
Elkhorn Slough Tidal Marsh Restoration Project i 120505.00 

Restoration Plan September 12, 2014 

FINAL 

 
ELKHORN SLOUGH TIDAL MARSH 
RESTORATION PROJECT    

Restoration Plan 
 
 
 
Prepared for the Elkhorn Slough National Estuarine Research Reserve  
and Elkhorn Slough Foundation  
 
Prepared by Environmental Science Associates (ESA) 
 
with H.T. Harvey and Associates 
       Moffatt & Nichol 
       ENGEO 
       Coastal Conservation and Research, Inc. 
 
 
July 1, 2014,  
 
Revisions: 

September 12, 2014 – ESA updated Chapter 7 with ESNERR comments 
October 16, 2014 – ESNERR updated target elevation after meeting with the Salt 

Marsh Working Group 
 
 
 
 
 
 
 
 
 
 
 
 
[  



Elkhorn Slough Tidal Marsh Restoration Project ii 120505.00 

Restoration Plan September 12, 2014 

 

 
 
 
 
 
 
 
 
 
 

[Intentionally blank] 
 

  



Elkhorn Slough Tidal Marsh Restoration Project i 120505.00 

Restoration Plan September 12, 2014 

TABLE OF CONTENTS  
 
 

1.  INTRODUCTION ............................................................................................................................. 1 

PROJECT BACKGROUND .................................................................................................................................... 1 
PLANNING PROCESS......................................................................................................................................... 2 
REPORT ORGANIZATION ................................................................................................................................... 2 

2.  GOALS, OBJECTIVES, AND RESTORATION APPROACH ..................................................................... 3 

GOALS AND OBJECTIVES ................................................................................................................................... 3 
RESTORATION APPROACH ................................................................................................................................. 4 

3.  SITE CONDITIONS .......................................................................................................................... 5 

SITE AREAS AND LAND USE ............................................................................................................................... 5 
PHYSICAL CONDITIONS AND PROCESSES ............................................................................................................... 7 
BIOLOGY ....................................................................................................................................................... 9 

4.  DESIGN CRITERIA ......................................................................................................................... 13 

MARSHPLAIN FILL ELEVATION .......................................................................................................................... 13 
TIDAL CHANNELS ........................................................................................................................................... 14 
SEDIMENT SUITABILITY CRITERIA ....................................................................................................................... 14 

5.  PROJECT ALTERNATIVES .............................................................................................................. 16 

ALTERNATIVES DEVELOPMENT AND SELECTION PROCESS ...................................................................................... 16 

6.  RESTORATION PLAN .................................................................................................................... 19 

OVERVIEW ................................................................................................................................................... 19 
DESIGN ELEMENTS AND GRADING .................................................................................................................... 19 

Restored Marshplain ............................................................................................................................ 19 
Tidal channels ...................................................................................................................................... 20 
Ecotone and Grasslands ....................................................................................................................... 21 

PROJECT PHASING ......................................................................................................................................... 21 
Phase 1 ................................................................................................................................................. 21 
Future Phases ....................................................................................................................................... 22 

SEDIMENT SOURCES ...................................................................................................................................... 22 
Sediment Source for Phase 1 ............................................................................................................... 22 
Sediment Sources for Future Phases .................................................................................................... 23 

CONSTRUCTION SEQUENCING AND METHODS ..................................................................................................... 23 
Construction Sequencing ..................................................................................................................... 23 
Material Delivery ................................................................................................................................. 24 
Marshplain and Channel Grading ........................................................................................................ 25 

MARSHPLAIN, ECOTONE AND GRASSLAND REVEGETATION .................................................................................... 28 
CONSTRUCTION SCHEDULE .............................................................................................................................. 28 

7.  EXPERIMENTAL DESIGN AND ADAPTIVE MANAGEMENT .............................................................. 30 

DEFINITIONS ................................................................................................................................................ 30 
OVERVIEW ................................................................................................................................................... 31 
DISCUSSION BY EXPERIMENT ........................................................................................................................... 32 

Marshplain Elevation ........................................................................................................................... 32 



Elkhorn Slough Tidal Marsh Restoration Project ii 120505.00 

Restoration Plan September 12, 2014 

 

Marshplain Sediment Texture and Organic Matter Amendment ........................................................ 33 
Tidal Creek Construction Methods ....................................................................................................... 34 
Ecotone Revegetation .......................................................................................................................... 35 
Grassland Revegetation ....................................................................................................................... 37 

MONITORING ............................................................................................................................................... 39 

8.  CONSTRUCTION COST ESTIMATE ................................................................................................. 40 

9.  REGULATORY CONSIDERATIONS .................................................................................................. 45 

SPECIES WINDOWS FOR CONSTRUCTION ............................................................................................................ 47 
Harbor Seal Pupping ............................................................................................................................ 47 
Otter Pupping ...................................................................................................................................... 47 
Avoiding Impacts to Nesting Birds ....................................................................................................... 47 

10.  LIST OF PREPARERS ................................................................................................................. 48 

PREPARERS OF THIS DOCUMENT ....................................................................................................................... 48 
PLANNING TEAM........................................................................................................................................... 49 

11.  REFERENCES ............................................................................................................................ 50 

 

List of Figures   

Figure 1. Regional Setting 

Figure 2. Site Map 

Figure 3. Site Topography 

Figure 4. Existing Biotic Habitats 

Figure 5. Surveyed Habitat Elevations 

Figure 6. CNDDB Plant Records 

Figure 7. CNDDB Wildlife Records 

Figure 8. Restoration Plan – Long Term Habitats 

Figure 9. Phase 1 Action 

Figure 10. Conceptual Design Profile across Phase 1 Area 

Figure 11. Marsh Settlement and Consolidation 

Figure 12. Design Elements  

Figure 13. Conceptual Cross-Section of Upland Borrow Transitional Area 

Figure 14. Map of Proposed Experiments 



Elkhorn Slough Tidal Marsh Restoration Project iii 120505.00 

Restoration Plan September 12, 2014 

 

 
List of Tables 

Table 1. Areas, Depths of Fill, and Sediment Volumes, By Sub-area  

Table 2. Tidal Datums 

Table 3. Existing Biotic Habitats and Land Use Types 

Table 4. Summary of Alternatives Considered and Selected for Further Assessment 

Table 5. Considerations for Future Project Phases 

Table 6. Experimental Design Prioritization 

Table 7. Conceptual Experimental Design 

Table 8. Planning Level Construction Cost Estimate for the Phase 1 Action 

Table 9. Planning Level Construction Cost Estimate for the Project, All Phases 

 

List of Appendices  

Appendix 1. Goals, Objectives, and Considerations  

Appendix 2. Design Criteria, Sediment Suitability, and Sediment Sources   

Appendix 3. Alternatives Identification and Evaluation 

Appendix 4. Geotechnical Report: Findings of Limited Subsurface Exploration 

Appendix 5. Planning Level Cost Estimates   

Appendix 6. Construction Methods   

Appendix 7. Monitoring Table 

 



Elkhorn Slough Tidal Marsh Restoration Project 1 120505.00 

Restoration Plan September 12, 2014 

1. INTRODUCTION 
The Elkhorn Slough Marsh Restoration project will restore 145 acres of vegetated tidal salt 

marsh, upland ecotone, and native grasslands in Monterey County. The project will restore a 

marsh that is more resilient to climate change, reduce ongoing tidal scour and marsh loss in the 

Slough, and increase understanding of salt marsh restoration for the benefit of future projects in 

the estuary.  

The restoration plan described in this report will be evaluated for compliance with the California 

Environmental Quality Act (CEQA). The Phase 1 action will be developed into design drawings 

and used for permit applications.  

Project Background 
The Elkhorn Slough estuary (Figure 1) is one of the largest estuaries in California and contains 

the state’s largest salt marshes south of San Francisco Bay. The Slough provides important 

habitat for an exceptionally broad range of resident and migratory birds, fish, and other wildlife, 

and plays a crucial role in the local estuarine and nearshore food web.  

The Slough system is currently facing unprecedented rates of tidal wetland loss and degradation. 

Over the past 150 years, human activities have altered the tidal, freshwater, and sediment 

processes which are essential to support and sustain Elkhorn Slough’s estuarine habitats. Fifty 

percent of the tidal salt marsh in Elkhorn Slough has been lost in the past 70 years. This habitat 

loss is a result of increased tidal flooding, which “drowns” the vegetation, caused by past diking 

and draining of the marsh and construction of a harbor at the mouth of the Slough in 1947. The 

loss of riverine sediment inputs, subsidence of marsh areas, sea level rise, increased salinity, and 

increased nutrient inputs may also contribute to marsh drowning (Watson et al. 2010, Deegan et 

al. 2012). Bank and channel erosion in Elkhorn Slough are deepening and widening tidal creeks, 

causing salt marshes to collapse into the channel, and eroding sediments that provide important 

habitat and support estuarine food webs.  

In 2004, Elkhorn Slough National Estuarine Research Reserve (ESNERR) initiated a planning 

effort to evaluate marsh dieback and tidal erosion at Elkhorn Slough and to develop restoration 

and management strategies. Experts from multiple disciplines agreed that without intervention, 

excessive erosion would continue widening the tidal channels and that salt marsh would 
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continue to convert to mudflat. This will result in a significant loss of habitat function and 

decrease in estuarine biodiversity. Habitat loss is expected to become more severe with 

accelerating sea level rise. Additional information about the Elkhorn Slough Tidal Wetland 

Project can be found at http://www.elkhornslough.org/tidalwetlandproject/index.html. 

The current phase of the Elkhorn Slough Tidal Marsh Restoration Project (the Project) focuses on 

using imported sediment to restore tidal marsh habitats within the 145-acre Minhoto-Hester’s 

Marsh and Seal Bend areas (Figure 2). Raising subsided tidal areas to more sustainable marsh 

elevations will require approximately 210,000 to 340,000 cubic yards of sediment.  

Planning Process 
This restoration project is occurring within the ESNERR, on land owned and managed by the 

California Department of Fish and Wildlife (CDFW) in partnership with NOAA and Elkhorn 

Slough Foundation (ESF). ESF is managing the grant funding to support this project on behalf of 

ESNERR. Environmental Science Associates (ESA) has been retained by ESF to provide the 

Restoration Plan (this study), 30% design for the first phase of construction (Phase 1), and 

regulatory compliance to obtain the necessary permits for Phase 1.The ESA team consists of HT 

Harvey & Associates, Moffatt & Nichol, ENGEO, and staff from Moss Landing Marine Labs.  

Report Organization  
This report is organized into the following sections: 

 Section 2 provides the project Goals and Objectives, and overall restoration approach.  

 Section 3 summarizes Site Conditions relevant to development of the Restoration Plan. 

 Section 4 describes the Design Criteria for ecological performance of the project, 
including design criteria for fill elevations, tidal channels, and sediment acceptance 
suitability. 

 Section 5 Project Alternatives describes the alternatives development process and the 
rationale for selecting the preferred restoration plan. 

 Sections 6, 7, and 8 present the restoration plan, experimental design, and construction 
cost estimates, respectively. The restoration plan describes project implementation 
phasing, potential sediment sources, construction sequencing, and construction elements.  

 Section 9 discusses regulatory considerations.  
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2.  GOALS, OBJECTIVES, AND RESTORATION 
APPROACH  

Goals and Objectives 
The project goals and objectives were developed by ESNERR staff in 2012 and are listed below 

with updated schedule. Since these goals and objectives were developed the nature of the project 

has evolved, and this document supersedes the acreages and volumes presented here. Additional 

information about the goals and objectives is contained in Appendix 1.  

Goal 1: Increase the extent of tidal marsh in Elkhorn Slough 

Objective 1.1: Restore salt marsh ecosystem in historically diked and drained areas through 
adding sediment. This includes restoration of at least 18 acres of tidal salt marsh and 3 acres of 
native grassland buffer/ecotone between the wetlands and farmed uplands in the first phase of 
restoration (Phase 1). 

Strategy 1A: Plan the restoration of 100 acres of tidal salt marsh in Elkhorn Slough by the end 
of 2014. 

 Strategy 1B: Plan a 35-acre native grassland buffer between the wetlands and farmed uplands 
by the end of 2014. 

 Strategy 1C: Conduct engineering analysis and regulatory compliance coordination to the 
completion of the CEQA process by 2015. 

 Strategy 1D: Restore 18 acres of tidal salt marsh in Elkhorn Slough by 2016. 
 Strategy 1E: Restore 3 acres of permanent vegetative buffer between the wetlands and farmed 

uplands by 2016. 

Goal 2: Reduce tidal scour in Elkhorn Slough 

Objective 2.1: Reduce tidal scour through adding sediment to historically diked and drained 
areas. 

Strategy 1D (above): Will displace 45,000 cubic yards of tidal prism and accommodation 
space. 

Goal 3: Protect and improve surface water quality in Elkhorn Slough 

Objective 3.1: Protect and improve surface water quality through establishing a permanent 
vegetated buffer. 

Strategy 1D (above): Will accomplish this objective since wetlands provide numerous water 
quality improvement functions related to sedimentation, filtration, and the transformation of 
nutrients and pesticides. 

Goal 4: Provide resilience to climate change to estuarine ecosystems in Elkhorn Slough 

Objective 4.1: Increase the extent of tidal marsh of sufficient elevation to be resilient to moderate 
sea level rise.  

Strategy: Set the elevation of the new marshplain higher than the average for the surrounding 
estuary in the hopes that newly created marshes can be more sustainable in the face of climate 
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change, due to higher initial elevations and perhaps lower subsidence rates from 
eutrophication. 

Goal 5: Increase understanding of how best to restore salt marsh 

Objective 5.1: Conduct a well-designed and monitored project so that lessons learned can inform 
future salt marsh restoration projects in the estuary.  

Restoration Approach  
The restoration planning area includes 104 acres of former tidal marsh that have experienced 

approximately two feet of subsidence and no longer support extensive areas of vegetated 

marsh. The overall approach is to use imported and onsite sediments to raise ground elevations 

and restore tidal marsh habitats in these areas. Restoring tidal marsh to the entire project area 

is not financially feasible at this time, nor is sufficient sediment available, so restoration will 

occur in phases. The first phase will use sediment stockpiled on the agricultural fields adjacent to 

Minhoto Marsh, which was imported from the Pajaro River Bench Excavation Project in the 

summer of 2013. Additional upland borrow from the adjacent agricultural fields will supply the 

remaining sediment needed for the Phase 1 project. The location of future phases will be based on 

availability of sediment and funding. Ideally, future phases will place sediment directly onto the 

marsh plain (rather than stockpiling) to reduce costs. Each phase will include an experimental 

design component, with designs for future phases incorporating lessons learned from the previous 

phases and experiments.   
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3. SITE CONDITIONS  
The Project area (Figure 1) is 145 acres in size and is comprised of two stretches of salt marsh 

and mudflat in lower Elkhorn Slough (104 ac) - Seal Bend and Minhoto-Hester’s Marsh – and 

upland adjacent to Minhoto Marsh (41 ac) (Figure 2). This section summarizes the existing site 

conditions relevant to Project planning. These conditions are described further in the Existing 

Conditions Report for this project (ESA et al 2014). The Existing Conditions report also provides 

a conceptual model of habitat restoration.  

