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INTRODUCTION 
 
PROJECT BACKGROUND 
The California Department of Transportation (Caltrans) is replacing the East Span of the San 
Francisco-Oakland Bay Bridge (SFOBB) to provide seismic safety to this lifeline-designated facility.  
Construction of the new bridge across the edges of an intertidal and subtidal sandflat will impact 
eelgrass habitat found on the Emeryville Flats in Oakland.  In accordance with the San Francisco Bay 
Conservation and Development Commission (BCDC) permit requirements, Caltrans is required to 
restore, at a minimum, 4.4 hectares (10.8 acres) of eelgrass beds (a 3:1 replacement ratio of the 1.5 
hectares (3.6 acres) of affected eelgrass habitat) and 2.0 hectares (5.0 acres) of sandflats (a 1:1 
replacement ratio of affected sandflat habitat) at a suitable site within the East Bay to offset 
impacts caused by the East Span Project.  The restoration costs are limited to $2.5 million.   
 
In addition, as a separate mitigation requirement, Caltrans committed to funding a $1 million 
Baywide Eelgrass Inventory and Resource Management Research Program.  Caltrans and 
National Oceanic and Atmospheric Administration National Marine Fisheries Service (NOAA-
Fisheries) jointly hold the management responsibility over the inventory and research program.  
This program is intended to identify and map existing eelgrass beds and identify conditions 
under which eelgrass can occur throughout the Bay.  In addition, the program is designed to 
document eelgrass resource benefits, identify current eelgrass stressors, and outline opportunities 
for enhancement of eelgrass communities within the Estuary.  As part of this effort, a 
comprehensive baywide eelgrass survey was completed during the summer and early fall of 
2003. 
 
An extensive site screening process identified a number of central Bay locations for potential 
mitigation.  These were narrowed down to the North Basin eelgrass and sandflat restoration site with 
input from the East Span Interagency Work Group.  Because of the high degree of uncertainty in 
eelgrass restoration programs in San Francisco Bay, BCDC recommended the completion of a small 
pilot restoration program prior to commencement of the larger restoration effort.  Caltrans agreed 
with this recommendation and implemented a Pilot Eelgrass Restoration Program at North Basin 
with the intent to provide a greater understanding of the best design conditions and restoration 
methodologies to enhance overall site performance (Figure 1). 
 
Elements of the pilot program at North Basin included raising the bathymetry of the site to a suitable 
elevation, transplanting eelgrass, monitoring biological and physical performance, and adapting the 
full-scale program based on lessons learned.  The experimental pilot eelgrass restoration at North 
Basin has been completed, and this report provides details of the methods used to construct the pilot 
site, transplant eelgrass, monitor site conditions, and assess successes and failures.  The full-scale 
restoration site has yet to be designed.  This effort builds on other investigations of eelgrass in San 
Francisco Bay (Fredette et al. 1988, Wyllie-Echeverria and Rutten 1989, Zimmerman et al. 1991, 
Merkel & Associates 1999) and provides insights into eelgrass and sandflat restoration within San 
Francisco Bay. 
 
PILOT PROGRAM GOALS 
Goals of the pilot program were to explore construction techniques, examine biological and physical 
performance, and learn and adapt to optimize success for a full-scale program.  In this effort, the pilot 
restoration site has been designed as a reduced scale eelgrass/sandflat plateau that would mimic the 
physical conditions (e.g., range of elevations/depths, erosion/scour, deposition) associated with the 
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full-scale mitigation project.  Based on key limiting factors associated with eelgrass (e.g., elevation, 
turbidity, light penetration) and uncertainties associated with restoring eelgrass and sandflat habitats 
at North Basin, it was determined that a pilot project would provide high value to the final design of 
a full-scale project.  From this pilot, lessons learned would be used to upscale the restoration to meet 
mitigation needs while adapting locations, configurations, and other design, construction, and 
restoration details to maximize potential for restoration success.  The project also had the secondary 
goal of evaluating of the North Basin restoration program against mitigation cost limits and potential 
alternative means to achieve greater success, lower risk, or more efficient compensation for impacts 
to eelgrass and sandflats.  While this is not a principal focus of this document, it has been taken up in 
greater detail within the Conclusions and Recommendations section of this report.  
 
PROJECT IMPACTS 
While the full-scale North Basin mitigation project has been based on meeting the needs for 
mitigating impacts to 2.0 hectares (5.0 acres) of sandflat and 1.5 hectares (3.6 acres) of eelgrass 
habitat, on going bridge design and construction impact reductions have resulted in significant 
decreases in the overall impacts to these resources.  The impacts to sandflats from the Geofill 
Contract were limited to a permanent footprint loss of 1.2 hectares (3.0 acres) and a temporary 
impact of 0.3 hectare (0.8 acre).  Impacts to eelgrass are anticipated to be limited to the permanent 
bridge shading impacts of 0.6 hectare (1.5 acre) as a result of eliminating the need for temporary 
barge access to the Oakland Touchdown (OTD) and repositioning of water access at Yerba Buena 
Island (YBI).   
 
While Caltrans remains committed to full funding of the eelgrass/sandflat mitigation programs that 
exist within project permits, it has become clear that the anticipated impacts of the project are likely 
to be far less than anticipated at the time permits were issued.  In addition to the reduction of 
footprint impacts to eelgrass, long-term monitoring of the Emeryville Shoals, OTD and Clipper 
Cove, and YBI eelgrass beds have provided tremendous insight into the natural fluctuations and 
variability of beds over time.  An 8-year monitoring history indicates that beds within the originally 
projected impact area have averaged only 57 percent of the permit-based eelgrass coverage on a 
long-term basis.  If mitigation site performance were tied to the reduced eelgrass and sandflat impact 
areas and natural variability of reference eelgrass beds of the Emeryville Shoals, a recommended 
modified performance goal for the larger restoration project would be to develop 1.2 hectares (3.0 
acres) of sandflat and 1.8 hectares (4.5 acres) of potential eelgrass habitat supporting a long-term 
mean eelgrass coverage of 1.0 hectares (2.6 acres).  This would conserve the initial permit derived 
replacement ratios, reward impact reduction efforts by tying the mitigation to actual project impacts, 
and capture the recognized variability in the on-site eelgrass beds.   
 
METHODS 
 
The design and construction of the site were performed in metric units using the National Geodetic 
Vertical Datum 1929 (NGVD 1929) in meters.  Subsequent monitoring and analyses, however, were 
completed using the more biologically and physically relevant datum of Mean Lower Low Water 
(MLLW).  Values are presented in metric and imperial units throughout this report.  Because much 
of the eelgrass research and management literature has been based on the vertical elevation standard 
of feet MLLW, this convention has been used for graphical presentation of data.  In San Francisco 
Bay, 0.0 meter (0.0 foot) NAVD 29 is approximately equivalent to 0.9 meter MLLW (2.95 feet 
MLLW). 
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PLATEAU CONSTRUCTION  
From April through May 2005, a shallow sand plateau was constructed outward from the eastern 
shore of East Bay Regional Park south of Gilman Street.  The site was constructed slightly in the lee 
of the northern tip of the offshore Berkeley Peninsula (Caesar Chavez Park) where the site would 
benefit from partial protection against significant wave energy. 
 
