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Swirling in Sediment and Slowing Fisheries Recovery 

A Concurrent Session at the 35th Annual Salmonid Restoration Conference held 
in Davis, CA from March 29 – April 1, 2017. 



+ 
Session Overview 
n Session Coordinator: 

n Brain Cluer, Ph.D. and 
Michael Pollock, Ph.D. 
NOAA Fisheries  



+ 
Presentations 
(Slide 4) Clear and Simple Connections Between Dirt, Fish, Entrenchment, and Recovery 
Mike Napolitano, San Francisco Bay Water Quality Control Board 
 
(Slide 21) Sediment for Salmon in San Francisco Bay: What’s Needed, What’s Available, 
and What’s Next? 
Scott Dusterhoff, San Francisco Estuary Institute 
 
(Not provided) Mechanical Scarification of Gravel Beds to Increase Chinook Salmon 
Spawning Success – Field Experience in Lower Putah Creek 
Ken W. Davis, Wildlife Survey & Photo Service 



Clear and Simple Connections: 
Dirt, Fish, Entrenchment, and Recovery 

Lagunitas Creek in the Tocaloma Reach Photo Credit: Stillwater Sciences 

Mike Napolitano, Water Quality Board 
March 31, 2017 



Cuyahoga River on fire: 
Clean Water Act to the rescue 

Swimmable, fishable, and drinkable 



Congressional compromise adds obscure 
provision (Section 303d) to Clean Water Act 

• Early 1970s – early 1990s: $$$public funds for sewage  
• 303(d): not swimmable, fishable, and drinkable after treating 

sewage and cleaning up factory waste, list as “impaired” 
• Hire a lawyer, go to court & win: EPA goes 0 for 28 
• Late 1990s: EPA gets religion, “impaired” waters list has 

consequences, TMDL program is born 



Clean Water Act:  
Pollution and Pollutants 

• “Pollutant” = substance added by humans or human activities  
 

• “pollution” = man-induced alteration of chemical, physical, or 
biological integrity of water 
 

• Sediment is a natural and essential element that shapes and 
maintains stream habitat.   
 

• Sediment “impairment” results when human action adversely 
alter sediment delivery, transport, or storage process, and 
related habitat structure. 
 



Fundamental alteration of sediment 
delivery, transport, and storage 

Petaluma 

Sonoma 

San Gregorio 

Eight watersheds:1100 mi2 

25% of Bay Area region 

Sediment “Impaired” Streams in the Bay Area 



§ 55 miles of river 

§ Regionally significant steelhead and 
salmon runs 

§ Exceptionally diverse native fish 
assemblage 

Walk through the  
Napa River watershed today 

Photo credit: Lisa C Thompson Hardhead Photo credit: Dave Giordono Tule perch 

Photo credit: Dan Worth Pacific lamprey 



Sediment is being evacuated from the valleys 
and from the hollows located in uplands 

Source: Church (2002) 



Channels begin on hillslopes in hollows 

Source: Dunne and Dietrich (1993) 



Napa River watershed, Carneros Region 

Land-uses interact with geology  to cause/contribute to  
evacuation of sediment from hollows 



Soft Sedimentary Type 

Potential for significant reaction 

Concentrated runoff 



Increases in runoff (examples) 
Intensive grazing, logging old-growth redwoods, 
 
Direct channel disturbances 
LWD jam removal, Connecting naturally  
disconnected tributaries, straightening 
Channel reaches, levees, bank stabilization 
 
Decreases in supply of gravel and coarser 
Gravel mining at rates higher than replenishment, 
Dam construction, dredging 

Narrow, deep  
and simple 



Deeply incised: alternating between bar-pool and plane-bed 

Photo credit: California Land Stewardship Institute (2011) Lower Carneros Creek, tributary to Napa River 



Fallen trees  and bank erosion 
are agents of restoration  



Big changes in channels over short distances 

A 

B 

Rutherford Reach of Napa River 

Scale: upstream to downstream = about 1 mile 



A 

B 

Complex channel reaches: 
Bar-pool topography 
Connected floodplain 
Diverse/extensive riparian 

Bowling alley reaches: 
Lake-like pools dominate 
Deep, narrow, disconnected 
Simple/narrow riparian  
 
 