Site Areas and Land Use  
The Minhoto-Hester’s Marsh and Seal Bend restoration areas were historically dominated by 

mature tidal salt marsh plains drained by dendritic channel networks. Diking and draining of 

these areas occurred at various times after 1872 in order to convert the tidal marshes into areas 

more suitable for agricultural use and economic production. Portions of the Minhoto-Hester’s 

area were purchased by the Empire Gun Club in 1902 and were actively managed in a way to 

encourage their use by waterfowl. Portions of the Seal Bend and Minhoto-Hester’s restoration 

areas were later converted to pasture for dairy cattle during the early 20th century (Silberstein et 

al. 2002). The draining of the tidal marsh caused the marsh sediments to desiccate, compact, 

decompose, and subside. Over time, as the parcels were acquired by various resource agencies 

and non-profits (both the Seal Bend and Minhoto-Hester’s parcels are owned by CDFW), the 

levees around these areas failed or were removed to restore tidal exchange. By 1983, tidal action 

had been returned to most of these areas (the levees are still intact at the westernmost 

impoundment in Minhoto-Hester’s Marsh). Remnant levees persist around the outboard edges of 

most of these areas, but in some places, particularly Seal Bend, these levees are highly eroded. 

The morphology of the two restoration areas is discussed in greater detail below. 

Seal Bend Restoration Area 

The Seal Bend restoration area is the higher (by approximately half a foot) of the two marsh 

restoration areas, and as such contains the largest proportion of vegetated tidal salt marsh. The 

marsh has had multiple cross-levees constructed across its surface, and the heavily eroded 

remnants of a perimeter levee along its outboard side. The erosion of this levee, and the resulting 

reintroduction of tidal action to the area, has scoured the borrow channel for the perimeter levee. 

There is little to no mudflat outboard of the remnant perimeter levee, and eelgrass beds have 

become established in the Elkhorn Slough channel approximately 150 ft from the levee edge. 
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Dendritic channel networks drain the area; many of these channels exhibit evidence of historic 

dredging, straightening, and/or rerouting. 

Minhoto-Hester’s Restoration Area 

Ground surface elevations within the Minhoto-Hester’s restoration area are approximately half a 

foot lower than those at Seal Bend (see Table 1) and, as a result, the tidal marsh community here 

is much less robust. Certain subareas within Minhoto-Hester’s (e.g. M4b) are relatively higher, 

and have pickleweed throughout the marsh plain, while others (e.g. M5) are lower, and only have 

pickleweed along wetland-upland transitional areas. Similar to Seal Bend, the Minhoto-Hester’s 

area contains multiple cross-levees and dredged channels, and the borrow channel for one of the 

levees has turned into a major (over 100 ft wide in some locations) north-south trending tidal 

connection between the marsh and Elkhorn Slough. The perimeter levee at the Minhoto-Hester’s 

area appears to be slightly less eroded than that at Seal Bend, which could potentially be due to 

the extensive (up to 350 ft wide in some locations) mudflat within Elkhorn Slough that is 

outboard of the levee. Mudflats within the Minhoto-Hester’s restoration area often develop 

extensive beds of the macroalga Ulva and others during the summer.  

Minhoto Stockpile Area and Adjacent Uplands 

The stockpile area upslope of the Minhoto-Hester’s restoration area is located on gently sloping 

uplands adjacent to the historic tidal marsh. Historically, both the stockpile area and the adjacent 

agricultural fields were used to grow crops such as strawberries and artichokes as well as 

bulb/flower production (Andrea Woolfolk, pers. comm.). Since 2012, the stockpile area has been 

kept fallow; it has at times been planted with sterile annual barley to prevent erosion of sediment 

into the Slough. The fields outside of the stockpile area are still in active production and are used 

primarily for bulb production, with some areas in food production (currently artichokes; 

strawberries have also been grown in these fields). The fields’ current lease ends in 2014, and a 

new tenant could grow flowers/bulbs or food crops (Andrea Woolfolk, pers. comm.). Portions of 

the agricultural fields, including the stockpile area, may be tiled for drainage. As of the 

publication of this document, this possibility was being investigated by ESF and ESNERR staff 

(Monique Fountain, pers. comm.). Uplands adjacent to the Seal Bend restoration area include an 

extensive eucalyptus-Monterey pine forest. 
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Physical Conditions and Processes 
Topography 

Topography of the project site and adjacent areas is shown in Figure 3. This data is derived from 

a LiDAR dataset produced by NOAA. Ground-truthing by ESA PWA in the Minhoto-Hester’s 

area revealed that the LiDAR data overstate ground elevations in vegetated areas. In areas with 

approximately 50 – 100% pickleweed cover, LiDAR elevations are approximately 0.3 to 0.4 feet 

higher than surveyed ground elevations. In more heavily vegetated areas, LiDAR elevations are 

up to 1.5 feet above surveyed ground elevations. Table 1 reports average elevations and estimated 

depth and volume of fill needed to restore each of these sub-areas. Elevations across the site are 

strongly influenced by its history of diking and draining, which has resulted in subsidence of 

marsh plain elevations relative to MHHW (Mean Higher High Water). Drainage caused the marsh 

sediments to dry out, compact, decompose, and subside by approximately 1-2 feet.  

Hydrology 

Hydrology at the site is primarily governed by tidal inundation, as the small watersheds of each 

area contribute small volumes of runoff relative to tidal flows. Tides at the restoration sites are 

similar to those observed in Monterey Bay. Tides are mixed semi-diurnal, meaning each tidal 

cycle includes two high tides and two low tides of unequal values each day. A recent, 

comprehensive analysis of benchmark subsidence and tidal data by ESNERR staff resulted in an 

updated set of tidal datums for multiple locations throughout Elkhorn Slough (Van Dyke 2012). 

The table below describes the tidal datums within the Pacific Ocean at the Monterey station, and 

the results of the new tidal datum reckoning within Yampah Marsh.  

Table 2. Tidal Datums 

 

Tidal Datum

Elevations at Monterey 

(NOAA CO‐OPS 941‐3450), 

ft NAVD88

Elevations at Yampah 

Marsh (Van Dyke 2012), 

ft NAVD88

Mean Higher High Water (MHHW) 5.48 5.78

Mean High Water (MHW) 4.77 5.07

Mean Sea Level (MSL) 3.01

Mean Tide Level (MTL) 2.97 3.26

Mean Low Water (MLW) 1.23 1.44

Mean Lower Low Water (MLLW) 0.14 0.42

Tidal Range (ft) 5.34 5.37
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Sediment Quality 

The Minhoto remnant marshplain soils are fine-grained soils classified as black muck (silt) 

(Torrent 2013). Metal levels in these sediments were found to be below all Effects Range – Low 

(ERL) levels with the exception of nickel, which was above both ERL and ERM (Effects Range – 

Medium) levels but below the observed levels in San Francisco Bay marsh soils1. Only one 

organochlorine pesticide (DDT) was detected above ERL levels (all other pesticides were below 

detection levels). 2 However, DDT levels were still below ambient values observed in SF Bay 

marsh soils. DDT levels in the Minhoto sediments likely reflect the history of agricultural use of 

DDT in the watershed prior to its banning in the early 1970s. PAH levels in these soils were 

below detection limits (Torrent 2013).  

Similar to the Minhoto soils, metals, organochlorine pesticide, and PAH levels at the Pajaro 

Bench are below either detection limits or all established limits with the exception of DDT, which 

is above the ERL, the Minhoto level, and the ambient values in SF Bay soils. As with DDT levels 

in the Minhoto soils, the elevated DDT levels in Pajaro Bench soils likely reflect the valley’s 

history of DDT agricultural use. Pajaro River sediments that tested highest for Nickel and DDT 

were not accepted for use at Elkhorn Slough. In general, soils from the bench were much sandier 

than native Minhoto soils, with sand, silt and clay fractions of 42%, 44%, and 13%, respectively. 

The relatively coarser nature of these sediments may necessitate a design approach that 

incorporates finer-grained native soils, to make them more suitable for tidal marsh plant 

colonization. Detailed sediment quality data for the Pajaro River soils and Minhoto marsh areas is 

available in Appendix 2. 

The volume of soil delivered from the Pajaro Bench Excavation leaves a deficit of approximately 

90,000 cubic yards for restoration of the proposed Phase 1 project. Therefore, additional sediment 

may be supplied by excavating sediment from the adjacent hillside within the existing permitted 

stockpile area. Since these fields were farmed in the past, there is a potential for pesticide 

contamination. These sediments have not been tested for sediment chemistry or horticultural 

suitability, so this testing will need to be conducted prior to making a final decision as to whether 

or not they can be used as marsh fill.  

                                                      
1 Average measured nickel at Minhoto was 58.4 mg/kg; ERL = 20.9 mg/kg, ERM = 51.6 mg/kg, and SF Bay ambient 

level = 92.9 mg/kg. 
2 Average measured DDT at Minhoto was 8.8 ug/kg; ERL = 1.58 ug/kg, ERM = 46.1 ug/kg, and SF Bay ambient level 

= 2.8 ug/kg. (Anderson 2013) 



Elkhorn Slough Tidal Marsh Restoration Project 9 120505.00 

Restoration Plan September 12, 2014 

 

Sea level rise  

Sea level rise due to climate change affects coastal areas including Elkhorn Slough. Over 100 

years of tidal water level data collected at NOAA’s tide gauge in San Francisco indicate that the 

California coast has already experienced approximately 8 inches of sea level rise in the last 

century. The International Panel on Climate Change (IPCC), in its latest report from 2013, 

describes a potential increase in mean sea level rise of 0.42 to 0.80 meter (16 to 32 inches) 

relative to the 1996 baseline (Church et al 2013).   

On March 15, 2013, the Ocean Protection Council (OPC) published an update to the State of 

California Sea-Level Rise Interim Guidance Document (2011). The purpose of the document is to 

help state agencies incorporate future sea-level rise impacts into planning decisions, and was 

updated to include the best available science from the National Research Council’s (NRC) 2012 

report titled “Sea-Level Rise for the Coasts of California, Oregon, and Washington: Past, Present, 

and Future” (NRC 2012). The NRC report discusses regional and local contributions to sea level 

rise. Four regional sea level rise estimates are reported for the West Coast, with San Francisco as 

the nearest projection to Elkhorn Slough. The regional projection for San Francisco is 36 inches 

by 2100, relative to 2000 (range of 16.7 and 65.5 inches). These values include subsidence of 1.5 

mm/year ± 1.3 mm/year, which is assumed the same for all of California south of Cape 

Mendocino.  

Sea level rise will increase the frequency, magnitude, and duration of inundation within Elkhorn 

Slough habitats, offset at least in part by sedimentation. It will increase tidal energy and tidal 

prisms within the system if sediment accretion is slower than the rate of sea level rise. These 

changes would likely induce further net loss of sediment from the system and further loss of 

vegetated tidal marsh. 

Biology 
Habitats 

Habitat types were developed using a combination of described habitats and vegetation alliances 

as per Holland (1986), Sawyer et al. (2009), and (Kutcher 2008). The habitat types are based 

upon hydrology, land use, and vegetation, and are consistent with those previously described for 

Elkhorn Slough (Zimmerman and Caffrey 2002, ESTWPT 2007).  The distribution of habitats 
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within the project site is shown in Figure 4, and their approximate acreages are summarized in 

Table 3.  

Table 3. Existing Biotic Habitats and Land Use Types 

Biotic Habitat  Area (ac) at Project Site 

Subtidal  13.4 

Intertidal Mudflat  52.1 

Intertidal Salt Marsh  30.8 

Diked Salt Marsh  5.2 

Diked Brackish Marsh/Willow Thicket  0.7 

Cultivated Field/Ruderal Grassland  43.1 

Total  145.4 

 

The Existing Conditions Report (ESA et al. 2014) described each of these habitat types in detail, 

including the vegetation, wildlife, benthic invertebrates, and fish that they contain.  

In January 2013, ESA PWA and H.T. Harvey collected a series of vegetation-elevation survey 

profiles and spot elevations, with an emphasis on habitat transition elevations. Figure 5 presents a 

summary of the habitat transition elevations. The upland to ecotone transition was observed to 

occur ~2.5 feet above MHHW while the ecotone to high marsh transition occurred ~1.2 feet 

above MHHW. This data was considered in development of the design criteria (Section 4).   

Special status species 

For purposes of this assessment, “special-status species” include plants and animals listed, 

proposed for listing, or candidates for listing as threatened or endangered under the Federal 

Endangered Species Act (FESA) or the California Endangered Species Act (CESA); animals 

listed as “fully protected” under the California Fish and Wildlife Code (Section 3511); animals 

designated as “Species of Special Concern” by the CDFW; and plants ranked as rare or 

endangered by the CNPS.  

The potential for the site to support special-status plant and wildlife species is discussed below. In 

addition to site reconnaissance surveys, background information was gathered to determine the 

potential for special-status species to occur on the project site. The information reviewed included 

the following: 
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 The California Natural Diversity Database 

 The CNPS’s Online Inventory of Rare and Endangered Vascular Plants of California  

 The Jepson Manual (Baldwin et al. 2012) 

 Changes in a California Estuary: A profile of Elkhorn Slough (Caffrey et al. 2002) 

 Numerous reports in the Elkhorn Slough Technical Report Series (found at: 
http://www.elkhornslough.org/research/bibliography_tr.htm) 

 Environmental documentation associated with the nearby Parson Slough Project, 
including the Final Initial Study and Mitigated Negative Declaration for the Parsons 
Slough Project (Vinnedge 2010) 

 Personal communication with individuals, including ESNERR staff, having expertise on 
local habitats and special-status species 

 

Special-Status Plants and Sensitive Habitats 

Special-status plant species occurring within a 5-mi radius of the site are shown in Figure 6 

(CNDDB 2013). Many of the special-status plants that occur in the project region are associated 

with habitat types or soil types that did not occur on the project site historically or no longer 

occur on the project site due to the extensive land disturbance associated with agricultural use and 

hydrologic alterations at the site. Additionally, some plant species only occur at higher elevations 

than the project site and/or have highly endemic ranges centered in specific areas that do not 

include the project site. The few upland areas of the project site that are not cultivated annually 

are vegetated by tall weedy species such as poison hemlock; this tall overstory inhibits growth of 

the lower-statured native species. The conclusion of this assessment is that none of the 93 special-

status plant species considered for occurrence within the project site are likely to occur there, as 

described in the Existing Conditions Report (ESA et al 2014). 

