ATTACHMENT 4

Analyses
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Analyses

To evaluate potential hazards and develop recommendations for conceptual design of the
proposed Project facilities, CH2M HILL performed preliminary geotechnical analyses based
on subsurface information collected during the field investigation. In particular, preliminary
analyses were performed to evaluate the potential for liquefaction of soil encountered at the
KF, BF, AF, and WC sites and to evaluate static and seismic stability of proposed
embankment slopes at the WC site. Detailed descriptions of these analyses, including
assumptions, analytical methods, input parameters, results, and conclusions are presented
in this attachment.

Liquefaction Potential

As described in Attachment 3, liquefaction can occur when relatively loose, saturated,
cohesionless soil is subjected to undrained, cyclic loading such as that generated by
earthquakes. A soil’s susceptibility to liquefaction is governed by physical characteristics of
the soil itself, such as soil type, density, and particle-size distribution. The potential for
liquefaction to actually occur is a function of soil susceptibility, the likelihood of the soil to
be saturated, and the level and duration of ground shaking.

Soil types most susceptible to liquefaction include gravel, sand, silty sand, clayey sand, and
low-plasticity silt. In these materials, liquefaction susceptibility decreases as relative density,
fines content, and plasticity increase. Because soil usually becomes denser and subject to
higher confining stresses with depth, liquefaction susceptibility typically decreases as depth
below the ground surface increases. In general, cohesionless soils that are dense to very
dense and soils that contain greater than about 35 percent moderate- to high-plasticity fines
are not susceptible to liquefaction. However, some fine-grained, cohesive soils may be
subject to non-liquefaction-related loss of strength and/or softening as a result of strong
seismic shaking.

Susceptible soil must be saturated or very nearly saturated and must be exposed to ground
motions of sufficient strength and duration for liquefaction to actually occur. Because
liquefaction is caused by excess porewater pressure, the potential for liquefaction to occur in
non-saturated soil is negligible. Fluctuations in groundwater levels may therefore cause
variations in liquefaction potential over time. The potential for liquefaction of susceptible
soils also varies with the strength and duration of potential seismic ground motions.
Liquefaction potential is generally greater in areas subject to relatively large earthquakes
and strong ground shaking.

Potential consequences of liquefaction include loss of soil strength and bearing capacity,
post-liquefaction settlement, sand boils, and lateral spreading. In general, the occurrence
and severity of these liquefaction-related phenomena depend on the lateral and vertical
extent of liquefied material, the type and condition of overlying materials, and existing
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slope and loading conditions. In most cases, the potential for liquefaction and liquefaction-
related hazards is limited to the upper approximately 50 feet of the subsurface soil profile.

Methodology

Following the field investigation, soil collected from borings at potential storage sites was
screened to identify materials potentially susceptible to liquefaction. Screening was based
primarily on soil type, as determined in accordance with the Unified Soil Classification
System (USCS). During the screening process, soils classified as coarse-grained, such as
sand, gravel, silty sand, silty gravel, clayey sand, and clayey gravel, were considered
potentially susceptible to liquefaction. Deposits of such soils were identified at the KF, BF,
AF, and WC sites. Deposits of soil potentially susceptible to liquefaction were not identified
at the AVR site.

Although the USCS designates soil containing less than 50 percent fine-grained material as
“coarse-grained,” soil that contains greater than about 35 percent moderate- to high-
plasticity fines is not generally susceptible to liquefaction. As a result, soil identified as
“coarse-grained” may contain moderate- to high-plasticity fine-grained material in sufficient
quantity to be unsusceptible to liquefaction. Similarly, coarse-grained soils may also be of
sufficient density to be unsusceptible to liquefaction. During the screening process,
however, all soils classified as coarse-grained were considered potentially susceptible to
liquefaction. Based on criteria developed by Seed et al. (2003), low-plasticity fine-grained
soils, including silt and sandy silt, were also considered potentially susceptible to
liquefaction.

Following the initial screening, field and laboratory test results for samples of soil
potentially susceptible to liquefaction were reviewed to identify suitable, reliable, and
representative data for use in analyzing liquefaction potential. Based on selected test data,
the potential for liquefaction to occur in potentially susceptible soil deposits was evaluated
based on assumed groundwater conditions and seismic ground motion characteristics.

Procedures used to evaluate liquefaction potential at potential storage sites generally follow
recommendations developed as part of National Center for Earthquake Engineering
Research (NCEER) workshops on evaluation of liquefaction resistance of soils (NCEER,
1997; ASCE, 2001). Analytical procedures recommended by the NCEER are based on an
empirical approach originally developed by Seed and Idriss (1982) and estimate the
potential for a soil to liquefy in terms of a factor of safety against liquefaction (FSr). The FSL
is calculated by dividing the capacity of the soil to resist liquefaction, expressed as the cyclic
resistance ratio (CRR), by the seismic demand placed on the soil, expressed as the cyclic
stress ratio (CSR).

