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Three related short stories 
 

1 Transport characteristics in the 
historical delta as a guide to marsh 

restoration 
 
 

2 The modern delta as a network of 
canals: the need for setback levees to 

increase juvenile salmon survival  

Outline 



(3) Implications of restoration 
on hydrodynamic and transport 
processes in the delta 



1 Transport characteristics in the 
historical delta as a guide to 

marsh restoration 

Ref: Enright, Culbertson, Burau, 2013, Broad Timescale Forcing 
and Geomorphic Mediation of Tidal Marsh Flow and Temperature 
Dynamics, Estuaries and Coasts 











Clip 1: 1st Mallard Branch/Suisun Marsh 

Courtesy of Steve Wessels, USGS 







Massive Spring neap variability  
in transport and constituents in historical Delta 



Lower Yolo Marsh restoration 



Conclusion 
 Modern Delta is massively different from a 

transport-terrestrial-aquatic coupling 
perspective. 

 
         GEOMETRY MATTERS BIG TIME! 
       Ecosystem function is not all about 
inflows/exports and internal flow distributions 

 
 The Board and BDCP should initially promote 

restoration of a variety of habitats that 
function differently from a transport 
perspective to see what works. 



2 The modern delta as a network of 
canals: the need for setback levees 

to increase juvenile salmonid 
survival  



Why Study Salmon movements in Clarksburg Bend? 

(1) Very tight radius 
(secondary currents 
scale with the 

radius) 

(2) Contraction of 
      cross 

sectional area 

(3) No 
junction to 

 confuse the 
results 



Dinehart, R. and J. Burau, 2005, Averaged indicators of secondary flow in 
repeated acoustic Doppler current profiler crossings, Water Resources 
Research 

Measurements of Secondary currents in Clarksburg Bend 



2006 Pilot Experiment 
Fish Tracking and Hydrodynamics in Clarksburg Bend 



January Fish Tracks in Clarksburg Bend 



Day and Night Fish Distributions in January 



Example of Fish Holding During the Day 





Clip 2: Sacramento “River” upstream of 
Walnut Grove 

Courtesy of Steve Wessels, USGS 



Clip 3: Clips of rip-rap (rock) at low water 

Courtesy of Steve Wessels, USGS 





Best example of setback levees - bottom of Miner Slough 



Clip 4: Lower Miner Slough from the 
Levee  

Courtesy of Steve Wessels, USGS 



Conclusions (1) 

The creation of geomorphic variability and 
habitat is needed now because these things 
are virtually absent in the delta.  

Acoustic telemetry studies aimed at habitat 
utilization are needed (like Clarksburg bend) 
Miner Slough setback levee a good place to 
start. 

A virtual complete lack of habitat is the 
greatest “related stressor” we have in the 
delta  



Conclusions (2) 

Trying to restore fish species of concern 
principally with water and its distribution within 
the delta is likely to fail – especially in a drought 

For salmon: we have a predation problem that 
is really a habitat problem that we are trying to 
solve with water. 



(3) Implications of restoration 
on hydrodynamic and transport 
processes in the delta 



Discuss REGIONAL SCALE implications 
of one restoration effort: 

 
Prospect Island 

 

Case Study 



Prospect Island 
 

~1,300 acres 
 



Prospect Island 
 



More tidal energy 

Sutter+ Steamboat 
Become less bi-direction  
Greater entrainment 
Higher survival? 

Lower Entrainment 
In central delta 
Higher survival 

Effect on Salmon outmigration? 
Increased population level survival without a 

single smolt entering Prospect Island? 

Any tidal marsh restoration 
in this region will have this 
effect 



More tidal energy 

Flow becomes bi-directional 
At Sac. R. flows of ~10k cfs NOW 
 
Tidal marsh restoration will allow 
withdrawals into IF at lower 
Sac river flows – good for drought 
Operations? 
 
 

Bi-directional flow  
Creates converging  
flows at Intakes!   
Not good! 

 

Greater water deliveries using 
Proposed Isolated Facility? 

IF-Intake 



Effect on regional scale water quality? 
Which in turn could reduce water supply 

More tidal energy 
Decrease 
In delta 
Transfer 
flow 

Less tidal energy 
Greater net flow 

EC standard 
@ Emmaton 

Increase in EC 
@ Jersey Pt. 

Increase 
Reservoir 
releases 

1 

2 

3 

4 

5 

5 Decrease exports 



A restoration/conveyance/regulatory 
master plan is needed supported by a 
significant modeling capability to 
understand/predict their interactions 

Conclusion 
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