
U.S. Fish & Wildlife Service 

 
 

 
Seal Beach National Wildlife Refuge 

Thin Layer Salt Marsh Sediment 
Augmentation Project 

Construction and Lessons Learned 

Rick Nye - Refuge Biologist - Seal Beach NWR 

Presenter
Presentation Notes
Hello, I am.
Hired specifically for this project
Spent a good portion of every day on the augmentation site or 
back in the office writing about the augmentation site
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Problem 
• 965 acre refuge 

- 59% (565 acres)  
intertidal salt marsh 

 
• Subsidence rate: 

 - 4.13mm/yr 
   (SE + 1.21 mm/yr) 
 

• Relative Sea Level Rise 
        6.23 mm/yr 
 
• Subtidal in 60 years 

Presenter
Presentation Notes
For a quick review

We have a 965 acre refuge located in Orange County California 59% of which is saltwater marsh.
And it is sinking.  Also Seal Level rise.
Modeling by the USGS indicate this area could be subtidal in 60 years.

which represents 10% of the remaining saltwater marsh habitat in California.
We have several decades of research showing subsidence of 4.13mm/yr
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Dredge Material Opportunity 

Presenter
Presentation Notes
A nearby marina needed to be dredged and 
It was determined that some of this material was equal in quality to the sediment on the refuge
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Research & Monitoring 

Timeline: 
6-mos Pre-augmentation to    
5-yrs Post-augmentation 

• Site elevations 
• Sediment depth overtime 
• Compaction rate 
• Tidal creek reformation 
• Vegetation % cover 
• Species composition 
• Biomass 
• Cordgrass assessment 
• Plant Physiology 
• Invertebrate species 
• Eelgrass health 
• Ridgeway’s Rails  
• other avian activity 
• Carbon sequestration 

Too much 
perhaps? 

Presenter
Presentation Notes
Since this is a unique event we were able to secure $1.5 million for research
Recruit researchers from UCLA, CSULB and Chapman University, USGS
Time line

The more research plots you have        restrictions on construction methods



To evaluate both the ecological response to the action and the overall effectiveness of the action (specifically, have the project objectives been achieved). Sediment elevations; thickness, and compaction rate of applied sediment
Sediment movement and turbidity in adjacent channels
Tidal creek status/formation/reformation post sediment application
Vegetation monitoring/Plant community assessment – to include % cover, biomass, cordgrass terminal elevations, cordgrass stem length, cordgrass stem density, physiological plant condition
Abiotic parameter description
Eelgrass monitoring 
Infaunal invertebrate community structure
Epifaunal community diversity
General avian surveys – abundance & diversity
Light-footed Ridgway’s rail monitoring
Carbon Sequestration Studies – Coring, Biomass, Methane & Nitrous Oxide Flux
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Mitigation Measures 
• Relocate rail nesting platforms 
• Haze birds off project site 
• Minimize avian predator perching 
• Patrol pipeline for leaks, sea turtles, and marine mammals 
• Conduct eelgrass surveys (pre, 1 year, 2 year)  
• Vegetated “Buffer zone” of 50 ft. from waters edge 
• Silt barriers on augmentation site 
• In-water silt curtains for dredge operations 
• Monitor turbidity 
• Minimize eelgrass impact  
• Keep bio-monitor on site  

Presenter
Presentation Notes
Prior to and during construction phase
a number of mitigation measures which needed to be implemented 
First take care of the birds, relocated nesting platforms, haze just before spraying patrol pipeline for path obstruction
Eelgrass  monitor for turbidity, sediment barriers on site and buffer zone
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Construction Requirements 
• Pre-augmentation RTK survey 
• Install 10m grid  
• Implement mitigation measures 
• Test application methods 
• Install sediment barrier 
• Install silt fencing 
• Maintain 50 ft. buffer 
• Apply 10” sediment 
      + 1” at grid poles  
      + 1.8” between poles  
• Respond to unexpected issues 
• Post-augmentation 

photogrammetry survey 
 

Presenter
Presentation Notes
Construction requirements
RTK survey by USGS at a 2m grid level on the control and augmentation site.
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Photo by  Rick Nye//USFWS 

Photo by  Kirk Gilligan/USFWS 

Photo by  Rick Nye//USFWS Photo by  Kirk Gilligan/USFWS 

Construction Equipment 

Presenter
Presentation Notes
Started with 8” suction dredge with 6,500 ft of pipeline 
which required booster pump to get PSI back up to 40 by the time it hit the nozzle

Pipe max allowed PSI: 140, were getting 100-120 PSI at the dredge and 40 PSI at the spoon nozzle.

8” pipe and dredge had 10-15% solids because the dredge head could only go so far into the sediment.
12” pipe and dredge had 25-30% solids because the dredge head could go deeper into the sediment

Marshmaster which has 1.3 ground psi which is less than an average human foot




U.S. Fish & Wildlife Service 

 
 

Source Material 
• Better sampling of grain size 
• Avoid pockets of garbage 
• Contract required trash pick-up 

Photo by  Rick Nye//USFWS 

Presenter
Presentation Notes
Also needed to screen it but 2” mesh was the smallest size to minimize clogging
Which meant some trash got through, lots of golf balls

Conduct thorough sediment sampling up front (grain size, contaminants, number of samples)

Issues with sediment type. Expected 45% sand, 43% silt, 12% clay. Received 84% sand, 8% silt, 8% clay. Avian species impacts not as significant as originally estimated.
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Photo by  Curtin Maritime 
Photo by  Rick Nye//USFWS 

Nozzle Selection 

Photo by  Rick Nye//USFWS Photo by  Kirk Gilligan/USFWS 

Presenter
Presentation Notes
Different nozzles used in this project:
Round
Round with diverter
Stadium shape
Stadium shape with diverter
Spoon with y-gate
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Spraying Impacts 

Photo by  Rick Nye//USFWS 

Photo by  Rick Nye//USFWS 

• Birds relatively undeterred 
• Noise level ~60dB 
• Ridgeway’s rail hiding near equipment 

Photo by  Rick Nye//USFWS 

Presenter
Presentation Notes
One of the other things we found with the spraying is that the birds didn’t seem to care.  
In some cases, like the gulls they got competitive with each by waiting real close to the spray
To wait for snails and sea cucumber to come through.

