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• Overview of the Program

• Key findings from the 
Embarcadero Seawall Multi-
Hazard Risk Assessment 
(MHRA)

• Introduction to “measures” or 
strategies for addressing risk 
along the Embarcadero 
waterfront

• Key priorities from community 
and stakeholder engagement

• Describe next steps to develop 
Proposition A projects

• Describe USACE Flood Study

TODAY’S AGENDA

Presentation Overview
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WATERFRONT RESILIENCE PROGRAM EFFORTS
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Program and City Resilience Projects and Efforts



The Port’s Waterfront Resilience Program will take actions to reduce seismic 
and climate change risks that support a safe, equitable, sustainable, and 

vibrant waterfront.

WATERFRONT RESILIENCE PROGRAM 
Goal Statement



WATERFRONT RESILIENCE PROGRAM DRAFT PRINCIPLES
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Affirmed through robust community engagement

• Prioritize life safety and emergency response

• Advance equity throughout the Waterfront Resilience Program, 
including through community and stakeholder engagement, 
planning, contracting, jobs and decision-making

• Enhance and sustain economic and ecological opportunities

• Inspire an adaptable waterfront that:

• Improves the health of the Bay

• Ensures public access to the waterfront and historic 
places and an inviting waterfront for all

• Protects and preserves historic and maritime resources

• Provides opportunities for diverse families, businesses, 
and neighborhoods to thrive

• Lead a transparent, innovative, collaborative, and adaptive 
Resilience Program



WATERFRONT RESILIENCE PROGRAM

Adaptation Framework

Objective: Immediately 
implement highest priority 
disaster response and life 
safety projects along the 
Embarcadero Seawall.

STRENGTHEN 
Objective: Reduce remaining 
seismic and increasing flood 
risks, respond to changing 
priorities, and provide a 
framework for the Port to 
adapt over time. 

ADAPT 
Objective: Develop visions that 
can respond to higher water 
levels, changes in priorities and 
science, and a waterfront that 
is resilient to 2100 and beyond. 

ENVISION
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STRENGTHEN ELEMENT ADAPT ELEMENT ENVISION ELEMENT



• Project Area: Fisherman’s 
Wharf to Mission Creek

• Timing: 2017 to 2021 project 
planning followed by 
implementation / 
construction 

• Focus: Seismic and flood risk 
associated with the 
Embarcadero Seawall

• Funding: $425 million 
General Obligation Bond 
passed in November 2018

EMBARCADERO SEAWALL PROGRAM

Program Overview
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EMBARCADERO SEAWALL PROGRAM SCHEDULE
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CEQA: California Environmental Quality Act | DEIR: Draft Environmental Impact Report

September 2020



What have we learned?

Key Findings from the Multi-Hazard 
Risk Assessment (MHRA)
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• Range of seismic hazards 
assessed within 
Embarcadero Seawall area

• Range of flood hazard 
scenarios assessed 
including impacts to 
critical City infrastructure 

• Methodology: Bored holes 
and used lasers to uncover 
what is happening under 
the Bay and worked 
closely with agency 
partners to understand 
impacts to assets and 
services that the City and 
the region rely upon​

WHAT IS THE MULTI-HAZARD RISK ASSESSMENT (MHRA)?

Proposition A Required a Detailed Safety Assessment of the Embarcadero
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Refined investigation of flood and seismic 
hazards along the Embarcadero Seawall, 
from Fisherman's Wharf to Mission Creek

Seawall Program Boundary



SEAWALL EARTHQUAKE HAZARD ZONE



HAZARDS AND CONSEQUENCES

MHRA Key Findings
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Lower lateral 
spread risk south 

of Bay Bridge

Ferry Building Area: 
Significant seismic risk 

Bulkhead wharves 
and buildings at 

greatest seismic risk

Up to $30 billion cost of damages and 
disruption from combined seismic and flood 
risk by 2100

Entire Embarcadero: 
Significant flood risk 

between 2 and 3 feet 
of sea level rise



OTHER EARTHQUAKE HAZARDS AND CONSEQUENCES

MHRA Key Findings
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Embarcadero Roadway and 
underground utilities vulnerable 

to ground shaking and 
liquefaction

Fisherman’s Wharf aging 
pile supported structures 

vulnerable to ground 
shaking and liquefaction



• Seawall and Bulkhead 
Wharves are the city’s flood 
protection and are highly 
vulnerable to seismic events

EXISTING SHORELINE

Critical Components of the Waterfront
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Liquefaction induced 
lateral spreading at Port 
de Port-au-Prince

