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OUR COMMITMENT TO SUSTAINABILITY | ESA helps a variety of
public and private sector clients plan and prepare for climate change and
emerging regulations that limit GHG emissions. ESA is a registered
assessor with the California Climate Action Registry, a Climate Leader,
and founding reporter for the Climate Registry. ESA is also a corporate
member of the U.S. Green Building Council and the Business Council on
Climate Change (BC3). Internally, ESA has adopted a Sustainability Vision
and Policy Statement and a plan to reduce waste and energy within our
operations. This document was produced using recycled paper.
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1. EXECUTIVE SUMMARY
The Lower Walnut Creek Restoration Project (Project), led by the Contra Costa County Flood
Control District (District), proposes to restore and enhance tidal wetlands along the southern
shore of Suisun Bay and from Suisun Bay upstream along Walnut Creek and its tributary Pacheco
Creek, to provide sustainable flood protection, and to create opportunities for future public access
through the Project area. Figure 1 shows the Lower Walnut Creek Project area, located in
unincorporated Contra Costa County approximately 3 miles east of the City of Martinez. The
Walnut Creek watershed is the largest watershed in Contra Costa County, and one of the largest
in the Bay Area, draining approximately 150 square miles. Land use within the Project area is
largely industrial, with areas of open space (Figure 2). The Project area extends along the lower
2.5 miles of Walnut Creek and along 1.5 miles of Pacheco Creek upstream of its confluence with
Walnut Creek.
The District, with assistance from Environmental Science Associates (ESA), conducted project
planning to develop project alternatives and select the Preferred Alternative, as documented in the
Feasibility Study Report (ESA 2017). The Project Study Report (current study) is refines and
documents the Preferred Alternative – referred to herein as the proposed Project – at a level of
detail suitable for environmental review under the California Environmental Quality Act (CEQA)
and National Environmental Policy Act (NEPA).
The proposed Project, shown in Figure 3 will restore and enhance approximately 252 acres of
tidal marsh, 52 acres of adjacent lowland terrestrial grasslands and seasonal wetlands, and 50
acres of uplands 1. The Project will improve habitat quality, diversity, and connectivity along
Walnut Creek and Pacheco Creek, and along the southern Suisun Bay shoreline. The Project will
breach and lower levees and berms to reintroduce the tides to diked former baylands, construct
new setback levees for flood protection, and grade filled areas to create new tidal wetland areas.
The Project will provide habitat for native and special status species such as salt marsh harvest
mouse, Ridgway’s rail, California black rail and salmonids. The Project will restore important
tidal marsh habitat for the State-listed Mason’s lilaeopsis (observed in the area) and the Delta tule
pea and Suisun Marsh aster (observed on the Project site), which are rare plant species in
California.
In addition to improved habitat for fish and wildlife, the Project will provide more sustainable
flood protection that avoids significant dredging, and provide a public access trail corridor for
future connection of the Iron Horse Trail and Bay Trail extension through the Project area. The
Project is designed to be resilient to 2 feet of sea-level rise and adaptable to up to 5 feet of rise.

1 The project area also includes approximately 50 acres where existing habitats have not been mapped in detail but that

have been proposed for restoration or enhancement.
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2. PROJECT BACKGROUND
2.1 Project History
In the 1960s, the lowest four miles of Walnut and Pacheco creeks became part of a US Army
Corps of Engineers (USACE) flood control project. Levees were constructed along the creek
banks and the Walnut Creek channel was dredged to provide flood conveyance. The channel has
since experienced extensive sedimentation and a wide band of tidal marsh has emerged adjacent
to the open water channel. This fringing marsh provides habitat for sensitive fish and wildlife
species in the previously-dredged area, however sediment accumulation in the marsh areas also
reduces the channel conveyance capacity below the level mandated by the original Corps project
Operations and Maintenance Manual (USACE 1968). Ongoing dredging to restore creek capacity
is not considered environmentally or economically feasible. The District was recently successful
in “deauthorizing” the project area from the larger USACE-constructed project, returning
management of Lower Walnut Creek to local control.
Note that the naming conventions for Walnut Creek and Pacheco Creek have varied over time.
This document adopts the naming convention used in the USACE Lower Walnut Creek Flood
Protection Project in which Walnut Creek is the main channel and Pacheco Creek is the first
major tributary. Other past naming conventions have used Pacheco Slough and Pacheco Creek to
refer to the main channel in the northern part of the Project area.

2.2 Purpose and Need
The Project responds to large historic losses of wetlands habitat, the recent deauthorization which has provided an opportunity to re-evaluate the District’s flood protection strategy within
the Project area - and the limited public access and recreational opportunities in this region of
Contra Costa County.
Loss of Wetland Habitat. San Francisco Bay has lost 80% of its historic tidal wetlands. In the
areas immediately adjacent to Walnut Creek, 85% of the historic tidal wetland has been lost
(SFEI 2016). This reduction in habitat area threatens native marsh-dependent fish and wildlife
species, including special status species such as salmonids, salt marsh harvest mouse, Ridgway’s
rail, and California black rail. The State-listed Mason’s lilaeopsis, Delta tule pea, and Suisun
Marsh aster, are rare plant species in California that have been adversely affected by loss of tidal
marsh habitat.
Sustainable Flood Protection. The USACE’s Lower Walnut Creek Flood Protection Project was
designed to provide flood protection during a 100-year flood event. However, recent hydrologic
analysis indicates that the USACE under-estimated the 100-year peak flow rate during the project
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design (USACE 2008) 2. Consequently, the original flood control channel design was undersized
relative to the 100-year flood event, and as a result areas adjacent to the west of Lower Walnut
Creek are within the 100-year floodplain (FEMA 2015)..
Maintaining a 100-year level of protection under these conditions requires expensive and
environmentally destructive large-scale dredging to protect relatively flood tolerant land uses. For
the current project, the District seeks to provide appropriate levels of flood protection that are
suited to the existing land uses and also in line with ongoing natural geomorphic processes.
Public Access. The Lower Walnut Creek Project area is located in a gap between several existing
and planned regional trail connections. The regional Ironhorse Trail currently ends 1.5 miles
south of the Project area, and does not provide access to the Suisun Bay shoreline. An extension
of the Ironhorse Trail along Lower Walnut Creek could connect to a trail network on Pacheco
Marsh and provide shoreline access. In addition, the regional San Francisco Bay Trail passes 1.3
miles west of the Project site. The Lower Walnut Creek Project presents an opportunity to link
these two major regional trail networks, and would allow visitors on both trail systems to
experience the natural amenities within the Lower Walnut Creek Project area.

2.3 Goals and Objectives
The District developed Project goals and objectives, which were refined with input from the
community-based planning process.

2.3.1

Goal

The Project goal is to:
Restore and enhance wetlands and associated habitats in Lower Walnut Creek and to
provide sustainable flood management, while allowing opportunities for public access
and recreation.
Additional information on the District’s vision for a restored Lower Walnut Creek can be found
in the “Resilient Landscape Vision for Lower Walnut Creek” report (SFEI, 2016).

2.3.2 Objectives
Project objectives are to:
1.

Restore wetlands to improve ecological function and habitat quantity, quality, and
connectivity (including upland transition zones) in the Lower Walnut Creek area for native,
resident plant and animal species including special status species.

Special status species known to occur in the area include the salt marsh harvest mouse, California
black rail, Ridgway’s rail, and Mason’s lilaeopsis.

2 The 100-year peak flow used for the Flood Protection Project design (25,000 cfs) is significantly smaller than the

100-year peak flow calculated as part of a 2008 USACE hydrology study (31,200 cfs).
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2.

Maintain appropriate levels of flood protection along Lower Walnut and Pacheco creeks,
as warranted by the land use.

This includes protecting the services provided by existing infrastructure (e.g., power lines,
railroads, water lines) and maintaining access to infrastructure and adjacent private property.
Open space areas may not require maintenance or improvement of flood protection levels.
3.

Allow for future public access, education, and recreational opportunities.

The District is committed to developing a project that is compatible with regional goals for public
access through the Project area, such as a trail segment connecting two regionally-significant
trails – the Ironhorse and Bay trails. The District’s charter, however, limits the ability of the
District to directly fund the creation and maintenance of public access and recreation facilities.
While the District is not in a position to directly implement public access and recreational
facilities, the District will provide opportunities for partners such as the EBRPD and the John
Muir Land Trust to pursue future public access and recreation projects within the Lower Walnut
Creek Project area.
4.

Create sustainable benefits that consider future environmental changes such as sea level
rise and sedimentation.

A guiding principle in planning the Lower Walnut Creek Restoration Project is to design a system
that works with nature, not against it. This means anticipating changes associated with estuarine
and fluvial sediment deposition and increases in flooding anticipated to result from future sea
level rise, and designing a system that is resilient to these changes without expensive and
environmentally disruptive management actions.
The District is committed to developing a project that will be resilient to future sea level rise
through the year 2050, and adaptable to anticipated changes through 2100. For planning purposes,
the Project has adopted a sea level rise projection of 2 feet by 2050 and considers a range of sea
level rise extending up to 5 feet by 2100. These values are consistent with the upper range of
projected sea level rise indicated in the National Research Council’s 2012 report “Sea level Rise
for the Coasts of California, Oregon and Washington” (NRC, 2012) and BCDC’s Adapting to
Rising Tides regional sea level rise planning program (AECOM 2016).
The District seeks a planning process informed by local stakeholders and the public. The District
has and will continue to solicit input from and incorporate, to the extent feasible, desires of
potential partners, stakeholders, and the public.

2.4 Prior Reports/Studies
The Project Study Report has been informed by and builds off of numerous prior reports, studies
and investigations of the Lower Walnut Creek area. These include
Studies prepared for the original LWC Army Corps Flood Control Project in the late 1960s and
early 1970s, including:
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•

•

Operations and Maintenance Manual for Walnut Creek Project – Contra Costa County,
California, Part No. 1 – From Suisun Bay to Drop Structure No. 2 at Bancroft Road.
USACE, 1968
Various construction plans and survey data, including pre-construction surveys, aerial
photos and channel design cross sections - USACE, c.a. 1968-1972.

Several preliminary studies that were prepared near the time of the acquisition of the Pacheco
Marsh Property by the District, JMLT, and EBRPD, including:
•

Pacheco Marsh Restoration, Contra Costa County Wetland Technical Assessment. H. T.
Harvey and Associates, 2003
• Pacheco Marsh Restoration Plan – PWA, 2004
Studies related to the General Re-Evaluation Report (GRR), which was instigated as a
collaborative project between the Corps and the District. The GRR was not completed, but draft
material from several studies has informed the current project, including:
•
•
•
•
•
•

Lower Walnut Creek Corrective Action Plan – CCCFCD 2007
Geotechnical Investigation, Lower Walnut Creek Channel, Martinez/Concord, California
– Hultgren-Tillis Engineers, 2007.
Lower Walnut Creek General Reevaluation Report Hydrology Appendix – USACE 2008
Summary of Sediment Issues in Lower Walnut Creek – Detjens, P. 2009
Walnut Creek Sediment Study – Mobile Boundary Hydraulics, 2012
Hydraulic Modeling Documentation (DRAFT) – USACE 2013

This Project Study Report is the final step of the current phase of project planning and conceptual
design. Previous deliverables from the current phase include:
•
•
•
•
•
•
•
•
•

Lower Walnut Creek Stakeholder Assessment Report - Center for Collaborative Policy,
2015
Cultural Resources Background Research Memorandum – ESA, 2015a
Lower Walnut Creek Existing Conditions Report – ESA, 2015b
Lower Walnut Creek Field Data Collection Memorandum – ESA, 2015c
Adapting to Rising Tides, Contra Costa County Sea Level Rise Vulnerability Assessment
Final Report – CCCPWD et al, 2016
Lower Walnut Creek – Potential Trail Alignments Memorandum – PlaceWorks, 2016
Iron Horse Trail – Lower Walnut Creek Summary - EBRPD, 2016
Resilient Landscape Visions for Walnut Creek – San Francisco Estuary Institute, 2016b
Lower Walnut Creek Feasibility Study Report – ESA, 2017
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3. CONSISTENCY WITH AND
IMPLEMENTATION OF OTHER PLANS
The Project team has coordinated with local and regional planning efforts to develop Project
alternatives that are consistent with regional planning priorities, including:
•

San Francisco Bay Area Wetlands Ecosystem Goals Project (Goals Project 2015) in that the
Project restores wetlands and broad transition zones in a way that is resilient to sea level rise
(see additional discussion below).

•

San Francisco Bay Plan (Bay Plan; BCDC 2012) in that the Project restores wetlands,
improves shoreline public access, and includes features to increase sea level rise resiliency.

•

Flood Control 2.0 (SFEI, 2016a) in that the Project is pursuing a multi-benefit approach to
managing the Walnut Creek flood control channel as the creek transitions from the head of
tide to Suisun Bay (see additional discussion below).

•

Adapting to Rising Tides (ART) (AECOM 2016) in that the Project aims to accommodate
future sea level rise through 2050 and to include adaptive capacity through 2100 based on the
ART guidance.
EcoRestore (California Natural Resources Agency, et al., 2016) in that the Project restores
Sacramento-San Joaquin Delta habitat, including tidal wetlands, floodplain, and upland.
San Francisco Bay Integrated Regional Water Management Plan (Kennedy Jenks et al. 2013)
in that the Project implements a priority project specified in the Plan

•
•
•

EBRPD Master Plan (EBRPD 2013) in that the Project will provide an opportunity to link the
Iron Horse Trail with existing recreational facilities at Waterbird Marsh, as well as planned
future extensions of the San Francisco Bay Trail and the Great California Delta Trail.

•

San Francisco Bay Area Water Trail Plan (California State Coastal Conservancy 2011) in
that the Project may provide an opportunity to create a non-motorized boat launch near the
mouth of Walnut Creek, which would increase access to the Water Trail.

The 1999 Goals Project provided a scientifically based consensus vision of the kinds, amounts,
and distribution of baylands habitats needed to sustain healthy populations of fish and wildlife for
the entire region. The Goals Project 2015 updates the 1999 Goals Project, based on a synthesis of
the best available science. The Goals Project 2015 provides recommendations stemming from the
science intended to guide the planning, restoration, and management of the baylands. The Lower
Walnut Creek Restoration Project provides opportunities to implement the following regionallevel actions recommended by the Goals Project:
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1.

Restore estuary–watershed connections

2.

Design complexity and connectivity into the baylands

3.

Restore and protect complete tidal wetlands systems

4.

Restore the baylands to full tidal action before 2030

5.

Plan for the baylands to migrate

At the subregional level, the Project alternatives implement the Suisun Subregion Recommended
Action for the Contra Costa shoreline, which is to restore full tidal action to muted and diked
marshes to create a tidal marsh corridor along the shore, including broad transition zones with
diverse plant communities; and to create terrestrial buffers along this corridor to protect baylands
habitats and wildlife from disturbance.
Flood Control 2.0 is a grant funded project, led by the San Francisco Estuary Partnership, with
the goal of improving flood control channel design by restoring wetland habitat, water quality,
and shoreline resilience at creek mouths. The Flood Control 2.0 approach is (1) to conduct
research (by the San Francisco Estuary Institute, SFEI) to characterize landscape processes and
(2) to provide technical and scientific input to management decisions. Lower Walnut Creek is one
of three San Francisco Bay case studies. A five-member Science Advisory Team provided input
on the Lower Walnut Creek Restoration Project initial alternatives, recommending approaches to
redistributing watershed sediment in areas where wetlands can be restored, improving habitat
benefits, restoring watershed connections, and improving sustainability. The results of this work
are presented in the “Resilient Landscape Vision for Lower Walnut Creek” report (SFEI, 2016).
The District and ESA have carefully considered these recommendations and implemented them to
the extent feasible in the Preferred Alternative.
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4. COMMUNITY INVOLVEMENT
The District initiated a collaborative public planning process to facilitate communication and
collaboration with local stakeholders, community groups, regulatory agencies, and the public.
The Center for Collaborative Policy (CCP), as a subcontractor to ESA, has helped to organize and
facilitate this planning process. The public planning process includes community outreach efforts,
the assembly of a stakeholder advisory group, and early coordination with regulatory agencies.
Through this planning process the District, CCP and ESA have participated in several outreach
efforts to ensure that interested parties are informed about the ongoing planning efforts and are
given a forum to provide comments and feedback. These efforts included interviews to identify
potentially interested parties, and the preparation of a Stakeholder Assessment Report which has
guided ongoing outreach efforts (CCP, 2015).

4.1 Stakeholder Advisory Group
A Stakeholder Advisory Group (“SAG”) has been assembled to provide a forum for local
stakeholders to receive information on the Project and to provide feedback. The SAG includes
representatives from local businesses and land owners, utilities and other interested local
government entities, and representatives from interested community organizations. The SAG has
met four times to date: October 2015, November 2015, March 2016, September 2016 and May
2017. Additional SAG meetings are expected as the Project proceeds to preliminary design.
The SAG consists of representatives from:
•
•
•
•
•
•
•
•
•
•
•
•
•

ACME Landfill
Burlington Northern Sante Fe (BNSF) Railroad
Central Contra Costa Sanitary District (CCCSD)
City of Martinez
The Conco Companies
Contra Costa County Public Works Maintenance Division
Contra Costa Water District (CCWD)
Diablo Valley Fly Fishermen
East Bay Regional Parks District (EBRPD)
John Muir Land Trust
Plains Products LLC
Tesoro (now Andeavor) Martinez Refinery
Walnut Creek Watershed Council

SAG members have been generally supportive of the proposed Project, and have noted that the
SAG allows them to be kept informed as the Project design is developed. The SAG has provided
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valuable input to the design team, including helping to characterize existing site conditions and
constraints.

4.2 Community Outreach
4.2.1

Community Meetings

The District has hosted community meetings as forums for interested members of the public to
provide feedback and comments on the Lower Walnut Creek Project. To date, the District has
held two public meetings.
•

December 2015 – to present and discuss Project vision, goals, and objectives, and
opportunities and constraints.

•

October 2016 – to present and discuss preliminary Project alternatives, and a preliminary
Preferred Alternative. Feedback indicated an interest in a through-trail through the Project
area and a boat/kayak launch.

4.2.2 Site Tours
There is currently no public access to the Walnut Creek channel or Pacheco Marsh, except along
Waterfront Road. In the fall of 2015, the District began leading tours through the Lower Walnut
Creek Project area. Tours have been offered to the public, with additional tours for specific
interest groups such as local Cub Scout packs and the Mount Diablo Audubon Society. The
District has received overwhelmingly positive feedback from tour participants. In particular,
participants have expressed an interest in improving public access along Walnut Creek.

4.2.3 Web-based Outreach
The District hosts a Lower Walnut Creek Project website and Facebook page to provide project
information. The District has produced a series of short videos titled “Lower Walnut Creek
Adventures” which covers a range of educational topics related to Walnut Creek and the proposed
restoration project.

4.3 Early Agency Coordination
The Lower Walnut Creek Project team has met with representatives from regulatory agencies
who are expected to have an interest in the proposed Project, including: US Fish and Wildlife
Service, US Army Corps of Engineers, National Marine Fisheries Service, San Francisco
Regional Water Quality Control Board, California Department of Fish and Wildlife, Bay
Conservation and Development Commission, and California Coastal Conservancy. The District
has also hosted several site visits to allow interested agency representatives to visit the Project
site. These meetings have allowed agency officials to understand the proposed restoration Project
and to provide feedback related to minimizing impacts to and increasing benefits to regulated
natural resources.
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5. EXISTING CONDITIONS
5.1 Location
The Project area is located approximately 3 miles east of the City of Martinez, along the lowest
2.5 miles of Walnut Creek and 1.5 miles of Pacheco Creek. The Project area consists of the South
Reach, located between the BNSF Railroad embankment and the confluence of Pacheco and
Walnut creeks; the Middle Reach, located between Pacheco Creek and the Union Pacific Railroad
(UPRR) embankment; and the North Reach, located between Waterfront Road and Suisun Bay in
the area historically called “Pacheco Marsh”.

5.2 Surrounding Land Uses, Utilities and
Infrastructure
Figure 2 shows existing land use, utilities, and infrastructure within the three Project reaches and

surrounding areas. The Project area and adjacent lands consist primarily of publicly owned and
privately owned open space, with existing and proposed future industrial land uses on adjacent
parcels. Known utilities and other infrastructure that exist within the Project area include:
•

Central Contra Costa Sanitary District’s (“CCCSD”) buried Outfall Pipeline (North
Reach)

•

Contra Costa Water District’s (“CCWD”) buried raw water “Shortcut Pipeline” (South
Reach)

•

Buried and aboveground petroleum product pipelines operated by Shell, Tidewater Oil
Company/Chevron, Tesoro (now Andeavor), and Plains All American Products
(“PAAP”) (South and North reaches)

•

PG&E overhead power lines and associated towers and poles (South and Middle reaches)

Additional, unmapped subsurface infrastructure is believed to exist within the Project area,
including an underground petroleum pipeline operated by Chevron, located in the South Reach.
The Project team continues to coordinate with utilities and other infrastructure operators to
identify such unmapped subsurface infrastructure within the Project area. There are also several
transportation corridors passing near the Project site:
•

Waterfront Road - a county road located between the Middle and North reaches

•

UPRR – a single track railroad located between the Middle and North reaches

•

BNSF Railroad – a double track railroad located immediately south of the South Reach

Several parcels adjacent to the Project area support industrial land uses, including:
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•

Conco Inc.’s contractor yard (South Reach)
o

Conco Inc. has proposed a future expansion of their yard on the parcels west of
the South Reach

o

These parcels were historically part of the IT hazardous materials treatment
facility. Following the closure of this facility, contaminated materials were
removed and encapsulated in the adjacent IT Baker Landfill.

•

Acme Landfill (Middle Reach)

•

Several Closed Landfills (South and Middle reaches)
o

The closed IT Baker Landfill has leachate management system piping which
passes through Conco owned parcels (South Reach) and connects to the Vine Hill
hazardous materials processing site (Middle Reach).

o

Acme South landfill, located along the west bank of Pacheco Creek.

•

Martinez Gun Club (Middle Reach)

•

Tesoro (now Andeavor) Oil Refinery (East bank of Walnut Creek, all reaches)

•

Copart Auto Lot (North Reach)

•

Central Contra Costa Sanitary District’s Waste Water Treatment Plant (South Reach, to
the south of the BNSF embankment)

•

Plains All-American Products Terminal (adjacent to the North Reach)

5.3 Property Ownership and Easements
While the District owns a large portion of the land within the proposed Project area, the District is
also pursuing opportunities to expand the Project area through partnerships with other local
landowners. Figure 2 shows the portions of the Walnut Creek area that are owned by the District,
and also identifies areas where the District has begun negotiations with land owners to potentially
expand the Project footprint to include portions of the adjacent privately-owned parcels.
There are several easements within the District-owned parcels within the Project area. The South
Reach contains multiple utility easements passing through the Project area and across the Walnut
Creek channel. Available records indicate that these easements benefit the following entities
(listed from south to north): PG&E, Shell Chemical Corporation, Tidewater Oil Company, Contra
Costa Water District (CCWD), and California Water Service Company. We understand that a
number of buried utility lines pass through these easements, including the “Shortcut Pipeline”, a
raw water pipeline operated by the Contra Costa Water District, an inactive recycled water
pipeline (in the CCWD easement), and a petroleum products pipeline operated by Chevron (in the
Tidewater Oil easement). The South Reach also includes overhead powerlines and support towers
maintained by PG&E (within the PG&E easement running east-west through the South Reach).
An additional PG&E easement exists on the South Reach, running from north to south along the
west side of the District’s property. No power transmission or distribution infrastructure has been
installed along this easement.
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5.4 Topography and Bathymetry
Several topographic and hydrographic surveys have been completed for some or all of the Project
area. In 2005, Towill Inc. performed topographic maps of the entire Project area using aerial
photogrammetry. Figure 4 shows the site elevations from the 2005 survey. CCCPWD conducted
supplementary bathymetric and ground surveys within Lower Walnut Creek and Pacheco Creek.
Additional ground surveys have measured elevations at several cross sections on Walnut Creek.
These historic cross section surveys were compiled by MBH in their 2009 study, and were
supplemented by surveys conducted by ESA in 2015 and 2017. Note that elevation data presented
in this report are referenced to the North American Vertical Datum of 1988 (NAVD88).
Table 1 lists the elevation of key landforms on the Project site.
TABLE 1
ELEVATION OF KEY LANDFORMS
Feature

Elevation

Historic Marsh

5.5 to 6.5 ft NAVD

(North Reach, outside of channel dredging
footprint)
Acme Landfill (Middle Reach)

Max Elevation: 85ft NAVD (North Parcel); 80ft NAVD (East
Parcel)

Baker Landfill - Decommissioned (South Reach)

Max Elevation: 32ft NAVD

Flood Control Levees (crest elevation)

9-13 ft NAVD (North Reach)
Low point at 8.5ft NAVD between UPRR and Waterfront Road.
12.5 to 15 ft NAVD (Middle Reach)
12.5 to 15ft NAVD (South Reach)

Pacheco Marsh

Northeast basin: 5 to 8 ft NAVD

(North Reach)

Southeast basin: 5.5 to 10 ft NAVD
Northwest basin: 9 to 11 ft NAVD
Southwest basin: 6 to 8 ft NAVD
(based on DEM from Towill 2005 photogrammetry, adjusted
with ESA ground survey data)

Acme buffer area (diked marsh)

3 to 5.5 ft NAVD (downstream to upstream)

Walnut Creek Channel Bed

-5 to 0 ft NAVD (Suisun Bay to BNSF Railroad Bridge)

Pacheco Creek Channel Bed

-1 to 3 ft NAVD (Walnut Creek Confluence to pond near Central
Ave.)

Waterfront Road

6.5-11 ft NAVD
Low point between 6.5ft and 7ft NAVD near Walnut Creek
Bridge

SOURCES: Elevations estimated from aerial-photography-based Digital Elevation Model (DEM) (Towill, 2005) and from ground surveys
(ESA, 2015 & 2017).
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5.5 Soils and Geotechnical
Hultgren - Tillis Engineers (HTE) developed a basis for key geotechnical parameters using
topographic maps, published geologic maps, and available subsurface data for the Lower Walnut
Creek Restoration Project area. Data points from the HTE July 2007 report and the 2009 Corps
evaluation are shown on Figure 5. Most of the Project area was historically tidal marsh and is
underlain by weak compressible clays and silts commonly referred to as bay mud. In general,
areas within the historic marsh footprint that are now above natural marsh elevations have been
subject to fill placement. The Project area is underlain by marsh deposits of varying thicknesses.
Inferred bottom of bay mud contours as depicted in Figure 5 are based on topographic maps, and
Special Report 97 (California Division of Mines and Geology. 1969). Bay mud is a deposit that
has limited load bearing capacity and large settlement potential as the material consolidates under
the weight of new loads.
The shear strength of the bay mud at shallow depths will change with consolidation. Normally
consolidated bay mud that has not been loaded is typically very soft to soft. The existing tidal
marsh on the west side of Walnut Creek along Pacheco Marsh is likely very soft to soft. Areas
where fill has been placed for land use (e.g., landfills), dredged material disposal, or levee
construction will have, over time, gained strength and become medium stiff. The amount of
strength gain is directly related to the amount of fill and the length of time the fill has been in
place. The bay mud underlying Pacheco Marsh where dredge material and other fill has been
placed is medium stiff. Likewise bay mud south of Waterfront Road where fill was placed to
build levees or placed for land use is also medium stiff, even if the placed fill has subsequently
been removed (such as on parts of the Conco property). Transitional areas between thicker land
use fill and levee fill is likely to be soft to medium stiff. The shear strength of the bay mud will
affect Project design and construction. Where very soft or soft materials are located, construction
phasing may be needed to reduce the potential for bearing failure of the ground. In other areas
where the bay mud has consolidated under the existing fill or previous loads it may be possible to
place new fill without phasing construction activities.
Settlement of the underlying bay mud will occur wherever existing grades are raised. The amount
of settlement will be directly related to the thickness of bay mud, previous loading, and the
amount of new fill. Soils in the Project area have moderate, high, or very high settlement
potential. In general terms, moderate settlement potential can be broadly characterized as 1-2 feet
of settlement for each 10 feet of new fill; high settlement as 2-3 feet of settlement for each 10 feet
of new fill and very high settlement as 3-5 feet of settlement for each 10 feet of new fill. We
would anticipate very high settlement in marsh areas that have never been filled. The areas of
Pacheco Marsh where fill or dredge material has been placed would likely have moderate to high
settlement. Existing levees where, for example, one foot of new fill was added would likely have
settlement at the low end of the moderate range. Transitional areas between existing levees and
large fills south of Waterfront Road would have moderate to high settlement. For all these areas,
the total amount of settlement will depend on the amount of new fill, with thicker fills resulting in
greater settlement.
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The Project will evaluate anticipated settlement and incorporate design elements to protect
underground utilities and other infrastructure near the proposed grading areas. See Section 8.2.2
for a more detailed discussion of the potential for settlement along the new setback levees.

5.6 Soil Quality
Several prior studies, described below and listed in Table 2, have evaluated the quality of existing
sediments within the Project area. Soils within the Project area have not been comprehensively
compared to current regulatory standards for exposure in the wetland environment. There are
numerous industrial land uses near the Project site and the state water board has records of several
locations near the Project area where contaminated groundwater or soils have been found and for
which clean-up and remediation efforts are underway or have been completed (GeoTracker site,
Sept 2015).
TABLE 2
PRIOR SOIL QUALITY STUDIES ALONG LOWER WALNUT CREEK
Author

Year

Location

State Water Board (GeoTracker Website)

2015

15+ sites near Project area

Ninyo and Moore

2007

10 locations along Walnut Creek, from Pacheco
Marsh to Pine Creek confluence

USACE

2007,
unpublished

Various locations between BNSF and Pacheco
Marsh, including IT Baker parcel and ACME
Landfill fringing marsh

H.T. Harvey and Associates (referencing sampling
by Jonas and Associates, Inc., 2002)

2004

Pacheco Marsh

ENGEO Inc.

1994

32 locations along Walnut Creek from Suisun
Bay to Grayson Creek confluence

ESA and Hultgren-Tillis Engineers

2017

10 locations on Pacheco Marsh. Sample
collection completed in 2017. Analysis and
review of test results to be completed in 2018.

In 2007 Ninyo and Moore evaluated soil samples collected from 9 locations along Lower Walnut
Creek and Grayson Creek for a number of analytes, including metals and petroleum products.
While detectible quantities of analytes were found, none exceeded the regulatory criteria (Title
22) for hazardous waste (Ninyo and Moore, 2007). Further, the analytes were all at
concentrations which were either less than the Effects Range-Low (ERL) value 3 or San Francisco
Bay ambient values. Not all of the analytes for which standards exist were reviewed in the Ninyo
and Moore report.
Unpublished soil testing conducted by the USACE in 2006-2007 along Lower Walnut Creek and
on adjacent parcels (including the low-lying basins at the IT Baker and ACME landfills) did not
reveal problematic levels of tested analytes (Paul Detjens, pers. coms. 2015).
3 The ERL is the constituent concentration corresponding to a 10% likelihood of toxicity.
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In 2004, H.T. Harvey & Associates prepared a summary of the results of sediment quality testing
by Jonas and Associates, Inc. (2002) in support of the development of the Pacheco Marsh
Restoration Plan. Jonas and Associates collected and tested sediments from 27 subsurface
sampling locations at the proposed Pacheco Marsh Restoration site, to depths up to 10 feet. Many
samples exceeded the San Francisco Bay Regional Water Quality Control Board (RWQCB)
recommended sediment chemistry screening guidelines for selenium at the time. In addition, a
single sample exceeded the RWQCB’s guidelines for mercury. H.T. Harvey & Associates
suggested that it may be possible for the restoration to be designed to avoid exposing soils with
elevated analyte levels. The one sample with mercury above RWQCB guidelines (at 0.73 mg/kg;
criterion is 0.70 mg/kg) lies in an area (northwestern corner) that would remain upland in the
2004 design. H.T. Harvey & Associates further noted that elevated levels of selenium may be
more likely to occur at greater depths in the soil column (beneath 4 feet below grade) and that it
may be possible to overexcavate any areas with elevated concentrations of selenium and back fill
with clean soil. Soils not suitable for wetland cover would need to be properly disposed of. H.T.
Harvey & Associates recommended additional sediment testing be required prior to excavation.
In 1993, ENGEO collected and tested sediments from 32 sampling locations along the Walnut
Creek channel, in anticipation of future dredging (ENGEO, 1994). The sediments were tested and
compared to the USACE and EPA (1992) criteria for in-bay disposal of dredged material. Bivalve
bioassay testing indicated that soil and water toxicity levels did not exceed permissible limits for
dredge material disposal in the Bay.
In 2017, ESA and Hultgren-Tillis Engineers collected soil samples from 10 locations on Pacheco
Marsh. The analysis of these samples will be completed in 2018.

5.7 Hydrology
5.7.1

Tides

The National Oceanographic and Atmospheric Administration (NOAA) maintains the Port
Chicago tide gage (NOAA Station #9415144), which is located on the Suisun Bay shoreline,
three miles to the east of the mouth of Walnut Creek. The Port Chicago gage is a continuouslyoperating gage with a tide record dating back to 1976. The tide range (MHHW – MLLW) at Port
Chicago is 4.9 ft. In the summer of 2015, ESA installed two water level gages along Lower
Walnut Creek. One gage was installed near the creek mouth and the second was installed at the
BNSF Railroad Bridge. The water level measurements from these gages showed that tide
conditions near the Project area are comparable to those measured at the Port Chicago gage (ESA,
2015c). Likewise, the tidal datums calculated for the Port Chicago gage were found to be
representative of conditions observed at the Project site. Table 3 lists tidal datums for the Port
Chicago gage.
Creek water levels are tidally-influenced throughout the project reaches. The tidal influence
extends from the mouth of Walnut Creek upstream to a sewer pipe crossing located immediately
downstream of Highway 4; up Pacheco Creek to Highway 680; and up Grayson Creek to Pacheco
Blvd (SFEI – Eco Atlas, 2011-2015).
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TABLE 3
TIDAL DATUMS AND COASTAL FLOOD ELEVATIONS
Datum

Elevation (ft NAVD88)

Highest Astronomical Tide

7.26

Mean Higher High Water (MHHW)

6.01

Mean High Water (MHW)

5.50

Mean Sea Level (MSL)

3.66

Mean Low Water (MLW)

1.84

Mean Lower Low Water (MLLW)

1.10

Lowest Astronomical Tide

0.08

Source: NOAA Tides and Current – Port Chicago, Station #941514944, September 15, 2015; FEMA FIS
# 06013CV003B, 2015

5.7.2 Drainage
The Pacheco Creek and Walnut Creek channels are the primary drainage pathways through the
Project area, with Pacheco Creek flowing into Walnut Creek and Walnut Creek flowing into
Suisun Bay. Walnut Creek has a drainage area of 147 square miles, while Pacheco Creek is much
smaller, with a drainage area of 3.8 square miles (USGS/Stream Stats, 2015). A third large creek
channel, Grayson Creek, converges with Walnut Creek 1 mile south of the Project area. Figure 6
shows the key drainage pathways, berms, and basins in the Project area. Figure 7 shows a more
detailed view of the drainage pathways near Waterfront Road.
Upstream of the UPRR Bridge, flows within the creek channels are constrained by flood control
levees and/or high ground on both banks. The levees along the west bank of Walnut Creek and
along Pacheco Creek are owned and maintained by the District. The elevation of these levees
varies. Hydraulic modeling performed by the District indicates that levees to the west of Walnut
Creek overtop in an approximately 1-in-40 annual chance exceedance flood event (CCCFCD,
2010). Downstream of the UPRR Bridge there is a low, dredged material placement berm
(elevations from 9.5 to 11ft NAVD) on the west channel bank along the Pacheco Marsh
Restoration site (North Reach). This western berm is overtopped during high flow events,
allowing floodwaters to flow over Pacheco Marsh.
The east side of Walnut Creek is confined by high ground along the frontage of the Tesoro (now
Andeavor) Refinery between Highway 4 and Waterfront Road, with the exception of
approximately 300 feet of lower ground located immediately upstream of the UPRR Bridge
(elevation 12 to 13ft NAVD). Downstream of Waterfront Road, the creek is separated from
Tesoro (now Andeavor)’s Tertiary Treatment Pond by an earthen berm with a paved access road
that is maintained by Tesoro (now Andeavor) (elevation varies from 13 to 15 ft NAVD).
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In addition to the main creek channels, there are several smaller drainages which pass through the
Project area:
•

Historic Walnut Creek Channel, Upstream Reach - a small channel that runs along the
historic Walnut Creek alignment that provides local drainage from the Central Costa
County Sanitary District parcel under the BNSF embankment and to Pacheco Creek;

•

Acme Drainage - a swale between the Acme Landfill’s East and North Parcels that flows
from south to north, passes under the UPRR Bridge and then flows into a swale that runs
parallel to Waterfront Road. During high water events this swale overtops Waterfront Road
and drains into Pacheco Marsh; and

•

Historic Walnut Creek Channel, Downstream Reach – a tidal channel on the west side
of Pacheco Marsh which drains through a culvert beneath the Plains Products Pier Access
Road to a tidal slough that runs to the west and north of the Pacheco Marsh and Suisun
Properties parcels.

The Project area also includes several large basins with relatively poor drainage, which
experience limited or no regular tidal inflow. Ponding commonly occurs in these basins following
rain events. While some surface drainage occurs via gated culverts, depending on soil moisture
and the intensity and duration of rainfall, ponded surface waters may persist for a few days to
several weeks until the water evaporates or drains via sub-surface flow. These basins include:
•

the diked marsh area on District-owned lands along Walnut Creek, between the BNSF
railroad and the confluence with Pacheco Creek (South Reach), which drains to the Walnut
Creek channel via a culvert with a tide gate (P. Detjens, pers. comm. 2016);

•

the diked Acme buffer area, which drains to Walnut Creek through a tide gate near the
UPRR Bridge. The managers of the Acme Landfill suspect that this tide gate does not close
properly, possibly due to sediment accumulation (Nick Farros, pers. comm. July 2015). A
second set of flap-gated culverts is located at the south end of the Acme buffer area. These
gates were observed by ESA staff to be locked closed. The diked Acme buffer area
becomes hydraulically connected to the bay during high tides which overtop Waterfront
Road and flow through the UPRR Bridge. Overtopping events can lead to extended
ponding in the low area to the northeast of the Acme landfill; and

•

several basins in Pacheco Marsh that are separated from the tidal areas by berms and access
roads. These berms and roads overtop during large floods. Standing water was observed in
these basins during the Spring of 2017 following heavy winter rains. The South West basin
retained ponded water for 8 to 10 weeks following the last winter rain.

5.7.3 Flooding
Lower Walnut Creek is exposed to elevated water levels from both tidal and fluvial sources. High
tide waters in Suisun Bay can propagate upstream along the Walnut Creek Channel, while fluvial
flooding occurs due to high flows conveyed by the Walnut Creek and Pacheco Creek channels.
Nuisance ponding due to poor drainage of storm water runoff occurs in many low-lying areas
during heavy rain events, particularly in areas separated from the creek channel by levees or
berms. Interviews with local landowners during stakeholder outreach indicate that the landowners
are aware of the existing flood risk in the low lying areas and have adapted their operations to be
compatible with occasional flooding.

Lower Walnut Creek Restoration Project
Project Study Report

18
Final

ESA / D140703
December 2017

5. Existing Conditions

Tidal Flood Elevations
The FEMA Flood Insurance Study (2015) lists extreme Bay high water levels for key flood
events for locations along the coast of Contra Costa County, including the Project area (located at
transect #34). Coastal flood stillwater elevations for the mouth of Walnut Creek are 9.4 ft for the
1% annual exceedance chance event (100-year event) and 10.4 ft for the 0.2% annual exceedance
chance event (500-year event). The FEMA Flood Maps for the Project area (2015), FEMA Maps
06013C0087G and 06013C0089G, use a base flood elevation (predicted 100-year flood elevation)
of 10ft NAVD at the creek mouth.

Fluvial Flood Flows
In 2008, the US Army Corps of Engineers prepared a Hydrologic Study in support of the Lower
Walnut Creek General Reevaluation Report. This study evaluated the expected recurrence
interval of peak flow events at various locations in the Walnut Creek watershed. Table 4 lists the
peak flow rates for key recurrence intervals estimated at the confluence of Walnut Creek and
Pacheco Creek.
TABLE 4
PEAK FLOW RATES AT MOUTH OF WALNUT CREEK
Annual
Exceedance
Chance
Flow Rate (cfs)

50%
(1 in 2)

20%
(1 in 5)

10%
(1 in 10)

4%
(1 in 25)

2%
(1 in 50)

1%
(1 in 100)

0.5%
(1 in 200)

0.2%
(1 in 500)

6,050

12,400

16,700

20,400

26,200

31,200

36,300

43,100

Source: Table 12A, USACE 2008.

The design of the 1962 Flood Control Project was based on a 25,000 cfs design flow rate
(USACE 1972). In 1962 this flow rate was believed to represent the 100-year peak flow, however
the 2008 Hydrology Study indicates that the 1962 design flow rate is slightly less than the 1-in50-year peak flow. There is insufficient information for the 1962 hydrology analysis to
determine whether the difference between the 1962 and 2008 calculated 100-year flow rates is
due to differences in analytical methods or reflects an actual change in watershed hydrology.

Flood Extents
The District continues to maintain levees along the Walnut Creek and Pacheco Creek Channels,
with efforts targeted to protect the most sensitive infrastructure while minimizing impacts to
existing habitats.
The current effective FEMA Flood Hazard Zones for the Project area are shown in Figure 8. This
flood hazard mapping was updated on September 29, 2015 and consolidates previous mapping as
of that date. The mapping is based on modeling work conducted by the USACE in the 1977 and
by Tudor Engineering Company in 1982. Results in some of the Project area may have been
updated in 1997 (by Questa Engineering Corp.), 1999 (by Michael Baker Jr., Inc.), and in 2015
(as part of the San Francisco Bay Area Coastal Study). The entire Project area from Walnut Creek
westward is mapped within the 100-year flood plain.
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The area east of the Walnut Creek channel downstream of Waterfront Road, including the
Andeavor water treatment pond, is mapped within the 100-year floodplain. Most areas along the
east bank of the creek between Waterfront Road and Highway 4 are mapped outside the 100-year
floodplain.
Recent hydraulic analysis conducted by the USACE and the District suggests that the FEMA map
likely overestimates the extent of flooding in several areas. In particular, given the high elevation
of the Acme and IT Baker landfills, it is unlikely that those areas would be inundated during a
100-year flood event. In addition, the FEMA map does not appear to reflect recent improvements
made to the flood control levees adjacent to the CCCSD parcels (Paul Detjens, pers. coms. July
2015).
Preliminary fluvial flood analysis conducted by the USACE and District in support of the General
Reevaluation Report showed a more limited extent of the 100-year flood plain (Figure 9),
however this analysis was never advanced beyond draft level. This analysis also did not consider
coastal/tidal flooding, and consequently underestimates the extent of inundation near the mouth
of Walnut Creek. The FEMA map indicates that the coastal/tidal flood elevation may exceed the
fluvial flood elevation for the region from Suisun Bay to approximately 1000ft upstream of
Waterfront Road.
ESA has conducted additional hydraulic modeling to support the Lower Walnut Creek Project.
This modeling has included an updated evaluation the 100-year flood plain extent based on
current site conditions, and an evaluation of the potential future flood plain extent with sea level
rise and estimated geomorphic change in the channel and adjacent marsh. Figure 10 shows the
modeled inundation extents for the 100-year fluvial flood under existing conditions, and potential
future conditions with +2ft of sea level rise. See Appendix A1 for a description of the methods,
assumptions and uncertainties for this analysis.

5.7.4 Surface Water Quality
This section discusses available data describing key surface water quality parameters at Lower
Walnut Creek.
Salinity – The salinity in Suisun Bay ranges from 0-25ppt (MBH 2012). Salinities in Walnut
Creek are generally lower than those observed in Suisun Bay, due to the freshwater inflows from
Walnut Creek and its tributaries. High salinity salt pannes and scalds can be found in the poorly
drained basins near the IT Baker and Acme Landfill parcels, as well as at Pacheco Marsh.
Suspended Sediment – suspended sediment concentrations in Suisun Bay typically range from
10 to 300 mg/L, with peaks as high as 1000mg/L (MBH 2012). Suisun Bay experiences elevated
suspended sediment concentrations during the spring when the prevailing winds re-suspend fine
sediments from the muddy shallows.
Water Temperature – The water temperature measured at Port Chicago varies from the high 40s
during the winter months to the low 70s during the late summer.
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Contaminants –Contra Costa County has a Regional Stormwater Permit issued by the Regional
Water Quality Control Board which defines TMDLs for Diazinon and Pesticide-related toxicity,
mercury, and PCBs. None of these contaminants are known to occur in elevated concentrations at
the Project site (Paul Detjens, pers. coms. June, 2015). Levels of pesticide-related toxicity
exceeding the TMDL have been observed on Grayson Creek approximately 4 miles upstream of
the Project site (CCCWP, 2015). Because the Project site is in the downstream, tidal reach of
Walnut Creek, any pesticides delivered from the watershed would be well mixed with Bay water.
Water quality within the Project Area is expected to be similar to the Bay. The Project will
provide a more detailed assessment of the potential effects of any contaminants during upcoming
environmental compliance documentation (California Environmental Quality Act) and
permitting.

5.7.5 Groundwater Hydrology
Groundwater data are available for part of the Project area, in the vicinity of the Acme Landfill.
Acme Landfill produces a bi-annual water quality monitoring report describing surface and
groundwater conditions on the Acme parcels to satisfy requirement specified by the RWQCB.
The most recent available report is for the summer and fall of 2014, for the North and East
landfills. According to the Summer-Fall 2014 Acme Water Quality Monitoring Report,
groundwater in the underlying Young Bay Mud and Old Bay Mud layers exhibits lateral flow
away from the centers of the North and East landfills. Deeper groundwater, within the Panoche
Formation Bedrock, flows from the northwest to southeast, in the same general direction as
surface flows.
Acme operates groundwater wells for leachate extraction. The Acme Summer-Fall 2014 Acme
Water Quality Monitoring Report describes current leachate extraction operations as follows:
“Leachate is currently being removed for the North Parcel and East Parcel, processed through the
leachate treatment plant, and discharged to CCCSD under terms of a Special Discharge Permit.”
Annual leachate extraction rates at the Acme Landfill vary, ranging from 3 million to 12+ million
gallons per year.
The operators of the IT Baker Landfill and IT Vine Hill treatment ponds run groundwater wells
for leachate extraction at the closed landfill properties. The District is coordinating with the
landfill operators to obtain groundwater information and to ensure that the Project avoids any
impacts to landfill infrastructure.

5.8 Biological Resources
This section describes the biological and ecological communities found within the Project area.
The Project area is comprised of a fluvial, tidal, and non-tidal system that supports an array of
wetland habitats and ruderal upland habitats. Wetland habitats include brackish tidal marsh within
the Lower Walnut Creek channel and non-tidal and muted tidal wetlands located behind flood
control levees and on poorly-drained parts of Pacheco Marsh. Upland habitat occurs along levee
embankments, along landfill margins, and within well-drained parts of Pacheco Marsh where
dredged material has been placed.
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5.8.1

Potentially Jurisdictional Wetlands and Waters

The extent of potentially jurisdictional wetlands and waters within the Project area, pursuant to
Section 404 of the Clean Water Act and Section 10 of the Rivers and Harbors Appropriation Act,
were mapped by ESA biologists in 2017 and are shown in Figure 11. Tidal waters in the Project
area include Walnut Creek, Pacheco Creek, and small tidal channels within the tidal marsh. Tidal
wetlands are found adjacent to these tidal channels. Non-tidal waters, including scalds and
seasonal ponds, occur within the diked non-tidal wetland areas within the South, Middle and
North reaches.

5.8.2 Plant Communities and Wildlife Habitats
Table 5 shows the different habitat types and acreages within the Project area. These habitat
types are also shown in Figure 12 and described below 4.
TABLE 5
HABITAT TYPES AND ACREAGES WITHIN THE LOWER WALNUT CREEK PROJECT AREA
Habitat Types

Acres

Wetlands
Brackish tidal
marsh

Non-tidal
wetland

Low marsh

60.6

Mid/high marsh

69.4

Muted marsh

6.9

Creeping wildrye (wetland)

0.1

Pickleweed marsh

99.8

Seasonal wetland

1.2

Scald/playa

13.9

Seasonal pond

1.4

Tidal channel

10.9

Waters
Non-tidal waters

Tidal waters
Uplands
Coastal scrub

5.5

Creeping wildrye (upland)

1.9

Trail/road/parking

11.8

Ruderal/non-native grassland

82.6

Areas not Mapped

34.7

Brackish Tidal Marsh
The Project area contains coastal brackish marsh, considered a sensitive natural community by
the California Department of Fish and Wildlife (CDFW). Brackish tidal marsh and its associated
habitats provide benefits for a wide variety of plant and wildlife species. The brackish tidal marsh
4 Figure 12 also shows habitats mapped outside of the Project Area and not tabulated in Table 5.
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within Lower Walnut Creek is typical of brackish tidal marsh in Suisun Bay and contains low,
mid, and high marsh zones. A typical Suisun tidal brackish marsh profile is shown in Figure 13.
Elevation and vegetation transect surveys were completed by ESA in August and September 2015
from upland to the edge of vegetation within low marsh at Lower Walnut Creek. The elevations
where the most common vegetation was found along these elevation transects is represented in
Figure 14.
Low marsh consists of the marsh directly adjacent to Lower Walnut Creek. Low marsh generally
occurs between elevations 2.1 and 5.5 ft. NAVD, or approximately MLLW +1 ft. to MHW,
according to typical vegetation elevation zones in Suisun Marsh (USBR 2013). Vegetation within
Lower Walnut Creek is consistent with these typical zones according to elevation and vegetation
transect surveys completed by ESA for the Project.
Typical vegetation within the low marsh zone includes California bulrush (Schoenoplectus
californicus), common bulrush (S. acutus), and broad-leaf cattail (Typha latifolia). These species
occur more frequently and in higher density between 2.9 and 5.5 ft NAVD within the Project
area. Although these plants also occur below 2.9 ft NAVD, with isolated plants found as low as
2.0 ft NAVD, the plant cover at these low elevations is typically more sparse, and more of the
area is covered by mudflat.
Mid marsh and high marsh occur inland of the low marsh over a large area from the mouth of
Walnut Creek to Waterfront Road. South of Waterfront Road only narrow bands of mid marsh
and high marsh exist. Mid marsh generally occurs between 5.5 and 6.2 ft. NAVD, or between
MHW and MHHW. Two of the most common species that generally occur within the mid marsh,
(but also occur into low marsh) include bulrush (Bolboschoenus spp.) and common reed
(Phragmites australis).
Common reed has expanded over the years at the Project site and tends to grow in circular clumps
(Google Earth 2002-2017). The invasive form of common reed is assumed present in Suisun and
the Delta, identified as a non-native genetic variant which is contributing to the rapid expansion
observed in some marshes (Cal-IPC 2008). Common reed occurs within the mid and upper
elevation range in the low marsh and lower elevation range in the mid marsh (3.5 – 5.8 ft NAVD)
at the Project site.
High marsh generally occurs between elevation 6.2 and 7.2 ft. NAVD, or between MHHW and
Extreme HHW. Vegetation within the high marsh zone at Lower Walnut Creek is dominated by
native pickleweed (Sarcocornia pacifica) and invasive perennial pepperweed (Lepidium
latifolium). These species also occur and can be dominant species within the mid marsh zone.
Other species co-occur with these dominant species in the mid marsh zone including fat-hen
(Atriplex prostrata). Many other species are found at the upper elevations of the high marsh and
at the edge of the transition zone including salt grass (Distichlis spicata), alkali heath (Frankenia
salina), and gumplant (Grindelia stricta).
Plant diversity is greater in the mid and high marsh zones than in the low marsh within the Project
area. Some other native species encountered intermittently within the mid or high marsh include
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western goldentop (Euthamia occidentalis), salt marsh baccharis (Baccharis glutinosa), and
marsh fleabane (Pluchea odorata).
Although the high marsh has a diversity of native species, perennial pepperweed is a highly
invasive plant occurring within the low marsh, mid marsh, high marsh, and transition zone, and is
known to exclude native species. Perennial pepperweed has been shown to reduce cover of rare
endemic plant species in other brackish tidal marshes where they co-occur (Fiedler et al. 2007).
Perennial pepperweed is difficult and expensive to control and is best managed during initial
invasion (Reynolds and Boyer 2010).
Tidal marshes support a diversity of wildlife species including special status species. Common
species seen on site during field surveys include: Suisun song sparrow (Melospiza melodia
maxillaris), great egret (Ardea alba), marsh wren (Cistothorus palustris), barn swallow (Hirundo
rustica), and red-winged blackbird (Agelaius phoeniceus). Other wildlife species that typically
inhabit Suisun brackish tidal marshes include foraging waterfowl and shorebirds, as well as
special status species such as salt marsh common yellowthroat (Geothlypis trichas sinuosa),
Ridgway’s rail (Rallus obsoletus), California black rail (Laterallus jamaicensis coturniculus), and
salt marsh harvest mouse (Reithrodontomys raviventris).

Non-Tidal Wetlands and Waters
Non-tidal wetlands occur throughout the Project area and include the following habitat types:
pickleweed marsh, seasonal wetland, creeping wildrye wetland, scald, and pond. These include
areas of diked marsh where historic tidal wetlands have been disconnected from tides by the
construction of berms or levees. Non-tidal wetlands also occur in supra-tidal areas (areas above
the tides) with suitable drainage and soil conditions.
Some of the non-tidal wetlands on the Project area contain large, barren areas devoid of
vegetation, while others contain dense, monotypic stands of common pickleweed. With a slight
increase in elevation, pickleweed intergrades into areas composed of an assortment of
hydrophytic species including perennial pepperweed, saltgrass, alkali heath, fat-hen, brass buttons
(Cotula coronopifolia), and rabbitsfoot grass (Polypogon monspeliensis).
Non-tidal wetlands support a wide range of wildlife species. Species observed on site during field
surveys include: foraging norther harrier (Circus cyaneus) and white-tailed kite (Elanus
leucurus), mallard (Anas platyrhynchos), black-necked stilt (Himantopus mexicanus), and killdeer
(Charadrius vociferus). Other wildlife species that commonly occur within diked marsh include
California vole (Microtus californicus), foraging great egret and great blue heron (Ardea
herodias), and foraging shorebirds in the winter when standing water is present.

Uplands
Upland (primarily annual grassland/ruderal) habitat, occurs along levees throughout the Project
area and at some higher elevation areas within the marsh. The majority of the upland habitat is
dominated by non-native herbaceous vegetation. Plant species that are common to this upland
habitat include annual non-native grasses, perennial pepperweed, black mustard (Brassica nigra),
and wild radish (Raphanus sativus). Small coastal scrub patches occur within the uplands of
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Pacheco Marsh/North Reach and include mostly native coyote brush (Baccharis pilularis) and
invasive tamarisk (Tamarisk parviflora). Patches of creeping wildrye (Elymus triticoides) also
exist within the upland habitat at Pacheco Marsh. The upland areas contain many other invasive
species including iceplant (Carpobrotus edulis), stinkwort (Dittrichia graveolens), bull thistle
(Cirsium vulgare), Italian thistle (Carduus pycnocephalus), and yellow star thistle (Centaurea
solstitalis).
Common upland wildlife species seen during field surveys include black-tailed jackrabbit (Lepus
californicus) and mourning dove (Zenaida macroura). Other common wildlife species likely to
occur within upland habitat include California vole, desert cottontail (Sylvilagus auduboni),
western fence lizard (Sceloporus occidentalis), common garter snake (Thamnophis sirtalis), and
western meadowlark (Sturnella neglecta). Areas along the transitional gradient between upland
and high marsh habitats may be occupied and used by both upland and brackish marsh associated
species, and provide refuge habitat for wildlife generally occurring in brackish marsh habitats
during extreme high tide events.

Tidal Waters
Subtidal habitat occurs in Suisun Bay and within the Lower Walnut Creek and Pacheco Creek
channels. Subtidal channel habitats occur below the elevation of 1 ft. NAVD (MLLW), where the
substrate is continuously submerged. Intertidal mudflat includes intertidal areas not continuously
submerged which are generally devoid of vegetation. Intertidal mudflat occurs upslope of the
subtidal areas and in numerous smaller tidal channels within the Project area.
Tidal channels serve an important function of water conveyance and drainage onto and off of
mudflat and marsh surfaces, and also transfer sediment and nutrients between the marsh and
Lower Walnut Creek. Many of the small tidal channels onsite are naturally formed and sinuous;
however, there are also numerous linear, human-constructed mosquito abatement ditches on the
site.
Lower Walnut Creek and the other subtidal channels are used for foraging by a variety of bird
species including diving and dabbling ducks and egrets and herons. These channels also serve as
wildlife movement corridors, particularly in extreme tide events, when animals move to and from
inundated areas of the marsh. Fish species likely to occur within Project area aquatic habitats
include Sacramento sucker (Catostomus occidentalis), inland silverside (Menidia beryllina),
threespine stickleback (Gasterosteus aculeatus), and common carp (Cyprinus carpio).
Very little intertidal mudflat occurs within the Project area. However, this area along tidal
channels provides important foraging habitat for shorebirds, egrets, herons, and rails.

Special Status Species
For purposes of this assessment, “special status species” include plants and animals listed,
proposed for listing, or candidates for listing as threatened or endangered under the Federal
Endangered Species Act (FESA) or the California Endangered Species Act (CESA); animals
listed as “fully protected” under the California Fish and Game Code (Section 3511); animals
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designated as “species of special concern” by the California Department of Fish and Wildlife
(CDFW); and plants ranked as rare or endangered by the California Native Plant Society (CNPS).
The potential for the site to support special‐status plant and wildlife species is discussed below. In
addition to site reconnaissance surveys, background information was gathered to determine the
potential for special‐status species to occur on the Project site. The information reviewed included
the following:
•

California Natural Diversity Database (CNDDB)

•

Final Delineation of Waters of the United States, Including Wetlands, for the Lower
Walnut Creek Channel Restoration Project, 2005 (Jones & Stokes, 2005a)

•

Botanical Report for the Lower Walnut Creek Channel Restoration Project, (Jones &
Stokes, 2005b)

•

Pacheco Marsh Restoration Wetland Technical Assessment, (H.T. Harvey, 2003)

•

Data Summary Report for Baseline Surveys of Anadromous Fish Habitat on Lower Walnut
Creek, (Jones & Stokes, 2004)

•

Data Summary Report for Chinook Salmon Spawning Escapement and Fry Emergence in
Lower Walnut Creek, (Jones & Stokes, 2007)

Special Status Plants
In August 2015, ESA conducted a reconnaissance-level field survey for special status plant
species and visited locations where special status plants were observed at the project site in 2004.
Suisun marsh aster (Symphyotrichum lentum), delta tule pea (Lathyrus jepsonii), and Mason’s
lilaeopsis (Lilaeopsis masonii) were the three special status plant species observed in 2004 within
the tidal marsh. Suisun marsh aster was observed during field surveys in 2015 in the same general
locations where it was found in 2005, as well as an additional location. In most locations Suisun
marsh aster co-occurred with pickleweed and perennial pepperweed. Delta tule pea was also
observed at the project site during a reconnaissance survey in March 2017, in a different location
than where it was observed in 2004. A full botanical survey has not been performed, so additional
populations of Suisun marsh aster, delta tule pea, or other rare plant species may occur within the
Project area.

Special Status Wildlife
On August 6 and September 15, 2015, ESA ecologists Stephanie Bishop and David Rodriguez
conducted a reconnaissance‐level field survey for special status wildlife species and their
associated habitat on the Project site. The survey method involved hiking, canoeing, and driving
the Project area.
Salt marsh harvest mouse habitat occurs where there is pickleweed, which includes the high
marsh and diked marsh within the Project area. California black rail and Ridgway’s rail habitat
occurs throughout the low marsh and high marsh within the Project area. CNDDB occurrences
have been recorded within the Project area for six special status wildlife species, listed below in
Table 6.
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TABLE 6
SPECIAL STATUS WILDLIFE SPECIES WITH CNDDB OCCURRENCES WITHIN THE PROJECT SITE.
Common Name

Scientific Name

Federal
Listing

State
Listing

salt marsh harvest mouse

Reithrodontomys raviventris

Endangered

Endangered

Ridgway’s rail

Rallus obsoletus

Endangered

Endangered

California black rail

Laterallus jamaicensis coturniculus

None

Threatened

Suisun song sparrow

Melospiza melodia maxillaris

None

Species of
Special
Concern

saltmarsh common yellowthroat

Geothlypis trichas sinuosa

None

Species of
Special
Concern

longfin smelt

Spirinchus thaleichthys

Candidate

Threatened

Source: CDFW, 2015.

Nesting white-tailed kite is a California Department of Fish and Wildlife (CDFW) fully protected
species and nesting northern harrier is a CDFW species of special concern. Both species were
observed foraging on site, but no nest surveys were conducted. Suisun song sparrow was also
observed on site during field surveys. No other special status wildlife species were observed
during 2015 field surveys. On April 28, 2017, during wetland delineation mapping, bird nests
were observed at the project site, including black-necked stilt, killdeer, and mallard nests.
Several salmonid surveys and habitat suitability studies have been completed within Walnut
Creek upstream of the Project area in the non-tidal reaches. Chinook salmon (Oncorhynchus
tshawytscha) and steelhead (Oncorhynchus mykiss irideus), both federally threatened, have been
observed upstream of the Project site within Walnut Creek and Grayson Creek (Jones & Stokes
2004, 2007). The aquatic areas within the Project site may provide habitat for longfin smelt and
migration habitat for chinook salmon and steelhead. The Project site is not known to provide
spawning or rearing habitat for chinook salmon or steelhead (Jones & Stokes 2004, 2007).

5.9 Public Access
There is currently no public access through the Project area except for Waterfront Road, however
regional trail network plans have proposed several potential future trail connections passing
through or near the Project area.
Figure 15 shows trails within the vicinity of the Project area. Regional trail plans identify

potential future trails within the Project area, including the extension of the existing Iron Horse
Trail to the Project site and a future trail connector from the Project site to the Bay Trail. EBRPD
has prepared a preliminary feasibility study of potential Iron Horse Trail alignments through the
project reaches which would include public access trail along the flood control levee on the South
Reach (Pers. Coms. S. Dougan, 2016).

