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1.0 INTRODUCTION
Purpose and Scope

The San Francisquito Creek Joint Powers Authority (SFCJPA) is a regional
government agency founded by the cities of East Palo Alto, Menlo Park, and Palo
Alto, the San Mateo County Flood Control District and Santa Clara Valley Water
District in 1999. SFCJPA is implementing the Strategy to Advance Flood protection,
Ecosystems and Recreation along the San Francisco Bay (SAFER Bay) Project
which addresses sea level rise and inundation, ecosystem restoration, and
recreational improvements along the south San Francisco Bay shoreline.

The existing FEMA flood study mapping places East Palo Alto’s and Menlo Park’s
entire Bay shoreline within the Special Flood Hazard Area for the 100-year coastal
flood event (also referred to as the 1% annual chance of exceedance event or the
base flood). This designation indicates that these communities are at risk of coastal
flooding. Sea level rise will further exacerbate these coastal flood hazards.

To address these flood hazards, SAFER Bay comprises construction of new or
improved flood risk reduction features along the Bay shoreline from the Menlo Park
and Redwood City border south to San Francisquito Creek, where another SFCJPA
flood protection ecosystem restoration project was recently completed along the
East Palo Alto and Palo Alto border. A design team led by HDR advanced the
design of these features to the 10% or 30% design level. The Design Criteria and
Considerations Technical Memorandum dated September 6, 2024 prepared by HDR
for all reaches of the SAFER Bay project serves as the basis of this report.

The City of East Palo Alto is further advancing the design of the flood protection
system from San Francisquito Creek to Bay Road to a 100% design level (the
Project). Led by Sherwood Design Engineers (Sherwood) and it's subconsultants
(Design Team), an updated Design Criteria Report is provided herein to define the
basic criteria and guidance that will be utilized during design. It will include basic
operations requirements, Project performance requirements, and other stakeholders
design criteria as identified by the City. The DCM will document geotechnical, civil,
structural, hydrologic and hydraulic standards to be used in the analyses and design.
Pertinent codes and references will be cited.

Project Description

The SAFER Bay East Palo Alto Project subject to this report extends approximately
5,250 feet along an existing embankment from the O’Connor Pump Station at San
Francisquito Creek to Bay Road in East Palo Alto.

The Project utilizes a sheet pile floodwall with embankment. The 30% design for the
South of Bay Road Project includes the following features. These features will be
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reviewed and updated as part of development of the 100% design as needed to
meet the levee design criteria described in Section 2.0 below.

e Embankment

o 20 ft embankment crown width

o 3:1 (H:V) waterside slope

o 2:1 landside slope stabilized with geogrid

o 13.0 ft top of embankment elevation (NAVD 88)
e Sheet Pile Floodwall

o Concrete Capped

o 16.5 ft top of wall elevation (NAVD 88)

o -2510-40 ft tip of wall elevation (NAVD 88)

2.0 LEVEE DESIGN CRITERIA

The SAFER Bay East Palo Alto flood protection system design will follow Federal
and State guidelines and design standards, included in the following regulations:

+ Code of Federal Regulations (CFR), Title 44, Volume 1, Chapter I, Section
65.10 (44 CFR 65.10)
+ California Code of Regulations (CCR) Title 23

In addition to these publications, the project will follow applicable US Army Corps of
Engineers (USACE) and California Department of Water Resources (DWR)
guidelines for the design of flood protection systems. While the CFR and CCR
reference several USACE publications, there are several additional documents that
provide standards and guidance for analyses and practices relevant to levee and
floodwall construction and maintenance.

For levees and floodwalls to be accredited by FEMA, they must be certified by a
licensed professional engineer or a Federal agency responsible for their design.
Certification is a finding that, with reasonable assurance, sufficient data exists that
the system in question provides protection from the design flood event. These
requirements are outlined in 44 CFR 65.10. The USACE design criteria and DWR
guidance are followed for the design of levees and floodwalls based on the
requirements of 44 CFR 65.10 as well as recent publications not cited in 44 CFR
65.10. This includes design criteria for levee and floodwall geometry, seepage, slope
stability, and levee and floodwall settlement. Additionally, requirements for
freeboard, closure structures, embankment erosion protection, interior drainage, and
the requirements for an O&M plan are addressed in 44 CFR 65.10.

The most recent USACE published documents, including Engineer Manuals (EM),
Engineer Regulations (ER), Engineer Circulars (EC) and Engineer Technical Letters
(ETL) are the basis for the design criteria. These references can be found in Section
6.0. Adraft EM, EM 1110-2-1913 (USACE 2022) is also referenced when
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developing these design criteria, as a point of reference of the current state of the
practice.

General Levee and Embankment Cross-Sectional Geometry

USACE EM 1110-2-1913, Design and Construction of Levees (USACE 2022), was
consulted for determining the minimum levee embankment geometry. Based on this
document, the following levee and embankment sections are used for levee design:

*  Minimum levee/embankment crown width of 16 ft.
* Landside slope 3H:1V or flatter, or 2H:1V with geogrid.
» Levee waterside slope 3H:1V or flatter.

Levee and Embankment Fill Material

EM 1110-2-1913 (draft; USACE 2022) provides recommendations for typical suitable
fill material for levee fill material. Based on EM 1110-2-1913, previous experience
and industry standard practice, the following material types are recommended:

+ Levee Embankment Fill:
o Plasticity Index (PI) greater than or equal to 8 and less than or equal to
40.
Portion passing 3-inch sieve is 100%.
Portion passing No. 4 sieve is greater than or equal to 70%.
Fines content (Passing No. 200 sieve) is greater than or equal to 30%.
Organic content is less than 5%.
Fine-grained soils are classified as non-dispersive.
No unsuitable material such as roots, grass, weeds, trash, and debris.

O O O O O O

« Habitat Berm Fill:
o All suitable borrow or existing embankment material meeting
vegetation and aquatic life contaminant criteria specified below.

Hydraulic Loading

The proposed embankment/floodwall is intended to provide 100-year flood
protection with 3.5 feet of Sea Level Rise (SLR). The 100-year still water elevation
with 3.5 ft of SLR is estimated to be 14.5 ft NAVD88. To provide protection against
the 100-year flood with SLR, the top of floodwall is proposed to be established at
16.5 ft NAVD88. This top of floodwall elevation is referred to as the Hydraulic Top of
Levee (HTOL) herein. The HTOL elevation accounts for freeboard between the 100-
year flood elevation with 3.5 ft of SLR, as discussed in Section 5.0.