Tidal marsh and eelgrass beds are the two primary sensitive habitat types are present either on-

site or near the site. Elkhorn Slough supports one of the largest tracts of salt marsh in California 

outside of San Francisco Bay, and the pickleweed-dominated marshes that characterize the 

estuary are recognized as having significant ecological value (Woolfolk and Labadie 2012). Salt 

marsh habitat occurring at the project site in its current state has a lower functional capacity and 

lower biodiversity than other salt marshes in the estuary that have never been diked. Moreover, 

wetlands are considered environmentally sensitive habitat areas (ESHA) under the California 

Coastal Act. Eelgrass beds are considered essential fish habitat under the Magnuson-Stevens Act 

and environmentally sensitive habitat areas under the California Coastal Act. Eelgrass occurs near 

the Seal Bend marsh site, growing just slightly below MLLW, while at a nearby downstream site 

called Vierra, eelgrass grows to depths of 3.3 to 6.5 ft below MLLW, with the difference likely 
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attributable to both light availability and erosion processes. Water clarity tends to be higher at the 

Vierra eelgrass bed than at the Seal Bend bed, likely due to the closer proximity to Monterey Bay 

and the clear water delivered to Elkhorn Slough with each incoming tide. The steep bathymetry 

adjacent to the main channel at Seal Bend appears to be a limiting factor to eelgrass expansion 

further into the channel (Hammerstrom and Grant 2012).  

Special Status Animal Species 

H.T. Harvey conducted a field reconnaissance survey for this study. Prior to the visit, the 

CNDDB was queried for special-status wildlife species occurring within the project vicinity 

(Figure 7). Previous surveys and biological studies were reviewed for additional information.  

Below is a list of the special-status animal and bird species that could breed on the site or for 

which the resource agencies have expressed particular concern in the general vicinity of the site.  

 Tidewater Goby (Eucyclogobius newberryi) 

 North American Green Sturgeon Southern Distinct Population Segment (Acipenser 
medirostris) 

 California Brown Pelican (Pelecanus occidentalis) 

 Western Snowy Plover (Charadrius nivosus nivosus) 

 Southern Sea Otter (Enhydra lutris nereis) 

 Harbor Seal (Phoca vitulina richardsi) 
 
The Existing Conditions Report (ESA et al 2014) provides a comprehensive description of each 

of the above species, a list of species that may occur on the site rarely, or only as occasional 

foragers or dispersants, and a list of special-status animals judged to be absent from the site. 

Special Status Bird Species 

The tidal marsh and upland portions of the project site represent potentially suitable habitat for 

several special-status raptor species, including the northern harrier (Circus cyaneus), short-eared 

owl (Asio flammeus), western burrowing owl (Athene cunicularia hypugaea), and white-tailed 

kite (Elanus caeruleus). 

Additionally, all native non-game birds are protected under the federal Migratory Bird Treaty Act 

(MBTA). This protection prohibits direct take of birds and the destruction of nests or eggs. A 

variety of common birds, such as western meadowlarks (Sturnella neglecta) and savannah 

sparrows (Passerculus sandwichensis) could potentially nest within the project area, particularly 

in upland areas within and adjacent to the stockpile area.  
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4. DESIGN CRITERIA  
The ESA team worked with ESNERR staff to develop project design criteria for marshplain fill 

topography, tidal channels, sediment chemistry suitability criteria, and sediment horticultural 

suitability. These are summarized below and described further in Appendix 2.  

Marshplain fill elevation 
The target marshplain elevation is just above Mean Higher High Water (MHHW), or 6.2 ft 

NAVD. Where very permeable soils are used for marsh fill, the marshplain will be approximately 

flat to simplify design and construction. Where less permeable soils are used, the design may 

include a slightly sloped (~0.5%) marshplain to improve drainage. The site will be overfilled to 

meet the target elevation after one year of settlement and consolidation. The marsh will continue 

to settle over the longer term. This target elevation should be the long-term, stable elevation of 

the marsh (e.g. 5 years after construction is complete and all settlement/compaction has 

occurred). This number is in accordance with the recommendations recently made by the salt 

marsh working group, which picked target elevations between 5.8-6.4 ft. If uncertainty about 

settlement/consolidation rates remains high (e.g. if anywhere between 0.1 and 0.7 ft over the first 

years remain plausible scenarios), then this choice of target elevation is very tightly constrained.  

Assuming the contractor achieves this with variance of 0.5 ft around the mean, this would yield a 

flat marsh initially ranging from 5.7 to 6.7 ft, which would allow us to stay within our minimum 

and maximum elevations, even if the greatest possible settlement occurred (0.7 ft, resulting in 

bottom at 5.0 ft) or if the least possible settlement occurred (0.1 ft, resulting in top of 6.6 ft). 

Maximum: The highest acceptable elevation is 6.6 ft. NAVD88 to ensure acceptable inundation 

and subsequent recruitment of marsh plants.This elevation can temporarily be exceeded during 

and immediately following construction, but by about 3 months following construction it should 

not be exceeded. If settlement/consolidation might be as low as 0.1 ft, this means the starting 

elevation should never exceed 6.7 ft NAVD88. If a contractor is likely to have 0.5 ft of variance 

around the target elevation, this means the target elevation should not exceed 6.2. The choice of 

6.6 ft as the maximum acceptable elevation is based primarily on field transects by Carla 

Fresquez (2014) at four sites (Yampah, Packard, Azevedo, Coyote).  In these she found the 

lowest upland plants at about 6.3 ft, and upland plants reached 10% cover at about 6.7 ft.  Field 

surveys by ESNERR staff confirmed that invasive plant cover does not become substantial until 

about 7 ft or above.  Christine Whitcraft, examining Fresquez’ (2014) salinity and moisture data, 
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indicated that conditions would be appropriate for Lepidium above about 7.5 ft.  Thus, having the 

maximum elevation around 6.6 ft should preclude weed infestations.  

Minimum:  The lowest elevation acceptable for the sediment addition area of the main Minhoto 

marsh restoration project is 5.0 ft. NAVD88. Elevation should at no point in time be lower than 

this in the main marsh plain (except for the minor sloping immediately adjacent to creeks). This 

minimum elevation would be represented by a small portion of the total marsh area (this is not the 

mean target elevation, just the very lowest that can be represented). If settlement/consolidation 

might be as high as 0.7 ft, this means the starting elevation should never go below 5.7 ft 

NAVD88. If a contractor is likely to have 0.5 ft of variance around the target elevation, this 

means the target elevation should not go below 6.2. The choice of 5.0 ft as the minimum 

acceptable elevation is based on a variety of sources.  This elevation represents approximately 

Mean High Water, which is known to be at the lower end of the Sarcocornia distribution.  On a 

berm at Minhoto, where we estimate marsh elevation was about 4.6 ft, we converted marsh to 

mudflat accidentally through trampling, suggesting this marsh was close to its lower tolerance.  

Marsh/crab surveys conducted in Summer 2013 revealed variation of marshes at elevations from 

4.4-5.1 ft, with some showing stress and others not. 

Tidal channels 
Remnant primary and secondary historic channels onsite will generally be protected in place 

(Figure 8). The minimum drainage density (channel length per area of marsh) will be at least 440 

ft/acre for the Minhoto and Hester’s marsh areas and 380 ft/ac for the Seal Bend area, at the low 

end of the range for natural reference marshes. Low levees (<0.5 ft) will be constructed along the 

larger channels to simulate natural channel levees. Channels may be temporarily filled and then 

re-excavated, though the preference is to avoid any channel filling.  

Sediment suitability criteria  
Preliminary sediment acceptability criteria for sediment chemistry were developed as part of the 

Project. Guidelines for material reuse in wetland restoration have not been established for 

Elkhorn Slough, so the project criteria are based on NOAA national guidelines, screening levels 

developed for San Francisco Bay beneficial reuse projects, and ambient levels in Elkhorn Slough. 

The Pajaro River Excavation areas and Minhoto Marsh restoration area were sampled and tested 

to establish ambient constituent concentrations.  The results were discussed with the Central 
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Coast RWQCB and the Environmental Protection Agency (EPA), who agreed that the Project 

may reasonably base sediment suitability criteria on the NOAA guidelines and ambient site 

concentrations. The proposed sediment chemistry suitability criteria are described in further detail 

in Appendix 2.  

Sediment horticultural suitability criteria were also developed for this project and are described in 

detail in Appendix 2. These criteria focus on managing invasive species and creating a soil 

environment that encourages establishment of native marsh plants. The sediment horticultural 

suitability criteria specify: clay and rich silt soil, 7-30% organic matter, pH of 5.5 to 8.0, soil 

salinity less than 45 ppt, and Boron concentrations less than 4.5 ppm.   
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5. PROJECT ALTERNATIVES  
This section summarizes the alternatives development and evaluation process and explains the 

rationale for selecting the preferred alternative, described in more detail in Section 6. The purpose 

of the alternatives development and evaluation was to help ESNERR make informed decisions 

regarding restoration of the project area. Alternatives reflect the potential range of 

implementation approaches and were developed to assist in decision-making and weighing 

project tradeoffs. They are not needed for the CEQA analysis, assuming the project will be 

analyzed under an Initial Study/Mitigated Negative Declaration (IS/MND). More than one 

alternative may be considered in the CWA Section 404 Permit.  

Alternatives Development and Selection Process  
ESA and ESNERR staff developed a preliminary set of alternatives that aligned with the project 

goals. The preliminary alternatives represent different tradeoffs between ecological benefits, 

types of habitats, implementation costs, and potential ecological impacts associated with 

construction. These preliminary alternatives were screened during a May 1, 2013, meeting with 

ESNERR and ESF staff and select science advisors. ESNERR provided direction on which 

alternatives to carry forward for further investigation.  

The six screened alternatives represent variations of three parameters: (1) water management, (2) 

tidal channel extent, and (3) the spatial extent of the first phase of construction.  Each of the 

alternatives was assessed for consistency with the goals and objectives, constructability, 

environmental impact, cost, and operation and maintenance. The detailed alternatives analysis 

resulted in carrying forward a subset of the final alternatives into the selected alternative, and 

considering them possible variations in how the selected alternative may be constructed.  

Table 4 provides a summary of the alternatives considered and evaluation results for each. 

Appendix 3 further describes the alternatives evaluation process. Planning level construction cost 

estimates were developed to assist in alternatives evaluation and refinement (Appendix 5).  
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Table 4. Summary of Alternatives Considered and Selected for Further Assessment 

Alternative 
Category 

Options within 
Category* Assessment 

Water 
Management 

Construction in 
Fully-Tidal 
Conditions 

Selected for inclusion in the restoration plan. Fill would be 
placed on the subsided marsh, with the marsh subject to regular 
tidal inundation. This option is likely less expensive than the 
other water management options, particularly for some parts of 
the site. This alternative effects a smaller area at a time, limiting 
the ecological effects to other areas of the restored marsh not 
actively being filled. Revegetation could begin immediately 
after sediment placement (during the highest tides) as the tides 
transport and deposit pickleweed seeds on the newly restored 
marsh. 

Construction with 
Short-term Water 
Management 

Selected for inclusion in the restoration plan. This alternative 
was added during detailed evaluation as a hybrid of the other 
two water management options. Low berms would be 
constructed around the edges of marshplain areas to be filled, 
with most standing water pumped out. Surface soils would still 
be wet during construction, with areas of ponded water. This 
approach would extend the work day, as work could continue 
during high tides.  

Construction with 
Long-term Water 
Management 

Not pursued after detailed evaluation. Higher levees and sheet 
pile walls would be constructed to dry the site prior to 
construction, with the aim of increasing the bearing capacity of 
the marshplain for equipment access. The marshplain would dry 
out more than the other options. This is a more expensive 
approach, increases subsidence, and has higher potential 
environmental impacts compared to other alternatives. Based on 
discussions with contractors, this approach is not necessary 
from a construction feasibility perspective.  

Tidal Channel 
Extent 

Preserve All Tidal 
Channels 

Selected and included as options in the Restoration Plan. These 
options differ in the density of tidal channels present at the end 
of construction. Preserving all tidal channels would be more 
expensive but is expected to have greater ecological benefits.   

Preserve Major 
Tidal Channels 

Looped Channels 
for Sea Otter Use 

Not pursued after initial screening. This option, which proposed 
a deep, looped channel through the restoration site, was 
included for a potential funding source related to creation of 
marine mammal habitat. Not pursued, as larger channels would 
increase tidal prism, contradictory to the project goals and 
objectives. Note that the selected alternative provides habitat 
enhancements that benefit sea otters.  

Spatial Extent of 
Phase I 

Minhoto Marsh  
(M1, M2, and M3) 

Not pursued after detailed evaluation Eliminated by ESNERR. 
Restoration is 28.7 acres. 

Minhoto and 
Hester’s Marsh 
with Expanded 
Ecotone 
Restoration  
(M1, M2, M3, and 
H1) 

Selected, described in the Restoration Plan. Total restoration 
area of 46.5 acres. Includes excavation of adjacent hillside to 
provide additional fill, resulting in ecotone created along the 
Minhoto shoreline.  
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*All options are described in Appendix 3. 

In the end, construction methods and affordability were critical selection criteria and resulted in 

refinements to the final alternatives. At this stage in planning, these elements are only broadly 

characterized. Construction methods and construction cost estimates will be refined as the design 

proceeds, but to some extent will vary by contractor and will not be known prior to bid. For this 

reason, the selected alternative is defined broadly enough to encompass a range of possible 

implementation approaches. This will encourage bids from multiple contractors.   

Two of the Water Management alternatives, Construction in a Fully-Tidal Conditions and 

Construction with Short-term Water Management, are carried forward into the restoration plan as 

possible construction approaches. The water management alternatives apply to all restoration 

areas with the exception of M6, which is already diked and is not subject to tides. This area would 

be restored by pumping the ponded water out of the site and placing sediment in the diked area, 

followed by breaching of the levees. The Tidal Channel Extent alternatives are also both carried 

forward as possibilities. Alternatives selected for inclusion in the restoration plan are described 

further in the Restoration Plan (Section 6).  

Both areas considered for Spatial Extent of Phase 1 were prioritized because they include the 

most subsided parts of the larger project area. Additionally, proximity to the existing stockpile 

reduces the amount of sediment handling necessary for construction, compared to Seal Bend. The 

Phase 1 extent selected by ESNERR includes restoration of M1, M2, M3, and H1. Including H1 

in Phase 1 allows for more cost effective water management and simplified access to H1 across 

Minhoto Marsh. Including Hester’s Marsh in Phase 1 avoids disruption of restored M1, M2, and 

M3 areas during a later phase.  
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6. RESTORATION PLAN    

Overview  
The restoration plan is shown in Figure 8. The proposed project will result in at least 104 acres of 

restored tidal marsh and up to 41 acres of ecotone and native grassland, for a total restoration area 

of 145 acres. The entire remnant marshplain will be raised to a more sustainable elevation, at 

which emergent wetland vegetation could reestablish and persist. Marsh-upland ecotone and 

native grassland will be created in the agricultural fields along the western edge of the Minhoto-

Hester’s Restoration area. Phase 1 of implementation includes subareas M1, M2, M3, H1, and the 

adjacent stockpile area (Figure 9), and will restore approximately 36 acres of tidal marsh and 

additional upland ecotone and native grassland. 

