





Southern Forebay Seismic Sensitivity Evaluation Delta Conveyance Design & Construction Authority
(Final Draft) Technical Memorandum

The analyses discussed here evaluate potential modifications to the embankment slopes and/or
improvements to the foundation to address the potential for poor foundation conditions and high
seismicity. Embankment geometry include slopes between 3H:1V and 6H:1V. Foundation improvements
include additional excavation to depths of 15 and 30 feet below grade or introducing varying amounts of
cement through in situ mixing referred to as cement deep soil mixing (CDSM), also referred to more
generally as deep mixing method or DMM.

This sensitivity study provides a basis for conceptual embankment and foundation configurations based
on near-site data. These concept-level evaluations and recommendations should be superseded by
design-level analyses using site-specific subsurface data and laboratory testing collected within the
footprint of the SF to establish the ultimate Project configuration during the design phase.

1.2 Summary of Results

The following points summarize the results from this study.

e Two representative subsurface soil profiles were developed based on observed near-site data, and
were considered to conservatively represent anticipated subsurface conditions for the SF. These
profiles reflect soft organics, soft to medium stiff fine-grained, and loose coarse-grained layers in the
upper 30 feet of the soil profiles. The profiles include stratigraphy, material properties, strength
properties, and settlement properties.

e Steady-state static stability and seismic stability scenarios based on existing conditions analyses (that
is, no foundation modifications beyond the initial 6-foot foundation preparation excavation) indicate
the site conditions do not meet required stability criteria. The analysis results indicate some
foundation remediation would be required.

e Ground improvement concepts that remove or improve the upper 30 feet of soft, organic materials
and liquefiable sands produce adequate factors of safety for all analyzed embankment geometries
(thatis, 3H:1V, 4H:1V, and 6H:1V) and would be considered during design phase.

e Settlement estimates indicate foundation improvement would reduce settlement by about two-thirds
over existing conditions by treating the upper 30 feet of foundation soils. Factors contributing to
settlement would include the consolidation of near-normally consolidated organics and lean clays,
liguefaction-induced settlement in the upper 30 feet, and the consolidation of deep fine-grained soil
deposits.

e Though foundation improvements would result in adequate slope stability factors of safety for all
considered embankment geometries; at this stage in the planning process, 4H:1V slopes are
recommended for conceptual design. This recommendation is conservative based on conditions
indicated by near-site data. Site-specific explorations will be necessary to update these analyses and
provide a more refined and optimal SF configuration.
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2. Methodology

This section describes the methods used to develop the concept-level recommendations for SF
embankment geometry and foundation improvements. This process involved six primary phases. The data
information sources, design criteria, assumptions, and approach are discussed in detail in the subsections
that follow.

e Evaluate near-site data, including the extent and availability of existing subsurface data to evaluate
possible range of foundation conditions. This includes the development of a ranking system to
prioritize high-value historical explorations.

o Develop representative profiles and ranges of material properties using high-value historical
explorations.

e Evaluate liquefaction potential and settlement potential of foundation materials.
e Develop analysis models with varying embankment geometry and foundation conditions.

o Perform high-level analyses of concept-level configurations, considering the sensitivity range of
material properties.

e Develop and analyze concept-level ground improvement scenarios to mitigate against adverse
stability and settlement conditions.

2.1 Data and Information Sources

Near-site data in the form of site exploration logs, construction reports, and performance observations
were used to develop the subsurface model for the evaluations. Table 2-1 summarizes the data sources
reviewed as part of the evaluation. This table presents a summary of the information gathered and
reviewed to support the analysis profiles, material properties, and foundation improvement scenarios.