Lower Walnut Creek Restoration Project
Project Study Report

27
Final

ESA / D140703
December 2017

5. Existing Conditions

The Iron Horse Trail is managed and maintained by the EBRPD and the Bay Trail is managed by
the Association of Bay Area Governments (ABAG). Both trails are multimodal, allowing for
bicycle and pedestrian access. In addition, the Iron Horse Trail allows equestrian use. The San
Francisco Bay Area Water Trail (Coastal Conservancy) includes a vision for small-craft boat
launch or landing sites around the Bay. Walnut Creek is not included in the Water Trail vision
map but is located between proposed launches into Suisun Bay, at Martinez and Bay Point
Regional Shoreline. There are currently no landing or launch sites along Walnut Creek or
Pacheco Creek.

5.10 Cultural Resources
In 2015 ESA performed background research to assess the expected sensitivity of the Project site
to prehistoric archaeological resources. This investigation was conducted to support compliance
with the National Historic Preservation Act (NHPA), the National Environmental Policy Act
(NEPA) and the California Environmental Quality Act (CEQA).
A search of historic records indicates no previous identified cultural resources within the Project
area. There are six recorded cultural resource sites within the vicinity of the Project area.
Additional information on these nearby cultural resources has been provided to the District in a
confidential memorandum (ESA, 2015a). The geological context of the site, which is
predominantly fill placed over bay mud, provides an unlikely setting for the discovery of prehistoric archaeological resources as these areas were either fully or periodically submerged during
the per-historic period. These findings have not yet been confirmed by a field survey.

5.11 Future Conditions
In the future, conditions at the Project area will be subject to rising sea levels and geomorphic
change (sedimentation and erosion) in the Walnut Creek channel and adjacent marshes. This
section address future changes generally, with additional discussion and analysis in Chapter 6.

5.11.1 Sea level Rise
Tide elevations are anticipated to increase over time due to rising sea levels. The rate of future sea
level rise is uncertain; however Projections by the National Resources Council suggest that 0.4 to
2.0 feet of sea level rise may occur by 2050 and 1.4 to 5.4 feet by 2100 relative to 2000 sea levels
(NRC 2012). Rising sea levels will increase the frequency of inundation in low-lying coastal
areas, and will alter the downstream tailwater elevation for coastal creeks, potentially increasing
upstream water levels during large streamflow events.
For planning and design purposes, the Project will be designed to accommodate up to 2 feet of
sea level rise by 2050 and be adaptable to 5 feet of sea level rise by 2100. See Section 7.5 for
additional discussion of project performance with sea level rise.

5.11.2 Sediment Deposition and Marshplain Accretion
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Lower Walnut Creek has experienced a high level of sediment deposition based on the combined
sediment inputs from the creek watershed and estuarine deposition (SFEI 2016b). Over time,
subtidal and intertidal areas are expected to aggrade due to sediment deposition and, where
vegetation exists, due to the accumulation of plant material. The rate of aggradation may keep
pace with sea level rise initially, but is expected to fall behind as sea level rise accelerates over
time (Stralberg, et al. 2011). Current research suggests that the San Francisco Bay may be
transitioning to a period with lower over-all sediment supply as excess sediment that was
introduced due to gold rush-era mining techniques are flushed out of the watershed.

5.11.3 Coastal Shoreline Erosion
A review of aerial photos shows that the edge of vegetated marsh along the Suisun Bay shoreline
at the mouth of Walnut Creek eroded by approximately 50ft between 1987 and 2016 (after having
migrated 500-800 feet into the bay between 1939 and 1987). This rate will tend to increase with
accelerated sea level rise and declining regional sediment supply. The northern limit of the
Project area is located approximately 1000 feet inland of the Suisun Bay shoreline, so is unlikely
to be directly subject to coastal erosion for many decades.

5.11.4 Channel Scour
Since the construction of the Lower Walnut Creek flood control channel in 1963, the geometry of
the creek channel has changed drastically as sediment accumulated and filled large sections of the
creek channel. A review of historic cross sections collected along Walnut Creek indicates that the
creek channel has evolved in a manner that is consistent with observed geomorphic relationships
for tidal and fluvial channels (Williams et al. 2002; Collins & Leventhal, 2013). We assume that
over time the depth and cross section area of the creek channel will tend towards the
geomorphically stable dimensions predicted by either tidal or fluvial hydraulic geometry
relationships (whichever is larger for a given reach). We expect that the channel evolution will be
a punctuated equilibrium process, with the relatively steady tidal scour and deposition processes
punctuated by infrequent episodes of intense erosion and deposition during large streamflow
events.
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6. PROJECT ALTERNATIVES
The preferred alternative was identified using a two-stage process. The first stage involved
identifying potential measures to address the planning objectives and conducting initial screening
of those measures. The second stage involved advancing the screened measures into project
alternatives, developing evaluation criteria and methods, and evaluating and comparing the
feasible alternatives to select the preferred alternative. This section provides a summary of this
process. Additional detail can be found in the Project’s Feasibility Study Report (ESA, 2017).

6.1 Project Measures and Initial Screening
The initial plan formulation process consisted of identifying a broad array of potential measures
to address the planning objectives and conducting initial screening of those measures. The
screening was based on technical, economic, and environmental considerations. A measure is a
feature or an activity that addresses one or more planning objectives, such as breaching and
setting back levees. Measures are the building blocks for the alternatives. The Project team
conducted a preliminary screening of the potential project measures to eliminate measures
considered too costly or unlikely to be feasible. The remaining measures were considered in
developing the final alternatives.

6.2 Project Alternatives
This section presents the project alternatives developed from the screened project measures and
identified through the collaborative planning process. The Project area was divided in to three
reaches – the South Reach, Middle Reach and North Reach– with alternatives developed for each
reach. The final suite of alternatives consists of three alternatives for the South Reach, three for
the Middle Reach and two for the North Reach. In addition, a Without Project Alternative was
defined for each reach.
The general approach for the South and Middle Reaches is to reintroduce the tides to existing
diked (non-tidal) former baylands, constructing new setback levees for flood protection of
adjacent industrial lands, and accommodating potential future public access. In the North Reach,
part of the restorable area has been filled due to past use for aggregate handling and processing.
Both North Reach alternatives including reintroduction of the tides to existing diked former
baylands and grading of the previously-filled areas to restore appropriate elevations for tidal
wetland establishment. The North Reach alternatives reflect different relative extents of restored
tidal marsh, transitional habitat and upland area. Project alternatives were compared and
evaluated based on their ecological benefits, flood protection performance, consistency with
potential future trail locations, and overall ecological sustainability and consistency with ongoing
natural processes. Note that while the names of the alternatives are often spelled out in full (e.g.,
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South Reach Alternative 1), and sometimes are abbreviated with a reach letter-alternative number
code (e.g., Alternative S1).
Table 7 provides a summary of the primary project measures proposed for each alternative.
Additional descriptions for each of the proposed alternative are provided in the sections below.

6.2.1

Without-Project Alternative (All Reaches)

The Without-Project Alternative is included for comparison with the Project Alternatives in each
reach. In the Without Project Alternative, there are no major improvements to the District levees.
The District continues ongoing maintenance of the existing levees and drainage structures.
Anticipated future conditions under the Without Project Alternative assume the existing flood
protection infrastructure in the Project area is maintained as-is.
In the Future Without-Project Alternative scenario, changes will occur as a result of ongoing
natural processes. Sea level rise will result in a steady increase in tide elevations. Lower Walnut
Creek will continue to fill with sediment to some more geomorphically-stable configuration.
Sediments will continue to accumulate in the tidal marshes and creek floodplains. Over time the
level of flood protection provided by existing berms and levees will decline, and vulnerable areas
will be subject to more frequent inundation.
In the near term existing diked marsh areas are anticipated to continue to function as degraded
seasonal wetlands. Unlike the marsh areas that are connected to the creek channel, the diked
marshes will not accumulate sediment over time. These diked marsh areas will become more
difficult to restore to tidal wetlands as sea levels rise.
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TABLE 7
PROJECT ALTERNATIVES SUMMARY
South Reach

Middle Reach

North Reach

Alt S1

Alt S2

Alt S3

Breach and
maintain levee
in place

Breach and
setback levee
on District
property

Re-connect diked areas to tidal inundation
Preserve existing levees, install new bridges or
culverts
Lower existing berms/levees (all or part)
Mass grading to remove artificially-placed fill and
restore tidal wetlands
Excavate new tidal channels

●

●

●

●

●

●

●

●

Construct new setback levee
Revegetate (seeding, planting and irrigation)
along transition and upland areas
Invasive plant management
Expand Project area through easement or land
Acquisition
Facilitate Public Access Amenities
Potential Future Public Access Amenities (by
Others)
Trail Paving and Fencing

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

Project Elements

Interpretive Signage

Alt M1

Alt M2

Alt M3

Alt N1

Alt N2

Breach and
setback levee
to maximize
restoration

Breach and
maintain levee
in place

Breach and
setback levee
with public
access

Breach and
setback levee
with public
access
elsewhere

2004 Pacheco
Marsh Plan

Revised
Pacheco
Marsh Plan

●

●

●

●

●

●

●

●
●

●

●
●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

See text

●

●

●

●

●

●

●

See text

●

●

●

●

●

●

●

See text

●

●

●

●

Parking/Staging Area/Restrooms

●

Kayak Launch
● = Lower Walnut Creek Project Element
● = Potential Future Project Element (by Others)
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6.2.2 South Reach
The South Reach extends from the BNSF Railroad embankment to the confluence of Walnut
Creek and Pacheco Creek and includes approximately 69.4 acres of land owned by the District
and approximately 4.5 acres owned by Conco Inc.
The South Reach alternatives reflect different approaches to reintroducing the tides to existing
diked (non-tidal) former baylands, constructing new setback levees for flood protection of
adjacent industrial lands, and accommodating potential future public access. The Project team
developed three alternatives for the South Reach, as shown in Figure 16 and described in the
sections below.
The following Project elements are common to all three restoration alternatives on the South
Reach:
•

Excavate new channels to enhance tidal connectivity to the reconnected tidal wetland areas.

•

Establish transitional ecotone habitats in areas where ground elevations are above typical
tides but subject to periodic inundation due to extreme tides and/or creek flows.

•

Manage non-native invasive vegetation on uplands and in existing wetland areas.

Alternative S1: Breach and maintain levee in place
Alternative S1 proposes to restore tidal connectivity to the disconnected basin on the District’s
parcel by installing several breaches or large culverts through the existing flood control levee.
The existing access road would be preserved along the levee crest, which would provide operations
and maintenance access for the district and could serve as a future public access corridor.

Alternative S2: Breach and setback levee on District property
Alternative 2 proposes to restore tidal flows to the disconnected basin by breaching and lowering
portions of the existing flood control levee. A new setback levee would be constructed along the
west side of the District’s parcel. An access road would be constructed along the new setback
levee to serve as the District’s future maintenance access. This roadway could also be improved
to provide public access through this reach as part of a future project.

Alternative S3: Breach and setback levee to maximize restoration
Alternative S3 is formulated to maximize the area of restored habitat by incorporating
approximately 4.5 acres of Conco-owned property into the restoration footprint. Like Alternative
S2, Alternative S3 proposes to restore tidal flows to the disconnected basin by breaching and
partially lowering the existing flood control levee. Parts of the existing levee would be lowered to
create new tidal wetlands and parts would be kept high to provide transitional and upland
habitats. A new setback levee would be constructed on Conco’s property. An access road would
be constructed on the new setback levee to serve as the District’s future maintenance access. This
roadway could also be improved to provide public access through this reach as part of a future
project. This alternative would require the acquisition of land rights from Conco.
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6.2.3 Middle Reach
The Middle Reach extends from the confluence of Walnut Creek and Pacheco Creek to the UPRR
embankment and includes District-owned property and property owned by the Acme Landfill.
The Middle Reach alternatives reflect different approaches to reintroducing the tides to existing
diked (non-tidal) former baylands, constructing new setback levees for flood protection of
adjacent industrial lands, and accommodating potential future public access. The Project team
developed three alternatives for the Middle reach, as shown in Figure 17 and described in the
sections below. The following Project elements are common to all three restoration alternatives
on the Middle Reach:
•

Construct swales and other features to divert stormwater runoff from the landfill into nontidal basins to the west and north of the restoration area.

•

Excavate new tidal channels to enhance tidal connectivity to the reconnected wetland areas.

•

Establish transitional ecotone habitats in areas where ground elevations are above typical
tides but subject to periodic inundation due to extreme tides and/or creek flows.

•

Manage non-native invasive vegetation on uplands and in existing wetland areas.

Alternative M1: Breach and maintain levee in place
Alternative M1 provides a tidal connection to the Acme buffer lands, providing habitat benefits
while preserving the District’s access along the existing flood control levee.
Alternative M1 proposes to restore tidal connectivity to the Acme buffer area by installing large
culverts or constructing several breaches through the existing flood control levee. Two new levee
sections would be constructed at the northeast and southwest corners of the East Landfill to
connect the landfill access road with the sections of the flood control levee that are to remain. The
District would use these levees and the landfill’s perimeter road for maintenance access. It may
be necessary to improve the perimeter road by widening and raising the road surface in some
locations. The existing levee would remain, with culverts or bridges crossing any breaches, to
serve as a future public access corridor. Note that EBRPD’s current preferred trail alignment
does not require public access along the Middle Reach (see Section 7.2). This alternative would
require the acquisition of land rights from Acme.

Alternative M2: Breach and setback levee with public access
Alternative M2 aims to maximize the area of restored habitat while providing for potential future
public access through the Middle Reach. Alternative M2 proposes to restore tidal flows to the
disconnected basin by breaching and partially lowering the existing flood control levee. The
existing private landfill perimeter access road would be improved to provide two separated access
roads, one for industrial access to support landfill operations and a second for the District’s
maintenance access. District and public access would be physically separated from the landfill’s
access road. This alternative would require the acquisition of land rights from Acme.
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Alternative M3: Breach and setback levee with public access elsewhere
This alternative is similar to Alternative M2 but does not provide public access along the Middle
Reach, as such access is not necessary to accommodate the EBRPD preferred trail alignment.
Alternative M3 aims to maximize the area of restored habitat while providing for potential future
public access through the Middle Reach. Alternative M3 proposes to restore tidal flows to the
disconnected basin by breaching and partially lowering the existing flood control levee. The
existing private landfill perimeter access road would be improved to provide access to support
landfill operations and the District’s maintenance needs. No public access is proposed through
the middle reach under this alternative, in accordance with EBRPD’s preferred trail alignment
(See Section 7.2). This alternative would require the acquisition of land rights from Acme.

6.2.4 North Reach
The North Reach, also known as Pacheco Marsh, is located along the west bank of Walnut Creek
between the Waterfront Road Bridge and the shore of Suisun Bay. The North Reach consists of
125 acres of land owned by the District and co-managed with the John Muir Land Trust, 98 acres
of fringing marshes owned by the District, and 25 acres of adjacent property owned by the
California State Lands Commission.
The North Reach alternatives reflect different relative extents of restored tidal marsh, transitional
habitat and upland area. The Project team has identified two alternatives for the North reach
which are shown in Figure 18 and described in the sections below. The following Project
elements are common to both restoration alternatives on the South Reach:
•

Excavate new tidal channels to enhance tidal connectivity to the reconnected wetland areas.

•

Establish transitional ecotone habitats in areas where ground elevations are above typical
tides but subject to periodic inundation due to extreme tides and/or creek flows.

•

Preserve and enhance existing non-tidal wetlands that are located at elevations above the
existing tide range.

•

Manage non-native invasive vegetation on uplands and in existing wetland areas.

Alternative N1: 2004 Pacheco Marsh Plan
Alternative 1 was developed as part of the 2004 Pacheco Marsh Plan (PWA, 2004), and includes
new breaches in the existing perimeter berms and the construction of a network of new tidal
channels to establish tidal connectivity to existing non-tidal wetland areas. Mass grading will be
performed in some upland areas to remove fill material and return portions of the site to tidal
wetland elevations. Excess fill material will be placed in existing upland areas. This alternative
will preserve access along the CCCSD outfall maintenance road, and will provide opportunities
for future public access trails and other amenities (not shown) to be installed in partnership with
the John Muir Land Trust.
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Alternative N2: Revised Pacheco Marsh Plan
Alternative N2 proposes less excavation for near-term tidal wetland creation, creates more
transitional habitat, and leaves more of the site as uplands compared to Alternative N1. These
revisions increase the extent of refuge areas for terrestrial species during extreme high water
events, and increase the sustainability of tidal wetlands with future sea level rise by allowing
room for wetland transgression. In addition Alternative N2 reduces impacts to existing seasonal
wetlands complex compared to Alternative N1, based on updated wetlands mapping (ESA 2017).
Alternative N2 was refined between the Feasibility Study and the Project Study Report (this
document) and remains subject to refinement based on future study.

6.2.5 Public Access – All Reaches
District partners with other agencies, municipalities and organizations to provide public access on
District land. For the Lower Walnut Creek Restoration Project the District has partnered with the
EBRPD and the John Muir Land Trust to provide foundational infrastructure that can support
future public access facilities through the Project area.
The EBRPD prepared a draft feasibility study evaluating potential trail alignments through the
Lower Walnut Creek Area (S. Dougan, pers. coms. August 18, 2016). This study identified three
potential trail alignments (Figure 19). All three trail alternatives enter the Project site along the
west bank of Walnut Creek via an elevated crossing structure over the BNSF railroad. All three
require negotiation of an easement through the Acme Landfill property and other easements.
EBRPD Alternative 1 was preliminarily identified as the preferred alignment for a trail connector
through the Project area. EBRPD Alternative 1 proposes a trail along the new setback levee along
the South Reach, across Pacheco Creek to the south of the Martinez Gun Club, west (up the hills)
towards Central Avenue, and then north to Waterbird Regional Preserve.
The District will continue to work with the EBRPD to refine plans for future public access
through the Lower Walnut Creek Area. The greatest challenge facing potential EBRPD trail
alignments appears to be identifying cost-effective ways to cross the BNSF railroad. The BNSF
railroad crossing would likely be via an elevated pedestrian walkway. We anticipate that this
structure will require an enlarged “landing” area where the new setback levee meets the BNSF
embankment.
The District is also partnering with the John Muir Land Trust to develop public access plans for
the North Reach. Preliminary concepts for the public access on the North Reach include a
parking/staging area with a restroom, a trail network with interpretive signage, and an overlook at
the north end of the site. The Land Trust is also considering potential additional amenities,
including a kayak launch, a covered pavilion and elevated overlook structures.
It is currently not clear if and when construction of the proposed future public access projects
would occur, and the District has no control over when and whether such projects may proceed.
The District encourages the EBRPD, JMLT and other interested partners to continue to
participate in the Lower Walnut Creek Restoration planning process to ensure that the restoration
Project is compatible with anticipated future public access projects through the Project area.
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6.3 Evaluation and Selection of Preferred Project
Project alternatives were compared and evaluated based on their ecological benefits, flood
protection performance, consistency with potential future trail locations, and overall ecological
sustainability and consistency with ongoing natural processes, and cost. These evaluation criteria
reflect and tie directly to the Project goals and objectives. The alternatives evaluation compares
the Without-Project and Project alternatives, using the evaluation criteria at each reach. This
section presents the alternatives evaluation methods, alternatives comparison, and the preferred
alternative.

6.3.1

Evaluation Criteria and Methods

This section identifies the metrics used to evaluate and compare alternatives (e.g., habitat area,
consistency with future public trails) and the methods used to quantify these metrics. Reachspecific results are presented in the Alternatives Comparison section below.

Habitat
Restoration performance is evaluated quantitatively by comparing the area of tidal wetland, nontidal wetland, and remaining (non-wetland) habitat for each alternative. In general, it is assumed
that the greatest ecological benefits come from the restoration of tidal wetlands and preservation
and creation of high-quality non-tidal wetlands. However ecological benefits are also provided by
transitional and upland habitats when appropriately located on the landscape. This analysis also
included a qualitative assessment of benefits such as enhanced habitat connectivity and tidal
connectivity.

Flood Protection
The level of flood protection performance provided by the with-Project alternatives is evaluated
using modeled flood water levels compared to without Project conditions. Alternatives are
compared based on the relative change in water levels and the change in extents of inundation.
Evaluation focuses on the 1% (100-year) flood event, though more frequent large events such as
the 10% (10-year) event were also considered.
These cases were evaluated for flood events under existing conditions and anticipated future
conditions, including sea level rise. Small differences were observed between the without-Project
and with-Project alternatives for the existing conditions flood scenarios, as discussed in the
sections that follow. The differences in performance between the without Project and with-Project
alternatives for the anticipated future conditions flood events were negligible. The hydraulic
model setup and detailed discussion of the results of the hydraulic modeling are included in
Appendix A1.

Public Access
Public access performance is evaluated based on whether or not each alternative is consistent with
the EBRPD’s preliminary preferred trail alignment through the South and Middle Reaches. At the
North Reach, public access performance is evaluated based on consistency of each alternative
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with the John Muir Land Trust’s interest in constructing trails and other public access facilities. A
“consistent” ranking means that the Lower Walnut Creek Project alternative preserves an
appropriate corridor that could be converted into a public trail at a future time. An “inconsistent”
ranking means that the alternative does not set aside such a corridor, making it difficult/infeasible
to construct a public trail through the Project reach at a future time.

Sustainability
Sustainability was assessed for flood performance and habitat restoration for future conditions
scenarios with +2 ft and +5 ft of sea level rise. Flood protection sustainability is evaluated based
on detailed analysis and modeling of future flood levels with sea level rise and geomorphic
change (Appendices A1 and A2). Modeled water levels for the future With-Project Alternatives
were nearly identical to those for the future Without-Project Alternative (negligible differences,
≤0.1 ft). Therefore, flood protection sustainability was not a differentiator between alternatives.
Habitat sustainability performance is evaluated based on the projected extents of wetland habitats
with +2 ft and +5 ft of sea level rise. Potential habitats are mapped based on land elevations
(adjusted upward for estimated sedimentation) relative to the tides. Alternatives are compared
based on the extents of tidal wetlands, transitional habitat, and adjacent uplands predicted to
persist during the two future time horizons.

Construction Cost
ESA evaluated the relative cost of each alternative based on the current conceptual level of
design. These cost estimates allow for relative comparison of the various alternatives within a
reach and between reaches. Relative costs are shown in increments (and half-increments) of
dollar signs ($). The relative cost estimates consider the anticipated costs of mobilization,
demolition, earthwork, hydraulic structures, access improvements and re-vegetation. The
estimates do not include operations and maintenance costs; the alternatives are expected to
require similar levels of operations and maintenance effort. The estimates do not include realestate costs for acquisition of land or easements.

6.3.2 Alternatives Evaluation and Preferred Alternative
A summary of the results of the alternatives comparison for all three reaches is provided in Table
8. Detailed discussion of the evaluation and comparison can be found in the Feasibility Study
Report (ESA, 2017).
Based on the evaluation of alternatives, the Project team identified a Preferred Alternative which
consists of:
•
•
•

South Reach Alternative S3: Breach and setback levee to maximize restoration
Middle Reach Alternative M3: Breach and setback levee with public access elsewhere
North Reach Alternative N2: Revised Pacheco Marsh Restoration Plan
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Figure 3 shows a conceptual plan view of the Preferred Alternative. 5 While there are benefits to

implementing restoration in the three reaches in one coordinated effort (e.g., the North Reach is
available as a soil disposal location for excess material excavated from the South and Middle
Reaches), the Preferred Alternative can be implemented independently between reaches, as
needed. The reaches can be implemented separately or in any combination. The District is
expected to phase implementation of the Preferred Alternative depending on the timing of
construction funding and property agreements.
The Preferred Alternative is contingent on the County successfully obtaining easements on
privately-owned lands, and upon the availability of funding for Project implementation. In the
event that the District is not able to reach a mutually-beneficial agreement with the private land
owners at the South or Middle Project reach, the District will pursue:
•
•

South Reach: Alternative S2 Breach And Setback Levee On District Property.
Middle Reach: Without-Project Alternative

TABLE 8
PROJECT ALTERNATIVES COMPARISON SUMMARY
8a. South Reach

South Reach Alternative

Evaluation Criteria

Without-Project

Alternative S1

Alternative S2

Alternative S3
(Preferred)

8 ac
22 ac
12 ac

20 ac
2 ac
19 ac

24 ac*
2 ac
15 ac*

28 ac
2 ac
11 ac

Baseline

Potential small,
localized increase
(see text)

Similar to
Alternative S3

Potential very small,
localized increase or
improvement (see
text)

Compatible

Compatible

Compatible

Compatible

Low

Moderate / High

High

High

Baseline

Negligible change
from future Without
Project

Negligible change
from future Without
Project

Negligible change
from future Without
Project

N/A

$

$$

$$

Habitat
Tidal Wetland:
Non-Tidal Wetland:
Non-Wetland:
Flood Protection

Public Access
Habitat Sustainability
Flood Protection
Sustainability

Construction Cost
Other

Requires agreement
with land owner.

5 The North Reach has been revised since the Feasibility Study Report; Figure
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TABLE 8
PROJECT ALTERNATIVES COMPARISON SUMMARY (CONTINUED)
8b. Middle Reach
Middle Reach Alternative
Without-Project

Alternative M1

Alternative M2

Alternative M3
(Preferred)

28 ac
36 ac
14 ac

58 ac
0 ac
19 ac

66 ac
0 ac
12 ac

67 ac
0 ac
10 ac

Baseline

Potential small,
localized increase
(see text)

Similar to Alternative
M3

Potential very small,
localized increase or
improvement (see text)

Public Access

None

Compatible

Compatible

None (provided
elsewhere)

Habitat Sustainability

Low

Moderate / High

High

High

Baseline

Negligible change
from future Without
Project

Negligible change
from future Without
Project

Negligible change from
future Without Project

N/A

$$

$$$

$$

Evaluation Criteria
Habitat
Tidal Wetland:
Non-Tidal Wetland:
Non-Wetland:
Flood Protection

Flood Protection
Sustainability

Construction Cost
Other

Requires agreement
with land owner.

8c. North Reach

North Reach Alternative

Evaluation Criteria
Habitat
Tidal Wetland:
Non-Tidal Wetland:
Non-Wetland:
Flood Protection
Public Access
Habitat Sustainability
Flood Protection
Sustainability

Construction Cost

Without-Project

Alternative N1

Alternative N2
(Preferred)

86 ac
58 ac
98 ac

155 ac
4 ac
83 ac

145 ac
24 ac
73 ac

Acceptable

Acceptable

Acceptable

None

Compatible

Compatible

Moderate

Moderate / High

High

Baseline

Negligible change

Negligible change

N/A

$$$$$

$$$$

Note: Habitat acreages above are from the Feasibility Study Report and have been revised for the
Project Study Report (current study).
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7. PROJECT OVERVIEW
The Project will restore and enhance coastal wetlands and adjacent habitats along the southern
shoreline of Suisun Bay and from Suisun Bay upstream along Walnut Creek, improving habitat
quality, diversity, and connectivity along four miles of creek channel, up to 400 acres in total. The
Project is an opportunity to significantly restore coastal wetlands for the benefit of native species
and to advance regional objectives for sustainable flood management and public access and
recreation. The Project is needed to enhance and restore estuarine wetlands and associated
wetland-upland transitional habitats that have suffered large historic losses, eliminate expensive
and environmentally destructive flood-related dredging, and remedy limited public access.

7.1 Habitat Restoration
The vast majority of the historic tidal marsh habitat within the lower reaches of Walnut Creek has
been diked or filled to support industrial development (SFEI 2016b). The Project will remove
barriers to tidal connectivity along a 3-mile reach of channel from the mouth of Walnut Creek
upstream to the BNSF (Burlington Northern & Santa Fe) railway and along Pacheco Creek, a
tributary to Walnut Creek. The Project will restore and enhance approximately 251.6 acres of
brackish tidal marsh, 52.5 acres of adjacent lowland terrestrial ecotones – including palya,
grasslands, and seasonal wetlands, and create and enhance approximately 50.1 acres of uplands
(Table 9).
TABLE 9
HABITAT AREA BY REACH
Habitat Type

South Reach

Middle Reach

North Reach

Total*

(acres)

(acres)

(acres)

(acres)

Upland

8.8

1.5

39.7

50.1

Lowland Terrestrial

7.9

8.2

36.4

52.5

Playa

0.0

0.0

7.6

7.6

Grassland

5.5

6.8

17.1

29.4

Seasonal Wetland

2.4

1.4

11.7

15.5

34.8

69.9

146.9

251.6

Marsh Ponds

0.0

0.0

3.4

3.4

Other Tidal Marsh

34.8

69.9

143.5

248.2

Not Mapped

25.0

1.0

6.0

32.0

Total

73.9

79 .8

248.5

402.1

Tidal Marsh

Note – Acreages shown are subject to change during final design. “Upland” category includes areas reserved for future public
access improvements.
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The habitat restoration approach incorporates guidance from the Baylands Ecosystem Goals
(Goals Project 2015) and the Resilient Landscape Vision for Lower Walnut Creek (SFEI 2016),
and is specifically designed for resiliency with sea level rise.
The restoration will connect existing historic marshes, providing a more continuous band of
protected wetlands along Walnut Creek and the southern Suisun Bay shoreline. The Project will
approximately double the width of the habitat corridor adjacent to 3 miles of the Pacheco and
Walnut Creek channels. The Project is located at a critical point along the south shore of Suisun
Bay, between two existing historic marsh complexes: Peyton Marsh (a 400-acre marsh owned by
State Lands) to the west and Point Edith Wildlife Area (a 760-acre reserve operated by the
CDFW) to the east. There is currently a nearly mile-wide gap between these two high value
habitat areas. Restoration of lower Walnut Creek will significantly improve habitat connectivity
along this stretch of coastline.
These restored and enhanced wetlands will provide important ecological benefits, such as
improved habitat for fish and wildlife, increased habitat diversity, and enhanced food web
production for fisheries. The Project will protect and restore anadromous fish habitat by restoring
tidal wetlands and slough channels, create complex habitat structure and shading, and increase
production of lower trophic levels in a creek that supports steelhead and migration and spawning
of Chinook salmon. Special status wildlife species that could also benefit from the restoration
include salt marsh harvest mouse, Ridgway’s rail, California black rail, steelhead, and Chinook
salmon. The Project will restore habitat for the state-listed Mason’s lilaeopsis, Delta tule pea, and
Suisun marsh aster (all observed adjacent to or within the Project area), all of which are
considered rare by the California Native Plant Society.
The Project area provides a valuable and regionally-rare opportunity to restore brackish tidal
marsh and adjacent estuarine lowlands, which provide an important marsh ecotone. Adjacent
habitats intergraded with tidal marsh are highlighted in the Baylands Goals Project Update (2015)
as providing ecological value in the near term as well as with future sea level rise (Section 7.5).
The Project includes landscape management to reduce the concentration of invasive non-native
plant species within the transition zones, and will reduce re-vegetation costs through on-site
native plant cultivation.
By incorporating a mosaic of habitats and sustainable transition and upland areas, the Project will
improve the long-term viability of resident species throughout the overall marsh complex.

7.2 Public Access
For the Project, the District will partner with the EBRPD and the John Muir Land Trust to
provide foundational infrastructure that can support future public access facilities through the
Project area. While the Flood Control District does not construct or manage public access and
recreational facilities, the District often partners with other agencies, municipalities and
organizations to provide public access on District land.
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The EBRPD is evaluating the potential for extension of the Ironhorse Trail through the Project
area. The preliminary preferred alignment of the trail extension runs along the new setback levee
in the South Reach, across Pacheco Creek to the south of the Martinez Gun Club, then west and
north to Waterbird Regional Preserve (Figure 19). The greatest challenge facing potential
EBRPD trail alignments appears to be identifying cost-effective ways to cross the BNSF railroad.
The BNSF railroad crossing would likely be via an elevated pedestrian walkway. We anticipate
that this structure will require an enlarged “landing” area in the South Reach where the new
setback levee meets the BNSF embankment. The District will continue to work with the EBRPD
to refine plans for future public access through the Project area.
The District is partnering with the John Muir Land Trust to develop public access plans for the
North Reach. A preliminary concept for the public access on the North Reach includes a
parking/staging area with a restroom, a trail network with interpretive signage, and an overlook at
the north end of the site. The Land Trust is also considering potential additional amenities,
including a kayak launch, a covered pavilion and elevated overlook structures.

7.3 Sustainable Flood Protection
The primary cause of flooding along the lower reaches of Walnut Creek is the confinement of
creek within a leveed channel corridor that is much narrower than the historic floodplain width,
and the reliance on an over-sized and geomorphically unstable dredged flood control channel to
convey flood flows within this confined corridor. The channel cross section is already constricted
at the two railroad bridges, and the limited flow conveyance at these bridges has become
increasingly problematic as sediment has accumulated within the channel cross section.
Providing a 100-year level of flood protection under these conditions requires frequent dredging
to increase creek capacity above the naturally sustainable channel size. This management
approach is not considered environmentally or economically feasible due to the rapid rate of
sediment deposition in the creek channel and the significant impacts that the frequent dredging
operations have on protected species and sensitive habitats.
The Project aims to maintain appropriate levels of flood protection along Lower Walnut and
Pacheco Creeks by reconnecting sections of the historic floodplain and restoring these areas to
tidal marshes and transitional habitats. The reconnected floodplain areas will increase the
overbank flow conveyance and the increased tidal flows provided by the Project will reduce
sediment deposition in the channel which will reduce the need for dredging in order to preserve
the existing level of flood protection for adjacent land uses. New setback levees will be
constructed along the inland edges of the reconnected floodplain areas in order to provide
continued flood protection to neighboring parcels.
Hydrodynamic modeling results developed for the Feasibility Study indicate that the proposed
restoration Project maintains appropriate levels of flood protection along the Project reaches, and
provides modest benefits upstream of the Project area. The Project provides significant reductions
in peak water levels during moderate flood events that do not overtop the existing levees
(approximately the Q20 event and smaller) and these benefits extend upstream of the Project area.
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During major flood events (approximately Q20 and larger) the Project provides a level of flood
protection that is comparable to without Project conditions.

7.4 Interim Vegetation Management
Prior to construction, the District proposes to implement an interim vegetation management
program to prepare the site for future restoration work. The District’s interim vegetation
management will include invasive species control and preparation for revegetation with native
plants. Control of invasive plants is important prior to restoration because, in the absence of
management, it is likely that invasive weeds would preferentially colonize newly graded areas,
making it difficult to establish good coverage of native plant communities. To prepare for
revegetation efforts, native plants will be harvested from onsite and nearby source areas, then
propagated onsite. The site has significant, naturally-recruited existing populations of several
desirable native plant species. In particular, there are several stands of native creeping wildryes
(Elymus triticoides and Elymus hybrids) that will be valuable for revegetation. These propagated
colonies of wildryes and other vegetation will substantially contribute to the Project’s ability to
establish rapid cover of native vegetation following grading or even during grading (incorporating
sod fragments in the cap layer of final grading), and significantly reduce costs compared with
exclusive or primary reliance on off-site propagation of container-grown plants.

7.5 Sustainability with Sea level Rise
The sustainability of Project benefits, in consideration of future environmental changes, i.e. sea
level rise, is a specific Project objective and has been a key design consideration. The District has
committed to designing and implementing the Project to be resilient to future sea level rise
through the year 2050 and adaptive through 2100. Consistent with regional recommendations
(Goals Project, 2015; SFEI 2016a), the Project aims to enhance the over-all resilience of wetland
habitats within the Project area by: providing space for tidal marsh migration with rising sea
levels; increasing tidal connectivity and reconnecting sediment flow pathways to promote healthy
marsh accretion; and reducing the fragmentation of existing wetlands habitats in the region.
The Project is designed to facilitate future succession of lowland terrestrial ecotones to tidal
marsh with sea level rise. Large existing high areas on Pacheco Marsh, in the North Reach, will
not be lowered to current tidal marsh elevations, but instead lowered to future marsh elevations,
providing migration space for tidal marsh with sea level rise. The Project approach provides for
tidal marsh habitat later in the century, when current marsh may be threatened. In the interim,
these higher-elevation areas will be graded with gentle transitions and revegetated to support
native lowland grasslands and seasonal wetlands, forming valuable ecotones with the restored
tidal marsh. New tidal marsh and channel networks will be intergraded with the lowland
terrestrial drainages, anticipating the extension of tidal channels with rising tides. Some lowland
areas will remain higher in elevation, so even as tidal marsh moves landward with sea level rise,
these lowlands will persist and continue to provide valuable marsh ecotone habitat.
The Project, by providing tidal connections to previously-diked areas and other tidal channel
improvements, reconnects the flow of sediment needed to support resilient tidal wetlands. Walnut
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Creek has a relatively high sediment load compared to the local tributaries to San Francisco Bay
(SFEI 2016b), making the Project area ideally-suited to creation of sustainable tidal wetlands.
Sedimentation allows tidal marshes to rise vertically and persist with higher sea levels. An
assessment of sedimentation and habitat evolution for future scenarios with up to 5 feet of sea
level rise (ESA 2017) indicates that although today’s marshes will be relatively lower in the tide
zone with 5 feet of rise, tidal emergent marsh vegetation is largely expected to persist.
Other potential climate change-related impacts to the Project, such as changes to rainfall-runoff
and temperature, are not expected to be as pronounced as the changes due to rising sea levels,
given the Project location and elevations. The Project aims to improve the general health and
function of the restored and enhanced habitats within the Project area so that these habitats will be
more resilient and better able to adapt to changing climatic conditions.
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8. PROJECT ELEMENTS
This section presents the habitat restoration, flood protection, public access, and other elements
that make up the preferred Project. The basis of design for the habitat restoration elements is
presented first, followed by reach-specific descriptions of the project elements.

8.1 Habitat Restoration
The proposed habitat restoration elements consist of creating and enhancing tidal marsh, adjacent
terrestrial lowlands, and uplands to support a diversity of plant communities and wildlife species.
Additional restoration approach detail is provided in ESA and Baye (2017), attached as Appendix
C.

8.1.1

Tidal Marsh

Tidal marsh restoration features planned for the site include vegetated brackish tidal marsh
(marsh plain), tidal channel networks, and shallow brackish marsh ponds. The restored tidal
marsh will evolve to have a fairly complex vertical biotic structure with several vegetation layers
(see Figure 13). Complex restored tidal marshes support a diversity of native wildlife species.
Fish will forage in the marsh plain during spring high tides and forage in channels during most
levels of the tide. Small mammals, such as salt marsh harvest mouse, will occur in some high
marsh areas where cover and access to flood refuge habitat is present. Birds such as California
black rail, Suisun song sparrow, salt marsh common yellowthroat, and Ridgway’s rail may forage
or nest in the low and high marsh. Special status plants such as Mason’s lilaeopsis, Delta tule pea,
and Suisun marsh aster occur in the existing marsh plain of Lower Walnut Creek, especially
along channel edges. They are expected to colonize areas in analogous subhabitats of the restored
tidal marshes.
Tidal channels and marsh ponds provide habitat diversity within the brackish tidal marsh.
Channels through the marsh provide estuarine fish habitat and wildlife corridor connections
between the marsh and adjacent terrestrial ecotones. Ponds provide habitat for native brackish
submerged aquatic vegetation, small prey fish, and many waterbirds, including dabbling ducks
that would also use adjacent lowland grassland habitats. Both marsh ponds and tidal channels are
expected to reduce mosquito production and needs for frequent, environmentally-damaging
mosquito-control treatments.
The Project will restore fully-tidal brackish marsh with the exception of tidal restoration in the
northwest and southwest quadrants of the North Reach. In these quadrants, the damped tidal
range (preliminary estimated maximum range of about two feet) will favor the establishment of
plant communities that are tolerant of prolonged periods of drying (high soil salinity due to
evaporation and concentration) and submergence during neap and spring tides, respectively.
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Pickleweed, fat-hen, and alkali-bulrush tend to dominate muted tidal brackish marshes in Suisun
Bay. Marsh pans and ponds may form in waterlogged depressions in muted tidal marsh more
readily than in fully tidal marsh. Some wildlife guilds, such as wading birds, heavily use muted
tidal marshes for foraging in some seasons and tides. In some cases, muted tidal marshes can
provide habitat refuges subject to less extreme short-term tidal flooding (relative to fully tidal
marsh), benefiting special-status species such as the salt marsh harvest mouse. During years of
extreme high rainfall, however, muted tidal marshes may be vulnerable to excessive, prolonged
flooding during high tides. Muted tidal marshes exhibit many of the same features as full tidal
marshes, though they often lack a full range of plant diversity. While muted tidal marshes may be
important to some wildlife groups (particularly shorebirds roosting in muted tidal pans during the
fall migration), muted tidal marsh can limit habitat value for some species, such as California
black rails.

Brackish Tidal Marsh Plain
Most of the restored tidal marsh habitat will be created simply by reintroducing tidal circulation
to appropriate existing grades and substrates in the Project area. Select areas, including the
existing levees to be lowered (re-graded) and some areas where artificial fill has been placed, will
be excavated to current mid- and high-marsh elevations to create tidal marsh. Graded marsh plain
slopes will range from approximately 20H:1V to 100H:1V. Tidal marsh plain (and channels) will
be graded into areas of restored lowland terrestrial habitats to enhance ecological values and
function in the short term, but primarily to provide long-term high marsh habitat during sea level
rise over decades. The revegetation approach relies on a combination of passive and active
revegetation.
Elevation and vegetation transect surveys completed by ESA within the Project area were used to
establish preliminary design tidal marsh plain elevations, shown in Table 10. The elevations in
the table provide a guide; however, habitats types are not discrete based on elevation and will
intergrade and be comprised of a mix of their component species, as dictated by soils,
microtopography and hydrologic conditions.
TABLE 10
PRELIMINARY TIDAL MARSH DESIGN ELEVATIONS
Marsh Type
High Marsh

Elevations
(ft. NAVD88)
6.2’ – 7.2’

Mid Marsh

5.5’ – 6.2’

Chairmaker’s bulrush (Schoenoplectus americanus), alkali bulrush
(Bolboschoenus maritimus).

Low Marsh

2.1’ – 5.5’

hardstem bulrush (Schoenoplectus acutus), California bulrush (Schoenoplectus
californicus), and cattail (Typha latifolia, Typha domingensis).
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Tidal Channels
When tidally inundated, marsh channels provide habitat for native fish such as Central Valley
steelhead, Chinook salmon, delta smelt, longfin smelt, Sacramento splittail, green sturgeon, and
Pacific herring. Mudflat channel edges also support invertebrates and during low tide they
provide foraging opportunities for shorebirds and Ridgway’s rail. Western pond turtle may also
occur in the tidal channels or bask along the channel edges.
Networks of tidal channels will be excavated in restored tidal marsh areas. These networks will
be connected to Lower Walnut Creek and Pacheco Creek via existing tidal channels in the
fringing marsh or new channels excavated through the existing fringing marshes through poorly
drained areas. Additional small tidal channels (more than the minimum required to connect the
breached areas) may be excavated in the existing poorly-drained high fringing marsh in the North
Reach, where they constrain marsh habitat quality. Small tidal channels will not be located near
existing channels that support tidally well-drained marsh and have high habitat value.
Implementation of these additional channels will depend on constructability and other
considerations (Sections 8.2.1, 8.3.1, & 8.4.1).
The tidal channel planform layout (e.g., channel length per marsh area, branching patterns, and
sinuosity) and sizing (cross-section dimensions) will be similar to channels in relatively
undisturbed historic brackish tidal marshes of Suisun Bay (e.g., existing historic marshes, US
Coast Survey topographic surveys).
Preliminary channel sizing is shown by channel order in Table 11. Design channel geometry is
based on Coates et al. (1995), Williams et al. (2002) and ESA (unpublished) work in Suisun
Marsh.
TABLE 11
TIDAL CHANNEL DIMENSIONS BY CHANNEL ORDER

Channel
order
3

Tributary
Marsh Area
(acres)
10

Top width
at MHHW
(ft.)
25

Cross
Section
Area (ft2)
76

Side slope
(H:V)
1

Invert
elevation
(ft. NAVD)
0

Depth
(ft. below
MHHW)
6

2

5

17

45

1

1

5

1

2

10

22

1

2

4

Material excavated from the channels will be sidecast and spread adjacent to the channels to
create subtle, low-relief high marsh berms (analogs of natural creek bank levee
microtopography), where appropriate. The berms will alternate sides of the channel, include gaps,
and otherwise be aligned to avoid obstruction marsh drainage into the channels. These berms
provide topographic diversity to support a greater variety of marsh vegetation and support higher
vegetation canopies, areas for marsh dwelling animals. Areas that are already at (or near) high
marsh elevations and areas in highly sensitive habitats may not be appropriate for sidecast
deposition of sediment for marsh berms. In these areas, material will be transported for disposal
in upland areas.
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Marsh Ponds
Marsh ponds provide habitat for native brackish submerged aquatic vegetation, small prey fish,
and many waterbirds (especially dabbling ducks and wading birds), including mallards that would
also use adjacent lowland grassland habitats. Marsh ponds are proposed in select high marsh
areas, in poorly-drained areas between channels in the North Reach.
Ponds will be at least 0.5 ac in size (open water), large enough so that wind-waves will inhibit
mosquito larvae production. Ponds will be constructed 1-2 feet deep (depth as measured from the
adjacent high marsh plain) with steep banks and an irregular, complex edge. Ponds will be
revegetated with native brackish submerged aquatic vegetation: wigeongrass (Ruppia maritima)
and sago pondweed (Stuckenia pectinata). Ponds may contain islets for habitat structural diversity
and bird use.

8.1.2

Adjacent terrestrial lowlands

Major historical changes to the Lower Walnut Creek wetland landscape involved not just loss of
tidal wetlands, but loss of adjacent lowland terrestrial habitats (SFEI 2017). These habitats,
functionally-connected to tidal marsh, provide important marsh ecotone functions. The Project
will take advantage of supratidal (above-tide) areas and existing degraded landscape features to
reconstruct a matrix of lowland terrestrial habitats that are analogs (or surrogates) of historical,
natural equivalent features destroyed by agriculture and industrial development near the original
bayland edges (SFEI 2017). These long-lost components of tidal marsh ecotones of Walnut Creek
include– lowland grassland, seasonal wetlands, alkali grassland and playa – collectively referred
to here as adjacent terrestrial lowlands. The analogous ecological (functional) equivalents of these
habitats are described below in terms of substrate, topography, hydrology, vegetation, and
wildlife.
Adjacent terrestrial lowlands provide movement corridors and flood refuge habitat for marsh
wildlife species during extreme high tides, including salt marsh harvest mouse. They also provide
nesting habitat for ducks, northern harrier, and other bird species.
The spatial arrangement of terrestrial lowland habitats relative to adjacent tidal marsh is an
important component of ecological function. The proposed restoration design intergrades adjacent
terrestrial lowlands with tidal marsh to increase ecological connectivity between the tidal and
supratidal habitats, as in natural estuarine-terrestrial transition zones. The proposed approach
includes excavation of tidal marsh channel networks and intertidal marsh benches within the
matrix of lowlands, increasing ecotone edge extent and complexity. The matrix of lowland
habitats will be gradually sloped, from high marsh to upland elevations for a wide ecotone
(transition zone). The adjacent terrestrial lowlands are designed to be successional habitats,
gradually converting to tidal marsh with sea level rise. The tidal marsh-terrestrial ecotone will
persist, moving upslope over time.

Lowland grassland and seasonal wetlands
Lowland grasslands interspersed with seasonal wetlands are proposed in supratidal areas adjacent
to tidal marsh. Lowland grassland restoration will convert weed-dominated ruderal lowland
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grassland to predominantly native lowland perennial grassland comprised of creeping wild rye,
sedges, rushes, and forbs. Seasonal wet meadow will occur in silt and clay sediment in
depressions and contain target vegetation similar to the lowland grasslands. Seasonal wetland
types will vary depending on the microtopography, substrate (soil texture and chemistry),
hydrology and other factors. Lowland grassland and seasonal wetlands are considered together
here, as they will occur as a mosaic on the landscape, with grasslands forming in the better
drained areas and seasonal wetlands in poorly-drained depressional areas.
Lowland grassland and seasonal wetlands will be restored at existing grade where there is a
gradual slope up from tidal marsh (e.g., the far south end of the South Reach, parts of the North
Reach). In other locations, gradual slopes will be graded by lowering fill areas (e.g., levees, fill in
the NW quadrant of the North Reach). Lowland grassland and seasonal wetland areas will be
managed pre-construction for weed-control, then re-vegetated with native plants to reestablish
native plant communities (Section 8.5).

Sandy alkali playa flats
Restoration of alkali playa flats will take advantage of the (accidental) historical formation of
sandy alkali playa-like flats in the northwest quadrant of the North Reach, from historical
discharges originating at the former sand offloading site at Suisun Properties. The playa-like
sandy flats on the site interior areas occur south of the Suisun Properties sand stockpiles. The
sand veneer over clayey bay muds established playa-like soils and hydrology, but currently
supports few native plant species and many weeds. These existing flats will be enhanced to
support native plant species assemblages of alkali vernal pools, alkali flats, and their ecotones,
similar to some natural historical ecotones of Suisun tidal marsh. Restoration of this habitat type
will incorporate regionally rare terrestrial ecotone diversity with tidal marsh.
The sandy alkali playa flats will be enhanced in place, using minimal grading combined with
revegetation with native plant species. The surface of the flats will be scraped to remove weeds
and their seed bank, and to create microtopography. Tidal marsh and lowland grasslands will be
intergraded into the flats in select locations to increase habitat complexity. Where this
intergrading occurs, a subtle drainage divide (sill) will be graded at the edge of the flat, to avoid
draining the flat into the adjacent habitat. Wide areas of the flats (over 200 feet) will be left in
place with no sinuous tidal channels. The flats may be finished by washing over the graded
surface with high-volume, high velocity jets of bay water (firehose and portable pumps) to reestablish stratified, sorted sediment structure that supports the distinctive vegetation.
The sandy alkali playa flats will be vegetated in the higher topography areas with patches of
saltgrass (Distichlis spicata), Pacific pickleweed (Sarcocornia pacifica), Parish’s pickleweed
(Arthrocnemum subterminale), alkali-heath (Frankenia salina), and in the lower (seasonally or
episodically flooded) depressions with smooth goldfields (Lasthenia glabrata; upper pool),
rayless goldfields (Lasthenia glaberrima; lower pool), downingia (Downingia pulchella),
popcorn-flowers (Plagiobothrys spp.), toad rush (Juncus bufonius), salt marsh owl’s-clover
(Castilleja ambigua subsp. ambigua; Point Pinole source), and (optional, with approval from
USFWS and CDFW) endangered Contra Costa goldfields (Lasthenia conjugens).
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Sandy alkali playa ecotones (Sand Splays)
Constructed sand splay are essentially very shallow slopes or cones of sand at the tidal marsh terrestrial lowland interface and adjacent lowlands, similar to sandy alluvial fans deposited over
clayey soils. Sandy splays replicate many features of some natural alluvial fans that spread over
tidal marshes, which support plant assemblages intermediate between high tidal marsh and alkali
playa or grassland. Sand splays formed accidentally in the North Reach by past sand processing at
Suisun Properties are similar to some natural historical ecotones of Suisun tidal marsh. Sand
splays provide regionally-rare terrestrial ecotone diversity into tidal marsh restoration and may
become suitable habitat for rare native plant populations, provide high tide shorebird roost
habitat, and rare insect habitat. The highest priority potential location for created sand splays is
the terrestrial ecotone with fringing tidal marsh at the North Reach.
Sand splays may be hydraulically slurried into place or placed and graded with earth moving
equipment. Target sand thickness is approximately 0.5 ft. over clayey tidal marsh. Final grade
should include micro-topographic heterogeneity, such as small-scale ridges, flats, and pools.
The sand splay will be actively revegetated with one or more of the following: smooth goldfields
(Lasthenia glabrata subsp. glabrata), Contra Costa goldfields (endangered; L. conjugens), sea
spurrey (Spergularia salina), and salt marsh owl’s-clover (Castilleja ambigua subsp. ambigua).
Reintroduction of federally endangered soft bird’s-beak, Chloropyron molle subsp. Molle), is also
likely to be feasible in portions of this habitat feature, as a future recovery and/or research project.
Extreme high tides and wave events are expected to result in marginal re-working and movement
of the sands, with wind-wave transport building a micro-topographic berm along the edge,
impeding drainage and creating conditions favorable for select target plant species.

8.1.3

Uplands

Upland habitats will be created in fill placement areas and levees to remain, and will contain
mostly coastal scrub plant assemblages that occur on estuarine coastal bluffs bordering Suisun
Marsh to the western Delta. Species composing, including California sagebrush (Artemisia
californica), lupines (Lupinus albifrons, L. nanus.), golden yarrow (Eriophyllum confertiflorum),
golden-aster (Heterotheca sessiflora), California buckwheat (Eriogonum fasciculatum), tarweeds
and spikeweeds (Hemizonia, Centromadia spp.), and native bunch grasses. The Project will seek
use of appropriate top soils to encourage desired plant growth. For example, adding a sandstonederived subsoil cap to the upland areas and aggressively revegetating these areas would greatly
reduce the potential for invasive plant establishment. Like terrestrial lowland habitat, uplands will
be revegetated with native plants. Upland areas adjacent to wetland areas provide habitat for
lizards, snakes, small mammals, and birds, such as the western fence lizard, gopher snake,
western harvest mouse, and western meadowlark.
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8.2 South Reach Project Elements
The South Reach will be restored by breaching and lowering the existing flood protection levees
along Walnut and Pacheco Creeks to restore tidal inundation to the existing non-tidal wetlands.
New tidal channels will be excavated within the restored wetlands and adjacent existing fringe
marsh, to connect the restored wetlands to the creeks. The existing levees will be lowered to
create predominantly high marsh habitat, but may also include marsh ponds and small areas of
terrestrial lowland grasslands and uplands. Flood protection will be provided by a new setback
levee along the western edge of the Project area. The Project area will be designed to facilitate the
implementation of future public access improvements, including the extension of the Ironhorse
Trail along the new setback levee, construction of a pedestrian crossing over the BNSF railroad,
and construction of a pedestrian bridge over Pacheco Creek. Details of the Project elements are
provided below and conceptual grading plans and cross-sections can be seen in Figure 20 and
Figure 21.

8.2.1

Habitat Restoration

Tidal Marsh
The existing diked marsh in the South Reach varies in elevation from low to high marsh in the
north to supratidal elevations in the south. In the southern part of the reach, where ground
elevations are higher, a small number of channels may be graded into the higher areas and mid
marsh graded adjacent to the new tidal channels to increase tidal connectivity and habitat
complexity. Tidal marsh will also be created by excavating portions of the existing levee to high
marsh elevations. Excavated marshplain along the lowered levees will have slopes ranging from
50H:1V to 150H:1V.
The conceptual grading plans include up to two new channel networks connecting to Lower
Walnut Creek and up to one new channel network connecting to Pacheco Creek. The channel
networks connecting to Lower Walnut Creek will be constructed as second order systems, while
the Pacheco Creek network will be constructed as a first order channel system. Some of the
material excavated from the channels within the diked basin will be sidecast and spread adjacent
to the channels to create high marsh berms. Channels and breaches will be located to avoid
conflicts with existing buried utilities within the South Reach.
Areas of Pacheco Creek upstream of the confluence with Walnut Creek would be enhanced
through the management of invasive vegetation and revegetation with native plant species.

Adjacent Lowland Terrestrial and Upland Habitat
Lowland terrestrial and upland habitat will be created along portions of the existing levees in the
southeast area of the reach where adjacent existing grades are supratidal, and along portions of
the new setback levees. Lowland grassland areas will have slopes ranging from 20H:1V to
40H:1V. Most of the existing levees along the South Reach will be lowered to high marshplain
elevations as described above. The remaining levees will be graded to support lowland grassland
and upland habitat.
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Lowland terrestrial (non-tidal) seasonal wetland exists at the southern end of the South Reach
Project area at supratidal elevations. These seasonal wetlands will be preserved and enhanced
through invasive species management and planting of natives. No grading is proposed in these
areas except as needed to construct the setback levee.

8.2.2 Flood Protection
A new setback levee, approximately 3,100 feet long, will be constructed along the western
boundary of the South Reach. The new setback levee will tie-in to the existing levee along
Pacheco Creek at the north (downstream) end and to the BNSF railroad embankment at the south
(upstream) end.

Setback Levee Configuration
The northern 1,900 feet of the setback levee will be constructed on Conco’s property and will be
incorporated into the planned improvements to Conco’s contractor yard. The southern 1,200 feet
of the new setback levee (adjacent to the closed IT Baker landfill) will be constructed on both
Conco and District property and will also be incorporated into the planned improvements to
Conco’s contractor yard. As discussed in Section 8.2.5, agreements will be required between the
District and Conco to facilitate construction of the setback levee on Conco’s property and
between the District and BNSF railroad to facilitate construction of the setback levee tie-in with
the embankment.
The final setback levee crest elevation along the South Reach will vary between approximately 13
ft NAVD at the tie-in with the existing levee along Pacheco Creek to 15 ft NAVD at the tie in
with the BNSF embankment. Final levee crest elevations will be determined during the design
phase. The levee crest elevation profile will be designed to maintain the same level of flood
protection provided by the existing levees. The preliminary levee design sections for the setback
levee are shown in Figure 21.
Along the northern segment of the South Reach levee to be constructed on Conco’s property, the
proposed levee design consists of a 30-ft top width with 3H:1V slopes on both the inboard (dry)
and outboard (creek) sides of the levee. On the inboard side, the levee slope will grade into
Conco’s proposed corporation yard improvements, where fill will be placed to raise the ground
surface up to 10 ft NAVD. On the outboard side, the levee slopes will extend to the existing
grade. Use of a 3:1 slope on the outboard side is proposed to avoid placement of fill in existing
jurisdictional wetlands on Conco property. Along the southern segment of the South Reach levee
the new setback levee will be constructed on both Conco and District property. The proposed
levee design along this segment consists of a 30-ft top width with a 3H:1V slope on the inboard
side of the levee and slopes varying from 20H:1V to 40H:1V on the outboard side to support
upland and terrestrial lowland habitat. Drainage pipes with tide gates will be installed along the
length of levee to allow drainage from Conco to Lower Walnut Creek. Construction of the levee
will be coordinated with the construction of Conco’s corporation yard improvements (see Section
9).
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The setback levees will support an access road for District inspections and maintenance and that
will allow for the potential for future public access as part of the extension for the Ironhorse Trail
(see Section 8.2.3). The access roads will be 24 feet wide and surfaced with 6 inches of class II
aggregate base.

Levee Settlement
Bay muds along the setback levee alignment have moderate to high settlement potential (HTE,
2017). Placement of fill to construct the setback levees may result in post-construction settlement
of between 2 to 4 feet for every 10 feet of fill placement. To account for this settlement potential,
the levees will be constructed higher than the design elevation to ensure appropriate levels of
flood protection as subsurface materials consolidate and settle. Additional study is needed to
quantify localized settlement potential along the setback levee alignment. Aerial imagery
indicates that some fill on the Conco property has already occurred with previous land uses, preloading the soils and reducing settlement potential.
Settlement of the setback levee has the potential to affect buried utilities within the setback levee
footprint, including the CCWD’s Shortcut Pipeline and inactive recycled water pipeline,
California Water Service Company’s recycled water pipeline, and petroleum product pipelines
owned/operated by Tidewater Oil Company/Chevron and Shell Chemical Company. During the
design phase, the District will work with the owners/operators of underground utility
infrastructure within the Project area to further evaluate potential impacts on underground
infrastructure and to determine any corrective measures needed to avoid such impacts.
There are several possible design options to address levee settlement and avoid or reduce
potential impacts to buried utilities. Lightweight fill, such as cellcrete or geofoam can be used to
construct the setback levees over the buried utilities, provided that uplift forces (buoyancy) can be
counteracted with a passive restraining system (such as placement of normal fill on top of
lightweight fill). It may also be feasible to remove the existing fill above the buried utilities and
replace it with lightweight fill and a passive restraining system prior to constructing the new
setback levees. Another option is to replace the levee with short spans of floodwalls where the
buried utilities intersect with the levee alignment. A third option is to realign the buried utilities
vertically to run over the levee and then cover them with fill. This would create a gentle sloping
high spot or hump in the levee crest where fill is placed to cover the pipeline. The applicability of
this option for the Project depends on the size of the utility line and the coverage requirements.
Depending on the utility type, it may also be possible to replace the pipeline material type with a
material that can better accommodate settlement (for example, replacing reinforced concrete with
HDPE). This approach is likely not a standalone option, but would be combined with the vertical
realignment option. If none of the design options discussed above are acceptable, the levee
alignment will need to be adjusted to avoid new fill over the buried utilities in areas where
unacceptable consolidation is expected. This could potentially require the preservation of one or
more segments of the existing flood control levee where it crosses the underground utilities and
the construction of new cross-levees to connect the new setback levee to the preserved existing
levee segment(s). Additional details related to the utilities, such as access, are discussed below in
Section 8.2.4.
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Levee Tie-Ins
Ground improvements may also be needed at the upstream and downstream tie-in locations
between the existing levees and the new setback levees to increase seismic stability and reduce
seismic deformations. The need and implementation details of required improvements for
settlement and seismic stability will be determined during the design phase of the Project.

8.2.3 Future Public Access
Extension of Ironhorse Trail – Trail Improvements
The EBRPD’s preliminary preferred alignment for the extension of the Ironhorse Trail
(Alternative 1 as shown in Figure 19) runs along the new setback levee within the South Reach.
The trail would connect to a crossing over the BNSF railroad to the south and to the existing
levee along Pacheco Creek to the north. The proposed setback levee cross-section is compatible
with future improvements to support a public access trail. The 30-foot levee top width will be
adequate to support a two-way Caltrans Class I bikeway (11.6 feet minimum width required to
support a two-way path plus shoulders) and the levee profile and crest cross slopes will be within
ADA tolerances. The LWC Project and/or Conco will construct fencing along the new levee as a
security measure to prevent trespass from the levee onto the Conco property.

Pedestrian Crossing at BNSF Railroad
Extension of the Ironhorse Trail requires a pedestrian crossing over the BNSF railroad. This
crossing would require a landing pad within the South Reach Project area. The dimensions of the
landing pad are not known as the design of the potential crossing has not been initiated as of the
publication of this report. A set aside area has been included in the conceptual design measuring
approximately 100 by 50 feet. The location and size of the landing area will be refined in
coordination with EBRPD during the design phase.