Factors affecting the CRR primarily include depositional environment, age, prior loading
history, and material characteristics, all of which influence soil structure and density. In
general, the CRR of a soil increases with density, age, and degree of prior loading. However,
because these factors are difficult to assess directly, they are typically represented in
liquefaction analyses by the results of in situ Standard Penetration (SPT) or Cone
Penetrometer (CPT) testing. Greater SPT or CPT resistance corresponds to a higher CRR.
The CRR of a given soil also increases with the overall percentage and plasticity of fine-
grained silt and clay material (particles passing the No. 200 sieve) present within the soil.
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Factors affecting the CSR include peak horizontal ground acceleration (PHGA) at the
ground surface and in situ vertical stresses acting on the soil. The number of cycles (or
duration) of seismic shaking is also a factor in the assessment of seismic demand. Large
magnitude earthquakes typically produce more cycles of ground motion than smaller
magnitude earthquakes. To account for the influence of earthquake magnitude on
liquefaction potential, a magnitude scaling factor is applied to the CSR during calculation of
the FS;.

When the calculated FSy is less than 1.0, liquefaction is expected to occur under conditions
assumed in the analysis. When the calculated FSy. is between 1.0 and 1.5, full liquefaction is
not expected to occur; however, excess porewater pressures may develop and result in
softening and loss of soil strength. When the calculated FSy is greater than 1.5, generation of
excess porewater pressure is not expected to occur.

Key Assumptions and Input Parameters

Groundwater Levels

For evaluation of liquefaction potential at the storage sites, groundwater levels were
assumed to be at the ground surface. This assumption is based on the understanding that
seepage from proposed storage ponds may cause cohesionless soil immediately beneath the
ponds and surrounding embankments to become saturated, even if they are above current
groundwater levels. Actual groundwater levels may vary with specific location and time
and may be affected by the design, construction, and operation of proposed storage
improvements.

Seismic Parameters

A PHGA of 0.42g was assumed for analysis of liquefaction potential at the KF, BF, and AF
sites, and a PHGA of 0.57g was assumed for analysis of liquefaction potential at the WC site.
As described in Attachment 2, these values represent ground motions with a 10 percent
probability of being exceeded in a 50-year period and are based on seismic hazard models
for “firm rock” sites published by the United States Geological Survey (USGS, 2003).
Published values used in the analyses were not modified to account for actual soil and
bedrock conditions or other site-specific features that may affect potential ground motions.

A Magnitude 7.0 earthquake was assumed to be the source of ground motions considered in
the liquefaction analyses. This corresponds to the estimated maximum magnitude event for

the Rodgers Creek fault, located approximately 6 miles northeast of the KF, BF, and AF sites
and approximately 3 miles northeast of the WC site.

SPT Results

Estimates of CRR used in the liquefaction analyses were developed based on SPT test results
obtained during the field investigation for this study. Because of uncertainty regarding
drilling and testing methods, equipment, and procedures, blow count information from
previous investigations was not used in the liquefaction analyses.

As described in Attachment 1, SPT testing completed during field investigation for this
study was performed using equipment, methods, and procedures consistent with current,
generally accepted geotechnical practice for the assessment of liquefaction potential. SPT
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results considered potentially unreliable, including blow counts for “mixed” cohesive/
cohesionless soil samples, were generally excluded from the analyses. SPT data selected for
use in liquefaction analyses was corrected for hammer energy, sampling method, rod
length, and overburden in accordance with NCEER recommendations.

Fines Content

When available, fines contents measured in the laboratory were used to calculate the CRR of
soil materials encountered during the field investigation. When a measured fines content
was not available for a given sample, one was assumed based on visual classification of the
sample and/or laboratory test results for samples of similar material from nearby locations.

Results
Kelly Farm Site

Based on results of the initial screening, 30 of 83 soil samples collected from the KF site
contain soil potentially susceptible to liquefaction. Of the 30 screened samples, seven are
Shelby tube samples with no SPT data and three are split-spoon samples with unreliable
SPT data due to the presence of fine-grained clayey soil. Reliable SPT results, suitable for
use in analysis of liquefaction potential, are available for 20 samples.

Under seismic conditions assumed for the liquefaction evaluation, FS;s less than 1.0 were
calculated for two samples from the KF site. A FS;. of 0.7 was calculated for sample 14-SS,
collected from boring KB-3 at a depth of approximately 55 feet below the ground surface
(bgs), and a FSy. of 0.9 was calculated for sample 11-SS, collected from boring KB-8 at a depth
of approximately 40 feet bgs. FSis of 1.3 or greater were calculated for the remaining

18 samples for which reliable SPT results are available.

Both of the samples with FS;s less than 1.0 were collected from a layer of generally dense to
very dense coarse-grained material first encountered between depths of approximately 25 to
50 feet bgs and extending to the greatest depths explored at the KF site (approximately

60 feet bgs). Although these two samples represent zones of potentially liquefiable material,
analyses of 13 samples collected from other locations within the layer suggest the potentially
liquefiable zones are relatively small, discontinuous, and isolated.