According to USACE EM1110-2-2502 (USACE 2022), hydraulic loading can be
separated into categories based on their probability of occurrence. The following
definitions will be used for this project:
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e Usual: Usual loads are normal loads that are expected to happen routinely
throughout the life of the structure. For this project, the usual load is taken to
be 10.8 ft NAVD88. This elevation corresponds to the Mean Higher High
Water (MHHW) with 3.5 ft of SLR, as discussed in Section 5.0.

e Unusual: Unusual loads are infrequent loads, but can be expected to occur
over the life of the structure. For this project, the unusual load is taken to be
14.5 ft NAVD88, corresponding to the 100-year still water elevation with 3.5 ft
of SLR.

o Extreme: Extreme loads are rare events which are possible but unlikely over
the life of the structure. For this project, the extreme load is taken to be 16.5
ft NAVDB88, corresponding to the HTOL.

Factor of safety criteria (hereafter “FOS criteria”) for the levee/floodwall system are
provided in EM1110-2-2502 (USACE 2022), and depend on whether the load is
“‘usual’, “unusual’, or “extreme.” These FOS criteria also depend on the Site
Information Category, which describes how well the site subsurface conditions have
been characterized. For this project, a site classification of “ordinary” was assumed
per EM 1110-2-2502. Geosyntec has conducted an additional geotechnical
exploration program to provide an average exploration spacing of no greater than
500ft, with quality sampling and data collection. This additional data was needed to

fill the existing data gaps and classify the site as ordinary.
The specific FOS criteria adopted for the project are further discussed below.
Underseepage and Through Seepage

Levee, embankment, and floodwall stability can be compromised if hydraulic exit
gradients caused when relatively high underseepage pressures exceed allowable
values. Excessive hydraulic exit gradients can result in the formation of sand boils,
piping, and levee failure if left unrepaired. Similarly, seepage through the levee or
embankment can result in seepage breakouts on landslide levee/embankment slope
and reduce levee, embankment, and floodwall stability.

The following USACE and DWR publications are used to evaluate underseepage
and through seepage for the project levees, embankments, and floodwalls:

« EM 1110-2-1913, Design and Construction of Levees (USACE 2000).

« EM 1110-2-2502, Floodwalls and Other Hydraulic Retaining Walls (USACE
2022).

+ California Department of Water Resources (DWR) Urban Levee Design
Criteria (ULDC) (DWR 2012).

+ DWR Guidance Document for Geotechnical Analyses, Urban Levee
Evaluation (ULE) Project (DWR 2015) (hereafter “ULE Guidance Document”).
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The vertical gradient Factor of Safety (FOS) will be evaluated as the ratio of the
critical exit gradient (i) to the allowable exit gradient (i,). The critical exit gradient is
calculated as the ratio of the buoyant unit weight (y;) of the blanket layer to the unit
weight of water (y,,). The maximum total unit weight (y;) used to evaluate the critical
gradient is 112.5 pcf per the ULE Guidance Document.

FOS = minimum required factor of safety

FOS ==

]

Where:
(N (¥e — Yw)
’ ¥ Fw

Yy = 112.5 pef

The minimum factor of safety requirements for vertical exit gradient depends on the
hydraulic loading scenario and where the seepage occurs. For evaluation of the
ground immediately landside of the floodwall, the minimum FOS criteria listed in EM
1110-2-2502 apply. For this project, immediately landside of the floodwall is
interpreted to refer to the exit gradient at the landside toe. The following minimum
exit gradient for each Water Surface Elevation (WSE) apply, assuming ordinary site
classification:

* Minimum vertical gradient FOS of 2.8 for the Usual WSE of 10.8 feet.
* Minimum vertical gradient FOS of 2.0 for the Unusual WSE of 14.5 feet.
* Minimum vertical gradient FOS of 1.6 for the Extreme WSE of 16.5 feet.

As discussed in EM 1110-2-2502, evaluation of exit gradients beyond the landside
toe are further described in EM 1110-2-1913. For example, the criteria listed in EM
1110-2-1913 will apply to evaluation of seepage through drainage channels or other
low-lying features away from the levee toe. The EM 1110-2-1913 manual provides a
minimum vertical gradient FOS criteria for the Design Water Surface Elevation
(DWSE). For this project, the DWSE corresponds to the 100-year water elevation
with 3.5 ft of SLR, and is consistent with the Unusual WSE elevation of 14.5 feet,
defined above. EM 1110-2-1913 also allows for additional reductions in the
allowable factor of safety further from the levee toe, with the rationale that seepage
problems that develop further from the levee are less likely to progress beneath the
levee and result in a breach.

For this project, the vertical gradient FOS beyond the landside toe will be evaluated
for the Unusual WSE of 14.5 feet. The minimum vertical gradient FOS for this
evaluation will vary along the alignment based on the embankment and landside
geometry and will be linearly interpolated between a minimum FOS 1.6 near the
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landside toe and 1.1 at a distance of Dr from the upstream toe, where Dt is equal to

the effective levee height (H) divided by 0.05 (i.e., Dr = H/0.05), following guidance
presented in Section 6.7.3 and Figure 6-5 of EM 1110-2-1913 (USACE 2022).

Vertical exit gradients beyond the landside toe will also be evaluated for the Extreme
WSE of 16.5 feet. The minimum vertical gradient FOS for this condition will be 1.0,
based on criteria listed in the ULDC (DWR 2012).

Static Slope Stability

Static stability analyses will be performed to evaluate the proposed
embankment/floodwall configurations for the conditions and minimum stability FOS
criteria listed below:

* Long-term landside slope stability will be evaluated under steady state
seepage conditions. The minimum FOS criteria for this long-term condition
depends on the type of slope failure and the loading classification.

o For deep-seated stability failure surfaces passing beneath the
sheetwall, minimum stability FOS criteria listed in EM 1110-2-2502
Floodwalls and Other Hydraulic Retaining Walls will apply. The
following criteria will be adopted based on an ordinary site
classification:

= Minimum FOS of 1.6 for the Usual WSE of 10.8 ft.
= Minimum FOS of 1.5 for the Unusual WSE of 14.5 ft.
=  Minimum FOS of 1.4 for the Extreme WSE of 16.5 ft.

o For slope stability failure surfaces that pass through the embankment
fill only and do not pass through or beneath the floodwall, minimum
FOS criteria listed in EM 1110-2-1913 (USACE 2022) Evaluation,
Design, and Construction of Levees apply. The following criteria will be
adopted:

= Minimum FOS of 1.5 for the Usual WSE of 10.8 ft.
= Minimum FOS of 1.4 for the Unusual WSE of 14.5 ft.
= Minimum FOS of 1.3 for the Extreme WSE of 16.5.