8.2.4 Utilities
Existing utilities in the South Reach Project area include overhead PG&E transmission lines and
support towers, buried petroleum products pipelines operated by Tidewater/Chevron and Shell
Chemical Company running parallel and to the north of the PG&E transmission towers, CCWD’s
Shortcut Pipeline, and the inactive recycled water pipeline (Figure 20).

PG&E
Overhead PG&E 115 kV transmission lines and two support towers are located within the South
Reach within a 70-foot wide easement that runs in an east-west direction. This east-west
easement alignment continues onto the Conco property. A PG&E easement also runs in a northsouth direction along the western side of the District property. There is no known PG&E
infrastructure installed in the north-south easement. The easements, power lines and tower
locations are shown in Figure 20. Per the PG&E easement agreement, a vertical clearance of at
least 25-feet must be maintained between the wires and cross-arms and the ground surface. The
easement agreement grants right-of-way to PG&E to access the property for maintenance of their
facilities.
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The new setback levee will cross under the PG&E transmission lines roughly 60 feet west of the
west transmission tower located in the Project area. Any modifications to the height of the
transmission lines or towers required to maintain vertical clearances between the setback levee
and the power lines will be determined in coordination with PG&E during the design phase of the
Project.
Under existing conditions access to the towers and lines can be achieved by vehicle or foot and
may be limited during the wet season due to ponding and saturated soil conditions. Access post
construction is likely to remain similar to the existing condition as grading in this area is not
proposed and the ground surface in this area is above tidal elevations. Post restoration access
requirements for maintenance and/or repair of the towers and lines will be determined in
coordination with PG&E during the design phase.

Petroleum Products Pipelines
A 10-foot wide Shell Chemical Company easement and a 20-foot wide Tidewater Oil
Company/Chevron 6 easement are located immediately north of the PG&E easement (Figure 20).
The agreements grant easement for installation of buried pipelines and right-of-way for access to
maintain and repair. The location of the pipelines within the easements, diameter of pipelines,
and installation depth below ground surface are unknown. The easements cross the existing
Walnut Creek levee and extend across the creek.
The new setback levee will cross over the Shell and Tidewater easements (Figure 20). Design
and construction of the setback levee may require special measures to protect the pipelines
installed in the easements from damage from settlement of soils or construction activities (Section
8.2.2). New tidal channels and breaches implemented as part of the South Reach habitat
restoration will be designed to avoid conflicts with existing buried utilities. Design details related
to the pipelines, including pipeline material improvements or improved coverage requirements
will be resolved during final design in coordination with the pipeline operators.
Under existing conditions, access to the pipeline easements can be achieved by vehicle or foot
and may be limited during the wet season due to ponding and saturated soil conditions. Access
post construction is likely to remain similar to the existing condition as grading in this area is not
proposed and the ground surfaces are above tidal elevations. Post restoration access requirements
for maintenance and/or repair of the pipelines will be determined in coordination with pipeline
operators during the design phase.

CCWD Shortcut Pipeline
The Shortcut Pipeline, a 48-inch diameter cement-mortar-lined and coated steel water supply
pipeline owned and operated by CCWD, traverses the Project Area in a 40-foot wide easement
running from southeast to northwest located roughly in the middle of the South Reach (Figure
20). The Shortcut Pipeline crosses under Walnut Creek and the existing levees along the creek.
Settlement monitoring stations are installed on the Shortcut Pipeline, including stations within the
6 The Tidewater Oil Company’s assets and facilities have changed ownership several times since this easement was

issued. The Tidewater easement is now believed to benefit Chevron.
Lower Walnut Creek Restoration Project
Project Study Report

59
Final

ESA / D140703
December 2017

8. Project Elements

South Reach, to monitor settlement of the pipeline due to ground subsidence or seismic activity.
An agreement between the District and CCWD was made in December 2010 to allow CCWD
access to maintain the Shortcut Pipeline within the South Reach (CCWD 2011).
The new setback levee will cross over the Shortcut Pipeline. Design and construction of the
setback levee may require special measures (see 8.2.2) to protect the pipeline from damage from
settlement from placement of materials to construct the levee or from construction activities. New
tidal channels and breaches implemented as part of the South Reach habitat restoration will be
designed to avoid conflicts with existing buried utilities. Design details related to the pipeline,
included protection or relocation measures will be resolved in coordination with CCWD during
final design.
The existing level of access to the CCWD pipeline alignment and settlement monitoring stations
varies along the length of the pipeline. Access to the pipeline alignment on the landward side of
the flood control levee is constrained by the presence of sensitive habitat (protected species
habitat and regulated wetlands and waters), seasonal inundation and saturated soil conditions. On
the creek side of the existing levee, access is constrained by sensitive habitat, tidal and fluvial
inundation, and saturated soil conditions. Under with-Project conditions, a roughly 500-ft long
segment of the pipeline alignment will convert from seasonal inundation to tidal and fluvial
inundation. Access requirements for monitoring and maintenance of the pipeline will be
determined in coordination with CCWD during the design phase.

California Water Service Company Recycled Water Pipeline
A 20-inch inactive recycled water pipeline is located within the South Reach in a 10-foot wide
easement running east-west located north of the CCWD Shortcut Pipeline and easement. The
easement is held by the California Water Service Company. The recycled water pipeline connects
to a storage tank on Vine Hill and runs under Pacheco Creek and Walnut Creek towards the
Tesoro (now Andeavor) Refinery, but is not currently in use (Paul Detjens and Chris Hentz, pers.
coms. 2017). Installation details of this pipeline including alignment, material type, and depth are
unknown at this time.
The new setback levee will cross over the recycled water pipeline. Design and construction of the
setback levee may require special measures to protect the pipeline from damage from settlement
from placement of materials to construct the levee or from construction activities. New tidal
channels and breaches implemented as part of the South Reach habitat restoration will be
designed to avoid conflicts with existing buried utilities. Design details related to the pipeline,
included protection or relocation measures will be resolved in coordination with the California
Water Service Company during final design.

8.2.5 Land Ownership, Easements, and Right of Way
Several elements of the Project will require agreements with adjacent landowners and easement
holders. Construction of the new setback levee is proposed on property owned by Conco Inc. An
agreement will be required between the District and Conco to facilitate the design and
construction of the setback levee on Conco’s property and to facilitate District access and future
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public access on this levee. The District and Conco have reached a tentative understanding on this
approach and are working towards a formal agreement.
Construction of the south levee tie-in with the BNSF embankment will require work on BNSF
property and an associated agreement between the District and BNSF. If an agreement cannot be
reached, the alignment of the setback levee at the south end of the South Reach would be revised
to tie-in at the existing intersection of the railroad and levee along Lower Walnut Creek.
In addition, the South Reach Project will also affect easements held by PG&E, Shell Chemical
Corporation, Tidewater Oil Company, Contra Costa Water District (CCWD), and California
Water Service Company. Appropriate agreements will be required prior to construction and may
be required prior to permit approvals. Property agreements will be resolved during final design
and permitting. If an agreement cannot be reached with a given utility owner, the alignment of the
setback levee would be revised to avoid new fill over the buried utility.

8.3 Middle Reach Project Elements
Tidal marsh will be restored by breaching and lowering the existing flood protection levees along
Walnut Creek and Pacheco Creek to restore tidal inundation to the existing non-tidal wetlands.
New tidal channels will be excavated within the restored wetlands and adjacent existing fringe
marsh, to connect the restored wetlands to the creek. The existing levees will be lowered to create
predominantly high marsh habitat, but may also include marsh ponds and small areas of terrestrial
lowland grasslands and uplands.
The lowest portions of the Acme landfill cap may be directly inundated (but not eroded) for brief
periods and does not require a new setback levee to provide flood protection. The existing private
landfill perimeter access road will be improved to support landfill operations and access for
District maintenance. New drainage swales will be constructed on the upslope side of the
improved perimeter access route to direct stormwater runoff from the landfill into existing nontidal basins to the north and south of the Middle Reach Project area. Two new short sections of
levee will be constructed at the upstream and downstream ends of the reach and will connect to
the existing levees along Pacheco and Lower Walnut Creeks. Details of the Project elements are
provided below and the conceptual grading plan and typical cross-sections can be seen in Figure
22 and 23.

8.3.1

Habitat Restoration

The existing levees along the Middle Reach will be breached by new tidal channels and lowered
to high marsh elevations. The existing diked marsh areas, which vary between low to mid marsh
elevations, will not be graded. A segment of the existing levee will be graded down to high marsh
elevations with new marshplain slopes ranging from 50H:1V to 150H:1V.
The conceptual grading plan includes three new channel networks connecting to Lower Walnut
Creek and two new channel networks connecting to Pacheco Creek. The channel networks
connecting to Lower Walnut Creek will be constructed as first and second order systems and will
likely connect to existing tidal channels in the fringing marsh to minimize the need for excavation
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within the existing tidal wetland habitat along Lower Walnut Creek. The channel networks
connecting to Pacheco Creek connection will be constructed as second and third order systems
and will likely require the creation of new channels through the existing fringing marsh. Material
excavated from the channels within the diked marsh area will be sidecast and spread adjacent to
the channels to create high marsh berms.
Transition and upland habitat will be created on the side-slopes of the new setback levees and
along portions of the improved Acme perimeter access road. Transition areas will have a
maximum slope of 3H:1V. Gentler slopes, up to 40H:1V may be constructed where geotechnical
feasible and as appropriate to achieve ecological benefits. The existing levees along the Middle
Reach will be lowered to high marsh elevations.
Graded transition and upland areas will be re-vegetated with native plants to minimize soil
erosion.

8.3.2 Flood Protection
Setback Levee Configuration
New setback levees will be constructed at the upstream and downstream end of the Middle Reach
and will connect the existing levees along Pacheco and Lower Walnut Creek with the improved
perimeter access road. The final setback levee crest elevation for both setback levees will be
approximately 12 ft NAVD. The final levee crest elevations will be determined during final
design. This elevation will be designed to maintain the same level of flood protection as provided
by the existing levees. The preliminary levee design sections for the setback levee are shown in
Figure 23. The preliminary levee design consists of a 21-ft top width with 3H:1V slopes. The
levee prism may be modified in some areas (where geotechnical feasible and as appropriate to
achieve ecological benefits) to feature gentler slopes, up to 40H:1V, on the outboard sides to
support upland and terrestrial lowland habitat. The setback levees will support an access road for
District inspections and maintenance. The access roads will be 18 feet wide and surfaced with 6
inches of class II aggregate base.

Levee Settlement
Subsurface conditions along the setback levee alignments have moderate to high settlement
potential (HTE, 2017). Placement of fill to construct the setback levees may result in postconstruction settlement of between 2 to 4 feet for every 10 feet of fill placement. To account for
this settlement potential, the levees will be constructed higher than the design elevation to ensure
appropriate levels of flood protection as subsurface materials consolidate and settle.
Implementation details for levee construction methods will be determined during the design phase
of the Project.

Levee Tie-Ins
The new setback levees will tie into the existing levee along Lower Walnut Creek at the upstream
end and along Pacheco Creek at the downstream end. Ground improvements may be needed to
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increase seismic stability and reduce seismic deformations. The need and implementation details
of required improvements will be determined during the design phase of the Project.

8.3.3 Improved Landfill Perimeter Access Road
The existing landfill perimeter access road will be improved by raising the road and resurfacing.
The proposed road design consists of a 21-ft top width with 3H:1V side slopes on both the
upslope and downslope sides of the road. The access road will be surfaced with 6 inches of class
II aggregate base with an 18-foot wide drivable width. Passing areas of at least 25 feet clear width
will be provided at appropriate intervals along the access road alignment.
The subsurface conditions along the perimeter access road alignment have moderate settlement
potential (HTE, 2017). Placement of fill to construct the road improvements may result in postconstruction settlement of between 1 to 2 feet for every 10 feet of fill placement. To account for
this settlement potential, the road will be constructed higher than the design elevation to ensure
the roadway is accessible during high flow events as subsurface materials consolidate and settle.
Lightweight fill material may also be used to minimize settlement. Implementation details for
road construction methods will be determined during the design phase of the Project.
On the upslope side of the access road, a new drainage swale will be constructed to collect
surface water runoff from the landfill and deliver it to the Acme landfill buffer basins to the north
and south of the Middle Reach restoration area. Directing the landfill runoff to areas of the Acme
buffer basin that will remain non-tidal will maintain stormwater drainage practices currently in
place at the landfill as required by the regulatory agencies.

8.3.4 Landfill Infrastructure
No excavation is proposed, or allowed, into the landfill cap. There are 13 existing water quality
compliance wells used to monitor the Acme landfill within the Middle Reach Project footprint
(locations shown in Figure 22). Acme requires vehicle access to the wells every 3 months for as
long as the landfill remains operational (N Farros and P Lacey, pers. comm.). The wells would
remain and the standpipes may need to be raised as part of the restoration. Groundwater sampling
methods require purging of groundwater prior to sampling, so a vehicle is needed to carry the
generator used for purging. Acme currently uses a Gator utility vehicle for access. Design details
needed to support the monitoring will be determined during the design phase of the Project and
may consist of constructing raised access roads to each well or using an amphibious vehicle, such
as an Argo, for access.

8.3.5 Utilities
Overhead 21 kV electrical distribution lines and three support poles are located within the Middle
Reach. These lines and poles are not identified in PG&E electrical distribution maps and are
likely privately owned by a third party.
The southern new setback levee will be constructed to the west of the pole located along the
existing Pacheco Creek levee and the existing levee adjacent to the pole will be lowered. The new
setback levee does not cross under the distribution lines. The improved landfill perimeter access
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road does cross under the distribution lines The final design height of the lowered levee,
improved access road, and post restoration access requirements for maintenance and/or repair of
the poles and lines will be determined in coordination with the owner during the design phase.

8.3.6 Land Ownership, Easements, and Right of Way
Construction of the new setback levees, excavation of tidal channels within the diked basin,
restoration of tidal flows to the diked basin, and improvements to the landfill access road and
drainage are proposed on property owned by the Acme Fill Company. Appropriate agreements
(e.g. leases or easements) will be required prior to construction and may be required prior to
permit approvals. Property agreements will be resolved prior to construction.
If property agreements are not secured, construction of the middle reach will be removed from
Phase 1 implementation and delayed to a possible later phase of work.

8.4 North Reach (Pacheco Marsh) Project Elements
The north Reach is divided into four quadrants for planning purposes, as shown in Figure 2, and
the proposed habitat restoration within each quadrant varies in response to the distinct ecological,
topographic and hydrologic characteristics of that part of the site.
In general, existing grades in the North Reach are higher relative to the tides compared to the
Middle and South Reaches. The North Reach design preserves large portions of the site at higher
elevations (above the elevations of present day tidal marsh) with the expectation that these areas
will gradually convert to tidal marsh habitats over time as sea levels rise.
Restored tidal brackish marsh areas will be fully tidal east of the CCCSD sewer line and muted
tidal west of the sewer line.

8.4.1

Habitat Restoration

Habitat restoration features on the North Reach are described by quadrant and shown in Figure 3
and Figure 24.

Northwest Quadrant
New tidal marsh in the northwest quadrant will connect to Suisun Bay through a remnant,
disconnected segment of the historic Walnut Creek channel (Figure 2) that flows from Suisun
Bay through Peyton Marsh, through culverts beneath the Plains Products Pier Access Road, then
onto State Lands Commission lands between Pacheco Marsh and the Plains Products Pier Access
Road. As noted above, tides in the historic Walnut Creek at the project site are extremely muted.
To increase tidal exchange to the northwest and southwest quadrants, the project proposes to
improve the culverts beneath the Plains Products Pier Access Road (Section 8.4.3) and enlarge
the historic Walnut Creek channel between the new culverts and the tidally-restored northwest
and southwest quadrants. These improvements are anticipated to allow delivery of at least a 2-ft
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tide range to the west side of the North Reach. 7 This 2-ft tide range will be an improvement over
the existing tide range on the west side, though still muted compared to Suisun Bay.
New muted tidal wetlands will be created in the southern third of the northwest quadrant. Grades
will be lowered by 3-5 feet to high marsh elevations and new tidal channels will be excavated.
The new tidal channels will be integrated with swales in the adjacent terrestrial lowlands to allow
for the gradual conversion of the adjacent lowlands to tidal wetland habitats as sea levels rise.
Part of the existing berm along the south side of the quadrant will be lowered to marsh elevations,
while the remainder of the berm will be preserved at upland elevations (or raised) to facilitate
future public access.
The project will create a mosaic of lowland terrestrial habitats in the areas adjacent to the tidal
marsh restoration, in particular in the southern and central sections of the quadrant. These
habitats will include a mix of grasslands, seasonal wetlands, and sandy alkali playa flat. Mass
grading will be performed in some of the lowland terrestrial habitat areas in order to achieve a
gently sloping landscape with an average slope of 50:1 or shallower. The landscape slope will run
from approximately elevation 6’ NAVD at the new muted tidal marsh at the south end of the
quadrant to 13’ NAVD at the northern boundary of the quadrant. Typical cut depths in the
lowland terrestrial habitat areas will be approximately 2-3 feet below existing grade. Existing
grades in some areas, such as in the existing playa area in the northern portion of the quadrant, are
already at elevations consistent with the target landscape slope and such areas will not require
mass grading. Swales will be excavated through the lowland terrestrial areas extending upslope
from the adjacent muted tidal wetland channels.
The lowland terrestrial areas in the northwest quadrant will require fine grading, including the
application of stockpiled topsoil material and fine tolerance finish grading. Fine graded feature
slopes will be 10:1 or shallower and will include a mix of well-drained areas and depressional
features. Depressional features up to 1.5 feet deep and up to 1 acre in area will be created. The
CCCSD access road will be re-located within the CCCSD easement, and new habitat excavated
within the existing road alignment.
Earth excavated from other parts of the project area (South, Middle and North Reaches) will be
placed in two dune-like features at the north and west edges of the northwest quadrant. The dune
feature slopes will vary from 3:1 to 20:1, and will be graded to direct runoff towards seasonal
wetland areas to the extent possible. Fill thickness will vary, with thickness up to 25’ in some
areas. Allowable fill thickness may be limited by geotechnical design considerations, including
likelihood of slope failure and bearing capacity of subsoils.

Southwest Quadrant
In the southwest quadrant, the existing seasonal wetland basin will be breached and reconnected
to the enlarged muted-tidal historic Walnut Creek channel. New tidal channels and tidal marsh
ponds will be excavated within the basin as needed to provide appropriate hydrology (some pond
7 Modeling conducted by PWA in 2004 suggests that by installing larger culverts under the pier it will be possible to
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areas may not require excavation). The perimeter berm running along the south and west sides of
the quadrant will be lowered to high tidal marsh elevations.
The existing lowland terrestrial areas at the south end of the southwest quadrant, including
grasslands and non-tidal seasonal wetlands, will be largely left at existing grades. Some fine
grading may be performed in target locations to improve local drainage conditions. Lowland
terrestrial areas that are impacted by earthwork will be revegetated with native plants, while unimpacted areas will be managed to remove non-native invasive plant species.

Northeast Quadrant
In the northeast quadrant, new tidal marsh and lowland terrestrial habitats will be restored at
grade at the north and south ends of the quadrant by re-introducing tides from Lower Walnut
Creek. Tidal channels and a large marsh pond will be excavated within the new tidal marsh areas.
The marsh areas will then be re-connected to the tides by breaching the perimeter berm along the
east side of the quadrant and constructing two or more new tidal channels through the outboard
marsh. The perimeter berm will be lowered to create a gentle transition to the existing fringing
tidal marsh along Walnut Creek, and some grading may be performed in adjacent areas in the
central and northern thirds of the quadrant to achieve a gently sloping landscape. Grading will be
used to create a gentle slope (50:1 or shallower) between the high ground of the CCCSD sewer
alignment and the restored tidal marsh.

Southeast Quadrant
In the southeast quadrant, the existing non-tidal wetland basin will be breached and reconnected
to Walnut Creek via a tidal channel excavated (as needed) through the fringing marsh. New tidal
channels will be excavated within the basin. The berms along the north and east sides of the
southeast quadrant will remain and will be improved to accommodate future public trails.
Some of the grasslands and non-tidal seasonal wetlands at the south end of the southeast quadrant
will be largely left at grade. Some grading may be performed in target locations to improve local
drainage conditions. Lowland terrestrial areas that are impacted by earthwork will be revegetated
with native plants, while un-impacted areas will be managed to remove non-native invasive plant
species.
Earth excavated from other parts of the project area will be placed in the southern part of the
quadrant. Fill slopes will vary from 3:1 to 20:1, and the grading will be arranged to support
planned public access trails and other facilities. Fill thickness will vary, with thickness up to 10’
in some areas. Allowable fill thickness may be limited by geotechnical design considerations,
including likelihood of slope failure, bearing capacity of subsoils, and avoidance of impacts to the
CCCSD sewer outfall.

Lower Walnut Creek Fringing Marsh
The fringing marsh to the east of the northeast and southeast quadrants will be enhanced with
sandy splays, one or more excavated marsh ponds, and additional excavated tidal channels to the

Lower Walnut Creek Restoration Project
Project Study Report

66
Final

ESA / D140703
December 2017

8. Project Elements

extent feasible. The extent of work performed in the fringing marsh areas will be determined
during final design.

8.4.2 Public Access Trails and Amenities
In a related project, the John Muir Land Trust (JMLT) has proposed public trials and other public
access features to support recreational and educational use of the restored Pacheco Marsh site.
These features have been described at a conceptual level in a visioning document prepared in the
spring of 2017 (Appendices D1 and D2).
Proposed amenities include:
•

Public trails. Conceptual trail locations are shown on Figure 3. The JMLT has expressed
an interest in constructing trails that are ADA compliant.

•

A parking and staging area, located near the site access road at Waterfront Road

•

A gathering area, potentially including tables, benches, shade structures, trash cans and
restrooms, located at the south side of the southeast quadrant

•

A vista point with interpretive signage and benches, located at the north end of the
northwest quadrant where the proposed trail reaches the crest of the fill placement area

•

Additional interpretive signs, benches and fencing along trails throughout the site

The types and locations of these amenities are subject to change based on the outcome of the
JMLT’s planning and design process. For the LWC Project Study Report (this study), the Project
assumes the public access features shown in Concept B in the visioning document. The Project
grading and revegetation will be refined during final design as detailed designs for the North
Reach public access features become available. The timeline for design and implementation of
the public access features on the North Reach is expected to follow project implementation.

8.4.3 Plains Products Pier Access Road Culverts and Channel
Improvements
The historic Walnut Creek channel adjacent to Pacheco Marsh is connected to a tidal channel on
Peyton Marsh via a single 36” CMP culvert which passes under the Plains Products Pier Access
Road (Figure 2). This culvert provides little capacity to deliver tidal flows to proposed restoration
areas on the western half of Pacheco Marsh (west of the CCCSD outfall). The culvert under the
Plains Products Pier Access Road will be replaced to increase tidal conveyance, though still
muted. In 2004, PWA estimated that the crossing should have at least 100 square feet of culvert
cross section (achieved through one or more new culverts) to increase the tide range to the
western half of Pacheco Marsh within other constraints.
The Plains Products Pier Access Road embankment contains a paved roadway, fencing, and an
above-ground pipeline rack which supports several pipelines used to transport petroleum products
and other materials to support pier operations. The culvert design will need to provide for the
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protection of the existing petroleum products infrastructure and access road. Installation of the
new culverts will require close coordination with Plains Products to identify a culvert design and
construction methods that prevent or minimize disruptions to pier operations.
The improved culverts will connect to the historic Walnut Creek Channel to the southwest of
Pacheco Marsh. This tidal channel will provide the tidal connection to the restored brackish tidal
marshes on the northwest and southwest quadrants of Pacheco Marsh. This tidal channel will be
enlarged using land-based excavators to accommodate the improved conveyance capacity of the
new culverts.
The Project does not propose to enlarge the historic Walnut Creek channel outboard (west) of the
Plains Products Pier Access Road due to environmental impacts to sensitive existing habitats and
anticipated challenges related to construction access and permitting for work in this area. Over
time we expect that this outboard channel may scour and enlarge due to the increased tidal prism
created by the restoration project and the enlarged culverts. It is difficult, however, to predict how
quickly this scour may occur. It is likely that the restored tidal marshes on the west side of
Pacheco Marsh will experience improved, but still muted, tidal conditions for many years
following restoration.

8.4.4 Utilities
The Central Contra Costa Sanitary District (CCCSD) outfall pipeline runs from south to the north
through the center of the North Reach. This 72” concrete pipe is located in a 130-foot wide
easement and has ten manholes which are used for maintenance of the outfall within the project
area. The final design phase will include geotechnical investigations to develop design criteria
for the placement of fill material in the vicinity of the outfall in order to minimize the risk of
settlement or other adverse impacts to the outfall.
The CCCSD uses the existing access road to inspect and maintain the outfall pipeline. This
access road is located within the easement on the south half of the site, however on the north half
of the site the access road veers to the west of the easement starting approximately 2500 feet
north of Waterfront Road. The elevation of the access road varies from approximately 6.5 ft
NAVD to 13 ft NAVD, and sections of the road become inundated during spring tides. The
project proposes to re-align the access road to run within the easement where possible.
Several above-ground petroleum products pipelines run along the west side of the Plains Products
Pier Access Road. These pipelines are supported by a pipe-rack with foundation piles spaced
every 25 feet. The design of the Plains Products Pier Access Road culvert replacement will need
to consider the geometry and structural design of the pipe rack foundation piles in order to avoid
impacts to the petroleum pipelines.
A rack containing several petroleum products pipelines runs along the south side of the project
site, approximately 150ft north of Waterfront Road. The portion of these pipelines to the east of
the Pacheco Marsh entry gate are managed by Tesoro and were renovated in 2016-2017. These
pipelines are not anticipated to be impacted by the project work.
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8.4.5 Flood Protection
The North Reach does not contain any flood protection levees and the Project is not expected to
have a significant effect on flood water levels in this area. The berms and informal levees that
will be lowered as part of the restoration do not provide flood protection for any vulnerable
infrastructure.
Existing infrastructure, including the CCCSD access road and Waterfront Road, are inundated
during high tide events under existing conditions, which will remain unchanged with the Project.
High tides flow from Walnut Creek through an existing tidal ditch north of Waterfront Road to
overtop low points in the road. Tide waters can also reach low points on Waterfront Road via the
existing Plains Products Access Road culvert. The restoration project will enlarge this culvert;
however, the larger culvert is not expected to increase the frequency or extent of flooding
compared to existing conditions.

8.4.6 Land Ownership, Easements, and Right of Way
The perimeter berms on the east and west sides of Pacheco Marsh are located on lands owned by
the California State Lands Commission. SLC has indicated a willingness to provide the District
with a lease that would allow for the lowering of berms and excavation of new tidal channels on
SLC property.
The CCCSD outfall pipeline easement runs south to north through the middle of the Pacheco
Marsh property. The Project will avoid work within the CCCSD easement except where
necessary to support construction access and public access improvements. This includes the realignment of approximately 1600 feet of the CCCSD access road, and grading to improve access
to upland areas at the southern end of the southeast quadrant to support a future public access
staging area at that location.
The project will match grades at the northern boundary with the adjacent parcel. There currently
are several large sand piles along this property line which originate on the adjacent parcel but
extend onto the District’s property. The long-term plan for these sand piles is uncertain, and the
project grading along this boundary will be refined to either be integrated with any sand piles that
are planned to remain or to allow for the future removal of the piles, as appropriate.

8.4.7 Potential Future Direct Tidal Connection to Suisun Bay
The Suisun Properties parcel, located to the north of the project site, is a privately-owned
property formerly used for sorting sand and aggregate products. The District is interested in
integrating the Lower Walnut Creek Restoration Project with potential habitat restoration efforts
on the Suisun Properties parcel. Such integration offers numerous opportunities to improve for
the restoration outcomes on both the Lower Walnut Creek and Suisun Properties sites, of
particular interest is the potential to restore a direct tidal connection between west Pacheco Marsh
and Suisun Bay, bypassing the constrictive culverts at the Plains Products Pier Access Road.
Such a connection would provide significant benefits for habitat connectivity and would restore
full tidal action to the muted tidal marshes along the west side of Pacheco Marsh and on the
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neighboring State Lands Commission property. Additional potential benefits from integrating
restoration on Suisun Properties include greater public access opportunities and logistical
efficiencies related to shared construction access, staging areas and material handling.
The North Reach restoration design assumes that there will be no habitat restoration on the
Suisun Properties parcel, however the design has been developed in a way that anticipates the a
potential for a future direct tidal connection to Suisun Bay. Given the clear benefits of such a
channel, the design team has made the optimistic assumption that such a channel might be
constructed in the future. Therefore, the restoration design aims to accommodate this potential
future channel by orienting the restoration elements in the north west quadrant of the North Reach
and the re-located CCCSD access road in a manner that preserves a corridor where this new
channel could be constructed. This corridor is intended to minimize the disruption to the rest of
the restoration design in the event that the construction of such a channel becomes possible. If
this direct tidal connection channel were to be constructed, it would be beneficial to make minor
adjustments to the layout of the northwest quadrant, including adjustments to the locations of
several proposed tidal channels, the public access trail bridge, the northern fill placement area and
tidal marsh benches and adjacent transition slopes.

8.5 Revegetation
Planting, seeding, and other revegetation techniques will be used after grading to create a mosaic
of native wetland, ecotone transition, and upland habitats that will provide valuable ecosystem
functions. Revegetation efforts will focus on active planting and vegetation management in the
adjacent terrestrial lowland and upland areas of the restoration site. No significant active
revegetation efforts are planned for the tidally inundated areas of the Project site because native
tidal wetland plant communities are expected to establish primarily through passive
recolonization in these areas.
The revegetation strategy will incorporate pre-construction propagation of native plant species,
selective grading practices during construction to scrape and bury topsoil containing invasive
seedbank, as well as post-construction monitoring and adaptive management to control early
stage invasions by problematic weed species. Invasive, non-native plant species are present
within all habitats on the Project site and on adjacent properties. Upland communities in
particular are dominated by invasive non-native plants with only small clusters of native
vegetation. A successional planting strategy may be implemented to provide for short-term
erosion control while encouraging the establishment of slower growing but ecologically valuable
native perennial grasses and shrubs.

8.6 Interim Vegetation Management
Prior to the start of construction, an interim vegetation management program is proposed to be
implemented in all three Project reaches. The purpose of the program is to manage vegetation on
the Project site to create conditions likely to enhance the overall success of the Project. This
program is anticipated to include initial site surveys, development of a detailed plan, then
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implementation of vegetation management actions. Interim vegetation management would consist
of activities consistent with the District’s existing Routine Maintenance Agreements(s) with
regulatory agencies, and thus is anticipated to require no additional permits and can begin prior to
the approval of the Project permits. The interim vegetation management program is anticipated
to:
•

•

•

Expand populations of existing on-site native perennial and annual plants by
o Identifying existing on-site native plants
o Implementing a program of translocation and field propagation of native
perennial sod-forming species for use in revegetation.
Introduce founder populations of selected native perennial and annual plants of Suisun
Marsh and Contra Costa baylands by
o Identifying representative sites supporting the desired species for collection and
translocation of propagules
o Identifying and mapping suitable receptor sites at the Project site
o Implementing collection and translocation of propagules
Restrict the extent and spread of new colonies of target invasive plants, particularly
Mediterranean stinkwort and perennial pepperweed, by
o Surveying and mapping colonies of invasive plant species to be targeted for local
control,
o Defining a suite of invasive plant management measures selected in consultation
with the District, and
o Preparing and implementing a treatment calendar.

Additional details on interim vegetation management can be found in Appendix B to this report.
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9. CONSTRUCTION APPROACH
The proposed construction approach for the Project is to construct all three reaches in an
integrated manner that allows for balance of cut and fill between the reaches and that minimizes
potential impacts to ecologically sensitive areas. We anticipate that the work will occur in phases.
The phasing of implementation of the South and Middle Reaches will be contingent on the
acquisition of land rights from Conco and Acme, respectively. For the purposes of this report, we
assume work will start with the construction of the South Reach, followed by the North Reach
and the Middle Reach. The South Reach and Middle Reach are each expected to take a single
construction season to complete. Construction of the North Reach is expected to occur over
several construction seasons. The North Reach will receive excess cut from the South and Middle
Reaches, to be placed as upland fill, and therefore the timing for of completion of the final upland
fill placement in the North Reach will be dependent on the construction of the South and Middle
Reaches.
Project construction will consist of the following activities:
•

•
•
•
•
•
•
•
•
•
•
•

Site preparation, including installation of fencing/markers to delineate work limits and
establish resource protection zones, clearing and grubbing, and establishment of staging
areas and construction access and haul routes
Excavation and grading to create new tidal channels, tidal marsh, adjacent terrestrial
lowlands, and upland habitats in all reaches
Excavation to lower the existing levees in the South and Middle Reaches and berms in
the North Reach
Creation of new setback levees in the South and Middle Reaches using material
excavated from the existing levees along Lower Walnut and Pacheco Creeks
Creation of an improved access road in the Middle Reach using material excavated from
the existing levees along Lower Walnut and Pacheco Creeks
Installation of drainage pipes and tide gates along the new South Reach setback levee to
allow drainage from Conco to Lower Walnut Creek
Protection of existing buried utilities crossing the new setback levee alignment in the
South Reach
Protection of existing buried utilities running in parallel to Waterfront Road and in
parallel to the existing access road in the North Reach
Protection of landfill monitoring wells and private electrical distribution poles and line in
the Middle Reach
Placement of excess excavation from the South and Middle reaches in the North Reach
Installation of larger culverts at the Plains Products Pier Access Road, including
installation of a temporary cofferdam to isolate construction from the tides
Potential modification of existing electrical transmission towers in the South Reach
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•

Revegetation of terrestrial lowlands and upland areas

The following sections describe construction schedule and seasonal work restrictions,
construction methods, sequencing, and equipment, site access, haul routes, and staging, and
environmental protection for the activities described above.

9.1 Construction Schedule
The available construction window for the Project is limited by the presence of protected species
and sensitive habitats and by the potential for flooding in the Project Area due to rainy season
storms. Seasonal work windows related to special status species and the preferred construction
season are shown in Table 12 below; with green shaded months indicating when work is
acceptable by species and orange shaded months indicating the preferred duration to allow
flexibility in construction approaches and minimize costs. To avoid disturbing special status
wildlife species, including Ridgway’s rail, California black rail, and nesting birds, Project
construction could be limited to September 1 – January 30 (non-breeding season). To minimize
impacts to special status fish species, in water work could be further limited to September 1 –
November 30.
In the absence of protocol-level surveys Ridgway’s and California black rail are assumed to be
present in tidal marsh habitat and require a 700-foot buffer between work areas and potential
habitat during the breeding and nesting season (February – August) to avoid impacts. All of the
South Reach and Middle Reach and most of the North Reach is within 700 feet of tidal marsh
habitat and would therefore be subject to the seasonal work restrictions listed above, unless
approved protocol surveys are conducted.

December

November

October

September

August

July

June

May

April

March

February

Ridgway's and Black
Rails
Nesting birds
Steelhead
Chinook salmon
Longfin smelt
Delta smelt
Preferred
Construction Season

January

TABLE 12
SEASONAL WORK WINDOWS FOR SPECIAL STATUS SPECIES

While it may be possible to construct the Project within the limited special status species
construction season, it is preferable to have a longer construction period available. In particular, it
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will be desirable to provide a longer construction period for the construction of the new setback
levees in order to allow for adequate time for moisture treatment and compaction of levee fill.
In order to potentially extend the construction window, approved protocol level surveys for
Ridgway’s and California black rails should be initiated between January 15 and February 1 and
continue through the end of March or mid –April of the desired year of construction. If no rails
are detected, construction could be initiated as early as May (assuming no other nesting birds are
found in the Project Area). If rails are detected, further coordination would be needed with the
regulatory agencies to determine buffer requirements. In addition, resource agencies may approve
specific site management measures such as vegetation management (mowing and/or clearing) and
the installation of exclusion fencing to reduce the likelihood of special status species occupying
areas near the construction site.

9.2 Construction Methods, Sequencing, and
Equipment
There are several important considerations affecting construction methods, sequencing, and
equipment including:
•

Maintaining appropriate levels of flood protection when lowering and breaching existing
levees

•

Setback levee and upland fill construction

•

Constructability of elements in existing wetland habitats and soft soils

This section provides discussion of key factors affecting construction methods, descriptions of
construction sequencing by reach, and a summary of potential equipment to be used to complete
Project construction.

9.2.1

Construction Methods

Levee Lowering and Breaching
Levee lowering will involve a phased removal of earth to provide continuous flood protection
while setback levees are constructed and to limit the risk of uncontrolled breaching. The
construction contractor will be required to phase levee removal to prevent site inundation. The
first phase will be accomplished by partially lowering and then removing the landside portions of
existing the levee, leaving a smaller raised area (check berm) on the water side. The check berm
will be wide enough to maintain egress and tall enough to prevent flooding in the dry season. The
check berm will stay in place until the interior channel excavation and habitat grading is complete
and the setback levees are constructed to adequate heights to protect from tidal inundation and
flooding. Following completion of this work, the second phase of levee removal will begin. The
second phase will be sequenced to maintain egress along the levee in consideration of breach
locations and may be timed for a neap tide. Breaching will be completed by long reach excavators
working from the lowered levee on either one or both sides of the breach to be excavated, with
excavated material loaded into low ground pressure track dump trucks and hauled either for reuse
within the Middle or South Reach or to the North Reach for fill placement. Following the
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completion of each breach, the remaining portions of the lowered levees will be removed using a
combination of excavators and low ground pressure dump trucks to haul material for reuse and
bull dozers to quickly remove the check berms and side cast earth into the site.

Setback Levee and Upland Fill Construction
Setback levees in the South and Middle Reaches will be constructed using materials excavated in
lowering the existing levees. Upland fill in the North Reach will be constructed using materials
excavated from the existing levees, diked basins, and fringing tidal marshes along Lower Walnut
and Pacheco Creeks. The existing levee material in the Middle and South Reaches consists
predominately of fine-grained soils including clays or sandy clays, capped with sandy gravel
(HTE, 2017). The fine-grained soils will be used to construct the levees and will likely require
processing to moisture condition this material prior to placement and compaction. Moisture
conditioning may involve air drying and/or mixing with drier material to reduce water content to
enable proper compaction. The sandy gravel may be used for levee fill provided it is uniformly
mixed with fine-grained soil. Alternatively, the sandy gravel could be removed and stockpiled for
later reuse to cap the new setback levees.
As discussed in Section 8, soils under the Project area where fill will be placed to build new
setback levees and upland areas have moderate to high potential for settlement (HTE, 2017).
Areas with moderate potential for settlement have potential for 1 to 2 feet of settlement per 10
feet of fill placement, while areas with high potential for settlement have potential for 2 to 4 feet
of settlement per 10 feet of fill placement. Geotechnical recommendations for construction phase
measures to address levee and upland fill stability will be completed during in the final design
phase, including settlement and consolidation for levee improvements within soft marsh soils,
potential for bearing failure from upland fill placement, protection of existing buried utilities from
differential settlement, and protection of adjacent landfill infrastructure.

Earthwork in Existing Wetlands
Construction in areas with wet or saturated soils, such as the existing seasonal and tidal wetland
habitats in the Project area, requires special equipment and construction methods. To facilitate
construction of the Project elements, the following equipment may be utilized:
•

Low ground pressure (LGP) equipment: smaller, lighter equipment with large surface
area tires or treads that reduce bearing pressure.

•

Mats: Timber planks lashed together or PVC mats used for access across soft soils

•

Long reach excavator: Track or wheel mounted excavator with a long arm to allow
extended reach to over 40 feet.

•

Amphibious Excavator: Excavator specifically designed to maneuver in marshes,
swampy areas and soft terrain, as well as to float on water, and can excavate in shallow
standing water.

•

Rotary Ditcher: Equipment that excavates with rotating wheels spraying sediment across
adjacent areas, and resulting in a narrow ditch. Typically pulled behind other equipment
but can be self-propelled.
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9.2.2 Construction Sequencing
South Reach
Construction of the South Reach will begin with site preparation, including clearing and grubbing
and installation of wildlife exclusion fencing to isolate the work area from adjacent habitat as
needed. Material generated during clearing and grubbing will be hauled to the North Reach and
stockpiled for future placement in the upland fill. Following site preparation, construction of the
Project elements will begin with excavation and grading of tidal channels and seasonal wetland
and lowland terrestrial habitats within the diked basin, excavation of the tidal connector channels
to Lower Walnut Creek, and the first phase of lowering of the existing levee. At the same time,
the new setback levee will be constructed. When these elements are completed, the second phase
of levee lowering will begin, including the levee breaches. Once site grading is complete,
revegetation of upland and lowland terrestrial habitats will occur, as well as surfacing and fence
installation along the new setback levees.
Tidal channels will be excavated within the diked basin and the excavated materials will be
sidecast to create high marsh or hauled to the North Reach to be sorted and treated for use as
upland fill, as needed. Excavated material from the diked basin appropriate for structural fill will
be used for construction of the new setback levee and/or adjacent transition slopes. Excavated
material from the diked basin not appropriate for structural fill will be stockpiled and stored for
final placement during the final stages of North Reach construction.
Tidal channels will also be excavated between the existing levee and Lower Walnut Creek, to
connect the new tidal channels within the diked basin to the creek. Excavating the connector
channels will require work in existing high and low marsh and within the creek channel. A
temporary access road will be constructed along the alignment of the tidal connector channels to
facilitate access for construction equipment. The final means and methods of access will be
determined by the construction contractor, but will likely involve either the temporary placement
of fill from material excavated elsewhere on site or the use of wooden or PVC mats. The access
road materials will be removed as the tidal channels are constructed. Construction of the tidal
connector channels will be isolated from Lower Walnut Creek using a silt curtain with a floating
boom installed at the confluence of the new tidal channels and Lower Walnut Creek. Installation
of the silt curtain will contain turbidity and sediment resulting from construction activity, exclude
fish from access to the active construction area, and allow water to pass between the connector
channels and Lower Walnut Creek with the tides. The curtain will span the width of the connector
channel and will be at least 6 feet tall to maintain a fish barrier at high tide. The curtain will
consist of permeable filter fabric supported by a line of floats on the water surface and a line of
weights on the channel bottom. Once excavation of the tidal connector channels and the breaches
in the levees are complete, the silt curtain will be removed.
Simultaneously with the excavation of the internal and connector tidal channels, the existing
levee along Lower Walnut Creek will be lowered. Material excavated from the existing levee will
be used to construct the new setback levee. Material will be transported from the existing levee
to the new levee location, where it will be placed, treated as needed for moisture content, and
compacted. Material excavated from the levee that is determined not to meet levee material
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requirements will either be reused within the South Reach to create terrestrial lowland slopes
along the south end of the new setback levee or hauled to the North Reach for use as upland fill.
Levee removal will be phased as described above to provide continuous flood protection.
The footprint of the South Reach setback levee and Conco’s raised corporation yard
improvements may overlap. The coordination of the design and construction of these elements is
currently being negotiated between the District and Conco. We have assumed that the foundation
of the setback levee, up to elevation 10 ft NAVD, will be constructed by Conco as part of their
yard improvements prior to project construction. Under this assumption, there will be adequate
material excavated from the existing levee to complete construction of the new setback levee. If
Conco does not construct the levee foundation, levee fill material will need to be imported from
the Middle or North Reach to construct the South Reach levee to the design height.
Concurrent with the setback levee construction, protection and or modifications to the CCWD
Shortcut Pipeline and inactive recycled water pipeline, the Tidewater Oil pipeline, the Shell Oil
pipeline, and the California Water Service recycled water pipeline will be implemented as
discussed in Section 8 and finalized during the design phase.
Following the completion of the earthwork and access road surfacing of the new setback levees,
installation of fencing and revegetation of the terrestrial lowland and upland habitats will begin.
Fencing may be constructed by others. Revegetation will be accomplished using a combination
of hydroseeding, drill seeding, plug planting, and transplanting of dormant sod fragments and/or
discing of sod fragments into the finished grades.

Middle Reach
Construction of the Middle Reach will begin with site preparation, including clearing and
grubbing and installation of wildlife exclusion fencing to isolate the work area from adjacent
habitat as needed. Material generated during clearing and grubbing will be hauled to the North
Reach and stockpiled for future placement in the upland fill. Following site preparation,
construction of the Project elements will begin with excavation and grading of tidal channels and
seasonal wetland and lowland terrestrial habitats within the diked basin, excavation of the tidal
connector channels to Lower Walnut Creek, and the first phase of lowering of the existing levee.
At the same time, the new setback levees at the north and south end of the Middle Reach will be
constructed and the existing perimeter landfill access road will be improved. When these
elements are completed, the second phase of levee lowering will begin, including the levee
breaches. Once site grading is complete, revegetation of upland and lowland terrestrial habitats
will occur, as well as surfacing and fence installation along the new setback levees.
Tidal channels will be excavated within the diked basin and the excavated materials will be
sidecast to create high marsh or hauled to the North Reach to be sorted and treated for use as
upland fill, as needed. Excavated material from the diked basin appropriate for structural fill will
be placed and compacted in the upland fill area. Excavated material from the diked basin not
appropriate for structural fill will be stockpiled and stored for final placement during the final
stages of North Reach construction.
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Tidal channels will also be excavated between the existing levee and Lower Walnut and Pacheco
Creeks, to connect the new tidal channels within the diked basin to the creek. Excavating the
connector channels will require work in existing high and low marsh and within the creek
channel. A temporary access road will be constructed along the alignment of the tidal connector
channels to facilitate access for construction equipment. The final means and methods of access
will be determined by the construction contractor, but will likely involve either the temporary
placement of fill from material excavated elsewhere on site or the use of wooden or PVC mats.
The access road materials will be removed as the tidal channels are constructed. Construction of
each tidal connector channel will be isolated from Lower Walnut and Pacheco Creek using a silt
curtain with a floating boom installed at the confluence of the new tidal channel and Lower
Walnut Creek. Installation of the silt curtains will contain turbidity and sediment resulting from
construction activity, exclude fish from access the active construction area, and allow water to
pass between the connector channels and creeks with the tides. Each curtain will span the width
of the connector channel and will be at least 6 feet tall to maintain a fish barrier at high tide. The
curtain will consist of permeable filter fabric support be a line of floats on the water surface and a
line of weights on the channel bottom. Once excavation of the tidal connector channels and the
breaches in the levees are complete, the silt curtain will be removed.
Simultaneously with the excavation of the internal and connector tidal channels, the existing
levees along Lower Walnut Creek and Pacheco Creeks will be lowered. Material excavated from
the existing levee will be used to construct the new setback levees and improve the perimeter
landfill access road. Material will be transported from the existing levee to the new levee
locations and perimeter access road, where it will be placed, treated as needed for moisture
content, and compacted. Material excavated from the levee that is determined to not meet levee or
road material requirements will be hauled to the North Reach for use as upland fill. Levee
removal will be phased as discussed above to provide continuous flood protection. On the
upslope side of the access road, a new drainage swale will be constructed to collect surface water
runoff from the landfill and deliver it to the Acme landfill buffer basins to the north and south of
the Middle Reach restoration area.
Following completion of the earthwork, surfacing of the new setback levees and access road,
installation of fencing and revegetation of the terrestrial lowland and upland habitats will begin.
Revegetation will be accomplished using a combination of hydroseeding, drill seeding, plug
planting, and transplanting of dormant sod fragments and/or discing of sod fragments into the
finished grades.

North Reach
Construction on the North Reach will be preceded by the implementation of an interim vegetation
management program. The interim vegetation management program is expected to begin in the
winter of 2017/2018 and is expected to continue through the beginning of construction on the
North Reach.
The interim vegetation management program is currently in development and is expected to
include mowing and other treatments to reduce existing invasive non-native vegetation on the
North Reach. The interim vegetation management program is expected to take advantage of
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existing access roads and staging areas on the North Reach to the extent possible. It may be
necessary to establish additional new temporary access roads for use by small equipment (ATVs,
small CAT-type tracked equipment) in some locations. These new access roads would be located
to avoid impacts to sensitive habitats. Native plant seeds and rhizome propagules will be
collected from locations on the North Reach and possibly also from off-site locations and
propagated on the North Reach for use in revegetation of the restoration site. Propagation sites
may include sites where translocated live propagules can remain in place as part of the final
restoration design, as well as selected grow sites from which propagated plantings will be
excavated and replanted within the restored project site following completion of restoration
grading. Receptor sites may also be selected in edge locations of non-native invasive plant
populations, where establishment of sod-forming perennials can serve to restrict expansion of
these undesirable species. The propagation sites may require periodic management including
weeding, irrigation and additional plantings over the course of the interim management period.
Earthwork on the North reach will begin with clearing and grubbing of temporary stockpile areas
and fill placement areas designated for the placement of material hauled from the South and
Middle reaches. Fill placement on the North Reach will occur concurrently with the earthwork
on the South and Middle reaches, and may occur over one or two construction seasons. The
majority of the fill material brought to the North Reach will be placed on the existing upland area
at the south end of the southeast quadrant. This area is expected to be able to accommodate
approximately 50,000 CY of fill material. Select fill material, such as material with high sand or
organic content and native topsoil, may be sorted and placed in temporary stockpiles.
Following the initial placement of imported fill material, earthwork on each of the four quadrants
of the North Reach can be sequenced independently. Considerations that will inform the timing
of the restoration of each quadrant include:
•
•
•

integration with planned public access improvements (eg. by EBRPD and JMLT)
ability of the Project Interim Vegetation Management Program and local nurseries to
provide sufficient native plant materials to support timely re-vegetation of restored areas
coordination with project partners and funding agencies

The earthwork on each quadrant will begin with site preparation, including clearing and grubbing
and installation of wildlife exclusion fencing to isolate the work areas from adjacent habitat as
needed to protect biological resources. Temporary access routes will also be established within
and between the four quadrants. Material generated during clearing and grubbing will be hauled
to the upland fill placement areas in the North Reach and stockpiled for future placement in the
upland fill.
Following site preparation, construction of the Project elements will begin with mass grading,
including the excavation and grading of tidal channels, grading seasonal wetland and terrestrial
lowland habitats within the diked basins, and the excavation of the tidal connector channels to
Lower Walnut Creek. Some upland and transition zone areas will require fine grading following
mass grading activities. This may include the placement of stockpiled topsoils and the possible
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placement of mulch or other soil amendments; shaping to create fine scale drainage features such
as shallow swales, depressions, ponds and berms; and/or surface treatments such as ripping, track
walking, and/or application of water to achieve desired surface texture.
Tidal channels will be excavated through the existing outboard marsh areas to connect the
northeast and southeast quadrants to Lower Walnut Creek. Excavating the connector channels
will require work in existing high and low marsh areas and within the creek channel. A temporary
access road will be constructed along the alignment of the tidal connector channels to facilitate
access for construction equipment. The final means and methods of access will be determined by
the construction contractor, but will likely involve either the temporary placement of fill from
material excavated elsewhere on site or the use of wooden or PVC mats. The access road
materials will be removed as the tidal channels are constructed. Construction of each tidal
connector channel will be isolated from Lower Walnut and Pacheco Creek using a silt curtain
with a floating boom installed at the confluence of the new tidal channel and Lower Walnut
Creek. Installation of the silt curtains will contain turbidity and sediment resulting from
construction activity, exclude fish from access the active construction area, and allow water to
pass between the connector channels and creeks with the tides. Each curtain will span the width
of the connector channel and will be at least 6 feet tall to maintain a fish barrier at high tide. The
curtain will consist of permeable filter fabric support be a line of floats on the water surface and a
line of weights on the channel bottom. Once excavation of the tidal connector channels and the
breaches in the levees are complete, the silt curtain will be removed.
The existing muted tidal channel on State Lands Commission property to the west of Pacheco
Marsh may also be dredged to improve conveyance capacity (to be confirmed in final design).
To the extent possible, dredging will be performed from the existing berms and levees using long
reach excavators, however it may be necessary to work in the high marsh areas adjacent to the
muted tidal channel in some locations. Construction methods for the muted tidal channel dredge
would be similar to those used to construct the new channels through the east side marshes
described above.
Spoils from the outboard channel excavation would be placed in the upland fill placement areas.
Due to the anticipated high moisture and organic content of this material, it may be necessary to
spread and dry the spoils before final placement in the fill areas.
The installation of the new culverts beneath the Plains Products Pier Access Road may precede or
occur simultaneously with the dredging of the muted tidal channel. Temporary coffer dams will
be installed upstream and downstream of the culvert area to allow for de-watering during
demolition of the existing culver through to the installation of the new culvert. The construction
contractor would be responsible for coordination with Plains Products to identify means and
methods for installing the new culverts while minimizing disruption to the Plains Products facility
operations and protecting existing infrastructure.
Once all earthwork has been completed in the inboard and outboard areas of the project site, the
contractor will then breach, lower or re-shape the perimeter berms as appropriate for each
quadrant. Excess material from the berm lowering will be transported to upland fill placement
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areas or side cast to create high marsh. The re-aligned access road would be fine graded and resurfaced, permanent fencing would be installed and revegetation of the terrestrial lowland and
upland habitats will begin. Revegetation will be accomplished using a combination of hydroseeding, drill seeding, plug planting, and transplanting of dormant sod fragments and/or discing
of sod fragments into the finished grades.
The John Muir Land Trust (JMLT) is leading efforts to design and install public access amenities
on the North Reach as part of a separate project. The timing of the installation of these amenities
will be determined during the design phase in coordination with the JMLT. It may be beneficial
to install the foundations and footings for any new bridges and other public access structures prior
to the lowering of the outboard berms in order to facilitate heavy equipment access and dewatering. Other public access improvements, including the proposed trail network and staging
area facilities, would be installed after the restoration earthwork has been completed.

9.2.3 Construction Equipment
Equipment anticipated for construction includes: mowers, long and short reach excavators,
bulldozers/graders, rotary ditchers, wheel dump trucks, low ground pressure track dump trucks,
track pulled scrapers, conventional big wheel scrapers, water trucks, pumps, rollers, sheepsfoot
compactor, pile drivers, cranes, and concrete mixers. The tables below provide a summary of
equipment to be used for construction of the Project elements of each reach.
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TABLE 13
SOUTH REACH CONSTRUCTION EQUIPMENT

Project Element

Equipment
Mower
Track Pulled Scraper
Conventional Scraper
Bulldozer

Site Preparation

Levee Removal

Setback Levee

Interior Tidal
Channel

Connector Tidal
Channel

Excess Material

Description
Clear vegetation
Clear and grub excavation and fill placement
areas

Dump Truck
Haul clear and grub material to South Reach
LGP Track Dump truck staging area and to North Reach for stockpile
and storage (wheel dump truck only)
Hand tools
Remove vegetation in sensitive habitats, install
exclusion fencing
Track Pulled Scraper
Excavate levee material, haul and place material
Conventional Scraper to setback levee alignment
Excavator
Bulldozer

Excavate "check berm" portion of levee, load
into dump truck for transfer to setback levee
alignment or North Reach
Dump Truck
Haul levee material to setback levee alignment
LGP Track Dump truck or North Reach (wheel dump truck only)
Bulldozer/Grader
Compactor
Water Truck
Drill seeder
Hydroseeder
Excavator
LGP Track Dump truck

Place levee fill material, finished grading
Compact Material
Moisture condition levee fill material
Revegetation

Excavate channels and side cast materials
Haul material to staging area stockpile for
transfer to wheel dump trucks
Excavator
Place and remove temporary marsh access road
material (earth or mats), excavate channels,
place and remove temporary silt curtain
Rotary Ditcher
Excavate channels
Small watercraft
Install temporary silt curtain
LGP Track Dump truck Haul material to staging area for transfer to
wheel dump trucks
Excavator
Transfer material from stockpile to wheel dump
Front Loader
truck for haul to North Reach
Dump Truck
Haul material to North Reach
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TABLE 14
MIDDLE REACH CONSTRUCTION EQUIPMENT

Project
Element

Site
Preparation

Levee
Removal

Equipment
Mower
Track Pulled Scraper
Conventional Scraper
Bulldozer

Excess
Material

Clear vegetation
Clear and grub excavation and fill placement areas

Dump Truck
Haul clear and grub material to Middle Reach staging
LGP Track Dump truck area and North Reach for stockpile and storage
(wheel dump truck only)
Hand tools
Remove vegetation in sensitive habitats, install
exclusion fencing
Track Pulled Scraper
Excavate levee material, haul and place material to
Conventional Scraper setback levee alignment
Excavator

Excavate "check berm" portion of levee, load into
dump truck for transfer to setback levee alignment or
North Reach
Dump Truck
Haul levee material to setback levee alignment or
LGP Track Dump truck North Reach (wheel dump truck only)

Bulldozer/Grader
Compactor
Setback
Levee/Access Water Truck
Road
Drill seeder
Hydroseeder
Excavator
Interior Tidal
LGP Track Dump truck
Channel

Connector
Tidal
Channel

Description

Place levee fill material, finished grading
Compact material
Moisture condition levee fill material
Revegetation

Excavate channels and side cast
Haul material to staging area stockpile for transfer to
wheel dump trucks
Excavator
Place and remove temporary marsh access road
material (earth or mats), excavate channels, place
and remove temporary silt curtain
Rotary Ditcher
Excavate channels
LGP Track Dump truck Haul material to staging area for transfer to wheel
dump trucks
Excavator
Transfer material from stockpile to wheel dump truck
Front Loader
for haul to North Reach
Dump Truck
Haul material to North Reach
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TABLE 15
NORTH REACH CONSTRUCTION EQUIPMENT

Project Element

Site Preparation

Tidal Marsh and
Interior Channels

Connector Tidal
Channel

Equipment

Clear vegetation
Clear and grub tidal channel excavation and
upland fill placement areas
Haul clear and grub material to upland fill
placement area for stockpile, storage and reuse
as non-structural fill
Hand tools
Remove vegetation in sensitive habitats, install
exclusion fencing
Excavator
Excavate channels and marsh benches
LGP Track Dump truck Haul material to upland fill placement
Excavator
Excavate channels, placement of temporary
marsh access road material (earth or mats),
placement of temporary silt curtain
Rotary ditcher
Excavate channels
LGP Track Dump truck Haul material to staging area for transfer to
wheel dump trucks
Track Pulled Scraper
Create microtopography, gently sloping swales,
Conventional Scraper pools, and sills
Mower
Track Pulled Scrapper
Conventional Scraper
Bulldozer

Sandy Alkali Playa
Flats

Portable Pumps and
Hoses

Seasonal Wetland
Flats

Track Pulled Scraper
Conventional Scraper

High Marsh Pond

Lowland
Terrestrial
Grasslands

Upland Fill

Description

Finish grades hydraulically by washing over
graded surfaces with high-volume, high velocity
jets of bay water to re-establish stratified,
sorted sediment
Scrape the surface of the flats as needed to
remove weeds and their seed bank

Excavator

Excavate pond
LGP Track Dump truck Haul material to upland fill placement
Track Pulled Scraper
Excavate and grade
Conventional Scraper Haul material to upland fill placement area for
placement
Sod fragment dispersion
Tractor and Discer
Sod fragment dispersion
Drill seeder
Revegetation
Track Pulled Scraper
Place fill material, finished grading
Conventional Scraper
Bulldozer/Grader
Compactor
Water Truck
Drill Seeder
Hydroseeder
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Project Element

Equipment
Excavator

Plains Products
Pier Access Road
Culverts

Crane/Excavator
Pile Driver
Concrete Mixer
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9.3 Site Access, Haul Routes, and Staging
Site access, haul routes and staging areas show in Figure 26 and Figure 27. Site access and haul
routes are discussed in the sections by color as shown in the figures.

9.3.1

South Reach

Construction access to the South Reach will be provided from Interstate 680 via Highway 4,
Pacheco Boulevard, Blum Road, Imhoff Drive, and Waterbird Way (see yellow route on Figure
26). From Waterbird Way, access will be along Conco’s access road. After the access road
crosses the BNSF railroad tracks, access will be via existing access roads on Conco’s property.
On-site access routes, parking, and staging will be limited to the Project footprint. Haul routes
within the Project area are shown in black in Figure 26 and utilize the existing levee and the new
setback levee alignments. Two-way traffic along the existing levee alignments may be limited by
the width of the levee crests (approximately 16-feet) and movement of materials may require a
circular haul path. Staging will be on District owned property at upland elevations at the south
end of the South Reach area. Prior to construction, the selected contractor will develop a site
operations plan to finalize the locations of site access routes, construction equipment staging and
support areas, exclusion areas, limits of work, and parking areas.
Potential haul routes between the South and North Reaches for placement of excess cut from the
South Reach in the North Reach are shown in yellow, blue, and green in Figure 26. Along the
yellow route, access from the South Reach to Interstate 680 will be as described above. Access to
the North Reach is provided from Interstate 680 via Waterfront Road. Along the blue route,
access to the North Reach will be provided via Conco’s access road, Central Avenue, the existing
levees along Pacheco and Lower Walnut Creek and Waterfront Road. This route requires crossing
the UPRR railroad tracks that parallel Waterfront Road. This is a passive crossing (no warning
lights or gates) and will likely require safety measures such as a flagger to ensure safe crossing of
the tracks. Along the green route, access to the North Reach will be provided via Conco’s access
road, Central Avenue, Arthur Road, Interstate 680, and Waterfront Road. This route requires
access through a residential neighborhood. The final haul routes for the South Reach will be
determined during the final design phase of the Project.
All access and haul routes to and from the South Reach require travel along portions of Conco
access roads and will require agreements allowing access prior to the start of construction.

9.3.2 Middle Reach
Construction access to the Middle Reach will be provided via three potential routes as shown in
Figure 27. All routes access the Middle Reach from Interstate 680 via Waterfront Road. The
most direct access is via the blue route, which runs directly from Waterfront Road to the existing
levees. This route requires crossing the UPRR railroad tracks that parallel Waterfront Road. This
is a passive crossing (no warning lights or gates) and will likely require safety measures such as a
flagger to ensure safe crossing of the tracks. The yellow route provides access to the north end of
the Middle Reach via Waterfront Road, Waterbird Way and Acme landfill access roads. The
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green route provides access to the south end of the Middle Reach via a similar route along
Waterfront Road, Waterbird Way, and Acme landfill access road. Both the yellow and green
routes will require agreement with Acme prior to the start of construction.
On-site access routes, parking, and staging will be limited to the Project footprint. Haul routes
within the Project area are shown in black in Figure 27 and utilize the existing levee and the new
setback levee alignments. Two-way traffic along the existing levee alignments may be limited by
the width of the levee crests (approximately 16-feet) and movement of materials may require a
circular haul path. Areas for staging and support are limited within the Middle Reach due to the
presence of wetland habitat over much of the Project area and high, sloped land along the landfill.
Temporary placement of fill within existing wetlands may be needed to create an on-site staging
area in the Middle Reach. Prior to construction, the selected contractor would develop a site
operations plan to finalize the locations of site access routes, construction equipment staging and
support areas, exclusion areas, limits of work, and parking areas.
Potential haul routes between the Middle and North Reaches for placement of excess cut from the
Middle Reach on the North Reach are the same as the access routes discussed above.

