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City of Berkeley 
› Liza McNulty, PE - Capital Improvement Program Manager

COWI
› James Connolly, PE, SE

› Jessica Rivas

› Jacob Shaw, PE

› Gabriela Maciel-Jobb, M.Sc., P.Eng.

ENGEO
› Jeff Fippin, PE, GE

› Vlad Zasmolin, PE 

2. Team Overview



› Introduction 

› Project Overview

› Design Criteria

› Geotechnical  

› Coastal

› Structural

› Dredging 

› Q&A

Berkeley Pier Ferry Project  
25 February 2026

3. Agenda
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4. Project Overview



Outer Pier

Abutment

MSE Wall

Shore Protection

Inner Pier

Donut Fenders

Guide Piles
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5. Project Overview - New Waterfront Elements



6. Project Overview –
Existing Waterside Elements to be Demolished

› Originally constructed in 1926 as a 3.5-mile-long, two-lane automobile causeway extending 
from the foot of University Avenue.

› Converted to a fishing pier in 1960 when marina was built out

› Pier closed to public since July 2015 due to deterioration

› Pile Supported Concrete Pier – 22ft wide

› 18” SQ Precast Piles w/ 18” Diameter Timber Batter Piles
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7. Design Criteria - Code and Standards

› ASCE 61-14,  Seismic Design 
of Piers and Wharves

› CBC 2022, California Building 
Code 

› ASCE 7-22, Min Design Loads 
for Buildings and Other 
Structure

› AASHTO 2020 9th Ed

› ACI 318-19 (22), Building 
Code and Commentary for 
Structural Concrete

› OPC California Sea Level Rise 
Guidance 2024
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8. Design Criteria - General Performance

› Restore Public Access to the 
Waterfront

› Ferry Landing serviced by SF Bay 
Ferry

› Ferry Landing, Inner Pier, and 
Plaza designed to support 
emergency response

› Minimum 50-year Design Life

› Live Load

› Pier: 250psf | AASHTO HL-93 

› Breakwater: 250psf | AASHTO H15-44

› Gangway & Float: 100psf | 650 lb

› Environmental Loads: Wind, Wave, 
Currents, Tsunami
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9. Design Criteria –
ASCE 61-14 Seismic Design Guidelines
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10. Design Criteria -
Seismic Performance Requirements Inner Pier

Performance 
Requirement

CriteriaPerformance Level

No Damage
50% in 50 years 
(72-year return 

period)

Operating Level 
Earthquake (OLE)

Minimal Damage
10% in 50 years 
(475-year return 

period)

Contingency Level 
Earthquake (CLE)

Minimal Damage
Design Earthquake 

per ASCE 7

Design Earthquake (DE)

Controlled and 
Repairable Damage

MCE Earthquake per 
ASCE 7

Maximum Considered 
Earthquake (MCE)

› Inner Pier design is based on ASCE 61-14 design procedures but 
conservatively adapted for consideration of “Essential” importance level. 
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11. Design Criteria - Seismic Performance 
Requirements Outer Pier & Breakwater

› Outer Pier and Breakwater design is based on ASCE 61-14 design 
procedures for “Moderate” importance level that is not essential to post 
event recovery but require a level of seismic performance beyond life 
safety protection. 

Performance 
Requirement

CriteriaPerformance Level

Controlled and 
Repairable Damage

20% in 50 years 
(224-year return 

period)

Contingency Level 
Earthquake (CLE)

Life Safety
Design Earthquake 

per ASCE 7

Design Earthquake (DE)
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12. Geotechnical - Scope of Work

› Review of Historical Aerial Images and Maps

› Geotechnical Investigation

› Landside

› Five Mud Rotary Boreholes

› Four CPTs

› Nine Pavement Cores

› Seven Sonic Borings

› Offshore (Performed on Quin Delta Drill Ship)

› Six Mud Rotary Borings

› Three CPTs

› Geotechnical Investigation

› Analysis Including:

› Young Bay Mud settlement

› Liquefaction Evaluation 

› Site-specific response spectra

› Seismic Shoreline Stability

› Vertical and Lateral Pile soil-structure interaction
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13. Geotechnical - Historical Aerial Images

1939 1957

2002

1894

1968
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14. Geotechnical –
Subsurface Exploration Program
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15. Geotechnical -
Geotechnical Cross Sections
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16. Geotechnical -
Subsurface Conditions

› Fill (Qaf) - onland

› Up to 23 feet. Generally not engineered. Mix of clay ranging in stiffness from soft 
to stiff and sand and gravel ranging in density from medium dense to dense. 

› Rock Dike – at shoreline

› Well graded gravel with cobble up to 4½-inches in diameter. 

› There is Young Bay Mud under the Rock Dike.

