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TO:    PARKS AND RECREATION COMMISSION       
 
FROM:    PUBLIC WORKS DEPARTMENT 
 
DATE:   JULY 28, 2022  
 
SUBJECT:  UPDATE ON THE PALO ALTO HORIZONTAL LEVEE PILOT PROJECT  
 
 
RECOMMENDATION: 
 
This is an informational report to provide an update on the progress of the Palo Alto Horizontal 
Levee Pilot Project and to obtain input from the Parks and Recreation Commission on proposed 
project design elements. There is no staff recommendation at this time.  
 
BACKGROUND 
 
Horizontal levees are a green infrastructure alternative to traditional greyscape solutions (i.e., rip 
rap) for wave attenuation on the bayside of flood control levees (Figure 1). Horizontal levees utilize 
treated wastewater to irrigate a gently sloping, vegetated ecotone slope that provides multiple 
benefits beyond wave attenuation including refugia habitat, enhancement of transitional habitat 
between tidal wetlands and terrestrial uplands, sea level rise adaptation, and polishing treatment 
of treated wastewater.  
 

 
Figure 1: Illustration of an example horizontal levee system. 

 



  
   Page 2 of 9 

Unlike the majority of the shoreline along the San Francisco Bay, the Palo Alto shoreline, while 
highly developed and altered, continues to sustain tidal marsh. The Palo Alto Baylands are backed 
by low levees and a closed landfill. Directly behind these levees are significant City of Palo Alto 
infrastructure, including the City’s Regional Water Quality Control Plant (RWQCP), airport, the Palo 
Alto Flood Basin, roads and light commercial development. Potential flooding of City infrastructure, 
buildings, and other development west of Highway 101 is limited by the existing levees. The 
existing flood control levees are not engineered to meet Federal Emergency Management Agency 
(FEMA) accreditation standards, and in many locations do not provide 100-year flood protection. 
To improve these levees, the City has partnered with nearby cities and county flood agencies as a 
member of the project teams for the Strategy to Advance Flood protection, Ecosystems, and 
Recreation along San Francisco Bay (SAFER Bay) and the South San Francisco Bay Shoreline 
Projects. One of the goals for these flood control levee improvement projects is to incorporate 
natural infrastructure, such as horizontal levees, to provide increased flood protection that can 
evolve in the future, restore Bay habitats, and enhance public access. As expected, these large 
flood control levee improvement projects will take years to plan, design, and construct.  Because 
engineered horizontal levees are still early in their development and anticipated to be more 
expensive than traditional greyscape solutions to flood control and sea level rise adaptation, a 
permanent pilot system was pursued to answer outstanding questions surrounding permitting 
requirements, construction costs, and site specific design parameters (e.g., plant pallet). 
Information from this pilot system, will be fed into the design for broader implementation of 
horizontal levees as part of the larger flood control levee improvement projects. 

As such, the City of Palo Alto in collaboration with the San Francisco Estuary Partnership (SFEP) and 
Environmental Science Associates has been evaluating the feasibility of constructing horizontal 
levees within the Palo Alto Baylands since 2018. The 2018 Horizontal Levee Conceptual Designs for 
the Palo Alto Regional Water Quality Control Plant Memorandum identified several locations within 
the Palo Alto Baylands that horizontal levees are feasible. Conceptual designs were presented to 
the Parks and Recreation Commission at the November 27, 2018 meeting. Two locations, both 
along the perimeter of Harbor Marsh, were then evaluated further to produce preliminary designs 
for a pilot horizontal levee system (Figure 2). During preliminary design, it was determined that one 
of the locations, shown in yellow in Figure 2, would have significant concerns from the Federal 
Aviation Administration due to its proximity to the airport runway. As such, the southern reach, 
shown in red in Figure 2, was then selected to move forward in the design process (Attachment B). 
The preliminary design was discussed at the February 25, 2020 Parks and Recreation Commission 
meeting. Since last meeting with the Parks and Recreation Commission, the project team has 
progressed the design to 60% completion, met several times with resource agencies to discuss 
permitting, and has sought stakeholder feedback in numerous meetings and workshops. A link to 
the 60% drawings is included as Attachment C and outcomes from the design process are 
summarized in the Discussion section below. 
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Figure 2: Palo Alto Horizontal Levee Pilot Project Locations Considered 

 
DISCUSSION 
 
Broken down to its core components, the Palo Alto Horizontal Levee Pilot Project is planning to: 

• construct a 500 linear foot (LF) berm fronted by a 315 LF horizontal levee, 
• trench and install along Embarcadero & Harbor Roads 1,650 LF of underground treated 

wastewater pipeline for irrigation of the horizontal levee, 
• replace Renzel Marsh pump,  
• plant the horizontal levee to create an ecotone slope, and  
• realign the public Marsh Front Trail to the new berm. 

