engineering soil properties. The tests performed included
moisture content, dry density, unconfined compression, and consolidated undrainded triaxial tests
with pore pressure measurements (TXCU-pp). The test results were utilized to develop a strength
profile for Phoenix Dam. The summarized results of the laboratory tests and outlined the strength
data developed by Dames & Moore and Earth Sciences Associates are presented on Figure 5.

We plotted the existing laboratory shear strength data versus depth to identify trends in strength
values versus depth of the dam. Considering the variability of the laboratory data, we developed a
shear strength versus depth profile for use in our analyses, as shown on Figure 6. For
comparison, we also plotted the shear strength profiles developed and utilized by Dames & Moore
and Earth Sciences Associates.

11
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V. GEOLOGIC HAZARDS EVALUATION

A. General

This section identifies potential geologic hazards at the project site, their significant adverse
impacts, and recommended mitigation measures. The significant geologic hazards at the project
site are strong seismic ground shaking, potential slope instability, and erosion. We judge that
other geologic/seismic hazards are of lesser concern.

B. Fault Surface Rupture

Pursuant to the Alquist-Priolo Special Studies Zone Act of 1972, the California Geological Survey
(CGS) (formerly California Division of Mines and Geology (CDMG)) produced 1:24,000 scale
maps showing all known active faults and delineating boundaries to either side of these faults
called “Special Studies Zones.” Within these zones, the Act requires that a fault investigation be
undertaken. The intent of the Act and required investigation is to assure that structures for human
habitation are not located astride an active fault trace. Our review of the Special Studies maps
(CGS, 2000) and our aerial photograph interpretation indicate that the closest active fault trace is
the San Andreas Fault is located about 10 km west of the site. The site is not within the special
studies zone and the potential for surface fault rupture through the property is low.

No mitigation measures anticipated.

C. Seismic Shaking

The site will likely experience seismic ground shaking from future earthquakes in the San
Francisco Bay Area. Earthquakes along several active faults in the region, as shown on Figure 3,
could cause moderate to strong ground shaking at the site.

Deterministic Seismic Hazard Analysis — Deterministic Seismic Hazard Analysis (DSHA) predicts
the intensity of earthquake ground motions by analyzing the characteristics of nearby faults,
distance to the faults and rupture zones, earthquake magnitudes, earthquake durations, and site-
specific geologic conditions. Empirical relations (Abrahamson and Silva, Boore and Atkinson,
Campbell and Borzognia, Chiou and Youngs, and Idriss (2008)) for bedrock were utilized to
provide approximate estimates of median peak site accelerations. A summary of the principal
active faults affecting the site, their closest distance, moment magnitude of characteristic
earthquake and probable peak ground accelerations (PGA), which an earthquake on the fault
could generate at the site are shown in Table B.

12
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TABLE B
DETERMINISTIC PEAK GROUND ACCELERATION
PHOENIX LAKE DAM
ROSS, CALIFORNIA

Fault Moment Magnitude Distance Median PGA 84"% PGA
San Andreas 7.8 10 km 031g 0.53¢g
San Gregorio 7.2 21 km 0.16 g 0.29¢
Hayward 6.9 19 km 0.16 g 0.28 ¢
Point Reyes 6.9 22 km 0.13¢g 0.25¢

References: Sources: USGS (2009), Abrahamson and Silva (2008), Boore and Atkinson (2008),
Campbell and Borzognia (2008), Chiou and Youngs (2008), Idriss (2008)

Probabilistic Seismic Hazard Analysis — Probabilistic Seismic Hazard Analysis (PSHA) analyzes
all possible earthquake scenarios while incorporating the probability of each individual event to
occur. The probability is determined in the form of the recurrence interval, which is the average
time for a specific earthquake acceleration to be exceeded. The design earthquake is not solely
dependent on the fault with the closest distance to the site and/or the largest magnitude, but rather
the probability of given seismic events occurring on both know and unknown faults.

Probabilistic seismic hazard analyses (PSHA) ground motions are determined in the form of
recurrence intervals such as 10% chance of exceedance in 100 years. Each recurrence interval
converts to a return period, for instance the return period for a probabilistic ground motion with a
10% chance of exceedance in 100 years is 949 years. Common PSHA recurrence intervals are
2% chance exceedance in 50 years (2,475 year return period) and 10% chance of exceedance in
50 years (475 year return period). Predicted accelerations for the common recurrence intervals
are given below on Table C.