9.3.3 North Reach
Construction access to the North Reach is provided from Interstate 680 via Waterfront Road.
Staging for the North Reach will utilize an existing gravel staging area created by Tesoro (now
Andeavor) just inside the entrance to Pacheco Marsh. Prior to construction, the selected
contractor would develop a site operations plan to finalize the locations of site access routes,
construction equipment staging and support areas, exclusion areas, limits of work, and parking
areas.

9.4 Environmental Protection
Project activities will take place in ecologically sensitive areas and have potential to impact these
areas and special status species during construction. Avoidance and minimization measures will
be defined in the Project’s CEQA document and the terms and conditions of permits issued for
the Project.

9.4.1

Avoidance of Protected Species and Sensitive Habitat

Design Features
The Project design includes the preservation of existing habitats within the primary grading area.
These habitats will be properly surveyed prior to finalization of construction plans and will be
staked and fenced in the field before construction to limit impacts to existing vegetation. Where
wetlands or other water features must be disturbed, the minimum area of disturbance necessary
for construction shall be identified and the area outside avoided.
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Construction Measures
Nesting Bird Surveys
If vegetation removal or other Project related activities are scheduled during the typical nesting
season of protected raptors and migratory birds (February 15 to August 15), a focused survey for
active bird nests shall be conducted by qualified biologist within 15 days prior to the beginning of
Project-related activities. If nesting birds are detected, proper buffers would need to be
implemented, as determined in consultation with the permitting agencies.

Ridgway’s Rail and Black Rail
If breeding rails are determined to be present, no activities, visual disturbance (direct line of
sight),nor any increase in the ambient noise level will be permitted within 700 feet of areas where
Ridgway’s (California clapper) rail (CCR) and/or California black rail (CBR) have been detected
during the breeding season. If surveys have not been conducted, no work may occur within 700
feet from potential CCR and/or CBR habitat during their nesting season.
No Project activities may occur within 50 feet of suitable CCR or CBR habitat during extreme
high tide events or when adjacent tidal marsh is flooded. Extreme high tides events are defined as
a tide forecast of 6.5 feet or higher, measured at the Golden Gate Bridge and adjusted to the
timing of local high tides.

Salt Marsh Harvest Mouse
An approved qualified biologist, familiar with salt marsh harvest mouse (SMHM), shall walk
through and inspect suitable habitat prior to vegetation removal and search for signs of harvest
mice or other sensitive wildlife and plants. The term “qualified biologist” is defined as an
individual who shall possess, at a minimum, a bachelor’s degree in biology, ecology, wildlife
biology or closely related field and has demonstrated prior field experience using accepted
resource agency techniques for the survey prescribed, and who possesses all appropriate USFWS,
NMFS, and CDFW permits. Following inspection, personnel, under the supervision of the
qualified biologist, will disturb vegetation to force movement of (e.g., flush) SMHM into adjacent
marsh areas. Flushing will first occur in the center of the site then progress toward the sides.
Immediately following vegetation flushing, personnel, under the supervision of the qualified
biologist, will remove vegetation with hand tools (e.g. weed-eater, hoe, rake, trowel, shovel,
grazing) so that vegetation is no taller than 2 inches.
After vegetation removal, a mouse proof barrier (SMHM exclusion fencing) will be placed along
the edge of the area removed of vegetation to further reduce the likelihood of SMHM returning to
the area prior to construction. The fence will be made of a heavy plastic sheeting material that
does not allow SMHM to pass through or climb, and the bottom shall be buried below the ground
surface to a depth of 4 inches so that SMHM cannot crawl under the fence. Fence height shall be
at least 12 inches higher than the highest adjacent vegetation with a maximum height of 4 feet.
All supports for the exclusion fencing shall be placed on the inside of the fence, within the work
area. An approximately 2-foot wide de-vegetated buffer shall be created along the habitat side of
the exclusion fence to discourage occupation of the immediately adjacent zone by SMHM.
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The SMHM exclusion fencing will remain in operating condition throughout the duration of the
Project. The qualified biologist will inspect the integrity of the exclusion fencing daily to ensure
there are no gaps, tears or damage. Any necessary repairs to the fencing will be completed within
24 hours of the initial observance of the damage. Any mice found along or outside the fence will
be closely monitored until they move away from the Project area.
No Project activities may occur within 50 feet of suitable tidal marsh habitat for SMHM) within
two (2) hours before and after an extreme high tide event (6.5 feet or higher measured at the
Golden Gate Bridge and adjusted to the timing of local high tides) or when adjacent marsh is
flooded unless SMHM proof exclusion fencing has been installed around the work area.

Fish
Construction of the tidal connector channels will be isolated from Lower Walnut and Pacheco
Creeks using a silt curtain with a floating boom installed at the confluence of the new tidal
channels and the creeks. Installation of the silt curtain will contain turbidity and sediment
resulting from construction activity, exclude fish from access to the active construction area, and
allow water to pass between the connector channels and the creeks with the tides. The curtain will
span the width of the connector channel and will be at least 6 feet tall to maintain a fish barrier at
high tide. The curtain will consist of permeable filter fabric supported by a line of floats on the
water surface and a line of weights on the channel bottom.

9.4.2 Contractor Worker Training
Before construction begins, all on-site personnel will be trained by a qualified biologist to be
aware of the sensitive environment in which they will be working and how best to protect
wetlands and special status plant and animal species.

9.4.3 Erosion and Sediment Control
A Stormwater Pollution Prevention Plan (SWPPP) will be prepared by a Qualified SWPPP
Developer and a Qualified SWPPP Practitioner will oversee its implementation. The SWPPP will
include site-specific measures to reduce or eliminate sediment or pollutants generated during
construction from entering wetlands or waters. Measures may include, for example, installing
sediment barriers like silt fencing and fiber rolls, maintaining equipment and vehicles used for
construction, and other Best Management Practices (BMPs).
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The following sections describe construction earthwork volumes and provide a summary of
estimated construction cost for the Project.

10.1 Earthwork Volumes
Earthwork for the Project consists of excavation to remove existing levees and to create and
restore tidal marshplain and channels and lowland seasonal wetland and grasslands, and fill to
create new setback levees, improve access roads, and create lowland terrestrial and upland
habitats. Earthwork is generally balanced within the three reaches of the Project, with excess
material excavated from the South and Middle reaches being placed in the North Reach. As an
exception, construction of the South Reach setback levee will require that a portion of the
material needed to construct the levee be excavated from the Middle or North Reaches, provided
by Conco as part of their improvements, or imported from an off-site source. A conceptual
earthwork balance diagram showing how cut and fill will be balanced on site can be seen in
Figure 28.
Earthwork volumes for the Project are provided in the table below. Assumed losses are based on
preliminary geotechnical assessment for the Project, details of which can be found in Appendix
A.3. Earthwork volumes do not include an allowance for potential levee settlement. The upland
fill volume for the North Reach includes both import from the South Reach and the Middle Reach
and excavation within the North Reach
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TABLE 16
EARTHWORK VOLUMES

Quantity

Unit

Losses
(%)

Available
for Fill

Reach

Item

Unit

24,800
2,100
630
30,180
11,580
18,600
2,730

CY
CY
CY
CY
CY
CY
CY

25
45
65

18,600
1,155
221

CY
CY
CY

South

Levee Cut
Interior Channel Cut
Connector Channel Cut
Levee Fill
Source - Conco
Source - Levee Cut
Export to North Reach

Middle

Levee Cut
Interior Channel Cut
Connector Channel Cut
Levee Fill
Export to North Reach

40,800
6,300
2,100
13,300
25,700

CY
CY
CY
CY
CY

25
45
65

30,600
3,465
735

CY
CY
CY

North

NW Cut
SW Cut
SE Cut
NE Cut
Interior Channel Cut
Connector Channel Cut
Upland Fill

98,431
8,875
399
13,879
15,500
3,500
123,813

CY
CY
CY
CY
CY
CY
CY

25
25
25
25
45
65

73,823
6,656
299
10,409
8,525
1,225

CY
CY
CY
CY
CY
CY

10.2 Estimated Construction Cost
The total cost of construction for the Project is estimated to be $9.82 million with $1.96 million
for the South Reach, $2.01 million for the Middle Reach, and $5.85 million for the North Reach.
Estimated construction costs by reach and major work elements are summarized in the table
below.
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TABLE 17
ESTIMATED CONSTRUCTION COST

Item

South Reach

Middle Reach

North Reach

Project

SITE PREPARATION

$ 241,719

$

248,155

$ 722,769

$ 1,212,643

EARTHWORK

$ 702,994

$

998,575

$1,601,418

$ 3,302,987

ACCESS IMPROVEMENTS

$ 269,000

$

120,000

$ 181,444

$

REVEGETATION

$ 236,600

$

122,200

$1,190,985

$ 1,549,785

$ 640,000

$

STRUCTURES

570,444

640,000

SUBTOTAL
CONSTRUCTION COSTS

$1,450,313

$ 1,488,930

$4,336,616

$ 7,275,858

Contingency

$ 507,609

$

521,126

$1,517,815

$ 2,546,550

TOTAL CONSTRUCTION
COSTS

$1,957,922

$ 2,010,056

$5,854,431

$ 9,822,409

The estimates for site preparation include allowances for mobilization, clearing and grubbing, and
site staging and access (estimated as 15% of construction costs) and also an allowance for permit
compliance measures (estimated as 5% of construction costs). The earthwork estimates include
costs for levee removal, channel excavation in both dry and wet conditions, marsh plain grading,
setback levee construction, material haul between reaches, and placement of fill. Losses
associated with handling and compaction have been accounted for in volumes used in the cost
estimates and vary between 25% and 65%, as shown on Table 16. The earthwork costs do not
include estimates related to potential levee settlement or protection of buried utilities. Access
improvements include surfacing of new setback levees and roads, installation of fencing and
gates, and interpretive signs. Revegetation estimates include planting in uplands, lowland
terrestrial and seasonal wetland areas, irrigation system installation and 3-years of operations and
maintenance, and 3 years of invasive plant control. The estimated cost for structures on the North
Reach includes installation of new culverts under the Plains Products Access Road and related
control of water required to perform this work.
A 35% contingency has been included in the cost estimate to account for project uncertainties,
including overbuild of levees to account for settlement, protection of buried utilities, tie-in
requirements at the BNSF railroad, potential modifications to the PG&E transmission lines and
towers in the South Reach, and uncertainties related to existing infrastructure at the ACME
landfill.
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This estimate does not include:
•

Costs for permitting, design, monitoring, and/or ongoing maintenance

•

Costs related to the acquisition of land usage rights (i.e. costs for leases, licenses,
easements and/or real estate transactions) for property not currently under the District’s
ownership.

Note that in providing opinions of probable construction costs, ESA has no control over the actual
costs at the time of construction. The actual cost of construction may be impacted by the
availability of construction equipment and crews and fluctuation of supply prices at the time the
work is bid. ESA makes no warranty, expressed or implied, as to the accuracy of such opinions as
compared to bids or actual costs.
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11. MONITORING AND MAINTENANCE
The Project has been designed to minimize the need for active operations and ongoing
maintenance. There are no operable facilities within the proposed Project area. The District will
perform routine observation and maintenance to maintain flood protection facilities along the
Project reaches, including the new setback levees as part of the District’s regular levee
monitoring program. Typical levee monitoring activities include inspection for erosion or rodent
damage along the levee tops and slopes. Typical levee maintenance activities include mowing and
weed control and repair of erosion sites. The District will continue to observe geomorphic
changes along Walnut Creek in order to monitor the flood conveyance capacity of the creek
channel. The District may perform localized dredging near the UPRR and BNSF bridges if
necessary to provide appropriate flood protection to critical infrastructure.
The District will regularly observe the condition of the improved culvert beneath the Plains
Products Pier Access Road and will perform maintenance as needed to minimize sedimentation in
the culverts.
The District will conduct ecological and biological monitoring to document the performance of
the habitat restoration and allow for the adaptive management of the restoration areas. This will
include implementation of an invasive plant species management plan. Additional biological and
ecological monitoring may be required by the resource and permitting agencies. A Monitoring
and Adaptive Management Plan will be developed during the design phase to document
performance and permit compliance monitoring requirements and the associated adaptive
management framework.
As an open-space area adjacent to a public trail, the Project site will require occasional
management and maintenance to minimize trash accumulation, vandalism and illegal site access.
The District may partner with the EBRPD to perform this management in the South Reach and
with the John Muir Land Trust to perform this management on Pacheco Marsh.
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12. ANTICIPATED PERMITS AND APPROVALS
Multiple federal, state, and local authorizations and permits will be required for project
implementation. The following is a list of anticipated permits and the corresponding regulatory
agencies.
•

Clean Water Act Section 404/Rivers and Harbors Act Section 10, Nationwide Permit 27
for Aquatic Habitat Restoration, Establishment, and Enhancement Activities (U.S. Army
Corps of Engineers)

•

Clean Water Act Section 401, Water Quality Certification (San Francisco Bay Regional
Water Quality Control Board)

•

Federal Endangered Species Act Biological Opinions (National Marine Fisheries Service
and U.S. Fish and Wildlife Service)

•

National Historic Preservation Act Section 106 (State Historic Preservation Officer and
Native American Tribes)

•

California Fish and Game Code Section 1602 Streambed Alteration Agreement
(California Department of Fish and Wildlife)

•

California Endangered Species Act Incidental Take Permit (California Department of
Fish and Wildlife)

•

McAteer-Petris Act/San Francisco Bay Plan Permit from the San Francisco Bay
Conservation and Development Commission

•

State Lands Use Lease Amendment (California State Lands Commission)
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Figure 2
Existing Land Use, Utilities and Infrastructure

Plains Products Pier
Suisun
Bay

San Pablo
Bay

CCCSD Outfall

!

Point Edith
Ecological Reserve

!

Project Area
Walnut
Creek
Watershed

Suisun
Properties
Pacific
Ocean
South San
Francsico Bay

NORTH REACH
(PACHECO MARSH)

Peyton
Marsh

Esri, HERE, DeLorme,
MapmyIndia, ©
OpenStreetMap contributors,
and the GIS user community
AL
W
NU
T

Existing Creek and Adjacent Habitat

CR
K

EE

State Lands
Commission

!
O
UNI

City of
Martinez
Copart
Auto

!
reat
re G
Futu

Cali

ia
forn

a
Delt

Trail

ON
RF R

E
WAT

TR

RA I
IFIC
C
A
NP

LRO

AD

OA D

Tesoro/Andeavor

MIDDLE
REACH
Acme
Landfill

Waterbird
Regional
Preserve
(EBRPD)

Acme
Landfill

IT Vine Hill

SOUTH
REACH

Closed Landfill
(IT Baker)

CO
CR
K

OA
D

EE

Future Pacheco Marsh Trail (JMLT)

Closed
Landfill
(Acme)

HE

Future EBRPD Public Access Trail

C
PA

Flood Control District Access

RA
ILR

Legend

Conco
Inc.

Martinez
Gun Club

BN

SF

New Setback Levee
New Tidal Channels
Conco
Inc.

Marsh Ponds
Tidal Wetlands

CCCSD
Waste water
Treatment
Plant

Seasonal Wetlands
Adjacent Lowland Terrestrial
Uplands

0

2,000
Feet

SOURCE:

Service Layer Credits: Imagery Source: Contra Costa County, 2014
Trail alignments shown are preliminary and subject to change.

Lower Walnut Creek Restoration . D140703.00

Figure 3
Lower Walnut Creek Restoration
Preferred Alternative Concept
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Figure 4
Topography
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Figure 7
Subsurface Data Locations
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Figure 6
Local Drainage
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Figure 7
Local Drainage Detail - Near Waterfront Road
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Figure 10
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Figure 11
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Figure 12
Habitat Types
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Figure 13
Schematic Tidal Marsh Profile

LELA = Lepidium latifolium, perennial pepperweed

PHAU = Phragmites australis, common reed

SAPA = Salicornia pacifica, pickeweed

SCAC = Schoenoplectus acutus, common bulrush

ATPR = Atriplex prostrata, fat-hen

SCCA = Schoenoplectus californicus, California bulrush

BO = Bolboschoenus species, bulrush

TYLA = Typha latifolia, broad-leaf cattail

SOURCE:
ESA, 2015
Note: Along different transects or in different locations within the same transect
different species occurred as dominant at different locations at the elevations
represented. Although SCAC, SCCA, and TYLA have been measured as low
as 2.0 ft NAVD, the plant cover is typically lower and surrounded mudflat.
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Figure 14
Common Tidal Marsh Plant Species
And Elevation Ranges Observed
At Lower Walnut Creek
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SOURCE:
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Available at http://www.ebparks.org/Assets/files/EBRPD_files/brochure/ihnorth.pdf, Accessed February, 2017
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Figure 15
Regional Trails

SOURCE:
ESA, 2017
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South Reach Alternatives
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SOURCE:
ESA, 2017
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Figure 17
Middle Reach Alternatives Plan
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Figure 19
East Bay Regional Parks District Trail
Alternatives
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Potential Construction Haul Routes
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This memorandum describes hydraulic modeling conducted by ESA in support of the Lower Walnut Creek
Restoration Project. This modeling effort builds on prior hydraulic modeling and analysis conducted by the
Contra Costa County Flood Control District (“District”) and US Army Corps of Engineers (“Corps”) using the
one-dimensional HEC-RAS (version 4). For this study, ESA reviewed the District’s draft calibration of the
District/Corps model, then updated the District/Corps one-dimensional model to better represent site conditions,
updating to the newer HEC-RAS version 5.03 and adding two-dimensional representation of flow areas
(previously represented as storage areas).
ESA developed boundary conditions and model geometry to simulate:
•

Hydrologic scenarios ranging from more frequent, ecologically-significant events to the 100-year (1%)
flood event. We modeled the following: low flow event, 2-year fluvial event, 10-year fluvial event, and
100-year event. The 100-year event was modeled for both fluvially-dominated and tidally-dominated
flood events.

•

Current conditions and future conditions with sea-level rise and projected geomorphic changes. Sea-level
rises of +2 feet and +5 feet were evaluated.

•

Proposed restoration alternatives: several With-Project alternatives are compared to the Without Project
alternative.

For each scenario, ESA evaluated modeled changes in the extents of inundation and peak water surface
elevations. The results of the modeling have been used to inform the refinement and selection of Lower Walnut
Creek Restoration Project alternatives.

1. Review of Prior District/Corps Model
ESA reviewed the HEC RAS version 4 model developed by the District in partnership with the Corps for the
Lower Walnut Creek General Reevaluation Report (“GRR”; USACE 2013). The model was intended to be used
to compare flood impacts under a range of project alternatives; however the GRR project was not completed and
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efforts to update the model were put on hold until the District began the Lower Walnut Creek Restoration Project
(this study). The GRR process resulted in the production of a draft hydraulic analysis report which documents
watershed conditions, and the development of the District/Corps HEC-RAS model (USACE 2013).

Background and existing Information
The current modeling effort has been informed by several other prior studies, including:
• Contra Costa County Flood Control District Corrective Action Plan (CCCFCD 2007b)
• Freeboard and Inundation Areas, Lower Walnut Creek and Lower Grayson Creek (CCCFCD 2007a)
• Lower Walnut Creek General Reevaluation Report Hydrology Appendix (USACE 2008)
• Lower Walnut Creek Hydrograph Input for HEC-6T Hydrology Appendix (USACE 2011)
• Walnut Creek Sedimentation Study (MBH 2011)
• Draft Hydraulic Modeling Documentation (USACE 2013)
• New Year’s Storm Calibration – Analyses in Support of Selective De-Authorization of Lower Walnut
Creek Downstream of the BNSF Bridge (CCCFCD 2014)
Model Extents
The District/Corps HEC RAS model includes the lowest 7 miles of Walnut Creek, from Monument Blvd. to
Suisun Bay. Figure 1 shows an overview of the District/Corps model geometry. The model includes the four
main tributaries to Walnut Creek along this stretch of channel: Pine Creek, the Clayton Valley Drain, Greyson
Creek and Pacheco Creek. The model includes a distributary channel to represent the flow path from Walnut
Creek immediately downstream of Waterfront Road, through Pacheco Marsh and into the tidal marsh to the west
of Pacheco Marsh. The model uses storage areas to represent the inundation of over-bank basins such as the
Central Sanitary District retention ponds, the Conco and former IT Baker parcels, the fringing marshes adjacent
to the Acme Landfill and off-channel areas at Pacheco Marsh.

District/Corps Model Calibration
The District/Corps model was never advanced to a final calibrated state, however the District made efforts to
calibrate the model to the extent possible based on documented high water marks from the December 31, 2005,
“New Year’s Storm” event. No flow rate measurements are available for the lower reaches of Walnut Creek for
this event, however hydrologic analysis based on the Corps’ HEC-1 hydrologic model for this event suggest that
the New Year’s Storm was an approximately 1-in-40 year event (CCCFCD 2014).
The calibration efforts compared modeled high water levels to estimated observed high water levels at 8
locations. The District evaluated several calibration parameters: Channel n-value downstream of BNSF RR
Bridge, amount of accumulated Pier debris on all bridges, and inflow hydrograph scaling. These efforts were
documented in a memorandum “Analyses in Support of Selective De-Authorization of Lower Walnut Creek
Downstream of the BNSF Bridge”, referred to here as the District’s “model calibration memo” (CCCFCD 2014).
At the District’s request, ESA reviewed the District’s calibration efforts in order to determine whether the
existing calibration is sufficient to support ongoing use of the model for the evaluation of project concepts. The
following sections present ESA’s review of the model calibration and key findings:
Uncertainty in Calibration Dataset
There is a relatively high range of uncertainty in the available calibration dataset. No time-series water level
records are available for the calibration event, instead the calibration relies on estimated high water marks which
were surveyed following the flood event. The uncertainty of the elevation of the observed high water marks
varies from 0.6 feet in the best cases up to 2 feet where the high water marks were poorly defined. The two high
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water marks observed near the LWC project area, located just upstream and downstream of the Water Front Road
bridges, each have 2 feet of uncertainty.
District’s Sensitivity Analysis
The District’s model calibration efforts evaluated the parameters most likely to affect predicted flood levels.
Through sensitivity analysis, the District has identified the values of these parameters that minimized the average
error in water surface elevation at the locations where high water marks were observed. Through this process the
District has developed a model which provides a realistic representation of flows and water levels through the
project area.
Use of 1D Storage Areas
Model geometry in the District model allows for a reasonable representation of flow through the Lower Walnut
Creek area given the tools and methods available in HEC RAS version 4. This includes the use of 1D storage
areas to represent basins and floodplains that are separated from the main channels but become inundated during
large floods. Storage areas allow the model to account for water that overtops levees using hydraulic structures to
represent levees and stage-storage rating curves to model water levels within each basin. This method provides
reasonable estimates for water levels in areas where the water surface does not vary and where flow velocities are
generally small – such areas include the CSD, Conco and Martinez Gun Club basins. Storage areas do not
accurately model overland flow velocities, and are unable to accurately represent situations where a sloping water
surface occurs within a given storage area. Storage areas that could potentially experience higher velocities
include parts of Pacheco Marsh, the northern area of the Acme buffer, and the overland flow path through the
Tesoro Refinery at Waterfront Road.

While the use of off-channel storage areas represented the best practice at the time that the District/Corps model
was developed, recent releases of HEC-RAS include the option to use 2D flow areas, which can better represent
overland flow, and in particular rapid overland flow and flow across complex topography. For the present study
and future modeling efforts ESA recommends updating off-channel storage areas to 2D flow areas where
possible, and in particular in off-channel areas where rapid flow or flow over/through complex topography is
expected.
Pier Debris
The District/Corps model assumes that there is up to 2 feet of debris on most bridge piers within the model
domain. Debris has been observed on several bridges along Walnut Creek following large storms. Pier debris
increases the effective width of a given pier, reducing the available flow area under the bridge. The Draft New
Year’s Eve Storm model calibration memorandum describes the methods used to determine where pier debris was
applied in the model. The calibration sensitivity tests showed that the use of pier debris creates a better
calibration to the maximum observed water levels upstream and downstream of the Union Pacific Railroad and
Waterfront Road bridges. Debris accumulation has not been documented on either of these bridges, however the
railroad bridge is supported by a large number of 2’ diameter wooden piers, similar in size to the piers on the
Marsh Drive Bridge, where debris accumulation has been observed. Therefore, it is plausible that debris may
accumulate on the UPRR bridge as well.

ESA believes that the use of the pier debris parameter may also be effectively representing the increased
hydraulic resistance at the UPRR bridge due to the high skew angle of the structure relative to the direction of
flow. This is not noted in the calibration memorandum; however from a computational perspective, the
implications of adding pier debris are similar to what would occur if the model had accounted for the skewness of
the bridge piers.
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The UPRR bridge is a complex structure, consisting of more than 30 wooden piers, two large concrete piers and a
concrete caisson which supports a rarely used turntable section. The wooden piers each consist of seven 2-foot
diameter wooden posts distributed along the 15’ width of the structure. The bridge crosses Walnut Creek at a 37degree skew angle. The District model accounts for the skew of the bridge deck and upstream and downstream
cross sections, however it doesn’t directly account for the skew of the piers themselves.

As bridge piers become skewed relative to the direction of flow, they obstruct a larger fraction of the flow area,
increasing the hydraulic losses through the structure. The typical approach to modeling skewed piers is to reduce
the available flow area based on the frontal area of the piers (the area projected in the direction of flow). HEC
RAS provides a built-in method for modeling skewed piers that is recommended for skew angles up to 30
degrees. The built-in method does not work for more extreme skew angles, which may be why the District/Corps
model did not use the built-in method at the UPRR bridge. The pier debris parameter provides an alternate
method to reduce the effective flow area beneath a bridge, and is consistent with the expected adjustment that
would be needed to account for the high skew of the UPRR bridge. The amount of pier debris which the District
found to provide the best calibration with the observed high water marks represents an adjusted flow area that is
within the reasonable range of adjustments that would be typical to represent a bridge with piers skewed 37degrees from the direction of flow.

Findings
After reviewing the model setup and calibration, ESA has found that the District’s efforts to calibrate the HECRAS model, including the use of the pier debris parameter, were reasonable and justifiable. To the extent that the
available calibration data set allows for the validation of the hydraulic model results, we find that the
District/Corps model produces modeled water levels that are consistent with the observed high water marks,
given the range of uncertainty in those observations.

ESA found no basis for changing model parameters based on the available calibration dataset and we find the
model calibration sufficient to support the comparison of design alternatives based on relative water surface
elevations and inundation extents.

2. Update to Prior Model
The District/Corps model used 1D storage areas to represent inundation of areas behind levees and berms (eg. the
Acme buffer area and the Conco Parcel). The proposed restoration alternatives aim to restore hydraulic
connections to several of these disconnected basins. In order to accurately represent proposed With-Project
scenarios where hydraulic connections are restored to these disconnected basins. ESA recommended and
completed a number of updates to the model, including updating the model to the latest version of HEC-RAS
(5.0.3) to facilitate the use of 2D flow areas and changes to the model geometry as described below.
Changes to the Existing Conditions (“Without-Project”) model geometry are described below and the updated
geometry is shown in Figure 2. After reviewing the District/Corps model, ESA determined it was appropriate to
update the Existing Conditions model geometry. ESA has recommended and made the following changes to the
Existing Conditions model geometry: Note that for the alternatives analysis, the updated Existing Conditions
geometry is referred to as the “Without-Project” alternative and “N0M0S0”.
1) Conversion of Storage areas downstream of Grayson Creek to 2D Flow Areas.
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Storage areas are useful for representing off-channel storage in areas with very little water surface slope and low
flow velocities. We anticipate that the restoration and sea-level rise will result in more frequent activation of offchannel flow paths; consequently it is desirable to improve the representation of these areas in the model.
In order to better represent off-channel flow conditions, ESA updated the HEC-RAS model to use 2D flow areas
in locations where 2D flow effects are likely to be important, including:
• Low-lying areas along the west bank of Walnut Creek downstream of the BNSF railroad.
• The Central Sanitary District ponds and buffer areas along the west bank of Walnut Creek between
Grayson Creek and the BNSF railroad.
• The overland flow path through the Tesoro Refinery along the west bank of Walnut Creek near
Waterfront Road.
ESA developed a set of break lines and lateral and in-line flow structures to represent existing berms, culverts,
levees within the 2D areas, and connections between the creek channels and the 2D flow areas. The geometries
of these structures were taken from the District/Corps model (for features that were represented in the prior model
geometry) or derived from the 2005 Towill LiDAR dataset (for features that were not represented in the prior
model geometry).
2) Extending the lateral flow structures representing the existing flood control levees to cover the full
length of the creek channels along the lower reaches
The District/Corps model included lateral flow structures in areas where levee overtopping was anticipated,
however the model did not include structures to represent sections of levee that are unlikely to overtop during the
100-year flood without sea-level rise. For scenarios with high amounts of sea-level rise, the extents of levee
overtopping within the tidal reaches of Walnut Creek and Pacheco Creek will greatly increase, and many
additional sections of levee are likely to overtop. ESA has extended the lateral structures to represent the full
length of levees within the area of the model downstream of Highway 4, where the creek is most strongly
influenced by changes to the tidal boundary.
The elevations of the extended lateral structures were derived from the 2005 Towill LiDAR.
3) Add interpolated cross sections as needed to maintain model stability.
The first two changes significantly increase the level of detail in the off-channel areas of the model. ESA found it
necessary to increase the density of channel cross sections in order to maintain model stability. ESA added
interpolated cross sections along the lower reaches of Walnut Creek and Pacheco Creek to achieve model
stability.
ESA did not make any adjustments to the channel cross sections for the Existing Conditions model geometry
other than the addition of interpolated cross sections where needed for model stability. ESA compared the
existing cross section geometry with recent cross section surveys at select locations and determined that the
changes in channel geometry since the 2005 Towill survey were minor and unlikely to significantly affect the
model results for the comparison of alternatives.

3. Scenario Modeling
ESA developed a collection of model scenarios to evaluate:
•
•

A range of Flow (hydrologic) conditions, including
– 100-year fluvial and tidal floods under current conditions
– Ecological flow scenarios, consisting of the 10-year and 2-year stream flows and typical tidal conditions;
The Project Alternatives under evaluation in the Feasibility Study, including the Without Project Alternative
and several With-Project alternatives; and
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•

Current and future site conditions, accounting for sea-level rise and projected geomorphic changes.

These scenarios are described in the subsections below. Modeled scenario combinations are listed in Table 1.
Table 1: Scenario Modeling Summary

Model Run Description
100-Year Fluvial Flood

Flow Scenarios
Fluvial
Tidal
Boundary
Boundary
Condition
Condition
Q100
MHHW

Project Alternative
Scenarios

100-Year Tidal Flood

Q10

T100

10-year Fluvial Event

Q10

MHHW

2-Year Fluvial Event

Q2

T0

Typical Tides

Q0

T0

Fluvial Flood with SLR

Q100

Tidal Flood with SLR

Q10

MHHW +2’
and MHHW
+5’
T10 +2’ and
T10 +5’

Current / Future
Conditions Scenarios
(for Sea-level Rise and
Geomorphology)

N0M0S0
N1M1S1
N1M0S3
N1M3S3
N0M0S0
N1M1S1
N1M0S3
N1M3S3

Current conditions

N0M0S0
N1M0S3
N1M3S3
N0M0S0
N1M0S3
N1M3S3
N0M0S0
N1M0S3
N1M3S3
N0M0S0-LT
N1M0S3-LT
N1M3S3-LT
N0M0S0-LT
N1M0S3-LT
N1M3S3-LT

Current conditions

Current conditions

Current conditions

Current conditions

+2ft SLR (approx. 2050) &
+5ft SLR (approx.. 2100)
+2ft SLR (approx. 2050) &
+5ft SLR (approx.. 2100)

Hydrologic Scenarios
The scenario modeling uses boundary conditions that have been developed based on those used for the 100-year
fluvial flood in the District/Corps model. Additional tidal boundary conditions were added to the new 2D flow
areas on the east and west banks of Walnut Creek at the creek mouth. These tidal boundaries are driven by the
same water level time series as the downstream channel boundary.

Tidal Boundary Conditions
The following tidal boundary conditions were used:
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1. MHHW (constant water surface elevation [“WSE”]) – A constant elevation 6.6ft NAVD tidal boundary
condition representing a typical high tide event plus 0.5 feet of combined wave set-up plus storm surge.
This boundary condition was used as the tail water for the 100-year fluvial storm event, as well as the 2year and 10-year fluvial ecological flow events. This boundary condition is consistent with the MHHW
boundary condition used in the prior District/Corps modeling efforts, see additional discussion below.
2. T100 (time-varying WSE) – A time-varying tidal boundary based on an observed tide signal at Port
Chicago that is shifted to have a peak high tide at elevation at 9.4ft NAVD. The peak elevation is based
on the 100-year extreme coastal water level reported in the 2015 FEMA flood study (FEMA, 2015 – FIS
0613CV003B, Table 15, Transects #33 and 34).
3. T0 (time-varying WSE) – A time-varying tidal boundary based on an observed tide signal at Port
Chicago shifted to have a peak high tide at elevation at 6.6ft NAVD. The peak elevation matches the
water surface elevation used for the MHHW boundary condition.
Future conditions with sea-level rise are described separately in the Current and Future Conditions Scenarios
section below.
As noted above, a constant water level at 6.6 ft NAVD was used as the downstream tail water for the 10-year and
100-year events, consistent with the prior District/Corps modeling efforts. While this boundary condition was
referred to in prior documentation as the MHHW boundary condition, it is actually higher than the reported
MHHW tidal datum of 6.01’ NAVD at the nearby Port Chicago tide gage. Short term water level gages installed
at the project site for the current study resulted in a recommendation to slightly increase the estimate of MHHW
to 6.1 ft NAVD at the site. We interpret the use of the 6.6ft NAVD water surface elevation as representing an
adjusted MHHW boundary condition that includes a small (0.5 ft) allowance for storm surge and/or wave setup.
This amount is plausible for a modest coastal storm surge event based on our experience with projects elsewhere
along the shore of Suisun Bay and San Pablo Bay.

Fluvial Boundary Conditions
The prior District/Corps modeling effort included an extensive hydrologic analysis conducted during the GRR
project to develop boundary conditions for the hydraulic and sediment transport models. This prior study is
documented in “Lower Walnut Creek General Reevaluation Report Hydrology Appendix” (USACE, 2008). This
prior hydrology study produced estimated streamflow time series for Walnut Creek and its tributaries for the 500year streamflow event and smaller flows. The estimated stream flows at the mouth of Walnut Creek are listed in
Table 2:

Table 2: 8-Flood Series Peak Flows (cfs) at Walnut Creek Mouth

Walnut Ck.
Mouth

Drainage
Area
(sq. mi.)

50%
(2-year)

20%
(5-year)

10%
(10-year)

4%
(25-year)

2%
(50-year)

1%
(100-year)

0.5%
(200-year)

0.2%
(500-year)

143.1

5,970

12,400

16,500

20,100

25,800

30,800

35,900

42,600

Excerpted from Table 12A (USACE, 2008)
ESA has developed estimated 10-year and 2-year fluvial boundary conditions by applying a uniform scaling
factor of 0 .5357 and 0.1938, respectively, to the fluvial inflow time-series used in to model the 100-year flood
event. The scaled flows cause the peak discharge at Waterfront Road from the HEC-RAS model to match the
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predicted peak flow at the downstream (“at bay”) node for the 10% (10-year) and 50% (2 year) average chance
exceedance flows, respectively (USACE, 2008).
ESA also has developed a so-called “Q1” fluvial boundary condition. This boundary condition is used to evaluate
the effect of the With-Project scenarios on tidally driven water surface elevations during periods with minimal
fluvial input. This boundary condition applies a constant inflow to each tributary that is approximately 5-10 times
smaller than the Q2 inflow. These this fluvial boundary conditions was developed in order to provide a
streamflow condition that is large enough to maintain model stability while small enough that the water surface
elevations within the lower reach are influenced primarily by the tidal boundary condition. The “Q1” name is
intended to indicate that this flow conditions is expected to occur every year (and likely multiple times each year),
however ESA has not calculated the specific recurrence interval of the “Q1” boundary condition.

Project Alternative Scenarios
The Without-Project alternative uses the model geometry resulting from the updates to the District/Corps
“Existing Conditions” model geometry. For the With-Project alternatives, ESA has modified the model geometry
to reflect grading and any structures in the proposed alternatives.

Combinations of Project Alternatives Modeled
The conceptual designs for the Lower Walnut Creek Restoration Project propose restoration along three reaches
of Walnut Creek. The “South Reach” extends from the BNSF Railroad Bridge to the Pacheco Creek confluence;
the “Middle Reach” extends from the Pacheco Creek confluence to the Union Pacific Railroad Bridge; and the
“North Reach” extends from the Waterfront Road Bridge to the mouth of Walnut Creek at Suisun Bay. The
Lower Walnut Creek Feasibility Study Report provides complete descriptions of the project alternatives, not
repeated here (ESA 2017a).
The Feasibility Study evaluates several restoration alternatives at each reach, which may be combined with
different alternatives at the other reaches. The “Without-Project” alternative is evaluated at all three reaches, and
the Feasibility Study evaluates three “With-Project” alternatives on the South and Middle reaches, and two
“With-Project” alternatives on the North Reach.
For the hydraulic analysis, ESA modeled 4 combinations of alternatives at the various reaches. These
combinations were selected because they represent bounding test cases which cause the greatest change relative
to the without project alternative when compared to the combinations of alternatives that were not modeled.
These model geometries are described using a naming convention that indicates the project alternative
represented for each reach in that geometry, using the following format:
N [#1]M[#2]S[# 3]
where “#1”, “#2” and “#3” indicate the number of the alternative that is represented at the North, Middle and
South Reach, respectively, for that geometry. For example, model geometry “N1M0S3” represents Alternative 1
on the North Reach, Alternative 0 (Without-Project) on the Middle Reach and Alternative 3 on the South Reach.
N0M0S0:
The Current Conditions, Without-Project model geometry is based on the prior District/Corps model, except as
noted in the “Changes to Without-Project Model Geometry” section above.
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N1M0S3:
This Current Conditions, With-Project geometry is based on the N0M0S0 geometry, but has been updated to
reflect the proposed grading under North Reach Alternative 1 and the South Reach Alternative 3.
N1M3S3:
This Current Conditions, With-Project geometry is based on the N0M0S0 geometry, but has been updated to
reflect the proposed grading under North Reach Alternative 1, Middle Reach Alternative 3, and the South Reach
Alternative 3.
N1M1S1:
This Current Conditions, With-Project geometry is based on the N0M0S0 geometry, but has been updated to
reflect the proposed grading under North Reach Alternative 1, Middle Reach Alternative 1 and South Reach
Alternative 1.

Geometry Development
The With-Project model geometries are based on the Without-Project model geometry. ESA made the following
edits to the Without-Project geometry in order to create each of the With-Project geometries:
•

Updated Terrain used to represent topography within the 2D flow areas, reflecting the proposed project
grading at each reach.

•

Updated breaklines used to define the computation grid in the 2D flow areas to ensure that the grid
captures key topographic features of the updated terrain, including new setback levees.

•

Updated lateral flow structures to represent changes in the connectivity between the creek channel and
the restoration areas. The lateral flow structure weir crest elevations have been edited to reflect the
project grading.

•

Alternative 1 on the South and Middle Reaches, 4ft x 4ft concrete box culverts are added to the lateral
structures to represent the proposed breaches in the existing flood control levees. 3 culverts are used on
the South Reach and 5 culverts are used on the Middle Reach.

Combinations of Alternatives Not Modeled:
We have not modeled every combination of alternatives at at each project reach (North, Middle and South).
However the four combinations evaluated provide insight into the anticipated water levels under the other
scenarios. Particular scenarios of interest are discussed below.

Other North Reach Alternatives
Flows through the east side of the North reach are constrained primarily by the dimensions of the main Lower
Walnut Creek channel, and on the west side by the culverts under the Plains All American pier. The proposed
restoration project will not alter either of these flow constraints, and for this reason we anticipate that the
alternative selected at the North Reach will not result in a significant change in water levels or inundation extents
except for local changes at Pacheco Marsh.
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Middle Reach Restoration without South Reach Restoration
The District currently owns the property necessary to pursue restoration on the South and North reaches.
Negotiations with the landowner at the Middle Reach have been inconclusive. Given the need to limit the
number of model runs, we did not model a scenario that restores the Middle Reach but does not restore the South
Reach. In the event that restoration the District decides to proceed with restoration in the Middle Reach but not
the South Reach, we would recommend additional model runs to evaluate hydraulic conditions under that
scenario as they may be different than conditions that have been modeled for this study.
South Reach Alternative S2
From a hydraulic perspective, Alternative S2 at the South reach is very similar to Alternative S3. Both
alternatives include lowering the outboard levee and constructing a new setback levee inboard of the disconnected
basins. Alternative S2 will create slightly less new channel conveyance, but will preserve slightly more offchannel storage. We expect that peak water levels under Alternative S2 will be in between the peak water levels
predicted for alternatives S0 and S3.
Middle Reach Alternative M2
From a hydraulic perspective, Alternative M2 at the Middle Reach is expected to be effectively identical to
Alternative M3. Both alternatives include lowering the outboard levee and constructing a new setback levee
inboard of the disconnected basins. The additional public access enhancements that are included under
Alternative M2 are not expected to affect hydraulic conditions. We expect that water levels under this alternative
will be almost identical to water levels predicted for Middle Reach Alternative M3.

Current and Future Conditions Scenarios
With and Without Project scenarios were evaluated for current and potential future conditions. “Current
Conditions” in this context refer to a point in time immediately after project implementation (as distinct from
“existing conditions”, which refers to the Without-Project alternative). The Current Conditions scenarios assume
present day sea levels, existing Walnut Creek channel conditions and, in the case of the With-Project alternatives,
as-constructed site grades. Future Conditions scenarios consider sea-level rise and estimated future geomorphic
changes.

Sea-Level Rise
Two sea-level rise scenarios were modeled: +2 feet and +5 feet. Boundary conditions used to model the scenarios
were developed by modifying the MHHW and T100 boundary conditions with a constant offset to reflect the
desired amount of sea-level rise, eg. the MHHW tidal boundary for the +2’ sea-level rise scenario is a constant
elevation 8.6ft NAVD tidal boundary, T100+5ft is a time-varying tidal boundary with a peak elevation of 14.4ft
NAVD.

Geomorphic Change
The Future Conditions model geometries were modified to reflect the following geomorphic processes:
•

Accretion in areas with existing tidal marsh and areas planned for tidal marsh restoration - The
depth of marsh plain accretion has been estimated using ESA’s Marsh98 1-D morphodynamic model
(Stralberg et al., 2011). Addition information on the Marsh98 modeling is available in the Lower
Walnut Creek Geomorphic Assessment Memorandum (ESA, 2017b). The following input parameters
were used for the Marsh98 modeling: Average effective suspended sediment concentration of 200mg/L,
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an average of 2 mm/year of organic accretion in tidal marsh areas, and sea-level rise rates based on the
USACE “High” curve.
•

Continued sedimentation of the Lower Walnut Creek channel - Future channel dimensions along the
tidal reaches of Walnut Creek and Pacheco Creek were estimated based on the tidal marsh channel
hydraulic geometry relationships (Williams et al., 2002) as well as hydraulic geometry relationships
based on fluvial scour (Colins and Leventhal 2013). For the tidal channel geometry we used the
hydraulic geometry equations based on tributary intertidal area, which are representative of long-term
channel conditions with a mature tidal marsh plain at approximately MHHW. This approach will tend to
estimate smaller future channel sizes compared to using the tidal-prism-based hydraulic geometry
equations and provide a more conservative estimate of future flood levels and inundation extents (i.e.,
tendency to overestimate flood risk). The Future Conditions channel dimensions at each cross section are
based on the larger of the predicted tidal and fluvial hydraulic geometry relationships.
The channel sizes were adjusted for the With-Project alternatives to reflect the increased future marsh
area due to the proposed restoration. A compound sloping channel was assumed (3:1 side slopes and
13:1 bottom slopes). The Future Conditions channel dimensions were determined first by matching the
predicted equilibrium channel depth, and then adjusting the channel width until the predicted equilibrium
cross section area is achieved.

Note that some existing infrastructure, such as the berms at the Central Sanitary District treatment plant,
Waterfront Road, and the Union Pacific Railroad embankment will require significant enhancements in order
maintain existing levels of service as sea-levels rise. We anticipate that the District is likely to make future
improvements to maintain critical infrastructure such as the CSD treatment plan out of the 100-year flood plain.
These potential flood protection enhancements and the resulting impacts on flood hydraulics have not been
evaluated in this study.

4. Sensitivity Analysis
Manning’s n
ESA tested several Manning’s N values for the 2D flow areas. Based on these tests, ESA determined that a N
value of 0.04 best matched the District/Corps model results for the 100-year fluvial flood event. This value is
within the expected range for low-vegetation such as grass and or pasture, but lower than the value expected for
shrubs and bushes (n= ~0.08).
2D Area - grid cell size
ESA varied the size of the grid cells in the 2D flow areas from 50 to 200 ft and found that increasing the grid cell
resolution had a negligible impact on the predicted water levels in the creek channel. ESA used 100 ft square grid
cells for the 2D flow areas as this grid cell size required fewer manual edits to represent fine details in the
topography compared to the 200ft case, but still allowed for reasonable run times. Model runs using 50 ft grid
cells had significantly longer run times than those using 100 ft grid cells.
Lateral Structure Weir Coefficient
After extending the lateral flow structures to cover the full lengths of the levees adjacent to the 2D flow areas,
ESA tested the sensitivity of the model to changes in the lateral structure weir coefficient, which can be used to
scale the flowrate when these structures are overtopped. The model was found to be sensitive to changes to this
coefficient: increasing the original weir coefficients by 100% at every lateral structure resulted in a ~0.3ft
increase in modeled peak water surface elevations along the South and Middle reaches, and a 50% decrease
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resulted in a ~0.3ft decrease in modeled peak water levels along those same reaches. Water levels upstream of
the BNSF Railroad and downstream of the Union Pacific Railroad Bridges were much less sensitive to changes in
the weir coefficient. ESA found that using a weir coefficient of 2 for the new lateral structures and preserving the
prior weir coefficients (which typically range between 1.9 and 2.5) for the pre-existing lateral structures best
matched the District/Corps model results for the 100-year fluvial flood event.
Time step
The updated model requires a time step of 10 seconds in order to maintain model stability. The modeled water
levels were not found to be sensitive to changes in the time step; however run times significantly increase as the
time step is reduced.
Geomorphic Change
ESA has evaluated the sensitivity of the Future Conditions modeling by evaluated scenarios which include sealevel rise both with and without anticipated geomorphic change. We have found that including geomorphic
changes significantly increases the predicted peak water surface elevation compared to scenarios with the same
sea-level rise but no geomorphic change. The scenarios which include geomorphic changes show a large (3+
foot) increases in the modeled peak water surface elevations along the reaches between the UPRR Bridge and
Highway 4 due to the anticipated reduced channel sizes and the accretion of the marsh areas. Figure 7 and Figure
7b show peak water surface elevation profiles for the future conditions 100-year flood modeling, including the
sensitivity test scenarios which include 5 feet of sea-level rise but no geomorphic changes (shown in pink lines on
the figures).

5. Results
The sections below tabulate the modeled water surface elevations for each scenario at several representative cross
section locations along the Walnut Creek Channel. The changes in water surface elevations for each “WithProject” alternative relative to the baseline “Without-Project” alternative are also tabulated. Figures 3 through 8
show the modeled water surface profiles and change in water level from the mouth of Walnut Creek to Highway
4. Figures 9 through 17 show the modeled inundation extents for the scenarios.
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Existing Conditions 100-year Flood Scenarios
The modeled peak water surface elevations for the existing conditions 100-year flood scenarios are listed in the
tables below. See Figures 3 & 4 for water surface profiles and Figures 9 & 10 for maps of inundation extents for
the Existing Conditions 100-year Flood Scenarios.
Table 3a: Maximum Water Surface Elevation – 100-Year Fluvial Flood
Lower Walnut Creek River Station (ft Upstream from Suisun Bay)
Geometry

STA 4053
Middle of

N0M0S0-EC

STA 8077

STA 12049

STA 15044

STA 21007

Middle of Middle

Middle of South

At Central Sanitary

Upstream of

South Reach

Reach

Reach

District

Grayson Creek

9.51

12.61

13.81

17.00

20.89

9.67
9.73
9.63

12.73
12.61
12.92

13.89
13.67
13.96

17.02
16.95
17.06

20.90
20.87
21.09

“Without- Project”
N1M0S3-EC
N1M3S3-EC
N1M1S1-EC

Table 3b: Change in Water Surface Elevation Relative to “Without Project” – 100-Year Fluvial Flood
Geometry
N1M0S3-EC
N1M3S3-EC
N1M1S1-EC

Lower Walnut Creek River Station (ft Upstream from Suisun Bay)
STA 4053
STA 8077
STA 12049
STA 15044
STA 21007
0.16
+0.12
+0.08
+0.02
+0.01
0.22
0.00
-0.14
-0.05
-0.02
0.12
+0.31
+0.15
+0.06
+0.20

Table 3c: Maximum Water Surface Elevation – 100-Year Tidal Flood
Geometry
N0M0S0-EC

Lower Walnut Creek River Station (ft Upstream from Suisun Bay)
STA 4053
STA 8077
STA 12049
STA 15044
STA 21007
9.77
11.59
12.38
13.68
17.37

“Without- Project”

N1M3S3-EC

9.70
9.68

11.49
11.19

12.25
11.79

13.44
13.19

17.33
17.30

N1M1S1-EC

9.69

11.41

12.20

13.57

17.52

N1M0S3-EC

Table 3d: Change in Water Surface Elevation Relative to “Without Project” – 100-Year Fluvial Flood
Geometry
N1M0S3-EC
N1M3S3-EC
N1M1S1-EC

Lower Walnut Creek River Station (ft Upstream from Suisun Bay)
STA 4053
STA 8077
STA 12049
STA 15044
STA 21007
-0.07
-0.10
-0.13
-0.24
-0.04
-0.09
-0.40
-0.59
-0.49
-0.07
-0.08

-0.18

-0.18

-0.11

+0.15

Interpretation:
•

The 100-year fluvial flood elevation is higher than the 100-year tidal flood elevation upstream of RS 4000
(approximately 3000 feet downstream of Waterfront Road).
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•

The 100-year tidal flood elevation is higher than the 100-year fluvial flood elevation downstream of RS 4000
(approximately 3000 feet downstream of Waterfront Road).

100-year fluvial flood:
•

During the 100-year fluvial flood event, the model shows that the flow pathway through the Tesoro refinery
downstream of Waterfront road activates when flows at Waterfront Road reach 11,000 cfs, primarily
inundating the existing swale between the Tesoro water treatment pond and the refinery, but also inundating
some adjacent parking areas and roadways.

•

During the 100-year fluvial flood event, the model predicts that the first significant levee overtopping
(>100cfs) will occur along the levee on the south/east bank of Pacheco Creek, on the north side of the Conco
Parcel. This occurs when flows at the Waterfront Road Bridge exceed 16,400 cfs.

•

Levees along the Acme parcel overtop along both Pacheco Creek and Walnut Creek when flows at
Waterfront Road exceed 17,100cfs.

•

The levee on the east side of the South Reach, adjacent to the District-owned disconnected basin, overtops at
17900 cfs.

•

The peak modeled flow at Waterfront Road is 19,100cfs. An additional 6000 cfs flows through the Acme
parcel then across the UPRR embankment (both over the tracks and through the existing bridge), over
Waterfront Road, and into Pacheco Marsh. An additional 1200 cfs flows north through the Tesoro Refinery
at Waterfront Road.

•

Perforating the existing levees (Middle/South Reach Alternative 1) allows the storage areas behind the
existing flood control levees to fill earlier in the hydrograph, before the channel experiences peak flows.
These alternatives reduce the available off-channel storage during the peak of the flood flow, resulting in a
slight increase in water surface elevations during the flood peak (less than +0.3 ft). The modeled levee
perforations (scenario N1M1S1) cause a negligible increase in water levels upstream of the BNSF railroad
(less than +0.1 ft).

•

Levee Setbacks (Mid/South Reach Alternative 3) cause a similar reduction in off-channel storage as seen
with the levee perforations, however the levee setbacks also increase the flow conveyance along the adjacent
sections of channel. The reduced off-channel storage acts to increase peak water levels, while the increase
conveyance acts to reduce peak water levels. Because of these competing processes, the net effect of the
levee setbacks varies, with both very small localized increases and very small decreases in peak water levels
at different locations along the project reaches (less than +0.2/-0.4 ft).
o

Levee setbacks on the South Reach only (scenario N1M0S3) have no significant effect (less than +/0.05ft) on water levels upstream of the BNSF railroad.

o

Levee setbacks on both the Middle and South Reaches (scenario N1M3S3) cause a very small
decrease (less than - 0.1ft) in water levels upstream of the BNSF railroad.
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Ecological Flows
The modeled peak water surface elevations for the ecological flow scenarios are listed in the tables below. See
Figures 5 & 6 for water surface profiles and Figures 11, 12, & 13 for maps of inundation extents for the Existing
Conditions 100-year Flood Scenarios.
Table 4a: Max Water Surface Elevation – Typical Tides
Lower Walnut Creek River Station (ft Upstream from Suisun Bay)
Geometry

N0M0S0-EC

STA 4053

STA 8077

STA 12049

STA 15044

STA 21007

Middle of

Middle of Middle

Middle of South

At Central Sanitary

Upstream of

South Reach

Reach

Reach

District

Grayson Creek

6.65

6.67

6.70

6.77

9.06

6.65
6.64

6.67
6.65

6.70
6.70

6.77
6.75

9.06
9.06

“Without- Project”
N1M0S3-EC
N1M3S3-EC

Table 4b: Change in Water Surface Elevation Relative to “Without Project” – Typical Tides
Geometry
N1M0S3-EC
N1M3S3-EC

Lower Walnut Creek River Station (ft Upstream from Suisun Bay)
STA 4053
STA 8077
STA 12049
STA 15044
STA 21007
0
0
0
0
0
-0.01
-0.02
0
-0.02
0

Table 4c: Max Water Surface Elevation – 2-year Fluvial Event
Lower Walnut Creek River Station (ft Upstream from Suisun Bay)
Geometry
N0M0S0-EC

STA 4053
7.05

STA 8077
7.70

STA 12049
8.38

STA 15044
9.62

STA 21007
13.60

9.56
9.48

13.60
13.60

“Without- Project”
N1M0S3-EC
N1M3S3-EC

7.04
6.95

7.67
7.56

8.33
8.14

Table 4d: Change in Water Surface Elevation Relative to “Without Project” – 2-Year Fluvial Event
Lower Walnut Creek River Station (ft Upstream from Suisun Bay)
Geometry
N1M0S3-EC
N1M3S3-EC

STA 4053
-0.01
-0.10

STA 8077
-0.03
-0.14

STA 12049
-0.05
-0.24

STA 15044
-0.08
-0.14

STA 21007
0
0

Table 4e: Max Water Surface Elevation – 10-year Fluvial Event
Geometry
N0M0S0-EC

Lower Walnut Creek River Station (ft Upstream from Suisun Bay)
STA 4053
STA 8077
STA 12049
STA 15044
STA 21007
8.52

11.15

12.08

13.53

17.34

8.44
8.29

11.01
10.65

11.92
11.39

13.28
13.03

17.31
17.28

“Without- Project”
N1M0S3-EC
N1M3S3-EC
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Table 4f: Change in Water Surface Elevation Relative to “Without Project” – 10-Year Fluvial Flood
Geometry
N1M0S3-EC
N1M3S3-EC

Lower Walnut Creek River Station (ft Upstream from Suisun Bay)
STA 4053
STA 8077
STA 12049
STA 15044
STA 21007
-0.08
-0.14
-0.16
-0.25
-0.03
-0.23

-0.50

-0.69

-0.50

-0.06

Interpretation:
•

These model results indicate that the proposed levee setback alternatives have no significant impact on
water levels during typical tidal conditions. Consequently we anticipate that habitat elevation ranges for
the With-Project scenarios will be similar to those observed under existing conditions.

•

The model results show that the levee setback project alternatives result in a slight to moderate decrease
in peak water levels within the study area during the 2-year and 10-year flow events.
o

During the 10-year fluvial floods, the levee setbacks on the South Reach only (scenario
N1M0S3) reduce water levels by up to 0.4ft within the project reaches, with smaller decreases in
water levels upstream.

o

During the 10-year fluvial floods, the levee setbacks on both the Middle and South Reaches
(scenario N1M3S3) reduce water levels by up to 0.8ft within the project reaches, with smaller
decreases in water levels upstream.

•

This decrease in water levels during the 10-year and 2-year fluvial floods is the result of both the
increased in-channel storage volume and the increased flow conveyance caused by the proposed levee
setbacks.

•

The existing levees along the South and Middle reaches are not overtopped during the 2-year and 10-year
flow events, so the reduced off-channel storage volume due to the levee setbacks does not effect flow
conditions during these smaller flood events.
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Future Conditions Flood Scenarios
The modeled peak water surface elevations for the future conditions 100-year flood scenarios are listed in the
tables below. See Figures 7, 7b, 8 & 8b for water surface profiles and Figures 14, 15, 16, & 17 for maps of
inundation extents for the Existing Conditions 100-year Flood Scenarios.
Table 5a: Max Water Surface Elevation – 100-year Fluvial Flood with +2’ SLR and Associated
Geomorphic Changes (“LT-2”)
Lower Walnut Creek River Station (ft Upstream from Suisun Bay)
Geometry

N0M0S0-EC

STA 4053

STA 8077

STA 12049

STA 15044

STA 21007

Middle of

Middle of Middle

Middle of South

At Central Sanitary

Upstream of

South Reach

Reach

Reach

District

Grayson Creek

11.11

13.39

14.52

17.87

21.25

10.81
10.70

13.40
13.56

14.57
14.62

17.74
17.67

21.22
21.18

“Without- Project”
N1M0S3-EC
N1M3S3-EC

Table 5b: Change in Water Surface Elevation Relative to “Without Project” – 100-Year Fluvial Flood
Geometry
N1M0S3-EC
N1M3S3-EC

Lower Walnut Creek River Station (ft Upstream from Suisun Bay)
STA 4053
STA 8077
STA 12049
STA 15044
STA 21007
-0.30
0.01
0.05
-0.13
-0.03
-0.41
0.17
0.10
-0.20
-0.07

Table 5c: Max Water Surface Elevation – 100-year Fluvial Flood with +5’ SLR and Associated
Geomorphic Changes (“LT-5”)
Lower Walnut Creek River Station (ft Upstream from Suisun Bay)
Geometry

N0M0S0-EC

STA 4053

STA 8077

STA 12049

STA 15044

Middle of

Middle of Middle

Middle of South

At Central Sanitary

STA 21007
Upstream of

South Reach

Reach

Reach

District

Grayson Creek

12.99

14.67

16.15

19.39

22.12

12.77
12.75

14.63
14.75

16.11
16.15

19.38
19.39

22.12
22.12

“Without- Project”
N1M0S3-EC
N1M3S3-EC

Table 5d: Change in Water Surface Elevation Relative to “Without Project” – 100-Year Fluvial Flood
Geometry
N1M0S3-EC
N1M3S3-EC

Lower Walnut Creek River Station (ft Upstream from Suisun Bay)
STA 4053
STA 8077
STA 12049
STA 15044
STA 21007
-0.22
-0.04
-0.04
-0.01
0
-0.24
0.08
0
0
0

Interpretation:
•

The proposed project alternatives have a mixed effect on water levels during the LT-2 100-year fluvial
flood. For both With-Project alternatives, the modeled peak water levels increase slightly along the
South and Middle Reaches but decrease slightly in the North Reach and upstream of the BNSF Bridge.
These changes are more pronounced for the N1M3S3 scenario compared to the N1M0S3 scenario.
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•

For both the Without-Project and With-Project alternatives we anticipate continued sediment
accumulation along the Walnut Creek Channel, keeping pace with rising sea levels. This sediment
accumulation will result in decreased channel conveyance, especially at the already constricted Union
Pacific Railroad Bridge.

•

Re-connecting the restored wetland areas to the tides allows sediment to accumulate in these basins.
Consequently, the storage volume and conveyance provided within the restoration areas will decrease
over time. These effects contribute to the small increase in modeled water levels along the South and
Middle Reaches for the With-Project alternatives during the LT-2 100-year fluvial scenario compared to
the Without-Project alternative (less than +0.2ft). For the LT-2 scenario both of the With-Project
alternatives reduce peak water levels upstream of the BNSF railroad compared to the Without-Project
alternative (less than -0.6ft).

•

Under the Without-Project scenario the existing disconnected basins remain disconnected and do no
accumulate sediment. Therefore there is no decrease in off-channel storage volume for the WithoutProject scenario, and thus there is a greater attenuation of peak in-channel water levels when the levees
are overtopped during the flood event.

•

The proposed project alternatives have no significant effect on water levels during the LT-5 100-year
fluvial flood compared to the Without-Project alternative, except along the North Reach where the
restoration project causes a small decrease in peak water levels (less than -0.3ft).

•

For the LT-5 scenario the marsh plain is anticipated to aggrade up to or above the low-chord elevation of
the Union Pacific Railroad Bridge. This aggradation results in a very significant reduction in conveyance
at the bridge for all scenarios.

•

With 5 feet of sea-level rise, the flood control levees are anticipated to over-top much earlier during the
flood hydrograph than under present day conditions. Consequently, there model shows that there will be
very little available off-channel storage volume during the flood peak for the Without-Project alternative
and for both With-Project alternatives.