In order to construct a sand plateau that would mimic the conditions associated with the anticipated 
full-scale project, the plateau was built rectangular in shape with a width of approximately one-half 
the overall site length.  The intended configuration of the pilot site would be an optimal size of 100 
meters (295 feet) long (perpendicular to shore) by 50 meters (165 feet) wide (parallel to shore) 
(Figure 2).  The top gradient of the site was designed to be relatively flat, dropping 0.9 meter (3 feet) 
over a length of 90 meters (295 feet) and providing an accurate simulation of the proposed full-scale 
project.   
 
The site was designed to extend between a high elevation of –0.5 meter NGVD 1929 (1.3 feet 
MLLW) and a low elevation of –1.4 meter NGVD 1929 (-1.6 feet MLLW).  This design was 
intended to extend to an elevation above the normal vertical range of eelgrass growth in order to 
accommodate an assessment of erosion under high wave energy conditions.  The site was extended 
bayward an additional 10 meters (33 feet) to a depth of –1.8 meters NGVD 1929 (-3.0 feet MLLW) 
in order to evaluate eelgrass suitability over a broader range of depths than represented in the initial 
plateau design.   
 
To construct the site, approximately 4,400 metric tons (4,850 tons) of Presidio Shoal sand was 
trucked in from local supply yards.  The clean sand was used to raise the bottom elevation by as 
much as 1 meter (3.28 feet) and an average of approximately 0.4 meter (1.3 feet).  The sand was 
imported in April 2005 and placed over the bay mud using conventional construction techniques.  
For placement, two differing geosynthetic treatments were used to support sands over the 
compressible bay muds.  The first was to place a geogrid (Tensar BX1200) for equipment and sand 
fill support.  The second method was to place a non-woven geosynthetic fabric (Mirafi 140N) 
beneath the geogrid.  Finally, construction was initiated on a portion of the site without geotechnical 
reinforcement.    
 
Conventional earth moving equipment, including a D6 
bulldozer with low-pressure tracks and smaller tracked 
skidsteers, was used to initially place the sand.  
Material was stockpiled on the shoreline and during 
extreme low tide, pushed out to final grade using 
equipment.  About halfway through the sand 
placement, fissures started developing through the sand 
that allowed bay muds to boil to the surface of the 
plateau.  The use of conventional placement techniques 
had to be abandoned.  To complete the placement, a 
hydraulic sand pumping operation was initiated.  This 
technique relied on 15-centimeter (6-inch) water 
pumps that were fed sand through a hopper on the beach.  The sand slurry was then discharged to the 
beach by hose.  This method worked extremely well to distribute sand as desired; however, the 
residual placement problems using heavy equipment continued to plague the site and resulted in not 
achieving the final desired scale and shape of the pilot site. 
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Figure 2.  North Basin Pilot Eelgrass Plateau Design 
   
 
The hydraulic placement of sand eliminated the need to 
drive over the surface and thus eliminated the need for 
geotechnical reinforcement.  The thin fills over the weak 
bay muds made it impractical to eliminate reinforcement 
for standard construction means.  The hydraulic placement 
techniques also provided for a more even and consistent 
placement of material.  
 
Sand placement was completed on June 13, 2005, and as-
built bathymetric surveys were completed on June 15, 
2005.  On June 23, 2005, Northwest Hydraulic Consultants 
(NHC) performed a high-resolution, land-based baseline 
survey to be used for tracking site change over time (NHC 
2007).  When completed, approximately two thirds of the site supported the intended design depth 
range, and the site had used approximately 60 percent more sand than was anticipated based on the 
existing surface to finished surface comparisons.  The surplus sand was lost both to the construction 
of a sand ramp over the concrete and rip-rap shoreline, as well as through consolidation of the bay 
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muds below the sand plateau.  The upper portion of the site was constructed to near design 
elevations, while the lower end of the site failed to achieve desired fill elevations as a result of both 
difficulty in construction with conventional equipment and a shortage of sand for hydraulic 
placement.  Because of the fissures and soft spots that developed around mud boils, it was not 
possible to get smooth surface conditions in all areas.  Equipment sank in areas where fissures 
weakened sediments; and thus, high and low spots remained across what was intended to be a 
uniform sloping bench.  In general, however, over the upper half of the bench, variation in the 
surface of the fill typically supported an error of only ±0.15 meter (±0.49 foot).  Along the contact 
with the shoreline debris armoring it was not possible to grade the sand away from the protruding 
rock, and the as-built contours deviated substantially from the intended design.  Similarly, at the 
deeper edge of the fills placed by equipment, soft sediment and an increased number of mud boils 
left deep troughs as well as higher mounds.  Much of this damage was repaired by hydraulic 
placement of fill; however, unrecoverable sediments were left as shallow mounds near the terminal 
edge of the plateau.   
 
Following placement of the site, sediment stabilization stakes were placed on the site to monitor for 
erosion and stabilization characteristics prior to initiation of a transplant.  While the sands placed to 
create the site rapidly consolidated to a firm condition, over the first weeks of monitoring, the 
instability of the shoreward edge access ramp was noted as this area was actively eroding from areas 
where sand had not been retrievable from the rubble shore.  This lost material was rinsed out of the 
rubble and transported down to the sand plateau and southward longshore along the eastern shoreline 
of North Basin.  Also, the fringes of the site that were initially placed at the angle of repose for static 
conditions continued to erode and slump to a more stable condition as waves impacted the steeper 
edge.  On June 23, 2005, a site walk through, suggested that conditions were suitable to plant the 
plateau with eelgrass.  The ongoing erosion of the steeper slopes, particularly along the northern site 
boundary, and the longshore erosion and transport along the upper shore were of limited concern; but 
it was determined that setting back from these erosive edges with transplants would be done to avoid 
eelgrass losses due to sediment instability.   
 
EELGRASS HARVEST AND TRANSPLANTATION 
 
Native eelgrass beds along the San Pablo Peninsula (Miller-Knox Regional Shoreline) and on the 
Berkeley Shoals were used as donor sites for the eelgrass restoration.  SCUBA divers harvested 
eelgrass during the week of July 4, 2005.  Divers sampled widely from the eelgrass bed, collecting no 
more than 10 percent of the existing plant material.  Bareroot eelgrass material was harvested by 
"raking" rhizomes out of the surface sediment layers and loosely filling a mesh bag with salvaged 
material.  Eelgrass was harvested under a letter of permission issued by the California Department of 
Fish & Game.  Care was taken to maintain intact rhizomes when collecting bareroot material.   
 
Harvested eelgrass material was held in seawater, for not more than 24 hours, until being processed 
into 5-turion bundle planting units.  The bundles were held together using soft, biodegradable 
anchors.  The anchors consisted of a paper stick with a piece of cotton twine attached to the center of 
the stick.  The other end of the twine was tied in a sliding loop collar, and wrapped around the 
rhizome bundle and tightened.  Processed planting units were held for no more than a few hours prior 
to being planted into the sand plateau.   
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The pilot site was divided into alternating grids of San Pablo and Berkeley Shoal planting units.  The 
eelgrass transplant area on the constructed plateau was 40 by 80 meters (132 by 264 feet) and was 
partitioned into 8, 20 by 20-meter (66 by 66-feet) planting areas (Figure 4).  The planting areas were 
created using 3/8-inch nylon rope anchored against the bottom.  The corners of each planting area 
were marked with a 0.3-meter (3-foot) long, 2.5-centimeter (1-inch) diameter PVC post.  Markers 
were removed following the completion of the transplant and the initial post-transplant monitoring. 
 
