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EXECUTIVE SUMMARY
The following Management Plan (Plan) was developed to provide Mt View Sanitary District (MVSD
or the District) staff involved in the use, maintenance, and oversight of Moorhen Marsh (Marsh)
with a written resource on the history and current conditions of the Marsh as well as a course of
action to further preserve, enhance, and improve the wildlife habitat and the visitor and educational
experience of this unique setting.
The Plan designates five key objectives listed here and described below:
1. Understand Starting Conditions
2. Identify Structural and Operational Improvement Needs
3. Develop and Implement Pond and Levee Repair and Maintenance Program
4. Improve Aesthetics and Enhance Visitor Experience
5. Address Noxious Weed Abatement and Habitat Improvements
Understand Starting Conditions
MVSD provides advanced secondary treatment of wastewater for the City of Martinez and
surrounding unincorporated areas prior to releasing it to Moorhen Marsh at an average rate of 1.25
million gallons per day (MGD). The District is able to discharge directly from the treatment plant to
the Marsh under an exception to its NPDES permit. The exception is based on sustaining a 20-acre
constructed marsh as a net environmental benefit. The recognized environmental benefit is a
protected, high quality wetland habitat for resident and migrating birds and other native wildlife.
Discharge from the treatment plant circulates through a series of ponds enclosed by earthen levees.
Currently, plant discharge flows through Ponds A-2 and A-1 into Fat Slough, and then into Ponds
D, C, E and B via various piping, slide gates and weirs. From Pond B the treated effluent is
discharged to Peyton Slough (the receiving waters) and then McNabney Marsh and finally into the
Carquinez Straight (Figure 5).
The Marsh has been successfully collecting and conveying treated effluent without major incident,
and the marsh/pond habitat has been largely self-sustaining, since its creation in 1974. Although
there have been few serious issues with infrastructure, the levee and pond conditions within the
Marsh are less than ideal because of aging infrastructure, levee erosion, and pond sediment and
biomass accumulation since the Marsh’s phased construction in 1974 and 1977. According to
District records and communications with staff, localized and intermittent levee repairs and pond
dredging were performed on an as-needed basis and without specific District design standards. The
general Marsh footprint has remained consistent over the years. However, pond depths have
fluctuated, levee and road sections have been raised, and water conveyance structures replaced.
In addition to providing critical wildlife habitat, the Marsh is a superb setting for environmental
education programs and public visitation. Moorhen Marsh is open to the public during regular
business hours. The Wetlands Field Trip Program has been going strong since 1996, providing
visiting elementary school students with hands-on outdoor experiences. Wetland birding field trips
are made available to the public several Saturdays each year, and additional wetlands education
programs are offered to community and college groups. Onsite education facilities include the
Interpretive Center, the Wildlife Garden, and eight interpretive panels interspersed throughout the
Marsh. These programs are supported by the Dorothy M. Sakazaki Environmental Endowment
1

Fund, a nonprofit public benefit corporation created to honor a past Board member dedicated to
MVSD, its rate payers, and its many successful environmental programs.
Identify Structural and Operational Improvement Needs
Informational gaps exist regarding the type and condition of existing water conveyance structures,
levee state, and pond depths. It is recommended that the map developed under this effort be field
verified. The field verification, performed by District staff and/or consultants will hopefully add
detail regarding conveyance structure type, condition, and elevation, as well as target and prioritize
specific structural and operational improvement needs.
Currently, the District is considering diverting a portion of treated effluent for reclaimed water
supplies to local industry. A preliminary water balance assessment was performed to determine the
current flow conditions of the Marsh and identify the volume of effluent that could be diverted for
reclaimed water without detriment to the Marsh. The water balance results show that current
residence time in the ponds under the 1.25 MGD average plant discharge rate is roughly 11.5 days in
the summer and 7.5 days in the winter months, well within the desirable 14 to 21 day turnover rate
recommended for maintaining water quality. Under current Marsh conditions a 1.0 MGD diversion
would increase pond residence time to almost 30 days during the summer months and would not be
a viable option. However, if the proposed levee and pond improvements are implemented,
including wetland bench features and wildlife islands, the overall Marsh capacity would be reduced,
possibly allowing for a diversion of treated effluent up to 700,000 gallons per day for reclaimed
water use.
Develop and Implement Pond and Levee Repair and Maintenance Program
Currently, sections of earthen levees have eroded or been directly undermined during past sediment
removal operations. Prime examples include the mostly vertical levee banks adjacent to the southern
access road on Pond A-2, and the levees around much of Pond C.
The levee and pond maintenance goals under this plan include: providing a more comprehensive
approach to levee assessment, repair, and monitoring; conducting annual surveys of levee
conditions; and developing a specific set of proven levee design and repair options. Widening levees,
providing wetland benches, and integrating biotechnical treatment measures are recommended
approaches that are also compatible with the habitat enhancement improvements proposed under
the master plan.
The master plan provided in this document illustrates proposed habitat enhancements and provides
a structure for their phased implementation as well as scheduled maintenance and operation
activities. The master plan includes proposed areas of more permanent water habitat with depths
five feet or greater, new and expanded levee floodplain and wetland benches targeting increased
riparian and wetland habitat and indirectly improving levee stability, and additional and enhanced
wildlife islands and peninsulas. These enhancements should proceed in conjunction with any
planned effluent diversions to ensure habitat functions and values are maintained or improved.
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Several target investigations, design development steps, and potential permitting needs are described
to help District staff move forward with enhancement and maintenance efforts.
Improve Aesthetics and Enhance Visitor Experience
The Plan describes opportunities for improved educational facilities and visitor aesthetics in the
form of walkways and viewing platforms throughout the Marsh.
Address Noxious Weed Abatement and Habitat Improvements
Vegetation management, including noxious weed assessment and control and riparian and wetland
planting pallets and monitoring plans, are discussed in collaboration with the larger infrastructure
improvements. Fish monitoring and pest control are also addressed in the Plan, as well as habitat
enhancements including basking logs for western pond turtles and other reptiles and raptor perches.
All of the above are accompanied by recommended timelines for implementation.
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I.

INTRODUCTION
Since its creation in 1974 as an “environmental benefit” to receive treated effluent from the Mt View
Sanitary District (MVSD), the 20-acre Moorhen Marsh has evolved into a complex ecosystem and
freshwater habitat oasis in the midst of large refinery and transportation facilities. It supports a wide
variety of freshwater pond and wetland species and serves as an outdoor educational resource for
visiting schools and the public (Figure 1).
Figure 1. Moorhen Marsh and Surrounding Facilities

Source: Google Earth 2012

This document lists the primary management plan (Plan) objectives and provides information on
key site features including current pond structure, levee condition, site programs, and ongoing
operations. Utilizing an adaptive management strategy, the Plan identifies actions to achieve
objectives, meet the needs of the site, and improve overall conditions. Through data collection,
monitoring and evaluation efforts, managers will be able to fine tune and revise the objectives and
actions introduced here while safeguarding the site’s critical habitats. Figure 2 demonstrates the
active management process.
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Figure 2. Adaptive Management Cycle

Source: Wetland Management Planning a Guide for Site Managers (WWF 2008)

The desired appearance and functionality of this unique facility can be targeted and achieved by
managing the Marsh complex as a whole under this Plan and identifying, implementing, maintaining,
and monitoring for all the various elements that contribute to its performance and aesthetics
including ideal levee and pond structure, flow routing, vegetation composition and habitat
complexity.

Key Terms
The following key terms used in this management plan are defined as follows:
Acre-foot. The volume of water, 43,560 cubic feet that will cover an area of one acre to a depth of
one foot.
Baffle. Structures installed within a reservoir, pond, or water treatment facility to direct water flow
along the longest possible path to increase residence time.
Bank or Levee Toe. The base of an inclined slope, as in the case of a channel bank or levee slope.
Bathymetry. Measurements of the depths of water bodies from the water surface.
Bathymetric Survey. Topographic mapping of the ground below the water surface. Can be done
with land (topographic) survey equipment when the waters are shallow, but is more typically
conducted in deeper waters with a transducer fixed to a boat that transmits a sound pulse from the
water surface and records the signal when it bounces back from the bottom of the water body (EPA
2013).
Biotechnical Revetments. Combining structural or mechanical and vegetative elements to stabilize
banks or slopes. Often woody plant materials are installed in a manner to provide both a structural
component and establishment of vegetation.
BOD. Biochemical Oxygen Demand. A measure of the quantity of oxygen used by microorganisms
in the oxidation of organic matter.
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CAD. Computer Aided Design. A software used by engineers, architects and others to create
precision drawings or technical illustrations.
.
CF. Cubic Feet. A measure of volume.
Coffer Dam. A temporary barrier built to exclude water from an area normally submerged in order
to access that area and make repairs or improvements. There are various types of coffer dams,
including ones constructed from sandbags wrapped in plastic, steel sheet piling, or a water-filled
dam.
CMP. Corrugated Metal Pipe. A type of pipe often used in storm drainage applications.
DWR. Department of Water Resources
Evapo-transpiration (ET).The sum of water lost to the atmosphere from surface water bodies and
the ground surface (evaporation) and from plant leaves (transpiration) (USGS 2013).
Floodplain/Riparian Bench. In the context of this Plan it is the land along the margins of the
ponds set at a slightly higher elevation than the wetland bench described above, typically 0.5 to 1.0
feet above the pond surface that is better suited for native riparian trees and shrub success.
Freeboard. The difference in elevation between the levee or spillway crest and the pond water
surface.
Hydrophytes. A plant that grows wholly or partly submerged in water.
Infiltration. Percolation of water through the ground surface into the sub-surface soil.
Invasive Species. A species that is non-native to the ecosystem under consideration and whose
introduction causes or is likely to cause environmental harm (NISIC 2012).
Invert Elevation. The elevation at the bottom of the inside pipe wall often used in drainage
calculations.
MGD. Million Gallons a Day. A measure of flow volume.
NPDES. National Pollution Discharge Elimination System. A permit program administered by the
state under the supervision of the United States Environmental Protection Agency.
NVGD 29. The National Vertical Geodetic Datum of 1929 (NVDG 29) is a vertical control datum
established for vertical control in the United States by the general adjustment of 1929 (National
Geodetic Survey 2013).
Pond Topography. Detailed map of the surface features of the ponds and levees indicating their
relative positions and elevations.
Residence Time. The amount of time that water remains in the pond system.
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Rip Rap. A cover of rock, also called rock slope protection used to armor and stabilize banks.
TSS. Total Suspended Solids. The particles suspended in water which will not pass through a filter.
Turnover rate. The amount of time it takes for the pond system to pass the total volume of the
ponds through the system, similar to residence time.
Wave fetch. The distance a wave has traveled. The size and energy of a wave is influenced by the
wave fetch and the strength of the wind.
Weir. An overflow structure built across an open channel or outlet to raise the upstream water level
or measure the flow of water.
Wetland Bench. In the context of this Plan it is the land along the wetland/pond margins that is at
an optimum elevation/water surface depth for emergent wetland plant species to grow and
propagate.
Wind Wave Shear Stress: Force applied by waves parallel to the levee and bank surfaces causing
them to strain or degrade.

Management Plan Objectives
The primary goals of this management plan are as follows:
Understand Starting Conditions
Historical documentation including design plans, maintenance records and past marsh enhancement
efforts are either missing or stored at various facilities with limited access. An improved
understanding of the existing Marsh infrastructure is essential in applying appropriate management
measures, therefore compiling as many of the existing documents as possible is a critical first step of
the Plan.
Moorhen Marsh design plans and reports have been collected and reviewed and personal
communications made with MVSD staff and consultants to better understand the starting and
ongoing conditions. Despite these efforts, there are still areas of uncertainty. This Plan addresses
these areas through proposed field investigations, surveys, and continued data collection. A detailed
discussion of starting conditions is provided in the section Moorhen Marsh Site History and
Operations, below.
Identify Structural and Operational Improvement Needs
The Marsh has been successfully collecting and conveying discharged treated effluent without major
incident and the marsh/pond habitat has been largely self-sustaining since its creation in 1974. This
suggests the Marsh was well designed and constructed and is not subjected to wide fluctuations in
effluent chemistry or volume. Modifications have been made to the ponds, levees, and infrastructure
intermittently, either in response to localized repairs needed or to adapt to wastewater treatment
plant upgrades. Examples of this include installing rock rip rap on levees to control erosion,
4

removing vegetation and sediment from ponds, eradicating noxious weeds on levees and islands,
replacing pipes and weirs, and rerouting water flows.
There are currently several eroded levee sections in need of repair. Much of the conveyance
infrastructure it old or outdated making it a strong possibility that repairs or replacements to gated
weirs and piping will be needed in the near future to avoid any potential interruption of service due
to equipment failure.
By identifying structural and operational improvement needs for the Marsh as a whole, the MVSD
intends to take a more systematic and proactive approach using the Plan as a guide towards effective
and efficient infrastructure management.
Develop and Implement Pond and Levee Repair and Maintenance
Program
As stated above levee repairs and pond sediment removal has been conducted on an “as needed”
basis. There has not been any maintenance to the levees in the last ten years resulting in potential
stability and safety issues. The ponds have not been dredged in recent years either. The last
documented sediment removal effort was in 1988 in response to cattail growth and loss of open
water specifically in Ponds D and E (Nute Engineering 1988) and sediment was removed in Pond
A-2 in 1994 (Dale Riddle MVSD SSMP/Maintenance Coordinator, pers. comm. 2012).
The development and implementation of a pond and levee repair and maintenance program aims to
hone in on an optimum levee and pond structure and then apply a repair and maintenance program
that sustains those target features. If done correctly future repairs will be minimized and desired
habitat maximized.
Improve Aesthetics and Enhance Visitor Experience
The Marsh, with its diverse freshwater habitat and array of migratory and year-round wildlife
provides a unique outdoor setting for public visitation and educational programs. The site is visited
by numerous elementary school students and several colleges and universities access the site for field
trips and scientific investigation. The general public is allowed access to the site for bird watching,
photography, and related activities during normal operating hours. Being the output to a wastewater
treatment plant encroached on all sides by industrial facilities and busy highways it is not surprising
that the Marsh obligates the visitor to less than pristine viewsheds, louder sounds, and more pungent
smells than a more natural wetland setting as well as supports a greater number of exotics and
invasive plants along its banks. There is an existing outdoor classroom facility that provides shaded
tables and storage for educational materials and a small gated pier on Pond A that can be accessed
for supervised water sampling activities. Although these facilities have proved adequate in the past,
there are simple and innovative ways to improve the visitor’s marsh experience.
Improving aesthetics and enhancing visitor experience include vegetation and structural installations
such as riparian tree plantings and open water viewing platforms and marsh improvements include
stabilizing levees and trails and increasing wildlife islands and wetland benches to enrich the natural
setting and human visitor interaction.
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Address Noxious Weed Abatement and Habitat Improvements
The Marsh supports a variety of native flora and fauna, but also hosts a number of exotics, as well as
invasive plant species that have the potential to overrun the more desirable plant palate. Presently
there are five major species of concern the MVSD would like to target for reduction and removal:
x

perennial pepperweed (Lepidium latifollium)

x

poison hemlock (Conium maculatum)

x

bristly ox tongue (Picris echoides)

x

milk thistle/other thistles (Silybum, Cynara, and other genera)

x

Himalayan blackberry (Rubus armeniacus)