Restoration tool kit 

Channel Restoration 
• Active reach-scale channel reconstruction  
• Jump starting LWD recruitment  
• Constructing natural LWD jams 
• Passive restoration by bank erosion & natural LWD recruitment 
Baseflow protection and enhancement 
• Real-time dial-up gages to aid avoid dewatering 
• Conversion to wet season off channel diversion/storage 
• Enhanced infiltration in farms and rangelands 
• Developing treated wastewater to reduce diversion and pumping 
 

 



How to get more done 
More creative approaches to regulation 
• water rights reform 
• water quality attainment strategies 
• watershed permits 
Much more public education/outreach 
• Napa Living River and Wildcat Creek examples 
Much greater funding 
• AB 32 offsets (carbon farming, floodplain restoration) 
• Napa County Measure A example 
• Bay Area Measure AA 
 
WE HAVE TO BECOME RESTORATION ADVOCATES  
 
  



Sediment for Salmon in San Francisco Bay 
What’s Needed? What’s Available? What’s Next? 

Scott Dusterhoff, Sarah Pearce, Lester McKee, Carolyn Doehring, Julie Beagle  
and Robin Grossinger  
 

San Francisco Estuary Institute • Resilient Landscapes Program 
 
Swirling in Sediment and Slowing Fisheries Recovery • 2017 Salmonid Restoration Federation Conference 
 

Jonathan Koehler, Napa RCD USGS & NASA 

Presenter
Presentation Notes
Talk will focus on sediment for tidal marsh habitat used by salmon around the Bay
I’ll be showing findings from the FC2.0 project
Goal was advancing approaches for integrating habitat restoration into flood risk management at Bay interface
Regional effort with many agency partners, whose logos are shown here, and was funded by EPA

Walking through the results from our assessment of sediment supplied to and trapped in flood control channels at the Bay interface
At the end of the presentation I’ll give you the URL for a recently released on-line toolbox where you can download the sediment data I’ll show and supporting information




San Francisco Bay – Historical Baylands Habitats 

source: Goals Update 2015 

Presenter
Presentation Notes
Let’s step back in time to the early 1800s…
Historically, the baylands, specifically tidal marshes, around SF Bay provided important habitat for native salmonids 



San Francisco Bay – Historical Baylands Habitats 

source: Goals Update 2015 

Napa River 
Mt. Tamalpais from Napa Slough 

Courtesy California Historical Society 

Presenter
Presentation Notes
At the mouth of the Napa River, for example, 
the tidal marsh provided rearing habitat and feeding grounds for the thousands of steelhead, coho, and Chinook that used to migrate into and out of the watershed



San Francisco Bay – Historical Baylands Habitats 

source: Goals Update 2015 

Alameda Creek 

Steelhead with SFWD surveyors (1935) 
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Presenter
Presentation Notes
Similarly, the tidal marsh and tidal channels around Alameda Cr provided critical rearing habitat for steelhead and possibly Chinook smolts before the headed out to the ocean



San Francisco Bay – Historical Baylands Habitats 

source: Goals Update 2015 source: Goals Update 2015 

Presenter
Presentation Notes
That was then…and this is now. 
We now have a highly modified tidal marsh landscape, which has had considerable impacts on native salmon populations and other fish and wildlife species that use tidal marshes.



San Francisco Bay – Modern Baylands Habitats 

source: Goals Update 2015 



San Francisco Bay – Modern Baylands Habitats 

source: Goals Update 2015 

HISTORICAL 

Novato Creek 

MODERN 

Presenter
Presentation Notes
Around the mouth of Novato Creek, for example
The tidal marsh footprint went from about 4,500 acres in the mid-1800s to about 500 acres 
Included conversion to ag and creating open water features



San Francisco Bay – Modern Baylands Habitats 

source: Goals Update 2015 

HISTORICAL 

MODERN 

San Francisquito Creek 

Presenter
Presentation Notes
At the baylands around the mouth of San Francisquito Cr in the South Bay, the tidal marsh area shrank from about 2,000 acres to about 1,000 acres



