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Dr. Michael Pollock 
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Channels and the Implications for Salmonids 
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Lauren Hammack 
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Round-Table Discussion 

• Today, 12:30 

• 1700 9thStreet (corner of Q an 9th) 

– Third floor conference room 

• Call-in: 1-877-336-1831, Participant #940704 



PROCESSED-BASED RESTORATION DESIGN AND 
IMPLEMENTATION AT THE UPPER JUNCTION CITY CHANNEL 

REHABILITATION SITE, TRINITY RIVER, CA -  
 EMBRACING UNCERTAINTY AND LEARNING FROM PROGRESS 

 

 

David (DJ) Bandrowski P.E. - Yurok Tribe  

California Department of Fish and Wildlife (DFW) – 
Conservation Lecture Series – June 15th, 2015 



KLAMATH RIVER WATERSHED – NORTHERN CALIFORNIA 







CAN WE ACTUALLY UNDO THE EFFECTS OF WHAT WE HAVE PUT ON 

OUR LANDSCAPE?... A CALL FOR RESTORATION 



DISCUSSION TOPICS: 

• OVERVIEW OF THE TRINITY 

• DESIGN PROCESS 

• IMPLEMENTATION SEQUENCE 

• ASBUILT DATA COLLECTION 

• DESIGN VALIDATION MONITORING 

 

 



Post Dam Species 

Population Declines 

 

Chinook        67% 

Coho             96% 

Steelhead     53% 

RECENT HISTORY - THE TRINITY RIVER DAM – COMPLETED IN 1964 

PART OF THE CENTRAL VALLEY PROJECT (CVP) 
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Historical Society 

THE MINING AND GOLD LEGACY  

HISTORICAL CONTEXT OF THE TRINITY  



42 MILE REACH-SCALE APPROACH -  PROJECTS BEGIN IN 2005 



PRE AND POST CONSTRUCTION ( 2011 AND 2012 )  

LOW FLOW (300 CFS) 



UPPER JUNCTION CITY PROJECT – POST CONSTRUCTION (~4500CFS) 



UPPER JUNCTION CITY  

DESIGN REPORT 2012 

 

FEDERAL DESIGN GROUP: 

- BUREAU OF RECLAMATION 

- US FISH AND WILDLIFE 

- US FOREST SERVICE  

 

DESIGNERS: 

DJ BANDROWSKI 

CHARLIE CHAMBERLIN 

DAVE GAEUMAN 

ERIC WISEMAN  

 

DISCIPLINES: 

CIVIL / HYD. ENGINEER 

FISHERIES BIOLOGISTS 

GEOMORPHOLOGIST 

 



No. Design Goal Design Objective  Measurement (metric) 

1. 

Increase fry and 

juvenile salmonid 

rearing habitat 

Increase area of shallow/slow 

habitat with cover in project reach 

% change in habitat area-days. Each square 

meter of habitat gets credit for 1 habitat area-

day for each day from January 1 through April 

30 (critical rearing period). 

2. 

Increase or maintain 

adult salmonid 

holding habitat 

Increase area of deep water in 

project reach  

% change in pool area of 8 feet or greater in 

depth. 

3. 

Increase adult 

salmonid 

spawning habitat 

Increase available riffle spawning 

habitat in project reach 

% change in transition riffles or thalweg 

crossovers (features where spawning typically 

occurs) 

4. 

Increase and 

enhance wildlife 

habitat 

Increase available habitat (nesting 

/breeding/rearing) for target species 

of pond turtle & yellow frogs  

% change pond turtle nesting and 1-3 year old 

habitat area. Increase yellow legged frog 

breeding and tadpole rearing area  

5. 

Increase & enhance 

riparian, wetland, & 

enhance upland 

habitats 

Promote development of diverse 

riparian & upland communities; 

Reduce invasive plant species; 

Preserve riparian corridor & large 

trees where possible; etc. 

% change in riparian vegetation area (include 

areas planted and areas designed for natural 

recruitment).  

