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MHRA PRESENTATION
Objectives

Provide overview of work

High level key findings

Discussion

Next Steps
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WATERFRONT RESILIENCE PROGRAM EFFORTS

Embarcadero Seawall MHRA Context

PORT-WIDE '} EMBARCADERO I MISSION CREEK / MISSION BAY | ISLAIS CREEK/ BAYVIEW | |
Embarcadero Southern Waterfront Southern Waterfront Project SLR
USACE Flood Seawall Program Seismic Vulnerability Seismic Vulnerability Adaptations
Resiliency Study Assessment Assessment

[Utilities Projects |
Floodproofing Islais Creek
i Waterfront Plan
Adaptation Strategy I I

Historic Pier
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EMBARCADERO SEAWALL
Critical Components of the Waterfront

EMBARCADERO BULKHEAD BUILDING PIER SHED ° Fi”ed Iand Iate 180015 tO early
| J 1900’
/ i 11 it = » Seawall retains filled soils

containing Embarcadero
= e = e e corridor, connects piers to
e AL | E: . i -k land, and provides water

= I depth for maritime berthing.
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TRANSPORT
YOUNG BAY STORAGE BOX

MU gl | ) Sl « Seawall and Bulkhead

| e | Wharves provide Port and City
flood and shoreline
protection.

FIRMER SAND AND

OLD BAY CLAY
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EMBARCADERO SEAWALL MHRA
Report Overview & Report Organization
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HAZARDS

= EVALUATE ASSETS
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IDENTIFY IDENTIFY IDENTIFY
EXPOSURE VULNERABILITY CONSEQUENCES

SEISMIC

FLOOD

IDENTIFY
PROBABILITY OF
OCCURRENCE

ASSET ASSESSMENT

RISK EVALUATION
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MULTI-HAZARD RISK ASSESSMENT SUMMARY REPORT

Buildings and Marine Structures - Earthquake
Exposure, Vulnerability, and Consequences
Report

Buildings - Coastal Flood Exposure, Vulnerability,
and Consequences Report

Utility and Mobility Systems - Earthquake and
Coastal Flood Exposure, Vulnerability, and
Consequences Report

Land Use Risk Assessment Report

itime Commerce Risk Assessment Report

Historic Assets and Risks

Coastal Flood Hazard Report

Public Realm Assets and Risks

Earthquake Hazard and Geotechnical Assessment Report

Disaster Response and Recovery Assessment Report

Environmental Risk Assessment Report

EXPOSURE, VULNERABILITY,

HAZARDS AND CONSEQUENCES

RISK
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Defining the Hazards

Earthquake and Coastal Flooding with SLR



UNDERSTANDING THE SUBSURFACE

What is under the ground
matters!

Compile existing data &
determine gaps.

Pilot exploration program to
test techniques.

Final exploration program, 92 0 0 | e ot DU NSNS ;| Y 0 B3 | e
new borings & CPT’s, high i |

quality laboratory data. 1 ) -
Final product, subsurface - — — : -
characterization and ; L oot Pt | |

engineering data for 3 miles
of waterfront
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DEFINING THE EARTHQUAKE HAZARD
Shaking, Liquefaction, Lateral Spreading

EMBARCADERO BULKHEAD BUILDING PIER SHED

. . . , Liquefacion induced
FLLEDLAND - lateral spreading at Port
R g : e de Port-au-Prince

YOUNG BAY
MUD

FIRMER SAND AND
OLD BAY CLAY

S Lateral spreadlng cause
1 by 1906 earthquake in
San Francisco




EARTHQUAKE HAZARD
Probabilistic EQ Hazard Scenarios

Table 3-1. Earthquake Scenarios Evaluated in the Multi-hazard Risk Assessment

Earthquake Scenario Return Period and

Likelihood Probability Historical Context
Frequent 43-year Similar to shaking in San Francisco from 1989 Loma Prieta

(70% probability in 50 years) earthquake (M7+/-)

Occasional 100-year Similar to Loma Prieta earthquake (M7+/-), but with an
(40% probability in 50 years) epicenter located within 10 miles instead of 60 miles away