Note that the results of the Future Flood Scenario modeling have a much higher level of uncertainty compared to
the existing conditions/near term flood analysis. It is difficult to project future conditions based on current trends,
and uncertainty increases when considering potential conditions at more distant time horizons, consequently the
results of the LT-2 and LT-5 scenarios include increasing levels of uncertainty compared to the existing
conditions modeling.
The Future Flood Scenario analysis evaluates idealized scenarios that we expect to be representative of potential
(but not necessarily likely) future conditions to facilitate the comparison of alternatives. The potential future
conditions scenarios have been developed based on numerous assumptions and may or may not reflect actual
future conditions. These assumptions include:
•
•

No changes to existing levees, roads, railroads and other infrastructure that would affect hydraulic
conditions within the model domain.
No change in the magnitude of the 100-year flood event, which implies
o No changes in local/regional climate that would alter precipitation patterns
o No changes in local/regional land use that would alter rates of runoff and sediment supply
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•
•

No changes in ambient estuarine suspended sediment concentrations
No significant coastal erosion

Implications for Flood Protection
Design for Appropriate Level of Flood Protection
The District is committed to providing an appropriate level of flood protection within the study area. The
identification of the appropriate level of flood protection takes into account the vulnerability and sensitivity of
infrastructure within the study area.
•

Vulnerability: the likelihood that a given piece of infrastructure will be inundated or otherwise impacted
by a significant flood event; and

•

Sensitivity: the likelihood that a given piece of infrastructure will be damaged by a significant flood
event.

Model results indicate that under existing conditions there are extensive low-lying areas adjacent to Walnut Creek
that are expected to become inundated during a 100-year flood event. Affected areas include the Acme Buffer
Area, the Conco Contractor Yard, Martinez Gun Club, the Copart auto lot, portions of the Tesoro Refinery near
Waterfront Road, and sections of Waterfront Road near Pacheco Marsh. The modeled extents of inundation for
the 100-year fluvial flood are shown on Figure 9.
In 2007 the District performed an assessment of the residual risk to infrastructure within the potentially inundated
areas along the flood control channels downstream of the BNSF Railroad (CCCFCD 2007b). This study
concluded that there is insufficient residual risk to justify enhancements to the flood protection infrastructure
within this area.
In 2015 and 2016 District interviewed local landowners to identify areas where existing levels flood protection
are not sufficient or result in unacceptable flood impacts to existing land uses. The feedback received indicates
that while many of the low-lying areas adjacent to Walnut Creek are vulnerable to infrequent inundation, none of
the infrastructure in these areas was identified as having a high sensitivity to inundation. Through this public
planning process the District and local land owners have determined that it is appropriate to preserve the existing
level of flood protection where needed to avoid disrupting current industrial land uses, but that the vulnerability
and sensitivity of existing infrastructure within the study area is not sufficient to justify increasing the level of
flood protection for these areas. This is consistent with the findings of the residual risk assessment, and thus the
District has determined that the current level of flood protection within the study area is appropriate for given the
existing land uses.
Waterfront road is a unique case in that it is a low-lying county road that is not protected by any existing flood
protection infrastructure, and as such is periodically inundated at several locations between Walnut Creek and
Highway 680. This stretch of road becomes impassible for small vehicles during annual high tide events
(Detjens, pers. coms. Feb 2017). Waterfront road provides access to Pacheco Marsh, Copart, PAALP, and Tesoro
Refinery (alternate access routes to the Tesoro Refinery exist). Waterfront Road is both vulnerable and sensitive
to flooding; however the location of the road adjacent to existing tidal marsh and channels allows limited
opportunities to provide additional flood protection. Contra Costa County currently does not have plans to
improve Waterfront Road, and such improvements are outside the scope of the Lower Walnut Creek Restoration
Project.
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Key Findings
The following are key findings of the hydraulic analysis.
Extreme Flood Scenarios (for Current Conditions)

•

The model results indicate that under existing conditions nearly all of the low-lying areas downstream of
the BNSF railroad are subject to flooding during the modeled 100-year fluvial flood. These areas include:
Conco Parcel, Acme buffer area, Martinez Gun Club, Waterfront Road, the Copart car lot, and low-lying
portions of the Tesoro Refinery near Waterfront Road and Point Edith Reserve.

•

Peak 100-year water levels within the downstream-most 4000 feet of Walnut Creek are higher during the
modeled 100-year tidal flood elevation than during the 100-year fluvial flood. Peak water levels greater
than 4000 feet upstream from the mouth of Walnut Creek are higher during the modeled 100-year fluvial
flood event than during the 100-year tidal flood.

•

The modeled With-Project alternatives have only a very small effect on peak water surface elevations
during the modeled 100-year fluvial floods. Each alternative exhibits small deviations from the existing
conditions water levels, and the N1M0S3 and N1M3S3 alternative combinations have no impact or
reduce water levels upstream of the project area. The N1M1S1 alternative combination causes a small
but potentially significant increase in water levels upstream of the project area, on the order of +0.1 ft
near the CSD treatment plant.

Ecological Flow Scenarios (for Current Conditions)

•

The modeled With-Project alternatives have no significant impact on typical tide elevations within the
creek channel.

•

The modeled With-Project alternatives consistently decrease peak water levels for the modeled 10-year
and 2-year flow events compared to the Without-Project alternative.

Future Conditions Scenarios with Sea-level Rise Scenarios and Geomorphic Change

•

With +2 feet of sea-level rise, the model results show increased inundation extents along the bayfront
marshes, including increased inundation at Pacheco Marsh, Copart, PAALP, and the bayside areas of the
Tesoro Refinery. The model results do not show a significant increase in inundation extents upstream of
the UPRR Bridge.

•

With +5 feet of sea-level rise, the model results for the Without-Project alternative show more extensive
inundation along the bayfront marshes, including increased inundation at Pacheco Marsh, Copart,
PAALP, and the bayside areas of the Tesoro Refinery. The model results show a modest increase in
inundation in areas adjacent to the creek channel extending as far upstream as Highway 4. The model
results also show a large increase in inundation near the Central Sanitary District treatment plant,
however we anticipate that the existing berms and levees surrounding the plant will be improved as
needed to protect the sensitive facilities.

•

The modeled With-Project alternatives have only a very small impact on peak water surface elevations
during the modeled 100-year fluvial floods for future conditions with +2 feet of sea-level rise. Both of the
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modeled With-Project scenarios result in a small decrease in water levels upstream of the project site for
this scenario.
•

The modeled With-Project alternatives have a negligible impact on peak water surface elevations during
the modeled 100-year fluvial floods for future conditions with +5 feet of sea-level rise compared to the
Without-Project alternative.

Alternatives Evaluation

•

Based on the hydraulic analysis described above, we anticipate that appropriate levels of flood protection
can be achieved under all of the proposed With-Project alternatives.

•

The model results show that the alternatives which propose to breach and maintain the existing flood
protection levees (Alternative 1 on the South Reach and on the Middle Reach) result in a small increase
in water levels upstream of the BNSF Bridge (less than +0.1ft). The modeled increase in water levels is
not large enough to cause us to discard these alternatives entirely, as it may be possible to offset these
impacts through refinements; however we find that these two alternatives demonstrate reduced
performance compared to the Without-Project and the other With-Project alternatives on the South and
Middle Reaches.
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District/Corps HEC-RAS Model Geometry
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Figure 2
Updated HEC-RAS Model Geometry
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Figure 3
Existing Conditions 100-year Tidal and Fluvial Flood
Water Surface Profiles
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Figure 4
Existing Conditions 100-year Tidal and Fluvial Flood
Change in Water Surface Elevation Relative to Without-Project
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Figure 5
Ecological Flows
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Figure 6
Ecological Flows
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Figure 7
Future Conditions 100-year Fluvial and Tidal Floods
Water Surface Elevation Profiles
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Figure 7b
Future Conditions 100-year Tidal Floods
Water Surface Elevation Profiles
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Figure 8b
Future Conditions 100-year Tidal Flood
Change in Water Surface Elevation Relative to Without-Project
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Figure 10
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Figure 11
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Figure 12
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Figure 15
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Figure 8
Future Conditions 100-year Fluvial and Tidal Floods
Change in Water Surface Elevation Relative to Without-Project
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1 Introduction
One of the objectives of the Lower Walnut Creek Restoration Project (Project) is to work in concert with natural
processes to provide geomorphically sustainable flood protection, wetland habitat, and recreation. This memo
presents an assessment of geomorphic processes – sedimentation and erosion – at the site and geomorphic
analysis to describe how the Lower Walnut Creek channel may evolve in the future. Geomorphic change is being
considered in development of the proposed Project.
1.1

Background

This geomorphic assessment is motivated by the rapid sediment accumulation that occurred in the lower reaches
of the Walnut Creek channel shortly after the US Army Corps of Engineers (Corps) constructed a flood control
channel along the creek in 1965. The original dredged flood control channel was designed to convey the 1% (100year) flood within the levee banks, which meant that the channel design was significantly oversized relative to
typical flow conditions. Typical flows did not have sufficient velocity to prevent sediment deposition, and
consequently in the years since construction there has been significant sediment deposition within the lower
reaches of the Walnut Creek flood control channel. This sediment accumulation was much greater than
anticipated in the original Corps plan and greatly reduced conveyance in the flood control channel to the point
that the flood control project was no longer providing the designed level of flood protection. Maintenance
dredging was completed in 1973 to restore the flow conveyance capacity of the channel. Maintenance dredging
was proposed again in the 1990s, however by this time environmental regulations placed stricter limits on
allowable impacts to tidal wetlands, including the wetlands fringing the Walnut Creek channel, and dredging was
not feasible. Emergent marsh has now become well established in the channel. With the current Lower Walnut
Creek Restoration Project, the District is considering geomorphic change in the development and evaluation of
Project alternatives.
1.2

Memo Organization

This memo is organized into the following sections:
• Section 2 provides a description of historic changes at the Project area, including changes in land use,
channel cross-section, and in-channel sediment properties.

•
•
•

Section 3 discusses potential future changes in channel cross-section and marsh accretion
Section 4 provides an assessment of habitat sustainability
Section 5 summarizes key findings of this geomorphic assessment.

2 Historic Land Use and Geomorphic Change
Land use changes within lower Walnut Creek and vicinity have fundamentally altered patterns of erosion and
deposition at the site, and the creek continues to adjust in response to historic effects. This section provides a
description of historic changes at the Project area that are relevant to understanding current and future geomorphic
conditions, including historic changes in land use (Section 2.1), observed extents of channel deposition and
erosion (Section 2.2), and soil properties of in-channel deposits (Section 2.3).
2.1

Historic Land Use Change

Figure 1 shows three plan views of the study area, the first is a historic map from 1901 (USGS), the second a
historic aerial photo taken in 1939 (Google Earth/SFEI/Contra Costa County/UCB), and the third a recent aerial
image taken in May 2015 (Google Earth). These photos demonstrate the extent of changes within the study area
over the last 100+ years. Historic changes in land use are discussed below for the periods prior to, during, and
after the Corps Flood Control Project. Additional information on historic land use and Walnut Creek
geomorphology is available in SFEI’s 2016 report, “Resilient Landscape Vision for Lower Walnut Creek:
Baseline Information and Management Strategies.”
2.1.1

Pre-1965

The location of the lower Walnut Creek channel in the early 1800s is shown in Figure 1 (top panel). The
alignment of the historic channel was near what is currently Pacheco Creek. Between 1951 and 1959, the Walnut
Creek channel upstream of what is now the confluence with Pacheco Creek was relocated to the east side of the
valley to the creek’s current alignment.
The shoreline at the mouth of Walnut Creek has aggraded significantly since the mid-1800s, up to half a mile out
into Suisun Bay according to SFEI’s historic ecology work (SFEI, 2016). Maps from the 1860s show that much of
the area that is now Pacheco Marsh was once tidal mudflats. In the mid-1800s, hydraulic mining in the Sierra
Nevada mountains led to a significant increase in sediment yield entering San Francisco Bay from the
Sacramento-San Joaquin Delta, and much of this sediment deposited along the tidal flats and marshes in the Bay
causing the progradation of vegetated marsh over historic mudflats.
Also during this time period (prior to 1965), there were a number major infrastructure projects within the project
area, including the construction of the Union Pacific and BNSF railroads, Waterfront Road and the Central
Sanitary District outfall pipeline. This infrastructure resulted in the fragmentation of the floodplain and marsh
areas, and altered drainage patterns as stream flows were routed under bridges rather than being allowed to flow
across the entire floodplain.
2.1.2

1965 Channel Construction

In 1965 the U. S. Army Corps of Engineers constructed a flood control project along Walnut Creek, including
dredging an enlarged creek channel (approximately 1,060,000 CY; USACE 1972) and constructing levees
designed to contain the 100-year flood. The channel was intended to convey the 100-year flood event within the
flood control levees – which at that time was estimated to be 25,000 cfs (USACE, 1972). This project greatly
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increased both the width and depth of the Lower Walnut Creek Channel and eliminated the hydraulic connections
between the tidal reaches of Lower Walnut Creek and the adjacent floodplains.
Dredged material from the Corps project was placed at the Pacheco Marsh restoration site. Berms were
constructed on Pacheco Marsh and dredged sediments placed behind the berms.
2.1.3

Post 1965

The Corps flood control project confined the Walnut Creek channel between flood control levees and steep
uplands, disconnecting in-channel flow from the historic floodplain and leaving little room for the channel to
migrate. Consequently, there has been very little change in the channel alignment since 1965; however aerial
imagery shows the emergence and growth of the fringing marshes within the prism of the 1965 channel. These
fringing marshes now extend across more than half of the original channel width in many places.
In 1972-1973, the Corps conducted extensive dredging (approximately 750,000 CY; USACE 1972) in the Walnut
Creek channel to remove accumulated sediment. Following this dredging the channel continued to trap sediment
and the fringing marshes once again re-appeared. The Corps requested that dredging be performed again in the
early 1990s but, as discussed above, this dredging was not implemented.
The historic maps show severable notable land use changes within the study area, such as the construction of the
Acme Landfill piles, the construction and subsequent closure of the IT hazardous waste treatment ponds, and
berm construction, fill and other industrial activity on Pacheco Marsh. Sand handling operations at Pacheco
Marsh added courser-grained materials on top of the dredged fill. The long-term effect of this anthropogenic fill
placement is that large areas of today’s Pacheco Marsh are above tidal elevations and other areas, while at
intertidal elevations, are separated from regular tidal inundation by remnant dikes and low berms.
2.2

Assessment of Channel Cross Section Surveys

Repeated surveys have been conducted at several channel cross sections along the Walnut Creek channel from the
creek mouth (RS 15+00) upstream to the Grayson Creek confluence (RS184+00). Surveys were taken in 1962
(before construction of the Corps Flood Control project), 1965 (after completion of the Flood Control project),
1972 (before the 1973 dredge), 1995, 2005 and 2015. The locations of each of the repeated cross sections are
shown in Figure 2, while the survey data for each cross section are shown in Figures 3a, 3b and 3c. While no postdredge cross-sections are available immediately following the 1972-1973 dredge event (referred to here as the
1973 dredge event), design cross-sections are available and have been included in Figures 3a, 3b and 3c. The
1973 dredge event excavated between the mouth (RS15+00) and just upstream of the BNSF Railroad crossing
(RS142+00), with more limited dredging up to the Grayson Creek confluence (RS184+00). The 1973 dredging
was conducted entirely within the unvegetated channel footprint, so this effort increased the channel depth and
cross section area but did not widen the channel.
These historic channel surveys were used to calculate channel depth (below MHHW), width, and cross-sectional
area (below MHHW) for each cross-section for each point in time. The historic trajectories of each of these
channel dimensions is plotted in Figure 4. Note that the channel dimensions plotted in Figure 4 refer to the
dimensions of the “low-flow” channel, which is the portion of the channel cross section that conveys flows during
typical tidal and “bank-full” fluvial flow conditions. These channel dimensions exclude areas that don’t provide
conveyance during low-flow conditions, such as the fringing marshes that have emerged along the banks of the
channel due to sediment deposition.
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A review of historic and present day channel dimensions reveals the following trends:
Channel depth. Following the 1965 dredge event, channel depths decreased rapidly to 1972, as the overdeepened channel quickly filled with sediment. One exception is the most upstream cross-section, which
deepened slightly. After the 1973 dredge event, channel depths throughout the reach increased between 1973 and
1995. We hypothesize that the low flow channel deepened as shoals built up in other parts of the dredged channel
footprint (outside the low flow channel). Channel depths upstream of Waterfront Road appear to have stabilized
since 1995, with the exception of immediately below the Pacheco Creek confluence (RS95+00), which initially
deepened then shoaled, and remains slightly deeper than the two adjacent cross-sections. Channel depths
downstream of Waterfront Road show a net deepening through 2015, per the trends elsewhere along the channel,
but with an initial period of shoaling followed by deepening. We hypothesize that the initial period of shoaling
may have taken longer in these downstream cross-sections since they were excavated to a greater depth and thus
required more sedimentation to build up shoals.
Channel width. All cross-sections have decreased in width since the 1965 dredge event widened the channel (the
1973 dredge event did not widen the channel). Channel widths upstream of the confluence with Pacheco Creek
(RS115+08) narrowed by 1995 or 2005, and have been relatively stable since 2005. The downstream cross
sections stayed relatively wide until 1995, then narrowed significantly between 2005 and 2015. This large
decrease in width occurred in response to a relatively modest amount of sedimentation that changed the shape of
the channel, reflecting marshplain establishment.
Cross-sectional area. Channel cross-sectional area is perhaps the most robust indicator of channel change, as it
integrates changes in channel width and depth and reflects total flow area. Following the 1965 dredge event,
cross-sectional areas decreased rapidly to 1972, as the over-sized channel quickly filled with sediment along the
entire dredged reach. The entire reach, with the exception of the two cross sections closest to Grayson Creek,
again decreased in cross-sectional area between 1973 and 1995, following the 1973 dredge event. By 1995, crosssections upstream of the Pacheco Creek confluence (from RS133+00 and upstream) were relatively close to their
1972 (post-1965 dredge recovery) cross-section sizes and have maintained relatively constant sizes since. The
same is largely true of cross-sections from RS133+00 downstream, too, though these cross-sections show some
additional, gradual sedimentation (decreasing cross-sectional area) through to 2015. Note that the slight increase
in cross-sectional area at RS95+00 (just downstream of the confluence with Pacheco Creek) in 2005 is believed to
be due to low survey resolution in 2005 rather than a real increase.
A closer inspection of the channel cross sections shows that for almost all cross sections the low-flow channel
appears to have maintained the same approximate shape over the last 10 to 20 years, and the ongoing changes are
more pronounced in the channel fringes, where mudflats along the channel banks continue to accrete from lower
to higher in the tide zone.
2.3

Assessment of Soil Cores

In 2009 Hultgren Tillis Engineers collected 30 soil cores along Lower Walnut Creek. These cores were used to
characterize the sub-surface soil conditions at locations along the creek channel downstream of the confluence
with Grayson Creek. The coring records document the depth as well as description of the texture and general
properties of the various soil strata.
ESA was able to reference 19 of the soil cores to nearby repeated cross sections (discussed in Section 4). The soil
core data was used to develop approximate timelines of deposition for the various soil layers at each of these
cores by comparing the strata elevations with the surveyed ground elevations from historic channel cross sections.
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The remaining 11 cores were judged to be too far from a repeated cross section for this analysis to be effective.
For this analysis it was assumed that the bed elevation at the time of the soil coring was approximately equal to
the bed elevation depicted in the 2005 Channel survey.
Figure 5 shows the soil core locations in plan-view, and provides a summary of the core results. Attachment C.1
shows the depositional profiles at each core compared to estimated historic bed elevations from the repeat cross
section surveys.
We observe the following trends:
•

The rapid sediment deposition observed between 1965 and 1972 downstream of the confluence with
Pacheco Creek consists primarily of silt and clay. These fine sediments deposit in the estuarine part of the
Walnut Creek channel where the introduction of salinity from Suisun Bay aids fine sediment deposition.

•

Sand layers were encountered at several upstream sampling locations at depths which appear to
correspond with the large flow events between 1982 and 1986. The soil cores located on the fluvial bars
show several layers of sand strata corresponding to flows which would have occurred in the 1980s. The
lack of similar sand strata in the downstream reaches suggests that fluvial coarse sediment deposition
occurs primarily upstream of Pacheco Creek.

•

We do not observe sand strata corresponding to the large flow events in 1993 and 1998. This may suggest
a decrease in watershed sand supply, or it may indicate that by the 1990s marshplain accretion and
vegetation growth had progressed to the point that most of the sand that was delivered during these flood
events was constrained as bed load in the deep channel and flushed out into the Bay rather than deposited
on the fringing marshplains.

•

Organic clays, organics silts, and peats were found primarily in the fringing marshes, generally at or
above low marsh elevations. This suggests that while initial deposition in these areas was from inorganic
sediments (eg. suspended sediments from the estuary and/or watershed), organic accretion played a
significant role in marsh growth once these marshplains reached elevations suitable for vegetation.

3 Modeling Anticipated Future Geomorphic Change
ESA has conducted analyses to estimate the potential for future geomorphic changes to the channel cross section
and adjacent marshplain. Section 3.1 presents a conceptual model which describes the expected trends in
geomorphic changes for a dredged tidal creek channel like the lower reaches of Walnut Creek. The subsequent
sections aim to quantify the expected rate and extent of these geomorphic changes. Section 3.2 describes analysis
based on hydraulic geometry relationships to evaluate anticipated changes to the low-flow channel cross section.
Section 3.3 describes analysis of observed historic tidal marshplain accretion rates within the study area in order
to estimate future rates of marshplain accretion within the flood control channel and adjacent tidal marsh areas.
3.1

Conceptual Model of Channel Evolution

The analysis presented in this section is based on an idealized conceptual model for the evolution of a dredged
channel that is located in a tidal environment with a high ambient suspended sediment supply. Under this
conceptual model it is assumed that the channel morphology is controlled by the competing processes of sediment
deposition and scour from both fluvial and tidal flows.
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The rate of sediment deposition is assumed to be proportional to the ambient suspended sediment concentration
and the frequency of inundation. Areas that are always inundated will experience the most rapid sediment
deposition, while areas that are only inundated during the highest tides will accumulate sediment much more
slowly. For the purpose of this analysis, it is assumed that the ambient suspended sediment concentration is
relatively constant over time.
Sediment deposition is counteracted by scour caused by tidal and fluvial flows. These hydraulic processes cause
sediment to scour and erode. For given tidal and fluvial hydrology, the strength of scour increases as the channel
size gets smaller. Consequently, there is an equilibrium channel size where the rate of erosion from the scour
processes balances with the rate of sediment deposition. There are empirical equations called “hydraulic
geometry relationships” that can be used to calculate the expected equilibrium channel size based on hydrologic
conditions of a channel. Hydraulic geometry relationships exist for both fluvial and tidal channels. These
relationships are described in more detail in Section 3.2.
The conceptual model projects that over time the competing forces of sediment deposition and scour will cause
the oversized dredged channel to decrease in size, and fringing marsh benches will emerge as sediment is
deposited along the channel banks. These benches will accumulate sediment until they reach the elevation of
mature tidal marsh. A low-flow channel will remain between the fringing marsh benches on each channel bank,
and over time the size of this low-flow channel will approach the equilibrium channel dimensions. Figure 6
illustrates the anticipated pattern of channel evolution based on this conceptual model.
It is important to note that an equilibrium channel typically becomes fully inundated when tides are at mean
higher high water (tidal channel) or during a “bank-full” flood event 1 (fluvial channel). In a natural system, the
equilibrium channel dimensions are much smaller than the flooded-inundated area, which includes the channel
and adjacent floodplain that is inundated during major floods. Similarly, the calculated equilibrium channel
dimensions for the Walnut Creek channel are much smaller than the flood control channel dimensions (levee to
levee, designed to carry large flows) specified in the original Army Corps channel design.
The following sections describe analysis conducted to calculate expected equilibrium channel dimensions and
tidal marshplain elevations.
3.2

Hydraulic Geometry Assessment

This section describes the analysis used to estimate changes in lower Walnut Creek channel geometry (crosssectional shape) associated with adjustment of the channel towards a natural equilibrium shape following
dredging. Even though natural channel cross-sectional shapes are complex and dynamic, continually responding
to the changing conditions of tides, watershed runoff and sediment supply, the concept of an equilibrium channel
geometry has useful application. Hydraulic geometry analysis provides an empirical analytical tool that relates
channel geometry to flow characteristics within a given sediment regime. The concept provides a simple, analytic
method to reasonably estimate sedimentation and erosion associated with channel adjusting.
Hydraulic geometry analysis is based on relationships between channel shape and hydrologic conditions as
observed in relatively undisturbed channels that have had time to adjust to ongoing physical processes. Often,
historical conditions in a given channel, if available, are indicative of equilibrium conditions. While 1962 pre-

1 Bank-full flow is commonly associated with recurrence intervals between 1.2 and 1.8 years (Collins and Leventhal, 2013).
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dredge cross-sections are available for lower Walnut Creek, these are not considered representative of equilibrium
channel conditions. In 1962, the channel was likely still responding to prior watershed and land use disturbances
and was not yet fully channelized. Constructed channels in tidal environments elsewhere in the San Francisco Bay
(eg. Sonoma Baylands, Warm Springs along Coyote Creek, Alviso Slough) have demonstrated continued
geomorphic change up to 20-30 years after changes are made to the channel’s tributary tidal areas and upland
watershed.
ESA used two types of hydraulic geometry tools to estimate potential long-term geomorphic adjustments. Tidal
hydraulic geometry (Section 3.2.1) was used in the most downstream channel reach and fluvial hydraulic
geometry (Section 3.2.2) in the upstream channel reach. This study also applies a hybrid approach in order to
estimate future equilibrium channel dimensions for conditions with +2 feet of sea-level rise (Section 3.2.3).
3.2.1

Near Term Tidal Hydraulic Geometry Relationships

Williams et al. (2002a) produced a set of hydraulic geometry relationships for tidal marsh channels in San
Francisco Bay in their paper “Hydraulic Geometry: A Geomorphic Design Tool for Tidal Marsh Channel
Evolution in Wetland Restoration Projects.” This paper includes empirical relationships between channel
dimensions (depth, width and cross-sectional area) and tidal prism for relatively undisturbed channels. These
dimensions are taken as equilibrium dimensions. Tidal prism is the volume of water that flows through a cross
section between MLLW and MHHW 2. Tidal prism is correlated with the strength of tidal scour processes. The
hydraulic geometry relationships and supporting data points are shown in the charts on Figure 7.
The Near Term tidal channel dimension, as used in this memo, is the equilibrium channel size calculated based on
current channel hydrology (e.g., current tidal prism). ESA has estimated the Near Term tidal channel dimensions
using the following methodology. First, the tidal prism at each cross section of interest is estimated using the
channel bathymetry and observed tide range1 (Bathymetry from Towill, 2005, ESA 2015; Tide Range from ESA
2015 and NOAA 2017). The empirical relationships presented in Williams et al. are then used to calculate the
expected equilibrium channel dimensions for a natural channel that conveys that same tidal prism. The calculated
equilibrium channel dimensions are taken to be the “Near Term” tidal channel dimensions at each cross section.
The Near Term dimensions describe the expected size of a tidal channel that is in equilibrium with the present day
tidal prism.
Table 1a lists the observed and calculated channel cross section dimensions based on tidal prism at various
locations along Walnut Creek, and Table 1b lists the calculated equilibrium channel cross section dimensions
without and with restoration. Note that at the upstream cross sections the calculated equilibrium channel size
based on tidal prism is smaller than the calculated channel size based on fluvial drainage area (the fluvial channel
size calculations are described in Section 3.2.2). At these locations we assume the equilibrium channel
dimensions are set by the fluvial forces.

2 Tidal prism can be measured, estimated using hydrodynamic models, or approximated as the total water volume between MLLW and

MHHW upstream of a cross section. For this memo, we use the latter method since it’s more readily estimated. This tidal prism
estimated using this method is called “potential tidal prism.”
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Table 1a – Observed and Calculated Equilibrium Channel Dimensions based on Tidal Prism and Fluvial
Drainage Area
Observed (2015) Channel
Dimensions

Station

Tidal
Prism

Calculated Equilibrium
Dimensions Based on Tidal
Prism and Fluvial Drainage
Area1

% Difference between
Observed and Calculated
Channel Dimensions

Station Name

River
Station

Top Width ft

Depth ft

XSA
ft2

ac-ft

Top Width
ft

Depth
Ft

XSA
ft2

Top
Width

Depth

XSA

At Mouth

15+00

312

11.1

2302

580

241

13.7

1931

29%

-19%

19%

at Pacheco Marsh

45+00

285

9.7

2185

453

215

13.4

1643

33%

-28%

33%

Waterfront Rd

72+00

271

8.3

1950

338

188

12.4

1356

44%

-33%

44%

at Acme

95+00

168

9.7

1330

235

159

11.6

1071

6%

-16%

24%

US Pacheco

115+00

209 & 602

7.9

1436

150

132*

NA*

851*

58%

NA

69%

DS BNSF

133+00

148

7.0

957

107

132*

NA*

851*

12%

NA

12%

US BNSF

142+00

140

6.6

1059

80

132*

NA*

851*

6%

NA

24%

1

Calculated equilibrium is the larger of the tidal or fluvial equilibrium size.
RS115+00 is a compound channel with an island in the middle. XSA listed for RS 115+00 is the total area of
both channels.
* Asterisked dimensions based on fluvial equilibrium channel size.

2

Table 1b –Calculated Equilibrium Channel Dimensions With and Without Restoration based on Tidal
Prism and Fluvial Drainage Area
Tidal
Prism

Station

Calculated Dimensions,
Without Project

Tidal Prism
with
Restoration

Calculated Channel
Dimensions
With Project

Station Name

River
Station

ac-ft

Top
Width ft

Depth
ft

XSA
ft2

ac-ft

Top Width
ft

Depth
ft

At Mouth

15+00

580

241

13.6

1931

728

268

14.2

at Pacheco Marsh

45+00

453

215

13.1

1642

578

241

13.6

Waterfront Rd

72+00

340

188

12.4

1356

438

212

13.0

at Acme

95+00

235

159

11.6

1071

280

172

12.0

US Pacheco

115+00

150

132*

NA*

851*

161

134

10.9

DS BNSF

133+00

107

132*

NA*

851*

107

132*

NA*

US BNSF

142+00

80

132*

NA*

851*

80

132*

NA*

XSA
ft2
223
5
192
3
160
6
120
1
851
*
851
*
851
*

% Change
(Without Project vs
With Project)
Top
Width

Depth

XSA

11%

4%

16%

12%

4%

17%

13%

5%

18%

8%

3%

12%

2%

NA

0%

0%

NA

0%

0%

NA

0%

* Asterisked dimensions based on fluvial equilibrium channel size.
Figure 9 shows the surveyed and equilibrium channel dimensions from Table 1b graphically, along the length of
the study reach. Historic channel dimensions are plotted for comparison. (Figure 8 shows additional hydraulic
geometry relationships discussed further below.) Overall, the 2015 channel remains shallower and somewhat
wider than the calculated tidal channel equilibrium size along the length of the channel.
We observe that the dredged 1965 channel was 2 to 3 times wider than the equilibrium channel, based on tidal
prism. This large channel size reflects the Corps’ design criteria, which was to convey a 100-year flow event,
which at the time of the design was estimated to be 25,000 cfs. There is no indication that the original Corps
design considered the geomorphic stability of the channel.
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3.2.2

Fluvial Hydraulic Geometry Relationships

Fluvial hydraulic geometry relationships have been developed for channels in the San Francisco Bay area that
relate channel dimensions with the tributary watershed area (Collins and Leventhal, 2013). These relationships
are shown on Figure 8. The tributary watershed area at the project reach is estimated to be 147 sq. mi. (SFEI,
2016). It should be noted that this drainage area is larger than the drainage areas of the reference channels used in
the Collins and Leventhal study. There are no unaltered reference channels of comparable scale to Lower Walnut
Creek in the Bay Area that have available hydraulic geometry data. Consequently, for this analysis it was
necessary to extrapolate beyond the scale of the reference data. This extrapolation introduces an unavoidable
level of uncertainty to the analysis.
For this analysis we have neglected the change in drainage area between the upstream and downstream ends of the
study area. The change in drainage area between the BNSF railway and the creek mouth is on the order of 5
square miles, which includes local drainage and the Pacheco Creek watershed. This small increase in drainage
area between the upstream and downstream cross sections does not have a significant effect on the calculated
channel dimensions.
Table 2 lists the calculated channel dimensions based on the fluvial hydraulic geometry relationships. We observe
that the channel dimensions predicted using the fluvial geometry relationships closely match the dimensions of
the Lower Walnut Creek Channel at the BNSF railway, however the fluvial relationships generally underestimate
the channel size at the downstream reaches. This reflects the transition from a fluvial dominated to tide dominated
system, which appears to occur between the Grayson Creek confluence and the BNSF railway.
The geometry of the creek upstream of the BNSF Bridge (US of RS 133+00) appears to be governed by fluvial
flows, rather than tidal flows. The dimensions of the upstream cross sections match the calculated fluvial
equilibrium cross sections, and these cross sections’ depths and cross-section areas have been relatively stable
since the 1995 channel survey. The geometry of the creek downstream of the BNSF Bridge appears to be
governed by tidal flows, and the dimensions of the most downstream cross sections is still evolving (Section 2.2).
Figure 9 shows the equilibrium channel dimensions from the fluvial (Dotted black line) and tidal hydraulic
geometry relationships along the project reaches (Near term tidal dimensions: solid black and green lines; Long
term tidal dimensions: dashed black and green lines). The surveyed channel dimensions are also shown on this
figure (Colored dots). This figure illustrates how tidal scour controls the equilibrium channel dimensions
downstream of station 115+00, while fluvial scour controls the equilibrium channel dimensions upstream of this
station. The tidal prism and the equilibrium tidal channel dimensions are greatest at the creek mouth and shrink to
zero at the head of tide, at approximately RS 195+00. The channel experiences negligible tidal influence above
the head of tide. In contrast, fluvial flow rates are relatively constant within the study area, and therefore the
equilibrium fluvial channel dimensions are the same at the upstream and downstream limits of the project reaches.
This figure also shows that, while the proposed restoration project may have an effect on equilibrium channel
dimensions within the tidally-dominated reaches, the proposed restoration will not have a significant effect on the
equilibrium channel dimensions within the fluvial-dominated reaches.
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Table 2 – Calculated Equilibrium Channel Dimensions based on Fluvial Drainage Area
Observed (2015) Channel
Dimensions

Source

Drainage
Area

Calculated Channel
Dimensions Based on Fluvial
Drainage Area

% Difference between
Calculated and Observed
Channel Dimensions

Top Width ft

Depth ft

XSA
ft2

Square
Miles

Top Width
ft

Depth
ft

XSA
ft2

Top Width

Depth

XSA

15+00

312

11.1

2302

147

132

6

851

-58%

-46%

-63%

45+00

285

9.7

2185

147

132

6

851

-54%

-38%

-61%

Station Name

River Station

At Mouth
at Pacheco
Marsh
Waterfront Rd

72+00

271

8.3

1950

147

132

6

851

-51%

-28%

-56%

at Acme

95+00

168

9.7

1330

147

132

6

851

-21%

-38%

-36%

US Pacheco

115+00

209 & 602

7.9

1436

147

132

6

851

-37%

-24%

-41%

DS BNSF

133+00

148

7.0

957

147

132

6

851

-11%

-14%

-11%

US BNSF

142+00

140

6.6

1059

147

132

6

851

-6%

NA*

-20%

3.2.3

Estimated Long-Term Equilibrium Channel Geometry

Ongoing geomorphic processes including marshplain accretion and sea-level rise will alter the tidal prism for a
given reach of channel and, over time, affect the long-term equilibrium channel geometry. ESA has estimated the
tidal prism and corresponding equilibrium channel for a scenario with +2ft of sea-level rise by 2050. This
estimate, while more uncertain than the prior equilibrium geometry estimates, can provide an indication of future
change.
This estimate is based on the following assumptions:
• The equilibrium creek channel dimensions are the larger of the calculated equilibrium fluvial and tidal
channel dimensions (per prior calculations).
•

The future potential tidal prism is equal to the sum of the tidal prism contribution from connected fringing
marshes and from the potential tidal prism in the channel itself.

•

Under future conditions the marshes adjacent to the creek channel will contribute tidal prism equal to half
an acre foot per acre of tidal marsh. This assumption is consistent with modeled rates of marsh accretion
with up to +2ft of sea-level rise (see Section 3.3). With higher rates of sea-level rise, the marshes may be
at a lower elevation relative to the tides, resulting in a greater contribution of tidal prism from a given area
of marsh.

•

The future tidal marshes will continue to occupy the fringing areas between the flood control levees and
the creek channel. For this analysis the width of the fringing marsh areas has been adjusted to
accommodate calculated changes in the future channel width. For this estimate we assume the tidal
marshes will transgress into areas adjacent to the creek channel up to elevation 8.1ft NAVD (current
MHHW+2ft).

Table 3a lists the observed and calculated channel cross section dimensions based on the estimated future
potential tidal prism at various locations along Walnut Creek. Table 3b lists the calculated equilibrium channel
cross section dimensions without and with restoration.
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Note that, for the future scenario assessed, the restoration has a relatively small effect on expected channel size
compared to the without-restoration scenario. This is due to several factors:
1) The potential tidal prism in the creek channel is expected to increase over time for both with- and
without-restoration scenarios. This is due to the higher tide elevations causing tides to travel farther
upstream compared to existing conditions.
2) The potential tidal prism in the fringing marshes is likewise expected to increase over time for both withand without-restoration scenarios. The fringing marshes will grow wider as tides rise and the marshes
transgress up the slopes of the adjacent levees and uplands.
3) The potential tidal prism contribution from restored marsh areas will decrease over time for the withrestoration scenario as the restored marshes accumulate sediment. For example, the tidal prism
contribution from the proposed restoration on the Middle Reach will be approximately 3 acre-ft per acre
of restored wetland in the near term, but over time this contribution is expected to shrink to 0.5 acre-ft per
acre as the restored marshes mature.
Table 3a – Observed and Calculated Equilibrium Channel Dimensions Based on Estimated Future Tidal
Prism

Station

Observed (2015)
Channel Dimensions

Station
Name

River
Station

Top
Width ft

Depth
ft

XSA
ft2

At Mouth

15+00

312

11.1

45+00

285

72+00

at Acme
US
Pacheco

Estimated
Future
Tidal
Prism

Calculated Channel
Dimensions Based on
Estimated Future
Potential Tidal Prism

% Difference between
Calculated and
Observed Channel
Dimensions

ac-ft

Top Width
ft

Depth
ft

XSA
ft2

Top Width

Depth

XSA

2302

701

263

13.9

2179

-16%

25%

-5%

9.7

2185

528

231

13.2

1813

-19%

36%

-17%

271

8.3

1950

394

202

12.6

1500

-25%

52%

-23%

95+00

168

9.7

1330

307

180

12.0

1275

7%

24%

-4%

115+00

209 & 602

7.9

1436

224

155

11.4

1038

-26%

44%

-28%

DS BNSF

133+00

148

7.0

957

175

139

10.9

885

-6%

56%

-8%

US BNSF

142+00

140

6.6

1059

153

132*

NA*

851*

-6%

NA*

-20%

at Pacheco
Marsh
Waterfront
Rd

* Asterisked dimensions based on fluvial equilibrium channel size.
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Table 3b – Calculated Equilibrium Channel Dimensions With and Without Restoration based on
Estimated Future Potential Tidal Prism
Estimated
Future
Tidal
Prism

Station

Predicted Channel
Dimensions Based on
Future Potential Tidal
Prism Without Project

Estimated
Future
Tidal Prism
With
Restoration

Calculated Channel
Dimensions Based on
Future Potential Tidal
Prism With Restoration

% Difference
between
Without Project
and With Project

Station Name

River Station

ac-ft

Top Width ft

Depth ft

XSA ft2

ac-ft

Top Width
ft

Depth
ft

XSA
ft2

Top
Width

Depth

XSA

At Mouth

15+00

701

263

13.9

2179

765

274

14.1

2307

4%

1%

6%

at Pacheco Marsh

45+00

528

231

13.2

1813

576

240

13.4

1919

4%

2%

6%

Waterfront Rd

72+00

394

202

12.6

1500

428

210

12.7

1582

4%

1%

5%

at Acme

95+00

307

180

12.0

1275

325

185

12.1

1323

3%

1%

4%

US Pacheco

115+00

224

155

11.4

1038

232

158

11.4

1062

2%

0%

2%

DS BNSF

133+00

175

139

10.9

885

176

139

10.9

890

0%

0%

1%

US BNSF

142+00

153

132*

NA

851*

153

132*

NA

851*

0%

NA

0%

* Asterisked dimensions based on fluvial equilibrium channel size.
3.3

Marsh98 – Marshplain Accretion Model

Marsh accretion occurs due to the deposition of suspended sediments onto the marshplain and the accumulation of
organic matter within the soils due to plant growth. The rate of deposition is linked to the ambient suspended
sediment concentration and the frequency and duration of tidal inundation, which can change over time with the
changing marshplain elevation and with rising sea-levels. Marsh98 is a computational model that is used to
estimate how quickly tidal marshes are expected to accrete with rising sea levels. See Brennan et al. (2009) and
Stralberg et al. for a detailed description of the Marsh98 model and how the model can be applied to calculate
future marsh accretion.
For the Lower Walnut Creek project the Marsh98 model was run in two capacities. First, a set of model runs was
conducted to hindcast historic accretion rates observed between 1965 and 2015 in order to estimate the
appropriate effective suspended sediment concentration to best model conditions along the lower reaches of
Walnut Creek. Second, several model runs were conducted forecasting future accretion rates under two potential
sea level rise scenarios.
3.3.1

Modeling to Estimate Effective Suspended Sediment Concentrations

The effective suspended sediment concentration is a key parameter for sediment accretion models. It represents
the average sediment concentration available within the water column that could settle onto the marshplain if
hydraulic conditions are favorable.
The mouth of Lower Walnut Creek flows into Suisun Bay, a large embayment located at the mouth of the
Sacramento-San Joaquin Delta. Due to its location, Suisun Bay receives a large amount of sediment from the
Delta, some of which deposits along the vast mudflats and tidal marshes that border the bay. Walnut Creek also
delivers a significant supply of sediment. This delivery suspended sediment is the main driver in the growth of
tidal marshes in the face of rising sea levels.
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Historic studies of the Bay’s sediment supply show a system that experienced a high sediment pulse beginning
during the Gold Rush (mid 1800s) through approximately the 1930s as sediments mobilized by hydraulic mining
in the Sierras made their way into to the Bay. This pulse has largely worked its way through the Bay and regional
estuarine sediment supply has been relatively stable sediment since the 1990s (Barnard, et al., 2013)
The MARSH98 hindcast model was run using a linear sea level rise rate of 0.63ft/century based on observed sea
level trends at the NOAA San Francisco tide gage (NOAA Station ID: 9414290). 3 The Marsh98 model was run
for a range of suspended sediment concentrations and initial bed elevations, and the results were compared to
observed rates of marshplain accretion measured along the fringing marshes of the Lower Walnut Creek channel
as documented by the repeated cross section surveys. Figure 10 shows the hindcast bed elevations for various
initial marshplain elevations compared to historic survey elevations collected on the fringing marshes on Walnut
Creek. This analysis shows that the model best matches historic accretion when using an ambient suspended
sediment concentration of 200 mg/L. The model is not highly sensitive to the organic accretion rate when using
such a relatively high suspended sediment concentration, so the organic accretion parameter was set to 0 for all
subsequent runs.
3.3.2

Modeling to Estimate Future Marshplain Accretion

The second application of Marsh98 involved using the model to forecast future marsh accretion rates based on
projected rates of sea level rise. Two potential future sea level rise curves were used based on the “Medium” and
“High” scenarios from the US Army Corps of Engineers, which project 1.6ft (0.5m) and 4.9ft (1.5m) of SLR over
the next 100 years (USACE, 2013). The high rate is similar to State of California planning guidelines, which
recommends planning for 16” of rise in the next 50 years and 55” in the next 100 years (NRC, 2012). For this
analysis we assumed the project would be constructed in 2020.
Figure 11 shows the forecast marshplain elevations for initial bed elevations ranging from 0 to 6 ft NAVD for the
USACE “Medium” sea level rise scenario, and for the USACE “High” scenario. The grey dashed line represents
the elevations of Mean Higher High Water, and the black dashed line represents Mean Lower Low Water. The
model results show that over time the different starting marshplain elevations converge towards a uniform
marshplain elevation. This happens because areas of marsh at lower elevation are inundated more frequently, and
therefor receive more sediment and accrete more rapidly than marshes at higher elevations.
Brackish tidal marsh vegetation is able to colonize areas as low as 2 feet below MHHW (Williams and Orr,
2002b). For the “Medium” sea level rise scenario we observe that the 2100 marshplain elevation approaches
MHHW for areas beginning (in 2020) as low as 0 ft NAVD. This suggests that restored and existing tidal marsh
habitats will be able to persist to 2100 under this sea level rise scenario. For the “High” sea level rise scenario we
observe that the long-term marshplain elevation falls to ~ 1.5’ below MHHW. The long-term marshplain
elevation remains above the vegetation colonization elevation, which suggests that wetland vegetation at present
day tidal marsh elevations will be able to persist to 2100 under this sea level rise scenario, however existing high
marsh habitat areas would begin to transition into low marsh habitats.

3 A slightly smaller rate of sea level rise was reported at the Port Chicago tide gage (0.5 ft/century; NOAA Station ID: 9415144), however

the record length at port Chicago (1974 to 2014) is significantly shorter than the record for San Francisco (1897 to 2014), and doesn’t
cover the whole period modeled (1965-2015). The 0.13ft/century difference in observed sea-level rise between the Port Chicago and
San Francisco gages is not expected to have a significant effect on the results.
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The Marsh98 model does not account for erosive effects, such as those due to fluvial scour, tidal scour, or due to
wind waves. The forecast marshplain trajectories represent average trajectories for the marsh areas, but local
variations in elevation are expected. These trajectories are most representative of the expected trajectory of marsh
areas that are closest to the fluvial and estuarine sediment supplies.

4 Habitat Sustainability
ESA conducted a preliminary habitat sustainability assessment based on the Marsh98 results. For this assessment,
ESA estimated future marshplain elevations for two time horizons and developed maps of anticipated future
habitat extends based on relationships between tide elevations and habitat zones.
Table 4: Habitat – Tide Elevation Relationships
Habitat Zone

Lower Range

Upper Range

Sub-Tidal
MLLW
Mudflat
MLLW
MLLW +2.5
Tidal Marsh
MLLW +2.5
MHHW +0.5
Transition
MHHW +0.5
MHHW +3
Upland
MHHW +3
Source: ESA vegetation surveys conducted in 2016 and 2017.

Elevation with
0 feet SLR
(feet NAVD)
<1
1’ to 3.5
3.5 to 6.5
6.5 to 9
>9

Elevation
with
2 feet SLR
(feet NAVD)
<3
3 to 5.5
5.5 to 8.5
8.5 to 11
>11

Elevation
with
5 feet SLR
(feet NAVD)
<6
6 to 8.5
8.5 to 11.5
11.5 to 14
>14

Figure 12 shows anticipated future habitat extents under with-out project conditions with 0, +2 and +5 feet of sealevel rise. Figure 13 shows anticipated future habitat extents for the preferred project alternative for conditions
with 0, +2 and +5 feet of sea-level rise.
This analysis shows areas where existing and restored tidal marshes within the project area are anticipated to
persist under conditions with up to +5 feet of sea-level rise. These include the proposed restoration areas, as well
as the existing wetlands and transition zone areas on Pacheco marsh and at the adjacent tidal areas at Point Edith
Reserve and Peyton Marsh. Areas that are not connected to the tides, including the disconnected basins at the
Acme Landfill and on the South Reach, are expected to lose elevation relative to the rising sea-levels because
these areas are disconnected from the fluvial and estuarine sediment supply. Eventually land elevations in these
areas will fall below the range suitable for tidal marsh habitat, resulting in a shift in expected habitat in those
areas.

5 Key Findings
The following are the key findings of the Geomorphic Assessment for Lower Walnut Creek:
1. The lower Walnut Creek channel appears to be approaching a stable cross section size.
•

Based on repeat channel cross-section surveys, the lower Walnut Creek channel initially filled rapidly
with sediment in response to the 1965 and 1973 dredge events. Now, rates of sedimentation have
slowed or stopped. The channel upstream of the Pacheco Creek confluence (from RS133+00 and
upstream) has not changed significantly in cross-sectional area since 1995. The same is also largely
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true of the channel from RS133+00 downstream, though this part of the channel shows some
additional, gradual sedimentation (decreasing cross-sectional area) through to 2015.
•

The channel has changed in shape – width and depth – since 1965, as expected. The channel through
the project reach initially decreased in depth following the 1965 dredge event, then deepened as
shoals built up within the dredged channel. The entire channel decreased in width following the 1965
dredge event. The channel upstream of the confluence with Pacheco Creek (RS115+08) has been
relatively stable in width since 2005. The channel downsteam of this location stayed wider longer,
then narrowed significantly between 2005 and 2015 as the fringe marshplain established.

•

Based on soil cores in and along the channel, the rapid deposition observed between 1965 and 1972
downstream of the confluence with Pacheco Creek was primarily silt and clay, fine particle sizes that
deposit more readily in estuarine (brackish tidal) conditions. Sand layers from fluvial flood events are
observed in soil cores upstream. The lack of similar sand strata in the downstream reaches suggests
that fluvial coarse sediment deposition occurs primarily upstream of Pacheco Creek. Organic clays,
organics silts, and peats were found primarily in the fringing tidal marshes, generally at or above
elevations suitable for vegetation.

•

Tidal scour appears to be the dominant channel shaping force from cross section 115+00 (~ 2000 feet
downstream of the BNSF railroad bridge) and downstream, where channel dimensions are relatively
consistent with calculated equilibrium dimensions based on tidal hydraulic geometry. Fluvial scour
appears to be the dominant channel shaping force upstream of cross-section 115+00.

•

Within the tidally-dominated reach, the channel is generally 20-40% larger in cross-sectional area
than the calculated equilibrium based on existing tidal prism. Overall, the 2015 channel remains
shallower and somewhat wider than the calculated equilibrium along the length of the channel. The
1965 dredged channel was 2 to 3 times wider than the equilibrium channel, based on tidal prism.

•

The proposed restoration project (Preferred Alternative) is anticipated to increase the equilibrium
channel size by a modest amount, 0% to 20%, compared to without project conditions.

•

Tidal hydraulic geometry analysis for a future sea-level rise scenario indicates the potential for the
channel to decrease in size from 0% to 40% as the fringing marshes continue to accumulate sediment.

2. The Lower Walnut Creek project area has a strong potential for tidal marsh restoration due to the high
local sediment supply.
•

Suspended sediment concentrations are approximately 200 mg/l based on a comparison of marsh
accretion model results and observed rates of accretion. This is a healthy suspended sediment
concentration for San Francisco Bay as a whole and much higher than the 50 mg/L considered
representative for Suisun Bay.

•

Marshplain accretion modeling indicates that existing and restored tidal wetlands along Walnut Creek
are likely to persist under sea-level rise scenarios of +2 ft by 2050 and +5 feet by 2100. For the +5 ft
sea level rise scenario, the marshplain is projected to be slightly lower in the intertidal range than for
today’s conditions, but within the range for which vegetation is expected to persist.
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Figure 1
Historic and Present Day Project Area
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Figure 2
Repeated Cross Section Survey Locations
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Figure 3a
Cross Section Surveys
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Figure 3b
Cross Section Surveys
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Figure 3c
Cross Section Surveys

Note: Depth is measured as the distance between the deepest point on the channel cross section and the MHHW tidal datum (el. 6.0’ NAVD).

Note: Channel width is measured as width of the channel bellow the MHHW tidal datum (el. 6.0’ NAVD). The design grades for the 1972 dredging at XS 18400 was 6.1’ NAVD, therefore the channel
width is shown as 0 ft at that station. No post-construction survey data is available for the 1972 dredging.

Note: Channel cross section area is measured as area of the channel bellow the MHHW tidal datum (el. 6.0’ NAVD).

SOURCE: USACE, Towill and ESA surveys
Notes:
Large channel dredging projects occurred between 1962 and 1965, and between 1972 and 1973 surveys. 1973 points
represent design channel dimensions based on dredging construction drawings. No post-dredging survey available for 1973
dredging project.
Data not available at XS 17500 for 2015 survey.
Data not available at XS 18400 for 1973 and 2015 surveys.
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Figure 4
Time Series of Cross Section Dimensions

SOURCE: Hultgren-Tillis Engineers, 2009
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Figure 5
Soil Core Locations and Summary
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Note: Illustration does not show anticipated changes due to sea-level-rise.
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Figure 6
Conceptual Illustration of Oversized Channel Evolution

SOURCE: Williams, et al.r, 2002
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Figure 7
Tidal Hydraulic Geometry Relationships

SOURCE: Colins & Leventhal., 2013
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Figure 8
Fluvial Hydraulic Geometry Relationships

SOURCE: ESA 2017; Cross section survey data from (MBH 2012, ESA 2015; Hydraulic Geometry Relationships from (Orr & Williams. 2002 and Colins & Leventhal., 2013)
Note:
Near-Term Tidal Hydraulic Geometry predictions are based on existing conditions potential tidal prism calculated from the 2005 Topography/Bathymetry surface prepared by Towill Inc.
Long-Term Tidal Hydraulic Geometry predictions are based on estimated future conditions potential tidal prism for ~2ft of Sea Level Rise, see text.
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Figure 9
Equilibrium vs Surveyed Channel Dimensions
Without and With Restoration

SOURCE: ESA, 2017
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Figure 10
Hindcast Marshplain Accretion
vs. Historic Marsh Elevation Surveys

SOURCE: ESA, 2017; SLR rates from USACE 2013.
Notes:
Analysis based on 200 mg/L suspended sediment concentration
Grey Dashed Line: Mean Higher High Water
Green Dashed Line: Approximate lower elevation limit for marsh vegetation colonization
Black Dashed Line: Mean Lower Low Water
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Figure 11
Forecast Rates of Marshplain Accretion
USACE “Medium” and “High” Sea Level Rise Scenarios
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SOURCE: ESA, 2017; SLR rates from USACE 2013.
Note: Elevation based habitat bands were applied throughout mapped area (see text). Actual habitat extents may differ due land use and hydrologic connectivity.
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Figure 12
Potential Future Habitat Extents
Without Project Scenario

No Sea-Level Rise

+2 Feet Sea-Level Rise

SOURCE: ESA, 2017; SLR rates from USACE 2013.
Note: Elevation based habitat bands were applied throughout mapped area (see text). Actual habitat extents may differ due land use and hydrologic connectivity.
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Figure 13
Potential Future Habitat Extents
With Project Scenario (Preferred Alternative)

Attachment C.1 – Soil Core Figures

Lower Walnut Creek Restoration Project Geomorphic Assessment

August 2017

Historic
Chanel
Surveys

SOURCE:
Cross Section Surveys: USACE; CCCFCWCD; Towill; ESA
Soil Cores: Hultgren-Tillis Engineers, 2012
Note: Black lines indicate approximate position of core samples relative to channel cross section.
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Figure C.1-1
Walnut Creek Soil Cores
Cross Section View

SOURCE:
Cross Section Surveys: USACE; CCCFCWCD; Towill; ESA
Soil Cores: Hultgren-Tillis Engineers, 2012
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Figure C.1-2
Soil Core Profiles and Estimated Bed Elevation Trajectories
XS 1500

SOURCE:
Cross Section Surveys: USACE; CCCFCWCD; Towill; ESA
Soil Cores: Hultgren-Tillis Engineers, 2012
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Figure C.1-3
Soil Core Profiles and Estimated Bed Elevation Trajectories
XS 4500

SOURCE:
Cross Section Surveys: USACE; CCCFCWCD; Towill; ESA
Soil Cores: Hultgren-Tillis Engineers, 2012
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Figure C.1-4
Soil Core Profiles and Estimated Bed Elevation Trajectories
XS 7200

SOURCE:
Cross Section Surveys: USACE; CCCFCWCD; Towill; ESA
Soil Cores: Hultgren-Tillis Engineers, 2012
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Figure C.1-5
Soil Core Profiles and Estimated Bed Elevation Trajectories
XS 9500

SOURCE:
Cross Section Surveys: USACE; CCCFCWCD; Towill; ESA
Soil Cores: Hultgren-Tillis Engineers, 2012
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Figure C.1-6
Soil Core Profiles and Estimated Bed Elevation Trajectories
XS 11508

SOURCE:
Cross Section Surveys: USACE; CCCFCWCD; Towill; ESA
Soil Cores: Hultgren-Tillis Engineers, 2012
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Figure C.1-7
Soil Core Profiles and Estimated Bed Elevation Trajectories
XS 13300

SOURCE:
Cross Section Surveys: USACE; CCCFCWCD; Towill; ESA
Soil Cores: Hultgren-Tillis Engineers, 2012
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Figure C.1-8
Soil Core Profiles and Estimated Bed Elevation Trajectories
XS 14200

SOURCE:
Cross Section Surveys: USACE; CCCFCWCD; Towill; ESA
Soil Cores: Hultgren-Tillis Engineers, 2012
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Figure C.1-9
Soil Core Profiles and Estimated Bed Elevation Trajectories
XS 17500

SOURCE:
Cross Section Surveys: USACE; CCCFCWCD; Towill; ESA
Soil Cores: Hultgren-Tillis Engineers, 2012
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Figure C.1-10
Soil Core Profiles and Estimated Bed Elevation Trajectories
XS 18400
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Geotechnical Summary
Letter

A California Corporation
Specializing in Geotechnical Engineering

July 17, 2017
File No. 670.04
Environmental Science Associates
550 Kearny, Suite 800
San Francisco, California 94108
Attention: Ms. Melissa Carter
Geotechnical Engineering Services
Lower Walnut Creek Channel
Contra Costa County, California
Dear Ms. Carter:
This letter presents a summary our geotechnical assessment of the preferred alternative for the
Lower Walnut Creek Restoration project. The restoration project includes about 2.5 miles from the
mouth of the Lower Walnut Creek to the BNSF railroad bridge in Contra Costa County, California.
The purpose of our assessment was to evaluate, on a preliminary basis, the geotechnical aspects of
the project related to the design. We received your emails dated June 6, 2017 and June12, 2017 with
questions about the geotechnical aspects of the project. We reviewed available published
geotechnical reports, geologic maps, exploration logs, and laboratory data as listed in the reference
section. We have itemized each question and our response.
QUESTIONS AND RESPONSES
Question 1
Advise on suitability of using existing levee material for new setback levee/access road along landfill
construction in South and Middle Reaches.
Response to Question 1
The existing levee material consists predominately of fine-grained soils including clays or sandy
clays, capped with sandy gravel. The fine-grained material in the Middle and South Reaches of the
project can be used for fill to build the new setback levees and access roads. The sandy gravel can
be used for levee fill provided it is uniformly mixed fine-grained soil. Alternatively, the sandy gravel
could be removed and stockpiled for reuse to build the access road or cap the new setback levees.
The fine-grained material will likely require processing to moisture condition the soil prior to
placement and compaction. Moisture conditioning may require air drying and/or mixing with drier
materials to reduce the water content for proper compaction.
Question 2
Review setback levee alignment and provide updated estimates of settlement potential.
Response to Question 2
The preferred alternative setback levee alignments are underlain by deep marsh deposits of varying
thicknesses. The deposits are characterized as weak, compressible clays and silts with occasional
peat layers commonly referred to as Bay Mud. Settlement of the underlying marsh deposits will occur
wherever existing grades are raised. The amount will be directly related to the thickness of marsh
deposits, previous loading, and the amount of new fill. Areas with normally consolidated marsh
deposits that have not been previously loaded will have a high potential for ground settlement and
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July 17, 2017
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instability. Areas where fill has been previously placed for various land uses or as levees will have,
over time, consolidated and gained strength. These areas will have a reduced potential for ground
settlement and instability.
The new setback levees for the Middle and South Reaches would likely have moderate to high
settlement potential. Assuming 10 feet of new fill placement, we estimate 2 to 4 feet of settlement.
The access road along the base of the ACME fill would likely have moderate settlement potential.
Assuming 10 feet of new fill placement, we estimate 1 to 2 feet of settlement.
Question 3
Provide estimates of the ranges of volume loss (percentages) from excavation and compaction of the
following materials:
Question 3a
Levee cut to be used for levee fill.
Response to Question 3a
Existing levee fill cut for use to build new levees have volume losses that likely range from about
15 to 25 percent. Material excavated below the levee fill will likely be marsh deposits that
consolidated under the weight of the levee. These deposits will have greater volume loss greater
than the levee fill, but less than marsh deposits that have not been previously loaded. Volume
loss would likely range from 35 to 45 percent for marsh deposits below the levee fill.
Question 3b
Levee cut to be used for upland fill in Pacheco Marsh.
Response to Question 3b
Assuming the specified relative compaction is the same as the setback levee compaction, volume
losses for existing levee fill to be used as upland fill will likely range from about 15 to 25 percent.
Question 3c
Tidal channel cut from the fringing wetlands along Lower Walnut Creek to be used for upland fill
in Pacheco Marsh.
Response to Question 3c
The fringing wetlands along Lower Walnut Creek consist of sediment build-up, vegetation and
marsh deposits that are primarily highly organic clays and silts with occasional lenses of peat.
The volume losses from these materials will likely range from about 50 to 65 percent.
Question 3d
Tidal channel cut from within the disconnected basins in the South and Middle Reaches to be
used for upland fill in Pacheco Marsh.
Response to Question 3d
The tidal channel cuts will likely consist of fill and marsh deposits. The volume losses will likely
range from15 to 25 percent for fill and about 50 to 65 percent for marsh deposits.
Question 3e
Marsh plain cut from Pacheco Marsh to be used for upland fill in Pacheco Marsh.
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Response to Question 3e
The Jonas 2002 report indicates that the subsurface conditions within Pacheco Marsh consists of
sand fill over marsh deposits. The material from marshplain cuts in Pacheco Marsh will vary
depending on the depth of the cut. The sand fill, which varies from about 4 to 8 feet thick, would
likely have volume losses ranging from about 15 to 25 percent. Marsh deposit volume losses
would likely range from about 50 to 65 percent.
Question 4
Provide any sorting/treatments that might be required to reuse existing levee material for new levee
construction (i.e. remove and dispose of top X-ft of soil? Sorting/drying needed?).
Response to Question 4
Prior to excavating material from the existing levees, the surface vegetation should be removed to
expose the underlying fill material. The sandy gravel would need to be uniformly mixed with the
underlying fine-grained soil to be used for new levee fill. Alternatively, sandy gravel could be
removed and stockpiled for reuse to cap new levees and access roads. Fine-grained existing levee
fill would need to be moisture conditioned prior to compaction. Moisture conditioning would consist of
adding water if the material is dry, or drying if the moisture content is too high.
Question 5
Provide any sorting/treatments required for placement of excavated material from all sources in the
upland fill in Pacheco Marsh.
Response to Question 5
The project requires cuts and fills to create various marsh levels within the Pacheco Marsh. Much of
the grading will create shallow marsh areas and upland areas. Surface vegetation including the root
mass, should be removed from cut areas and fill areas. Fill areas should be prepped (moisture
conditioned and compacted) prior to fill placement. Fill material should be moisture conditioned
(increasing or decreasing water content).
Question 6
Can you also advise on the suitability of using material excavated from the Pacheco Marsh for new
setback levee construction?
Response to Question 6
In general, the existing near surface fill material from Pacheco Marsh can be used for setback levee
construction. Some sorting or mixing may be needed to manage the fill material characteristics.
REFERENCES
Hultgren – Tillis Engineers, 2009. Geotechnical Field and Laboratory Data Collection, Lower Walnut
Creek Channel, Contra Costa County, California. June 9, 2009. HT Project No. 670.02.
Hultgren – Tillis Engineers, 2009. Sediment Core Sampling, Lower Walnut Creek Channel, Contra
Costa County, California. November 10, 2009. HT Project No. 670.02.
Jonas and Associates, Inc., 2002. Site Characterization Report, Praxis Property, Martinez, California,
Prepared for Contra Costa County, Public Works Department, January 22, 2002.
USACE 2011. Draft F3 Geotechnical General Reevaluation Report, Lower Walnut Creek Project, US
Army Corps of Engineers, Sacramento District, Prepared by Soil Design Section B, Geotechnical
Engineering Branch, September 2011.
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Lower Walnut Creek Restoration Project – Preliminary Interim Vegetation
Management Mapping and Planning

Introduction
The Contra Costa County Flood Control and Water Conservation District (District), is leading the
Lower Walnut Creek Restoration Project (Project) to restore and enhance wetlands and associated
habitats in Lower Walnut Creek and to provide sustainable flood management, while allowing
opportunities for public access and recreation. The District seeks to devise and implement a
program for managing vegetation on the Project site in the interim period (during final design and
permitting) prior to Project construction to create conditions likely to enhance the success of the
Project. The purpose of this memorandum is to describe preliminary interim vegetation
management mapping and planning completed during Phase 1 of the project. These preliminary
results will be used to support preparation and implementation of an interim vegetation
management program in Phase 2.