Refer to Figures 3 and 4 as well as to the 60% Design Drawings included as Attachment C for more 
detailed plans. 
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Figure 3: Palo Alto Horizontal Levee Pilot Project Components 
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Figure 4: Palo Alto Horizontal Levee Pilot Project Plan 
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Palo Alto Horizontal Levee Pilot Project objectives and how the project currently plans to meet 
them are summarized in the following subsections.  
 

1. Improve habitat along the perimeter of Harbor Marsh for native species. The existing 
habitat at the project site consists predominantly of upland, non-native vegetation that 
provides poor high tide cover for salt marsh wildlife during extreme marsh submergence 
events. The project proposes to restore the site to a diverse ecotone habitat that consists of 
freshwater marsh, wet meadow, and riparian scrub (Figure 4). The project is also expected 
to increase the overall marsh habitat within the site by 33% (0.66 acres). These changes are 
expected to support increased utilization for species such as Ridgway’s Rail and the salt 
marsh harvest mouse which are known to use the surrounding marshland. Refer to 
Appendix A of Attachment B for more information on the ecological design basis for the 
project.  

2. Adapt to sea level rise by providing a vegetated transitional slope that will build organic 
soils and support sediment accretion and accumulation to allow for future tidal marsh 
migration. By increasing and diversifying the transitional marsh habitat (i.e., ecotone) the 
project is anticipated to have enhanced the site’s ability to accrete and accumulate 
sediment to better support future tidal marsh migration. Quantification of sediment 
accretion and tidal marsh migration are topics for future studies to be conducted post-
construction. 

3. Integrate a horizontal levee on the bayfront of a traditional flood control levee to provide 
wave attenuation. The project is located along one of the possible alignments identified 
under the larger flood control levee improvement projects (e.g., SAFER Bay). The project 
has designed the stability berm to be offset from Harbor Road to provide space for the 
larger flood control levee to be constructed in the future (Figure 5). The berm is designed to 
be constructed with requirements similar to a flood control levee with the intent that the 
berm and horizontal levee could be integrated into the future flood control levee. The 
larger flood control levee improvement projects are currently in the planning stages with 
final alignments not yet selected; construction of the larger project is currently estimated to 
start no sooner than 2029 and take roughly 10 years to complete. The Palo Alto Horizontal 
Levee Pilot Project will continue to coordinate closely with these larger projects to inform 
decisions on broader implementation of horizontal levee elements and integration of the 
pilot into the future levee system.  

 
Figure 5: Typical section and components of the Palo Alto Horizontal Levee Pilot Project 
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4. Maintain and provide opportunities for compatible low-impact recreation and social 
infrastructure. The Palo Alto Baylands sees roughly 700,000 visitors annually that seek to 
utilize the 15-mile trail network and other social infrastructure elements (e.g., Duck Pond).  
The project site currently hosts a portion of the Marsh Front Trail. This trail segment is a 
part of the regional Bay Trail and within the jurisdiction of the Bay Conservation and 
Development Commission (BCDC). It currently parallels the salt marsh within the project’s 
footprint and is between 2 and 10 LF from existing salt marsh habitat (Figure 4). Based on 
early environmental stakeholder feedback, the project proposes to relocate this trail to the 
top of the new berm where it would be farther from salt marsh habitat while providing 
similar public access functions (Figures 4 and 5). This relocation reduces the trail length by 
roughly 80 LF and locates the trail closer to the adjacent road; during initial consultation, 
BCDC expressed concern that this location would degrade the overall public experience in 
using the trail due to the increased noise and shorter trail length. However, this location 
provides the most separation between the public and the existing salt marsh habitat to 
support species utilization of the restored habitat, provides a buffer of about 20 LF between 
the road and the trail, and maintains a visual connection to Harbor Marsh for trail users. 
The proposed new trail would be roughly 1.5 – 2.5 feet higher than the current trail and 
roughly 1.5 feet higher than the adjacent road. Buffer/screening vegetation is planned for 
the habitat edge of the trail to minimize potential adverse impacts on wildlife from use of 
the trail, as well as to discourage people and pets from crossing into the habitat. A low-
profile fence (less than 3 feet high) will be installed between the trail edge and habitat to 
act as a physical deterrent until the screening vegetation matures and can serve this 
function. Fence design will incorporate elements to avoid raptor/predator perching.  