Rare 225-year Similar, but slightly larger than the 1906 Great San

(20% probability in 50 years) Francisco earthquake, (M7.5+/-) located nearby

Very Rare 975-year M8+ earthquake, larger than 1906 Great San Francisco

(5% probability in 50 years)

earthquake, located nearby
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ELEVATION IN FEET

EARTHQUAKE HAZARD

MHRA Findings
i € Liguefaction of Embarcadero fill — High hazard throughout > LEGEND

=t s Seawall

Seawall Hazard Seawall Hazard aN 0 SF Port Boundary
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DEFINING FLOOD HAZARD

scenario

I
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SEA LEVEL RISE
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PROJECTIONS

US ARMY CORP OF

Flood Mapping includes waves & water depths

Tidal frequency from daily to 500 yr tide (extreme)
Current CCSF & USACE Sea Level Rise Scenarios

ENGINEERS
PROJECTIONS

Ground water
will rise with
tidal water levels
due to SLR

[
[
]
SEA LEVEL RISE SEA LEVEL RISE SEA LEVEL RISE SEA LEVEL RISE

Up to 1 foot Up to 2 feet Up to 3 feet Up to 6 feet

HIGH TIDE
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FLOOD HAZARD
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FLOOD HAZARD

2 FT OF SEA LEVEL RISE (2050 — 2070; 30 to 50 yrs)
100yr Coastal Flood Extents Shown
Daily high tides: waves overtop Pier 5 to Rincon
Park & impact northbound Embarcadero
Ground water rise by 2 ft to 5ft below surface,
impacts utilities and roadway/LRT subgrade

Flooding tipping point at 2 feet of
Sea Level Rise where damages on
the waterfront become severe
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FLOOD HAZARD

3 FT OF SEA LEVEL RISE (2065 — 2100; 45 to 80 yrs)
100yr Coastal Flood Extents Shown
Daily high tides: inundate northbound
Embarcadero
Ground water rises 3 ft to 4ft below surface,

impacts utilities and roadway/LRT subgrade
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Evaluating Assets & Functions

Exposure, Likely Damages & Consequences



METHODOLOGY

Earthquake Damage & Loss Predictions for Assets

Define Exposure: site specific shaking & ground movement intensity from liquefaction and lateral
spreading at each probabilistic earthquake level.

Estimate Damage, Repair Costs, & Repair Durations by developing asset specific methodology.
* Buildings & Marine Structures: Custom built functions for marine structures.

» Utilities, Roadways, and LRT: Consulted with Lifelines experts Professor Tom O’Rourke and Craig
Davis to modify established functions to reflect unique site conditions. Limitation - No established

methodology to consider interdependence.

Flood Damage & Loss Predictions

Define Exposure: site specific water depth, likelihood, and changes due to sea level rise

Estimate Damages: USACE specific depth/damage functions, Buildings Only

16



EARTHQUAKE DAMAGE ESTIMATE, Utilities (225-yr level)

LEGEND
D Seawall Program Boundary Waterfront Total Repairs
o

[] seismic Modified Reaches Ooa

+  Wastewater Crossings 012
= 24
[ EX]
W82
W 1216

M 1620

Number of Total Utility Repairs due to break or leak
per Seawall Reach (Northbound, LRT/Median, Southbound)
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EARTHQUAKE DAMAGE ESTIMATE, Transit (225-yr level)
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LEGEND

[J seawall Program Boundary Transit Damage State
[] None

[ ] seismic Modified Reaches [ sight
B Moderate

B Extensive/Complete

1,(}00 I,EI;OO 2,(?00

Transit Damage State: None, Slight, Moderate, Extensive

per Seawall Reach (Northbound, LRT/Median, Southbound)

Feet
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COASTAL FLOODING,

Electrical System Exposure

D Seawall Program Boundary
@ Embarcadero Substation
. Shoreside Power Facility
. Photovoltaic Generator
. Backup Generator

Streetiights

Electrical Lines (Incomplete Dataset. Unspecified Ownership, Assumed PG&E, Port, and Tenant)

== = Embarcadero Substation Service Area Extent
=== 230kV Transmission Lines (PG&E)

. Flood Extent at 10.7 NAVDS8 Stillwater Level
- Flood Extent at 11.8 NAVD8S Stillwater Level
D Flood Extent at 12.9 NAVD88 Stillwater Level