› Recent Bay Deposits/Young Bay Mud (Qybm)

› Between 4 to 16 feet thick. Thicker deposits offshore

› Offshore, Young Bay Mud is overlain by veneer of recent bay deposits.

› Alluvium and Old Bay Clay (Qal/Qobc)

› Stiff to hard clay interbedded with medium to very dense sand and gravel. 
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17. Geotechnical -
Settlement Consideration

› Static Load Consolidation

› Grades will be raised by up to 5½ feet at the pier plaza.

› Estimate 1- to 5½-inches of static settlement due to fill placement.

› Mitigation of settlement at the Pier Plaza by

› 1. Surcharging the Pier Plaza with an 8-foot-high embankment for 3 months

› 2. Placement of lightweight cellular concrete extending 14-feet back from 
the seawall

› 3. Construction of a flexible precast concrete panel MSE wall

› Liquefaction 

› PGA = 0.85g; Mw = 8.0 - MCE

› Majority of the sandy fill is intermixed with high-plasticity fines. 

› Native soil is predominantly clay. Lenses of sand are sufficiently dense to 
resist liquefaction or are intermixed with plastic fines.

› Liquefiable layers are relatively thin and discontinuous.

› Landside: Up to 2½-inches of vertical settlement.

› Offshore: Nominal liquefaction
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18. Geotechnical -
Site Specific Response Spectra

Summary of 5% Damped 
Response Spectra

CLE 5%,7%, and 10% 
Damped Response Spectra
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19. Geotechnical -
Seismic Slope Stability

Existing Conditions
Ky = 0.23

Displacement
CLE Level Event ≈ ½ foot

MCE Level Event ≈ 1½ to 2 
feet 

Displacement
CLE Level Event ≈ <½ foot
MCE Level Event ≈ ½ foot

DSM Ground Improved
Ky = 0.36

Acceptance Criteria ≈ ½ foot during MCE Level Event 
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20. Geotechnical - Deep Soil Mixing
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21. Coastal - Water Levels

› Project Tidal Datum – City of Berkeley MLLW

› Conversion between Berkeley MLLW and NAVD88 determined by surveyor (eTrac)

› Berkeley Tide Station 9414816

Description
Value

(ft Berkeley 
MLLW)

Datum

Highest Astronomical Tide8.4HAT

Mean Higher-High Water6.8MHHW

Mean High Water6.2MHW

Mean Sea Level4.0MSL

North American Vertical Datum of 
1988

0.57NAVD 88

Berkeley Mean Lower-Low Water 0.0Berkeley MLLW

Lowest Astronomical Tide-1.6LAT
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22. Coastal - -
Sea Level Rise

› OPC California Sea Level Rise Guidance 2024

2075 1.6 2.6 3.5

2075 – Design Report
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23. Coastal -
Design Still Water Elevation(SWEL)

HighInter-HighInterYear

Extreme Water Level (1% AEP) 
10.3 [ft-Berkeley MLLW)

2025

13.012.911.92075

14.413.312.12080

16.815.113.42100
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24. Coastal -
Wave Modeling and Diffraction Simulations

› NOAA wave hindcasts (27 years)

› Buoy wave observations

› Spatially variable wind forcing

› Wave generation and propagation – DHI Mike21 SW

› Long-term nearshore wave conditions

› Directional and spectral wave information

Wind Distribution Site - Output Points

Model Mesh

Model Bathymetry
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25. Coastal -
Wave Modeling and Diffraction Simulations

› Wave Disturbance MIKE 21 BW 
(Boussinesq model)

› Wave diffraction and transformation 
inside terminal – DHI Mike21 BW

› Breakwater configurations: 250, 
300, and 400 ft

› Dredged depths explicitly included in wave 
propagation and shoaling computations

› Wave disturbance coefficients at berths and 
plaza for timeseries generation
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› Breakwater length comparison

Wave disturbance plot for Dir = 255°N at MHHW Tp = 6 sec 

BW Length = 300 ft BW Length = 250 ftBW Length = 400 ft

26. Coastal -
Wave Modeling and Diffraction Simulations
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› Breakwater length comparison

Wave disturbance plot for Dir = 240°N at MHHW Tp = 6 sec. 