Brown Farm Site

Based on results of the initial screening, 14 of 86 soil samples collected from the BF site
contain soil potentially susceptible to liquefaction. Of the 14 screened samples, three are
Shelby tube samples with no SPT data and three are split-spoon samples with unreliable
SPT data due to the presence of fine-grained clayey soil. Reliable SPT results, suitable for
use in analysis of liquefaction potential, are available for eight samples.

Under seismic conditions assumed for the liquefaction evaluation, FS;s less than or equal to
1.0 were calculated for four samples from the BF site. A FSy. of 0.5 was calculated for sample
9-SS, collected from boring BB-1 at a depth of approximately 35 feet bgs, a FS. of 1.0 was
calculated for sample 12-SS, collected from boring BB-3 at a depth of approximately 50

feet bgs, and a FSy. of 0.7 was calculated for sample 10-SS, collected from boring BB-7 at a
depth of approximately 40 feet bgs. Additionally, a FSy of 0.3 was calculated for sample 12-
SS, collected from boring BB-1 at a depth of approximately 50 feet bgs; however, the
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relatively low SPT value (and corresponding FSy) for this sample may be the result of a fines
content greater than 40 percent. FSis of 1.4 or greater were calculated for the remaining four
samples for which reliable SPT results are available.

The four samples with FSis less than or equal to 1.0 were collected from a layer of mostly
medium-dense to dense coarse-grained material encountered between depths of
approximately 25 and 50 feet bgs at the BF site. While these four samples may represent
zones of potentially liquefiable material, analyses of three other coarse-grained samples
collected from the layer indicate FSis between approximately 1.4 and 3.1.

Alpha Farm Site

Based on results of the initial screening, 23 of 102 soil samples collected from the AF site
contain soil potentially susceptible to liquefaction. Of the t23 screened samples, two are
Shelby tube samples with no SPT data and 11 are split-spoon samples with unreliable SPT
data due to the presence of fine-grained clayey soil. Reliable SPT results, suitable for use in
analysis of liquefaction potential, are available for 10 samples.

Under seismic conditions assumed for the liquefaction evaluation, FSis less than or equal to
1.0 were calculated for two samples from the AF site. A FSy. of 0.8 was calculated for sample
4-SS, collected from boring AB-11 at a depth of approximately 15 feet bgs, and a FSy. of 1.0
was calculated for sample 1-SS, collected from boring AB-12 at a depth of approximately

6 feet bgs. Among samples for which FS;s greater than 1.0 were calculated, a FSy of 1.2 was
calculated for sample 2-SS, which was collected from boring AB-12 at a depth of
approximately 10 feet bgs. FSis of 3.2 or greater were calculated for the remaining seven
samples for which reliable SPT results are available.

Both of the samples with FS;s less than or equal to 1.0 were collected from relatively near-
surface deposits of sandy and gravelly soil encountered in borings located within
approximately 500 feet of Roseland Creek. These samples suggest the presence of
potentially liquefiable deposits in the vicinity of the creek under the assumed seismic
conditions. Significant deposits or zones of potentially liquefiable materials were not
identified beneath other portions of the AF site.

West College Site

Based on results of the initial screening, 35 of 63 soil samples collected from the WC site
contain soil potentially susceptible to liquefaction. Of the 35 screened samples, eight are
split-spoon samples with unreliable SPT data due to the presence of fine-grained clayey soil.
Reliable SPT results, suitable for use in analysis of liquefaction potential, are available for

27 samples.

Under seismic conditions assumed for the liquefaction evaluation, FS;s less than or equal to
1.0 were calculated for 13 samples, representing approximately 20 percent of all samples
collected from the WC site. Results of liquefaction analyses for these samples are
summarized in Table 4-1. FSis of 1.1 and 1.2 were calculated for two samples and FSis of 1.7
or greater were calculated for the remaining 12 samples for which reliable SPT results are
available.

Twelve of the 13 samples with FS;s less than 1.0 were collected from deposits of generally

medium-dense to dense coarse-grained soil at depths between approximately 20 and 50 feet
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bgs. In borings CB-2 and CB-4, samples with FS;s less than 1.0 appear to represent relatively
isolated zones of potentially liquefiable material that are less than approximately 10-feet
thick. In borings CB-1*, CB-3, and CB-5, samples with FS;s less than or equal to 1.0 appear to
represent more substantial and potentially continuous zones of liquefiable material that
range from approximately 10 feet to greater than 20 feet in total thickness.

One sample with a FSt. less than 1.0 was collected from loose, cohesionless fill material at a
depth of approximately 5 feet bgs in boring CB-3. Based on groundwater levels observed
during the field investigation, it appears that the material represented by this sample was
above the water table and likely unsaturated at the time of the investigation. Unless the
material represented by this sample becomes saturated, the potential for liquefaction is
considered negligible. Although embankment fill encountered at the WC site is generally
composed of clayey soil, this sample suggests that similar zones of loose, cohesionless
material may exist elsewhere within the existing pond embankments. Depending on their
location, such zones may be subject to saturation, which would make them potentially
liquefiable under the assumed seismic conditions.

