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Abbreviations and Glossary  

Abbreviations  

Abbreviation  Description  

AAL  Average Annual Loss  

BCDC  San Francisco Bay Conservation and Development Commission  

DEM  Digital Elevation Model  

FFE  First-Floor Elevation  

 MHHW  Mean Higher High Water   

OPC  California Ocean Protection Council  

RSAP  Regional Shoreline Adaptation Plan  

SLR  Sea Level Rise  

 

Glossary of terms  

Term  Explanation  

Average Annual Loss 

(AAL)  

The average expected economic loss from flooding in a given year, accounting for 

the probability and damages of a wide range of flood events. It is the integral of the 

loss-probability function.  

Annual Exceedance 

Probability (AEP)  

The probability that a flood of a given size or greater will occur in any single year. A 

1% AEP event has a 1-in-100 chance of occurring in any given year.  

Blue Infrastructure Strategically planned networks of natural and semi-natural structures, such as 

ponds, rivers, wetlands, and coastal areas, which manage water resources while 

promoting ecosystem health and human well-being. 

Compound Flooding  Flooding caused by two or more drivers — such as storm surge and heavy rainfall 

— occurring simultaneously.  

Depth-Damage 

Function  

A curve that relates flood depth — measured from the top of the first finished floor 

— to damage expressed as a percentage of replacement cost. The output is a 

damage percentage that is then translated into a dollar loss estimate.  

Discount Rate  A percentage used to convert future costs into their present-day value. A higher 

discount rate places less weight on future losses. This study uses 0% 

(undiscounted), 2%, and 7% discount rates. The 2% rate is generally used for long-

term environmental, climate and sea level rise planning. The 7% rate is the historic 

default rate established by the Office of Management and Budget. 

First-Floor Elevation 

(FFE)  

The elevation of the lowest finished floor of a building. A building is considered 

exposed to flooding when water depth exceeds its first-floor elevation.  

Flood Risk  The likelihood and adverse consequences of flooding. Flood risk for assets and 

people for any location in a floodplain is a function of flood hazard at that location 

and their exposure and vulnerability to the flood hazard (USACE, 2015).  

Gray Infrastructure Physical structures and systems that support urban development and water 

management, including traditional stormwater infrastructure such as gutters, drains, 

pipes and pump stations and engineered assets like roads, bridges, dams, and 

water treatment plants. 

Green Infrastructure A range of natural measures that use plant or soil systems, permeable surfaces or 

substrates, stormwater harvest and reuse, or landscaping for stormwater and 

habitat management. Such natural measures can provide storage, 

filtration, infiltration, and evapotranspiration to treat and soak up rainwater where it 

falls which can also deliver multiple environmental, social, and economic benefits. 

Hazus  Hazus, short for Hazards United States, is a geographic information system (GIS)-

based software tool created and distributed by the Federal Emergency Management 

Agency (FEMA) to help communities assess and manage risks from natural hazards 

https://www.epa.gov/green-infrastructure/benefits-green-infrastructure
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(floods, earthquakes, hurricanes, tsunamis). It provides standardized depth-damage 

curves for buildings and content losses based on building type and occupancy.  

Land Subsidence  The gradual sinking of the ground surface over time due to natural or human-caused 

processes. In coastal areas, subsidence lowers land relative to sea level, 

compounding flood risk.  

LiDAR (Light Detection 

and Ranging)  

A remote sensing technology that uses laser pulses to measure the distance to the 

Earth’s surface.  

Mean Higher High 

Water (MHHW)  

The average of the daily higher-high tide.   

Pluvial Flooding  Flooding that results from rainfall in which water accumulates faster than it can 

dissipate, either through infiltration or drainage methods.  

Present Value  The current value of future costs, calculated by applying a discount rate. Used in 

this study to express flood losses in today’s dollars.  

Return Period  A statistical expression of how often a flood event of a given size is expected to 

occur on average. A 100-year return period event has a 1% chance of occurring in 

any given year. Return period and AEP express the same concept in different ways.  

Sea Level Rise (SLR)  The long-term increase in average ocean water levels resulting from climate 

change, driven by the thermal expansion of warming ocean waters and melting of 

glaciers and ice sheets.  

SLR Scenarios  Planning scenarios defined in the State of California Sea Level Rise Guidance: 2024 

Science and Policy Update (OPC, 2024) to represent a range of plausible future sea 

level conditions.   

Storm Surge (1-yr and 

100-yr)  

A sustained rise in sea level above the normal predicted tide as a result of a storm 

event. A 1- yr storm surge is expected to occur once per year while a 100-yr storm 

surge has a 1% chance of occurring in any given year.  

Tidal Flooding or 

Inundation  

Flooding that results from high tides encroaching along the shoreline or pushing 

water up a storm drain network.  

XP-SWMM  XP-Stormwater Wastewater Management Model is an integrated 1D/2D modelling 

solution for stormwater and wastewater management supporting urban planning, 

growth, and flood mitigation efforts. It is a commercial software package building 

upon the open-source engine developed by the US Environmental Protection 

Agency.  
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Executive Summary 

This report presents an implementable strategy to reduce flood risk in the Gate 5 Area while establishing a 

framework for future adaptation. The report evaluates existing and projected future flooding affecting Gate 5 Road, 

Coloma Street, Harbor Drive, Varda Landing, the Coloma Street Canal, and adjacent low-lying shoreline areas, and 

translates those findings into practical improvement strategies for the near-term (2025-2035), mid-term (2035-

2050), and long-term (2050-2100). Based on a detailed assessment of storm surge, sea level rise, land 

subsidence, and stormwater runoff, the report is intended to support informed decision-making, prioritize future 

investment and provide a defensible basis for advancing the recommended improvements from concept through 

implementation. 

 

The flooding analysis, which was completed utilizing XP Storm Water Management Model (XP-SWMM) and 

validated using real-world observations and measurements from the site, confirms that the Gate 5 area is currently 

affected by flooding driven primarily by tidal activity and storm surge and secondarily by stormwater flow impacts. 

Seawater flows up through the storm drain network and out the lowest elevation catch basins and drain inlets, 

resulting in recurring access, property, and operational impacts along Gate 5 Road and nearby properties. This 

report further concludes that sea level rise and land subsidence will significantly increase these risks in the future 

and will progressively shift the dominant flooding mechanism from drainage-system backflow to broader overland 

inundation from Richardson Bay (the Bay). These findings indicate that near-term improvements can reduce 

current flood impacts, but they should be advanced in a manner that is compatible with longer-term adaptation 

needs. This means that mid-term and long-term improvements would be additive to near-term solutions instead of 

simply replacing them, therefore maintaining the investment made into the near-term solutions. 

 

The economic consequences of inaction are substantial. A “do-nothing” analysis of cumulative building losses over 

the 2025–2080 period estimated approximately $2.37 billion in undiscounted damages, or roughly $466 million in 

present value using a 7% discount rate. These figures underscore the long-term value of investing in the flood-

reduction measures described below and provide a defensible economic basis for advancing the recommended 

improvements. 

 

This report includes a comprehensive alternatives evaluation, including a review of over ten potential mitigation 

actions, such as the addition of permanent pump stations, tide gates to the two existing outfalls from the project 

area, and upstream and coastal storage, the implementation of vertical solutions, such as a seawall along the 

shoreline, raising Gate 5 Road, or raising individual properties, and the inclusion of green infrastructure. Based on 

this analysis, WSP recommends that the near-term solution include several key components: 

  

1) adding a tide gate to each of the two existing stormwater outfalls to the Bay;  

2) covering the Coloma Street Canal and installing a 38 cfs pump station on top of the Canal;  

3) improving the storm drain network along Gate 5 Road;  

4) constructing a seawall in a portion of the Varda Landing area; and 

5) raising the elevation of Varda Landing (portion on private land, which would have to be coordinated with 

private landowners).  

 

These solutions can be designed, permitted, funded, and constructed within a time frame estimated to be within 3 

to 4 years. Specific aspects could be constructed faster, if desired and private owner collaboration is obtained. It is 

important to note that these five steps work together to increase the flood resiliency of the community and none of 

them on their own are sufficient. For example, raising Varda Landing alone would not address flooding issues of 

the properties on the seaward side of the road because the road would only act as a barrier to inland flow of water 
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for locations on the inland side of the road. Therefore, this solution must be partnered with the construction of a 

seawall around a portion of the Varda Landing area. This overall approach provides the strongest near-term 

balance of effectiveness, feasibility, and expandability because it addresses the principal flood mechanisms while 

preserving the ability to add future capacity, storage, roadway raising, shoreline protection, property adaptation, 

and green infrastructure. Table ES.1 summarizes the recommended near-term options. 

Table ES.1 – Summary of Near-Term Mitigation Option 

Near-Term Mitigation 

Option 

Key Benefits Key Limitations Planning- 

Level Cost 

• Add Tide Gates to Existing 
Outfalls 

• Pump Station on Coloma 
Street Canal (2-Year 
Rainfall Capacity) 

• Storm Drain 
Improvements 

• Addresses Backflow of Coastal 
Water 

• Addresses Stormwater Flows While 
Tide Gates Are Closed 

• Relatively Fast Implementation (3 to 
4 years) 

• Within City Right of Way 

• Moderate O&M for 
Pump/Tide Gates 

• Potential Permitting 
Delays at Canal 

• Structural Assessment 
of Canal Must Be Done 
First 

$4.8 million 

• Varda Landing Seawall (1-
Year Storm Surge 
Elevation) 

• Raising Varda Landing to 
1-Year Storm Surge 
Elevation (Portion on 
Private Property) 

• Reduces Overland Flooding from the 
Bay 

• Initial Private Owner Approval 

• Requires Private Owner 
Coordination 

 

$1.6 million 

 

Together, the recommended near-term improvements carry a planning-level cost of approximately $4.8 million for 

the Gate 5 Road drainage, pumping, and tide-gate work, plus about $1.6 million for the Varda Landing shoreline 

protection. The near-term pump station is sized to convey roughly 38 cfs, which is equivalent to about a 2-year 

rainfall event when the tide gates are closed and is the maximum pump capacity that could be constructed on top 

of the canal. Capacity to pump the full 10-year design flow of 86 cfs would be reached incrementally through the 

mid- and long-term pump expansion. This reflects an accepted level of near-term residual risk in exchange for 

faster, lower-cost implementation. 

 

To advance the recommended near-term solutions, the report also identifies a practical program of next steps 

including additional geotechnical investigation, closed-circuit television (CCTV) and drainage system verification, 

hydrologic model refinement, continued community engagement, phased design development, permitting, and a 

parallel funding strategy. These actions will allow the City to advance the project in an orderly and well-supported 

manner.  

 

Funding for the recommended improvements is expected to draw primarily on FEMA’s Building Resilient 

Infrastructure and Communities (BRIC) program for the core drainage and pump-station work, supplemented by 

California Department of Water Resources flood programs, San Francisco Bay Restoration Authority Measure AA, 

the Coastal Conservancy’s Climate Ready Program, and the National Coastal Resilience Fund for shoreline and 

habitat features. Because work at the outfalls, the Coloma Street Canal, and along the shoreline touches waters of 

the Bay, permitting will require coordination with agencies including BCDC, the U.S. Army Corps of Engineers, and 

the Regional Water Quality Control Board, and should be initiated early to protect the project schedule. 

 

Mid- and long-term improvements were also evaluated to provide phased implementation strategies intended to 

ensure future adaptability as flood potential intensifies between 2035 and 2100.The flood mitigation alternatives for 

the mid-term horizon (2035-2050) and long-term horizon (2050-2100) include adding additional stormwater 

pumping, adding upstream vaults for storing stormwater, implementing vertical solutions, such as a seawall along 

the shoreline, raising Gate 5 Road, or raising individual properties, and incorporating green infrastructure. These 
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solutions are viewed as additive and will build upon the flood resiliency provided by the near-term solutions. Mid-

term options are summarized in Table ES.2 and long-term options are summarized in Table ES.3. 

Table ES.2 – Summary of Mid-Term Mitigation Alternatives (Additive to Near-Term Alternatives) 

Mid-Term Option Key Benefit Key Limitations 
Planning-
Level Cost 

• Increase Pump Station 

(PS) Capacity 

(Incrementally Towards 

10-year Rainfall Capacity) 

• PS Can Handle Larger Rainfall 

Events 

• Moderate Cost 

• Additional Space Needed for 

Pumps & Controls 

• Likely Requires Easements 

• Additional O&M 

$6.9 million 

• Underground Storage at 

MLK Park 

• Reduces Size of PS 

• Potential Irrigation Reuse 

• High Cost  

• Park Impacts 

$28.8 million 

• Green Infrastructure in 

Upstream Watershed 

• Improves Water Quality, 

Sustainability, and Aesthetics  

• Sustainability  

• Reduces Size of PS 

• Community Approval 

• Moderate Cost 

• Not a Stand-Alone Flood 

Protection Strategy 

$5.9 million 

• Raise Gate 5 Road to 1-

year Storm Surge 

Elevation 

• Improved Access During Most 

Frequent Flood Events 

• Low Cost 

• Does Not Protect Properties 

Waterward of Gate 5 Road 

• Requires Property and Utility 

Coordination 

• Only One-Way Traffic 

$0.6 million 

Table ES.3 – Summary of Long-Term Mitigation Options (Additive to Near- and Mid-Term 
Alternatives) 

Long-Term Option Key Benefit Key Limitation 
Planning-
Level Cost 

• Raise Gate 5 Road to 100-

year Storm Surge Elevation 

• Improved Accessibility 

During High Flood Events 

• Low Cost 

• Does Not Protect Properties 

Waterward of Gate 5 Road  

• Requires Property and Utility 

Coordination 

• Only One-Way Traffic 

$0.9 million 

• Shoreline Seawall with 

Ecological and Recreational 

Improvements 

• Addresses Broader 

Overland Flooding 

• Ecological and 

Recreational Benefits 

• Protects Entire Area 

• Requires Property and Utility 

Coordination 

• Likely Requires Easements 

$34 million  

• Raise Properties and 

Structures 

• Reduces Long-Term 

Exposure for Individual 

Parcels 

• High Cost 

• Piecemeal Solution  

• Requires Private Owner 

Participation  

$185 million 

 

Based on this analysis and the feedback received during the community workshops, WSP recommends a phased 

hybrid approach combining the mid- and long-term mitigation alternatives. The recommended alternatives include: 

  

1) Expansion of the pump station near the Coloma Street Canal;  

2) Construction of a shoreline seawall with ecological and recreational enhancements; and 

3) Incorporation of green infrastructure into all alternatives. 

 



 

Gate 5 Area Drainage Management Study 
Draft Concept Design and Implementation Report 
2026-08-19  10 
 

The goal of expanding the pump station and incorporating green infrastructure is to increase the capacity of the 

system to ultimately handle the runoff from the 10-year rainfall event storm occurring during a 100-year storm surge 

event. The 10-year rainfall event was used due to site constraints, such as available site size and storage capability 

required for large capacity pump stations, prohibitively high planning-level costs for larger pump stations, and 

design guidance used by Caltrans as a desirable design storm for urban roadways with speeds up to 45 mph. The 

construction of a seawall with ecological and recreational enhancements was selected because it provides 

protection for the entire area while pairing well with the pump station and green infrastructure improvements. It also 

provides full protection in a cohesive manner and at a fraction of the cost of raising properties and structures 

individually. The ecological and recreational enhancements for the seawall provide the City with the ability to 

maintain waterfront access for the public and improve ecological function along the shoreline. Green infrastructure 

is included because it improves the effectiveness and reduces the size and footprint of the proposed flood control 

facilities, resulting in net savings for the project. It also has benefits on water quality and creates a lasting 

environmental value while increasing agency acceptance to the project. 

