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Restoring Complexity: Design of Large Wood Structures 
and Off-Channel Habitats

A Concurrent Session at the 34th Annual Salmonid Restoration Conference held 
in Fortuna, CA from April 6-9, 2016.
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Session Overview

 Session Coordinators:

 Michael Love, P.E., Michael 
Love & Associates

 Steve Allen, P.E., GHD Inc.

Many of our streams and rivers have become over-
simplified through removal of large wood and stream 
encroachment and confinement, often resulting from 
pressures to reduce flooding at the expense of 
biological diversity. This trend commonly results in 
the disconnection and loss of complex backwater 
habitats and deep pools that once provided 
productive nurseries for rearing salmonids.  This 
workshop focuses on developing and constructing 
projects aimed at restoring geomorphic processes 
that create and maintain channel complexity while 
working within current-day constraints.  Presentations 
will describe approaches to identify and characterize 
site suitability for restoring off-channel habitat and 
creating high-flow and thermal refugia, available 
tools and analyses to support design development, 
use of large wood structures (LWS) to create desired 
geomorphic responses, approaches to mitigate 
potential project risks, and engineering and 
construction techniques for installing LWS and 
connecting off-channel habitat.  The workshop will 
include instruction on these various topics and 
presentations of example projects.



+
Presentations
(Slide 5) Geotechnical Characterization and Construction Techniques for Creating Off-
channel Habitats and Post-assisted Wood Structures
Rocco Fiori, Fiori GeoSciences

(Slide 55) Constructed Wood Jams and Off-Channel Habitats on the Trinity River, CA
Aaron Martin, DJ Bandrowski, Kyle DeJuilio, and Andreas Krause, Yurok tribe

(Slide 122) Installation of LWD from a Contractor’s Perspective
Mark Cederborg, Hanford ARC

(Slide 149) LWS Construction Considerations for Publically Bid and Contracted 
Restoration Projects
Steve Allen, GHD

(Slide 167) Integrating Off-channel Estuary Slough Restoration in the Mattole, with 
Riparian Revegetation and Terrace Margin treatments for Climate Change resiliency
Sungnome Madrone and Drew Barber, Mattole Salmon Group

(Slide 211) Jacoby Creek Off-Channel Habitat: Site Characterization, Design, and 
Construction
Michael Love and Antonio Llanos, Michael Love & Associates
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Presentations
(Slide 233) Channel Surfing by Juvenile Salmonids:  Fish and Water Quality Responses to 
Off-channel Habitat Restoration Projects in the Stream-estuary Ecotone of Humboldt Bay
Mike Wallace, California Department of Fish and Wildlife

(Slide 270) Coho, Cows, and Collaboration: Creating Coho Rearing Habitat in an 
Anthropogenic Landscape
Charles Wickman, Mid Klamath Watershed Council

(Slide 283) Design and Engineering of Off-Channel Habitat and Large Wood Projects
Toz Soto, Karuk Tribe

(Slide 330) The Effectiveness of Large Wood Enhancement in Lagunitas Creek over 15 
Years
Eric Ettlinger, Marin Municipal Water District

(Slide 351) Design and Implementation of Fine Woody Material for Juvenile Salmonid 
Habitat
Brian Wardman, Northwest Hydraulic Consultants

(Slide 370) Models for Cranberry Bog Stream and Wetland Restoration
Caitlin Alcott, Inter-Fluve



Geotechnical Characterization and Construction Techniques 
for Creating Off‐Channel Habitats and Post‐Assisted Wood 
Structures: Examples from Lower Klamath Tributaries

Rocco Fiori, Fiori GeoSciences
Sarah Beesley, Yurok Tribe Fisheries Service 
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Discussion Topics

Key Design Equations and Selection of Input Parameters

Construction Techniques and Failure Mechanisms

Conceptual Model For Estimating ELJ Design Life

Why Post-Assisted Wood Structures
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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
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Design Resources For Post & Pile 
Supported Large Wood Structures
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Key Post & Pile Design Equations

Knudson and Fealko 2014

Pullout Resistance

Should be multiplied by 2/3 for pullout Prakash and Sharma (1990)

= effective vertical stress over pile length

Material δ
Ks

low density soil high density soil

timber 2/3φ 1.5 4

Broms Ks and δ values for driven timber piles
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Key Post & Pile Design Equations