Lateral spreading cause 
by 1906 earthquake in 
San Francisco

BULKHEAD WHARF EARTHQUAKE HAZARDS

MHRA Key Findings
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Wharf is a current protection measure 
– King Tide conditions today

WHARF TODAY AT CURRENT WATER LEVEL WHARF TODAY WITH WATER LEVEL SURGE LOCATIONS OF 
INTEREST

BULKHEAD WHARF
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Seismic Measures Development

Introducing improvements or “measures” for 
consideration along the Embarcadero



EMBARCADERO SEAWALL SEISMIC MEASURES

Draft seismic improvements under consideration by the Port
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Drilled Shafts Super Bulkhead 
Wharf

Liquefaction
Mitigation

Bulkhead 
Wharf Retrofits

For each seismic measure:
• Preliminary Engineering
• Cost Estimates
• Construction Production Rates
• Construction Impacts
• Feasibility
• Adaptation for Sea Level Rise



SEAWALL SEISMIC MEASURES DEVELOPMENT

Example Measure Construction Process
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Remove / relocate utilities:

Close northbound lanes, reroute 
traffic, install concrete shafts:

Place slab, restore Embarcadero:

Construction Stages

Drilled Shafts

PIER 9 PIER 15 PIER 17



USACE Flood Study
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• Port is local sponsor, seeking 
assistance since 2012

• Local and Federal Expertise

• ~5 years (subject to waiver), 50/50 
cost share

• Assess flooding under five sea level 
rise curves, including 3 USACE curves 
(low, medium, high) and two 
additional State of California curves

• Robust community and stakeholder 
input

• If USACE finds a Federal interest and 
Congress authorizes a Project: 

Design/construction of project 
cost-shared 65% Federal, 35% 
Local

USACE FLOOD RESILIENCY STUDY

Overview and Key Highlights

21



USACE FLOOD RESILIENCY STUDY PROCESS

Develop, evaluate, refine, and narrow alternatives under consideration
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Iterative Multi Step Alternative Formulation
• Initial Array
• Focused Array – We Are Here
• Final Array

1 3

Tentatively Selected Plan (TSP)
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National Economic Development (NED) 
Plan / Locally Preferred Plan (LPP)
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Future Without Project (FWOP) - in process
(flood damages and consequences)

Detailed Economic Analysis
• National Economic Development (NED) 

Account
• Regional Economic Development (RED) 

Account
• Other Social Effects (OSE)
• Environmental Quality

Problems, Opportunities, Objectives, 
Constraints, and Considerations 
(POOCCs)

2

Feasibility Report and National 
Environmental Policy Act (NEPA)
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4

FUTURE WITHOUT PROJECT (FWOP) CONDITION

Purpose
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Flood events will cause damages and 
impacts felt throughout the city, region
and beyond as sea level rises

Future Without Project (FWOP) is which 
all Federal actions are measured

The Flood Resiliency Study 
will quantify damages and impacts to 
determine the level of "Federal 
Interest"

1

3

2
There is a high likelihood of Federal 
investment to prevent future damages
when the cost of mitigation actions 
are less than the potential damage

5

Account for all projects taken by the 
Port or City in advance of a Federal 
project which will impact flood risk (i.e. 
Mission Rock, Pier 70, Potrero Point)



COMPILE ROBUST INVENTORY OF ASSETS

FWOP – Step 1
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Collaborated with City partners, 
Port tenants and other 
stakeholders to:
• Assign value to physical 

infrastructure
• Estimate impact of disruption 

and downtime for businesses 
and services

• Evaluate vulnerability of each 
asset to flood risk based on 
water depth

• Compile exhaustive 
database of all assets within 
the flood plain for use in the 
planning model



COMPILE ROBUST INVENTORY OF ASSETS

FWOP – Step 1
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Assets at risk include 
more than:
• 40 miles of 

roadway
• 25 miles of muni & 

cable car track
• 5 miles of freight 

railway
• 6 fire stations
• Dozens of other 

critical facilities 
11,000 jobs

• 360,000 regional 
commuters

• 2,600 residential 
and commercial 
buildings

• 13,500 residents, 
58% people of 
color

• Wastewater 
functions for 
580,000 residents

Disaster Response

Transportation

Maritime

Ferry Route

Open Space and Ecology

Kayak Watertrail

Uti l ities

Cri tica l Facilities

Historic and Cultural



DETERMINE FLOOD SCENARIOS

FWOP – Step 2
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Ground water 
will rise with 

tidal water levels 

due to SLR

State of CA – Updated 2018; USACE – Updated 2013



PLANNING MODEL TO ANALYZE FWOP DAMAGES

FWOP – Step 3
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+

Coastal Flood Scenarios

Robust Asset Inventory

Planning Model 
(Economic Damages)