Methods
Invasive stinkwort (Dittrichia graveolens) was mapped over a two-day survey period (November
6 – 7, 2017) within the Project North Reach (Pacheco Marsh) and District-owned areas of the
South Reach and Middle Reach. Stinkwort was mapped in the field by two ESA biologists each
day using gps equipment (trimble and iPad). Single stinkwort plants and tight and small clusters
of plants (including less than 10 plants) were mapped as single points. Stinkwort was mapped in
polygons where the extent of populations encountered were larger. Polygons of stinkwort were
categorized into four different cover classes: <25% cover, 26-50% cover, 51-75% cover, or >75%
cover. During the survey, potential locations for collection of propagules and on-site propagation
of native plants for use in the future revegetation efforts was be noted. Additional populations of
creeping wildrye (Elymus triticoides) in the south reach were mapped during the survey effort.
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ESA downloaded and corrected the gps data and, using GIS, prepared maps depicting stinkwort
distribution and other data collected in the survey. Overlaying the current project design onto the
survey map, ESA noted priority areas for stinkwort control in 2018-2019, and identified locations
for collection and on-site propagation of native plants.

Results
The primary finding resulting from the fall 2017 stinkwort surveys was that the extent of
stinkwort populations at the site is far greater than had been expected based on evidence of
stinkwort observed on the site in spring 2017. The distribution of stinkwort populations over the
site is presented in Figures 1, 2, and 3.
Based on the locations of stinkwort populations, existing wetlands, creeping wild rye populations,
and expected cut and fill areas, potential native plant propagation sites areas were identified and
are shown on Figure 4. These potential propagation sites should be further investigated based on
soil conditions (clay loam soils are the best medium for successful propagation of wild ryes and
associated rhizomatous perennial native species), and elevation (inundation/drainage
characteristics).

Recommendations / Next Steps
The extent of the populations makes it infeasible to eradicate stinkwort from the project site
during interim vegetation management prior to the start of construction. Preliminary judgements
of priority areas for control of stinkwort have been made based upon population size and location
relative to restoration design elements, and on feasibility of elimination/control within the interim
period (Figure 5). Given the much greater extent of stinkwort than anticipated, Final priority
control areas will be refined once mapping of all target invasive species over the site has been
completed. It will be important to address control of the bulk of target species in as efficient a
manner as possible (prescribing treatment methods and timing that can be implemented to control
multiple species, to the extent feasible). For example, Pacheco Marsh west basin area should
likely be hard mowed during a period in which this treatment would also control spread of other
invasive species present, such as yellow star thistle (Centaurea solstitialis) and Italian thistle
(Carduus pycnocephalus).
That said, the life cycle of Stinkwort is unusual in California. Plants develop late in summer (May
to September), flower in fall (September to December), and senesce in midwinter (December to
January). Because of this unique pattern of development, it is difficult to incorporate control of
stinkwort into traditional summer or winter annual management practices. At the time of roadside
and right-of-way mowing in late April to early May, stinkwort is just beginning to bolt and
mowing may actually improve the growing environment for the plants, as it can for yellow
starthistle (Benefield et al. 1999). Additionally, land managers have reported very poor control of
Stinkwort with pre-emergent treatments (R.N. Brownsey, unpublished data).
Stinkwort seeds disperse in late fall and the majority of seeds germinate in the winter and spring
following major rain events, with few seedlings emerging the second year after dispersal
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(Brownsey et al. 2013). Seed longevity is likely to be on the order of 2 to 3 years, suggesting that
a short, intensive management program that successfully prevents seed production should greatly
reduce or eliminate infestations. However, in disturbed areas and along transportation corridors
the risk of recontamination is high; continued monitoring to identify new populations is advised
in these situations. Temperature flexibility combined with the dependence on seasonal
precipitation makes seed germination for this species very opportunistic, such that emergence
timing is year-specific. Pre-emergent control, therefore, requires careful planning with a high
level of context specificity (Brownsey et al. 2013).
The majority of seeds will germinate under favorable conditions after dispersal. For plants such
as stinkwort that have a wide range of suitable germination conditions, this suggests that the soil
seed longevity may be relatively short. Therefore, preventing seed production for a 1- or 2- year
period should greatly reduce the population size in successive years and require less intensive
follow-up management unless severe and prolonged drought conditions follow seed dispersal.
Because the timing of Stinkwort reproduction is highly predictable, management activities should
occur shortly after emergence, but no later than the ﬁrst week of September. Later control efforts
will not prevent seed production and dispersal. Although mechanical control methods have not
been tested in stinkwort, regrowth of other invasive plants with similar life cycles, particularly
yellow starthistle, indicate that cutting or mowing should be timed immediately prior to ﬂowering
to provide the most effective control (Brownsey et al. 2014).
Stinkwort control measures:
Pre-construction stinkwort control treatments should include:


Herbicide and/or hard mowing treatments in late summer/ early fall immediately before
seed set. Herbicide treatments should be limited to areas where adjacent desirable plant
species will not be affected, and followed with revegetation with desirable species to
restrict recolonization by stinkwort and/or other weeds.



Stinkwort populations located on clay loam soils should mechanically removed before
setting of seed and replanted with propagules of species suitable for restoration such as
wild rye, salt grass and/or alkali heath, or re-seeded with spikeweed and/or other native
species that will provide a competitive edge over the next seasons stinkwort seedlings.
This will serve both to control stinkwort populations and propagate restoration plant
stock.



Bulk native seed sowing should be done in November and December, after the weeds are
removed or sprayed in September, so the native seedlings can suppress the stinkwort
seedlings in the following season.

Management during construction should consist of:


Monitoring and continuation of activities described above as needed in areas that won’t
be disturbed during construction and
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Excavating stinkwort that is in areas to be graded in the restoration and burying those
plants and soils containing weed seed in lowest lifts within fill areas. Burying of plants
and seed beneath fill where they occur in fill locations. Excavation and burying should
also occur prior to seed set (no later than the ﬁrst week of September).

Native plant propagation:
It is intended that interim weed management on the Project site be integrated with the native plant
propagation where some native species have potential significant competitive effects on some
specific weeds. As described above, weed control areas may be “backfilled” with specific native
plants to restrict recolonization by weeds. In addition, management actions will be prescribed to
build up on-site stock populations of native plants (vegetative propagules and seed banks) that
will be needed in bulk for revegetation phases of the Project. Establishment of an onsite ‘bank’ of
desired native plant material will reduce the need to purchase commercial wetland nursery stock
for Project implementation.
Primary potential native plant borrow populations (wildrye populations) and propagation sites
areas were identified and are shown on Figure 4. Primary target onsite species for propagation
are:





Creeping wildrye and natural hybrids: Elymus triticoides and E. × gouldii and
intermediates
Saltgrass (Distichlis spicata)
Alkali-heath (Frankenia salina)
Spikeweed (Centromadia fitchii)

Spikeweed in particular is a species particularly suited to replanting in areas from which
stinkwort populations have been removed, as this plant occupies a very similar ecological niche,
providing effective competitive benefits.
Activities to implement a program of translocation and field propagation of native perennial sodforming species for use revegetation include:
1. Select single-dominant donor stands and receptor (grow) sites for sod transplants (Figure
4). These sites include sites where translocated live propagules can remain in place as
part of the final restoration design, as well as selected grow sites from which propagated
plantings will be excavated and replanted within the restored project site following
completion of restoration grading. Receptor sites may also be selected in edge locations
of non-native invasive plant populations, where establishment of sod-forming perennials
can serve to restrict expansion of these undesirable species.
2. Excavate donor plants/sod in late fall, during periods of cool, moist weather, when the
soil profile has moistened to a minimum depth of approximately 6” (soon after the time
of mass weed seedling emergence).
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Manually excavate spade-sized sod plugs or rolls of creeping wildrye, saltgrass,
and alkali-heath from donor populations
 Sod must be excavated to a minimum of 15 cm depth.
 Excavation may be accomplished utilizing a small-tracked vehicle
equipped with a bucket (e.g. smallest bobcat) or by hand labor using
spades.
 Maximum with of spade or excavator bucket should be 2 feet. 2 foot
gaps within existing healthy populations should readily recolonize with
donor species. Larger gaps may be susceptible to invasion by local
weeds.
 If a mechanized vehicle is used, it may be necessary to utilize marsh
mats to minimize potential access impacts.

3. Transport: Cover harvested sods to keep shaded and moist; transport on-site by truck as
immediately following excavation as is practicable.
4. At receptor sites:


Clear receptor sites of standing weeds and weed seedlings and excavate the top 6
inches (minimum) of soil from the ground surface in order to remove any weed
seed bank.
 Excavated topsoils should be stockpiled and covered for later burial
within the deeper lifts of Project fill.



If remaining top soils are not moist to ~ 6 inches beneath the resulting surface, it
may be necessary to apply water to prepare the substrate for transplants.



If a bucket has been used to excavate sod, cut sod to ~ 30 cm X 30 cm X 15 cm
deep pieces.



Plant sod plugs ~ 30 cm apart, slightly below grade, and compact soil contact
between sod and matrix soil.



Mulch a 1-2 ft. zone around the sod transplant with coarse wood chips to a
thickness of 4-5”.



Restrict any addition of fertilizer to small amounts of high-N pelleted fertilizer

Lower Walnut Creek Restoration Project
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placed directly beneath and in contact with sod roots; no surface application of
fertilizer.
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Figure 1
Stinkwort (Dittrichia graveolens) Map
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Figure 2
Stinkwort (Dittrichia graveolens) Map - North Reach
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Figure 3
Stinkwort (Dittrichia graveolens) Map - Middle and South Reach
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Figure 4
Existing Stinkwort and Creeping Wildrye with Design Overlay
and Potential 2018 Native Plant Stock Planting Zones
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Figure 5
Existing Stinkwort and Priority Stinkwort Removal Areas
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1. Introduction
Restoration of the 122‐acre Pacheco Marsh will significantly enhance degraded habitat in the
North Reach of the Lower Walnut Creek (LWC) Restoration. However, the Pacheco Marsh
Restoration Plan (PWA 2004), developed for this area, was completed over a decade ago and
does not fully reflect current site conditions or recent updates in regional restoration priorities
that place greater value on lowland terrestrial ecotones of brackish marsh. This memorandum
aims to identify opportunities and restoration approaches for the incorporation of lowland
terrestrial ecotones into the Pacheco Marsh restoration.
Ecotone and lowland terrestrial landscape elements would provide habitat and water quality
benefits in the near‐term, then would convert to tidal wetlands over time with sea level rise.
While these habitats are recognized as important in the Baylands Ecosystem Habitat Goals
Update 2015, their restoration remains relatively untested. There is relatively little successful
implementation experience and developed design guidance, particularly in the brackish areas of
Suisun Bay and in sandy soils which occur at Pacheco Marsh.
While this memo focuses on Pacheco Marsh, where the greatest opportunities for creation of
lowland terrestrial ecotone habitats occur, the approaches presented here also apply to
ecotone areas elsewhere in the Lower Walnut Creek Restoration Project, such as at the
locations of levee lowering and in the southern (most upstream) part of the South Reach of the
site.

www.esassoc.com

These restoration opportunities will be used to inform the revised Pacheco Marsh restoration
concept. During conceptual design, the restoration approaches will be evaluated and refined
based on further consideration of constructability, permitting, and cost. Habitats will be
included in locations and to the extents practical; not all habitat types presented here will
necessarily be included in the revised Pacheco Marsh restoration concept. The revised Pacheco
Marsh restoration concept (Appendix A) indicates more specific habitat locations and extents.
For each habitat type, the memorandum provides potential locations onsite, habitat objectives
and functions, and proposed restoration approaches. The memo also provides an assessment
for consistency of restored habitats with a possible future scenario in which treated effluent
from Central Contra Costa Sanitary District (CCCSD) is beneficially re‐used onsite.
ESA and Dr. Peter Baye collaborated in conducting field reconnaissance at the Pacheco Marsh
and local representative sites and in preparing this memorandum. Dr. Baye prepared an earlier
memorandum that served as the primary basis for the information presented in this
memorandum. The current memorandum incorporates and supersedes the Baye technical
memorandum of August 1, 2017, which is attached as Appendix B to provide supplemental
detail and background information.
A restoration approach for coarse‐sediment living shorelines is included in Appendix C.
Approaches for potential additional habitat restoration actions that could be considered should
the Suisun Properties Parcel become available as a future phase of the LWC Project are
discussed in Appendix D).
2. Terrestrial – Marsh Ecotones and Resilient Tidal Marsh Landscapes in Suisun
Bay
This memorandum describes a proposed approach for restoration of a wetland and lowland
terrestrial habitat complex as part of the Pacheco Marsh restoration, which is a component (the
North Reach) of the LWC Restoration Project (Figure 1). The restoration approach described
herein incorporates guidance from recommendations in “Resilient Landscape Vision for Lower
Walnut Creek – Baseline Information and Management Strategies” (SFEI 2016), hereafter,
“Vision Report”, a product of SFEI’s “Flood Control 2.0” program.
The Vision Report adopts the long‐term coastal environmental management perspective of the
interdisciplinary Baylands Ecosystem Habitat Goals Update (Goals Report 2015), a revision of
the San Francisco Bay Area Wetlands Ecosystem Goals Project (Goals Project 1999),
incorporating major changes in scientific understanding of climate change and sea level rise.
The Goals Project (1999) inspired many tidal wetland restoration projects and influenced their
designs around the San Francisco Bay Area, assuming gradual, moderate rates of sea level rise,
ample regional sediment supply, and gradual climate change. Goals Report (2015) and the
Vision Report made important adjustments (climate change adaptations) to estuarine wetland
restoration approaches, and priorities for components of wetland restoration designs, including
sub‐regional recommendations. These modifications are summarized and explained here as
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introductory background for the specific restoration design components recommended for
Pacheco Marsh.
The Vision Report emphasized that the major historical changes to the Lower Walnut Creek
wetland landscape involved not just loss of ancient tidal wetlands and bayward expansion of
younger tidal marsh, but loss of functionally connected important supratidal (above‐tide, non‐
tidal) wetland ecosystems in adjacent terrestrial lowlands of the watershed. These major
classes of non‐tidal wetlands were ecotonal (transitional to) estuarine, tidal wetlands. They
included seasonal alkali meadow (a subtype of lowland grasslands with variable concentrations
of sodium and calcium salts in clayey to sandy terrestrial soils), willow thicket (groves of willow‐
dominated freshwater swamps and woodlands, with perennially wet or flooded soils; a type of
riparian vegetation), and freshwater marsh (tall emergent herbaceous vegetation with year‐
round moist, wet or flooded soils).
Of the three major terrestrial lowland wetland types adjacent to baylands, alkali meadow is not
dependent on perennial freshwater inflows or groundwater emerging at the ground surface.
Alkali meadow is a seasonally wet vegetation type, reliant primarily on rainfall for winter‐spring
soil saturation and flooding in subsaline (slightly saline) soils with flat topography. The Pacheco
Marsh restoration site currently has these physical prerequisites for alkali meadow.
The other perennial freshwater wetland types identified by the Vision Report, freshwater
marsh and willow thicket, would depend on artificial freshwater source imports, such as
tertiary treated wastewater applied for beneficial re‐use. This was one of the long‐term
recommendations of the Vision Report. Though not immediately available for near‐term
wetland restoration planning, the lowland terrestrial wetland ecotone designs described in this
memorandum do anticipate, and are compatible with, subsequent modification by localized
tertiary treated wastewater applications, and conversion to freshwater willow thickets and
marsh. This compatibility of future tertiary treated wastewater discharges as ecological
enhancement depends, however, on ecotone connectivity (gradients) with fully tidal marsh.
Muted (damped tidal range) tidal marshes are not suitable receptors for seepage outflows of
tertiary treated wastewater because their weaker tidal drainage would result in significantly
longer residence times for nutrient‐enriched shallow groundwater, and sustain weaker
groundwater discharge gradients. Indirect impacts of tertiary treated wastewater sub‐irrigated
“horizontal levees” in a muted tidal marsh could include hypereutrophication (excessive
nutrient build‐up), excessive mosquito production, excessive algal growth, localized fish kills,
and reduction of marsh plant species diversity. These impacts are unlikely to occur where
horizontal levees are connected to fully tidal marsh.
As sea level rises, terrestrial lowland habitats, including those recommended in the Vision
Report become increasingly exposed to temporary extreme high tide flooding events, at
increasing frequency. These recurrent extreme high tide flood events create landward‐
migrating (transgressive) ecotones (transition zones) with high tidal marsh. The high tide
“transition” occurs spatially, between adjacent habitats, and temporally, in a shifting ecotone
that migrates landward and upslope. As sea level rise accelerates, as it is expected to do with
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relatively high confidence by or before mid‐century, the pace of transition zone migration and
habitat conversion will also accelerate. The lowland grassland and alkali meadow ecotones
described in this Pacheco Marsh/Lower Walnut Creek restoration approach would be designed
to support this gradual, long‐term transition from terrestrial edge to high tidal marsh (estuarine
transgression) in response to sea level rise.
Like the Goals Report (2015), the Vision Report recognized that topography supporting lowland
terrestrial ecotones is now, and will be an important critical limiting habitat factor in most of
the San Francisco Estuary during accelerated sea level rise. The Vision Report refers to the
valuable “elevation capital” of supratidal lowlands, slightly above current high tide elevations,
which will soon predictably submerge into high marsh zones. Accordingly, the Vision Report
Regional Science Advisory Team (RSAT) did not recommend grading down some areas of
Pacheco Marsh that were historically filled above Mean Higher High Water, to reach current
intertidal elevations (SFEI 2016:34). Instead, the Vision Report’s RSAT advised maintaining much
of the area’s “elevation capital” to provide secure migration space for future tidal marsh,
including critical high marsh and terrestrial ecotone area. This landscape‐level, long‐term
guidance is substantially adopted in the proposed revised restoration approach presented here.
As interpreted in this memorandum, the conservation of “elevation capital” aims to convert
degraded, weed‐dominated lowlands to improved lowland grassland complexes (including
alkali meadow in the near‐term) that enhance the ecosystem functions of contemporary tidal
marshes connected to them. In the next several decades (or perhaps sooner), some of the
restored lowland grassland complexes may be modified to become potential freshwater
wetlands, if tertiary treated wastewater distribution systems become available (SFEI 2016:37).
In addition, the connectivity of wetland and lowland terrestrial habitats is important for
contemporary ecosystem functions, including wildlife habitat, and biogeochemical functions
such as nutrient processing and attenuation that protect estuarine water quality. As
recommended in the Vision Report (SFEI 2016:37), future hydrologic connectivity between
some lowland grasslands and tidal marsh (Strategy 3, SFEI 2016:29) would convert them to
sloped freshwater marsh, and contribute to nutrient removal (sequestration and denitrification)
before reaching the estuary. Though not proposed in the current designs (future retrofit would
be required), the layout of terrestrial lowland grasslands bordering restored and existing tidal
marsh anticipates this potential important ecosystem function of the whole Pacheco Marsh
wetland complex.
The Lower Walnut Creek Restoration Project is being designed to be resilient to 2 ft. of future
sea‐level rise and adaptive to 5 ft. of sea‐level rise. This requires balancing near‐term habitat
objectives and results with succession (dynamic community change) towards expected future
environmental conditions. The following descriptions of habitat and vegetation types related to
constructed landforms (ecogeomorphic units) presume this dynamic, successional development
from a near‐term coherent restored landscape, to a future resilient one consistent with the
Vision Report.
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3. Overall Restoration Approach
The overall restoration approach for the Pacheco Marsh site is to take advantage of large areas
of supratidal elevation lands and existing (degraded) landscape features to restore a matrix of
lowland terrestrial ecotone habitats intergraded with tidal marsh that will provide valuable
ecosystem functions under present day conditions and evolve with sea‐level rise such that
these functions are provided far into the future. The overall restoration approach is to:








Retain marsh resiliency with sea‐level rise and reduce earthmoving costs by maintaining
many of the site’s large supratidal areas, rather than grading these areas down to
current‐day marsh elevations. The approach for supratidal habitats anticipates gradual
estuarine transgression, and is designed to provide high ecological value and function
through the 21st century.
Enhance existing supratidal wetlands in place, as appropriate, working with existing
grades and soils, and revegetating with native plants. Similarly, the approach for gently‐
sloped, supratidal, non‐wetland areas adjacent to tidal marshes is to enhance in place,
maintaining a broad slope for gradual estuarine transgression.
Enhance overall habitat complexity by periodically interspersing tidal channels and
marsh into the lowland terrestrial ecotone. Broad transition zones of intergraded
habitats facilitate marsh migration, wildlife refuge during high water events, and wildlife
movement. Intergrading lowland terrestrial habitat assemblages with tidal channels and
wetland features improves connectivity along the corridors that enable native species
(e.g., salt marsh harvest mouse, Ridgway’s rail) to access resources from multiple marsh
areas and to access feeding and refuge habitats during high tides. Habitat complexity is
also enhanced using variations in microtopography, soils, and native plant types.
Where compatible with ecological design and setting, allow for beneficial use of treated
wastewater in the event that treated wastewater becomes available as a source of
freshwater in the future. Treated wastewater could be redistributed as diffuse
discharges (overland flows or shallow subsurface flows) on low‐gradient habitats
bordering marshes with full tidal inundation (not muted).

4. Ecogeomorphic Units for Wetland and Terrestrial Ecotone Restoration
This section describes the approach for restoration of wetland and ecotone habitat
types/assemblages, grouped by ecogeomorphic units, across the Pacheco Marsh site.
“Ecogeomorphic units”, as treated in this memorandum, are coherent landscape‐level
combinations of landforms (geomorphic and topographic features) and habitats formed by
vegetation, drainage patterns, and soil conditions associated with them. Multiple individual
habitat restoration design features are embedded within each ecogeomorphic unit, and are
designed to interact together as dynamic ecotones that provide valuable ecosystem functions
under current conditions, and will evolve to continue as critical elements of the landscape in
response to sea level rise and climate change. The ecogeomorphic units described correspond
with the wetland and terrestrial ecotone types characterized in the Vision Report (2016; Section
2, above). They are designed to be linked to estuarine units by ecotones (transition zones that
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will slowly shift in undergoing long‐term succession). The geographic integration of multiple
wetland and terrestrial ecotone habitats is also an important aspect of Goals Report (2015)
recommendations to “retrofit” modern bayland landscapes, and is reflected in the proposed
layout of wetland habitats at Pacheco Marsh. The restoration approach outlined here includes
wetland features expressly recommended by the Vision Report (SFEI 2016:38‐39), such as
marsh pans and ponds, that provide habitat functions spatially connected to lowland terrestrial
ecotones.
For example, low‐salinity pools (mallard foraging and brood water habitat in spring months)
directly adjacent to dense, tall lowland grassland vegetation (nesting and cover habitat)
together provide whole life‐cycle support for wildlife like dabbling ducks. Similarly, the
connectivity between small tidal channels and the high tide flood refuge habitat provided by
dense, tall, lowland terrestrial vegetation enables rare and endangered resident wildlife species
like California black rail and salt marsh harvest mouse to access critical cover from predators
during marsh‐submerging extreme high tides. The large‐scale spatial distribution of connected
wetland and terrestrial habitats is an important aspect of their resilience to sea level rise and
other climate‐driven environmental extremes. The wetland designs proposed are not discrete
habitats in a “menu”, but a long‐term integrated wetland landscape consistent with Vision
Report guidance.
Conceptual layout of these ecogeomorphic units over the Pacheco Marsh/North Reach site is
shown on Figure 2. Concept illustrations depicting the intergraded habitat assemblages within
tidal marsh and lowland terrestrial seasonal wetlands ecogeomorphic units are shown in
Figures 3 and 4.
Sandy alkali playa flats and lowland grassland ecotones with brackish tidal marsh
Potential Locations: Within the northwest quadrant. This restoration measure specifically
addresses the relatively barren sandy playa‐like flats that currently exist within this area (Figure
2).
The approach proposed for this ecogeomorphic unit would take advantage of the (accidental)
historical formation of sandy playa‐like alkali flats (splays from historical discharges originating
at the former sand offloading site at Suisun Properties) on the site, similar to some natural
historical ecotones of Suisun tidal marsh; and serve to incorporate regionally rare terrestrial
ecotone diversity into the tidal marsh restoration.
Under this approach the alkali playa and lowland grassland habitats within the northwest
section of the site would be enhanced in place, and a tidal channel network with wide channel‐
side tidal marsh benches interspersed through the matrix of alkali flats and grassland. Interior
drainage divides would be created with nearly flat slopes so that they continue to form shallow
flooded flats, and are not fully drained at current sea level by constructed tidal channels. Tidal
marsh benches would be designed to slope toward tidal channels, up to a variable elevation
range between highest higher spring tides and extreme high water, such that tidal overtopping
of the undrained interior flats gradually increases as sea level rises. As the effective high tide
line rises with sea level rise, highest tides would gradually “overstep” and transform the alkali
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flats and grassland to high tidal marsh ecotones, transitional to alkali flat and grassland. By late
21st century, these habitats would submerge into tidal marsh with upper intertidal areas. An
approximate two‐foot neap tidal range is assumed to be feasible in the near term by connecting
this area to connecting southern Suisun Bay tidal channels or ditches through culverts. Direct
tidal channel connections with no significant tidal restriction, such as may be possible in the
future through the Suisun Properties Parcel, would be needed for long‐term future geomorphic
evolution of the area.
Lowland grassland and seasonal wetland ecotones with tidal brackish marsh
Potential Locations: Northwest quadrant, south of barren playa‐like alkali flats; Northeast
quadrant, Southwest quadrant, and Southeast quadrant, on old levees, berms and fills,
bordering tidal brackish marsh or restored muted tidal brackish marsh (Figure 2).
The proposed approach would restore ruderal lowland grasslands, including some seasonal
wetlands, and include excavation of tidal marsh channel networks and intertidal marsh benches
within a matrix of lowland ruderal grassland. Lowland grasslands are proposed at the edges of
many other wetland features and locations of the site, where past artificial fill elevation
gradients are slightly above current highest tides. As sea level rises, they are intended to form
ecotones with tidal marsh, and provide important ecological services (e.g., nutrient
removal/water quality maintenance, shoreline stabilization, high tide cover for wildlife, and
native estuarine species diversity).
Though similar and related, fully tidal brackish marsh differs from muted (damped tidal range)
brackish tidal marsh with respect to future compatibility for beneficial reuse of nutrient‐rich
tertiary treated wastewater (and thus lowland grassland and seasonal wetland ecotones with
muted versus fully‐tidal marsh are distinguished on Figure 2). Only lowland grassland and
seasonal wetland ecotones with fully tidal marsh would be compatible with future retrofit for
of beneficial reuse of treated wastewater.
Because the ecological functions of terrestrial ecotones depend on the structure and processes
of the tidal brackish marshes to which they are connected, restoration of terrestrial ecotones
also involves modification of adjacent tidal marsh. Properly designed, the terrestrial ecotone
and tidal marsh evolve and work together as a unified ecological, hydrological and geomorphic
system.
Brackish Tidal Marsh Ecotones with Lowland Grassland and Seasonal Wetland
Potential locations: Northeast fringing marsh; southeast fringing marsh and part of southeast
quadrant.
Tidal brackish marsh, with no significant artificial constraints that restrict tidal flows, occurs as a
wide belt along the Lower Walnut Creek shoreline on the east edge of the site. The tidal
brackish marsh formed by rapid marsh progradation (lateral marsh growth across gently sloping
flats) over decades. The marsh is high (upper intertidal) except near the main channel, and lacks
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complex tidal channel networks and ponds that are characteristic components of ancient tidal
marshes that built slowly over centuries of slow sea level rise. Enhancing features of this tidal
brackish marsh is important for mutual functioning and integration of restored wetland
features of the project site interior and edges, such as proposed lowland grasslands and future
potential “horizontal levees”.
Two zones of fringing brackish marsh enhancement or restoration are distinguished along
Lower Walnut Creek, connected to project site shorelines, along the LWC fringing marsh and in
the southeast quadrant.
LWC Fringing marsh
The setting for the high brackish marsh enhancement includes the old levee along Lower
Walnut Creek, and a wide, poorly drained high brackish marsh plain. Fringing high brackish
marsh enhancement along the northeast and southeast quadrants has multiple elements for
long‐term resilience of the tidal marsh and terrestrial ecotone. They include: back‐marsh pools
(very shallow ponds [marshplain pans] subject to spring high tide flooding and rainfall inputs);
sandy sediment splays supporting high marsh pans; lowland grassland ecotones; and small,
sinuous tidal channels increasing tidal drainage between pools, sandy splays, and grassland
ecotones.
Enhancement of existing brackish tidal marsh would correct poor tidal drainage (indicated by
heavy mosquito abatement ATV traffic, low tidal channel density and poor tidal connectivity),
and maximize ecological value of the adjacent restored lowland grassland ecotone proposed
along the gradient of the old levee/berm. The poor marsh drainage could be modified by
adding complex tidal channel networks (periodic shore‐normal dendritic, branched tidal
channels) at intervals, and creating wide, irregular, shallow brackish marsh ponds (pond bed
elevations ~1‐2 ft. below marsh plain) in the drainage divides between them. Ponds would
become habitat for native brackish submerged aquatic vegetation, small prey fish, and many
waterbirds, including dabbling ducks that would also use adjacent lowland grassland habitats.
Existing grassland ecotones on the existing levee grade into high tidal marsh. These levees
would be graded to gentle slopes and restored as lowland terrestrial grassland; its lower tidal
edges could be diversified by adding fans (splays) of sandy sediments, emulating natural sandy
alkali playa ecotones with tidal marsh. Creating sinuous, small tidal channels through the
brackish tidal marsh adjacent to lobes of sediment fans and lowland grassland gradients would
improve wildlife corridor connections between the marsh and adjacent terrestrial ecotones,
and provide estuarine fish habitat. Both marsh ponds and enhanced tidal drainage are
expected to reduce mosquito production and needs for frequent marsh re‐entry by vehicles
(damaging vegetation) to treat mosquito larvae.
Southeast quadrant
Diked, non‐tidal pickleweed marsh behind the old Lower Walnut Creek levee could be tidally
restored by extending a tidal channel through the existing fringing tidal marsh into the diked
brackish marsh, providing a direct tidal connection between diked pickleweed marshes and
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Lower Walnut Creek. Construction of small branched tidal channels and marshplain pools
(shallow ponds) between them would provide a high diversity of sub‐habitats within the
brackish tidal marsh, supporting wading birds, dabbling ducks and small fish. Conversion of non‐
tidal pickleweed marsh to tidal marsh would occur rapidly. Ecotones with restored lowland
grassland along the edges of the tidal brackish marsh would provide a resilient platform for
landward transgression of high marsh zones during accelerated sea level rise, as in the
northwest and southwest tidal brackish marsh restorations.
Muted tidal brackish marsh with channels and marsh ponds
Potential Location: Southwest Marsh.
The (muted) brackish tidal marsh matrix in the southwest marsh could include a network of
constructed, sinuous tidal channels, with large, shallow perennial pools (marshplain ponds)
between them. The shallow (< average 1.5 ft. deep relative to the adjacent marsh plain)
brackish ponds would be similar to the existing seasonal brackish ponds, but flooded by highest
summer high tides. Rainfall would also contribute to marsh pond flooding in winter.
Incorporation of large marsh ponds would maintain abundant perennial habitat for small prey
fish (especially stickleback, which are tolerant of high temperatures, wide salinity fluctuations,
and temporary hypoxia), shorebirds (including existing black‐necked stilts), dabbling ducks, and
wading birds. Emergent brackish marsh would follow the banks of the constructed (excavated)
tidal channels, separating pools from daily tidal flows, and preventing their drainage on ebb
tide. High brackish marsh surrounding ponds would also provide some potential local nesting
habitat for birds such as stilts and Virginia rails. The outer edges of the southwest marsh would
form topographic gradients with terrestrial lowland grasslands, supporting ecotones. As sea
level rises, ponds would become increasingly tidal, and either maintain shallow open low‐
turbidity water (habitat of submerged native aquatic vegetation) or become low marsh.
5. Existing Habitat Types/Assemblages
This section describes in more detail the habitat types and assemblages (hereinafter “habitat
types”) existing on the site that could be enhanced to become components of the restored
ecogeomorphic units described above, based on reference systems (geographically
representative analogs of restored tidal marsh and terrestrial ecotone habitats).
These existing habitat types provide the “raw material” for opportunities to create a complex of
resilient landscape components, including tidal marsh and multiple types of terrestrial
ecotones, consistent with the Vision Report recommendations. These habitats include:



Lowland terrestrial seasonal wetlands including sandy alkali playa‐like flats and seasonal
wetland flats dominated by weedy vegetation.
Lowland terrestrial grasslands, including alkali meadow, seasonal wet meadow (sedge‐
rush meadow) dominated by either native perennial vegetation, or non‐native weedy
vegetation
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Tidal brackish marsh, fully tidal marsh along Lower Walnut Creek, continuous with
fringing Bay marshes
Non‐tidal and highly muted tidal brackish marshes within the diked interior of the site,
including old linear ditches, poorly drained pickleweed marshes, and extensive shallow
brackish non‐tidal lagoons or ponds that dry and form pans (unvegetated hypersaline
saline flats) in summer.

These existing habitat types are further described below.
Lowland terrestrial seasonal wetlands
These seasonal wetlands are low flats above current high tide elevations, with variable‐depth
shallow depressional topography (poorly drained pool and swale areas) and different seasonal
wetland vegetation types, which form ecotones with brackish tidal marsh. Two distinct sub‐
units are currently found on the Pacheco Marsh site.
Sandy alkali playa flats
The substrate supporting alkali playa flats is sand and silty sand strata over very fine (low
permeability, clayey) bay mud sediment, on nearly level topography with shallow low‐gradient
internal depressions. This topography and substrate occur in the northern part of the
northwest quadrant, just south of Suisun Properties. It apparently formed from old sandy
outwash from sand processing, deposited over clayey muds decades ago. Sandy alkali playa
flats alternate seasonally between saturated or flooded (winter‐spring), to desiccated sand
(summer‐fall). The distinct substrate and poor drainage form extensive sand, gypsum and salt
(alkali) crusts that are sparsely vegetated or bare, and can support a specialized alkali vernal
pool flora, especially in depressions and their edges. The existing artificial‐origin sandy alkali
playa‐like flats are currently poor in native species and rich in weeds, however. When sandy
alkali playa flats (or individual sandy playa fans) are encroached by high tides or rising sea
levels, they form specific low, sparse types of tidal marsh ecotone vegetation that can support
rare native annual plants.
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Alkali playa flats at Pacheco Marsh, March 2017. Left: sparse low alkali vegetation and wide
bare flats: Center and right: surface sand efflorescence of gypsum evaporite salts formed after
saturated or flooded pools dry
Seasonal wet land flats
Existing seasonal wetland flats comprise nearly level supratidal (above‐tide), poorly drained
artificial bay fill platform, including low‐gradient depressions supporting seasonal wetlands
(winter pools and saturated soils) dominated by herbaceous grass‐like and broad‐leaf
vegetation. Seasonal wetland flats that are currently dominated by annual or short‐lived
perennial wetland weeds are suitable for restoration as alkali meadow and lowland grassland,
dominated by native perennial vegetation. In contrast with the (artificial) sandy alkali playa
flats, the substrate in seasonal wetland flats is all fine sediment (mud; clayey silt and silty clay).
The seasonal wetland flats also have slightly saline to alkali‐rich seasonal wetland and low‐lying
terrestrial soils, but the fine sediment supports a different and denser vegetation. The
vegetation is dominated by widespread, common grasses and forbs, rather than a specialized
alkali grassland flora. In these features vegetation is currently dominated by annual weeds, but
they can support robust perennial native (wet meadow) plant assemblages. They also occur
above current high tides, but when encroached by rising sea level, form tidal marsh ecotones.

Seasonal wetland flats of the Pacheco Marsh site (March 2017) differ from adjacent alkali playa flats and
non‐tidal salt marsh: they support extensive herbaceous cover of seasonal wetland plant vegetation
(photo on left) growing in fine muds (photo on right).

Lowland terrestrial grasslands
Lowland terrestrial grasslands can be very similar to some seasonal wetlands, including alkali
meadow, wet meadow (sedge‐rush meadow) and seasonal wetland flats, but they are
distinguished here from depressional seasonal wetlands as having very gentle slopes and soils
with some soil drainage above shallow groundwater. Seasonal depressional wetlands, in
contrast, have poorly drained pools and swales or flats with perched (surface ponded)
groundwater. Lowland terrestrial grasslands usually have fine‐grained sediment, but may
include fine sandy soils. Existing lowland terrestrial grasslands on the site have established on
very gently sloping (nearly flat) old fills at the northeast quadrant, where native alkali (creeping)
wildrye has established extensive meadows. Lowland terrestrial grasslands on other portions of
the site, such as the northwest quadrant, have remained dominated by weedy seasonal
wetland vegetation.
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Lowland grasslands, unlike the other habitat types, can be modified to perform functions of
wetland “horizontal levees” (slope wetlands sub‐irrigated with tertiary treated wastewater).

Lowland terrestrial grasslands of the Pacheco Marsh site (March 2017) are dominated by non‐native
weeds (upper photos), but have suitable fill soils, drainage and topography for restoration of native
perennial grassland plant communities that form widespread regional ecotones with tidal marsh. This is
demonstrated by the spontaneous development of extensive native creeping wildrye meadows (lower
photo) along the east half of the site, which are similar to young wildrye meadows along some Suisun
Marsh tidal marshes.

Tidal brackish marsh
Existing tidal brackish marshes occur adjacent to the project site, along aggraded channels of
Lower Walnut Creek. These prograded fringing marshes (accreted marsh shores spreading
towards the bay or channel) are continuous with the fringing marshes of Suisun Bay. The tidal
brackish marshes along Lower Walnut Creek, however, have large areas of poorly‐drained high
marsh plain (few tidal channels) and remnants of artificial drainage ditches. The high marsh
plain of the fringing marsh here develops poorly drained (waterlogged) marsh with persistent
standing water in some areas, and summer‐dry hypersaline pickleweed marsh in other areas.
Non‐tidal and muted tidal brackish marsh
Existing non‐tidal brackish marshes occur in the site interior, behind levees; they include
remnant ditches and depressions unrelated to tidal marsh hydrology. Large areas of non‐tidal
and muted tidal marshes develop extensive ponded areas that either draw down gradually into
relatively saline bare pond beds (pans) or poorly drained marsh. Some waterbirds that breed in
salt ponds (including black‐necked stilts) inhabit these lagoon‐like seasonal saline ponds on site.
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Where tidal connections or flooding introduce small fish to pools, wading birds forage in non‐
tidal and muted tidal brackish marshes and their ponds and ditches.

Existing Southwestern muted tidal brackish marsh (existing tidal range constricted to about one
foot) could be enhanced by increasing tidal flows with excavation of a channel network and
marsh ponds.
6. Restoration Approach by Target Habitat Type
The sections below provide a brief discussion of each target habitat type, followed by proposed
restoration measures, expected outcomes and reference sites by habitat type. Target habitat
types are described in the context of ecogeomorphic units in Section 4. Photographs of
reference site wetland vegetation types, stands, and species are provided in Appendix E. A
conceptual map of target habitats proposed for the LWC North Reach is provided in Appendix
A.
Sandy alkali playa flats
Sandy alkali playa flats occur onsite in the northwest quadrant (Figure 2) and currently provide
limited ecological value. The existing playa‐like flats support few native plant species and many
weeds. These existing flats could be enhanced to support native plant species assemblages of
alkali vernal pools, alkali flats, and their ecotones, based on modern and historical Suisun Marsh
vicinity reference conditions. These areas would be enhanced in place, using minimal grading
combined with revegetation with native plant species.
Proposed Measures
 Scrape the surface of the flats as needed to remove weeds and their seed bank, and to
create microtopography. Grade select additional shallow depressional topography
(gently sloping swales and pools) to increase ponding.
 Maintain the existing depressional internal topography of the supratidal playa‐like flats
by creating drainage divides, as needed. Where the flats are adjacent to tidal marsh and
grasslands restored through grading, create a subtle drainage divide (sill) at the edge of
the flat, to avoid draining the flat into the adjacent habitat. The drainage divide would
have gentle, nearly flat slopes.
13





Leave wide supratidal “drainage divide” flats (terrestrial flats and pools above current
tidal range, over 200 ft. wide) with no sinuous tidal channels.
Consider creating finish grades hydraulically by washing over graded surfaces with high‐
volume, high velocity jets of bay water (firehose and portable pumps) to re‐establish
stratified, sorted sediment.
Vegetate the relatively higher topography within re‐graded alkali playa flats with
patches of saltgrass (Distichlis spicata), Pacific pickleweed (Sarcocornia pacifica), Parish’s
pickleweed (Arthrocnemum subterminale), alkali‐heath (Frankenia salina), and the lower
(seasonally or episodically flooded) depressions with smooth goldfields (Lasthenia
glabrata; upper pool), rayless goldfields (Lasthenia glaberrima; lower pool), downingia
(Downingia pulchella), popcorn‐flowers (Plagiobothrys spp.), toad rush (Juncus
bufonius), salt marsh owl’s‐clover (Castilleja ambigua subsp. AmbiguaI; Point Pinole
source), and (optional, with approval from USFWS and CDFW) endangered Contra Costa
goldfields (Lasthenia conjugens).

Expected outcomes: The alkali playa‐like flats are expected to develop highly dynamic, variable
(unstable) vegetation patterns and species composition of local assemblages, including
increased diversity of native species introduced. Over decades, the alkali playa‐like habitats
would become increasingly modified by episodic extreme high tidal flooding and debris
deposition, forming high tidal marsh‐terrestrial ecotones incorporating the native alkali pool
flora. As the effective high tide line rises with sea level, the highest tides would gradually
“overstep” and transform the alkali flats to high tidal marsh ecotones. With additional sea‐level
rise, the platform would submerge into tidal marsh with upper intertidal areas.
Reference Sites: Rush Ranch (Spring Branch Creek, Suisun Hill Hollow), and adjacent Suisun
Slough tidal marsh; Scalley Road alkali vernal flats north of Potrero Hills, Suisun Marsh (Suisun
City).
Seasonal Wetland Flats
Seasonal wetland flats occur immediately south of the sandy alkali playa‐like flats onsite, in the
northwest quadrant. The existing seasonal wetland flats are dominated by annual weeds and
could be modified to support perennial native plants. The restoration would enhance these
areas in place using minimal grading combined with pre‐construction vegetation management
and revegetation with native plant species.
Proposed Measures:
 Leave flat to depressional (internal drainage only) topography in drainage divides (less
than 50‐100 ft. wide) between constructed tidal channels.
 Scrape the surface of the flats as needed to remove weeds and their seed bank
 Revegetate cleared patches with perennial species as sod fragments and initial transient
annual native cover crop. See relevant revegetation measures described for Lowland
Terrestrial Grassland.
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Expected Outcomes: Gradual increased dominance of native creeping (clonal) perennial
vegetation (wet meadow, alkali meadow) as succession proceeds over 5‐7 years. Gradual
landward transgression of the high tide line over the seasonal wet meadow, forming ecotones
with tidal brackish marsh.
Reference Sites: Rush Ranch, Suisun Marsh (Spring Branch Creek)
Lowland terrestrial grassland
Lowland terrestrial grassland will occur throughout the site post‐restoration. In some locations,
grassland would be enhanced at existing grade (revegetation only) and in other locations
restoration would occur on newly‐graded areas. The restoration would convert weed‐
dominated ruderal lowland grassland to predominantly native lowland perennial grassland via
pre‐construction vegetation management and revegetation.
Restoration Measures
 Weed seed bank reduction: In the growing season before construction, mow grassland
repeatedly during late winter/spring season to prevent abundant seed set and
maturation.
 Utilize pre‐construction period for on‐site cultivation of stock populations for sod
transplanting (interim vegetation management).
 For ruderal grasslands (majority of the area), leave only narrow supratidal drainage
divides (less than 50‐100 ft. wide) between adjacent tidal areas.
 Revegetate graded lowland grassland drainage divide flats/depressions in mid‐late fall,
just before the earliest rains. No irrigation.
 Actively revegetate regraded wet meadow areas with dry (fall) dormant sod fragments
of alkali/creeping wildrye (Elymus triticoides, E. x gouldii) harvested on‐site; add
cultivated sods of field sedge (Carex praegracilis), saltgrass (Distichlis spicata), alkali‐
heath (Frankenia salina), western ragweed (Ambrosia psilostachya), alkali‐weed (Cressa
truxillensis). Diversify with manually planted patches of California rose (Rosa californica),
coyote‐brush (Baccharis pilularis), basket sedge (Carex barbarae), and elderberry
(Sambucus nigra), western goldenrod (Euthamia occidentalis) and common aster
(Symphyotrichum chilense), in mixed patches. Disperse sod fragments in bulk (grading,
disking, track walking into graded top 0.5 ft. of final grading) or manually plant with field
crews.
 After sod fragment translocation of native perennials, actively revegetate freshly graded
areas with initial transient annual native cover crop sown at high density (100‐500
seeds/ft2) – Fitch’s spikeweed (Centromadia fitchii), coast madia (Madia sativa),
fiddleneck (Amsinckia menziesii, A. intermedia); optional tarweed, (Hemizonia congesta
subsp. luzulifolia); sow annuals in fall before rains. Sufficiently large seed stocks must be
custom‐grown for the project, to provide a minimum total seed density in an order of
magnitude between 100‐500 seeds (all native annual cover crop species)/ ft2. On site
areas for cultivation of seed stock with 2 year lead time ahead of construction is
recommended. No irrigation; time sowing with earliest fall rains.
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Expected outcomes: Depending on timing and amount of rainfall in the months after cover crop
sowing, native winter annuals should rapidly vegetate the terrestrial wet meadow areas and
provide significant competition with weeds that previously dominated the site. The native
lowland grassland vegetation is expected to develop initially as discrete patches (clonal
colonies) within a matrix of native annual cover crops and weeds, gradually coalescing by clonal
spread into consolidated stands of dominant native perennial vegetation within 5‐7 years, but
up to 10 years for full establishment if multi‐year droughts set back survivorship and growth.
Over decades, the tidal marsh transition zone would likely spread upslope and gradually
transform the lowland grassland vegetation into high brackish to salt marsh.
Reference Sites: Southeastern Rush Ranch, Suisun Marsh; Southhampton Marsh, Benicia.
Tidal Marsh
Tidal marsh restoration features for the site include tidal channel networks, vegetated tidal
marsh (marsh plain), sandy splays, and shallow brackish marsh ponds. The restoration
approaches for each type of target tidal marsh, which vary depending on the type of ecotone,
are described in the sections below.
Tidal areas east of the Central Contra Costa Sanitary District pipeline would be fully tidal; areas
west of the pipeline would be muted tidal. For the purposes of this memo, we assume that
interior diked bayland areas west of the pipeline would have a tidal source from the existing
outboard channel and improved culverts beneath the Plain Products Road, and that the initial
resultant neap‐spring tidal range would be about 2 ft. This assumption is consistent with
hydrologic modeling by PWA (PWA and HT Harvey 2004). On the east side of the pipeline, we
assume that the tidal source is unrestricted channel connection from the Walnut Creek
channel.
If a full tidal connection from the north (through the Suisun Properties Parcel) becomes possible
in the future, all parts of the site would become capable of full tidal restoration (no significant
tidal restriction). Full tidal range in restored tidal brackish marsh would provide the most
potential tidal sedimentation for marsh accretion (vertical growth) to keep pace with long‐term
sea level rise. Full tidal range, in conjunction with extensive and diverse terrestrial ecotones at
tidal marsh edges, would also likely support higher biological diversity (wildlife, plants and fish)
and productivity compared with muted tidal brackish marshes. Muted tidal marsh management
is best interpreted as an interim, intermediate habitat management step to bridge the
conversion of non‐tidal marshes to tidal marshes, when abrupt conversion to full tidal marsh is
precluded by either short‐term ecological impacts, or near‐term engineering constraints.
Tidal marsh restoration features within the intertidal marsh plain include:
 Complex tidal channel networks (sinuous, branched channels, in contrast with low‐
complexity linear ditches or sparsely branched dendritic channels),
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Shallow brackish marsh ponds and pools (shallow ponds) within vegetated tidal marsh
(marsh plain).

Tidal channels and marsh ponds provide habitat diversity within the brackish tidal marsh.
Channels through the marsh provide estuarine fish habitat and wildlife corridor connections
between the marsh and adjacent terrestrial ecotones. Ponds provide habitat for native brackish
submerged aquatic vegetation, small prey fish, and many waterbirds, including dabbling ducks
that would also use adjacent lowland grassland habitats. Both marsh ponds and tidal drainage
are expected to reduce mosquito production and needs for frequent marsh re‐entry by vehicles
(damaging vegetation) to treat mosquito larvae.
Tidal marsh restoration features that intergrade with terrestrial ecotones (transition zones
between high tidal marsh and grassland, alkali playa, alkali grassland, or wet meadow above
highest tides) include:
 Playa‐like sediment splays (fans) emulating alkali playa ecotones with tidal marsh,
supporting high marsh pans and turf pans;
 Lowland grassland slopes intergrading with high tidal marsh.
All terrestrial ecotones with restored lowland grassland along the edges of the tidal brackish
marsh would provide a resilient platform for landward transgression of high marsh zones with
sea‐level rise.
Channels and marsh interspersed through lowland terrestrial areas
Tidal channels and marsh benches would be graded into the lowland terrestrial areas to
enhance the ecological value and function of the ecotone. The revegetation approach relies on
a combination of passive and active revegetation.
Proposed Measures
 Tidal channel network pattern: Channel network patterns should approximate those of
prehistoric Martinez vicinity tidal marsh platforms (e.g., USCS T‐sheets), including
channel drainage density, branching, sinuosity, amplitude, and wavelength.
 Grade a tidal channel network and wide channel‐side tidal marshes interspersed
through the matrix of lowland terrestrial habitats. Excavate wide tidal channels, and
grade a sloping marsh bench (platform) around rather than through most of the playa‐
like alkali flats, leaving wide supratidal “drainage divide” flats
 Tidal marsh benches between the intertidal channels and the terrestrial lowland matrix
should be sloped so that the lower end of the gradient is neap‐intertidal (flooded
regularly with tides) in the near‐term, and the upper end of the gradient is subject to
higher spring tides. The highest end of the gradient would be subject to extreme high
tidal and fluvial flooding events (episodic total water levels above modeled astronomic
tides). Local tides will differ between muted and fully tidal areas.
 Consider extending/lengthening existing tidal channels so they continue closer to the
ecotone.
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Initially vegetate graded tidal marsh benches above channels with a pioneer brackish
tidal marsh assemblage composed of transplanted plugs of saltgrass (Distichlis spicata),
alkali‐heath (Frankenia salina), alkali‐bulrush (Bolboschoenus maritimus), Baltic rush
(Juncus balticus), sea arrow‐grass (Triglochin maritima), salt marsh sand‐spurrey
(Spergularia salina) and jaumea (Jaumea carnosa). Transplant dormant plugs on
benches in late fall to early winter. Plant at mean high water +/‐ 1 ft. (local tides).
Assume frequent spontaneous colonization by Pacific pickleweed (no active planting).
Also rely on passive seedling colonization of tule, cattail, and bulrush species. Following
establishment of the pioneer brackish tidal marsh assemblage (3‐5 years) diversify the
pioneer assemblage with fall‐transplanted founder colonies of propagated gumplant
(Grindelia x paludosa, G. stricta var. angustifolia), Delta tule pea (Lathyrus jepsonii var.
jepsonii), butterweed (Senecio hydrophilus), sea‐milkwort (Glaux maritima), marsh
fleabane (Pluchea odorata), and local brackish marsh ecotypes of yarrow (Achillea
millefolium) and bee‐plant (Scrophularia californica).

Expected Outcomes: The tidal marsh pioneer assemblage (on the marsh benches) is expected
to rapidly vegetate, with near‐complete or complete cover within 3‐5 years, depending on
rainfall conditions. Tidal marsh along the upper reaches of tidal channels under muted tidal
flows are likely to develop as salt marsh because of relatively high evapotranspiration and net
salt concentration in soil, relative to tidal flows that drain salts. Tidal marsh along the lower
reaches of tidal channels under muted tidal flow and marsh along fully‐tidal channels would
likely develop as brackish marsh. As the effective high tide line rises with sea level rise, highest
tides would gradually transform the adjacent lowlands to high tidal marsh ecotones and
intertidal areas.
Reference Sites: Tidal marsh references include existing areas onsite, Point Edith Wildlife Area,
and historic marshes as shown on historic maps.
Sandy alkali playa ecotones with tidal marsh (sand splays)
An ecotone sand splay is essentially a very shallow slope or cone of sand at the tidal marsh ‐
terrestrial lowland interface. Sand splays formed accidentally onsite by past sand discharges
during sand processing at Suisun Properties are similar to some natural historical ecotones of
Suisun tidal marsh. Sand splays provide regionally‐rare terrestrial ecotone diversity into tidal
marsh restoration. These features may become suitable habitat for rare native plant
populations, provide high tide shorebird roost habitat, and rare insect habitat. The highest
priority potential location for created sand splays is the terrestrial ecotone with the existing
fringing tidal marsh along Lower Walnut Creek.
Proposed measures
 Sand splays may be hydraulically slurried into place or placed and graded with earth
moving equipment. Target sand thickness is approximately 0.5 ft. over clayey tidal
marsh. Final grade should include micro‐topographic heterogeneity, such as small‐scale
ridges, flats, and pools.
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The sand splay would be actively revegetated with one or more of the following: smooth
goldfields (Lasthenia glabrata subsp. glabrata), Contra Costa goldfields (endangered; L.
conjugens), sea‐spurrey (Spergularia salina), and salt marsh owl’s‐clover (Castilleja
ambigua subsp. ambigua). Reintroduction of federally endangered soft bird’s‐beak,
Chloropyron molle subsp. Molle), is also likely to be feasible in portions of this habitat
feature, as a future recovery and/or research project.

Expected Outcomes: Extreme high tides and wave events are expected to result in marginal re‐
working and movement of the sands, with wind‐wave transport building a micro‐topographic
berm along the edge, impeding drainage and creating conditions favorable for select target
plant species.
Reference Sites: Whittell Marsh, Point Pinole; Upper Hill Slough, Suisun Marsh.

Existing sandy splay (like an alluvial fan) forming high marsh pan along Lower Walnut Creek (NW quadrant) high
tidal brackish marsh, below a culvert draining diked upland fill areas of Suisun Properties parcel. The splay is
dominated by non‐native brass‐buttons (Cotula coronopifolia) where it supports vegetation.
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Naturally formed sandy alluvial fan forms a tidal marsh ecotone supporting regionally rare native annual plants
(salt marsh owl’s‐clover, Castilleja ambigua subsp. ambigua) at Point Pinole, Richmond.

Marsh Ponds
Marsh ponds provide habitat for native brackish submerged aquatic vegetation, small prey fish,
and many waterbirds, including those that would also use adjacent lowland grassland habitats.
While not all marsh ponds in the reference sites are located at the ecotone with terrestrial
lowlands, those ponds that are are used by species in connection with ecotone habitats.
Potential locations for marsh ponds are along the terrestrial ecotone with the existing fringing
tidal marsh along Lower Walnut Creek and in the southwest quadrant.
Proposed Measures
 Locate ponds in the high marsh areas between channels (drainage divides), at least 3 m
from the nearest channel.
 Construct ponds that are at least 0.5 ac in size (open water), large enough so that wind‐
waves inhibit mosquito larvae production. Excavate to a depth 1‐2 ft. below the
adjacent marsh plain with steep banks and irregular /complex edge.
 Revegetate with native brackish submerged aquatic vegetation: wigeongrass (Ruppia
maritima) and sago pondweed (Stuckenia pectinata).
 Consider islets within the ponds for habitat structural diversity and bird use.
Expected Outcomes: Ponds are expected to deepen with sea‐level rise, as the marsh accretes
around them, and maintain high quality submerged aquatic vegetation.
Reference Sites: Rush Ranch, Suisun Marsh. Point Edith Marsh, Martinez.
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An example of a small high marsh pool (pan) formed in the ecotone between high tidal brackish marsh and
terrestrial wet meadow of Spring Branch Creek, Rush Ranch, Suisun Marsh.

Related Tidal Marsh Enhancement
While the focus of this memorandum is lowland terrestrial ecotones with tidal marsh and not
necessarily enhancement of existing tidal marsh per se, it is recommended that the District
consider excavating additional shore‐normal channel networks within the existing fringing tidal
marsh, along Lower Walnut Creek because of the important ecological interactions between
tidal marsh plains connected to their terrestrial ecotones. The ecological benefits of terrestrial
ecotones will not be realized without “retrofitting” degraded tidal marshes so ecological
functions (such as high tide refuge habitat for marsh wildlife, connected by movement corridors
along small channels) will integrate. Appendix B describes the benefits of excavating additional
tidal channels and connection of these actions with the Vision Report.
Measures for channel enhancement of the existing, fully‐tidal fringing tidal marsh:
 Orient the new channels generally perpendicular to the Walnut Creek channel (shore‐
normal). Locate excavated channels between existing shore‐normal channels (in poorly‐
drained marsh areas), or as extensions of existing channels. Create channel plan forms
with high sinuosity and branch frequency, approximating fine‐ scale channel patterns in
prehistoric tidal marsh plains of Suisun Marsh (evident in some diked Suisun baylands).
Avoid disturbing existing channels that are likely to have high vegetation diversity and
habitat value.
 Lay out the tidal channel network as described above for channels interspersed with
lowland terrestrial areas (approximating historic channel characteristics).
 Construct the channels with a V‐ditcher or similar amphibious equipment, 2 to 4 ft.
deep. Dispose of excavated material adjacent to the channel (side‐cast).
 No active revegetation is anticipated. Monitoring and adaptive management would be
used to remove any early stage invasions of perennial pepperweed or reed.
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Brackish tidal channels and adjacent tidal marsh would be constructed to connect to the
lowland terrestrial habitats in the northeast and southeast quadrants. The memorandum
prepared by Peter Baye (Appendix B) to support this (ESA) memorandum provides additional
detailed discussion of related tidal marsh enhancement. We recognize that it will be important
to consult with the regulatory permitting agencies and vector control (who is engaged in tidal
channel excavation to reduce mosquito production) to receive timely input on this restoration
approach.
7. Future Beneficial Use of Tertiary Treated Effluent from Central Contra Costa
Sanitary District (CCCSD)
As described in Section 2 above, future discharge of tertiary treated wastewater is a beneficial
use option recommended by the Vision Report that applies uniquely to lowland grasslands and
their ecotones with fully tidal marsh. The lowland terrestrial wetland ecotone designs described
in this memorandum anticipate, and are compatible with, subsequent modification by localized
tertiary treated wastewater applications, and conversion to freshwater willow thickets and
marsh.
Appropriate drainage is a key suitability requirement for beneficial application of tertiary
treated wastewater. The lowland grassland receptor of tertiary treated wastewater must have
gentle (drained) slopes (not depressional lowland grasslands). Muted (damped tidal range) tidal
marshes are not suitable receptors for seepage outflows of tertiary treated wastewater
because their weaker tidal drainage could result in negative impacts including
hypereutrophication, excessive mosquito production, excessive algal growth, localized fish kills,
and reduction of marsh plant species diversity. These impacts are unlikely to occur where
horizontal levees are connected to fully tidal marsh.
Potential Locations:
Lowland grasslands ecotones with tidal marsh, proposed at many locations on the site where
past artificial fill elevation gradients are slightly above current highest tides, would provide
opportunities for beneficial reuse of tertiary treated wastewater (Figure 5). In addition, should
the shorelines and tidal marshes north of the Pacheco Marsh restoration site (from the Suisun
Properties Parcel to Suisun Bay) become available, these areas could also provide opportunities
to grade gentle grassland slopes and beneficially reuse tertiary treated wastewater.
As sea level rises, restored lowland grasslands are intended to form ecotones with tidal marsh,
and provide important ecological services (e.g., nutrient removal/water quality maintenance,
shoreline stabilization, high tide cover for wildlife, and native estuarine species diversity). When
tertiary treated wastewater becomes available, these gently sloping meadows may be irrigated
and sub‐irrigated to function as a “horizontal levee” wetland slope, with shallow groundwater,
near‐surface saturation and seepage flows towards tidal marsh).
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Proposed Approach/Actions:
Internal levees and areas targeted for lowland grassland ecotones to tidal marsh can be graded
to form gentle slopes and revegetated with perennial native lowland grassland and seasonal
wet meadow vegetation capable of maintaining long‐term dominance. This vegetation type is
capable of undergoing succession to tidal marsh ecotone, or future modification for subsurface
application of tertiary treated wastewater.
Lowland grassland ecotones with fully tidal marsh can be constructed for future “horizontal
levee” functions in two ways:
1. Construct lowland grasslands with gradual gradients draining to fully tidal marsh with
plan for future retrofit when application of treated wastewater becomes available. This
approach has been adopted for the South Bay Salt Ponds restoration project. Later
retrofit of selected lowland grassland slopes would likely entail removal and stockpiling
of the surface vegetation and soil, addition of a layer of coarse sediment and making
other sub‐surface modifications to facilitate slow percolation/drainage, replacement of
the stockpiled earth on top and reestablishing desired vegetation (including
modification of species composition in anticipation of habitat conversion with
application of treated fresh water). However, in cases where subsurface conditions are
suitable, treated wastewater may be applied to lowland grassland ecotones to tidal
marsh with no additional site modifications.
2. Build features designed to facilitate subsurface seepage/filtration function into
appropriate restoration features with the current restoration project to facilitate future
use of treated wastewater, such as has been implemented at the Oro Loma Sanitary
District Horizontal Levee project. Components, functions and long‐term
maintenance/sea level rise adaptations of the Oro Loma prototype are detailed in
Appendix F.
Expected outcomes/dynamics: The subsurface treatment wetland components of the
horizontal levees would increase nutrient polishing functions (nitrogen sequestration and
denitrification, phosphorus sequestration), reducing nitrate loading of the Estuary. It would also
contribute to buffering ambient increases in bay salinity within local freshwater‐brackish marsh
gradients, increasing marsh resilience to drought and salinity impacts due to climate change.
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Revised Pacheco Marsh Restoration Concept

In 2004, Philip Williams and Associates (PWA) prepared a conceptual plan for tidal marsh habitat restoration on
Pacheco Marsh. As part of the Lower Walnut Creek Restoration Project Feasibility Study, it became apparent that
the project would benefit from creating a revised Pacheco Marsh restoration concept to reflect updated site
conditions, updated sea-level rise estimates, updated restoration science (including recommendations from the
2015 Baylands Habitat Goals Update [Goals Project 2015] and Flood Control 2.0/Lower Walnut Creek Vision
Report [SFEI, 2016]), and to avoid impacts to existing wetlands based on updated mapping.
This memorandum presents the revised restoration concept for Pacheco Marsh prepared by ESA in support of the
Lower Walnut Creek Restoration Project under Task Order C2, Task 1. Deliverables for this task – conceptual
plan graphics, conceptual grading plan, and earthwork estimates – are described below. Note that these
deliverables are intended to further the discussion with LWC stakeholders, agency staff and potential funders, and
others, and have proven useful in this respect. They are not intended to provide full text documentation of the
concept or more than conceptual level of detail.
The revised restoration concept presented here is based on the restoration approach described in the memorandum
“Restoration Approach for Lowland Terrestrial Ecotones of Brackish Tidal Marsh, Pacheco Marsh Restoration”
by ESA staff and Dr. Peter Baye (2017) 1 which synthesizes updated site conditions and restoration science to
develop a refined restoration approach for the wetland and lowland terrestrial habitat types targeted for restoration
on Pacheco Marsh. In addition, ESA staff met with District staff and Dr. Baye in the field on March 29, 2017 to
identify proposed revisions to the Pacheco Marsh concept.