Addressing noxious weed abatement will improve native species growth by alleviating competition
from exotics and addressing habitat improvements will increase the variety and numbers of native
wildlife that interact with the marsh
throughout the year.
The MVSD would also like to identify
improvements and long-term management of
certain wildlife species where there is value in
increasing their use and numbers at the site.
Among these are the western pond turtle
(Actinemys marmorata or Emys marmorata),
migratory nesting birds including green heron
(Butorides virscens), waterfowl, and several
species of song birds.
Installing island enhancements.
(Photo Source: Kelly Davidson Chou)

Moorhen Marsh Site History and Current Operations
The MVSD provides advanced secondary
treatment of domestic, commercial, and some
industrial wastewater for roughly 19,000
residents of the City of Martinez and
surrounding unincorporated areas. The
treatment plant has a 3.2 million gallons per day
(MGD) dry weather capacity and up to 10.94
MGD peak wet weather capacity. 1.25 MGD of
treated discharge on average is released to the
Marsh with a maximum daily effluent flow of
6.4 MGD recorded during the period September
2008 to August 2009. The wastewater treatment
plant (Plant) discharges secondary-treated,

Gated weir from Pond A on Peyton Slough.
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filtered, and disinfected effluent to the Marsh where it circulates through the freshwater ponds prior
to discharging to Peyton Slough. Peyton Slough carries the effluent into the 137 acre McNabney
Marsh and ultimately to the Carquinez Straight (SFRWQCB 2010).
Wetland Design and Implementation
The MVSD initiated Moorhen Marsh as a pilot project in 1974, constructing Ponds A and B
between the Plant and Peyton Slough as an alternative to piping the treated discharge an extensive
distance out and deep into Carquinez Straight to meet federal and State water quality regulations.
Following the success of Ponds A and B the remainder of the Marsh incorporating Fat Slough and
additional Ponds C, D, and E west of Peyton Slough, was designed and built around 1977.
Pond circulation achieved via piping, slide gates and timber plank weirs at strategic locations
throughout the ponds has changed significantly since the original 1977 construction and operation.
At that time the treatment process used chlorine injection which required a long discharge pipe from
the plant outfall to Pond D in order to achieve adequate chlorine residence time. From Pond D
flows went into Ponds C and E, and was piped back under Peyton Slough and into Ponds A-2 and
A-1 via Fat Slough, and finally into Pond B, before discharging into Peyton Slough (Figure 3).
Figure 3. Moorhen Marsh General Plan View 1977

FAT SLOUGH

Source: Nute Engineering, Date Unknown
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The overall footprint of the 1977 ponds was similar in size to that of the ponds today. The original
design was for fairly shallow ponds with bottom elevations between 0 and 0.5 feet (NGVD29) and
target water surface elevations typically 1.6 to 1.8 feet. Additional differences between the original
ponds and those of today include: Pond D had a series of 4-foot wide (top width) earthen baffles
indicating the desire for increased residence time following pipe discharge and Pond C included
constructed islands (Figure 3). A 14-foot wide access road was constructed along the southern and
western borders and the remaining ponds were isolated via 10-foot wide earthen levees typically 3.5
feet above the pond bottom. The earthen levees structural components were a 3-foot by 1-foot deep
keyway and 1.5 to 1 compacted slopes (Figure 4).
Figure 4. 1977 Levee Cross-Section

Source: Nute Engineering 1977

Sediment Removal and Levee
Repairs
Plans from the late 1980s (Nute Engineering
1988) indicate there were efforts made to remove
sediment and vegetation from Ponds D and E.
There is a noticeable deterioration in the baffles
in Pond D which could easily have led to some of
the sediment buildup in those ponds thirty years
ago. There may have also been a desire at the
time to eliminate submergent vegetation from
Pond D given the proposed elevation was 3.0 feet
lower than that proposed for Pond E.
8

Island features in Pond A-2

Sometime between 1988 and 1995 the Marsh pond circulation changed. This change coincided with
the replacement of chlorination with ultra-violet disinfection as a final treatment step prior to
discharge to the Marsh. Ultra-violet disinfection eliminated the need for chlorine residence time,
which allowed for the discharge pipe to be moved and shortened to outlet from the Plant directly to
the southeast corner of Pond A-2, where it resides today. With the new discharge outlet at Pond A2, circulation was most likely similar to present day operations described below.
MVSD staff reported a second large dredging effort in 1994 which focused on Ponds A-1 and A-2,
deepening them to 4 to 5 feet and creating five islands in Pond A-2 (Dale Riddle, pers. comm. 2012).
The Pond A-2 islands have since changed in size and condition, likely due to wind and waves. Field
observations indicate these ponds have likely deepened, however written records to support this
have not been located. Additional statements were provided suggesting that maintenance crews in
the past used backhoes or small excavators to clear the vegetation and material from the toe of the
banks out as far as the backhoe arm could reach (Ed Nute, Principal Nute Engineering pers. comm. 2012).
According to MVSD staff, no major repairs have been conducted on the levees in the last ten years
and no dredging has taken place since the 1994 effort (Kelly Davidson Chou, MVSD Wildlife Biologist
pers. comm. 2012 and Dale Riddle pers. comm., 2012).
Levee and road sections were raised and several water control structures were replaced as shown by
1993 and 1995 plans and smaller, localized repairs were made to the levees in more recent years as
described by MVSD staff. The following summarizes existing conditions however there are still
information gaps in terms of specific water control structure types and condition and
comprehensive levee state and repair needs throughout the Marsh.
A preliminary map of the current pond circulation, water control structure locations, type and
elevations, and recently performed and currently needed levee repairs is exhibited in Figure 5 below.
One of the first priorities of the Plan will be to take this map to the field to validate, correct and add
detail to each type of water control structure shown, report on its condition and map the full extent
of levee degradation and repairs needed per “Improve Levee System and Conduct Water Control
Structure Assessment” items listed in Table 15.
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Current Pond Circulation
As the flow direction arrows in Figure 5 show, the treated effluent discharges from the Plant into
the Marsh via a 36-inch pipe at the southeast end of Pond A-2. It flows through Ponds A-2 (4-acres)
and A-1 (1.2 acres) before discharging through Water Control (WC) Structure #2 of unknown type
into a 24-inch reinforced concrete pipe (RCP) at WC Structure A. The water flows westward
through the RCP to a double siphon structure that includes WC Structures B, C and D.
The double siphon structure provides flexibility with flow distribution to and from the ponds on the
west side of Peyton Slough. As it is currently understood water flows through WC Structure B, dips
below Peyton Slough and back up to discharge to Pond D (1.9-acres) through WC Structure D.
Water then flows through Pond D and into Ponds C (2.2-acres) and E (2.4 –acres) to the north and
south via weirs of unconfirmed type and into WC Structure C through opened mechanical canal
gates. All WC Structure C and D openings are fitted with canal gates and there are additional outlets
on Ponds C and E to the north and south respectively, enabling the circulation pattern to be
reversed or individual ponds C, D and E to be taken offline if and when the need arises.
In the current circulation pattern flows pass through WC Structure C and are conveyed to Fat
Slough (0.5-acres) via WC Structure B and then into Pond B (2.9-acres) through WC Structure 3 of
unknown type. Flows travel northwestward through Pond B and discharge into Peyton Slough via a
30-inch corrugated metal pipe (CMP) set at invert elevation (i.e. the elevation of the inside bottom
of a pipe) -2.0 feet (Nute Engineering 1995). Similar to Ponds C and E, Pond A-2 has an additional
outlet to the southwest which is presently kept closed.
As long as the water control structures are in good working order, their location and configuration
provides the ability to take individual ponds off line when needed, such as when pond maintenance
is required or improvements are constructed. The exception to this is Pond A-2, which would
require installation of a temporary above ground pipe to discharge the treated effluent from the
Plant to a different pond during the time it is off line.

Existing Visitor and Education Programs
Wetlands Field Trip Program
MVSD’s commitment to public service and pollution prevention goes far beyond permit
requirements and compliance considerations, and the MVSD’s environmental education program is
a prime example of this commitment. The Wetlands Field Trip Program (WFT), MVSD’s most
popular education program, celebrated its 15th anniversary during the 2010-2011 school year. Since
its inception, the program has attracted a loyal group of teachers who return year after year. The
science education program, formerly known as the Interpretive Center Program, began in 1996 as a
field trip experience for Martinez elementary schools. Thanks to dedicated contributors, including
the Shell Martinez Refinery and grant funding from the Contra Costa Fish and Wildlife Committee,
students from schools throughout the county can participate in this award-winning, hands-on,
outdoor experience.
The program is available free of charge to all schools in Contra Costa County. Field Trips are led by
instructors from the Lindsay Wildlife Museum Wednesday through Friday from late September to
late May. During the four-hour program, students are divided into small groups that rotate through
11

four stations, including a treatment plant tour, a dip-netting activity, an exploratory wetlands hike
through Moorhen Marsh, and either an animal study activity for younger students (1st-3rd grades) or a
water quality assessment activity for older students (4th grade and above). Typically, 60 to 65 field
trips are scheduled annually.
MVSD believes that the WFT Program is helping Contra Costa County teachers bring science alive
for their students since the curriculum meets a number of science content standards for third,
fourth, and fifth grades. The year it was implemented, the program received the Public Education
Award from the California Water Environment Association, and was recognized in 2006 by the San
Francisco Bay Regional Water Quality Control Board with the “Award of Excellence” in pollution
prevention.

Wetlands Birding Field trips
MVSD’s Biologist offers free, wetlands birding field trips on Saturdays several times each year.
These walks are typically offered in the spring and fall. Outings are scheduled in advance and are
advertised in the MVSD’s public newsletter, the Mt. View Monitor, as well as through local
newspapers and websites. All birding levels are welcome to participate. Additionally, Mt. Diablo
Audubon Society (MDAS) organizes visits to Moorhen Marsh in March and November every year.
MDAS’ annual Christmas Bird Count for Central Contra Costa County includes counts in both
Moorhen and McNabney marshes. Count statistics are provided to the MVSD Biologist.

Other Marsh Education Programs
MVSD currently provides wetland tours for college and university classes, as well as programs for
community groups including scout troops, photography groups, nature discovery and birding
groups, among others. These programs typically run between one to three hours in length and must
be scheduled in advance through the MVSD Biologist. Statistics for all of MVSD’s education
programs can be found in the Annual Pollution Prevention Report published every August.

General Visitor Experience
Moorhen Marsh is open to the general public during regular business hours: Monday through
Thursday 8:00 AM to 4:30 PM and Fridays 7:00 AM – 3:30 PM. It is closed during observed
holidays. All visitors must check in at the Administration Building and Learning Center prior to
visiting the marsh. Access to the picnic tables at the Interpretive Center is available Mondays and
Tuesdays throughout the year, and in the afternoons Wednesday through Friday when field trips are
in session. Interpretive panels on the natural and cultural history of Moorhen Marsh have been
placed near the Interpretive Center, the Wildlife Garden, and along Peyton Slough and several
ponds in the Marsh, as shown in Figure 6 and Attachment D.
To help visitors get the most out of a visit to Moorhen Marsh, the MVSD provides several
complimentary brochures. These include:
x
x
x

A map of Moorhen Marsh trails and ponds
The “Bird Checklist for McNabney Marsh and Moorhen Marsh”
A beginner’s birding guide, “Birds of McNabney Marsh and Moorhen Marsh”, with
illustrations of the most commonly seen species in the marsh system.
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All three documents can be found at the Administration Building and Learning Center when
checking in before a visit.
The Dorothy M. Sakazaki Environmental Endowment Fund
In January 2012, the MVSD Board of Directors unanimously voted to create a new nonprofit
organization honoring Dorothy M. Sakazaki – a past Board member who was exceptionally
dedicated to MVSD, its rate payers, and its education programs. The creation of this nonprofit
public benefit corporation, the Dorothy M. Sakazaki Environmental Endowment Fund, allows
the MVSD to more actively seek grants and other gifts to support the MVSD’s environmental
programs, including the WFT Program and the management and enhancement of its 150 acres of
wetland habitat which includes Moorhen and McNabney marshes. With the creation of this new
fund, MVSD can better manage its many environmental programs while lessening the financial
burden to rate payers.

Permit Conditions
The MVSD is able to discharge directly from the Plant to the Marsh under an exception granted by
the San Francisco Regional Water Quality Control Board to Prohibition 1 of the National Pollution
Discharge Elimination System (NPDES) permit that requires treated wastewater effluent discharges
to receive a minimum 10 to 1 initial dilution unless conveyed to dead end sloughs. The exception
falls under Resolution No 94-086 entitled, Policy on the Use of Wastewater to Create, Restore,
and/or Enhance Wetlands and is based on the Plant effluent sustaining a 20-acre constructed marsh
that provides high quality habitat for indigenous and migrating birds and other wildlife and results in
a net environmental benefit.
There are required Plant discharge effluent limits under the NPDES permit (Order No. R2-20100114, NPDES No. CA0037770); however they don’t necessarily have a bearing on the required
chemistry of the Marsh since they are met and monitored at E-001, the point of compliance
upstream of the outfall to Pond A-2. Effluent limitations at E-001 include a pH range of 6.0 to 9.0,
30 mg/L of Biological Oxygen Demand (BOD) and Total Suspended Solids (TSS) as a 30-day
average and 85 percent removal of BOD and TSS.
Although not required to provide additional water treatment, it is believed the Marsh provides
additional polishing effects improving the water quality of the discharge as it moves through the
series of ponds, however there has not been any focused studies to validate this. Effluent data from
E-001 shows that the discharge does not exacerbate any Dissolved Oxygen (DO) or pH imbalances
in the Marsh but that the Marsh exhibits its own natural oscillation in DO and pH levels as
demonstrated by continuous monitoring sonde data collected by the MVSD (Lilia Corona MVSD
Chemist pers. comm.. 2012).
Under the existing permit conditions the MVSD must ensure that the Marsh continues to be a self
sustaining ecological habitat in order to continue to operate the treatment plant and provide service
to the City of Martinez and surrounding areas.
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II.