A standard eelgrass transplant methodology, which has been successfully utilized in over 50 studies 
throughout the West Coast of North America (Merkel & Associates 1998, Merkel 1990 and 1991, 
Merkel and Hoffman, 1993), was used in the pilot study.  Site planting was conducted from July 6 
through July 10, 2005 by wading at low tide and using SCUBA divers at high tide.  Each study grid 
received 20 planting units, which were planted at 1-meter (3.3-foot) centers.  In total, 3,200 planting 
units were used in the study plots.  Bareroot planting units were planted by excavating a hole in the 
sediment by hand or shovel and inserting the root/rhizome portion of the planting unit.  The planting 
unit anchor was planted parallel to the sediment surface at approximately 10 centimeters (4 inches) 
depth and the root/rhizome bundle was planted approximately 2 to 6 centimeters (0.8 to 2.4 inches) 
below the sediment surface. After planting, units were checked to ensure proper planting depth and 
firmness of the anchoring system.  A total of 0.32 hectares (0.79 acres) of eelgrass was planted at the 
North Basin site.  All eelgrass planted in this experimental transplant was well spaced and securely 
anchored in the bottom sediments in accordance with standard planting practices.  At the time of 
planting, all units exhibited a healthy appearance.   
 
At the time of transplanting, the eelgrass supported a considerable amount of mature and maturing 
seed.  As such, it was determined that waste flowering stalks should be anchored with seed dispersal 
bags on the site in order to determine if this method of planting was viable as an alternative to the 
transplant of eelgrass on the site.  Four eelgrass seed buoys were constructed and anchored on the 
plateau outside of planting grids (Figure 3).  Flowering stalks harvested from Berkeley Shoals and 
San Pablo Peninsula were placed in 0.6 by 0.6 meter (2 by 2 foot) mesh pouches made of plastic 
geogrid and fastened to cinder block anchors.  Eelgrass seeds were anticipated to settle around the 
bags contributing to the transplanted bed.  Seed buoys and anchors were removed in August 2005.   
 
Seed buoys are an alternative method of establishing eelgrass to areas by providing a seed source.  
This technique relies on the naturally limited dispersal range of free Zostera seed and is a second 
proven method for planting eelgrass where suitable site conditions exist.  In systems with large 
flowering populations of eelgrass, the use of seed buoys has the benefit of being a relatively low cost 
method for planting areas at subtidal elevations.  The benefits of this methodology also extend to the 
natural recruitment of seedlings and thus a more genetically diverse eelgrass bed than obtained in 
typical adult plant transplants.  The drawbacks of such transplant methodologies are that there is no 
certainty that seeds will set, remain resident, germinate and persist to a size suitable to protect plants 
against physical and biological stresses present at the site.  As a result, the use of seed buoys often 
times will not allow characteristics of site suitability to be separated from recruitment and survival of 
seedlings from the seed buoy system.  In systems with limited flowering individuals, seed buoys can 
be expensive to prepare, due to collection costs for mature flowering stalks and may potentially use a 
substantial amount of an annual seed set from natural beds. 
 
In the present situation, the combination of bareroot planting along with the opportunistic availability 
of mature flower stalk material for use in seed buoys provided an optimal situation for introducing 
eelgrass to the pilot restoration site. 
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MONITORING PROGRAM 
Physical 
Following site construction, surveys were performed to examine changes in site morphology over 
time.  Patterns of erosion and sediment deposition were tracked for a period of one year, followed by 
an additional year at a reduced level of effort.  
 
Hydrographic Surveys 
Post-construction bathymetric surveys of the pilot plateau were conducted by Merkel & Associates  
on June 15, 2005; September 6, 2005; October 12, 2005; January 12, 2006; April 29, 2006, and July 
24, 2006.  Surveys were conducted during high tides and referenced to on-site benchmarks within 
Eastshore State Park.   
 
Surveys were conducted from a shallow draft survey vessel using a SkyQuest® Hydrobox operating 
at a 210 kHz frequency.  Tidal and barometric pressure correction of depth data were accomplished 
through use of deployed RBR TGR-2050 pressure gauges.  A Leica/Magnavox Model MX400 
differential global positioning system (dGPS) navigation system was used to track the position of the 
survey vessel in the bay within a positioning accuracy of ±1 meter (3.3 feet).  Ground truthing of the 
surveys was accomplished by use of a ground-based survey of a number of reference points over the 
site, as well as completion of spot lead line soundings every 30 minutes during the survey. 
 
Bathymetric data were tide corrected and imported into the ESRI® ArcMap program.  Data were 
processed from point data using a triangulated irregular network (TIN) algorithm.  In order to 
investigate how bathymetry changed over the site between survey intervals, each TIN was converted 
to an equivalent grid cell surface and the ESRI® ArcMap Spatial Analyst extension was used to 
subtract the various bathymetric grids from each other to obtain a graphic representation of positive 
(depositional) and negative (erosional) deviations from a zero change condition.   
 
Conventional Land Surveys 
As a verification of bathymetric surveys and to provide high-resolution sections of the site for change 
analysis, NHC performed standard ground surveys.  Surveys were conducted on June 23, 2005; 
December 13, 2005; March 23, 2006; December 4, 2006; and May 18, 2007 (NHC 2007).  The five 
surveys were conducted over a period of approximately two years and were intended to document 
changes in site morphology.  The specific focus of the surveys was to provide information about how 
the site evolved over time.   
 
Surveys were performed during extreme low tide conditions using a total station survey instrument.  
All surveys were tied to established vertical and horizontal benchmarks at the site.  The low tide 
conditions allowed the rod man to walk around the flats when dry or while wading.  Surveys 
employed break line surveying techniques to capture more detail of the site surface with lesser survey 
intensity.  Features such as grade breaks, high points, and depressions were identified during the 
surveys.  For surveys through March 2006, ground shots were obtained to establish topographic 
break lines to characterize the site topography and develop a topographic surface model of the 
project.  Cross sectional transects were then cut from a computer (CAD) generated surface model. 
The following two surveys were accomplished by surveying grade breaks along each transect, which 
were overlaid on the previous surveys for comparison purposes.  Thus, the last two surveys were 
limited to surveys along the established transects and did not extend to areas between the transects.  
Because grade break surveys require direct observation of topography and field decision making 
regarding placement of the survey rod, these surveys can be very accurate where the ground is 
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visible.  They are less accurate, however, where the site is submerged and topographic highs and 
lows cannot be observed.   
 
Agreement between conventional land survey results and bathymetric surveys was verified using 
survey results from two surveys conducted on the site during a break in construction between May 
11, 2005 (bathymetric survey) and May 25, 2005 (land survey).  A random point comparison of 
elevations was performed on 400 points throughout the survey surfaces.  Surveys revealed overall 
good agreement between the survey methods with 65 percent of the survey points compared, 
differing by less than ±0.1 meter (3.9 inches) vertically (Figure 4).  A total of 87 percent of the points 
differed by less than ±0.2 meter (7.9 inches).  The residual points all agreed within ±0.5 meter (19.6 
inches).  The most extreme variances were found to exist at the sharpest grade breaks within the site.  
In these areas, the 60Hz update rate for the dGPS, combined with the horizontal position error in 
bathymetric data collection, can result in recording the slope position more than a meter from the 
actual location.  Where steep slopes exist, the high vertical error may occur as a result of even small 
horizontal error between survey methods.  Notwithstanding the error level identified, the two survey 
methods worked in concert to provide a greater understanding of how the site is evolving physically.  
The bathymetric survey provided a capacity to examine a larger area of the site with a high degree of 
detail.  As such, this method provides a better tool for examining large-scale lateral distribution of 
sands and sediment loss through transportation away from the site.  The land-based survey provided 
greater horizontal and vertical precision than does the bathymetric survey and as such it provided a 
better tool for assessing local changes in site conditions along representative sections.   
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Figure 4.  Comparisons of Land and Hydrographic Surveys Used in Site Characterization 
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Sediment Characteristics 
Concurrent with completion of bathymetric surveys, the sediment character was documented on the 
surface of the plateau.  Sediments that were placed to create the plateau were strongly dominated by 
fine sand.  Over time, a fine fraction of silt and clay accumulated and was scoured off the plateau at 
various times.  The continuous accumulation of fine sediments is undesirable as it would both raise 
the surface elevation and create a source for local turbidity generation through sediment resuspension 
by wave action.   
 