   

Once the near-term mitigation actions are underway, the City should establish a monitoring plan that tracks flood 

frequency, flood depths and duration, tide gate performance, pump station runtime and capacity utilization, 

nuisance flooding complaints, subsidence, sea level rise trends, and post-storm observations. These metrics can 

be used to define triggers for future upgrades, such as repeated exceedance of acceptable service levels, 

increasing flood duration, pump capacity exceedance, tide gate overtopping or backflow, accelerated subsidence, 

or updated sea level rise projections. Even though the mid- and long-term planning horizons provide a good 

framework for future capital planning and resilience investment, a monitoring plan can assist the city to adapt the 

mid- and long-term mitigation actions to fit the observed changes in site conditions. 
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1. Introduction 

This document summarizes the conceptual design and implementation strategy for drainage improvements along 

Gate 5 Road and the surrounding low-lying shoreline area in the City of Sausalito. The purpose of the conceptual 

design is to evaluate a range of drainage improvement alternatives given near-term and future flooding conditions 

and then prepare and cost a preliminary design that is implementable and immediately applicable for the near-term 

along with strategic recommendations for future conditions. It is organized to provide a clear basis for planning 

decisions. Section 2 summarizes existing conditions and provides the overall scope of work for the project. Section 

3 summarizes the findings from our vulnerability assessment which identifies immediate and future flooding 

concerns due to anticipated land subsidence, sea level rise and stormwater runoff changes. Section 4 provides the 

overall basis for design which will be used to develop and evaluate mitigation alternatives throughout the project 

area given the various flood scenarios provided from the vulnerability assessment. Section 5 provides the overall 

development of mitigation alternatives to address near-, mid-, and long-term flooding throughout the project area 

including such items as tide gates, pump stations, storage systems, grading and vertical element options, and 

green infrastructure. Section 6 describes the alternatives analysis including a prioritization of alternatives based on 

such items as cost effectiveness, permitting, funding, community and scheduling constraints. Based on this 

analysis, Section 7 discusses the mitigation actions that WSP recommends for the near-, mid-, and long-term time 

horizons.  Section 8 then provides an overall implementation strategy for the near-term option and future strategy 

for selecting future flood control options. Section 9 provides a conclusion of the entire report. Appendices provide 

supporting technical information, assumptions, and reference material used to complete the assessment. 
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2. Background 

2.1 Existing Conditions 

The Gate 5 Area in the City of Sausalito 

faces chronic flooding and increasing flood 

risk due to the combined effects of sea level 

rise, storm surge, storm water runoff from 

rainfall events, and land subsidence 

estimated between 0.2 to 0.6 inches per year 

(See Section 3.2). Flooding is primarily 

caused by high tides and storm surge, with 

rainfall having a minimal effect, regardless of 

whether it occurs during a storm surge or low 

tide event. The project area focuses on 

locations currently affected by storm events, 

coastal flooding, and aging drainage 

infrastructure and is displayed in Figure 2.1. 

Portions of Coloma Street, Heath Way, 

Harbor Drive and Varda Landing also 

experience chronic flooding. Topography of 

these low-lying areas is shown in the maps 

in Appendix C. A topographic survey (Towill, 

2026) was completed at Gate 5 Road from 

Coloma Street to Harbor Drive and along the Coloma Street canal.  The work effort included road and utility 

surveying for drainage and flood mitigation improvements along Gate 5 Road with the survey area encompassing 

approximately 1.35 acres. Project control and survey support was provided throughout the project including tying 

into the project control network to support survey and design activities. Project control uses NAD83 CCS83 Zone 

3, 2011 (2025.00) epoch for the horizontal datum and NAVD88 for the vertical datum. The survey documented 

elevations and coordinates for drainage inlets and manholes of over 15 structures including top of canal and 

bottom of canal elevations along the Coloma outfall canal and other drainage features within the roadway right-of-

way. 

2.2 Scope of Work  

The scope of work included development and evaluation of three conceptual alternatives as part of the Gate 5 Area 

Drainage Management Study conceptual design. Each alternative would: 

 

◼ Incorporate a combination of blue (e.g. ponds, coastal areas, etc.), green (e.g. infiltration, bioretention, and 

nature-based solutions), and gray (e.g. stormwater pipes and pump stations) infrastructure 

◼ Include a range of improvements throughout the project area 

◼ Be evaluated by technical feasibility, cost-effectiveness, community priorities, regulatory and permitting 

requirements, funding, right-of-way and site constraints, and schedule constraints 

◼ Be refined through stakeholder and City workshops, incorporating feedback to assist in building consensus on 

conceptual approaches. 

 

◼ N 

Figure 2.1 – Gate 5 Project Area in City of Sausalito 

◼ N ◼ N ◼ N ◼ N ◼ N ◼ N ◼ N ◼ N ◼ N ◼ N ◼ N ◼ N ◼ N ◼ N ◼ N ◼ N ◼ N ◼ N ◼ N ◼ N ◼ N ◼ N 
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Based on the vulnerability assessment presented in Section 3, which describes the extent and progression of 

flooding over time, different conceptual solutions are most appropriate at different planning horizons: near-term 

(2025-2035), mid-term (2035-2050), and long-term (2050-2100). This, combined with the varying geographic extent 

of potential improvements, resulted in the evaluation of more than three conceptual alternatives as originally 

specified in the scope of work. For each planning horizon, flood control improvements were evaluated and 

combined to form various mitigation alternatives.  The following are mitigation actions that were assessed in this 

study:  

 

◼ Covering the Coloma Street canal and adding a pump station on top of the canal; 

◼ Adding tide gates to the existing stormwater outfalls to the Bay; 

◼ Raising the elevation of Gate 5 Road, Coloma Street, and Harbor Drive; 

◼ Raising the elevation of Varda Landing, 

◼ Adding additional drainage connections along Gate 5 and Harbor Drive; 

◼ Connecting the Harbor Drive drainage system with the Coloma Street and Gate 5 Road drainage system; 

◼ Adding underground storage at MLK Park; 

◼ Adding a pump station near Coloma Street and Gate 5 Road intersection coupled with underground storage;  

◼ Adding a pump station near Harbor Drive and Gate 5 Road intersection; 

◼ Installing a seawall along portions of Varda Landing; 

◼ Installing a seawall along the shoreline of the project area and incorporating recreational and ecological 

improvements; 

◼ Adding green infrastructure throughout the project area; and 

◼ Raising the elevation of individual properties and structures. 

◼ Evaluation of these various improvements along with City and stakeholder staff discussions yielded the 

following recommendation for near-term solutions to flooding in the Gate 5 Road area: 

◼ Cover Coloma Street canal, adding a tide gate, and placing a pump station on top of the canal; 

◼ Connecting the Harbor Drive drainage system with the Coloma Street and Gate 5 drainage system; and 

◼ Construction of a seawall along portions of Varda Landing. 

 

This report presents the analysis and evaluation of these mitigation alternatives that incorporate findings from the 

vulnerability assessment and from stakeholder and City feedback. It presents feasibility level analysis for a near-

term solution and provides a planning-level evaluation of potential mid-term and long-term solutions, incorporating 

a range of improvements (rather than only three). Accordingly, the conceptual design alternatives are organized by 

planning horizons, where near-term improvements focus on feasible, constructible solutions, while mid- and long-

term options are presented at a planning level and will require additional community input, City coordination, and 

funding evaluation for further implementation. 
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3. Vulnerability Study Applicability 

As part of this project, a vulnerability assessment for the Gate 5 Road area was conducted to evaluate existing and 

future flood risks driven by rainfall, tidal conditions, sea level rise (SLR), and land subsidence. Flood conditions 

were assessed for existing conditions (2025) and three future planning horizons (2050, 2080, and 2100) using an 

XP-SWMM model which combines both 1D and 2D inputs. Thirty-six scenarios that incorporated various 

combinations of these factors across the four-time horizons were evaluated and are shown in Table 3.1. This was 

done to see how current and future flooding will affect the area in the absence of any mitigation efforts. Results 

from the model were then used to inform the conceptual design development and identify key areas for both 

near-term mitigation opportunities and long-term adaptation strategies. 

 

The vulnerability assessment flood modeling component integrated a hydrologic analysis that included rainfall 

inputs. The NRCS (SCS) 24-hour Design Storm Type IA, typical for this region of California (USDA/NRCS, 1986), 

was used to develop rainfall distributions for the model. These distributions were applied at 6-minute intervals and 

scaled using multipliers derived from NOAA Atlas 14 24-hour precipitation frequency data for the project area 

(USDC/NOAA, 2014). For future conditions (2050, 2080, and 2100), the multipliers were further adjusted based on 

projected percentage increases in precipitation intensity relative to existing conditions according to the California 

Energy Commission Cal-Adapt Analytics Engine. SLR values were selected from the State of California Sea Level 

Rise Guidance (OPC, 2024). Location-specific median SLR projections for San Francisco Bay were applied to 

represent relative sea level change at the project site. Four model versions were created to represent the 2025, 

2050, 2080 and 2100 subsidence scenarios as discussed in Section 3.3. 

Table 3.1 – Model Simulation Scenarios 

Scenario # Climate Scenario Year Sea Level 

Rise (ft) 

Extreme 

Storm Surge 

Still Water Level 

(ft) NAVD88 

Pluvial 

1 N/A 2025 0 1-Year 7.2 N/A 

2 N/A 2025 0 100-Year 9.6 N/A 

3 N/A 2025 0 N/A 6.0 10-Year 

4 N/A 2025 0 N/A 6.0 25-Year 

5 N/A 2025 0 N/A 6.0 50-Year 

6 N/A 2025 0 N/A 6.0 100-Year 

7 N/A 2025 0 1-Year 7.2 10-Year 

8 N/A 2025 0 1-Year 7.2 25-Year 

9 N/A 2025 0 1-Year 7.2 50-Year 

10 N/A 2025 0 1-Year 7.2 100-Year 

11 N/A 2025 0 100-Year 9.6 10-Year 

12 N/A 2025 0 100-Year 9.6 100-Year 

13 Intermediate 2050 0.8 1-Year 8.0 N/A 

14 Intermediate 2050 0.8 100-Year 10.4 N/A 

15 Intermediate 2050 0.8 N/A 6.8 10-Year 

16 Intermediate 2050 0.8 N/A 6.8 25-Year 

17 Intermediate 2050 0.8 N/A 6.8 50-Year 

18 Intermediate 2050 0.8 N/A 6.8 100-Year 

19 Intermediate 2050 0.8 1-Year 8.0 10-Year 
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Scenario # Climate Scenario Year Sea Level 

Rise (ft) 

Extreme 

Storm Surge 

Still Water Level 

(ft) NAVD88 

Pluvial 

20 Intermediate 2050 0.8 1-Year 8.0 100-Year 

21 Intermediate 2050 0.8 100-Year 10.4 10-Year 

22 Intermediate 2050 0.8 100-Year 10.4 100-Year 

23 Intermediate 2080 1.8 1-year 9.0 N/A 

24 Intermediate 2080 1.8 100-Year 11.4 N/A 

25 Intermediate 2080 1.8 N/A 7.8 10-Year 

26 Intermediate 2080 1.8 N/A 7.8 100-Year 

27 Intermediate 2080 1.8 1-Year 9.0 10-Year 

28 Intermediate 2080 1.8 1-Year 9.0 100-Year 

29 Intermediate 2080 1.8 100-Year 11.4 10-Year 

30 Intermediate 2080 1.8 100-Year 11.4 100-Year 

31 Intermediate 2100 3.1 N/A 9.1 N/A 

32 Intermediate 2100 3.1 1-year 10.3 N/A 

33 Intermediate 2100 3.1 100-Year 12.7 N/A 

34 High 2100 6.5 N/A 12.5 N/A 

35 High 2100 6.5 1-year 13.7 N/A 

36 High 2100 6.5 100-Year 16.1 N/A 

 

3.1  Existing Conditions 

Under existing conditions, flooding along Gate 5 Road is primarily caused by high tides and storm surge. The most 

vulnerable location is the area around Heath Ceramics. Figure 3.1 shows existing conditions with a 100-yr pluvial 

event occurring during MHHW and Figure 3.2 shows existing conditions with a 100-yr pluvial event coupled with 

100-yr storm surge conditions. This illustrates the minimal influence that rainfall has on flooding when compared to 

flooding driven by storm surge, which causes the seawater to flow through the storm drain system into the project 

area and via overland flow into the project area. 
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Figure 3.1 – Rainfall Driven Flooding in the 2025 Time Horizon. 

 

Figure 3.2 – Storm Surge Driven Flooding in the 2025 Time Horizon. 
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3.2 Future Conditions 

In future conditions (2050 and beyond), rising sea levels and land subsidence significantly worsen the effects of the 

flooding. By 2050 and onward, overland flooding from the Bay becomes the dominant driver of inundation across 

the Gate 5 Road project area. This is shown in Figure 3.3 which illustrates the MHHW conditions across all time 

horizons. The most vulnerable areas to overland flooding include the area west of Varda Landing Road towards the 

Bay, the area along Gate 5 Road, and the western portions of the Clipper Yacht Harbor, where proximity to the 

shoreline and lower ground elevations result in deeper, longer-lasting inundation. By 2080 and 2100, extensive 

portions of the project area—including all of Gate 5 Road—experience extensive flooding during typical tidal cycles. 

Overall, the modeling indicates that while stormwater system improvements may provide near-term benefits, future 

flood risk is fundamentally caused by overland flow from the Bay. These risks necessitate the development of 

vertical solutions to address progressively increasing flood risk across the project area.  

 

In addition, the Vulnerability Assessment describes expected property damage associated with existing and future 

conditions. Building exposure and risk increase markedly across all future scenarios. A “do-nothing” risk analysis, 

which quantified cumulative flood damages over the 2025–2080 period for buildings alone, estimated total 

undiscounted losses of approximately $2.37 billion. Even when discounted to present value, projected damage 

remains substantial (approximately $466 million with 7% discount rate), underscoring the long-term economic 

consequences of inaction. 
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Figure 3.3 – MHHW with No Rainfall for All Time Horizons. 

3.3 Subsidence  

The Vulnerability Assessment also evaluated potential subsidence within the study area. Subsidence is the gradual 

downward movement of the Earth’s surface, typically expressed as a rate over time, such as inches or feet per 

year. While the specific mechanisms were not analyzed, both local (e.g., soil settlement, groundwater effects) and 

regional tectonic processes are likely contributing factors in the project area. Analysis of USGS and NORCE 

datasets showed a generally consistent range of rates for subsidence, yielding the following results: 

  

◼ 0.42 ft to 1.25 ft of subsidence in 25 years (2050) 

◼ 0.83 ft to 2.5 ft of subsidence in 50 years (2075) 

◼ 1.25 ft to 3.75 ft of subsidence in 75 years (2100) 

While there is a range in the subsidence values, there is not a clear spatial pattern to this range along any of the 

seven profiles of interest in the project area. These include profiles along Varda Landing Road, Gate 5 Road, 

Northern Clipper Point, Southern Clipper Point, Coloma Street, Harbor Drive and Bridgeway, so this study has 

assumed a single rate of subsidence through time across the entire site. Subsidence values used as a basis of 

design are provided in Section 4.3.  
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3.4 Overview of Flooding  

The Vulnerability Assessment shows the overall mechanics of flooding in the area throughout time. It identifies how 

flooding along Gate 5 Road is primarily caused by high tides and storm surge and that rainfall has minimal effect on 

flooding, regardless of whether it occurs during a storm surge or low tide event. Figure 3.4 illustrates how the storm 

drain system interacts with the seawater and how seawater can back up through the storm drain system, causing 

inland flooding under existing conditions. It also shows the minimal influence that rainfall has on flooding when 

compared to flooding driven by storm surge. This information was used as a basis for developing conceptual 

design criteria provided in Section 4. It shows that to protect inland areas from flooding, even under existing 

conditions, the storm drain system must include: 1) a barrier such as a tide gate to prevent backup of coastal 

waters inland during storm surges, and 2) an alternate system to discharge stormwater to the Bay when the tide 

gates are closed. 

Figure 3.4 – Flooding Primarily Caused by Seawater Backflow in the Gate 5 Road Area. 
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4. Basis of Conceptual Design  

Based on the vulnerability assessment, protecting inland areas from flooding will require a tide gate placed at the 

end of the storm drain system to prevent backflow of coastal waters inland and a pumped drainage system to 

convey stormwater out to the coast when the tide gates are closed (see Figure 4.1).  

 

Figure 4.1 – Tide Gate Pump Station Interaction 

The following basis of conceptual design describes the criteria for sizing a tide gate / pump station system. It also 

provides information for future conditions given the compounded effect of storm water flows combined with sea 

level rise, subsidence, storm surge and storm water runoff.  

4.1 Design Criteria – Stormwater Runoff 

Although current flood risk is driven primarily by tidal and surge-related backflow, stormwater runoff remains a 

necessary design criterion because pump and conveyance infrastructure must operate during tide-gate closure. 

