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1.0 Introduction

The U.S. Army Corps of Engineers, Tulsa District, (USACE) prepared this draft
environmental impact statement (EIS) for the San Francisco Waterfront Coastal Flood
Study (SFWCFS) feasibility study. It is a requirement of USACE planning policy and the
National Environmental Policy Act (NEPA) of 1969 to make a report available for public
review that describes analysis, risks, assumptions, and decisions made by the Study
team during the planning process. NEPA requires federal agencies, including USACE,
to consider the potential environmental impacts of their proposed actions and any
reasonable alternative plan before undertaking a major federal action, as defined by 40
Code of Federal Regulations (CFR) 1508.1(q). To evaluate potential environmental
impacts, USACE prepared a draft integrated feasibility report and environmental impact
statement (DIFR/EIS). An EIS is a supporting document that is the most thorough and
comprehensive level of NEPA documentation used to assist in making decisions. Based
on recent guidance to the Study team, the DIFR/EIS was condensed for public
readability, thus, the EIS could not be fully incorporated into the main report. Instead,
the technical details were reserved for this appendix to divulge the full range of
environmental conditions and potential impacts to the natural and human environment
as a result of proposed actions. As such, the summaries provided in the main report are
supported by the detailed information provided throughout this technical environmental
and cultural resources appendix.

This technical appendix provides detailed descriptions of the existing conditions and
analyses of the environmental consequences for the natural and human environment of
the study area. Information detailed herein was used to develop the summaries
provided in the DIFR-EIS. This appendix is structured in the following manner:

Chapter 1: Provides an introduction to the technical appendix.
Chapter 2: Describes the array of alternatives considered for the SFWCFS Project.

Chapter 3: Details the affected environment for natural and human resources in the
study area.

Chapter 4: Analyzes and describes the environmental consequences of alternative
plans for the SFWCFS study, including a brief explanation of alternatives being
analyzed. It is organized similarly to Section 3.

Chapter 5: Provides an overview of compliance status with various environmental
laws.

Chapter 6: Lists references cited.

Natural and physical resource sections, such as climate change, geology, hydrology
and hydraulics, aquatic and upland resources, etc. are provided in this main technical
appendix. Additionally, cultural resources, utilities, recreation and access, aesthetics,
and public health and safety are also included. The sub-sections of regional air quality,
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noise and vibration, socioeconomics and community, environmental justice,
transportation, and land use are provided in separate sub-appendices to this technical
appendix. The sub-appendix is referenced in the appropriate sections of this report.
Each sub-appendix is structured to describe the affected environment and the
environmental consequences for each resource.

1.1 Study Overview

Low-lying assets and economic activity along the San Francisco Waterfront are at risk
of flooding from coastal storms and extreme high tides. As well as at risk from potential
failure of the century-old San Francisco seawall, which could result from structural
instability, land subsidence, or an earthquake. Without Federal action, it is expected that
future sea level change (SLC) will increase the frequency and depth of tidal flooding
along the shoreline, thereby increasing economic damages and coastal storm risk to
one of the nation’s most iconic waterfronts.

This study is being conducted under the authority of Section 110 of the Rivers and
Harbors Act of 1950 and Section 142 of Water Resources Development Act (WRDA)
1976, as amended by Section 705 of WRDA 1986, and Section 203 of WRDA 2020.
The purpose of the study is to investigate and identify ways to reduce coastal flood risk
along 7.5 miles of the San Francisco Waterfront by evaluating alternatives to meet
current and future coastal flood risk management (CFRM) needs.

The non-federal sponsor (NFS) for the study is the Port of San Francisco (Port). The
Port oversees the administration of the public trust for the State of California under the
Burton Act, ensuring that public trust uses such as maritime, public access, historic
resources, visitor-serving uses, and water-related and dependent uses are preserved
and maintained along the waterfront.

111 Study Area

The study area extends approximately 7.5 miles from Aquatic Park in the northeast to
just past Heron’s Head Park in the south. The study area is divided into four reaches
and fifteen sub-reaches for conducting and evaluating coastal process and economic
analyses (Figure 1-1). These reaches were selected based on hydrologic separability,
identified geographic references, specific wave action within each reach, and major
differences in physical structure inventory within the reach.
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1.1.2 Study Scope

The study scope includes an assessment of existing and future without project
conditions under a range of relative sea level change (RSLC) scenarios for a 100-year
period of analysis (2040 to 2140). The study will evaluate alternatives that meet current
and future coastal flood risk management needs. The Study Team is using a 100-year
period of analysis because of the long-lived infrastructure, the sensitivity to RSLC, the
level of disruption that may be required for adaptation in a highly urbanized locale, and
the need for flexibility, adaptability, and scalability in the alternatives to address
uncertain timing of increased flood risk due to RSLC.

Appendix D-1: Environmental and Cultural Resources Technical Appendix 14



2.0 Alternatives Considered

Plan formulation in response to the study authority was conducted in two broad phases.
An initial planning iteration considered distinctly different conceptual approaches to
manage the coastal flood risk in the region. The USACE San Francisco District PDT
conducted an initial screening of the conceptual approaches including a deployable
water management structure at the Golden Gate Bridge, an offshore wave attenuator,
several scales of offshore barriers, perimeter plans along the Bay coastline and two
forms of retreat.

The USACE Tulsa District completed the second and most significant phase of plan
formulation where the perimeter and retreat plans were further developed, and
measures were identified at the reach level and are known as the focused array of
alternatives. The Study Team formulated an array of alternatives that would reduce the
risk of flooding along the waterfront by considering the three USACE sea level rise
curve scenarios (low, intermediate and high), alignment of the line of defense relative to
the existing shoreline, and adaptability of the scale of alignment of the measures to
address higher sea levels if certain risk thresholds are reached after construction. The
array of alternatives are distinctly different alternatives and formulated using three
strategies — accommodate, defend, or combination of accommodate and defend/hybrid
— to address the problems. The defend strategy is designed to minimize risk at the
current shoreline or set back slightly from the shoreline, while accommodate would
include measures that allow flood waters to enter the area and people and assets at risk
would be moved out of the way of water. The hybrid plans include a combination of the
two. The alternatives each include structural, non-structural, and Natural and Nature-
Based Features (NNBFs). The adaptability of each measure was considered to
establish the first increment of scale and timing of construction to ensure performance
over the period of analysis.

NNBFs were included where appropriate and possible, to address the study problems
by maximizing natural processes to deliver project benefits in lieu of or to enhance
performance of more traditional “gray” infrastructure. An extensive array of NNBF was
formulated for each of the alternatives as well as separately (Appendix |) since they can
be added to most of the plans in the focused array.

The Focused Array of Alternatives included:
o Alternative A:  No Action
e Alternative B:  Nonstructural
e Alternative C:  Defend, Scaled for Lower Risk
e Alternative D: Defend, Scaled for Low-Moderate Risk
e Alternative E:  Defend Existing Shoreline, Scaled for Higher Risk
e Alternative F:  Manage the Water, Scaled for Higher Risk
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e Alternative G:  Partial Retreat, Scaled for Higher Risk

Each alternative in the focused array was assessed for costs and benefits, with a high-
level consideration for any impacts to the natural or human environment and took into
consideration the ability to mitigate impacts and be compliant with the various
environmental laws. Consistent with study guidance, the alternative plans were
evaluated under three USACE RSLC scenarios. Since coastal flood events have little
variation in water surface elevation from small to extreme events, flood risk is primarily
driven by RSLC in combination with coastal storms. The variation of scale and type of
actions across alternatives was a strategic approach to assess the difference in
performance under uncertain timing of RSLC.

Alternatives D, E, F, and G were all designed to be adaptive, with a second action
assumed to be needed in 2090, although the actual timing of implementation would be
dependent on RSLC monitoring and thresholds. This second action both increased the
finished elevation of the structural measure, thereby providing a higher level of risk
management, but also, in some cases, changed the alignment. The Second Action
alignments similarly followed the strategies as the first action by defending at the
shoreline, accommodating or a combination of the two.

For the purposes of this study, broad assumptions were made regarding adaptation of
the finger piers in Reaches 1, 2, and 3. For the purposes of preliminary cost estimates
and analysis, the alternatives assume keeping finger piers at their current elevation and
either dry floodproofing or a perimeter wall to reduce flood risk to pier sheds, occupants,
and contents. The Non-Federal Sponsor will continue to study potential pier adaptation
options and configurations to support future decision-making.

After the focused array was evaluated, the final array was identified and included
development of a total net benefits plan (TNBP) and identification of a National
Economic Development (NED) Plan. The TNBP was developed by varying plan features
and alignments by reach to achieve benefits across four benefit categories including
national and regional economics, environmental quality, and other social effects and
includes risk reduction strategies that do not maximize net NED benefits, but that
support adaptability under uncertain timing of RSLC. The NED Plan only looked at
which reaches maximized economic benefits and again the focused array alternative
that maximized economic benefits was selected for that reach. In addition to the final
array, a list of “independent measures” were developed that represent a series of
measures that were included (or were similar to a measure included) in one or more
focused array alternatives, but the given alternative as a whole was not proposed for
inclusion in the final array. The independent measures would be additive to the
alternative selected for implementation.

The final array of alternatives, or the range of alternatives that are being seriously
considered by the decision maker and that were thoroughly analyzed in the EIS include:
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e No Action (NED Low Curve):

e Alternative B (NED Intermediate Curve): Proposes nonstructural measures
such as relocation, raise in place, floodproofing, and zoning in areas identified
with frequent flooding.

e Alternative F: Uses a combination of structural, nonstructural, and NNBFs to
defend at the existing shoreline, except for some managed retreat inland along
the southern waterfront and tide gates at the mouths of Islais and Mission creeks.
Additional retreat and adaptations are proposed as the rate of SLR increases.

e Alternative G (NED High Curve): Uses a combination of structural,
nonstructural, and NNBFs to defend against the high rate of SLR. This alternative
concedes the largest area for managed retreat and incorporates more
nonstructural and NNBF measures.

e Total Net Benefits Plan: Hybridized plan that relies on defend measures, scaled
to perform under a lower initial risk and to adapt to risk of a higher rate of RSLC
as a potential end point. Initial actions are proposed to delay expenditures and
add height or adapt measures as risk increases over later years. This alternative
hybridizes nonstructural, structural, and NNBF from multiple action alternative.

¢ Independent Measures for Consideration: Potential considerations for TSP
refinement to further reduce coastal flood and seismic risks, reduce costs and
impacts, and gain community benefits. Addresses geographically specific areas
with structural and NNBF.

The following list of “independent measures” represents a series of measures included
in the NEPA analysis separately. Each measure was included (or was similar to a
measure included) in one or more alternatives, but the given alternative as a whole was
not proposed for inclusion in the TSP. These measures include:

¢ Living Seawalls: textured concrete bolted onto the existing seawall in portions of
reaches 1, 2, and 3 to reduce wave hazards while supporting nearshore ecology
wherever current maritime uses and pier configurations allow.

e 2A) Robust Coastal Defense of Ferry Building and Agriculture Building:
realigns the coastal flood defense structure adjacent to the bayside edge of the
Ferry Building and Agriculture Building (i.e., existing wharf would be moved
further into the bay).

e 2B) Coarse Beach at Rincon Park connecting to Pier 14: Coarse beach would
be integrated into the design of the flood defense where space constraints
require bay fill. This measure is similar to the measure for this location included
in Alternative F (1st action).

e 3A) Bay Bridge to South Beach Harbor Raised Shoreline with Rebuilt
Wharves from Bay Bridge to the mouth of Mission Creek: raise the current
shoreline and redesign of the northbound lanes of the Embarcadero roadway (in
collaboration with SFMTA and the Embarcadero Enhancement Project), and the
approach is intended to be designed to avoid reconstruction of the light rail track.
This is comparable to Alternative G (1st action) for this site.
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e 3B) McCovey Cove North Curb Extension: raises the shoreline in line with the
current shoreline edge on the north side of McCovey Cove (along the ballpark).
This is comparable to Alternative G (1st action) for this site.

e 3C) Planted Naturalized or Embankment Shoreline on Mission Bay south of
Pier 50: integrates NNBF into the flood defense structure design to reduce wave
hazards, support nearshore ecology, and provide public water access. This is
comparable to Alternative F (1st action) for this site.

e 4A) Inland Coastal Flood Defense at Southwest Islais Creek: Gradual area of
retreat where the line of defense falls more landward and would convert some
industrial and other public lands to open space allowing for more long-term flood
defenses. This is comparable to Alternative G (2nd action) between 3rd Street
Bridge and the inland extent of the channel.

From the final array, the Tentatively Selected Plan (TSP) or agency’s preferred
alternative, was selected. The TNBP was identified as the TSP.

Additional details on the plan formulation process, alignments and measures developed
for the action alternatives can be found in Appendix A.

2.1 Avoidance and Minimization Measures

The TNBP avoids a significant amount of unavoidable adverse impacts to ecological
habitats by placing the line of defense at or landward of the existing shoreline and
designing the project to avoid bayfill to the greatest extent practicable and integrating
engineering with nature where feasible. The following is a brief assessment of the
avoidance and minimization measures by reach and action.

211 Reach 1
2111 First Action

All measures are considered nonstructural, meaning the measure attempts to reduce
the flood risk and the damages associated with flooding rather than focusing on
reducing or modifying how the water moves through the area. By design, the
nonstructural measures realize impacts at the immediate site of the measure which is
often isolated to the structure itself (e.g. floodproofing, building demolition) and do not
involve disturbance of ecological habitats. Construction of the 2-foot wall around the
piers involves minimal construction efforts that would be completed from the pier and
would not involve any in-water work which avoids impacts to any aquatic habitats.

Three of the five measures in this reach would provide long-term ecological benefits.
Approximately 1.7 acres of land would be allowed to flood and be overtaken by RSLC
from implementation of the retreat measure (1.6 acres) and building demolition (0.1
acres). In these locations, it is anticipated that intertidal habitat would be naturally
created. Additionally, demolition of two piers would remove approximately 1.0 acre of
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piles, bayfill, and decking and allow the area to restore to higher quality open water and
subtidal habitat.

21.1.2 Second Action

For the second action measures, the seawall alignment and associated seismic ground
improvements are landward of the existing shoreline and behind the existing seawall
where one currently exists. This design would not require any bayfill or in-water work to
construct the features. To maintain the aesthetic quality and accessibility of the
waterfront, a gradual slope has been incorporated into the design that will promote unity
throughout waterfront that would generally be unnoticeable to the average visitor when
the pre-construction and post-construction conditions are compared. The design allows
accessibility to all (i.e. fewer steps and gentle slopes) and incorporates and maintains
the historic features unique to the waterfront buy ensuring the architectural design and
materials are consistent with the surrounding environment. This design creates more
transportation impacts to achieve the target slope and seawall elevation but fully avoids
any impact to aquatic habitats.

With the increase in ground elevation, approximately 3.25 acres of existing wharf would
need to be rebuilt to the higher elevation resulting in temporary localized impacts to the
aquatic environment during construction. Because of the design, there would be no
increase in the footprint of the wharf, all existing wharf material would need to be
removed and replaced with new, more eco-friendly materials, and fewer piles would be
necessary per square foot than currently exists. Overall long-term benefits to the
aquatic environment are expected from the net decrease in bay fill and removal of old
materials (e.g. creosote piles) that contribute to poor water quality.

Other adaptive measures are nonstructural and would not impact any location except at
the immediate structure. An additional 1.0 acre of building demolition would be
completed that would result in similar beneficial impacts to the those described for the
first action.

2.1.2 Reach 2
21.21 First Action

Similar to the second action in Reach 1, the first action in reach 2 involves constructing
a seawall landward of the existing seawall and rebuilding approximately 6.3 acres of
wharf. The design and construction methodology would be identical to Reach 1 second
action and all the same avoidance and minimization efforts and long-term benefits
described above would be applicable here. The difference here is that the action would
be completed as a first action and not a second action.
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21.2.2 Second Action

The TNBP does not include a second action in this reach since the first action is being
constructed at a higher initial scale, unlike the other three reaches. By completing the
3.5-foot target elevation in the first action, the significant disturbance to the
Embarcadero including transportation, recreation and cultural resource impacts and
costs associated with reworking the same area twice are avoided.

21.3 Reach 3
2.1.31 First Action

In reach 3, all measures are constructed landward of the existing shoreline and would
not require any in-water work, thus avoiding the need for bay fill and adverse impacts to
aquatic habitats. Additionally, all impacts from construction have been avoided on
approximately 7,500 linear feet of shoreline because the design was aligned to take
advantage of existing high ground to avoid unnecessary construction of additional
features. Instead of raising the bridges, deployables are proposed which avoids a
significant amount of in-water work and disturbance associated with replacing two
bridges.

2.1.3.2 Second Action

The first action measures have each been designed to be adaptable to future design
modifications to address SLC conditions. Based on the designs at this time, the second
action would not abandoned the first action structures and thereby avoids the need for
construction or conversion of lands to impervious surfaces outside the first action
construction footprint. As with the other measures, the designs and construction
methodology avoid all aquatic impacts.

214 Reach 4
21.41 First Action

Like the other reaches, all measures are constructed landward of the existing shoreline
and would not require any in-water work, thus avoiding the need for bay fill and adverse
impacts to aquatic habitats. Additionally, all impacts from construction have been
avoided on approximately 6,500 linear feet of shoreline because the design was aligned
to take advantage of existing high ground to avoid unnecessary construction of
additional features. Similar to reach 3, the impacts of raising of existing bridges would
be avoided by relying on deployables for flood defense. Similar to reach 1 first action,
approximately 0.75 acres of building demolition would occur allowing these areas to
convert to intertidal or sub-tidal habitat, while an additional 2.0 acres of building
demolition would occur and be converted to open space.
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21.4.2 Second Action

The second action avoidance and minimization measures described for reach 3 also
apply in reach 4. Additionally, NNBF features have been incorporated into the designs
that allow for ecological enhancements while supporting and enhancing the
performance of the flood defense structures.

21.5 Independent Measures for Consideration

All NNBFs (living seawalls, 2B, and 3C) minimize the long-term adverse impacts of the
engineered structure despite some temporary aquatic impacts during construction. By
incorporating NNBF into the design, natural processes and materials are used to reduce
wave hazards, support nearshore ecology, and provide public water access in lieu of
more traditional engineered designs and materials such as concrete, rip rap, or
monoculture turf grass, which do not provide any long-term ecological or recreational
benefits and are generally less visually desirable. Additionally, implementation of the
NNBF avoids conversion of existing habitats into impervious surfaces.

For 3A, similar to other shoreline raises, this measure would be constructed entirely
landward of the existing shoreline and avoids any impacts to aquatic habitats.
Approximately 4.5 acres of wharf would also need to be rebuilt which would involve
some temporary impacts, but overall result in long-term benefits from removal of old
construction materials and a reduction in bay fill as described for reach 1 second action.
The footprint would not be increased and therefore long-term changes from a footprint
increase have been avoided. As well, the modified design in this location avoids
disruptions and reconfiguration of the light rail system.

For 3B, this modification aligns the flood defense with the current shoreline edge on the
north side of McCovey Cove (along the ballpark) and avoids needing to add fill or
extend the shoreline into the creek, thus avoiding any aquatic impacts.

For 4A, the modification incorporates a small area of gradual retreat along the creek,
resulting in long-term ecological benefits and avoidance of engineered structures and
permanent impacts at or near the existing shoreline. These areas would be allowed
flood and be overtaken by RSLC, which is expected to convert to marsh, intertidal or
sub-tidal habitat. Long-term conversion of existing habitats into impervious surfaces
would be avoided. As well, this conversion of some industrial lands and public facilities
would provide public water access and additional open space.

Appendix D-1: Environmental and Cultural Supporting Documentation Page 2-7



3.0 Affected Environment

This chapter describes the existing condition of resources in the study area as of the
date of the Notice of Intent (NOI) published July 27, 2023.

The structure of this chapter includes two important components including:

Regulatory Framework: This section describes the applicable federal, state, and
local laws, regulations, and policies that apply to the topic being discussed.
Details of federal and state regulations which require permits or other approvals
or are relevant to several categories are briefly mentioned in this section and
discussed in greater detail in Annex D-1-8: Regulatory Framework. Some
resources will not have a regulatory framework but are described for a more
complete understanding of the study area.

Existing Condition: This section describes the local and regional conditions that
provide the baseline condition and sufficient context for evaluating effects of the
alternatives.

3.1 General Overview of the Study Area

The affected environment for all natural resources includes the San Francisco Bay area
and San Francisco Bay watershed located in San Francisco County. The timing and
ability to know what changes would occur from existing conditions to the 50- and 100-
year project condition (2040 and 2090) with SLR are difficult to predict, thus, it was
assumed environmental conditions are likely to worsen overtime (i.e., result in habitat
loss or degradation). This section focuses on describing existing conditions expected
within the first 50 years of the study period.

Under the existing conditions and No Action Alternative, the measures proposed to
protect against SLR would not be constructed. Rather, smaller-scale measures would
be implemented that are likely to be inefficient at providing adequate protection from
flooding to existing features along the San Francisco waterfront.

3.2  Air Quality
Air Quality affected environment is addressed in appendix D-1-1.
3.3 Climate Change

Climate refers to the long-term weather conditions that describe a region, whereas
weather relates to short-term changes in the atmosphere (NOAA 2020).

Appendix D-1: Environmental and Cultural Supporting Documentation Page 3-1



3.31 Regulatory Framework
3.3.11 Federal

Executive Order (E.O.) 13990, Protecting Public Health and the Environment and
Restoring Science to Tackle the Climate Crisis

EO 14008, Tackling the Climate Crisis Home and Abroad
3.31.2 State

CEQA

Bay Conservation and Development Commission (BCDC) — state commission
dedicated to protection, enhancement, and responsible use of San Francisco
Bay; requires climate assessment for any actions that may impact the Bay

Assembly Bill 1279 outlines the State’s GHG reduction goals for achieving a 40
percent reduction below 1990 emissions levels by 2030 and an 85 percent
reduction in anthropogenic emissions below 1990 emissions levels, as well as
net-zero GHG emissions, no later than 2045.

3.31.3 Local

Climate Action Plan — sets goal to achieve net-zero GHG emissions.

Bay Area Air Quality Management District (BAAQMD) — develops the local elements
of the State Implementation Plan for San Francisco Bay Area Air Basin

3.3.2 Existing Condition

San Francisco is straddled by sharp topography and marine environments that create a
unique variety of microclimates. The San Francisco Bay area climate is classified as
Mediterranean and is characterized by relatively dry, cool summers and mild winters
(Null 1995). In the summertime, San Francisco experiences cool marine air and
persistent coastal stratus and fog, with average temperatures between 60- and 70-
degrees Fahrenheit (Null 1995). The cool marine air is influenced by the upwelling of
cold water along the California coast, driven by oceanographic conditions that cause a
net transport of surface water away from the shore that are consequently replaced by
cold, upwelled water (Null 1995, Ahrens 1991). Winter temperatures are temperate with
highs between 55- and 60-degrees Fahrenheit and lows between 45- to 50-degrees
Fahrenheit (Null 1995).

Air temperature data from the National Center for Environmental Information
demonstrate stable temperature over the last century with a slight positive trend in daily
lows and highs (<0.02°F) (Figure 3-1). The Bay area is also defined by dense sea fogs,
most frequent in the summer months, that occur due to the interaction of colder
nearshore sea temperatures and warmer offshore waters. In effect, the dominant,
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warmer west winds cause condensation in the coastal regions, creating sea fog. On
average, water temperatures within the bay range from 51 degrees Fahrenheit in the
winter to 66 degrees Fahrenheit in late summer (Null 1995).
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Figure 3-1: Daily ambient air temperature with daily highs (purple hashed) and lows (black hashed)
highlighted (NCEI Station USW00023272, Downtown San Francisco)

Rainfall in San Francisco is seasonal, with over 80 percent occurring between
November and March (Null 1995). Winter rains typically occur because of fronts
primarily from the west-northwest and occasionally from the Gulf of Alaska. Spring and
fall rain are infrequent, with most storms producing light precipitation during these
periods (Null 1995). In general, hydrometeorological patterns in California are often
associated with phenomena known as atmospheric river events. Atmospheric rivers
(ARs) are narrow bands of low-level systems with high precipitable water content that
extend from the tropics into the mid-latitudes (Climate 2015). In general, California’s
hydrometeorological data indicate robust patterns of AR events promote heavy rains
and flooding. Conversely, drought conditions prevail when ARs are persistently low or
weak (Climate 2015). Annual precipitation has been cyclical in the Bay area, varying
from approximately 5 inches to 37 inches over the last century, but on average the
region receives 20 to 23 inches of rain annually (Figure 3-2).

Droughts are also common in the San Francisco Bay Area, which can be tracked in the
U.S. Drought Monitor. The U.S. Drought Monitor categorizes drought by intensity,
ranging from DO (abnormally dry) to D4 (exceptional drought), corresponding to the
Palmer Drought Severity Index (PDSI). The PDSI is a standardized index ranging from -

Appendix D-1: Environmental and Cultural Supporting Documentation Page 3-3



10 (dry) to +10 (wet) used to quantify long-term drought (NCAR 2023). In the U.S.
Drought Monitor, DO corresponds to a PDSI of -1.0 to -1.9 and is characterized by short-
term dryness that slows planting, crop growth, and may have some lingering water
deficits, while a D4 indicates a PDSI of -5.0 or less with exceptional and widespread
loss of crops or pastures, and water shortages in reservoirs and streams (Fuchs 2023).
Over the last two decades, drought intensity has become more prevalent in the San
Francisco Bay area with D3 (PDSI = -4.0 to -4.9) and D4 conditions spanning multiple
years (Figure 3-3).

Annual Precipitation, San Francisco Bay Area
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Figure 3-2: Annual Precipitation (inches) in the San Francisco Bay area from 1921 to 2021 (NCEI Station
USW00023272, Downtown San Francisco)
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Figure 3-3: San Francisco district percent area in U.S. Drought Monitor categories from 2000 to 2023
(Fuchs 2023)

The San Francisco Bay is a large estuary with varying salinity, influenced by
seasonality, local bathymetry, proximity to the Pacific Ocean, precipitation, and river
discharge. Near downtown San Francisco, or Central Bay, the salinity profile is highly
dependent on freshwater inflows from the northern tributaries, the Sacramento and San
Joaquin Rivers, and the interaction with the Pacific Ocean (Figure 3-4). Winds and
spring-neap tidal variations act as secondary drivers to the salt field (Hericks et al.
2017). Furthermore, during seasons of low precipitation and riverine discharge,
controlled release efforts from the Central Valley Project and State Water Project work
to stabilize salinity by manually releasing freshwater into the bay (Hericks et al. 2017).
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Figure 3-4: Map of U.S. Geological Survey water sampling sites in San Francisco Bay (Cloern and
Schraga 2016)
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In 2016, the U.S. Geological Survey released water quality data including water
temperature and salinity measurements sampled from discrete locations across the San
Francisco Bay over the course of nearly 47 years (1969 — 2016). Data from station 18
(Figure 3-4) were used to illustrate water temperature and salinity over approximately
30 years near San Francisco (Figure 3-5). Water temperatures have been recorded in
the range of roughly 48.5 to 67.5 degrees Fahrenheit (Figure 3-5). Salinity at this
location is most often in the range of 25 — 33 parts per thousand (ppt), though significant
riverine discharge events have dropped the salinity to less than 10 ppt occasionally
(Figure 3-5).
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Figure 3-5: Temporal water quality parameters of salinity and temperature from Station 18 in San
Francisco Bay (Cloern and Schraga 2016))

Sea level rise (SLR) is a primary impact of global climate change (Knowles 2010) and is
a present and future risk to the U.S. (Hall et al. 2019). This combined with land
subsidence, and other coastal flood factors such as storm surge, waves, rising water
tables, river flows, and rainfall are likely to result in a dramatic net increase in the
exposure and vulnerability of coastal populations (USGCRP 2017; Sweet et al. 2022). It
is generally accepted that global climate warming will increase rates of SLR; however,
the range in projected rates is wide due mainly to uncertainty in the amount of meltwater
from land-based ice in Greenland and Antarctica (Knowles 2010).
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The National Oceanic and Atmospheric Administration’s (NOAA) Office for Coastal
Management provides a web mapping tool to visualize community-level impacts from
coastal flooding and SLR. The present day mean higher high water (MHHW) conditions
were compared to 3 ft and 7 ft of SLR for the study area (Figure 3-6) using the NOAA
SLR viewer (https://coast.noaa.gov/slr/).

Figure 3-6. NOAA SLR inundation viewer of the study area for MHHW conditions for present day (a), 3 ft
of SLR (b), and 7 ft SLR (c).

Comparatively, the USACE has three SLR scenarios (low, intermediate, and high) that
are predicated on data from the National Research Council and Intergovernmental
Panel on Climate Change (IPCC). The USACE SLR scenarios with the 1% Annual
Exceedance Probability (AEP) was mapped to contrast the NOAA SLR Viewer (Figure
3-7 through Figure 3-9).
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3.4 Geology and Geomorphology

Geology is the study of the structure, evolution, and dynamics of Earth and its natural
mineral and energy properties (USGS 2022a), while geomorphology is the study of the
physical features of the Earth’s surface and their relation to the geological structure
(Stetler 2014). San Francisco is part of the California Coast Ranges geomorphic
provinces and is characterized by a series of northwest-trending ridges and valleys that
run nearly parallel to the San Andres fault zone (Norris and Webb 1990). The San
Francisco Bay lies within a depression created by an expansion between the San
Andres and Hayward fault systems. Much of the province is composed of marine
sedimentary deposits and volcanic rocks (Norris and Webb 1990). Within this province,
the Northern Coast Ranges, where project activities would occur, the geologic structure
contains the Alcatraz terrane. The Alcatraz terrane is an amalgamation of semi coherent
blocks that consists of shale, greenstone, basalt, chert, sandstone, graywacke, and
serpentine. Much of these units originated from ancient seafloor sediments that were
displaced and deformed through tectonic forces (CCSF 2017).
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3.41 Regulatory Framework
3411 Federal

No federal regulations or laws pertain to geology and geomorphology.
3.41.2 State

California Building Code — provides minimum standards for building design in the
state

Seismic Hazards Mapping Act of 1990 — requires review of any proposed land use
management, construction, etc. to encourage safety elements that reduce
seismic hazards

3.41.3 Local

Port of San Francisco Building Code — provides minimum standards for building
design and construction on Port property

San Francisco General Plan — provides standards to reduce structural and
nonstructural hazards to life safety and minimize property damage resulting from
future disasters, including considering geologic hazards

3.4.2 Existing Condition
3.4.21 Sediments

The sediments within San Francisco Bay originate from erosion of surrounding hills or
from later marine and riverine deposits. Generally, the upper several feet of the
sediment profile in San Francisco Bay consists of more recently deposited marine and
riverine sediments. The thickness of various underlying historic sediment formations
varies throughout the San Francisco Bay/Delta Estuary and it can be several hundred
feet thick. Large areas of San Francisco Bay contain Bay Mud, a marine clay-silt
deposit, that lie beneath softer, more recently deposited muds (USACE 2015). Because
bay mud was not placed with modern engineering compaction techniques, it has less
resistance to liquefaction (see below) and is more vulnerable to becoming
unconsolidated during a seismic event (Hicock et al. 2008). Bay mud can be divided into
younger and older, varying in engineering properties, dependent on thickness and
consolidation (CCSF 2017).

San Francisco Bay surficial sediments have been deposited since industrialization
began in California, and, thus, may have been exposed to anthropogenic sources of
pollutants. Recent sand deposits may also be exposed to anthropogenic sources of
pollutants but typically do not accumulate significant pollutant concentrations.
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3.4.2.2 Seismicity

Several active faults traverse the San Francisco Bay watershed, including the Hayward
fault zone, and the San Andres, San Gregorio, Concord-Green Valley, and Calaveras
faults, which are the most likely sources of future earthquakes (e.g., CCCARTO 2022,
CCSF 2017, Fialko 2006, Field & Milner 2008). The are no fault zones directly within the
study area.

The U.S. Geological Survey (2015) predicted the San Francisco region had, on
average, a 100 percent likelihood of experiencing a 5.0 magnitude or greater
earthquake every year. The probability of experiencing a 7.0 magnitude earthquake
decreases to 51 percent every 50 years. The Hayward-Rodgers Creek and Calaveras
faults are the most likely to contribute to a large magnitude earthquake in the San
Francisco region (USGS 2015).

The Federal Emergency Management Agency’s (FEMA) Seismic Design Category
ratings define the potential effects of shaking in the study area as follows:

D1, D2: very strong shaking — damage slight in specially designed structures;
considerable damage in ordinary substantial buildings with partial collapse.
Damage great in poorly built structures.

E: strongest shaking — damage considerable in specially designed structures; frame
structures thrown out of plumb. Damage great in substantial buildings, with
partial collapse. Buildings shifted off foundations. Shaking intense enough to
completely destroy buildings.

Shaking intensity generally declines moving eastward from the study area, with the
highest shaking potential centered on the Hayward and Green Valley fault zones (FEMA
2020).

3.4.2.3 Seismically induced Liquefaction

Liquefaction is a process in which saturated, loosely packed, coarse-grained soils
transform from a solid to a near-liquid state as a result of seismic ground shaking
(USGS 2022b). Liquefaction can cause slope instability, lateral spreading, loss of
foundation bearing capacity, and ground settlement. An area can be susceptible to
liquefaction (i.e., saturated sandy-to-silty Quaternary material is present) or it may raise
to the level of a hazard (i.e., soil material is present, and it is likely a seismic event could
displace sediment triggering liquefaction). Figure 3-10 presents a high-level overview of
liquefaction susceptibility for the study area.
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Figure 3-10. Earthquake Liquefaction Susceptibility. Source: USGC 2006, accessed via MTC/ABAG
Hazard Viewer Map (MTC/ABAG 2021)

3424 Upland geologic hazards

Upland areas may be susceptible to lateral spreading, subsidence, settlement, and
erosion which may be caused or exacerbated by seismic activity. Comprehensive maps
for these hazards have not been developed for the study area. Site susceptibility to
these hazards is dependent upon their specific location, which has not been determined
at this time.
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3.4.25 Tsunamis and Seiches

Seismic activity has the potential to result in tsunamis or seiches, presenting a
hydrologic hazard. Low-lying coastal areas, such as tidal flats, marsh lands, and former
bay margins that have been artificially filled, but are still at or near sea level, are
generally the most susceptible to tsunami inundation. The shoreline in the study area is
within tsunamic inundation areas as delineated on the State’s tsunami inundation maps
(CEMA 2020).

A seiche is caused by oscillation of the surface of an enclosed water body, such as San
Francisco Bay, resulting from an earthquake or large wind event. Seiches can result in
long-period waves that cause run-up (i.e., uprush on the shoreline or structures above
the still water level or overtopping of adjacent landmasses). The primary tsunami threat
along the California coast is from distant earthquakes along subduction zones
elsewhere in the Pacific basin.

3.5 Soils and Minerals

Soils are dynamic and diverse natural systems comprised of five components —
minerals, soil organic matter, living organisms, gas, and water. Minerals are divided into
three size categories — clay, silt, and sand (Needelman 2013) and can be composed of
a number of different materials with a variety of origins. Soil formation is dominated by
one of five factors — climate, vegetation, topography, parent material, or time — which
contributes to different mineral assemblages within the soil (Heckman and Rasmussen
2018).

3.51 Regulatory Framework
3.5.11 Federal

No federal regulations or laws pertain to soils and minerals.
3.5.1.2 State

No state regulations or laws pertain to soils and minerals.
3.5.1.3 Local

No local regulations or laws pertain to soils and minerals.
3.5.2 Existing Condition
3.5.21 Soils

The San Francisco Bay area is comprised of a combination of residual (i.e., have
formed in place) and depositional (i.e., transported from somewhere else) soils that are
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predominately clay, sand, loam, and peat-like organic matter (Hayes 2005). Much of the
residual soil is fine in texture and formed from sedimentary rocks which over-time
weathered to clay minerals and clay-like soils rich in nutrients. Many of the depositional
soils occur along the wetlands where fine, clay-sized sediments were transported via
marine currents or streams, and large-particle sand that were deposited by streams or
carried by wind. Loamy soils are an optimal blend of sand, silt, and clay and are
typically found in alluvial or depositional valley and bay fronts around the bay. Soils
along the California coast contain approximately four percent organic material, while this
lowers with inland soils to about one to two percent (Hayes 2005).