REFINED DESIGN PROCESS – EXAMPLE 

GOALS/OBJECTIVES 



Example Design Alternative Analysis - Stream Project 

Multi-Criteria Decision Analysis (MCDA) - Design Guidance  

Developed by Peter Wilcock and others 



UPPER JUNCTION CITY PROJECT REACH    

DIGITAL TERRAIN MODELING (DTM) – ALTERNATIVE ANALYSIS 



REPEAT DIGITAL TERRAIN MODELS (DTM’S)  



2D HYDRAULIC MODELING – UJC MODEL FRAMEWORK  

SRH-2D SOFTWARE – PREDICTIVE BASED DESIGN APPROACH 



2D HYDRAULIC MODELING – DESIGN CONDITIONS 

FLOWS = 450, 2700, 7500 CFS 



Criteria met for total area (ft2)   

Depth, velocity, and cover = 16,785  

Depth and velocity only =  43,146  

Cover only =  12,900   

Total = 72,831   

ECO-HYDRAULIC MODELING– JUVENILE REARING HABITAT  



DESIGNING OF OFF CHANNEL PONDS THROUGH 

HYPORHEIC CONNECTIONS 

   



“INFILTRATION GALLERY” - HYPORHEIC INLET TO POND  

REDUCES LOSS OF CONVEYANCE AND RISK OF INLET FILLING  



GEOMORPHIC DESIGN MODELING – UNDERSTANDING THE PHYSICAL RESPONSE 



UPPER JUNCTION CITY 

MORPHODYNAMIC 

MODELING 

 

SEDIMENT TRANSPORT AND 

EROSION/DEPOSITION 

EVOLUTION MODELING  

 

DEVELOPED BY BUREAU OF 

RECLAMATION – TECHNICAL 

SERVICE CENTER (TSC) 

YONG LAI 



MORPHODYNAMIC MODELING - RESULTS 



LARGE WOOD DESIGN ELEMENTS – GEOMORPHIC AND HABITAT PURPOSES 



 

LARGE WOOD DESIGN DRAWINGS 



2D HYDRAULIC OUTPUT –  7500 CFS – VELOCITY VECTORS AT 

LARGE WOOD JAM AND SHEER STRESS OUTPUT 

BALANCING STREAM POWER – ABILITY TO DO GEOMORPHIC TO 

DEVELOPING  HABITAT THROUGH PROCESS 



LARGE WOOD IMPLEMENTATION SEQUENCE 



LARGE WOOD NATIONAL MANUAL – COMING SOON… 



LEARNING FROM PROGRESS THROUGH MONITORING AND EVALUATION 



LINKING THE DESIGN TO VALIDATION MONITORING  

Design Performance Goals (from the Upper Junction City Design Report): 

1. Double shoreline rearing habitat with cover through the length of the flow split.  

2. Create 350m2 of new low velocity eddy habitat at 450 ft3/s.  

3. Create 6000m2 of new side-channel & connected pond rearing habitat at flows of 

~2500 ft3/s.  

3. Limit flow velocities at 7500 ft3/s to less than 1 ft/s over at least 4600 m2 of floodplain  

4. Retain 95% of bankfull flow in mainstem through the upstream third of the site at 7500 

ft3/s.  

5. Limit conveyance of the R-5/R-6 side channel to 6% of the total flow at 7500 ft3/s.  

6. Reduce floodplain conveyance adjacent to the R-4 flow split to near zero at 7500 ft3/s 



POST CONSTRUCTION – ASBUILT CONDITION  

4,500 CFS 



PRE AND POST HABITAT MAPPING – MODEL VALIDATION 

   



POST CONSTRUCTION – REDD SURVEYS 

   



TERRAIN MODEL DATA COLLECTION – BATHYMETRY AND LIDAR 



REPEAT PHYSICAL MONITORING – SIDE SCAN SONAR DATA 

PRE AND POST CONSTRUCTION 



POST CONSTRUCTION – 3D LASER SCANNING OF WOOD  





TRINITY RIVER RESTORATION PROGRAM - PARTNERSHIP 



Tell me and I'll forget. Show me, 
and I may not remember. Involve 

me, and I'll understand. 
- Native American Saying -  

 

