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I. About this report 

This report provides the basis of design for construction of the Elkhorn Slough Tidal Marsh Restoration 
Project at the 30% level of completion. A set of 30% design drawings accompanies this report (Appendix 
A). The draft document was prepared by Moffat & Nichol, in places using verbatim text and graphics from 
the Elkhorn Slough Tidal Marsh Restoration Project Restoration Plan (“Restoration Plan”; ESA 2014a) 
prepared by Environmental Science Associates (ESA). ESA revised the draft to finalize the document 
with input from ESNERR staff. The Restoration Plan provides additional project detail.  

II. Proposed Project 

The Elkhorn Slough estuary is one of the largest estuaries in California, with the most extensive 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. A significant portion of the estuary is protected under a mosaic of private and 
public ownership, and a 1700- acre portion of the Slough is designated as the Elkhorn Slough National 
Estuarine Research Reserve (ESNERR) by the federal government. ESNERR is managed by the 
California Department of Fish and Wildlife (CDFW), with the National Oceanic and Atmospheric 
Administration (NOAA) providing overall administration and research funding. The Elkhorn Slough 
Foundation (ESF) is a land trust and has protected an additional 4000 acres of the slough and partnered 
with CDFW to promote the conservation and stewardship of these natural resources.  

ESNERR/ESF has proposed the Elkhorn Slough Tidal Marsh Restoration Project, which envisions 
restoration of approximately 147 acres of former tidal marshlands and grasslands located along the south 
and southeast shores of Elkhorn Slough (ESA 2014a) as shown on Figure 2 of the Restoration Plan 
(Appendix B). The Restoration Project site includes the Minhoto-Hester Marsh and Seal Bend, all of 
which were at least partially modified for human uses. Portions of the Minhoto-Hester’s Marsh were 
managed for waterfowl hunting in the early 1900s, which involved construction of levees and ponds for 
controlling water levels. In the mid-1900s portions were converted to pasture for dairy cattle.  

Since then, the site experienced tidal scour from increasing tidal prism, subsidence due to former diking, 
draining and farming, and reduced sediment inputs from the watershed (ESA 2014a). By 1983, the 
majority of the utilized marsh was returned to tidal action by breaching or deterioration of dikes and 
levees. Relatively deep, high velocity, and anthropogenic channels, such as borrow ditches, are still 
present with the deteriorated remains of the dikes and levees. In July 2013, about 50,000 CY of material 
from the Pajaro Bench Excavation Project was stockpiled immediately west of the M1 and M2 subareas in 
the “buffer area” shown on Figure 1. This area and nearby fields were formerly used for bulb and food 
production.  

The proposed restoration necessitates the placement of over 275,000 cubic yards fill to raise grades to 
desired elevations. Given the complexities and cost associated with restoring all areas at once, ESF is 
proposing a multi-phased restoration project as shown on Figure 9 of the Restoration Plan (Appendix B). 
A summary of restoration areas, acreages, and fill volumes is also provided in Table 1.  

The construction of Phase 1 is defined as the “Project” for this Basis of Design. The project will place fill 
on sub-areas M1, M2, M3 and H1, and excavate material from the adjacent buffer area to create a 
grassland/ecotone marsh edge. The sediment that was stockpiled from the Pajaro River Bench 
Excavation project will be used to augment the fill that is needed for the project.  
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This Basis of Design summarizes information relevant to the design and as shown on the Permit Level 
Design plans (Appendix A). Additional information can be found in the Restoration Plan (ESA 2014a) and 
the Initial Study/Mitigated Negative Declaration (ESA 2014b). 

Table 1. Elkhorn Slough Tidal Marsh Restoration Project Summary 

Restoration Location 
Area 

(acres) 
Elevation 
(ft, NAVD) 

Fill Volume  
(CY)** 

Phase 1    

Minhoto Sub-areas M1, M2, M3 28.8 +3.7 to 4.2 85,000 

Hester Sub-area H1 17.8 +3.9 54,400 

Grassland/Ecotone Buffer (35)* +12 to +20 - 

Total Phase 1 46.6  139,400 

Future Phases    

Minhoto Sub-areas M4, M5, M6 29.2 +4 to +4.3 70,500 

Seal Bend Sub-areas S1-S4 28.6 +4 to +4.5 65,900 

Grassland/Ecotone Buffer (7)* +12 to +20 - 

Total Future Phases 57.8  136,400 

Totals    

Tidal Marsh Restoration 104.4  275,800 

Restoration Area (incl. Buffer) 146.4  275,800 

* Proposed borrow material from this area. Not included in Tidal Marsh Restoration acreage 
**Volume includes fill to 5.8 ft and 25% allowance for settlement and consolidation. Note that the 
target fill elevation is 6.2 ft (it was previously 5.8 ft).  