MANAGEMENT PLAN AND APPROACH
Implementation Strategy
The next section outlines program elements that will be essential in maintaining a self-sustaining
wetland ecosystem to support local wildlife, continued environmental educational opportunities, and
compliance with existing permits. A Master Enhancement Plan is introduced that presents a
compilation of wetland enhancement opportunities that will not only aid in levee stability and pond
longevity but also improve aquatic and terrestrial habitat for a greater variety of wildlife.
In moving forward with the management plan it is recommended that a feasibility analysis be
conducted on the preferred elements, evaluating costs for each, in order to inform the decisionmaking and prioritizing process. Program elements are summarized at the end of each section and
time frames for their implementation are provided in Table 15 at the end of this document and will
be further refined to more clearly designate which efforts are on the short term track and which may
take longer to implement due to capital funding or design requirements. The Plan’s adaptive
management strategy includes annual, every five years and every 10 year tasks in order to remain
proactive in improving the Marsh, avoid neglect, and continue to integrate what is learned into the
Plan to make it better.

III.

MANAGEMENT PLAN ELEMENTS
Water Balance
The Plant discharge rate to the Marsh has remained fairly consistent over the last thirty years while
water surface levels and pond depths have varied as a result of dredging and levee filling activities to
alleviate sediment and plant material accumulation. Choosing a target water surface elevation for
each pond as a starting point for the water balance assessment is thereby challenging since the
documentation shows varying levels and often contradicts original 1974 and 1977 design levels and
current levels reported by MVSD staff.
As a starting point for this Plan the water surface levels were taken directly from a 2002 CAD
topographic base map provided by LLC Inc. the most recent documented source. These levels are
also part of the underlying base map in Figure 5. Table 1 compares the input values used (shown in
green) based on the 2002 base map to values provided in an undated Fact Sheet used by the MVSD.
Surface areas of the ponds are very similar with differences of two tenths or less, however average
depths differ by one to two feet between the 2002 base map and Fact Sheet for all ponds except C
and D. Much of the difference can be credited to pond vertical changes over time as vegetation grew
in and plant material was deposited and removed. Given the uncertainties with true pond depths at
this time a critical first step to fine-tuning the Water Balance assessment presented here is to
conduct a bathymetric survey of the Marsh or at least a field investigation of current pond depths as
one of the first phases of this plan.
The 2002 water surface elevations agree with current Marsh circulation decreasing in elevation as
you move from pond to pond with the exception of Pond C, which is one tenth higher in elevation
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than Pond D. This could be attributed to a small error in aerial data collection or it is possible that in
2002 circulation was from Pond C to D rather than vice versa. Since the error is slight the values
were accepted “as is” for these preliminary calculations. The original design target water levels were
also included in Table 1 as background. Pond capacity used in the water balance assessment (in
green) was computed based on 2002 water surface levels and for comparison computed again based
on total pond size, assuming no freeboard.
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7.2
24
6.2
6.6
6.8
5
1.2
57.0

Acre-Ft

Fact Sheet
Total
Capacity8

17

shown on 1974/1977 plans).
8 Capacity calculated using Steve Moore of Nute Engineering FACT SHEET Values

6 Water level taken directly from 2002 CAD File (CA Coordinate System, Zone III NAD 1983, NGVD29)
7 Based on Nute Engineering 1974 plans for Ponds A and B and 1977 plans for Ponds C, D and E (Note: Elevation Datum may vary from 2002 CAD since not

5 Average As-Built Pond Depth taken from FACT SHEET (Steve Moore, Nute Engineering date unknown)

C and E , -0.5 for Pond D and 0.0 for Fat Slough based on 1977 Nute Engineering Plans.
4 3.5' depth at Ponds B and D based on 2002 CAD topo and spot elevations.

Ponds C and E).
2 Pond Area taken from FACT SHEET (Steve Moore, Nute Engineering date unknown)
3 Assumes a starting pond bottom elevation of 0.0 for Ponds A-1, A-2, and B based on 1974 Nute Engineering Plans, a pond bottom elevation of 0.0 for Ponds

1 Surface Area (S/A) Estimated from 2002 CAD File (taken at 4' elevation for Ponds A-1,A-2 and Fat Slough, 3.5' elevation for Ponds B and D and 3' elevation for

Approx. Max
Total
Original
Available
Average AsActive Pond
Approx.
Available
Depth (no
Built Pond
Water Level Freeboard in Design Water Capacity in Capacity (no
3,4
5
1
2
2002
2002
Level 7
Depth
Elev in 20026
freeboard
Pond
Pond S/A Pond Area freeboard
ID
Acres
Acres
Feet
Feet
Feet
Feet
Acre-Ft
Acre-Ft
A-1
1.2
1.2
4.0
6.0
2.7
1.3
1.0
3.3
4.9
A-2
4.1
4.0
4.0
6.0
2.7
1.3
1.0
10.9
16.2
B
2.9
3.1
3.5
2.0
1.9
1.6
0.5
5.4
10.0
C
2.2
2.2
3.0
3.0
2.2
0.8
1.6
4.9
6.7
D
1.9
1.7
4.0
4.0
2.1
1.9
1.8
4.0
7.7
E
2.4
2.5
3.0
2.0
2.1
0.9
1.6
5.1
7.2
Fat Slough
0.5
0.4
4.0
3.0
----1.8
Total
15.2
15.1
33.8
54.7

Table 1. Moorhen Marsh Water Balance Input and Pond Capacity Values

The values shown in the green columns in Table 1 above were used as input to estimate
approximate pond residence time or turn over time using the general water balance equations below:
QOUT = Q IN + Q PRECIPITATION –QEVAPO-TRANSPIRATION-QINFILTRATION
Residence Time=

Pond Volume

QOUT

The current average plant discharge of 1.25 million gallons per day (MGD) was used as the inflow
rate in all cases and daily average evapo-transpiration and pond infiltration rates expected for the
surrounding area were also used. The months of January and July were selected as representative of
the outer values in lieu of developing a water budget for the entire year and precipitation values of
1.0 inch (i.e. .08 feet per day) and 0.0 inch per day were assumed for those respective months as
shown in Table 2. The precipitation rate was applied directly to the ponds themselves with the small
amount of runoff from the surrounding Plant ignored in this case. The three input values shown in
Table 2 were then multiplied by pond surface areas to convert the Marsh input and output values to
cubic feet per day to complete the balance equation above and determine total residence time
reported in Table 3.
Table 2. Water Balance Input Values
Month
January
July

Assumed Precipitation
Rate
(Feet/day)
0.08
0.00

Evapo-Transpiration
Rate
(Feet/Day)
0.0042
0.0225

Infiltration Rate
(Feet/Day)
.04
.04

Results show that residence time varies slightly between January and July, with roughly 11.5 days in
the summer and 7.5 days during the winter (Table 3) under the 1.25 MGD plant discharge rate. This
slight difference is due in large part to the difference in seasonal evapo-transpiration rates and
precipitation for the area. The Plant treats a larger volume during peak storm events and those
values could be incorporated into the Treated Effluent Inflow value in order to determine further
reductions in residence time due to winter rains.
Table 3. Moorhen Marsh Water Balance

Month
July
Jan

TreatedEffluent
ET
Pond
Infiltration
Precipitation Outflow
Inflow
Abstraction Storage
Abstraction
Input
MGD
CF/Day
CF
CF/Day
CF/Day
CF/Day
1.25
14,889.22 1,470,690.10
23,822.75
0.000 128,388.03
2,757.26 1,470,690.10
23,822.75
55145.25 195,665.24
1.25

Residence
Time
Days
11.46
7.52

The MVSD is considering the option to divert a portion of the treated effluent before it enters the
Marsh in order to supply reclaimed wastewater to adjacent industries for irrigation purposes. Using
the water balance equation above the various diversion scenarios can be tested to see how pond
turn-over rates are affected (Table 4). Since the Marsh is not considered by the regulatory agencies
to be a required part of the wastewater treatment process, the main concerns regarding residence
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time and flushing is more heavily dependent upon supporting the habitat and wildlife needs such as
maintaining a desirable level of dissolved oxygen levels for fish and aquatic organisms. If 0.5 MGD
is diverted from the plant for reclaimed wastewater supplies the residence time goes up to 12 days
for July and 8 days for January and if 1.0 MGD is diverted, which is more than half the current
outflow, than the residence time increases to almost 30 days during the summer months.
In order to maintain adequate water quality including dissolved oxygen levels for aquatic habitat,
water turn-over should occur every 14 to 21 days, give or take a few days. These rates are based on
management practices for wetlands with managed water of approximately the same size as Moorhen
Marsh. These target turn-over rates can be used to adjust the allowable diversion quantities in
January and July in order to provide information on the amount of reclaimed water that could
potentially be sold. Table 4 shows a diversion rate of 0.5 MGD is within the acceptable range during
the winter and summer while a 0.7 MGD diversion only works in the winter exceeding acceptable
turnover rates in the hotter month of July. A 1.0 MGD diversion rate under the current Marsh
configuration would exceed the outflow rate in the summer jeopardizing pond flushing as a whole.
Table 4. Marsh Residence Time vs. Diversion Options under Current Marsh Configuration
Current Turn-over

Diversion
Option

Diversion Option

Month

Days

MGD

CF/Day

July

11.5

0.5

66,841

52%

24

Jan

7.5

0.5

66,841

34%

11

July

11.5

0.7

93,577

73%

42

Jan

7.5

0.7

93,577

48%

14

July

11.5

1

133,681

104%

-

Jan

7.5

1

133,681

68%

24

% of Outflow

Modified
Turn-over
Days

Under the current Marsh configuration a diversion rate of up to 500,000 gallons per day would be
acceptable during the summer months but any larger volume diversion could negatively impact the
health of the wetland system. The configuration and shape of the ponds could be altered in a way
that would optimize habitat features and reduce overall capacity to allow for a greater diversion rate.
The creation of floodplain benches and islands as wetland enhancement features introduced in later
sections could reduce overall pond capacity enabling a greater diversion rate. As an example, Table
5 shows that if total pond capacity were reduced from its current 33.7 acre-feet to 24.3 acre-feet by
introducing floodplain benches along the pond perimeters a diversion rate of 700,000 gallons per
day could be achieved without detrimentally impacting flushing of the wetland. Therefore a second
and third step under this Plan will be to continue the water balance assessment in collaboration with
proposed pond and levee designs and investigate optimal wetland flushing rates further in order to
fine-tune wetland improvements with optimal reclaimed water diversion rates.
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Table 5. Marsh Residence Time vs. Diversion Options per Modified Marsh Configuration

Diversion Diversion
Modified
Option
Option Diversion Option % of Outflow Turn-over
MGD (gallons/day)
CF/Day
Days
1
1,000,000
133,681
98%
343
1
1,000,000
133,681
71%
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Month
July
Jan

Turn-over
Days
7.7
5.6

July
Jan

7.7
5.6

0.5
0.5

500,000
500,000

66,841
66,841

49%
35%

15
9

July
Jan

7.7
5.6

0.7
0.7

700,000
700,000

93,577
93,577

68%
49%

24
11

July
Jan

7.7
5.6

0.65
0.65

650,000
650,000

86,893
86,893

64%
64%
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Table 6 summarizes the key program elements under this section.
Table 6. Water Balance Program Elements
Program Element Summary
1
2

3

Conduct Bathymetric Survey of Marsh (or) Field Investigation of Existing Pond Depths
Update the water balance assessment in collaboration with proposed pond and levee
designs introduced in later sections in order to pair wetland improvements with optimal
reclaimed water diversion rates.
Research additional wetland and pond literature to better identify optimum wetland turnover (i.e. flushing rates) that benefit the fish, aquatic and wildlife species that inhabit Mt
View Marsh.

Wetland Enhancement and Preservation

Moorhen Marsh has a variety of habitat types including open water and freshwater wetland, which
make it attractive to a variety of wildlife species including water fowl, shorebirds, fish, and mammals.
In particular the marsh has attracted a large number of river otter (Lutra canadensis) and American
beaver (Castor Canadensis), and an unusually large number of green
heron (Butorides virscens). The marsh has some limited riparian habitat
along the shoreline, but in general this habitat type is under
represented.
Some of the ponds have emergent wetland plants along the shoreline
which provide important cover, foraging, and nesting habitat for water
fowl and shorebirds. Because of the relatively shallow water depths of
these ponds the emergent wetland plants tend to spread rapidly and are
encroaching on the desired amount of open water. Maintenance to
preserve open water areas in these ponds includes dredging to remove
wetland plants. Other ponds, because of shoreline erosion and slightly
Night heron.
(Photo source: Kelly Davidson Chou)
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deeper water depths have few or relatively no emergent wetland habitat and these ponds could be
enhanced by creating this type of habitat.
In order to ensure the continued subsistence of the Marsh and its wildlife inhabitants the stability
and functionality of the infrastructure that contains it must be addressed.
Levee System Improvements and Shoreline Protection
After more than thirty years of operation much of
the infrastructure that maintains and supports the
Marsh is in varying states of decay. There are
whole sections of earthen levees that have eroded
over time or been directly undermined during
past sediment removal operations. This reduction
in original levee geometry places the stability of
the levees and ultimately the ponds at risk. Prime
examples include the mostly vertical levee banks
adjacent to the southern access road on Pond A-2
which are beginning to impinge upon the roadway
width and the levees around much of Pond C
where repairs have been made in the past and are
Degraded levee and access road along Pond A-2.
needed again (Figure 5). Some of the levee
erosion, in these two ponds in particular, is likely
due to wind and wave run up, exhibited also by Island # 4 in Pond A-2 which has eroded
extensively. Given the predictable Plant discharge rate overtopping of the levees would be a rare
occurrence but there is the potential for seismic loading and potential failure under a large
earthquake event. Burrows and tunnels within the levees from black rat and ground squirrel
populations and even muskrat and beavers have also impacted levee integrity.
Factors that can lead to increased erosion relevant to the Marsh setting include (DWR 2011):
x
x
x
x
x
x

Compromised levee geometry (i.e. reduced cross-sectional area, steepened slopes, etc.)
Wind-wave shear stress
Erodible materials used in levee construction, particularly low cohesion sands/silts or
dispersive soils
Absence of beneficial vegetation or other slope protection
Animal burrowing
Large tree roots encroaching upon levee toe

Until now levee repairs have been conducted on a localized and as-needed basis without a
standardized approach or design resulting in the need to continually do spot maintenance and
sometimes even re-do repairs in the same trouble area. Examples of repairs made in the past include
concrete rubble placed along levees in Pond C, rock rip rap toe installed along the western edge of
Pond A-2 and a pond liner installed along the west end of Fat Slough to stop seepage into Peyton
Slough (Figure 5). The goals under this plan for levee system improvements and maintenance are as
follows:
x

Provide a more comprehensive approach to levee assessment, repair and monitoring;
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x

Maintain the site proactively in order to reduce the redundancy and cost of repairs needed
over the long term;

x

Conduct field surveys of bank conditions and develop a detailed levee condition map to
prioritize areas at greater risk and target phased levee repairs;

x

Develop a selection of levee design and repair options (i.e. levee repair toolbox) that can be
applied depending upon the pond location, stability requirements and desired habitat

x

Be compatible with existing or planned wetland and habitat features

x

Investigate whether anticipated future sea level rise could potentially impact levees