* End of construction stability: minimum FOS of 1.3 per EM 1110-2-1902 Slope
Stability (USACE 2000) and EM 1110-2-1913 Design and Construction of
Levees (USACE 2000).

» Waterside rapid drawdown conditions will be evaluated following guidance in
EM 1110-2-1902 Slope Stability (USACE 2000):

o Minimum FOS of 1.3 for rapid drawdown from the Unusual WSE of
10.8 feet to the waterside toe of the slope.

o Minimum FOS of 1.1 for rapid drawdown from the Extreme WSE of
16.5 ft to the waterside to of the slope.
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Seismic Stability Analysis

The following USACE publication is used to evaluate seismic hazard and seismic
performance criteria for the project levees, embankments, and floodwalls:

« ER 1110-2-1806, Engineering and Design: Earthquake Analysis, Evaluation,
and Design for Civil Works Projects; Effective 29 June 2024 (USACE 2024).

According to the seismic design criteria presented in USACE (2024), the seismic
design criteria depends on the project consequence-based feature classification.
Since the landside toe of the levee is greater than the Usual WSE with 3.5 ft of SLR,
a breach of the levee/floodwall system may lead to significant economic
consequences, property damage, and potential loss of life. The project is therefore
considered “critical” when subject to 3.5 ft of SLR, according to definitions provided
in Table 1 of ER 1110-2-1806.

ER 1110-2-1806 requires consideration of two seismic loading scenarios:

» Operating Basis Earthquake (OBE). The OBE is a ground motion that can
reasonably be expected to occur within the service life of the flood protection
system. The performance criteria for the OBE is that the levee/floodwall
system would remain serviceable (i.e., continue to provide flood protection)
following the ground motion. According to ER 1110-2-1806, the OBE ground
motion for a critical structure should have a minimum return period of 475-
years.

* The Maximum Design Earthquake (MDE). The MDE is a rare but possible
earthquake scenario and represents the maximum level of seismic ground
motion considered for design of the project. The performance criteria for the
MDE earthquake is that this ground motion does not lead to breach and
catastrophic flooding. Severe damage may still occur following the MDE,
however, the levee/floodwall system is assumed to be repaired prior to
catastrophic flooding. According to ER 1110-2-1806, the MDE must be taken
as the larger of the two seismic scenarios:

o The ground motion with a return period of 2,475-years.

o The Maximum Credible Earthquake (MCE) ground motion. The MCE is
the largest earthquake that can be reasonably expected for a given
fault or seismic source. The MCE is required to be evaluated and/or
interpolated between the median and 84" percentile ground motion,
depending on the seismic source slip rate.

To evaluate seismic performance, seismic deformation analyses will be performed in
accordance with EM 1110-2-2502, EM 1110-2-1913, and ER 1110-2-1806. Seismic
deformation analyses will consider deviatoric slope and floodwall displacements
resulting from the OBE and MDE earthquake. These deformation analyses will
include the potential contributions from cyclic strength loss of foundation soils, post-
liquefaction reconsolidation settlement, and lateral spreading, as applicable.
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The maximum allowable vertical displacement for the embankment following an
OBE earthquake will be taken as 1 foot. Vertical displacements of up to 1 foot will
prevent the freeboard from becoming negative, and will therefore allow the
levee/floodwall system to continue to remain serviceable after the OBE by continuing
to provide flood protection against the 100-year water elevation with 3.5 feet of SLR.
Repair of the floodwall and placement of levee maintenance fill and repaving
damaged sections of the Bay Trail may still be required following the OBE.

The maximum allowable vertical displacement for the embankment following an
MDE earthquake will be taken as 3.4 ft. This displacement corresponds to the height
difference between the HTOL (16.5 ft NAVD88) and the 10-year flood with 3.5 ft of
SLR (13.1 ft NAVDS88). Displacements of up to this amount are not expected to lead
to catastrophic flooding for water levels of up to the 10-year flood; however, the
levee/floodwall system may require extensive repairs to reinstate the design flood
protection.

According to ER 1110-2-1806, critical structures in high seismic hazard regions
(such as the San Francisco Bay Area) require advanced analysis methods such as
ground motion time history development, seismic site response analyses, and/or
fully nonlinear deformation seismic analyses methods. These advanced analyses
methods are not included as part of the current scope of work, but are
recommended for more accurate characterization of the seismic hazard and to meet
the requirements of ER-1110-2-1806. For preliminary design, simplified seismic
analysis methods will be used. This will include development of seismic design
parameters (e.g., peak ground acceleration [PGA], uniform hazard response spectra
[UHS], and earthquake magnitude) using the United States Geological Survey
(USGS) Earthquake Hazard Toolbox (USGS 2026), utilizing the 2023 National
Seismic Hazard Model (NSHM) to perform regional probabilistic seismic hazard
calculations (Petersen et al. 2024).

For initial design, simplified slope displacement estimates will be developed using
empirical correlations such as those provided in Bray and Macedo (2017); however,
fully nonlinear deformation seismic analyses will be required for completion of the
project based on requirements listed in ER 1110-2-1806 and as noted above.

Levee Settlement
Foundation settlement due to levee and embankment construction will be accounted
for as part of design. The following USACE publication will be used to evaluate

settlement for the proposed levee/floodwall system:

+ EM 1110-1-1904, Engineering and Design: Settlement Analysis (USACE
1990).

Settlement will be evaluated by accounting for the duration and staging of
construction. The total settlement will be divided into two components: (i) settlement

8
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that occurs during construction, and (ii) settlement that is predicted to occur following
the completion of construction (“post-construction settlement”). The post-
construction settlement will be estimated for an assumed 50-year period, and will
consider both primary and secondary consolidation settlement, as applicable.

The estimated post-construction settlement will be considered when establishing the
top of embankment elevation. In particular, the recommended design top of
embankment of 13.0 feet will be increased/overbuilt to account for the estimated
post-construction settlement.