Table 2-1. Data and Information Sources

Reference Data

ca-ccf-ccis, ca-ccf-eb, ca-ccf-frip,
ca-ccf-is, ca-ccf-or, cca, cca-ccf-
eb, cca-ccf-frip, cca-ccf-vi

1997)

Reference Exploration Code Reference Project? Used
ns-by-brb Byron Road Bridge New Span (2000) 1 Boring
by-lepl Byron Tract Levee Evaluation Phase 1 (2007-2008) 16 Borings
by-lep2 Byron Tract Levee Evaluation Phase 2 (2008) 1 Boring; 1 CPT
by-lep3 Byron Tract Levee Evaluation Phase 3 (2008) 1 Boring; 15 CPTs
byr-tra-1976 Byron Tract Levee Stability (1976) 5 Borings
ca-ccf-bt, ca-ccf-cc, ca-ccf-cca, California Aqueduct Clifton Court Forebay (1964-1966 & | 307 Borings

DCA, DCBF, DCC, DCE, DCRA,
DCT, DCW

Delta Habitat Conservation and Conveyance Program
(2009-2012) and California Water Fix (2018)

24 Borings; 33
CPTs

ccf-is

Clifton Court Forebay, Italian Slough (Intake Structure)
(2001)

26 Borings
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Table 2-1. Data and Information Sources

Reference Data
Reference Exploration Code Reference Project? Used
coat-co Coney Island Aquifer Testing (1974) 6 Borings
Environmental Study of Dredged Materials in Old River 4 Borings
esdm-ors
(1996)
ct Kellogg Creek (2009) 2 Borings; 2 CPTs
ors-bd, ors-bs, ors-us, ors-vd, Old River Seepage Study (1997-1998) 29 Borings
ors-vs
pc60-pca, pc60-pt Peripheral Canal 1960s (1966, 1968-1969) 14 Borings
ccb, cis, pc70-pc, pc70-pca, ts Peripheral Canal 1970s (1965-1967, 1969, 1973-1975) 13 Borings
Vi vi-ai Victoria Island Alternative Intake Project (1991, 2005- 32 Borings; 13
»Vi-alp 2007) CPTs
nsj-mcr North San Joaquin Division - Middle River Barrier (2002) 3 CPTs
b-gl North San Joaquin Division - Grant Line West Permanent | 4 CPTs
Pog Barrier (2002)

2 Reference project data and boring logs compiled in DCA gINT database

2.2 Criteria

2.2.1 Slope Stability Factors of Safety

The base criteria for evaluation of the seismic stability and considered foundation improvements for the
SF were to achieve the following minimum factors of safety at the sections analyzed (Table 2-2).

Table 2-2. Slope Stability Criteria
Minimum Required Factor of Safety for Considered Loading Conditions

Minimum Factor of
Loading Condition? Safety®
Steady-state: Steady-state seepage with static loading and static strengths 1.5
Post-seismic: Steady-state seepage with static loading and post-earthquake strengths 1.1
@ According to USBR Design Standards DS13-4.

Note:
USBR = U.S. Bureau of Reclamation

As noted in Table 2-2, all stability analyses were performed under steady-state seepage conditions
associated with a reservoir storage level of El. 17.5 feet corresponding to the maximum normal operating
level in the reservoir. An assumed phreatic surface was used in the analyses as discussed in Section 2.3.3.
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2.2.2 Seismic Design Criteria

The largest peak ground accelerations (PGAs) for the SF are from the West Tracy fault, which is near the
southern end of the proposed SF footprint. Ground motions were calculated at the southern portion of
the SF, which sits on the hanging wall of the West Tracy fault. Based on a moderate slip rate (0.4 millimeter
per year [mm/yr]) and the DWR, Division of Safety of Dams guidelines, a minimum PGA of 1.0 g
(84th percentile) is recommended for use for the SF (LCI, 2019). These ground motions represent free-field
motions for a reference site condition of a stiff soil (Vs ;30 = 1,100 feet per second [fps]; that is, Site Class
D). Site responses will be required to accurately model the effects of the softer, near-surface materials.

2.3 Assumptions
The following subsections describe key assumptions for the work described in this TM.
2.3.1 Near-site Data are Representative of the Southern Forebay Site

The primary assumption made to characterize the anticipated geotechnical conditions at the SF site was
that the near-site data collected by others for previous investigations were representative of the
conditions at the SF. This assumption was necessary due to the lack of site-specific subsurface data. It was
assumed that the following subsurface characteristics from near-site explorations (Table 2-1) were
representative of the conditions at the SF site:

e Soil stratigraphy/lithology
e Soil layer thicknesses
e Material properties (including material characteristics, unit weight, compressibility, and strength)

2.3.2 Seismic Loading

A review of existing geophysical data (Table 2-1) suggests the reference site condition V3 = 1,100 fps
occurs at a depth of about 100 feet below ground surface. Due to lack of site-specific site response
analyses, it is assumed that short-period ground motions will be de-amplified by 50 percent as they
propagate up through 100 feet of alluvial or deltaic soils, or both. Therefore, a peak ground surface
acceleration of 0.50 g was assumed for the seismic evaluations.