3.5.2.2 Mineral Resources

California hosts a diversity of mineral resources that can be categorized into metals,
industrial minerals, and construction aggregate. Metals include gold, silver, iron, and
copper. Industrial minerals include boron compounds, rare-earth elements, clay,
limestone, gypsum, salt, and dimension stone. Construction aggregate is comprised of
sand, gravel, and crushed stone (CGS 2019). San Francisco County historically
produced mineral commodities such as boron, borate, and soapstone; however, the
most recent record was 1969 (CGS 2022).

3.6 Hydrology and Hydraulics

Hydrology and hydraulics help with understanding and quantifying the flow magnitude,
frequency, duration, timing, and variability of water flow and behavior (GeoEngineers
2023).

3.6.1 Regulatory Framework
3.6.1.1 Federal

Clean Water Act (CWA) — regulates point-source pollutant discharges into waters of
the United States through effluent limits and establishing water quality standards
on a water-body specific basis.

E.O. 11988, Flood Plain Management — directs Federal agencies to avoid, to the
best extent practicable, long- and short-term adverse effects associated with the
occupancy or modification of the base flood plain (1 percent annual event), and
to avoid direct and indirect support of development in the base flood plain where
practicable

3.6.1.2 State

Bay Area Stormwater Management Agencies Association — focuses on regional
challenges and opportunities to improve the quality of stormwater flows in creeks,
the Delta, San Francisco Bay, and the Pacific Ocean
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Bay Conservation and Development Commission (BCDC)
3.6.1.3 Local
San Francisco Public Utilities Commission
3.6.2 Existing Condition
3.6.2.1 Surface Water
3.6.2.1.1 Tides and Currents

San Francisco Bay is characterized by broad narrow shoals and narrow channels that
result in a complex tidal system with a complex bathymetry that contribute to large
spatial variability in flow properties. The interactions among tidal processes, bathymetric
complexities, and shoreline orientation amplify tidal ranges, with tides increasing with
the spatial distance from the Golden Gate inlet (Conomos 1979). The elevation of tidal
ranges along the study area varies by approximately 0.5 ft between Aquatic Park and
Heron’s Head (Figure 3-11).
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Figure 3-11. Variation in MHHW in the study area. Source: May et al. 2023.

The bay in the study area is a partially to well mixed estuary with substantial longitudinal
density gradients (Walters et al. 1985) dominated by seasonally varying river inflow
(Conomos et al. 1985). Tidal currents are generated by mixed semi-diurnal and diurnal
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tides with the bay experiencing two tidal cycles daily with two high and two low tides of
unequal height. Additionally, the bay experiences pronounced spring-neap tidal
variability (Rajasekar 2016). The NOAA tidal gauge near the Presidio (Station ID:
9414290) report a mean tidal range of 4.09 ft and diurnal range of 5.84 ft (NOAA
2023b). Freshwater inflows are highest during the winter and generate strong estuarine
circulation. Tidal currents mix the water column, and combined with the river inflow and
basin geometry, determine circulation patterns in the bay (Conomos et al. 1985). Winds
are strongest during summer and winter storms and exert stress on the bay’s water
surface thereby creating large waves that contribute markedly to the transport of water
mass throughout the estuary (Conomos et al. 1985). Water level variations in the bay
are driven primarily by five tidal and oceanic cycles including the mixed semidiurnal tidal
cycle, two week spring-neap cycle, seasonal spring/summer (low levels) and fall/winter
(higher levels) cycles, ElI Nino and La Nina, and the Pacific Decadal Oscillation
(atmospheric shift on decadal time scale).

36.21.2 Waves

The wave climate in San Francisco Bay is predominantly driven by wind and ocean
swells from the Pacific Ocean. The steep topography, hills, and valleys throughout the
San Francisco Bay Area drive complex wind patterns and because of the large size of
the Bay, those winds can sufficiently generate wind-driven waves ranging from 3 to 5 ft
high in vulnerable (i.e., exposed) areas of the shoreline. The most impactful waves to
the study area shoreline are those driven by easterly (i.e., offshore; Ferry building and
southward), north and northeasterly (northern waterfront), and southeasterly winds
(southern waterfront; May et al. 2023). The strongest winds occur during the spring,
lowest are typically experienced in the fall, while the winter produces the most variable
wind directions. In general, wind-driven waves can impact shorelines across the study
area (May et al. 2023).

Ocean-driven swell is another predominant driver of waves in the San Francisco Bay
Area, which create longer-period waves that develop in the Pacific Ocean that can span
thousands of miles. The occurrence of these waves is heightened in the fall when
storms over the Pacific Ocean become stronger and more frequent that result in ocean
swells penetrating through the Golden Gate. As the ocean swell propagates through the
Golden Gate Channel, the swell waves quickly dissipate energy and decrease in height
as they enter the San Francisco Bay, by as much as 69% in the northern waterfront.
The ocean swell waves can elevate offshore Bay water levels in the study area, but do
not directly travel to the shoreline, rather contribute to the wind-driven wave climate
(May et al. 2023). Ocean-driven swells can develop into damaging waves along the
study area.
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3.6.2.2 Flooding

Climate change is likely to increase extreme flooding events (Seneviratne et al. 2012),
particularly in low-lying coastal areas (Wong et al. 2014). Rapid urbanization, as within
the study area, further increases flood risk with growing concentrations of people and
assets in the city (Revi et al. 2014). Coastal flooding events occur when extreme water
levels develop following storm surges, tides, seasonal cycles, interannual anomalies, or
a combination of these, driven by large-scale climate variability and SLR (Kasmalkar et
al. 2020). Additional details about flooding can be found in Appendix B.1.

3.6.2.3 Stormwater

In San Francisco, stormwater runoff is generated predominantly from rain events that
flow over land or impervious surfaces (e.g., paved streets, parking lots). Stormwater
runoff can capture pollutants, chemicals, oils, and sediment that if deposited in the San
Francisco Bay and other surface waters (e.g., rivers, streams, lakes) can have negative
effects on water quality. Most of San Francisco is served by a combined storm sewer
system, where stormwater, along with residential and commercial sewage, is directed to
treatment plants prior to being released to the San Francisco Bay or Pacific Ocean
(SFPUC 2021b).

3.7  Water Quality

Water quality describes the condition of water, including chemical, physical, and
biological characteristics typically with its respect to suitability for a purpose, such as
drinking or swimming. Water quality is measured by several factors including salinity,
turbidity, bacteria, dissolved oxygen, contaminants, etc. (NOAA 2023a).

3.71 Regulatory Framework
3.71.1 Federal

Clean Water Act (CWA) — regulates point-source pollutant discharges into waters of
the United States through effluent limits and establishing water quality standards
on a water-body specific basis.

National Pollutant Discharge Elimination System (NPDES) — permit program
addresses water pollution by regulating point sources that discharge pollutants to
waters of the U.S.

Rivers and Harbors Act of 1899 — regulates development and use of nation’s
navigable waterways

Oil Pollution Act of 1990 — governs oil spills into the nation’s waterways
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Ports and Waterways Safety Act of 1972 — provides authority for the U.S. Coast
Guard’s program to increase vessel safety and protect the marine environment in
ports, harbors, waterfront areas, and navigable waters

Estuary Protection Act of 1968 — focuses on improving waters, habitats, and living
resources of estuaries of local significance

Coastal Zone Management Act of 1972 — preserves, protects, develops, restores, or
enhances the resources of the Nation’s coastal zone

3.71.2 State

California Water Code
California Health and Safety Code

California State Water Resources Control Board
3.71.3 Local

San Francisco Bay Regional Water Quality Control Board (Water Board) — maintains
a basin plan that contains Section 303 water quality standards and prepares
CWA Section 401 water quality certifications

3.7.2 Existing Condition

The study area encompasses shoreline along the Central and South San Francisco
Bay. Water quality in the San Francisco Bay Region of the study area is saline and
predominated by ocean influences; however, substantial runoff from freshwater during
heavy rains are also prevalent. The freshwater inundation can temporarily reduce
salinity in the study area (Bay Institute 2003). Physical barriers, such as the Golden
Gate Bridge, influence sedimentation and water quality characteristics by altering the
behavior of currents which affect circulation, flushing, and water exchange.

Suspended sediments are a key component of the estuarine system, which tend to
have higher levels of turbidity or suspended sediment loads due to discharges from
rivers, drainages, and their shallow nature. Suspended sediment concentrations are
variable in San Francisco Bay and strongly correlate to season and water depth
(Buchanan and Ganju 2006; Buchanan and Ganju 2005; McKee et al. 2006), ranging
from 1,000 milligrams per liter (mg/L) near the bottom to 10 mg/L near the surface
(Buchanan and Ganju 2006). The study area is located nearshore and is relatively
shallow water that is strongly influenced by discharges, vessel traffic, and wind- and
wave-generated sediment disruption.

Contaminants are prominent in the bay and are transported by a variety of sources
including, but not limited to, urban uses, industrial outfall, municipal wastewater outfalls,
municipal stormwater, upstream farming, upstream historic and current mining
discharges, and legacy pollutants. Approximately 40 percent of California drains into
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San Francisco Bay including point and non-point source pollutants that distribute up to
40,000 metric tons of at least 65 different pollutants (BCDC 2020). The study area is
listed as an impaired water body by the San Francisco Water Board. Under Section
3030(d) of the CWA, impaired waters are defined as those that do no meet water quality
standards, even after point and non-point sources of pollution have had pollution control
technologies implemented. The pollutants recorded in the Central San Francisco Bay,
including the study area, are chlordane, dichlorodiphenyltrichloroethane (DDT), dieldrin,
hydrogen sulfide, lead, mercury, polycyclic aromatic hydrocarbons (PAHS),
polychlorinated biphenyls (PCBs), selenium, silver, furans, and dioxins. Pollutant
concentrations vary seasonally and annually, dependent on the source and degradation
characteristics. Some contaminants such as ammonia, copper, and legacy pesticides
have decreased due to cleanup efforts and natural attenuation (SFEI 2010; Bay Institute
2003).

The Regional Monitoring Program for Water Quality, within the San Francisco Estuary
Institute, has collected water quality data annually since 1993 in San Francisco Bay.
The monitoring effort measures parameters including nutrients (e.g., ammonia,
dissolved organic carbon, silicates, nitrate, nitrite, phosphate), temperature, salinity,
conductivity, turbidity (suspended solids), pH, hardness, dissolved oxygen (DO), trace
elements (e.g., aluminum, arsenic, copper, lead, mercury), trace organics (e.g., PAHSs,
PCBs, pesticides), and toxicity. Pollutants in the bay that are recorded at detectable
levels include trace metals, pesticides, PCBs, PAHSs, algal blooms and low DO, and
sediment contamination.

The San Francisco Bay is typically well oxygenated with DO concentrations ranging
from 9 to 10 mg/L during high freshwater inflow, 7 to 9 mg/L during moderate flow, and
6 to 9 mg/L during low flow (typically summer months).

3.8 Groundwater

Groundwater exists as water underground in saturated zones beneath the land surface
(USGS 2023). Groundwater moves and stores in natural aquifers and is one of the
U.S.’s most important natural resources. It provides approximately 37% of the water for
public supply and drinking water for more than 90% of rural populations (USGS 2023).

3.8.1 Regulatory Framework
3.8.1.1 Federal

e CWA
o Safe Drinking Water Act — regulates the nation’s public drinking water supply
e NPDES
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3.8.1.2 State

e Sustainable Groundwater Management Act — requires groundwater-dependent
regions to halt overdraft and develop plans to bring basins into balanced levels of
pumping and recharge through local planning efforts. Directs local agencies to
work together to create a plan to balance the amount of water pumped in and out

of the basin.
3.8.1.3 Local
e SFPUC

3.8.2 Existing Condition

The study area overlies seven small groundwater basins. Local groundwater supply
comes from the Westside Basin, a series of aquifers extending from Golden Gate Park
southward to San Bruno. Groundwater is pumped from the Westside Groundwater
Basin from depths of approximately 400 feet below the surface, blended with surface
water supplies from San Francisco, treated, and distributed to the city for drinking water
(SFPUC 2021a). Most of the groundwater supplies in the study area are confined
between two substantial layers of clay that act as aquitards. Aquitards have low
permeability which allow groundwater to be confined and under high pressure.

Groundwater closest to the surface is shallow groundwater or the “water table” and is
not constrained by an overlying aquitard and is thus unconfined. Unconfined aquifers
are at atmospheric pressure, so water levels rise and fall in response to surface
recharge, tidal changes, and underflow. Deeper unconfined aquifers, like Westside
Basin, are used for public water supply and shared by various municipalities.

Shallow groundwater in the study area is poor quality and is not used for supplying
drinking water. Young Bay Mud acts as an aquitard, separating shallow groundwater
from deeper aquifers used for municipal water supply and generally acts as a barrier to
the vertical migration of contaminants. Shallow groundwater levels are influenced by
seasonal variations in precipitation, tidal levels, local irrigation, groundwater pumping,
and other factors, and vary across the study area.

Existing groundwater conditions were evaluated using an empirical mapping and
numerical modelling techniques in previous studies (May et al. 2019, Plane et al. 2019,
Befus et al. 2020). Both techniques indicated the presence of emergent and shallow
groundwater within the study area; however, the majority is more than 9 feet below the
surface (Figure 3-12). Additional details and maps can be found in Appendix B1.5.
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Figure 3-12. Existing depth to groundwater for the study area. Source: May et al. 2022, Befus et al. 2020
3.9 Aquatic Resources

Aquatic resources refers to a range of habitats and natural water resources that are of
potential use to humans including, but not limited to, wetlands, streams, lakes, rivers,
springs, seeps, reservoirs, ponds, and groundwater (Britannica 2023). Coastal habitats
can be complex systems comprised of marsh zones, intertidal, and subtidal areas
(Figure 3-13).

Coastal habitats of the Circular Head reglon
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Figure 3-13. Cross section view of coastal complex. Source: Prahalad and Pearson 2013.

3.9.1

3.9.1.1

3.9.1.2

3.91.3
3.9.2

3.9.2.1

Regulatory Framework

Federal

Estuary Protection Act of 1968 — focuses on improving waters, habitats,
and living resources of estuaries of local significance

Fish and Wildlife Coordination Act — requires Federal agencies to first
consult with USFWS and in some instances NMFS, as well as state fish
and wildlife agencies regarding potential impacts on fish and wildlife
resources, and measures to mitigate these impacts.

Executive Order (EO) 13112 on Invasive Species — directs Federal
agencies to prevent the introduction and control the spread of invasive
species. Invasive species are defined by the EO as “an alien species
whose introduction does or is likely to cause economic or environmental
harm or harm to human health.”

EO 11990, Protection of Wetlands — directs Federal agencies to minimize
the destruction, loss or degradation of wetlands, and to preserve and
enhance the natural and beneficial values of wetlands in carrying out the
agencies’ responsibilities

State

San Francisco Bay Regional Water Quality Control Board — implements
the requirements of CWA

San Francisco Bay Conservation and Development Commission (BCDC)
— regulates fill, extraction of materials, and substantial changes in land
use, water, and structures within the bay, and within 100 feet of the bay
shoreline

Marine Life Management Act (MLMA) — requires the development of
fishery management plans for all of the State’s major recreational and
commercial fisheries

Local

Existing Condition

Intertidal Habitats

Intertidal habitats are the regions of the bay that lie between low and high tides (NOAA
2022b). The Central Bay basin includes natural and artificial intertidal habitats such as
sandy beaches, natural and artificial rock (quarried rip-rap), concrete bulkheads,
concrete, composite, and wood pier pilings, and mud flats. These habitats provide
highly diverse locations for marine flora and fauna to forage, rest, reproduce, and
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refuge. The Central Bay basin’s proximity to the Pacific Ocean has resulted in an
intertidal zone inhabited by many coastal and estuarine species.

Rip-rap that has been placed for shoreline protection in the Central Bay basin along the
study area provide numerous havens in which assorted marine species survive and
flourish. Typical invertebrate and algae species inhabiting these zones include sea
lettuce (Ulva spp.), rockweek (Fucus gardener), the red algae species (Polyneura
latisima and Gigartina spp.), and the non-native brown algae species (Sargossum
muticum; AMS 2009).

The study area includes limited areas of sandy beaches (e.g., Aquatic Park) and
mudflats (e.g., Heron’s Head), which are mainly composed of sandy substrates and
other soft-bottom material (SFPUC 2014). These habitats support benthic fauna
including amphipods, polychaetes, and flies of the intertidal zone, providing food for
shorebirds. Other common invertebrates within the intertidal environment included
balanoid barnacles (Balanidae) in the high and middle intertidal zones; limpets
(Patellidae, Fissurellidae), saltwater mussels (Mytilus spp.), and native Olympia oysters
(Ostrea lurida) in the lower middle and low intertidal zones. Shorebirds that frequent
intertidal habitats during migration or overwinter within the terrestrial study area include
sanderling (Calidris alba), willet (Tringa semipalmata), marbled godwit (Limosa fedoa),
and whimbrel (Numenius phaeopus; GFNMS and FMSA 2006). Spotted sandpiper
(Actitis macularius) and black oystercatcher (Haematopus bachmani) may forage along
the rocky shoreline during low tide within the intertidal zones of the study area.

3.9.2.2 Subtidal Habitats

Subtidal habitats are submerged areas beneath the San Francisco Bay water surface
and include mud, shell, sand, rocks, artificial structures, shellfish beds, eelgrass beds,
macroalgal beds, and the water column above the bay bottom (Cosentino-Manning et
al. 2010). Soft substrate comprises the majority of the bay’s bottom (approximately
90%) and ranges between soft mud with high silt and clay content and areas of coarser
sand. These latter tend to occur in locations subjected to high tidal or current flow. Soft
mud locations are typically located in areas of reduced energy that enable deposition of
sediments that have been suspended in the water column, such as in protected slips,
under wharfs, and behind breakwaters and groins. Exposure to wave and current
action, temperature, salinity, and light penetration determine the composition and
distribution of organisms within soft sediments. Muddy-sand sediments consists of a
diverse polychaete community represented by several subsurface deposit-feeding
capitellid (segmented worms) species, a tube-dwelling filter-feeding species (Euchone
limnicola), a carnivorous species (Exogone lourie), and the maldanid polychaete
(Sabaco elongates).

Minimal hard substrate occurs naturally in the bay. Rock habitat includes boulders,
bedrock (rock not normally moved by currents), shellfish beds, and some algal beds
(Cosentino-Manning et al. 2010). Submerged hard bottom substrate is typically covered
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with a mixture of turf organisms dominated by hydroids, bryozoans, tunicates,
encrusting sponges, encrusting diatoms, and anemones. In the intertidal and subtidal
zones, barnacles (Balanus glandula, Amphibalanus amphitrite, A. improvises), Bay
mussel (Mytilus trossulus/galloprovincialis) and Olympia oyster are commonly present
on hard substrate, as well as the invasive Asian mussel (Musculista senhousia).
Barnacles can also be found on subtidal pier pilings, exposed rock outcropping, and
debris. Pacific rock crab (Cancer antennarius) and the red rock crab (C. productus)
inhabit rocky, intertidal and subtidal areas in the Pacific Ocean, and likely use the Bay
as an extension of their coastal habitats (Hieb 1999). Shellfish beds are hardbottom
locations where shellfish species occupies more than 50% of an area of more than a
few square meters. Five species of shellfish occur in the Bay including native Olympia
oysters, California mussels, hybridized Bay mussels, and non-native ribbed
horsemussel (Geukensia demissa) and green bagmussel (Musculista senhousia).

Artificial structures include a variety of man-made objects designed to protect shorelines
and shoreline structures, for transportation, recreation, and restoration (oyster shell and
artificial reefs; Cosentino-Manning et al. 2010). Red and brown algae are found
attached to submerged intertidal hard substrate, including pier pilings.

Submerged aquatic vegetation (SAV) refers to all underwater flowering plants. In San
Francisco Bay SAV includes sago pondweed (Stuckenia pectinata), eelgrass (Zostera
marina), surfgrasses (Phyllospadix torreyi and P. scouleri), and widgeongrass (Ruppia
maritima). Eelgrass is the most extensive SAV in San Francisco Bay (Cosentino-
Manning et al. 2010), albeit very few beds are documented or known to occur within the
study area (Merkel and Associates 2014). Small, isolate beds are known to occur along
the southern extent of the study area, such as Heron’'s Head Park. All SAV in the
Central Bay basin is considered critical essential fish habitat (EFH) for spawning Pacific
herring, which attach their egg masses to eelgrass, seaweed, and hard substrates.

Subtidal habitats provide diverse structure and function as an important habitat in the
bay for various wildlife including fish (herring and salmon), vegetation (eelgrass,
seaweed), shellfish, invertebrates, marine mammals, and birds (diving ducks,
shorebirds) that forage, rest, refuge, and reproduce in the subtidal areas (Cosentino-
Manning et al. 2010). The harbor and main channel areas are characterized by a mix of
benthic communities from surrounding areas, including deep and shallow-water and
slough marine communities. The most common large mobile benthic invertebrate
organisms in the Bay include blackspotted shrimp (Crangon nigromaculata), the bay
shrimp (C. franciscorum), Dungeness crab (Metacarcinus magister), and the slender
rock crab (Cancer gracilis). All of these mobile invertebrates provide an important food
source for carnivorous fishes, marine mammals, and birds in San Francisco Bay’s food
web.
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3.9.23 Open water (Pelagic) Habitat

The open water (pelagic) environment of the San Francisco Bay is near the Pacific
Ocean and is very similar to the open water coastal environment. Pelagic habitat is the
predominant marine habitat in the Bay and includes the area between the water surface
and the seafloor, which can be further subdivided into shallow water/shoal and deep-
water/channel areas. The water column is predominantly inhabited by planktonic
organisms that float or swim in the water, fish, marine birds, and marine mammals.

Marine birds regularly inhabiting or using the open waters of the study area include
cormorants [double-crested and Brandt's cormorants (Phalacrocorax auratus and P.
penicillatus)], pigeon guillemot (Cepphus columba), gulls [herring gull (Larus
argentatus), mew gull (L. canus), Western gull, California gull (L. californicus), ring-billed
gull (L. delawarensis)], greebes [eared greb (Podiceps nigricolis), western and Clarke’s
grebe (Aechmophorus occidentalis and A. clarki), common loon (Gavia immer),
California brown pelican (Pelecanus occidentalis californicus), and terns [Caspian tern
(Hydroprogne caspia), least tern (Sternula antillarum)]. Common diving benthivores
(animals that feeds on benthic prey) are canvasback (Aythya valisineria), greater scaup
(A. marila), lesser scaup (A. affins), and surf scooter (Melanitta perspicillata).

Few marine mammal species occur in the San Francisco Bay within the study area.
Pacific harbor seals (Phoca vitulina richardsi) are the only resident in the Bay year-
round with the highest numbers sighted during the pupping (March to May) and molting
(June to July) seasons (SFBAWT 2022). Harbor seals congregate on “haul-out”
terrestrial sites annually, which are typically located in areas with easy access to the
water, proximity to food, and experiences minimal disturbances. Haul-out sites can be
used annually or seasonally, with some being important for providing shelter during
pupping and molting (SFBAWT 2022).

California sea lions (Zalophus californianus) use the Bay for foraging but breed
elsewhere. Pier 39 in the study area is a common haul-out site for California sea lions
where they are often observed loafing. The greatest number of sea lions are observed
in the Bay during the winter herring run (December to February). Sea lions are
opportunistic feeders and will prey mostly on schooling species, but have also been
known to consume leopard sharks, shrimp, and crabs (SFBAWT 2022).

Harbor porpoises (Phocoena phocoena) are sighted year-round in harbors, bays, and
estuaries of the San Francisco Bay. The porpoise is elusive and typically solitary, or
may travel in small pods of two to five individuals (MMC 2022). Individuals traditionally
feed on schooling fish (herring, capelin, hake) and will occasionally eat squid or
octopus. They were believed to have disappeared from the San Francisco Bay in the
1940s during World War Il and because of environmental contaminants from
industrialization; however, returned in the 1990s following restoration attributed to the
Clean Air and Water Act (MMC 2022).
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Most cetacean sightings occur in the Central Bay basin, outside of the study area.
Marine mammal presence is predominantly dependent on distribution and presence of
prey species and foraging habitat (SFBAWT 2022).

3.9.24 Wetlands

Formal delineation of water of the U.S., including wetlands, occurred in 2015 along the
Port of San Francisco waterfront between the open water basin north of Pier 40 and
Heron’s Head Park at Pier 98. The delineation excluded Mission Creek, the Pier 70
Mixed-Use District Project area between Mariposa and 23" streets, Pier 94 Wetlands,
and Heron’s Head Park. Federal potentially jurisdictional wetlands were documented
within Warm Water Cove, and on the north and south banks of Islais Creek (Coast
2015). To be considered federally jurisdictional, wetlands generally must exhibit a
defined bed and bank and an ordinary high-water mark or be subject to the ebb and
flow of tides. Existing wetlands occur at Pier 94 and Heron’s Head Park.

3.9.25 Other Waters

The study area is adjacent to navigable waters of the U.S., which are regulated by the
federal Clean Water Act (CWA) and are defined under the CWA, title 33 Code of
Federal Regulations (CFR) 329.4 as “waters that are subject to the ebb and flow of the
tide and/or are presently used, or have been used in the past, or may be susceptible for
use to transport interstate or foreign commerce”. Examples of other waters of the U.S.
include rivers, creeks, intermittent, and ephemeral channels, ponds, lakes, and the
ocean. Waters of the State of California are defined in the California Water Code
section 1305(e) as “any surface water or groundwater, including saline waters, within
the boundaries of the State” and include all federally jurisdictional waters. Waters of the
State are broadly construed to include public and private waters in natural and artificial
channels.

3.9.2.6 Fisheries

Fisherman’s Wharf is the central hub of Northern California’s commercial and
recreational fishing fleets, while Pier 45 is the West Coast’s largest concentration of
commercial fish processors and distributors (POSF 2022). The San Francisco Bay,
adjacent to the study area, once supported several commercial fisheries including
salmon, sardines, herring, halibut, sturgeon, oysters, crabs, and shrimp; however,
presently only the Pacific herring (Clupea pallasii) fishery has survived (Mann n.d.).
Annual herring landings have ranged up to 11,000 metric tons (mt) since 1980 (Thayer
et al. 2020). Herring is found offshore in California during the spring and summer
foraging in the open ocean and then forms spawning aggregations starting in the fall.
San Francisco Bay hosts the largest spawning aggregation, along with Tomales Bay, for
Pacific herring with the greatest concentrations between October and April (CFW 2022).
Many of the once productive commercial fisheries collapsed due to overharvesting and
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a myriad of environmentally damaging practices such as water consumption and
diversion, modification of the sediment supply, introduction of nonnative species, and
sewage input, as well as climate shifts and environmental policy that did not effectively
protect the resources (Cloern and Jassby 2012).

The bay supports a variety of important recreational fisheries including groundfish,
salmon, sharks, sportfish, shellfish, and kelp. Although recreational fisheries are popular
in San Francisco Bay, many of the fish are under a consumption advisory from the
California Office of Environmental Health Hazard including sharks, white sturgeon,
surfperches, striped bass (do not eat), and California halibut and white croaker (limit
consumption to one serving per week; (OEHHA 2018).

3.9.2.7 Macroinvertebrates

Olympia oysters are native oysters to most of western North America and was a key
component of the San Francisco Bay marine ecosystem prior to overharvesting and
increased siltation from hydraulic mining in the mid-nineteenth century (NOAA 2008).
The oysters were thought to be extinct in San Francisco Bay but have been observed
slowly recovering since 2000. However, the current extent of Olympia oysters is
estimated to be 1% of historic levels (Wasson et al. 2015). The National Marine
Fisheries Service (NMFS) and California Department of Fish and Wildlife (CDFW) have
prioritized restoring and reestablishing the Olympia oyster in San Francisco Bay
because of its importance as a keystone species.

Olympia oysters are predominantly estuarine, with the greatest abundances in Central
California found at the O-feet tide mark, mean lower low water, but can be found up to
approximately 33 feet (Baker 1995; Wasson et al. 2015). In order to settle, the oysters
require a hard substrate such as intertidal or shallow subtidal rocks (Wasson et al.
2015). Olympia oysters form sparse to dense beds and are known to provide high
biodiversity habitat because they create physical habitat structure for juvenile fish,
crustaceans, worms, and foraging fish and birds (NOAA 2008). They stabilize sediment,
reduce turbidity, improve light penetrations, and in some instances help modulate
plankton blooms, thereby improving the physical conditions that encourage the
establishment of SAV, such as eelgrass beds.

Naturally occurring populations of native oysters can be found throughout the San
Francisco Bay on natural and artificial hard substrate. Oysters have successfully
established on human-made habitats such as marina floats and in tidally restricted
ponds, lagoons, and saline lakes (Cosentino-Manning et al. 2010). Olympia oysters are
expected in rocky intertidal, subtidal habitats in the marine regions of the study area.

Other macroinvertebrates that may occur in the study area include a variety of
amphipods, copepods, fish, gastropods, isopods, crustaceans (e.g., Ostracoda),
annelids, polychaetes, etc. (Hartman et al. 2019). Macroinvertebrate communities can
differ significantly seasonally, regionally, and locally, thus conditions of populations
would be expected to change throughout the year (Howe et al. 2014).
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3.10 Upland Resources
3.10.1 Regulatory Framework
3.10.1.1 Federal

CZMA

Endangered Species Act (ESA) — designates plants and terrestrial animals as
threatened or endangered, protects, and prohibits take

3.10.1.2 State

California Native Plant Protection Act (NPPA) — designates plants as rare or
endangered, protects, and prohibits take

3.10.2 Existing Condition

A vegetation community is a recognizable collection of plant species that interact with
each other and the elements of their environment and are distinct from adjacent
vegetation communities (Holland 1986). The San Francisco waterfront is primarily
developed with limited areas of landscape plantings (e.g., parks), California annual
grassland, ruderal vegetation, coastal scrub, and tidal marshes.

3.10.2.1 Developed/Barren

The study area is largely composed of developed urban land that includes buildings,
paved streets, sidewalks, parking lots, docks, and piers. These areas provide limited
habitat opportunities for wildlife and do not include natural vegetation communities.
Paved roads, parking lots, buildings and empty lots can generally act as habitat for
striped skunk (Mephitis mephitis), racoon (Procyon lotor), Virginia opossum (Didelphis
virginiana), and Killder (Charadrius vociferus) that may use these areas for foraging,
shelter, nesting, and as corridors to move between barren/developed property to
undeveloped areas (e.g., parks). Abandoned buildings can also support bats such as
the Mexican free-tailed bat (Tadarida brasiliensis) and pallid bat (Antrozous pallidus).
Bats can also adapt to living in urban areas near water and roost in structures that
provide adequate thermal regulation. Vacant buildings can serve as roosting sites for
local bats or as nesting sites for common urban birds such as barn owl (Tyto alba), cliff
swallow (Petrochelidon pyrrhonota), rock pigeon (Columba livia), and house sparrow.
High rises and bridges are often breeding grounds for peregrine falcons (Falco
peregrinus). Marine mammals are observed using piers and docks as resting sites. For
example, California sea lions (Zalophus californianus) are well-known for resting on the
K-docks at the Pier 39 Marina in San Francisco.
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3.10.2.2 Landscape

Landscape plantings can provide cover, foraging, and nesting habitat in an urban
environment for a variety of bird species, reptiles, and small mammals, particularly
those tolerant of human disturbance and presence. Birds commonly found in such
habitat include native birds such as house finch (Haemorhous mexicanus), California
scrub jay (Aphelocoma californica), mourning dove (Zenaida macroura), Brewer’'s
blackbird (Euphagus cyanocephalus), and Anna’s hummingbird (Calypte anna), as well
as non-native species like house sparrow (Passer domesticus) and European starling
(Sturnus vulgaris). Other common wildlife to landscape areas include striped skunk,
raccoon, Virginia opossum, and non-natives such as Norway rat (Rattus norvegicus),
black rat (Rattus rattus), and feral cat (Felis catus).

Landscape vegetation is present in the study area adjacent to buildings and within
public parks including, but not limited to, Levi's Plaza, Mission Creek Garden, Mission
Bay Commons Park, Warm Water Cove Park, Islais Creek Park, and India Basin
Shoreline Park. Mature ornamental landscape trees and shrubs in the study area can
provide cover, foraging, and nesting habitat for a variety of bird species, as well as
reptiles and small mammals, especially those that are tolerant of disturbance and
human presence.

3.10.2.3 California Annual Grassland

The California annual grassland community, also known as non-native grassland, is
typically composed of a dense cover of introduced annual grasses and ruderal (woody)
forbs (broad-leaved plants) adapted to colonizing and persisting in disturbed upland
habitats. Non-native grasses typically include wild and slender oats (Avena barbata),
barley (Hordeum vulgare), soft chess (Bromus hordeaceus), foxtail barley (Hordeum
murinum ssp. Leporinum), red brone (Bromus madritensis ssp. Rubens), Medusahead
(Elymus caput-medusae), and an array of associated annual and perennial forbs.
California annual grassland is present at Heron’s Head Park and Pier 94 where it is
interspersed with scattered shrubs such as coyote brush (Baccharis pilularis).

California annual grassland community can provide cover, foraging, and nesting habitat
for a variety of bird species, as well as reptiles and small mammals. Reptiles inhabiting
this community may include western fence lizard (Sceloporus occidentalis), California
alligator lizard (Elgaria multicarinata multicarinata) and Pacific gopher snake (Pituophis
catenifer catenifer). Bird species may include western meadowlard (Sturnella neglecta),
white-crowned sparrow (Zonotrichia leucophrys), cliff swallow, western bluebird (Sialia
Mexicana), and northern mockingbird (Mimus polyglottos). Mammals common to annual
grasslands include California ground squirrel (Otospermophilus beecheyi), black-tailed
jack rabbit (Lepus californicus), and Botta’s pocket gopher (Thomomys bottae).
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3.10.24 Coastal Scrub

Coastal scrub is present only at the easternmost portion of the study area, within India
Basin Open Space. Coastal scrub commonly includes buckwheat (Eriogonum spp.),
sage (Salvia spp.), bush monkeyflower (Mimulus aurantiacus) and poison oak
(Toxicodendron diversilobum). Typical wildlife found in scrub habitat include mammals
such as Botta’s pocket gopher, house mouse (Mus musculus), California vole (Microtus
californicus), raccoon, and striped skunk. Reptiles common to these areas include
California kingsnake (Lampropeltis californiae), Pacific gopher snake, and western
fence lizard. These species attract larger predators and scavengers, particularly to
scrub edges and nearby grassland clearings. Birds inhabit and forage for insects in
coastal scrub including wrentit (Chamaea fasciata), California scrub jay, spotted towhee
(Pipilo maculatus), white-crowned sparrow, and northern mockingbird.

3.10.2.5 Coastal Saltmarsh

Coastal saltmarsh is a wetland type flood and drained by saltwater between high and
low tides, and is composed of a variety of terrestrial and aquatic species (NOAA 2022c).
Coastal saltmarshes can be fully tidal, or brackish if they occur near the mouth of a
freshwater source. Vegetation associated with this habitat include pickleweed
(Salicornia pacifica), marsh jaumea (Jaumea carnosa), alkali heath (Frankenia salina),
cordgrass (Spartina sp.), salt grass (Distichlis spicata), alkali bulrush (Bolboschoenus
maritimus), and cattail (Typha sp.). Coastal saltmarsh is present in the Southern
Waterfront subarea, including at the Pier 94 Wetlands and Heron’s Head Park. The
saltmarsh at Heron’s Head is interspersed with areas of unvegetated salt panne (water
retaining depressions). Salt panne’s are often seasonally inundated, and because of
this, can inhibit the establishment of vegetation, leavening a barren area.

Coastal saltmarshes in the Central and South Bay are remnants of their former extent.
Where salt marshes are still present, they support high densities and high diversity of
wildlife. Additionally, they provide habitat for the Ridgway'’s rail (Rallus obsoletus) and
salt marsh harvest mouse (Reithrodontomys raviventris), both of which are federally and
state-endangered and state fully protected species. However, the salt marshes within
the study are small, narrow, and scattered, providing marginal habitat for these species.