The project will significantly improve marsh sustainability with sea level rise, as the restored 

marsh will be higher in the tidal frame, further from the drowning threshold, and marsh 

vegetation in the restored areas will accrete organic material that will help the restored marshplain 

rise with sea level. The project will also reduce tidal prism in Elkhorn Slough, reducing the 

potential for ongoing tidal scour and associated marsh loss.  

The project as a whole will require approximately 286,900 CY of fill material.  Phase 1 will 

require approximately 139,400 cubic yards of fill. Phase 1 will us approximately 50,000 CY of 

imported material stockpiled onsite and upland borrow for the balance.  

Design Elements and Grading 
Restored Marshplain 

The restored marshplain will be raised over an area of 104 acres to mid-high marshplain 

elevations, or just above mean higher high water (6.2 ft NAVD). Figure 10 shows a conceptual 

cross section of fill placement onsite. Based on vegetation-elevation data collected for the project 

(ESA 2013), this target elevation will support a healthy growth of pickleweed. Sediment would 

be placed to a fill elevation slightly higher than the target marshplain elevation, to allow for 

settlement and consolidation of the underlying soils. The average fill depth is 2.1 feet, including 

25% overfill. Fill volume requirements are provided in Table 1. Imported earth fill and onsite 

borrow will be used as fill sources. The project would rely primarily on natural vegetation 

recruitment in the restored marsh areas. 
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A geotechnical field study conducted for this project (Appendix 4) estimated that 1 foot of placed 

material will cause consolidation of 4 to 5 inches, 2 feet will cause consolidation of 6 to 8 inches, 

and 3 feet will cause 8 to 11 inches, with 70-80% of the settlement occurring in the first year.3  

Figure 11 shows an example of how 2.5 feet of sediment placed at an elevation of 6.3 ft is 

expected to consolidate to an average elevation of 5.8 feet. The potential range in starting 

elevation (based on an assumed construction tolerance of ±0.5 ft) and elevation after 1 year 

(based on consolidation estimates/uncertainty and construction tolerance) are also shown in this 

figure. Elevation ranges of habitats observed in the project site area presented for context.  

A natural marshplain is very gently sloped, more gently than can be graded during construction. 

Where permeable soils are used for marsh fill, the marshplain will be approximately flat to 

simplify design and construction. Where less permeable soils are used, the design may include a 

slightly sloped (~0.5%) marshplain to improve drainage. The Pajaro Bench soils are relatively 

permeable, while onsite upland borrow sediments are expected to be less permeable.  

Tidal channels 

For Elkhorn Slough, maintaining existing tidal channels is important to the restoration. Remnant 

historic channels onsite will generally be protected in place, as possible. However, since 

maintaining tidal channels increases construction costs (more below), the project will weigh costs 

and benefits, and may allow some of the smaller channels to be filled. The minimum drainage 

density of channels will be at least at the low end of the range for natural reference marshes. As 

needed, smaller channels may be filled and later re-excavated in the same place, though this 

approach is less desirable as it does not preserve the native channel substrate and configuration. 

Avoidance of all channel fill, temporary and permanent, is preferred.  As much of the existing 

tidal channel network will be maintained as is economically feasible. Figure 12 shows the 

locations of existing channels to preserve and existing channels that may be filled, if needed. 

Low levees (<0.5 ft) will be constructed along the larger channels to simulate natural channel 

levees. The project will recreate natural levee features along the sides of the main channel into the 

                                                      

3 Consolidation rates are based on the typical wet weight of soil above the water table. ENGEO assumes 125 pounds 
per cubic foot for the estimates.  
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Minhoto-Hester’s area and the main channel into Seal Bend. Fill will be placed as close to the 

edge of the channel as possible, to simulate the form and function of a natural channel bank.  

Borrow ditches will be blocked or filled completely if fill is available after raising the marshplain. 

Blocking borrow ditches will route more flow through the natural channels and slightly increase 

hydraulic resistance, which may achieve benefits from reducing tidal prism and associated scour 

in the Elkhorn Slough system. 

Ecotone and Grasslands 

Phase 1 excavation of the Minhoto stockpile area will be graded to increase marsh area and create 

a gently sloping ecotone band along the edge of the restored marsh that has room to migrate 

landward with sea level rise. The remaining stockpile area will be restored to native grassland 

habitat. The north end of the stockpile area (adjacent to M4 and M6) would be restored in a later 

phase so this area could be used for stockpiling material to be placed on M4, M5, and M6.  

Figure 13 shows a conceptual cross section of the upland borrow area. Excavation would widen 

the existing marsh (by 100 to 150 feet) and create a band of gentle slope (e.g. 1:30) on the 

hillside, fostering creation of a wider ecotone habitat. Ecotone restoration is described further in 

the “Marsh Upland Ecotone and Grassland Habitat” section, below. 

Project Phasing 
The project will be implemented in phases, as fill and funding become available. The site is 

divided into 14 sub-areas (Figure 2), defined primarily by remnant dikes and major tidal channels. 

Each project phase would restore one or more of these areas depending on the amount of fill 

available. Table 1 presents approximate sediment volumes necessary to restore each sub-area.   

Phase 1 

Phase 1, includes M1, M2, M3, H1, and the adjacent stockpile area (Figure 9). Approximately 36 

acres of the 46 acre area (M1, M2, M3, and H1) are below the target elevation of 6.2 ft NAVD88. 

This phase would require approximately 139,400 cubic yards of fill (with a range of 107,900 to 

167,800 cy) to raise the marshplain an average height of 2.4 feet, or 1.9 feet after one year of 

consolidation (estimated; Table 1).  
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Future Phases 

Subsequent phases would be based on volume of sediment available for placement. Lessons 

learned during implementation and experimentation (see Section 7) in Phase 1 would inform the 

design and implementation of future phases. Table 5 presents considerations for future project 

phases.  

Table 5. Considerations for Future Project Phases 

Site Considerations 

Minhoto Marsh - 
Diked Pond (M6) 

 Water management simpler than other areas (full containment by levees) 
 Adjacent to existing stockpile area. 
 Compared to already-tidal ponds, restoring this area would provide habitat 

benefits of converting diked pond to tidal marsh and would increase resiliency 
with sea level rise by reestablishing natural estuarine deposition. However, it 
would slightly increase the tidal prism of Elkhorn Slough. 

Minhoto Marsh – 
Adjacent to Slough 
(M4, M5) 

 M4 is adjacent to existing stockpile area. 
 M4 and M5 should be considered for restoration during the same phase since 

access to M5 would have to be across M4 or from a barge on the Slough. 

Seal Bend  
(S1, S2, S3, S4) 

 If enough fill is available, this area should be restored in a single phase to 
avoid repeated disturbances to the adjacent rookery.  

 No adjacent upland stockpile location available. Sediment may need to be 
stockpiled on marsh. 

 S2 and S3 are relatively contained by (degraded) dikes, making water 
management and/or control of turbidity easier 

 S4 has a long border with the main Slough channel, where maintaining stable 
berms may be a challenge.  

Sediment Sources   
Prior to approval and use at the site, all sediment sources would be tested and screened using the 

chemical sediment suitability criteria developed for the project. Horticultural suitability criteria 

will also be assessed, but sediments that do not meet the horticultural criteria could still be 

accepted. For example, these sediments could be used to fill borrow ditches, or for marsh fill with 

the top layer amended with organics. 

Sediment Source for Phase 1 

In 2013, approximately 50,000 cubic yards of sediment was delivered to the existing stockpile 

area (Figure 2) from the Pajaro Bench Excavation Project. Since this leaves a deficit of 

approximately 89,400 cubic yards (range of 57,900 to 117,800 cubic yards) for restoration of the 

proposed Phase 1 action, additional sediment will be supplied by excavating sediment from the 
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adjacent hillside within the existing permitted stockpile area. The sediments were stockpiled 

according to their source excavation site on the Pajaro River. Since the excavation sites varied in 

their horticultural and quality characteristics, the location of placement on the marsh will be 

determined during deign. 

Pajaro Bench soils have been tested and found to be suitable for beneficial reuse on the site, based 

on project suitability criteria. Upland soils from the Minhoto borrow area will need to be tested 

and screened for suitability.  

Sediment Sources for Future Phases  

An inventory of potential upland sediment sources within 50 miles of the project site is presented 

in Appendix 2. Potential sources are described in terms of quantity, soil type, transportation costs, 

and other factors. Aquatic sources (e.g. dredged material) were not considered in this inventory or 

Restoration Plan, though they could be considered and pursued later, with appropriate regulatory 

compliance. The following is a summary of types of sediment sources available in the vicinity of 

Elkhorn Slough: 

 Agricultural areas. Sand removal from three local ranches (managed by ESF) where 
extensive erosion has led to sand being deposited downstream.  

 Quarries. Several nearby quarries yield material that could be used as fill. However, this 
material would likely need an amendment to be fertile.  

 Caltrans Projects. Large scale road projects in Monterey County may yield surplus 
material. However, Caltrans often uses this material in other local jobs.  

 County Land. The Monterey County Water Resources Agency’s proposed Salinas River 
Channel Maintenance Program, which is currently in the permitting phase, could generate 
544,000 cubic yards of fill in the next 5 years. Additional county excavation projects may 
yield additional sediment.  

 City Areas. The Maintenance Services Department at the City of Salinas and the City of 
Watsonville both expressed interest in supplying sediment for the previous Parson 
Restoration project.  

Construction Sequencing and Methods 
Construction Sequencing 

Each phase of construction would be sequenced in a similar manner. First, ESNERR would 

identify a sediment source available for placement at the project site. The sediment would be 
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tested for chemical and horticultural suitability, as described above.  Suitable sediment would 

then be transported to the site and placed directly onto the marsh or in a stockpile for later 

placement. Water management and/or turbidity control measures would be constructed prior to 

placing material on the marsh. After fill placement on the marshplain, any temporary features, 

such as water management berms and culverts, would be removed. Full tidal connection would 

then be restored to the marsh. The following sections describe each of these steps.  Appendix 6 

describes material delivery, placement, and turbidity control in further detail. 

Material Delivery 

Material may be delivered to the restoration sites by trucks or, less likely, by rail. If delivered by 

trucks, material could be stockpiled in the vicinity of the restoration site, or placed directly on the 

marsh for spreading. If delivered by rail, material would have to be trucked or conveyed from an 

unloading area near the rail tracks to a stockpile near or on the marsh, requiring an additional 

handling step compared to delivery via trucks.  

Haul Routes 

Trucks need to be able to gain access to the ultimate dump site, so providing temporary truck 

routes close to the edge of the wetland will minimize re-handling of sediment. Haul roads should 

be approximately 30 feet wide to allow traffic in two directions unless a one-way circular path 

can be defined. The optimum scenario would consist of a truck haul ingress route directly to the 

working/stockpile area, and a separate truck egress route directly back to Dolan Road. Two 

examples of circular routes are shown in Figure 12 for accessing the Seal Bend and Minhoto 

Marsh areas. No such circular route is possible for accessing Hester’s Marsh as only a narrow 

land bridge connects the mainland to Yampah Island. In this case, the staging area would have to 

include a turn-around point for trucks delivering sediment. Access to Seal Bend via the circular 

route shown in Figure 12 and access to Hester’s Marsh from Via Tanques Road would require 

permission and collaboration with the land owners, as ESF/ESNERR does not own these 

properties. 

Stockpile Locations 

Stockpiles can be longer-term sediment storage areas, such as the existing stockpile at Minhoto, 

or short-term storage/working areas, such as are desired for future phases. The existing stockpile 

area and proposed future areas are shown in Figure 12. A stockpile area should be positioned near 

where sediment will be placed in the wetland. This area should be one that supports a piece of 
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equipment such as a dozer that can push the sediment out onto the marsh. The stockpile area 

should be large enough that trucks can offload in it, and a dozer can then push the material placed 

by the trucks into a large stockpile. Ideally, the stockpile area would encompass the shoreline 

along the proposed wetland to enable progressive placement as needed within the wetlands.  

The existing stockpile location for Phase 1 is just west of the Minhoto Marsh on the adjacent 

farmland (Figure 12). The north end of this stockpile location could also be used for restoration of 

the adjacent M4, M5, and M6 sub-areas in future phases. The ideal stockpile or drop-off location 

for H1 (and potentially M1c) would be just east of H1, where trucks would access the hillside by 

driving Via Tanques Road through the adjacent auto wrecking businesses (Figure 12). Material 

could be placed directly on the marsh from the east hillside, eliminating a need for stockpiling.  

A stockpile location is not identifiable immediately adjacent to the marsh at the Seal Bend area. 

Trucks could stockpile material in the fields located approximately 2000 feet south of the Seal 

Bend marshes, however the material would have to be re-handled and either trucked again to the 

marsh at the time of placement, or a conveyor system would have to be installed to transport the 

material. In either case, costs will increase with re-handling material. Sediment could be 

stockpiled on the marsh prior to spreading and grading (Figure 12).   

Marshplain and Channel Grading  

Once the sediment has been delivered to a stockpile adjacent to or in the restoration site, scrapers 

and low pressure dozers would be used to place the dirt on the marshplain. Water management 

may be used to allow construction in a non-tidal environment. Some level of turbidity 

management will be necessary. Fill of tidal channels will be avoided, where economically 

feasible.  

Water Control and Turbidity Management 

Water control may be desired to provide a working area that is not inundated by daily tides. If this 

is the case, temporary berms would be used to isolate the fill placement area during the 

construction period. Existing berms would be used, where possible. Tidal channels into this area 

would be blocked. This isolated area would be drained using a combination of gravity and pumps. 

Water levels within the blocked area would be managed to keep the site mostly free of water 

(with some ponded areas remaining) and allowing fill placement at all stages of the tides. To 

reduce the potential for fish to become entrained in isolated ponded areas, seining or other 
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approved methods of translocating trapped fish may be necessary. Qualified fish ecologists would 

conduct fish translocations (if necessary) and would coordinate with CDFW prior to conducting 

dewatering. When sediment placement is completed, the berms would be lowered to the target 

marsh elevation, reintroducing tidal inundation. A conceptual drawing of this construction 

approach is shown in Appendix 6. This is likely the approach that will be used in Phase 1.  

Alternatively, it may be more economical to allow for tidal inundation of the working area, with 

essentially no water control. This would result in a cost savings by avoiding the need construct 

berms around the perimeter of the working area and pump water out of the enclosed area. Fill 

would be placed on the subsided marsh, with the marsh subject to regular tidal inundation. 