There is a wide range of levee stability recommendations in the literature and although more of it is
weighted towards flood control levees along rivers and shorelines, many ideas are translatable to this
Marsh setting including:
x

Water side levee slope of 2:1 to 3:1

x

Minimum freeboard of 1.5 feet

x

Wider vegetated levees to break wave fetch (i.e. length of open water exposed to wave
producing wind action)

x

Widening levees or providing benches to allow for large trees without undermining levee
toes

x

Using rock or manufactured plantable products to reinforce levees

x

Incorporating biotechnical revetments to build out levee banks (i.e. wood toe, sloped banks
with willow/blanket combination, coir wrapped soil layers, etc.)

x

Integrating manufactured or mechanical barriers to burrowing or repairing burrows by
excavating and backfilling or grouting

Interestingly many of the recommended levee stability measures, particularly widening and providing
benches and integrating vegetated and biotechnical features to stabilize levees (Figure 7) correlate
well with the Floodplain Bench features introduced in the Habitat Enhancement Section below to
enhance wetland and habitat complexity.
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Figure 7. Levee Bench Creation Schematic

Flow Conveyance/Drainage Network
Although pond operations have run relatively consistently over the lifetime of the Marsh
documentation on the type, age and current condition of the water control and conveyance
structures is incomplete leaving the possibility of unanticipated mechanical failures due to aged or
worn mechanics and the potential for flows backing up or even overtopping ponds. The preliminary
map presented as Figure 5 should be used to field verify and fill in the gaps regarding the following
infrastructure information:
1. Water Control Structure Type, Location, Size and Condition
2. Photo log of current condition
3. Estimated need for repair and/or replacement and designation of high or low priority
Sediment/Biomass Accumulation and Removal
The Plant’s treated effluent discharge is assumed to have low turbidity and minimal concentration of
suspended sediments therefore sediment and biomass accumulation in the ponds is largely attributed
to vegetation growth and decay, particularly in the shallower areas and in part to levee, shoreline,
and island erosion since. It is likely that deposition rates have varied during the life of the Marsh but
it is unclear whether those trends are decreasing, increasing or staying the same. The amount of
accumulated material in each pond and how much has been removed in the past is unknown due to
incomplete records and past practices of dredging without always having design plans or
documentation.
In order to provide a sound basis for pond and levee design and maintenance recommendations it is
critical to have a clear understanding of present conditions in each Pond. For this reason it is
advised that an initial capital investment be made to conduct a bathymetric survey to determine the
following:
1. Pond topography and depths
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2. Material accumulation rate and variation between ponds
The proposed wetland enhancements under the Plan would deepen the majority of ponds restricting
the growth of submergent vegetation to the pond perimeters and significant levee repairs would
reduce current erosion rates helping alleviate the overall rate of material deposition and
accumulation.
Using the bathymetric survey to understand pond and levee starting conditions in the Marsh the
MVSD can proceed with appropriate levee and wetland enhancement designs and modifications
under this Plan. It is advised that the MVSD monitor the ponds following completion of levee and
wetland enhancements in order to ensure that accelerated erosion and sedimentation have in fact
been minimized.
Construction Methods
Once the condition of the water control structures are confirmed to be adequate, and it is verified
that Control Structures A, B, C and D and associated outlet weirs allow for individual ponds to be
taken off line for construction and maintenance purposes, implementation of levee improvements,
pond deepening or sediment removal operations should be straightforward.
There is access to all ponds for construction equipment such as excavators, loaders or backhoes by
following the south and west road alignments to reach Ponds A-2, E, D, and C and by driving
through the Plant parking and driveway areas to access Pond A-1 and B. A large part of the levee
work can be done by reaching with an excavator arm from the top of the levee in order to keep
equipment out of the ponds and coffer dam installations such as water dams can be used to isolate
and dewater smaller areas if and when it is decided not to take a certain pond offline.
Phased Implementation of Structural Improvements
The following describes a phased approach to identifying and implementing critical structural
improvements.
Year 1
The following actions are recommended to be initiated in the first year of the Plan to improve
Marsh infrastructure.
Conduct field investigation and map levee condition. Conduct a 1 to 2 day field investigation to
observe, measure and record levee conditions. Observations are to include levee widths, heights,
slopes, concentration of animal burrows, soil types, and any applied treatments (i.e. rip rap, concrete,
liners). Delineate on a Levee Condition Map the priority levee sections that need immediate
attention versus levee areas that can be addressed in the next five to ten years.
Conduct water control structure assessment. Starting with the preliminary map in this Plan (Figure
5) field verify the water control structure pipe and weir gate types, sizes and estimated elevation
relative to pond bottom and levee top. Record visible condition and if possible work with a MVSD
operator to test that the mechanics are in working condition. Identify and prioritize any repairs
needed. If a bathymetric survey is conducted, include all water control invert elevations in order to
verify or distinguish from what is shown on Figure 5. Identify any enhancements that would make
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the system even more flexible in terms of taking individual ponds off line to facilitate enhancement
actions or occasional maintenance.
Compile a selection of levee treatment options. Provide a list of levee treatment options that are
appropriate for the starting conditions of the Marsh levees. Levee repair options to include; crosssectional variations, rock, biotechnical or manufactured slope protection measures, and repairs to
animal burrows or burrowing deterrent methods. The list will be provided to the MVSD for review
and acceptance.
Develop one to three alternative designs for improving levee stability. Incorporate preferred crosssectional area, mechanical, biotechnical and or rock protection measures from options above to
create up to three comprehensive repair options. Include wetland enhancement and floodplain
bench features where appropriate.
Conduct bathymetric survey of ponds or at a minimum conduct field investigation of average pond
depths and amount of deposition. This investigation should coincide with the levee condition
assessment in order to plan for, design and prioritize pond and levee improvements collaboratively.
Year 2
Proceed with levee repairs/improvements in high priority/risk areas. Using the levee improvement
designs developed during the first year, make repairs to the most “at risk” levees shown on the
Levee Condition Map.
Monitor condition of existing and recently renovated levee sections. Conduct brief investigation into
new or slightly modified options for retrofitting the levees and provide all in a brief letter report
update.
Continue to repair/improve levee areas in next priority areas.
Monitor, test and record the condition of the water control structures on an annual basis.
Years 3 through 5
Continue to repair/improve levee areas in next priority areas.
Monitor condition of existing and newly renovated levees and all water control structures.
Repeat bathymetric survey to measure sedimentation rates and any changes in water depths.
Revise Plan if there are any recommendations to change the levee designs or repair options based on
what is observed.
Table 7. Wetland Enhancement and Preservation Elements
1
2
3
4

Wetland Enhancement and Preservation
Conduct levee and pond field investigation and map conditions.
Field verify water control structures locations, types, sizes, and approximate elevations.
Create a levee repair tool box by compiling a list of optimum levee treatments.
Develop up to three levee cross-section designs for improved stability.
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5

Implement levee repairs and improvements and monitor results.

Habitat Enhancement
Actions to enhance habitat within Moorhen Marsh were selected that would benefit the mammals,
birds, reptiles, and fish that currently use the marsh and attract additional species that have a
potential to use the marsh. Enhancements were selected based on the following goals:
x

Provide a balance between open water and wetland habitat;

x

Develop a low maintenance approach to limiting the extent of emergent wetlands;

x

Enhance and increase wildlife refuges in the form of nesting islands and other types of
isolated areas;

x

Increase the quantity and quality of riparian habitat in order to provide structure (varying
heights and density) for water fowl, shorebirds, and song birds;

x

Provide habitat features to enhance or control specific wildlife species;

Actions were also selected based on the opportunities and constraints associated with the Marsh.
The following is a summary of the habitat enhancement actions that are included in this plan. Each
of these actions will be described in more detail in later sections of this plan.
x

Deepen the pond bottoms to maintain open water habitat and limit the extent of the
emergent wetlands;

x

Dredge areas as required for improved water distribution;

x

Introduce riparian habitat by incorporating a floodplain bench into the design of the levee
and shoreline enhancements;

x

Introduce emergent wetland habitat by incorporating a wetland bench into the design of the
levee and shoreline enhancements;

x

Enhance and expand refuge areas by creating wildlife islands and wildlife peninsulas; provide
variation in the form of wetland benches, riparian habitat and vegetation barriers;

x

Provide variation in the form of wetland benches, riparian habitat and vegetation barriers;

x

Provide basking logs and raptor perches.

Master Plan
A master plan was prepared to illustrate the components of the marsh enhancements and provide a
structure for phased implementation of enhancements and scheduled maintenance and operation
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activities. The master plan has been developed at a conceptual level and illustrates project
components and how they interact. In most cases detailed engineering design would be required to
implement the enhancements. In some cases additional studies are needed to verify the feasibility
and accurately develop a cost estimate to construct. For example, a cut/fill analysis, which is a
calculation of the total volume of soil material available on site for utilization in the design, would be
required to understand if dredging operations would generate enough material for the levee and
shoreline enhancements or whether material would need to be imported. The master plan illustrates
the following project components which will be described in more details in subsequent sections:
x

Permanent open water habitat with a minimum depth of 5 feet;

x

Levee and shoreline enhancements to provide shoreline protection;

x

Addition of floodplain benches for riparian habitat and wetland benches for emergent
wetland habitat;

x

Increase the water depths of the ponds and limit the extent of existing emergent wetland
habitat in some ponds;

x

Schematic design of water control system;

x

Network of maintenance roads and trails;

x

Wildlife islands and wildlife peninsulas;

x

Education/wildlife viewing facilities;

x

View corridors;

x

Basking logs and raptor perches.

Each of the ponds is configured differently based on unique site conditions. The following
summarizes the project components that would improve habitat conditions or benefit educational
experiences in each of the ponds and illustrates how each pond has slightly different opportunities
and constraints. Each pond would be accessed by the maintenance roads and trails and each pond
would have basking logs and raptor perches. In addition the maintenance and operation of all of the
ponds would include weed control and fish monitoring and management.
Summary of Habitat and education Enhancements
Pond A-1
x

Increase the water depth

x

Riparian and wetland bench in 3 locations

x

Shade pavilion

Pond A-2
x

Increase the water depth
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x

Riparian and wetland benches in 4 locations, one location has an example of a view corridor

x

2 wildlife islands with riparian habitat; with and without vegetation barrier; with and without
a wetland bench

x

1 Shade pavilion

x

1 Boardwalk, shade pavilion, floating dock

Pond B
x

Increase the water depth to maintain open water and reduce/limit extent of existing
emergent wetland

x

Riparian and wetland bench in 1 location

x

Riparian bench cut into upland in 1 location (north shoreline)

x

1 Boardwalk and floating dock

Pond C
x

Increase the water depth to maintain open water and reduce/limit extent of existing
emergent wetland

x

Riparian and wetland bench in 1 location

x

1 Wildlife island with vegetation barrier

x

1 Boardwalk, shade pavilion, floating dock

Pond D
x

Increase the water depth to maintain open water

x

Riparian and wetland bench in 1 location (north shoreline)

x

Wetland bench in 1 location (south shoreline)

x

1 Wildlife peninsula with riparian habitat and vegetation barrier

x

1 Boardwalk, share pavilion, floating dock

Pond E
x

Increase the water depth to maintain open water and reduce/limit extent of existing
emergent wetland

x

Riparian and wetland bench in 1 location (northwest corner)

x

1 Wildlife peninsula with riparian habitat without vegetation barrier

x

1 Boardwalk, shade pavilion, floating dock

Fat Slough
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x

Increase the water depth to exclude emergent wetland

Increase the Water Depth within the Ponds
The quality of the open water habitat could be improved by increasing the water depth within the
ponds. These enhancements would provide better quality habitat for fish, reptiles, amphibians,
insects, and mammals such as otters. Areas with water depths less than 3 feet are susceptible to
encroachment by emergent wetland plants.
Although there are many ways to attempt to remove or control cattails and other aggressively
spreading emergent wetland species, all are relatively expensive, require repetitive applications, and
in generally are ineffective. The most dependable and sustainable way to exclude emergent wetland
plants from encroaching open water habitat is to increase the water depth. In general, 6 feet is deep
enough to exclude wetland emergent vegetation and deepening ponds to a depth of 6 feet is the
most dependable and effective way to preserve open water habitat. Water depths of 4 to 5 feet have
also been effective, but these depths may not exclude emergent vegetation as consistently as a depth
of 6 feet. In large scale projects, where the cost of increasing the water depth is prohibitive, a target
water-depth of 4 to 5 feet may be a more cost effective choice. In light of this constraint, it is
recommended that the pond depths be increased to a minimum of 5 feet. Each pond should be
evaluated based on the desirability to maintain open water and a balance between other types of
habitat including riparian and emergent wetland. The deepening of the ponds would be phased over
several years and performed in coordination with the reconfiguration and improvements of the
access roads/trail and levees. The following are recommendations for pond deepening.
Action

Existing

Proposed

Implementation

Estimated Cost

Depth

Depth

Year

Deepen Pond A-1

5’

Year-1

To be determined.

Deepen Pond A-2

5’

Year-1

To be determined.

Deepen Pond B

5’

Year-2

To be determined.

Deepen Pond C

5’

Year-3

To be determined.

Deepen Pond D

5’

Year-4

To be determined.

Deepen Pond E

5’

Year-4

To be determined.

Deepen Fat Slough

5’

Year-5

To be determined.