The embankment is expected to experience differential settlement due to variable
subsurface and loading conditions. This differential settlement may lead to uneven
surfaces and/or cracking of asphalt paving of the Bay Trail, or along access points to
the trail. For this project, we understand that post-construction differential settlement
criteria have not been established. The post-construction differential settlement is
not anticipated to affect geotechnical performance of the levee embankment but may
require post-construction maintenance to periodically repave or repair distressed
pavement sections. Pavement distress due to differential settlement can be reduced
by postponing the pavement installation date (i.e., waiting one or more years
following embankment construction before installing asphalt), and by installing
flexible joints at concrete ramps and pipe penetrations.

Embankment Protection

Embankment protection in front of the levees and floodwalls will be provided along
all reaches with coastal erosion exposure, i.e. including consideration of waves. If
indicated by erosion hazard that embankment protection is insufficient, then riprap or
other erosion protection measures will be selected and designed appropriate to the
level of erosion hazard.

Levee Vegetation and Aquatic Life Contaminant Criteria
Levee Vegetation
Design criteria for vegetation management in the project area shall be found in:

+ EP 1110-2-18, Guidelines for Landscape Planting and Vegetation
Management at Levee, Floodwalls, Embankment Dams, and Appurtenant
Structures (USACE 2019).

As required by the USACE, a “vegetation free zone” must be retained on and
adjacent to levees and floodwalls, with the exception of perennial grass species.
According to the USACE guidelines, the primary purpose of this zone is to provide
access for inspection, maintenance, monitoring and flood-fighting. The secondary
purpose is to control erosion and reduce the potential for tree and shrub root
systems to provide pathways for lateral water movement/piping through the levee.
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The vegetation-free-zone contains the levee crown, the side slopes and a minimum
15-foot setback from the landside and waterside toes. For floodwalls, special
consideration must also be given to the distance between large trees and the wall,
and the potential for damage by root systems.

It is our understanding that the SFCJPA and the City of East Palo Alto intend to
pursue a variance from the aforementioned criteria through the USACE. Should a
variance be granted, alterations to the design criteria will be made accordingly.

If a variance were not obtained, the SAFER Bay project would result in substantially
greater impacts to existing tidal marshes because the existing USACE (2019)
guidelines do not allow the establishment of the native shrubs and forbs that
compose tidal marsh vegetation within the “vegetation-free zone”. This would extend
the width of levee impacts 15 feet bayward of the toe of proposed 3H:1V levee
slopes and would also preclude the re-establishment of tidal marsh and marsh-
upland ecotone vegetation below the High Tide Line on the bayward slopes.
Therefore, the Design Team recommends that the SFCJPA and the City of East
Palo Alto pursue a variance similar to the variance that the USACE approved
internally for its South San Francisco Bay Shoreline Project (Shoreline Project).
Bayward 3H:1V levee slopes adjacent to existing marshes, where broader
Transition-zone (T-zone) habitat will not be constructed, should be designed to
support establishment of native tidal marsh and ecotone vegetation to reduce the net
loss of marsh habitat. As with the Shoreline Project, this would entail USACE
approval of design criteria for vegetation that varies from the USACE guidelines,
including:

* reduction in soil compaction requirements in the topsoil layer,

* incorporation of topsoil amendments, and

» establishment of native marsh/ecotone shrubs and forbs with shallow root
systems.

Soil Contaminant Criteria for Protection of Aquatic Life in the
Baylands

The San Francisco Bay Regional Water Quality Control Board (RWQCB) typically
requires that soil placed in the San Francisco baylands, upon which bayland habitats
will establish, be screened and verified to meet RWQCB contaminant concentration
criteria for the protection of aquatic life found in Beneficial Reuse of Dredged
Materials: Sediment Screening and Testing Guidelines Draft Staff Report (RWQCB
2000). For example, the RWQCB Section 401 permits for both the Shoreline Project
and the South Bay Salt Pond Restoration Project required the preparation and
implementation of a RWQCB approved contaminant Quality Assurance Project Plan
(QAPP). The U. S. Fish and Wildlife Service (USFWS) Don Edwards National
Wildlife Refuge prepared and is implementing the following RWQCB approved
document for this purpose: Master Quality Assurance Project Plan for Don Edwards

10
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San Francisco Bay National Wildlife Refuge (USFWS and H. T. Harvey & Associates

2018). Therefore, we anticipate that the SAFER Bay project will also need to prepare

and implement a QAPP for import of soils to build both levees and T-zone habitats

which also limits potential contaminants within the soils meeting various USACE

criteria. We expect the QAPP will need to be approved by USACE, RWQCB, and

BCDC prior to implementation of the SAFER Bay project.

3.0 CIVIL DESIGN CRITERIA

Penetrations and Encroachments

Design criteria for penetrations and encroachments considers the following:
EM 1110-2-1913 Design and Construction of Levees.

EM 1110-2-2502 Retaining Walls and Floodwalls.

EM 1110-2-2902 Conduits, Culverts, and Pipes.
ETL 1110-2-584 Design of Hydraulic Steel Structures.

Local utility owners such as Pacific Gas and Electric (PG&E) and coordinating
agencies will impose further design criteria on their facilities that will be considered
in Project design. Ultimately, penetrations and encroachments are assessed on an
individual basis and therefore as-built documents and record drawings review, site
visits, coordination with local utility agencies, potholing, and direct ground surveys to
identify vegetation, utilities, and encroachments impacted by the Project is
recommended to inform design.

Levee Penetrations

Penetrations include all existing pipes, conduits, and water conveyance structures
beneath or through the levee prism or within 10-feet of the landside and bayside of
the projected levee toe. These facilities will be impacted by construction and the
Project will consider replacement or modification as necessary to meet current
USACE design requirements in EM 1110-2-2502 and EM 1110-2-2902.

Compliance with USACE standards would require pressure pipes and conduits
crossing beneath or through the levee be redesigned to penetrate the levee above
the DWSE and be placed outside of the slope of the design levee prism, where
feasible. Pressure pipes and conduits would be equipped with positive shutoff valves
located at the waterside of the levee crown in a concrete vault.

Penetrations which cannot be modified to meet design criteria will require a variance
and be assessed individually.