3.10.2.6 Wildlife Corridors

Wildlife corridors are vital passage routes for birds, fish, and mammals that travel during
their life cycle (USFWS 2022). Wildlife movement corridors are considered important
ecological resources by CDFW and the U.S. Fish and Wildlife Service (USFWS). The
movement corridors provide favorable locations for wildlife to travel amongst different
habitats such as foraging sites, breeding sites, cover areas, and preferred seasonal
range locations. They can also function as dispersal corridors allowing animals to move
between various locations within their range. Topography, natural factors, and
urbanization can fragment large open-space areas and impede wildlife movement
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between areas of suitable habitat. This fragmentation can create isolated “islands” of
vegetation that may not provide sufficient accommodations to sustain populations, and
can adversely affect genetic and species diversity. Integrated wildlife corridors into
urban and developed areas mitigates the effects of this fragmentation by allowing
animals to move between remaining habitats, which in turn allows depleted populations
to replenish and promotes genetic exchange between populations.

The study area is too urbanized to provide a terrestrial wildlife corridor between two
core habitat areas. However, the San Francisco Peninsula is an important migratory
stopover for birds along the Pacific Flyway, one of the four major avian migratory routes
in North America. During fall and spring migrations, birds of prey, songbirds, shorebirds,
and waterbirds stop to forage and rest in suitable habitat along this route such as
Golden Gate Park, the Presidio, Mount Sutro, Lake Merced, and coastal and bayside
beaches. Migrating birds that forage in intertidal and marine environments may use San
Francisco Bay during migration.

Central Bay serves as a migration corridor for anadromous fish between the Pacific
Ocean and spawning habitat, in a few of the tributaries to San Francisco Bay. The study
area does not fall within the wildlife corridor for these anadromous fish which are
typically confined to deeper channels during migration.

3.11 Special status species

Special-status species are plant and wildlife species considered sufficiently rare, such
that they require special consideration and/or protection and should be, or currently are,
listed as rare, threatened, or endangered by the federal and/or state governments. Such
species are legally protected under the federal and/or state ESA or other regulations
listed below, or are species considered sufficiently rare by the regulatory and scientific
community to qualify for protection.

3111 Regulatory Framework
3.11.1.1 Federal

Magnuson-Stevens Fishery Conservation and Management Act (MSFCMA) —
governs management and conservation of commercial and recreational fisheries
in U.S. federal waters (three to 200 nautical miles [nm] from shore)

ESA — establishes protections for fish, wildlife, and plants listed as threatened or
endangered

Marine Mammal Protection Act (MMPA) — establishes protections for marine
mammals

Migratory Bird Treaty Act — prohibits the take (including killing, capturing, selling,
trading, and transport) of protected migratory bird species
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Bald and Golden Eagle Protection Act — prohibits any take of bald or golden eagle,
alive or dead, or any part (including feathers), nests, or eggs

Federal Regulation of Wetlands and other waters — federal government regulates
waters, including wetlands, in the CWA

3.11.1.2 State

California Endangered Species Act (CESA) — conserves and protects plant and
animal species and their environments

California Native Plant Protection Act (NPPA) — designates plants as rare or
endangered, protects, and prohibits take

California Fish and Game Code (CFGC) — protects and regulates state listed
species

State Regulation of Wetlands and other waters — regulations activities in wetlands
reside primarily with the State Water Resources Control Board

31113 Local

San Francisco General Plan — policies that protect biological resources

San Francisco Public Works Code — protects street trees, significant trees, and
landmark trees under San Francisco Public Works jurisdiction

San Francisco Planning Code Section 139 — standards that guide the use and types
of glass and fagcade treatments, wind generators and grates, and lighting
treatments that can be used during construction projects to create bird-safe
buildings and reduce bird-related hazards

San Francisco Bay Plan — specifies goals, objectives, and policies for existing and
proposed waterfront land use and other areas under the jurisdiction of BCDC

3.11.2  Existing Condition
3.11.21 Federally-listed Threatened and Endangered Species

The ESA was enacted to provide a program for the preservation of endangered and
threatened species and to provide protection for the ecosystems upon which these
species depend for their survival. The U.S. Fish and Wildlife Service (USFWS) is the
primary agency responsible for implementing the ESA and oversees protection of non-
marine species (i.e., birds, terrestrial species, freshwater species), while the National
Marine Fisheries Service (NMFS) protects marine species. An endangered species is
one in danger of extinction throughout all or a significant portion of its range. A
threatened species is likely to become endangered within the foreseeable future
throughout all or a significant portion of its range, while proposed species are those that
have been formally submitted to Congress for official listing. The USFWS'’s Information
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for Planning and Consultation (IPaC) database lists the threatened and endangered
species and trust resources that may occur within the study area boundary (Appendix
D-5). NMFS provided a letter documenting species anticipated in the study area
(Appendix D-6). Based on the IPaC report and NMFS letter, there are 23 USFWS listed
species (threatened, endangered, or candidate), five additional NMFS listed species,

and two designated critical habitats (CH) found to potentially occur within the study area
(Table 3-1).
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Table 3-1. Federal threatened, endangered, or candidate species identified by USFWS and NMFS that may occur in the study area. Sea turtle
Jurisdiction is shared jointly by USFWS (inland waters and nesting beaches) and NMFS (offshore marine environment). A superscript “CH”
indicated critical habitat for the species. Information sourced from USFWS and NMFS species pages and Calflora (www.calflora.org)

Common Name

Federal

Potential to occur in the

Charadrius nivosus nivosus

backed beaches; nests along shores,
peninsulas, offshore islands, bays, estuaries,
and rivers of the U.S. Pacific Coast

s Jurisdiction Habitat Requirements
Scientific Name tatus study area
MAMMALS
Generally restricted to saline or subsaline Minor to moderate — suitable
Sallt marsh harvest TOUSG' Endangered USFWS marshes, partigularly dense stands of habitat at Heron’s Head and
Reithrodontomys raviventris \p/):;:é((la?;\f[ﬁ)tar]d, adjacent to upland, salt-tolerant Pier 94 wetlands
BIRDS
California Ridgeway’s Rail Resident of San Francisco Bay area; lives in Moderate — likely to occur in
Endangered USFWS dense vegetation in saltwater marshes, Heron’s Head Park; have
Rallus obsoletus obsoletus freshwater marshes, and mangrove swamps been previously observed
Breeds along the immediate coast of California
California least tern on unfrequented sandy beaches or abandoned o
) ] Endangered USFWS salt flats close to estuaries and coastal t’\)AuC;dneortaltiekel Ill’::Iget%thci:rl:r,
Sterna antillarum browni embayment’s; feeding occurs nearshore in y 9
open water;
Spends most time on the ocean, resting and
Marbled murrelet foraging in near-shore marine waters; nest in _
Threatened USFWS old-growth forests with large trees, multiple ?gggﬁ]rate may oceur
Brachyrampuhus marmoratus canopy layers and moderate to high canopy 9
closure
Winters along the California coast resting and
foraging on sand spits and dune-backed
Western snowy plover Threatened USEWS beaches, in urban areas they are found in bluff- | Unlikely; lacks suitable

habitat
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Common Name

Rana draytonii

located within 300 feet of aquatic/riparian
habitat, comprised of grasslands, woodlands,
and/or vegetation that provides shelter, forage,
and refuge; and dispersal habitat — accessible
upland or riparian haitats between occupied
locations allowing for movement between sites;

Federal Jurisdiction Habitat Requirements Potential to occur in the
Scientific Name Status study area
REPTILES
. Prefer coastal sage scrub and northern coastal
Alameda whipsnake scrub, but can also inhabit grasslands, oak — ,
i Unlikely; outside known
Masticophis lateralis Threatened USFWS savanna, oak-bay, and open woodlands; rock , . :
P . range; no suitable habitat
euryxanthus outcrops and talus; use small burrows, rock,
and soil crevices, brush, and debris for refuge
Prefer densely vegetated ponds near open
) hillsides; hunt in shallow water 2 inches deep or
San Francisco garter snake Endanaered USEWS less; aquatic habitats with shallow water edges | Unlikely; lacks suitable
Thamnophis sirtalis tetrataenia 9 are essential habitat; require adjacent upland habitat
habitat for basking, and burrows or thick grass
mats for shelter and hibernacula
Shallow habitats such as lagoons, bays inlets,
Green sea turtle shoals, estuaries, and other areas with abundant . . .
) Threatened USFWS marine algae and seagrass; high-energy beaches rlfgs“tli(r?ly’al:‘;i;gr:uIifblf?abitat
Chelonia mydas with deep sand for nesting, usually coarse to fine 9 ging
grain sizes, with little organic content
AMPHIBIANS
Requires aquatic breeding habitat — low-
gradient freshwater bodies (ponds, marshes,
lagoons) that hold water for at least 20 weeks;
non-breeding aquatic habitat — provides shelter,
- forage, refuge, and dispersal for juveniles and
Callifornia red-legged frog Threatened USEWS adults (springs, plunge pools); upland habitat — | Unlikely; lacks suitable

habitat
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Common Name

Population Segment (DPS)

Oncorhynchus mykiss

aquatic vegetation, boulders, and wood as
refuge; spend most of the year in estuaries or
open ocean

Federal Jurisdiction Habitat Requirements Potential to occur in the
Scientific Name Status study area
FISH
Endemic to California; only occurs in the
Sacramento-San Joaquin estuary; spawns in
Delta smelt Threatened USFWS freshwater in the spring, migrates to low salinity | Unlikely; outside of known
Hypomesus transpacificus area in the summer for rearing, matures in the | range
fall in low salinity water, migrates upstream to
freshwater in winter
Tidewater gob Brackish water lagoons, estuaries, and I ;
) 908y ) Endangered USFWS marshes along the California coast; shallow, Unlikely; outside of known
Eucyclogobius newberryi still water range
Sacremento River Chinook ) ] o ) .
salmon CH, winter-run Spend early life growing and feeding in Likely; migrate through San
Evolutionary Significant Unit Endangered NMFS freshwater streams, estuaries, and wetlands; Francisco Bay from _
(ESU) transition to open ocean and estuaries, then December through July with
return to freshwater to spawn peak occurrence in March
Oncorhynchus tshawytscha
Central Valley Chinook salmon, Spend early life growing and feeding in I,Egi:zi;sr:égéi[; ::;ouun%rrl]gﬁan
spring-run ESU Threatened NMFS freshwater streams, estuaries, and wetlands; months before returning to
transition to open ocean and estuaries, then spawn mid-Auaust through
O. tshawytscha return to freshwater to spawn P 9 9
early October
Occupy gravel-bottom, fast-flowing, well-
Central California Coast oxygenated freshwater streams and rivers for oo
Steelhead trout, Distinct spawning and when hatched, migrate to the i_rg(r?gi/t’iéir?ﬁgjr{] 28 en
Threatened NMFS ocean and return to freshwater to spawn; use gh op

water adjacent to study area
during migration
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Common Name

Federal Jurisdiction Habitat Requirements Potential to occur in the
Scientific Name Status study area
Occupy gravel-bottom, fast-flowing, well-

o oxygenated freshwater streams and rivers for Likelv: temporary as
California Central Valley spawning and when hatched, migrate to the trans}i/t,ion tf?rou r{] open
Steelhead trout DPS Threatened NMFS ocean and return to freshwater to spawn; use ; gnop

. . water adjacent to study area
) aquatic vegetation, boulders, and wood as . T
O. mykiss . . during migration
refuge; spend most of the year in estuaries or
open ocean
] Spawn and rear as juveniles in freshwater Likely; juveniles reside in
North American GreencsHturgeon, streams and rivers, migrate to saltwater to feed, | San Francisco Bay and
southern DPS Threatened NMFS and return to freshwater for spawning; require adults migrate to their
Acipenser medirostris fast-flowing, well oxygenated streams for spawning grounds through
spawning the bay
INSECTS
Monarch butterfl Require milkweed and flowering plants for foraging . e .
) y Candidate USFWS during breeding and migration. Lay eggs on Eng}:e{y, limited suitable
Danaus plexippus milkweed plants abita
FLOWERING PLANTS
California seablite . Likely; suitable habitat at
" Endangered USFWS !\/Iargms <_Jf cogstzlal salt marshes on Morro Bay Heron’s Head, endemic to
Suaeda californica in upper intertidal zones California coastal zones
Franciscan manzanita i i i i . i
. Endangered USFWS BquLs and hills slurrout?dlng San Francisco Bay, | Unlikely; outside of known
Arctostaphylos franciscana northern coastal scru range
Marin dwarf-flax i ifornia: i iIs i i ikely: i
Threatened USFWS Endemic to California; serpentine soils in Marin, | Unlikely; outside of known

Hesperolinon congestum

San Francisco, and San Mateo counties

range
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Common Name

Pentachaeta bellidiflora

with serpentine soil

Federal Jurisdiction Habitat Requirements Potential to occur in the
Scientific Name Status study area
Marsh sandwort . 0o :
Endangered USFWS Freshwater-marshes, swamps, and areas that Unll_kely, lacks suitable
Arenaria paludicola are wet year-round habitat
Presidio clarkia Unlikely; outside of known
] ) Endangered USFWS Serpentine bluffs and serpentine grasslands ’
Clarkia franciscana range
Presidio manzanita Serpentine outcrop of the San Francisco Uniikelv: de of k
' Endangered USFWS Presidio in maritime chaparral-coastal prairie nlikely; outside of known
Arctostaphylos hookeri var. n range
ravenii plant communities
Robust spineflower ; : . ; e .
P Endangered USFWS Endemic to California; grows in dunes, coastal Moderat(? suitable habitat
Chorizanthe robusta var. robusta areas, and meadows at Heron’s Head
San Francisco lessignia ; ; ; . :
9 Endangered USFWS Restricted to vegetation gaps on remnant sand | Unlikely; outside of known
Lessingia germanorum dunes and related sandy soils range
Showy Indian clover ; P : . — .
y Endangered USFWS Endemic to California; occurs typically in Unlikely; outside of known
Trifolium amoenum wetlands or grassland areas range
Sonoma sunshine ; ; . i .
Endangered USFWS Occurs in Sonoma County in vernal pools and Unlikely; outside of known
Blennosperma bakeri wet grasslands range
White-rayed pentachaeta Found only in San Mateo County in grasslands Unlikely; outside of known
Endangered USFWS range and lacks suitable

habitat
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3.11.211 Critical Habitat

Critical habitat is defined by NMFS as “specific areas...occupied by a species...that
contain physical or biological features essential to conservation of the species and that
may require special management considerations or protection”. Once critical habitat has
been designated, a federal agency is required to consult with NMFS to “ensure actions
they fund, authorize, or undertake are not likely to destroy or adversely modify” the
critical habitat. Two critical habitat occur within the study area — green sturgeon and
chinook salmon.

Green sturgeon critical habitat spans approximately 320 miles (mi) of freshwater river
habitat, 897 square miles (mi?) of estuarine habitat, 11,421 mi? of marine habitat, 487 mi
of the Sacramento-San Joaquin Delta, and 135 mi? of the Yolo and Sutter bypasses in
the Sacramento River (50 CFR 226). All of San Francisco Bay adjacent to the study
area is considered critical habitat for green sturgeon (Figure 3-14).

Legend
L. [ StudyArea

" [ Green Sturgeon CH
5s 0 05 1 2
S e e— Vliles

Figure 3-14. Green sturgeon critical habitat within the study area. Source: NMFS 2021.
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There are several chinook salmon critical habitats throughout California; however, only
one intersects the study area — the Sacramento River winter-run chinook salmon. The
critical habitat includes the Sacramento River from Keswick Dam, Shasta County (river
mile 302) to Chipps Island (River Mile 0) at the westward margin of the Sacramento-San
Joaquin Delta; all waters from Chipps Island westward to Carquinez Bridge, including
Honker Bay, Grizzly Bay, Suisun Bay, and Carquinez Strait; all waters of San Pablo Bay
westward of the Carquinez Bridge; and all waters of San Francisco Bay from San Pablo
Bay to the Golden Gate Bridge (50 CFR 226). Chinook salmon critical habitat includes
waters in the northern two reaches of the study area (Figure 3-15).

'Legend
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Figure 3-15. Chinook salmon Sacramento River winter-run critical habitat within the study area. Source:
NMFS 2021.

3.11.2.2 State-listed Threatened and Endangered Species

In California, animal or plant species of conservation concern may be listed as
threatened or endangered under the authority of the California Endangered Species Act
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of 1984 (CESA; Cal. Code Regs. tit. 14, §§ 783.0-787.9). State-listed species may also
be protected federally under the ESA, or strictly listed as state protected. California has
54 animals listed as endangered, 43 animals as threatened, 137 plants as endangered,
and 21 plants as threatened (CNDDB 2023a; CNDDB 2023b).

After reviewing a description of each species provided by the California Natural
Diversity Database (CNDDB) and consulting with resource agencies, the PDT
concluded that the focused study area is outside the known range or does not provide
suitable habitat for 92 of the animals and 156 of the plants. The CNDDB online BIOS
Quicktool was used to evaluate the state-protected threatened and endangered species
likely present in the study area. Data are reported on a quad basis; thus species were
pulled for the San Francisco North and Hunters Point Quad to incorporate the entire
study area, and beyond.

The study area does provide suitable habitat for seven CESA protected animal and
plant species (Table 3-2). Of these, two of the animal and plant species, respectively,
also are federally listed. The longfin smelt is not federally listed yet, but is a candidate
species.
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Table 3-2. California state-listed threatened and endangered species likely to occur in the study area.

Common Name

Hesperolinon congestum

L State status | Federal status | Habitat requirements
Scientific Name
BIRDS
] o L Resident of San Francisco Bay area;
California Ridgeway's rail Endanaered | None lives in dense vegetation in saltwater
Rallus obsoletus obsoletus g marshes, freshwater marshes, and
mangrove swamps
Breed in open lowland areas near
Bank swallow Threatened | None bodies of water; avoid forests,
Riparia riparia woodlands, or areas that lack
appropriate nesting
California black rail
. . . Threatened | None Lives in tidal and freshwater marshes in
Laterallus Jamaicensis California
coturniculus
FISH
i Reside in San Francisco estuary; uses
Longfin smelt Threatened | Candidate a variety of habitats including nearshore
Spirinchus thaleichthys waters, estuaries, lower portions of
freshwater streams
. Spend early life growing and feeding in
Chinook salmon - Central Valley freshwater streams, estuaries, and
Spring-run Threatened | Threatened wetlands; transition to open ocean and
spawn
PLANTS
Marsh sandwort -
Endangered | Endangered Freshwater-marshes, swamps, and
Arenaria paludicola areas that are wet year-round
Marin western flax Endemic to San Francisco county;
Threatened | Threatened occurs in serpentine soils, in dry native

bunch grasses

3.11.2.3

Migratory Birds

San Francisco Bay is a migration highway for over 250 species of birds, many of which
are small songbirds (e.g., warblers, thrushes, tanagers, sparrows) and some threatened
species (GGAS 2023). A variety of birds use this area to forage in the many
microclimates while others use the Bay area as a resting stop-over. The San Francisco
Bay is the largest estuary on the Pacific Coast, thus, is an ideal refuge for shorebirds,
raptors, and songbirds. Some of the prominent species include, but are not limited to

(Karlenzig 2013):

Appendix D-1: Environmental and Cultural Supporting Documentation

Page 3-43




e Songbirds: varied thrush (Ixoreus naevius), red-winged blackbird (Agelaius
phoeniceus), golden-crowned sparrow (Zonotrichia atricapilla), and black-
throated blue warbler (Setophaga caerulescens);

e Hawks: ferruginous hawk (Buteo regalis), Cooper’s hawk (Accipiter cooperii),
red-shouldered hawk (Buteo lineatus);

o Waterfowl: lesser scaup (Aythya affinis), greater scaup (A. marila), wood duck
(Aix sponsa), mallard (Anas platyrhynchos);

e Shorebirds: whimbrel (Numenius phaeopus), long-billed curlew (Numenius
americanus), marbled godwit (Limosa fedoa), willet (Tringa semipalmata), black-
bellied plover (Pluvialis squatarola), American avocet (Recurvirostra americana),
and black-necked stilt (Himantopus mexicanus).

3.11.2.4 Bald and Golden Eagles

The Bald and Golden Eagle Protection Act was enacted in 1940 and prohibits the take
and/or disturbance of bald or golden eagles without a permit issued by the Secretary of
the Interior (16 U.S.C. 668-668d; 50 CFR 22.6). Bald eagles (Haliaeetus leucocephalus)
are the national symbol that was in danger of extinction throughout most of its range in
North America. In 2007, bald eagle populations had recovered to such as state that they
were delisted from the ESA (USFWS 2023a). Bald eagles are solely native to North
America and may be found throughout most of California at lakes, reservoirs, rivers, and
some rangelands and coastal wetlands. Most breeding occurs in northern California, but
scattered nesting also occurs in the central and southern Sierra Nevada mountains and
foothills, inland southern California, and Santa Catalina Island (CDFW 2023a).

Golden eagles are global species, with the western U.S. comprising 80% of the species’
range in the contiguous U.S. (USFWS 2023b). Most golden eagles in California are
resident, though some can be migratory, and inhabit forests, canyons, shrub lands,
grasslands, and oak woodlands. Nests are constructed on platforms on steep cliffs or in
large trees (CDFW 2023b).

Populations of bald and golden eagles are found in the less urbanized areas of San
Francisco Bay and coastal range. While individual eagles may migrate through the area,
the project area does not support nesting habitat for eagles as it generally lacks large
mature trees. If nesting were to occur, the nest would need to be placed on man-made
structures which would present its own set of challenges to survival, although not
unheard of in other parts of the county. The chance of this occurring is relatively low
since more suitable nesting habitat is available throughout the Bay or in more vegetated
areas of the City.

3.11.2.5 Marine Mammals

The Marine Mammal Protection Act was passed in 1972 in response to concerns about
significant declines in marine mammal species caused by human activities. As such, the
MMPA established a national policy to prevent marine mammal species and population
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stocks from declining beyond that in which they cease to be significant functioning
elements of ecosystems. Three federal entities share responsibility for implementing
MMPA, NOAA Fisheries, USFWS, and the Marine Mammal Commission (MMC). NOAA
is responsible for protecting whales, dolphins, porpoises, seals, and sea lions; USFWS
protects walrus, manatees, sea otters, and polar bears; and MMC provides oversight of
domestic and international policies and actions of federal agencies addressing
anthropogenic impacts on marine mammals and their ecosystems.

There are two pinniped and four species of cetaceans likely to occur in or near the study
area, which include harbor seals (Phoca vitulina richardii), California sea lion (Zalophus
californianus), harbor porpoise (Phocoena phocoena), common bottlenose dolphin
(Tursiops truncatus), California gray whale (Eschrichtius robustus), and humpback
whale (Megoptera noveangliae), respectively.

3.11.2.51 Harbor seals

Harbor seals are widely distributed in the North Pacific, with two subspecies, western
and eastern. The eastern subspecies inhabits coastal and estuarine areas from Mexico
to Alaska on the western coast of the U.S. Harbor seals have fairly strong site fidelity
and do not make extensive pelagic migrations but can travel a few hundred kilometers
to find food or suitable breeding areas (Herder 1986; Harvey and Goley 2011).
California supports 400 to 600 harbor seal haul out sites widely distributed along the
mainland and offshore islands, intertidal sandbars, rocky shores, and beaches (Hanan
1996; Lowery et al. 2008). Three stocks are recognized along the west coast, California,
outer coasts of Oregon and Washington, and inland waters of Washington. The harbor
seal population estimate for California includes nearly 31,000 individuals (Caretta et al.
2019). Historically, harbor seals were commercially harvested prior to state and federal
protection, but now face threats of mortality or injury from commercial gillnetting,
shootings, ship/vessel strikes, entrainment in power plants, recreational fisheries,
human-induced abandonment of pups or harassment, marine debris entanglement,
stabbing/gaff wounds, and research-related deaths (Carretta et al 2014; Caretta et al.
2019). California harbor seals are not considered endangered or threatened under the
ESA or CESA nor designated as depleted under the MMPA.. Harbor seals are likely to
be present in the study area swimming, loafing, or feeding.

3.11.25.2 California sea lions

California sea lions have five genetically distinct populations in the Pacific, the U.S.
stock is the Pacific Temperate, while the other four reside in or near Mexico (Schramm
et al. 2009). The U.S. population includes rookeries within U.S. waters and the
Coronados Islands just south of the U.S. and Mexico border. Along the U.S. west coast,
population has been estimated at nearly 258,000 animals (Lowry et al. 2017; DelLong et
al. 2017; Laake et al. 2018). Over four decades (1975 — 2014), the California sea lion
populations have increased, nearly reaching their expected carrying capacity (Laake et
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al. 2018; Caretta et al. 2019). Historically, California sea lions were exploited for food,
oil, and hides, but that has since ceased (Stewart et al. 1993). Current threats to the
species include mortality and injury from a variety of commercial and recreational
fisheries along the U.S. west coast (Barlow et al. 1994; Caretta and Barlow 2011;
Carretta et al. 2018a, 2018b; Julian and Beeson 1998; Jannot et al. 2011), shootings,
power plant entrainment, marine debris entanglement, oil exposure, vessel strikes, and
dog attacks (Caretta et al. 2018b). California sea lions are not listed as endangered or
threatened under ESA or CESA or depleted under the MMPA (Caretta et al. 2019). This
is the most likely marine mammal to be present in the study area as Pier 39 in the
northern waterfront is an important haul out site.

3.11.2.5.3 Harbor porpoise

Harbor porpoises are found in coastal and inland waters of the Pacific Ocean and
exhibit fairly restricted movement along the western coast of the United States, with
regionalized populations among California, Washington, British Columbia, and Alaska
(Calambokidis and Barlow 1991; Rosel et al. 1995). Recently, genetic studies reported
four separate stocks of harbor porpoise along the Central California coast (Chivers et al.
2002, 2007). The study area is likely to include individuals from the San Francisco-
Russian River stock, which based on 2007-2011 aerial surveys, supports nearly 9,900
porpoises (Forney et al. 2013). Harbor porpoises can be sensitive to fishery related
strandings or injuries; however, within the more recent NOAA Fisheries survey period,
no fishery-related mortality or injury within the San Francisco-Russian River stock were
reported (Caretta et al. 2019). Harbor porpoises are not listed as threatened or
endangered under ESA, MMPA, or CESA. Harbor porpoises are likely to be observed in
San Francisco Bay near the study area and may occasionally transit through the study
area, though they are not expected to remain there for any extended period.

3.11.254 Common bottlenose dolphin

Bottlenose dolphins are globally distributed and, in many regions, including California,
have separate coastal and offshore populations (Walker 1981; Ross and Cockcroft
1990; Van Waerebeek et al. 1990). The California coastal stock is genetically distinct
from the offshore population (Perrin et al. 2011; Lowther-Thielking et al. 2015) and are
found within 1 km of the shore (Hansen 1990; Carretta et al. 1998; Defran et al. 1999).
Bottlenose dolphins can be highly migratory, as with the coastal California population, in
which 80% of identified individuals have been observed as far south as Ensenada,
Mexico (Defran et al. 1999; Feinholz 1996; Defran et al. 2015). The California coastal
population is estimated to have remain stable over two decades (1987 — 2005; Dudzik
et al. 2006), while more recent surveys (2009 — 2011) suggest an increase (Weller et al.
2016). This could reflect population growth or may be an artifact of dolphins moving
north from Mexican waters (Carretta et al. 2019). Common bottlenose dolphins are
highly susceptible to fishery-related mortalities given their exclusive use of coastal
habitats. Bottlenose dolphins are not listed as threatened or endangered under ESA or
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CESA, nor as depleted under the MMPA (Carretta et al. 2019). Bottlenose dolphins are
likely to occur regularly near the study area but may not be as common within the study
area given its proximity to an urban shoreline.

3.11.2.5.5 California gray whale

Gray whales are commonly found in the North Pacific Ocean, with two genetically
distinct populations — Eastern North Pacific and Western North Pacific (LeDuc et al.
2002; Lang et al. 2011a; Weller et al. 2013). Gray whales that may frequent San
Francisco Bay would be from the Eastern North Pacific stock. A small number of these
whales feed along the Pacific coast in California during summer months (Darling 1984;
Gosho et al. 2011; Calambokidis et al. 2017). The Eastern North Pacific population
frequenting California was most recently estimated at 26,960 individuals (Durban et al.
2017). The stock overall has increased through recent decades (Durban et al. 2017).
One of the most common threats to gray whales include entanglement in commercial
fishery equipment, in both the drift gillnets and pot and trap fisheries (Carretta et al.
2018a, 2018b). Ship strikes are another source of mortality and serious injury to gray
whales (Carretta et al. 2018a). Gray whales may occur near the study area in the San
Francisco Bay but may not be as common within the study area given its proximity to an
urbanized shoreline.

3.11.2.5.6 Humpback whale

North Pacific humback whales comprise a distinct subspecies compared to the North
Atlantic humpback whales (Jackson et al. 2014). Currently, NMFS recognizes one
humpback whale stock on the west coast with two separate feeding groups, a California
and Oregon feeding group and a northern Washington and southern British Columbia
feeding group (Calambokidis et al. 2008; Barlow et al. 2011; Wade et al. 2016). The
California and Oregon stock abundance was most recently estimated at 2,374 whales
(Calambokidis et al. 2017). This stock has shown a long-term increase for the last
several decades, but as early as 2010 the population was likely leveling off
(Calambokidis et al. 2017). Humpback whales have incurred serious injuries, non-
serious injuries, and mortality involving pot/trap fisheries, fishery interactions, vessel
strikes, gillnet fisheries, and marine mooring interactions (Carretta et al. 2018a).
Humpback whales may occur near the study area in the San Francisco Bay but are not
likely to occur directly within the study area given its proximity to an urban shoreline.

3.11.2.6 Essential Fish Habitat

Essential Fish Habitat (EFH) includes “waters and substrate necessary to fish for
spawning, breeding, feeding, or growth to maturity” (NMFS 2021; GMFMC & NMFS
2016). Specific habitats include all estuarine water and substrate (mud, sand, shell, and
rock) and all associated biological communities, such as subtidal vegetation
(seagrasses and algae) and the adjacent intertidal vegetation (marshes). Of the fish
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species considered by NMFS to potentially occur within the study area, EFH habitat for
these species consists of all waters and substrate from mean higher high water
(MHHW) to 3,500 water depth, seamounts, and areas designated as Habitats of
Particular Concern (HAPC). HAPC are identified based on one or more of the following
considerations:

Importance of the ecological function provided by the habitat;

Extent to which habitat is sensitive to human-induced environmental degradation;
Extent to which development activities are or will be stressing the habitat; and
Rarity of habitat (50 CFR 600.815(a)(8)).

There are four HAPCs within the study area, including the San Francisco Estuary
(estuary HAPC), seagrass, rocky reef, and marine and estuarine SAV HAPC. Estuary
HAPCs are defined as “MHHW, or the upriver extent of saltwater intrusion, upstream
and landward to where ocean-derived salts measures less than 0.5 ppt during the
period of average annual low flow”. Seagrasses HAPC include “those waters, substrate,
and other biogenic features associated with eelgrass species (Zostera spp.),
widgeongrass (Ruppia maritima), or surfgrass (Phyllospadix spp.).” The rocky reef
HAPC includes “those waters, substrates, and other biogenic features associated with
hard substrate (bedrock, boulders, cobble, gravel, etc.) to MHHW” (NOAA 2022a).
Marine and estuarine SAV includes kelps (floating and submerged) and eelgrass
(NOAA 2014). The study area includes 0.29 acres of seagrass HAPC, and the entire in-
water study area is considered salmon EFH and estuary HAPC (Figure 3-16; Hanshew
2019, NOAA 2016).
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Figure 3-16. HAPC within the study area. Source: Hanshew 2019.

The study area falls within EFH for 20 species of commercially important fish and
sharks managed under three federal fisheries management plans (FMP):

e Pacific Groundfish FMP
e Coastal Pelagic FMP
¢ Pacific Coast FMP.

3.11.2.6.1 Coastal Pelagic EFH

The Coastal Pelagic FMP is designed to protect habitat for fish species associated with
open coastal waters. Fish managed under this plan include planktivores (aquatic
organism that feeds on planktonic food) and their predators. Those found in the study
area include Northern anchovy (Engraulis mordax), Pacific sardine (Sardinops sagax),
and jack mackerel (Trachurus symmetricus).
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3.11.2.6.2 Pacific groundfish EFH

The Pacific groundfish FMP is designed to protect habitat for more than 90 species of
fish including rockfish, flatfish, roundfish, some sharks and skates, and other species
associated with underwater substrate. Fifteen species are reported present in the study
area including English sole (Parophyrs vetulus), sand sole (P. lascaris), curlfin sole
(Pleuronichthys decurrens), Pacific sanddab (Citharichthys sordidus), starry flounder
(Platichthys stellatus), lingcod (Ophiodon elongatus), brown rockfish (Sebastes
auriculatus), Pacific whiting (Merluccius productus), kelp greenling (Hexagrammos
decagrammus), leopard shark (Triakis semifasciata), spiny dogdfish (Squalus acanthias),
skates (Raja spp.), soupfin shark (Galeorhinus galeus), bocaccio (Sebastes
paucispinis), and cabezon (Scorpaenichthys marmoratus).

3.11.2.6.3 Pacific salmon EFH

The Pacific Salmon FMP is designed to protect habitat for commercially important
salmonid species. Sacramento Chinook salmon (Oncorhynchus tshawytscha) is the
only one of these species that may be seasonally present in the study area, though
coho salmon (O. kisutch) was historically common in San Francisco Bay.

Table 3-3 identifies the fish species covered by the FMP’s listed above as utilizing the
study area, along with the life stage and relative occurrence.

Table 3-3. Managed fish species in the study area under the MSFMA. Life stage is indicated with A =
adult, J = juvenile, L = larvae, and E = egg. Abundance is recorded as A = abundant, P = present, and R
= rare.

FMP Common Scientific name Life Abundance
name stage
Northern Engraulis mordax J A A
anchovy
Coastal Pelagic | Jack mackerel | Sardinops sagax E, L P
Pacific sardine | Trachurus
) J, A P
symmetricus
English sole Parophyrs vetulus J,A A
Sand sole Psettlchtl”_:ys L J, A P
melanostictus
Curlfin sole Pleuronichthys
J R
decurrens
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FMP Common Scientific name Life Abundance
name stage
Pacific Citharichthys sordidus ELJA P
sanddab
Starry flounder | Platichthys stellatus J,A P
Lingcod Ophiodon elongatus J, A P
Brown rockfish | Sebastes auriculatus J P
Pacific Pacific whiting | Merluccius productus
: E,L P
Groundfish
Kelp greenling | Hexagrammos
J,A P
decagrammus
Leopard shark | Triakis semifasciata J, A P
Spiny dogfish | Squalus acanthias J,A P
Skates Raja spp. J, A P
Soupfin shark | Galeorhinus galeus J,A R
Bocaccio Sebastes paucispinis J R
Cabezon Scorpaenichthys J P
marmoratus
Chinook Oncorhynchus JA Seasonally
Pacific Coast salmon tshawytscha ’ P
Salmon Coho salmon O. kisutch JA Historically
’ P
3.11.2.7 Rare and Unique Habitats

Eelgrass is a native marine plant found globally within soft-bottom bays and estuaries. It
is typically found in healthy, shallow bays and estuaries where the depth of occurrence
is a function of light penetration. In deeper water, light penetration is reduced below a
level in which photosynthesis is able to meet the metabolic demands of the plant to
sustain net growth. Eelgrass beds are dynamic, expanding and contracting seasonally
and annually dependent on habitat quality. Importantly, eelgrass is considered an
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indicator community for the health of an estuary. It enhances water quality through
sediment trapping and habitat stabilization, transforms nutrients, oxygenizes water, and
serves as a primary producer, nursery habitat, and forage area for commercially and
recreationally important fish, as well as migratory birds.

Eelgrass is sensitive to changes in water quality and turbidity and disturbances from
shipping and boating that can disrupt seagrass beds directly through destruction of
plants by propellers, anchors and anchor chains, dredging, and construction of facilities.
Indirect impacts can occur through turbidity from dredging and boat wakes or shading
from structures such as docks. Hardening of the shoreline can reflect waves that may
increase wave action or limit or destroy eelgrass beds. Most of these threats are
localized and have a limited spatial and temporal effect. However, eelgrass beds may
be impacted by climate change through SLR, but may respond by establishing closer to
the present-day shoreline and dying out at greater depths.

In San Francisco Bay eelgrass is afforded special management considerations by
CDFW, USFWS, NMFS, U.S. Environmental Protection Agency (EPA), and BCDC. In
the bay, eelgrass beds occur on soft bottom substrate in shallow areas and are most
likely limited to the southern waterfront near Heron’s Head.