A 60 LF spur of the existing Marsh Front Trail, approaching the ITT salt marsh intake 
structure, will be preserved for maintenance access and resurfaced as part of the project. 
This spur could be managed as it currently is with unofficial public access or could be 
officially made a part of the public-access trail network. BCDC recommend making this an 
official part of the public access trail network with required closures during nesting season 
(February 1 – August 31) and some additional work to ensure wheelchair accessibility. As 
mentioned previously, BCDC is particularly concerned that the new trail is shorter in length 
than the existing trail and notes that the intake structure would lengthen the proposed trail 
and provide a close-to-water experience for the public.   

In addition to the public access trail, several other project elements seek to support social 
infrastructure. Signage is planned that will not only provide technical information on the 
project but also provide information on the site within the context of traditional Native 
American territory. The project team plans to contract with the Association of Ramaytush 
Ohlone to conduct site stewardship and support outreach material development such as 
the aforementioned signage. The project team also plans to contract with community 
organizations such as Save the Bay, Environmental Volunteers, and Nuestra Casa to 
coordinate community science programs to provide educational outreach opportunities, 
support adaptive management, and provide data collection for assessment of project 
progression. Social infrastructure project elements still under consideration include 
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internships and a temporary art piece that would draw attention and spark conversations 
on indigenous use of the Palo Alto Baylands.  

5. Provide polishing treatment to treated wastewater. Highly treated wastewater would be 
piped from the adjacent Regional Water Quality Control Plant and directed to a subsurface 
distribution chamber connected to a gravel treatment layer where it would enter the 
treatment zone. This zone has been designed based on results from the Oro Loma Sanitary 
District horizontal levee research site. As such, the treatment zone is anticipated to remove 
more than 97% of trace organic contaminants and more than 83% of phosphate via 
vegetation uptake, soil adsorption, and microbial processes. The resulting polished 
wastewater would seep onto the surface of the ecotone habitat slope at the terminus of 
the treatment zone and migrate to the adjacent salt marsh via shallow surface/ subsurface 
flow. Hydraulic controls would be located at both the Regional Water Quality Control Plant 
and the project site.  

6. Be on the leading edge of integrating habitat enhancement with sea level rise adaptation 
and novel wastewater treatment approaches around the San Francisco Bay. The Palo Alto 
Horizontal Levee Pilot Project is on track to be the first horizontal levee (vegetated ecotone 
slope irrigated with treated wastewater) connected to tidal action in the San Francisco Bay 
Area. As such, this project is collecting key information on design, permitting, and 
construction that will be shared regionally in the hopes of supporting wider adoption of 
nature-based sea level rise adaptation projects.  

NEXT STEPS 
 
The project team will continue to progress the design and are working towards design completion 
by late 2022. Currently the project team is preparing applications to be submitted in August 2022 
to resource agencies through the Bay Restoration Regulatory Integration Team (BRRIT) process in 
the hopes of receiving permits by summer of 2023. In parallel, environmental evaluations in 
accordance with the California Environmental Quality Act (CEQA) are underway. The project team 
anticipates coming back to the Parks and Recreation Commission in late 2022 to provide details of 
the project’s CEQA documentation and with a request for recommendation of a Parks 
Improvement Ordinance.  
 
City staff in collaboration with SFEP continues to seek grant funding to complete the construction 
phases of the Palo Alto Horizontal Levee Pilot Project. City staff and SFEP plan on submitting an 
application to the United States Environmental Protection Agency’s Water Quality Improvement 
Fund for additional funds needed to finalize the construction as well as implement adaptive 
management and community science programs at the site.  
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ATTACHMENTS 
 
A. Factsheet – Palo Alto Horizontal Levee Pilot Project 
B. Palo Alto Horizontal Levee Pilot Project Preliminary Design Report 
C. Palo Alto Horizontal Levee Pilot Project 60% Design Drawings 
 
PREPARED BY: 
 
Samantha Engelage 
Senior Engineer 
Environmental Services Division, Public Works Department  
City of Palo Alto 

https://www.cityofpaloalto.org/files/assets/public/public-works/environmental-compliance/water-quality/horizontal-levee/horizontal-levee-factsheet_v4.pdf
https://www.cityofpaloalto.org/files/assets/public/public-works/environmental-compliance/water-quality/horizontal-levee/pahl_pdr_20201218.pdf
https://www.cityofpaloalto.org/files/assets/public/public-works/environmental-compliance/water-quality/horizontal-levee/esa-hdr_pahlpp_final60pct_plans_11x17_reduced.pdf
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