DJ Bandrowski P.E., Project Engineer 

djbandrowski@yuroktribe.nsn.us  

906-225-9137 
 

 

mailto:djbandrowski@yuroktribe.nsn.us


Evaluating Restoration Effects on Juvenile Salmon 

Habitat in a Large Regulated River System in  

Northern California 

Aaron Martin – Yurok Tribe 
 



Trinity River Restoration 

• Restoration goals include 

– Restore natural salmon production 

• 64 km restoration reach 

• Rearing habitat availability limiting factor 

• Restoration strategy 

– Process based restoration 
• Restored streamflow – simulated spring snowmelt events 

• Coarse sediment augmentation  

• Channel rehabilitation (~47 sites) 

– Project evolution 

– Adaptive management 

 
 



Restoration Reach 



Proposed Channel Rehabilitation Sites 



Channel Rehabilitation to Date 



Rearing Habitat Assessment Methods 

• Develop habitat definitions  

–HSC identified specific depths and velocities 

• Habitat guilds 

• Chinook and coho salmon  

–Fry (<50 mm FL) 

–Presmolt (50-100 mm FL)  

• Map shallow/slow areas and cover 
independently 



Rearing Habitat 
Assessment 
Methods 

Reporting Metrics: 

• Optimal habitat 

• Total habitat 

Conducted validation 
studies using snorkel  
counts to prove 
definitions 



Habitat Mapping Example 

 



Comparison of sites 
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Lowden Meadows 



Evaluating fish response 

• Can use the habitat maps/categories to help 
develop a sampling strategy to look at fish use 

• What design elements are most heavily 
utilized by juvenile fish (i.e., LWD, ponds, 
alcoves, flow)?  

• Do juvenile salmonids use all identified rearing 
habitat equally? 

 

 



A Sample of Monitoring Effort 

• Sampling is distributed amongst categorical 
habitat bins based on depth, velocity, and 
cover (DVC) proportional to availability  

• A habitat unit or “Polygon” of like DVC is 
identified, delineated, and physical 
parameters are measured 

• The polygon is revisited after a 24 hour 
period to allow fish present to return to 
normal behavior 

• The polygon is surveyed for the presence of 
fish simultaneously by two divers 



Fish use at 2 sites by feature type 
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Bringing it back to design 

• Habitat mapping at rehab sites has been a key 
element feeding design evolution since 2008.   

• Relatively quick assessment, accurate results, 
able to cover a lot of ground 

• Important to track progress through time, 
after site has had time to evolve 

• Consider including fish use as part of 
evaluation 

 



Channel Rehabilitation Assessment 
Example 



Before Construction 
2008 

• Riparian encroachment 

• Main channel disconnected 
from floodplain 
– Intermediate streamflows 

• Lack of habitat complexity 

 



Project Design 

Project Goal- Increase salmonid 
rearing habitat at all flows 

 

Design Elements include: 

• Berm Removal 

 

• Floodplain lowering 

 

• Side channel creation 

 

• Addition of large wood and 
riparian plantings 

 

• 24,000  CY excavation 

 
 

 



Habitat 
Assessment 

• Conducted pre and 
post-construction 
mapping (2008 & 
2009) 

• Mapped site at 5 flows 
(300, 450, 700, 1200, 
2000 cfs dam release) 

• Revisited site in 2013 
after 2011 high flow 
event 

• Report  optimal and 
total habitat 



Pre vs Post-construction 
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High Streamflow Event 2011 



Revisit (post high flow) 
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What Happened?!? 



Topographic Change 
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Process!! 
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For more information see 

Goodman DH, NA Som, J Alvarez and A Martin.  2015.  A mapping 
technique to evaluate age-0 salmon habitat response from restoration.  
Restoration Ecology doi: 10.1111/rec.12148 



Questions? 



Restoration of Complex Habitat Assemblies in 

Sediment Rich Ecosystems: Examples from Lower 

Klamath Tributaries 

Rocco Fiori  (Fiori GeoSciences) &  

Sarah Beesley (Yurok Tribal Fisheries Program) 



Discussion Topics 

Complementary wood loading & off-channel construction 
techniques in 2nd to 5th Order Streams 

Bank Based Jams  
Bar Apex Jams 
Stumps 
Off-Channel Features 

Biologic Hot Spots 

Tributary Confluences 
Pre-existing Side Channels & Wetlands 
Springs  
Beaver Activity 
 

Wood loading & augmentation applied until natural recruitment  
supplies wood needed to restore geomorphic function and  
self-maintaining habitat requirements 

Long Term Approach 



SHDI:0.45 

Pool Depth:0.64m 

SHDI:2.12 

Pool Depth:1.82m 

Habitat Changes Related to Large Wood Loading  
Benegar et al. (In Review) Evaluation of constructed wood jams in a forest, gravelbed stream. 