3.12 Noise and Vibration
The Noise and Vibration affected environment is available in Appendix D-1-2.
3.13 Cultural Resource

3.13.1 Regulatory Framework
3.13.1.1 Federal

National Historic Preservation Act (NHPA) — requires Federal agencies to consider
the effects of funded or approved actions that have the potential to affect any
district, site, building, structure, or object that is listed in, or eligible for listing in,
the National Register of Historic Places

National Register of Historic Places (NRHP) — authoritative guides for federal, state,
and local governments, private groups, and citizens to identify the nation’s
cultural resources and to indicate what properties should be considered for
protection from destruction or impairment.

3.13.1.2 State

California Environmental Quality Act (CEQA) — requires state and local agencies to
identify and assess the impacts of their activities on historic resources. CEQA
also established the California Register of Historical Resources (CRHR) and
criteria for evaluating the significance of historic resources.
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California Health and Safety Code 7050.5 and Public Resources Code 5097.98 —
establishes a process for the treatment and repatriation of human remains that
are discovered during the course of investigations.

3.13.1.3 Local

San Francisco General Plan — establishes policies for the preservation of notable
landmarks, areas of historic, architectural, or aesthetic value, culturally significant
landscapes, sites, buildings, structures, and objects.

San Francisco Planning Code — establishes the City’s desire to preserve landmarks
and historic buildings. It also establishes the San Francisco Historic Preservation
Commission to provide recommendations to the San Francisco Board of
Supervisors regarding historic resources and the review of projects subject to the
NHPA and CEQA.

San Francisco Legacy Business Registry — provides policies for recognizing
longstanding, community-serving businesses that serve as valuable cultural
assets.

3.13.2 Existing Condition

The identification of historic properties included developing relevant criteria through
context information such as environmental, precontact, historic, ethnography and
ethnohistory, traditional, archaeological, and historical built environment. Detailed
information about this process can be found in Section 4.18.

The study area is at the northern margin of the San Francisco Peninsula, a landform
that is composed primarily of uplifted marine sedimentary rock, with local accumulations
of Holocene-age alluvial (transported by the movement of water) and aeolian deposits
(transported by wind). During a period that roughly coincides with the Holocene epoch
(around 12,000 years ago), the study area underwent a series of geomorphic changes
induced by sea-level rise, intertidal oscillation, wind, and anthropogenic filling, with the
potential to affect archaeological resource preservation and visibility.

The precontact cultural chronology of the San Francisco Bay Area has been
summarized by numerous reviewers (Beardsley 1948; Bennyhoff and Hughes 1987;
Fredrickson 1974; Heizer 1958; Byrd et al. 2010; Groza et al. 2011). These summaries
have divided the precontact cultural sequence into multiple phases or periods, which
are delineated by changes in regional patterns of land use, subsistence, and tool types
over time. The geologic time segments include Terminal Pleistocene (13,500-11,600
calibrated years before present [cal BP]), Early Holocene (11,600-7700 cal BP), Middle
Holocene (7700-3800 cal BP), and Late Holocene (3800 cal BP onward), with further
divisions of the Late Holocene based on research presented by Groza et al. 2011.

The San Francisco Bay Area was traditionally inhabited by the Ohlone people, who
spoke various dialects of Costanoan languages. These languages are part of the Utian
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language family, which is part of a larger language family, Penutian, with languages and
dialects spoken by Native Americans across California, Oregon, and Washington
(Callaghan 1967). The territory of the Ohlone people extended along the coast, from the
Golden Gate in the north to just below Carmel in the south, as well as through several
inland valleys (Levy 1978). As with most other California groups, the Ohlone were
primarily hunter-gatherers. Spanish colonization and subsequent rule by Mexico and the
U.S. translated into dramatic disruptions in the traditional subsistence patterns,
customs, and practices of the Ohlone. In addition, European diseases caused a rapid
decline in the Ohlone population (Milliken 1995). Although they have yet to receive
formal recognition from the federal government, the Ohlone persevered and are actively
maintaining their ancestral heritage through political advocacy and education. Many
Ohlone are active in maintaining their traditions and advocating for Native American
issues.

The historical context covers the period from 1776 to the present and reviewed
information about San Francisco’s early development (1776-1850), and the
development of the waterfront (1850-present). The earliest European settlement in the
vicinity of San Francisco occurred in 1776. Mexico seized California in 1822 (Kyle 2002;
Woodbridge 2006) and the U.S. claimed the state during the Mexican-American War in
1846 (Bean and Rawls 2002; Sandos 2004). San Francisco was named in 1846 and the
discovery of gold in 1848 lead to rapid population growth and expansion. San Francisco
became a well-established port by the 1860s and was the second largest port in the
U.S. during World War Il (DOI 2006). Substantial commercial and industrial
development on the waterfront began in the 1850s (San Francisco Planning Department
2011) and continued through the 1960s (City of San Francisco 1983).

Based on a records search of the California Historical Resources Information System
(CHRIS) -Northwest Information Center, a total of 14 previously recorded archaeological
resources are located in or adjacent to the study area. All 14 are historic-aged
archaeological resources, and consist of remnants of historical maritime, commercial,
residential, transportation infrastructure, and shipwrecks. Review of the
Geoarchaeological Assessment and Prehistoric Site Sensitivity Model for the City and
County of San Francisco, California (Meyer and Brandy 2019) reveals that much of
the study area has moderate to high sensitivity for both buried and submerged
archaeological resources and low sensitivity for precontact archaeological resources
exposed on the ground surface before Gold Rush development and filling.
Additionally, property parcel data was obtained from the San Francisco Planning
Department’s Property Information Map to identify properties that are 45 years old or
older.

A total of 2,846 parcels were identified in the study area. This includes resources listed
in or eligible for listing in the NRHP as well as resources listed in or eligible for listing in
the CRHR, as follows:

e 17 NRHP-listed properties, and nine NRHP-listed districts;
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e Three NRHP-eligible structures (bridges), and five NRHP-eligible districts;

¢ Nine CRHR-eligible districts;

e 544 parcels with CEQA historical resources not yet evaluated for NRHP
eligibility;

e 306 properties determined not eligible for the NRHP;

e 1,191 parcels that require further research to classify them among the preceding
categories because they are of historic age (i.e., constructed in 1990 or earlier)
and unevaluated;

o 214 parcels exempt because parcel data indicates that they are not recorded as
historic age (i.e., constructed in 1990 or later);

e 528 parcels exempt because they are vacant; and

e Eight parcels that are unknown because their geospatial location could not be
determined.

3.14 Socioeconomic, Community, and Environmental Justice

The Socioeconomic, Community, and Environmental Justice affected environment is
addressed in Appendix D-1-3.

3.15 Transportation
The Transportation affected environment is addressed in Appendix D-1-4.
3.16 Utilities
3.16.1 Regulatory Framework
There are no federal or state regulatory standards for utilites; however, many of the
state laws reference, support or emphasize the importance of maintaining or increasing
public utilities.
3.16.1.1 Local

e SFPUC
3.16.2  Existing Conditions
3.16.2.1 Potable Water
Potable, or low-pressure water (LPW) is vital to the community’s development and daily
functions. All types of businesses—office buildings, hotels, restaurants, and industry—
depend on potable water to stay open. The SFPUC Water Enterprise operates San
Francisco’s water distribution system, which includes reservoirs and storage tanks,

pump stations, fire hydrants, distribution pipelines, isolation valves, and automatic air
valves. In the study area, critical LPW assets include the Bay Bridge Pump Station,
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water mains, low pressure fire hydrants, and automatic air valves (CH2M/Arcadis,
2020h).

From a coastal flooding perspective, the Bay Bridge Pump Station is most vulnerable to
flood damage (and service disruption) while underground pipes are vulnerable to rising
ground water. The Bay Bridge Pump Station, located in Reach 3, is the sole provider of
potable water to Treasure Island and Yerba Buena Island. If the facility is damaged,
around 3,200 residential customers could lose potable water service (U.S. Census,
2020).

3.16.2.2 Combined Sewer System

Through the San Francisco Public Utilities Commission, the City operates and maintains
a predominantly combined sewer system with major infrastructure including three
treatment plants, 27 pump stations, 1,000 miles of sewer mains, 17 miles of
transport/storage (T/S) structures and 36 combined sewer discharge structures and
over 85 green infrastructure facilities.

The combined sewer system collects both wastewater and stormwater for most of the
City. The wastewater is collected, stored, conveyed to, and treated at one of three
treatment plants, two of which are located in the study area. The Southeast Treatment
Plant is the City’s largest wastewater treatment facility (43 million gallons per day
(MGD) average dry weather capacity in 2022, 250 MGD peak wet weather capacity)
and is located within the study area. The North Point Wet Weather Treatment Plant is
also located in the study area, is used only during wet weather, and has a peak wet
weather treatment capacity of 150 MGD. Local gravity sewers convey combined
wastewater flows to T/S boxes, which meters to the treatment plants. Once system
capacity is exceeded during wet weather events, discharges through one of the
combined sewer discharge structures occur with equivalent to primary treatment.
Generally, only during the most prolonged intense rainstorms is the combined capacity
of the treatment plants and T/S boxes exceeded. Instead of allowing the excess water
to back up through the sewers into homes and streets, water is discharged into either
the Bay or Ocean through combined sewer discharge (CSD) structures.

Wastewater service is critical in supporting residents, commerce, and industries. In
addition to providing wastewater service to SFPUC customers, the combined sewer
system is also an essential stormwater drainage system for the City; together, the
collection system and outfalls provide drainage for public streets, sidewalks, parks, and
public/private facilities during wet weather events.

Some of the City’s most critical wastewater conveyance and treatment facilities are in
the waterfront area. This includes several miles of local gravity sewer systems, T/S
boxes, tunnels, a force main, combined sewer gravity mains, CSD structures, pump
stations, and two treatment facilities. These assets are arranged by Reach as follows:
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e Reach 1 critical wastewater assets consist of the North Shore Pump Station,
the North Point Wet Weather Facility, the North Beach Tunnel, a part of the
Jackson T/S Box and one CSD outfall structure.

¢ Reach 2 includes the Jackson T/S Box, the North Shore Force Main, a part of
the Channel T/S Box and three CSD structures.

e Reach 3 includes the Channel T/S Box, the Channel Pump Station, the
Channel Force Main, the smaller Mission Bay, Berry Street, Harriet Street and
Mariposa Pump Station, the Mariposa T/S Box and several CSD structures.

e Reach 4 encompasses part of the Channel Force Main, the Bruce Flynn
Pump Station, the Booster Pump Station, the Southeast Bay Outfall, the Islais
Creek T/S Box, the Southeast Treatment Plant and Bay Outfall, and several
CSD structures.

3.16.2.3 Waste Management

Recology, or Recycle Central, is located on Pier 96 (Reach 4), and provides collection
and sorting of recyclable materials including containers, mixed paper and carboard to
commercial and residential customers in California. The facility, which opened in 2002,
was designed and constructed in partnership with the City of San Francisco and is a key
asset to the City’s zero waste goal. Recology covers over 185,000 square feet and
processes about 750 tons of material each day, employing over 180 people, many from
the nearby Bayview Hunters point neighborhood.

3.16.2.4 Energy

The San Francisco Public Utilities Commission (SFPUC) and Pacific Gas and Electric
Company (PG&E) provide energy to the study area and the City of San Francisco.

The SFPUC manages two retail electric service programs: Hetch Hetchy Power and
CleanPowerSF. Together, these programs provide more than 70% of the electricity
consumed in San Francisco today. For over 100 years, Hetch Hetchy Power has
generated clean, 100% greenhouse gas-free electricity for San Francisco. It powers
critical municipal services such as Muni and San Francisco General Hospital, affordable
and public housing sites, and new developments like The Shipyard and Salesforce
Transit Center.

Launched in 2016, CleanPowerSF is San Francisco’s community choice aggregation
program and serves more than 380,000 residential and commercial customers with
clean, renewable electricity at competitive rates. CleanPowerSF’s current resource
portfolio includes solar, wind, hydroelectric, and geothermal power.

PG&E provides power through a combination of energy resources, including natural
gas, nuclear, biomass and waste, geothermal, small and large hydroelectric, solar, and
wind resources (PG&E 2019).Recreation and Access

3.17 Recreation and Access
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3.171 Regulatory Framework

There are no regulatory standards for recreation and access; however, many of the
state and local laws reference, support or emphasize the importance of maintaining or
increasing the opportunities for recreation and access, even though those laws are not
specifically for regulating recreation or access.

3.17.2  Existing Condition

The San Francisco Bay is a major destination for recreationists, including water-based
activities such as cruising, wakeboarding, sailing, windsurfing, and kiteboarding as well
as fishing both from land and boat, and land-based tourism and recreation at public
parks and open spaces. In total, the City and County of San Francisco is home to
approximately 5,890 acres of parkland and open space areas (San Francisco 2014).

The Port oversees public access, parks and open spaces, natural and cultural
resources, and much of the City’s last remaining critical industrial uses. The
Exploratorium, Oracle Park, the Ferry Building, Chase Center, Heron’s Head Park and
EcoCenter, and Fisherman’s Wharf are all within the study area.

The San Francisco Bay Trail (Bay Trail) runs along the entire study area. The Bay Trail
is a planned 500-mile hiking and biking path that provides scenic recreation for hikers,
joggers, bicyclists, skaters, and wheelchair users. It also offers a setting for wildlife
viewing and environmental education and serves as a commute alternative for bicyclists
(San Francisco Bay Trail 2020). The Embarcadero Promenade and the Blue-Greenway,
both elements of the San Francisco Bay Trail, are significant recreation resources for
the City. These are among the most heavily used trails for walking, jogging, and cycling
in the City, providing miles of access along San Francisco Bay.

Aquatic Park contains a variety of open spaces, parks, and recreational activities for
locals and visitors. It also houses the Maritime Museum, the oldest senior center in the
U.S., and Aquatic Park Cove, a San Francisco Maritime National Historical Park that
provides outdoor recreational opportunities. The San Francisco Maritime National
Historical Park includes a fleet of historic ships, a visitor center, Maritime Museum,
Maritime Research Center, and the Aquatic Park Historic District. In addition, a green
open area overlooks Aquatic Park Cove and the beach. Views to north San Francisco,
Alcatraz Island, the Golden Gate Bridge, and Sausalito in Marin County are also
available (NPS 2016).

Fisherman’s Wharf offers numerous water activities, including ferry and excursion boat
tours, sport fishing trips, and kayak rentals.

The Ferry Building and surrounding area features a continuous pedestrian promenade,
public market, public art, and landscaping. Neighbors and visitors can use the area's
ferries, hovercraft, and excursion boats; visit the public market, conference facilities,
and retail establishments; or enjoy other public-oriented activities (POSF 2023).
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Embarcadero Plaza features local vendors as well as weekly farmers markets. The
plaza is adjacent to multiple transit lines, including the San Francisco Bay Ferry, Bay
Area Rapid Transit (BART), San Francisco Municipal Railway (Muni) buses, the Market
Street Railway F-line and E-line, and cable cars.

Sue Bierman Park occupies 4.4 acres of land and includes a children’s playground and
lawns with trees and walking paths. The park is also popular with a non-native flock of
parakeets that roost in the non-native trees in the park.

South Beach is a full-service marina with 700 slips with concrete docks, a 640-foot
recreational and commercial guest dock, and the Pier 40 Maritime Center. Brannan
Street Wharf is another public pier that offers a lawn area, waterside walkway with
seating, shade structure, and a dock for small vessels displaying history exhibits of Pier
36. Recreationalists have access to South Beach Park, which features a playground,
lawn, and picnic tables.

The Mission Bay Park system oversees park and recreational facilities in the Mission
Creek, Mission Rock, and Mission Bay along the Port’s southern waterfront. Several
green open spaces and parks are located near Mission Creek. The 10-acre Mission
Creek Park includes lawns and a tree-lined esplanade, walking and biking pathways, a
small amphitheater for outdoor events, sports courts, a boat launch, and an off-leash dog
play area (Mission Bay Parks 2017). Mission Bay Commons Park is a 2.2-acre open
grass area that offers a walk/run sidewalk loop as well as benches. The Pier 52 boat
launch is the only public motorized boat launch in San Francisco, providing public
access to the Bay, and is used by Port maintenance crews for pier maintenance and
emergency response activities.

Pier 70 is directly south of Mission Bay, in the Port’s central waterfront. This pier area is
included on the National Register of Historic Places because of more than 150 years of
continuous ship building and repair operations, its role in the industrialization of the
western U.S., the war efforts, and architectural and engineering feats. The Bay Trail is
the only recreational feature onsite.

Pier 80, Islais Creek, Cargo Way, Pier 94/96, and Heron’s Head contain the Maritime
Eco-Industrial Center. The Maritime Eco-Industrial Center is as an area that co-locates
maritime industrial uses to enable product exchange, optimizes the use of resources,
incorporates green designs and green technologies, fosters resource recovery and
reuse, provides economic opportunities that employ residents, minimizes environmental
impacts, and incorporates public open space for enjoyment and habitat. The Blue
Greenway, the main connecting vein of these sites, crosses Islais Creek. Other
recreational resources within the Maritime Eco-Industrial Center include Warm Water
Cove Park, Tulare Park, Islais Creek Park, Rosa Parks Skate Plaza, and Heron’s Head
Park.

Heron’s Head Park is on the southernmost edge of the study area and is a 22-acre
open space with habitat for plants and birds. Heron’s Head Park is one of the few
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wetlands on the City’s shoreline and home to more than 100 bird species annually.
Thousands of birdwatchers, hikers, students, teachers, and others visit the open space
habitat for recreational and educational purposes (POSF 2023). The park features
walking paths, an environmental education center, benches, picnic tables, and a
barbeque area.

3.18 Aesthetics
3.18.1 Regulatory Framework
3.18.1.1 Federal
CZMA
3.18.1.2 State
Scenic Highway Program — preserves and protect scenic highway corridors from

change that would diminish the aesthetic value of lands adjacent to highways

California Green Building Code — composes mandatory requirements for exterior
light sources to reduce the amount of light and glare that extends beyond a
property

San Francisco Bay Plan

San Francisco Waterfront Special Area Plan — sets forth specific policies for uses,
fill, public access, and design for piers and shoreline areas between Hyde St Pier
in Fisherman’s Wharf to India Basin

3.18.1.3 Local

San Francisco General Plan — provides general policies and objectives to guide land
use decisions

San Francisco Planning Code — guides and regulates future growth and
development; protects the character and stability of residential, commercial, and
industrial areas within the city; provides adequate light, air, privacy, safety, and
convenience of access to property; prevent land overcrowding; and regulations
building locations and use of buildings and adjacent lands

Port of San Francisco Waterfront Plan — governs the use, design, and improvement
of properties under its jurisdictions

San Francisco Bay Trail Plan — guides selections of the bay trail route and
implementation of the trail system
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3.18.2  Existing Condition

Port maritime and water-dependent uses stretch along the entire waterfront, preserving
San Francisco’s working waterfront character and heritage. The Port waterfront is
distinctly urban in character. The Port’s linear stretch of property extends through a
diverse cross-section of San Francisco districts and neighborhoods that define much of
the urban character and scale. Distinguishing features of the waterfront include the pier
facilities and maritime operations that connect to the larger San Francisco urban
landscape. San Francisco’s street grid provides a direct connection from the City’s
neighborhoods to the network of historic piers, maritime facilities, and open spaces that
extend along and over the Bay. This juxtaposition creates what is generally considered
a unique and visually pleasing waterfront experience.

The Embarcadero and Terry A. Francois Boulevard form a break in the city landscape
that creates two distinct identities: City neighborhoods on the west side and the Port
waterfront features on the east side. The Bay and piers create visual contrasts to the
city streets and upland neighborhoods that adjoin the Embarcadero and Terry A.
Francois Boulevard. These contrasts help give the San Francisco waterfront its unique
identity.

The Port waterfront has distinct land use and architectural characteristics. Fisherman’s
Wharf is characterized by many simply detailed one-story industrial buildings. The
bulkhead buildings and piers along The Embarcadero, with the Ferry Building as the
centerpiece, reflect the Port’s historic civic significance. The South Beach and Rincon
Hill neighborhoods and entertainment venues such as Oracle Park and Chase Center
highlight the transformation of former industrial areas to new residential neighborhoods
and City attractions. Mission Rock is an emerging new mixed-used neighborhood in
Mission Bay with parks, commercial and residential uses. Pier 70 is an emerging mixed-
use district in the Dogpatch neighborhood with parks, commercial and residential uses
and is home to the Union Iron Works Historic District which showcases the architectural,
maritime and labor history of the area. The Islais Creek area in the Bayview community
is characterized by large industrial buildings and facilities.

The open spaces along the Port waterfront within the study area vary in character,
largely related to the physical form of the waterfront’s edge. From Fisherman’s Wharf to
just south of China Basin Channel, the waterfront is a built edge supported by the
Embarcadero Seawall and pile-supported pier decks. The built seawall ends at the
Mission Bay waterfront, transitioning to a solid landform that meets the water. The
natural shoreline areas include those along Mission Creek, along the northeast
shoreline of Pier 94, and at Heron’s Head Park.

The Port waterfront includes public pedestrian and fishing piers at Pier 7, Pier 14, Pier
41, historic Pier 43, atop the South Beach Harbor breakwater, and at Agua Vista Park

Pier. Each offers views across the Bay and back to the city along with opportunities for
recreational fishing. Wharves are pile-supported spaces alongside the Embarcadero

Appendix D-1: Environmental and Cultural Supporting Documentation Page 3-61



Promenade, or behind some of the restaurants and historic fishing industry buildings in
Fisherman’s Wharf, that often provide access to areas where one can view fishing boat
activity, tugboats, ferries, and other vessels. It is visually defined by the commercial and
tourist destinations that attract visitors to the study area. These locations combine to
create a lively and visually appealing urban waterfront and include uses such as
entertainment venues (Oracle Park and Chase Center), museums and cultural uses
(Maritime Museum at Aquatic Park, The Exploratorium at Pier 15 and the World War I
vessels typically harbored at Pier 45), and world-famous tourist attractions (Fisherman’s
Wharf, Pier 39, and Alcatraz Landing). The commercial and tourist destinations
integrate with, and highlight, the dynamic maritime setting while providing public access
to views of the Bay. Views of the waterfront from adjacent streets are dramatic because
of the City’s hilly topography, the compactness of adjacent districts, and the built
character and maritime uses of the waterfront. The Port waterfront is a strong part of the
City’s visual identity due to its maritime features, public access areas, historic
resources, and encompassing views from various vantage points. Because of the
density of the city, the openness of the Bay, and the open spaces, large numbers of
people are attracted to the waterfront and its panoramic views.

Light pollution includes all forms of unwanted light in the night sky, such as glare, light
trespass, sky glow, and overlighting (excessive use of artificial light). Sources of light
and glare are abundant in the urban environment of the study area, including
streetlights, parking lot lights, security lights, vehicular headlights, internal building
lights, and reflective building surfaces and windows. On nights with sporting events or
other events, Oracle Park and Chase Center are major sources of light along the
waterfront because of field lighting, exterior stadium lighting, and emergency lighting.

3.19 Hazardous, Toxic, and Radioactive Waste

The Hazardous, Toxic, and Radioactive Waste affected environment is addressed in
Appendix D-1-6.

3.20 Land Use Planning

Appendix D-1-7 discusses land use regulation, designations and zoning, and existing
land uses found in the study area.

3.21 Public Health and Safety
3.211 Regulatory Framework
3.2111 Federal

No federal regulations or laws pertain to public health and safety.
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3.21.1.2 State

No state regulations or laws pertain to public health and safety.
3.211.3 Local

No local regulations or laws pertain to public health and safety.
3.21.2  Existing Condition

The San Francisco Fire Department (SFFD) and San Francisco Police Department
(SFPD) provide fire protection and emergency services and public safety services,
respectively, within the City and County of San Francisco and the study area. In
addition, there are several other public services, including the University of California
Mission Bay campus, schools, non-profit organizations and child centers, within the
study area.. The SFPD, SFFD, and other public service facilities within the study area
are detailed in Table 3-4.

Table 3-4. Public service facilities located in the study area. Aquatic Park, Pier 31-25, the northeast

waterfront, Ferry building, South beach, Mission Creek, Mission Rock, Pier 70, Pier 80, Cargo Way, Pier
94-96, and Heron’s head do not have critical facilities or public services within them.

Subarea Public Service Facility Location Description

Fisherman’s wharf | Police Department Hyde St. Harbor Marine unit that responds to
. . emergencies on the water or
M:;IQGUZiret?SS and Unit along the shoreline. Unit also
a assists in rescue operations
in collaboration with the U.S.
Coast Guard.

South beach Fire Boat Station 35 399 The Embarcadero | SFFD’s fireboat
headquarters. The station
houses the department’s
three fireboats: the Phoenix,
Guardian, and Saint Francis.

Mission bay Public Safety Campus 3 St at Mission Rock | The Public Safety Campus
houses the new Fire Station
4, SFPD headquarters, and
the Southern District Police
Station.

The SFPD, located on the first floor of the Public Safety Campus, provides public safety
services for the study area and the City and County of San Francisco. The SFPD is the
11t largest police department in the U.S. and serves a population of approximately 1.5
million, comprising daytime commuters, tourists, and visitors (City and County of San
Francisco 2020c). The SFPD has 10 districts, each with its own station. Three police
districts, Bayview, Southern, and Central, cover the study area. SFPD headquarters, the
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Southern Police District Station, and SFPD Marine Unit headquarters and berths are
located within the study area.

The SFFD is responsible for fire protection and emergency medical services for the City
and County of San Francisco, including the study area. In addition to the SFFD, several
privately operated ambulance companies are authorized to provide advanced life
support services. The SFFD consists of two divisions, divided into ten battalions and 45
active stations (City and County of San Francisco 2020b). Division 2 serves the
northern and western regions of the city and San Francisco County, and Division 3
serves the eastern and southern regions (City and County of San Francisco 2020b).
Fire Stations 4 and 35 are within the study area.
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4.0 Environmental Consequences of the Alternative Plans

In this section, the potential direct, reasonably foreseeable indirect, and beneficial
effects of the SFWCFS study Alternative Plans have been assessed based on the
current level of design.

Like Section 3, this section is organized by resource topic with the impacts of each
alternative described within each resource section. The following topics will be
described within each resource section:

Significance Criteria: This section provides the criteria used to define the level at
which an impact would be considered significant. Significance criteria is based on
factual or scientific information and data; context and intensity of the action, as
described above; and regulatory standards for Federal, state, and local agencies.

Impacts: This section describes the impacts of the alternative and are considered
and evaluated as to whether they are direct, indirect, or cumulative. Each
resource starts with a summary discussion of the overall potential impacts and
benefits to the resource relative to the construction, operations, and maintenance
assumptions, followed by an Alternative-specific discussion of potential impacts
and benefits, reflected by numerical magnitude ratings.

Mitigation Need: This section describes measures taken to mitigate (i.e. avoid,
minimize, or compensate for) adverse effects. For impacts that must be
compensated, the amount of compensatory mitigation required, and type of
mitigation proposed, is described. Mitigation applies to any adverse impact, even
if the impact is not significant. However, mitigation is not required if the resource
itself is not considered significant.

Conclusion: This section briefly summarizes the impacts described and rates the
impact intensity in relation to significance, as described above.

4.1 Methodology for Describing Environmental Consequences

Impacts are described as either beneficial or adverse. Beneficial impacts result in a
positive change in the condition of the resource when compared to the No Action
Alternative. Adverse impacts result in a negative change in the condition of the resource
when compared to the No Action Alternative.

All potential impacts, both beneficial and adverse, are described by their characteristics:
type (direct, indirect, cumulative),
duration (short-term, long-term, permanent),

geographic extent (localized or beyond project boundaries).

Appendix D-1: Environmental and Cultural Supporting Documentation Page 4-1



Note: The terms consequences, impacts, and effects are considered synonymous in
this analysis.

411 Types of Potential Impact

The following definitions of potential impacts were applied to this analysis, consistent
with the Council on Environmental Quality’s (CEQs) regulations at 40 CFR § 1508.1(g).
These categories are used to describe the nature, timing, and proximity of impacts on
the affected resources:

Direct impact: A known or potential impact caused by the proposed action or
project that occurs at the time and place of the action.

Indirect impact: A known or potential impact caused or induced by the proposed
action or project that occurs later than the action or is removed in distance from
it, but is still reasonably expected to occur.

Cumulative impact: A known or potential impact resulting form the incremental
effect of the proposed action added to other past, present, or reasonably
foreseeable future actions. The timeframe for the cumulative impact analysis is 5
to 10 years after project implementation.

4.1.2 Duration of Potential Impact

The duration of potential impacts is short-term, long-term, or permanent. This indicates
the period during which the resource would be impacted. Duration considers the
permanence of an impact and is defined as:

Short-term impact: A known or potential impact of limited duration, relative to the
proposed action and the environmental resource. For this analysis, short-term
impacts may be instantaneous or last from minutes up to five years.

Long-term impact: A known or potential impact of extended duration, relative to the
proposed action and the environmental resource. For this analysis, long-term
impacts are those lasting longer than five years.

Permanent impact: A known or potential impact that is likely to remain unchanged
indefinitely.
41.3 Geographic Extent of Potential Impacts

The geographic extent of potential impacts are:

Localized: Impacts that are site-specific and generally limited to the area within the
project boundaries.

Beyond proposed boundaries: Impacts that are unconfined or unrestricted to the
project boundaries. These impacts may extend in the immediate vicinity of the
project area or throughout the region.
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41.4 Significance

Finally, impacts are described in relation to their significance. In considering whether the
effects of the alternatives being considered are significant, the potential affected
environment and degree of the effects of the action are analyzed (40 CFR 1501.3).
Impacts on each resource can vary in degree or magnitude from a slightly noticeable
change to a complete change in the environment.

The magnitude or intensity of the proposed action was qualitatively and quantitatively
assessed by the degree to which each alternative would impact a particular resource.
The following descriptors are used in the body of this chapter for consistency in
describing impact intensity in relation to significance.

No or Negligible Impact: impact would cause no discernible change in the
environment and does not require mitigation.

Less than Significant: impact would cause no substantial adverse change in the
environment and would not require mitigation. Less than significant
determinations also apply to impacts that are determined to be significant based
on the significance criteria, but for which mitigation could be implemented to
avoid or reduce the environmental effects to less than significant levels.

Significant and Unavoidable: impact would cause a substantial adverse change in
the environment that cannot be avoided or mitigated to a less than significant
level if the project is implemented.

Too Speculative for Meaningful Consideration: impact may have a level of
significance that is too uncertain to be reasonably determined and would
therefore be considered too speculative for meaningful consideration. Where
some degree of evidence points to the reasonable potential for significant
impacts, the section may explain that a determination of significance is
undetermined, but is still assumed to be “significant”, as described above. In
other circumstances, after thorough investigation, the determination of
significance may still be considered too speculative to be meaningful. This is an
impact for which the degree of significance cannot be determined for specific
reasons, such as unpredictability of the occurrence or the severity of the impact,
lack of methodology to evaluate the impact, or lack of an applicable significance
threshold.

Numerical scoring was used to quantitatively represent impacts to each resource, which
is described in detail in sections below.

Significance varies with the setting of each alternative, and significance is dependent on
the extent of the affected area and the extent of the impact. In considering the
significance, the following are considered, as appropriate to the action:

Both short- and long-term effects.
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Both beneficial and adverse effects.
Effects on public health and safety.

Effects that would violate Federal, State, Tribal, or local law protecting the
environment.

4.1.5 Impact Score Ratings

An impact rating criterion was developed to assess the magnitude of adverse effects to
natural and physical resources (Table 4-1). Anticipated benefits are not included
numerically in the impact rating score; rather, benefits are described in the resource
section and noted in the impact rating scorecard with a positive sign “+”. Note, it is
possible for a resource to have both adverse impacts and benefits associated with the
alternative measure assessed.

Table 4-1. Scoring methodology for Natural and Physical Environment Resources

Impact Rating and Description
Numerical Score

No impact (1) There would be no impacts to the resource because the
resource is unaffected.

Moderate (3) Effects to the resource are expected to be moderate in the
near-term and localized. Impacts would be within or below
regulatory standards, as applicable, and the use of mitigation
measures would manage potential adverse impacts, if
applicable.

Moderate to High (4) | Effects to the resource would be locally and/or regionally
significant. Impacts would be within regulatory standards, with
or without compensatory mitigation; however, existing
resource conditions are expected to be affected in the near-
term, but not necessarily in the long-term. Mitigation
measures to manage any potential adverse impacts would be
necessary.
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Impact Rating and Description
Numerical Score

Impact score tables are provided in each of the resource sections and follow the
numerical and color coding criteria as described above.

4.2 Alternatives Analyzed

The alternatives evaluated in this chapter are described in Chapter 3 of the Draft

Integrated Feasibility Report/Environmental Impact Statement (DIFR/EIS), and are
listed below for ease of reference:

Alternative B/NED Intermediate Curve: Proposes nonstructural measures such as

relocation, raise in place, floodproofing, and zoning in areas identified with
frequent flooding.

Alternative F: Uses a combination of structural, nonstructural, and NNBFs to defend
at the existing shoreline, except for some managed retreat inland along the
southern waterfront and tide gates at the mouths of Islais and Mission creeks.
Additional retreat and adaptations are proposed as the rate of SLR increases.

Alternative G/NED High Curve: Uses a combination of structural, nonstructural,
and NNBFs to defend against the high rate of SLR. This alternative concedes the

largest area for managed retreat and incorporates more nonstructural and NNBF
measures.

Total Net Benefits Plan/TSP: Hybridized plan that relies on defend measures,
scaled to perform under a lower initial risk and to adapt to risk of a higher rate of
RSLC as a potential end point. Initial actions are proposed to delay expenditures
and add height or adapt measures as risk increases over later years. This

alternative hybridizes nonstructural, structural, and NNBF from multiple action
alternative.

Independent Measures for Consideration: Potential considerations for TSP
refinement to further reduce coastal flood and seismic risks, reduce costs and

impacts, and gain community benefits. Addresses geographically specific areas
with structural and NNBF.

4.3 Construction Techniques Common Amongst Alternatives

The following section describes construction techniques that are ubiquitous amongst all
Action Alternatives. Note, this does not intend to suggest impacts from these techniques
are uniformly distributed amongst alternatives, rather they are scaled based on the

quantity and duration of the expected activity. The design details will be specified within
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each alternative; however, general descriptions have been provided here to eliminate
redundancy in the alternative impact descriptions below. If additional details are
warranted, they were included with the relevant alternative and resource impact.

Adverse impacts from these techniques are expected across several resources;
however, those impacts are described below, and the magnitude of those impacts is
reflected in the overall numerical score for each resource.

4.3.1 Building Demolition, Relocation, and Elevation

In some instances, the line of defense (LOD) moves landward of buildings along the
waterfront. To protect these structures, the buildings would need to be dry floodproofed,
demolished, relocated, or elevated as described below. This approach was applied to all
Action Alternatives, additional details on the criteria used to determine applicability of
each approach can be found in Appendix B.

4311 Floodproofing

Floodproofing is assumed to be either dry-floodproofing or perimeter protection in the
form of a ring-wall. Dry Flood Proofing involves sealing building walls with waterproofing
compounds, impermeable sheeting, or other materials to prevent the entry of
floodwaters into damageable structures.

4.3.1.2 Demolition

Buildings requiring demolition with no rebuild would need to be removed and disposed
of. Demo of the structure would require heavy machinery such as wrecking balls,
excavators, and bulldozers. Material would then need to be hauled offsite for disposal.

4.3.1.3 Relocation

Buildings requiring relocation would be lifted and placed on a floating barge or land-
based truck and trailer system to another staging location (likely Port of San Francisco
owned property) until the new site is ready for construction and placement. The new site
would need to be prepped, which may include but is not limited to excavation, fill
material, new concrete, etc. In some instances, buildings being relocated would require
modifications for their new foundation and to retain the structural integrity. This is most
likely to apply to historic structures that may require upgrades to make the building
structurally sound.

4.31.4 Elevation

Elevation involves raising the buildings in place so that the structure sees a reduction in
frequency and/or depth of flooding during high-water events. Elevation can be done on
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fill, foundation walls, piers, piles, posts or columns. Selection of proper elevation method
depends on flood characteristics such as flood depth or velocity.