Also the noise wasn’t as bad as we expected.  At one point we had elegant terns which could drown out the sound of the nozzle spray.  Overall the noise level was no louder than the nearby Pacific coast highway

Noise and wildlife impacts to avian species from sediment application not as severe as originally thought

Nozzle shape modification to reduce marsh impact

Turbidity monitoring methods – Instant feedback required at beginning of project.
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Sediment Barriers 

Photo by  Kirk Gilligan/USFWS 

Photo by  Curtin Maritime 

Photo by  Rick Nye//USFWS 

Presenter
Presentation Notes
To prevent clogs they needed to keep the slurry to 30% solids or less
8” pipe and dredge had 10-15% solids because the dredge head could only go so far into the sediment.
12” pipe and dredge had 25-30% solids because the dredge head could go deeper into the sediment
30% is the golden rule for not clogging a pipe

The plan was to build some barrier, then set the sprayer and build more barrier
Found that they needed way more barrier because the water/material mix would hit the haybales and just run along them until they could go out.

Issues with silt fence and sediment escaping site via creek systems. Power of water flow would carve out a creek and then the slurry would just run under the hay bale.

Hay bales – stake them down good with 2 pieces of 6’rebar or 6’ x 2” round wooden stakes

Silt curtains/barriers deployed in creeks to slow down flow of water running towards silt barrier
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• New sediment compaction 
– 20% to 30% during 1st  72 hrs 

• Variances in underlying 
marsh compaction  

• Coring verification  
– Access 
– Labor intensive 

• Bathtub/Lava effect 
• Consistent pole installation 

standards 
– Research Team 
– Contractor 
– >500 grid + research poles 

 

Estimating Depths During Construction 

Presenter
Presentation Notes
Sediment pole method inadequate for determining applied sediment depth?
“Bathtub” or “Lava” effect
This cause the site to be very soft and all the low areas filled in first.
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Final Elevations 
 
Photogrammetry survey –  
● 0.1 - 0.05 ft accuracy 
 
Calculated sediment depth –  
● 9.6” on average 
● 40% of poles were 10” + 1” 
● 63% of poles were 10” + 2” 
● Large depth variance  
   across  40% of the site 

Presenter
Presentation Notes
Better than 1/10 ft. accuracy.
Mean of 9.6 with 60% of SETs within the 10” + 1” requirement.  However, 40% have 4” to 12” of sediment.
Depth variance due to grid poles landing in creeks or ponds.  In this case we set another pole nearby to ensure depth on the marsh plain met minimums.
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Estimation Errors 
Construction timeline – 
Estimated: 1 month 
Actual: 1st third - 2 mos 
            Remainder: 2 wks 
● Equipment breakdowns 
● Sediment barrier    
   maintenance 
 
Sediment volume –  
Estimated:  
   13,500 yd3 for 10.0 ac 
Actual:  
   16,875 yd3 for 7.87 ac 
Better estimate would be:  
   22,000 yd3 for 10.0 ac 

Presenter
Presentation Notes
Goal was to start in November to give ample time to finish before birds started nesting.  
Delays with contracting and in the actual construction put the deadline up against the beginning of the nesting season for our endangered birds.

63% more sediment was needed than originally determined to complete 10 acres
main reason is unknown probably a mixture – marsh compaction, filling in of low areas, run off into tidal channels.
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Funding and Timelines 

• Actual cost of dredging and placement:    

 - $1.35 million 

• Time for planning, funding requests and permitting:  

 - 2.5 years 

• Post-augmentation research and evaluation:  

 - 5 years 

 - $1.5 million 

 

Presenter
Presentation Notes
Contract bids varied widely: $100K – several million
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Data Dissemination & Outreach 

• Publish post-construction monitoring reports annually 
 

• Refuge webpage to provide quarterly updates, reports, 
photos, & time lapse video 
 

• Conduct a workshop/webinar to present monitoring results 
 

• Prepare a final report with lessons learned and 
recommendations for future projects 
 

• Research team regularly present their efforts at 
conferences 
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Big picture  
Implement and evaluate thin layer placement as a regional sea 
level rise and climate change adaptation strategy. 

Be able to use this strategy at regular intervals for long term 
sustainability of Pacific coast marshes.   

Presenter
Presentation Notes
We’ve done a project that impacts 8 acres of marsh, however we have 565 acres of saltwater marsh.
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  For further information contact: 
Kirk Gilligan 
Refuge Manager – Seal Beach NWR 
kirk_gilligan@fws.gov 
562-598-1024 
 

Or 
 

Vicki Touchstone 
Refuge Planner – San Diego NWR Complex 
victoria_touchstone@fws.gov 
619-476-9150 Ext. 103 
 
Reports and time lapse videos: 
www.fws.gov/refuge/seal_beach/what_we_do/resour
ce_management/Sediment_Pilot_Project.html 
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