Under ideal circumstances, fine sediments would not settle on the surface of the plateau; and thus, 
the local water mass would suffer lesser effects of turbidity and light limitation as a result of 
resuspended sediment loads.  Barring a complete avoidance of fine sediment settlement, it would be 
desirable to only accumulate sediment seasonally during the summer and fall while having the site 
principally scoured free of sediment during the winter and spring months.   
 
Seasonal scouring and deposition would benefit water clarity over the site but would be detrimental 
to seedling recruitment from holdover dormant seed.  As a result, this condition would tend to favor 
development and persistence of perennial eelgrass beds, but would not be desirable for the 
development of annual beds. 
 
To document sediment character, the site was examined at low tide during each of the site 
bathymetric surveys and during later ground surveys.  Sandy conditions were noted by granularity of 
sediments, presence of wave ripples, and a general lack of penetration through a fine mud layer.  Fine 
sediments were noted by depth of muddy material accumulation over the firm sands and sticky nature 
of sediments. 
 
Sediment grain size distribution was also determined at fifteen fixed locations across the site (see 
Figure 3).  Grain size analyses were completed in June 2005, September 2005, October 2005, 
January 2006, April 2006 and, July 2006.  The top 2 centimeters (0.8 inch) of sediment were 
collected at each of the monitored points and sieved through an ASTM-E11-61 sieve stack (ASTM 
1969).  Percent gravel (shell hash), sand, and silt/clay were determined as a weight/weight percentage 
to the nearest 0.1 percent.  Fine fractions of silt and clay passing the No. 200 sieve (75 micrometers 
(µm)) were not separated further, but rather were recorded as silt/clay.  The change in sediment 
character was used as a means to evaluate erosion and deposition at the monitored points.  Increasing 
fine sediment content indicates a depositional environment, increasing shell hash and gravel 
proportions indicates a strongly erosional environment, and maintained sandy conditions is indicative 
of equilibrium conditions. 
 
Eelgrass 
Eelgrass monitoring was conducted using a combination of sonagraphic surveys and low-tide 
walking surveys over the entirety of the transplant area.  For sonagraphic surveys, surveys were 
conducted using side-scan sonar with a Marine Sonic Sea-Scan System operating at a frequency of 
600 kHz.  The sonar towfish was deployed from the bow of the vessel and positioned at a depth of 
0.25 meter (0.8 foot) below the water surface.  This location provided the best towing position for the 
least amount of turbulence and propeller wash interference and the maximum lateral range.  The 
towfish was mounted directly below the dGPS navigational antenna, eliminating the need to input 
offset information to the navigational computer.  All side-scan sonar data were acquired on a 40-
meter (131-feet) range (20 meters (66 feet) each on the port and starboard channels).  Survey swaths 
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were oriented parallel to shore and provided adequate overlap on adjacent tracks to fully examine the 
plateau. 
 
Following the completion of the sonagraphic survey, the side-scan data was post-processed into a 
series of geo-rectified mosaic images.  The images were then imported into ESRI® ArcMap to 
delineate eelgrass beds by drawing polygons of eelgrass.  Once identification and delineation of the 
eelgrass was completed, the data were plotted at a 1:480 scale.  Areal extent of the eelgrass bed was 
calculated within each polygon and used to plot bed size over time.   
 
During the course of the investigations, eelgrass beds never fully developed to form a persistent bed 
within which eelgrass density would be a meaningful metric.  Aerial coverage within the beds ranged 
as high as 20-25 percent in October 2005 to zero during some survey intervals.  When eelgrass was 
present during later monitoring intervals, it was always present as individual scattered plants 
occupying less than 10 percent of any mapped polygon.    
 
RESULTS AND DISCUSSION 
 
PLATEAU CONSTRUCTION 
Imported sand was used to construct a raised plateau at North Basin in an area that was previously 
too deep to support eelgrass.  The decision was made to construct the plateau with an imported sand 
of comparable grain size as the coarser native shoal sands found in the Bay.  The plateau was created 
from Sechelt Concrete Sand by Hanson Aggregates.  The sand gradation is provided in Table 1.   
 
Table 1.  Gradation of Sands Used in Pilot Plateau Construction 
 

Sieve Size Percent Passing 
9.50 mm (3/8-inch) 100 
4.75 mm (#4) 100 
2.36 mm(#8)   87 
1.18 mm (#16)   68 
600 μm (#30)   45 
300 μm (#50)   20 
150 μm (#100)     4 
  75 μm (#200)     1 

 
The sand plateau was constructed to provide a range of elevations/water depths that brackets the 
normal distribution of eelgrass along the eastern shoreline of San Francisco Bay.  The placement of 
sand using conventional earthmoving equipment was deemed to be unsuitable to the task of 
constructing the desired eelgrass/sandflat plateaus within a suitable elevation range.  This is because 
the shallow fills over unconsolidated muds and saturated conditions of the site both resulted in the 
need for geotechnical stabilization and failed to create a condition where sands could be effectively 
placed to lower design elevations.  Instead, it was determined from the pilot effort that hydraulic 
placement was a preferred means of creation of suitable planting areas.   
 
Placement of sand by pumping from offshore barges to a small spill barge that could be moved 
around to create the desired site bathymetry would eliminate the need for most land-based operations 
and would reduce costs of trucking and tidally constrained construction.  It would also eliminate the 
need for geotechnical remediation coincident with site construction and would likely reduce the 
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overall volume of material required to complete the project.  This is due to the undesirable loss of 
sand into the deeper bay muds.      
 
The cost of the implementation of the pilot restoration including plateau construction and eelgrass 
was $409,000.  This translates into an approximate cost of $81.20/square meter (m2) for the 5,000m2 
plateau for site construction and eelgrass planting.  Costs incurred in the pilot implementation are 
summarized in Table 2. 
 
Table 2.  Pilot Eelgrass and Sandflat Restoration Costs 
 

Item Pilot Cost ($) Unit Cost ($/m2)
Sand Plateau Construction $375,000 $75.00 
 Placement Labor $172,000 $34.40 
 Sand Cost $70,000 $14.00 
 Trucking $48,000 $9.60 
 Geosynthetics $23,000 $4.60 
 Equipment Rental $62,000 $12.40 
Eelgrass Transplant Cost $34,000 $10.63 
 Planting Labor $23,000 $7.19 
 Equipment & Materials $11,000 $3.44 
TOTAL COST $409,000 $85.63 
 
Recognizing that much of the labor, most equipment, and all of the geosynthetic costs were incurred 
because of the small scale of the project and as a result of shore-based conventional construction 
methods that would not be desirable or even practical for a full-scale restoration program, it is 
anticipated that the per unit cost would be reduced considerably for a more extensive project.  
Operating with the experience gained on the pilot program, it is clear that a hydraulically placed 
construction method is far superior and more economical than the use of conventional equipment.  
 