233 Stability Analysis

Several simplifying assumptions were made to perform the stability analyses presented in this TM:

e A symmetric homogenous embankment was assumed in this evaluation, though the embankment
may ultimately be a zoned earthen embankment with filters and drains or some other design
configuration.

e No seepage analyses were performed to develop a phreatic surface through the embankment;
therefore, an assumed phreatic surface was used. The assumed phreatic surface was based on the
design water surface elevation, did not consider filters and drains to be present, and assumed
relatively low-permeable material to bias a higher phreatic surface. The assumed phreatic surface
extends from the design water surface elevation from the interior side of the embankment through
the embankment and decreases in elevation to the ground surface at the exterior embankment toe.
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e Slip surfaces on the exterior slopes were assumed to be the critical mode for slope instability as the
interior embankment slope would be buttressed by the water in the reservoir. As such, only slip
surfaces on the exterior slopes were considered in the analyses.

e The post-seismic residual strength for soft to medium stiff fine-grained soils was assumed to be
80 percent of the static strength for the fine-grained soils.

234 Settlement Analysis

The primary settlement evaluation assumed the magnitude of consolidation settlement observed at CCF
was representative of the consolidation characteristics of the subsurface conditions beneath the
proposed SF. The stress distribution below the proposed SF embankment was assumed to be consistent
with the stress distribution from a trapezoidal embankment founded on a homogeneous elastic half space
(that is, a Boussinesq distribution is applicable). The settlement analyses assumed the soils below the
embankment were normally consolidated.

2.3.5 Conceptual Ground Improvement

The simplifying assumptions for evaluating the conceptual ground improvements considered for the SF
related to composite strength, installation configuration, constructability, and feasibility:

e Conceptual ground improvement scenarios only considered the performance improvements in terms
of slope stability and settlement. They did not consider constructability or the practical implications
or limitations of the proposed ground improvement concepts.

e The strengths used in evaluation of CDSM-improved strata were based on those obtained in literature
and prior project experience. The actual composite soil strengths will ultimately depend on soil
composition, thickness, strength, and orientation and spacing of ground improvement elements.

e The use of CDSM panels assumed no strength contribution from the soil between the shear panels.
This assumption was conservative, as non-liquefied soil between the panels will contribute additional
capacity and increase the composite strength of the improved ground zone.

e CDSM ground improvement was assumed to be a viable method for strengthening all materials
encountered, including highly organic (peat) soils. It was also assumed that the same composite
strength could be achieved in the overlying organics layer as would be achieved in the underlying soft
to medium stiff fine-grained or loose sand layer. Based on review of available literature, a higher
cement content or Area Replacement Ratio (ARR), or both, may be needed in areas with remnant
peaty deposits in the foundation.

24 Approach

The approach to performing the sensitivity evaluation included five primary steps, described in the
subsections that follow:

e Step 1: Develop Representative Profiles for Analyses

e Step 2: Develop Geometry for Embankment and Foundation Improvements
e Step 3: Develop Representative Material Properties

e Step 4: Perform Slope Stability Analyses

e Step 5: Perform Settlement Analyses
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CPT-derived strengths were compiled for both fine-grained and coarse-grained deposits and used to
develop depth-dependent statistical strengths. The CPT correlated strength data were combined into
5-foot-bin increments and statistically analyzed to calculate the geometric mean and standard deviation
(o) with depth for each parameter of interest. The geometric mean and 16" percentile (-15) strength
estimates were plotted versus depth and linear relationships were visually fit to the profiles to define the
representative mean and 16" percentile strength profiles.

Based on the design of the CCF, a range of undrained strength was presented for organic (peaty) soils
from 200 to 900 pounds per square foot (psf) with a recommended average strength of 450 psf used for
the CCF analyses (Leps, 1967a). This average value was thought to be conservative as consolidation
strength gain was ignored below the embankment. These strength parameters were adopted for use in
the current SF analyses.