4.3.2 Cast-in-place concrete

Cast-in-place concrete is poured into removable forms (or castings) erected on site and
cured in the concrete’s finished position. Temporary forms or castings would be
constructed on site and would be reinforced with steel. Most formwork would be
composed of steel, aluminum, and wood. Ready mixed concrete would be delivered via
large cement trucks and poured into the castings with a truck chute, bucket, or pump.
The concrete is left to cure in the castings before removal. Once cured, casting
materials would need to be removed and reused for another measure or hauled off and
disposed of.

4.3.3 Cofferdam

A cofferdam is an enclosure that allows water to be pumped out to establish a dry
working environment. A cofferdam would be constructed from steel sheet piles with
interior bracing. Sheet piles would be driven into the sediment in the bay through
hydraulic or pneumatic tools, braced internally with waler beams and compression struts
to keep the wall from collapsing. Braces would be installed using heavy machinery from
work barges in the bay. Inside of the cofferdam would be un-watered and dewatered
with a combination of surface pumps/sumps and deep wells as necessary to create a
dry and stable work environment. Once construction completes, the cofferdam would be
disassembled and removed.

4.3.4 Ground improvements

Amongst the array alternatives, several measures would require existing soils to be
improved to address both static and seismic loading conditions because of poor soll
conditions and the increased weight of the new construction. This could consist of a
variety of ground improvement techniques such as deep material mixing (DMM), jet
grouting (JG), compaction grouting (CG), or vibro-replacement (VR) of the existing soils
(Table 4-2).

Table 4-2. Description of ground improvement techniques that could be used during construction activities

Technique Description

Mechanically mixes soils with wet or dry cementitious binders. A high-speed
drill advances a rod with radial mixing paddles located at the posterior of the
Deep Material drill into the ground to shear the soils. The cementitious binder is injected
Mixing (DMM) through the rod and mixed with the soil to produce individual or overlapped
columns with improved strength and compressibility characteristics (Keller
2022a).
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Technique

Description

Jet Grouting (JG)

Uses high-velocity fluid jets to construct cemented soil (soilcrete) with a
grouting monitor attached to the end of a drill stem. The jet grout monitor is
advanced to the maximum depth, then high-velocity jets are used to erode
and mix in situ soil with grout as the drill stem and monitor are rotated and
raised (Keller 2023a)

Compact Grouting
(CG)

Involves injecting a low slump, mortar grout into the subsurface to densify
loose, granular soils and stabilize voids or sinkholes. An injection pipe is
inserted typically to the maximum depth and the grout is injected as the pipe
is slowly removed in segmented lifts, creating a column of overlapping grout
bulbs. As the mobility grout bulbs expand, they displace surrounding soils
(Keller 2023b).

Vibro-Replacement
(VR)

Constructs loadbearing columns from gravel or crushed stone with a
vibrator to reinforce ambient soils and densify surrounding granular soils
(Keller 2022b). A vibrator tool penetrates to the design depth using the
vibrator's weight and vibrations, as well as water jets located at its posterior.
Stone is then either added using a top-feed method from the ground surface
where the stone is allowed to fall into the void created by the vibrator or
using a bottom-feed method where the stone is added to a hopper for
placement down an attached feed pipe. For either stone placement method,
the vibrator is lowered into the placed stone in lifts to densify and displace
the underlying stone. These steps are repeated until a dense stone column
is constructed from the design depth to the ground surface (Keller 2022b).

4.3.5 Equipment and Access Routes

Material to construct the features/measures would be commercially sourced and
shipped/transported to the construction site for installation. Fill material would require
heavy machinery to move the sediment and facilitate construction, and could include
bulldozers, front-end loaders, track-hoes, backhoes, etc. Any stone used for
construction would be bought from a commercial quarry or excavated at the
construction site and retained for reuse. Purchased stone would be transported by
barge or truck to the construction site to be placed. Excavated stones would require
heavy machinery (e.g., front-end loaders, backhoes) to remove the stone, and then
would be stored onsite or on a barge. Various support equipment would be required
such as crew and work boats, trucks, trailers, construction trailers, floating docks, and
temporary access routes to facilitate loading and unloading of personnel and
equipment. Additionally, temporary staging areas would be needed to store equipment
and materials during active construction.

Identification of these areas would occur during the pre-construction, engineering, and
design (PED) phase. Each disturbance for access and staging would be placed outside
of environmentally sensitive areas to the greatest extent practicable and utilize areas
already disturbed when possible (e.g., stage on existing concrete areas, existing

Appendix D-1: Environmental and Cultural Supporting Documentation Page 4-8




roadways, or Port of San Francisco lands). All ground disturbance for access and
staging areas would be temporary and fully restored to result in no permanent loss.

4.4 Description of Measures applied to Action Alternatives

Table 4-3 summarizes the measures applied to each of the alternatives and indicates at
what implementation phase (2040 or 2090) those measures are expected for
construction. Note, the 2040 measures are constructed to be adapted in 2090; thus,
measures in 2090 are additive to those of 2040 rather than separable new elements.
Additionally, 2040 and 2090 are used as placeholder time steps that correspond with
RSLC; however, these years may interchangeably be noted as first action (2040) and
second or subsequent action (2090) that is intended to describe a first construction
action (first action, 2040) and any subsequent adaptive action that would occur as SLR
triggers the need for additional protection (subsequent/second action, 2090). This
theme continues throughout the resource impacts discussions. Alternative B is missing
from Table 4-3 as it would be implemented in four stages and is non-structural. It is
described in future sections.
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Table 4-3. Summary of measures proposed in each alternative and implementation year.
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Construction impacts to resources are expected to be commensurate with the spatial
extent (e.g., total linear feet) and duration (i.e., length of construction) of the measures
proposed for each action. Table 4-4 and Table 4-5 show the anticipated disturbance
each measure is likely to have based on the long-term footprints at each time step.
Table 4-6 provides the long-term footprints of the independent measures for
consideration (herein independent measures) It was assumed all construction would
have a 100-foot buffer around the long-term footprint to assess for construction-related
impacts, which is not captured in the table. Alternative B is unique in that
implementation would occur over multiple time steps, as such it was not included in
Table 4-4 and Table 4-5 because actions would be implemented differently. Please
refer to Appendix A, Section A-7.3 for a description of Alternative B implementation.

It was assumed each alternative would require a total construction duration of 10 years.
All alternatives assume 40-hour, 5-day work weeks with normal anticipated adverse
weather days.

Table 4-4. Anticipated disturbance for the final array of alternatives for 2040 actions

Measure F G TNBP
Bay Fill (ACRES) 25 - -
Levee (LF: ACRES) 9,820 10,655 13,535

14 16 15
Bridge Raise/Replacement (LF) - 3,340 -
Building Demolition (SQFT) 93,420 192,115 2,735
Building Move (SQFT) 604,500 604,500 326,435
Bulkhead wall/Seawall (LF) 13,115 14,540 7,620
Deployable Flood Gate (LF) - - 1,600
Floodproofing (SQFT) 922,780 2,012,785 558,905
Roadway Impact (ACRES) 24 49 22
Seismic Ground Improvements (ACRES) 44 70 71
Sheetpile Wall (LF) - - 2,165
Tide Gate (n; LF) 2 ] ]
2,415
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Measure F G TNBP
T-wall (LF) 4,250 13,280 7,735
Vertical Wall (LF) 52,615 58,345 65,800
15,790; 27,270; n/a
Wharf (LF; ACRES)
3 8 14
EWN (ACRES) 15 40 12

*Note: acres are rounded to the nearest whole number, while LF and SQFT are rounded
to the nearest five. A dash (-) indicates the measure is not included in the alternative. A
“n/a” indicates the value was not available.

Table 4-5. Anticipated disturbance for the final array of alternatives for 2090 actions

Measure F G TNBP
Bay Fill (ACRES) - - 5
Levee (LF: ACRES) 12,335 15,970 13,860
17 23 19
Bridge Raise/Replacement (LF) - - -
Building Demolition (SQFT) 1,449,060 | 8,519,580 790,980
Building Move (SQFT) - - 272,020
Bulkhead wall/Seawall (LF) - 1,160 22,610
Deployable Flood Gate (LF) - - -
Floodproofing (SQFT) - - 21,540
Roadway Impact (ACRES) 9 22 21
Seismic Ground Improvements (ACRES) 1 19 12
Sheetpile Wall (LF) - - -
Tide Gate (n; LF) - - -
T-wall (LF) - - 4,215
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Measure F G TNBP
Vertical Wall (LF) 17,270 25,200 -
2,445 n/a
Wharf (LF; ACRES) -
2 27
EWN (ACRES) 36 752 34

*Note: acres are rounded to the nearest whole number, while LF and SQFT are rounded
to the nearest five. A dash (-) indicates the measure is not included in the alternative. A
“n/a” indicates the value was not available.

Table 4-6. Anticipated disturbance for the Independent Measures for Consideration

Measure 2A 2B 3A 3B 3C 4A

Bay fill (ACRES) 4 5 - - - -
n/a 1,175 1,070 2,180
Levee (LF; ACRES) - -
3 2 n/a n/a
Building Demolition
(SQFT) - - - - - 575,765
Building Move
(SQFT) 134,405 - 180,560 - - -
Bulkhead
wall/Seawall (LF) 1640 | 1,470 | 3,375 - | -
Roadway Impact
(ACRES) 4 1 5 - 2 -
Seismic Ground
Improvements 4 4 6 2 2 1
(ACRES)
Vertical Wall (LF) - - - 910 - 2,085
1,640 4,550
Wharf (LF; ACRES) - - - -
5 5
EWN (ACRES) - 4 - - 1 43
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*Note: vertical shoreline is not included in this table as it's not associated with one of the
independent measures listed, rather is a stand-alone measure. In total, vertical
shoreline could be applied to 12,100 LF.

4.4.1 Assumptions for Analysis

The scope of this analysis is based on the following assumptions and conditions:

The No Action Alternative (i.e., FWOP) has significant impacts to the majority of
resources including health and safety, transportation, and environmental justice
communities. An assessment of the No Action Alternative consequences by
resource type is presented in Table 4-8.

This assessment is primarily focused on the structural measures of each Alternative.
Structural measures include combinations of levees/levees, tide gates,
floodwalls, elevated promenades, wharfs, bulkheads, road raising, and
deployable gates.

Potential impacts and benefits are based on the preliminary conceptual design of the
SFWCFS study measures, which focuses on impacts within the structural
measure’s footprint of construction, clearing and general disturbance within that
footprint, and long-term structural footprint. The measures and measure locations
are subject to change during PED as engineering is further developed and as
public, Agency, and local stakeholder comments on the DIFR-EIS are
incorporated. This assessment will be updated and the potential impacts and
benefits will be re-evaluated for the Final IFR-EIS. Where additional information
(i.e., modelling or site-specific studies or surveys) is needed, consideration for
how that information may be collected and assessed is provided.

Nonstructural and NNBFs are part of Alternative plans C, D, E, F, and G, while
Alternative B is a fully nonstructural plan. Currently, conceptual NNBF measures
are developed for each of the Action Alternatives but require further analysis. The
following sections will mention NNBFs generally; however, those types of
measures will be further developed and assessed for potential impacts and
benefits in the Final IFR-EIS.

Tidal gate closures are anticipated to primarily occur during a coastal storm (1%
AEP) as water elevations rise or during maintenance procedures to ensure the
gates are functioning properly in preparation for a coastal storm event. While
additional analysis is necessary to assess closure frequency and duration of the
gate operations and maintenance criteria, this assessment has assumed a
duration and frequency of 1 full tidal cycle (24 hours; 2 high tides and 2 low tides)
per year as a baseline to which to compare environmental consequences of tide
gate closures. The same assumptions were made for deployable flood gates.

Projects within the SFWCFS study area that are being developed under separate
authorizations or entities in the reasonably foreseeable future are considered in
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the cumulative impacts assessment, while projects currently being constructed
are considered in FWOP.

This assumption-based assessment will be further refined in the Final IFR-EIS.
4.5 Summary of Impacts

Table 4-7 presents a high-level assessment of the SFWCFS study Alternative plans,
starting with an initial screening to identify if there is a potential for adverse impacts (i.e.,
Yes or No) by measure type, followed by an assessment of the magnitude of those
identified potential adverse impacts, rated on a scale of 1 (No impacts) to 5 (Significant
impacts), by Alternative. Measures that also have a potential beneficial effect are
marked with a “+” in these Sections to identify those added benefits without muting the
potential adverse impact identification and associated rating scores.

As indicated in Table 4-7, there are potential adverse impacts to resources from
measures, both structural and NNBF, as well as potential benefits, depending on
structure type, location, and existing conditions. Structural measures are anticipated to
have greater direct impacts to resources than other measure types (i.e., nonstructural,
NNBF) of which may require compensatory mitigation, agency coordination, and
regulatory review. For each resource, the impact producing factors have been identified
and a summary of impacts is provided in the sections below. In some instances,
measures are discussed by location as “shore-based” or “in-water” to distinguish
between potential impacts.
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Table 4-7. Potential for impacts by resource and measure type
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San Francisco Waterfront Coastal Flood Study

4.6 No Action Alternative

This No Action Alternative section serves as a baseline comparison to the following
alternative plans impact assessment, including the tentatively selected plan. While the
No Action Alternative would have no additional impacts from construction or operations
and maintenance of coastal flood risk measures under the SFWCFS study, it would
leave the SFWCFS study area vulnerable to continued damages, loss of life, and
destruction of study area resources caused by severe coastal hazards compounded by
RSLC. A summary of potential impacts under the No Action Alternative to each
resource is provided in Table 4-8.

Table 4-8. Summary of potential impacts of the No Action Alternative

Resource

Summary of No Action Potential Impacts

Regional Air
Quality & Clean Air
Act

The potential for emergency maintenance activities is expected to
increase because of coastal flooding. Equipment and vehicles used
for emergency maintenance activities would generate emissions and,
thus, could expose receptors to increased pollutant concentrations.
Future road closures would also be likely to increase emissions due to
increased vehicle delays and congestion. Individuals displaced from
their homes because of flooding may also experience increased
health risks, particularly if they are relocated to areas with higher
ambient air pollution or if they become unhoused.

GHG

The potential for emergency maintenance activities is expected to
increase because of coastal flooding. Equipment and vehicles used
for emergency maintenance activities would generate GHG
emissions. Disruption of the electrical grid could also generate
GHGs, particularly if replacement power sources, such as diesel
generators, are fossil fueled.

Regional climate,
climate change,
RSLC

The trends described in the existing conditions chapter would
continue. Climate change could lead to increased ocean and
terrestrial temperatures, ocean acidification, RSLC, duration and
intensity of extreme events, weather patterns, and has the potential to
cause changes in the nature and character of the bay waterfront.
Climate change is expected to result in more intense and frequent
extreme precipitation, droughts, and heat waves within the next
century (NCA 2014, 2018; Ault et al. 2014; Ault et al. 2016; Cook et al.
2016; Jones and Gutzler 2016). This is likely to cause flooding,
erosion, and increases in the rate and amount of nutrients and
sediments entering the bay.
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San Francisco Waterfront Coastal Flood Study

Resource

Summary of No Action Potential Impacts

Geology

No significant impacts are expected on the underlying geology or
geologic processes, only minimal changes to the topographic
features, geologic formations, and soils in the study area would be
expected.

Sediments

No significant impacts are expected on the underlying sediment type.
Sediment quality will continue to be impacted due to coastal flooding
which potentially introduces contaminants into surface waters and
nearby waterbodies. There is also the potential for contaminants to
become trapped in sediments over time.

Seismicity

The current risk from a seismic event would continue into the future
which could affect life safety, infrastructure disaster response and
recovery, maritime commerce, commerce, utilities, transportation,
historic resources, environment (contamination), land use,
recreational areas, and the economy (MHRA 2020). However, current
zone, building codes, and policies would minimize some of the risk for
buildings/constructions subject to those policies.

Soils & Mineral
Resources

Soils and mineral resources are expected to continue as described in
the existing conditions chapter. Future exploration and production of
oil, gas, and minerals within the study area is highly dependent on
market conditions, value of existing resources, presence of production
fields, and future development. It is unlikely that urbanized areas
would see any increase in oil and gas production.

Floodplains

The study area would continue to be at risk of flooding and could
become more at risk due to RSLC and climate change. Without local
or non-Federal interventions, it is expected that nuisance flooding in
low-lying areas will continue, where the potential impacts from tidal
and/or rainfall flooding will likely increase and worsen over time with
climate change and RSLC. Coastal hazards such as wave
overtopping, and storm surge is expected to increase over time with
climate change and RSLC which would lead to more catastrophic
flooding.

Coastal hydrology,
currents, &
circulation

RSLC would likely increase flooding and wave hazards, resulting in
increased soil erosion, modifications to the shoreline, and release of
contaminants. RSLC rates may also exceed normal sediment
accretion rates in saline marshes resulting in increased inundation
and subsidence. Hydrology patterns may be impacted as continued
water temperatures rise and trends in the Pacific Ocean circulation
patterns change.
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San Francisco Waterfront Coastal Flood Study

Resource

Summary of No Action Potential Impacts

Tides, tidal
exchange, & waves

No significant impact to tides is expected. Tidal exchange and range,
and wave hazards may be impacted based on RSLC whereby threats
from wave hazards increase.

Wild and Scenic

No impact as Wild and Scenic Rivers are not designated within the

Rivers SFWCFS study area.
Climate change, including more frequent and intense storms and
flooding events, can increase stormwater runoff. An increase in
stormwater runoff can exacerbate existing, or introduce new,
contaminants into water sources and soils. Increased precipitation
Stormwater

could overwhelm the study area’s municipal stormwater management
system, which can lead to backups that cause localized flooding or
greater runoff of contaminants (e.g., trash, nutrients, bacteria) in
waterways and soils (EPA 2023).

Water Quality

Current water quality trends could improve with changes in land use
or improve through implementation of new water quality improvement
programs such as TMDLs administered by Federal, state, and local
agencies. However, with the existing status of water quality in the
study area, it is more likely that conditions would worsen with
increased flooding associated with climate change and RSLC.
Increased flooding would lead to more runoff, potentially carrying
contaminants, thereby lowering water quality. Climate change and
RSLC introduce uncertainty of continued trends where changes in
temperature, precipitation, chemical composition (e.g., ocean
acidification), and increases in salinity could also impact water
quality.

Groundwater

Groundwater may be significantly impacted by RSLC by causing
groundwater elevations to rise.

Intertidal habitat

Intertidal habitats are expected to continue as described in the
existing conditions chapter. With climate change and RSLC, there
could be an increase in intertidal habitats as fringe marshes and low-
lying vegetated areas are converted.
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Resource

Summary of No Action Potential Impacts

Subtidal habitat

Subtidal habitats are expected to continue as described in the existing
conditions chapter. With climate change and RSLC, there could be an
increase in subtidal habitats as fringe marshes and low-lying
vegetated areas are converted. RSLC could also potentially impact
subtidal habitat suitability by increasing water depths resulting in
reduced productivity and exposure to tidal exchange.

Pelagic habitat

Changes in water quality (e.g., temperature, salinity, DO), flow
patterns, and habitat due to extreme events could degrade pelagic
habitat quality. Climate change could cause a shift in plankton and
benthic communities which are food sources for pelagic fish and
mammal species.

Continued wetland losses and degradation through erosion and

Wetlands degrading water quality. Complete loss of Heron’s Head Park
wetlands and valuable habitat for T&E species.
Changes in water quality (e.g., salinity, dissolved oxygen) and flow
Fish patterns could disrupt fish use and cause a shift in prey availability.

Fish could be impacted by increasing water temperature and ocean
acidification which are anticipated to continue under climate change.

Commercial &
Recreational
Fisheries

Potential impacts to commercial and recreational fisheries include
changes in species abundance and diversity due to direct and indirect
impacts from flooding, RSLC, and climate change. Risk of coastal
flooding and hazard increases may impact facilities that support
commercial and recreational fishing thereby limiting ability to fish.

Macroinvertebrates

Changes in water quality (e.g., salinity, dissolved oxygen) could
disrupt invertebrates and cause a shift in abundance or species
diversity. Invertebrates could be impacted by increasing water
temperature and ocean acidification which are anticipated to continue
under climate change.

Terrestrial
vegetation

Existing land use trends are expected to continue as described in the
existing conditions chapter. The SFWCFS study area is highly
urbanized with limited availability of terrestrial vegetation. Some
undeveloped terrestrial habitats may be converted to urban lands with
planned development. RSLC may convert some lower lying upland
areas to wetlands or subtidal and/or intertidal habitats.

Appendix D-1: Environ

mental and Cultural Supporting Documentation Page 4-26




San Francisco Waterfront Coastal Flood Study

Resource

Summary of No Action Potential Impacts

T&E Species —
Terrestrial

Continued habitat loss, particularly wetlands, intertidal and subtidal
habitats, would reduce the space available for T&E terrestrial species.
This may impact important foraging habitats for Ridgway’s rail, refuge
for salt marsh harvest mice, and available space for California
seablite. RSLC may directly impact wetlands and intertidal habitats
where erosion is persistent, which impacts foraging and nesting
habitat for Ridgway'’s rail. Increased flooding from climate change, and
erosion and subsidence from RSLC, may also lead to conversion of
wetland habitats to intertidal habitats and loss of low-lying upland
habitats that are necessary transition areas for species such as salt
marsh harvest mice.

T&E Species -
Aquatic

Climate change and RSLC may impact available foraging habitats for
green sturgeon. Warming water temperatures can influence egg
development and hatching rate, which may have more detrimental
effects to the overall recovery of the species (NMFS 2022). Changes
in flow patterns or currents may change the behavior of green
sturgeon in marine environments which could make them more
susceptible to human activities such as dredging and bottom
disturbances (NMFS 2022). Climate change and warming water
temperatures could shift prey availability for salmon and steelhead
trout, as well as endangered marine mammals. Ocean acidification
could have negative impacts of protected shellfish.

State listed species

Continued habitat loss would reduce the space available for state
listed terrestrial species, while water quality degradation is likely to
contribute to loss or shift in distribution of aquatic species. The study
area is highly urbanized so any continued loss in habitat may prove to
have significant impacts on the distribution and abundance of state
listed species. Climate change and RSLC would increase flooding in
the study area which disturbs available terrestrial habitat, wetlands,
and can lead to water quality degradation (e.g., lowered DO,
contaminants). Additionally, increases in water temperature or salinity
may also impact state listed aquatic species ability to thrive or reside
in the bay.

Designated Critical
Habitat

Designated CH for green sturgeon and Chinook salmon in the
SFWCFS study area would continue to be impacted by climate
change, RSLC, and maritime use.

Migratory Bird
Treaty Act Species

The Bay is critical stop over habitat for migratory bird species. Climate
change and RSLC may exacerbate conditions for some of these
species by contributing to loss of critical habitat.
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Resource Summary of No Action Potential Impacts
Populations of bald and golden eagles are found in the less urbanized
areas of San Francisco Bay and coastal range. While individual
eagles may migrate through the area, the project area does not
Bald & Golden : . !
Eagles support nesting habitat for eagles as it generally lacks large mature

trees. The loss of mature trees from repeated flooding would make the
study area even less inhabitable to bald and golden eagles if found
nesting.

Marine Mammal
Protection Act
Species

Climate change and RSLC may exacerbate conditions for marine

mammal species migrations and habitat use from rising seawater

temperatures and ocean acidification. It is uncertain, but plausible,
that long-term habitat changes would have indirect effects on prey
availability.

EFH & EFH-
designated species

EFH impacts would be focused on loss of shallow nearshore areas
including SAV. The SFWCFS study area supports a diverse fish
community including EFH. Shellfish resources are being impacted by
ocean acidification and water quality degradation which would
continue with climate change and frequent flooding. Impacts to water
quality during storm events would occur in addition to the changes in
temperature, precipitation, flooding patterns, and chemical
composition over time.

HAPC

HAPC impacts would be focused on degradation of the quality of
habitat through ocean acidification driven by climate change. More
frequent flooding would increase contaminants delivery to HAPC
which would reduce water quality.

SAV - Eelgrass

Due to the urbanized nature of the shoreline and water quality
degradation, the amount of SAV has been greatly diminished in the
study area over time. Climate change and RSLC introduce greater
uncertainty of continued trends where changes in temperature,
precipitation, flooding patterns, and chemical composition could
impose additional impacts on water quality, algal blooms and
SAV/macroalgae distribution and abundance. RSLC could also
potentially impact habitat suitability for seagrasses by increasing water
depths resulting in reduced light penetration, photosynthesis, and
productivity (Strange 2008; USACE 2014).

Coastal Zone
Management Act
Areas

CZMA areas within the SFWCFS study area are extensive and would
continue to be impacted by coastal flooding and the increasing threats
of climate change and RSLC.
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Resource Summary of No Action Potential Impacts

Coastal Barrier
Resources System
Areas

No impact as Coastal Barrier Resource System Areas are not
designated within the SFWCFS study area.

Emergency flood defense and response, and cleanup actions would
require the use of a considerable amount of heavy equipment, which
would generate noise. Buildings and infrastructure damaged by
flooding would need to be demolished and the services provided
would need to be relocated to other areas of the city, requiring new
construction. The use of heavy equipment for flood defense on an
emergency basis would very likely be substantial and could be any
hour of the day or night. As such, there is a high potential for sleep
interference due to emergency flood-defense and response activities.
Equipment noise from redevelopment could occur at any scale or
location within the city and, as such, impacts of construction noise
would be expected.

Noise

Heavy equipment types used for flood defense and demolition would
create a perceptible level of vibration in the immediate vicinity of the
equipment. It is unlikely that high-impact equipment, such as pile
drivers, would be used for these types of activities, although
jackhammers and hoe rams may be used for demolition. The
relocation of services and properties would use heavy equipment that
Vibration may potentially produce vibration near sensitive receptors and historic
buildings that are more susceptible to building damage. The frequency
and duration of these activities would be commensurate with flooding
events, which could occur on an emergency basis within residential
areas with a high risk or flooding. In situations where deep support
systems are needed for building foundations, vibratory or impact pile
driving may be used.

Taking no action to prevent water intrusion into the San Francisco
waterfront would degrade the access and use of historic properties
as well as contribute to physical impacts and potential loss of
resources in the Area of Potential Effect. Impacts would consist of
erosion from wave energy and inundation. Resources in low-lying
areas are at highest risk for adverse effects from the No Action
Alternative. Resources along the waterfront in the Marina and
Northeast planning districts would be at risk of flooding, particularly
Fisherman’s Wharf and The Embarcadero. Identified resources in
the Mission, South of Market, and South Bayshore planning district
are at the highest risk for adverse effects as they are currently the
lowest-lying areas and already experience flooding.

Cultural Resources
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Resource

Summary of No Action Potential Impacts

Native American
lands

Because no traditional cultural properties have been identified at this
time, there would be no or negligible impact.

Environmental
Justice

Overall, while the No Action would generate adverse effects, the
distribution of these effects (displacement and flooding) would be
dispersed throughout the study area. Therefore, the adverse
environmental effects under the No Action would not be
disproportionally felt by a minority or low-income population.

Socioeconomics &
community

Flooding events would physically divide the waterfront neighborhoods,
inhibiting community function and interaction throughout every reach,
cause the displacement of various structures including residences,
commercial and industrial businesses, and community and public
facilities in every reach. These events would have a substantial
adverse effect on economics, with the coastal neighborhoods
experiencing loss in employment, school district funding, and county
and city property and sales tax revenues.

Transportation

Several important transportation corridors would be impacted by rising
sea levels and flooding that carry or provide access to vehicles, transit
users (rail, bus and ferry), bicyclists and pedestrians. Flooding and
associated freeway on- and off-ramp, road, sidewalk, and bike path
closures and repairs would become increasingly common and gradual
retreat of these facilities is expected to occur over time as RSLC
continues. There would also be several transportation facilities for
maintenance and operations such as the MUNI Municipal East facility
that would be subject to flooding and infrastructure affected that would
lead to a high degradation of transit by the end of century (SFMTA,
2022).

Utilities

The reliability of potable water is necessary for many industries in the
study area. Climate change could lead to a short-term or long-term
water shortage which could significantly impact potable water-
dependent industries. RSLC would continue to stress the water main
system, requiring increased investment into utilities such as sewage
and potable water. Corrosion from rising groundwater could shorten
life expectancy of buried pipes and require more frequent report or
replacement. If buried pipelines are compromised, saltwater infiltration
from increased groundwater levels may occur and affect the quality of
drinking water. Increased precipitation would challenge the study area’s
combined stormwater and wastewater drainage system, potentially
leading to more combined sewer overflows. An increase in sewer
overflows can reduce water quality (EPA 2023).
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Resource Summary of No Action Potential Impacts

The study area would continue to be at risk of flooding and could
become more at risk due to RSLC and climate change, which may
impede the public’s access to recreation areas. Access to the
waterfront is critical for the public in the study area but flooding under
RSLC may render it inaccessible. Additionally, loss of important
natural recreation areas would be expected with climate change due
to erosion and subsidence. Access to local piers and wharves may be
temporarily inaccessible with nuisance flooding or lost with repeated
storms and RSLC.

Recreation &
Access

The aesthetics are expected to continue as described in the existing
conditions chapter over time. No significant impacts are expected to
the aesthetics in the study area, though climate change and/or RSLC
could cause damage to structures that contribute to the aesthetics of
the waterfront from repeated nuisance flooding or more significantly
from storms.

Aesthetics

Capped and un-capped HTRW areas would be exposed to flooding
HTRW and erosion from RSLC, which could result in releasing contaminants
that impact water, soil, and sediment quality, as well as human health.

Land use changes would occur either directly or indirectly as the sea
levels rise. As the water levels begin to encroach into the developed
waterfront, some buildings and uses are expected to be abandoned in
these flooded parcels. From this retreat away from the San Francisco
Bay, other parcels may alter their land use due to decreased access
or connectivity from regular flooding, and transition to a land use that
is better able to accommodate flooding or reduced connections.

Land Use Although floodproofing some buildings can delay retreat, substantial
changes to buildings, building demolition, and movement of
residences, businesses, and industrial/institutional uses would be
expected particularly in the Mission Creek and Islais Creek low-lying
areas. Land uses included in current general plans, specific area
plans, and zoning may not be achievable in the increasingly inundated
locations, and planning for where these uses may instead be
accommodated would be needed.
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Resource Summary of No Action Potential Impacts

The study area would continue to be at risk of flooding and could
become more at risk due to RSLC and climate change, which may
impede the publics access to critical safety infrastructures (i.e.,
hospitals) or the ability of public safety entities (i.e., ambulance,
Public Health & police) to aid the public. Currently planned life safety measures in the
Safety event of a major earthquake may not be accessible due to increased
flooding. Nuisance flooding would make access to health and safety
infrastructure troublesome, while severe flooding from storms may
render them inaccessible. Increased flooding is likely to release
contaminants from HTRW sites that pose a risk to human health.

The No Action Alternative was identified as the USACE low SLR curve NED Plan. The
No Action is not discussed further in subsequent sections as summaries are provided in
Table 4-8.

4.7  Air Quality

See Appendix D-1-1 for a discussion of the impacts of the alternatives on Regional Air
Quality.

4.8 Climate, Climate Change, and Relative Sea Level Change

Climate impacts were assessed quantitatively and qualitatively for the action
alternatives by reviewing state and federal reports, available data, and published
literature.

Significance Criteria

Effects on climate were considered significant if implementation of an alternative plan
would result in any of the following:

e CC-01: Directly or indirectly exceed applicable Federal or state GHG
standards.

e CC-02: Conflict with an applicable plan, policy, or regulation adopted to
reduce GHG emissions and climate change impacts.

NEPA considers that climatic environmental effects can include both the potential
effects of a proposed action on climate/climate change and the implications of climate
change on the performance of the proposed action. Thus, climate is analyzed from
these two perspectives when evaluating environmental consequences of a project.

NEPA does not specify significance thresholds that may be used to evaluate the effects
of a proposed action on global climate, rather, the appropriate approach to evaluate a
project’s impact on global climate is still under development. However, the Forest

Appendix D-1: Environmental and Cultural Supporting Documentation Page 4-32



San Francisco Waterfront Coastal Flood Study

Service developed guidance for climate considerations under NEPA, which focuses on
1) the effect of the project on climate change through greenhouse gas (GHG)
emissions, and 2) the effect of climate change on the project (USFS, 2009). GHG
emissions may include short-term impacts and alteration to the carbon cycle caused by
fuels or extraction of fossil fuels and minerals. Climate change could affect the
environment in such a way that it would impact the purpose and need of the project. For
example, climate change could alter habitat suitability for target species or ecosystems
in restoration efforts or increase flooding in a region that may render a project less
successful. Finally, the implications of climate change for the environment with the
proposed action should be considered with respect to other resources and/or actions
that could lead to cumulative effects in the project area. For example, the potential for
the project to lead to habitat fragmentation exacerbated by climate change that could
lead to listing of a species under ESA (Brandt and Schultz, 2016).

On January 9, 2023, the CEQ released interim NEPA guidance for consideration of the
effects of GHG emission and climate change under any Federal action. The 2023
guidance does not establish a quantity of GHG emissions as “significant” with respect to
affecting the quality of the human environment, rather assists agencies to disclose and
consider the effects of GHG emissions and climate change. The interim guidance
recommends agencies quantify a proposed action’s reasonably foreseeable GHG
emissions and place them in an appropriate context to estimate impacts to climate
change.

EPA reinstated California’s authority under the CAA to implement its own GHG
emission standards and zero emission vehicle (ZEV) sales mandate in March 2022 (87
FR 14332). California passed legislation requiring the state to reduce its overall GHG
emissions to 1990 levels by 2020 and 40% below 1990 levels by 2030 (Senate Bill 32;
Assembly Bill 32). Additionally, the California Air Resources Board (CARB) was
appointed to develop policies to achieve this goal. The 2030 target was further refined
with Assembly Bill 1279 and E.O. B-55-18 which seeks carbon neutrality for the state by
2045. In 2020, CARB set the GHG emission limit for the state at 431 million metric
tonnes of carbon dioxide equivalent (MMTCO2ze; CARB 2023).

In many natural habitats, GHG emissions can be combatted or reduced through the
process of carbon sequestration — the practice of removing carbon from the atmosphere
and storing it (USGS, n.d.). Biological carbon sequestration occurs in aquatic and
vegetated habitats that have microbial communities which can break down carbon,
plants to store carbon in their tissues, and carbon that can be dissolved in marine and
aquatic water (USGS, n.d.). Blue carbon refers to atmospheric carbon that is captured
by ocean and wetland habitats (USGS, n.d.). Saline marshes contribute 50% of carbon
burial in marine sediments, making these habitats a critical component of CO2 sinks and
reservoirs globally for GHG emissions (Duarte et al. 2013). Coastal wetlands efficiently
preserve carbon through dense foliage and root networks that protect carbon deposited
in the soil from erosion. Restoring salt marshes is a Blue Carbon initiative, proposed in
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2009 (Nelleman et al. 2009), to help reduce GHG emissions through natural ecosystem
enhancements (Duarte et al. 2013).

By identifying the level of GHG emissions and carbon sequestration, in relative terms, it
can be determined or suggested whether an action would have net adverse or
beneficial impacts to climate change.

ER 1100-2-8162, Incorporating Sea Level Change in Civil Works Programs, discusses
the need to consider future sea level change impacts to coastal and estuarine zones in
Civil Works projects due to the likelihood of continued or accelerated climate driven
mean SLR through the 215t century and beyond. Global average sea level is rising and
is expected to rise at greater rates in the future (Parris et al. 2012), though this is not
expected to be uniform along U.S. coasts. Higher sea levels lead to greater coastal
erosion, change sediment transport and tidal flows, exacerbate flooding frequency,
increase landward migration of barrier shorelines, fragment islands, and expand
saltwater intrusion to aquifers and estuaries (IPPC 2007; Titus et al. 2009; Irish et al.
2010; Burkett and Davidson 2012; Rotzoll and Fletcher 2013). In San Francisco, sea
level rose 9 inches between 1854 and 2016 (Gonzalez et al. 2018).