Water Control Structures
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The Project will not construct water control structures. Several existing structures will

be protected in place to accommodate drainage operations. Drainage on the

landside of the new flood protection system South of Bay Road will be modified to

direct existing flows to the O’Connor Street Pump Station which outfalls to San

Francisquito Creek immediately south of the Project extents.

Gravity Pipes

The Project does not anticipate any gravity pipe crossings. However, if they are
necessary, isolation gates will be provided on the landside of the levee for all gravity
pipe crossings and a flap gate or duckbill valves will be provided on the waterside
outfall. Isolation gates will be in either a manhole modified to accept a sluice gate, a
new headwall, or concrete vault structure.

New pipes that pass through the levee will be CLSM-encased through the levee
prism. Existing pipes that pass beneath the floodwall footing will be evaluated on a
case-by-case basis to determine if modification to pipe type or CLSM encasement
will be needed.

Encroachments

Encroachments are defined as existing or proposed features that may impact
construction, compromise levee performance, or impede future flood fighting efforts.
Encroachments may include adjacent ditches and canals, structures, utility poles,
pumps, fences, gates, and ramps (EM 1110-2-1913).

Generally, the following encroachment actions would comply with levee design
criteria:

* Encroachments within the levee footprint (from landside levee toe to
waterside levee toe) relocated to outside of flood control Right of Way (ROW).

+ Encroachments that interfere with levee construction relocated to outside of
flood control ROW.

* Encroachments located within 20-feet of the landside levee toe and within-15
feet of the waterside levee toe (or projected levee toes) relocated.

However, it is not always practical or admissible to remove all encroachments from
the flood control ROW as described and therefore encroachments must be
considered on an individual basis. Discussion of specific types of encroachments is
included below.

Bay Trail
The existing Bay Trail will be relocated along the length of the Project to the crown of
the new flood protection system. Trail design will balance public use and levee

maintenance and performance. Where the new flood protection system overlaps
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with the existing Bay Trail, the trail will be demolished. Where there is no overlap,
the Project will provide fill between the existing trail and proposed levee prism to
provide positive drainage and maintain access. Criteria which will inform Bay Trail
design:

» Vehicle access for maintenance and flood fighting efforts: trail surfacing, and
widths will be required to accommodate all-weather vehicle access.

« ADA compliance: the Project will provide ramps at select locations to the new
Bay Trail on the crown of the flood protection system. These ramps will
require Americans with Disabilities Act (ADA) compliance.

« Habitat encroachment: proximity to habitat and potential impacts will be
considered in Bay Trail relocation design.

* Metropolitan Transportation Commission (MTC) San Franscisco Bay Trail
Design Guideline and Toolkit (2016) and other local guidance.

Interior Drainage Channels

An existing interior drainage channel is located along the proposed Project
alignment. The interior drainage system in East Palo Alto is initially collected by an
underground storm drain pipe network that discharge into this open channel which is
discharged into San Francisquito Creek and ultimately the San Francisco Bay via
the O’Connor Pump Station which balances water surface elevations between the
stormwater runoff and tidal cycle events.

This channel will require relocation as appropriate to meet regulatory
requirements because of the potential threat it poses to levee integrity and the
potential obstruction of maintenance activities. Criteria which will inform drainage
channel design:

+ Drainage system functionality: Project design will provide for the interior
drainage system of East Palo Alto to continue to function properly, without
increasing stormwater flooding from the existing condition once the Project is
complete.

+ Seepage: there are underseepage and through seepage criteria specific to
ditches in proximity to levees, see Section 2.3.

« Habitat encroachment: proximity to habitat and potential impacts will be
considered in interior drainage design.

Utility Poles and Transmission Towers

Several utility poles and transmission towers with concrete supports intersect the
levee footprint or are located within 20-feet of the landside levee toe and within-15
feet of the waterside levee toe. In general, utility pole foundations are not allowed to
penetrate the levee prism per USACE levee encroachment guidelines. These
structures will be relocated outside of the levee prism unless approved by the
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SFCJPA and the City of East Palo Alto and coordinated with the USACE San
Francisco District and the utility in question for acceptability.

If tower foundations or other encroachments must remain in the levee prism,
seepage must be reduced to acceptable levels, and their location must not interfere
with normal or flood-fighting maintenance and operations. Coordination with the
appropriate utility will be required to ensure towers that are left within the levee prism
are modified as required for the seepage requirements.

Maintenance and Monitoring

Maintenance and monitoring requirements will be considered during design as
described in EM 1110-2-1913. This includes the following considerations:

» Access roads to levee: All-weather levee access roads should be provided to
support maintenance and flood fighting efforts. Generally, there is suitable
access to the Project alignment from existing public roads which should be
maintained during design.

* Access road on levee: All-weather access roads, or patrol roads, will be
located on the levee crown and at the levee toes wherever possible, with
consideration of access to flood control appurtenances such as gates, closure
structures, and pump stations. The Project will include such patrol roads
where possible but, as discussed, must also accommodate the public Bay
Trail.

« Turnouts and turnarounds: The Project will consider where turnouts or
turnarounds for two-way traffic or equipment maneuverability on the levee
access roads may be necessary considering the eventual patrol road
dimensions and levee access points.

+ Ramps: Ramps providing access to the levee crown from the landside or
waterside patrol roads, or access points will be included in Project design.
However, similar to the patrol roads themselves, these ramps may also
accommodate public Bay Trail access.

Real Estate, Construction Access, and Staging

The design process will include identifying right-of-way needs, including temporary
construction easement and permanent flood protection easement, for the Project
features, patrol roads, and construction access and staging. The permanent flood
control easement is anticipated to accommodate the Project footprint as well as 15-
foot-wide access corridors along both levee toes. Corridors less than 15-feet-wide
may be incorporated into the Project in areas with space limitations after design and
operation and maintenance are considered.

Maintenance of public access to the Bay Trail during construction will be considered
and coordinated with SFCJPA, the City of East Palo Alto, and other local agencies.
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4.0 STRUCTURAL DESIGN CRITERIA
Sheet Pile Floodwalls

A cantilever sheet pile floodwall is included in the Project from STA 0+07.5 to
52+27.8. Sheet piles will have architectural facing utilizing precast concrete panels
or form liners. The top of the sheet pile wall will have reinforced concrete pile caps in
the exposed height and the base of the concrete pile cap will be 2 feet below the
finish grade.