Floodplain Bench Feature
Riparian habitat within Moorhen Marsh could be enhanced by integrating a floodplain bench into
the design of the improved levees. This feature would provide an area where riparian trees and
shrubs would have access to shallow groundwater based on proximity to the water in the ponds.
The benches would be located at an elevation approximately 0.5 to 1.0 feet above the water line of
the pond. The benches would vary in width between 10 and 15 feet, which would provide enough
room for different sized trees and shrubs while still maintaining close proximity to the water’s edge.
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This feature is illustrated on the Master Plan (Attachment A) and Levee Cross Sections (Attachment
B). Trees and shrubs of varying size will be planted on this bench in order to provide a diversity of
structure for wildlife. Table 8 lists recommended plant species and recommended container sizes.
Wetland Bench Feature
Wildlife at the Marsh would benefit from an increase in emergent wetland habitat. This type of
habitat provides cover, foraging, and nesting opportunities for water fowl, shorebirds, and mammals
such as otter and beaver. In addition the margins along the interface with open water provide cover
and rearing habitat for fish and amphibians. Wetland habitat within Moorhen Marsh could be
expanded and enhanced by integrating a wetland bench into the design of the improved levees. This
feature would provide an area where emergent wetland plants can thrive. In addition, creating these
benches in conjunction with deepening the open water areas is a sustainable way to maintain the
balance between wetland and open water habitat. This feature could be incorporated into the
shoreline grading plans for individual ponds (Attachment A – Master Plan) and the design of the
levee improvements (Attachment B – Levee Cross Section). The wetland bench feature would be
located at elevations that range between the operational water line and 1 to 2 feet below the water
line. The width of this feature would vary between 8 feet, when integrated into the redesign of the
levees, and wider (10-30 feet) in ponds where emergent wetland plants already exist and a wider
band is desirable. The wetland bench and corresponding emergent wetland plantings will also
contribute to reducing shoreline erosion. This feature will be planted with wetland plants (Table 9 –
Recommended Wetland Plantings).
Wildlife Island and Peninsulas
Wildlife including water fowl, shorebirds and reptiles would benefit from enhancing/expanding
isolated areas for refuge and basking. Some of the ponds already have small islands that serve this
purpose. Although these features have been successful they tend to have maintenance issues such as
erosion, invasion by weed species, and access difficulty. The advantage of islands is that they are
isolated from terrestrial predators. The advantage of peninsulas is that they are relatively isolated
from terrestrial predators and accessible for maintenance. The peninsula areas would be off limits to
visitors and this could be enforced using fencing, such as wood split rail, and signage. These
features would be implemented in phases in conjunction with the levee, grading, and shoreline
improvements for each pond. The following describe the various configurations that are depicted
on the Master Plan:
x

Wildlife Islands – reconfigured to increase size and address shoreline erosion; with and
without riparian habitat; with and without emergent wetland habitat; with and without
vegetation barriers; with basking logs

x

Wildlife Peninsulas - with and without riparian habitat; with and without emergent wetland
habitat; with and without vegetation barriers; with basking logs

View Corridors
There may be areas along the shoreline where it is desirable to create/maintain a view corridor from
the shoreline to the open water. In these areas the shoreline slope may be steepened to eliminate the
riparian habitat and emergent wetland habitat. This configuration may need to be supported by
some type of engineered retaining system that would stabilize the slope and protect it from erosion.
30

The extent of the view corridors should be balanced with the desirability of enhanced and expanded
riparian and emergent wetland habitat.
Basking Logs and Raptor Perches
Wildlife such as pond turtles, water fowl, and shorebirds at the marsh would benefit from the
addition of basking logs along the shoreline and on the wildlife islands and peninsulas. The logs
would be located and anchored such that they would straddle the open water and shoreline. The
logs could be salvaged from urban or other regional tree removal projects to demonstrate to visitors
how materials can be salvaged and reused. The Master Plan illustrates where basking logs might be
located.
Ground squirrels and other nuisance rodents at the marsh could be controlled by encouraging more
raptors to forage at the marsh. Raptors could be encouraged to forage more at the marsh by
providing raptor perches along the shorelines of the ponds. The perches could be made from manmaterials or salvaged trees. The Master Plan illustrates where raptor perches might be located.
Education/Wildlife Viewing Features
The experience of visitors could be enhanced by providing education/wildlife viewing features in
some or all of the ponds. The goal is to provide visitors with visual access to the interiors of the
ponds without disturbing the wildlife. In addition, these areas would be designed to facilitate safety
and provide opportunities for hands-on activities. This feature in depicted in a stylized manner on
the Master Plan in order to illustrate how it can be used by educators and integrated into the ponds.
The stylized feature includes the following:
x

Boardwalk so visitors can move through the riparian and emergent marsh to view the
interior of the ponds.

x

Shade pavilion that can be used as an outdoor classroom and wildlife viewing area.

x

Lower floating dock for hands-on activities with control access for safety.

x

Guard rails and access gates to protect visitors from falling into the ponds and provide
educators with the ability to orchestrate access to the water during hands-on activities.

These facilities are illustrated on the Master Plan and were included in each of the ponds. The
facilities are shown in different configurations based on where they are located so that the MVSD
can explore the different options for location and programming. For example some are shown with
just the shade pavilion or just the floating dock. These facilities would be designed in detail during
the implementation phase. There may be opportunities to receive grant funding to design and
implement these features.
Vehicular and Pedestrian Access
Within the marsh there is a need to facilitate access by maintenance vehicles and pedestrians and
there is currently an informal network of roads and trails.
The goal of the Master Plan was to clarify the locations of the maintenance roads and trails, clarify
the width requirements, and make sure that each network provides access to important project
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components. Maintenance roads were laid out with a width of 10’ and in most cases a 2 to 3-foot
unimproved shoulder on each side. Trails were laid out with a width of 5’ and in most cased a 2 to
3-foot unimproved shoulder. The MVSD should clarify the degree to which the trail and
maintenance roads will be ADA accessible. The Master Plan illustrates the proposed network of
maintenance road and trails.
Landscape Screening
The experience of visitors could be enhanced by providing visual screening in areas adjacent to the
industrial facilities. There are 2 areas identified that would benefit from screening: 1) extend the
screening south of the Interpretive Center; 2) screen the western boundary of the marsh. It is
recommended to use a fast growing evergreen tree such as redwood and utilize the irrigation system
for 3 to 5 years after planting to successfully establish the trees.
Riparian Planting Plan
The wildlife at the marsh would benefit from increasing the amount of riparian habitat within the
marsh. This type of habitat provides cover and nesting habitat for water fowl, shorebirds such as
green heron, and song birds, which are currently under represented at the marsh. Currently this type
of habitat is severely limited. The goal would be to create areas with access to shallow ground water
so that the plants survive and thrive and to provide a diversity of structure including dense shrubs
and tree canopy. Integrating a flood plain bench into the levee enhancements would provide areas
with shallow ground water. The following is a list of recommended California native riparian plant
species that would be appropriate for this type of marsh enhancement.
Table 8 – Recommended Riparian Plantings
Botanical Name

Common Name

Container Size

Elevation
Requirements

Salix lasiolepis

Arroyo Willow

1 gallon

within 1’ of the water
line

Salix laevigata

Red Willow

1 gallon, 15 gallon

within 1’- 2’ of the water
line

Alnus rhombifolia

White Alder

1 gallon, 15 gallon

within 1’- 2’ of the water
line

Populus fremontii

Cottonwood

1 gallon, 15 gallon

within 1’-2’ of the water
line

Plantanus racemosa

Sycamore

1 gallon, 15 gallon

within 1’ -2’ of the water
line

Aesculus californica

Buckeye

1 gallon, 15 gallon

at least 1’ above the
water line

Bacharis salicifolia

Mule Fate

1 gallon

at least 1’ above the
water line
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Wetland Planting Plan
Wildlife at the marsh would benefit from incorporating more emergent wetland habitat into the
ponds. It is recommended that a wetland bench be integrated into the levee enhancement program,
which would create new areas for emergent wetland plants. These areas could be planted or allowed
to revegetate by natural recruitment. The advantage of active planting is that it allows the MVSD to
select the desired species, which may include shorter species that facilitate wildlife viewing. The
disadvantage of depending on natural recruitment is that the most likely species to colonize is cattail,
which is very tall and tends to dominate other species, which could result in a monoculture. As a
result active planting is recommended in the newly created areas. The following table lists
recommended California native wetland plant for revegetation.
Table 9 – Recommended Wetland Plantings
Botanical Name

Common Name

Container Size

Elevation
Requirements

Schoenoplectus acutus var.

Hard stem tules

1 to 2 feet below water

occidentalis
Bolboschoemus maritimus

line
Alkali bulrush

0 to 1 foot below water
line

Schoenoplectus pungens

Common three square

0 to 1 foot below water
line

Schoenoplectus

Chairmaker’s bulrush

0 to 1 foot below water

americanus
Schoenoplectus californicus

line
California bulrush

1 to 2 feet below water
line

Irrigation System
Irrigation is an essential component for the successful establishment of riparian plantings and the
establishment of the landscape screening components of the master plan. In our experience
irrigation increases the survival rates of riparian plants from 50 to 60 percent to 85 to 95 percent.
Installing an automated irrigation system is recommended that would use reclaimed water generated
from the treatment facility. The irrigation system would be flexible and adaptable to meet the needs
of the phased implementation schedule. In this context the following system components would be
installed as permanent improvements: 1) pressurized main lines; 2) automatic control valves; 3)
quick couplers. Water distribution features such as later lines, spray heads, and drip emitters would
be installed as temporary components during each implementation phase and be configured to meet
the needs of the specific plants. The use of reclaimed water for irrigation could also be integrated
into the educational programs at the marsh.
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Table 10. Habitat Enhancement Elements

1
2
3
4
5
6
7
8

Habitat Enhancement
Using the Master Plan as a guide, design and implement the following habitat
enhancements
Wetland benches and water depths for individual ponds
Wildlife islands and peninsulas
View corridors
Habitat features including basking logs and raptor perches
Education and public viewing facilities and landscape screening
Vehicular and pedestrian access
Riparian and Wetland planting plans
Irrigation plans

Invasive Weed Control
Based on a walk through on May 16, 2012 by WRA, both native and non-native species are present
throughout the site. Generally, native species richness (number of species) is composed of woody
species and hydrophytes (wetland species), while non-native species richness is composed of
herbaceous upland or transitional species. Several invasive species are present within Moorhen
Marsh posing varying degrees of threats to the site.
Invasive species or weed species are herein defined as those plant species of exogenous origin
having arrived following European contact with California that pose a substantial threat to native
vegetation and wildlife habitat, and/or increase erosion hazard, and/or alter the fire regime, and/or
are toxic to livestock and native herbivores. For invasive species rankings, this document will rely
on those ascribed by the California Invasive Plant Council (Cal-IPC).
Twenty-six plant species assessed or considered invasive by Cal-IPC were observed on site during
the May walk-through; however, due to the cursory nature of the walk-through, more invasive weeds
may be present. Of the observed species five are considered “high”, eleven are ranked “moderate”,
and eight are ranked “limited”. Although invasive weeds can pose a substantial threat to water
quality, erosion, fire hazard, habitat loss, etc. not all weed species observed in Moorhen Marsh
appear to be a considerable threat at present. The MVSD has targeted five species as posing the
most substantial threat to the site: (1) perennial pepper weed (Lepidium latifolium, Cal-IPC: high); (2)
poison hemlock (Conium maculatum, Cal-IPC: moderate); (3) bristly ox-tongue (Helminthotheca echioides,
Cal-IPC: limited); (4) Bermuda grass (Cynodon dactylon, Cal-IPC: moderate); and (5) Himalaya
blackberry (Rubus armeniacus, Cal-IPC: high).
The following vegetation monitoring and management plan will specifically address each invasive
species observed during the May walk-through, and provide recommendations for comprehensive
and adaptive mapping, monitoring, and managing of weeds. The goals of the plan will be to:
x
x

Understand the vegetation and wildlife interactions within the Marsh
Decrease invasive species cover within the Marsh
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x
x
x

Increase native species richness and cover within the Marsh
Increase horizontal and vertical vegetation complexity within the Marsh
Improve wildlife habitat within the Marsh

Phased Implementation of a Vegetation Management and
Monitoring Plan
Year 1
The following actions should be taken in the first year of the vegetation management and
monitoring program.
Baseline: Although WRA conducted a walk-through, sufficient location and floristic data are
necessary to understand the current conditions, predict future scenarios, and prescribe
targeted treatments. Therefore, it is recommended that a survey of the entire site be
conducted in Year 1 to identify and map current weed infestations, assess the degree of
infestation, and determine which species pose current or future threats. A single survey in
summer is likely sufficient to assess each of the potential invasive species on-site; however, if
funding is available, a spring and summer survey would capture the height of growth for
almost all species present.
The site survey would consist of a qualified botanist/restoration specialist traversing the
entire site with a GPS unit and/or high quality aerial photographs. Every potential invasive
species would be mapped, recorded, and cover density estimated. Alternatively, a qualified
botanist would work with the MVSD Biologist to conduct the baseline monitoring thereby
providing training for future surveys.
Management Plan Development: A management plan should be developed incorporating
baseline data. Each species would be evaluated for its potential threat to the site, provide
control methods for each species including potential replacement plantings with native
species. For example, Table 11 outlines the 26 invasive species observed during the May
walk-through and provides a summary of control measures and potential native species
replacement plantings. This table may form the basis for invasive species evaluation.
Following the baseline mapping and evaluation of target species, targeted control methods
and success criteria would be developed. For some species, persistent annual control
methods may be necessary (e.g. perennial pepper weed), while other species may require a
one or two year treatment (e.g. European olive [Olea europaea, Cal-IPC: limited]). Speciesspecific monitoring shall be developed to assess the success of the control treatment in
future years.
An analogous native species plant palette would be generated (e.g. Table 11) to replace
removed invasive species. Considerations of soil type, soil moisture, aspect, slope, and
irrigation/hydrology requirements should be evaluated for each invasive species and each
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replacement native species. A rich species palette with upland forbs and grasses,
hydrophytes, shrubs, and trees would assist in creating horizontal and vertical complexity.
Best management practices would be developed for routine and project- specific
management activities to reduce new or continued infestations of invasive species. For
instance, the use of weed-free straw wattles for erosion control, weed-free soil/fill for levee
maintenance, concurrent invasive species removal with ground-breaking activities, and
immediate seeding/planting of native species would be considered when altering levees or
roads.
Years 2 through 6
The following actions should be taken in the second through sixth year of the management and
monitoring program.
Annual control treatments and replacement plantings: Based on a species-specific approach,
each targeted invasive species will receive the prescribed treatment as outlined in the
management plan. Planting of native species should follow treatment, if/when appropriate.
It may be necessary or advisable to delay plantings as some invasive species may require
repeated treatments and native plantings could interfere with future control treatments.
Annual monitoring: An annual walk-through in summer will be conducted by a biologist.
Each potential invasive species would be mapped, recorded, and cover density estimated.
These data would be compared to the previous years to assess new or continuing
infestations. Additionally, species-specific monitoring will be conducted within control
treatment areas, and these data would be compared to previous years to determine the
success of the control program.
Annual letter report: An annual letter report will be drafted by the MVSD Biologist outlining
that year’s target species, control method, monitoring method, comparative analysis, and
provide recommendations for the next year’s management and monitoring program.
Five year report: In the sixth year of the management and monitoring program, the MVSD
Biologist would draft a report summarizing the previous five years’ species data, targeted
species control methods, degree of success of the program, and provide recommendations
for alterations or adaptations to the management and monitoring program.
Years 7 through 11
The following actions should be taken in the seventh through eleventh year of the management and
monitoring program.
Management and Monitoring Plan Redraft: Based on the efficacy of the control treatments,
native species plantings, monitoring program, etc. the management and monitoring plan
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would be reviewed and any amendments, recommendations, or adaptive strategies would be
incorporated for the next five years.
Continue control treatments, monitoring, and reporting: Based on any suggested alterations
to the management plan, continued management actions will continue in Moorhen Marsh on
an annual basis for five years.
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Table 11. Invasive weeds and potential native plantings within Moorhen Marsh
INVASIVE
WEED
(SCIENTIFIC
NAME)
HIGH
giant reed
(Arundo donax)