The closest NOAA tide gauge to the study area is the San Francisco Presidio (ID:
9414290). USACE has three SLR scenarios (low, intermediate, and high) that are
predicated on data from the National Research Council and Intergovernmental Panel on
Climate Change (IPCC). USACE policy does not ascribe likelihood for any of the future
SLR curves, because it is problematic to reliably assign a specific likelihood for future
relative sea level change (RSLC) and ascertain its effect on a given coastal project.
Instead, USACE guidance applies a scenario-based approach for evaluating RSLC risk
on project performance which is based on all three USACE RSLC curves. Additional
details about the USACE RSLC can be found in Appendix J (Climate). Figure 4-1
presents the USACE SLR curves for the study period.
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Figure 4-1. USACE relative SLR curves compared to mean sea level change

Throughout the construction and life of the project, RSLC/climate change is anticipated
to continue causing increases in mean water elevation, precipitation, extreme events,
and storm severity and frequency. Construction of measures are expected to mitigate
damage from anticipated RSLC and climate change at varying rates of SLR. USACE
projects SLR to range in an increase from 0.93 feet for the low scenario, 2.86 feet for
the intermediate, and 9.02 feet for the high scenario by 2140 in the study area. Coastal
hazards and storms would cause flooding at increased heights and over larger areas
than in the past as RSLCs. It is also projected that frequency and intensity of coastal
storms and precipitation would increase over time (Chung et al. 2021).

4.8.1 Construction Impact Summary

The SFWCFS study is unique in that it has designed Action Alternatives predominantly
to address the impacts of RSLC. Thus, the Action Alternatives are evaluated
considering all three SLR scenarios for FWP conditions. As stated throughout the DIFR-
EIS, measures in each alternative are designed to an elevation relative to the SLR
scenarios. As such, the alternatives performance against different rates of SLR
impacted the overall score for this resource, as it was assumed if climate driven flooding
impacts breached the measure, this would lead to adverse impacts for the study area.
However, for this analysis, it was assumed the measures would perform adequately
under the SLR scenario they were designed for.

Temporary localized emission increases would be produced from diesel-powered
construction equipment working at the various project locations such as, operating on-
and off-road mobile sources, heavy machinery, non-mobile mechanized equipment, and
support vehicles; released CO2 embedded in steel and concrete during fabrication; and
energy consumption (e.g., use of generators). The localized emission increases from
the diesel-powered equipment would last only during the project’s construction period in
each location and then end when the project phase is complete, thus any potential
impacts would be temporary in nature and geographically dispersed over the project
duration. At draft report, the study’s General Conformity-related annual emissions do
not exceed the de minimis threshold levels for the relevant pollutants; thus, a General
Conformity Determination is not required for compliance with the CAA (Appendix D-2-1).

The generation of GHG emissions associated with the project’s construction activities
would be temporary in nature, spanning only the construction period. The primary GHG
emitted from diesel-fueled equipment is carbon dioxide (COz2). Although nitrous oxides
(N20) and methane (CHa4) have significantly higher global warming potentials (298 times
and 25 times greater than CO2 for N20 and CHya, respectively), they are emitted at
significantly lower rates, resulting in minimal fractional increases in carbon dioxide
equivalents (COze) when compared with CO2 alone. Other GHGs (e.g.,
hydrofluorocarbons, perfluorocarbons, and sulfur hexafluoride) are typically associated
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with specific industrial sources and processes, thus would not be emitted during
construction. Upon construction completion, all GHG emissions would cease, and the
area would return to baseline conditions. There are no apparent negative impacts to
carbon sequestration (e.g., loss of wetlands) that would result from implementation of
the Action Alternatives; rather a net gain in carbon sequestration benefits is anticipated
with the addition of marsh habitat through EWN features. On a global scale, however,
this sequestration contribution would be negligible.

4.8.2 Operations and Maintenance Summary

The SFWCFS includes protection of critical infrastructure, business, life safety,
residents, transportation corridors, and natural environments through a variety of
Coastal Flood Risk Management (CFRM) measures and EWN features. Grey features
(e.g., levees, walls) all contribute to production of emissions during O&M activities, while
EWN features contribute to carbon sequestering. All features contribute to structural
resiliency during storms and flooding events. The protection of the infrastructure and
natural features provided by the project would minimize future storm damage further
inland and associated reconstruction emissions. As a result, generation of emissions,
including COgz, during future emergency response clean-up and restoration of the
coastline would be limited or avoided.

4.8.3 Tentatively selected plan

The TNBP is anticipated to have no to moderate to high impacts on climate change
during construction of CFRM measures and operations and maintenance activities.
Table 4-9 predominantly reflects the impact to GHG emissions as the TNBP is designed
to sustain RSLC under the intermediate and high scenarios. Details of the GHG
emission estimates can be found in Appendix D-1-1.

Table 4-9. Summary of Climate, Climate Change, and RSLC Impacts associated with the TNBP

c
2
2 x
— I Q Q
TNBP 3| ® % 5 Sl |y
. . 2| 0O L = o (£ | ¢
Climate, Climate 8| 5 o = 513 | @
Change, and RSLC $|8|8 5 Slyl5 8|6
Impact Rating by =l 2|3 9 el B | 2
Measure s o E|2 S ~|o|le|o| 8
S| 35| | @ = s <4 E|8|€
— (3] © © b — — (4] K™ — L
= Q| > 3| o|_ | ® o €| €| ®
| @ | £| o0 sl=Qo E|lo|o|®| =<
Q ~ — O Q (1] - © _— - Re) = 0
> > | =@ ®| e 3 | 2|00 - | =
|l o | 3| 0|0l 3| o O| 0| E|l & | &
M| J| 00| ®»|+|>|3|WU|w|u|z|=
Appendix D-1: Environmental and Cultural Supporting Documentation Page 4-36




San Francisco Waterfront Coastal Flood Study

C(:tnstrgctlon/Footprlnt 1 314131413 [3|3/|4/3+]3+|3+[3+] 1
(15t Action)

Construction/Footprint
(2" Action)

O&M Assumptions
Mitigated Rating &

4.8.4 Alternative B

Alternative B is anticipated to have low to moderate to high impacts on climate change.
Alternative B is nonstructural and includes floodproofing, modifying, or relocating
buildings and infrastructure to reduce flood risks. As sea levels rise, areas with higher
flood risks could be managed for responsible retreat, while areas with lower risks could
be floodproofed or modified. Nature-based features would be added to retreat areas to
reduce flood risks, while policy changes would be implemented to allow for increased
housing density and business relocations in inland areas. Essential utilities and major
transportation and transit corridors would be relocated or modified to continue providing
service. Details of the GHG emission estimates can be found in Appendix D-1-1.

4.8.5 Alternative F

Alternative F is anticipated to have no to moderate to high impacts on climate change
during construction of CFRM measures and operations and maintenance activities.
Table 4-10 predominantly reflects the impact to GHG emissions as Alternative F is
designed to sustain RSLC under the intermediate and high scenarios. Details of the
GHG emission estimates can be found in Appendix D-1-1.

Table 4-10. Summary of Climate, Climate Change, and RSLC Impacts associated with Alternative F
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4.8.6 Alternative G

Alternative G is a retreat strategy that shifts the line of defense the furthest inland of any
alternative. This alternative allows for the greatest flooding under the high SLR
scenario; however, it is not intended to flood beyond the line of defense. Table
4-11Table 4-11 summarizes the impact scores of climate change and RSLC associated
with Alternative G. Impact producing factors are air emissions as indicated in the Air
Quality section, and GHG emissions, thus alternative impact scores are the same as
those in Sub-appendix D-1-1. Details of the GHG emission estimates can be found in
Appendix D-1-1.

Table 4-11. Summary of Climate, Climate Change, and RSLC Impacts associated with Alternative G
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4.8.7 Independent Measures for Consideration

The independent measures are anticipated to have no to moderate to high impacts on
climate change during construction and operations and maintenance activities. Table
4-12 predominantly reflects the impact to GHG emissions as the independent measures
are designed to sustain RSLC under the intermediate and high scenarios. Details of the
GHG emission estimates can be found in Appendix D-1-1.

Appendix D-1: Environmental and Cultural Supporting Documentation Page 4-38



San Francisco Waterfront Coastal Flood Study

Table 4-12. Summary of Climate, Climate Change, and RSLC Impacts associated with the Independent
Measures
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4.8.8 Mitigation

While construction activities associated with the No Action cannot be defined and
climate change impacts are fairly speculative at the current level of detail, mitigation
measures are available to reduce construction emissions as necessary.

For Alternatives B, F, G, the TNBP, and independent measures, the avoidance and
minimization measures that follow would be necessary to reduce impacts.

After detailed construction assessments are conducted, and impacts are identified, if
necessary, measures to reduce GHG emissions would be included. Reductions in
emissions can be accomplished by the measures listed below, as feasible. The list of
strategies are informed by measures recommended by the BAAQMD (2023) to reduce
construction-generated GHG emissions; as such, these measures should be updated
as project-specific analyses are conducted.

Require all on-road heavy-duty trucks to be zero-emission vehicles or meet the most
stringent emissions standard at the time of construction, such as a model-year
(MY) standard, as a condition of contract.

Minimize idling time, either by shutting equipment off when not in use or reducing the
time of idling to no more than 2 minutes (a 5-minute limit is required by the State
airborne toxics control measure [Title 13, Sections 2449(d)(3) and 2485 of the
California Code of Regulations]). Provide clear signage that posts this
requirement for workers at the entrances to the sites and develop an enforceable
mechanism to monitor idling time and ensure compliance with this measure.

Prohibit off-road diesel-powered equipment from being in the “on” position for more
than 10 hours per day.

Use CARB-approved renewable diesel fuel in off-road construction equipment and
on-road trucks.
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Use EPA SmartWay-certified trucks for deliveries and equipment transport.

Require all construction equipment to be maintained and properly tuned in
accordance with manufacturer’s specifications. Equipment should be checked by
a certified mechanic and determined to be running in proper condition prior to
operation.

Where grid power is available, prohibit portable diesel engines and provide electrical
hook-ups for electric construction tools, such as saws, drills, and compressors;
use electric tools whenever feasible.

Encourage and provide carpools, shuttle vans, transit passes, and/or secure bicycle
parking to construction workers and offer meal options on-site or shuttles to
nearby meal destinations for construction employees.

Reduce electricity use in construction offices by using LED bulbs, powering off
computers every day, and replacing heating and cooling units with more efficient
ones.

Minimize energy used during site preparation by deconstructing existing structures
to the greatest extent feasible instead of demolishing structures and discarding
all materials.

Recycle or salvage non-hazardous construction and demolition debris, with a goal of
recycling at least 15 percent more by weight than the diversion requirement in
Title 24.

Use locally sourced or recycled materials for construction materials (goal of at least
20 percent, based on costs for building materials and volume for roadway,
parking lot, sidewalks, and curb materials). Wood products used should be
certified through a sustainable forestry program.

Use low-carbon concrete, minimize the amount of concrete used, and produce
concrete on-site if it is more efficient and lower emitting than transporting ready-
mix.

Develop a plan to efficiently use water for adequate dust control because substantial
amounts of energy can be consumed during the pumping of water.

Purchase carbon offsets.

Future construction located within 1,000 feet of sensitive receptors would be required to
perform a health risk assessment (HRA). If the HRA demonstrates health risks would be
significant, additional feasible on- and off-site mitigation shall be analyzed to help
reduce risks to the greatest extent practicable. Potential measures may include the
following:

Create buffers between residences and construction (e.g., vegetative barriers or
other temporary buffers).
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Use construction equipment with the highest commercially available tier of emissions
controls (in 2023, this is Tier 4).

Use equipment during times when receptors are not present (e.g., when school is
not in session or during non-school hours), as feasible.

Establish staging areas for the construction equipment that are as distant as
possible from off-site receptors, including existing residences.

Where feasible, use haul trucks with on-road engines instead of off-road engines,
even for on-site hauling.

Provide financial assistance for high-efficiency air filtration systems to those affected
for use in residences.

Implement dust-suppression site controls to limit the exposure to potential
contaminated soils, as necessary. Refer to the Hazardous, Toxic, and
Radioactive Waste (HTRW)/soil quality section, as needed.

49 Geology

Direct and indirect effects on geologic resources were considered significant if
implementation of an alternative plan would result in any of the following:

e GEO-01: Substantially alter the existing drainage pattern of the site or area
that would result in substantial erosion or siltation on- or off- site;

e GEO-02: Increase in channel and/or bank erosion;

e GEO-03: Substantial loss of sediment supply;

e GEO-04: Substantially modify the geology which would induce seismic
activity.

Impacts to geology were qualitatively described.
4.9.1 Construction Impact Summary

Excavation actions could expose shallow subsurface geologic layers, which may require
drilling through, if necessary, to reach the design depths. Impacts would be localized
and none of the proposed measures would affect regional geology. To raise surface
elevation, commercially sourced fill material would be placed on excavated construction
sites which introduces new surface geologic and soil layers. However, the addition of
these soils is not expected to induce any seismic related failures or risks.

All Action Alternatives would design project features in accordance with USACE seismic
regulations, policy, and design methodologies to provide measures that meet required
seismic performance criteria including strength, ductility, displacements, mitigation, and
overall performance standards. No seismic hazard would be induced by the
construction of any project feature.
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The CFRM features are proposed to be constructed along a seismically active area
(Figure 4-2) that could experience strong to violent ground shaking from a major
earthquake. The San Francisco Bay area has a 72 percent chance of experiencing an
earthquake of 6.7 magnitude or higher over the next 30 years, with the Hayward and
Calaveras being the most likely faults to cause such an event (SFP 2022). Strong
seismic shaking could adversely impact a proposed alternative by damaging
foundations, misaligning sheet piles, dislodging stone/concrete structures, or causing fill
settlement. Additionally, measures could be damaged by soil displacement caused by
lateral spreading in areas of liquefiable soils. Measures more vulnerable to damage
from seismic activity are being reinforced with ground improvements to reduce the risks
of damage from seismic ground shaking and lateral ground movement. Construction of
CFRM features in the study area would have no impact on the risk of fault rupture,
landslides, substantial soil erosion or loss of topsoil, expansive soils, or directly or
indirectly destroy unique paleontological or geological resources.

Legend
[ reaches

B scismic Hazard Zone

San Francisco Waterfront Resiliency Study
Integrated Feasibility Report/Environmental Impact Statement

Figure 4-2. Seismic hazard zone in the study area. Source: City of San Francisco (https://data.sfgov.org)

4.9.2 Operations and Maintenance Impact Summary

O&M activities are anticipated to have no impacts to geologic resources. Maintenance
actions would occur on the surface, thus, would not impact geologic structure or
integrity, nor is it expected to induce seismic activity.
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49.3 Tentatively selected plan

The TNBP is anticipated to have no to low impacts on geologic resources during
construction of CFRM measures and operations and maintenance activities (Table
4-13).

Table 4-13. Summary of Geology Impacts associated with the TNBP
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Construction of CFRM features that overlap with Alternative F and G are anticipated to
have similar impacts as those described in the sections below. Unique to the TNBP is
the addition of sheetpile walls and deployable flood gates. Sheetpile walls are
anticipated to have similar impacts as those described for vinyl sheetpile walls in levee
features in Alternative F. Deployable flood gates would require excavation, fill, and
grading to prepare the construction site for installation which would have local minor
impacts to geology. Operations and maintenance of the gates are anticipated to have
no impacts to geology as they occur on the surface and should not disturb underlying
soils. Overall, impacts are anticipated to be similar during construction in 2040 and 2090
and would be less than significant for both periods.

494 Alternative B

Alternative B is not anticipated to have any additional impacts beyond minor surface
work for infrastructure that is being demolished or moved elsewhere, which may include
some excavation and use of heavy machinery. Soil movement would be limited to upper
layers to remove structure debris and regrade the construction site. Thus, Alternative B
is expected to have no impacts to geologic resources.
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495 Alternative F

Alternative F impacts to geology range from no to low adverse impacts, as well as have
some beneficial impacts (Table 4-14). Impacts to geology are predominantly attributed
to seismic ground improvements needed before construction of the CFRM features.

Table 4-14. Summary of Geology Impacts associated with Alternative F

Construction Footprint
O&M Assumptions
Mitigated Rating

c

9

[72)

c

= 2

© b5 * *x
3 w o T
Alternative F S| o o 5 e
Geology Impact Rating by w9 3 €% |8
Measure T | 2 = <| S| ¢
£ ©
s | £ © — | o 8
T > 8 = 8| =€
= e | §| 5 ® | e Y
= | o | £ % O | = O|l¥v| o| ol <
Q = o © - © —_ - [72]
> >| = | © = | £t &l 0|90«
|l o 3| 0|83 o oO| 0| &
M| 2|0 |||+ |>(3|W|w|=
|

Ground improvements are needed to stabilize existing soils to address seismic
concerns associated with the new loads born to the underlying geology. Ground
improvements could be completed with a variety of techniques, as described in the
construction techniques section above (section 4.3), which would be determined during
PED. These techniques reinforce soils, stabilize slopes, support embankments, and
mitigate for liquefaction after hardening (Denies and Huybrechts 2015); however,
adverse impacts to local geology and soils are also expected. Table 4-4 and Table 4-5
provides the acreage anticipated to be impacted by ground improvements for
Alternative F in 2040 and 2090, respectively. Alternative F is anticipated to have lesser
impacts to local geology than Alternative G and the TNBP in 2040 and 2090 given the
smaller footprints.

Addition of cementitious or binding materials would change the geologic signature and
structure and would destroy any soil development or composition that was present. As
existing soils are blended with a cementitious material, or binder, the soil composition
would no longer resemble the pre-existing structure. Mechanical equipment (e.g., auger,
cutter machine) physically dislodges soil to mix with a binding material, which would
displace existing soils and distribute them along varying depth gradients. Additionally,
the binding material introduced into the soil would render it unsuitable for soil
invertebrates and may lead to lower soil biodiversity.
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Soil represents one of the largest reservoirs of biological diversity and is responsible for
critical ecosystem functions such as nutrient cycling, organic matter decomposition, soil
formation, and plant performance (Bardgett and Van Der Putten 2014). Soil
invertebrates enhance water filtration and retention, and removal of pathogens,
nutrients, and contaminants in urban areas. Removal and/or replacement of soil and
compaction affects soil biodiversity, with subsequent impacts to ecological function (Sun
et al. 2023). The ground improvements are expected to have localized, minor, short-
term impacts to soil composition, as well as soil biodiversity. Although the ground
improvements are anticipated to be long-term solutions, the impacts to soil biodiversity
are expected to be short-term and less than significant, as soil invertebrates would
adapt to the change in environment and likely return to pre-existing conditions over
time. The soil impacted in the study area would be artificial fill overlying bay mud
deposits (Baldwin et al. 2018), thus, no impacts to native soils and geology are
anticipated as they are too deep for the construction actions to penetrate.

The linear extent of ground improvements ranges from 50 ft to 100 ft wide depending on
proximity to the waterfront. Additional details for ground improvements designs and
dimensions can be found in the Appendix B. These improvements are intended to
reinforce liquefiable soil hazards to reduce the risk of damage from seismic ground
shaking and lateral ground motion. The reinforced soils ensure that CFRM features, and
the foundations, could withstand a strong to violent ground shaking seismic event
without the underlying soils experiencing loss of bearing strength, lateral spreading, or
seismically induced settlement from liquefaction. As such, the construction of these
features is anticipated to have a beneficial impact to geologic resources in the long-
term. Final design geotechnical investigations would be conducted during PED to
evaluate ground shaking and liquefaction potential to verify that foundation designs and
ground improvements would be adequate to protect the CFRM features.

Levees with a height greater than 4 ft would require the installation of a vinyl sheet pile
wall driven into the ground for stabilization. Vibratory hammers or impact hammers
would be used to install the sheet piles which generate ground vibrations during
operation. The scale and impact of ground vibrations is measurable; however, these are
typically used to determine safe operating distances from existing structures rather than
impacts to geology (e.g., Weng et al. 2020). The vibrations can dislodge soils and
geologic layers locally as sheet piles are driven into the ground, as well as change the
interaction of neighboring soils once sheet piles are present. Overall, the use of
impact/vibratory hammers are anticipated to have direct, minor, localized, short-term,
adverse impacts to geologic structure and soil composition at the surface in the study
area. These impacts would be less than significant.

Sheet pile walls are expected to reduce erosion on embankments with soils exposed to
wave energy once installed. In this instance, soil erosion is improved, which would have
direct, minor, localized, short-term, beneficial impacts to geology along the shoreline.
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Best Management Practices (BMPs) used to manage soil erosion and sediment loss
can be followed to further minimize impacts to geologic resources. Refer to the
Mitigation section for additional information.

4.9.6 Alternative G

Table 4-15 summarizes the impact scores from construction to geologic resources,
which is driven by those described in Alternative F. Impacts to geologic resources range
from no to low for Alternative G.

Table 4-15. Summary of Geology Impacts associated with Alternative G
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Alternative G measures would have similar impacts as those described in Alternative F,
with a greater impact from seismic ground improvements. Seismic ground
improvements span nearly twice the total geographic extent as Alternative F (Table 4-4
and Table 4-5), ranging from 50 ft to 100 ft wide dependent on proximity to the
waterfront. However, these impacts are anticipated to be less than significant with the
use of BMP’s (see Mitigation). Beneficial impacts are expected because the reinforced
soils aim to avoid measure failure in a seismic event.
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4.9.7 Independent Measures for Consideration

Adverse impacts from construction and operation of independent measures are
expected to be equivalent to those described in the construction impact summary, as
well as those in the TNBP, Alternative F, and G (Table 4-16). As such, the impact rating
was equivalent to that of the previously described alternative features where applicable.
Unique to the independent measures is the EWN vertical shoreline. Installation of the
vertical shoreline is anticipated to have no impact on geologic resources because
panels would be installed on the seawall once construction of that feature was
completed and there would be no contact with geology.

Table 4-16. Summary of Geology Impacts associated with the Independent Measures
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Minor adverse impacts to sediments/geologic resources are expected during
construction of 2B for the coarse beach, similar to those described in the construction
impact summary. These would be localized, temporary, and less than significant.
BMPs would be used to reduce overall impacts during construction. In the long-term,
coarse beaches are expected to have a beneficial impact for sediment by reducing the
loss of sediment transfer through erosion protection.

49.8 Mitigation

No compensatory mitigation is expected to be required for impacts to geologic
resources. However, avoidance and minimization measures would be used to reduce
impacts to soils, sediments, and geology to the greatest extent practicable.

BMPs would be used to manage sediment and erosion during the construction of any of
the alternatives. Construction period preparedness and weather condition BMPs control
erosion and sediment through management and monitoring that includes:

e Ensuring the contractor has the appropriate equipment and materials available at
the start of construction to complete the project within the planned time frame.
e All disturbed areas are treated with erosion control measures.
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e Coordination between vegetative planting and grading is in place prior to
construction.

e Daily weather monitoring for possible precipitation events and a plan in case of
significant rainfall.

e Preparation and implementation of a Stormwater Pollution Prevention Plan
(SWPPP) to control erosion, storm water runoff, sedimentation, and other
construction-related pollutants during all phases of construction, until the
construction is complete and all disturbed areas are permanently stabilized
throughout the project area.

The short-term increase in sediment would be reduced by implementing the following
erosion control measures during construction:

All soils would be stabilized within 14 days of completed work.

Construction equipment would be limited to the actual area being disturbed and
vehicles may not travel in areas outside of designated staging areas or access
routes.

Short-term staging of soil material (less than 1 week) would be surrounded by a silt
fence, fiber rolls, or other perimeter.

Long-term staging of soil material (longer than 1 week) would be placed away from
surface waters, vegetated, and surrounded by a levee perimeter to control runoff
and erosion.

Excavation would be limited to the extent practicable. All excavated material that is
not relocated to another portion of the project area would be completely removed
to a disposal site located outside the study area.

Existing vegetation would be left in place to the maximum extent possible.

Bare ground would be monitored for dryness and watered, if necessary, to reduce
wind and water erosion.

The contractor would be required to conduct water quality tests specifically for
increases in turbidity and sedimentation caused by in-water construction
activities. Water samples for determining background levels would be collected in
San Francisco Bay in the vicinity of the construction site. Testing to establish
background levels would be performed at least once per day when construction
activity is in progress. The contractor would monitor turbidity and settleable solids
at least daily and turbidity at least hourly when a turbidity plume is visible. If
turbidity limits are exceeded, the contractor would slow the rate of earthwork or
use other means to comply with the requirements, including stopping
construction activities until the plume has cleared.

Sediment barriers would be installed on graded or other disturbed slopes, as
needed, to prevent sediment from leaving the project sites and entering nearby
surface waters.
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The contractor would have a designated vehicle and equipment maintenance
staging area that is self-contained to protect groundwater, surface water, and
soils from contamination.

Construction traffic would be restricted to predetermined routes.
Traffic during wet weather or within the wet zone would be minimized.

Pivoting excavators would be used within the wet zone to prevent rutting and excess
erosion.

A spill prevention and containment countermeasure plan that addresses all potential
mechanisms of contamination would be developed. Suitable containment
materials would be on site in the event of a spill. All discarded material and any
accidental spills would be removed and disposed of at approved sites.

Equipment and vehicles operated within the floodway would be checked and
maintained daily to leaks of fuels, lubricants, and other fluids to surface waters.
Hardened armoring would be used in areas susceptible to high erosion rates as
identified by hydrologic and sedimentation modeling.

4.10 Soils and Mineral Resources

Impacts to soils and mineral resources were assessed qualitatively and quantitatively. A
summary of impacts is described in the section below.

Significance Criteria

The following significance criteria were used to determine significances:

MIN-01: Surface access to mineral estate would be severely limited violating the
mineral estate’s right to freely use the surface estate to the extent reasonably necessary
for the exploration, development and production of the oil and gas under the property.

4.10.1 Construction Impact Summary

Soils would be disturbed, and the topsoil and several inches to feet of subsoil would be
removed to construct new access roads, flood risk features, and any staging areas.
During removal, there is a chance that shallow soil horizons could be mixed, resulting in
the blending of soil characteristics and types. This blending would modify physical
characteristics of the soil structure, texture, and rock content, potentially leading to a
loss of soil productivity and reduced reclamation potential. Native soils could be
impacted during excavation and replaced with fill material or buried during foundation
installation of project measures. This would be a long-term permanent impact to soils
within the project construction footprint.

Compaction from repetitive use or use by heavy equipment would reduce aeration,
permeability, and water-holding capacity of soils. An increase in surface runoff can be
expected, potentially leading to erosion during construction. After heavy precipitation
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events, additional soil impacts may occur, such as soil saturation and water erosion.
When saturated areas are used, tire ruts develop, increasing the compaction rate and
affecting the ability for vegetation to reestablish unless mitigated. Wind erosion would
be expected to be a minor contributor to soil erosion except for dust from vehicle traffic
traveling on dry access roads during construction.

The magnitude, extent, and duration of construction-related impacts depend on the
erodibility of the soil; proximity of the construction activity to receiving waters; and the
construction methodologies, duration, and season.

To avoid and minimize these potential impacts, a National Pollutant Discharge
Elimination System (NPDES) Construction General Permit from the Waterboard would
be required. To obtain this permit, a contractor would be required to prepare and
implement a SWPPP that would incorporate erosion and sedimentation control
measures to minimize the potential for contamination of water resources. A SWPPP
typically specifies BMPs they would implement to minimize disturbances to soils, such
as minimizing ground disturbance to the smallest extent necessary, utilization of existing
access roads and previously disturbed areas (e.g., parking lots) for staging,
implementation of silt fences to minimize soil movement, and restoration actions for
disturbed areas. Similar BMPs to those described in the Geology Mitigation section
would also apply to soils to reduce project related impacts.

Based on existing conditions, contaminated soils are present within the project area. As
additional details and site-specific testing can be done, soil and sediments may be
characterized prior to construction per existing Federal and State regulations.

All alternatives are anticipated to have no impact on mineral resources, thus, it is not
discussed further. The Burton Act reserved mineral rights to the State of California,
thus, accessing minerals would be done so in a manner as to not interfere with any
lease, franchise, permit, or license. Additional information can be found in Appendix F.

4.10.2 Operations and Maintenance Summary

Operations and maintenance of the proposed measures are expected to have no to low
impacts to soils and mineral resources overall. The majority of adverse impacts would
occur during construction when soils are at the highest risk of being disturbed. Some
features may require additional fill material (e.g., marsh restoration) with RSLC;
however, this would likely be placed on existing fill material rather than mixing or
replacing native soils.

4.10.3 Tentatively selected plan

Impacts to soils and minerals would be the same as those described in the construction
and O&M summary sections, and Alternatives B, F, and G. Impacts ranged from no to
low to soils and mineral resources for the TNBP (Table 4-17).
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Table 4-17. Summary of Soil and Mineral Resources Impacts associated with the TNBP
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Adverse impacts to the resources associated with construction activities in the TNBP
would be comparable to those of Alternative G, but more than those for Alternative F in
2040 (Table 4-4). The TNBP has a greater spatial extent of measures that would have
adverse impacts to soils (e.g., seismic ground improvements, roadway impacts, levees).
In 2090, the TNBP would have greater impacts to soils than Alternative F and G. The
TNBP CFRM features have a greater impact than measures from Alternative F,
particularly in reaches 3 and 4 where new feature construction would need to occur.
CFRM features are comparable in size between the TNBP and Alternative G in 2090;
however, Alternative G adds a considerable amount of EWN that would have long-term
beneficial impacts to soils and minerals that the TNBP does not offer (Table 4-5).

4104 Alternative B

Alternative B is not anticipated to have any additional impacts beyond minor surface
work for infrastructure that is being demolished or moved elsewhere, which may include
some excavation and use of heavy machinery. Soil movement would be limited to upper
layers to remove structure debris and regrade the construction site. Thus, Alternative B
is expected to have less than significant impacts to soils and mineral resources.
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4.10.5 Alternative F

Impacts to soils are anticipated to be similar to those described in the Geology section,
ranging from no to low impacts (Table 4-18).

Table 4-18. Summary of Soil and Minerals Impacts associated with Alternative F

Alternative F
Soils and Minerals Impact
Rating by Measure

Bulkhead wall/Seawall
Roadway Impact

Tide Gate

Ecological Armoring*
Ecotone Levee*
Marsh Enhancement*

Construction Footprint
O&M Assumptions
Mitigated Rating

T-wall
HH Vertical Wall/Curb Extension
Wharf

The greatest impacts are expected during construction activities, predominantly from
earthwork as described in the construction impact summary above. The adverse impact
to soils differs from geology because earthwork would disturb soils during construction
of any of the measures, as well as during some O&M activities. O&M for levees could
result in the need for additional fill material which would require earthwork similar, but
likely less impactful, to that used during initial construction. Maintenance of ecological
armoring would require placement of additional stone along banks that has the potential
to compact soils while using heavy machinery, and or, erosion if the soil becomes too
saturated. No impacts are expected to occur with construction of vertical walls and curb
extensions as these activities should not disturb soils. Curb extensions would be
constructed around piers in 2040 which would not have contact with soils. In 2090,
vertical walls are intended to be added to the top of existing CFRM features and should
not require disturbance of underlying soils.

It was assumed fill material would be purchased from commercial sources, but there is
potential to beneficially use dredged material if it is determined to be suitable for
construction. Adverse impacts to soils and minerals are expected to be temporary and
localized to the construction area while earthwork activities are underway. Although
permanent changes to soil composition would occur, the construction area would be
returned to pre-existing conditions with native vegetation, such that permanent adverse
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impacts are not realized. Thus, construction effects to soils are anticipated to be less
than significant.

EWN features, such as ecological armoring and marshes, are anticipated to have long-
term beneficial impacts to soils as these habitats are known to reduce the loss of
sediment transfer through erosion protection. Ecotone levees could improve soil quality
by adding new areas of native vegetation that offer ecologically favorable conditions by
improving nutrient transfer, oxygenating soils, moisture retention, offer refuge and
forage space, as well as potentially increasing soil biodiversity. Additionally, native
vegetation planted in ecotone levees should alleviate soil erosion and loss. This would
have long-term beneficial impacts to soils.

4.10.6 Alternative G

Impacts to soils are expected to be the same as those described in the Geology section
for Alternative G (Table 4-19).

Table 4-19. Summary of Soil and Mineral Resource Impacts associated with Alternative G

Alternative G
Soil and Minerals Impact
Rating by Measure

Bulkhead wall/Seawall
Roadway Impact
Ecological Armoring*
Ecotone Levee*
Embankment Shoreline*
Naturalized Shoreline*
Marsh Enhancement*

Bridge raise

H Vertical Wall/Curb Extension

Construction/Footprint

O&M Assumptions

| =

Mitigated Rating

Adverse impacts to soils for Alternative G range from no to low impact (Table 4-19).
Earthwork (i.e., excavation, regrading, fill activities) associated with the construction of
CFRM features would likely disturb, modify, and mix native soils as described in the
construction impact summary above. Fill material was assumed to be commercially
sourced, but has the potential to be beneficial use of dredged material. Overall, adverse
impacts to soils are expected to be less than significant in Alternative G.

Adverse impacts to soils are anticipated to be synonymous with those to geologic
resources and sediments; however, beneficial impacts to soils vary from those
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described for geology. EWN features are anticipated to have long-term beneficial
impacts to soils similar to those described in Alternative F. Embankment and naturalized
shorelines could improve soil quality thereby potentially increasing soil biodiversity.
Additionally, planted vegetation should alleviate soil erosion and loss. Alternative G
proposes the largest extent of EWN features, particularly in 2090 (Table 4-5), thus,
offers the greatest beneficial effects to soil resources of all alternatives.

4.10.7 Independent Measures for Consideration

Adverse impacts from construction and operation of independent measures are
expected to be equivalent to those described in the construction impact summary, as
well as those in the TNBP, Alternative F, and G for respective measures (Table 4-20).
As such, the impact rating was equivalent to that of the previously described alternative
features where applicable. The impact of an independent measure alone would be
much lower; however, as a contributor to the overall alternative, if added, it would have
equivalent impacts to those measures described previously. Unique to the independent
measures is the EWN vertical shoreline. Installation of the vertical shoreline is
anticipated to have no impact on soil and mineral resources because panels would be
installed from the water and would have no contact with soils.

Table 4-20. Summary of Soil and Mineral Impacts associated with the Independent Measures
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No adverse impacts are anticipated from construction of the coarse beach for
independent measure 2B; however, the seawall construction is likely to have low
adverse impacts during installation. Planted levees in 3C are anticipated to have
beneficial impacts to soils as the vegetation would help to reduce soil loss and erosion.
Similarly, 4A is anticipated to have long-term beneficial impacts to soils by reducing loss
through erosion protection.
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4.10.8 Mitigation

The BMPs described in the Geology Mitigation section is also applicable to reduce
impacts to soils in the study area.

411 Hydrology and Hydraulics

This section describes the adverse impacts expected to coastal hydrology, currents,
circulation, tides, tidal exchange, and waves under the Action Alternatives.

Significance Criteria

Effects on hydrology (i.e., changes in inflow, changes in water surface profiles, and flow
distribution, assessment of local and system-wide resultant impacts, upstream and
downstream impacts, etc.) and geomorphic conditions may be considered significant if
implementation of an alternative would:

e HYD-01: Substantial increase in the rate or amount of surface runoff in a
manner that would result in flooding on or off site

e HYD-02: Significantly change flood stage elevations

e HYD-03: Substantially change the frequency and duration of inundation of
lands

e HYD-04: Expose people or structures to a significant risk of loss, injury, or
death involving flooding, including flooding as a result of the failure of a levee
or dam.

While this section addresses the significance of project-induced changes in flood risk,
the significance of other types of water hydrology-related effects, both direct and
indirect, is assessed in the sections of related resource areas (e.g., geological
resources, water quality, fisheries, recreation, etc.). The CFRM features for any of the
action alternatives are designed to reduce coastal flood risk in the study. Sustained
flooding with a coastal storm event varies with the approach of each alternative, such
that one the defends at the shoreline (Alternative F) should not experience flooding
beyond the line of defense when construction is completed for the anticipated risk.
Whereas an approach that recedes from the shoreline (Alternative G) should
experience flooding inland flooding bayward of the line of defense as these areas are
converted to open space and would likely transition to coastal habitats with increased
flooding. The performance of alternatives is detailed in Appendix B, while the following
sections focused on the impacts of construction to hydrology and hydraulics.

4111 Construction Impact Summary

Temporary impacts to currents may result during construction of shore-based measures
as this is located at the MHHW line, such as levees, and some EWN features such as
marshes and ecological armoring. Localized, temporary impacts from the in-water
measures such as bulkhead walls/seawalls, wharfs, and bay fill are also anticipated to
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adversely impact currents due to increased velocities at the toe of the structural
measures, which may change wave energy in the bay. Wave energies could increase at
the hardened structures which may increase tidal current velocities and lead to
temporary indirect impacts from sedimentation or scour. The waterfront is highly
urbanized at present; however, some new hardened structures may be introduced to
protect against flood risks. Temporary impacts during construction include physical
seabed disturbance that increase current velocities such as foundation installation,
excavation, and fill activities.