Stormwater runoff was estimated using XP-SWMM modelling described in Appendix A. Based on the XP‑SWMM 

model, runoff at the Coloma Street and Gate 5 Road drainage area (node CB388, shown in Appendix C, Figure 3) 

was identified as the critical location for preliminary pump station sizing when tide gates are closed (see Section 5 

for more information). Due to site constraints (such as available site size and storage capability required for large 

capacity pump stations) and prohibitively high planning-level costs, the 10‑year rainfall event was used for initial 
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sizing. This is also used by Caltrans as a desirable design storm for urban roadways with speeds of 45 mph and 

under per their Highway Design Manual. To determine the flow rate for the pump, WSP assumed that the rainfall 

event occurred at the same time as a storm surge event (i.e. the tide gates are closed). WSP investigated the still 

water elevations in the Bay during the 100-year storm surge event and found that there is an approximately 10-

hour window of time where the tide gates would be closed to prevent seawater from backflowing up the stormwater 

system. WSP assumed the worst-case scenario for sizing the pump, which is that the 10-hour time-period is 

centered around the peak runoff of the storm event. Based on this overlay, WSP determined the design flow rate 

for the pump station to be 86 cfs.   

 

Because pump operation would only be required during overlapping rainfall and storm surge events, the likelihood 

of these events (i.e. 10-yr rainfall event and 100-yr storm surge) occurring simultaneously is lower than the 10‑year 

return period alone. The 100-year storm surge was used for estimating the time for which the tide gate would be 

closed (which was the 10-hr duration described above) for the calculation of overall rainfall volume to be stored. In 

comparison, a 2-year event would require a design flow rate of approximately 38 cfs.  Accordingly, the selected 

design approach provides a practical near-term solution, with the understanding that additional capacity could be 

added in the future to address more severe rainfall events. Further evaluation and model calibration following 

implementation could be used to refine these long-term capacity needs. 

4.2 Design Criteria – Flood Elevation   

Selected scenarios were used as a basis of design for conceptual solution alternatives and are presented and 

evaluated for near-term, mid-term, and long-term options. These flood scenario elevations along with subsidence 

were used to determine recommended vertical solution elevations. While lower levels of protection could be 

provided based on available funding and the City’s risk tolerance, the following provides a recommended design 

level that was used for general concept design and cost estimates. These scenarios are summarized in Table 4.1. 

The design elevation is one foot higher than the still water elevation to account for wave action.  

Table 4.1 – Basis of Design – Design Flood Elevation 

Condition Time 
Period 

Climate 
Scenario 

Sea Level 
Rise 

Condition 
(ft) 

Extreme 
Tide 

Condition  

Still Water 
Elevation (ft) 

Design 
Elevation (ft)  

Near-Term 2025-
2035 

N/A 0 1-yr 7.2 8.2 

Mid-Term 2035-
2050 

Intermediate 0.8 100-yr 10.4 11.4 

Long-Term 2050-
2100 

Intermediate 3.1 100-yr 12.7 13.7 

 

4.3 Design Criteria – Subsidence    

Based on the results of the subsidence analysis in the Vulnerability Assessment, the following subsidence values 

were combined with flood elevations in the evaluation of vertical design solutions. By mid-century, the ground could 

sink by 0.42 to 1.25 feet and by end of century, it could sink between 1.25 and 3.75 feet. The values are 

summarized below in Table 4.2. These generally fall within the high range of rates predicted from the analysis 

described earlier in the report. Note that a positive subsidence correlates to the ground elevation lowering. 

Subsidence lowers land relative to sea level while SLR is the long-term increase in average ocean water levels 
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resulting from climate change. Together, these two processes can significantly increase flood risk for the area in 

the future as displayed in Figures 4.2 and 4.3. In Figure 4.3, the ground surface (tan) lowers while the seawater 

surface (blue) rises. It illustrates how the shoreline (where tan and blue colors intersect) moves significantly inland 

due to the effects of SLR and subsidence. 

Table 4.2 – Basis of Design – Subsidence 

 

 

 

 

 

 

Condition Year Subsidence (ft) 

Existing 2025 0 

Near-Term 2035 0.5 

Mid-Term 2050 1.3 

Long-Term 2100 3.75 
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Figure 4.2 – Subsidence and SLR Estimates in the Gate 5 Road Area 

 

Figure 4.3 – Change in Shoreline Location Due to SLR and Land Subsidence 
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Figure 5.1 – How Tide Gates and Pump Stations Work Together 

5. Concept Design Solutions 
Alternatives 

5.1 Overview 

Based on findings from the vulnerability assessment and input from local citizens. members of the business 

community, and the City, WSP decided to organize the conceptual design alternatives by planning horizons: near-

term (2025-2035), mid-term (2035–2050), and long-term (2050–2100). Near-term improvements focus on feasible 

(with respect to cost effectiveness, right of way, timeliness of implementation), constructible solutions, while mid- 

and long-term options are presented at a planning level and will require additional community input, City 

coordination, and funding.  

5.2 Near-Term 

The project area is a low-lying coastal community which is already experiencing flooding due to seawater 

backflowing through the stormwater pipeline network. Near-term improvements evaluated for this type of flooding 

include tide gates and pump stations. Tide gates allow natural stormwater runoff to drain into the sea at low tide but 

seal the storm drain network during high tide or storm surge situations. The pump stations mechanically pump 

stormwater from the upstream side of the tide gate to the Bay if there is a rainfall event that occurs while the tide 

gates are closed (see Figure 5.1). These two measures need to be implemented together for a workable solution. 
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Figure 5.2 – Overview Infographic of Potential Near-Term Solutions 

Figure 5.3 – Varda Landing Seawall Alignment 

Neither one alone is sufficient as discussed later in this section. An overview of the improvements assessed for 

near-term solutions are shown in Figure 5.2. These technologies are discussed in more detail in this section. 

 
 

 

One other area that is directly 

influenced by coastal inundation is 

the area along Varda Landing. The 

flooding mechanisms affecting Varda 

Landing differ from those in the Gate 

5 Road area since flooding primarily 

occurs when seawater flows across 

the ground into low-lying areas. As a 

result, measures such as tide gates 

and pump stations, which are 

designed to manage flooding within 

drainage networks, would not be 

effective in this location. Instead, 

WSP investigated the potential of 

constructing a seawall along the 

shoreline that would be built to 

maximum height of three feet 

(Alignment shown on Figure 5.3). 

This seawall would reach the design elevation for the 1-year storm surge under existing conditions (Elevation 8.2’ 

as shown in Table 4.1). 



 

Gate 5 Area Drainage Management Study 
Draft Concept Design and Implementation Report 
2026-08-19  26 
 

5.2.1 Tide Gate and Stormwater Pumping Options 

5.2.1.1 Continue Current Approach 

Flooding in the area is currently managed by private owners using pumps on their property to drain water onto 

Gate 5 Road while using sandbags to prevent flooding from the road into their homes and businesses (See Figure 

5.4). The City has tested the use of temporary pumps at catch basins along Gate 5 Road to pump water out to the 

Bay while placing sandbags around targeted catch basins. This system has yielded positive results. According to 

the City, this temporary solution costs about $20k per flood event. Assuming eight instances per year, this costs the 

City about $160k per year. Additionally, this solution would only benefit specific problem areas in the district and 

would not provide protection when storm surge is high enough to flow overland into the project area. 

 

 

5.2.1.2 Tide Gates Only 

Tide gates incorporated into the storm drainage system without the use of pump stations would only be useful 

during high tide or storm surge events when precipitation events do not occur simultaneously (i.e. while the tide 

gates are closed). Without a pump station, the City would have to decide whether to keep the tide gate closed, 

which would cause stormwater to back-up in the stormwater system and potentially flood the project area, or open 

the tide gate, which would cause seawater to flow through the stormwater network and potentially flood the project 

area. In either case, this system may end up providing little to no protection. The likelihood of a rainfall event 

coinciding with a high tide or storm surface event is high, as evidenced by the events of early January 2026. Tide 

Figure 5.34: Overview Current Flood Management Figure 5.34: Overview Current Flood Management Figure 5.34: Overview Current Flood Management Figure 5.34: Overview Current Flood Management Figure 5.34: Overview Current Flood Management Figure 5.34: Overview Current Flood Management Figure 5.34: Overview Current Flood Management Figure 5.34: Overview Current Flood Management Figure 5.34: Overview Current Flood Management Figure 5.34: Overview Current Flood Management Figure 5.34: Overview Current Flood Management Figure 5.34: Overview Current Flood Management Figure 5.34: Overview Current Flood Management Figure 5.34: Overview Current Flood Management Figure 5.34: Overview Current Flood Management Figure 5.34: Overview Current Flood Management Figure 5.34: Overview Current Flood Management Figure 5.34: Overview Current Flood Management Figure 5.34: Overview Current Flood Management Figure 5.34: Overview Current Flood Management Figure 5.34: Overview Current Flood Management Figure 5.34: Overview Current Flood Management Figure 5.34: Overview Current Flood Management Figure 5.4 – Overview of Current Flood Management 
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gates coupled with additional storage in the pipeline system could add a small amount of protection if much smaller 

precipitation events occurred, though this would likely be protection from events that would be smaller than a 1-

year rainfall event.  

5.2.1.3 Tide Gates, Pumping and Storm Drain Improvement 

The use of tide gates coupled with pump stations is the recommended option for this area since the drainage 

system intercepts flows from a relatively large watershed with little opportunity to store runoff. The improvements 

would allow natural stormwater runoff to drain into the sea at low tide and seal the storm drainage system shut 

during high tide or storm surge while mechanically pumping the stormwater out to the Bay. The incorporation of 

both of these elements into the overall storm drain network will also necessitate storm drain improvements which 

depend on the type of tide gate, the location of the pumping station, the location of a wet well for the pump station 

and any upstream improvements needed to convey the flow efficiently to the pump station and from the pump 

station to the Bay.  

 

To achieve relatively quick implementation, WSP proposes to cover the canal and construct the pump station on 

the canal. Based on the limited space available on top of the canal, it is not possible to handle the design flow rate 

of 86 cfs. WSP assumes that a pump station on top of the canal can accommodate 4 pumps, each with a capacity 

of 12.7 cfs and each operating under relatively low hydraulic head (on the order of 50-feet or less). A maximum of 

three pumps would operate at one time, meaning the maximum capacity of the pumphouse is about 38 cfs. A 

pressurized pipeline leading from the pump station to the bay (downstream of the tide gate) would be required.  

 

A second option was brought up during a walkthrough of the site with the Sausalito Sustainable Waterfront 

Association (SSWA, See Section 5.2.3 for more detail). This option would place a culvert used to channelize the 

flow to a tide gate at an existing crossing of the canal (at Varda Landing). Here, temporary pumps could be used to 

pump water out from the canal upstream of the tide gate (after tide gate closure) for alleviation of upstream 

stormwater flooding. This option, however, would not be able to support the pump capacities noted in the prior 

alternative. More specifically, the pump capacity would be significantly less than the prior alternative and would be 

less than the 1-year rainfall event. Additionally, this alternative would require raising the downstream canal walls by 

1.5 - 3.0 feet and is likely to require more permitting requirements to the recommended near-term option. It is for 

these reasons that a larger pump station placed downstream of the Varda Landing crossing of the canal is 

recommended. 

There are currently two main locations along Gate 5 Road experiencing flooding during storm surge events. One 

location is along Gate 5 Road from Coloma Street to Heath Ceramics and the other is at Gate 5 Road and Harbor 

Drive (see Figures 5.5 and 5.6). The survey for this project (Towill, 2026) showed that these two systems are not 

connected to each other. The stormwater system from Gate 5 Road and Harbor Drive conveys stormwater 

northeast to Clipper Yacht Harbor (discharging into the Bay through a duck billed flap gate. Based on flooding 

experienced in this portion of the stormwater network, the duck billed flap gate is not functioning correctly and is not 

preventing Bay water from flowing into the stormwater system during high tides and storm surge events. 
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Figure 5.6 – Overview of Potential Near-Term 
Solutions Gate 5 Road Flooding, 2050 

The stormwater system 

along Gate 5 Road 

northwest from Heath 

Ceramics conveys water 

to the northwest to 

combine with flow coming 

northeast down Coloma 

Street before ultimately 

flowing into the Coloma 

Street Canal. To reduce 

the number of pump 

stations required to 

convey stormwater while 

the tide gates are closed, 

WSP recommends that 

the Harbor Drive system 

be connected to the 

Coloma Street system via 

an 18” storm drain along 

Gate 5 Road. Based on 

the survey, this connection 

would be made between 

the systems along Gate 5 Road in front of the Industrial Center Building. This storm drain improvement is included 

in the cost estimates for this overall improvement scenario in Appendix C and is shown in Table 5.1 and Figure 5.7.  

5.2.1.4 Cost Summary and Alternatives Summary, Near Term 

To assist the City with securing funding and planning for near-term improvements, WSP cost the alternatives 

discussed above. The cost summary is included in Table 5.1. 

Figure 5.5 – Overview of Potential Near-
Term Solutions Gate 5 Road Flooding, 2025 

Figure 5.7 – Overview of Potential Near-Term Solutions Gate 5 Road 
Flooding, 2050 
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Table 5.1 – Near-Term Alternatives Cost Summary 

Design Element Cost 

Covering the Coloma Street Canal $               460,000 
 

Pump Station on Top of Covered Canal $            1,800,000  
 

Tide Gate Installations on Coloma Street Canal and at the end of Harbor 
Drive 

$               420,000  

Connection of Harbor Drive and Gate 5 Road Stormwater Networks $                 80,000  

Subtotal $            2,800,000  

Engineering and Design (Assume 15% of Construction) $               400,000  

50% Contingency $            1,600,000  

Total $            4,800,000  

 

The summary of these alternatives along with the pros and cons are shown in Table 5.2. 

Table 5.2 – Near-Term Mitigation Option Summary 

Near-Term Mitigation 

Option 

Key Benefits Key Limitations Planning- 

Level Cost 

• Add Tide Gates to Existing 
Outfalls 

• Pump Station on Coloma 
Street Canal (2-Year 
Rainfall Capacity) 

• Storm Drain 
Improvements 

• Addresses Backflow of Coastal 
Water 

• Addresses Stormwater Flows While 
Tide Gates Are Closed 

• Relatively Fast Implementation (3 to 
4 years) 

• Within City Right of Way 

• Moderate O&M for 
Pump/Tide Gates 

• Potential Permitting 
Delays at Canal 

• Structural Assessment 
of Canal Must Be Done 
First 

$4.8 million 

 

5.2.2 Vertical Solution Options 

5.2.2.1 Raising Varda Landing Road 

Varda Landing Road is a private unpaved road that allows access from Gate 5 Road to private homeowners 

located on the seaward (north) side of the road and to some businesses located on the east side of the road.  The 

lowest elevation of the road is approximately 6 ft which is below the elevation of the 1-year storm surge by 1.2 ft. 

One near-term option is to raise Varda Landing Road. The most constructable target elevation for the road is 8.2’ 

NAVD88, which is one foot above the existing 1-year storm surge elevation (see Table 4.1). If funding and private 

property permissions allow, then the road should target a higher elevation. However, such an option alone would 

not address flooding issues of the properties on the seaward side of the road because the road would only act as a 

barrier to inland flow of water for locations on the inland side of the road. 

Raising the road would be coordinated with the private owner. On the morning of May 12, 2026, WSP spoke with 

the private owner during a walkthrough with the Sausalito Sustainable Waterfront Association and confirmed their 

interest and conditional acceptance of this approach (See Section 5.2.3). The road raising would assume a 20-ft 

wide road surface with side slopes of 4H:1V to the existing ground. The road currently crosses the canal at the end 

of the Coloma Street drainage system. Here, the road is elevated to approximately 8.5 ft NAVD88, though the 
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adjacent canal walls are lower. Depending on the target elevation for the road, it may or may not have to be raised 

at this location, though raising it has been included in the cost estimate in Table 5.3.  

5.2.2.2 Seawall for Varda Landing 

A second, more effective, 

solution for this area is to 

construct a vertical element 

along the shoreline that 

acts as a seawall to 

prevent high tides and 

storm surge from 

inundating low-lying land 

along the coast.  The 

seawall could be vertical 

(See Figure 5.8), stepped 

or mounded with 

revetments (the latter 

generally used in cases 

where low energy erosional 

processes operate such as 

in protected bays). The 

exact material depends on 

the target elevation and the 

allowable footprint. WSP 

recommends that at a 

minimum, the seawall be 

designed to an elevation of 

8.2’ NAVD88. This would 

address the existing 1-year 

storm surge plus 1-foot of 

freeboard. An approximate 

footprint for this seawall is 

shown in Figure 5.9. It has 

been placed in a way that 

follows the shoreline, is far 

from existing structures, and 

minimizes the required 

height (less than 3-ft) and 

length of the wall. This would 

reduce the amount of 

coordination among private 

property owners and aid in 

its ease of construction. This 

option would address 

immediate concerns of 

overland flow issues for the 

most common storms, 

although more severe storms 

would still overtop the seawall.  