TABLE C
PROBABILISTIC PEAK GROUND ACCELERATION
PHOENIX LAKE DAM
ROSS, CALIFORNIA

Recurrence Interval Return Period PGA, g
10% in 50 years 475 years 0.49
2% in 50 years 2,475 years 0.78

References: National Seismic Hazard Map Program (USGS, 2010)
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The potential for strong seismic shaking at the project site is high. Due to their close proximity and
historical seismic activity, the San Andreas and Hayward Faults present the highest potential for
severe ground shaking. The most significant adverse impact associated with strong seismic
shaking is embankment or slope instability, seismic displacements, and potential damage to
structures and improvements.

Evaluation:  Less than significant with mitigation.

Mitigation: Embankment slopes shall be stable under static conditions and provide acceptable
levels of deformation during the anticipated levels of strong ground shaking.
Preliminary slope stability analyses indicate the performance of the dam during
strong seismic shaking may be better than previously estimated. Mitigation
measures include checking the dam stability and calculated displacements using
various water level and seismic ground motions to confirm appropriate levels of
safety are maintained. Any dam modification or ancillary structures for the project
should be designed and constructed in accordance with the seismic provisions of
the most recent version of the California Building Code (CBC). Consultation,
review and approval of the any dam modifications need to be performed by the
California Division of Safety of Dams.

D. Liguefaction Potential

Liquefaction refers to the sudden, temporary loss of soil shear strength during strong ground
shaking. Liquefaction-related phenomena include liquefaction-induced settlement, flow failure,
and lateral spreading. These phenomena can occur where there are saturated, loose, granular
(non-clayey) deposits. These conditions have not been identified at the project site. Therefore,
the potential for liquefaction to occur appears low.

No mitigation measures anticipated.

E. Seismic Induced Ground Settlement

Ground shaking can induce settlement of loose granular soils above the water table. Based on
previous explorations, the dam is primarily composed of clayey gravel and gravelly clay. Loose
granular deposits were not observed. Therefore, the potential for seismic induced ground
settlement is low.

No mitigation measures anticipated.

F. Lurching, Lateral Spreading, and Ground Cracking

Lurching and associated ground cracking can occur during strong ground shaking. Ground
14
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cracking generally occurs along the tops of slopes where stiff soils are underlain by soft deposits
or along essentially flat terrain that is fronted by a free face, such as a channel bank. These
conditions are not present at the project site. Lurching and ground cracking can damage
structures or utilities located close to the top of slopes.

No mitigation measures anticipated.

G. Slope Stability

Active and dormant landslides exist around the reservoir as shown on Figure 2. These landslides
range in size from small “pop-outs” to large dormant features. There is the potential for re-
activation of existing landslides due to seismic shaking or significant saturation. We did not
observe any landslide features that could significantly impact the dam. However, surficial
sloughing was reported when the reservoir was drained to perform the 1960’s improvements.
Based on our preliminary slope stability analyses, Phoenix Lake Dam is most susceptible to slope
instability and deformation during large seismic events. The results of our analyses indicate
deformation during a strong seismic event would be less than calculated deformation from the
previous reports. A more detailed discussion of slope instability of Phoenix Lake Dam is
presented later in this report. Given the steep slopes and erosive nature of colluvial soil deposits,
the potential for landsliding and slope instability around the reservoir is moderate to high.

Evaluation:  Potentially Significant.

Mitigation: Phoenix Lake Dam has been in place for nearly a century and has reportedly not
experienced any significant instability or displacements over its lifetime. Mitigation
measures performed in the 1960’'s included lowering the spillway to account for
displacements and crest settlement. New analyses indicate less displacement.
Planned modification to dam should be analyzed to confirm adequate dam safety
and freeboard are maintained after potential seismic deformation.