If material were to be hydraulically placed from the water, geosynthetic material would not be 
required, trucking costs would be removed, and construction equipment would be reduced to a 
booster pump, dredge lines, a spill barge, and work skiffs.  This would result in both equipment cost 
and labor reductions.  Sand costs would also go down since material are mined from in-bay 
leaseholds at Presidio Shoals and Angel Island Shoals and when purchased from the yards includes 
costs of unloading, dewatering, and distribution to various aggregate material yards in the Bay area.   
 
In 2005, when the eelgrass/sandflat plateau was initially constructed, sand purchased from a local 
Oakland materials yard cost $14.27/ton after tax.  In November 2008, the same sand costs were 
$18.05/ton out of the yard (Andre Sims, Hanson Aggregate, pers. comm., November 2008).  If 
materials were purchased from a delivery point on the water offshore of North Basin, however, the 
material would be roughly $2.00 cheaper as a result of reduced handling costs (Mike Bishop, Hanson 
Aggregates, pers. comm. November 2008).  According to Hanson Aggregates, the sand costs rose 
from 2005 to 2008, more as a result of production costs than market demand.  As a result, it is 
anticipated that costs will likely continue to remain stable or climb rather than fall under the current 
poor economic climate. 
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In the case of a waterside delivery, a placement contractor would take delivery of sand as it is 
pumped from a hopper dredge to a feed line that would employ a booster pump at Caesar Chavez 
Park to transport a sand slurry to a movable spill barge near the placement locations north of the 
present pilot site.  The material would be delivered and placed at a rate of approximately 540 metric 
tons (600 tons)/hour; however, the availability of sand would be limited to approximately 2,200 
metric tons (2,400 tons) per day due to capacity limitations in the hopper dredge and the round trip 
mining and delivery time.  Between placement events, surveys of placement areas would need to be 
completed, and new areas would need to be set up for placement from the spill barge.   
 
Based on an extrapolation of material volume from the pilot project, an expansion of the project to a 
full-scale restoration of 6.4 hectares (15.8 acres) would require approximately an additional 52,000 
metric tons (57,000 tons) of sand to be placed.  This could be performed over a period of 
approximately 23.75 working days.  An additional ten days would likely be required for mobilization 
and demobilization of equipment.  Given an anticipated crew of a spill barge operator, a booster 
pump tender, a bathymetric survey crew and grade checkers, and a superintendent, a total of five full 
time staff would be required to tend equipment.  The booster pump, barges, dredge line, skiffs and 
survey equipment would be anticipated to be similar to a conventional dredging operation in overall 
costs.  The hopper dredge unloading is built into the sand costs and would not be expected to result in 
additional expense.   
 
Eelgrass transplant costs would be reduced by a combination of factors.  First, and foremost, planting 
density is to be reduced from 1- meter to 2- meter (3.3-foot to 6.6-foot) centers.  This reduces the 
plant density four fold.  Second, expanded transplant efforts generally benefit from efficiencies of 
scale.  Finally, transplants that exclude the experimental element of multiple donor sites and 
segregated planting grids by donor source are also more efficient than those that incorporate such 
elements.  For a full-scale eelgrass restoration planting at 2-meter (6.6-foot) centers, approximately 
11,000 planting units would be required.  At an anticipated production rate of 1,000 planting units 
being harvested, bundled, and planted per day with a crew of eight plus a mobilization and 
demobilization day, it is anticipated that 13 days would be required to complete a full-scale 
transplant over the entire site. 
 
Monitoring of the transplant site would involve surveys comparable to those that have been 
previously performed at the Emeryville Flats.  This involves a single field day of survey followed by 
post-processing of collected data and report preparation.  These costs would total approximately 
$11,500 per survey event, anticipating eight total (0, 3, 6, 12, 24, 36, 48, and 60 months).   
 
Based on the assumptions outlined, a cost projection for a full-scale implementation has been 
calculated (Table 3). 



Pilot Eelgrass Restoration at Berkeley North Basin, San Francisco Bay 
 
 

San Francisco-Oakland Bay Bridge East Span Seismic Safety Project 15  

Table 3.  Cost Projection for Implementation of the Full-scale Restoration Site at North Basin 
 

Item Cost ($) Unit Full Cost ($) Unit Cost ($/m2)
Sand Plateau Construction   $1,102,475 $22.09 
 Mobilization/Demobilization $100,000 ea $200,000 $3.39 
 Placement Labor $3,400 day $80,750 $1.37 
 Sand Cost $16.05 ton $914,850 $15.51 
 Equipment $4,500 day $106,875 $1.81 
Eelgrass Transplant Cost   $108,680 $2.44 
 Planting Labor $5,760 day $74,880 $1.68 
 Equipment & Materials $2,600 day $33,800 $0.76 
Eelgrass Monitoring Cost   $92,000 $2.07 
 Monitoring Labor $9,600 event $76,800 $1.72 
 Equipment & Materials $1,900 event $15,200 $0.34 

TOTAL COST   $1,194,475 $24.15 
Contingency Costs (20%)   $238,895 $4.83 
COST PLUS 20%    $1,433,370 $28.98 
 
PHYSICAL SITE PERFORMANCE 
The constructed pilot site was built at an elevation range that sloped downward from the shoreline 
across a depth range intended to extend above and well into the depth range that would typically 
support eelgrass.  Higher elevation areas were included in the design in order to evaluate potential 
damage of the area resulting from significant storm events.  Because the greatest damage to the site 
would be expected to occur with coincident low tides and short period large storm waves, 
constructing the site to higher elevations artificially increased the frequency of storm impacts on the 
site by lowering the inundation frequency of the higher elevations of the plateau. 
 
The June 2005, bathymetric surveys revealed a sharp break in the elevations between the upper and 
lower ends of the site resulting in a bimodal distribution of area over the vertical range represented 
on the site (Figure 5).  Eelgrass in San Francisco Bay typically occurs in a narrow depth range 
typically below 0.0 meter (0.0 foot) MLLW.  As a result, the upper end of the site was constructed 
above the optimal tidal range for eelgrass at an elevation that generally does not support eelgrass on a 
persistent basis (Figure 5).  San Francisco eelgrass bed vertical distribution data are adapted from 
Merkel & Associates (2005).   
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Figure 5.  Comparisons of Land and Hydrographic Surveys Used in Site Characterization 
 
Figures 6 through 10 illustrate the bathymetric conditions of the pilot plateau during each survey 
interval from June 2005 through July 2006.  By subtracting the bathymetric surfaces from each other, 
erosion and deposition patterns emerge and provide insights into accretion and erosion patterns on 
the site.  The net change during each interval is illustrated in Figures 11 through 14. 
 