San Francisco Bay – Baylands Habitats 

source: Goals Update 2015 

source: Goals Update 2015 

Presenter
Presentation Notes
Baywide, over the past 200 years we’ve essentially gone from ~200,000 acres of tidal marsh to <50,000 acres
BUT, there are many restoration projects that have been completed over the past several decades and there more planned for the near future that will get us to ~75,000 acres of tidal marsh



source: Goals Update 2015 

San Francisco Bay – Baylands Habitats 

source: Goals Update 2015 

Tidal marsh 

100K 

Presenter
Presentation Notes
And we have an ultimate regional goal from the Bayland Goals of getting to ~100,000 acres of tidal marsh



Presenter
Presentation Notes
BUT to get there, we are going to need A LOT of sediment, and here’s one illustration of what that amount of sediment looks like
It’s estimated that we’ll need approximately 154 million cubic meters of sediment to reach the 100,000 acre target
For context, that’s equivalent to a cube of sediment that’s over 1,800 ft on each side!

And that just to get the marshes restored…but what about ensuring the marshes are able to keep pace with rising sea level?




Where will we get the sediment needed to  
restore baylands? 

 
Where will we get the sediment needed to  

sustain baylands? 

Presenter
Presentation Notes
SO, the major questions that management and restoration communities around the Bay are grappling with are:
Where are we going to get the sediment to restore baylands
And then, where will we get the sediment to sustain baylands over time?



Flood Control Channels – Vital Sediment Source  

Sediment Accumulation in  
Lower Novato Creek 

Dredged Sediment Deposit next to  
Lower Walnut Creek 

Presenter
Presentation Notes
One key source of sediment is the flood control channels that drain to the Bay
Historically, these channels would deliver sediment that nourished the baylands
Now, due to channel modification and levee construction, many of these channels are disconnected from adjacent baylands and many trap excess sediment and require maintenance dredging 
Novato and Walnut are two prime examples
Region is now seeking new channel management approaches for getting sediment from these channels to the baylands through natural processes (where possible) and mechanical placement of dredged sediment (or beneficial reuse)




Flood Control Channels – Vital Sediment Source  

Key management questions regarding sediment supply 
• How much watershed sediment enters flood control channels? 

• How variable is the watershed sediment supply? 

• How much sediment is removed and at what frequency? 

• Where along the major flood control channels is sediment 
being stored and removed? 

 
 

Presenter
Presentation Notes
In order to develop appropriate management strategies for long-term bayland resilience that also support flood risk management, we need to know something about the supply of viable sediment
We need to know…
How much watershed sediment enters flood control channels?
How variable is that supply of watershed sediment?
How much sediment is removed from flood control channels and at what frequency?
Where along the channel is sediment removed?

The Flood Control 2.0 sediment analysis focused on answering these questions for the recent past using the best available data.




Watershed Sediment Supply  
• Collated local USGS gage data 

• Developed regional regressions 

• Time period: 2000-2013 
 
 
Sediment Storage and Removal 
• Interviewed flood control 

agencies, cities, & counties  

• Compiled removal location, 
volume, frequency, grain size, 
and cost data 

• Time period: 1957-2013 
35 

Napa R.  

Sonoma Cr. 

Petaluma R. 

Novato Cr. 

Gallinas Cr. 

Corte Madera Cr. 

Coyote Cr. (Marin) 

Colma Cr. 

San Bruno Cr. 

Belmont Cr. 

San Francisquito Cr. 

Matadero Cr. 

Adobe Cr. 

Permanente Cr. 
Stevens Cr. 

Calabasas Cr. 

San Tomas Aquino Cr. 

Guadalupe R. Coyote Cr.(Santa Clara) 

Lower Penn. Cr. 

Alameda Cr. 

Sunny. West Sunny. East 

Walnut Cr. 

San Lorenzo Cr. 

San Leandro Cr. 

Lion Cr 

Wildcat Cr. 

San Pablo Cr. 
Alhambra Cr. Pinole Cr. 

Rodeo Cr. 

Regional Sediment 
Dynamics 

33 major channels 
 

~70% of Bay watershed  

Head of tide 
Fluvial Zone 

(watershed sed. deposition) 
Tidal Zone 

(watershed & tidal sed. deposition) 

Presenter
Presentation Notes
Focused our effort on 33 of the major flood control channels that drain to the Bay, which combined drain approximately 70% of the Bay’s watershed d/s of the Delta

To determine watershed sediment supply
Compiled an collated suspended sediment and bedload data from dozens of USGS gages
We use gage data to developed regional regressions for determining sediment supply in ungaged watershed
Focused recent conditions (2000-2013) because of high data quality, conditions represent long-term interannual variability, and represents watershed management approaches that will persist into the foreseeable future.