H. Erosion

Sandy soils on moderate slopes or clayey soils on steep slopes are susceptible to erosion and
gullying when exposed to concentrated surface water flow. Erosion is increased on slopes
subjected to concentrated runoff by outfall from drainage facilities and on long slopes without
surface drainage control. Currently the inboard slope of Phoenix Dam is covered in a “blanket” of
rip-rap to reduce the erosion caused by wave action. The existing downstream slopes are
significantly covered with low grasses. Additionally, we did not observe any evidence of excess
erosion during our site visit. Therefore, the potential for significant erosion is low.

Evaluation:  Less than significant with mitigation.
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Mitigation: The vegetation and rip-rap on the slopes of the dam should be maintained. Re-
establishing vegetation on disturbed areas will minimize erosion. Erosion control
measures during and after construction should conform to the most recent version
of the Erosion and Sediment Control Field Manual (San Francisco Branch,
Regional Water Quality Control Board, 2002).

l. Seiche and Tsunami

Seiches and tsunamis are short duration earthquake or landslide generated water waves in large,
enclosed bodies of water and the open ocean, respectively. The extent and severity of a seiche
would be dependent upon the ground motion and the fault offset from nearby active faults. There
is some potential for seiches to occur after an earthquake, especially when water levels are high.
Additionally, there are landslides mapped around the reservoir. Based on the topography
surrounding this area, it appears that landslides have impacted the reservoir in the past. If a
landslide were to remobilize and flow into the reservaoir, it could displace a sizable volume of water
that could create a seiche. It is not likely that an earthquake or landslide induced seiche will
damage the dam provided adequate freeboard is maintained and the spillway can release the
excess water. Given the low risk of damage, mitigation measures do not appear warranted.

Evaluation:  Less than significant with mitigation.

Mitigation: Maintain adequate dam freeboard above the lake water level to prevent a seiche
from over-topping Phoenix Dam. For preliminary design, we recommend that a
minimum 4-foot freeboard should be maintained.

J. Flooding

The adverse impact from flooding is water overtopping the earthen dam creating excess erosion of
the dam. Phoenix Lake is surrounded by a watershed that will divert surface water runoff into the
reservoir raising the water surface elevation. However, the existing dam is equipped with a
spillway that can release excess water as it approaches its maximum elevation. Additionally,
reservoir water can be released prior to storms to provide additional storage capacity during heavy
rain events. Therefore, provided flood management procedure are developed, the spillway is
operating and Phoenix Dam is monitored during heavy rain events, flooding is not considered a
significant geologic hazard. A detailed flood management study including the Phoenix Lake is
being prepared by Stetson Engineers.

No mitigation measures anticipated.

K. Settlement

New surface loads can cause consolidation of soft clays or compression of loose soils. These
16



Miller Pacific

ENGINEERING GR OUP

conditions do not appear to exist at the dam site. Since the dam has been in place for nearly 100
years and construction of new heavy structures or fills is not expected as part of this project,
settlement does not appear to be an issue.

No mitigation measures anticipated.

L. Expansive Soil

Expansive soil conditions occur when clay particles interact with water, causing volume changes in
the clay with a resultant reduction in strength. The clayey soils swell when saturated and shrink
when dry. Such physical changes may damage lightly loaded foundations, flatwork, and
pavement. Expansive soil problems generally decrease in magnitude with increased confinement
pressure at depth. Highly expansive soils most likely do not exist at the site, and do not play a role
in the pertinent issues of this report.

No mitigation measures anticipated.
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VI DISCUSSION AND EVALUATION

A. General

Based on our research, geologic reconnaissance and initial investigation, we conclude that the
proposed use of Phoenix Lake Dam and Reservoir as a flood control detention basin is feasible.
Based on our analyses, increasing the water level within the dam during short term storm events
has a minor impact on the overall stability. The primary geologic and geotechnical issues include
verification of the preliminary slope stability analyses and deformation estimates based on
additional exploration and lab data.

B. DSOD Jurisdictional Determination

We have consulted with the California Department of Water Resources, Division of Safety of
Dams (DSOD) regarding the potential to utilize Phoenix Lake as a storm water storage detention
basin for flood management. Based on our conversation, DSOD would allow Phoenix Lake to be
utilized as a storm water detention basin. Phoenix Lake is currently certified for operation at
reservoir level +174. Without submitting supplemental analyses, the reservoir could be utilized for
flood management by drawing down the reservoir prior to storm events. Temporary impoundment
of storm water at higher reservoir levels is feasible provided that supplemental analyses are
performed and documentation provided showing adequate stability and freeboard is maintained.
For pseudo-static (seismic) analyses, recommended ground motions are the higher of the 84"
percentile of the deterministic motions or probabilistic analyses with a reasonable return period.
The analyses do not need to consider a worst case earthquake and worst case storm occurring at
the same time. DSOD requires a 4-foot minimum freeboard to be maintained for the dam.