Sheet pile wall heights will be designed to meet EM 1110-2-2502, Section 2.4.3.4
Sheet Pile Wall Heights. The design height of the wall is defined as the height of
exposed unsupported wall from the top of wall to the finished grade measured on the
protected side of the wall, see Figure 2.

The sheet pile wall is anticipated to be designed using the USACE sheet pile design
software CWALSHT. CWALSHT uses classical soil mechanics procedures to
determine the required depth of penetration of a new wall (or assess the factor of
safety of an existing wall).

Sheet Pile Material

The following sheet pile materials will be considered for the flood protection project:

« ASTM A328
« ASTM A572 grades 50 or 60
+ ASTM A690
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Corrosion Rates

The following corrosion rates will be applied to the design, and are based on
recommendations found in California Department of Transportation Corrosion
Guidelines Version 3.2 and historic marine structural design practice:

Table 1: Corrosion Rates

Nominal Zone Steel Corrosion Rate
(in. / year)

Splash Zone 0.006

Atmospheric Zone 0.004

Immersed Zone 0.002

Fill or Disturbed Natural Soils | 0.0015

Soil Embedded Zone 0.001

The two surfaces of the sheet pile may experience differential corrosion rates
dependent on the corrosivity of the elements on either side of the sheet pile. Soil
samples from recent geotechnical borings have been included for laboratory testing.
Testing of the soil samples will include minimum resistivity, pH, sulfides, and
chlorides.

Steel sheet piles will not be coated. The upper portion of the sheet pile above the
ground elevation will be encased in a concrete pile cap. Below the pile cap the sheet
pile design will include a sacrificial thickness to meet a minimum 50-year design life.

Unit Weights
Below is a list of unit weights and material properties that will be used in the design:

« Water: 62.4 pcf for fresh water and 64 pcf for seawater.
» Concrete: 150 pcf.
+ Structural Steel: 490 pcf.

Design Loads and Loading Summary

Design loads will be determined based on geographic settings and surroundings,
material weight, code compliance, geotechnical data, and other
operation/maintenance requirements of the floodwalls. After review of the
classification of hydraulic structures defined in Appendix H of EM 1110-2-2100, the
floodwalls would fall under coastal type floodwall. The floodwall is considered a
critical structure since the wall could fail suddenly without warning during
intermediate flood stage conditions. Therefore, the safety provisions applicable to
critical structures must be used for flood loading conditions. The design loads
include the self-weight of the structure; weight of the water on top of it, which would
correspond to the flood event WSE for the load case chosen, weight of the soils on
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top of it, hydrostatic forces, including uplift; and lateral earth pressures, construction
surcharge loads, and seismic loading, including both inertial and hydrodynamic
effects.

Live Loads
Vehicle Live Load on Trail = HS-20 Truck Load

Geotechnical Design Inputs and Foundation Properties

Geotechnical design inputs, foundation properties, and lateral loads used in the
structural design of the 30% South of Bay Road Area have been based on two
documents:

* Preliminary Geotechnical Report for South of Bay Road, SAFER Bay Project,
June 2024.

+ SAFER Bay Project Task Order No. 1 Geotechnical Report for the Feasibility
Phase, May 2016.

For the 60%, 90%, and 100% design, the geotechnical design inputs, foundation
properties, and lateral loads will continue to reference the two documents listed
above, along with geotechnical data collected during the recent geotechnical site
investigation.

Strength Design for Floodwalls

The strength design for the sheet pile floodwall will be performed in accordance with
EM 1110-2-2504 (USACE 1994) to determine the required sheet pile embedment,
thickness, and section. Strength design of the reinforced concrete elements will be
performed in accordance with EM 1110-2-2104 (USACE 2016) to determine
required reinforcement and thickness. The load factors used in design are applied
accordingly for each load case.

Stability Evaluation Criteria

USACE EM 1110-2-2502 Retaining Walls and Flood Walls (2022) supplemented
with USACE 1110-2-2100 will be used as the primary guiding documents for the
stability analyses for the flood walls. For this analysis, the loading conditions include
normal (usual) loading, seismic (extreme), and PMF (extreme) and other loading
conditions will be considered as needed.

Appurtenant Structures

For any additional structural components, or when supplemental design criteria are
appropriate, the following documents shall be referenced:

17



a§§] 2548 Mission Street
zs San Francisco, CA
“"‘SHERWOOD WWW.SHERWOODENGINEE;?S.COM
DESIGN ENGINEERS
+ ASCE/SEI 7-22, Minimum Design Loads for Buildings and Other Structures,
(American Society of Civil Engineers 2022).
+ ACI 318-19, Building Code Requirements for Structural concrete and
Commentary, (American Concrete Institute, 2022).
« California Building Standards Code (Title 24), 2025

Structural Codes, Standards, and Regulations

The various structural components of the SAFER Bay Project will be designed in
accordance with current USACE and industry standards, including:

* American Concrete Institute (ACI) 318, Building Code Requirements for
Structural Concrete
* American Society of Civil Engineers (ASCE) 7-22, Minimum Design Loads for
Buildings and Other Structures
« ACI 350, Code for Environmental Engineering Concrete Structures and
Commentary
« American Institute of Steel Construction (AISC) Steel Construction Manual
* USACE standards:
o EM 1110-2-2100, Stability Analysis of Concrete Structures
o EM 1110-2-2104, Strength Design for Reinforced Concrete Hydraulic
Structures
o EM 1110-2-2502, Retaining and Flood Walls
o EM 1110-2-6050, Response Spectra and Seismic Analysis for
Concrete Hydraulic Structures
o EM 1110-2-6053, Earthquake Design and Evaluation of Concrete
Hydraulic Structures
o ETL 1110-2-584, Design of Hydraulic Steel Structures
o ER 1110-2-1806, Engineering and Design Earthquake Analysis,
Evaluation, and Design for Civil Works Projects
o ER 1110-2-8157, Responsibility for Hydraulic Steel Structures
o California Department of Transportation Division of Engineering
Services Materials Engineering and Testing Services Corrosion
Branch, Corrosion Guidelines, Version 3.2

5.0 HYDRAULIC DESIGN CRITERIA
Hydraulic and Wave Modeling of Existing Hazards
The criteria that will be applied to the development of the hydraulic design for this
project will be based on, but not limited to, the following guidelines set by federal
regulations, FEMA, USACE, and the State of California:

» Code of Federal Regulations (CFR), Title 44, Volume 1, Chapter |, Section

65.10 (44 CFR 65.10)
» Guidance for Flood Risk Analysis and Mapping: Levees. (FEMA 2021)
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« Guidance for Flood Risk Analysis and Mapping: Coastal Wave Runup and
Overtopping. (FEMA 2021)

+ ER 1110-2-1405, Hydraulic Design for Local Flood Protection Projects
(USACE 1982)

« State of California Sea Level Rise Guidance, 2024 Science and Policy
Update (California Ocean Protection Council 2024)

The Project will be designed to satisfy current FEMA coastal flood protection
requirements (i.e., the existing 100-year event with required freeboard for FEMA
accreditation) and an additional 3.5 feet to account for projected sea level rise.