Complementing these bathymetric surveys are the results of the site sections and profiles prepared by 
NHC (Figure 15).  NHC’s land-based surveys were used to generate five profiles along shore-parallel 
and shore-normal alignments (Alignments 1-3, 5, and 6) (Figures 16-20).  Alignment 4 was regularly 
not sampled due to water depth and thus was not included in the data.   
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The surveys revealed a pattern of rapid early redistribution of sediments on the surface of the site.  
High points present during construction were weathered down filling lower points with loose sand.  
The steeper sand fills along the shoreline were transported longshore into North Basin where they 
remained as a narrow sand beach along the toe of the debris shoreline.  After an initial period of 
principally site erosion and site consolidation with limited accretion into low depressions, seen 
between June 2005 and October 2005 (Figure 11), the site began to accrete fine sediments from the 
water column.  Between October 2005 and January 2006, accretion occurred on the shallow bench 
with moderately higher levels of deposition occurring on the southern edge of the site and in 
depressions that persisted on the plateau (Figure 12).  Between January 2006 and April 2006, winter 
storms had scoured the northerly edge of the site, and most particularly into the northwestern tip of 
the plateau.  Sandy substrate that had been buried in fine sediments over the preceding months was 
again exposed, and well-developed short period sand ripples were evident in the surface sediments on 
approximately one third of the site (Figure 13).  A broad scour channel occurred along the northern 
boundary that was as much as 0.22 meter (0.75 foot) deeper than the surrounding sands.  Muds 
persisted over the southern portion of the site where wave energies would be expected to be lesser; 
however, scouring of the southern boundary of the site also occurred.  This southerly scouring was 
unexpected and remains unexplained.  Between April 2006 and July 2006, the site exhibited little 
change overall (Figure 14).  Accretion principally occurred within the scoured channel that had 
formed during the prior months.  No subsequent bathymetric surveys were conducted on the site, so 
it is not possible to make further surface-to-surface comparisons.   
 
When examining the high-resolution profiles (Figures 16-20), similar patterns of erosion and 
accretion can be seen.  What is more striking than the bathymetric surveys is the relatively limited 
degree of change that actually occurred over the monitoring period.  Overall, the site accreted and 
eroded over a period of 24 months (June 2005 through May 2007) during which period, the change in 
site elevation was typically less than 0.2 meter (0.7 foot).  The most substantive changes were noted 
at the edges of the site where wave erosion of the steeper slopes brought sediment down to lower 
elevations and shallower slopes such that they became more stable in later months of monitoring. 
 
Subtracting each of the bathymetric survey layers from the June 2005 survey bathymetry yielded a 
numeric analysis of change from the as-built conditions.  For each 0.25 square meter (2.7 square 
foot) grid cell of the topographic surfaces, the difference between each survey and the corresponding 
cell of the June 2005 survey was determined.  A percentage distribution of the survey variance in feet 
was then calculated to determine the extent to which the site elevations varied from June 2005 
(Figure 21).  In addition, the net deviation from baseline conditions was used to calculate an average 
change in the surface elevation between June 2005 and each of the monitoring intervals.  This net 
change is displayed on Figure 21 and indicates that the overall change in the mean elevation for the 
pilot plateau varied over the course of the year, with the greatest change occurring between June 
2005 and October 2005 when the site lost an average of -0.08 meter (-0.25 foot) of elevation.  In the 
subsequent three months, the site gained back an average of 0.06 meter (0.20 foot) of elevation to a 
net change of –0.02 meter (-0.05 foot) between June 2005 and January 2006.  By April 2006, the site 
showed a net of –0.4 meter (-0.15 foot) of change from as-built conditions.  Finally, in July 2006, the 
site showed a net of –0.4 meter (-0.18 foot) of change from the July 2005 as-built elevations. 



Pilot Eelgrass Restoration at Berkeley North Basin, San Francisco Bay 
 
 

San Francisco-Oakland Bay Bridge East Span Seismic Safety Project 33  

0.0%

2.0%

4.0%

6.0%

8.0%

10.0%

12.0%

14.0%

16.0%

-2.
0

-1.
8

-1.
6

-1.
4

-1.
2

-1.
0

-0.
8

-0.
6

-0.
4

-0.
2 0.0 0.2 0.4 0.6 0.8 1.0 1.2

Deviation from June 2005 (feet)

Pe
rc

en
t o

f S
ite

 A
re

a

Oct 05 - June 05

Jan 06 - June 05

April 06 - June 05

July 06 - June 05

Mean Deviation from 
June 2005 Bathymetry

 
Figure 21.  Percent Deviation of Surface Elevations From As-built Conditions of June 2005   
 
Grain size distribution data bear out what is seen in the bathymetric and land survey data combined 
with low tide examinations of the pilot plateau.  The site has maintained a somewhat stable condition 
through dynamic equilibrium processes.  Early in the site evolution, high points in the sand surface 
were eroded and washed into low points on the surface.  This resulted in the perception of a general 
loss of site elevation.  There may also have been a minor amount of bay mud consolidation below the 
site that contributed to the elevation drop in the first few months post-construction.  Subsequent to 
sand movement resulting from erosion of artificially steep side slopes and high points, the site has 
accumulated fine sediments during quiescent periods of the year (Summer and Fall) and has been 
scoured of sediments during stormy seasons (Winter and Spring).  The loss of muds from the site has 
not been equal across the entire surface.  The northern edge of the site transitions between low and 
high sand content in the surface sediments more consistently than does the southern edge of the site 
(Table 4).  Deeper edges of the site have also seen low scour and thus have transitioned from sand 
dominated conditions to conditions dominated by mud and fine sands, commensurate with the lower 
energy levels present in these areas.   
 
Over the course of the field monitoring, the accumulation and loss of mud from the surface of the 
plateau was profoundly obvious.  In June 2005 and July 2005, when the site was planted with 
eelgrass, the surface of the site supported very little mud with only a minor amount of accumulation 
within the low points of the site.  By the October 2005 surveys, mud had accumulated to a depth of a 
few centimeters in depressions and even the high points all supported a few millimeters of mud 
mixed with filamentous algal mats.  In January 2006, the site had a remarkably heavy load of fine 
sediment several centimeters thick over nearly the entire site and anoxic conditions had developed in 
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these surface muds.  Depressions were completely filled such that they were barely visible in the 
relief of the site; however, fine sediment was as much as 0.3 meter (1 foot) thick in some areas.   
 
Table 4.  Percent Sand in Surface Sediments Through Time  
 

Jun-05 Oct-05 Jan-06 Apr-06 Jul-06 Station 
No. 

 
Location 

Wt./Wt. Percent Sand* 
1 NW – Deep  69.3 64.7 45.3 91.2 89 

2 NW – Deep  86.4 82.1 51.2 94.2 87.7 

3 N – Deep  Slope 93 91.4 57.6 93.4 87.6 

4 N – Shallow  Slope 87.1 82.7 67.5 97 88.5 

5 NE – Shore  92.4 90.3 79.3 100 98 

6 Central –Shore  99.8 95.2 73.1 99.9 96.2 

7 SE – Shore  99.7 97.8 61 98.3 97.7 

8 S – Shallow Slope 100 95.7 48.3 93.1 89.4 

9 S – Deep Slope  66.4 78.4 76 94.2 92.2 

10 SW – Deep  82 83.3 67.3 81.1 86.2 

11 SW – Deep  64.3 66.4 66.8 78 77.7 

12 W – Deep Edge 94.3 92.4 91 92.7 95.4 

13 Central – Deep 94 91 89.5 93.3 91.1 

14 Central – Slope  95.8 98 92.7 100 95 

15 Central – Shallow Basin 85.5 81.7 57.9 94.2 70 
*Sand fraction includes particles collected on the #200 U.S. standard sieve (75µm) accounting for high overall 
percentages of sand fraction.  
 
In subsequent surveys, the sediment load detected in January 2006 was substantially reduced and 
topographic relief reappeared on the plateau surface.  In the final survey performed in May 2007, 
NHC noted that mud deposits of 3 to 10 centimeters (0.1 to 0.3 foot) in thickness overlaid most of the 
plateau surface with the thicker deposits occurring in the low depressions.  
 