C. Stability Analyses

We performed slope stability analyses for static, pseudo-static, and rapid draw down conditions
using Spencer's Method with the computer program Slide version 5.043, produced by
RocScience. We evaluated an idealized cross section that corresponded to the differing
geometries of Phoenix Dam. Strength parameters for the materials were determined from a
compilation of all available data, as shown on Figure 7.

We performed slope stability analyses on various scenarios including static, pseudo-static
(seismic), and rapid drawdown. The static and seismic analyses were performed on the
downstream slopes only. The additional weight of Phoenix Lake increases the stability of the
upstream slope; therefore the downstream slopes are more critical than the upstream. The rapid
drawdown analyses were performed on the upstream slopes because the water level within the
dam would be higher in the upstream slopes subsequently causing higher pore pressure when the

reservoir is lowered.
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Based on deterministic analyses (NGA 2008), the seismic response of the site due to a seismic
event on the San Andreas Fault is 0.53g for the 84" percentile. We utilized the probabilistic peak
ground accelerations (0.49 and 0.78 g's) for our seismic slope stability analyses. The results of
our analyses are summarized below on Table E and are presented on Figures 7 through 9.

Minor sloughs may occur on the downstream side during a rapid drawdown conditions. It is
difficult to determine the stability of minor sloughs.

TABLE E
SLOPE STABILITY FACTORS OF SAFETY
PHOENIX LAKE DAM
ROSS, CALIFORNIA

Static Conditions Rapid Drawdown
Water Level Downstream  Upstream Half Full
174 feet 1.37 2.22 155 1.40
180 feet 1.36 2.28 1.58 1.38
184 feet 1.36 241 1.76 1.38
Pseudo-Static (Seismic) Analyses
DSHA" PSHA?
84" Percentile (0.53g) 10% in 50 years (0.499) 2% in 50 yrs (0.780)
Water Level Downstream Upstream Downstream Upstream Downstream  Upstream
174 feet 0.63 0.62 0.66 0.66 0.48 0.46
180 feet 0.61 0.62 0.65 0.65 0.47 0.47
184 feet 0.61 0.62 0.65 0.66 0.46 0.49
Notes:
1) Deterministic Seismic Hazard Analyses
2) Probabilistic Seismic Hazard Analyses

As shown in Table E, raising the water level from 174 feet to 184 feet does not significantly
influence the calculated factors of safety. Additionally, the global stability factors of safety under
static and rapid drawdown conditions are above 1.3. However, some localized surficial instability
may occur during rapid drawdown. The factors of safety under seismic conditions are below 1.0
which indicates deformation of the dam may occur during strong seismic shaking. A slope
stability output file is presented in Appendix B.
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D. Seismic Slope Displacement

Due to factors of safety below 1.0 under seismic conditions, the slopes of Phoenix Lake Dam wiill
likely deform during the strong seismic shaking. The previous 1978 deformation analyses by
Earth Science estimated 11 feet of elastic deformation along the slip plane which results in 5.3 feet
of vertical settlement of the crest. We analyzed the potential slope displacement based on the
procedures outlined by Bray & Travasarou (2007). The results of our analyses indicate that the
anticipated range of displacements along the slip plane between 1 and 35 inches, depending on
the seismic acceleration used in the analyses. The calculated potential dam displacements are
shown on Table F.