Figure 5.8 – Overview of Potential Near-Term Solutions Vertical 
Seawall with Sloped Embankment 

Figure 5.9 – Overview of Potential Near-Term Solutions -
Varda Landing Seawall Alignment 
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5.2.2.3 Cost Summary and Alternatives Summary, Varda Landing 

To assist the City and private property owners with planning to implement these solutions, WSP has put together 

high-level costs for each of them This cost summary is shown in Table 5.3. 

Table 5.3 – Varda Landing Near-Term Cost Summary 

Design Element Cost 

Installation of Seawall (No Easements) $               330,000  

Road Raise (2025 1-Year Storm Surge [8.2' NAVD88]) $                 20,000 
 

 

Subtotal $               350,000 
 

Engineering and Design (Assume 15% of Construction) $                 50,000 
 

50% Contingency $               200,000 
 

Total (Without Easements) $               600,000 
 

Easements $            1,000,000 
 

Total (With Easements) $            1,600,000 
 

 

The pros and cons of the near-term alternatives for Varda Landing are shown in Table 5.4. 

Table 5.4 – Varda Landing Near-Term Alternatives Summary 

Near-Term Mitigation 

Option 

Key Benefits Key Limitations Planning- 

Level Cost 

• Varda Landing Seawall (1-
Year Storm Surge 
Elevation) 

• Raising Varda Landing to 
1-Year Storm Surge 
Elevation (Portion on 
Private Property) 

• Reduces Overland Flooding from the 
Bay 

• Initial Private Owner Approval 

• Requires Private Owner 
Coordination 

 

• $1.6 million 
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Figure 5.10 – Alignment of Varda Landing Seawall Varda 
Landing Road and Culvert Location at Canal 

5.2.3 Input from Site Walk with SSWA 

On May 12, 2026, the City, 

WSP, and members of the 

Sausalito Sustainable 

Waterfront Association (SSWA) 

completed a site walk of the 

areas specifically targeted by 

the near-term solutions 

discussed above. SSWA 

discussed their preferred 

solutions with the City and 

WSP. The first proposed 

solution from SSWA was to 

raise Varda Landing Road by 

18 to 30 inches (see Figure 

5.10 for location of Varda Landing Road). As noted in Section 5.2.2.1, WSP agrees that raising the road would 

provide access to Clipper Yacht Harbor, however raising the road would not provide flood relief to the properties on 

the seaward side of the road. Based on past discussions between WSP and the City, WSP understands this road 

to be a private road that is not owned by the City. Therefore, the raising of the road would be the responsibility of 

the property owners or be done through a collaborative process between the property owners and the City. WSP 

believes that raising Varda Landing Road would be a productive step in addressing the flooding in the project area. 

 

The second solution that SSWA 

proposed during this walkthrough was 

to install a new 60” diameter culvert 

from Gate 5 Road and Coloma Street  

to the existing open-air part of the 

canal (see Figure 5.10 for location of 

culvert). A tide gate would then be 

installed on the culvert at the outfall 

location into the existing open-air part 

of the canal and small pump station 

would be installed near this location. 

This option would prevent baywater 

from backflowing through the 

stormwater system to Gate 5 Road 

during storm surge events (overland 

flow would still occur though). WSP 

views this solution as similar in nature 

to the tide gate and pump station 

alternative discussed in Section 

5.2.1.3, however WSP does have some concerns with some key differences between the alternatives. The first 

concern is related to the permitting to place a circular culvert in the canal that is connected to the Bay. While this 

canal is manmade and provides limited ecological value, placement of a circular culvert in the canal would 

potentially restrict flow when the tide gates are open and produce negative biological and water quality impacts, 

making it subject to a lengthy permitting process. In lieu of placing a circular culvert, WSP would therefore 

recommend installing a box culvert (see Figure 5.11 for difference between pipe and box culvert installation) with 

less flow restriction. Tide gates are frequently installed on box culverts, so this would provide the advantage of 

being a typical tide gate application scenario, which would reduce design and construction costs. WSP’s second 

Figure 5.11 – Alignment of Varda Landing Seawall Pipe 
versus Box Culvert 
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concern is related to the size of the pump station that SSWA is proposing. Based on these conversations, SSWA is 

proposing to use a pump station that is similar to the current pump capacity that has been used by the City during 

their temporary corrective measures in Winter and Spring 2026. WSP believes this pump capacity to be less than 5 

cfs, which is far less than a 1-year rainfall storm frequency and less than the 38 cfs pump capacity proposed in 

Section 5.2.1.3. Therefore, the likelihood that the pumps cannot keep up with a rainfall event (while the tide gate is 

closed) is much higher than in the alternative that WSP proposed. Ultimately, this risk is up to the City and its 

residents to discuss so that they can come to a determination of the level of risk that they are willing to tolerate, 

especially when weighed against the capital investment required to implement the mitigation action.  

5.3 Mid-Term and Long-Term 

As previously discussed, several flood hazard sources exist in the study area that can 

cause significant flooding. Key hazard sources include SLR, tidal inundation, storm surge, pluvial flooding and land 

subsidence. Since these processes change through time, flooding conditions have been modelled throughout the 

project area for what is considered a mid-term time scenario (2035-2050) and long-term scenarios (2050-2100). 

Discussion of these predictive models are presented in the Vulnerability Assessment Excerpts in Appendix A.  

Due to the various extents of flooding and the site-specific conditions of the Gate 5 Area, a variety of solutions have 

been evaluated for these timelines. These solutions are additive to the near-term solutions discussed in Section 5.2 

and should be used as a planning tool for the future implementation strategies discussed in Section 7. It is 

assumed that a tide gate has already been installed as part of the near-term condition. The solutions provided for 

these future time periods include: 

  

• Additional pumping and storage, 

• Vertical solutions such as: 

o Sea walls,  

o Raising Gate 5 Road at varying levels (depending on future flood tolerance), 

o Raising properties and structures, and 

• Green infrastructure.  

 

An infographic of the mid-term and long-term solutions is shown in Figure 5.12. These solutions are discussed in 

more detail in this section. 
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5.3.1 Additional Pumping and Storage Options 

5.3.1.1 Additional Pump Capacity at Coloma Street and Gate 5 

As noted in section 5.2.1.3, the pump station proposed for near-term conditions has a capacity of about 38 cfs, 

which is approximately enough capacity to handle a 2-year rainfall event. As a mid-term and long-term solution, an 

additional pump station would be added near Coloma Street and Gate 5 Road. WSP recommends designing this 

pump station to add at least an additional 49 cfs of capacity so that the combined capacity between the proposed 

near-term pump station and this additional pump station is 86 cfs (the peak flow rate for the 10-year rainfall event).  

 

Another option is to relocate the near-term pump station and combine it with the second pump station at a new 

location in close proximity to Coloma Street and Gate 5 Road. This would simplify maintenance because it would 

combine all pump activity into one building instead of dividing it amongst two locations which would require 

additional maintenance, additional space for pump motors and controls and the need for property acquisition. The 

existing canal could still be used for a wet well which would significantly reduce the overall cost for the pump 

station, though the same environmental and permitting concerns would apply.  

Figure 5.12 – Overview Infographic of Mid- to Long-Term Solutions 
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5.3.1.2 Upstream Stormwater Storage 

A second option for future upgrades to the near-term solution improvements includes the addition of storage 

upstream in the watershed which will reduce the peak runoff flow entering the pump station by the Coloma Street 

canal. By reducing the peak runoff flow rate entering the pump station, it means that the pump station could be 

smaller, saving on capital cost, operation and maintenance cost, and property acquisition cost. It would also 

increase the potential locations where the pump station could be located because the footprint would be smaller. 

 

The most suitable area for stormwater storage is at MLK Park. Underground stormwater storage in parks is a 

space-efficient solution for managing runoff while preserving valuable surface area for recreational, aesthetic, or 

functional uses. The stored water can be detained, retained, infiltrated, or treated depending on the design and 

desired end use of the water. Here, the area could be used to siphon runoff from the adjacent Coloma Street Storm 

Drain during peak flow events and discharge it back into the Coloma Street storm drain using a small pumping 

system at the outlet of the storage basin. The water could also be used as a potential reuse source for irrigation in 

the park. 

5.3.2 Vertical Solution Options 

Vertical solutions evaluated include road raising, seawalls (in various forms) and property raising. Improvements for 

raising Gate 5 Road from Coloma to Harbor to various heights were quantified and estimated assuming a multi-use 

street cross-section (See Figure 5.14). Seawalls of various heights and lengths were evaluated for an alignment 

along the shoreline. Seawall costs were estimated given specific ground and flood elevations (estimated by the 

vulnerability assessment) for the alignment and respective profile along with mechanical gates placed at access 

points and incorporation of ecological and recreational elements. The cost for raising properties was also 

evaluated, although it should be noted that this would not be a quick solution because existing structures and 

properties would have to be voluntarily raised by existing property owners. Due to the large number of private 

property owners in the area and the relatively infrequent rate that properties change ownership, it would take 

several decades to make the necessary improvements. The estimate includes costs for raising properties affected 

by long-term flooding, including demolition, utility relocation, recontouring, fill material placement, compaction, re-

paving, and reconstruction of structures.  

5.3.2.1 Raise Gate 5 Road (1-year Storm Surge) 

Road raising consists of increasing finished roadway grades above projected flood elevations to reduce the 

frequency and extent of tidal and storm-surge inundation. Two potential elevation scenarios were evaluated, with 

feasibility dependent on funding availability, acceptable flood-risk tolerance, allowable traffic-control constraints, 

and the applicable sea level rise planning horizon. The more constructable alternative consists of raising Gate 5 

Road to a lower target elevation that improves access reliability and flood resilience while reducing capital cost, 

construction complexity, traffic disruption, and other implementation impacts. The proposed design elevation 

corresponds to the 2025 1-year storm-surge water surface elevation and could be incorporated in the mid-term 

planning horizon. Under this alternative, Gate 5 Road between Coloma Street and Harbor Drive would be raised to 

a target elevation of approximately 8.2 feet NAVD88. This would require a maximum of approximately 2.5 feet of fill 

in the lowest-lying segments. The improvement would also require grade adjustments along portions of Harbor 

Drive and Coloma Street to provide appropriate roadway tie-ins at their intersections with Gate 5 Road. To 

accommodate the proposed improvements within the existing City right-of-way, Gate 5 Road would likely need to 

be converted into one-way operation. This configuration would require a traffic circulation analysis of parallel 

roadways and an evaluation of potential effects on daily mobility, access, and transportation network connectivity 

within the surrounding area. 
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5.3.2.2 Raise Gate 5 Road (2050, 100-year Storm Surge) 

To provide more flood protection, the raising of Gate 5 Road was evaluated to accommodate the 100-year storm 

surge anticipated for the year 2050. The 2050 100-year storm surge elevation was selected due to space 

constraints within the existing right-of-way. The space constraints mean that there would not be sufficient space to 

raise the road any higher than the target elevation of about 11.4’ NAVD88, which is a maximum of about 5.5 feet in 

the lowest lying areas. This option would enable Gate 5 Road to operate as a levee and therefore would have to be 

incorporated into a broader infrastructure plan or redevelopment plan for the area. An illustration of how the road 

would function as a levee is shown in Figure 5.13.  

 

 

To implement this solution, it would likely require retaining walls where space is limited while other areas could 

include sloped embankments down to the existing ground. Tie-in points along portions of Harbor Drive, Coloma 

Street, and Varda Landing would also require raising. Similar to the lower-elevation road raising alternative, this 

type of improvement would likely require Gate 5 Road to become one-way. Traffic patterns would require 

evaluation along with the effects of daily mobility and transportation networking. A generic potential cross-section 

for the raised road is shown in Figure 5.14.  

Figure 5.613: Gate 5 Road with Tide Gate Acting as Levee Figure 5.613: Gate 5 Road with Tide Gate Acting as Levee Figure 5.613: Gate 5 Road with Tide Gate Acting as Levee Figure 5.613: Gate 5 Road with Tide Gate Acting as Levee Figure 5.613: Gate 5 Road with Tide Gate Acting as Levee Figure 5.613: Gate 5 Road with Tide Gate Acting as Levee Figure 5.613: Gate 5 Road with Tide Gate Acting as Levee Figure 5.613: Gate 5 Road with Tide Gate Acting as Levee Figure 5.613: Gate 5 Road with Tide Gate Acting as Levee Figure 5.613: Gate 5 Road with Tide Gate Acting as Levee Figure 5.613: Gate 5 Road with Tide Gate Acting as Levee Figure 5.613: Gate 5 Road with Tide Gate Acting as Levee Figure 5.613: Gate 5 Road with Tide Gate Acting as Levee Figure 5.613: Gate 5 Road with Tide Gate Acting as Levee Figure 5.613: Gate 5 Road with Tide Gate Acting as Levee Figure 5.613: Gate 5 Road with Tide Gate Acting as Levee Figure 5.613: Gate 5 Road with Tide Gate Acting as Levee Figure 5.613: Gate 5 Road with Tide Gate Acting as Levee Figure 5.613: Gate 5 Road with Tide Gate Acting as Levee Figure 5.613: Gate 5 Road with Tide Gate Acting as Levee Figure 5.613: Gate 5 Road with Tide Gate Acting as Levee Figure 5.613: Gate 5 Road with Tide Gate Acting as Levee Figure 5.613: Gate 5 Road with Tide Gate Acting as Levee Figure 5.13 – Gate 5 Road with Tide Gate Acting as Levee 
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5.3.2.3 Seawall – Shoreline Alignment with Ecological and 

Recreational Elements 

Seawalls are physical barriers built along shorelines to minimize coastal erosion and prevent coastal inundation. A 

simple characterization of the benefits that seawalls provide is shown in Figure 5.15. 

Figure 5.714: Raising Gate 5 Road (2050, 100-year Storm Surge) Figure 5.714: Raising Gate 5 Road (2050, 100-year Storm Surge) Figure 5.714: Raising Gate 5 Road (2050, 100-year Storm Surge) Figure 5.714: Raising Gate 5 Road (2050, 100-year Storm Surge) Figure 5.714: Raising Gate 5 Road (2050, 100-year Storm Surge) Figure 5.714: Raising Gate 5 Road (2050, 100-year Storm Surge) Figure 5.714: Raising Gate 5 Road (2050, 100-year Storm Surge) Figure 5.714: Raising Gate 5 Road (2050, 100-year Storm Surge)  

Figure 5.714: Raising Gate 5 Road (2050, 100-year Storm Surge) Figure 5.714: Raising Gate 5 Road (2050, 100-year Storm Surge) Figure 5.714: Raising Gate 5 Road (2050, 100-year Storm Surge) Figure 5.714: Raising Gate 5 Road (2050, 100-year Storm Surge) Figure 5.714: Raising Gate 5 Road (2050, 100-year Storm Surge) Figure 5.714: Raising Gate 5 Road (2050, 100-year Storm Surge) Figure 5.714: Raising Gate 5 Road (2050, 100-year Storm Surge) Figure 5.714: Raising Gate 5 Road (2050, 100-year Storm Surge) Figure 5.714: Raising Gate 5 Road (2050, 100-year Storm Surge) Figure 5.714: Raising Gate 5 Road (2050, 100-year Storm Surge) Figure 5.714: Raising Gate 5 Road (2050, 100-year Storm Surge) Figure 5.14 – Raising Gate 5 Road (2050, 100-year Storm Surge) 
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Seawalls can be traditional concrete or steel structures, or more innovative designs like living seawalls that 

incorporate habitat features such as sea tiles, habitat-friendly concrete admixtures, and/or nearshore plantings to 

support marine biodiversity. Seatiles are specialized, textured panels retrofitted onto flat, concrete seawalls. They 

mimic natural rocky shorelines, transforming static, sterile coastal barriers into thriving, ecologically productive 

ecosystems while simultaneously improving structural longevity and resilience. An example of a seatile for a sheet 

pile seawall is shown in the following Figure 5.16 (Kind Designs 2026). 