Embankment shear strength parameters used in the SF analyses were selected to match presumptive
properties for Clay Fill (effective friction angle, ¢’- of 31 degrees & apparent cohesion, ¢’ of 100 psf)
recommended in the Guidance Document for Geotechnical Analyses prepared by DWR for the Urban and
Non-Urban Levee Evaluations Program (DWR, 2015a). The presumptive values are reasonably consistent
with drained strength parameters suggested for reusable tunnel material (RTM) (DWR, 2014), which is a
potential material source for constructing the SF embankments. Suggested RTM strength parameters
(DWR, 2014) varied slightly based on the foam surfactant (tunnel drilling additive) applied to the remolded
soil samples but included ¢’ values ranging from 30 to 90 psf and ¢’ values ranging from 29 to 32 degrees.

Shear strength parameters used for the conceptual ground improvement concepts described in
Section 2.4.2.3 were selected based on values used in published literature (Khosravi et al.,, 2016;
Boulanger et al., 2018) and engineering judgement. For the CDSM shear panels, a composite strength was
derived using an unconfined compressive strength of 40 kilopound per square foot (ksf), peak shear
strength reduction of 0.8, and a wall thickness of 2.5 feet. This results in a cohesion of 2,400 psf and 4,000
psf for the 15 percent area replacement ratio (AR) and 25 percent AR, respectively. To account for the
potential limited effectiveness of CDSM techniques in organic soils, a further reduction factor of about 0.6
was applied to the above values where CDSM encountered organic soils. In addition, for the purposes of
developing a composite shear strength, the shear strength of the soil between the CDSM panels was
ignored. A shear strength of 300 psf was selected for the soil-bentonite wall based on past project
experience.

The representative best estimate (mean) and 16" percentile (-10) strength parameters used in the
stability analyses are provided in Tables 2-4 and 2-5, respectively.

Table 2-4. Representative Best Estimate (Mean) Strength Parameters for Stability Analyses
Details of the Assigned Analysis Strengths

. Static & Pseudo-Static® Post-Seismic®
Applies
to ¢’ su¢ Esu ¢’ Sr/@'vce | sud Esu
Soil
Layer Layer Name Profile® | (degrees) (psf) (psf/ft) | (degrees) (-) (psf) (psf/ft)
1 Embankment 1,2 31 100f - 31 - 100f -
2 Organics 1,2 - 450 - - - 360 -

13
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Table 2-5. Representative 16" Percentile (-1c) Strength Parameters for Stability Analyses
Detail of the Assigned Analysis Strengths

Applies Static & Pseudo-Static® Post-Seismic®
Stol ¢' su? Esu® ¢' Sr/|vce sud Esu®
oi
Layer Layer Name Profile® (degrees) (psf) (psf/ft) | (degrees) (-) (psf) | (psf/ft)
1 Embankment 1,2 31 100f - 31 - 100f -
2 Organics 1,2 -- 300 - -- -- 240 --
Soft to
3a Medium Stiff 1 - 805 27 - - 644 21.6
Clay
3b Loose Sand 2 34 - - -- 0.08 -- --
4 Medium Stiff 1,2 - 1210 27 - - 968 | 21.6
Clay
5 Stiff Clay 1,2 -- 1750 27 -- -- 1750 27
6 Dense Sand 1,2 36 - - 36 -- -- --
7 Stiff Clay 1,2 - 4500 - -- - 4500 -
CDSM Area
AR15 | Replacement 1,2 - 2,400 - - - 2,400 -
Ratio =15% &
CDSM Area
AR25 | Replacement 1,2 - 4,000 - - - 4,000 -
Ratio = 25% &
B Soil Bentonite 12 __ 300 B 3 3 300 3
Wall

2S0il Profile 1 and Soil Profile 2 are determined by assigning Sublayer 3a/b. Soil Profile 1 is referred to as upper
fine-grained while Soil Profile 2 is referred to as upper coarse-grained in reference to Layer 3.

b Undrained strengths were assigned to fine-grained soil layers and drained strength parameters were assigned to
coarse-grained soil layers. Strength loss due to earthquake loading is assumed to occur at completion of shaking
and is not considered in pseudo-static analyses.

¢ Post-seismic undrained shear strengths for soft to medium stiff fine-grained soil layers were assigned a 20% shear
strength reduction due to cyclic softening.