LIFE
FORM

COMMENTS
Aggressiveness, location,
reproduction strategy,
potential control

perennial grass

x
x
x
x

Very aggressive
Wetland
Rhizomatous
Herbicide and hand removal
(specialized)

yellow star thistle
(Centaurea solstitialis)

annual forb

x
x
x
x

Aggressive
Upland
Seed
Herbicide and/or weed whip

fennel
(Foeniculum vulgare)

perennial forb

x
x
x
x

Aggressive
Upland ruderal
Seed and rhizomatous
Herbicide and hand-removal

perennial pepperweed
(Lepidium latifolium)

perennial forb

x
x
x
x

Very aggressive
Wetland
Seed and rhizomatous
Herbicide and hand removal

Himalaya blackberry
(Rubus armeniacus)

evergreen shrub

x
x
x
x

Very aggressive
Transition
Seed and rhizomatous
Herbicide and hand removal

annual grass

x
x
x
x

Ubiquitous
Upland
Seed
Weed whip

black mustard
(Brassica nigra)

annual forb

ripgut brome
(Bromus diandrus)

annual grass

x
x
x
x
x
x
x
x

Ubiquitous
Upland ruderal
Seed
Weed whip
Ubiquitous
Upland
Seed
Weed whip

MODERATE
wild oat
(Avena barbata)
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REPLACEMENT NATIVE
SPECIES
(SCIENTIFIC NAME)
tule
(Schoenoplectus spp.)
goldentop
(Euthamia occidentalis)
marsh fleabane
(Pluchea odorata)
common tarplant
(Centromadia pungens)
hayfield tarplant
(Hemizonia congesta ssp. lutescens)
common yarrow
(Achillea millefolium)
common yarrow
(Achillea millefolium)
coffeeberry
(Frangula californica)
mulefat
(Baccharis salicifolia)
mugwort
(Artemisia douglasiana)
goldentop
(Euthamia occidentalis)
marsh fleabane
(Pluchea odorata)
yerba mansa
(Anemopsis californica)
willow
(Salix spp.)
Oregon ash
(Fraxinus latifolia)
purple needlegrass
(Stipa pulchra)
California oat grass
(Danthonia californica)
blue wild rye
(Elymus glaucus)
common yarrow
(Achillea millefolium)
coyote brush
(Baccharis pilularis)
purple needlegrass
(Stipa pulchra)
blue fescue
(Festuca idahoensis)
common yarrow
(Achillea millefolium)

INVASIVE
WEED
(SCIENTIFIC
NAME)

LIFE
FORM

Italian thistle
(Carduus pycnocephalus)

annual forb

x
x
x
x

Ubiquitous
Upland
Seed
Weed whip

poison hemlock
(Conium maculatum)

perennial forb

x
x
x
x

Bermuda grass
(Cynodon dactylon)

perennial grass

Italian rye grass
(Festuca perennis)

annual grass

x
x
x
x
x
x
x
x

Aggressive
Wetland
Seed and rhizomatous
Weed whip, hand removal,
and herbicide
Aggressive
Transition
Rhizomatous;
Hand removal and herbicide
Ubiquitous
Transition
Seed
Weed whip

fig
(Ficus carica)

deciduous tree

x
x
x
x

Mediterranean barley
(Hordeum marinum)

annual grass

x
x
x
x

foxtail barley
(Hordeum murinum)

annual grass

harding grass
(Phalaris aquatica)

perennial grass

x
x
x
x
x
x
x
x

Ubiquitous
Upland
Seed
Weed whip
Individual
Transition (Upland)
Seed and rhizomatous
Weed whip, hand removal,
and herbicide

x
x
x
x
x
x
x
x

Ubiquitous
Upland
Seed
Herbicide
Ubiquitous – Aggressive
Transition
Seed
Herbicide and weed whip

LIMITED
redstem filaree
(Erodium cicutarium)

bristly ox-tongue
(Helminthotheca echioides)

annual forb

perennial forb

COMMENTS
Aggressiveness, location,
reproduction strategy,
potential control

Individual
Upland
Seed
Removal and herbicide on
stump
Ubiquitous
Transition
Seed
Weed whip
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REPLACEMENT NATIVE
SPECIES
(SCIENTIFIC NAME)
gumweed
(Grindelia stricta)
lizard tail
(Eriophyllum staechadifolium)
sticky monkey
(Mimulus aurantiacus)
common yarrow
(Achillea millefolium)
button bush
(Cephalanthus occidentalis)
willow
(Salix spp.)
meadow barley
(Hordeum brachyantherum)
blue wild rye
(Elymus glaucus)
California oat grass
(Danthonia californica)
blue wild rye
(Elymus glaucus)
meadow barley
(Hordeum brachyantherum)
coyote brush
(Baccharis pilularis)
coast live oak
(Quercus agrifolia)
California oat grass
(Danthonia californica)
meadow barley
(Hordeum brachyantherum)
California semaphore grass
(Pleuropogon californicus)
blue-eyed grass
(Sisyrinchium bellum)
purple needlegrass
(Stipa pulchra)
blue wild rye
(Elymus glaucus)
purple needlegrass
(Stipa pulchra)
mugwort
(Artemisia douglasiana)
blue-eyed grass
(Sisyrinchium bellum)
Ithuriel’s spear
(Triteleia laxa)
gumweed
(Grindelia stricta)
common tarplant
(Centromadia pungens ssp. pungens)
mugwort
(Artemisia douglasiana)

INVASIVE
WEED
(SCIENTIFIC
NAME)

LIFE
FORM

COMMENTS
Aggressiveness, location,
reproduction strategy,
potential control

water iris
(Iris pseudacorus)

perennial forb

x
x
x
x

Ubiquitous – Aggressive
Wetland
Rhizomatous
Hand removal

olive
(Olea europaea)

evergreen tree

x
x
x
x

English plantain
(Plantago lanceolata)

perennial forb

wild radish
(Raphanus sativus)

annual forb

milk thistle
(Silybum marianum)

perennial forb

charlock
(Sinapis arvensis)

annual forb

x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x

Individual
Upland
Seed
Removal and herbicide on
stump
Ubiquitous
Transition (Upland)
Seed
Herbicide and hand removal
Ubiquitous – Aggressive
Upland
Seed
Weed whip and herbicide
Ubiquitous – Aggressive
Upland
Seed
Weed whip and herbicide
Ubiquitous
Upland
Seed
Weed whip
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REPLACEMENT NATIVE
SPECIES
(SCIENTIFIC NAME)
tule
(Schoenoplectus spp.)
goldentop
(Euthamia occidentalis)
creeping spikerush
(Eleocharis macrostachya)
coast live oak
(Quercus agrifolia)
coyote brush
(Baccharis pilularis)
blue-eyed grass
(Sisyrinchium bellum)
California oat grass
(Danthonia californica)
blue-eyed grass
(Sisyrinchium bellum)
bee plant
(Scrophularia californica)
sticky monkey
(Mimulus aurantiacus)
mugwort
(Artemisia douglasiana)
blue-eyed grass
(Sisyrinchium bellum)
bee plant
(Scrophularia californica)

Table 12. Invasive Weed Control Elements

1
2
3
4

Invasive Weed
Conduct a thorough baseline survey to identify and map existing weed infestations.
Develop an Invasive Weed Management Plan that includes methods for targeted removal
and replacement and criteria for success.
Implement Invasive Weed Management Plan and monitor the results.
Update Invasive Weed Management Plan per monitoring results and ability to meet
success criteria. Continue to implement updated plan.

Pest Control
Pests to the Marsh include the black rat (Rattus rattus) and California ground squirrels (Otospermophilus
beecheyi), due to the damage their burrowing does to the levees. Bullfrogs (Lithobates catesbeianus) are
also a concern since being found in Peyton Slough adjacent to the Marsh. Fortunately it is believed
bullfrogs have not yet invaded the Marsh ponds. In Year 1 all potential target pest species and their
corresponding adverse impacts to the Marsh will be identified. Field work will be conducted to learn
more about the specific impacts, particularly in regards to the burrowing species. A control and, if
necessary, eradication program will be developed to address the agreed upon target species. A
monitoring plan and approach for determining the success of the pest control program will also be
developed.
Table 13. Pest Control Elements

Pest Control
1
2

Identify and investigate in the field all potential target pest species and their impacts to the Marsh.

Develop and implement a Pest Control program for target species identified in the field.

Fish Monitoring

Though relatively limited in scope, fish sampling has occurred previously, for example in 2004 when
both electrofishing and beach seining techniques were used in a study conducted in part by
biologists affiliated with University of California, Davis. A variety of fish have been documented in
the ponds and slough of the treatment plant, primarily non-native, introduced fish species that
commonly establish populations in manmade and/or disturbed environments. These non-native
species include members of the Cyprinidae (common carp [Cyprinus carpio], goldfish [Carassius
auratus] and fathead minnow [Pimephales promelas]); the Centrarchidae (green sunfish [Lepomis
cyanellus]); the Antherinidae (inland silverside [Menidia beryillina]); and, the Poeciliidae (mosquitofish
[Gambusia affinis]) . Also documented at the site is the native threespine stickleback (Gasterosteus
aculeatus; Gasterosteidae) a common native species that is tolerant of a wide range of aquatic
conditions, including those of highly disturbed environments. Other notable aquatic species known
to occur in the Marsh ponds include crustaceans such as non-native crayfish and native bay shrimp
(Crangon spp.). In addition to providing food resources for the waterbirds and aquatic mammals that
utilize the treatment plant, fish and other aquatic species provide potential educational resources for
the students who visit the site.
Educational opportunities include introductions to fish sampling and fisheries techniques, lessons in
fish morphology and biology, and also basic ecological investigations such as habitat associations. In
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addition, the public could be exposed to the role of mosquito fish in vector control and could
perform some monitoring of mosquito fish populations.
The approach outlined below provides the MVSD with an informative method to assess: 1) which
species are present; 2) how these species may affect (positively or negatively) the habitats and other
wildlife resources present; 3) if active fisheries management is subsequently deemed necessary or
desirable; and, 4) if management is to occur, how to implement fisheries management in
coordination with other management tasks at the site.
Year 1
The following actions should be undertaken during the first year of fisheries monitoring and
management.
x

x
x

x
x
x

Conduct a baseline fisheries study to determine which species are currently present, what
their relative abundance is and, if possible, the extent that successful reproduction is
occurring. Use of electrofishing and/or hand-pulled seine nets will likely be the primary
techniques for baseline studies, although other methods (e.g., fyke nets, hand-pulled surface
trawls) should be considered as is feasible.
Determine the potential for all species documented to exit and/or enter the site via aquatic
pathways.
Refine fisheries/aquatic species management goals based on the baseline survey effort, and
determine if there is a need for active fisheries management (versus the passive management
currently occurring).
Develop a five-year monitoring and management plan, including a schedule and budget for
monitoring.
Determine which (if any) monitoring and management elements could be incorporated into
the student education program for the site.
Submit the five-year monitoring plan to the MVSD for approval.

Years 2 through 4
The following actions would be undertaken during the second through fourth year of fisheries
monitoring and management.
x

Implement the monitoring and management plan.

Year 5
The following actions would be undertaken during the second through fourth year of fisheries
monitoring and management.
x Continue implementation of the monitoring and management plan.
x Revision of the monitoring and management plan based on five-year finding (i.e., utilization
of adaptive management).
Other Monitoring
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x

GPS the extent of emergent wetland plants

Table 14. Fish Monitoring

2

Fish Monitoring
Conduct a baseline fisheries study to identify the presence and abundance of fish species
within the Marsh as well as the potential for other species.
Refine the fisheries and aquatic species management goals based on survey results.

3

Develop and implement a Fish and Aquatic Monitoring and Management Plan

1

IV.

SUMMARY

The environmental and educational benefits of Moorhen Marsh are plentiful and they can be further
enhanced and sustained through this Plan. The various elements of identifying, implementing,
maintaining and monitoring this complex habitat under the Plan described in the preceding sections
are organized by start year in Table 15 in order to define a clear path for moving forward.
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Update the water balance equation using information obtained on
pond depths, outlet inverts etc. under the Levee System
Improvements Action Item below. Recalculate allowable diversion
quantities per the updated water balance equation.

REFINE ALLOWABLE
DIVERSION RATES
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WETLAND ENHANCEMENT AND PRESERVATION
Conduct field investigation and map levee condition. Conduct a 1 to 2
day field investigation to observe, measure and record levee
conditions. Observations are to include levee widths, heights, slopes,
concentration of animal burrows, soil types, and any applied
treatments (i.e. rip rap, concrete, liners). Delineate on a Levee
Condition Map the priority levee sections that need immediate
attention versus levee areas that can be addressed in the next five to
ten years.
IMPROVE LEVEE SYSTEM Develop a list of levee treatment options that are appropriate for the
starting conditions of the Marsh levees. Levee repair options to
AND SHORELINE
include; cross-sectional variations, rock, biotechnical or manufactured
PROTECTION
slope protection measures, and repairs to animal burrows or
burrowing deterrent methods. The list will be provided to the District
for review and acceptance.
Develop one to three alternative designs for improving levee stability.
Incorporate preferred cross-sectional area, mechanical, biotechnical
and or rock protection measures from options above to create up to
three comprehensive repair options. Include wetland enhancement
and floodplain bench features developed under the Habitat
Enhancement program below where appropriate
Conduct water control structure assessment. Starting with the
preliminary map in this Plan (Figure 5) field verify the water control
structure pipe and weir gate types, sizes, and estimated elevations
FLOW CONVEYANCE/
relative to pond bottom and levee top. Record visible condition and,
DRAINAGE NETWORK
if possible, work with a District operator to test that the mechanics
are in working condition. Identify and prioritize any repairs needed. If
a bathymetric survey is conducted, include all water control invert

Use the 14 to 21 day target turn-over rates to determine allowable
diversion quantities for potential use as reclaimed water supplies
under summer and winter conditions

DETERMINE
ALLOWABLE DIVERSION
RATES

WATER BALANCE

YEAR 1

1 to 2 months

2 to 4 months

2 to 4 months

2 to 3 months

Year 1

Year 1

Year 1

1 to 2 months

1 to 2 months

PROGRAM
DURATION

Year 1

Year 1

Year 1

Table 15 – Summary of Moorhen Marsh Management Plan Action Elements by Start Year
TARGET
ELEMENT/ACTION
DESCRIPTION
YEAR
ITEM

Permits not required for assessment.

Permits not required for levee conceptual
designs. However designs will need to be
incorporated into permit applications prior to
implementation.

Permits not required for levee conceptual
designs. However designs will need to be
incorporated into permit applications prior to
implementation.

Permits not required for field assessment.

Permits not required for assessment.

Permits not required for assessment.

PERMITS LIKELY REQUIRED1

Identify optimum locations for view corridors.