TABLE 4-1
Samples Representing Potentially Liquefiable Materials — West College Site
IRWP Seasonal Storage Project — Geotechnical Evaluation

Approximate Depth

Boring Sample (ft bgs) Calculated FS.
CB-1* 7-SS 35 04
CB-1* 8-SS 40 0.4
CB-1* 9-SS 45 0.4
CB-1* 10-SS 50 0.2
CB-2 11-SS 30 0.6
CB-3 1-SS 5 0.2
CB-3 5-SS 20 0.3
CB-3 6-SS 25 0.5
CB-3 8-SS 35 0.5
CB-3 9-SS 40 1.0
CB-+4 6-SS 25 0.2
CB-5 6-SS 25 0.3
CB-5 7-SS 30 0.5

Conclusions

Kelly, Brown, and Alpha Farm Sites

Findings of the preliminary subsurface investigation and results of site-specific liquefaction
analyses indicate low to very low potential for widespread liquefaction beneath the KF, BF,
and AF sites. At the KF and BF sites, isolated zones of potentially liquefiable material were
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identified within deposits of generally medium-dense to very dense coarse-grained soil at
depths between approximately 25 and 50 feet bgs. Although not encountered during the
preliminary field investigation, similar zones of potentially liquefiable material may exist in
coarse-grained deposits beneath the AF site.

Where encountered at the KF and BF sites, isolated zones of potentially liquefiable material
appear to be relatively thin and discontinuous and are confined by overlying deposits of
generally firm to very stiff clay. Therefore, the potential for liquefaction-related loss of
bearing capacity, sand boils, and lateral spreading within these zones is considered to be
relatively low. Liquefaction within these zones may result in settlement of the ground
surface. However, potential impacts of post-liquefaction settlement are likely to be relatively
minor as a result of the apparently limited lateral and vertical extent of potentially
liquefiable materials and the tendency of overlying soil to distribute localized subsurface
deformations over a relatively wide area.

As indicated by conditions encountered in borings near Roseland Creek, relatively shallow
deposits of potentially liquefiable soil may occur near existing creek channels and other
drainages that run through or adjacent to the KF, BF, and AF sites. Where encountered in
borings AB-11 and AB-12 at the AF site, such deposits appear to be relatively thin and
discontinuous. However, because the potentially liquefiable deposits occur within
approximately 15 feet of the ground surface and are located near streambank slopes, the
potential for liquefaction-related loss of bearing capacity, sand boils, and localized lateral
spreading due to liquefaction of these deposits is considered moderate. Design-level
geotechnical investigations should include efforts to identify and further characterize
potentially liquefiable near-surface deposits, particularly beneath proposed pond
embankments and other facilities near existing drainage channels at the KF, BF, and AF
sites. Subsurface information collected during design-level investigations should be used to
support the selection and implementation of appropriate measures to mitigate potential
liquefaction-related hazards in these areas.

Samples containing soil potentially susceptible to liquefaction but for which SPT data is
unavailable and/or unreliable may indicate the presence of additional, localized zones of
potentially liquefiable material beneath the KF, BF, and AF sites. Based on available
information, it appears that these zones, if they exist, are less than 3- to 4-feet thick, widely
scattered, discontinuous, and confined by surrounding, non-liquefiable clayey soils. Efforts
to identify and characterize relatively thin layers of soil potentially susceptible to
liquefaction should be included as part of design-level geotechnical investigations at the
three sites.

West College Site

Findings of the preliminary subsurface investigation and results of liquefaction analyses
indicate the presence of relatively widespread deposits of potentially liquefiable soil
beneath the WC site. Generally consisting of loose to medium-dense silty and clayey sand,
these deposits appear to be primarily concentrated within a layer of coarse-grained
alluvium at depths between approximately 20 and 50 feet bgs. Occasional zones of loose,
cohesionless soil were also encountered within existing pond embankment fill materials at
the site, at depths between approximately 5 and 10 feet bgs. These zones are located above
groundwater levels measured as part of field investigation for this study, but are considered
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potentially liquefiable if they become saturated as a result of higher groundwater levels in
the future.

Because of the apparent thickness and relative continuity of potentially liquefiable deposits
beneath the WC site, the potential for liquefaction-related loss of soil strength and bearing
capacity, settlement, sand boils, and lateral spreading is considered to be relatively high.
Lateral spreading and other forms of liquefaction-related slope instability are of particular
concern in areas near relatively steep streambank slopes that mark the northern, western,
and southern boundaries of the site. A primary objective of design-level geotechnical
investigations should be to further characterize the extent and continuity of potentially
liquefiable deposits beneath the WC site. Subsurface information collected during
design-level investigations should be used to support the selection and implementation of
appropriate measures to mitigate potential liquefaction-related hazards at the site.