4 Undrained strengths (su) are reported as linear parameters where su is strength at the top of layer and Asy is the
incremental strength increase with depth within that layer.

¢ The undrained residual shear strength ratio was assigned following the guidance of Idriss and Boulanger (2008),
assuming void redistribution effects could be significant and (N1)eocs-sr=8.

f Equivalent to the drained cohesion based on assumed Mohr-Coulomb failure envelope for embankment fill.

8 A reduction factor of about 0.6 is applied to CDSM composite shear panels in organic soil

15
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Table 3-3. Pseudo-Static Stability Yield Coefficients

Yield Coefficient (k,) results from Pseudo-Static Slope Stability Analyses of Existing and Improved
Ground Conditions Under Pseudo-Static Conditions

ky Using Best Estimate (Mean)
Strengths® ky Using 16" Percentile (-1c) Strengths®
Analysis ID? 3H:1v¢ 4H:1v¢ 6H:1V¢ 3H:1v¢ 4H:1v¢ 6H:1V¢
P1 E _-PSS Static<1 0.03 0.07 Static<1 Static<1 0.03
P1 G1-RR15_ PSS 0.18 0.23 0.28 0.10 0.12 0.15
P1_G1-RR30_ PSS 0.20 0.23 0.27 0.15 0.16 0.17
P1_G2-AR15_ PSS 0.20 0.23 0.29 0.19 0.21 0.20
P1 G2-AR25_ PSS 0.22 0.27 0.35 0.22 0.27 0.25
P2 E_PSS Static<1 0.03 0.07 Static<1 Static<1 0.03
P2_G1-RR15_ PSS 0.20 0.23 0.27 0.17 0.16 0.17
P2 _G1-RR30_ PSS 0.20 0.23 0.26 0.16 0.17 0.18
P2_G2-AR15_ PSS 0.21 0.23 0.28 0.19 0.21 0.20
P2_G2-AR25_ PSS 0.22 0.27 0.35 0.22 0.27 0.25

2 Analysis identifier in the format of SoilProfile_FoundationCondition_AnalysisType; refer to Section 2.4.4.1 for
further detail regarding the naming convention and Section 2.4.2.3 for further detail regarding the conceptual
foundation improvements.

b Selection of best estimate (mean) strengths are described in Section 2.4.3 and Table 2-4.
¢ Selection of 16" percentile (-10) strengths are described in Section 2.4.3 and Table 2-5.

dDescribes the symmetric embankment slopes; refer to Section 2.4.2 for further detail regarding embankment
geometry.

The yield coefficient (ky) is the horizontal seismic coefficient required for factor of safety equal to 1.0. Yield
coefficients are only calculated for static factors of safety greater than 1.0. For cases where slope stability
results in FOS < 1.0, “Static<1” is shown.

3.2 Settlement

Settlement analyses were conducted for the 30 different embankment and foundation configurations
described in Section 2.4.2 assuming static conditions (that is, no liquefaction). Settlement analyses were
performed for each case and independently of the slope stability evaluation following the approach
presented in Section 2.4.5. Results are summarized in Table 3-4 in terms of crest settlement and
differential crest settlement. Differential crest settlement was calculated for shear panel ground
improvement only and is equal to the difference in settlement at a point above the shear panel and the
midpoint between panels. The detailed settlement calculations are provided in Attachment 2. A series of
hypothetical liquefaction settlement calculations were performed on Soil Profile 2 using both best
estimate and 16™ percentile strengths. The calculated liquefaction induced settlement for the
15-foot-thick liquefied layer is 0.5 foot for both strength scenarios.