EELGRASS  
The distribution of eelgrass within the pilot plateau was tracked and mapped as a function of survey 
intervals (Figure 22).  This figure does not mean to suggest the polygons mapped individually 
constitute eelgrass beds, as the density of eelgrass within these polygons ranges from extremely low 
densities of less than 5 percent bottom cover to approximately 20 percent in some locations following 
grow out of transplanted units (October 2005).   
 
Eelgrass was planted on the pilot plateau in July 2005.  At that time, 0.32 hectare (0.79 acre) of 
eelgrass was planted.  This planting was tracked through time and found to drop precipitously to 
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approximately half the initial planting area within the first month and slightly below half that area 
by3 months post-planting.  By January 2005, no eelgrass was present in the pilot site.  The decline in 
eelgrass by January was also associated with a substantial decline of eelgrass throughout the central 
Bay shoreline with near complete losses of eelgrass at several sites along the Point San Pablo 
shoreline and in the Richmond Harbor area.  Also accompanying this decline, were prolonged low 
salinities in the north and central portions of the Bay and extreme sediment loads at the pilot plateau.  
Salinities at the pilot transplant site were measured as 5 and 16 parts per thousand during two survey 
dates and tide levels in January.  This period was characterized by high precipitation in the San 
Francisco Bay Area, as well as significant fluvial discharges from the Sacramento and San Joaquin 
rivers into San Pablo Bay.  It is believed that the high sediment accretion rates observed in January 
are attributable to the significant sediment influx from the Delta outflows.  The decline in eelgrass 
seen regionally during this period may have been attributed to the low salinity or high sediment loads 
at this time.  Further, significant sediment loading of the Bay can result in prolonged conditions of 
elevated turbidity for many years, while sediments are gradually winnowed out of the system by 
wave resuspension and current export.  Within high wind and low circulation regions, such 
conditions can effectively result in lowering light levels to the degree necessary to extirpate eelgrass. 
 
Eelgrass remained absent from the site through at least April 2006, but was noted as sparse plants 
along the outer edge of the plateau in July 2006.  Plants were also located immediately to the north of 
the site on the same –0.12 meter (–0.4 foot) MLLW contour.  These plants were believed to be from 
seed sources given the narrow leaves and distribution both within and outside of planting cells.  
While no area was determined for eelgrass, and thus records are not included in the spatial summary, 
NHC noted the presence of eelgrass off the bayward edge of shallow portion of the plateau in 
September 2006 during the completion of land-surveys of the site.  It is presumed that this 
observation is within the same mapped area as observed during the preceding July.  A site review in 
October 2006, indicated that the eelgrass observed in July 2006 continued to persist, although the 
distribution was reduced from that observed in July and the remaining plants had expanded in size.      
 
In May 2007, NHC noted the presence of eelgrass located near the central portion of the plateau 
where the slope drops towards deeper water.  This area is the same location as that which previously 
supported eelgrass in July and October during the prior year.  The distribution reported by NHC 
extended more shoreward than was previously mapped.  NHC noted eelgrass to extend up to MLLW 
near the intersection of the section survey Alignments #2 and #5.   
 
In September 2007, eelgrass was noted both to the north of the site where eelgrass has been 
intermittently observed during prior monitoring events, and within the same general location as has 
been regularly found to support sparse eelgrass during Summer and Fall months.  This eelgrass was 
more mature than prior plants were observed to be; however, given the intermittent occurrence of 
eelgrass on the site, it is believed that this eelgrass also had emerged from seed earlier in the season.  
Subsequent ad hoc site reviews have revealed the lack of eelgrass in January 2008 and the presence 
of sparse eelgrass in April 2008. 
 
The vertical distribution of eelgrass following the initial die-off of transplanted eelgrass in January 
2006 was limited to a narrow depth range from approximately –0.9 to –1.3 meters NGVD (0.0 to -
1.45 feet MLLW).  Notably, this depth range constituted only 21 to 27 percent of the total study area 
over the course of the monitoring period.  Prior to January 2006, eelgrass planted at higher portions 
of the site had disappeared by October 2005 except where the site retained depressions that pooled 
water.  In these shallow pools, eelgrass continued to grow and do well.  These observations would 
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suggest that eelgrass is precluded from occurring within the higher portions of the site by the same 
desiccation stress factor that typically restricts the higher edge of eelgrass beds in San Francisco Bay.  
The very shallow depths that define the lower limit of eelgrass growth are likely the result of high 
ambient turbidity levels within this part of the Bay.  
 
While Figure 23 provides a general distribution overview of eelgrass occurrence, the emergence and 
disappearance of eelgrass from the site is best seen as a chart of eelgrass area as a function of time 
(Figure 24).  The pattern of eelgrass presence and disappearance has continued with some degree of 
consistency suggesting that the site is marginally suited to supporting eelgrass but lacks some, as yet 
unidentified element(s) necessary to sustain eelgrass growth through the winter months and allow for 
full development of eelgrass beds.   
 

Figure 23.  Areal Extent of Eelgrass at the Pilot Eelgrass / Sandflat Plateau as a Function of Time 
 
The fact that only a small percentage of the represented depth range supported eelgrass intermittently 
suggests that in a full-scale design, this depth range should be preferentially targeted for maximum 
cumulative area represented.  It also is notable that when the site is scaled to the depth range that 
appears suited to recruiting eelgrass, the relative representation of eelgrass on the site is much higher 
than the graph in Figure 23 would otherwise suggest. 
 
A partial explanation for the relatively poor representation of eelgrass on the site certainly is the 
initial configuration of the site wherein the upper plateau was constructed too high to support 
eelgrass, but suited to test wave damage, and the lower plateau was not constructed with a continuous 
gradually sloping ramp to deeper depths.  Where eelgrass has colonized for brief periods of time, it 
has done so at and immediately below 0.0 meter (0.0 foot) MLLW.  This area is near the crest of the 
steeper than desired slope that extends from the bay bottom and lower elevations of the site to the 
upper plateau.  While eelgrass typically does not grow well on steep slopes, this slope is not believed 
to be excessively steep to support eelgrass, and thus it is not believed that the slope conditions alone 
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limit the growth of eelgrass.  It is possible that the combination of slope and continued light seasonal 
erosion to a more gradual slope combine to restrict persistence of eelgrass in this area.   
 
Unfortunately, there is little evidence that this is the case, and the reasons behind eelgrass recurrence 
and disappearance in the pilot site remains unclear.  [As a post-script footnote, in May 2009, eelgrass 
was again noted to occur within the same spatial and elevational ranges present at the site following 
the distribution patterns previously noted.  Plants observed in May 2009 were larger and more 
robust than prior plants were noted to be.  This suggests that some overwintering adult survival may 
have occurred in 2008-2009.] 
 
CONCLUSIONS AND RECOMMENDATIONS 
 
The potential uncertainty and risk associated with restoring eelgrass habitat in San Francisco Bay and 
the relocation and placement of substantial amounts of shoal sands have resulted in Caltrans, in 
consultation with BCDC, conducting this pilot program to assess the feasibility of restoring eelgrass 
and sandflat habitats within the North Basin site prior to engaging in the full-scale mitigation project.  
As part of the pilot program, eelgrass and sandflat habitats within the North Basin site were to be 
monitored for a period of one-year to evaluate site-specific conditions (erosion, deposition, plant 
survival and viability) relevant to the long-term success of the off-site mitigation project.  This 
monitoring period was extended for a second year at a reduced intensity.   
 