CFRM measures installed in the bay below the high tide line would likely alter the bay
shoreline permanently. Such an alteration could affect the movement of water in the bay
due to altered circulation patterns, which could substantially change the bay floor
adjacent to the new shoreline as a result of sediment scour. Sediment transport induced
by waves and currents interacting with the new structures could alter the hydraulic
forces exerted on the bay floor and shoreline, thereby inducing changes in scour and
deposition.

Standard engineering hydrodynamic and wave modelling of tidal currents and wind
waves would need to be conducted to analyze the proposed projects impacts
associated with altered coastal hydraulics, which could occur from the proposed CFRM
features. This type of model analysis could evaluate whether the project would include
changes to currents and waves that could change the bay’s bed elevations, and if so,
the amount of change in depth and extent that it could be expected.

411.2 Operations and Maintenance Impact Summary

Operational impacts involve long-term effects related to the proposed CFRM features,
including EWN measures, to maintain the adequacy of performance against RSLC.
Operations and maintenance activities could include inspections, repairs, and fill
activities. Hardened structures would require regular inspection for natural wear and/or
damage following coastal storm or seismic events. EWN features such as marshes,
coarse beaches, and ecological armoring would require supplementation as sea levels
rise over time. In the long-term this would offer benefits to coastal hydrology by
dissipating wave energy, but would result in temporary, localized impacts to currents
and hydrology during O&M activities. Maintenance for wharves would have temporary
impacts to coastal hydrology through use of in-water construction equipment, similar to
that described in construction impacts. However, these are expected to be far less
impactful than those from construction because of the shorter duration.

411.3 Tentatively selected plan

Impacts to hydrology and hydraulics from the TNBP range from no to moderate to high
(Table 4-21).
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Table 4-21. Summary of Hydrology and Hydraulics Impacts associated with the TNBP
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Impacts from construction of the new seawall range from no to moderate to high
depending on the year and location of construction. In 2040, the seawall is anticipated
to be built landward of the existing seawall and thus would require no in-water work, nor
cause any change to the existing hydrology, like in Alternative G. In 2090, the new
seawall would be constructed bay ward of the existing seawall and require bay fill in the
void between the two structures. These impacts are anticipated to be like those
described in Alternative F. Overall, the TNBP would have lower adverse impacts in
2040 than Alternatives F and G (Table 4-4), but greater adverse impacts in 2090 than
Alternatives F and G (Table 4-5), given the spatial extent of the new seawall.

Installation of a sheetpile wall is expected to have no impacts to coastal hydrology. A
new sheetpile wall is proposed along the waterfront at Pier 96 in 2040 and would be
constructed of steel/reinforced concrete that has a vertical interlocking system to create
a continuous wall. Sheetpiles would be driven into the bay sediments using a vibratory
hammer or impact hammer. Construction would occur in sections, installing one sheet
pile after another to ensure each are interlocked and driven to the correct depth. In-
water work is not anticipated for installation of the sheetpile wall. The new sheetpile wall
would be built parallel to the existing approximately five feet bay ward. This is not
expected to change the local or regional hydrology as the original hardened structure is
being replaced with a similar feature across the same spatial extent.

Appendix D-1: Environmental and Cultural Supporting Documentation Page 4-57




San Francisco Waterfront Coastal Flood Study

411.4 Alternative B

Alternative B includes demolition of piers and buildings, dry and wet floodproofing of
structures, and building relocation. Demolition, relocation, and floodproofing measures
should have no impact on hydrology and hydraulics as all construction related activities
would be shore-based and does not change the structure of the waterfront. However,
demolition of piers could have a potentially significant impact to hydrology and
hydraulics. Artificial structures, such as piers, affect local wave and current patterns by
reducing current speeds and attenuating waves which deposits sediments in some
areas, while scouring others. By removing these structures, current speeds and wave
energies are no longer slowed, increasing the potential for erosion and sediment
suspension (Cosentino-Manning et al. 2010). Detailed hydrodynamic modelling would
be needed to determine how removing the piers would change the wave energy and
sediment deposition in the bay. Overall, there is fairly minimal pier removal in
Alternative B — Hyde Street Pier in 2040 and Pier 47 in 2115 — thus, impacts to
hydrology and hydraulics are expected to be less than significant.

No impact from O&M are expected for Alternative B. Details about the changes in
flooding can be found in Appendix A and Appendix B.

4.11.5 Alternative F

Impacts to hydrology and hydraulics from Alternative F are scored in Table 4-22.
Table 4-22. Summary of Hydrology and Hydraulics Impacts associated with Alternative F
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Impacts are expected to range from no impact to moderate to high for hydrology and
hydraulics (Table 4-22). CFRM measures that are not expected to impact coastal
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hydrology are those shore-based features that should not require in-water work during
construction and would not be adding hardened structures to the bay shoreline upon
construction completion. Those include levees, t-walls, and vertical walls. Additionally,
roadway impacts such as excavation, grading, and re-pavement are not anticipated to
have any impact to hydrology. EWN ecotone levees are intended to be in upland
habitats and constructed from shore, thus, would also have no impact to wave climate
or currents.

EWN features ecological armoring would impact currents and hydrology temporarily
during construction as in-water barges and/or cranes would be used to place the riprap
or other stone along the shoreline. In the long-term, ecological armoring is anticipated to
be beneficial for wave dissipation during tidal exchange and surge during coastal
events. It is unclear how addition of ecological armoring could impact bay-wide current
movement or wave refraction, though this is expected to be minor. Additionally, EWN
marsh enhancement may have temporary, adverse impacts during construction if in-
water work is performed. While the marsh is establishing, some sediment loss may
occur contributing to increased sedimentation in the bay. In the long-term, marsh
creation and/or enhancement is anticipated to have beneficial impacts by dissipating
wave action in the bay. Construction and maintenance of these EWN features are
expected to have less than significant impacts on bay hydraulics.

The construction of tide gates at the mouths of Islais and Mission Creeks is anticipated
to have moderate impacts. Tide gates would require construction of deep foundations
with cast-in-place techniques and installation of gates, such as sector and/or lift gates.
Cofferdams would be used to dewater the construction site to facilitate the building
process, and the heavy equipment used to construct the features would be staged on
floating plants or barges outside of the cofferdam. This would temporarily disrupt tidal
flows and could increase current velocities in and around the construction site.
Construction would occur in sections as to minimize the overall impacts to waves and
currents. Construction is expected to have adverse impacts to local hydraulics, this is
believed to be less than significant, though detailed hydrodynamic modelling would
provide a better understanding of impacts to current velocities and wave climate in the
bay.

Annual operations and maintenance of the tide gates are anticipated to be low overall.
When the tide gates are in the open position, potential long-term direct impacts from
decreasing current velocities could occur. The number of gates would be designed to
mimic existing tidal flow as closely as possible. When the gates are in the closed
position, temporary impacts to tidal currents are anticipated due to decreasing current
velocities; however, permanent changes to the hydrodynamics and water flow of the
bay are not expected. Hydrodynamic modelling simulating tidal gate operation would be
needed to determine the extent of these impacts, though they are anticipated to be less
than significant.
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Construction of a new seawall is anticipated to have moderate to high impacts to
coastal hydrology. The new seawall would be constructed bay ward of the existing
seawall and bay fill would be placed in the void between the two structures. In-water
activities to construct the new seawall may include but are not limited to stationary
barges for staging equipment and/or machinery, and pile driving. Use of in-water
equipment would temporarily alter currents and wave energies as described above in
the construction impact summary. Although a hardened structure already exists where
the new seawall is planned for construction, extending into the bay may have long-term
permanent changes to the overall current flow and pattern in and around the new
shoreline. This impact could be significant and unavoidable, though hydrodynamic
modelling would be needed to determine if the new seawall installation would have
direct, long-term impacts to bay wide current velocities and wave action.

Alternative F is proposed to replace wharf in limited locations along the waterfront in
2040 and 2090 (Table 4-4 and Table 4-5, respectively), which is anticipated to have
moderate impacts to waves and currents. Pile driving of new steel or corrosion resistant
piles would have temporary, localized impacts to coastal hydrology as previously
described. In the long-term, the new wharf could change current and wave patterns
near the shoreline resulting in sediment scouring and/or erosion, as well as altering
current velocities. Hydrodynamic modelling would be needed to determine the extent of
this impact on coastal hydrology, though it is anticipated to be less than significant
overall.

4.11.6 Alternative G

Impacts to hydrology and hydraulics from Alternative G are scored in Table 4-23.
Table 4-23. Summary of Hydrology and Hydraulics Impacts associated with Alternative G
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Construction impacts range from none to moderate, with wharf being the only structure
anticipated to have greater impacts during construction and potentially lead to long-term
changes in currents and wave patterns. All measures expected to have no impact are
constructed using shore-based techniques and do not change the hardened surfaces
along the shoreline, thus would not alter coastal hydrology. EWN features that are
constructed landward of the tidal zone to provide transition zone habitat from terrestrial
to tidal wetland ecosystems, such as ecotone levees would also have no impact to
waves and currents.

The other EWN features proposed in Alternative G include ecological armoring,
embankment and naturalized shorelines, and marsh enhancement. Construction of
these features is intended to be shore-based, thus would not impact hydraulics directly.
The proposed alignment would construct planted levees inland along the Mission Creek
area and would demolish all buildings that exist bay ward of the line of defense. The
new open space would be returned to nature. The new shoreline alignment would alter
coastal hydraulics and could substantially alter the bay floor adjacent to the new
shoreline due to changes in scour, sedimentation, and sediment supply. Sediment
transport induced by waves and currents interacting with the new shoreline features
could alter hydraulic forces exerted on the bay floor and shoreline, thereby inducing
changes in scour and sediment deposition. SLR would increase the water depth along
the entire shoreline which has the potential to exacerbate the effects of altered coastal
hydraulics, though this is expected to be reduced with the design of EWN features.
Significant impacts could occur if altered erosion, scour, or depositional patterns
increase suspended sediment or sediment transport leading to degraded water quality.
Impacts could also be significant if the proposed project substantially changed erosion,
scour, or sediment deposition to the degree that foundations or other shoreline features
at or adjacent to the project area are compromised, undermined, or degraded to an
extent that causes additional hydrologic or water quality impacts. To determine the
significance of impacts from the altered bay shoreline, hydrodynamic and wave
modelling would need to occur. In the long-term, these EWN features would change the
structure and function of the shoreline, particularly in 2090, offering wave dissipation
benefits. Additionally, they offer naturalized shorelines as opposed to hardened
shorelines while providing protection against coastal hazards. The true is same for the
O&M of these features as they would likely require augmentation to adapt to rising sea
levels. Overall, the impacts from EWN features are expected to be beneficial and less
than significant to coastal hydrology.

Wharves would have similar impacts as those described in Alternative F, but construct
more than double the acreage, and thus is anticipated to have greater impacts. Short-
term impacts are likely to be the same as Alternative F, but there is uncertainty about
the potential long-term impacts that could occur by permanently alternating waves and
currents. As with Alternative F, hydrodynamic modelling would be needed to determine
the extent of change to hydraulics and whether that would cause significant adverse
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impacts. However, given wharf structures already exist in the area and would be
replaced, it is assumed construction and long-term impacts would be less than
significant to hydrology and hydraulics.

Overall, Alternative G is anticipated to have the least adverse and most beneficial
impacts to hydrology and hydraulics.

411.7 Independent Measures for Consideration

Impacts to hydrology and hydraulics from independent measures range from no to
moderate to high impacts (Table 4-24).

Table 4-24. Summary of Hydrology and Hydraulics Impacts associated with Independent Measures
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Independent measures 3B, 3C, and 4A are anticipated to have no impacts to coastal
hydrology as they would not be adding hardened structures to the shoreline nor using
in-water work activities that would temporarily or permanently change waves and
currents. Measure 4A is expected to have long-term beneficial impacts to hydraulics as
the EWN feature would offer wave dissipation.

Measures 3A and the EWN vertical shoreline are anticipated to have moderate impacts.
Adverse impacts would occur during construction of wharf in 3A, which may also have
long-term impacts by changing current velocities and wave patterns in the bay.
Hydrodynamic modelling would be needed to assess these impacts and long-term
changes. Overall, as previously described, these impacts are anticipated to be less
than significant.

Increased surface roughness of EWN vertical shorelines could mitigate extreme wave
overtopping hazards by dissipating wave energy; however, this is largely driven by
length and density of surface protrusions (Salauddin et al. 2021). Hydrodynamic
modelling could be used to assess the level to which wave energy is dissipated, as well
as how that impacts currents and wave refraction throughout the bay. It is unclear if a
textured seawall would cause erosion at other areas of the bay through wave refraction
or scouring at the base of the seawall. In the short-term, installation of vertical
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shorelines is anticipated to have moderate impacts to waves and currents as
cofferdams would be installed in sections to install pre-cast panels onto the new or
existing seawall surface. Similar to that described in Alternative F, cofferdams would
temporarily alter hydrologic patterns and could intensify current velocity near and
around the construction site.

Measures 2A and 2B include bay fill and construction of seawall that would have
moderate to high impacts during construction, as well as likely permanent changes to
bay hydrology, as described previously. Both measures are expected to have
significant and unavoidable impacts to bay hydrology. Construction of the coarse
beach in 2B would require some in-water work activities, including work barges to stage
equipment or transport material for placement, as well as heavy equipment that would
be needed to move and grade material. These impacts are expected to be localized and
temporary but would alter coastal hydrology in the construction area. Construction
impacts are expected to be significant and unavoidable. Upon construction
completion, coarse beaches are anticipated to have beneficial impacts on coastal
hydrology by attenuating wave energies during tidal exchange and coastal surge. The
coarse beach would require augmentation to be adapted to SLR, which would use
similar techniques as those during construction, but would likely take less time.
Maintenance activities are anticipated to have low impacts and be less than
significant.

411.8  Mitigation

To reduce overall impacts of in-water construction activities, BMPs described in
Geology and Water Quality would be used.

412 Water Quality

This section describes the adverse and beneficial impacts expected to water quality in
the study area, including surface water and stormwater runoff.

Significance Criteria

The alternative could pose a significant impact to water quality if implementation of an
alternative would result in any of the following conditions:

e WAQL-01: Violate any water quality standards or otherwise substantially
degrade water quality to the detriment of beneficial uses;

e WQL-02: Provide substantial additional sources of polluted runoff; or

e WAQL-03: Require or result in construction of new storm water drainage
facilities or expansion of existing facilities, the construction of which could
cause significant environmental effects.
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4121 Construction Impact Summary

Construction related impacts to water quality are separated by shore-based and in-
water activities.

41211 Shored-based Activities

Direct and indirect construction-related impacts on surface water hydrology and water
quality could occur during shore-based construction activities. Shore-based construction
activities include levees, bridge raising, vertical walls, t-walls, deployable flood gates,
roadway improvements/impacts, and some EWN features. Shore-based construction
could result in water quality related impacts such as during grading and excavation;
demolition of existing structures; construction of access roads; placement of rock
revetments along levees; and construction of stormwater conveyance and discharge
infrastructure. Localized and temporary impacts to water quality include reduction of
water clarity; change in color; and release of organic material with varying quantities of
ammonia, nitrogen, and phosphorous, which could stimulate growth of algae and other
aquatic plants. The factors responsible include, but are not limited to, increased
turbidity, increased suspended sediments, and organic enrichment, chemical leaching,
reduced dissolved oxygen, and elevated carbon dioxide levels.

Moderate temporary impacts to turbidity could result during construction of shore-based
measures during land disturbing activities such as foundation installation, excavation,

and fill activities. Dust and sediments could become airborne with wind and transported
to surface waters, which become dispersed in the water column resulting in increased

turbidity and reduced water clarity. Likewise, temporary minor impacts to DO may result
from shore-based construction that cause increased turbidity and sediment suspension.
No impacts to salinity are anticipated during the construction of shore-based measures.

During construction, stormwater runoff and associated discharges have the potential to
exceed water quality criteria or waste discharge requirements, including National
Pollutant Discharge Elimination System (NPDES) permit effluent limitations. A NPDES
permit would be required because more than 1 acre of surface disturbance would occur.
Any discharges of shallow groundwater produced during excavation dewatering could
also exceed these criteria. Stormwater runoff from disturbed soils associated with
construction activities is a common source of pollutant to receiving waters. Earthwork
can render soils and sediments more susceptible to erosion from stormwater runoff,
causing it to migrate to storm drains and downgradient water bodies such as the bay. It
is likely project construction would involve using materials such as paint, solvents, oil
and grease, petroleum products, concrete, and corrosion resistance coating, which if
not handled properly, could be mobilized, and transported offsite by stormwater runoff
thereby degrading water quality of receiving bay waters.

Any such impacts would be minimized and controlled by using BMPs, such as those
described in the Geology Mitigation section and mitigation section below, as well as a
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site-specific SWPPP. Following shore-based construction, degraded water quality
conditions would be expected to return to baseline conditions.

412.1.2 In-water Activities

Any work along the San Francisco Bay shoreline below the high tide line is considered
in-water construction. In-water construction activities would include the use of
equipment such as support barges, small support vessels, and vibratory or impact
hammers for installation of sheet pile walls and support piles. In-water construction have
the potential to exceed water quality criteria or waste discharge requirements, including
water quality standards and NPDES permit effluent limitations.

Support vessels could be used as work platforms during construction, for staging
equipment and construction supplies, and refueling. As such, support vessels would
require anchoring to the bay floor, which disturbs the seabed and increases turbidity.

To varying extents, historic creosote wood piles that currently support existing wharf
structures would be removed from the bay and discarded. Historic pilings are typically
constructed of wood that has been treated with creosote and encased in concrete,
which is no longer permitted for structures in the bay because of its toxicity to marine
organisms. Creosote-treated pilings would be replaced with non-toxic materials such as
steel, concrete, or corrosion resistant composite materials, which would result in a long-
term improvement in water quality. However, temporary adverse impacts would occur
during pile removal through resuspension of sediments and potential debris released
during removal efforts. Wood piles would be removed in a manner that minimizes and
avoids impacts to water quality of the receiving water.

Temporary impacts to salinity would be expected during in-water construction
measures, which may occur if there is a physical barrier in the water that prevents full
tidal exchange (e.g., cofferdam).

In-water construction activities would result in disturbance of localized bay sediments,
which could contain legacy chemical contamination. Disturbance of these sediments
could temporarily increase turbidity and resuspend these contaminants in bay waters.
In-water construction activities would involve the use of diesel-fueled construction
equipment, and potentially require the use of petroleum-based oils and lubricants, as
well as application of anti-corrosion coatings to steel sheetpiles, by which accidental
spills could introduce these into the bay. Several CFRM measures require placement of
fresh cement, which if released or accidentally spilled into the bay would degrade water
quality resulting in potentially significant impacts.

To protect overall water quality during construction, BMPs such as those described in
the Geology Mitigation section and the mitigation section below, as well as a site-
specific SWPPP would be used.
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412.2 Operations and Maintenance Impact Summary

Operations and maintenance activities would include inspections, damage repair, and
reapplication of corrosion resistant coatings to steel sheetpile walls. Deployable flood
gates would be inspected annually for visible damage or misuse and repaired as
needed. Corrosion resistant coating would be applied to sheetpiles by hand to localized
areas where needed using brushes or paint sprayers. Maintenance activities would be
required to adhere to the same BMPs and SWPPP as construction activities; however,
accidental spills could occur. If hazardous material is released into the bay, they would
degrade water quality and potentially have a significant impact. Using the BMPs
described in the Mitigation section would reduce the overall impacts to less than
significant if a spill were to occur with mitigation.

412.3 Tentatively selected plan

Impacts to water quality from the Total Net Benefits Plan are scored in Table 4-25.

Table 4-25. Summary of Water Quality Impacts associated with the TNBP
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The adverse impacts to water quality are expected to range from no to moderate to
high. Low impacts are anticipated for construction shore-based measures such as
levees, flood gates, t-walls, and EWN features. These impacts would be equivalent to
those discussed in the shore-based construction impact summary and overall are
expected to be less than significant.
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As with Alternative F and G, wharf, seawall, and roadway construction are anticipated to
have moderate to high impacts to water quality in the TNBP. These impacts would be
realized in 2040 and 2090 for the TNBP as additional seawall, roadway, and wharf
construction were undertaken. In 2040, the TNBP would be expected to have less
impact from seawall construction as compared to Alternative F and G (Table 4-4), but
far greater impacts in 2090 (Table 4-5). Similarly, the impacts from roadway
construction would be less for the TNBP in 2040 than Alternative F and G (Table 4-4).
However, by 2090, impacts would be greater in the TNBP than Alternative F and
comparable to that of Alternative G (Table 4-5). Overall, the TNBP would have the
greatest adverse and beneficial impacts from wharf replacement in 2040 (Table 4-4)
and 2090 (Table 4-5) as compared to the other alternatives. Impacts from wharf
construction would be significant and unavoidable to water quality.

Sheetpile walls are anticipated to have moderate adverse impacts to water quality
during construction, and low impacts during maintenance activities (see Operations and
Maintenance Impact Summary). Sheetpile walls would be installed as described in the
Hydrology and Hydraulics section. Construction would include shore-based and in-water
activities like those described in the construction impact summary, which could result in
the impacts discussed therein. If installed, steel sheetpile walls would be susceptible to
corrosion if in contact with saltwater like in reach 4. Corrosion resistant coating would be
applied after installation and during routine maintenance as needed. However, corrosion
is one of the most common problems amongst iron and steel, thus, it is plausible for
steel sheetpiles to undergo corrosion. If gone untreated, corrosion can cause the wall to
deteriorate (Royani et al. 2019). Corrosion could impair water quality by introducing
metal particulates (e.g., lead, iron, zinc) and discoloring the water (CEWA 2023).
Release of metal particulates could become a significant water quality issue if not
properly remediated. A site-specific pollution prevention plan would be developed prior
to construction to reduce the likelihood of spills and contamination occurring, as well as
instilling BMPs (as described in Geology and Water Quality mitigation sections).

Water isolated within sheetpile walls have the potential to contain elevated
concentrations of suspended sediment resulting from ground disturbance within the
isolated construction area and presents the potential for fine-grained Young Bay Mud
sediments to become mobilized and remain suspended in water for extended periods of
time (days to weeks). The direct discharge of such waters into San Francisco Bay or the
storm drain system could result in localized increases in suspended sediment and
turbidity that persists. Mitigation measures could be used to reduce the potential impact
on water quality to less than significant by requiring implementation of monitoring and
standard BMPs to remove sediment from the discharge. With implementation of
mitigation measures, adverse impacts to water quality from construction and
maintenance of sheetpile walls would be less than significant with mitigation.
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4124 Alternative B

Alternative B relies on demolition, relocation, and floodproofing infrastructure at risk of
flooding implemented in four-time steps commensurate with the trajectory of SLR
inundation levels that would trigger the need for protective measures. Demolition and
removal would require the use of heavy machinery including backhoes, cranes,
wrecking balls, large trucks, etc. Relocating buildings would require storage of
infrastructure while a new site was prepared, which may include grading, excavating,
and constructing new foundations. Alternative B is anticipated to only include shore-
based activities; thus, the impacts would be similar to those described in the
construction impact summary. With the use of Water Quality BMP’s, impacts from
Alternative B are anticipated to be less than significant.

4.12.5 Alternative F

The impacts to water quality from Alternative F range from no to moderate to high, with
in-water activities expected to have more adverse impacts (Table 4-26). The greatest
adverse impacts are expected to be associated with construction of new seawall, tide
gates, wharves, filling the bay, and roadway improvements. Shore-based measures are
expected to have low impacts and would be the same as those described in the
construction impact summary above.

Table 4-26. Summary of Water Quality Impacts associated with Alternative F

Alternative F
Water Quality Impact Rating by
Measure

Vertical Wall/Curb Extension
Ecological Armoring*
Ecotone Levee*

Marsh Enhancement*

Levee

& | Bulkhead wall/Seawall

& | Tide Gate
T-wall

Construction Footprint
O&M Assumptions
Mitigated Rating

H & | Roadway Impact

N (=& | Bay fill

w

As previously described, historic creosote wood pilings would be removed prior to
construction of the new wharf, which would have temporary adverse impacts during
removal but long-term beneficial impacts to water quality. Wood pilings would be
replaced with steel, concrete, or corrosion resistant composite materials which requires
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pile driving. As described above, installation of piles can increase local turbidity,
suspend sediments, and potentially release contaminants from sediments. Additionally,
existing concrete deck and surfacing (concrete or asphalt) would need to be
demolished, hauled offsite, and disposed of. This is likely to be accomplished using
shore-based and in-water construction activities. In-water construction activities are
likely to consist of support vessels and work barges, both of which have the potential to
increase turbidity and sediment suspension while anchored or in operation. Demolition
activities have the potential to release debris into the bay. Impacts of debris removal
would be minimized with a debris prevention and removal plan. A new reinforced
concrete deck would be constructed on the wharf pilings of pre-cast elements or using
cast-in-place construction over the water. During either construction methods, there is
potential for debris and release of contaminating materials (e.g., fuel, concrete) as
described in the in-water and shore-based construction impact summaries above. A
release of construction materials into the bay could pose a significant impact to water
quality if not effectively and efficiently treated. The BMP’s specified in the Geology and
Water Quality mitigation sections would be followed to reduce the likelihood of
contamination, as well as a site-specific SWPPP. However, given the extent of wharf
that would be replaced in 2040 (Table 4-4) and 2090 (Table 4-5), the impacts from
constructing these structures is anticipated to be significant and unavoidable.

A new seawall is proposed to be constructed bay ward of the existing seawall to raise
the elevation of the waterfront, as described in the Hydrology and Hydraulics section
with pile driving and in-water work equipment. Piles would be driven in the wet with a
pile driver likely operating from a floating work barge and would include other in-water
construction activities as described above. Any structure driven into the bay sediment
could cause a release of buried contaminants that would be released into the Bay,
which could violate water quality standards and degrade water quality. A plan for
removing any contaminants prior to discharge would be required before construction
began. Additionally, Young Bay Mud sediments could become mobilized and
suspended in the water column during pile driving, increasing turbidity in the
construction area. The extent of this turbidity would be maintained using BMP’s, such as
turbidity curtains, to reduce the spread of suspended sediments. However, the isolated
work area would likely remain turbid for extended periods of time (days) while the pile
driving is undertaken.

Following piles, wooden casts would be built using the cast-in-place techniques
described previously to fill with cement for construction of the new seawall. Water that is
within the casts would need to be dewatered and effluent discharged appropriately. The
dewatered effluent could contain pollutants (e.g., sediment, residual petroleum
hydrocarbons, heavy metals) that would need to be removed before discharge to avoid
potential water quality impacts. Dewatering could result in a significant impact if
contaminated effluent were not managed properly and released untreated into surface
waters. Such a release would violate water quality standards and degrade the quality of
receiving waters. Prior to discharge, effluent would need to be sampled and analyzed
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for pollutants by a qualifying lab to determine if all water quality constituent parameters
are below acceptable discharge limits. If determined suitable, effluent could be
discharged directly into the Bay, or stormwater, industrial, or sanitary systems.

During effluent discharge, construction of the casts, and pile driving, receiving waters
would result in increased turbidity and resuspended sediments, temporarily degrading
water quality in the Bay. The extent of increased turbidity would primarily depend on the
potential for dispersion and dilution by tidal effects or water circulating currents,
composition of the sediments, and duration of operations. Dewatering could temporarily
lower dissolved oxygen, reduce light, and increase temperatures of receiving waters. A
SWPPP would be in place during construction to help with spill prevention, as well as
provide guidance on cleanup if an accidental spill were to occur. Given the linear extent
of new seawall that would be constructed, the impacts to water quality are anticipated to
be significant and unavoidable.

Placement of fill in the bay would be required to be uncontaminated and suitable for use
for in-bay fill. For this analysis, it was assumed the fill would be sourced commercially;
however, dredged material could be used during construction if determined suitable. In
Alternative F, the intent is to construct the new seawall bay ward of the existing and
then fill the void between the two structures. To do this, the area between the structures
would need to be dewatered prior to placing in-bay fill. Water would be extracted at the
construction site using pumps on floating barges or on land and the effluent would be
discharged appropriately following testing (e.g., Bay, treatment plant). Impacts of
discharging effluent are expected to be similar to those described for seawall
construction, but on a larger scale. Once the area is de-watered, the void would be
filed. BMP’s as described in the mitigation section would be used to reduce impacts to
water quality; however, in Alternative F, in-bay fill would result in a loss of 25 acres of
open water and discharge of dewatered effluent, thus, impacts are significant and
unavoidable.

Updates to roadways would be required in Alternative F with the elevation increase,
construction of CFRM features, and seismic ground improvements. The majority of
roadway impacts in 2040 are expected in Reaches 1 and 2 along the Embarcadero,
while impacts in Reaches 3 and 4 would be realized in 2090. To construct CFRM
features and seismic ground improvements, any existing paved roadways, walkways,
sidewalks, track lines, and paths within the construction area would need to be
demolished to place earthen fill material to raise ground elevation. Once fill is placed,
the new surface would be regraded and repaved with asphalt, concrete hardscape, and
landscaped surfaces. Any track work removed would need to be replaced and updated.
Concerns for impacts to water quality during roadway construction are the same as
those described for shore-based activities above.

Stormwater, sewer, and inland drainage systems are currently located throughout the
study area, including below tracks and roadways. Additionally, combined sewer outfalls
are located along the waterfront throughout all four reaches. Construction of the new
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roadways and seawall would require construction of new stormwater drainage facilities,
as well as an expansion of existing facilities to maintain changes in water flows and
reconfiguration of the waterfront. An analysis conducted by the SFPUC estimated that
three new pumps should be added between reaches 1 and 2 in 2040 to account for
increased flood risk and to reduce impedance of flow of interior drainage, as well as
new flap gates added on existing combined sewer outflows. In reaches 3 and 4, new
flap gates would be added onto existing combined sewer outflows also, as well as two
box culverts with backflow prevention added in reach 4. Maps and additional details for
new drainage infrastructure can be found in the Appendix B. During roadway
construction, existing drainage systems would temporarily be disturbed and rerouted,
which may result in additional water accumulation after heavy rains and inland drainage
to enter the construction site requiring dewatering and redistribution of water. Similar to
dewatering impacts described above, this has the ability to introduce contamination
from the construction site or upland areas to receiving waters. Additionally, this would
increase turbidity and suspended sediments in receiving water, as well as could lower
dissolved oxygen levels, increase nutrient input, and lower salinity directly in the
discharge areas. A SWPPP and BMP’s would be used to help reduce these impacts;
however, it was assumed the change to inland drainage facilities would have a
significant and unavoidable impact to water quality during construction.

Tide gates would be constructed as described in the Hydrology and Hydraulics section
requiring installation of new underwater foundations and gate systems, which would be
completed in dry conditions by building cofferdams. Similar to impacts described for
construction of the new seawall, tide gates are expected to have moderate to high
adverse impacts to water quality during installation. Operations and maintenance of the
tide gates are expected to have low impacts overall. Tide gates are anticipated to
undergo annual maintenance testing to ensure sufficient operation. This is expected to
occur at low tide and may temporarily cause turbidity, resuspension of sediments, and
changes in salinity. Long-term, tide gates could influence water quality conditions by
reducing tidal exchange and water connectivity that may have cascading effects
including but not limited to lower dissolved oxygen, high nutrient concentrations, and
intensified algal blooms (Chen and Orton 2023; Zhao et al. 2020; Choudri et al. 2015;
Paalvast and van der Velde 2014). A recent study suggested gate closures coupled with
low stream flows temporarily lead to salt intrusion and stratification in the Hudson River,
by which recovery to normal conditions was highly dependent on duration, flow velocity,
and estuary length (Chen and Orton 2023). Moreover, increased frequency of closures
(monthly) did not afford recovery to normal estuary conditions under low stream flow
scenarios which could lead to measurable permanent changes to physical conditions in
the estuary (Chen and Orton 2023). As with this study, hydrodynamic modelling would
be undertaken in PED to determine the anticipated impacts to water quality for tide gate
operations to limit permanent impacts to estuary conditions. Given the uncertainties in
tide gate construction, design, and operation, this measure is anticipated to have
significant and unavoidable impacts to water quality.
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All shore-based CFRM features and EWN measures are anticipated to have low
impacts during construction, as described in the shore-based construction impact
summary above, and thus are anticipated to be less than significant. The use of
BMP’s described in the mitigation section would help reduce impacts to water quality
during construction and maintenance.

4.12.6 Alternative G

Impact scores for water quality are summarized for Alternative G (Table 4-27).

Table 4-27. Summary of Water Quality Impacts associated with Alternative G

Alternative G
Water Quality Impact
Rating by Measure

Bridge raise

Vertical Wall/Curb Extension
Wharf

Ecological Armoring*
Ecotone Levee*
Embankment Shoreline*
Naturalized Shoreline*
Marsh Enhancement*

w | Bulkhead wall/Seawall

Construction/Footprint
O&M Assumptions
Mitigated Rating

H & | Roadway Impact

W

Impacts to water quality would range from low to moderate to high, with shore-based
activities contributing the lowest impacts and wharf, seawall, and road construction
causing the highest. The potential adverse impacts for shore-based construction of
CFRM measures was described above in the construction impact summary, and thus, is
applicable to Alternative G. Additionally, wharf impacts as described in Alternative F are
applicable to this alternative as well. These impacts, both beneficial and adverse, are
expected to be greater as compared to Alternative F as more wharf is proposed for
construction (Table 4-4). As with Alternative F, the impacts to water quality are
anticipated to be significant and unavoidable.

Updates to roadways and interior drainage systems would also be required in
Alternative G. An analysis conducted by the SFPUC estimated that three new pumps
should be added between reaches 1 and 2 in 2040 and another seven pumps between
reaches 3 and 4. New flap gates would be added to existing combined sewer outfalls in
all four reaches. Two circular culverts with backflow prevention would be added in reach
3, while two box culverts with backflow prevent would be added in reach 4. Maps and
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additional details for new drainage infrastructure can be found in Appendix B. As
described in Alternative F, impacts to water quality from the construction disturbance to
interior drainage systems with new roadways would be significant and unavoidable.

Seawall construction is expected to have moderate impacts to water quality during
construction. The new seawall in Alternative G is proposed to be constructed landward
of the existing seawall, thus is not anticipated to require any in-bay fill. However, similar
techniques as Alternative F are expected to be used from shore, including driving piles
and using cast-in-place techniques. Dewatering is expected to occur for installation of
the new seawall as groundwater tables are disturbed. Additionally, interior drainage
would need to be modified during construction as previously described. Dewatering
involves extracting excess water from the construction area and then discharging
effluent onto land, nearby storm drains, sanitary sewer systems, temporary storage
tanks, or released back into receiving waters such as the Bay depending on the
suitability of effluent. BMPs described in the Mitigation section would be followed to limit
impacts to water quality to the greatest extent practicable, thus construction of the new
seawall in Alternative G is anticipated to be less than significant with mitigation.

EWN measures such as marsh enhancement, naturalized and embankment shorelines,
and ecotone levees would have low impacts during construction and O&M activities
similar to those described in the shore-based construction methods. O&M would include
augmentation of EWN features to adapt to raising sea levels. In the long-term, EWN
measures would offer beneficial impacts to water quality by minimizing or eliminating
runoff, particularly with contaminated waters, stabilizing the shoreline, and reducing
erosion. Aquatic vegetation in the marsh helps to purify water quality by reducing
excessive nutrients and aerating surrounding water with oxygen (Audubon n.d.).
Overall, the beneficial impacts of EWN features far outweighs the adverse impacts of
construction and maintenance, and would be less than significant.

Alternative G would have the least negative effects to water quality and the greatest
beneficial effects.

412.7 Independent Measures for Consideration

The impacts to water quality for the construction of independent measures were
anticipated to range from low to moderate to high (Table 4-28).
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Table 4-28. Summary of Water Quality Impacts associated with the Independent Measures
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Independent measures 2A and 2B require in-bay fill, in which impacts are expected to
be similar to those described in Alternative F on a smaller scale (Table 4-6).
Additionally, these independent measures include the additional of new seawall similar
to that described in Alternative F. Independent Measure 2A includes rebuilt wharf that
would have adverse impacts during construction but would offer long-term beneficial
impacts to water quality with the removal of creosote pilings. A coarse beach would be
constructed over the bay fill in Independent Measure 2B which would likely employ
shore-based and in-water construction techniques as described in the construction
impact summary above. As such, impacts would be similar to those described in the
construction impact summary. In the long-term, coarse beaches have minor benefits to
water quality by reducing turbidity through enhancing sedimentation at the feature.
Adverse impacts from construction are anticipated to be temporary and localized to the
construction area; however, addition of in-bay fill is a permanent impact to water quality
by removing open water. Thus, construction of Independent Measures 2A and 2B are
anticipated to be significant and unavoidable.