Plan view 

Guiding Concepts 



Long Profile and Cross-Section Changes 

Guiding Concepts 

Habitat Changes Related to Large Wood Loading  
Benegar et al. (In Review) Evaluation of constructed wood jams in a forest, gravelbed stream. 



Percent Wood Cover 
Residual Pool Depth 

Habitat Heterogeneity Gravel Storage 

Guiding Concepts 

Habitat Changes Related to Large Wood Loading  
Benegar et al. (In Review) Evaluation of constructed wood jams in a forest, gravelbed stream. 
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Abbe and Montgomery (2003) Patterns and processes of wood debris 

accumulation in the Queets River basin, Washington. 

 

Wohl (2013) Floodplains and Wood. 

 

Roni et al. (2015) Wood placement in river restoration: fact, fiction, and future direction. 

 

USACE & BOR (2015) Large Wood National Manual. 

Wood Dynamics and Function 

Guiding Concepts 



Hyporheic Exchange Mechanisms and Function 

Redd Site Selection and 
Spawning Habitat Used  
by Chinook Salmon.  
From: Geist & Dauble (1998). 

Geomorphic Controls on 
Hyporheic Exchange. From: 
Wondzell & Gooseff (Pre-Print). 

Influence of Subsurface 

Structures on Hyporheic 

Exchange. From: Ward et al. 

(2011). 

Guiding Concepts 



Project Locations 

Terwer Creek 
DA = 80.2 km2 (31 mi2) 

McGarvey Creek 
DA = 23.0 km2 (8.9 mi2) 

Klamath 

Estuary 

Hunter Creek 
DA = 61.6 km2     

(23.8 mi2) 



Hunter Creek Watershed 

Site 1 

Site 2 

Site 3 Site 4 

Site 5 

Site 6 

Site 7 

Homes 

Bridges 



Hunter Creek Watershed 

BAJ & BBJs 

BBJs 

BAJs, BBJs & 
Stumps 

Alcove & Side 
Channel 

Side 
Channels 



Hunter Creek Site 1 

Pre-Construction As-Built 

BAJ 1 

BBJ 

Side Channel 

Alcove 
BAJ 1 

BAJ 1 



Hunter Creek Site 1 

Main 

Channel 

 

Side 

Channel 

 