The pilot project monitoring yielded considerable insights into the site design and construction 
requirements for a full-scale restoration project.  The pilot program provided adequate information to 
confirm the capabilities of mitigating sandflat impacts under the sand plateau methods employed in 
this pilot project.  It also pointed out some of the tremendous uncertainties that remain relative to 
eelgrass restoration at the North Basin site.  While the results of the investigation are promising in 
that eelgrass continues to “test” the site by its intermittent seasonal presence, the lack of eelgrass 
persisting throughout the year and developing into predictable eelgrass beds remains troubling and 
not fully explained.   
 
Given the results from both a physical design and eelgrass suitability perspective, several 
observations and recommendations were made to facilitate a determination as to whether or not a 
full-scale restoration should be implemented at North Basin, and what design guidance is 
appropriate.  These are as follows: 
 

1) The present permit requirements for the Central Bay mitigation for eelgrass and sandflat 
requires that 5.0 acres of sandflat be created (1:1 area ratio) and 4.4 hectares (10.8 acres) of 
eelgrass (3:1) be restored within Central San Francisco Bay.  The costs of this element of the 
mitigation work are limited to $2.5 million.   

 
2) As previously indicated, both sandflat and eelgrass impacts are expected to be highly reduced 

from those anticipated under the project permits and persistence of eelgrass within the 
anticipated impact area has been determined to be much less than was initially predicted.  As 
a result, the mitigation target for compensatory replacement of habitat could be scaled 
accordingly.  

 
3) The site can be hydraulically constructed without the need for geotextiles and at substantial 

costs savings relative to conventional land-based construction.  It is believed that with regard 
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to sandflat restoration goals, the entire mitigation site or a majority of the site could be 
completed with the remaining Central Bay mitigation funds.  However, constructing the 
North Basin site to its full scale may not be the most efficient use of mitigation funds. 

 
4) Mitigation of sandflats can readily be accomplished in-kind through the methods undertaken 

in the pilot study.  There is no expectation of falling short on mitigation area or failing to 
achieve in kind replacement of sandflats.  This full sandflat mitigation should be 
accomplished at the North Basin site. 

 
5) Eelgrass has yet to be persistently restored on the site, although it has occurred seasonally for 

several years subsequent to the initial transplant.  It has made regular appearances within a 
depth range that is represented poorly in the present pilot site and which is steeper than would 
be desired.  As such, there is a demonstrated high potential to garner some degree of eelgrass 
habitat success in the full-scale restoration by increasing the representation of this depth 
range and enhancing the suitability of slopes over the range.  However, it is not possible to 
predict the extent to which successful restoration will be achieved to meet the areal extent 
objectives.  Given the intermittent nature of eelgrass presence thus far, it is not expected that 
full success will be achieved, even with modified site conditions. 

 
6) The pilot site accumulated greater sediment loads than anticipated, but did not lose 

appreciable sand volume due to wave erosion.  This observation would suggest that it would 
be desirable to move the full-scale restoration area northward from the existing pilot site to 
expose the site to higher wave energies in order to reduce seasonal deposition and enhance 
seasonal purging of accumulated sediments.  Moving the site too far northward would expose 
it to greater storm wave energies and could potentially result in erosion of the sand cap and 
deterioration of the desired site elevation over time.  As a result, it would be appropriate to 
favor minor northward positioning of an expanded site, while using the existing pilot site as 
the southern boundary of the future work area. 

 
7)  The design of the pilot as a single rectangle anchored to the shoreline may not provide the 

best design for a much larger site.  Evidence from the pilot suggests that there is a 
considerable amount of protection of the southern boundary of the site by the northern areas.  
This leads to higher deposition levels at the southern end of the site.  Instead, the full-scale 
restoration should contemplate a field of smaller mounds at generally comparable scales to 
the pilot, but with more rounded edges and gradual side slopes such that waves can refract 
around mounds and the desired planting depths are optimized. 

 
During the course of the North Basin pilot project monitoring, a significant sediment influx occurred 
in 2003 and eelgrass within many beds in the Bay declined precipitously as sediment was deposited, 
principally along the East Bay shoreline.  Included within the areas that declined was the North Basin 
site.  Sediment loads were subsequently purged from the site over time and the sandy conditions of 
the site have generally returned.  This episodic impact provides a cautionary note with respect to 
optimizing potential for success by geographically diversifying mitigation sites where possible.   
 
Also during this time period, prior transplants of bareroot units to an unmodified Berkeley Brickyard 
Cove site were demonstrated to be persistent through time.  In addition, several small efforts 
undertaken to use seed buoys as a vehicle for introduction of eelgrass where habitat suitability model 
predictions suggested potential were also demonstrated to be persistent from year to year.  The 
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positive indicators for restoring eelgrass in less costly, unmanipulated, mitigation sites suggest 
opportunities to diversify risks while expanding restoration potential.   
 
Based on the observations made at the North Basin pilot site and the added insights from the project, 
as well as external investigations, it is recommended that the mitigation program be revised as 
follows: 
 

1) Caltrans should seek to obtain concurrence from regulatory agencies with input from 
resource agencies that the mitigation target might be appropriately revised to reflect the 
reduction in impacts and natural variability of impacted habitat. 

 
2) Given the results of the pilot project, it is recognized that there are many uncertainties 

surrounding eelgrass establishment and persistence at the North Basin site.  Therefore, the 
main objective for restoration at the North Basin should be sandflat restoration that 
secondarily targets conditions suitable to support eelgrass establishment.  The primary effort 
would involve the construction of 2.0 hectares (5.0 acres) of sandflats, including the 
recommended design modifications, by pumping sand to raise the bottom bathymetry.  The 
sandflats should be constructed to target depths that ideally support eelgrass habitat.  Eelgrass 
restoration should occur at the North Basin site to promote the establishment of eelgrass as a 
secondary objective.  

 
3) Due to the uncertainty of successful eelgrass restoration at the pilot project site, eelgrass 

transplants using bareroot plantings and seed buoys should be implemented at unmanipulated 
sites throughout the Bay where the Caltrans/NOAA-Fisheries Baywide Ecological Limits 
Viability and Sustainability (ELVS) model indentified the potential for success.  Suggested 
sites within the East Bay may include unmanipulated sites in North Basin, San Leandro Bay, 
near successful restoration at Brickyard Cove, and potentially the Emeryville Crescent.  
Additional sites could include expanding proven successful areas of the Marin Rod & Gun 
Club and the Marin Country Day School.  Other sites could include such areas as the Marin 
Audubon and The Nature Conservancy parcels, Horseshoe Cove where historic beds existed 
as recently as a few years ago, coves in South San Francisco, and the shoals north of the San 
Mateo Bridge.  Other sites could be identified and exploratory prospecting by performing 
very small transplant or seed buoy efforts used to identify site potential. 

 
4) Finally, funds should be used to incorporate a monitoring program to assess the effectiveness 

of the restoration at achieving desired coverage and persistent objectives through time. 
 
Pursuing the above recommendations would enhance the mitigation program funded by the $2.5 
million allotted to this project.  It is expected that approximately $1.75 million would be expended at 
North Basin, including the funds that have already be spent, while the remaining $0.75 million would 
be expended in more diffuse restoration along the East Bay shoreline as well as elsewhere in the Bay.  
Monitoring of the North Basin site after restoration would come from the funds directed towards that 
restoration, while the monitoring for the smaller distributed restoration would be derived from the 
funds earmarked for that effort. 
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