Placement of fill would occur at low and moderate tide levels, and could occur with some depth 

of water over the marsh. During high tides, deeper standing water may make access and 

placement infeasible. The ease and feasibility of placing sediment on the soft marshplain during 

tidal conditions should be tested during Phase 1 to inform implementation of future phases.  

Turbidity management will be included if tides are allowed to overtop the working area. 

Turbidity is generated when dry material is placed in ponded waters and as tides or rainfall runoff 

drain from newly-placed material. The deeper tidal channels containing water will mostly be 

avoided when placing material, so only limited turbidity is expected when dozers push material 

out onto the marsh. As in any earthmoving project, the turbidity generated during the projects 

must comply with water quality guidelines. This approach would use sediment-control BMPs 

such as hay bales, silt fences or straw wattles. No pumping would be required.  

The project proposes to leave the selection of construction approach to the contractor, with the 

benefit of construction efficiencies accruing to the project in terms of additional habitat creation 

and/or cost savings. Phase 1 is likely to be constructed in the wet, but without tidal influence, 

since the Phase 1 area configuration makes it relatively easy to block the tides at the mouth of the 

main channel and connect into existing remnant berms. Phase 1 will provide additional 

information about constructing in ponded conditions, in deeper areas. The lessons learned during 

Phase 1 will be implemented during future phases.  

Material Placement 

Once the material is stockpiled onsite and water control and/or turbidity measures are in place, 

the sediment would be transported from the stockpile to the marsh by means of earthmoving 

equipment, possibly supplemented with a conveyor system. Low ground pressure earthmoving 
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equipment such as dozers, backhoes, loaders, and excavators may be used to transport dry 

material out onto the marsh. Mats would be temporarily placed on the marsh, as needed, to spread 

the weight of the equipment. A conveyor system could also be used to transport dry material from 

a stockpile out to the marsh, in lieu of dozers pushing the material the full distance. A loader 

would continuously load the conveyor system with material near the stockpile, and a dozer at the 

marsh drop off location would spread the material. This approach would require fewer channel 

crossings (see below) and less dozer traffic across the marsh, however, it is significantly more 

costly. Appendix 6 describes the sediment placement techniques in more detail, with assumptions 

about the number and type of equipment for each area in the project site. At the end of 

construction in each cell/stage, any elevated haul roads and/or berms constructed to aid in 

material placement would be excavated to design grades, with the resulting fill used to fill 

adjacent restoration areas.  

Tidal Channels   

Tidal channels are an important design feature. For earthmoving equipment, however, tidal 

channels present a challenge to navigating the marsh. The most cost effective method of 

earthmoving is to fill the marshplain to the target elevation, with straight paths throughout the fill 

footprint to push the material. Working around the channels and extending the trip paths from the 

stockpile to the fill locations will increase the time, and therefore cost, of restoring the marsh.  

To limit trip distances onto the marsh, several approaches may be taken. Temporary channel 

crossings can be constructed or tidal channels can be temporarily filled, then re-dug with an 

excavator or backhoe. If re-excavation of the smaller channels proves cost-prohibitive, these 

channels may be permanently filled, the resulting channel extent consisting of the larger channels 

only. As described in the Design Criteria (Section 4), a minimum drainage density will be 

achieved that is in the range observed in natural reference marshes. Additional channels will 

likely evolve as the raised marshplain approaches equilibrium with the reduced tidal prism.  

Temporary channel crossings would be constructed to allow access to all parts of the restoration 

site. The number and locations of channel crossings will depend on the tradeoff between longer 

haul distances and the ease of installing and removing the crossings. Tidal channels would be 

maintained in place by staking down BMPs (hay bales, straw wattles) in the channels to be 

preserved or by using a setback (not filling) along the channel edge. Dozers would push up fill up 

to the hay bales and wattles or setback location. Channel crossings and BMPs would be removed 
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at project completion. While some plantings along major tidal channels are proposed (see next 

section), no additional measures are proposed to protect channel edges in the newly completed 

marsh. There is some potential for some channel edge erosion to occur, and the channel banks 

will likely be less steep than natural marsh channel edges due to coarser sediments and 

construction tolerance. Channel setback will be a function of geotechnical stability, 

cost/production rates and regulatory requirements.  

Marshplain, Ecotone and Grassland Revegetation  
The project will primarily rely on natural recruitment by tidal inundation to re-vegetate the marsh. 

Planting the marsh is expensive and will only slightly increase vegetation rates. However, some 

planting of container plants is proposed along the major tidal channels to enhance tidal marsh 

diversity and channel bank stability. Some maintenance will be necessary in the years following 

restoration to control weeds in the marshplain.  

During Phase 1, organic matter amendments will be tested in small experimental plots, but no 

organic matter amendments will be used in the larger project. The cost estimates (Section 8) 

assume soil amendments during future phases, but this will be informed by the experimental 

results from Phase 1.  

After excavation and grading, the ecotone would be revegetated using native grasses and marsh 

plants (seeds and container plants). The revegetation process would include reducing the weed 

seed bank, de-compacting the soil, and an organic matter amendment. The native grassland area 

would be similarly re-vegetated by reducing the weed seed bank and planting native 

grasses/forbs. A weed-resistant border of rhizomatous perennial plants that readily spread (e.g., 

creeping wildrye (Elymus triticoides), Santa Barbara sedge (Carex barbarae)) would be planted 

between the grassland and ecotone. These patches would be focused in relatively mesic landscape 

positions.  This includes patches installed in buffer strips along the downslope edge of the native 

grassland and just upslope of the ecotone, where such dense, monotypic patches might limit weed 

seed dispersal via runoff from the upslope grassland into the ecotone. Both the new ecotone and 

restored grassland habitat would require weed control for three years following restoration. 

Construction Schedule  
It is anticipated that the duration of Phase 1 construction will be as much as 11 continuous 

months. In order to significantly shorten the construction duration, it would be necessary to rent 
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more equipment, increasing the construction cost. The Phase 1 project may have to be constructed 

over two construction seasons, depending on species windows.  
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7. EXPERIMENTAL DESIGN AND ADAPTIVE 
MANAGEMENT   

 

[Note to reader: Section 7 was revised September 12, 2014, subsequent to preparation of other 

sections of the Restoration Plan which were finalized July 1, 2014. Information in this section 

provides updated definitions of design elements and other updated information that has not been 

integrated in other sections of the document. Text, tables, figures, and appendices related to 

Section 7 have been updated.]  

This is the first extensive marsh restoration project in Elkhorn Slough and one of the only to use 

placement of upland fill to restore a subsided marshplain subject to full tidal inundation. Given 

the relative uniqueness of the restoration, there are uncertainties about the best methods for 

achieving desired outcomes. Field experiments will be built into the Phase 1 design, with the 

results of these experiments helping to refine the design for subsequent phases. This section 

describes proposed experiments at a conceptual level of detail. The experiments will be further 

refined as the project progresses, and the exact extent and locations of experiments will be 

finalized by ESNERR during final design. 

Definitions 
As described in previous sections and shown in Figure 14 (except as noted), the restoration plan 

refers to the following areas:  

 Buffer (Figure 2). 41 acres (16.6 ha) of upland on the Minhoto property.  Until recently, 
this area was planted in annual barley cover crop and reseeded each fall.  

 Sediment stockpile (Figure 2). The 10.6-acre (4.3-ha) area covered in 50,000 cu yards 
of Pajaro sediment. The sediment stockpile is within the buffer area. 

 Restored marshplain. Includes the filled marshplain area (104 ac; 42 ha) and the 
excavated marshplain extension (approximately 7 ac; 3 ha) into the Minhoto hillside. 

 Ecotone. In Elkhorn Slough, high marsh plants co-occur with pickleweed and also with 
upland plants at elevations just below and above MHHW. This transition zone between a 
virtual monoculture of pickleweed and pure upland vegetation is the salt marsh-upland 
ecotone.  

 New ecotone creation area/excavation. New ecotone (approximately 7 ac, or 3 ha, as 
shown in Figure 14, including sea level rise accommodation area) will be created by 
excavation into the hillside as shown in cross section in Figure 13 and in planform in 
Figure 14.  
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Basis for conceptual cross section: In the project area, ecotone extends upslope to 
elevations of 6.9 ft NAVD (2.1 m; Wasson and Woolfolk 2011; Fresquez 2012, 
unpublished Yampah data) to 8.2 ft (2.5 m; ESA 2013; Endris and Woolfolk 2014 
unpublished), with a range around these average values. The new ecotone will be graded 
to a slope of approximately 30H:1V throughout the majority of the ecotone, with gentler 
slopes (e.g., 50H:1V) at the southern extent of excavation to conform to existing slopes in 
this part of the site. A 30:1 slope results in an approximately 72 ft (22 m) wide excavated 
ecotone. The buffer includes an allowance of 1.1 ft (0.335 m) for 50 years of anticipated 
sea level rise (NRC 2012; assume no vertical land motion, K. Wasson, pers. comm.).  

 Grassland. Uplands above the ecotone within the buffer boundary (~19 ac; 8 ha). Some 
of this area – at least 3 ac (1.2 ha) – will be restored to native grassland assemblages; 
some may need to be cover cropped with non-natives, if native plant stock and other 
resources are limited. 

 Pilot grassland. The 3 acre (1.2 ha) archaeological site in the buffer. This area will not 
be disturbed during construction, and may be used by ESNERR to pilot grassland 
restoration methods in 2014/2015. 

Overview 
The planning team identified a range of potential experiments to be implemented as part of the 

restoration plan. Five parameters were identified for experimentation in Phase 1: marshplain fill 

elevation, marshplain sediment texture and organic matter amendment, tidal creek construction 

methods, ecotone revegetation methods, and grasslands revegetation methods. These parameters 

were selected through a prioritization process with input from ESNERR, ESF, science advisors, 

and the consulting team. Each experimental factor was assessed at a planning level for 

uncertainty, ecological importance, and relative cost of testing, then assigned an overall priority 

by ESNERR. Table 6 provides a prioritized list of experiments considered for testing in the 

project. Additional experimental factors considered and not pursued further are listed at the 

bottom of Table 6.  

For each experiment, the conceptual experimental design specifies which treatments will be 

tested, the scale of testing, number of replicates, the expected timeframe for response, and 

monitoring parameters. These factors are summarized in Table 7, with conceptual locations 

shown in Figure 14. Figure 14 shows one possible layout, and is subject to revision. The 

experiments are described in further detail in the subsequent sections. Siting of the experiments, 

experimental design, monitoring methods and other specifics will be refined by ESNERR during 

final design. 
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Discussion by Experiment 
Marshplain Elevation    

As described in previous sections, the Project proposes to raise the entire marsh area to an 

elevation of approximately 6.2 ft NAVD88 (MHHW; 1.77 m) after 1 year of settlement. The 

rationale is described in Appendix 2: 

The restored marshplain will be filled to the high end of a natural marshplain 
elevation. Relatively undisturbed Elkhorn Slough marshes are slightly above 
mean high water (MHW) (Van Dyke 2012). These elevations may be lower 
relative to the tides than they would have been prior to human disturbance and 
are lower than desired for optimizing marsh sustainability. Undisturbed San 
Francisco Bay marshes, relevant reference sites for which data are available, 
average in elevation between MHW and MHHW (Atwater et al, 1980 and 
Simenstad et al 2006). Restoring the project site to the high end of this range, 
MHHW, will increase resiliency to future sea level rise. 

Marshplains that have been constructed near MHHW in the San Francisco Estuary have rapidly 

(e.g., 50 percent cover in less than five years) revegetated with pickleweed (Salicornia pacifica) 

via tidal-driven seed recruitment (Williams and Orr 2002, PWA and Faber 2004). For example, 

Muzzi Marsh in Corte Madera was filled to 1.3 ft (0.4 m) above MHHW prior to breaching. Ten 

years after breaching, the surface had subsided to 0.3 ft (0.1 m) above MHHW (Williams and Orr 

2002). Muzzi Marsh vegetated with 50% cover in approximately 5 years. Richmond Parkway 

marsh was excavated to 0.5 ft (0.15 m) below MHHW and supported healthy pickleweed cover 

within a few years (M. Orr, pers. comm.). 

Actual constructed elevations will vary from the target fill elevation for several reasons. First, the 

amount of consolidation/compaction is not certain and could be more or less than the estimated 

settlement of 0.5 ft (0.15 m) in one year and 0.7 ft (0.21 m) over the long term. Second, a typical 

construction tolerance adds ±0.5 ft (0.15 m) of vertical uncertainty. And third, the marshplain 

may be gently sloped towards the channels to improve drainage. Any sloping would be very 

gradual (~0.5%) and designed to result in no more than a 0.5 ft (0.15 cm) elevation difference 

between the watershed divide and the nearest channel edge.  

The marshplain must be constructed at appropriate elevations within the tidal zone to support 

healthy, sustainable marsh vegetation over the lifetime of the project. If the marshplain is 

constructed too high, the potential for invasion by non-native ecotone species increases, 

desiccation stress increases, and seed dispersal decreases. Too low, and marsh vegetative cover is 



Elkhorn Slough Tidal Marsh Restoration Project 33 120505.00 

Restoration Plan September 12, 2014 

 

reduced due to inundation stress and the marsh is more susceptible to conversion to mudflat with 

sea level rise. As shown on Figure 11, the appropriate range of elevations at Elkhorn Slough 

between too low and too high is relatively narrow (Wasson and Woolfolk 2011; Fresquez 2012 

unpublished; ESA 2013; Endris and Woolfolk 2014, unpublished; K. Wasson, pers. comm.) 

compared to the range of elevations expected as settlement occurs over the life of the project.  

The marshplain elevation experiment is tentatively to test a slightly higher and slightly lower 

marshplain (±0.5 ft; 0.15 m). However, the experimental approach is in development and subject 

to change during design. Several considerations are: 

 The potential for non-native vegetation establishment, at least initially, with the higher 
marsh treatment; 

 The potential benefits of using long-term consolidation estimates to set fill elevations. 
The current design criterion is to achieve the design elevation (of MHHW) after 1 year of 
settlement. ESNERR is considering changing the design criteria to use long-term 
settlement. 

 If the marshplain is sloped, the potential to create more extreme high and low areas 
(wider spread from the target elevation), with resulting increased risk of marsh 
desiccation (for the high treatment) or drowning (for the low treatment).  

The decision whether to grade an essentially flat (0%) marshplain or a gently sloped (~0.5%) 

marshplain will be based on an assessment of expected post-construction differential settlement 

and drainage considerations for vegetation survival. The size and siting of the marshplain 

elevations experiment will be refined prior to final design and will likely consist of large areas 

(e.g. entire sub-areas) of the Phase 1 restoration area. If it is not economically or logistically 

feasible to test marshplain elevation at a large scale, small patches will be tested (shown in Figure 

14). 