Conceptual Plan Graphics
Figure 1 shows the revised habitat restoration conceptual plan for Pacheco Marsh. The revised restoration
concept will restore and enhance a more diverse range of habitat types compared to the 2004 plan, and will create
habitats that are more resilient to sea-level rise. The revised restoration concept creates a mosaic of brackish tidal
marsh, lowland terrestrial habitats (including lowland grasslands, seasonal wetlands and playa), and upland areas
used for fill placement. These habitat features are described in ESA and P. Baye (2017).
1 ESA and Baye 2017 is a deliverable of Task Order C2, Task 2.

Revised Pacheco Marsh Restoration Concept

Conceptual Grading Plan
Figure 2 shows the conceptual-level grading plan. Figure 3 shows several cross sections cut through the North
Reach, highlighting areas of proposed cut and fill.

Earthwork Quantities
Table 1 presents estimated earthwork quantities for the conceptual-level grading plan. These quantities are
intended to inform the development of conceptual level construction cost estimates. Assumed losses are based on
preliminary guidance received from Hultgren Tillis Engineers. The assumed magnitude of expected losses will
be refined during final design. Locations of the quadrants are indicated in Figure 4.
Table 1 – Pacheco Marsh Earthwork Quantities
Quantity

Unit

Losses
(%)

Northwest Quadrant Cut

98,431

CY

25

73,823

CY

Southwest Quadrant Cut

8,875

CY

25

6,656

CY

Southeast Quadrant Cut

399

CY

25

299

CY

Northeast Quadrant Cut

13,879

CY

25

10,409

CY

Interior Channel Cut

15,500

CY

45

8,525

CY

3,500

CY

65

1,225

CY

22,876

CY

123,813

CY
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scale of microtopographic features may change.
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Appendix B. Restoration Approaches for Lowland Terrestrial Ecotones
(Transition Zones) of Brackish Tidal Marsh, Pacheco Marsh Restoration (Baye
2017)

Peter R. Baye, Ph.D.
Coastal Ecologist, Botanist
33660 Annapolis Road
Annapolis, California 95412

(415) 310-5109

MEMORANDUM

botanybaye@gmail.com

To: Eve Pier Kieli, ESA, Stephanie Bishop, Michelle Orr, Eddie Divita, ESA,
Date: August 1, 2017
SUBJECT: Restoration Approaches for Lowland Terrestrial Ecotones
(Transition Zones) of Brackish Tidal Marsh, Pacheco Marsh Restoration–

I. Introduction
This memorandum provides restoration approaches for the components of an
intergrading wetland and lowland terrestrial habitat complex of of the Pacheco
Marsh restoration (North Reach), which is part of the Lower Walnut Creek (LWC)
Restoration Project. The restoration approach for a landscape-level wetland
complex, including terrestrial lowlands that form ecotones (also known as
transition zones; intermediate gradients between adjacent ecosystems)
incorporates guidance from recommendations in “Resilient Landscape Vision for
Lower Walnut Creek – Baseline Information and Management Strategies” (San
Francisco Estuary Institute -Aquatic Science Center 2016; hereafter, “Vision
Report”), a product of SFEI’s “Flood Control 2.0” program.
The Vision Report adopts the long-term coastal environmental management
perspective of the interdisciplinary Baylands Ecosystem Habitat Goals Update
(Goals Project 2015; BEHGU), a revision of the San Francisco Bay Area
Wetlands Ecosystem Goals Project (Goals Project 1999) incorporating major
changes in scientific understanding of climate change and sea level rise. The
Goals Project (1999) inspired many tidal wetland restoration projects and
influenced their designs around the San Francisco Bay Area, assuming gradual,
moderate rates of sea level rise, ample regional sediment supply, and gradual
climate change. BEHGU and the Vision Report made important adjustments
(climate change adaptations) to estuarine wetland restoration approaches, and
priorities for components of wetland restoration designs, including sub-regional
recommendations. These modifications are summarized and explained here as
introductory background for the specific restoration design components
recommended for Pacheco Marsh.
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The Vision Report (SFEI 2016) emphasized that the major historical changes to
the Lower Walnut Creek wetland landscape involved not just loss of ancient tidal
wetlands and bayward expansion of younger tidal marsh, but loss of functionally
connected important supratidal (above-tide, non-tidal) wetland ecosystems in
adjacent terrestrial lowlands of the watershed. These major classes of non-tidal
wetlands were ecotonal (transitional to) estuarine, tidal wetlands. They included
seasonal alkali meadow (synonymous with alkali grassland; a subtype of
wetland and non-wetland lowland grasslands with variable concentrations of
sodium and calcium salts in clayey to sandy terrestrial soils), willow thicket
(groves of willow-dominated freshwater swamps and woodlands, with perennially
wet or flooded soils; a type of riparian vegetation), and freshwater marsh (tall
emergent herbaceous vegetation with year-round moist, wet or flooded soils).
Of the three major terrestrial lowland wetland types adjacent to baylands, alkali
meadow was independent of perennial freshwater inflows or groundwater
emerging at the ground surface. Alkali meadow was a seasonally wet vegetation,
reliant primarily on rainfall for winter-spring soil saturation and flooding in
subsaline (slightly saline) soils with flat topography. The Pacheco Marsh
restoration site currently has these physical prerequisites for alkali meadow.

A regional reference site example of alkali meadow (lowland alkali grassland; sedge-rush
meadow, a seasonal wetland) forming an intergrading terrestrial ecotone with tidal brackish
marsh, SE Rush Ranch, Suisun Marsh. April 2017. Carex praegracilis, Juncus balticus dominant
stands. First year recovery after extreme multi-year drought indicates high resilience of
vegetation type in tidal marsh ecotone setting.
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A regional reference site example of alkali meadow (lowland alkali grassland; creeping wildryesaltgrass meadow) bordering tidal brackish marsh at Southhampton Marsh, Benicia State Park,
across the bay from Walnut Creek. This fall photograph (October 2016) shows the resilience of
the perennial lowland grassland despite three years of extreme drought, during which the native
plant community retained integrity and resisted weed invasions.

A regional reference site example of alkali meadow with relatively high salinity in depressions
forming seasonal alkali pools dry in summer: Rush Ranch supratidal marsh ecotone (Suisun
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Marsh, Spring Branch Creek), August 2011. Analogous but more degraded features exist on the
Pacheco Marsh site. Native vegetation includes pickleweed, Parish’s pickleweed, saltgrass, alkaliheath, Fitch’s spikeweed, toad rush, alkali-mallow, and alkali-weed.

Spring bloom in cattle-grazed alkali meadow and pool flats (seasonal wetlands on alkali clay
soils) north of Potrero Hills, Scalley Road, Suisun Marsh, slightly above tidal elevation range in
diked Suisun Marsh. This site provides another perspective on contemporary alkali meadow
restoration potential, and a model for Potrero Marsh. This large alkali meadow includes
extensive shallow pools supporting many alkali vernal pool plants and invertebrates, including
wildflower fields of goldfields (endangered Contra Costa goldfields, Lasthenia conjugens, and
more widespread smooth goldfields, L. glabrata), in addition to other alkali grassland plants
occurring also at Rush Ranch. April 2017.
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Examples of abundant to dominant spring (vernal) wildflowers of alkali meadow pools and
meadows native to Contra Costa County and Solano County, suitable for establishment in
Pacheco Marsh alkali meadow.
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Alkali pools are flooded in winter in the ecotone between Rush Ranch (Spring Branch Creek) tidal
marsh and alkali grassland, where they support regionally uncommon to rare invertebrate and
plant communities. This transition zone is managed to shift landward (photo left) and upslope
along a gentle gradient, as sea level rises.

The other (perennial freshwater) wetland types identified by the Vision Report,
freshwater marsh and willow thicket, would depend on artificial freshwater source
imports, such as tertiary treated wastewater applied for beneficial re-use. This
was one of the long-term recommendations of the Vision Report. Though not
immediately available for near-term wetland restoration planning, the lowland
terrestrial wetland ecotones designs described in this memorandum do
anticipate, and are compatible with, subsequent modification by localized tertiary
treated wastewater applications, and conversion to freshwater willow thickets and
marsh.
As sea level rises, terrestrial lowland habitats like alkali grassland, willow
thickets, and freshwater marshes become increasingly exposed to temporary
extreme high tide flooding events, at increasing frequency. These recurrent
extreme high tide flood events create landward-migrating (transgressive)
ecotones (transition zones) with high tidal marsh. The high tide “transition” occurs
spatially, between adjacent habitats, and temporally, in a shifting ecotone that
migrates landward and upslope. As sea level rise accelerates, as it is expected to
do with relatively high confidence by or before mid-century, the pace of transition
zone migration and habitat conversion will also accelerate.
Like the Goals Report (2015), the Vision Report (SFEI 2016) recognized that
topography supporting lowland terrestrial ecotones is now, and will be an
important critical limiting habitat factor in most of the San Francisco Estuary
during accelerated sea level rise. The Vision Report refers to the valuable
“elevation capital” of supratidal lowlands slightly above current high tide
elevations, which will soon predictably submerge into high marsh zones.
Accordingly, the Vision Report (Regional Science Advisory Team; RSAT) did not
recommend grading down some areas of Pacheco Marsh that were historically
filled above Mean Higher High Water, to reach current (transient) intertidal
elevations (SFEI 2016:34). Instead, the Vision Report’s RSAT advised
maintaining much of the area’s “elevation capital to provide secure migration
space for future tidal marsh, including critical high marsh and terrestrial ecotone
area. This landscape-level, long-term guidance is substantially adopted in the
current revised restoration approach. As interpreted in this memorandum, the
conservation of “elevation capital” aims to convert degraded, weed-dominated
lowlands to improved lowland grassland complexes (including alkali meadow in
the near-term) that enhance the ecosystem functions of contemporary tidal
marshes connected to them. In the next several decades (or perhaps sooner),
some of the restored lowland grassland complexes may be modified to become
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potential freshwater wetlands, if tertiary treated wastewater distribution systems
become available (SFEI 2016:37).
The geographic integration of multiple wetland and terrestrial ecotone habitats is
also an important aspect of Goals Project (2015) recommendations to “retrofit”
modern bayland landscapes, and it is reflected in the proposed layout of wetland
habitats at Pacheco Marsh as well. The restoration approach outlined here
includes wetland features expressly recommended by the Vision Report (SFEI
2016:38-39), such as marsh pans and ponds, that provide habitat functions
spatially connected to lowland terrestrial ecotones.
For example, mallard foraging and brood water habitat (low-salinity pools in
spring months) directly adjacent to dense, tall lowland grassland vegetation
(nesting and cover habitat) together provide whole life-cycle support for target
species like dabbling ducks. Similarly, the connectivity between small tidal
channels and the high tide flood refuge habitat provided by dense, tall lowland
terrestrial vegetation, enables rare and endangered resident wildlife species like
California black rails and salt marsh harvest mouse to access critical cover from
predators during marsh-submerging extreme high tides. The large-scale spatial
distribution of interacting, restored wetland and terrestrial habitats is an important
aspect of their resilience to sea level rise and other climate-driven environmental
extremes. The wetland designs proposed are not discrete habitats in a “menu”,
but a long-term integrated wetland landscape consistent with Vision Report
guidance.
In addition, the connectivity of wetland and terrestrial lowland habitats is
important for contemporary ecosystem functions, including wildlife habitat, and
biogeochemical functions such as nutrient processing and attenuation that
protect estuarine water quality. As recommended in the Vision Report (SFEI
2016:37), future hydrologic connectivity between some lowland grasslands and
tidal marsh (Strategy 3, SFEI 2016:29) would convert them to slope freshwater
marsh, and contribute to nutrient removal (sequestration and denitrification)
before reaching the estuary. Though not proposed in the current designs, the
layout of terrestrial lowland grasslands bordering restored and existing tidal
marsh anticipates this potential important ecosystem function of the whole
Pacheco Marsh wetland complex.
Since tidal marsh restoration projects were conventionally presumed to require at
least two or more decades to mature towards target states even under lower 20 th
century rates of sea level rise (PWA tidal marsh restoration guidelines; PWA
2004), the long-term investment of tidal marsh restoration today must incorporate
designs adapted to hydrological conditions expected within 2-5 decades, rather
than just static contemporary tidal datums. This “moving target” for the trajectory
of tidal marsh evolution requires balancing near-term habitat objectives and
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results with succession (dynamic community change) towards expected future
environmental conditions. The following descriptions of habitat and vegetation
types related to constructed landforms (ecogeomorphic units) presume this
dynamic, successional development from a near-term coherent restored
landscape, to a future resilient one consistent with the Vision Report.
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II. Descriptions of Wetland and Terrestrial Ecotone Restoration
Approaches
The section provides descriptions of restoration measures for the following
habitat types/assemblages, grouped by eco-geomorphic units. “Ecogeomorphic units”, as treated in this memorandum, are coherent landscapelevel combinations of landforms (geomorphic and topographic features) and
habitats formed by vegetation, drainage patterns, and soil conditions associated
with them. Multiple individual habitat restoration design features are embedded
within the eco-geomorphic unit, and are designed to interact together as dynamic
ecotones that operate in response to sea level rise and climate change. The
terrestrial eco-geomorphic units correspond with the wetland and terrestrial
ecotone types described in the Vision Report (2016; Introduction, above). They
are designed to be linked to estuarine units by ecotones (shifting transition zones
undergoing long-term succession). The main ecogeomorphic units of the
Pacheco Marsh site are:
1.0 Lowland terrestrial seasonal wetlands. These seasonal wetlands
are low flats above current high tide elevations, with variable shallow
depressional topography (poorly drained pool and swale areas) with
different seasonal wetland vegetation types, both of which form
ecotones with brackish tidal marsh. Two distinct sub-units are found on
the Pacheco Marsh site.
·
1.1 Sandy alkali playa flats. The substrate is sand and
muddy sand strata over fine sediment. This topography and
substrate occurs at the northwest of the site, south of Suisun
Properties. It apparently formed from old sandy outwash from sand
processing, deposited over clayey muds decades ago. The distinct
substrate and poor drainage form extensive sand, gypsum and salt
(alkali) crusts that are sparsely vegetated or bare, and can support
a specialized alkali vernal pool flora, especially in depressions and
their edges. The existing artificial-origin sandy alkali playa flats are
currently poor in native species and rich in weeds, however. When
sandy alkali playa flats (or individual sandy playa fans) are
encroached by high tides or rising sea levels, they form specific
low, sparse types of tidal marsh ecotone vegetation that can
support rare annual plants.
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Alkali playa flats at Pacheco Marsh, March 2017. Left: sparse low alkali vegetation and wide bare flats:
Center and right: surface sand efflorescence of gypsum evaporite salts formed after saturated or flooded
pools dry.

·
1.2 Seasonal wet meadow flats. In contrast with sandy alkali
playa, the substrate in seasonal wet meadow flats is all fine
sediment (mud; clayey silt and silty clay). The seasonal wet
meadow flats also have slightly saline to alkali-rich seasonal
wetland and low-lying terrestrial soils, but the fine sediment
supports a different and denser vegetation. The vegetation is
dominated by widespread, common grasses and forbs, rather than
a specialized alkali grassland flora. The vegetation is currently
dominated by annual weeds, but it can support robust perennial
native (wet meadow) plant assemblages. It also occurs above
current high tides, but when encroached by rising sea level, it forms
tidal marsh ecotones.

Seasonal wet meadow flats of the Pacheco Marsh site (March 2017) differ from adjacent alkali
playa and non-tidal salt marsh: they supporting extensive herbaceous cover of seasonal wetland
plant vegetation growing in fine muds.

2.0 Lowland terrestrial (alluvial) grasslands – Lowland terrestrial
grasslands can be very similar to some seasonal wetlands, including
alkali meadow, wet meadow (sedge-rush meadow) and seasonal
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wetland flats, but they differ in having very gentle slopes and soils with
some soil drainage above shallow groundwater, rather than poorly
drained pools and swales or flats with perched (surface ponded)
groundwater. Lowland terrestrial grasslands usually have fine-grained
sediment, but may include fine sandy soils. One important difference
between gently sloping lowland terrestrial grasslands and poorly
drained seasonal wetlands is that lowland grasslands can be modified
to perform functions of wetland “horizontal levees” (slope wetlands
sub-irrigated with tertiary treated wastewater). Lowland grasslands are
proposed at the edges of many other wetland features and locations of
the site, where past artificial fill elevation gradients are slightly above
current highest tides. As sea level rises, they are intended to form
ecotones with tidal marsh, and provide important ecological services
(e.g., nutrient removal/water quality maintenance, shoreline
stabilization, high tide cover for wildlife, and native estuarine species
diversity.

Lowland terrestrial grasslands of the Pacheco Marsh site (March 2017) are dominated by non-native weeds
(upper photos), but have suitable fill soils, drainage and topography for restoration of native perennial
grassland plant communities that form widespread regional ecotones with tidal marsh. This is demonstrated
by the spontaneous development of extensive native creeping wildrye meadows (lower photo) along the
east half of the site, which are similar to young wildrye meadows along some Suisun Marsh tidal marshes.

3.0. Tidally choked (“muted”) brackish marshes. Tidally choked
(“muted”) brackish marshes have tidal range significantly damped by
culverts that constrain tidal flows. Increasing tidal range and flows
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generally increases water quality, habitat quality, and species diversity, to
prepare the brackish marsh for future increase in sea level rise and
connectivity with the bay. Two main subunits of highly “muted” brackish
tidal marshes (intergrading with non-tidal brackish marsh, but treated here
as one ecogeomorphic unit) occur along the west half of the site. They are
identified for restoration with different marsh and lowland matrix features
around newly constructed tidal channel patterns:
3.1 Northwest Marsh: The restored brackish muted tidal marsh
here would consist of a network of sinous, branched tidal channels
and intertidal benches, embedded in a matrix of lowland grasslands
and seasonal wetlands slightly above the highest (muted) tides. As
sea level rises and tidal damping decreases in the future, the
lowlands would act like a floodplain, and become gradually
encroached by high tides and convert to high brackish marsh
ecotones.
3.2 Southwest Marsh – The brackish tidal marsh matrix in the
Southwest Marsh would include large, shallow perennial pools
(brackish ponds, similar to the existing seasonal brackish ponds,
but flooded by highest summer high tides). Rainfall would also
contribute to marsh pond flooding in winter. Incorporation of large
marsh ponds would maintain abundant perennial habitat for small
prey fish (especially stickleback, which are tolerant of high
temperatures, wide salinity fluctuations, temporary hypoxia),
shorebirds (including existing black-necked stilts), dabbling ducks,
and wading birds. Emergent brackish marsh would follow the banks
of the constructed (excavated) tidal channels, separating pools
from daily tidal flows, and preventing their drainage on ebb tide.
High brackish marsh surrounding ponds would also provide some
potential local nesting habitat for birds such as stilts and Virginia
rails. The outer edges of the southwest marsh would form
topographic gradients with terrestrial lowland grasslands,
supporting ecotones. As sea level rises, ponds would become
increasingly tidal, and either maintain shallow open low-turbidity
water (habitat of submerged native aquatic vegetation) or become
low marsh.
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Existing Southwestern muted tidal brackish marsh (tidal range constricted to about one foot) would
be restored by excavating a channel network, marsh ponds, and increasing tidal flows. The marsh
edges would be graded and revegetated to form lowland grassland ecotones.

4.0. Tidal brackish marsh
Tidal brackish marsh, with no significant artificial constraints to tidal flows, occurs
as a wide belt along the Lower Walnut Creek shoreline of the east end of the site.
The tidal brackish marsh formed by rapid marsh progradation (lateral marsh
growth across gently sloping flats over decades. The marsh is high (upper
intertidal) except near the main channel, and lacks complex tidal channel
networks and ponds that are characteristic components of ancient tidal marshes
that built slowly over centuries of slow sea level rise. Enhancing features of this
tidal brackish marsh is important for mutual functioning and integration of
restored wetland features of the project site interior and edges, such as proposed
lowland grasslands and future potential “horizontal levees” . Two zones of
fringing brackish marsh enhancement or restoration are distinguished along
Lower Walnut Creek, connected to project site shorelines:
4.1 Northeast high brackish fringing marsh enhancement –
Enhancement of existing tidal marsh would correct poor tidal drainage
(heavy mosquito abatement ATV traffic, low tidal channel density and poor
tidal connectivity), and maximize ecological value of the adjacent restored
lowland grassland ecotone proposed along the gradient of the old
levee/berm. The uniformly poor marsh drainage would be modified by
adding complex tidal channel networks (periodic shore-normal dendritic,
branched tidal channels) at intervals, and creating wide, irregular, shallow
brackish marsh ponds (bed 1-2 ft below marsh plain) in the intervals
(drainage divides) between them. Ponds would become habitat for native
brackish submerged aquatic vegetation, small prey fish, and many
waterbirds, including dabbling ducks that would use adjacent lowland
grassland habitats. Grassland ecotones with high tidal marsh would be

Peter R. Baye Ph.D.
Coastal Ecologist, Botanist

13

(415) 310-5109
botanybaye@gmail.com

diversified by adding fans (splays) of sandy sediments, emulating natural
sandy alkali playa ecotones with tidal marsh. Channels would improve
wildlife corridor connections between the marsh and adjacent terrestrial
ecotones, and provide estuarine fish habitat. Both marsh ponds and tidal
drainage are expected to reduce mosquito production and needs for
frequent marsh re-entry by vehicles (damaging vegetation) to treat
mosquito larvae.
4.2 Southeast tidal brackish marsh restoration - Diked, non-tidal
pickleweed marsh behind an old levee would be tidally restored by
extending a tidal channel through the existing fringing tidal marsh into the
diked brackish marsh, providing a direct tidal connection between diked
pickleweed marshes and Lower Walnut Creek. Branched tidal channels
and marsh pool/ponds between them would provide a high diversity of
sub-habitats within the brackish tidal marsh. Breaches with bridges would
span across the old levee to provide bay trail access. Conversion of nontidal pickleweed marsh to tidal marsh would occur rapidly. Ecotones with
restored lowland grassland along the edges of the tidal brackish marsh
would provide a resilient platform for landward transgression of high
marsh zones during accelerated sea level rise, as in the northwest and
southwest tidal brackish marsh restorations.
For each habitat type within eco-geomorphic units described above, the memo
provides potential locations onsite, habitat objectives and functions, and
proposed restoration approaches. Also for each habitat type, the memo provides
an assessment for consistency with a possible future scenario in which treated
effluent from Central Contra Costa Sanitary District (CCCSD) is beneficially reused onsite. Approaches for potential additional habitat types that could be
considered should the Suisun Properties Parcel become available as a future
phase of the LWC Project are shown as “potential future” habitats.
This deliverable, provided for Task C2.2, will be used to inform the revised
Pacheco Marsh restoration concept in Task C2.1. In Task C2.1, the habitats
presented here, and additional tidal marsh habitats (marsh ponds embedded
within a brackish tidal marsh plain, and tidal channels) will be evaluated and
refined based on further consideration of constructability, permitting, and cost.
Habitats will be included in locations and to the extents practical; not all habitats
presented here will necessarily be included in the revised Pacheco Marsh
restoration concept. The revised Pacheco Marsh restoration concept will indicate
more specific habitat locations and extents.
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The restoration measures as outlined are semi-independent. They could be
phased or constructed during a single project, depending on logistics and
funding. Some would require different staging and equipment mobilization than
other units that are strictly land-based.
For purposes of this memo, I am assuming that the west side of the site (west of
the CCCSD pipeline) would have a tidal source from the existing undersized
channel that passes under the Plains Product Road, and that the initial resultant
neap-spring tidal range would be about 2 ft. This assumption is consistent with
hydrologic modeling by PWA for existing (2004) channel conditions with
improved culverts beneath the road (PWA and HT Harvey 2004). Should a full
tidal connection from the north, through the Suisun Properties Parcel, become
possible in the future, the resultant tide range would be much greater,
approximately 6 ft. On the east side (east of the CCCSD pipeline), I am assuming
the tidal source is unrestricted channel connection from the LWC channel. For
the near-term, I assume no tidal channel re-engineering or grading across/under
the CCCSD pipeline that could deliver significant tidal flows from the east
towards the west.
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Restoration Measures
This section describes integrated geographic units of restoration measures in
different compartments of the project site that are currently owned and managed
by Contra Costa County, plus adjacent State Lands. Concept illustrations of the
restoration measures are shown in Figures 1 and 2.

Sandy alkali playa flats and ecotones with brackish tidal
marsh
Potential Locations: Within Northwest Quadrant, between access road west to
plains products road, north to Suisun Properties parcel boundary, south to
approximate State Lands parcel boundary. This restoration measure specifically
addresses the relatively barren sandy playa-like flats within this area.
Primary purposes: Semi-conservative, gradual tidal restoration of artificial playalike alkali sandy flats and adjacent ruderal lowland grassland. The succession
from sandy alkali playa flats to brackish marsh ecotones would be driven by sea
level rise over decades. Integration with brackish marsh would be achieved by
partial excavation of tidal marsh channel networks and intertidal marsh benches
within the matrix of playa-like flats and seasonal wetlands. Gradual tidal ecotone
conversion of lowland terrestrial seasonal wetland vegetation would occur around
the playa-like habitats to tidal marsh and tidal channels. Modify playa-like sandy
flats to support native plant species assemblages of alkali vernal pools, flats, and
their ecotones, based on modern and historical Suisun Marsh vicinity reference
conditions. Maximize terrestrial-estuarine ecotone habitat in near-term, and
conserve high marsh “elevation capital” for future geomorphic evolution of tidal
marsh. Reduce project cut/fill volume and earthmoving needs relative to grading
to meet current intertidal marsh elevation ranges. Specific purposes include:
•

Long-term succession between alkali non-tidal seasonal wetland playa
and grassland, and tidal brackish marsh, driven by sea level rise;

•

Estuarine transgression and submergence processes (“drown by design”
with multi-decade sea level rise) drives gradual vegetation succession,
rather than instantaneous construction of tidal marsh platform within
current tidal frame and short-term sea level rise. Facilitate estuarine
transgression of initially terrestrial lowland habitats.

•

Take advantage of accidental historical formation of sandy playa-like alkali
flats (splays from historical discharges originating at the former sand
offloading site at Suisun Properties) similar to some natural historical
ecotones of Suisun tidal marsh; incorporate regionally rare terrestrial
ecotone diversity in to tidal marsh restoration.
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•

Reduce earthmoving cost and retain marsh “elevation capital” anticipating
sea level rise submergence and estuarine transgression through 21st
century, while supporting high ecological interim value and functions of
supratidal areas.

Current condition: The playa-like sandy alkali flats have extensive barrens, with
very sparse, low vegetation. Vehicle disturbances appear to contribute to barrens
by adding to high physiological stress from soil conditions. Sandy playa-like flats
grade into seasonal wetland flats with finer sediments (muds) supporting algal
mats and ruderal wetland vegetation. The flats alternate seasonally between
saturated or flooded, to desiccated sand that is alkaline (slightly saline, with
some leaching/loss of sodium salts, concentration of calcium salts) and supports
a thin film or crust of gypsum efflorescence, resembling salt flats.
Proposed Approach/Actions: Enhance the alkali playa and lowland grassland
habitat in place, but intersperse a tidal channel network and wide channel-side
tidal marshes through the matrix of alkali flats and grassland. Grade nearly flat
slopes of interior drainage divides so that they continue to form shallow flooded
flats, and are not fully drained at current sea level by constructed tidal channels.
Grade tidal marsh benches, sloping towards tidal channels, up to a variable
elevation range between highest higher spring tides and extreme high water,
such that tidal overtopping of the undrained interior flats gradually increases as
sea level rises. As the effective high tide line rises with sea level rise, highest
tides will gradually “overstep” and transform the alkali flats and grassland to high
tidal marsh ecotones, transitional to alkali flat and grassland. By late 21 st century,
the platform will submerge into tidal marsh with upper intertidal areas. An
approximate two foot neap tidal range is assumed to be feasible in the near term
by connecting this area to connecting Carquinez Strait tidal channels or ditches
through culverts. Direct tidal channel connections with no significant tidal
choking, such as may be possible in the future through the Suisun Properties
Parcel, would be needed for long-term future geomorphic evolution of the area.
Construction methods:
•

Tidal marsh drainage pattern in relation to terrestrial lowland matrix: Use
land-based equipment to excavate wide tidal channels, and grade a
sloping marsh bench (platform) around rather than through most of the the
playa-like alkali flats, leaving wide supratidal “drainage divide” flats
(terrestrial flats and pools above current tidal range, over 200 ft wide) with
no sinuous tidal channels. Maintain depressional internal topography of
the supratidal playa-like flats. For ruderal grasslands (majority of the area),
leave only narrow supratidal drainage divides (less than 50-100 ft wide)
between adjacent sinuous tidal channel networks.
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•

Tidal marsh channel network pattern: Channel network patterns should
approximate those of prehistoric Martinez vicinity tidal marsh platforms
(USCS T-sheets), including scale, channel drainage density, sinuosity,
amplitude, branch order, wavelength, sinuosity.

•

Tidal marsh benches between the intertidal channels and the terrestrial
lowland matrix should be sloped so that the lower end of the gradient is
neap-intertidal (flooded regularly with tides) in the near-term, and the
upper end of the gradient is subject to higher spring culvert-choked tides.
The highest end of the gradient would be subject to extreme high tidal and
fluvial flooding events (episodic total water levels above modeled
astronomic tides choked by culverts).

•

Grade additional shallow depressional topography (gently sloping swales
and pools) in the mostly barren alkali playa-like flats. Finish grades
hydraulically by washing over graded surfaces with high-volume, high
velocity jets of bay water (firehose and portable pumps) to re-establish
stratified, sorted sediment.

•

Initially vegetate graded tidal marsh benches above channels with a
pioneer brackish tidal marsh assemblage composed of transplanted plugs
of saltgrass (Distichlis spicata), alkali-heath (Frankenia salina), alkalibulrush (Bolboschoenus maritimus), Baltic rush (Juncus balticus), sea
arrow-grass (Triglochin maritima), salt marsh sand-spurrey (Spergularia
salina) and Jaumea carnosa. Transplant dormant plugs (soil/plant units
harvested with drain spade) in late fall to winter from Pacheco Creek tidal
marsh, and translocate to graded areas in cool, overcast, humid/wet, late
fall/early winter weather. Space plugs (multiple species) 5-10 ft apart to
provide local seed parents for colonization, and vegetative spread.. Plant
approximate zone local (culvert-damped) MHW +/- 1 ft, using the
observed (rather than predicted/modeled) neap high tide wrack lines and
water lines as field indicators for upper limits. Assume frequent
spontaneous colonization by Pacific pickleweed (no active planting). Also
rely on passive seedling colonization of tule, cattail, and bulrush species.

•

Following establishment of the pioneer brackish tidal marsh assemblage
(3-5 years, stabilized bench substrate, near complete cover) diversify the
pioneer assemblage with fall-transplanted founder colonies of propagated
gumplant (Grindelia x paludosa, G. stricta var. angustifolia), Delta tule pea
(Lathyrus jepsonii var. jepsonii), butterweed (Senecio hydrophilus), seamilkwort (Glaux maritima), marsh fleabane (Pluchea odorata), and local
brackish marsh ecotypes of yarrow (Achillea millefolium) and bee-plant
(Scrophularia californica).
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•

Vegetate the relatively higher topography within re-graded alkali playa
flats with patches of saltgrass (Distichlis spicata), Pacific pickleweed
(Sarcocornia pacifica), Parish’s pickleweed (Arthrocnemum subterminale),
alkali-heath (Frankenia salina), and the lower (seasonally or episodically
flooded) depressions with smooth goldfields (Lasthenia glabrata; upper
pool), rayless goldfields (Lasthenia glaberrima; lower pool), downingia
(Downingia bicornuta), popcorn-flowers (Plagiobothrys spp.), toad rush
(Juncus bufonius), salt marsh owl’s-clover (Castilleja ambigua subsp.
ambigua; Point Pinole source), and (optional, with approval from USFWS
and CDFW) endangered Contra Costa goldfields (Lasthenia conjugens).

Expected outcomes: Tidal marsh benches are expected to rapidly vegetate, with
near-complete or complete cover within 3-5 years. Upper reaches of constructed
tidal channels under choked tidal flows are likely to develop salt marsh because
of relatively high evapotranspiration and net salt concentration in soil, relative to
tidal flows that drain salts. The lower reaches of constructed tidal channels,
especially in damped mid-intertidal elevation ranges, would likely support
brackish marsh. The alkali playa-like flats would develop highly dynamic, variable
(unstable) vegetation patterns and species composition of local assemblages,
including increased diversity of native species introduced. Over decades, the
alkali playa-like habitats would become increasingly modified by episodic
extreme high tidal flooding and debris deposition, forming high tidal marshterrestrial ecotones incorporating the native alkali pool flora. Eventually, the
entire unit will be overstepped by high tides as sea level rise exceeds
foreseeable tidal barriers.
Reference Sites: Rush Ranch (Spring Branch Creek, Suisun Hill Hollow), and
adjacent Suisun Slough tidal marsh; Scalley Road alkali vernal flats north of
Potrero Hills, Suisun Marsh (Suisun City).

Lowland grassland and seasonal wetland ecotones with
(muted) tidal brackish marsh
Potential Locations: Northwest Quadrant, south of barren playa-like alkali flats;
Northeast, Southwest, and Southeast, on old levees, berms and fills, bordering
tidal brackish marsh or restored muted tidal brackish marsh.
Primary functions/purposes: Semi-conservative, gradual tidal restoration of
ruderal lowland grasslands, including some seasonal wetlands, driven by sea
level rise on decadal scale; partial excavation of tidal marsh channel networks
and intertidal marsh benches within a matrix of lowland ruderal grassland.
Transform retained portions of lowland terrestrial seasonal wetland vegetation to
native wet meadow and alkali grassland vegetation, based on modern and
historical Suisun Marsh vicinity and historical Walnut Creek watershed reference
Peter R. Baye Ph.D.
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conditions. Maximize terrestrial-estuarine ecotone habitat in near-term, and
conserve high marsh “elevation capital” for future geomorphic evolution of tidal
marsh. Reduce project cut/fill volume and earthmoving needs relative to grading
to meet current intertidal marsh elevation ranges. Specific purposes include:
•

Long-term succession between restored native wet meadow vegetation
and tidal brackish marsh, driven by sea level rise;

•

Estuarine transgression and submergence processes (“drown by design”
with multi-decade sea level rise) drives gradual vegetation succession,
rather than instantaneous construction of tidal marsh platform within
current tidal frame and short-term sea level rise. Facilitate estuarine
transgression of initially terrestrial lowland grassland habitats.

•

Reduce earthmoving cost and retain marsh “elevation capital” anticipating
sea level rise submergence and estuarine transgression through 21st
century, while supporting high ecological interim value and functions of
supratidal areas.

Current conditions: Ruderal (weed-dominated) terrestrial grasslands and
seasonal wetlands dominate the south half of the NW quadrant, with sparse
shrub cover by invasive tamarisk and native coyote-brush.
Proposed Approach/Actions:
•

Transform weed-dominated ruderal lowland grassland, with sparse
seasonal wetlands, to predominantly native lowland perennial grassland in
gradual long-term succession to tidal marsh. Analogous with transgressive
tidal marsh in sandy alkali flats at N end of parcel.

•

Weed seed bank reduction: In the growing season before grading, mow
grassland repeatedly during late winter/spring season to prevent abundant
seed set and maturation. Reduce density of high viability weed seed in
graded surface soils undergoing revegetation.

•

Excavate sinuous tidal channel network and intertidal marsh bench
platforms, patterned after prehistoric local Martinez vicinity tidal channel
networks (USCS T-sheets), including scale, branch order, wavelength,
amplitude, sinuosity. Grade sloping benches between channel and
adjacent terrestrial lowland grassland.

•

Leave irregular, flat to poorly drained depressional topography in drainage
divides between constructed tidal channels. Residual supratidal drainage
divide areas retained as terrestrial wet meadow would be relatively flat to
depressional (internal drainage only), and approximately 50-100 ft wide.
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•

Revegetate graded wet meadow drainage divide flats/depressions in midlate fall, depending on time of onset of soil-moistening rains (indicated by
first flush of fall-germinating native and non-native seeds). Apply the
nearly same revegetation prescription as levees. Bulk transplanting of
large acreages will require 2 year lead time for on-site cultivation of stock
populations for sod transplanting.
o Actively revegetate regraded wet meadow areas (surfaces outside
of tidal channel/marsh bench areas) with dry (fall) dormant sod
fragments of alkali/creeping wildrye (Elymus triticoides, E. x gouldii)
harvested on-site; add cultivated sods of field sedge (Carex
praegracilis), saltgrass (Distichlis spicata), alkali-heath (Frankenia
salina), western ragweed (Ambrosia psilostachya), alkali-weed
(Cressa truxillensis). A post-grading density of buried sod
fragments should approximate 1/yd2, with a minimum of about 50%
of sod fragments composed of Elymus spp., Distichlis, and Carex
praegracilis. Diversify with manually planted patches of California
rose (Rosa californica), coyote-brush (Baccharis pilularis), basket
sedge (Carex barbarae), and elderberry (Sambucus nigra), western
goldenrod (Euthamia occidentalis) and common aster
(Symphyotrichum chilense), in mixed patches, with patch spacing
of 20-50 feet. Disperse sod fragments in bulk (grading, disking,
track walking into graded top 0.5 ft of final grading) or manually
plant with field crews. No irrigation; time planting with earliest fall
rains.
o After sod fragment translocation of native perennials, actively
revegetate freshly graded wet meadow areas with initial transient
annual native cover crop sown at high density (100-500 seeds/ft2) –
Fitch’s spikeweed (Centromadia fitchii), coast madia (Madia sativa),
fiddleneck (Amsinckia menziesii, A. intermedia); optional tarweed,
Hemizonia congesta subsp. luzulifolia); sow annuals in fall before
rains. Sufficiently large seed stocks must be custom-grown for the
project, to provide a minimum total seed density in an order of
magnitude between 100-500 seeds (all native annual cover crop
species)/ ft2. On site areas for cultivation of seed stock with 2 year
lead time ahead of construction is recommended. No irrigation; time
sowing with earliest fall rains.

•

Initially vegetate graded tidal marsh benches above channels with a
pioneer brackish tidal marsh assemblage composed of transplanted plugs
of saltgrass (Distichlis spicata), alkali-heath (Frankenia salina), alkalibulrush (Bolboschoenus maritimus), Baltic rush (Juncus balticus), sea
arrow-grass (Triglochin maritima), salt marsh sand-spurrey (Spergularia
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salina) and Jaumea carnosa. Transplant dormant plugs (soil/plant units
harvested with drain spade) in late fall to winter from Pacheco Creek tidal
marsh, and translocate to graded areas in cool, overcast, humid/wet, late
fall/early winter weather. Space plugs (multiple species) 5-10 ft apart to
provide local seed parents for colonization, and vegetative spread.. Plant
approximate zone local (culvert-damped) MHW +/- 1 ft, using the
observed (rather than predicted/modeled) neap high tide wrack lines and
water lines as field indicators for upper limits. Assume frequent
spontaneous colonization by Pacific pickleweed (no active planting). Also
rely on passive seedling colonization of tule, cattail, and other bulrush
species.
o Following establishment of the pioneer brackish tidal marsh
assemblage (3-5 years, stabilized bench substrate, near complete
cover) diversify the pioneer assemblage with fall-transplanted
founder colonies of propagated gumplant (Grindelia x paludosa, G.
stricta var. angustifolia), Delta tule pea (Lathyrus jepsonii var.
jepsonii), butterweed (Senecio hydrophilus), sea-milkwort (Glaux
maritima), marsh fleabane (Pluchea odorata), and local brackish
marsh ecotypes of yarrow (Achillea millefolium) and bee-plant
(Scrophularia californica).
Expected outcomes: Depending timing and amount of rainfall in the months after
cover crop sowing, native winter annuals should rapidly vegetate the terrestrial
wet meadow areas and provide significant competition with weeds that previously
dominated the site. The native perennial wet meadow (lowland grassland)
vegetation is expected to develop initially as discrete patches (clonal colonies)
within a matrix of native annual cover crops and weeds, gradually coalescing by
clonal spread into consolidated stands of dominant native perennial vegetation
within 5-7 years, but up to 10 years for full establishment if multi-year droughts
set back survivorship and growth. The tidal marsh pioneer assemblage is
expected to develop near-complete or complete cover within 3-5 years, also
depending on rainfall conditions. Over decades, the tidal marsh transition zone
will likely spread upslope and gradually transform the terrestrial wet meadow
vegetation into high brackish to salt marsh.

Northeast high brackish fringing marsh enhancement
Potential Locations: West bank of Lower Walnut Creek, fringing tidal marsh west
to the toe of the (modified, restored grassland) levee, south to near Waterfront
Road includes brackish/salt marsh with fully tidal or variably choked tidal
hydrology.
Primary functions and objectives: Enhance the variability of upper intertidal
habitatsin the prograded, poorly drained, fringing brackish tidal marsh, increasing
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differentiation of tidally well-drained marsh and marsh ponds in drainage divide
areas. Enhance sandy splays (sediment outwash fans on high marsh) to
replicate terrestrial-tidal marsh gradients with high native species diversity.
o Increase conveyance of tidal sediment through shore-normal tidal
channels to the interior marsh platform as sea level rises,
supporting marsh resilience;
o Increase tidal channel density, with naturalistic narrow shorenormal dendritic patterns, in portions of marsh interior that are
currently deficient in tidal channel drainage;
o Increase dispersal (movement) corridors for marsh wildlife and fish
that move through tidal channels at low or high tide.
o Increase local channel bank drainage gradients such that increased
plant species diversity and vegetation structural diversity increases
across local drainage gradients.
o Increase marsh export of detritus and invertebrates to larger tidal
channels (increased flushing)
o Increase size, depth, and stability of tidal marsh ponds with
features that improve habitat for waterbirds, native estuarine fish,
and native submerged aquatic vegetation;
o Replicate additional playa-like (high marsh pan) alluvial fans over
tidal marsh, similar to one sediment fan present, but with active
management to maximize native plant species diversity with high
tidal marsh and alkali vernal pool elements. Active vegetation
management of new fans may support regionally rare plant
assemblages.
o Increase overall tidal marsh habitat diversity.
Current condition: The interior fringing high tidal marsh plain, influenced by past
rapid post-dredging progradation, has poor tidal drainage (low drainage channel
density), apparently high mosquito production, and intensive vehicle-based
mosquito treatment (shallow persistently flooded high marsh areas). Pools (pans)
are poorly differentiated from marsh plain. Remnant tidal channels and adjacent
marsh support higher plant species diversity than poorly drained pickleweed or
alkali-bulrush marsh.
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Proposed Approach/Actions:
Re-engineer tidal marsh drainage pattern to increase differentiation of poorly
drained back-marsh areas, and well-drained tidal marsh. Poorly drained marsh
areas should be modified to become well-defined marsh pools (very shallow
open-water or submerged aquatic vegetation ponds) located between backmarsh zones of tidal marsh with enhanced, high drainage density. Replicate past
accidental sandy sediment splays but with active facilitation of native transition
zone plant communities typical of high marsh pans in Suisun Marsh.
Construction/deposition methods:
The overall pattern of earthwork is to grade and excavate features for alternating
well-drained and undrained tidal marsh:
o excavate shallow marsh ponds (spring tide overmarsh flooding
only; neap-tidally disconnected) and
o excavate shore-normal, dendritic, narrow tidal channel networks
between marsh ponds and existing tidal channels or their remnants.
•

New shore-normal dendritic tidal channel network features
o Locate new excavated trunk channels between existing or residual
older tidal channels or ditches; excavate in poorly drained high
marsh plain, across older inner marsh terrace (flood control channel
spoils) and outer (naturally prograded) fringing marsh.
Retain/protect high diversity vegetation and habitat of residual older
channels and infilled marsh.
o Space multiple shore-normal (perpendicular to long axis of Walnut
Creek) at intervals approximately 500 to 1000 feet apart, fitted
between existing remnant ditches, to avoid direct impacts to
existing tidal channel habitats and adjacent tidal marsh.
o Construct with V-ditch or similar amphibious equipment, up to about
4 ft depth below existing grade; side-cast spoils hydraulically
(turbulent dispersion; fire-hosed with portable pumps) or
mechanically spread into adjacent high marsh, minimal residual
topographic relief.
o Trunk channels have low sinuosity (efficient, low-friction
conveyance; limited trapping of coarse debris), perpendicular to
flood control channel
o Branch channel networks have higher sinuosity and branch order;
narrower, shallower (2 ft depth)
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o No active revegetation anticipated; passive recolonization.
Monitoring and adaptive management to remove early stage
potential invasions of perennial pepperweed or reed.
o Channels provide increased fish access to marsh interior;
increased transport of fine organic matter and marsh plant litter;
increased landward transport of tidal sediment for vertical accretion
in pace with SLR.
•

Tidal marsh pond features:
o Irregular & complex edge configuration
o Minimum 0.5 acre area with no emergent marsh vegetation
(internal wind-waves inhibit mosquito larvae)
o Depth 1-2 ft below adjacent high marsh plain
o Banks steep, near-vertical (no gentle slope facilitating rhizome
spread into stable substrate)
o Pool edges include a very low and indistinct low-angle vegetated
and indistinct berm (<0.5 ft convex crest, after consolidation, above
adjacent marsh plain, 10:1 slopes) around the pool perimeter to
inhibit head cuts from tidal channels entering and draining the
pools. The low berm would be stabilized with dense high tidal
marsh composed of a sod-forming alkali-heath and saltgrass
matrix. Berms can be constructed during pond excavation by
placing saturated spoils along the banks of the pool, and spreading
them with lateral swings of the back of an excavator bucket (similar
to spoil management of ditches excavated in marshes for mosquito
control).
o Flooded during spring higher high tides. Salinity varies with wateryear: brackish most of growing season (ca. 5-18 ppt) average to
wet years; brackish to haline (ca. 18-34 ppt) drought years.
o The flooded pool would be dominated by native brackish
submerged aquatic vegetation (SAV): variable dominance by
Ruppia maritima (wigeongrass) and sago pondweed (Stuckenia
pectinata), varying with drought (higher spring-summer salinities
favor Ruppia dominance) and wet years (lower salinities favor
Stuckenia or mixed relative abundance). These native species
would be introduced by direct translocation of seeds, rhizomes, and
turions from Suisun Marsh or local sources.
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o SAV pools would support productive aquatic invertebrate
communities providing trophic support (prey base) for small fish
(especially stickleback) and dabbling ducks. Small fish and
invertebrate prey base supports wading birds, avocets, stilts.
o Internal marsh islets (12-20 ft diameter) internal to ponds increase
habitat structure and bird use. A few islets per pool. Islet form:
steep side-slopes, vegetation-capped (substrate not exceeding 0.5
ft above local MHHW; pickleweed, alkali-heath, alkali-bulrush;
variable relative abundance), provide roosting, loafing habitat
(egrets, large shorebirds, dabbling ducks) and potential nesting
habitat (dabbling ducks).
o Drainage buffer zone: constructed branch tidal channels no closer
than 3 m to the outer edge of the low berm around the pool edge.
•

Sandy alkali playa ecotones with tidal marsh Playa-like sediment fans
(splays), similar to the artificial sandy alkali playa-like features (old
outwash sediment fans caused by past discharges from the sand
processing facility) are proposed to provide distinctive terrestrial ecotones
and native plant assemblages at tidal marsh edges, including high marsh
pans and turf pans. These features may become suitable habitat for some
rare annual tidal marsh plant populations, potential “hotspots” for future
biological diversity. Essential restoration features of the sandy fan habitats
entail the following measures and attributes:
o Hydraulic deposition of fine sand, or fine sand/mud slurry mix, over
clayey tidal marsh; approximately 0.5 ft variable thickness.
o Splays form through discharge of turbulent slurry, forming transient,
unstable distributary channels during deposition. Hydraulic
deposition provides microtopographic heterogeneity; shallow flats,
pools.
o Post-deposition evolution: Marginal reworking/redeposition of
sediment (at vegetated marsh edge of splay) during transient
(extreme high tide) marsh submergence and wind-wave transport
events builds microtopographic berm along edge; impedes
drainage.
o Marginal brackish marsh turf pan vegetation supports rare native
high marsh annual forbs (wildflowers); high sandy flats (barren or
prostrate marsh turf) provide high tide shorebird roost habitat and
rare insect habitat.
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o Potential plant assemblages that may be established in parts of the
environmental gradients of the high marsh pan complex include:
smooth goldfields (Lasthenia glabrata subsp. glabrata), Contra
Costa goldfields (endangered; L. conjugens), sea-spurrey
(Spergularia salina), and salt marsh owl’s-clover (Castilleja
ambigua subsp. ambigua). Reintroduction (new population
establishment within historical range and resilient suitable new
habitat) of federally endangered soft bird’s-beak, Chloropyron molle
subsp. molle, is also likely to be feasible in portions of this habitat
feature (equivalent to Dillon Point, Southhampton Marsh habitat),
as a future recovery and research project. Establish seed stock
through on-site cultivated plots, with precisely timed speciesspecific seed harvest in bulk. Sow during the fall after harvest.
Expected outcomes/dynamics: Native high marsh plant species assemblages are
expected to increase in extent and diversity in a 5-10 foot zone (or wider) around
banks of extended, deepened tidal channel networks. Sediment transport to
interior marsh platform areas is expected to increase and keep pace with sea
level rise in the sediment-rich lower reaches of Walnut Creek. Ponds are
expected to deepen with sea level rise, and maintain high-quality submerged
aquatic vegetation and waterbird habitat where only poorly drained marsh areas
currently exist. These changes are likely to occur within 3-5 years after
construction, and are likely to persist for at least several decades, depending on
the onset of significant accelerated sea level rise.
Reference Sites: Rush Ranch, Suisun Marsh (high marsh pans), Whittell Marsh,
Point Pinole (sandy alluvial fans on tidal marsh)

Southeast tidal brackish marsh restoration
The restoration design for full tidal brackish marsh in existing diked nontidal
brackish marsh in the southeastern quadrant would depend primarily on the
engineering design and constraints for levee breaching and channel
construction. Diked, non-tidal pickleweed marsh behind an old levee would be
tidally restored by extending a tidal channel through the existing fringing tidal
marsh into the diked brackish marsh, providing a direct tidal connection
between diked pickleweed marshes and Lower Walnut Creek. Branched tidal
channels and marsh pool/ponds between them would provide a high diversity
of sub-habitats within the brackish tidal marsh. Breaches with bridges would
span across the old levee to provide bay trail access. Conversion of non-tidal
pickleweed marsh to tidal marsh would occur rapidly. Ecotones with restored
lowland grassland along the edges of the tidal brackish marsh would provide
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a resilient platform for landward transgression of high marsh zones during
accelerated sea level rise, as in the northwest and southwest tidal brackish
marsh restorations.
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Potential Future Tidal Marsh and Ecotone Restoration Projects:
Suisun Properties to Suisun Bay
The shorelines and tidal marshes north of the Pacheco Marsh restoration site,
from the Suisun Properties Parcel to Suisun Bay, have significant long-term
potential for ecological restoration which would integrate with the currently
proposed (near-term) restoration measures. They would also provide major
opportunities to implement the Vision Report (SFEI 2016) recommendations
regarding beneficial reuse of coarse upstream flood control channel sediments,
and use of tertiary treated wastewater.
Carquinez Strait Shoreline Fringing Marsh Scarp & Buffer Beach
Potential Locations: Along the southern Suisun shoreline, on State Lands north
of the Suisun Properties Parcel.
Primary purpose: Reduce impacts and rates of storm wave erosion (episodes of
rapid short-term scarp retreat; likely long-term retreat with SLR).
Current conditions: Medium sand swash slopes are observed to form at the toe
of wave-cut scarps in the fringing marsh along Carquinez Strait, where local
coarse sediment is available. Arcuate pocket beachfaces accrete below marsh
scarps. Gray sand (reduced iron stained) suggests wave reworking from diffuse
sand deposits buried in peaty marsh muds.
Proposed Approach/Actions: Buffer wave erosion buffering of marsh scarps with
coarse sediment beachface and embedded log headlands.
•

Reinforce marsh “headlands” to establish framework for crescent pocket
beach series – segmented marsh shoreline. Headlands = marsh peat
promontories reinforced with artificial embedded “logjams” composed of
decay-resistant LWD (large woody debris); primarily seasoned eucalyptus
logs and limbs.

•

Seasoned eucalyptus logs and limbs mutually overlap and anchor; embed
½ length at angle in firm clayey basal bay mud below peaty marsh soil,
oblique angle. Top of logs near elevation of still-water EHWL. Infill
interstices with, smaller woody debris, or cobbles and small boulders (?
Cost), to increase wave friction, reduce erosion of mud within LWD.

•

LWD “headlands” define littoral sub-cells – pocket beach planform.
Deposit unconsolidated heterogeneous sand & gravel in upper foreshore
for waves to rework and spread between headlands; beach (calm
weather) below scarp, and storm berm accretion above and behind scarp.
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•

Sand and gravel sources: far upstream flood control channel
maintenance; potential future re-use of heterogeneous sandy/gravelly fill
from prior Hansen activity on northeast part of Suisun Properties parcel.
Waves sort different size-classes of coarse sediment.

Construction/deposition methods: Potential feasibility for hydraulic slurry
(moving pipe), low tide discharge from levee or Suisun Properties parcel, or
floating barge with spuds and excavator for LWD placement (seasoned
eucalyptus logs and limbs).
Expected outcome and dynamics: The beachfaces would buffer wave attack
at toe of scarp, and to varying degrees in upper scarp, depending on
beachface height. Beachfaces would erode and flatten during storms, and reform during low energy wave conditions. Gradual or episodic storm loss of
sand (especially medium to fine sand) is expected. Storm wave and high tide
action will likely deposit storm berms (coarser sediment and woody debris)
above and slightly landward of the scarp crest. Berms may provide local high
tide refuge and vegetative cover during non-storm spring high tides. Marsh
scarp retreat would continue at a slower rate compared with fully exposed,
bare scarps of peat and mud.
Potential Future Restoration Measures with the Incorporation of Suisun
Properties
If the Suisun Properties parcel, adjacent to the north of the Pacheco Marsh
restoration site, becomes available in the future to become physically and
ecologically integrated with the proposed wetland restoration project, the
following restoration measures are recommended. They would be compatible
and complementary with the proposed suite of onsite restoration actions
described above. This section also includes Suisun Bay shoreline restoration
measures located on State Lands immediately north of the Suisun Properties
parcel.
Suisun Properties Parcel - Levee Slope Lowering & Set-back
Potential Locations: Levee slopes facing Suisun Bay and Lower Walnut Creek,
Suisun Properties Parcel, at locations potentially providing terrestrial ecotones
with existing brackish tidal marsh.
Primary purpose: Gentle, wide slopes with perennial sod-forming terrestrial
grassland vegetation would provide resilient ramp-like, broad transgressive
platform for gradual landward migration of the high tidal marsh transition zone
(ecotone) and high tide line with accelerated sea level rise. Establish receptive
resilient native vegetation facilitating estuarine transgression. Also, a gently
sloping, permeable soil ramp provides potential integration with future tertiary
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treated wastewater discharges (subsurface treatment wetland slope; “horizontal
levee”). The perennial sod and high stem density of the slope would provide
wave damping and high soil shear strength (erosion control) as well as high tide
flood refuge cover for marsh wildlife. If integrated with diffuse subsurface
discharges of tertiary treated wastewater, the slopes would likely provide
significant nutrient removal and water quality services.
Existing conditions: Most of the bay levee slope is very steep and dominated by
broadleaf weeds. Some of the bay levee (towards the NE end of the parcel) is
composed of sandy sediments with a gentler slope, and is dominated by native
alkali wildrye grassland, with some California rose and coyote-brush.
Proposed Approach/Actions: Re-grade and revegetate all or most of levee to
form a gently sloped ramp, serving as a broad transition zone (ecotone) for
improved wildlife habitat, native plant diversity, estuarine transgression, and
resilience to climate change. Some segments may be reserved for the next
alternative treatment (2.3 – artificial paleodune sand bluff).
Construction/deposition methods:
•

Using ground-based equipment (bulldozers, scrapers, or excavators),
lower the slope of steep weed-dominated segments of bay levee to 15:120:1 (heterogeneous) slope, including slightly concave ‘valley’ and slightly
convex “headland” configuration (variable concentration of subsurface
drainage). Push substrate landward.

•

Cap graded substrate with fine sand or heterogeneous fine sand/mud
mixtures; stratify coarser and finer strata; incorporate organic matter
(wood fines/ground wood or wood chip compost) in at least one stratum.
Crest elevations would be graded approximately 2 ft above EHW (rough
estimate maximum storm wave runup with dense vegetation). Expect silty
sand, sand, and bay mud substrates.

•

Actively revegetate with initial transient annual native cover crop, sown at
high density (100 seeds/ft2) – Fitch’s spikeweed (Centromadia fitchii),
coast madia (Madia sativa), fiddleneck (Amsinckia menziesii); sow in fall
before rains. Sufficiently large seed stocks must be custom-grown for the
project. On site areas for cultivation of seed stock with 2 year lead time
ahead of construction is recommended. No irrigation; time sowing with
earliest fall rains.

•

Actively revegetate regraded levee slopes with dry (fall) dormant sod
fragments of alkali/creeping wildrye (Elymus triticoides, E. x gouldii)
harvested on-site; add cultivated sods of field sedge (Carex praegracilis),
saltgrass (Distichlis spicata), alkali-heath (Frankenia salina), alkali-weed
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(Cressa truxillensis). Diversify with patches of California rose (Rosa
californica), poison-oak (Toxicondendron diversilobum), coyote-brush
(Baccharis pilularis), basket sedge (Carex barbarae), and elderberry
(Sambucus nigra), and marsh aster (Symphyotrichum lentum; near toe of
slope). Disperse sod fragments in bulk (grading, disking, track walking
into graded top 0.5 ft of final grading) or manually plant with field crews.
No irrigation; time planting with earliest fall rains.
•

Leave intact segments of sandy soil with gentle slopes, dominated by thick
stands of alkali/creeping wildrye (Elymus triticoides) and California rose.