Figure 5.814: Comparison of Flooding with and without a Seawall and Tide Gate Figure 5.814: Comparison of Flooding with and without a Seawall and Tide Gate Figure 5.814: Comparison of Flooding with and without a Seawall and Tide Gate Figure 5.814: Comparison of Flooding with and without a Seawall and Tide Gate Figure 5.814: Comparison of Flooding with and without a Seawall and Tide Gate Figure 5.814: Comparison of Flooding with and without a Seawall and Tide Gate Figure 5.814: Comparison of Flooding with and without a Seawall and Tide Gate Figure 5.814: Comparison of Flooding with and without a Seawall and Tide Gate Figure 5.814: Comparison of Flooding with and without a Seawall and Tide Gate Figure 5.814: Comparison of Flooding with and without a Seawall and Tide Gate Figure 5.814: Comparison of Flooding with and without a Seawall and Tide Gate Figure 5.814: Comparison of Flooding with and without a Seawall and Tide Gate Figure 5.814: Comparison of Flooding with and without a Seawall and Tide Gate Figure 5.814: Comparison of Flooding with and without a Seawall and Tide Gate Figure 5.814: Comparison of Flooding with and without a Seawall and Tide Gate Figure 5.814: Comparison of Flooding with and without a Seawall and Tide Gate Figure 5.814: Comparison of Flooding with and without a Seawall and Tide Gate Figure 5.814: Comparison of Flooding with and without a Seawall and Tide Gate Figure 5.814: Comparison of Flooding with and without a Seawall and Tide Gate Figure 5.814: Comparison of Flooding with and without a Seawall and Tide Gate Figure 5.814: Comparison of Flooding with and without a Seawall and Tide Gate Figure 5.814: Comparison of Flooding with and without a Seawall and Tide Gate Figure 5.814: Comparison of Flooding with and without a Seawall and Tide Gate Figure 5.15 – Comparison of Flooding with and without a Seawall and Tide Gate 
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To provide recreational benefit, seawalls can be integrated into public spaces with walking paths located adjacent 

to the top of the seawalls assuming adequate right of way space and community desire to maintain waterfront 

access. This type of solution is extremely common in urban environments where waterfront promenades are 

developed in conjunction with a seawall.  

 

In Sausalito, a seawall alignment along the shoreline would require approximately 3900 linear feet of structure of 

varying heights with a maximum height of 8-foot so that the seawall would reach a target elevation of 11.4’ 

NAVD88, which is the 100-year storm surge elevation for 2050 plus 1-foot of freeboard. The exact design height 

could be determined based on the funding availability and the flood risk tolerance. It should be noted that Clipper 

Yacht Harbor has already been elevated by their own private funding along the shoreline for much of their parking 

lot, exhibiting elevations up to approximately 9.5’ NAVD88. In these locations, the seawall height would be 

significantly less than 8 feet to reach the target elevation. Due to the effects of future subsidence, WSP assumes 

that this area would also benefit from some form of vertical barrier.  

  

While a near-term seawall was proposed for Varda Landing, the seawall alternatives for mid-term and long-term 

would be the same for Varda Landing as it is for the rest of the project area. The shoreline alignment would 

continue from the northwest side of Clipper Yacht Harbor into Varda Landing. The exact materials and height 

Figure 5.915: Example of Seatiles on Sheet Pile Seawall (Kind Designs, 2026) Figure 5.915: Example of Seatiles on Sheet Pile Seawall (Kind Designs, 2026) Figure 5.915: Example of Seatiles on Sheet Pile Seawall (Kind Designs, 2026) Figure 5.915: Example of Seatiles on Sheet Pile Seawall (Kind Designs, 2026) Figure 5.915: Example of Seatiles on Sheet Pile Seawall (Kind Designs, 2026) Figure 5.915: Example of Seatiles on Sheet Pile Seawall (Kind Designs, 2026) Figure 5.915: Example of Seatiles on Sheet Pile Seawall (Kind Designs, 2026) Figure 5.915: Example of Seatiles on Sheet Pile Seawall (Kind Designs, 2026) Figure 5.915: Example of Seatiles on Sheet Pile Seawall (Kind Designs, 2026) Figure 5.915: Example of Seatiles on Sheet Pile Seawall (Kind Designs, 2026) Figure 5.915: Example of Seatiles on Sheet Pile Seawall (Kind Designs, 2026) Figure 5.915: Example of Seatiles on Sheet Pile Seawall (Kind Designs, 2026) Figure 5.915: Example of Seatiles on Sheet Pile Seawall (Kind Designs, 2026) Figure 5.915: Example of Seatiles on Sheet Pile Seawall (Kind Designs, 2026) Figure 5.915: Example of Seatiles on Sheet Pile Seawall (Kind Designs, 2026) Figure 5.915: Example of Seatiles on Sheet Pile Seawall (Kind Designs, 2026) Figure 5.915: Example of Seatiles on Sheet Pile Seawall (Kind Designs, 2026) Figure 5.915: Example of Seatiles on Sheet Pile Seawall (Kind Designs, 2026) Figure 5.915: Example of Seatiles on Sheet Pile Seawall (Kind Designs, 2026) Figure 5.915: Example of Seatiles on Sheet Pile Seawall (Kind Designs, 2026) Figure 5.915: Example of Seatiles on Sheet Pile Seawall (Kind Designs, 2026) Figure 5.915: Example of Seatiles on Sheet Pile Seawall (Kind Designs, 2026) Figure 5.915: Example of Seatiles on Sheet Pile Seawall (Kind Designs, 2026) Figure 5.16 – Example of Seatiles on Sheet Pile Seawall (Kind Designs, 2026) 
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constructed as part of the near-term solution for the seawall at Varda Landing would dictate the approach for 

upgrading it to address the 2050 100-year storm surge. The height of the seawall could potentially be increased, or 

a new seawall could be constructed following a similar alignment as the near-term seawall.  

 

Figure 5.17 shows what can be accomplished when incorporating ecological and recreational elements into a 

seawall. This figure illustrates the seawall being combined with a pedestrian pathway, steps for waterfront access, 

salt marsh at the bottom.

 

Figure 5.17 – Seawall with Recreational and Ecological Benefits 

5.3.2.4 Raise Properties and Structures 

Raising properties would provide improved access to raised roads and would allow the area to meet long-term 

flooding challenges. Clipper Yacht Harbor has raised their parking lot to the current 100-year Base Flood Elevation 

of approximately 10’ NAVD88 as evidenced in the No Rise Certification Letter dated March 13, 2020. Most other 

areas throughout the area range from 6’ – 9’ NAVD88 without accounting for long-term subsidence.  

 

The most likely solution for implementing this approach is for the City to pass regulations requiring all new 

structures and properties to be raised to one foot above the 2050 100-year storm surge elevation. Unfortunately, 

this does not appear to be a quick solution because existing structures and properties would have to be voluntarily 

raised by existing property owners. Due to the large number of private property owners in the area and the 

relatively infrequent rate that properties change ownership in the area, it would take several decades to make the 

necessary improvements. Even then, this would amount to a piecemeal solution where each property owner is 

addressing the problem on their own.  Additionally, raising properties and/or structures up to this design elevation 

could come at a relatively high cost since fill placement, retaining walls, and equipment access can significantly 

increase project costs. Additionally, costs would be increased because each property would be completing the 

process on their own, requiring additional contractor designs and mobilizations. This option will also require further 

analysis in the future, given potential redevelopment plans and future community and landowner feedback. 

Preliminary cost estimates have been provided for raising properties and structures for the long-term planning 

horizon. Key drivers for the cost associated with this alternative are: 
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• Paved Area Removal and Reconstruction, 

• Excavation, Backfill and Compaction, 

• Utility Removal and Reconstruction, 

• Structure Removal and Reconstruction, 

• Demolition Debris Volumes, and 

• Temporary Traffic and Storm Water Pollution Control. 

5.3.3  Other Improvements 

5.3.3.1 Green Infrastructure 

Green infrastructure 

can be installed with 

grey 

infrastructure (e.g., 

along sea walls, along 

City streets, or within 

parking lots) in hybrid 

approaches, creating 

a layered defense 

against flooding that 

maximizes protection 

while minimizing 

environmental impact. 

The infrastructure 

offers a sustainable, 

multi-benefit strategy 

to combat long-term 

flooding problems. For 

the project area, 

multiple green 

infrastructure options 

are available 

including:  

 

• Placement of 

biofiltration and 

retention facilities 

within the 

upstream 

watershed to 

reduce 

stormwater peak 

flows required for 

pumping (when tide 

gates are closed),  

• Placement of biofiltration facilities along Gate 5 Road and within parking lots along Gate 5 Road to reduce 

stormwater peak flows required for pumping (when tide gates are closed); and  

Figure 5.18 – Potential Green Infrastructure in Upstream Watershed 
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• Creation of living shorelines combined with seawalls to create a shoreline that reduces erosion potential while 

restoring natural processes along the seawall.  

 

Figure 5.18 shows where green infrastructure could be added throughout the project area. Green infrastructure 

alone would not be enough to combat the flooding issues. However, it can be used to improve the effectiveness 

and reduce the size and footprint of the proposed flood control facilities. For example, implementation of 

bioretention facilities throughout the project area could result in a 10% reduction in the volume of stormwater 

storage required or peak flow rate to the stormwater pumps. The savings gained by reducing the volume of 

stormwater storage required or size of the stormwater pumps would be greater than the cost to implement these 

green infrastructure facilities.  It also has benefits on water quality and creates a lasting environmental value while 

increasing agency acceptance to the project. 

5.3.4 Cost Summary and Alternatives Summary, Mid to Long 

Term 

To assist the City with prioritizing and future planning for the mid- and long-term solutions, WSP has costed the 

various alternatives discussed in Section 5.3. The cost summary is included in Table 5.5. The summary of the mid-

term alternatives and long-term alternatives are shown in Table 5.6.
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Table 5.5 – Mid- and Long-Term Alternatives Cost Summary 

Design Element 
Total Item 

Cost 

Engineering and 
Design (Assume 15% 

of Construction) 50% Contingency Total 

Additional Pump Station Capacity   $    4,000,000   $                      600,000   $             2,300,000  $   6,900,000  

Green Infrastructure throughout Project Area  $    3,400,000   $                      510,000   $             2,000,000  $   5,910,000  

Raise Gate 5 Road (2025 1-Year Storm Surge [8.2' 
NAVD88]) 

 $       330,000   $                        50,000   $                 190,000  $      570,000  

Raise Gate 5 Road (2050 100-Year Storm Surge [12.4' 
NAVD88]) 

 $       500,000   $                        80,000   $                 290,000  $      870,000  

Seawall with Ecological and Recreational 
Improvements (No Easements) 

 $  12,300,000   $                   1,850,000   $             7,100,000  $ 21,250,000  

Seawall with Ecological and Recreational 
Improvements (With Easements) 

 $  19,600,000   $                   2,940,000   $           11,300,000  $ 33,840,000  

Raising Properties and Structures  $107,000,000   $                 16,050,000   $           62,000,000  $185,050,000  

Underground Storage and Small Pump Station at MLK 
Park 

 $  16,700,000   $                   2,510,000   $             9,600,000  $ 28,810,000  
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Table 5.6 – Mid- and Long-Term Alternatives Summary 

Planning 

Horizon 

Option Key Benefit Key Limitations Planning-

Level Cost 

Mid-Term Increase Pump Station (PS) Capacity 

(Incrementally Towards 10-year 

Rainfall Capacity) 

•  PS Can Handle Larger Rainfall Events 

• Moderate Cost 

• Additional Space Needed for Pumps & Controls 

• Likely Requires Easements 

• Additional O&M 

$6.9M 

Mid-Term Underground Storage at MLK Park • Reduces pump station sizing needs 

•  Potential irrigation reuse 

• High cost 

• Park impacts during construction 

$28.8M 

Mid-Term Green Infrastructure in Upstream 

Watershed 

• Improves water quality, sustainability, 

and aesthetics 

• Reduces pump station sizing needs 

• Likely community support 

• Moderate cost 

• Not a stand-alone flood protection strategy $5.9M 

Mid-Term Raise Gate 5 Road to 1-Year Storm 

Surge Elevation 

• Improves access during frequent flood 

events 

• Low cost 

• Does not protect properties waterward of Gate 5 

Road 

• Requires property and utility coordination 

• Only one-way traffic 

$0.6M 

Long-Term Raise Gate 5 Road to 100-Year Storm 

Surge Elevation 

• Improves access during high flood 

events 

• Low cost 

• Does not protect properties waterward of Gate 5 

Road 

• Requires property and utility coordination 

• Only one-way traffic 

$0.9M 

Long-Term Shoreline Seawall with Ecological and 

Recreational Improvements 

• Addresses broader overland flooding 

• Provides ecological and recreational 

benefits 

• Protects the broader project area 

• Requires property and utility coordination 

• Likely requires easements 

$34.0M 

Long-Term Raise Properties and Structures • Reduces long-term exposure for 

individual parcels 

• High cost 

• Piecemeal solution 

• Requires private owner participation 

$185.0M 
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6. Performance Evaluation 
Framework 

6.1 Evaluation Criteria 

A qualitative approach was taken for evaluation of the concept design solutions of flood improvements in the Gate 

5 Road Area for the near-term, mid-term and long-term planning horizons. This included a combined assessment, 

evaluating both potential tradeoffs associated with the following criteria along with positive benefits: 

 

• Short-term effectiveness,  

• Long-term effectiveness,  

• Ease of implementation, 

• Cost effectiveness, 

• Agency acceptance,  

• Community feedback, 

• Sustainable and ecological benefits, and  

• Recreational and aesthetic benefits.  

 

The parameters for the assessment are discussed in more detail below.    

6.1.1 Short Term Effectiveness 

Short term effectiveness is the ability of a solution to address immediate flooding problems as described in Section 

3.1. It is a measure of how effective the solution would be in solving current flooding issues which mainly occur 

along Gate 5 Road and at Varda Landing during high tide or storm surge events. 

6.1.2 Future Effectiveness 

Future effectiveness is the ability of a solution to address future flooding problems as described in Section 3.2, 

within the future mid-term and long-term planning horizons. It is a measure of how effective the solution would be in 

solving issues related to rising sea levels, increasing rainfall intensity, and land subsidence. Without any 

preventative measures, flooding in the area becomes largely independent of rainfall intensity and the storm drain 

system and becomes more a result of overland flooding from the Bay. 

6.1.3 Ease of Implementation 

This is a measure of how straightforward the solution is to construct, the impact construction might have on the 

surrounding areas and the community, the maintenance of the solution, the duration of construction, and site 

constraints, such as proximity to buildings, right of ways and groundwater levels 

6.1.4 Cost Effectiveness 

Cost effectiveness includes the overall cost to construct, operate, and maintain the facilities over time, along with 

easement costs and funding potential for the proposed facilities. It emphasizes achieving the goals while 

maximizing the value of resources spent. 
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6.1.5 Agency Acceptance 

Agency acceptance is a measure of how acceptable a solution might be to agencies involved in approvals and 

permitting. It includes the overall length of time such approvals may take to obtain. These include environmental 

agencies such as the California Department of Fish and Wildlife, Army Corps of Engineers, Regional Water Control 

Board, California Coastal Commission, Nation Oceanic and Atmospheric Administration – National Marine 

Fisheries, San Francisco Bay Conservation and Development Commission, and others described in Section 7 of 

this report.  

6.1.6 Community Feedback  

The community was engaged in this process during a field visit that coincided with a King Tide event on December 

3rd, 2025, a workshop held on April 29, 2026, on-line surveys, a site walkthrough with SSWA on May 12th, 2026, 

and various meetings with property owners and/or owner representatives at other times. This process provided 

valuable insight into community concerns, desires, and existing flood control practices. Feedback was also 

obtained from the Shoreline Adaptation Plan and from City Department of Public Works meetings with the 

community. This community feedback was used as part of the selection criteria for the recommended concepts to 

move forward into final design as discussed in Section 7. Appendix B provides a Community Meeting Recap that 

describes the Community workshop on April 29, 2026, and addresses overall results of Community feedback. 

6.1.7 Sustainability and Ecological Benefits 

Sustainability and ecological benefits refer to the extent by which a solution could provide benefits through 

ecological restoration that supports biodiversity (coastal and inland), addition of green infrastructure that improves 

urban biodiversity while assisting in flood protection and improving water quality, or sustainable design and 

construction that reduces environmental disruption, promotes water conservation and reduces overall carbon 

footprint. This could also come with additional impacts such as increasing project footprints, which was also 

considered during the evaluation process. This criterion focused on the benefits for sustainability and ecology and 

did not look at the drawbacks. 

6.1.8 Recreational and Aesthetic Benefits  

Recreational and aesthetic benefits refer to the extent to which a solution could enhance the aesthetic character of 

an area and provide recreational benefits, such as access to the shoreline and to environmental habitat overall. 

When recreational and aesthetic goals are combined, multi-functional spaces can be produced, such as walking 

paths and landscaped areas along the shoreline that promote health and well-being along with flood protection and 

access to the shoreline. This could also come with additional impacts such as increasing project footprints, which 

was also considered during the evaluation process. This criterion focused on the benefits for recreation and 

aesthetics and did not look at the drawbacks. 