III. Design Overview 

A. Site Elevations 

Existing topography as shown on the drawings in Appendix A is based on a LiDAR dataset produced by 
NOAA. Ground truthing by ESA suggests that the LiDAR based elevations may be somewhat higher than 
actual grades in areas that have significant vegetated cover (ESA 2014a). Future design phases (or 
construction phase) should include a ground level survey to assess existing elevations and resulting fill 
volume requirements.  

Topography transects and habitat zone elevation ranges were surveyed by ESA in the Phase 1 area and 
Yampah Marsh (for reference). Healthy pickleweed-vegetated marsh was found between 5.1 and 7.3 ft. 
NAVD88, with stressed vegetation beginning on average below 5.5 ft. NAVD88 (ESA 2014a). Upland 
transition zones (where pickleweed and non-tidal marsh plants co-occur) ranged from 6.4 to 10.0 ft. 
NAVD88. Bare mud (mudflat) began on average below 4 ft. NAVD88. Most of the restoration sites in 
Phase 1 are at or below the mudflat elevation.  

B. Water Levels 

Water levels at the project site are dominated by a mixed semi-diurnal tide, which has two unequal highs 
and lows each day. Tidal datum elevations in the vicinity of the project site were obtained from the 
National Ocean and Atmospheric Administration (NOAA) Monterey station (9713450). Water level data 
was also collected in 2007-2009 at Yampah Marsh, located immediately northeast of Hester’s Marsh 
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(ESA 2014a). Tidal conditions are full tidal and lag times are minimal. The tidal datum elevations for the 
Monterey station and Yampah Marsh are provided in Table 2. 

Table 2. Tidal Datum Elevations 

Tidal Plane 
Monterey 

(ft. NAVD88)
Yampah Marsh 

(ft. NAVD88) 

Highest Observed Water Level (HOWL) (1/27/1983) 8.02 - 

Mean Higher High Water (MHHW) 5.48 5.78 

Mean High Water (MHW) 4.77 5.08 

Mean Tide Level (MTL) 3.01 3.26 

Mean Sea Level (MSL) 2.97 - 

Mean Low Water (MLW) 1.23 1.44 

Mean Lower Low Water (MLLW) 0.14 0.42 

Lowest Observed Water Level (LOWL) (1/11/2009) -2.25 - 

 

C. Salinity 

Elkhorn Slough salinity averages approximately 30 parts per thousand (ppt), slightly below ocean salinity 
at 35 ppt. Winter storm events can periodically decrease the salinity below 20 ppt, typically with the 
largest annual event reducing concentrations to about 10 ppt. No significant streams empty into the 
restoration site, and given the close proximately of the marsh to the main Slough channel, it’s believed 
that salinities in the restoration site are driven by those in the main Slough channel.   

D. Turbidity 

Turbidity in Elkhorn Slough generally averages around 10 to 30 NTU. High turbidity levels can reach over 
100 NTU likely caused by winter weather events and summer algae blooms. Elkhorn Slough is impaired 
by its lack of sediment, as it is sediment deprived.  

E. Grading Activities 

Since the proposed areas in Phase 1 are at or below desired elevations, the restoration envisions placing 
a layer of fill to achieve a final target marsh plain elevation of +6.2 ft NAVD88, after settlement and 
consolidation has occurred. This target was selected by ESNERR in consultation with the Elkhorn Slough 
Salt Marsh Working Group. Fill elevations will vary spatially and over time. The range of acceptable fill 
elevations is a maximum of 6.6 ft (after 3 months of settlement) to a minimum 5.0 ft (after 5 years of 
settlement). This minimum would apply to a small percentage of the marsh area; it is not the mean target 
elevation, but the very lowest that can be represented.  