 To determine sediment storage and removal characteristics
Interviewed engineers and planners from flood control districts and city and county agencies
CAN’T EMPHASIS ENOUGH how helpful these folks were and how much great information we received from them
Compiled information on removal location along the channel, removal volume, how often sediment is removed, the grain size of the removed sediment, and the removal costs
Here just focusing on location, volume, and frequency

Removal location  - refers to whether sediment came from the FLUVIAL ZONE upstream of head of time (inland extent of MHHW) or the TIDAL ZONE downstream of head of tide
FLUVIAL ZONE – watershed sediment, typically silt to gravel/cobble
TIDAL ZONE – watershed and tidal, typically fine-grained (silts) but can be coarser watershed sed deposits



36 

Regional Sediment 
Dynamics 

Storage and Removal Record Duration 

Watershed Sediment Supply  
• Collated local USGS gage data 

• Developed regional regressions 

• Time period: 2000-2013 
 
 
Sediment Storage and Removal 
• Interviewed flood control 

agencies, cities, & counties  

• Compiled removal location, 
volume, frequency, grain size, 
and cost data 

• Time period: 1957-2013 

Presenter
Presentation Notes

Data period extended from 1975 to 2013, with some channels having decades of data and some having only a few years worth



Watershed Sediment Supply 
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Avg. annual  watershed sediment yield 
(2000-2013) 

Presenter
Presentation Notes
SO…starting with watershed sediment supply, our analysis showed that 
Between 2000 and 2013, avg annual yield ranged from <2,000 to more than 150,000 tonnes/yr 
The 4 of the largest watershed generate a large portion of the total annual watershed sediment supply
Alameda, Napa, Sonoma, and Walnut combined account for ~2/3 of the watershed sediment supply
Safe to say that the amount of sediment coming out of these 4 watersheds could help tidal marshes at their mouths keep pace with SLR
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Presenter
Presentation Notes
When we classified the channels as having low, medium, and high watershed sediment supply, we found that 
North Bay and Suisun Bay – A dozen or so High and Medium channels
Central Bay – a few Medium and Low
South Bay – More than a dozen channels that are mostly Medium and Low (but there’s Alameda)
But combined they contribute a lot of sediment to the South Bay
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Presenter
Presentation Notes
But of course, when thinking about sediment supply for bayland nourishment, the variability in that supply on a year-to-year basis is also very important
Here we see the annual sediment yield for Napa River from 1957-2013, and here’s our period of interest
Average annual yield for Napa between 2000-2013 was ~100,000 tonnes, but the annual yield during that period ranged from more than 5,000 to ~400,000 tonnes
Of course, this variability tracks with flow variability
But we also found that this interannual variability is positively correlated with watershed size and negatively correlated with amount impervious area
Smaller watershed and highly urbanized watersheds have the lowest degree of annual sediment yield variability 
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Sediment Storage & Removal 
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Tidal vs. Fluvial Zone Sediment Removal (1973-2013) 

% removed from Tidal Zone 

% removed from Fluvial Zone 

Presenter
Presentation Notes
SO, that’s was a high level overview of the watershed sediment supply story…
What about the sediment stored and removed from flood control channels?
This is the breakdown the percentage of sediment taken from the fluvial zone and tidal zone for the full time period (so 1973-2013)
You can see that there is a range where some channels have had sediment just removed from the tidal zone, some from both, and some just from the fluvial zone
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Sediment Storage & Removal 
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Tidal vs. Fluvial Zone Sediment Removal (1973-2013) 

Tidal Zone Mixed Fluvial Zone 

Presenter
Presentation Notes
You can also see that essentially the channels are evenly split between the removal location types