Considerations for Design-Level Liquefaction Analyses

Liquefaction analyses performed as part of this preliminary study are based on limited
subsurface information and broad assumptions concerning seismic conditions, groundwater
levels, Project components, and facility configurations. For final design of proposed Project
facilities, detailed liquefaction analyses should be performed based on the findings of
design-level geotechnical investigations. These investigations should include exploration
and laboratory testing programs that expand the limits and increase the resolution of
available information concerning subsurface conditions at selected storage sites.

Design-level geotechnical investigations should be developed based on the actual storage
facility types, locations, and configurations that will be constructed as part of the Project.
Subsurface exploration locations and methods should be selected to fill information gaps
and address the limitations of geotechnical data from preliminary design studies. CPT
probes, test pits, and continuous borehole sampling should be utilized as appropriate to
enhance the vertical continuity and resolution of subsurface data. Information collected
using such methods will likely allow clearer identification and more detailed
characterization of potentially liquefiable deposits beneath proposed Project facilities.

In addition to providing a relatively continuous record of subsurface conditions, CPT data
may be directly reduced to estimate the CRR of in situ soil materials. Compared with SPT
testing, CPT data is also generally less prone to variation as a result of differences in
equipment and operator techniques. Design-level geotechnical investigations should
incorporate the use of CPT probes, along with conventional soil borings and SPT testing to
identify and characterize subsurface soil conditions. Liquefaction analyses based on CPT
data may then be used to supplement and act as an independent check on the findings of
SPT-based analyses.

Seismic parameters utilized in design-level liquefaction analyses should be based on Project

performance requirements, regulatory considerations, and the results of site-specific ground
motion studies. Ground motion studies should evaluate potential bedrock motions based on
a range of potential seismic sources and rupture scenarios. The studies should also consider

the effect of site-specific soil conditions on earthquake ground motions.

Design-level liquefaction analyses should account for variation in in situ stresses as a result

of embankment construction and other proposed grading modifications. Increased stresses
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beneath proposed pond embankments may reduce the potential for liquefaction, while
decreased stresses beneath proposed pond bottom excavations may enhance the potential
for liquefaction of underlying soils. Design-level liquefaction analyses should also include
estimates of potential post-liquefaction settlement and associated deformation of the ground
surface. Settlement estimates should be used in the development of appropriate mitigation
measures during design of proposed Project facilities.

Slope Stability

Available topographic data and observations made during reconnaissance activities suggest
that existing pond embankments along the northern and western sides of the WC site are
built above natural streambank slopes associated with College and Santa Rosa Creeks. It
appears that the existing streambank/embankment slopes range from approximately 10 to
25 feet in height and have a maximum average inclination of about 2.5: 1 (H: V). Proposed
new embankments at the WC site will increase the height of existing embankments around
the perimeter of the pond by about 10 to 12 feet. The resulting streambank/embankment
slopes along the north and west sides of the site will rise as high as approximately 35 feet
above the bottoms of the College and Santa Rosa Creek channels.

Conditions affecting the potential stability of proposed embankment slopes at the WC site
include:

e The total height of proposed embankments above existing stream channels

e The relatively steep inclination of existing embankment/streambank slopes, above
which the proposed embankments will be constructed

e The variability and potentially soft and/or loose condition of existing embankment
fill materials

e Proximity of the site to the active Rodgers Creek fault and associated potential for
strong seismic ground shaking

e The presence of relatively widespread deposits of liquefiable soil beneath the site

Because of these conditions, extensive and/or costly design and construction measures may
be necessary to establish stable embankment slopes, particularly under anticipated seismic
conditions. Therefore, the stability of proposed embankments at the WC site warrants
particular consideration during assessment of Project feasibility and development of
preliminary designs.

Preliminary analyses were performed to evaluate the stability of proposed embankment
slopes at the WC site. Based on limited surface and subsurface information, these analyses
were intended to characterize potential stability hazards affecting proposed embankments
and provide a framework for future design-level analyses. If the WC site is selected for
further consideration as part of the Project, design-level stability analyses should be
performed based on more detailed site information as described as follows.
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Methodology

Preliminary stability analyses were performed for a section of the proposed Pond WC2
embankment near the southwest corner of the WC site. Figure 4-1 shows the approximate
location of the analyzed section. This area was selected for analysis because it appears to
contain relatively high and steep slopes compared with other portions of the proposed
embankment. As shown in Figure 4-1, available topographic data does not cover the
Santa Rosa and College Creek channels along the north and west sides of the WC site.
However, based on observations made during the field investigation, it appears that
geometric characteristics of the Santa Rosa Creek channel are relatively uniform over the
portion of the channel that marks the southwestern boundary of the site.

The surface profile at the location of the selected embankment section was assumed based
on available topographic information and preliminary embankment designs prepared by
Winzler & Kelly. Figure 4-2 shows the profile assumed for use in the stability analyses. The
geometry of the proposed embankment section is consistent with preliminary geotechnical
recommendations presented in the main text of this memorandum. Creek bottom elevations
and streambank slopes shown in Figure 4-2 were estimated by projecting topographic
information available for portions of the creek channel located several hundred feet
upstream of the section.