Expected outcome and dynamics: Within 5-7 years, and potentially as soon as 3
years in favorable conditions, the native clonal perennial grasses and forbs would
dominate the new slope. Accelerated sea level rise would shift the high tide line
and high tidal marsh zone up the ramp. Increased storm wave energy will affect
the slope, but the consolidated sod-forming vegetation should physically stabilize
the ramp. Without the restoration actions, the levee slope would be expected to
form a near-vertical wave cut scarp and erode, and remain dominated by weeds
where weeds now dominate.
Suisun Properties Parcel composite shoreline: sandy bluff tidal
marsh edge habitats (analog of Antioch Dunes) and horizontal
wetland levee
Potential Locations: Within the footprint of high mounds and berms composed of
dredged bay sand stockpiles, Suisun Properties Parcel.
Primary functions/purposes: This ecological restoration measure is a composite
of two constructed landform and vegetation features that intergrade and interact.
One element is the construction of an artificial surrogate of the same kind of sand
hill (paleodune; stabilized ancient ice-age sand dune) which was historically
quarried, and later became the Antioch Dunes National Wildlife Refuge. The
basic purpose of this constructed landform would be to take advantage of the
residual unrefined dredged sand stockpiles and fills on the Suisun Properties
Parcel, and provide a publicly accessible “hands on” equivalent habitat of Antioch
Dunes that is directly connected to an estuarine shoreline. This landform would
be designed to undergo shoreline retreat (bluff erosion) with sea level rise, which
would maintain dynamic disturbances on north-facing sand bluff scarps – the
habitat favorable for populations of regionally or globally rare plants and insects
at Antioch Dunes. On the slopes of the landform facing away from the bay, a
“horizontal levee” (a gradually sloping terrestrial transition zone to high tidal
marsh) would be constructed, and sub-irrigated with future tertiary treated
wastewater if it becomes available from CCCSD. This feature would contribute to
reduction of future wastewater nutrient (nitrate) loading to the Estuary,
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contributing to improvement of future water quality. The specific purposes of this
restoration measure are:
•

Retain, repurpose, and modify sandy fills to form surrogate terrestrial
vegetation types with valuable and important esthetic, ecological, and
recreational (scenic and wildlife viewing, hiking) transitional uses;

•

Develop terrestrial sand hill with form and substrate similar to semi-arid
terrestrial habitat of eroding paleodunes (Paleodunes: stabilized
glaciofluvial outwash deflation dunes of the Pleistocene Sacramento
River, oak savannah with localized blowouts (dune reactivation due to
shoreline and anthropogenic disturbance; Antioch Dunes type).

•

Provide functionally equivalent Antioch Dunes habitats suitable for
reintroduction of regionally or globally rare plant and insect species
assemblages, with approval and cooperation with USFWS, CDFW, ant
partner agencies and organizations, consistent with recovery plans.

•

Design terrestrial landform components integrate with estuarine
transgression (conversion of terrestrial habitats to estuarine, with sea level
rise; submergence or erosion into intertidal tidal marsh over time). Create
a gently sloping platform (bench facing away from Carquinez Strait) of
lowland native perennial grassland, conducive to
o Passive tidal marsh ecotone transgression under SLR;
o incorporation of future “horizontal levee” seepage slope
management, with subirrigation with tertiary treated wastewater for
nutrient polishing before discharges contact Bay waters.

•

Provide landform/vegetation types with independent near-term utility prior
to significant estuarine transgression (park, habitat) compatible with future
incorporation of “horizontal levee” wetlands

Current condition: The derelict sand offloading site is dominated by non-native
invasive species populations that rain propagules on adjacent wetlands. The
unmanaged site appears to attracts nuisance activities, including unauthorized
entry by off-road vehicles.
Proposed Approach/Actions: An artificial sandy bluff and bay scarp, emulating
Antioch Dunes and other west Delta paleodune soil erosion features, would be
graded to support intermittently active erosional scarps, providing habitat for rare
plant assemblages otherwise found only at publicly inaccessible Antioch Dunes
NWR. The artificial surrogate paleodune habitat would be constructed from sand
stockpiles and berms on the sand processing site. Angle of repose or steeper
would be constructed on north slope.
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A wide, gently sloping gradient would extend from the paleodune and bluff
(closer to the Bay), into adjacent restored tidal marsh to the west, south and east.
The gentle slope would be revegetated with lowland native perennial grassland
and seasonal wet meadow, similar restoration measures proposed for bay and
interior levees on site. When tertiary treated wastewater becomes available, the
gently sloping meadow may be irrigated and sub-irrigated to function as a
“horizontal levee” wetland slope (shallow groundwater slope with near-surface
saturation and seepage flows towards tidal marsh).
Construction/deposition methods:
•

Land-based grading equipment would remove upper layers of substrate
with high density of invasive plant species propagules (seeds, buds).
These would be deposited as a foundation or core layer, removed from
the active surface. Weeds should also be treated with herbicides prior to
seed production during the year of grading, to minimize recolonization
pressure.

•

Subsurface layers with low density of weed propagules would be used as
a thick mantle and cap layer.

•

On-site or off-site open-field nursery production of target dominant species
would be propagated two years lead time before grading. Dominant early
pioneer succession (sand with no initial soil development) species would
include lupine (Lupinus albifrons), western ragweed (Ambrosia
psilostachya), bristly goldenaster (Heterotheca sessiliflora ssp. echioides,
tarweed (Hemizonia congesta ssp. congesta or ssp. luzulifolia), glandular
lessingia (Lessingia glandulifera var. glandulifera), fiddleneck (Amsinckia
menziesii, A. intermedia), dune evening-primroses (Camissoniopsis spp.),
and alkali-wildrye (Elymus triticoides). Experimental populations of Antioch
Dunes evening-primrose (Oenothera deltoides subsp. howellii) and Contra
Costa wallflower (Erysimum capitatum var. angustifolium), from cultivated
stock maintained by the Refuge, are recommended for introduction on the
north-facing bluff.

Expected outcomes/dynamics:
•

After construction, episodic storm erosion from the Strait would activate a
scarp (erosional slope due to gravity-driven processes; slumps near angle
of repose) and episodic retreat. Wind deflation operating on the disturbed,
slightly cohesive sand slope (cohesion due to small amounts of silt from
dredging) would develop blowouts and small mobile dune lobes on the
crest of the sand hill. This dynamic process would maintain suitable
variably disturbed, semi-open habitat for Antioch Dunes plant and insect
assemblages, instead of manual weeding, to maintain disturbances on N-
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aspect slopes favoring special-status plant species regeneration (seedling
habitat; moist winter-spring disturbed sand). This process, dynamic
habitat, and landform would likely persist for decades. Coupled with rare
species reintroduction, it would contribute to a reduction in extinction risks
for rare species by providing additional populations in suitable habitat.
•

The subsurface treatment wetland component would increase nutrient
polishing functions (nitrogen sequestration and denitrification, phosphorus
sequestration), reducing nitrate loading of the Estuary. It would also
contribute to buffering ambient increases in bay salinity within local
freshwater-brackish marsh gradients, increasing marsh resilience to
drought and salinity impacts due to climate change.

Reference Sites: Antioch Dunes; Brannan and Sherman Island (sand spoils,
artificial populations of Antioch Dunes evening-primrose); Oro Loma Sanitary
District, San Lorenzo (horizontal levee).
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Appendix C. Restoration Approach for Coarse-Sediment Living Shoreline

Appendix C. Restoration Approach for Coarse-Sediment Living Shoreline
With anticipated accelerated sea-level rise in the coming decades, reduced suspended
sediment supply from the Bay, and increased salinity, tidal marshes adjacent to Lower Walnut
Creek are expect to be more susceptible to shoreline erosion in the future. Reduced sediment
supply could downshift high marsh to low marsh and low marsh to mudflat, increasing
vulnerability to erosion. Salinity increases and associated shifts in marsh vegetation, could also
increase this vulnerability. In addition, marsh shoreline erosion may also be of concern in the
future with higher storm surge and higher sea levels contributing to higher wind waves.
The Vision Report notes that it will be important to create areas for landward migration of tidal
habitats (as described in the body of this memorandum) and to consider if outboard natural
protection measures (such as beaches along marsh scarps) are appropriate. Accordingly, the
Vision Report Strategy 2 : Reduce marsh edge erosion to help maintain marsh extent
recommends:
“Outboard coarse-grained beach features could be created using sediment from the
existing sand piles on Pacheco Marsh and coarser material (sand and gravel) that is trapped
within the lower Walnut Creek channel. The sediment could be placed along the current
marsh shoreline to form beach faces (i.e., beaches below marsh scarp crest) …”
The following outlines an approach (Baye 2017) that could be implemented for creation of
outboard protection measures along the southern Suisun Bay shoreline at the mouth of Lower
Walnut Creek.
Southern Suisun Bay Shoreline Fringing Marsh Scarp & Buffer Beach
Potential Locations: Along the southern Suisun shoreline, on State Lands north of the Suisun
Properties Parcel.
Primary purpose: reduce impacts and rates of storm wave erosion (episodes of rapid short-term
scarp retreat; likely long-term retreat with SLR).
Current conditions: Medium sand swash slopes are observed to form at the toe of wave-cut
scarps in the fringing marsh along the Suisun Bay shoreline, where local coarse sediment is
available. Arcuate (bow-shaped) pocket beach faces accrete below marsh scarps. Gray sand
(reduced iron stained) suggests wave reworking from diffuse sand deposits buried in peaty
marsh muds.
Proposed Approach/Actions: Buffer wave erosion of marsh scarps with coarse sediment beach
face and embedded log headlands.
•

Reinforce marsh “headlands” to establish a framework for formation of crescent pocket
beach series – segmented marsh shoreline. Headlands would be existing marsh peat
promontories reinforced with artificial embedded “logjams” composed of decayresistant large woody debris (LWD), primarily seasoned eucalyptus logs and limbs.
C-1

•

Install overlapping seasoned eucalyptus logs and limbs and anchor; embed ½ lengths at
an oblique angle in firm clayey basal bay mud below the peaty marsh soil. Tops of logs
should be set to or near the elevation of still-water extreme high water level. Infill
interstices between logs with, smaller woody debris, and/or cobbles and small boulders,
to increase wave friction, reduce erosion of mud within LWD.

•

LWD “headlands” will define littoral sub-cells for formation of pocket beach planform.
To support beach formation below the marsh scarp, and storm berm accretion above
and behind the scarp, deposit unconsolidated heterogeneous sand & gravel in the upper
foreshore for waves to rework and spread between reinforced headlands.

•

Sand and gravel may be sourced from (far upstream) flood control channel
maintenance; also potentially in future re-use of heterogeneous sandy/gravelly fill from
prior Hansen activity on the northeast part of the Suisun Properties parcel. Waves will
sort different size-classes of coarse sediment.

•

Possible construction methods would be to place coarse sediments in a hydraulic slurry
(moving the end of the pipe to distribute). A floating barge and excavator could be used
for placement of LWD (seasoned eucalyptus logs and limbs).

Expected outcome and dynamics: The beach faces would buffer wave attack at the toe of
the marsh scarp, and to varying degrees in the upper scarp, depending on beach face
height. Beach faces would erode and flatten during storms, and re-form during low energy
wave conditions. Gradual or episodic storm loss of sand (especially medium to fine sand) is
expected. Storm wave and high tide action will likely deposit storm berms (coarser
sediment and woody debris) above and slightly landward of the scarp crest. Berms may
provide local high tide refuge and vegetative cover during non-storm spring high tides.
Marsh scarp retreat would continue at a slower rate compared with fully exposed, bare
scarps of peat and mud.
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Appendix D. Potential Future Restoration Measures with the Incorporation of Suisun
Properties
It is anticipated that the Suisun Properties parcel, adjacent to the northern boundary of the
Pacheco Marsh restoration site (North Parcel), may become available in the future to become
physically and ecologically integrated with the proposed Lower Walnut Creek (LWC) restoration
project. The following outlines an approach (Baye 2017) for implementation of additional
restoration measures, compatible and complementary with the proposed suite of onsite LWC
restoration actions. This section also includes Suisun Bay shoreline restoration measures
located on State Lands immediately north of the Suisun Properties parcel.
1. Suisun Properties Parcel - Levee Slope Lowering & Set-back
Potential Locations: Levee slopes facing Suisun Bay and Lower Walnut Creek, Suisun Properties
Parcel, at locations potentially providing terrestrial ecotones with existing brackish tidal marsh.
Primary purpose: Facilitate estuarine transgression with sea level rise by creating gentle, wide
slopes with perennial sod-forming native terrestrial grassland vegetation. Such features would
provide a broad transgressive platform for gradual landward migration of the high tidal marsh
transition zone (ecotone) and high tide line, and would also facilitate potential integration with
future tertiary treated wastewater discharges (subsurface treatment wetland slope; “horizontal
levee”). The perennial sod and high stem density of the vegetated slopes would provide wave
damping and high soil shear strength (erosion control) as well as high tide flood refuge cover
for marsh wildlife. If integrated with diffuse subsurface discharges of tertiary treated
wastewater, the slopes would likely provide significant nutrient removal and water quality
services.
Current conditions: Most of the bay levee slope is very steep and dominated by broadleaf
weeds. Some of the bay levee (toward the NE end of the parcel) is composed of sandy
sediments with a gentler slope, and is dominated by native alkali wildrye grassland, with some
California rose and coyote brush.
Proposed Approach/Actions: Re-grade and revegetate all or most of the existing levee to form a
gently sloped ramp. Some levee segments could be modified to create an artificial paleodune
sand bluff feature discussed in section 2, below.
Construction/deposition methods:
•

Using ground-based equipment (bulldozers, scrapers, or excavators), lower the slope of
steep, weed-dominated segments of bay levee to form 15:1-20:1 (heterogeneous)
slope, including slightly concave ‘valley’ and slightly convex “headland” configurations to
create variable concentration of subsurface drainage. Push substrate landward to form a
ramp-type feature.
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•

Cap the graded substrate with fine sand or heterogeneous fine sand/mud mixtures;
stratifying coarser and finer layers of the cap material. Incorporate organic matter
(wood fines/ground wood or wood chip compost) in at least one stratum. Crest
elevations would be graded to approximately 2 ft above EHW (rough estimate maximum
storm wave run-up with dense vegetation).

•

Actively revegetate with initial transient annual native cover crop, sown at high density
(100 seeds/ft2) – Fitch’s spikeweed (Centromadia fitchii), coast madia (Madia sativa),
fiddleneck (Amsinckia menziesii); sow in fall before rains. Sufficiently large seed stocks
should be contract-grown for the project from on-site areas (2 year lead time ahead of
construction is recommended). No irrigation; time sowing of seed with earliest fall rains.

•

Actively revegetate regraded levee slopes with dry (fall) dormant sod fragments of
alkali/creeping wildrye (Elymus triticoides, E. x gouldii) harvested on-site; add cultivated
sods of field sedge (Carex praegracilis), saltgrass (Distichlis spicata), alkali heath
(Frankenia salina), alkali weed (Cressa truxillensis). Diversify with patches of California
rose (Rosa californica), poison-oak (Toxicondendron diversilobum), coyote brush
(Baccharis pilularis), basket sedge (Carex barbarae), elderberry (Sambucus nigra), and
Suisun marsh aster (Symphyotrichum lentum; near toe of slope). Disperse sod
fragments in bulk (by grading, discing, and/or track walking into graded top 0.5 ft of final
graded sruface) or manually plant with field crews. No irrigation; time planting with
earliest fall rains.

•

Leave intact segments of the levee with sandy soil and gentle slopes, dominated by thick
stands of alkali/creeping wildrye (Elymus triticoides) and California rose.

Expected outcome and dynamics: Within 5-7 years, and potentially as soon as within 3 years in
favorable conditions, the native clonal perennial grasses and forbs would dominate the new
slope. Accelerated sea level rise would shift the high tide line and high tidal marsh zone
progressively up the ramp. Increased storm wave energy would affect the slope, but the
consolidated sod-forming vegetation should physically stabilize the ramp. Without these
restoration actions, the levee slope would be expected to erode to form a near-vertical wave
cut scarp and remain dominated by weeds where weeds now dominate.
2. Suisun Properties Parcel composite shoreline: sandy bluff tidal marsh edge habitats
(analog of Antioch Dunes) and horizontal wetland levee
Potential Locations: Within the footprint of existing high mounds and berms composed of
dredged bay sand stockpiles, Suisun Properties parcel.
Primary functions/purposes: The basic purpose of this constructed landform would be to take
advantage of the residual unrefined dredged sand stockpiles and fills on the Suisun Properties
parcel, and provide a publicly accessible “hands on” equivalent habitat of Antioch Dunes, that is
directly connected to an estuarine shoreline.
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This ecological restoration measure is a composite of two constructed landform and vegetation
features that intergrade and interact. One element is the construction of an artificial surrogate
of the same kind of sand hill (paleodune; stabilized ancient ice-age sand dune) which was
historically quarried, and later became the Antioch Dunes National Wildlife Refuge. This
landform would be designed to undergo shoreline retreat (bluff erosion) with sea level rise,
which would maintain dynamic disturbances on north-facing sand bluff scarps – the habitat
favorable for populations of regionally or globally rare plants and insects at Antioch Dunes.
On the slopes of the landform facing away from the bay, the second part of the feature, a
“horizontal levee” (a gradually sloping terrestrial transition zone to high tidal marsh) would be
constructed, and sub-irrigated with future tertiary treated wastewater if it becomes available
from the Contra Costa County Sanitation District. This aspect of the composite feature would
contribute to reduction of future wastewater nutrient (nitrate) loading to the Estuary,
contributing to improvement of future water quality. The anticipated benefits of this
composite restoration measure are:
•

Retain, repurpose, and modify sandy fills to form surrogate terrestrial vegetation types
with valuable and important aesthetic, ecological, and recreational (scenic and wildlife
viewing, hiking) transitional uses;

•

Provide functionally equivalent Antioch Dunes habitats suitable for reintroduction of
regionally or globally rare plant and insect species assemblages, with approval and
cooperation with USFWS, CDFW, and partner agencies and organizations, consistent
with recovery plans.

•

Provide landform/vegetation types with independent near-term utility prior to
significant estuarine transgression (park, habitat) compatible with future incorporation
of “horizontal levee” wetlands

Current condition: The derelict sand offloading site is dominated by non-native invasive species
populations that spread propagules to adjacent wetlands. The unmanaged site appears to
attract nuisance activities, including unauthorized entry by off-road vehicles.
Proposed Approach/Actions: An artificial sandy bluff and bay scarp, emulating Antioch Dunes
and other west Delta paleodune soil erosion features, would be graded to support
intermittently active erosional scarps, providing habitat for rare plant assemblages otherwise
found only at publicly inaccessible Antioch Dunes NWR. The artificial surrogate paleodune
habitat would be constructed from sand stockpiles and berms on the sand processing site.
Angle of repose or steeper would be constructed on the north slope.
A wide, gently sloping gradient would extend from the paleodune and bluff (closer to the Bay),
into adjacent restored tidal marsh to the west, south and east. The gentle slope would be
revegetated with lowland native perennial grassland and seasonal wet meadow, similar
restoration measures proposed for bay and interior levees on the Pacheco Marsh (North Reach)
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site. When tertiary treated wastewater becomes available, the gently sloping meadow may be
irrigated and sub-irrigated to function as a “horizontal levee” wetland slope (shallow
groundwater slope with near-surface saturation and seepage flows towards tidal marsh).
Construction/deposition methods:
•

Use excavators to remove upper layers of substrate with high density of invasive plant
species propagules (seeds, buds). Bury excavated material as a foundation or core layer
within the landward constructed slope, so that the seed bank/propagules are removed
from the active surface. Weeds should also be treated with herbicides prior to seed
production in advance of but during the year of grading, to minimize recolonization
pressure.

•

Use subsurface layers with low density or no weed propagules as a thick mantle and cap
layer.

•

Propagate (on-site or off-site) target dominant species for revegetation, preferably
beginning two years before grading. Dominant early pioneer succession species (planted
in sand with no initial soil development) would include lupine (Lupinus albifrons),
western ragweed (Ambrosia psilostachya), bristly goldenaster (Heterotheca sessiliflora
ssp. echioides), tarweed (Hemizonia congesta ssp. congesta or ssp. luzulifolia), glandular
lessingia (Lessingia glandulifera var. glandulifera), fiddleneck (Amsinckia menziesii, A.
intermedia), dune evening-primroses (Camissoniopsis spp.), and alkali wildrye (Elymus
triticoides). Experimental populations of Antioch Dunes evening-primrose (Oenothera
deltoides subsp. howellii) and Contra Costa wallflower (Erysimum capitatum var.
angustifolium), from cultivated stock maintained by the Antioch Dunes National Wildlife
Refuge, are recommended for introduction on the north-facing bluff.

Expected outcomes/dynamics:
•

After construction, episodic storm erosion from the bay would activate a scarp
(erosional slope due to gravity-driven processes; slumps near angle of repose) and
episodic retreat. Wind deflation operating on the disturbed, slightly cohesive sand slope
(cohesion is anticipated due to small amounts of silt in substrate from dredging) would
develop blowouts and small mobile dune lobes on the crest of the sand hill. This
dynamic process would maintain suitable variably disturbed, semi-open habitat for
Antioch Dunes plant and insect assemblages, favoring special-status plant species
regeneration. This process, dynamic habitat, and landform would likely persist for
decades. Coupled with rare species reintroduction, it would contribute to a reduction in
extinction risks for rare species by supporting additional populations in suitable habitat.

•

The subsurface treatment wetland component would increase nutrient polishing
functions (nitrogen sequestration and denitrification, phosphorus sequestration),
reducing nitrate loading of the Estuary. It would also contribute to buffering ambient
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increases in bay salinity within local freshwater-brackish marsh gradients, increasing
marsh resilience to drought and salinity impacts due to climate change.
Reference Sites: Antioch Dunes; Brannan and Sherman Island (sand spoils, artificial populations
of Antioch Dunes evening-primrose); Oro Loma Sanitary District, San Lorenzo (horizontal levee).
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Appendix E: Reference Site Wetland Vegetation Types, Stands, and Species
Lower Walnut Creek & Pacheco Marsh

A regional reference site example of alkali meadow (lowland alkali grassland; sedge-rush meadow, a seasonal
wetland) forming an intergrading terrestrial ecotone with tidal brackish marsh, SE Rush Ranch, Suisun Marsh.
April 2017. Carex praegracilis, Juncus balticus dominant stands. First year recovery after extreme multi-year
drought indicates high resilience of this vegetation type in tidal marsh ecotone setting.

A regional reference site example of alkali meadow (lowland alkali grassland; creeping wildrye-saltgrass meadow)
bordering tidal brackish marsh at Southhampton Marsh, Benicia State Park, across the bay from Walnut Creek. This fall
photograph (October 2016) shows the resilience of the perennial lowland grassland despite three years of extreme
drought, during which the native plant community retained integrity and resisted weed invasions.

A regional reference site example of alkali meadow with relatively high salinity in depressions forming seasonal alkali
pools dry in summer: Rush Ranch supratidal marsh ecotone (Suisun Marsh, Spring Branch Creek), August 2011. Analogous
but more degraded features exist on the Pacheco Marsh site. Native vegetation includes pickleweed, Parish’s pickleweed,
saltgrass, alkali-heath, Fitch’s spikeweed, toad rush, alkali-mallow, and alkali-weed.

Spring bloom in cattle-grazed alkali meadow and pool flats (seasonal alkali wetlands) north of Potrero Hills, Scalley Road,
Suisun Marsh, slightly above tidal elevation range in diked Suisun Marsh. This site provides another perspective on
contemporary alkali meadow restoration potential, and a model for Potrero Marsh. This large alkali meadow includes extensive
shallow pools supporting many alkali vernal pool plants and invertebrates, including wildflower fields of goldfields (endangered
Contra Costa goldfields, Lasthenia conjugens, and more widespread smooth goldfields, L. glabrata), in addition to other alkali
grassland plants occurring also at Rush Ranch. April 2017.

Suisun Marsh alkali grassland and pool: abundant seasonal wetland plant species

Lepidium oxycarpum

Downingia pulchella

Lasthenia conjugens (endangered)

Centromadia fitchii

Pleuropogon californicus, Lasthenia conjugens, &
Plagiobothrys sp. assemblage
Amsinckia menziesii, A. intermedia

Examples of abundant to dominant spring (vernal) wildflowers of alkali meadow pools and meadows native to Contra Costa County and Solano County, suitable for
establishment in Pacheco Marsh alkali meadow.

Alkali pools are flooded in winter in the ecotone between Rush Ranch (Spring Branch Creek) tidal marsh and alkali
grassland, where they support regionally uncommon to rare invertebrate and plant communities. This transition zone is
managed to shift landward (photo left) and upslope along a gentle gradient, as sea level rises.

Wet meadow (seasonal wetland, valley grassland):
Supratidal (terrestrial) ecotone at tidal marsh edge, 2011
SE Rush Ranch, Suisun Marsh, Solano Co

Brackish tidal marsh

Wire rush, Baltic rush
(Juncus balticus; syn. J. arcticus)

Field sedge
(Carex
praegracilis)
Creeping or alkali-wildrye
(Elymus triticoides)

Wet meadow restoration in Diked Baylands
Oro Loma Sanitary District Horizontal Levee, San Leandro, San Francisco Bay

Native wet meadow vegetation dominates one year after planting at high density in saturated soil, May 11,
2017. Wetland weeds that were abundant first year have been reduced to minor, declining abundance by
competition from dominant species in view: Elymus triticoides, Juncus balticus, Centromadia pungens.

ALKALI FLAT AND POOL: Rush Ranch supratidal marsh
ecotone, recovered after cattle-exclusion (Spring Branch
Creek), August 2011
•
•

Perennial/subshrub: Sarcocornia pacifica, Arthrocnemum
subterminale, Distichlis spicata, Frankenia salina
Annual forb: Lepidium oxycarpum (rare),
Centromadia fitchii, Juncus bufonius

Rush Ranch alkali flats & pool terrestrial soil salts source
(Suisun Hill Hollow, spring salinity 3-4 ppt) evaporated to
hypersaline in August; cattle- trampled flats about 1 m above
tidal marsh.
Potential species rich alkali grassland-tidal marsh ecotone.
August 2011

Alkali grassland and pool flats (seasonal wetlands) north of Potrero Hills, Scalley Road, Suisun Marsh, 2017.
Left: vernal flats (flooded) bordered by Lasthenia conjugens, Cotula
coronopifolia, April 2017.

Right: vernal flats after emergence, with Lasthenia conjugens (co-dominant),
Downingia bicornuta, Pleuropogon californicus, Arthrocnemum subterminale.

Carex barbarae
Basket sedge
Suisun Slough, Rush Ranch
May 2017

Elymus triticoides and E. x gouldii
Alkali-wildrye; creeping wildrye Lower
Walnut Creek project site
(NE quadrant, west of CSD pipeline easement)
May 2017

Long-term dominance of alkali-wildrye (Elymus triticoides) and displacement of wild radish, mustard, and
star-thistle (Raphanus sativa, Brassica nigra, Centaurea solstitialis, C. melitensis) on bay mud levees

Sonoma Baylands Main Unit, April 2005 (PG&E peninsula levee).
Radish and mustard dominant in absence of Elymus triticoides
competition 10 years after construction.

Sonoma Baylands Main Unit, April 2005 (northeast). Native creeping
perennial grass, alkali-wildrye (Elymus triticoides) colony locally
displaced invasive non-native annual forbs. Forbs are marginalized at
wildrye colony edges where perennial shoot, litter, and sod density are
lower, but increasing as the clonal population spreads outward and
downslope into pickleweed marsh.

Cullinan Ranch (E levee) 2016

Mass translocation of dormant clonal perennial dominant plant
populations
Establishment Elymus triticoides colonies by accidental bulk grading of
sods into levee slopes during construction (fall dormancy).

Sears Point (N levee, E end) 2017

Appendix F. General Conceptual Design of “Horizontal Levee”

Appendix F. General Conceptual Design of “Horizontal Levee”
The general conceptual design of “horizontal levee” (based on Oro Loma Sanitary District
prototype),includes a “seepage terrace” (low-gradient wetland slope) providing subsurface treatment
wetlands (SSTW) for tertiary treated wastewater. The figures provided herein illustrate expected water
quality functions, storm wave run-up attenuation (erosion buffering, flood buffering), and potential for
sediment nourishment (hydraulic sediment slurry addition of flood control channel maintenance
sediment) to keep pace with sea level rise. Wet meadow and brackish high marsh zones near the toe of
the seepage terraces provide resilient high tide cover (tall persistent vegetation, buffered against
drought/high salinity impacts) functioning as flood refuge for special-status wildlife species, and nesting
habitat for some waterfowl and perching birds.
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Appendix D
Public Access and Recreation

Appendix D.
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Public Access
Alternatives Evaluation

Introduction
This report is an alignment study that identifies a preferred alternative for the Iron Horse Trail from its
current terminus at Marsh Road to the San Francisco Bay Trail across the Benicia Bridge in Martinez, CA.
The Iron Horse Trail is identified in a number of local and regional planning documents, including the
East Bay Regional Park District (EBRPD) 2013 Master Plan, the 2009 Contra Costa Countywide Bicycle
and Pedestrian Master Plan. The alignment of the Iron Horse Trail along the Lower Walnut Creek
Channel is also designated by the National Park Service as the alignment of the Juan Bautista de Anza
National Historic Trail. Identifying an alignment for a continuous Class 1 paved multi-use trail through
this corridor is challenged by existing industrial uses, private property ownership, toxic and non-toxic
landfills, wetlands, utilities, flooding potential, and active railroads.
The attached map shows three separate alignments ranked by preference, one being the preferred
alignment, and three being the least preferred. The preferred alignment minimizes cost and impacts to
natural resources while providing a valuable commuter and recreational trail for the public. All
alignments will likely exist below the FEMA 100 year floodplain elevation. While alignments two and
three are included in this analysis, EBRPD will pursue the preferred alignment (Alternative 1) at this
time.

Alignment Analysis
Alternative 1
Marsh Road Bridge Replacement
The northern terminus of the existing Iron Horse Trail is on the east side of Walnut Creek at Marsh Rd.
Connecting to the west side of Walnut Creek is the crucial step toward connecting the Iron Horse Trail to
Martinez to the west. There are three possibilities identified to make this crossing: 1) construct a 300’
bicycle/pedestrian bridge crossing over Walnut Creek at some location to the north of Marsh Rd; 2)
utilize the existing Imhoff Dr bridge by constructing a barrier separated Class IV bike/pedestrian path;
and 3) construct a Class IV barrier separated bike/pedestrian pathway as part of the Marsh Road Bridge
Replacement project. All three alternatives will need to cross under Highway 4, but existing levee access
road surfaces can be utilized.
1) A trail alignment along the east side of Walnut Creek is not preferred, as it would require two at
grade road crossings of Marsh Rd and Imhoff Dr as well as a separated bridge structure to be
constructed at some point before reaching the BNSF RR tracks. The active refineries adjacent to
the east side of Walnut Creek pose a challenge to providing public access due to security
concerns. This alignment would also require additional ROW and would increase the cost
significantly by requiring design and construction of a new trail bridge.
2) A proposed alignment across the Imhoff Dr bridge to the north is not preferred. This bridge
would require pedestrian and bicycle facility upgrades on a road that experiences a high amount
of active truck traffic entering and exiting the gravel plant to the west and the adjacent

refineries to the east with a 45 MPH speed limit. Trucks were observed queueing up on the
Imhoff Dr bridge while waiting to enter these active industrial areas or taking breaks. Providing
an at-grade crossing of this road is unsafe and reducing the width is problematic for truck traffic
circulation.
3) The replacement of the Marsh Road bridge presents the most viable solution to accessing the
west side of Walnut Creek and provides connections along the CCFCD levee access road within
easements recently negotiated across private property. Marsh Rd also has a posted speed limit
of 45 MPH, but experiences lower traffic volumes and provides adequate sight lines for a safe
at-grade crossing on the west side of the new bridge. EBRPD has received confirmation that
separated bike/ped trail improvements (Class IV) of the Iron Horse Trail may be accommodated
on the new Marsh Road bridge currently being designed. This preferred alternative is shown on
the map included.
CCFCD Access Road
Utilizing the Marsh Road bridge to the west side of Walnut Creek allows the Iron Horse Trail to be
constructed on top of the existing flood control levee access road for approximately 1 mile. The safest
solution is to provide a trail that crosses under Imhoff Dr altogether. In comparison to other existing
under crossings along the Iron Horse Trail, EBRPD has determined an undercrossing is feasible at this
location. Further design and engineering of an Imhoff Drive undercrossing is required to determine
maintenance and safety concerns. From the Imhoff undercrossing traveling north the preferred
alignment will require two bridges. A 300’ prefabricated steel bridge is required to cross Grayson Creek
and a curved structure of approximately 1,100 feet in length that is estimated to cost over $10 million to
complete is required over the BNSF RR tracks. This will provide access to the Conco property to the
north of the BNSF RR tracks, where easement negotiations are currently underway.
Waterbird Connector
EBRPD is pleased to see the Conco property easement proposal moving forward and supports the
acquisition of this segment and proposed alignment. This is a positive step towards meeting CCFCD’s
public access goals for this project. EBRPD will need the easement configuration to accommodate the
landing of the 1,100’ bridge structure over the BNSF RR tracks that has yet to be designed. This may
require a minor adjustment to the proposed easement to accommodate this.
On the northern portion of the Conco property where the proposed Conco easement meets CCFCD
property, EBRPD will require a shared access easement from CCFCD to access a proposed bridge crossing
of Pacheco Creek to the Acme property to the southwest. This property is desirable as no toxic waste
was dumped here previously, so DTSC does not impose strict monitoring requirements and fewer
monitoring wells exist on the property. There is an existing road around the perimeter of this property
that provides an opportunity for an improved trail. As part of our discussions, a commitment is required
from Acme that they are interested in providing a shared easement circumnavigating this property and
confirmation that landing a pedestrian/bicycle bridge here will be feasible. Further design discussions
are also needed to identify an exact alignment, security issues, fencing requirements, utility locations,
operational requirements and constraints.
Lastly, property boundary and ownership clarification is needed adjacent to the Acme property. A
critical segment of trail ROW is required on the west side of the Contra Costa Water District property

through Vine Hill Investments’ access road and along Browning Ferris Industries property. If this
information is correct, Vine Hill Investments and Browning Ferris Industries will need to be contacted to
discuss obtaining an easement across this piece of property. If an easement is not possible across these
properties, Alternative 1 is not feasible.
Alternative 2
EBRPD does not prefer a northern alignment across the Acme property north of the Pacheco Creek
outlet. This alignment involves higher cost, physical barriers, and significant challenges for connecting to
the west along Waterfront Road. The restoration benefits are minimal and costly to relocate the CCFCD
levee and construct a shared Acme and CCFCD road and separated public access trail corridor along the
Acme property.
Extending north across the Acme property would require an additional bridge structure spanning
Pacheco Creek from the Conco property. Once on the property, a modified levee structure that will
accommodate a 14 foot wide paved trail with 2 foot shoulders will need to be constructed adjacent to a
modified levee structure. This modified structure will create wetland impacts and reduce the value of
restoration implemented here. This option leads around the edge of the Acme property where a trail
will need to be designed that restricts drainage into the wetlands along Walnut Creek. This trail will also
need to navigate around existing monitoring wells that need to be protected and remain accessible. The
entire trail alignment would need to be constructed at grade or on fill material.
This alignment would arrive at the current entrance to the Acme Landfill to the west and require an atgrade or grade-separated crossing of Waterbird Rd to access the EBRPD Waterbird Marsh property. It
will then need to traverse a steep hillslope to the existing staging area. Waterbird Rd receives heavy
truck traffic travelling to the nearby transfer station and has limited sight lines and steep cut-banks at
several locations. A separated overcrossing would improve the safety of this crossing, but would be
costly. The feasibility of constructing an ADA accessible trail from this location to the Waterbird staging
area using an at-grade crossing may not be feasible given the topography.
Our understanding is that the Acme Landfill operational permit expires in 2021. It is uncertain whether
the current owner will cease operations at that time, sell the property to another operator, or renew the
permit to continue operations. Given the unknown future of operations on this site, it may not be
responsible to invest in significant infrastructure for a public trail that will impact wetlands and may not
be required at this time.
Alternative 3
Alternative 3 was the original proposed route of the Iron Horse Trail along Walnut Creek. This analysis
shows that this would be the most costly alignment, and require avoidance and crossing of UPRR
facilities, above ground and below ground utilities, and impacts to adjacent wetlands. Given the
challenge to construct a parallel trail along Waterfront Road, the District is not encouraged to commit to
pursuing an alignment nor invest effort into a grade separated bridge structure over these facilities to
Pacheco Marsh at this time. A structure to Pacheco Marsh would be well over 1,000 feet in length and
over $15 million to implement and would not achieve the project goal of connecting to the SF Bay Trail
in Martinez.

Conclusion
Given the current conditions and all known opportunities and constraints, Alternative 1 or Alternative
1A is the best alternative to move forward at this time. EBRPD is encouraged to continue working with
CCFCD as this project progresses. EBRPD will remain flexible in its approach to changes in alignments or
unforeseen challenges that may arise. If fatal flaws are discovered while further investigating acquisition
and design of the preferred alternative, EBRPD requests the flexibility to implement alternatives two
and three with full understanding that once CCFCD moves forward with its restoration project, it may be
too late to be included in the Lower Walnut Creek Restoration Project. Some important next steps are
required to finalize a path forward the Alternative 1 trail alignment. These are:
•
•
•

•

•
•
•
•
•

Confirm with CCFCD and Caltrans that providing a separated Class IV bike/ped path on the
Marsh Road bridge is reimbursable under the Bridge Replacement Program
Receive final decision from CCFCD on the feasibility of plans for relocation, breaching, or
reconstruction of a levee along the Acme north property
Contact Browning Ferris Industries and determine the feasibility of obtaining a trail easement
across their transfer station property APN 380-030-042. Alternative 1A also requires
confirmation from Browning Ferris Industries to determine if an easement is feasible across
APNs 380-030-040 and 380-030-041. This is Alternative 1A and has ADA compliance issues, but
may be designed to meet ADA requirements if feasible
Seek clarification from Acme that they are interested in providing a shared easement
circumnavigating their southern property APN 380-030-044 and confirming the feasibility of
landing a pedestrian/bicycle bridge at this location
Confirm with Acme what the future plans for their northern green waste property may be
Verify ownership of APN 380-030-045 as Vinehill Investments Inc. and explore a possible trail
easement across this property
Verify utility constraints and locations near the Acme, Vinehill Investors, and Browning Ferris
Industries properties and identify constraints
Determine height and structure requirements for constructing an undercrossing of Imhoff Drive
Finalize easement or license agreements with CCFCD and private owners for public trail access



EAST BAY REGIONAL PARK DISTRICT

IRON HORSE TRAIL connection to WATERBIRD PRESERVE
t:\bstone\mxd projects\trails\ironhorse\irho to waterbird.mxd

0

Feet
1,000

500

PA C H E C O M A R S H
PROPERTY

MARTINEZ

o
t R
n
fro
r
e
t
Wa

ad

3

2

2

3

ACME FILL CORPORATION

CCFD
ACME FILL CORPORATION

AL
TR

2

N
CE

ACME
EBRPD

CC
SA
TA
NI

2

D
RY
TR

IS
T
IC

EAST BAY REGIONAL PARK DIST

IT VINE HILL LLC

1

1
ACME

1

WATERBIRD LLC
VI
LL
HI
NE

CONCO

LC

CCFD

ST

BROWNING FERRIS
INDUSTRIES

CCFD

NT

ME

T
WA

B
ER

L

CONCO

VE
IN

D
IR

MARTINEZ GUN CLUB

BN
SF

RR

S

NE
VI

1A

V
IN
LL
HI

CC WATER
DISTRICT

IT VINE HILL LLC

ST
M

NT
S

RY

DI

ST

RI
CT

ACME FILL CORPORATION

CC

SA

NI
TA

1

CE
N

TR
AL

GONSALVES &
SANTUCCI INC

VINEHILL INVESTMENTS INC
CENTRAL CC SANITARY DISTRICT

1

C

O

N

T

R

A

C

O

S

T

A

C

O

U

N

T

Y

MARTINEZ

1

r
Ma

Legend
Required Bridges
Hi

Preferred Alternative 1
Preferred Alternative 1A
Alternative 2
Alternative 3
Parkland
Property Boundaries

gh

y
wa

4

sh

a
Ro

d

Appendix D.

D2

Pacheco Marsh Public
Access Vision
Concepts

Pacheco Marsh Public Access Plan
Draft Vision Concepts
April 10, 2017

View of Suisun Bay from Pacheco Marsh
March 2017
photo: ESA

Pacheco Marsh Public Access Vision Concepts
The restoration of Pacheco Marsh will improve and expand tidal wetlands along Suisun Bay. These efforts will enhance habitat and
strengthen ecological resiliency along the shoreline to respond to climate change and sea level rise. The Contra Costa Flood Control
District is leading efforts to restore Pacheco Marsh as a public benefit and partnering with John Muir Land Trust to provide long term
stewardship and site protection. An element of that long term stewardship will include opening Pacheco Marsh to the public, and the
“Vision Concepts” presented here illustrate two potential approaches to public access that reflect the needs of the restoration plan and
feedback from the John Muir Land Trust regarding future use of the site.

PUBLIC ACCESS IN A TIDAL WETLAND RESTORATION AREA
Public access can take a variety of different forms and include a variety of different site elements. Some of the more familiar ones
include hiking or multi-use trails, benches or picnic tables, and educational or interpretive elements. Public access in restoration areas
is common but must be consistent with the goals of the restoration program. Similarly, public access should avoid existing sensitive
habitats and should not disturb proposed habitat areas for sensitive species.
While the restoration plan for Pacheco Marsh is currently in development, the project will create new tidal wetlands and transition
areas. The plan will additionally reconfigure and enrich the upland habitat and preserve and enhance non-tidal and seasonal wetlands.
Public access should support these restoration efforts and add value to the project in terms of additional recreational opportunities or
educational assets.
Restoration projects offer significant opportunities for passive
recreation such as hiking, biking, or birdwatching because they are a
pleasant natural environment to do these types of activities. Pacheco
Marsh has the added benefit of being located near Suisun Bay and
the Benicia Bridge, providing potential visitors with views of the water
and the ships traveling along the Sacramento River shipping channel.
Tidal wetlands additionally serve as great educational destinations for
school groups or less formal learning experiences. The loss of tidal
wetlands around the greater San Francisco Bay has caused much
concern for the preservation of this unique ecosystem. Educating
the public about the ecological value of these spaces can help create
interest in their preservation and an understanding of their function.
Developing public access features in tidal wetland areas has special
considerations as compared to other type of open spaces, including
increased costs and permitting restrictions. In general, bringing
people into tidal wetland areas requires special access features, such

Tidal Wetland

Transition

Public access in a tidal wetland restoration offers great
opportunities for education and recreation but must
ensure habitat protection and sustained ecological
function.

Uplands

Tidal Wetland

Tidal Channel

cost
permitting diﬃculty
wetland experience

Within a wetland restoration project, the public access features can generally be assumed to become more costly and
difficult to permit as they move between upland and lower areas. However, bringing people into these areas offers an
increased opportunity to engage with and learn about the wetland, enhancing their experience with the place.
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as boardwalks or railings to keep people elevated above wet areas and out of sensitive habitat. These types of amenities are more
costly to produce. Additionally, wetlands and riparian areas are protected by State and federal laws, requiring oversite and permits from
jurisdictional agencies prior to development, including the United States Army Corps of Engineers, United States Department of Fish and
Wildlife, and California Department of Fish and Wildlife.

PROCESS OF DEVELOPING THE VISION CONCEPTS
The Contra Costa Flood Control District initiated the restoration of tidal wetlands at Pacheco Marsh as part of their management program
for Lower Walnut Creek. The Flood Control District is working with Environmental Science Associates (ESA) to develop the plan that
expands the tidal wetland area, restoring this important habitat. The plan is unique in that it additionally provides a significant amount
of upland habitat and a transition area as “high tide refuge” for species that forage in the tidal wetland areas. Additionally, these areas
will serve as potential future habitat as sea level rises.
As part of this restoration, Contra Costa Flood Control District and ESA have examined historic alignments of Lower Walnut Creek as
well as how human development has affected conditions near the mouth of the creek, including the channelization of the creek and the
development of levees to create dry land within the historic marsh area. While the Lower Walnut Creek watershed has changed, this type
of historic analysis provides insight into natural flow patterns and the habitat types that developed near the mouth, which can serve as
a template for restoration.
While tidal marsh restoration and flood management is the focus of Contra Costa Flood Control District’s project, public access is
considered an important element to accommodate. The Flood Control District does not typically develop or maintain public access
amenities, although they partner with other agencies to provide these amenities along their waterways. At Pacheco Marsh, the Flood
Control District is partnering with John Muir Land Trust as a long-term operational partner and provider of public access. In an effort
to coordinate the restoration project with public access needs, the Flood Control District organized a meeting with Board Members
from John Muir Land Trust and the consultants working on the project to determine what types of public access elements should be
accommodated in the restoration plan. The meeting, held on February 15, 2017, included a presentation from Contra Costa Flood
Control District and ESA on the historical ecology of the site and the proposed restoration goals and habitat objectives. Following this
overview, PlaceWorks provided a brief overview of potential public access consideration for Pacheco Marsh and facilitated a discussion
with the board members and staff about elements to consider. Following is a brief summary of the vision and goals for public access
described by the John Muir Land Trust board members and staff. A complete summary of this meeting can be found in Appendix A.

Public Access Vision and Goals
The priority of meeting with the John Muir Land Trust was to develop a vision for how the site should accommodate public access. Many
members of the board were interested and excited to hear the history of the site and understand the restoration process. Not all of the
board members had visited Pacheco Marsh or were familiar with the habitat types that exist there but learned about the marsh through
the conversation. Based on the John Muir Land Trust’s experience at similar wetland sites, their understanding of public access at other
John Muir Land Trust properties, and their conversation with others familiar with Pacheco Marsh, the board members and staff were able
to present ideas for how the project could serve the public.
There was general agreement that Pacheco Marsh could be an excellent destination to see Suisun Bay and learn about tidal wetlands.
Board members and staff from the John Muir Land Trust thought that the site had a lot to offer as a place for solitude and to experience
nature. They noted that views of the Bay and access to the water were important to make it feel like a destination. Board members
also thought that it was important to inform people about the history of the site and the habitats that were restored. Board members
and staff were open to the idea of sharing a parking lot with the City of Martinez, who owns a park site adjacent to the marsh with an
existing parking lot. Board members and staff additionally agreed that a restroom would be important for the site. They preferred to limit
vehicular access within Pacheco Marsh and want to restrict the ongoing but unsanctioned existing motorcycle use.
There was less consensus about the level of development at Pacheco Marsh, including the need for education facilities, including a
building. Generally, most board members and staff presumed that a building would not be necessary, and having a locked facility would
have significant operations costs and would potentially invite vandalism.

PURPOSE OF THE VISION CONCEPTS AND NEXT STEPS
Following the meeting, the consultants developed two Vision Concepts that illustrate potential approaches to provide public access
at Pacheco Marsh, which reflect the ideas presented by the John Muir Land Trust. The Vision Concepts are conceptual, and while they
are generally compatible with the proposed restoration, they may need further refinement once the plan for restoration is finalized.
Following a site visit and review of the vision concepts, the John Muir Land Trust will provide feedback on the Vision Concepts and will
select features for a single “Preferred Alternative.” The features shown in the Preferred Alternative will be accommodated in the final
restoration plan to the extent possible.
The Vision Concepts and the forthcoming Preferred Alternative are planning documents. Additional design work will be necessary to
develop a complete site plan, determine construction feasibility, select site materials and amenities, and assess overall costs.
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VISION CONCEPT A:

Wetland Lessons The Story of a Tidal Marsh
In this concept, Pacheco Marsh becomes a learning
landscape for families, educational groups, and individuals
to experience a tidal wetland and discover the history of
how it has changed over time. Visitors travel on unpaved
trails and boardwalks around the edges of the upland areas
with interpretive signs and exhibits that educate visitors
about habitat areas and wildlife found in Pacheco Marsh.
Interpretive elements may include images that inform visitors
of local plant and animal species found at Pacheco Marsh
with a key to when and where to spot them. The upland area
near Waterfront Road is graded to include high point that
is used as a picnic and gathering space with an interpretive
exhibit that highlights the restoration of Pacheco Marsh and
the historic ecology of the mouth of Walnut Creek. Historic
aerials may be used to illustrate the changes in the area over
time. Visitors can consider these changes when they visit
the other elevated vista point located near the Bay. Visitors
will leave with memories from their experience, whether it
was an interesting bridge they crossed, an impressive boat
they watched travel towards San Francisco Bay, or a rare and
distinctive bird they observed among the wetland plants.

Vision Concept A includes:
»»

An elevated vista point sitting 30 feet above the Bay
offering visitors broad views of Pacheco Marsh and the
surrounding area, including Suisun Bay to the north and
Mount Diablo to the south. Visitors of all ages will have
the opportunity to learn about tidal wetland habitats
from an aerial perspective and watch large and small
boats navigate along the Bay. The route to the vista point
will be ADA compliant, opening the experience to visitors
with a range of mobility.

»»

A carefully-sited trail network of unpaved trails and
boardwalks that allows visitors to experience tidal and
non-tidal wetlands while protecting habitat. Low fencing
and bridge railings keep visitors from entering the
wetland areas. Educational signage can be incorporated
in the bridge structure.

»»

A seasonal trail along the existing levee provides access
to the Pacheco Marsh from the City of Martinez. A bridge
(maximum of 50 feet in length) along the levee allows
the tidal channel to pass into the new tidal wetland area
of Pacheco Marsh. The bridge is a good opportunity to
incorporate interpretive elements to inform the public
about the tidal wetland below.

»»

A small vehicular drop-off area located at the center of
Pacheco Marsh that allows limited vehicular access to
drop off kayaks and visitors with physical and mobility
disabilities. Access to this drop-off area could be controlled
by a gated driveway from the main parking area that
can be opened with an entry code, which visitors could
request prior to their visit.

»»

A small watercraft launch point along Lower Walnut
Creek that creates a new water access point for small
water craft, such as kayaks and canoes. The route to the
launch will cross through enhanced tidal wetlands along
a boardwalk. Small hand carts can assist kayakers or
canoers in transporting their boats from the drop-off area
to the launch point, a distance of approximately 800 feet.

»»

A elevated picnic and interpretive area near Waterfront
Road that provides a gathering place for school groups
and outings. Interpretive features in this area could
highlight the historical ecology of the area and introduce
the restoration project to the public, informing them of
the features that they will experience while at Pacheco
Marsh. The picnic area would be located approximately
ten feet above the central trail. There a two trails through
the upland in this area. One connects up to the picnic
area and the other follows the edge of the upland for
views to the tidal wetland to east.

»»

A parking area for Pacheco Marsh and restrooms that are
shared with the City of Martinez’s park located directly to
the west of the marsh.

»»

Potential future connection to the Bay water’s edge
and landing point for boaters following the Bay Water
Trail. If the Suisun Properties parcel become available,
the restoration plan my be modified, which will affect
the public access plan, potentially including a need for
additional bridges or boardwalks.

Vision Concept A Snapshot
Trail Network
12,700 feet (2.4 miles) of trail (including 2,400 feet of seasonal trail)
700 feet of boardwalk
One (1) bridge

Vehicular Access
2,500 feet (0.5 miles) of limited access trail to drop off point
6,000 square foot drop-off parking area
Lockable Entry Gate
Fencing and/or Bollards to Control Access

Visitor Amenities
Vista Point Platform (10,000 square feet)
Prefab Vault Restrooms (No Water)
Picnic Area
Four (4) to Eight (8) Benches

Interpretive Features
Ten (10) Interpretive Signs
Two (2) Viewing scopes or binoculars

Water Access
Kayak Launch
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VISION CONCEPT B:

Meditative Marsh –
Contemplation and Exploration
at the Edge of the Bay
The quiet and meditative qualities and unique setting of
Pacheco Marsh are highlighted in this concept. Visitor access
is limited to hiking for most of the site with a parking area
for cars located along Waterfront Road. Hikers can travel
out to the northern end of the Marsh and follow two loop
trails. One leads to a vista point that overlooks the Marsh
and Suisun Bay and a second, lower vista point overlooking
the enhance wetlands between Pacheco Marsh and State
Lands Commission. The second trail loops to the east along
the enhanced tidal wetland between Pacheco Marsh and
Lower Walnut Creek. The concept includes space for an
interpretive/education facility, which could be developed
as a small pavilion or a larger enclosed structure. Boaters
can access a water launch and travel along the creek into
the tidal wetland area, and to Suisun Bay. A visit to Pacheco
Marsh in this concept will provide the visitor with a peaceful
experience and memorable views of a unique landscape
and habitat areas, and will provide birding enthusiasts and
photographers with new and valued opportunities.

Vision Concept B includes:
»»

An elevated vista point sitting 30 feet above the Bay
offering visitors broad views of Pacheco Marsh and the
surrounding area, including Suisun Bay to the north
and Mount Diablo to the south. The vista point is far
from vehicular roads and will provide a quiet refuge for
watching the Bay. The route to the vista point will be ADA
compliant, opening the experience to visitors with a range
of mobility. The concept includes a second elevated vista
point siting 20 feet above the Bay that provides more
direct view of the enhanced wetland on the western side
of Pacheco Marsh.

»»

Upland and historic levee trails that bring visitors into
the project. The trails long the historic levees include two
bridges where new channels will be used to bring water
into the restored areas. The bridges provide opportunities
to incorporate interpretive elements that inform the
public about the tidal wetland below.

»»

A seasonal trail from the southern loop to two bird
blinds within the tidal wetland, which provides birders
and photographers with close access to habitat areas.
Access to the spur trail can be limited with a gate.

»»

An interpretive facility with restrooms that provides
space for events. The structure could be a small pavilionstyle facility or a larger enclosed building. The facility is
located within the upland area near Waterfront Road
and sits approximately 10 feet above the parking area.
The trail to the facility would be ADA compliant and a
spur trail would follow the edge of the upland at a lower
elevation and create a short interpretive experience for
people who cannot travel farther into the marsh. Signs
and exhibits would inform visitors about Pacheco Marsh
and the restoration process.

»»

A paved parking area within the Pacheco Marsh property
accommodating approximately 30 cars. Boaters may use
a vehicular turnaround that connects to the main parking
lot to drop off small watercraft and access a launch
point within lower Walnut Creek. Small hand carts can
assist kayakers and canoers in transporting their boats
from the drop off area to the launch point, a distance
of approximately 950 feet. This distance will likely deter
large groups from launching from this point; however,
it would provide boating enthusiasts with a new launch
point into Suisun Bay. There is a possibility of potentially
creating a new channel from Lower Walnut Creek to closer
to the upland area, which would decrease the distance
necessary to travel on land with the kayak. This channel
would require additional study to determine feasibility.

»»

Potential future connection to the Bay water’s edge
and landing point for boaters following the Bay Water
Trail. If the Suisun Properties parcel become available,
the restoration plan my be modified, which will affect
the public access plan, potentially including a need for
additional bridges or boardwalks.

Vision Concept B Snapshot
Trail Network
12,700 feet (2.4 miles) of trail (including 300 feet of seasonal trail)
1200 feet of boardwalk
Two (2) bridges

Vehicular Access
35,000 square foot asphalt parking area
Fencing and/or Bollards to Control Access

Visitor Amenities
Interpretive/Education Facility
Vista Point Platform (10,000 square feet)
Prefab Vault Restrooms (No Water)
Ten (10) Benches

Interpretive Features
Five (5) Interpretive Signs
Two Bird Blinds

Water Access
Kayak Launch
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Vision Concept A

Inspirational Images

Elevated Vista Point

Don Edwards San Francisco Bay National Wildlife Refuge
Source: Yelp user Mildred R.

Simple Overlook with Seating
Waterbird Regional Preserve
Source: East Bay Regional Parks District

Educational Kiosk/Interpretive Elements
Sycamore Grove, Livermore

Visitor Center (High Use)
Sonoma Land Trust Baylands Center
Source: Lundberg Designs
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Vision Concept B

Inspirational Images

Vision Concept A

Vision Concept B

Unpaved Trail
Napa River Trail

Bridge

Martinez Regional Shoreline
Source: Yelp user Vicky L

Boardwalk

Source: Baylands Ecosystem Habitat Goals Project

Water Access

MLK, Jr. Regional Shoreline
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Appendix A: Meeting Summary
Following is a summary of the meeting, held on February 15, 2017, with board members and staff from the John Muir Land Trust, as well
as representatives from Contra Costa Flood Control District and the consultants working on the Lower Walnut Creek Restoration project,
including ESA and PlaceWorks.

VISION
During the meeting, board members and staff from the John Muir Land Trust were asked to consider the big picture vision for public
access at Pacheco Marsh. They were asked to specifically consider two general questions:
1.

Who do you envision coming to Pacheco Marsh once it is open?

2.

What do you imagine that they are doing there?

Following is a summary of the responses. The summary is organized by topic rather than chronologically. At times, respondents would
reference an item that had already been recorded. The list below is organized with items that were mentioned often listed at the top and
noted with a check mark for the number of times it was discussed.

Types of use/Level of Use
»
»
»

»
»
»
»

»
»
»
»
»

Kayaks/canoe launches for water access. It was also noted that it would be beneficial to locate them near parking areas. 
Educational elements. 
Educational visitor center/meeting place. 
 Field Trips: Pacheco Marsh could be used as a field trip destination for kids from the area/County.
 Stories: Pacheco Marsh could be the place to tell the story of the salt marsh and its ecological function.
Connect to bike trail along lower Walnut Creek and create a “destination” at Pacheco Marsh. 
Birders: both amateur and experienced ones. 
Important to get the public to and enjoy it.
Families.
 Want to have surprising things to talk about after you leave. The view of boats could be one of those exciting things.
 Include a variety of activities for people of all ages and abilities.
Observation points. 

Good to have a place to look out and contemplate.
Meditation/quiet time. 
Photo opportunities. 
Young kids and people with disabilities. Consider a nice easy slope for the walk out to the Bay.
Users may be affected by weather. If not too windy, could include picnic tables with shade.

Design Intent/User Experience
»

»
»
»
»
»
»
»
»

Interpret the history of the site 
 Include the story of restoration. Enjoyed hearing about the historic alignments and the changing ecology over time and would
like the public to know this story. So much of this is history is not visible today and interpreting it will enhance the experience.
 Interpret the conservation story and how it is possible to bring these places back.
Ensure that ecological integrity drives the design and that the project maximizes habitat. 
Peaceful coexistence of industry and nature. This is a poetic interface.
An interpreted experience. Would like to know the best place to “watch critters,” and would like to know when they are going to be
there.
Unique because it is an incredible experience close to an urban area.
A good place to get up close and personal with animals.
The site is nice because it allows you to see the “big sky.”
Illustrate the “drama of the wetland.” Would like the site to honor the salt marsh and tidal change.
Viewing platform on the Bay. Getting to see and access the water is “a treat.”

Operational Considerations
»
»
»

Manage conflict between trail users.
Birding as an economic driver.
 People will travel to see the birds.
Incorporate operational procedures that protect habitat (i.e. seasonal closure).

Layout
»
»

Locate the staging areas/restrooms away from the road so they are less easy to vandalize.
Need to accommodate approximately 10-15 cars and buses.

Precedents
»
»

Consider looking to the following precedents projects for inspiration : Consumnes and Gray Lodge
Mission Peak as example of overuse.

SITE FEATURES
In addition to the big picture vision, board members and staff were asked to discuss site specific elements that they considered to be
appropriate for Pacheco Marsh.

Circulation
The group discussed features associated with how people would access Pacheco Marsh and how they would move within it.

PARKING/TRAILS/BOARDWALKS
»
»
»
»

For one alternative, use city of Martinez parking lot in one alternative.
ADA compliant multi-use trail to the Bay.
 Hiking only into marsh, spurs to go off for quiet reflection.
No public vehicular access into most of Pacheco Marsh.
Bridges are okay if they allow for increased restoration.

OBSERVATION POINTS
»
»

High overlook to see the Bay.
Viewing blinds at ponds/in wetlands.

WATER ACCESS
»

Kayak/canoe launch close to staging with support (i.e. wheeled carts to get to the water’s edge).

Education/Interpretation
The group discussed how to provide educational and interpretive experience.
»
»

»

No interest in public art.
Interpretive signs with pictures that enhance the project but do not interfere too much. Could include:
 Species that live at Pacheco Marsh.
 Story of the marsh and the history.
 Daily cycles of the tides and changes of sea level rise over time.
Mobile or virtual interpretation, such as cell phone tours or web-based experiences for people unable to travel to Pacheco Marsh.

Site Amenities
The group discussed specific site amenities that would be important for public access.
»
»
»
»
»
»

Bird blinds. 
Hiking trails.
Guided educational tours.
Boardwalks. These can also provide architectural interest if well designed and constructed.
Benches. 
Restrooms.

Appendix B: Conceptual Cost Estimate
The tables below represent conceptual cost estimates for the two Vision Concepts for Pacheco Marsh. These estimates make general
assumptions about the project and are not intended to serve as final proposal for construction but rather are intended to help assist in
decision making for site planning.

Vision Concept A Conceptual Cost Estimate
Trail Network

Vision Concept B Conceptual Cost Estimate

$1 - 1.5 million

Trail Network

$1.4 - 1.9 million

12,700 feet (2.4 miles) of trail

$400 - $500k

12,700 feet (2.4 miles) of trail

$400 - $500k

700 feet of boardwalk

$500 - $600k

1,200 feet of boardwalk

$700 - $900k

One (1) bridge

$300 - $350k

Two (2) bridges

$380 - $450k

Vehicular Access

$40 - $350k

Vehicular Access

2,500 feet (0.5 miles) of limited access trail
6,000 square foot drop off parking area

$75 - $100k
$20 - $25k

Lockable Entry Gate
Fencing and/or Bollards to Control Access

Visitor Amenities

$5k
$8k - $300k

$300 - $600k

$600 - $1 million

400 feet of driveway

$75 - $100k

35,000 square foot asphalt parking area
Fencing and/or Bollards to Control Access

Visitor Amenities
Interpretive/Education Facility

$550 - $600k
$8k - $300k

$750k - $2.5 million
$500k - $2m

Vista Point Platform

$100 - $300k

Vista Point Platform

$100 - $300k

Prefab Vault Restrooms (No Water)

$140 - $200k

Prefab Vault Restrooms (No Water)

$140 - $200k

Picnic Area
Four (4) to Eight (8) Benches

Interpretive Features
Ten (10) Interpretive Signs
Two (2) Viewing scopes or binoculars

Water Access

$40k - $80k
$8 - $16k

Ten (10) Benches

Interpretive Features

$30 - $65k

Five (5) Interpretive Signs

$25k - $50k

Two Bird Blinds

$6 - $8k

Water Access

$50 - $100k

Kayak Launch

$20 - $35k

$165 - $230k
$15 - $30k
$150 - $200k

$50 - $100k

Kayak Launch

Conceptual Capital Costs

$1.6 - $3 million

Notes:
1. Costs estimate is preliminary rough order of magnitude and will require
project refinement to further develop estimates.
2. Costs do not include soft costs such as permitting, design and construction
management.
3. Cost estimate does not include tidal wetland restoration costs and assumes
that all grading will be completed as part of the restoration.
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Conceptual Capital Costs

$3 - $5.6 million

Notes:
1. Costs estimate is preliminary rough order of magnitude and will require
project refinement to further develop estimates.
2. Costs do not include soft costs such as permitting, design and construction
management.
3. Cost estimate does not include tidal wetland restoration costs and assumes
that all grading will be completed as part of the restoration.