One opportunistic benefit of the lower marshplain experiment is the ability to test whether a 

slightly lower fill elevation will increase channel network complexity through increased tidal 

scour. This is not expected to be a primary benefit of this experiment (Williams and Orr 2002), 

but will be monitored.  

Marshplain Sediment Texture and Organic Matter Amendment 

Three types of sediment texture and two levels of organic matter amendment will be tested in 

Phase 1 for marsh fill. These variables will be tested together, as they are closely related. Marsh 

organic matter amendment would be prohibitively expensive for the entire Phase 1 area and will 
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therefore be tested at an experimental scale. Soil organic matter has been strongly linked to plant 

productivity in tidal marshes by providing a nitrogen source and improving water retention. 

Existing soils in Yampah and Azevedo Marshes indicate that organic matter has historically been 

8-30%, by dry weight (Watson et al 2011). The sediment source material is very low in organic 

matter. This experiment will test whether increasing the level of organics in each source material 

will improve establishment of desired native emergent vegetation. 

Sediment Texture Variables: 
 Pajaro River Bench Excavation project sediments (coarse) 

 Upland borrow from Minhoto parcel (expected to be finer than Pajaro River sediments) 

 Gabbro dust from Graniterock Wilson Quarry (very fine) 

Organic Matter Amendment Variants: 
 No organic matter amendment 

 Amend with yard waste compost to reach 15% organic matter (dry weight) within the top 
6” of placed marsh soil 

Each combination of sediment texture and organic matter amendment will be tested in a 10x20m 

test plot (3 textures x 2 amendments = 6 plots per replicate). This experiment will be replicated 5 

times, resulting in 30 test plots and a total experimental area of 0.6 ha (1.5 acres). Plots within 

each replicate should be located at similar locations in the marsh (e.g. same distance to tidal 

channels, same elevation). Figure 14 presents proposed locations for some of the 30 experimental 

plots, but the exact locations will be determined by ESNERR prior to final design. 

Tidal Creek Construction Methods 

Tidal creek construction arose as an important concept/challenge during the alternatives 

development and evaluation process. The Project is unique in that it proposes to raise an existing 

marsh by placing fill rather than excavating a filled marsh or breaching a subsided pond and 

allowing sediment to gradually deposit and create channels naturally. The channel network is a 

key element of the restoration. 

Multiple techniques were proposed during the alternatives development process, and this 

Restoration Plan recommends defining a channel layout in the engineering plans and leaving the 

construction technique for the majority of the restoration site up to the contractor. However, while 

this approach will ensure the lowest cost restoration, there may be ecological tradeoffs between 

tidal creek construction methods. This experiment would test three construction techniques over a 

relatively small area. This experiment could be conducted in any location where there are 
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existing, similarly-sized, tidal channels. Channel treatments proposed for testing are avoiding 

channel fill, temporarily filling with biodegradable material (eg. hay bales), and temporarily 

filling with earth (Table 7), as described in Section 6. 

Ecotone Revegetation    

The restored ecotone will be approximately 72 ft (23 m) wide, plus additional width for sea level 

rise accommodation, and cover approximately 7 ac (3 ha) (Figure 14).  If Project funding permits, 

the entire ecotone graded in Phase 1 will be restored via the experimental revegetation treatments 

(hereafter, treatments) described below. Non-treatment areas will be monitored to determine what 

vegetation management (e.g., weed control, supplemental planting) is needed (in light of the 

results of ecotone revegetation treatments) to restore a native dominated ecotone once funding 

becomes available.  

The restoration approach in the ecotone focuses on rapidly establishing weed resistant vegetation 

communities. Native dominated ecotone will be restored through a combination of seeding, 

planting, and natural recruitment combined with weed control. These approaches have been 

successful in restoring native dominated ecotone in restoration projects in the San Francisco Bay 

Area (PWA & Faber 2004, Save the Bay 2010, Thompson 2010). Following restoration, the 

ecotone community will comprise a mix of native salt marsh plants (e.g. pickleweed, salt grass 

[Distichlis spicata], alkali heath [Frankenia salina], jaumea [Jaumea carnosa], and salt marsh 

sand spurry [Spergularia marina]) and semi-salt tolerant upland and seasonal wetland plants 

(e.g., creeping wild rye [Elymus triticoides], marsh baccharis [Baccharis glutinosa], gumplant 

[Grindelia latifolia], meadow barley [Hordium brachyantherum], rushes [Juncus species], sedges 

[Carex species], stinging nettle [Urtica dioica], Pacific potentilla [Potentilla anserina], California 

blackberry [Rubus ursinus], and yarrow [Achilea milefolium]) distributed across the ecotone. The 

cost of revegetation treatments will be tracked, including ESNERR staff/volunteer time and other 

resources expended for planting materials, installation, and weed control (Appendix A). 

An experiment will be carried out to address key questions below. The revegetation experiment 

will be set up as a manipulative experiment with independent treatments in the lower and upper 

ecotone, respectively. 

 Lower Ecotone: Is planting or seeding of high marsh species (e.g., saltgrass, alkali heath, 
jaumea) necessary to restore the native high marsh species component of the lower 
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elevation half of the ecotone?  Or, will natural recruitment of high marsh plant species be 
adequate? Which revegetation method is most cost effective? 

Background: Tidally dispersed seeds will contribute to the salt marsh species component 
of the restored ecotone. Based on prior experiments and the composition of the ecotone, 
native salt marsh species (e.g., pickleweed, alkali heath, jaumea, salt marsh sand spurry) 
may be more likely to recruit than non-native salt marsh species (e.g., rabbitsfoot grass 
[Polypogon monspeliensis], brass buttons [Cotula coronopifolia], sickle grass 
[Paraphoris incurve]) (Mayer 1987; Wasson and Woolfolk 2011). If predominately 
native salt marsh seeds arrive and establish, active planting or seeding of salt marsh 
plants will be unnecessary. But, if native marsh plant recruitment is low, or if non-native 
plant recruitment is also high, native marsh plantings or seeding may be needed to rapidly 
establish a weed resistant native marsh plant community. Plug planting and seeding will 
initially be more expensive to install than relying on passive recruitment, but slower rates 
of habitat establishment coupled with higher weed control costs associated with passive 
recruitment could outweigh initial savings. Therefore, the experiment will test the effect 
of seeding, versus plug planting of native salt marsh species, compared to passive, natural 
recruitment in control plots. 

 Upper Ecotone: Will plug planting or seeding of upland species result in the most cost 
effective and weed resistant plant community in the upper elevation half of the ecotone? 
How does plant species composition in the planting or seeding palette affect restoration 
success? 

Background: Most upland plants in the ecotone in Elkhorn Slough are non-native 
(Wasson and Woolfolk 2011). Naturally dispersed upland plant seeds are therefore likely 
to be predominantly non-native. Furthermore, the adjacent restored grassland will not yet 
be mature enough to contribute native seed to the ecotone. As a result, the plant 
community in the upper elevation half of the restored ecotone will be actively 
revegetated. Species composition and revegetation methods both could affect 
revegetation success. For example, seeding with upland forbs has led to high native plant 
cover in ecotone communities along the relatively dry margins of San Francisco Bay 
(Thompson 2010). In more mesic conditions, rhizomatous sod-forming perennial grasses 
and sedges (e.g., creeping wild rye, Juncus species, Carex species, saltgrass) form weed 
resistant native plant communities above the high tide line (Baye 2008); yet, rhizomatous 
sod-forming perennial species (e.g., saltgrass and creeping wild rye) often recruit poorly 
from seed but establish well from plugs. Furthermore, seeding may be initially less 
expensive than installing plugs, but plug installation may lead to lower long-term weed 
control costs by more rapidly forming a weed-resistant native plant community. 
Therefore, the experiment tests the effects of species composition and seeding versus 
planting the upper elevation component of the ecotone.  

Lower ecotone. The lower ecotone treatment plots will be installed from 1.7 to 2.2 m NAVD88; 

given the 30H:1V slope of the ecotone, this translates into a plot length of approximately 15 m 

(49 ft); the plot width (running along contour) will be determined in the design phase. In the 

lower ecotone, 3 treatments (described below) will be arranged in a randomized block design 

with 6 replicate plots per treatment (n = 6, 18 plots total).The upper ecotone treatment plots will 

be installed from 3.1 m to 2.2 m NAVD88; this translates into a plot length (running across 
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contour) of approximately 27 m (86 ft). The plot width will be equal in width to the grassland 

revegetation treatments (below). The upper ecotone treatments will include additional ecotone 

specialists but otherwise be identical to the grassland revegetation treatments (described below). 

The location of the upper and lower ecotone treatment plots will be determined during the design 

phase. 

The revegetation experiment will test the effects of the following independent variables (i.e., 

revegetation treatments) on plant community composition, average percent cover (of native 

versus non-native species) and revegetation cost:Lower Ecotone. 

1. Install plugs consisting salt marsh ecotone species. The planting density will be 2-3 ft on-
center. 

2. Drill seed (or, alternatively, broadcast and rake seed into soil surface) salt marsh ecotone 
species.  

3. Seed with harvested Elkhorn Slough wrack (e.g., broadcast and rake seed into the soil 
surface). 

4. No treatment – rely on natural recruitment only (i.e., the control) 

Upper Ecotone. The upper ecotone will be revegetated per the 6 unique treatments described in 

the Grassland Revegetation section below with the exception that the Species Composition 

Variables will be modified to include additional ecotone specialists. 

Grassland Revegetation  

The “native grassland buffer” on ESNERR’s Minhoto property disturbed by sediment stockpiling 

and/or excavation above 8.2 ft (2.5 m) NAVD88 will be revegetated with native plants (Figure 

14). The grassland will be restored during Phase 1 (along M1, M2, and M3) as resources allow, 

with the remainder restored in a later phase (along M4 and M5). Project funding grants require 

restoration of at least 3 ac (1.2 ha) of native grassland in Phase 1. The grassland restored in Phase 

1 will be situated to extend upslope along the approximately 2000 ft long restored ecotone. For 

example, if the entire sediment excavation area above 2.5 m NAVD88 is restored in Phase 1, the 

restored grassland would be approximately 100 ft (30 m) wide and cover approximately 4.5 ac 

(1.8 ha). The remaining area to be restored to grassland as funding permits, will be cover cropped 

with native herbaceous species or with non-invasive, non-native herbaceous species.  

Bunch grass communities native to Elkhorn Slough include California oatgrass prairie 

(Danthonia californica) and tufted hair grass meadows (Deschampsia cepitosa (Sawyer et al 

2009)). California brome grass (Bromus carinatus) and purple needlegrass (Nasella pulchra) are 
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also dominant components of native coastal prairie habitat in the Elkhorn Slough area; meadow 

barley (Hordeum brachyantherum) and brown-headed rush (Juncus phaeocephalus) are dominant 

species in the moistest coastal prairie sites in the region (Barbour et al 2007). It is unknown which 

bunch grass species are best suited for grassland.restoration in the native grassland buffer at the 

project site. In addition to grasses, native forbs are an important component of native grasslands 

in Elkhorn Slough and are increasingly incorporated in grassland restoration projects to mimic 

weed resistant reference sites (Stromberg et al 2007). Therefore, forbs will comprise a component 

of the restored grassland. The experiments will be designed to test the efficacy of grassland 

restoration using different species mixes and planting methods. 

A native bunchgrass-dominated habitat will be revegetated using a combination of drill seeding, 

plug planting, and weed control. Both planting and seeding have been used to restore grasslands 

and both methods offer potential trade-offs (Stromberg et al. 2007). Weed control will be carried 

out based on site conditions and, therefore, prescribed weed control regimes are not part of the 

experimental design. The cost of revegetation treatments will be tracked, including ESNERR 

staff/volunteer time and other resources expended for planting materials, installation, and weed 

control (Appendix A). The grassland revegetation experiment will address the following 

questions: 

 Is planting or seeding preferable to restore a native-dominated grassland? 
 How does species composition affect restoration success? 
 What is the effect of planting, seeding and seeding rate on plant community composition, 

ground coverage, and species richness? 
 What is the most economical method to restore a native grassland?  What is the effect of 

planting, seeding, and seeding rate on the cost of revegetation? 

The grassland revegetation experiment will be set up as a fully-crossed manipulative experiment 

with 6 unique treatment combinations (planting method variables tested for each of the 2 species 

composition variables) and 6 replicate plots per treatment (n = 6, 36 plots total). The plots will be 

rectangular in shape and extend across the slope gradient starting immediately above the restored 

ecotone. The treatment will be arranged in a block design. This design will control for the effect 

of slope, aspect, and location within the restored grassland. The width of each plot will be such 

that the experiment covers the entire restored grassland planned in Phase 1 and extend into the 

upper ecotone. Three planting methods will be tested using two distinct species mixes (one or 

more species) in replicate field plots across the restored grassland. 
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 Planting Method Variables 
1. Installation of plugs from Elkhorn’s on site nursery; grasses and forbs will be 

planted densely on 1-2 ft centers. 
2. Drill seed grasses and forbs with a low application rate. 

3. Drill seed grasses and forbs with a high application rate. 

Species Composition Variables 
1. Species mix A 
2. Species mix B  

Non-native vegetated buffer. It is very likely that ESNERR will lack the quantity of native 

seed/grass plugs necessary to revegetate the entire ecotone/upland area disturbed by sediment 

removal.  Areas that cannot be planted with native ecotone/grassland plants should be planted 

with a sustainable, native or non-native herbaceous cover crop that is non-invasive, and that does 

not require annual reseeding. 

Monitoring  
Appendix 7 shows monitoring parameters, questions, and methods for the project as a whole, 

including experimental design components. Table 7 shows the expected timeframe for 

monitoring.  
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8. CONSTRUCTION COST ESTIMATE 
This section presents a construction cost estimate for the project, including identification of costs 

for Phase 1. Costs are estimated at $4.2 M for Phase 1 and $7.6 M for the entire project. The 

estimate includes costs for construction, revegetation, soft costs (e.g., permitting and design 

costs), and a 25% contingency. The costs in Table 8 and Table 9 assume construction in fully 

tidal conditions and assume that the minor tidal channels will be filled. Avoiding all tidal 

channels would increase the Phase 1 cost by $530,000 and the total cost by approximately 

$640,000. Note that costs for construction with water management are estimated to be higher. 

The assumptions used to develop the cost estimates will be refined and are subject to revision 

during the design process.  

These estimates were modified from the cost estimate used for alternatives evaluation. The 

original alternatives cost estimates (presented in Appendix 5) made the following key 

assumptions: 

 Stockpile for Phase 1 includes all material necessary for the Phase 1 construction and is 
configured to limit the distance the material must travel to the placement locations.  

 Volumes did not take into account consolidation or settlement of placed sediment and 
filling of borrow ditches. 