6.2 Near-Term Results 

Table 6.1 below shows the overall performance assessment used for evaluation of the improvements discussed for 

the Near-Term options in Section 5.2. Attendees at the Community Workshop (see Appendix B) overwhelmingly 

voted for: 1) the tide gate, pumping and storm drain improvement option for minimizing flood impacts over the short 

term along Gate 5 Road, and 2) the seawall for Varda Landing option that would minimize flood impacts along 

Varda Landing for the short term. The tide gate, pumping and storm drain improvement option addresses 

immediate flooding problems along Gate 5 Road which was very important to the public and the City. Even with a 

slightly higher cost basis, this option will satisfy flooding concerns for the near-term condition and can be expanded 

upon for improving future flood issues as subsidence and sea level rise worsen future flooding potential. The 
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importance of Varda Landa was also apparent in the voting, which suggests that this option should also be 

pursued, though with coordination of the landowners. 

Table 6.1 – Near-Term Options Performance Evaluation 

 

 

6.3 Mid/Long-Term Results 

Table 6.2 shows the overall performance assessment used for evaluation of the mid- and long-term flood 

improvement options as discussed in Section 5.3. These options should be used as a planning tool for future 

implementation strategies discussed in Section 7. The solutions provided for these future time periods include: 1) 

tide gates, additional pumping, and storage, 2) vertical solutions ranging from sea walls, to raising Gate 5 road, to 

raising properties and structures, and 3) green infrastructure. These alternatives were discussed at the Community 

Workshop held on April 29th, 2026. The attendees at the workshop provided the feedback of the various options 

(see Appendix B) and were most positive regarding the following options: 1) expanding the pump station near the 

Coloma Street Canal, 2) raising Gate 5 Road (above the 2050 100-year storm surge), 3) placing a seawall along 

the shoreline, and 4) incorporating green infrastructure into all alternatives. Note that a hybrid of these options will 

likely be the best solution for phased planning in the future at the mid- and long-term time periods. Table 6.2 can be 

used as a basis for such an evaluation. 
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Table 6.2 – Mid- to Long-Term Options Performance Evaluation 
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7. Recommended Conceptual 
Alternative for Implementation 

As discussed previously, the conceptual design alternatives have been organized by planning horizons. Near-term 

improvements focus on feasible, constructible solutions, while mid- and long-term options are presented at a 

planning level and will require additional community input, City coordination, and funding evaluation. Near-term 

improvements are intended for implementation during the planning horizon between 2025 and 2035, to be initiated 

immediately. Mid-term strategies should be refined and sequenced in advance of 2035 for the planning horizon 

between 2035 and 2050. Long-term strategies should be refined and sequenced in advance of 2050 for the 

planning horizon between 2050 and 2100. 

Focusing on the near-term solution, the tide gate, pumping and storm drain improvement option is the 

recommended solution for further design and implementation. This solution is: 1) important to the public and the 

City, 2) will satisfy the most-prevalent flooding events for the near-term condition, and 3) can be expanded upon for 

addressing future flooding issues. A seawall along the shoreline of Varda Landing is also recommended in 

partnership with the private landowners in the area.  

7.1 Pump Station 

The recommended 

option incorporates a 

pump station located on 

the Coloma Street Canal. 

The pumps may be 

placed on a deck located 

above the canal (or the 

canal may be converted 

into a box culvert with the 

pump station placed 

above or to its side). For 

purposes of this 

conceptual design, it is 

assumed that a deck will 

be placed across the top 

of the canal. The canal is 

a concrete lined 

rectangular channel with 

a concrete bottom, 

sloped at ~0.25% toward 

the bay over its 132-ft 

length. Height varies along its length, averaging approximately 7-ft deep from the top of the sheet pile wall to the 

sediment below. 

 

The pump station should be placed at a minimum elevation of 8.2’ NAVD88, which is 1’ above the 1-year 2025 

storm surge elevation. To accommodate decking, the floor elevation of the station is set at 8.5’ NAVD88. The top of 

the canal is around 6’ NAVD88, so this means the pump would have to be elevated about 2.5 feet above the top of 

Figure 7.1 – Recommended Conceptual Design - Proposed Pump 
Station Location 
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the canal. While a portion of the canal currently has decking, the approximate108-foot portion without decking is 

the proposed section for the near-term pump station as shown in Figure 7.1.  

 

An existing 66” stormwater pipe from Gate 5 Road connects to the canal via a headwall at the existing decked 

portion. Because of its size and its placement within an easement for City maintenance, the undecked portion of 

the canal would be an optimal location for the pump station wet well (assuming a tide gate is located downstream 

at the end of the canal). Preliminary calculations show that a wet well approximately 10-ft wide, 100-ft long and 4-ft 

deep would suffice for the proposed 38 cfs pump station. A total of four vertical turbine suction pumps would be 

placed on the proposed deck above the canal in a configuration displayed in Figure 7.2. Note that the pump station 

can be fully enclosed in any style structure depending on community input, sound attenuation requirements, and 

cost effectiveness. The wet well, for purposes of this analysis, has been assumed to be below the pump motors, in 

the canal. 

 

Figure 7.2 – Recommended Conceptual Design - Pump Station Schematic 

Note that future improvements to the canal are proposed by the City under a separate contract, so the decking may 

need to be replaced/improved in coordination with that project. The scope of that project includes a structural 

inspection of the existing canal, which would be a requirement prior to constructing the decking and pump on top of 

the canal. The loading capabilities of the existing canal need to be factored into the design of any infrastructure that 

would be placed on top of the canal. Depending on the findings of that assessment, structural improvements to the 

canal may be needed prior to the placement of infrastructure on top of it. 



 

Gate 5 Area Drainage Management Study 
Draft Concept Design and Implementation Report 
2026-08-19  51 
 

Figure 7.3 – Tide Gate – Duck-Billed Check 
Valve 

7.2 Tide Gate 

Several tide gate options were evaluated for use at 

the outfalls within the project area These include 

duck-billed check valves, WaStop inline check 

valves, flap gates, sluice gates, and self-regulating 

tide gates. The check valves allow water to move in 

only one direction and are the least expensive and 

simplest tide-gate options to install, requiring minimal 

structural work and offering high reliability. They are 

generally installed at the outfall of circular culverts, 

meaning they are not highly feasible for the 

rectangular shaped Coloma Street Canal. These 

check valves (see Figure 7.3 and 7.4) are the 

recommended choice, however, for the outfall pipe from 

Gate 5 Road and Harbor Drive. While that outfall currently 

has a duckbill tide gate, it is not functioning correctly. 

Therefore, WSP recommends replacing the tide gate on this 

outfall with another Duck Billed check valve.  

 

A flap gate is a simple mechanically operated 

tide gate, typically top-hinged or side hinged, 

that remains closed to block flow until water 

pressure is great enough to push it open. It is 

susceptible to debris blockages which may 

prevent closure. Considering the geometry of 

the canal, a top-hinged flap gate could be 

constructed near the downstream end of the 

Coloma Street Canal, but that is not a typical 

application for a flap gate and may therefore 

increase its cost and decrease its 

effectiveness. 

 

Figure 7.24: Recommended Tide Gate - 
Vertically Operated Sluice Gate with 
Automated Level-Based ActuatorWaStop 
Check Valve 
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Figure 7.4: Tide Gate - WaStop Check 
Valve 

Figure 7.5: Recommended Tide Gate - Vertically 
Operated Sluice Gate with Automated Level-Based 
Actuator 
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Therefore, WSP believes a better alternative is a sluice gate. A sluice gate is a vertically operated water-control 

gate that is often automated with timed or level-based actuators that provide more precise regulation than a flap 

gate. It is very well suited for placement at the end of a rectangular channel and for use with large capacity pumps 

and can be fitted with tide, level and rainfall-based controls. Gate logic can be adjusted over time, making this 

option for a tide gate well suited for sea level rise adaptability. The motorized sluice gate can stay closed during 

peak tide, open during favorable tide windows and be overridden during emergencies. Figure 7.5 shows a typical 

vertically operated sluice gate that is best for large box culverts or pipes, straightforward outfalls and for new 

construction or major retrofits, making it the recommended alternative for placement at the end of the canal. 

  

7.3 Storm Drain Improvements 

To eliminate the need for a second pump station located at Harbor Drive and Gate 5 Road, the recommended 

alternative includes a pipe connection between the stormwater system at Harbor Drive with the stormwater system 

conveying flow to Coloma Street. From survey data and information from the recent Storm Drain Assessment 

performed by the City, it is apparent that this connection would require a new pipeline to be placed along the 

northeast shoulder of Gate 5 Road from a storm drain manhole at Harbor Drive to an existing catch basin 

approximately 150-ft northwest along Gate 5 Road. This would involve reconstruction of approximately 3 structures 

and the addition of 150-ft of 18-inch storm drain (See Figure 7.7).  

Figure 7.6 – Recommended Conceptual Design -Tide Gate, Pumping and Storm Drain 
Improvement Option  

Figure 7.25: Recommended Tide Gate - Vertically 
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7.4 Varda Landing Improvements 

The recommended solution for Varda Landing is to construct a seawall along the shoreline to prevent high tides 

and storm surge from inundating low-lying land along the coast.  The seawall could be vertical, stepped or 

mounded with revetments. WSP recommends that at a minimum, the seawall be designed to an elevation of 8.2’ 

NAVD88. This would address the existing 1-year storm surge plus 1-foot of freeboard. This option would address 

immediate concerns of overland flow issues for the most common storms although more severe storms would still 

overtop the seawall.  

 

An additional improvement that can be considered is the raising of Varda Landing Road, which is a private 

unpaved road that allows access from Gate 5 Road to private homeowners located on the seaward (north) side of 

the road and to some businesses located on the east side of the road.  This Road could be a good maintenance 

access road for the Pump Station discussed in Section 7.1. The lowest elevation of the road is approximately 6 ft 

which is below the elevation of the 1-year storm surge by 1.2 ft. Raising the road would require coordination with 

the private owner. As discussed previously, WSP spoke with the private owner during a walkthrough with the 

Sausalito Sustainable Waterfront Association and confirmed his interest and condition acceptance in raising the 

road, though its use for maintenance access would need further discussion. The road raising would assume a 20-ft 

wide road surface with side slopes of 4:1 to the existing ground. The road currently crosses the canal at the end of 

the Coloma Street drainage system. Here, the road is elevated to approximately 8.5 ft NAVD88.  

Figure 7.7 – Proposed Gate 5 Road Storm Drain Improvements 
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7.5 Recommendations for Future Solutions 

Although the recommended conceptual design presented in this report focuses on the near-term solution, 

discussion of future improvements is warranted. Feedback received during the community workshops indicates 

strong support for several strategies, including: 1) expansion of the pump station near the Coloma Street Canal, 2) 

construction of a shoreline seawall with ecological and recreation enhancements, and 3) incorporation of green 

infrastructure into all alternatives. Based on this feedback, a phased hybrid approach combining these strategies is 

likely to provide the most effective path forward for the mid- and long-term planning horizons. 

 

Using Table 6.2 as a framework for future decision-making, the recommended hybrid strategy for the mid- and 

long-term planning periods should include the following components: 

• Expanding or adding a new pump station (depending on ROW availability at the Canal) 

o Moderate cost 

o Effective in both the mid- and long-term 

o Satisfies agency criteria for funding and permitting (e.g. RWQCB and  

o Supported by the community 

• Shoreline seawall with ecological and recreational enhancements 

o Moderate cost 

o Effective in both the mid- and long-term 

o Provides ecological, sustainability, and recreational benefits 

o Can be phased between the mid- and long-term depending on sea level rise and subsidence 

conditions 

o Supported by the community 

• Green infrastructure 

o Low cost 

Figure 7.8 – Varda Landing Seawall Alignment with Example Solutions 
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o Satisfies agency criteria for permitting and funding (e.g. Water Quality Control Board, California 

Coastal Conservancy),  

o Provides ecological and sustainability benefits 

o Supported by the community 

The goal of expanding the pump station and incorporating green infrastructure is to increase the capacity of the 

system to ultimately handle the runoff from the 100-year, 24-hour storm (storm with 1% chance of occurring in a 

given year). The exact size and design flow rate for the pump station is unknown at this time because it will be 

affected by climate change projections, reduction of stormwater flow due to green infrastructure, and changes to 

land use within the watershed. The construction of a seawall with ecological and recreational enhancements was 

selected because it provides protection for the entire area while pairing well with the pump station and green 

infrastructure improvements. It also provides full protection in a cohesive manner and a fraction of the cost of 

raising properties and structures individually. The ecological and recreational enhancements for the seawall 

provide the City with the ability to maintain waterfront access for the public and ecological function along the 

shoreline.   

 

In the long term, the City should also monitor the performance of the near- and mid-term improvements to inform 

future implementation decisions. This process should include community engagement and periodic evaluation of 

the level of flood protection achieved, helping determine when more substantial long-term measures are warranted. 

These reviews should assess whether sea level rise, subsidence, and more severe combinations of storm surge 

and storm events are resulting in flood depths, durations, or access constraints that are no longer acceptable to the 

City and its residents. If so, the City should transition toward the larger-scale strategies identified in this report, 

such as raising Gate 5 Road to serve as a protective corridor or levee, constructing a continuous shoreline-aligned 

seawall with ecological and public access features, and/or supporting the incremental elevation of properties and 

structures through redevelopment, regulatory changes, and private investment. 
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8. Project Implementation 

8.1 Additional Data and Analyses Required 

To continue with the design of the recommended alternative, additional investigations would be required and 

should be conducted during the 30% design phase of the project. 

8.1.1 Groundwater and Geotechnical Investigations 

WSP recommends additional groundwater and geotechnical investigations with the incorporation of exploratory 

drilling at strategic locations of the proposed project. The purpose of these investigations would be to determine 

subsurface soil and groundwater conditions at the precise locations where improvements are proposed. This helps 

predict soil behavior and failure mechanisms under varying loads and water pressures to optimize the design and 

construction of foundations, slabs, and underground structures. 

 
The drilling can also provide additional data to be used to refine subsidence evaluation. Due to a lack of subsurface 

geotechnical data, this report calculated one subsidence rate throughout the project area. By completing a more 

refined subsidence analysis, then the design could be adjusted to account for varying subsidence rates throughout 

the project area, resulting in a more accurate and cost-effective design. 

8.1.2 CCTV of Existing Storm Drains 

While the existing storm drain information has been partially delineated through the City’s recent Storm Drain 

Assessment and our recent survey along Gate 5 Road, critical data is still needed to identify private connections to 

the City storm drains and to the canal at the end of Coloma Street. CCTV would be a good tool for identifying the 

locations of these connections as well as providing the conditions of the existing storm drains (including both 

private and public storm drain systems). Our investigation indicates that there are some storm drain systems and 

structures connecting to unmapped storm drains within the Varda Landing Area and along both sides of Gate 5 

Road, which could be identified through this process. 

8.1.3 Modelling Updates 

Once the private storm drain systems have been identified, WSP recommends that the SWMM model be updated 

accordingly to assess how the private connections affect flow patterns and flooding within the project area. After 

updating the model for existing conditions, WSP recommends incorporating the proposed improvements into the 

model to assess their impact on flooding. For example, the model could be used to evaluate the overall pump 

station inflows and outflows during extreme tide events. This would allow the designer to optimize the overall sizing 

of the pumps and wet well storage.  

8.1.4 Community Feedback 

Community feedback is instrumental throughout the entire planning and design phase. As right of way, permitting 

requirements, and overall project schedule become more solidified, community feedback in the form of meetings or 

on-line messaging is highly recommended. Items important to the public, including the incorporation of green 

infrastructure, the pump station design coupled with its enclosure, and discussions of the Varda Landing site 

improvements, should be considered for feedback from community members in the future. The implementation 
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schedule will be a very important item to discuss, especially regarding construction schedule and any schedule 

changes resulting from permitting, unforeseen design issues, and delays during construction. 

8.2 Design Phase 

Section 7 of this report provides a recommended conceptual design for the Gate 5 Road Project. To implement the 

recommended Gate 5 improvements, the City should advance the project through a staged design process focused 

on the selected near-term solution: the tide gate, pump station, and storm drain improvements option, with 

separate coordination for Varda Landing improvements. 

8.2.1 30 Percent 

At 30 percent design, the City should convert the recommended concept into a workable preliminary layout and 

confirm the basis of design. This stage should include: 

• Completing the additional investigations and analyses identified in Section 8.1, including geotechnical 

investigations, CCTV, hydrologic model updates, and community engagement. 

• Confirming the preferred pump station and tide gate configuration at the Coloma Street Canal. 

• Developing preliminary layouts for the pump station, wet well, discharge line, tide gate, and Gate 5 to 

Harbor Drive storm drain connection. 