A generalized subsurface profile for the selected embankment section was developed based
on soil conditions encountered in four exploratory borings (CB-1, CB-1*, CB-2, and CB-3),
observed topographic conditions, and the assumed nature and extent of historical
development at the site, as described in Attachment 2. Figure 4-2 shows the subsurface
stratigraphy assumed for use in the stability analyses. Generalized soil properties, including
unit weights and drained, undrained, and “liquefied” strength parameters, were developed
for each stratigraphic unit based on field and laboratory test data and/or published
correlations.

Stability of the selected embankment section was evaluated using the computer program
SLIDE (Rocscience, 2005), which analyzes the stability of potential slip surfaces using a
variety of two-dimensional, vertical slice, limit equilibrium methods. Spencer’s method,
which satisfies both force and moment equilibrium and accounts for inter-slice forces, was
selected for the analyses.

To analyze a given slope, SLIDE identifies multiple potential circular or block failure
surfaces. For each potential failure surface, the program calculates the factor of safety
against failure (FS), which is the capacity of earth materials to resist failure divided by the
sum of forces acting to cause failure along the slip surface. A calculated FS greater than 1.0
indicates the potential failure surface is at least marginally stable, while a calculated FS less
than 1.0 indicates the potential failure surface is unstable under the loading and slope
configuration assumed for the analysis. After calculating FSs for multiple failure surfaces,
the program identifies the critical failure surface, for which the minimum FS was calculated.

The selected embankment section was analyzed for five separate loading cases, representing
static, seismic, and post-liquefaction conditions as described as follows.

Case 1 - Long-term Static Conditions. Case 1 represents long-term, steady-state
equilibrium conditions expected to exist within and beneath the selected
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embankment section. Drained (effective stress) strength parameters are utilized for
both low-permeability and free-draining soils.

Case 2 - Short-term Static Conditions. Case 2 represents short-term, undrained
conditions expected to exist during and immediately following construction.
Undrained (total stress) strength parameters are utilized for low-permeability soils
and drained strength parameters are used for free-draining soils.

Case 3 - Seismic Conditions. Case 3 represents seismic conditions, under which a
coefficient of pseudostatic acceleration (kn) is applied to the slide mass above the
failure surface. Undrained strength parameters are utilized for low-permeability
soils and drained strength parameters are used for free-draining soils.

Case 4 - Partial Liquefaction. Case 4 represents conditions during partial
liquefaction of cohesionless deposits underlying the site. Undrained strength
parameters are utilized for low-permeability soils, drained strength parameters are
utilized for non-liquefied free-draining soils, and “liquefied” strength (undrained)
parameters are utilized for liquefied soils. Sub-cases for both static and seismic
conditions during liquefaction are considered.

Case 5 - Full Liquefaction. Case 5 represents conditions during full liquefaction of
cohesionless deposits underlying the site. Strength parameters and static/seismic
sub-cases are as described for Case 4.

Stability of the selected embankment section was analyzed for each of the five cases
assuming both circular and block-type failure surfaces. In all cases, lower FSs were reported
for circular failure modes than for block-type failure modes.

Key Assumptions and Parameters

Surface Profile

As shown in Figure 4-2, the elevation of the bottom of the Santa Rosa Creek channel at the
location of the selected embankment section was assumed to be 91 feet. From the bottom of
the creek, the assumed surface profile follows a 22-foot-high, 2.5:1 slope to the top of the
existing streambank/embankment at an elevation of 113 feet. At the top of the slope, a
15-foot-wide bench marks the location of the existing perimeter access road. From the
bench, the proposed 3:1 embankment slope rises another 12 feet to a crest elevation of 125
feet. From the inside edge of the flat, 20-foot-wide embankment, the interior 3:1
embankment slope descends 25 feet to the bottom of the proposed pond at an elevation of
100 feet.

Subsurface Profile

The stratigraphic profile shown in Figure 4-2 presents generalized subsurface conditions
assumed to exist beneath the western edge of the WC site. The profile is based on data
collected from several widely spaced borings and represents a simplified and idealized
model developed for preliminary stability analyses. As such, the profile is not intended to
represent subsurface conditions at any specific location.
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The subsurface profile developed for the stability analyses includes five stratigraphic units,
described as follows.

ATT 4-12

Existing (Non-engineered) Embankment Fill. The existing perimeter embankment
around the north and west sides of the WC site is assumed to consist of non-
engineered earthfill material generated from excavations within the existing pond
area. Although primarily composed of firm to stiff clayey soil, the embankment may
contain zones of soft to very soft clay, loose sandy soil, and other debris. However, it
is assumed that such zones will be identified, overexcavated, and replaced during
construction of the new perimeter embankment. Based on conditions encountered in
nearby borings, it is assumed that non-engineered fill materials are 13 feet deep
beneath the centerline of the existing embankment. The existing fill prism is assumed
to overlie a natural streambank slope that extends downward from the existing pond
area toward Santa Rosa Creek.