[:l Flood Extent at 14.2 NAVDSS Stillwater Level

Electrical System Asset Exposure at Various Water Levels

No Damage Estimates
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DISASTER RESPONSE, Survivor Evacuation System, Ferry Bwldmg Area
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Risk Assessment
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BUILDINGS AND STRUCTURES

Concrete bulkhead Sy S =N A 5 AT ——
) - Flooding with

wharves south of . M =T
2 ft Sea Level Rise R 4 T o 1 e = (==

Bay Bridge highly ' M SR ; : S . "
S T wwwwee ¥ impact non-Port Buildings
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Wharves and supported
buildings at greatest risk
of earthquake damage

----------

Ferry Building: Unique
substructure suggests
further analysis
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LIFE SAFETY

v|‘? I 3“ i L e
Average density -
of people on the

20,500 average number of people over the water, can be as high as 38,000 during
special events

Highest life safety risk in bulkheads, a repeat of 1906 is estimated to cause 600
injuries & deaths, 70% Seawall related

Seawall damage will leave people stranded on Piers and in need of waterside
evacuation, fire may increase rescue urgency, fire impacts not assessed

Historic pier sheds are a vulnerable structure type



DISASTER RESPONSE — Earthquake Only
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X Fiplegf ‘ : : - ;

: Hyde St Harbor SFPD Marine Unit & Fuel
cted to be inacce

not meet functional criteria

B ‘ =i

Ferry Service:
New Gates E, F, and G
are only gates
expected to be usable



UTILITIES

~:. COMBINED
WASTEWATER
SYSTEM

YOUNG BAY MUD

FIRMER SAND AND
OLD BAY CLAY
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Earthquake:

Damage from both Seawall instability
& liquefaction of fill

High damage in 100yr earthquake,
sewer & water primarily, may take up

to 1 year to repair

Critical City serving combined

wastewater infrastructure at risk

= Gas service breaks at seawall can

lead to fire loss.
Flood:

Function of Wastewater system will
be impaired with 1ft of SLR and
overwhelmed at 2ft of SLR

Saltwater damage to electrical
equipment

Groundwater impacts with 2ft of S%E



TRANSPORTATION

Earthquake damages

require rebuild of

Embarcadero
EMBARCADERO

TRANSPORT
STORAGE BOX

YOUNG BAY MUD

UTILITIES —6 (

Flood risk impacts all modes

PIER BULKHEAD BUILDING

SEAWALL

Earthquake:

Damage from both Seawall instability
& liquefaction of fill

High damage in 100yr earthquake
combined with utility repairs, may
cause disruption for 1+ year

Severe damage in 225yr earthquake
may cause disruption for 2+ years.

Northeast waterfront, northbound
lanes, and Promenade expected to
see higher damage.

Flood:

BART & MUNI, moderate disruption
with 1ft of SLR & major disruption
and damage with 2 ft SLR; 460,000
trips with regional impact.

Groundwater rise will begin
damaging subgrade at 2ft of SLR.

Embarcadero severely impacted b\ﬁ
2ft of SLR. 6



Earthquake:

MARITIME

Vehicular access along waterfront
is critical to function, disruption
starts at 100yr EQ, severe at 225

Table 6: seismic Consequence Summary - Maritime Commerce
April 2020

Complete loss of maritime Maritime Industry “ - -
function at 3.3 — 5.3 feet of SLR Cruise

Excursion

Water Recreation
Fishing

Harbor Service

Ferry & Water Taxi
Temporary & Ceremonial
Inactive/Reserve

Vehicular access
vulnerable to
earthquakes

&
o

I
1 I

S Flood:

Resilient to minor flooding, but

frequent flooding will result in
. complete loss of maritime

e function by end of century

T A v 2 ]l; Jobs and industries that built the
= ' '??g i Awaterfront impacted, including

e ] U st ries related to commercial
= fisheries, vessel inspectors,

HARF RILES K . K
®marine engineers, bar pilots



OPEN SPACE AND PARKS

Figure 2-3. Promenade Damage States for 100-year Seismic Event

EXTENSIVE DAMAGE AT
GIANTS PROMENADE
LOSS OF ACCESS FOR

{ 90,000 PEOPLE PER MONTH

s 3 ‘
RINCON PARK AREA:
LOSS OF ACCESS FOR

142,000 PEOPLE PER MONTH B

FOR 3 TO 9 MONTHS
» : ‘ ; B )