TABLE F
PREDICTED DAM DISPLACEMENT
PHOENIX LAKE DAM
ROSS, CALIFORNIA

Predicted Slope Displacement

DSHA! PSHA? PSHA3
Water Level 84" Percentile 10% in 50 yrs. 2% in 50 yrs.
174 feet 1.2 - 5.7 inches 1.9 -7.7 inches 7.8—-29.1 inches
180 feet 1.7 - 7.0 inches 2.4 -9.3 inches 9.1 - 33.9inches
184 feet 1.7 - 7.2 inches 2.5-9.6inches 9.3 -34.7 inches

Notes: 1. DSHA — Deterministic Seismic Hazard Analysis, spectral acceleration = 0.58g
2. PSHA - Probabilistic Seismic Hazard Analysis, spectral acceleration = 0.65g
3. PSHA - Probalistic Seismic Hazard Analysis, spectral acceleration = 1.15¢g

The predicted displacement listed above is considered the total displacement along the slope of
the dam. The total displacement can be broken down into horizontal and vertical components
based on the existing slope inclination and basic geometric principles. For example an 18-inch
displacement on the dam’'s 2:1 (26.6°) slope would break down to 16-inches of horizontal
displacement and 8-inches of vertical displacement.

At all reservoir levels analyzed (+174, +180 and +184), the estimated displacements are
significantly less than the previous estimates. Based on the preliminary analyses, overtopping of
the dam should not occur during a strong earthquake event when the water level in the reservoir is
elevated (up to elev. +184) during temporary storage of storm waters. Supplemental exploration,
laboratory testing and more sophisticated deformation analyses should be performed to confirm
the preliminary results. Supplemental services should be performed in consultation DSOD.
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E. Operating Constraints

From a geotechnical and geologic standpoint there appear to be only a few operating constraints.
As mentioned above, the factors of safety during strong seismic conditions are below 1.0 and
therefore the dam may experience seismic displacements. Following a seismic event, a thorough
inspection of the dam and reservoir should be performed.

Minor sloughing may continue to be an occurrence during a drawdown event. When possible,
drawdown should be performed at a slow rate (i.e., 1-foot/day) to reduce the potential for upstream
slope failures. Higher rates of drawdown (i.e., 10 to 15-ft/day) will increase the potential for minor
sloughing to occur. Placement of additional rip-rap and a seepage collection system on the
upstream face of the dam would reduce the potential for shallow sloughing during sudden
drawdown.

As with all earth fill dams, inspection of the slopes and surrounding area should be performed on a
periodic basis to identify and remediate geotechnical conditions that can lead to larger slope
instability problems. Some of these conditions are expected to include signs of wave erosion,
surface “rilling”, piping, seepage areas or ground cracking.
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VII. SUPPLEMENTAL SERVICES

Provided that the concept of using Phoenix Lake Dam and Reservoir as a flood control measure is
approved for use by the owner/operators, our supplemental services should include exploration
and laboratory testing to provide additional data on the engineering properties of the soil and rock
that comprise the dam. This phase of work will involve consultation with the Division of Safety of
Dams (DSOD) to determine project specific analyses to be performed. More refined stability and
deformation analyses should be performed utilized the additional data collected. In addition, we
recommend consultation with an independent geotechnical peer reviewer during the design level
investigation regarding the planned dam improvements.

We should review the plans and specifications for the project when they near completion to review
the geotechnical aspects, confirm that the intent of our geotechnical recommendations has been
incorporated and provide supplemental recommendations, if needed. During construction,
inspection and testing of the geotechnical portions of the project should be performed under the
direction of a registered geotechnical engineer.
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DETERMINISTIC ANALYSIS
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PGA, g
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MATERIAL PROPERTIES
LAYER MATERIAL TYPE Yrora (pcf) Ysar (pcf) | FRICTION ANGLE | COHESION (psf) /0
1 Rock Fill 135.0 145.0 40° 200 -
2 Dam Butress 125.0 140.0 0° 1500 SCALE
3 Dam 0 - 25 ft 130.0 137.4 0° 1250 ---
0 30 60 120 FEET
4 Dam 25+ ft 130.0 137.4 0° 0 0.427
° Silt Deposits 1000 | 1000 o 100 e SLOPE STABILITY ANALYSES RESULTS
6 Drain Blanket 1350 | 1300 35° 0 Miller Pacific e T
etaluma, CA 94947 etson - ood Contro T————
7 Bedrock 140.0 145.0 38° 2000 SNEINEERING EXSEE T 707/ 7656140 Phoenix Lake Dam L 9
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Miller Pacific

ENGINEERING GR OUP

APPENDIX A
PREVIOUS BORING LOGS

































