The hydraulic and wave modeling conducted for FEMA’s mapping existing flood
hazards in the Bay will be used as the basis for characterizing current 100-year still
water level (SWL) and wave runup (TWL) flood hazards. SAFER Bay EPA’s
planning for sea level rise follows best-available projections for future conditions, as
identified by California’s Ocean Protection Council, by designing for 3.5 feet of sea
level rise. This additional 3.5 feet will be added to current SWL to represent the sea
level rise likely to occur by 2100. Wave conditions that occur with higher SWL will
then be re-calculated for the nearshore to predict future TWL, providing design water
surface elevations for future conditions. FEMA freeboard requirements for
accreditation will be added to these future design water surface elevations to
determine top of levee and floodwall crown elevations. A summary of these
components of the hydraulic design criteria are summarized in the sections below. A
detailed description of the hydraulic modeling and analysis results for the SAFER
Bay East Palo Alto project will be included within ESA’s SAFER Bay Project — Wave
Modeling for South of Bay Road Reach Memorandum (in development, expected
June 2026). A detailed description of the hydraulic modeling and analysis results for
the entire SAFER Bay project will be included within ESA’s Hydraulic Review
Technical Memorandum (in development, expected 2026).

Hydraulic and Wave Modeling of Existing Hazards

To conduct an assessment of SWL and TWL for the SAFER Bay project, this study
leverages Bay-wide analyses conducted on behalf of FEMA for the San Mateo
County shoreline. DHI Water & Environment (DHI) performed hydraulic and wave
modeling to hindcast 54 years of nearshore water level and wave conditions (DHI,
2013). These nearshore conditions were then used by Michael Baker, Jr. and
AECOM to characterize shoreline flood hazard, including wave runup, overland
propagation, and overtopping (BakerAECOM, 2014). This Bay-wide and nearshore
analyses were used to update the FEMA Flood Insurance Study and Flood
Insurance Rate Maps (FEMA, 2019) for the San Mateo County Bay shoreline, where
the SAFER Bay project is located.

Water level and wave conditions (wave height, wave period, and wave direction) are
provided outputs from the regional hydraulic and wave modeling results (DHI, 2013).
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Because wind-induced shear stress was applied to the hydraulic model, the SWL
outputs from the hydraulic model account for wind setup. DHI's hydraulic and wave
results are provided at nearshore locations at approximately 1,000 ft to 2,000 ft
spacing along the SAFER Bay shoreline. The 54-year hindcast at these nearshore
locations have been statistically analyzed to provide 100-year estimates of SWL and
TWL.

FEMA does not currently consider sea level rise in its flood mapping, so SAFER Bay
project design criteria for sea level rise are derived from California guidance, as
described in the next section.

Sea Level Rise

The accumulation of human-produced greenhouse gases in the Earth’s atmosphere
is causing and will continue to cause the trapping of heat, thereby causing global
warming and climate change. Along the Bay shoreline, climate change will cause
sea-level rise due primarily to thermal expansion of the ocean’s waters and melting
of ice sheets. Over the last century, the tide gauge in San Francisco has recorded
sea-level rise of eight inches. In addition to these observed sea-level rise trends, the
best available science, as reviewed specifically for California (California OPC, 2024),
predicts that sea level rise will continue and accelerate throughout this century and
into the next century. Because specifics about future greenhouse gas emissions and
climate response are not fully known, the exact sea level rise conditions that will
occur are not precisely known at this time. Considering a range of scenarios, sea
level rise by 2100 is projected to be between three and nearly seven feet in San
Francisco Bay by 2100 (California OPC, 2024).

California identified its strategy as ensuring resiliency to 3.5 feet of sea level rise
(California OPC, 2020). SAFER Bay adopted this sea level rise target.

Design Water Surface Elevation with Sea Level Rise

To determine the design water surface elevations with sea level rise, the hydraulic
analysis for SAFER Bay will combine flood hazard conditions from the prior two
sections.

Future SWL will be calculated by adding 3.5 ft of sea level rise to the current SWL
determined by DHI’'s hydraulic modeling. These higher water levels will then be used
as the conditions upon which waves are assumed to propagate from the nearshore
to the SAFER Bay levee and floodwall improvements. In this way, the effects of
deeper water and future ground surface elevations on wave conditions will be
considered.

ESA’s SAFER Bay Project — Wave Modeling for South of Bay Road Reach
Memorandum will conduct the nearshore to shoreline wave analysis along shore-
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normal transects. The modeling, currently in progress, is based on WHAFIS
modeling conducted for FEMA coastal flood transects B51, B52, and B53.

The resulting SWL and TWL from ESA’s analyses will serve as the design water
surface elevations for SAFER Bay East Palo Alto’s levees and floodwalls.

Freeboard

To provide a margin of safety above the design water surface elevation, federal
regulations (44 CFR 65.10) require that the crown elevation of certified levees be
built above the design water surface elevation by an additional amount called
‘freeboard’ to provide a factor of safety.

The federal freeboard requirement for coastal levees is a minimum of:

* Two feet above the 100-year still water level.

and higher if this minimum is exceeded by either of these two wave-influenced
freeboard elevations:

* One foot above the 100-year wave crest elevation.
OR
* One foot above the maximum wave runup elevation.

These freeboard requirements will be added to the design water surface elevation
for the 100-year event and 3.5 feet of sea level rise.