 Stockpiles for future phases would have clean fill delivered, free of charge. 

 Preserving all tidal channels is 20% less efficient (based on cubic yard production rates) 
than preserving only the major tidal channels, while working in the wet. 

The cost estimate was revised, as follows, to reflect changes to the Phase 1 description and 

project refinements: 

 Increased fill volumes, to include overfill/consolidation (25%). 

 Increased volume excavated from the hillside to reflect higher estimate of onsite borrow.  

 Added cost of excavation to reflect longer travel distances (excavation will encroach 
further into the hillside than previously assumed for the ecotone).  
 
[Note: The new hillside excavation cost is a very rough estimate (i.e. back-of-the-
envelope) compared to the other, more refined cost estimates developed for the 
alternatives evaluation.] 

 Revised costs to reflect expanded revegetation areas due to hillside excavation  
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 Combined construction costs with costs for ecotone, grassland, and marshplain 
revegetation (previously presented in a separate memo).  
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Table 8. Planning Level Construction Cost Estimate for the Phase 1 Action 
DESCRIPTION QTY. UNIT UNIT 

COST
TOTAL 

Minhoto (M1, M2, M3)     

Mobilization/demobilization   5% $45,392 

BMPs 28.8 AC $1,500 $43,200 

Channel crossings 13 LS $1,448 $18,824 

Main channel crossing 1 LS $3,628 $3,628 

Material placement 73,100 CY $9.91 $724,138 

Material placement with conveyor 11,900 CY $9.92 $118,048 

Hester’s (H1)2     

Mobilization/demobilization   5% $23,775 

Material placement with conveyor 54,400 CY $8.25 $448,800 

BMPs 17.8 AC $1,500 $26,700 

Excavation of Hillside     

Mobilization/demobilization 2 LS $2,500 $5,000 

Excavation 89,400 CY $8.00 $715,200 

BMPs 6,000 LF $1.20 $7,200 

Subtotal, construction only (w/ 25% contingency) 139,400 CY $22.59 $2,724,881  

Marsh Revegetation     

Site preparation – soil amendment 0.0 AC $13,800 $0 

Planting – along major tidal channels 4.2 AC $5,000 $21,000 

Maintenance – weed control 46.3 AC $1,000 $46,300 

Ecotone Revegetation     

Site preparation – weed control 4.4 AC $17,300 $76,120 

Seeding/planting 4.4 AC $15,400 $67,760 

Maintenance – weed control 4.4 AC $2,600 $11,440 

Grassland Revegetation     

Site preparation – weed control 20.1 AC $900 $18,090 

Seeding/planting 20.1 AC $2,300 $46,230 

Maintenance – weed control 20.1 AC $2,600 $52,260 

Subtotal, reveg only (w/ 25% contingency)    $424,000 

Subtotal (w/ 25% contingency)    $3,148,881  

Soft Costs1 (32% of Subtotal)     

Survey/Geotech/Sediment Testing (5%)    $157,444  

Plans/Specs/Estimates (10%)    $314,888  

CEQA/Permits (7%)    $220,422  

Contract Admin (4%)    $125,955  

Construction Management (6%)    $188,933  
Subtotal, soft costs only    $1,007,642 

PHASE 1 PROJECT TOTAL    $4,156,523 
1. Soft costs include survey, geotech, engineering, design, environmental documents & permitting, contract 

administration, and construction support. 
2. Conveyor rental costs for Hester’s Marsh, if installed during Phase 1, would be approximately $45,000/month. 

This does not include installation, generator, and fuel costs. 
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Table 9. Planning Level Construction Cost Estimate for the Project, All Phases 
DESCRIPTION QTY. UNIT UNIT TOTAL 
Minhoto (M1, M2, M3)  

Mobilization/demobilization 5% $45,392 

BMPs 28.8 AC $1,500 $43,200 

Channel crossings 13 LS $1,448 $18,824 

Main channel crossing 1 LS $3,628 $3,628 

Material placement 73,100 CY $9.91 $724,138 

Material placement (w/ conveyor) 11,900 CY $9.92 $118,048 

Hester’s (H1) 

Mobilization/demobilization 5% $23,775 

Material placement (w/ conveyor)2 54,400 CY $8.25 $448,800 

BMPs 17.8 AC $1,500 $26,700 

Excavation of hillside during Phase 1 

Mobilization/demobilization 2 LS $2,500 $5,000 

Excavation 89,400 CY $8.00 $715,200 

BMPs 6,000 LF $1.20 $7,200 

Minhoto (M4, M5, M6) 

Stockpile construction 70,500 CY $0.89 $62,745 

Mobilization/demobilization 5% $21,412 

BMPs 29.2 AC $1,500 $43,800 

Channel crossings 3 LS $1,448 $4,344 

Main channel crossing 1 LS $3,628 $3,628 

Material placement 42,100 CY $5.72 $240,992 

Material placement (w/ conveyor) 28,400 CY $4.77 $135,468 

Seal Bend 

Stockpile construction 65,900 CY $0.89 $58,651 

Mobilization/demobilization 5% $25,560 

BMPs 28.6 AC $1,500 $42,900 

Channel crossings 9 LS $1,448 $13,032 

Material placement (w/ trucks) 65,900 CY $6.91 $455,263 

Subtotal, construction only (w/ 25% contingency)    $4,109,624  

Marsh Revegetation 

Site preparation – soil amendment 63.2 AC $13,800 $872,160 

Planting - major tidal channels 8.6 AC $5,000 $43,000 

Maintenance - weed control 93.9 AC $1,000 $93,900 

Ecotone Revegetation 

Site preparation – weed control 4.4 AC $17,300 $76,120 

Seeding/planting 4.4 AC $15,400 $67,760 

Maintenance - weed control 4.4 AC $2,600 $11,440 

Grassland Revegetation 

Site preparation – weed control 30.1 AC $900 $27,090 

Seeding/planting 30.1 AC $2,300 $69,230 
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DESCRIPTION QTY. UNIT UNIT TOTAL 
Maintenance - weed control 30.1 AC $2,600 $78,260 

  

Subtotal, reveg only (w/ 25% contingency)    $1,673,700  

Subtotal (w/ 25% contingency)    $5,783,324 

Soft Costs1 (32% of Subtotal) 

Survey/Geotech/Sediment Testing (5%) $289,166  

Plans/Specs/Estimates (10%)    $578,332 

CEQA/Permits (7%)    $404,833 

Contract Admin (4%)    $231,333 

Construction Management (6%)    $346,999 
Subtotal, soft costs only    $1,850,664 

PROJECT TOTAL, ALL PHASES $7,633,988
1. Soft costs include survey, geotech, engineering, design, environmental documents & permitting, contract 

administration, and construction support. 
2. Conveyor rental costs for Hester’s Marsh, if installed during Phase 1, would be approximately $45,000/month. 

This does not include installation, generator, and fuel costs. 
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9. REGULATORY CONSIDERATIONS 
The project would affect lands and resources under the jurisdiction of multiple regulatory 

agencies. As a result, numerous federal, state, and local authorizations and permits would be 

required for project implementation. The following is a list of potentially affected agencies and 

the corresponding type of approval that may be required.    

 U.S. Army Corps of Engineers (USACE): A Section 404 Clean Water Act (CWA) permit and 

a Section 10 Rivers and Harbors Act (RHA) permit would be required for placement of 

dredge or fill material into waters of the United States and work within navigable waters, 

respectively. 

 National Marine Fisheries Service (NMFS): Federal Endangered Species Act (FESA) 

compliance would be required for potential effects on anadromous fish species federally 

listed as threatened or endangered and for compliance with the Marine Mammal Protection 

Act (MMPA). It is expected that the USACE would be the lead federal agency for NMFS 

consultation under Section 7 of the FESA.  

 U.S. Fish and Wildlife Service (USFWS): FESA compliance would be required for potential 

effects on wildlife and resident aquatic species federally‐listed as threatened or endangered, 

as well as compliance with the MMPA. It is expected that the USACE would be the lead 

federal agency for USFWS consultation under Section 7 of the FESA. Compliance with the 

Migratory Bird Treaty Act (MBTA) would be necessary to protect active nests of native 

birds. 

 Monterey Bay National Marine Sanctuary: A Monterey Bay National Marine Sanctuary 

Permit may be required for construction activities that could affect Sanctuary resources. 

 California Coastal Commission, Central Coast District: A Coastal Development Permit 

would be required from the CCC for work within its retained jurisdiction (e.g., tidelands, 

submerged lands, public trust lands).  

 Central Coast Regional Water Quality Control Board (RWQCB): Several permits would be 

required from the RWQCB including a Storm Water General Permit for Construction 

Activities in accordance with Section 402 of the CWA; Water Quality Certification in 
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accordance with Section 401 of the CWA; and Waste Discharge Requirements in accordance 

with the Porter‐Cologne Water Quality Control Act. 

 California Department of Fish and Wildlife (CDFW): A Lake or Streambed Alteration 

Agreement, in accordance with Section 1602 of the California Fish and Game Code, would 

be required for work within the bed, channel or bank of the marsh. The project would also be 

required to comply with Section 2080 of the Fish and Game Code (protection of State-listed 

special status species), as applicable. CDFW is also a landowner and co-manager of ESNERR 

and is acting as the State lead agency under CEQA. In addition, all native bird species that 

occur in the project area are protected by the State Fish and Game Code. Fish and Game 

Code §§3503, 2513, and 3800 (and other sections and subsections) protect native birds, 

including their nests and eggs, from all forms of take. Disturbance that causes nest 

abandonment and/or loss of reproductive effort is considered “take” by the CDFW. The 

project also sits within and Sate Marine Reserve and a separate permit will be needed by 

CDFW for restoration in this protected area. 

 California State Lands Commission (SLC): The SLC has jurisdiction over California’s 

“sovereign lands,” including tidelands and submerged lands; however, due to the specific 

land ownership and management of lands in Elkhorn Slough, the SLC has determined that no 

authorization for the proposed project is required from their agency (CSLC, 2013). 

 California State Historic Preservation Office (SHPO): National Historic Preservation Act 

(NHPA) implementing regulations, as set forth in Title 36 Code of Federal Regulations 

(CFR) Parts 800 et. seq., require federal agencies to take into account the effects of their 

undertakings on historic properties and consult with stakeholders, including the SHPO, on 

potential effects to resources that are listed or eligible for listing in the National Register of 

Historic Places. As the federal agency with the broadest discretionary authority over the 

project, and a potential project funder, it is expected that the USACE would take the lead in 

consulting with the SHPO.  

 Moss Landing Harbor District (MLHD): The MLHD regulates activities within main channel 

of Elkhorn Slough. The Moss Landing Ordinance Code Section 26.010 sets forth MLHD the 

types of activities that require a permit from MLHD. Pursuant to Section 26.010(C), the 

project would not require a permit because: (1) it is not within the MLHD jurisdiction, (2) 
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would not utilize district facilities or lands subject to MLHD jurisdiction, and (3) would not 

interfere with the public’s safe and enjoyable use of areas under MLHD jurisdiction.   

 Monterey County: A Coastal Development Permit (CDP) would be required from Monterey 

County, as a portion of the project would occur on lands that are subject to the County’s 

Local Coastal Program (LCP) permit jurisdiction. However, as a portion of the project would 

also occur within the CCC’s retained permit jurisdiction, and the Coastal Act provides for 

consolidated CCC permit review and issuance in such cases (section 30601.3), it is expected 

that the CCC would issue a single permit for the proposed work.   

Species Windows for Construction 
Harbor Seal Pupping 

Little information is available on harbor seal pupping windows for purposes of construction. 

However, the Parsons Sill working window (September 1st – January 31st) could reasonably be 

applied to this project with a disturbance-free buffer between project activities and pupping areas. 

The size of any buffers and methodology for determining where buffers are necessary will be 

developed in collaboration with regulatory agencies. Because harbor seals infrequently use areas 

outside Seal Bend for pupping (including in the Minhoto-Hester Restoration Area), it is unlikely 

that disturbance-free buffers will substantially constrain the project. 

Otter Pupping 

Sea otters are very mobile with their young and could potentially have pups year-round. Rather 

than a construction window, biological monitoring can be used to ensure that pupping otters are 

not disturbed during work activities. Existing monitoring projects within Elkhorn Slough could be 

incorporated into the Project.  

Avoiding Impacts to Nesting Birds 

A number of bird species could nest in the vicinity of Elkhorn Slough. Rather than a project-wide 

construction window, measures will be implemented for project activities occurring during the 

avian nesting season (February 1 – August 31) to comply with the Migratory Bird Treaty Act and 

the California Fish and Game Code. Such measures would include implementation of 

preconstruction surveys and disturbance-free buffers (typically 300 feet for raptor nests and 100 

feet for non-raptor nests) around active nests. Nesting deterrence could also be implemented to 
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minimize the potential for constraints due to nesting birds. No measures would be necessary 

outside the avian nesting season.   
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Table 1. Areas, Fill Depths, and Sediment Volumes, by Sub-Area

Sub-Area Name

Area
1

acres

Fill Area, excludes 

channels
2

acres

Average 

Elevation
3

feet NAVD88

Average Depth of 

Fill Required 

without overfill

feet 

Average Depth of 

Fill Including 25% 

Overfill
4

feet 

Fill Volume including 

25% overfill, excludes 

channels

yd
3

 (rounded)

Volume Range for 15%-

30% overfill, excludes 

channels
5

yd
3

 (rounded)

H1 17.8 14.1 3.9 1.9 2.4 54,400 42,100 to 65,300

M1a 4.6 3.8 4.1 1.7 2.1 13,200 10,000 to 16,100

M1b 3.4 2.7 3.7 2.1 2.6 11,200 8,800 to 13,300

M1c 4.1 3.0 3.8 2.0 2.4 11,900 9,200 to 14,300

M2 5.6 4.5 4.2 1.6 2.0 14,300 10,700 to 17,700

M3 11.1 8.3 3.7 2.0 2.6 34,400 27,000 to 41,000

M4a 2.5 1.0 4.1 1.6 2.1 3,400 2,600 to 4,200

M4b 9.7 7.3 4.3 1.5 1.9 22,000 16,100 to 27,400

M5 10.2 7.8 4.0 1.8 2.2 28,400 21,700 to 34,400

M6 6.8 5.5 4.3 1.5 1.9 16,700 12,600 to 20,900

S1 4.8 4.5 4.0 1.8 2.2 16,300 12,500 to 19,800

S2 8.6 6.4 4.4 1.4 1.7 18,200 13,100 to 22,900

S3 4.1 3.0 4.2 1.5 1.9 9,400 6,900 to 11,600

S4 11.1 8.8 4.5 1.2 1.5 22,000 15,500 to 28,500

Total 104.2 80.9 4.1 1.7 2.1 275,900 208,900 to 337,500

Phase I Area
6 46.5 36.4 3.9 1.9 2.4 139,400 107,900 to 167,800

Future Phases 57.7 44.5 4.3 1.5 1.9 136,500 101,000 to 169,800

Volume received from Pajaro Bench Excavation in 2013 (approximate): 50,000 --

Upland borrow required for Phase 1: 89,400 57,900 to 117,800

Notes & Assumptions:

5. Allowance for range in consolidation estimates, LiDAR accuracy, and other sources of uncertainty.

6. Phase 1 area includes M1, M2, M3, and H1.

1. The limits of each restoration sub-area are shown in Figure 2. The mapped sub-areas include channels and may include elevations higher than the target elevation. 