The areas would therefore be raised by placing 2 to 3 feet of material excavated from the adjacent buffer 
area and the stockpile. The approximate location and extent of the existing stockpile is shown on the 
drawings in Appendix A. The fill thickness proposed includes an allowance for short- and long-term 
settlement (see Section G: Geotechnical Considerations). The extent of borrow excavation shown on the 
drawings would yield about 125,600 CY. Between this borrow volume and the volume in the existing 
stockpile (20,000-30,000 CY), and reducing it for anticipated settlement in the fill areas, sufficient material 
will be available to fill the areas as proposed. If more off-site import material is identified, or there is 
excess material in the stockpile, then the extent of borrow area could be reduced. If fill settlement is 
greater and more material is needed, then the extent of borrow area could be expanded.  
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The Contractor will prepare and submit a Construction Workplan for approval by the Owner’s 
Representative prior to starting any grading activity. The Workplan will include a description of proposed 
equipment, construction methods, staging areas, and a schedule of activities by week for the duration of 
the project. The Workplan will be updated, and approval sought from the Owner, should any changes to 
any of the items occur. 

Proposed construction activities will ensure the following protection measures, at a minimum. 

Existing Marsh Areas to be Raised: 

 Sediment runoff control measures will be implemented around any area actively being filled (see 
Drawings in Appendix A). Temporary berms will be constructed along channels greater than 50 
feet in width to prevent sediment runoff; 

 Existing borrow ditches will be blocked or backfilled;  

 Compacting these former marsh areas will not be allowed as it could lead to undesirable 
conditions for vegetation establishment and growth. Where haul roads have been constructed, 
the surface will be scarified during removal of temporary fill to facilitate future vegetation 
establishment. 

Tidal Channels: 

 Filling channels narrower than 5 feet in width, then excavating them at the completion of the 
project, is acceptable but not preferred as the native channel substrate will be disturbed; 

 Tidal channels wider than 5 feet will not be filled. Measures to allow flow to continue such as 
HDPE or other pipes, and sediment runoff control measures such as straw bales or other will be 
required. The required Workplan will identify the location and size of pipes, hydraulic calculations 
if any to justify the size, and proposed installation methods; 

 Permanent filling of channels narrower than 5 feet in width may be allowed, though the resulting 
drainage density of channels must match or exceed that of natural reference marshes. 

Upland Transition and Grassland Zone 

 Upland transition zone will transition from the edge of the restored tidal marsh to +8.2 ft NAVD88 
at a 30H:1V slope, and then to +17 ft NAVD88 at a 10H:1V slope. Above that, to the edge of the 
borrow area, slopes shall be no steeper than 3H:1V. 

Experimental Design Areas 

 Field experiments will be built into the design to test: marsh plain fill elevation, marsh plain 
sediment texture and organic matter amendment, tidal creek construction methods, ecotone 
revegetation methods, and grasslands revegetation methods. Siting of the experiments, 
experimental design, monitoring methods and other specifics are described in the Restoration 
Plan (ESA 2014a) and will be refined by ESNERR during subsequent design. 
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F. Material Suitability 

Material in the proposed borrow area consists mostly of silts, and contains acceptable low levels of nickel 
(similar to San Francisco Bay area) and historical DDT from prior agricultural use. Sediment testing 
results from the Pajaro Project indicate that the material delivered and stockpiled at the site does not 
contain any elevated levels of constituents and is most likely sand (42%) and silt (44%), with a small 
amount of clay (13%) (ESA 2014a). The sediment from the Borrow Area is anticipated to be coarser than 
that found in the marsh. 

Suggested sediment suitability criteria were developed for fill material based on the existing sediment 
characteristics in the restoration marsh and general guidelines. Reviewing agencies will need to confirm 
sediment from the Pajaro Project stockpile and Borrow Area are suitable for placement in the restoration 
sites – permits have been applied for, but not granted yet. Future design and construction phases should 
include a determination of suitability of borrow or other source material as defined in the permits. 
Recommended horticultural suitability criteria are: clay and rich 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 (ESA 2014a). 