Native Clay. Native soil underlying the existing pond bottom and perimeter
embankment includes a layer of predominantly stiff to very stiff clay. Based on
conditions encountered in nearby borings, this layer is assumed to extend from the
base of the existing fill prism or the bottom of the existing pond to an elevation of

93 feet. At its thickest point (beneath the inboard side of the existing embankment),
the upper native clay layer is assumed to be about 10-feet thick. The native clay layer
becomes thinner beneath the center and pinches out near the outboard toe of the
embankment, due to the presumed slope of the natural streambank surface.

Upper Sand. Beneath the native clay, borings across the WC site encountered deep
deposits of predominantly medium-dense to dense sandy and gravelly soil. Within
the generalized subsurface profile, these deposits are divided into two units: an
upper sand layer and a lower sand layer. The upper sand layer is assumed to consist
of loose to medium-dense cohesionless soil and is about 8-feet thick, extending from
the bottom of the native clay layer to an elevation of 85 feet. Although the upper
sand layer is shown in the generalized subsurface profile as a uniform, continuous
unit, it represents variable zones of loose to medium-dense gravel, sand, silty sand,
and clayey sand encountered in nearby borings at depths between approximately
20 and 50 feet bgs. Specific characteristics of these zones, including their nature and
spatial distribution, are discussed in Attachment 2.

Lower Sand. The lower sand layer is assumed to consist of medium-dense to dense
cohesionless soil. The layer is 42-feet thick, extending from the base of the upper
sand layer to the bottom of the generalized subsurface profile. As with the upper
layer, the lower sand layer is a simplified representation of heterogeneous deposits
that have a wide range of physical and engineering characteristics. These deposits, as
described in Attachment 2, are primarily composed of silty sand and gravel with
discontinuous layers and lenses of silt and clay.

Proposed (Engineered) Embankment Fill. It is assumed that proposed embankment
fill materials will consist of fine-grained, clayey soil obtained from excavations
within the pond area or imported from offsite sources. It is also assumed that the
earthfill materials will be placed and compacted in accordance with preliminary
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recommendations provided in this technical memorandum and generally accepted
practices for construction of pond embankments.

Soil Properties

Table 4-2 summarizes material properties assigned to each stratigraphic unit for use in the
stability analyses. Undrained shear strengths of existing fill and native clay materials were
selected based on field and laboratory test data. Drained strengths of cohesionless units
were developed using published SPT-based correlations (Peck, et al., 1974; Kulwahy and
Mayne, 1990), and drained strengths of cohesive units were developed using published
correlations based on plasticity characteristics (Bowles, 1988; Kulhawy and Mayne, 1990;
Lambe and Whitman, 1969). Undrained, “liquefied” shear strengths of cohesionless units
were developed using published SPT-based correlations (Seed and Harder, 1990).

TABLE 4-2
Material Properties Used in Stability Analyses
IRWP Seasonal Storage Project — Geotechnical Evaluation

Undrained “Liquefied”
Unit Weight Strength Drained Strength Strength
Stratigraphic Moist  Saturated % ¢ % ¢ % ¢
Unit (pcf)? (pcf)? (psf)®  (deg) (psf)° (deg) (psf)® (deg)
Existing Fill 120 125 750 0 0 18 -- --
Native Clay 120 125 1500 0 0 24 -- -
Upper Sand 125 130 - - 0 30 500 0
Lower Sand 125 130 - -- 0 35 1000 0
Proposed Fill 125 130 1500 0 0 27 -- --

@ pcf = pounds per cubic foot
® psf = pounds per square foot

Pond Levels and Groundwater

For the stability analyses, the water surface in the pond was assumed to be at an elevation of
121 feet, 4 feet below the crest of the proposed embankment. The water level in the creek
channel was assumed to be at the ground surface, at an elevation of 91 feet. As shown in
Figure 4-2, the phreatic surface (groundwater table) within the embankment was assumed
based on the relative impermeability of proposed clayey embankment fill materials
compared with sandy soil beneath the native clay layer.

Seismic Parameters

Two levels of seismic ground shaking, represented by assumed PHGAs of 0.57g and 0.96g,
were considered for the stability analyses. These values represent ground motions with
respective 10 and 2 percent probabilities of being exceeded in a 50-year period (equivalent to
475- and 2,475-year recurrence intervals) and are based on seismic hazard models for “firm
rock” sites published by the United States Geological Survey (USGS, 2003). Published values
used in the analyses were not modified to account for actual soil and bedrock conditions or
other site-specific features that may affect potential ground motions.
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A horizontal coefficient of pseudostatic acceleration (k) equal to 0.6 times the assumed
PHGA was used to evaluate seismic stability of the selected embankment section for each
level of shaking. Values of k, used in the analyses were 0.34 and 0.58 for the 10 and

2 percent in 50-year events, respectively.

Liquefaction

The potential for liquefaction within the upper and lower sand layers was not specifically
evaluated based on assumed layer properties. However, under the Case 4 scenario, the
upper sand layer was assumed to fully liquefy and the lower sand layer was assumed not to
liquefy. Under the Case 5 scenario, liquefaction was assumed to occur in both the upper and
lower sand layers.