PRESERVE VIEW
CORRIDORS

Determine draft costs for installing an automated irrigation system
that would use reclaimed water generated from the treatment facility.
Use draft costs in feasibility analysis to assess whether or not to

IRRIGATION SYSTEM
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Start with the native riparian and wetland planting plans in this
document to develop final planting pallets for the wetland and
floodplain benches in association with levee improvements.

RIPARIAN AND
WETLAND PLANTING
PLAN

LANDSCAPE SCREENING

VEHICULAR AND
PEDESTRIAN ACCESS

INSTALL
EDUCATION/WILDLIFE
VIEWING FEATURES

Basking logs and Raptor Perches. Starting with the Master Plan
Schematic, identify the preferred type, placement, and locations for
basking logs and raptor perches.
Starting with the Master Plan Schematic discuss and determine desire
for new or updated education and wildlife viewing facilities such as
boardwalks, shaded pavilions, floating docks.
Use the Master Plan to discuss and clarify the required road and trail
widths, circulation patterns and whether or not they need to be ADA
compliant.
Discuss the benefits of screening and decide whether targeted tree
planting should proceed as part of the Management Plan. If so,
develop an agreed upon planting pattern, pallet and schedule for
implementation.

Incorporate a wetland bench into one or more of the levee/shoreline
improvement designs in order to introduce emergent wetland habitat.

CREATE WETLAND
BENCH

INSTALL WILDLIFE
FACILITIES

Incorporate a floodplain bench into at least one of the levee/shoreline
improvement designs introduced above in order to increase riparian
habitat. Increase variation with floodplain and wetland benches
intermixed with riparian habitat and vegetation barriers.

CREATE FLOODPLAIN
BENCH

Year 1 or
2

Year 1

Year 1

Year 1

Year 1

Year 1

Year 1

Year 1

Year 1

Table 15 – Summary of Moorhen Marsh Management Plan Action Elements by Start Year
TARGET
ELEMENT/ACTION
DESCRIPTION
YEAR
ITEM
elevations in order to verify or distinguish from what is shown on
Figure 5.
Conduct
bathymetric survey (optional) of ponds or at a minimum
SEDIMENT/BIOMASS
conduct
field
investigation of average pond depths and amount of
ACCUMULATION AND
deposition. This investigation should coincide with the levee
Year 1
REMOVAL
condition assessment in order to plan for, design, and prioritize pond
and levee improvements collaboratively.
HABITAT ENHANCEMENT

2 to 4 months

2 to 4 months

3 to 6 months

2 to 4 months

2 to 4 months

2 to 4 months

2 to 4 months

2 to 4 months

2 to 4 months

2 to 3 months

PROGRAM
DURATION

Permits not required to develop cost
estimates.

Permits not required. However general
prescription planting plans will need to be
incorporated into permit applications for
levee and island improvements prior to
implementation.

Permits not required.

Permits not required.

Permits not required.

Permits not required.

Permits not required.

Permits not required for levee conceptual
designs. However designs will need to be
incorporated into permit applications prior to
implementation.
Permits not required for levee conceptual
designs including benches. However designs
will need to be incorporated into permit
applications prior to implementation.

Permits not required for field survey.

PERMITS LIKELY REQUIRED1

FISHERIES MONITORING
AND MANAGEMENT
PLAN
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Determine which (if any) monitoring and management elements could
be incorporated into the student education program for the site.

Develop a five-year monitoring and management plan, including a
schedule and budget for monitoring.

Refine fisheries/aquatic species management goals based on the
baseline survey effort, and determine if there is a need for active
fisheries management (versus the passive management currently
occurring).
Year 1

Year 1

PEST CONTROL

Conduct a baseline fisheries study to determine which species are
currently present, what their relative abundance is and, if possible, the
extent that successful reproduction is occurring. Use of electrofishing
and/or hand-pulled seine nets will likely be the primary techniques for
baseline studies, although other methods (e.g., fyke nets, hand-pulled
surface trawls) should be considered as is feasible. Determine the
potential for all species documented to exit and/or enter the site via
aquatic pathways.

Year 1

Identify all potential target pest species and field investigate and report
on their adverse impacts to the marsh.

VEGETATION
MANAGEMENT PLAN

FISH MONITORING
BASELINE FISH SURVEY

Year 1

Develop a vegetation management plan incorporating baseline data
collected in year 1. Evaluate each species for its potential threat to the
site; provide control methods for each species including potential
replacement plantings with native species. Develop target control
methods and success criteria. General an analogous native species
plant palette to replace invasive species. Provide Best Management
Practices for routine and project specific management activities to
reduce new or continued infestations of invasive species.

Table 15 – Summary of Moorhen Marsh Management Plan Action Elements by Start Year
TARGET
ELEMENT/ACTION
DESCRIPTION
YEAR
ITEM
proceed with the recommended irrigation system as part of the Marsh
improvements.
VEGETATION MANAGEMENT AND MONITORING PLAN
Conduct a survey of the entire site to identify and map current weed
infestations, assess the degree of infestation, and determine which
VEGETATION BASELINE species pose current or future threats. A single survey in summer is
Year 1
SURVEY
likely sufficient to assess each of the potential invasive species on-site;
however, if funding is available, a spring and summer survey would
capture the height of growth for almost all species present.

4 to 6 months

4 to 6 months

Permits not required.

CDFG and USFWS consultation may be
required prior to any fish collection efforts.

Permits not required.

Permits not required.

4 to 6 months in
coordination with
levee and wetland
enhancement
designs which are
expected to take
9 to 12 months to
acquire permits
and construct.
3 to 6 months

Permits not required for surveys.

PERMITS LIKELY REQUIRED1

2 to 6 months
(latter includes
spring/summer
survey)

PROGRAM
DURATION

IMPROVE LEVEE SYSTEM
AND SHORELINE
PROTECTION
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Acquire necessary permits and proceed with levee
repairs/improvements in high priority/high risk areas. Using the levee
improvement designs developed during the first year, make repairs to
the most “at risk” levees shown on the Levee Condition Map.

YEAR 2

Year 2 or
3

Table 15 – Summary of Moorhen Marsh Management Plan Action Elements by Start Year
TARGET
ELEMENT/ACTION
DESCRIPTION
YEAR
ITEM
Submit the five-year monitoring plan to the District for approval.

9 to 12 months to
acquire permits
and construct.
Implementation
likely 2 to 3
months in the
summer to avoid
wet weather
challenges.
Scheduling of all
or partial repairs
dependent upon
availability of
funds.

PROGRAM
DURATION

CORPS 404 (NWP 27 – Stream and Wetland
Restoration Activities) – The Project may be
exempt per Section 328.3 Definitions (8)
“Waste treatment systems, including
treatment ponds or lagoons designed to meet
the requirements of CWA…ARE NOT
waters of the Unite States.” This should be
confirmed via an exemption in writing from
the San Francisco Corps District. May require
clarification as to whether historic bay lands
or connection to jurisdictional Peyton Slough
would surpass the waste treatment system
exemption. Additionally it would need to be
clearly stated that the levees are
impoundment only and not used for flood
control.
USFWS, Section 7 (Biological Opinion)Generally, Technical Assistance from the
USFWS and CDFG is possible if the project
as described has no potential for take of listed
species. Draft a bio-technical memo outlining
any potential species and habitat issues,
followed by a request for Technical Assist
from USFWS and CDFG to develop BMPs
etc.
City of Martinez Grading Permit -The
grading permit may trigger CEQA review of
the project. A review of any existing CEQA
documentation for the District should be
conducted to determine if the project is
covered. Any issues/impacts to species and
habitats could be reduced to less than
significant by the very nature of the project

SF RWQCB 401 Certification -May be
covered under existing maintenance/upkeep
of existing facilities, but should be checked
with RWQCB representative.

PERMITS LIKELY REQUIRED1

CREATE FLOODPLAIN
BENCH

INCREASE POND DEPTH

FLOW CONVEYANCE/
DRAINAGE NETWORK
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Year 2 or
3

Year 2 or
3

Deepen the pond bottoms to increase water depths, maintain open
water habitat, and limit the extent of emergent wetlands. Perform
sediment removal operations as part of pond deepening effort and as
required to improve water distribution.

Construct floodplain benches as part of levee improvements.

Year 2 and
beyond

Monitor, test and record the condition of the water control structures
on an annual basis.

Table 15 – Summary of Moorhen Marsh Management Plan Action Elements by Start Year
TARGET
ELEMENT/ACTION
DESCRIPTION
YEAR
ITEM

9 to 12 months to
acquire permits
and construct.
Implementation
likely 2 to 3
months in the
summer to avoid
wet weather
challenges. Part
of levee repairs.

9 to 12 months to
acquire permits
and construct.
Implementation
likely 2 to 3
months in the
summer to avoid
wet weather
challenges.
Schedule to
coincide with
levee repairs.

Monitoring one
week every year
starting in year 2
and to continue
indefinitely.

PROGRAM
DURATION

USFWS, Section 7 (Biological Opinion) -See

CORPS 404 (NWP 27 – Stream and Wetland
Restoration Activities) -See possible
exemption per “Improve Levee System and
Shoreline Protection” line item above.

City of Martinez Grading Permit - See
additional information per “Improve Levee
System and Shoreline Protection” line item
above.
SF RWQCB 401 Certification -See possible
exemption per “Improve Levee System and
Shoreline Protection” line item above.

USFWS, Section 7 (Biological Opinion) -See
additional information per “Improve Levee
System and Shoreline Protection” line item
above.

CORPS 404 (NWP 27 – Stream and Wetland
Restoration Activities) -See possible
exemption per “Improve Levee System and
Shoreline Protection” line item above.

SF RWQCB 401 Certification- See possible
exemption per “Improve Levee System and
Shoreline Protection” line item above.

Permits not required for monitoring.

and BMPs. A preliminary review of the
project could be requested of the City to
determine the applicability of CEQA, and
their preferences of review as a potential Lead
Agency. If CEQA review was necessary, the
process would allow a more formal process
for USFWS and CDFG to comment and
approve the project.

PERMITS LIKELY REQUIRED1

PRESERVE VIEW
CORRIDORS

CREATE WILDLIFE
ISLANDS AND
PENINSULAS

CREATE WETLAND
BENCH
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Create view corridors in association with wetland bench features by
steepening and retrofitting portions of the pond perimeters that were
identified in Year 1.

Enhance and expand refuge areas by design for and creating wildlife
islands and wildlife peninsulas.

Construct wetland benches as part of levee improvements.

Year 2 or
3

Year 2 or
3

Year 2 or
3

Table 15 – Summary of Moorhen Marsh Management Plan Action Elements by Start Year
TARGET
ELEMENT/ACTION
DESCRIPTION
YEAR
ITEM

9 to 12 months to
acquire permits
and construct.
Implementation
likely 2 to 3
months in the
summer to avoid
wet weather

2 to 4 months

9 to 12 months to
acquire permits
and construct.
Implementation
likely 2 to 3
months in the
summer to avoid
wet weather
challenges. Part
of levee repairs.

PROGRAM
DURATION

CORPS 404 (NWP 27 – Stream and Wetland
Restoration Activities)- See possible
exemption per “Improve Levee System and
Shoreline Protection” line item above.

Permits not required for island and refuge
area conceptual designs. However designs
will need to be incorporated into permit
applications prior to implementation.
SF RWQCB 401 Certification - See possible
exemption per “Improve Levee System and
Shoreline Protection” line item above.

City of Martinez Grading Permit- See
additional information per “Improve Levee
System and Shoreline Protection” line item
above.

USFWS, Section 7 (Biological Opinion) -See
additional information per “Improve Levee
System and Shoreline Protection” line item
above.

CORPS 404 (NWP 27 – Stream and Wetland
Restoration Activities) See possible
exemption per “Improve Levee System and
Shoreline Protection” line item above.

City of Martinez Grading Permit - See
additional information per “Improve Levee
System and Shoreline Protection” line item
above.
SF RWQCB 401 Certification
See possible exemption per “Improve Levee
System and Shoreline Protection” line item
above.

additional information per “Improve Levee
System and Shoreline Protection” line item
above.

PERMITS LIKELY REQUIRED1

ANNUAL VEGETATION
MONITORING AND
REPORTING

ANNUAL VEGETATION
CONTROL TREATMENTS
AND REPLACEMENT
PLANTINGS

INSTALL WILDLIFE
FACILITIES
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Years 2
through 6

Years 2
through 6

Provide a prescribed treatment for each targeted invasive species as
outlined in the management plan. Planting of native species should
follow treatment, if/when appropriate. It may be necessary or
advisable to delay plantings as some invasive species may require
repeated treatments and native plantings could interfere with future
control treatments.

Biologist to conduct an annual walk-through in summer. Each
potential invasive species to be mapped, recorded, and cover density
estimated. Data to be compared to the previous years to assess new
or continuing infestations. Additionally, species-specific monitoring
will be conducted within control treatment areas, and these data
compared to previous years to determine the success of the control
program.

Year 2 or
3

Install and anchor basking logs between the open water and shoreline
in locations identified in Year 1. When possible construct from
salvaged trees removed on the grounds or acquired from nearby
projects. Install raptor perches in locations identified in Year 1.

Table 15 – Summary of Moorhen Marsh Management Plan Action Elements by Start Year
TARGET
ELEMENT/ACTION
DESCRIPTION
YEAR
ITEM

Five year
treatment,
monitoring and
adaptive
management
effort. Planting
efforts 1 to 2
months in
coordination with
treatment
applications,
levee repairs and
wetland
enhancements
(i.e. don’t want to
treat an area that
may be disturbed
during
construction).
Five year
monitoring and
reporting plan to
aid in adapting
and improving
upon the
treatment
program.

1 to 2 months

PROGRAM
DURATION
challenges.
Schedule to
coincide with
levee repairs.

Permits not required for monitoring.

May need SF RWQCB permit if any
herbicides/pesticides are proposed as part of
invasive treatments.

Permits not required.

USFWS, Section 7 (Biological Opinion) -See
additional information per “Improve Levee
System and Shoreline Protection” line item
above.
.
City of Martinez Grading Permit - See
additional information per “Improve Levee
System and Shoreline Protection” line item
above.

PERMITS LIKELY REQUIRED1

IMPROVE LEVEE SYSTEM
AND SHORELINE
PROTECTION

FISHERIES MONITORING
AND MANAGEMENT
PLAN

PEST CONTROL

YEAR 3
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Continue to repair/improve levee areas in next priority areas.

Conduct brief investigation into new or slightly modified options for
retrofitting the levees and provide all in a brief letter report update. If
a newly repaired levee section exhibits any sign of accelerated erosion
adjust the levee repair design to prevent any further issues.

Monitor condition of existing and recently renovated levee sections.
Conduct yearly levee monitoring program and note any significant
changes in levee conditions since the prior year on existing and
recently repaired levees.