• Identifying permitting, right-of-way, utility, access, and environmental constraints that could affect project 

delivery. 

• Preparing a preliminary cost estimate and confirming whether Varda Landing improvements will proceed 

separately or in parallel. 

8.2.2 60 Percent 

At 60 percent design, the City should refine the preferred improvements into a coordinated draft design suitable for 

agency, owner, and constructability review. This stage should include: 

• Advancing hydraulic, geotechnical, and civil design for the pump station, tide gate, storm drain 

improvements, and discharge system. 

• Refining grading, site access, structural support, electrical service, controls, and maintenance 

requirements. 

• Coordinating utility conflicts, temporary construction access, traffic control, and sequencing along Gate 5 

Road and at Harbor Drive. 

• Advancing permit strategy and right-of-way coordination, including any easement, property access, or 

environmental mitigation needs. 

• Updating the cost estimate and preparing a preliminary construction schedule. 

8.2.3 90 Percent 

At 90 percent design, the City should complete the near-final design package and close out remaining review 

comments. This stage should include: 

• Finalizing coordinated drawings and specifications for civil, structural, hydraulic, mechanical, and electrical 

elements. 

• Completing QA/QC review of pump sizing, tide gate operation, wet well configuration, drainage 

connectivity, and constructability. 

• Addressing agency comments, permit conditions, and owner coordination issues. 

• Refining bid quantities, opinion of probable construction cost, and construction phasing. 
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8.2.4 Final 

At final design, the City should issue the project for construction. This stage should include: 

 

• Incorporating final review comments, permit requirements, and stakeholder commitments. 

• Completing signed and sealed construction drawings, specifications, details, schedules, and bid 

documents. 

• Confirming final construction access, sequencing, temporary protection measures, and operational 

requirements for the completed system. 

• Separately finalizing any partner-led Varda Landing improvements, if they are advanced in parallel with the 

near-term project. 

 

The result should be a complete, permitted, and buildable package that allows the City to move directly into 

procurement and construction. A timeline between phases is discussed in Section 8.6. 

8.3 Funding Mechanisms 

The City would benefit by pursuing a phased funding strategy that aligns each project component with the most 

suitable grant or financing source and advances the project from feasibility through construction. 

 

The project is well positioned for next-phase funding because it already benefits from U.S. Economic Development 

Administration support for vulnerability and feasibility work, matched with local funds. This report can further 

support funding requests by defining project components, documenting benefits and costs, and supporting 

environmental clearance and construction applications. 

 

Primary funding should focus on core roadway, drainage, pump station, and tidal improvements. FEMA’s Building 

Resilient Infrastructure and Communities (BRIC) program, or similar state flood programs, should serve as the 

main capital source, with current BRIC timing confirmed through California OES. 

 

Supplemental funding should support shoreline, habitat, and public-access features that align with broader coastal 

resilience goals. The San Francisco Bay Area Measure AA may support habitat-linked flood management 

elements, while the Coastal Conservancy’s Climate Ready Program is well suited to shoreline and sea level rise 

adaptation features. For living shoreline and other natural infrastructure improvements, the National Coastal 

Resilience Fund should also be pursued. 

 

Financing for pump stations, drainage conveyance, and related water-quality infrastructure may include low-interest 

revolving fund loans so grant funding can be concentrated on the most competitive project elements. 

Overall, the project should be packaged into fundable phases: complete feasibility, environmental review, and 

preliminary design; pursue primary applications for core flood protection improvements; then seek supplemental 

funding for shoreline adaptation and habitat features. This approach improves eligibility, reduces overlap, and 

supports phased delivery as funding is secured. Details of each funding mechanism are provided below. 

 

• FEMA Building Resilient Infrastructure and Communities (BRIC). FEMA BRIC should be treated as the 

primary funding source since it is designed to fund pre-disaster hazard mitigation projects that reduce 

future risk to life, property, infrastructure, and community function. This project includes roadway 

improvements, pump stations, tide gates, drainage upgrades, and related flood-protection features that 

preserve access and reduce recurring flood damage. The application should demonstrate such items as 

risk reduction, consistency with the City’s FEMA-approved Local Hazard Mitigation Plan, and readiness to 

advance into design and construction.  
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• California Department of Water Resources Flood Funding. DWR flood programs can be a primary or 

backup capital source for stormwater and flood-risk-reduction components as well, including drainage 

conveyance, pump station upgrades, detention or storage improvements, road-drainage interface 

improvements, and related flood-risk-reduction measures. The City should maintain a grant-ready package 

that includes vulnerability assessment, alternatives evaluation, cost estimates, flood documentation, and a 

clear explanation of how the project reduces risk while supporting public access and community resilience.  

• San Francisco Bay Restoration Authority Measure AA. Measure AA should be used for shoreline and 

habitat-linked components. The program is for tidal wetland restoration, managed pond or shoreline habitat 

enhancement, natural shoreline features, public access improvements tied to habitat projects, and flood 

management features for a habitat project. The City should separate living shoreline, marsh edge 

enhancement, habitat restoration, and shoreline public-access elements into a distinct Measure AA scope.  

• California Coastal Conservancy Climate Ready Program. The Coastal Conservancy’s Climate Ready 

Program is well suited for sea level rise solutions, coastal resilience planning, nature-based shoreline 

solutions, public access, and multi-benefit shoreline improvements. This program should be used to 

advance design, permitting, environmental review, community-facing resilience benefits, and selected 

green-gray shoreline features. Emphasis on sea level rise, storm surge, public access, vulnerable shoreline 

infrastructure, and the use of natural infrastructure is recommended.  

• National Coastal Resilience Fund. The National Coastal Resilience Fund, administered by NFWF with 

federal and partner support, is best suited for nature-based or hybrid coastal resilience projects that protect 

communities while improving habitat. This would include living shoreline features, marsh or wetland 

enhancement and monitoring of natural infrastructure performance. NCRF should not be relied on to fund 

the primary roadway or pump station package, but it can strengthen the overall funding stack by supporting 

shoreline resilience elements that reduce exposure to coastal flooding and improve ecological outcomes. 

• Clean Water State Revolving Fund financing. CWSRF is a financing tool for water-quality and 

stormwater-related infrastructure. Eligible components may include stormwater conveyance, pump 

stations, runoff treatment, green infrastructure or other facilities that improve water quality or manage 

runoff. Because CWSRF is generally repaid as a low-interest loan, it is best used to reduce local cash-flow 

pressure, support match requirements, or finance eligible stormwater improvements while grant funds are 

directed to the most competitive flood and shoreline resilience elements. 

• U.S. Army Corps of Engineers Planning Assistance to States and Section 205. USACE should be 

considered for technical and project-development rather than for a near-term grant substitute. Planning 

Assistance can support planning-level analysis, flood-risk evaluation, regional water resources planning, 

and assessment of nature-based or hybrid alternatives. The City should coordinate with USACE early on to 

determine whether the project is better suited for technical planning support, for a flood-risk-management 

project, or for longer-term regional coordination. 

• U.S. Economic Development Administration follow-on funding. EDA should be used where the project 

can clearly demonstrate economic resilience, business continuity, job protection, access to employment 

areas, and infrastructure benefits tied to economic recovery or growth. The vulnerability and feasibility 

analyses can be used to show project progression and readiness.  

8.4 Permitting Requirements 

For the recommended near-term alternative, which is largely limited to improvements within the City right-of-way 

(ROW), the permitting strategy will be narrower and more targeted than for a broader shoreline adaptation 

program. Most of the roadway drainage improvements and the pump station are likely to be addressed through 

local design review, utility coordination, and CEQA compliance, while the tide gate and any work affecting the canal 
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outlet to the Bay will likely drive the principal state and federal permit requirements. Therefore, the recommended 

permitting strategy is to advance the ROW storm drain improvements, pump station, and canal outlet modifications 

primarily as a City-controlled drainage project in cooperation with private citizens where improvements are 

recommended on their properties, while separately confirming the tide gate and related construction triggers state 

and federal review at the Bay interface. The most efficient approach will be to define a single integrated project 

description to be used for preparing all permitting applications, we recognize that external permitting may be limited 

if the work remains within the City’s existing jurisdictional footprint and avoids impacts that independently trigger 

BCDC, USACE, Regional Water Board, or CDFW review. Given the reason for the improvements pertain to climate 

adaptation, the project may be able to accelerate permit approvals for improvements through BCDC, and this 

should be confirmed at the same time as the other state and federal permitting triggers. 

 

Table 8.1 provides likely permits, approvals and right of way considerations for this work which need further 

confirmation at the 30 percent design phase. Note, low cost represents a cost under $100,000, while moderate 

represents one that exceeds this cost, but would not exceed $500,000. While several agencies are listed 

separately, multi-agency reviews can be streamlined through organizations like the Bay Restoration Regulatory 

Integration Team (BRRIT) once the development is complete, so if several agencies within BRRIT would be 

involved the consultation and permitting efforts would likely be combined.   



 

Gate 5 Area Drainage Management Study 
Draft Concept Design and Implementation Report 
2026-08-19  61 
 

Table 8.1 – Likely Permits, Approvals and Right of Way Considerations for Near-Term 
Recommended Solution 

Agency 
Likely Permit 

or Approval 
Principal Trigger Likelihood Timeline Cost Magnitude 

ROW / Easement 

Considerations 

City of 

Sausalito 

Public works, 

engineering, 

& local 

approvals 

Roadway storm 

drain 

improvements, 

pump station siting, 

canal outlet 

modifications within 

City jurisdiction, 

utility coordination, 

and construction 

sequencing 

High 
Concurrent 

with design 

Low to 

moderate; 

primarily staff, 

engineering, and 

coordination 

costs based on 

a percentage of 

the total project 

cost 

Confirm work 

remains within 

City ROW, identify 

temporary access 

or staging needs. 

City of 

Sausalito 

CEQA lead 

agency 

review 

Overall project 

approval and 

environmental 

review 

High 

Shorter if 

exempt, 

several 

months if 

Initial 

Study/MND is 

required 

Low to 

moderate, 

increases if 

technical studies 

are required 

ROW boundaries 

should be 

confirmed before 

CEQA project 

description is 

finalized. 

BCDC 

Permit only if 

Bay or 

shoreline 

jurisdiction is 

triggered 

Tide gate or outlet 

work extending into 

the Bay or within 

the 100-foot 

shoreline band in a 

manner subject to 

BCDC jurisdiction; 

seawalls 

Possible  

Several 

months, 

longer if 

major permit 

review is 

required, 

acceleration 

of timeline 

may be 

available at 

time of 

project 

execution 

Low to 

moderate; may 

require 

application 

support, 

exhibits, and 

agency 

coordination, 

based on a 

percentage of 

the total project 

cost 

Confirm shoreline 

band limits, 

construction 

access, and 

whether work 

extends beyond 

City-controlled 

areas. 

USACE 

Section 10 

permit; 

Section 404 

permit if fill is 

involved 

Tide gate or outlet 

modifications 

affecting navigable 

waters or waters of 

the United States; 

seawalls 

Possible 

Several 

months, 

longer if 

individual 

permit or 

consultation 

is required 

Moderate, could 

increase with 

jurisdictional 

delineation, 

alternatives 

analysis, or 

mitigation 

Confirm federal 

jurisdiction and 

whether 

permanent or 

temporary work 

occurs outside 

City ROW. 

Regional 

Water 

Board 

Section 401 

Water Quality 

Certification 

& related 

construction 

water quality 

approvals 

Federal permit 

linkage, 

dewatering, 

turbidity control, or 

temporary 

discharge 

management that 

triggers Water 

Board review 

Possible 

Several 

months, 

typically 

coordinated 

with USACE 

review 

Low to 

moderate, may 

include water 

quality plans, 

BMPs, and 

monitoring 

Temporary 

construction 

easements may 

be needed for 

dewatering, 

bypass pumping, 

or treatment 

areas. 
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Agency 
Likely Permit 

or Approval 
Principal Trigger Likelihood Timeline Cost Magnitude 

ROW / Easement 

Considerations 

CDFW 

Lake and 

Streambed 

Alteration 

Agreement 

Potential effects on 

a jurisdictional 

channel, aquatic 

resource, or 

adjacent tidal area 

beyond the City-

controlled outlet 

Possible 

Several 

months after 

complete 

application 

package 

Low to 

moderate, could 

increase with 

habitat 

mitigation or 

monitoring 

requirements 

Confirm 

maintenance 

access and 

whether channel 

work requires 

temporary or 

permanent access 

rights. 

NOAA 

Fisheries 

ESA 

consultation 

and Essential 

Fish Habitat 

review, if 

triggered 

through 

USACE 

Potential effects on 

fish passage, tidal 

hydraulics, or 

aquatic habitat at 

the channel mouth 

Possible if 

USACE 

consultatio

n is 

triggered 

Several 

months, may 

extend 

federal 

permitting 

schedule 

Low to 

moderate, 

higher if design 

revisions, 

surveys, or 

mitigation are 

required 

Access and 

easement needs 

depend on final 

tide gate footprint 

and maintenance 

requirements. 

USFWS 

ESA 

consultation 

or biological 

review 

Potential effects on 

protected species, 

nesting birds, or 

adjacent marsh-

edge habitat 

Possible 

depending 

on site 

conditions 

Several 

months if 

consultation 

or focused 

biological 

review is 

required 

Low to 

moderate, 

higher if 

surveys, work 

windows, or 

mitigation are 

required 

May affect 

temporary access, 

staging, and 

construction work 

windows near 

habitat areas. 

 

8.5 Mitigation of Construction Impacts 

Mitigating construction impacts at the Coloma Street Canal requires environmental controls, construction 

constraints, and engineering protocols. Since the project discharges into the Bay, mitigation may require isolating 

the construction site to prevent contamination through the use of: A) Cofferdams and/or other flow diversion best 

management practices coupled with a dewatering system, B) Silt Curtains installed downstream in the bay to catch 

any loose sediment, and C) In-Water Work Windows to protect migrating fish in the Bay. 

8.6 Implementation Schedule 

8.6.1 Immediate Needs for Near-Term Option 

Until the near-term option is implemented, the City should continue operating the temporary pumping system 

during extreme tide events while advancing the permanent near-term solution: storm drain improvements, a pump 

station, and a tide gate tied to the Coloma Street Canal. Implementation should be managed as a combined 

technical, environmental, permitting, funding, procurement, and construction effort, with funding pursued in parallel 

so the project can move forward as each phase becomes ready. Based on the anticipated activities, with many that 

can be done concurrently, implementation of the permanent solution will likely require approximately three to four 

years. 

 

A proposed implementation schedule and roadmap for the near-term alternative is outlined below. 
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1. Pre-Permitting and Engineering Studies (6 to 12 months, overlapping with environmental review) 

The first priority is to conduct technical work needed to support permitting, final design and funding applications. 

This includes the Coloma Street Drainage Canal structural investigation that the City is currently conducting, and 

CCTV of existing storm drains along Gate 5 Road between Coloma Street and Harbor Drive. During this phase, the 

City should also confirm the funding strategy and package the project into fundable components. 

 

2. Environmental Review (CEQA) (3 to 18 months, overlapping with early design and funding) 

The City should initiate CEQA review early so it can proceed in parallel with design development where feasible. 

The level of review will depend on the final project description and environmental setting, but it will likely include 

preparation of the appropriate CEQA document such as an exemption, MND or EIR, agency consultation, technical 

studies, public review, and incorporation of mitigation measures into the design and construction approach. 

 

3. Funding Strategy and Applications (6 to 12 months, overlapping with early design and CEQA) 

Funding should be advanced as an active workstream rather than deferred until design is complete. For the core 

flood protection improvements, the City should pursue FEMA BRIC or comparable state hazard mitigation funding, 

with current BRIC timing and eligibility confirmed through Cal OES. In parallel, the City should position shoreline, 

habitat, or public-access elements for supplemental sources such as the Coastal Conservancy’s Climate Ready 

Program, Measure AA where applicable, and nature-based resilience programs such as the National Coastal 

Resilience Fund. The City should also evaluate low-interest revolving fund financing for eligible pump station, 

drainage, and water-quality-related infrastructure so grant funding can be concentrated on the most competitive 

project elements. 

 

4. Agency Permitting and Approvals (12 months, overlapping with design development) 

As the project definition is refined during the 30 percent design, the City should advance the permitting strategy 

identified in this report. Depending on final jurisdictional determinations, approvals may include City implementation 

approvals and coordination with agencies such as BCDC, USACE, the Regional Water Board, and CDFW for canal 

outlet and tide gate work affecting the Bay interface. This phase should include confirming jurisdictional 

boundaries, preparing permit application packages, coordinating early agency meetings, addressing agency 

comments, and incorporating permit conditions into the final design, construction sequencing, and environmental 

protection measures. Funding applications and agency coordination should be kept aligned so grant scopes, cost 

estimates, and permit assumptions remain consistent.  