Results

Results of preliminary stability analyses performed for the assumed embankment section
are summarized in Table 4-3.

TABLE 4-3
Results of Preliminary Stability Analyses
IRWP Seasonal Storage Project — Geotechnical Evaluation

Minimum
Loading Case Description Calculated FS
1 Long-term static conditions 2.0
2 Short-term static conditions 26
3a Seismic conditions, PHGA = 0.57g 1.2
3b Seismic conditions, PHGA = 0.96g 0.9
4a Liquefaction in upper sand layer, static conditions 1.9
4b Liquefaction in upper sand layer, PHGA = 0.57g 0.7
5a Liquefaction in upper and lower sandy layers, static conditions 15
5b Liquefaction in both sandy layers, PHGA = 0.57g 0.5
5¢c Liquefaction in both sandy layers, PHGA = 0.969g 0.3

Conclusions

With minimum calculated FSs greater than 1.5 for loading cases 1 and 2, it appears that the
assumed slope configuration is stable under both long-term and short-term static
conditions. Under seismic conditions without liquefaction, the assumed slope configuration
appears to be generally stable. However, some permanent deformation of the slope may
occur as a result of very strong ground motions with PHGAs in excess of about 0.6g. To
estimate the potential amount of permanent slope deformation as a result of strong seismic
shaking, seismic deformation analyses should be performed during later phases of design.

Minimum calculated FSs for cases in which liquefaction is assumed to occur vary widely,
depending on the PHGA to which the slope is subjected while underlying soil remains in a
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liquefied state. Under post-liquefaction conditions for which no ground shaking is assumed,
the slope configuration appears to be stable, with a minimum calculated FS of 1.9 for the
case in which only the upper sand layer liquefies and a minimum calculated FS of 1.5 for the
case in which both the upper and lower sand layers liquefy. These preliminary results
suggest relatively low potential for lateral spreading following the cessation of strong
seismic shaking. However, these results should be confirmed and the potential for lateral
spreading should be further evaluated as part of more detailed design analyses.

During large earthquakes, it is likely that strong ground shaking will continue during the
period that soil underlying the slope is in a liquefied state. The severity of post-liquefaction
shaking is dependent on a variety of complex factors, including the point in the earthquake
at which liquefaction occurs and the effect of liquefied soil on seismic waves traveling to the
ground surface. Although analysis of these factors is beyond the scope of this preliminary
study, minimum calculated FSs for liquefied conditions and assumed levels of ground
shaking range from 0.7 to 0.3. These preliminary results suggest moderate to high potential
for liquefaction-related instability and deformation of the assumed embankment slope
during a major earthquake. However, the potential for liquefaction-related instability and
the amount of permanent slope deformation that may occur as a result of strong seismic
ground shaking should be further evaluated as part of more detailed design analyses.

Considerations for Design-Level Stability Analyses

Stability analyses performed as part of this preliminary study are based on limited data and
broad assumptions concerning proposed embankment configurations, subsurface
conditions, and seismic parameters. For final design of proposed project facilities, detailed
stability analyses should be performed based on more complete topographic information,
findings of design-level geotechnical investigations, results of site-specific seismic and
liquefaction hazard studies, and selected embankment configurations.

Design-level geotechnical investigations should include field and laboratory testing to
further identify and characterize potential zones of loose and/or weak material that may
affect the stability of proposed embankments at selected storage sites. Field exploration and
laboratory testing programs should include efforts to investigate the range and variability of
material properties belonging to the stratigraphic units underlying selected storage sites.
Drained and undrained strengths of site soils should be identified through appropriate field
and laboratory tests. Samples for laboratory testing of strength properties should be
collected, prepared, and transported in a manner that minimizes sample disturbance.

Seismic parameters utilized in design-level stability analyses should be based on Project
performance requirements, regulatory considerations, and the results of site-specific ground
motion studies. Ground motion studies should evaluate potential bedrock motions based on
a range of potential seismic sources and rupture scenarios. Design-level seismic studies
should also consider the effects of site-specific soil conditions on earthquake ground
motions, including potential changes in site response as a result of liquefaction. The
location, nature, and extent of potentially liquefiable deposits assumed for design-level
stability analyses should be based on the results of design-level liquefaction analyses, as
described above.
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Design-level stability analyses should be performed for proposed inboard and outboard
slopes at potentially critical locations around the perimeters of proposed storage ponds at
all selected storage sites. The analyses should consider a range of conditions and scenarios,
including extreme inboard/outboard water levels, rapid drawdown, and other operational
modes, as appropriate. The effects of selected design and construction measures to mitigate
liquefaction and slope instability hazards, such as ground improvement and/or excavation
and replacement of problematic soils, should also be considered. For design cases involving
strong ground shaking, permanent seismic deformation analyses should be performed to
evaluate the performance of proposed slopes under anticipated seismic loads.
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