Alcove 
BBJ 



Hunter Creek Site 4 

Tributary 

Confluence  

Construction 2012 

As-Built 2012 



Hunter Creek Site 4 

As-Built 2012 

Post 5-yr RI flood WY15 



Hunter Creek Site 4 

As-Built 2012 

Post 5-yr RI flood WY15 



Hunter Creek Site 7 - BAJ 1 

First flows 2014 

Post 5-yr RI flood WY15 



Hunter Creek Site 7   

BAJ 2, BBJs & Stumps 

BBJ 
BBJ 

Stump BBJs 



Hunter Creek Site 7   

BAJ 2 

Post 5-yr RI flood WY15 



BAJ 3 

BRJ 1 

BAJs 4 & 5 

BAJ 6 

Hunter Creek Site 7   

BAJs and BRJ 
As-Built 2014 

First flows 2014 



Hunter Creek BAJ 3 - Chaos Jam 

Pre-Project 2012 

Construction 2012 



Hunter Creek BAJ 3 - Chaos Jam 

As-Built 2014 

First flows 2014 



Hunter Creek BAJ 3 - Chaos Jam 

5-yr RI flood 

12/21/14 

1.2-yr RI flood 

2/07/15 



Hunter Creek Site 7 Bank Based Jams 

Digger Log  

& Stump 

Bar 

Roughness 

Jam 



Hunter Creek Site 7 - BAJ 4, 5 & 6 

Hyporheic fed  

side channel 

BAJ 4 

BAJ 5 

BAJ 5 



Hunter Creek Site 7  

BAJ 6 
As-Built 2014 

First Flows 2014 



Post 5-yr RI Flood WY15 

Hunter Creek Site 7 - BAJ 6 



Hunter Creek Site 7 – PADR 1 & 2 

As-Built 2014 

Pre- Construction 2014 



Hunter Creek Site 7 – PADR 1 & 2 



Hunter Creek Site 7 – PADR 1 & 2 

First Flows 2014 

Post 5-yr RI flood WY15 



Hunter Creek Site 7 – PADR 1 & 2 

First Flows 2014 

Post 5-yr RI flood WY15 



Terwer Creek 



Terwer Creek 



ELJ 1 

 

Alcove B 

 

Crib 

Wall 

Jam 

 

Alcove A 

 

Willow 

Baffles 

 

Terwer Creek  

Integrated Use of ELJs, Alcoves & BioEngineering 

ELJ 2 

ELJ 3 
ELJ 4 



ELJ 1 

As-Built 

Flow  



ELJ 1 

5-yrs Post-Construction 

ELJ 1   2-yrs Post-

Construction 



ELJ 1 

ELJ 1 

Terwer Creek 
First Winter  

Post-Project 

Side Channel 



Terwer Creek 

ELJ 1 

Side Channel 

Pre-Construction 2008 

Post-Construction 2009 



McGarvey Creek – Alcove I 

Pre-

Construction 

Post-

Construction 



McGarvey Creek – Alcove II 

Infiltration Gallery  PIT Tag Antenna  Log Jam at Confluence  
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Off-Channel Habitat Area (m2) 

Preliminary Data 

Nickelson (2008) A Habitat-Based Assessment of Coho Salmon Production Potential and 

Spawner Escapement Needs for Oregon Coastal Streams. 



Off-Channel Habitat Restoration  

Cost Effectiveness 

Location 

Wetted 

Habitat 

Area 

(m2) 

Average 

Juvenile 

Abundance 

(# of yrs) 

Average 

Fish 

Density 

(#/m2) 

Cost* 

 

($/m2) 

Cost 

$/fish 

(30 yrs) 

Terwer Alcove A 458 35 (3) 0.07 49 22 

Terwer Alcove B 1330 66 (5) 0.05 141 95 

McG Alcove 1 723 115 (4) 0.16 150 32 

McG Alcove 2 300 139 (3) 0.46 220 16 

McG Alcove 3 527 59 (2) 0.13 123 36 

McG Alcove 4 600 162 (1) 0.27 125 16 

Hnt Alcove 1 200 27 (4) 0.8 78 20 

* Construction costs are based on the wetted habitat area created and are preliminary estimates that include wood 

loading, monitoring and other project related costs. 

Ogston et al. (2014) Watershed-scale effectiveness of floodplain habitat restoration for juvenile coho salmon in the 

Chilliwack River, British Columbia. 

 

Roni et al. 2010. Estimating changes in coho salmon and steelhead abundance from watershed restoration: how much 

restoration is needed to measurably increase smolt production?  



Wood Loading Costs 

Carah et al. (2014) Low-Cost Restoration Techniques for Rapidly Increasing Wood Cover 

in Coastal Coho Salmon Streams 



Next Steps 

Valley Sidewall 

Valley Sidewall 

Flow 

Valley Sidewall 

Valley Sidewall 

VALLEY FLOOR MANAGED AS 

TRANSPORTATION & FLOOD CORIDOR  

 

ECO-HYDRAULIC FUNCTION DISRUPTED 

BY FLOODPLAIN ROADS, LEVEES AND 

OTHER LAND USES 

VALLEY FLOOR MANAGED AS FLOODPLAIN 

 

RELOCATE ROAD 

 

DISEMCUMBER THE CHANNEL MIGRATION    

ZONE 

 

BEAVER AS LEAD-ENGINEER 

Road 

Road 



Salmon Need Habitat – We Need Salmon 

Thank You 



Off Road Vehicle Impacts 
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Round-Table Discussion 

• Today, 12:30 
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