BUILDING AND PIERS 1 -5 /
LOSS OF ACCESS FOR 570,000 PEOPLE §
PER MONTH FOR 3 TO 9 MONTHS

- o

S FERRY BUI

PIER 23:

§ LOSS OF ACCESS FOR

524,000 PEOPLE PER

#| MONTH FOR 6 MONTHS
TO MORE THAN 1 YEAR

Z

PIER

il LOSS OF ACCESS

MONTHS TO MORE
THAN 1 YEAR

24 million people per year use the
promenade

Promenade is most heavily used part
of the regional Bay Trail

Earthquake:
Table 2-6. Promenade Seismic Consequences
Summary
Consequences - Extent of Damage
Seismic [Area i - Area 2 - Area 3 -
Event South Northeast Fisherman’s
Beach Wharf
43-year

100-year [
225-year
975-year

Flood:

With 2 ft of sea level rise the
promenade and parks will be
disrupted or closed, impacting users,
causing damage and increasing )3
maintenance costs



HISTORIC RESOURCES

Historic District
bulkhead wharves
and buildings at

isk

w Sl

Near term shoreline flooding affect Agriculture
Building, Ferry Building, and Pier 1-5
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HABITAT, ECOLOGY, AND ENVIRONMENT

Debris and contaminants
enter Bay and affect water

Increased urban runoff

and debris into Bay

quality

DERO PIER BULKHEAD
BUILDING

P e
‘:'. eI LY | &

.-:_l ]

S | Eete

UTILITIES —G

TRANSPORT
'STORAGE BOX

Urbanized waterfront contains
important native aquatic
habitat that is important for
commercial and recreation
functions.

Onshore contaminants,
building and contents, may
may enter the Bay

Opportunities to connect the
Bay ecology to millions of
people
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FERRY BUILDING AREA COMPLEXITIES
* Deep Bay Mud and Bedrock

» Seawall integral with Ferry Bldg Substructure
e 1895 Relieving Platform northbound
* BART Tunnel & Transition Structure

EMBARCADERO FERRY BUILDING FERRY PLAZA

FILLED LAND

ROCK SEAWALL

BART TUNNEL ’

YOUNG BAY MUD |10

CLAY

FIRMER SAND



ECONOMIC COST OF INACTION

EQ and Flood Economic Risk * Near-term economic damages
mainly from earthquakes:
Flood losses driven by rate of sea level rise S940 M in estimated
Btwn 2055 & 2085 — $1 billion flood loss earthquake losses over 30 yrs
becomes greater than seismic loss increasing to $1.5B over 80 yrs
SRR * Longer-term economic
damages from sea level rise:
$10,000M + .
flood losses increase from
W— $190 M in 30 years to $4.5 B in
80 years with the likely SLR
$100M - scenario, and to $30 billion
Sy - . o T % with the high SLR scenario.
$10M 4 — OPC1in 200 Significant damages are
—— USACE High .
OPC Likely outside of Port.
$1M A —— USACE Intermediate
* As we saw with the recent Pier

2020 2050 20I40 20I50 20'60 20170 20180 20l90 2100
45 fire, damages can have
Figure 5-1. Total Economic Impact Present Value Losses for the Embarcadero Seawall Program Area : H
] No?e: Figure includes buildings, marine :ructures, mobility, and regional cascading impacts. ’ m a" O r I m pa Cts O n peo p I e’
ﬁ_ businesses, jobs, and more
PORT-_ 32



HOW DOES THIS ADVANCE THE PORT’S APPROACH TO PROP A PROJECTS?

Findings Point to Targeted Interventions in Phase 1 of Embarcadero Seawall Program

/

A

i

FORT=—

Earthquake instability of
the Seawall is high
between Rincon Park &
Fisherman’s Wharf, but
moderate to low in South
Beach. Ferry Building area
(P14 to P9) is most
challenging to improve due
to very thick Young Bay Mud
and deep bedrock. Solutions
here may be different and
more expensive than areas
to the north.