 

5. Design Development (9 to 12 months) 

Design should advance through the 30, 60, 90, and final design stages described previously. Portions of design 

can proceed concurrently with CEQA, permitting, and funding applications, but final documents should incorporate 

permit conditions, utility coordination, construction access requirements and related right of way, stakeholder 

commitments, and any conditions tied to grant or financing awards. Maintenance right of way should also be 

included with the design documents to enable right of way procurement such as maintenance access easements to 

be started at the 30- to 60- percent design phase.  

 

6. Procurement and Construction (12 to 18 months) 

Once the design package is complete and approvals are secured, the City should proceed with procurement, bid, 

award, and construction. This phase should include advertisement of the project, response to bidder questions, 

evaluating bids, and issuing notice to proceed. Construction should then be sequenced to maintain flood protection 

during implementation, including temporary bypass pumping, traffic control, utility coordination, environmental 

compliance. The City should also plan for construction management, inspection, start-up and testing of pumps and 

controls, operation and maintenance for the completed system. 
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Implementation Roadmap for Near-Term Option: 

 

1. Pre-Permitting and Engineering Studies: January 2027 – December 2027 

2. Environmental Review (CEQA), Funding Strategy and Applications, and Agency Permitting and Approvals: 

June 2027 – January 2029 

3. Design Development: January 2028 – January 2029 

a. 30% Design: March 2028 

b. 60% Design: August 2028 

c. 90% Design: November 2028 

d. 100% Design: January 2029 

4. Procurement and Construction: January 2029 – June 2030 

8.6.2 Future Needs for Mid- and Long-Term Options 

In the future, implementation planning should be guided by a recurring review of flood risk associated with sea level 

rise, land subsidence, storm surge, and watershed storm events, so that the City can adjust adaptation measures 

to meet the needs of the community. The review process should use updated topographic and bathymetric 

information, observed subsidence data, revised sea level rise guidance, storm surge and rainfall modelling, and 

update stormwater pipe network information. The purpose of this effort should be to assess the functionality of the 

near-term solution, determine the design objectives for the mid-and long-term options, and support funding, 

permitting, and property-owner coordination for mid-term and long-term adaptation actions. 

 

Mid-Term Strategy (2035 to 2050). During the mid-term period, the City should reassess flooding conditions at 

regular intervals and after major storm seasons to determine whether the recommended solutions within this report 

need to be adjusted. The review should focus on how combined sea level rise, subsidence, and storm-driven water 

levels affect the performance of the Coloma Street and Gate 5 drainage systems, roadway access, canal outfalls, 

and the frequency and duration of closure of tide-influenced discharge points. The review should also include 

engagement with the community to assess their view on how the near-term solution has affected flood prevention 

and whether their preferred solutions have changed.  Considering the near-term solution will not be designed to 

standard design storm severities, the City should be prepared to advance the mid-term options described in this 

section, including an additional pump station or combined pump facility, upstream stormwater storage, raising Gate 

5 Road to improve access during lower-level surge conditions, and/or hybrid shoreline improvements that can be 

integrated with ecological and recreational features. Mid-term reviews should include the completion of the 

remaining engineering analyses that are recommended in this report, such as groundwater and geotechnical 

studies. At this time, the City should also identify right-of-way needs, utility conflicts, property coordination 

requirements, and environmental constraints early enough to preserve feasible implementation pathways. 

 

Long-Term Strategy (2050 to 2100). During this period, the City should observe performance of the mid-term and 

near-term improvements to help inform decision-making for implementing long-term strategies. This should include 

community engagement and assessments on the flood mitigation provided by the improvements to determine when 

long-term solutions are required. Post implementation monitoring should occur to ensure adaptability over time. 

The monitoring program should track defined performance metrics, including frequency of roadway or property 

flooding, observed flood depths and durations, pump station runtime and capacity utilization, tide gate 

performance, nuisance flooding complaints, maintenance frequency, sea level rise trends, land subsidence, and 

the combined effects of storm surge, high tides, and larger storm events. Monitoring tools should include tide and 

rainfall gauges, pump station telemetry, tide gate sensors, field inspections, post-storm documentation, GIS-based 

flood mapping, LiDAR or elevation surveys, and periodic updates to hydraulic and sea level rise modeling. The City 

should establish clear triggers for upgrades, such as repeated flooding above acceptable service levels, increasing 

flood duration, pump capacity exceedance, tide gate overtopping or backflow, accelerated subsidence, updated 

sea level rise projections, or storm event conditions that can no longer be managed through pumping and isolated 



 

Gate 5 Area Drainage Management Study 
Draft Concept Design and Implementation Report 
2026-08-19  65 
 

drainage improvements alone. When these triggers are reached, the City should evaluate system upgrades or 

transition toward the larger-scale options described in this report, including raising Gate 5 Road to function as a 

protective corridor or levee, constructing a continuous shoreline-aligned seawall with ecological and public-access 

elements, expanding storage and pumping as needed, and/or supporting gradual raising of properties and 

structures through redevelopment, regulatory updates, and private investment. Long-term review efforts should 

also consider how these measures can be phased, combined, or sequenced so that each investment remains 

compatible with future upgrades and does not preclude more comprehensive protection strategies needed closer to 

the end of the century. 
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9. Conclusion 

This report establishes a practical, phased strategy for reducing flood risk in the Gate 5 area while preserving 

flexibility for future adaptation. It provides both an actionable near-term project and mid- and long-term solutions 

that provide a decision framework to help the City of Sausalito respond effectively as coastal flood hazards 

intensify through 2035 and beyond. 

 

The vulnerability assessment confirms that current flooding is driven primarily by tidal backflow and storm surge 

through the drainage system. Over time, sea level rise and land subsidence are expected to increase the 

frequency, depth, and duration of flooding and shift the dominant flood mechanism toward broader overland 

inundation from the Bay. These findings support the need for immediate near-term improvements that address 

existing drainage-system backflow while remaining compatible with larger mid- and long-term adaptation 

measures. 

 

The recommended near-term approach is a City-led tide gate, pump station, and storm drain improvement project 

centered on the Coloma Street Canal. This effort should be advanced in coordination with a separate Varda 

Landing shoreline protection project developed in partnership with affected private property owners. This approach 

provides the best balance of near-term effectiveness, constructability, public support, cost , and future 

expandability. It addresses the principal current flood pathways by: 

 

• Preventing Bay water from backing into the storm drain system; 

• Providing stormwater pumping capabilities when tide gates are closed; 

• Improving connectivity between the Gate 5 and Harbor Drive drainage systems; and 

• Reducing overland flooding at Varda Landing for the most frequent storms and tides. 

 

Implementation of the near-term solution should proceed through additional field investigations, model updates, 

community coordination, environmental review, targeted permitting, phased design, funding applications, 

procurement, and construction. Continuing temporary pumping during flood events remains an important interim 

measure until permanent improvements are in place. The proposed implementation roadmap provides a realistic 

path for advancing the near-term mitigation solutions while allowing funding, permitting, and design activities to 

proceed in parallel. 

 

Looking beyond the near-term, the City should use this report as a decision framework for staged adaptation of the 

mid-term and long-term solutions. Future actions should be informed by monitoring tide gate performance, pump 

station runtime, roadway and property flooding, observed sea level rise, land subsidence, and storm-event impacts. 

 



 

Gate 5 Area Drainage Management Study 
Draft Concept Design and Implementation Report 
2026-08-19  67 
 

References 

AECOM (2016). San Francisco Bay Tidal Datums and Extreme Tides Study, February 2016.  

Autodesk, XP-SWMM, 2026. 

California Energy Commission. (n.d.). Cal‑Adapt Analytics. https://analytics.cal-adapt.org/ 

California Ocean Protection Council. (2024). State of California sea level rise guidance: 2024 science and policy 

update. California Natural Resources Agency. 

https://opc.ca.gov/2024/01/draft-slr-guidance-2024/ 

City of Sausalito. (2025). Shoreline Adaptation Plan. 

https://www.sausalito.gov/city-government/hot-topics/sea-level-rise/shoreline-adaptation 

City of Sausalito. (2025). Request for Proposals (RFP) for City of Sausalito Gate 5 Area Drainage Management 

Study. 

CSW-ST2 (2025). Technical Assessment Report for City of Sausalito Storm Drain System, November 2025. 

Federal Emergency Management Agency. (2009). HAZUS analysis for the Green River Valley (prepared for King 

County, Washington). FEMA Region X. 

https://your.kingcounty.gov/dnrp/library/water-and-land/flooding/green-river-valley-hazus-report-1009.pdf 

Kind Designs (2026). Living Seawall Tiles - 3D Printed Marine Panels in Miami  
Marin County Assessor-Recorder-County Clerk. (2025). Real property [Dataset]. County of Marin. 

https://www.arcc.marincounty.gov/property-information/property-types-and-assessment/real-property 

Marin County GIS. (2023). Building footprints [GIS dataset]. Marin County GIS Open Data. Retrieved 2025, from 

https://gisopendata.marincounty.gov/datasets/marincounty::building-footprints/explore 

Natural Hazards Engineering Research Infrastructure. (2024). Damage and Loss Model Library: Hazus Flood 

Damage Functions. https://github.com/NHERI-SimCenter/DamageAndLossModelLibrary/ 

tree/main/flood/building/portfolio/Hazus%20v6.1/data_sources/input_files 

NORCE. (2025). NORCE Maps, accessed January 2026 <https://dev-insar.ngu.no/>. ESRI, ArcGIS Pro 3.5.2.  

Oberkamper and Associates (2020). No-Rise Certification Letter for Project 2019-00096, Clipper Yacht Harbor, 

Basins 3 and 4. 

Pierce, D. W., D. R. Cayan, D. R. Feldman, and M. D. Risser (2023): Future Increases in North American 

Extreme Precipitation in CMIP6 downscaled with LOCA. J. Hydrometeor., https://doi.org/10.1175/JHM-D-22-

0194.1, in press. 

San Francisco Bay Conservation and Development Commission (2025). Regional Shoreline Adaptation Plan: 

Data sources and analytical methodology report. 

https://www.bcdc.ca.gov/wp-content/uploads/sites/354/2024/11/05_Data-Sources-and-Analytical-Methodology.pdf 

Towill (2026). Gate 5 Road Storm Drain Survey. 

Towill (2009). Terrain Elevation Difference Analysis 1968-2007 for City of Sausalito.  

United States Geological Survey. 3DEP Lidar Explorer Map, accessed January 2026 

<https://apps.nationalmap.gov/lidar-explorer/#/ > 

United States Geological Survey. National Map Downloader v.2.0, accessed January 2026 

<https://apps.nationalmap.gov/downloader/#/>. 

United States Department of Agriculture, Natural Resources Conservation Service. Urban Hydrology for 

Small Watersheds (Technical Release 55), accessed January 2026 

 <https://www.hydrocad.net/pdf/TR-55%20Manual.pdf> 

United States Department of Commerce, National Oceanic and Atmospheric Administration, National 

Weather Service. NOAA Atlas 14: Precipitation‑Frequency Atlas of the United States, Volume 6 Version 2.3 

(California), accessed January 2026 <https://repository.library.noaa.gov/view/noaa/22614> 

United States Geological Survey (2021). National Land Cover Database 2021, accessed January 2026 

https://www.sciencebase.gov/catalog/item/6345b637d34e342aee0863aa. 

https://opc.ca.gov/2024/01/draft-slr-guidance-2024/
https://www.sausalito.gov/city-government/hot-topics/sea-level-rise/shoreline-adaptation
https://your.kingcounty.gov/dnrp/library/water-and-land/flooding/green-river-valley-hazus-report-1009.pdf
https://www.kinddesigns.com/seawall-panels/
https://dev-insar.ngu.no/
https://eur02.safelinks.protection.outlook.com/?url=https%3A%2F%2Fjournals.ametsoc.org%2Fview%2Fjournals%2Fhydr%2Faop%2FJHM-D-22-0194.1%2FJHM-D-22-0194.1.xml&data=05%7C02%7CMarina.Mendoza%40wsp.com%7C20440e7d9a2240e7306308de9bfc61f0%7C3d234255e20f420588a59658a402999b%7C1%7C0%7C639119705479822933%7CUnknown%7CTWFpbGZsb3d8eyJFbXB0eU1hcGkiOnRydWUsIlYiOiIwLjAuMDAwMCIsIlAiOiJXaW4zMiIsIkFOIjoiTWFpbCIsIldUIjoyfQ%3D%3D%7C0%7C%7C%7C&sdata=QEnq92NFZaVHtIfaMHDPWUEWcyzz07LkWupSYnU%2FmzE%3D&reserved=0
https://eur02.safelinks.protection.outlook.com/?url=https%3A%2F%2Fjournals.ametsoc.org%2Fview%2Fjournals%2Fhydr%2Faop%2FJHM-D-22-0194.1%2FJHM-D-22-0194.1.xml&data=05%7C02%7CMarina.Mendoza%40wsp.com%7C20440e7d9a2240e7306308de9bfc61f0%7C3d234255e20f420588a59658a402999b%7C1%7C0%7C639119705479822933%7CUnknown%7CTWFpbGZsb3d8eyJFbXB0eU1hcGkiOnRydWUsIlYiOiIwLjAuMDAwMCIsIlAiOiJXaW4zMiIsIkFOIjoiTWFpbCIsIldUIjoyfQ%3D%3D%7C0%7C%7C%7C&sdata=QEnq92NFZaVHtIfaMHDPWUEWcyzz07LkWupSYnU%2FmzE%3D&reserved=0
https://eur02.safelinks.protection.outlook.com/?url=https%3A%2F%2Fdoi.org%2F10.1175%2FJHM-D-22-0194.1&data=05%7C02%7CMarina.Mendoza%40wsp.com%7C20440e7d9a2240e7306308de9bfc61f0%7C3d234255e20f420588a59658a402999b%7C1%7C0%7C639119705479831187%7CUnknown%7CTWFpbGZsb3d8eyJFbXB0eU1hcGkiOnRydWUsIlYiOiIwLjAuMDAwMCIsIlAiOiJXaW4zMiIsIkFOIjoiTWFpbCIsIldUIjoyfQ%3D%3D%7C0%7C%7C%7C&sdata=lS9nofwxa0cmhCG7jjbJs88UeBlJk%2B6PuGm04QzndJE%3D&reserved=0
https://eur02.safelinks.protection.outlook.com/?url=https%3A%2F%2Fdoi.org%2F10.1175%2FJHM-D-22-0194.1&data=05%7C02%7CMarina.Mendoza%40wsp.com%7C20440e7d9a2240e7306308de9bfc61f0%7C3d234255e20f420588a59658a402999b%7C1%7C0%7C639119705479831187%7CUnknown%7CTWFpbGZsb3d8eyJFbXB0eU1hcGkiOnRydWUsIlYiOiIwLjAuMDAwMCIsIlAiOiJXaW4zMiIsIkFOIjoiTWFpbCIsIldUIjoyfQ%3D%3D%7C0%7C%7C%7C&sdata=lS9nofwxa0cmhCG7jjbJs88UeBlJk%2B6PuGm04QzndJE%3D&reserved=0
https://www.bcdc.ca.gov/wp-content/uploads/sites/354/2024/11/05_Data-Sources-and-Analytical-Methodology.pdf
https://apps.nationalmap.gov/downloader/#/
https://apps.nationalmap.gov/downloader/#/
https://www.sciencebase.gov/catalog/item/6345b637d34e342aee0863aa


 

Gate 5 Area Drainage Management Study 
Draft Concept Design and Implementation Report 
2026-08-19  68 
 

U.S. Army Corps of Engineers. (2023). National Structure Inventory. Accessed October 2025. 

https://www.hec.usace.army.mil/confluence/nsi 

U.S. Army Corps of Engineers. (2015). Key USACE Flood Risk Management Terms. 

https://www.hec.usace.army.mil/publications/TrainingDocuments/TD-40.pdf 

West Yost Associates (2011). Gate 5 Road Area Conceptual Drainage Study, April 2011 

 

  

https://www.hec.usace.army.mil/confluence/nsi
https://www.hec.usace.army.mil/publications/TrainingDocuments/TD-40.pdf


 

Gate 5 Area Drainage Management Study 
Draft Concept Design and Implementation Report 
2026-08-19  69 
 

Appendix A - Excerpts from Vulnerability 
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