Sediment Removal 
by Zone:  
1973-2013 
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Presenter
Presentation Notes
And here we see how much sediment was removed from both the Fluvial Zone and Tidal Zone for each channel since 1973
Size of the circle indicating how much sediment was removed and the color indicating where the sediment came from
Overall, almost 6M CY removed
Clearly see which channels historically accumulated large amounts of sediment in the Fluival Zone and the Tidal Zone
Walnut and Alameda are the big winners
North Bay
Handful of channels with a considerable amount of Tidal Zone sediment removal over the past 40 years (i.e., mostly fine sediment)
That sediment could be used for tidal marsh restoration
South Bay
A dozen channels with sediment removed from the Tidal Zone and Fluvial Zone (i.e., fine and coarse sediment)
Fine sediment = can be used to build up marsh elevation on restored marshes
Coarse sediment = can be used to build beaches and protect restored marsh shorelines from erosion




Sediment Storage & Removal: 1973-2013 
Sediment Removal Frequency 

55% 

Every 1 to 5 years 
routine maintenance, 
response to storms 

Every 5 to 15 years 
routine maintenance 

55% 45% 

Presenter
Presentation Notes
And Finally, when we looked at the frequency of sediment removal, we found that
Over ½ came from channels that have routine maintenance dredging every 1 to 5 years and are dredged only in response to storms
Less then ½ came from channels that have routine maintenance dredging every 5 to 15 years

It’s important to point out that for sediment storage and removal, the past does not necessarily provide a good indication of the future
Some highly constrained channels where dredging is the most viable management option will continue have sediment that can be reused beneficially for restoration projects
Other channels are undergoing or will undergo a new management approach that promotes channel scour in tidal reaches and transport of watershed sediment out the baylands



So…What’s Next? 

Management approaches that get 
sediment to baylands 

  Natural processes                        
 (channel reconnection) 

 Mechanical placement                            
 (local beneficial re-use) 
 

 
 

USACE 

Mark Bittner 

Presenter
Presentation Notes
SO…What’s Next? Where do we go from here? 
We can use these data and other similar datasets to inform appropriate management approaches for getting sediment out to the baylands
Includes a focus on connecting channels with relatively high sediment loads to adjacent tidal marshes to allow natural sediment deposition and help them keep pace with sea level rise
Also includes figuring out local uses of dredged sediment for tidal marsh restoration projects AND matching those that have sediment with those that need sediment
A new tool called SediMatch was developed to do just that
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SO…What’s Next? Where do we go from here? 
We can use these data and other similar datasets to inform appropriate management approaches for getting sediment out to the baylands
Includes a focus on connecting channels with relatively high sediment loads to adjacent tidal marshes to allow natural sediment deposition and help them keep pace with sea level rise
Also includes figuring out local uses of dredged sediment for tidal marsh restoration projects AND matching those that have sediment with those that need sediment
A new tool called SediMatch was developed to do just that

A next step is to continue to research and acquire more information. 
We have a good amount of information about the supply of sediment from work I presented here today and other efforts, including DredgeFest, and we have general information about anticipated future marsh accretion rates around the Bay, BUT more work is needed
In particular, we need more resolution on the bayland sediment demand for discrete regions, or geomorphic zones, around the Bay and how that compares to local supply under current conditions, and the how that ratio of supply and demand is expected to change as climate continues to change (considering both SLR and the potential for increased large storm freq).
SFEI will be working on these questions with many regional partners as part of a new EPA-funded project.
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SO…all the information I showed here today is now available for downloading
This information and a variety of other Flood Control 2.0 products can be found on our new on-line tool box (floodcontrol.sfei.org)
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The tool box contains other products from 
technical analyses 
regulatory guidance documents, 
economic analyses, 
information about an online sediment marketplace called SediMatch
Interviews with project scientists and flood control managers around the region 
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Here you’ll find a link to an interactive map that provides the sediment supply and sediment removal information for the 33 major flood control channels
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You can get a high level snap shot for each channel AND you can download a database containing detailed information for each channel
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You’ll also find
Interactive map showing changes to channel morphology at the Bay interface over the past 150 years
Historical ecology and landscape change analysis for lower San Francisquito Cr
Long-term landscape Vision for lower Novato Creek
In the coming weeks, there’ll be the long-term landscape Vision for lower Walnut Creek
And in the next month or so, we’ll have a synthesis document that summarizes our regional channel morphology and sediment and provided high level management recommendations for brining habitat restoration into flood risk management at the Bay interface 



Flood Control 2.0 Online Toolbox Now Available! 

floodcontrol.sfei.org 
contact: scottd@sfei.org 
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THANK YOU and I’m happy to take questions
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