Similarly, Independent Measure 3A would construct new seawall and replace wharf that
would have the same impacts as those described in Alternative G (seawall) and
Alternative F (wharf). Thus, it is anticipated to have significant and unavoidable
impacts to water quality for the reasons discussed therein.

Independent Measures 3B, 3C, and 4A would all utilize shore-based construction
techniques as described above in the construction impact summary. Additionally, 3C
and 4A incorporate EWN features that could help to improve water quality with sediment
retention, improved oxygen with vegetation, and nutrient cycling. Construction of these
features are assumed to have low impacts and would overall be less than significant.

It was assumed dewatering, as described above in Alternative F and G, would be
required to install textured panels onto the existing, or new, seawall. Approximately
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12,100 linear ft of shoreline could accommodate a living seawall. It was assumed pre-
cast textured panels would be installed with steel bolts using pneumatic tools in 50 ft
sections. The impacts are expected to be similar to those as described in Alternative F
for the construction of a new seawall, thus, would be expected to be significant and
unavoidable. In the long-term, a living seawall could provide beneficial impacts by
improving water quality through recruitment of bivalves. Bivalves can alter adverse
water quality conditions by filtering algae and removing an overload of nutrients
(Featherstone 2011; Kreeger et al. 2018).

412.8 Mitigation

In order to avoid and/or minimize potential impacts to waters of the U.S. and state,
water quality, and biological resources, the following minimum construction BMPs would
be implemented as part of the proposed project. These minimum measures would be
subject to modification and additions based upon regulatory and resource agency
review.

Unless otherwise specified in the project biological opinion, in-water construction
activities shall be restricted to the NOAA approved environmental work window
(June 1 to November 30).

No debris, trash, creosote-treated wood, soil, silt, cement, concrete, or washings
thereof, or other construction-related materials or wastes, oil, or petroleum
products shall be placed in a location where it would be subject to erosion by
rain, wind, or waves and allowed to enter jurisdictional waters, including as a
result of fueling activities and storage of hazardous materials.

No fresh concrete or concrete washings shall enter into jurisdictional waters. Fresh
concrete would be isolated until it no longer poses a threat to water quality using
appropriate measures, including exclusion of poured concrete from jurisdictional
waters, such as open San Francisco Bay waters. Contractor(s) shall use only
designated concrete transit vehicle cleanout stations for cleanout.

Protective measures shall be utilized to prevent accidental discharges to waters
during fueling, cleaning, and maintenance.

Floating booms shall be used to contain debris discharged into waters and any
debris shall be removed as soon as possible, no later than the end of each
workday.

Machinery or construction materials not essential for project improvements shall not
be allowed at any time in the intertidal zone. The construction contractor shall be
responsible for checking daily tide and current reports.

Well-maintained equipment shall be used.
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A spill prevention contingency plan for hazardous waste spills into San Francisco
Bay shall be prepared for review and approval. The plan shall include, at a
minimum, floating booms, and absorbent materials to recover hazardous wastes.

Contractors shall prepare an anchoring plan that applies to all ships, barges, and
other open water vessels and describes procedures for deploying, using, and
recovering anchorages.

BMPs for construction water-handling procedures and requirements for dewatering
discharges in the study area include:

Dischargers shall not violate any discharge prohibitions contained in applicable
Basin Plans or statewide water quality control panels.

The discharge does not cause or contribute to a violation of any water quality
standard.

The discharge is not prohibited by the applicable Basin Plan.

The discharger has included and implemented specific BMPs required by their
permit to prevent or reduce the contact of the non-stormwater discharge with
construction materials or equipment.

The discharge does not contain toxic constituents in toxic amounts or (other)
significant quantities of pollutants.

The discharge is monitored and meets the applicable numeric action levels.

413 Groundwater

As relative sea levels rise within San Francisco Bay, the groundwater table would be
expected to rise, intersecting with buried infrastructure first and eventually emerging to
the surface impacting drainage, infrastructure, and operations. In the absence of
groundwater-specific flood risk reduction measures, rising groundwater would impact
the feasibility of the flood protection alternatives in protecting landward areas from
flooding and drainage challenges.

There is not sufficient engineering and design detail to evaluate how the CFRM
measures may alter or influence the inland groundwater table, thus, detailed
groundwater analyses would occur during PED. Thus, this section qualitatively
describes the adverse and beneficial impacts expected to groundwater in the study area
during construction and maintenance of the alternative measures.

Additional details on an assessment of groundwater in the study area can be found in
Appendix B.

Significance Criteria

The alternative could pose a significant impact to groundwater if implementation of an
alternative would result in any of the following conditions:
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GW-01: Substantially decrease groundwater supplies or interfere substantially with
groundwater recharge such that the project may impede sustainable groundwater
management of the basin;

GW-02: Conflict with or obstruct implementation of a water quality control plan or
sustainable groundwater management plan;

GW-03: Adversely alter the rate or direction of flow groundwater.
4.13.1 Construction Impact Summary

The groundwater closest to the surface and most relevant to implementation of the
proposed project is shallow groundwater (i.e., water table, shallow aquifer). Potential
impacts to shallow groundwater could result from activities associated with construction
and operation of the alternatives. Construction-related impacts could occur during
excavation, grading or trenching that could expose soils and shallow groundwater;
placement of fill materials into waterways; shore-based dewatering operations; concrete
pouring and washout activities; seismic ground improvements; or the storing and use of
chemicals, fuels, and lubricants. Constructing CFRM measures along the shoreline
would change the three-dimensional characteristics of flow and may require
infrastructure or design features to manage inland water, of which, would be refined and
determined in PED.

Construction of barriers, grouting, and compaction aimed to lower liquefaction potential
(seismic improvements) would reduce permeability and potentially porosity, which could
lead to higher shallow groundwater tables. The level of change would be highly
dependent on the specific conditions at the construction site and the mechanisms
proposed for improving soils to withstand seismic loading. Conversely, if the
groundwater table is already high and requires dewatering, the reduced porosity and
permeability could reduce the connectivity of coastal groundwater to San Francisco Bay
and allow for more efficient dewatering and less capture of the Bay water. Quantitative
modeling would be required to determine the specific impacts of ground improvements
on groundwater responses, which would occur during PED. At this stage, there is
insufficient evaluation to determine level of significance; however, groundwater flows
are expected to be adversely impacted by seismic improvements. Because data and/or
modelling is lacking to determine the extent, it was assumed the adverse impacts would
be significant and unavoidable.

Small volumes of petroleum products (e.g., fuel, engine oil, hydraulic line oil) would be
temporarily used and handled to operate the construction equipment. These materials
could be released in accidental spills. A NPDES permit would be required, and as part
of that permit, a SWPPP that describes BMPs to be implemented to control accelerated
erosion, sedimentation, and other pollutants during and after project construction. The
specific BMPs that would be incorporated into the SWPPP would be determined during
the final stages of the project design. However, the SWPPP would likely include many, if
not all, of the BMPs listed in the Geology and Water Quality Mitigation sections to
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substantially reduce the potential for groundwater impairments as a result of ground and
vegetation disturbance to less than significant.

Construction activities would not deplete groundwater resources from the deeper
groundwater basins in the study area because, other than temporary and limited
dewatering during construction, the proposed project would not require continuous
extraction of groundwater for water supply. Most areas proposed for CFRM measures
are currently developed and largely covered by impervious surfaces, which have
historically been used for industrial, residential, and commercial facilities, or bay waters
that do not contribute significant substantial recharge to local aquifers used for water
supply. Therefore, construction impacts would have no impact on deep groundwater
resources, thus, this resource is not discussed further.

The proposed project would be designed in a manner as to not conflict or obstruct
implementation of a sustainable groundwater management plan. Groundwater impacts
would not be worsened by the construction of CFRM features and thus, impacts are
expected to be less than significant.

4.13.2 Operations and Maintenance Impact Summary

Operations and maintenance activities would include inspections, damage repair,
excavation, and fill activities. Hardened structures would require regular inspection for
natural wear and/or damage following coastal storm or seismic events. Repairs could
range from minor (e.g., cracked concrete walls) to major (e.g., replacement of walls)
dependent on the severity of damage. Major repairs would be expected to rarely occur —
with the most likely opportunity being after a major seismic event. EWN features would
require supplementation with fill material and excavation/grading as sea levels rise over
time. Impacts during operations and maintenance are expected to be similar to, or less
than, those described for construction. Maintenance activities would be required to
adhere to the same BMPs and SWPPP as construction activities. Thus, adverse
impacts from operations and maintenance activities are expected to be reduced to less
than significant for shallow groundwater resources when following the BMPs and
mitigation measures. As with construction impacts, O&M is anticipated to have no
impact on deep groundwater resources.

413.3 Tentatively selected plan (TNBP)

The TNBP is anticipated to have no to moderate impacts on groundwater resources
during construction of CFRM measures and operations and maintenance activities
(Table 4-29).
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Table 4-29. Summary of Groundwater Impacts associated with the TNBP
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Construction of CFRM features that overlap with Alternative F and G are anticipated to
have similar impacts as those described in the sections below. Unique to the TNBP is
the addition of sheetpile walls and deployable flood gates. Sheetpile walls are
anticipated to have similar impacts as those described for seawalls as groundwater flow
would be interrupted during construction activities. These impacts are likely to be less
than significant with mitigation and would require quantitative modelling to design the
features in such a way as to not cause permanent adverse impacts to groundwater
storage and drainage.

413.4 Alternative B

Alternative B moves assets away from flood risk over time or uses a variety of dry and
wet floodproofing methods to protect infrastructure at risk of SLR. These strategies are
expected to have no impact on groundwater, as there would be no surficial disturbing
activities that would come in contact with the resource.

Nonstructural measures such as relocation and demolition could have temporary
adverse impacts to shallow groundwater that are expected to have low impacts.
Demolition activities would use heavy machinery, such as excavators, that may
penetrate shallow groundwater during excavation and removal activities. Additionally, if
groundwater becomes exposed during demolition, site areas would need to be
dewatered to move groundwater outside of the construction area. This would
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temporarily disturb natural routes of groundwater flows and may cause minor surface
flooding. Demolition activities are expected to have less than significant adverse
impacts to groundwater as these would be temporary and only last during construction.

Relocation would involve demolition of existing substructure/foundation during the
removal process and site preparation for the new location. Site preparation could
involve excavation and dirt work that utilizes heavy machinery, bulldozers, graders, and
excavators. As with demolition, this disturbance of surface soils could penetrate and
expose shallow groundwater that resides within the upper three to six feet of the surface
elevation. Under existing conditions, the majority of shallow groundwater is present
more than nine feet below the surface; however, as relative sea level rises, it would be
expected that groundwater levels would also rise, raising the likelihood of encountering
the resource during excavation and site preparation. If groundwater is exposed, the
construction area would need to be dewatered to drain the groundwater elsewhere,
temporarily disturbing groundwater flows and causing minor surface flooding. If
structure relocation results in the conversion of pervious surfaces to impervious
surfaces, there is a potential for long-term adverse impacts to groundwater flows.
However, it is anticipated that quantitative modelling would be conducted prior to
relocating structures as to avoid permanent impacts and loss of groundwater resources.
Relocation activities would also include construction of new foundations and those
associated with placing structures at new locations, and paving surfaces. These
activities are expected to have similar impacts as those already described. Overall,
nonstructural measures are expected to have less than significant impacts to
groundwater resources and be temporary, only lasting through construction activities.

4.13.5 Alternative F

Alternative F is expected to have the following impacts to groundwater resources
associated with construction activities on CFRM measures and operations and
maintenance (Table 4-30). Impacts to groundwater would range from no impacts to
moderate dependent on the measure. Several O&M activities are assumed to have no
impact to groundwater as they should not require subsurface activities that would
disturb the resources. Alternative F is expected to have similar low impacts to
groundwater as described in Alternative B for nonstructural measures. No impacts are
anticipated to occur during construction of vertical walls. In 2040, walls would be
constructed around existing piers, while in 2090 walls would be constructed along the
new seawall. No groundwater resources are expected to occur on the edge of piers
where walls would be constructed. In 2090, walls are intended to add vertical height to
features constructed in 2040, and thus, should not require disruption of surficial material
that would result in contact with groundwater.

Low adverse impacts to groundwater are expected during construction of wharf,
ecological armoring, and marsh enhancement. Construction of these measures would
predominantly include in-water construction activities, as well as some shore-based
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activities. Fairly minimal wharf is proposed to be replaced for Alternative F (Table 4-4
and Table 4-5). The wharf being replaced is largely located over San Francisco Bay and
would utilize in-water construction activities such as work barges, pile drivers, support
vessels, etc. As the Bay does not contribute significantly to recharge of groundwater,
the in-water construction is not expected to have adverse impacts to this resource.
However, some shore-based construction activities associated with replacing the wharf,
such as any grading, excavation, site preparation, and fill is likely to have low adverse
impacts to groundwater during construction similar to those previously described.
Construction of the wharves is not likely to permanently modify or adversely impact
groundwater as it would not drastically change the porosity, permeability, or
perviousness of the existing area. The areas proposed for wharf replacement are
already impervious surfaces that would remain impervious and simply raise in elevation.

Placement of ecological armoring would have low impact to groundwater resources
during construction as some excavation and grading may need to occur prior to placing
stones. However, upon construction completion, the stone should be placed in a
manner that does not impede groundwater flow and allows for drainage to continue into
the Bay. Similarly, marsh enhancement would require grading and excavation activities
to prepare the area for placement of fill material and native plants. However, this is
intended to enhance or create pervious surfaces that are beneficial to groundwater
drainage and absorption. Construction would have low impacts for reasons described
above, but long-term would be beneficial to groundwater. Overall, these three measures
are expected to have temporary impacts during construction that would be less than
significant.

Table 4-30. Summary of Groundwater Impacts associated with Alternative F

c
o
()
c
= 2
x *
S i > =
Alternative F S | - 2 5 e
Groundwater Impact Rating by Q8 3 E |l |3
Measure T |2 = <| S| ¢
z | E © — | o 8
T > 8 = 8| =]
= 2|8 & 5 2| U
= o £|2|9|=|8|t|8|s|=<
(] L4 [ © — © — L (2]
3|38z 3 §5|£|/23/8|8
M| a0 ||| |>|3|W|w|=
Construction Footprint 3 12 (3 |2 (3 [2 |1 [2 [2 |2+ 2+
O&M Assumptions 1 12 12 |1 |2 |1 1 1 |1 1 1
Mitigated Rating 312 |3 (2 (2 |2 |1 (2 |1 |1 |1

Appendix D-1: Environmental and Cultural Supporting Documentation Page 4-81



San Francisco Waterfront Coastal Flood Study

Construction of the seawall and tide gates, and addition of bay fill, are anticipated to
have moderate impacts on groundwater. The seawall is intended to be raised to
accommodate future SLR and the inland ground elevation would be raised and graded
to effectively meet the new seawall elevation. The inland ground elevation is expected
to be raised high enough to avoid groundwater seepage under RSLC conditions;
however, additional quantitative modelling would be needed to refine final designs to
ensure this during PED. Construction of the new seawall and addition of bay fill is likely
to adversely impact groundwater flows while activities are underway but would be
returned to a condition that allows for proper drainage to San Francisco Bay upon
completion. During installation, the seawall would disconnect the existing groundwater
drainage to the bay, particularly when bay fill is added. This would turn a once open bay
bottom and open water habitat into an impervious surface. Because the Bay is not a
significant contributor to groundwater recharge, the impact to supplies is not anticipated
to be adverse. Drainage would be redirected or require dewatering during construction
as the permeability would be permanently changed. These activities are likely to require
mitigation to lessen the adverse impacts to groundwater, set to be determined by BCDC
and the Waterboard. Upon construction completion, groundwater discharge routes and
storage would need to be addressed as to not impede water flows, thus, eliminating the
likelihood of permanent adverse impacts to the resource. Adverse impacts from the
construction of the seawall and addition of bay fill are expected to be less than
significant with mitigation.

Alternative F includes water control structures (i.e., tide gates in 2040 converted to
pump stations in 2090) at the mouth of both Islais and Mission Creeks. In the near-term,
the intent is for the tide gates to be designed (i.e., number of gates) in a manner to
maintain similar inflow and outflow volumes and to remain open to allow flushing of the
creeks with tidal fluctuations under normal conditions. Tide gates would be closed
during low tide in the event excessive tidal conditions and storm surge combine to
warrant closing them. This would allow maximum storage in the creek from inland storm
runoff or rising groundwater, that would be released once conditions allow, to drain into
San Francisco Bay. The operation and maintenance of tide gates is anticipated to have
low impacts to groundwater resources, as storage and drainage would not be impeded
during normal conditions.

Construction of the tide gates would temporarily impede and redirect groundwater
resources for sections that are constructed on land; however, no long-term permanent
impacts are anticipated as construction is set to occur on areas of impervious surface.
Any excavation, demolition, and grading work that would need to be completed would
have similar impacts on the resource as described above. In later years, when SLR
increases to the point tidal exchanges become too difficult to regulate the creek water
levels to avoid flooding, the tide gate structure would be converted to a pump station
utilizing the maijority of the existing structure. If this were to occur, groundwater levels
would likely be rising with RSLC and any drainage to the creek area (now likely a
managed lagoon) behind the water control structure would be manually pumped into the
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bay by the pump station. From theory (i.e., Darcy’s Law), maintaining a lower water
level in the creek/lagoon with a water control structure would direct groundwater flow to
the creek/lagoon. During high Bay levels, groundwater discharge to the creek could be
substantially increased, leading to sufficient discharge to raise creek water levels.
However, this effect requires more analysis on groundwater response timescales and
groundwater discharge effects on the water budget of the creek, which would be
completed during PED. It is likely mitigation would be needed to reduce adverse
impacts to groundwater, set to be determined by BCDC and the Waterboard. Overall
installation of tide gates are anticipated to have moderate impacts to groundwater and
would be less than significant with mitigation.

4.13.6 Alternative G

Alternative G is expected to range from no impacts to moderate impacts to groundwater
resources associated with construction activities on CFRM measures and operations
and maintenance activities (Table 4-31).

Table 4-31. Summary of Groundwater Impacts associated with Alternative G
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Construction related impacts are anticipated to be similar to those described in
Alternative F for overlapping CFRM features, but overall would have lower impacts to
groundwater than Alternative F or the TNBP because of the conversion of industrial
areas to EWN features as the LOD is retreated inwards with increasing flood risks. The
amount of pervious and impervious surfaces over a groundwater-shed has a large
influence on both groundwater emergence and intrusion. Pervious surfaces help to
reduce runoff and saltwater intrusion, but may enhance recharge and raise water tables,
leading to more groundwater emergence. However, converting impervious surfaces to
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pervious surfaces is anticipated to have beneficial impacts to groundwater supplies
overall.

Marsh vegetation could transpire sufficient groundwater to reduce the effect of SLR
minorly and locally. The vegetative barrier would likely have a cyclic effect on
groundwater levels with transpiration occurring during daytime, such that the net flux
would need to overcome local groundwater flow conditions. EWN features would be
designed to slope towards the Bay to allow for adequate drainage of shallow
groundwater under normal and extreme storm conditions. Because of the EWN
features, Alternative G impacts to groundwater are anticipated to be less than
significant and overall beneficial.

4.13.7 Independent Measures for Consideration

Adverse impacts from construction and operation of independent measures are
expected to be equivalent to those described in the construction impact summary, as
well as those in the TNBP, Alternative F, and G (Table 4-32). As such, the impact rating
was equivalent to that of the previously described alternative features where applicable.
Unique to the independent measures is the EWN vertical shoreline. Installation of the
vertical shoreline is anticipated to have no impact on groundwater resources because
panels would be installed on the seawall once construction of that feature was
completed. It was assumed any groundwater outflow and storage improvements that
were needed as a result of seawall construction would be completed prior to the living
seawall panels being installed.

Table 4-32. Summary of Groundwater Impacts associated with the Independent Measures

*(D

£

[

Independent Measures 2

Groundwater Impact Rating @

S

t

< 11} < [11] O < )

N N ™ ™ ™ < >
Construction/Footprint 3 3 3 1 2 2 1
O&M Assumptions 2 1 2 1 2 2 1
Mitigated Rating 3 3 3 1 2 1 1

Measure 2B has a moderate construction impact associated with the bay fill; however,
is assumed to be mitigated with the addition of an EWN coarse beach. Similarly,
measure 4A includes constructing levees that are anticipated to have low impacts, but
also converts impervious surface to an EWN feature.
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4.13.8 Mitigation

Mitigation and BMPs would be the same as those described in the Water Quality
section.

414 Aquatic Resources

This section describes impacts, adverse and beneficial, to aquatic habitats and wildlife
including intertidal and subtidal habitats, wetlands, pelagic habitat, fish, and
macroinvertebrates. Impacts to aquatic resources in the study area are anticipated
during construction and operations and maintenance activities depending on the
measure and existing conditions. The following are impact producing factors to aquatic
wildlife and habitat: physical seabed/land disturbance, sediment suspension,
discharge/release and withdrawals, habitat conversion/loss, land use, economic
change, and noise.

4141 Construction Impact Summary

Short-term direct impacts from construction-related activities are anticipated to
adversely affect aquatic habitat and wildlife, whether they occur as a resident, migrant,
or incidental, within or near the project area. Impacts include habitat removal and/or
fragmentation and habitat avoidance due to increased noise, dust generation,
vibrations, debris, accidental discharge, and overall lower quality habitat. Impacts to
water resources are the same as those described in Water Quality.

There are two wetlands and associated water resources in the study area — Pier 94
wetlands and Heron’s Head Park. They are considered significant in the study area,
particularly Heron’s Head, due to the rare nature in the otherwise urban environment.
Temporary impacts to wetlands are anticipated to occur during the construction of
shore-based measures near the wetlands, such as levees, t-walls, and vertical walls, as
well as during construction of NNBF such as marsh enhancements and ecological
armoring.

Preparation of the construction sites would require clearing and grading of vegetation
that could result in temporary wetland, subtidal and intertidal habitat, and water quality
impacts. Any temporary impacts to vegetation are anticipated to be replaced on-site.
Placement of dredged or commercial material in wetlands and aquatic areas would
have temporary impacts during construction, as well as to adjacent transition areas that
are likely to be impacted by clearing, soil disturbances, and suspended sediments.
Temporary impacts would be managed through implementation of a site-specific
SWPPP and construction BMPs. The specific BMPs to be incorporated into the SWPPP
would be determined during PED; however, BMPs expected to be used to reduce
impacts to aquatic resources include but are not limited to those described in the
Geology and Water Quality mitigation sections.
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Temporary in-water impacts include increased turbidity during construction activities
and resuspension of sediments into the water column during pile driving, placement of
concrete blocks, dewatering, and excavation and fill activities. Temporary and localized
impacts to aquatic habitats from vessel anchoring and dewatering activities may occur
but are expected to return to pre-existing conditions following active construction. Spills
or leaks of fuels, lubricants, and coolant from construction equipment could significantly
impact water resources as described in the Water Quality section. Additionally,
sheetpiles would be treated with corrosion-resistant coating prior to installation, which
may require application by hand as necessary to touch-up areas potentially damaged
during the installation process. These activities could pose a temporary risk of exposing
resident aquatic organisms to toxic contaminants and non-edible forage. A site-specific
spill prevention control and countermeasure plan (SPCC) would be developed and
implemented to prevent spills and minimize the potential impacts for any inadvertent
spills. With implementation of the SPCC and BMPs, impacts from spills or leaks are
anticipated to be minor. Water quality is anticipated to return to baseline conditions after
construction activities are completed.

Impacts to fish during construction are the same as those described for similar EFH-
designated species (demersal and pelagic) in the Special Status Species section and
are primarily associated with in-water measures such as wharfs, bulkhead/seawalls,
sheetpile walls, and NNBFs (e.g., marsh enhancement/creation, ecological armoring).
Temporary direct impacts include altered habitats associated with noise, vibration,
sediment suspension, physical disturbance, and impaired water quality (e.g., lower
dissolved oxygen). Permanent adverse impacts include habitat loss through measures
such as bulkhead wall construction and wharf extensions. Impacts associated with
Noise and Vibration are described in Sub Appendix D-1-2. Fish are expected to actively
avoid most in-water work areas, opting for another appropriate habitat nearby. This
avoidance behavior would occur only in those areas where construction is underway.
Fish species are expected to return to the area when construction is completed.

Losses of slow moving and less mobile species (e.g., aquatic invertebrates, benthic
species) are anticipated within the construction footprint due to burial of individuals
and/or increased turbidity. Suspension/filter feeding organisms could be impacted due
to clogging of gills and feeding mechanisms, which would cause death or reduce growth
and reproduction. Visual predators would have a reduced success rate at catching prey
due to lower visibility levels. Following construction activities, water quality is expected
to return to pre-construction conditions.

In general, most fish, wildlife, and benthic species would become habituated to the work
and adapt to the habitat changes; however, species with low tolerance are anticipated
to be displaced for the duration of activities. The severity of the impacts is dependent on
the final design of features, type of equipment used, and duration of construction
activities. Once construction is complete, it is anticipated that construction-related
impacts to aquatic organisms would cease. These adverse impacts would be minimized
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and controlled by implementing the best available practical techniques and BMPs during
construction.

Long-term beneficial impacts to aquatic resources are expected with NNBFs such as
enhanced or created wetlands, ecological armoring, and vertical shorelines/living
seawalls, as they would result in improved habitat conditions and an expansion of
available habitat for aquatic species, including special status fish. Wetlands improve
water quality, flood control, and ecological benefits to aquatic resources. The NNBFs
would allow for improved diversity and provide refuge for aquatic plant and animal
species to promote higher abundances than would likely be supported in their absence.
Wetlands, ecological armoring, and vertical shorelines would provide surface area to
colonize, which establishes a more sufficient food supply to support primary (i.e.,
herbivores) and secondary (i.e., carnivores) consumers. Intertidal marsh and marsh
edge would provide increased foraging opportunities for shorebirds and wading birds
using the shoreline habitats. Nesting habitat would be improved as the
enhanced/created marsh would provide more desirable nesting habitat in an area that
would otherwise be inhabitable for nesting under FWOP conditions. The increase in
vegetative structure would also provide shelter for prey species to evade predators.

4.14.2 Operations and Maintenance Summary

During operations and maintenance, potential impacts to aquatic resources may occur,
but are anticipated to be low overall. Temporary in-water impacts include increased
turbidity from resuspension of sediments, noise, vibration, spill of toxic material, and
physical disturbance. Inspection and maintenance of sheet pile walls may require re-
application of corrosion-resistant coatings, which would be applied by hand to localized
areas where needed. Accidental spills of anti-corrosion coatings or diesel fuel could
occur during O&M activities. This could be a significant impact that would require
mitigation to reduce the impact to a less-than-significant level. A SPCC and BMPs
would also be employed to reduce overall impact and likelihood of a spill occurring.
Additionally, similar impacts as described in the Water Quality operations and
maintenance section would be applicable to aquatic resources.

414.3 Tentatively Selected Plan

The impacts to aquatic resources from the TNBP range from no to moderate to high,
with in-water activities expected to have more adverse impacts (Table 4-33).
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Table 4-33. Summary of Aquatic Resource Impacts associated with the TNBP
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The impacts for construction of a new bulkhead wall varies between 2040 and 2090 as
they would be located in different areas. In 2040, the bulkhead wall would be
constructed similar to that described in Alternative G and would be expected to have
low impacts to aquatic resources. However, in 2090, the bulkhead wall is constructed
more similar to described in Alternative F, requiring in-bay fill (though much smaller
quantities), and is anticipated to have moderate to high impacts to aquatic resources.
As with the other action alternative, shore-based measures are expected to have low
impacts to aquatic resources.

As described in Alternative B, F, and G, replacement of wharf structure would have
moderate to high impacts to aquatic resources during removal of existing piles and pile
driving of new ones. Additionally, over-water work has the potential to have significant
impacts to aquatic resources if any construction-related material is dropped into the
water. As with the other alternatives, wharf replacement in the TNBP is expected to
have impacts that are less than significant with mitigation.

Sheetpile walls would have similar impacts to those of bulkhead walls constructed
bayward of the existing seawall, albeit at a much smaller scale, and may require
dewatering activities as described in Alternative F. Installation of sheetpile walls is
expected to have impacts that are less than significant with mitigation by employing
BMPs described in this mitigation section, as well as the water quality and geology
sections.
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EWN features are anticipated to have low impacts during construction and maintenance
activities but would overall be beneficial to aquatic resources through the creation of
habitat ideal for foraging, resting, and refuging. Adverse impacts from construction and
maintenance of EWN measures are expected to be less than significant.

Overall, in 2040, impacts would be comparable between the TNBP and Alternative F or
G (Table 4-4). More adverse impacts would be realized for the TNBP during the second
construction phase which includes exceedingly more bulkhead wall and wharf
replacement than Alternative F or G (Table 4-5).

4.14.4 Alternative B

Construction related impacts are associated with demolishing buildings and installing
floodproofing barriers. These are expected to have low impacts to aquatic resources,
particularly because most activities would be shore-based. However, some impacts to
aquatic resources may still occur, including noise, physical disturbance, and turbidity
which would result from operating machinery in the construction area. BMPs such as
those described in the Noise and Vibration and Water Quality sections would be used to
reduce impacts from these activities to aquatic resources. All impacts are anticipated to
be temporary and less than significant, only lasting as long as the construction period.

O&M for Alternative B are expected to have no impacts to aquatic resources. The non-
structural alternative is designed to be implemented in four-time steps commensurate
with the trajectory of SLR inundation levels that would trigger the need for protective
measures. These implementation steps are expected to have “construction” related
impacts, particularly in the case for building demolition. Details about assumptions for
building demolition and relocation are described in Appendix B: Engineering.

Two piers are proposed for demolition in Alternative B, one in 2040 and another in
2115. Pier demolition would have temporary adverse impacts to aquatic resources,
including physical disturbance, impaired water quality, increased turbidity, release of
contaminants, and noise. However, permanent impacts, both adverse and beneficial,
are also expected which may include but are not limited to altered hydrology and
sediment deposition, habitat and shade structure loss, increased turbidity and erosion,
and contaminant removal. Impacts to water quality and hydrology can be found in those
respective sections. For aquatic resources, particularly fish, the loss of a shade
structure could be beneficial by increasing abundance of visual predators. Overwater
structures are known to interrupt visual predator behavior and localized movements of
migratory fish (Munsch et al. 2017); thus, the removal of these structures could have
beneficial effects.

Sessile (e.g., oysters, mussels), non-native (e.g., bryzoans, tunicates, anemones,
sponges), and motile (e.g., herring) organisms use the pier pilings as habitat, refuge,
nursery, and for foraging. Removal of these structures would have direct negative
impacts to existing organisms through injury and death. Many of the pier pilings were
injected with creosote to minimize fouling, which contain polycyclic aromatic
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hydrocarbons (PAHSs) that are toxic to some organisms. By removing creosote pilings,
long-term beneficial impacts would likely result to marine species through improved
water quality.

Strong circulation around pilings may minimize direct effects of creosote on motile
organisms; however, those that forage on sessile prey species inhabiting the pilings are
likely exposed to creosote through their food (Cosentino-Manning et al. 2010). It is
unclear what long-term impacts would occur by eliminating the piers, both in terms of
habitat and local wave, current, and sedimentation patterns. It is clear the pier pilings
support valued ecosystem services and removal could have detrimental impacts to
aquatic resources (Cosentino-Manning et al. 2010). It is expected BMPs during removal
would be used to minimize impacts of contamination, while mitigation would help to
offset permanent losses to aquatic resources. There remains uncertainty of the local
and regional impacts of removing the piers, in which more detailed analyses would be
needed during PED. However, given few (two) piers are expected to be demolished in
Alternative B, overall, the impacts are expected to be less than significant.

4.14.5 Alternative F

The impacts to aquatic resources from Alternative F range from no to moderate to high,
with in-water activities expected to have more adverse impacts (Table 4-34).

Table 4-34. Summary of Aquatic Resource Impacts associated with Alternative F
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Low impacts are predominantly for shore-based measures that could negatively impact
water quality as described in the section above, as this would conversely have negative
impacts to aquatic resources. A levee is planned for construction adjacent to Heron’s
Head Park; however, all work is shore-based and should not impede natural functions of
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the wetland during or after construction. The low impacts are similar to those described
in the Water Quality section. In the same location, EWN marsh enhancement and an
ecotone levee are planned for construction to compliment the levee feature.
Construction of these EWN measures could have direct and indirect and temporary and
permanent impacts on jurisdictional wetlands and waters. Temporary adverse impacts
would result if excavation and dirt work were to cause sediment suspension or the
inadvertent entry of deleterious construction-related materials (e.g., fuel, lubricant) into
the bay during construction. The long-term permanent impacts are expected to be
beneficial as marsh is enhanced and expanded, while the ecotone levee that would
offer additional space for conversion to wetlands with SLR.

Low impacts to intertidal and subtidal habitats are anticipated with the installation of
ecological armoring and marsh enhancement features. Placement of rock for ecological
armoring would remove open benthic space in these habitats but are anticipated to
create microhabitats within crevices and textured surfaces that could still be occupied
by organisms that utilize these areas. Additionally, ecological armoring is likely to
increase sediment retention that could have a long-term benefit for replenishing
intertidal and subtidal habitats. Enhanced marsh habitat would be beneficial for intertidal
and subtidal habitats offering improvements to water quality, vegetation for habitat,
forage, and refuge, and additional space for aquatic organism colonization. As SLR,
marsh habitat would convert to intertidal and subtidal zones, increasing the available
space of these habitats in the long-term. Overall, addition of these EWN features would
offer long-term beneficial impacts that would outweigh the temporary and low impacts
from construction and maintenance.

Jurisdictional waters of San Francisco Bay would be filled with the bulkhead
wall/seawall measure, resulting in direct, adverse, permanent impacts to aquatic
resources. Additionally, wharf being replaced would install new pilings and overhang
structure to support the facilities. Installing piles for the seawall and wharf would require
in-water work including but not limited to pile driving, support vessels, work barges, etc.
Construction of the wharf would utilize over-water work, but not necessarily in-water
work methods. However, this could still inadvertently drop construction-related materials
into the bay that could have significant impacts to aquatic resources. Placement of in-
bay fill would require water quality certification and/or waste discharge requirements
from the regional Waterboard, and also a permit from BCDC, as the fill area is within
100-feet of the shoreline band and within San Francisco Bay. Collectively, the
regulatory agencies and the permits and authorizations would require the placement of
new fill in jurisdictional waters be avoided or minimized to the maximum extent
practicable while still accomplishing the proposed project’s purpose. These permits
would require water quality protection measures to avoid and/or minimize temporary
impacts from in-water and above-water construction activities that would be
implemented in conjunction with water quality BMPs. Permanent placement of new fill
would result in the loss of 25 acres of jurisdictional waters (Table 4-4) which would likely
trigger a requirement for compensatory mitigation aimed at restoring or enhancing
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ecological functions and services like those displaced. The temporary and permanent
impacts anticipated to jurisdictional waters because of in-bay fill are significant and
unavoidable.

Likewise, in-bay fill would result in a permanent loss of open water and benthic habitats
in the affected areas. Any sessile and/or benthic organisms present on the seabed
during fill would be smothered and likely lost. The 25 acres of bay fill would be rendered
inhabitable and inaccessible to aquatic organisms. The lost habitat would also impact
food availability locally for fish, including special status species, that rely on pelagic
phytoplankton or benthic organisms for food sources. BMPs would be in place to reduce
the likelihood of inadvertent spills of fill material outside of the intended area; however, if
spill were to enter the water column, it would result in turbidity that could temporarily
affect visual predators and/or suffocate filter feeding invertebrates. The study area is
highly urbanized; thus, additional loss of aquatic habitat could have significant impacts
to marine resources. As with jurisdictional waters, BCDC and the regional water board
would have to grant permits for the permanent placement of fill, of which is likely to
trigger a requirement for compensatory mitigation. The permanent loss of aquatic
habitat, and po