Implement the monitoring and management plan.

Develop a pest control, and if necessary, eradication program for the
targeted species identified in Year 1.

In the fifth year of the management and monitoring program (i.e.
Year 6), the District Biologist will draft a five year report summarizing
the previous five years’ species data, targeted species control methods,
degree of success of the program, and provide recommendations for
alterations or adaptations to the management and monitoring
program.

Year 3 or
4 and
beyond

Year 3 or
4 and
beyond

Years 2
through 4

Year 2

Table 15 – Summary of Moorhen Marsh Management Plan Action Elements by Start Year
TARGET
ELEMENT/ACTION
DESCRIPTION
YEAR
ITEM
District Biologist to draft an annual letter report outlining that year’s
target species, control method, monitoring method, comparative
analysis, and provide recommendations for the next year’s
management and monitoring program.

Levee monitoring
one week every
year starting the
year after first
levee repairs are
implemented and
to continue
indefinitely.
Levee repair
design
adjustments and
letter report, 1 to
3 months in year
after first levee
repairs are built.
Implementation
likely 2 to 3
months in the

1 to 2 months
every year for
three years.

4 to 6 months to
develop plan. 9 to
24 months to
implement.

PROGRAM
DURATION

SF RWQCB 401 Certification
See possible exemption per “Improve Levee
System and Shoreline Protection” line item

Permits not required for monitoring or design
adjustments. However design adjustments
may need to be incorporated into updated
permit applications or amendments.

Depending upon proposed management
measures the following agencies may need to
be consulted:
USFWS
USNMFS
CDFG

Depending upon the pest species, CDFG and
USFWS consultation may be required.

PERMITS LIKELY REQUIRED1

INSTALL
EDUCATION/WILDLIFE
VIEWING FEATURES

INSTALL
EDUCATION/WILDLIFE
VIEWING FEATURES
PEST CONTROL

SEDIMENT/BIOMASS
ACCUMULATION AND
REMOVAL
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Acquire permits for and build education and wildlife viewing features

Year 4 or
5

Year 3

Develop a monitoring plan to determine the success of the pest
control program.

YEAR 4

Year 3

Year 3 or
4 and
beyond

Year 3 or
4

Based on discussion and decisions in year one design education and
wildlife viewing features. Incorporate safety features for all facilities.

Monitor the ponds following completion of levee and wetland
enhancements in order to ensure that accelerated erosion and
sedimentation have in fact been minimized.

Revise Management Plan if there are any recommendations to change
the levee designs or repair options based on what is observed.

Table 15 – Summary of Moorhen Marsh Management Plan Action Elements by Start Year
TARGET
ELEMENT/ACTION
DESCRIPTION
YEAR
ITEM

12 to 36 months.
Scheduling
dependent upon

3 to 6 months to
develop
monitoring plan.
1-2 weeks to
monitor every
year on an annual
basis for five
years.

6 to 12 months

Monitoring one
week starting in
year 3 and repeat
every two years
indefinitely.

2 to 3 months

PROGRAM
DURATION
summer of years
3 through 5.
Scheduling of all
or partial repairs
dependent upon
availability of
funds.

Scope of permits will be dependent upon
whether facilities are located sufficiently
outside of wetland areas. Permits to consider

Permits not required. However designs will
need to be incorporated into permit
applications prior to implementation.

Permits not required for monitoring.

City of Martinez Grading Permit - See
additional information per “Improve Levee
System and Shoreline Protection” line item
above.
Permits not required for management plan
updates, however updated plan may need to
be incorporated into future SF RWQCB
operational permits.

USFWS, Section 7 (Biological Opinion) -See
additional information per “Improve Levee
System and Shoreline Protection” line item
above.

CORPS 404 (NWP 27 – Stream and Wetland
Restoration Activities) See possible
exemption per “Improve Levee System and
Shoreline Protection” line item above.

above.

PERMITS LIKELY REQUIRED1

Year 5
through 8

Review and incorporate any amendments, recommendations, or
adaptive strategies to the management and monitoring plan for
implementing the next five years based on the efficacy of the control
treatments, native species plantings, monitoring program, etc.

YEAR 6 AND BEYOND

Revise the monitoring and management plan based on five-year
finding (i.e., utilization of adaptive management). Continue
monitoring and management efforts if still needed under the updated
plan.

YEAR 5
3 to 4 months to
revise the plan. 1
to 2 months
every year to
monitor and
manage for the
next three years.

PROGRAM
DURATION
availability of
funds.

Depending upon proposed management
measures the following agencies may need to
be consulted:
USFWS
USNMFS
CDFG

City of Martinez Grading Permit - See
additional information per “Improve Levee
System and Shoreline Protection” line item
above.

USFWS, Section 7 (Biological Opinion) -See
additional information per “Improve Levee
System and Shoreline Protection” line item
above.

CORPS 404 (NWP 27 – Stream and Wetland
Restoration Activities) -See possible
exemption per “Improve Levee System and
Shoreline Protection” line item above.

will include:
SF RWQCB 401 Certification
See possible exemption per “Improve Levee
System and Shoreline Protection” line item
above.

PERMITS LIKELY REQUIRED1

53

Continued
monitoring and
UPDATE VEGETATION
treatment for an
Permits not required for monitoring. May
MANAGEMENT AND
additional five
need SF RWQCB permit if any
Years
7
MONITORING PLAN AND
years, i.e. ten
herbicides/pesticides are proposed as part of
through
11
CONTINUE
Continue control treatments, monitoring, and reporting: Based on any
years in total to
invasive treatments.
MANAGEMENT
suggested alterations to the management plan, continued management
actively monitor
actions will continue in Moorhen Marsh on an annual basis for five
and manage
years.
vegetation.
1 SF RWQCB = San Francisco Regional Water Quality Control Board, CORPS = U.S. Army Corps of Engineers, USFWS = U.S. Fish and Wildlife Service, CDFG = California
Department of Fish and Game, USNMFS = U.S. National Marine Fisheries Service

UPDATE FISH
MONITORING AND
MANAGEMENT PLAN

Table 15 – Summary of Moorhen Marsh Management Plan Action Elements by Start Year
TARGET
ELEMENT/ACTION
DESCRIPTION
YEAR
ITEM
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SF RWQCB = San Francisco Regional Water Quality Control Board, CORPS = U.S. Army Corps of Engineers, USFWS = U.S. Fish and Wildlife Service, CDFG = California
Department of Fish and Game, USNMFS = U.S. National Marine Fisheries Service

1

V.
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Student dip-netting in Moorhen Marsh

Great Blue Heron

Photo by: Kerstin Firmin

Photo by: Brad Thompson

If you look carefully, you can see where the treated
effluent enters the wetlands. Without the millions of
gallons of water provided by MVSD each year, this
historic marsh would cease to exist.

In the San Francisco Bay Area, where most freshwater
wetlands have been destroyed, Moorhen Marsh is a
shining example of a community success story. The
marsh provides open space in a heavily industrialized
area and is an important link in the Pacific Flyway for
migratory birds. The marsh also provides educational
opportunities for 1,600 elementary, secondary, and
college students every year.

Formed in 1923, Mt. View Sanitary District (MVSD)
provides wastewater treatment to approximately 10,500
homes and businesses in and around Martinez. In
1974, MVSD created the first wetlands utilizing treated
effluent on the West Coast. The resulting Moorhen
Marsh saved the District’s rate payers millions of
dollars while establishing a unique wildlife habitat.

Historic Moorhen Marsh

Male Ruddy Duck in breeding plumage

Student watching birds in Moorhen Marsh

Photo by: Kelly Davidson

Photo by: Kerstin Firmin
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Male Belted Kingfisher
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Western Pond Turtle

Snowy Egret

Fortunately, the lower watershed retains some of the
wetlands central to the early history of the region when
Native Americans made use of the abundant wildlife
and plant resources. Moorhen and McNabney marshes
provide habitat to many species of fish, birds and other
notable wildlife.

Over half of the Peyton Slough Watershed is urbanized.
The upper watershed is mostly residential and
dependent on storm drain systems for water flow.
Although Peyton Slough, the stream you see here, is
free flowing between Moorhen and McNabney
marshes, the slough is culverted for over one-third of
its total length.

The Peyton Slough Watershed is home to approximately
9,500 people and encompasses 3,914 acres. It is located
east of the Alhambra Creek Watershed in northern
Contra Costa County. Early industry included oil
refining, chemical production, and copper smelting.
Though these industries provided important jobs to
residents, they also brought environmental challenges
that are still felt today.

Peyton Slough Watershed

Map of Peyton Slough Watershed

Igor Skaredoff

1

3

2

McNabney Marsh
Moorhen Marsh

2
3

Map from the Contra Costa Watershed Atlas, produced by the Contra Costa Watershed Forum

Peyton Slough

1

red dragonfly
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Photo Courtesy of Contra Costa Mosquito & Vector Control District

Water Beetle Larva
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Damselfly Niad

Additionally, some organisms are sensitive to changes
in water quality and are only found in large numbers
in healthy, unpolluted water. The presence of stonefly
and mayfly populations indicates good levels of
dissolved oxygen in the water - a key factor indicative
of high water quality.

Many of the most plentiful invertebrates are aquatic
insects such as mayflies, dragonflies, damselflies,
stoneflies, and water beetles. Though easily missed
by the casual observer, these insect populations are
critical to a healthy wetland food web.

Moorhen Marsh is a favorite resting and feeding
habitat for a variety of aquatic birds. Many birds
depend on fish and invertebrates living in the water
for food. A recent survey indicated that over 15 species
of fish and numerous kinds of invertebrates, including
crayfish, copepods, amphipods, and insects, provide
the base of the food web in Moorhen Marsh.

Who’s Living in the Water?

Toe Biter

Freshwater Copepod

Photo Courtesy of Contra Costa Mosquito & Vector Control District

Photo Courtesy of Contra Costa Mosquito & Vector Control District
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Mosquito larvae
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Photo courtesy of mosquito-pictures.com

Mosquito life cycle

Sacramento perch (Archoplites interruptus) is a California native
species being studied for its use in mosquito control in wetlands.
Once an abundant food species for the California Indians, it is
the only member of the perch family that is native to the Golden
State. Studies show that Sacramento perch prefer mosquito larvae
over other food sources. The Mt. View Sanitary District worked
with the Contra Costa Mosquito & Vector Control District to
stock Sacramento Perch in Moorhen Marsh for efficient mosquito
control as well as to help restore this native species that once
flourished in California’s wetlands.

Sacramento Perch

Mosquitofish (Gambusia affinis) are small guppy-like fish, native to
the Gulf of Mexico Watershed, that consume several hundred
mosquito larvae daily. These voracious predators use upturned
mouths to scoop up larvae. They are prolific; each female can
produce three to four broods of up to 100 live young each year!
Their adaptability and effectiveness in pest control have made
mosquitofish one of the most widely distributed freshwater fish
in the world.

Mosquitofish

Sacramento Perch

Mosquitofish

Controlling Mosquitoes in Wetlands

Photo courtesy of the Contra Costa
Mosquito & Vector Control District

Photo courtesy of the Contra Costa Mosquito & Vector Control District
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Today’s beaver population is only 5% of what it was when
Europeans first settled here. Because of their value to other
wildlife, the Mt. View Sanitary District works hard to find ways to
coexist with beavers living in Moorhen and McNabney Marshes.
With sustained wetlands protection, beavers should be around for
many years to come.

Look at the cottonwood tree for signs of beaver living in Moorhen
Marsh. Because they are nocturnal, it is difficult to spot a beaver,
but signs such as chewed tree limbs and attempts to dam small
water flows with vegetation are sure signs that one or more
beavers are present.

North American beavers (Castor canadensis) are the most skilled
builders in nature. Their dams create wetlands that are beneficial
to many species of fish, amphibians, turtles, and aquatic birds.
Native Americans called the beaver “sacred center of the land”
because they create homes for many species.

Glenn and Martha Vargas
© California Academy of Science

Photo by: Cheryl Reynolds/ Worth a Dam

A well-constructed beaver dam

Yearling beaver on land

A young beaver feeds on willow in an urban creek.

Beavers Create Habitat for Wildlife

Tree felled by beaver

Robert Potts
© California Academy of Sciences

Photo by: Cheryl Reynolds/ Worth a Dam
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Hummingbird Sage in bloom

white-crowned sparrow

Juvenile Ruby-Throated Hummingbird in flight

Photo by: Christopher L. Christie

Photo by: Steve Byland

These simple techniques create beautiful gardens that
conserve water, reduce waste, and protect the watersheds of
the San Francisco Bay. The garden before you is irrigated
with recycled water and is maintained using these ecofriendly methods.

By gardening with California native plants like sticky monkey
flower, hummingbird sage, and California lilac, gardeners
can significantly reduce summer water use. Other ecofriendly practices include mulching to retard weed growth,
composting to amend the soil without chemicals, and
managing pests without pesticides to avoid harming
pollinators such as butterflies, bees, and hummingbirds.

California is an arid state receiving no rainfall for at least
6 months a year. Many of America's gardening practices,
such as lush green lawns, originated in areas with drastically
different rainfall patterns from what we experience in the
Golden State. Residential landscapes account for 30% of all
urban water use. A growing population and intermittent
droughts will aggravate water shortages in the future, while
global warming may further complicate the issue.

Common Buckeye Butterfly

Sticky Monkeyflower

Photo by: Jill Lange

Photo by: Wilde Legard

How Does Your Garden Affect Creeks and Watersheds?
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Recycled water is not used as drinking water.

Purple pipes indicate the use of recycled water.

Photo Courtesy of
Central Contra Costa Sanitary District

Photo Courtesy of Mt. View Sanitary District

In the United States, recycled water is distributed in
purple pipes to distinguish it from potable water
systems. You can see purple pipes for recycled water
in and around MVSD’s Administration Building.
Using recycled water is just one of many ways the
District works to protect the San Francisco Bay and
our watersheds.

By using recycled water for such needs as industrial
cooling, firefighting, and irrigation, a growing
population can reduce the burden on its drinking
water demands. Recycled water also provides nutrients
to garden plants, making harmful manufactured
fertilizers, which contribute to water pollution via
runoff, unnecessary.

All of Mt. View Sanitary District's (MVSD) landscape
irrigation is done with recycled water. Recycled or
reclaimed water is treated wastewater that is reused for
non-drinking water purposes instead of being
discharged into the environment.

What is Recycled Water?

Photo Courtesy of Central Contra Costa Sanitary District

Other uses of recycled water include turf irrigation at Diablo
Valley College, College Park High School, and Valley View
Middle School in Pleasant Hill. A variety of industries also use
significant amounts of recycled water including Contra Costa
Top Soil and County Quarry in Martinez, among other sites.

The photo above shows an employee at the Contra Costa
County Animal Shelter in Martinez using recycled water to
clean dog kennels. This application of recycled water saves
thousands of gallons of drinking water each year.