G. Geotechnical Considerations 

ENGEO, who was the geotechnical engineer for this phase of the project, collected samples from the 
restoration site on July 18, 2013. Samples were collected by walking on the marsh and hand augering. 
The soil was noted to barely support walking pressures, and in some locations ENGEO staff sank as 
much as a foot deep. Plywood used for collecting samples would sink into the ground and have to be 
reset over the sample collection. Table 3 summarizes the results from the field effort (ENGEO, 2013).  

Table 3. Field Geotechnical Summary 

Sample 
Location 

Depth (ft.) Description 

1 (M1b) 
0 – 1 Clay/peat, very soft 

1 - 10 Clay, soft 

2A (H1) 
0 - 3 Sandy clay, very soft to soft 

3 - 6 Clay, stiff 

2B (M3) - - 

3 (M2) 

0 - 1 Peaty clay, soft 

1 - 3 Clay, stiff 

3 - 10 Clay, soft to medium stiff 

 

In general the upper 1 to 2 feet of soil is very soft, soft at about 2 feet, and medium stiff by around 6 feet 
deep. Channels and areas immediately adjacent appeared much softer than those areas sampled, while 
edges of the marsh appeared much stiffer. Samples 2A and 2B were collected in locations where ENGEO 
was no longer able to walk past due to soft soil conditions.  

Laboratory testing was conducted on samples from locations 1, 2B, and 3. Table 4 shows the 
consolidation settlement, of which 25-50% is anticipated to occur during construction (assuming a 6 
month construction schedule), with a total of 70-80% consolidation anticipated at the end of the first year 
after placement. The geotechnical report is included as Appendix 4 in the Restoration Plan (ESA 2014a) 
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Table 4. Estimated Settlement (inches) Associated with Fill  

1 foot fill 2 feet fill 3 feet fill 4 feet fill 

4 to 5 6 to 8 8 to 11 10 to 13 

 

H. Site Access & Staging 

Temporary haul routes (approximately 30 feet wide to allow traffic in two directions) and staging areas 
(approximately 10,000 square feet in area) are shown on the drawings in Appendix A. Since these are the 
alignments and areas shown in the permit applications and the CEQA documents (ESA 2014b), the 
contractor will endeavor to stay within this footprint. The disturbed areas will be restored to pre-
construction conditions at the end of the project. 

To ensure that sediment placement does not create turbidity in the tidal environment and potentially 
violate permit conditions, turbidity will be minimized through the use of strategically placed silt curtains 
and hay bales. The contractor will prepare a construction Storm Water Pollution Prevention Plan 
(SWPPP) that outlines the measures, location, and maintenance of the proposed BMPs and get it 
approved by the Owner’s Representative prior to starting work at the site. The use of Best Management 
Practices (BMPs) will reduce the possibility of runoff-caused turbidity during construction. All equipment, 
especially that operating near the water, should be free of leaks and an oil spill response plan should be 
prepared.  

I. Regulatory Approvals 

Proposed work is in an environmentally sensitive area. The project permits from applicable regulatory 
agencies are part of the construction documents, and the contractor will strictly adhere to the conditions 
specified therein.  

IV. Recommendations for Subsequent Design 

 

The following items have been identified for refinement during subsequent design. This is not an all‐

inclusive list.  

 Ground survey to assess existing elevations, including stockpile, and resulting fill volume 
requirements  

 Geotechnical characterization of soils and potential for settlement with fill placement 
 Target fill elevations for the marsh plain, based on geotechnical estimates of settlement and 

habitat zone elevation ranges  
 Water control and temporary slough crossings   
 Refined channel mapping, existing channels to keep, existing channels to fill (optional), existing 

borrow ditches to block or fill  
 Channel edge treatment best management practices (BMPs) 
 Excavation contour refinements to match volume needed and align at limits of excavation  
 Experimental design areas and treatments 
 Other such as revegetation, property lines and permissions, compaction of berms and other fill  
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VI. Attachments 
 
Appendix A: Permit Drawings (30% completion) 
 
Appendix B: Select Figures from the Restoration Plan (ESA 2014a)  
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APPENDIX B: SELECT FIGURES FROM THE RESTORATION PLAN (ESA 2014A) 
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