22
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Table 4-2. Evaluation of Post-seismic Stability Analysis Results

Comparison of Static Slope Stability Analyses Factors of Safety with Design Criteria Factors of Safety
for Existing and Improved Ground Conditions Under Post Seismic Conditions

Best Estimate (Mean) Strengths® 16'" Percentile (-10) Strengths®
Analysis ID? 3H:1v¢ 4H:1v¢ 6H:1V¢ 3H:1v¢ 4H:1v¢ 6H:1V¢
P1_E_A2-PS Does Not Does Not Meet Meets Does Not Does Not Does Not
Meet Meet Meet Meet
P1 G1-RR15_A2-PS Meets Meets Meets Meets Meets Meets
P1_G1-RR30_A2-PS Meets Meets Meets Meets Meets Meets
P1_G2-AR15_A2-PS Meets Meets Meets Meets Meets Meets
P1 G2-AR25_A2-PS Meets Meets Meets Meets Meets Meets
P2_E_A2-PS D‘T\jseeNtOt Does Not Meet D"’\jseeNtOt Dol\jz :ItOt D?\jsegtm D"’\jseeNtOt
P2_G1-RR15_A2-PS Does Not Does Not Meet Does Not Does Not Does Not Does Not
Meet Meet Meet Meet Meet
Best Estimate (Mean) Strengths® 16'" Percentile (-10) Strengths®
Analysis 1D? 3H:1v¢ 4H:1v 6H:1Vv¢ 3H:1v¢ 4H:1v¢ 6H:1Vv¢
P2 _G1-RR30_A2-PS Meets Meets Meets Meets Meets Meets
P2_G2-AR15_A2-PS Meets Meets Meets Meets Meets Meets
P2_G2-AR25_A2-PS Meets Meets Meets Meets Meets Meets

2 Analysis identifier in the format of SoiProfile_FoundationCondition_AnalysisType; refer to Section 2.4.4.1 for
further detail regarding the naming convention and Section 2.4.2.3 for further detail regarding the conceptual
foundation improvements.

b Selection of best estimate (mean) strengths are described in Section 2.4.3 and Table 2-4.
¢ Selection of 16" percentile (-10) strengths are described in Section 2.4.3 and Table 2-5.

4Describes the symmetric embankment slopes; refer to Section 2.4.2 for further detail regarding embankment
geometry.

As observed at the CCF, the remove and replace method can be challenging to implement in soft,
saturated soils. Therefore, using the remove and replace method to achieve target excavation depths of
15 and 30 feet may be difficult to implement. Considering these construction challenges, particularly for
the Profile 2 scenario (upper loose coarse-grained), the CDSM approach may be more viable.

4.2 Settlement

Based on the results of the settlement analyses presented in Section 3.2, the settlements estimated at
the proposed SF location range from 1.2 to 4.6 feet at the crest for the existing and improved foundation
conditions, with foundation improvement resulting in reduced settlement. Differential settlement,
measured as the difference between crest settlement above a CDSM panel and crest settlement at the

25
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midpoint between CDSM panels, ranged from 0.5 to 0.9 foot for the considered scenarios and
assumptions (note that these settlements are calculated over the entire soil profile thickness of 195 feet).
The selected soil profiles assumed the foundation soils were normally consolidated. These settlement
estimates were intended to be conservative. The subsurface conditions below the SF may have thinner
deposits of highly compressible soils, particularly along the western edge of the SF where organic deposits
are anticipated to thin out. Additionally, the SF embankment heights will be lower than what was assumed
for the current study on the northern/northwestern side of the SF where topography is higher, which
would reduce the estimated crest and differential settlements. The estimated settlements compared
reasonably well with actual post-construction settlements observed at CCF, which were on the order of
1 foot (though CCF was constructed in stages to account for soil strength gain and to limit post
construction settlement). The taller SF embankment (about 65 percent taller [13 feet taller]) and the
assumed normally consolidated foundation soils account for most of the observed differences. The use of
ground improvement techniques reduces the estimated settlement when compared against existing
conditions, with settlements down to a minimum of 1.2 feet for the remove and replace scenarios.

These settlement estimates neglect liquefaction-induced settlement. The magnitude and potential for
liguefaction-induced settlement to occur will depend on the selected foundation improvement method.
For example, the installation and spacing of CDSM panels will affect the liquefaction potential of the loose
sand between the panels.