    Higher elevation areas are excluded from volume & area calcs.

2. Fill Area is below target elevation of 5.8 ft NAVD88, MHHW according to Van Dyke 2012, and excludes major tidal channels.

3. Average Elevation  applies to the fill area only. Based on 2010 LiDAR adjusted using approximate vegetation cover and elevation bias, based on field surveys and visual inspection of aerial photos. 

Reported LiDAR uncertainty of +/- 9 cm RMSE for bare earth measurements. Actual range may be greater.

4. Estimated consolidation in the first year. 

Path: \\sfo-file01\esapwa\Data\projects\_2012\D120505.00 - Elkhorn Slough Tidal Marsh Restoration\Task1_Field Data and ECR\Analysis\Accomodation space\Accomodation_space_calcs_v4.7.xlsx

4/28/2014
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Table 6. Experimental Design Prioritization – revised September 12, 2014 

Experimental Factors Proposed 
Approach 

Uncertainty Ecological 
Importance 

Relative 
Cost 

Priority Notes 

1. Marshplain elevation 
(average) 

MHHW within 
one year 

Medium High Low High Possibly most critical variable to determine for 
future phases.  
Assume that any higher costs associated with 
testing a higher marshplain will be offset by 
lower costs of testing a lower marshplain. Costs 
assume monitoring for 1 year (settlement) to 5 
years (vegetation). 

2. Tidal creek construction 
methods 

To be 
determined 

Medium-high Medium? Medium High Could test:  (A) avoid channel fill, (B) temp fill 
with biodegradable material, and (C) temp fill 
with earth.  
Costs assume 1-5 ac in scale and monitoring for 
5 years (vegetation response). 

3. Ecotone/grasslands 
revegetation and weed 
control 

Combination of 
seeding, 
planting, 
natural 

recruitment, 
and weed 

control  

Low-Medium Medium Medium? High Possible revegetation methods to test: seeding 
versus plug planting versus natural recruitment 
in the lower ecotone; seeding versus plug 
planting and species composition in the upper 
ecotone and grassland.  
Costs assume ≤ 1 acre in scale and monitoring 
for 5 years (vegetation response) 

4. Marshplain sediment 
texture 

Varies by 
source 

Medium High Low Medium To test the effect of soil texture (e.g., loamy 
sand, loam, silty clay) on vegetation and benthic 
invertebrate communities. Could be evaluated in 
tidal mesocosms (no upfront experiment), but 
field manipulative experiment results would 
likely be more accurate. Expect sedimentation to 
slowly build soils. Could do in very small patches 
rather than dividing whole project area into 
treatments. 
Cost assumptions same as for #3.  

5. Marshplain organic 
matter amendment 

None for Phase 
1 

Medium High Low Medium Pajaro soils are subsoils and very low in organic 
matter content. Incorporate organic matter 
amendment experiment into above soil texture 
experiment.  Could do in very small patches 
rather than dividing whole project area into 
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Experimental Factors Proposed 
Approach 

Uncertainty Ecological 
Importance 

Relative 
Cost 

Priority Notes 

treatments. 
Cost assumptions same as for #3. 

Notes:  
Low cost ≤$10,000; medium cost = $10,000-$50,000; high cost ≥$50,000 
Additional Experimental Factors considered and not pursued further: 

 Marshplain slope (more than 0.5 ft elevation gradient) 

 Soil/turbidity containment fencing methods (BMPs) 

 Tidal creek density 

 Number of lifts 

 Sediment containment 

 Ecotone topography 

 Grassland revegetation options 
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Table 7. Conceptual Experimental Design1– revised September 12, 2014 

Experimental Factors Treatments / Variables to 
Test2 

Scale per 
Replicate 

Replicates 
per 

Treatment 

Timeframe for 
Results 

Notes 

1. Marshplain elevation 
(average) 

 To be determined; see text  10mx20m or 
larger  

Depends on 
scale. Three 

smaller 
replicates or 

one large 
area 

1 year 
(settlement) to 5 
years (vegetation 

response) 

Size of replicates to be refined during 
final design and may consist of large 
sections of the site. Target 
location/layout if smaller replicates 
are used:  equidistant from channel on 
alternating sides of channel.  
 

2. Marshplain sediment texture  Pajaro River  

 Minhoto hillside 

 Quarry dust 

10mx20m Five  5 years Combined with organic matter 
amendment.  

3. Marshplain organic matter 
amendment 

 No amendment 

 Amend with yard waste 
compost  

10mx20m Five  5 years Amend to 15% organic (by dry weight) 
within upper six inches.  

4. Tidal creek construction 
methods 

 Avoid channel fill 

 Temporary fill with 
biodegradable material 
(e.g. hay bales) 

 Temporary earth fill  

30m of channel Three  5 years  Baseline treatment subject to change 
later in design or at time of contractor 
selection, based on bid results.  

5. Lower ecotone revegetation  Container plants salt-
marsh species 

 Drill seed salt marsh 
species 

 Seeding with wrack 

 Passive recruitment 
(Control) 

 Extends along 
the length of 

the lower 
ecotone (15 m); 

width to be 
determined 

Six 5 years Treatments will cover the vertical 
extent of the restored lower ecotone 
slope  

6. Upper ecotone revegetation  Dense plug planting  

 Drill seeding, low 
application 

 Drill seeding, high 
application 

Extend the 
length of the 

upper ecotone 
(27 m); width to 

match the 

Six  years Treatments are identical to the 
grassland revegetation treatments 
(below) except that additional ecotone 
specialists will be added to Species Mix 
A & B.  

                                                           
1
 Note that numbering in Tables 6 and 7 are different. Table 6 is ordered by experimental design priority. Table 7 is ordered to match discussion in the text. 

2
 Proposed (baseline) approach in bold. 
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Experimental Factors Treatments / Variables to 
Test2 

Scale per 
Replicate 

Replicates 
per 

Treatment 

Timeframe for 
Results 

Notes 

 Species Mix A 

 Species Mix B 

grassland 
treatment 

width 

  

7. Grassland revegetation  Dense plug planting  

 Drill seeding, low 
application 

 Drill seeding, high 
application 

 Species Mix A 

 Species Mix B 

Dimensions to 
be determined 

 

Six 
 

5 years Treatments extend into the upper 
ecotone. 

MHHW = mean higher high water (5.8 ft NAVD88) 
 

 
 



Elkhorn Slough Tidal Marsh Restoration Project . D120505.00

Figure 1
Regional Setting

0 4,000

Feet

Service Layer Credits: National Geographic, Esri, DeLorme, NAVTEQ, UNEP-WCMC,
USGS, NASA, ESA, METI, NRCAN, GEBCO, NOAA, iPC
Copyright:© 2013 Esri, DeLorme, NAVTEQ, TomTom
Copyright:© 2014 Esri, DeLorme, HERE, TomTom
Source: Esri, DigitalGlobe, GeoEye, i-cubed, USDA, USGS, AEX, Getmapping,
Aerogrid, IGN, IGP, swisstopo, and the GIS User Community

Seal Bend
Marsh

Minhoto & Hester's 
Marsh

Regional Setting

Parson's Slough

Minhoto Grassland/
Ecotone Restoration



10 acres

S4

M3

M5

S2

M6
M4b

S1

M2

M1a

S3

M1b

M4a

M1c

Elkhorn Slough Tidal Marsh Restoration Project . D120505.00
Figure 2
Site Map

0 500

Feet

Legend
ESNERR Boundary

Restoration Sub-Areas

Permitted Stockpile Area

Roads

Union Pacific Railroad

Seal Bend
Restoration Area

Minhoto - Hester's
Restoration Area

Elkhorn Slough
Yampah Marsh

Moon Glow Dairy

UPRR Bridge at 
Parsons Slough

Parsons
Slough

Un
ion

 Pa
cif

ic 
Ra

ilro
ad

Power Lines

Via
 Ta

nq
ue

s R
oa

d

Agricultural Fields

Kirby Park
(upstream)

Agricultural
Well

Yampah
Island

Hester's
Marsh (H1)

to Dolan Road

Existing stockpile area



Elkhorn Slough Tidal Marsh Restoration Project . D120505.00
Figure 3

Site Topography
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Notes: LiDAR for this area was flown in Sept 
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or better. Vertical accuracy in flat, 
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  Figure 4 
Biotic Habitats Map 

 

SOURCE: HT Harvey and Associates 2013 
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Figure 5 

Surveyed Habitat Elevations

Path: \\sfo‐file01\esapwa\Data\projects\_2012\D120505.00  ‐ Elkhorn Slough Tidal Marsh Restoration\Task1_Field Data and ECR\Fieldwork\2013‐01‐15 RTK 
Survey\ElkhornSurveyWorkup_v1.2.xlsx
Date: 7/1/2014
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  Figure 6 
CNDDB Plant Records 

 

SOURCE: HT Harvey and Associates 2013 
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 Figure 7 
CNDDB Wildlife Records 

 

SOURCE: HT Harvey and Associates 2013 
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Figure 8

Restoration Plan - Long Term Habitats
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Notes:
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recontouring to tie ecotone into existing
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Figure 9

Phase 1 Action
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the ESNERR boundary and 
is therefore excluded from 
the restoration area.
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!( Channel crossing (temporary)

! Site access/haul route

Existing berm to lower to marshplain elevation

Restored tidal salt marsh

Proposed Channel Layout
Existing channel to preserve

Main channel to preserve (natural levees)

Existing channel to keep or fill (optional)

Excavate channel

Borrow ditch to block or fill

Notes:
1. Phase 1 will use all material stockpiled in the
existing stockpile as well as sediment excavated
from the hillside within the permitted stockpile
area.
2. Channel crossings are conceptual.
3. Borrow ditches will be filled using material from
adjacent berms and available marsh fill material,
as possible.
4. Alignment of berm/culvert across main channel
to be refined during design. One possible
configuration shown.

Hester's
Marsh (H1)

Source: Air photo from NAIP 2010.

to Dolan Road

Berm/culvert blocking tides during Phase 1 
construction (one possible configuration)

Path: G:\Projects\120505.00_ElkhornSloughTidalMarsh\MXDs\ReportFigures\RestorationPlan\FigX_Phase1Area.mxd
7/1/2014
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Conceptual Design Profile Across Phase 1 Area
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Fields

Notes:
‐Marshplain fill elevation of 5.8' NAVD88, after consolidation (post‐consolidation cross‐section shown).
‐ 10' setback from small channels, 15' setback from main channel.
‐ Existing grade is from 2010 LiDAR, which is known to be vertically biased (higher than actual grades) in vegetated areas.
‐ Channel bathymetry data was not available, so elevations shown here are from LiDAR, which may be reflecting the water surface elevation in the 
deeper channels (especially the Main Channel).
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Path: \\sfo‐file01\esapwa\Data\projects\_2012\D120505.00  ‐ Elkhorn Slough Tidal Marsh Restoration\Task4_Conceptual Design\SubTask7_RestorationPlan\technical analyses\Engineering_cross‐section_11Apr2014 v2.xlsx
Date: 4/14/2014
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Marshplain Fill and Vegetation Elevations 
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Figure 11  

Marshplain Fill and Vegetation Elevations 
 

Path: \\sfo-file01\esapwa\Data\projects\_2012\D120505.00 - Elkhorn Slough Tidal Marsh Restoration\Task4_Conceptual 
Design\SubTask7_RestorationPlan\technical analyses\Marshplain_26Aug2014.xlsx 
 
Date: 8/21/2014 

Sources: Elevation-inundation curve based based on South Marsh SWMP data , 2008-2013 
Note:  Fill error bars include uncertainty from construction tolerance (±0.5 ft) and from range in 
settlement estimates.  
* Approximate  range; values from ESA 2013 surveys are higher (average = 5.5ft)  

MHHW El. 5.8' (1.77m) 

MTL El. 3.3 (1.01m) 

MHW El. 5.1 (1.55m) 

King Tide El. 7.5' ( 2.21m) 
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Figure 12
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Notes:
1. Borrow ditches will be filled using material from adjacent berms and available
marsh fill material, as possible.
2. Some new channel connections will be constructed to replace connectivity
provided by borrow ditches.
3. All berms, even those without adjacent borrow ditches, will be leveled to the
target marshplain elevation.
4. Channels in M6 are approximate and based on historic aerial imagery. M6 is
currently diked and is very densely vegetated at a low elevation. Channels are not
visible and may need to be re-excavated.
5. Extent of ecotone created will depend on the amount of soil necessary for
restoration of the salt marsh.
6. The following construction elements are not shown on the map, and their
location will be determined during design of each phase of construction:
- Water management (berms, culverts, pumps)
- Temporary channel crossings
- Haul routes for fill placement
- Conveyors (optional)

Existing stockpile area

Via
 Ta

nq
ue

s R
oa

d

Large anthropogenic ditch. Shown here as filled, 
but may be kept open for marine mammal habitat.

This area is not within 
the ESNERR boundary 
and is therefore excluded 
from the restoration area.
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Figure 13
Conceptual Cross-Section of Upland Borrow Transitional Area Excavation
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Figure 14

Map of Proposed Experiments
Conceptual

0 500

Feet

Yampah Marsh

This area is not within 
the ESNERR boundary and 
is therefore excluded from 
the restoration area.

Yampah Island

Legend
Restored tidal salt marsh (fill)

Ecotone (excavate)

Marsh Extension (excavate)

Native Grassland/Cover Crop*

Proposed Channel Layout
Existing channel to preserve

Main channel to preserve (natural levees)

Excavate channel

Experimental Plots
Sediment texture and organic matter amendment

Additional experiments

Notes:
1.

Hester's
Marsh (H1)

Source: Air photo from NAIP 2010.
* Extent of native grassland restored in Phase 1 to be determined (3 ac. minimum).  Remaining area to be cover cropped.

to Dolan Road
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Tidal channel construction
experiments (conceptual)
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Size and extent of marshplain elevation
experiments to be determined
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Ecotone revegetaion
experiment location 
to be determined in 

the design phase

Grassland revegetation
experiment location to
be determined in the 

design phase; a 
minimum of 3 ac of 

grassland will be 
restored in Phase 1

Pilot grassland
(Potential)

Transition excavation into existing ecotone.  
Existing ecotone to be preserved 

(not part of experiments)
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