BW Length = 300 ft BW Length = 250 ftBW Length = 400 ft

27. Coastal -
Wave Modeling and Diffraction Simulations
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28. Coastal - Downtime Assessment

›Downtime Criteria

› Wave height threshold: 1.5 feet 

› Wind speed threshold: 20 knots (1-hour average) 

› Upper limit of safe marine operations

› Limit based on historic operation data provided by SF Bay Ferry

› COWI compared the wave agitation at other San Francisco Bay ferry terminal 
locations for the specific days interruptions occurred to determine operation 
thresholds
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29. Coastal - Total Water Elevation @ Breakwater

4.5 ftWave Run-up 2%

0.09 l/m/s
Average Overtopping 
Discharge*

17.6 ft Berkeley 
MLLW

Minimum Breakwater 
Elevation

›Wave effects and minimum 
breakwater crest elevation

›*Acceptable discharge (< 0.1 l/m/s) 
at El. +17.56ft Berkeley MLLW
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30. Coastal - Green Water Elevation @ Pier

Elevation (ft 
MLLW Berkeley) 

Parameter

11.9Design Still Water Level

2.3-3.3100-year Max Crest Height

14.2-15.2Max. Green Water Level

› Maximum green water elevation 
along length of Pier
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31. Coastal - Total Water Elevation @ Plaza (MSE 
Wall/Abutment)

<0.1 l/m/sWave Overtopping

15.8 ft Berkeley 
MLLW

Minimum Plaza 
Elevation

›Wave effects and minimum plaza 
elevation
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32. Coastal - Minimum Elevations vs Design 
Elevations 

Minimum elevations based on 
combined probability:

›stacked extremes

›high consequence design
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33. Coastal - Sea Level Rise Risk Assessment

•OK: Element is above the design water elevation and will not be subjected to flooding during the 

scenario considered (overtopping < 1 l/m/s)

•OT: Element will be subjected to overtopping during the scenario considered

*Total Water Level Breakwater = Still Water Level + Run up 2% (4.5 ft) 
**Maximum Green Water Level = Still Water Level + Max Crest Height (3.3 ft)
*** Total Water Level Plaza = Still Water Level + Run up 2% (3.9 ft) 

Plaza
(16.5 ft MLLW)

Deck                   
(16.5 to 17.5 ft 

MLLW)

Breakwater   
(17.6 ft MLLW)Still 

Water 
Level 

(ft 
MLLW)

SLR (ft)YearScenarioNumber

Status

Total 
Water 

Level***
Status

Max 
Green 
Water 

Level**
Status

Total 
Water 
Level*

OK15.8OK15.2OK16.411.91.62075Intermediate0 (Design)

OK17.3OK16.7OK17.913.43.12100Intermediate1

OK16.8OK16.2OK17.412.92.62075Intermediate-High2

OT19.0OT18.4OT19.615.14.82100Intermediate-High3

OT17.7OT17.1OT18.313.83.52075High4

Inundation20.7Inundation20.1OT21.316.86.52100High5

›New Pier, Breakwater, Plaza designed to be resilient to overtopping. 
Designed with concrete and other materials selected for saltwater 
environment
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34. Coastal - Current Flood Risk – FEMA FIRM

› FEMA FIRM 06001D0052H

› Zone VE EL 13’ NAVD88
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35. Coastal - Flood Risk – At Pier/Plaza Interface 

EL+14.5’
Existing 
Road

EL+11.4’
Existing Pier/Plaza

EL+16.5’
New Pier/Plaza
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36. Coastal - Future Flood Risk - ART Bay Shoreline 
Flood Explorer



Outer Pier

Abutment

MSE Wall

Shore Protection

Inner Pier

Donut Fenders

Guide Piles
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37. Structural - Overview

Structural Elements

› MSE Seawall = 350 lf

› Abutment = 22 lf

› Pier = 1080ft x 22ft (Inner=675ft/Outer 405ft)  

› Breakwater = 300ft x 15ft 

› Gangway = 120ft x 10ft

› Float = 135ft x 42ft

› Guide Piles = (6) 36” Diameter Steel Pipe Piles

› Donut Fender Piles = (4) 36” Dia. With 6ft fenders
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38. Structural - MSE Seawall
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39. Structural - MSE Seawall

Design Summary

› Precast concrete panel retaining wall 
with geostrip reinforcement. 

› Backfill will comprise pervious 
lightweight cellular concrete (LWCC).

› Geostrips will be embedded in the 
LWCC to support panels.

› Design incorporates surcharge 
loading from handrail, pedestrian, 
and firetrucks.

› System allows a relatively lightweight 
structure that has some flexibility for 
minor weight-induced settlement.

› Analyzed both static and seismic 
conditions.
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40. Structural - Abutment

Design Summary

› 24” Steel Pipe Piles with 
Concrete Cap beam and 
Wing Walls

› Design incorporates 
surcharge loading 
pedestrian, and firetrucks.

› Analyzed both static and 
seismic conditions.