Top of Levee and Floodwall Crown Elevation

The TOL is established to reduce the risk of overtopping by first determining the
design WSE with the addition of 3.5 ft of sea level rise (Section 5.3) and then adding
the required additional levee freeboard height (Section 5.4) in accordance with
Federal and State design practice. The TOL elevation should also include an
allowance for future levee and foundation settlement, as defined in the following
publication:

« EM 1110-1-1904, Settlement Analysis (USACE 1990)

Settlement values will be updated once additional analyses are completed and
incorporated into the TOL.
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Interior Drainage

The interior drainage analysis will demonstrate that the levee system effectively
manages interior runoff during "blocked gravity" conditions. A joint probability event
will be modeled, representing conditions when a storm event occurs during a high
sea level. Where the average depth of residual interior ponding exceeds one foot,
the water surface elevation will be established and mapped as a Special Flood
Hazard Area. The following documents will guide this analysis:

e EM 110-2-1413, Hydrologic Analysis of Interior Areas (USACE 2018)
e 44 CFR 65.10(b)(6), Mapping of areas protected by levee systems (FEMA)

6.0 REFERENCE

There are two types of references for this project: design criteria documents and
basis of design reference documents. The design criteria documents are guidelines
developed by regulatory agencies, and basis of design reference documents are
other agency or consultant reports that contain information utilized in the Project.

Design Criteria Documents
US Army Corps of Engineers

» USACE, Procedures for Drilling in Earth Embankments, EM 1110-1-1807,

March 1, 2006.

USACE, Slope Stability, EM 1110-2-1902, October 31, 2003.

USACE, Geotechnical Investigations, EM 1110-1-1804, January 1, 2001.

USACE, Settlement Analyses, EM 1110-1-1904, September 30, 1990.

USACE, Design & Construction of Levees, EM 1110-2-1913, April 30, 2000.

USACE, DRAFT Design & Construction of Levees, EM 1110-2-1913, April 22,

2022.

+ USACE, Stability Analysis of Concrete Structures, EM 1110-2-2100,
December 1, 2005

« USACE, Strength Design for Reinforced Concrete Hydraulic Structures, EM
1110-2-2104, November 30, 2016

+ USACE, Response Spectra and Seismic Analysis for Concrete Hydraulic
Structures, EM 1110-2-6050, June 30, 1999

+ USACE, Earthquake Design and Evaluation of Concrete Hydraulic Structures,
EM 1110-2-6053, May 1, 2007

+ USACE, Retaining Walls and Floodwalls, EM 1110-2-2502, August 1, 2022.

» USACE, Conduits, Culverts, and Pipes, EM 1110-2-2902, March 31, 1998.

» USACE, Guidelines for Landscape Planting and Vegetation Management at
Levee,

* Floodwalls, Embankment Dams, and Appurtenant Structures, EP 1110-2-18,
May 1, 2019
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+ USACE, Quality Management, ER 1110-1-12, September 30, 2006.
» USACE, Laboratory Investigations and Testing, ER 1110-1-8100, December
31, 1997.
» USACE, Engineering and Design for Civil Works Projects, ER 1110-2-1150,
August 31, 1999.
« USACE, Engineering and Design Earthquake Analysis, Evaluation, and
Design for Civil Works Projects, ER 1110-2-1806, May 29, 2024
+ USACE, Responsibility for Hydraulic Steel Structures, ER 1110-2-8157, June
15, 2009
» USACE, Flood Control Operations & Maintenance Policies, ER 1130-2-530,
October 30, 1996.
+ USACE, Earthquake Design and Evaluation for Civil Works Projects, ER
1110-2-1806, July 31, 1995.
« USACE, Design of Hydraulic Steel Structures, ETL 1110-2-584, June 30,
2014.
» USACE, Hydrologic Analysis of Interior Areas, EM-1110-2-1413, August 24,
2018.

Other Federal Agencies

+ Federal Emergency Management Agency, Guidance on Levee Certification
for the National Flood Insurance Program, March 25, 1997.

» Federal Emergency Management Agency, Requirements of 44 CFR Section
65.10: Mapping of Areas Protected by Levee Systems, March 2007.

* Federal Emergency Management Agency, Title 44 Emergency Management
and Assistance. Chapter 1, Federal Emergency Management Agency Part 65
— Identification and Mapping of Special Hazard Areas, October 1, 2002.

+ Federal Emergency Management Agency, Guidelines and Specifications for
Flood Hazard Mapping Partners, Appendix C: Guidance for Riverine Flooding
Analyses and Mapping, November 2009.

State and County Agencies

+ California Department of Water Resources, California Code of Regulations,
Title 23, Volume 32, October 4, 1996.

+ California Department of Water Resources, Urban Levee Design Criteria, May
2012.

» California Department of Water Resources /URS, Guidance Document for
Geotechnical Analyses, Urban Levee Evaluation, 2015.

« California Department of Water Resources, Urban Level of Flood Protection
Criteria, November 2013.

+ California Ocean Protection Council, Strategic Plan to Protect California’s
Coast and Ocean 2020-2025. 2020.

« California Ocean Protection Council, State of California Sea Level Rise
Guidance, 2024 Science and Policy Update. 2024.
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Design Reference Documents

BakerAECOM. 2014. South San Francisco Bay Coastal Flood Hazard Study
San Mateo County, California Study Report. Prepared for FEMA Region IX.
DHI. 2013. Regional Coastal Hazard Modeling Study for South San Francisco
Bay. Prepared for Alameda County Flood Control District and FEMA Region
IX.

Federal Emergency Management Agency, Flood Insurance Study, San Mateo
County California and Incorporated Areas, and Flood Insurance Rate Maps
06081C302F, 06081C306F, 06081C307F, and 06081C309F April 5, 2019.
Noble Consultants, Inc. (2009), Final Report, San Francisquito Creek,
Development and Calibration/Verification of Hydraulic Model. May 26.
USACE San Francisco District (2005), San Francisquito Creek Flood Damage
Reduction & Ecosystem Restoration General Investigations Program, 905(b)
Analysis Reconnaissance Study. March 14.

USACE San Francisco District (2005), San Francisquito Creek Flood Damage
Reduction & Ecosystem Restoration General Investigations Program, San
Mateo & Santa Clara Counties, CA, Proposed Feasibility Phase Project
Management Plan. September 27.

USACE San Francisco District (2009), Appendix C, DRAFT Geotechnical
Appendix and Reliability Analysis of Downstream Floodwalls and Levees, San
Francisquito Creek, F3 Milestone Without Project. December.

Towill, Inc. (2010, 2019 and 2023), DTM & Orthophotos, San Francisquito
Creek from Highway 101 to SF Bay. March.
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