5. Observations and Conclusions

This TM presented the concept-level analysis of the SF. The analysis included a review of near-site data,
steady-state static, post-seismic, and pseudo-static slope stability analyses, and settlement analyses. This
section summarizes key observations and conclusions from the slope stability and settlement analyses
presented in Section 3 and evaluated in Section 4.

e Existing near-site data are concentrated along the eastern side of the SF and indicate the upper 30 feet
of the foundation material consists of organic to highly organic, soft to medium stiff, fine-grained
deposits, and loose coarse-grained deposits. Understanding the presence, extent, material properties,
and thicknesses of these deposits using site-specific data will be key to refining the conceptual designs
presented in this TM.

e This analysis is entirely dependent on interpretation of near-site data concentrated near the eastern
edge of the SF and the assumption that near-site conditions are representative of conditions at the
SF. Site-specific subsurface information obtained following the distribution of this TM will likely
change the results and conclusions provided herein.

e Limited site data are currently available near the western/northern extent of the SF. Available data
located about a half-mile to 1 mile west/northwest of the site suggest organic deposits and liquefiable
coarse-grained materials thin from east to west across the SF. Additionally, existing grades within the
SF increase in elevation from east to west and from south to north, which in turn results in shorter
embankment heights. Subsurface conditions along the western portion of the SF should be further
evaluated and analyzed based on site-specific information to determine whether ground
improvement beyond the 6-foot embankment foundation excavation and replacement is needed
beneath this portion of the proposed embankment.

e Some form of foundation improvement would be required to satisfy static stability and post-seismic
stability and reduce settlement to acceptable levels along the eastern portion of the SF embankment.
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e Based on the information presented in this TM, the conservative recommended embankment
configuration would have interior and exterior slopes no steeper than 4H:1V.

e Site-specific investigations and geotechnical data are necessary to determine the best location for
ground improvements and to optimize ground improvement treatment patterns, including the
recommended seepage cutoff wall. Site-specific geotechnical data would also help refine the
strengths used in analysis.

5.1 Risk and Accuracy

This analysis was performed assuming conditions at nearby site locations are representative of the
conditions at the SF. There is a great amount of uncertainty and risk associated with this approach as
minimal site-specific subsurface information was available at the time this TM was prepared.

Designing CDSM for strength gain in organic (peaty) soils is not a common practice due to the strength
gain results being highly variable. The quantity of cement required to meet a specific design strength in
organic material would likely be significantly higher relative to nonorganic soils and would require a robust
quality assurance and quality control testing program to verify performance. Improving organic soils with
CDSM would not be recommended. If feasible, removing and replacing soft organic soils with compacted
fill is the preferred approach to mitigating this material.

Source material to construct the SF could include reusing onsite soils generated from excavations, RTM,
or other import sources. The embankment material parameters used for analyses presented in this TM
are assumed. Once a fill source is identified, a rigorous testing program must be implemented to develop
suitable seepage and shear strength parameters for design.

To develop the conclusions presented in this report, subsurface data collected by others during previous
investigations near the project site was used. Much of the subsurface data represent locations within a
half-mile of the SF, but some of the data used for the evaluations were located as much as 1 to 2 miles
from the SF site. The evaluations presented in this TM assume foundation conditions below the SF do not
deviate appreciably from those presented in the subsurface investigations reviewed for this study. The
results in this TM are preliminary in nature and should not be used for detailed design.

5.2 Recommendations and Next Steps
5.2.1 Recommendations

The recommended embankment configuration would include 4H:1V slopes (both interior and exterior)
with foundation improvement. Provided the highly compressible, soft organics are located at shallow
depths, removal and replacement with compacted fill is the most optimal and reliable improvement
method. For cases where liquefiable deposits are present at greater depths, CDSM shear panels would be
recommended for foundation improvement along the SF embankment. Given the anticipated
stratigraphic variability, it is likely that a combination of these methods would be used across the project
site.

Given the uncertainties in using near-site data, the recommended 4H:1V slopes provide a reasonable level

of conservativism until the embankment design could be updated with site-specific data. Given the size
of the embankment and the depositional environment present at the SF location, it is likely that variability
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in the foundation condition exist and the foundation improvement method would be adjusted/optimized
based on actual conditions.

5.2.2 Next Steps

e Step 1: Perform site-specific subsurface explorations and laboratory testing to capture the range of
subsurface conditions for the SF

e Step 2: Update the subsurface interpretation and analyses performed herein to develop individual
reaches so that foundation improvement plans can be designed on a reach-by-reach basis. This
includes performing additional analyses that include but are not limited to site-specific site response;
and liquefaction, seepage, stability, and settlement analyses.
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Attachment 2
Analysis Results
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