› Approach Slab Designed to  
accommodate settlement 



Design Summary

› Existing rip rap in good 
condition

› Rip rap to be restored along 
MSE wall and Abutment
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41. Structural - Shore Protection
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42. Structural - Pier

Design Summary

› Pier= 1080ft x 22ft (Inner=675ft x 22ft | Outer 405ft x 22ft)

› Seismic Isolation Joints btw. Landing Platform, Inner Pier, Breakwater, Outer Pier)

› Bents @ 25ft OC

› (2) 24” Oct. Prestressed 
Concrete Piles per Bent

› 20” CIP Concrete Deck

› Marine Concrete, 3” 
concrete cover, and 
corrosion inhibitor to meet 
minimum 50-year service 
life for structure exposed 
to water and waves
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43. Structural - Pier - Seismic Analysis

Seismic Design

› ASCE 61-14, ACI 318-19(22)

› Non-linear pushover analysis for pier. 

› Seismic strains limited for no damage, minimal damage, repairable damage.

› Upper Bound (200%) and Lower Bound (50%) Soil Springs

› MCE Kinematic displacement of 6” mitigated by sleeving 24” diameter pile with 36” pile

› 10% Live load considered in seismic mass
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44. Structural - Pier – Seismic Displacements

Seismic EventDirection

MCEDECLEOLE

11.4 in6.2 in9.0 in3.1 inLongitudinal

8.9 in5.4 in8.0 in2.5 inTransverse
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45. Structural - Pier - Push Over Curves
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46. Structural  - Pier –
Hinge Rotation Demand to Capacity Ratio

Bottom Hinge
8#11 + 16 Prestress 

Strands

Top Hinge
8#11

Limit State
Seismic 
Event

0.0%0.0%No DamageOLE

71.4%81.5%Min. DamageCLE

35.7%18.5%Min DamageDE

65.4%23.2%
Controlled and 

Repairable Damage
MCE



Design Summary

›24” Oct Prestressed Concrete Batter Piles

›12” Precast Prestressed Concrete Sheet 
Pile Wall

›5’x5’ Concrete Cap

›12” Concrete Slab (Thicker at intersection 
of pier)

›Marine Concrete, 3” concrete cover, and 
corrosion inhibitor to meet minimum 50-
year service life for structure exposed to 
water and waves

›Design Loads
›Uniform (LU): 250 psf
›Ambulance/Maintenance Truck: AASHTO 
H15-44: 24kip axel load (one lane)

›Wave Loading:2.6ft significant wave 
height, 100-year return period

›Uplift of deck considered
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47. Structural - Breakwater
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48. Structural - Breakwater – Seismic Analysis

Seismic Design

› Seismic Design in accordance 
with ASCE 61-14

› Forced Based Design

› R=1 for DE

› Soil springs will be added for 
final analysis
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49. Structural - Canopy

Design Summary

›Steel and Aluminum 
Framing

›Poly Carbonate Roof Panel

›Wind Speed ASCE 7-22 
Risk Category IV. 105 mph

›Seismic Forces determined 
by ASCE 7-22 Chapter 13

›Designed to clear fire 
trucks
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50. Structural - Gangway

Design Summary

›Same construction as 
other SF Bay Ferry 
terminals

›ADA compliant per Access 
Board, “Proposed 
Accessibility Guidelines for 
Passenger Vessels”, 2013

›Aluminum framing

›Micro-mesh FRP grating

›Design Loads

›Uniform: 100 psf

›Point: 650 lbs

›Design-Build Element
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51. Structural - Gangway –
Length (120ft) @ HAT and @ LAT

Gangway 
Length 
Comparison
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52. Structural - Float

Design Summary

›Universal Charging Float (UCF) – Same construction as SF Ferry 
Building Gates E & F  

›Uniform: 100 psf Walking Area

›Uniform: 40 psf Float Deck

›Point: 650 lbs concentrated

›Berthing Loads: WETA Design Vessels 

›Vessel speed= 1.5ft/s

›Enviro. Loads: Current, Wave, Wind
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53. Structural - Float –
UCF SF Ferry Building Gate E & F Concept
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54. Structural - Float –
UCF SF Ferry Building Gate E & F Concept
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55. Structural - Float Guide Piles and 
Donut Fender Piles

Design Summary

• Float guide piles sized for 
vessel berthing and enviro. 
loading on float

• Donut fenders located to reduce 
risk of accidental impact at 
critical locations
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56. Dredging - Design Dredge Depth

Dredge Depth: -12.51’ MLLW with                
1ft Overdredge

Authorized Channel Depth
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57. Dredging - Channel and Turning Basin 
Dredge Layout
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58. Dredging - Hydrographic Survey and
Proposed Dredge Extents

Existing Nominal water depth EL-6ft

Proposed Dredge Extents

Hydrographic Survey
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59. Dredging - Typical Dredge Sections

Design Depth 
EL -12.51’ + 1’ 
Overdredge

Side Slope 
Typical: 4:1
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60. Dredging - Dredging at Marina 
Entrance in 2025
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61. Questions/Answers