@Bulkhead walls & wharves 0The Embarcadero is at risk

are high earthquake risk
due to both seawall
instability and ground
shaking vulnerability; these
are also shoreline and flood
protection structures for the
City, improvements need to
consider mid and long-term
sea level rise strategies and
how investments can be
adapted over time.

from Seawall instability
and liquefaction of the fill,
improvements to both may
eventually be needed to
serve as a lifeline corridor.

The Embarcadero Waterfront
is very sensitive to
flood thresholds, with major
consequences by 2 feet of
sea level rise, Ferry Building
Area (Folsom to Broadway) is
highest risk.
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DEVELOPMENT OF THE WATERFRONT RESILIENCE PROGRAM

2021 5 2022 ——

2019 ; 2020

oK Seawall Risk Assessment (MHRA)
: Wharf Elevation
: Study
Seismic Measures

Flood Measures

Develop and Evaluate
Alternatives

ASSESSMENT

USACE Future without project

DEVELOP
STRATEGIES

Program and
Project
Recommendations

DEVELOP :
ALTERNATIVES &

Future Adaptation Design

Draft Adapt Plan
FUTURE ‘ Construction
ADAPTATION 5
E‘ Project Concept Design, CEQA and Permitting
o~ CEQA: California Environmental Quality Act 35

oF
SAN FRANCISCO.



ADAPT PLAN
Overview and Key Highlights

~ Work In Progress

i

FORT=—

Project Area: Fisherman’s
Wharf to Heron’s Head Park

Timing: End of 2021

Focus: Guide action to reduce
seismic and climate change
risks; includes
recommendations for
Proposition A projects and
additional early project
recommendations, the USACE
Flood Resiliency Study
alternatives and the other
adaptation actions to achieve
the Program vision
statement.
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ADAPT PLAN ALTERNATIVES
Actions Comprising an Adapt Plan Alternative

CONSTRUCTION PROJECTS PLANNING STUDIES +
. . N STAKEHOLDER ENGAGEMENT
Including physical improvements Seismic performance
such as seismic upgrades and/or standards for buildings and Including further engineering
coastal flood risk reduction infrastructure and technical evaluations or
infrastructure ) , multi-stakeholder planning
City flood protection standard efforts
i Relocation of critical assets
37
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MEASURES AND APPROACHES

WRP Adapt Plan

4

oF
SAN FRANCISCO.

Policy and
Emergency

Seismic

Physical

b, b

i

Raised Marine
Structures

H

Building
Adaptations

W

Gates and Barriers

o

Deployables

Measures

Shoreline
Stabilization

Targeted

Measures

Levees Seawalls
Floodwalls Breakwaters
AR =7 _g__\
Ecological Ecological
Marine Features

Nearshore Buttress

Liquefaction

Bulkhead Wharf

Aquatic
Habitat

Drilled Shafts

Ecological
Shorelines

Super Bulkhead Wharf

Mitigation Retrofits
o, =0
Emergency Policies and
Preparedness Zoning

APPROACHES

Seismic and flood measures will be

combined to develop alternatives that

reduce both risks.
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WRP EVALUATION CRITERIA
Why are they important?
* Ensure that Program development considers

vision statement, principles, and objectives as
developed with stakeholders

* Provide stakeholders with direct input into
Program development
Feasibility & Society &

* Create a transparent and accountable .
Performance Equity

approach to Program development

* Clearly identify trade-offs or additional
benefits

* Allow Port team to compare alternatives in
each geography and to recommend preferred
alternatives

Economic Environment

FORT=—




WRP EVALUATION CRITERIA

Categories and Criteria

B

FORT=—

FEASIBILITY & PERFORMANCE SOCIETY + EQUITY
Feasibility Adaptability Life Safety Historic character
Performance Partnerships Emergency Response Social Cohesion and
Construction Utilities Mobility Community Resilience

Direct Physical Damage
Avoided

Urban Design Equitable investments
Equitable outcomes

ECONOMIC ENVIRONMENT
Capital Costs Environmental Risks Environmental
Lifecycle Considerations Opportunities

Disruption Avoided
Economic Resilience

Number of jobs
Diversity of jobs
40



Steven Reel

Port of San Francisco
sfport.com