*DRAFT – work in progress



USACE Flood Study 

Focused Array

28



USACE FLOOD RESILIENCY STUDY AREA

Subareas support community prioritization and evaluation of conditions / measures
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• One of the many tools created 
to support the development 
of alternatives 

• All Subarea Profiles, POOCCs, 
and Flood Risk Profiles for all 
15 subareas are online

• Includes data on flood and 
seismic risk 

• Includes community-
prioritized assets

SUBAREA PROFILES

Subarea Overviews
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• Longer, more detailed 
document required by USACE 
effort to inform subarea scale 
alternatives development

• Informed by City department 
engagement, community 
meetings, events and advisory 
group discussions, City and 
Port plans and policies and 
direct review and input from 
Port staff

PROBLEMS, OPPORTUNITIES, OBJECTIVES, CONSTRAINTS AND CONSIDERATIONS

Subarea Scale "POOCCs"
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FLOOD MEASURES

Draft flood improvements under consideration by the Port

32

Levees

Floodwalls

Seawalls

Breakwaters

Raised Marine 
Structures

Building 
Adaptations

Tide Gates

Deployables
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Ecological Marine 
Structures

Ecological 
Features

Aquatic 
Habitat

Ecological 
Shorelines



Stakeholder Engagement 

A community-driven process

33



COMMUNITY & STAKEHOLDER ENGAGEMENT OVERVIEW

Ongoing Engagement
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The Port is proud to work with a diverse group of LBE, WBE, and MBE subcontractors to plan and 
execute engagement, which has included:

•Connected with thousands of San Francisco residents at City wide neighborhood events

•Community meeting series in three waterfront geographies

•Casual "mixers" to engage key stakeholders and interested public

•Digital engagement

•Youth engagement 

•Public housing engagement

•Over 100 presentations to neighborhood, business, community, and CAC groups along the 
waterfront and citywide

•Targeted Port tenant engagement

•Press



• The Interagency Coordinating 
Team, which is convened 
jointly by USACE and Port 
staff, enables each agency to 
partner in the Study

• A Cooperation and 
Participating Resource Agency 
Working Group (RAWG) was 
established consisting of 
representatives from the 
USACE, the Port, and the 
various State and Federal 
agencies concerned with the 
study area

STAKEHOLDER ENGAGEMENT HIGHLIGHTS

Ongoing engagement with City departments, local and regional agencies, resource 
agencies, and more
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What we heard:

•Understanding of the challenges 
of applying measures

•Balancing near- and long-term 
risk

•Interest in preserving historic 
resources

•Focus on Bay ecology and health

•Desire to preserve and enhance 
access to and along the 
waterfront

•Interest in exploring alternative 
modes of transport

COMMUNITY MEETINGS

Feedback via digital meetings on seismic and flood risk reduction measures
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• To date, there have been 
more than 100K page visits 
across all Measure Explorer 
and Story Maps pages

• The top three measures with 
the most page views: Levees, 
Floodwalls, Seawalls

• The top three Story Maps with 
the most pages views: South 
Beach, Aquatic Park, 
Fisherman’s Wharf

• The top three themes with the 
most page views: Open 
Space, Transportation,
Maritime

DIGITAL ENGAGEMENT HIGHLIGHTS

Feedback via Waterfront Resilience Story Maps and a Measures Explorer
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https://www.sfportresilience.com/planning-for-our-future

https://www.sfportresilience.com/planning-for-our-future


Next Steps

What’s Next for the Embarcadero Seawall 
Program and the USACE Flood Resiliency Study
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Alternatives

ALTERNATIVES DEVELOPMENT

Embarcadero Seawall Program Proposition A Project Selection
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Alternative

Alternative

Alternative

Alternative

Alternative

Goals

Evaluation Criteria

Adaptation Design 
Guidelines

Prioritization and 
Funding Guidelines

MHRA & Measures

Measures
Design & 

Engineering

Risk

Public Outreach

1

2

3

4

5
City Department 

Engagement

Proposition A
Project(s) Selection

Recommendations Prop A Project(s)

Fall/Winter 2020 Winter-Spring 2020Fall 2020



Thank You!
Brad Benson, Port of San Francisco
brad.benson@sfport.com