Knudson and Fealko 2014

Lateral Resistance
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Key Post & Pile Design Equations
Embedment Depth

Knudson and Fealko 2014

2
Corrected Eq 40
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Geotechnical Properties Earth Materials

Teng  (1962) NAVFAC DM 7.2 (1986)

FHWA (1993) after Meyerhof (1956) K and F (2014) from Rafferty (2013)
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Geotech Investigation and FOS
In the past, only two methods have been used for coping with the inevitable uncertainties: either to adopt an 
excessive factor of safety, or else to make assumptions in accordance with general, average experience. The 
designer who has used the latter procedure has usually not suspected that he was actually taking a chance.

The first method is wasteful; the second is dangerous. Soil mechanics, as we understand it today, provides a 
third method which could be called the experimental method. The procedure is as follows:

1. Exploration sufficient to establish at least the general nature, pattern and properties of the deposits, but 
not necessarily in detail.
2. Assessment of the most probable conditions and the most unfavourable conceivable
deviations from these conditions. In this assessment geology often plays a major role.
3. Establishment of the design based on a working hypothesis of behaviour anticipated under the most 
probable conditions.
4. Selection of quantities to be observed as construction proceeds and calculation of their anticipated values 
on the basis of the working hypothesis.
5. Calculation of values of the same quantities under the most unfavourable conditions compatible with the 
available data concerning the subsurface conditions.
6. Selection in advance of a course of action or modification of design for every foreseeable significant 
deviation of the observational findings from those predicted on the basis of the working hypothesis.
7.  Measurement of quantities to be observed and evaluation of actual conditions.
Modification of design to suit actual conditions.

Karl Terzaghi, quoted in Peck (1969)
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Post and Pile Failure Modes

FDrag

FSkin Friction

FGravity

FBuoyancy

Free Head Fixed HeadForces

FSF

φ
γ
δ

KS
Kp

φ
γ
δ

KS
Kp
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Basic ELJ Architecture 

Embedment Depth

Scour Depth

Design Discharge Depth

Embedment Depth

Scour Depth

Design Discharge Depth

Profile Section
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Pile Drivers
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Log Guide:
> 14 inch OD, schedule 
80 well casing.

Impact Tool Guide:
> 6 inch OD, schedule 
80 well casing.

Hydraulic Hammer:
4,500 lbs force 
minimum for cobble 
bed streams.

Attachment Chains:
Short sections of chain 
welded to hammer 
and strike plate, 
connected by clevis
or hammer links.

Strike Plate:
> 1 inch thick steel 
plate.

Pile Drivers
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Wood Handling Techniques
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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)
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Hunter Creek Watershed

Site 1

Site 2

Site 3Site 4

Site 5

Site 6

Site 7

Homes
Bridges
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Hunter Creek Site 6 – BAJ 1
First flows 2014

Side channel flowing under LWD fence 
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Hunter Creek Site 6 – BAJ 1

Side channel flowing under LWD fence 
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Hunter Creek Site 7 - BAJ 1
Post 5-yr
RI flood
WY15

Post x-yr
RI flood
WY16
Mar 
2016
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Hunter Creek Site 7 - BAJ 2
First flows WY15
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Hunter Creek Site 7 - BAJ 2

Post 5-yr RI
flood WY15

Post ~15-yr RI
flood WY16
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Hunter Creek Site 7 – Multiple ELJs in Series

BAJ 3 BRJ 1

BAJs 4 & 5
BAJ 6

~As-Built
Sept 2014

First flows
Nov 2014
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BAJ 3

BRJ 1

BAJs 4 & 5 BAJ 6

April 2016

Hunter Creek Site 7 – Multiple ELJs in Series
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Hunter Creek BAJ 3 - Chaos Jam
Pre-Project
2012

Construction
2014
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Hunter Creek BAJ 3 - Chaos Jam
As-Built 2014

First flows 2014
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Hunter Creek BAJ 3 - Chaos Jam
5-yr RI flood
12/21/14

1.2-yr RI flood
2/07/15
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As-Built 
First flows
Oct 2014

High flows - Dec 20, 2014
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January 
2016

March
2016

Redwood
Recruit
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Hunter Creek Site 7 
BAJ 6 As-Built 2014

First Flows 2014
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Post 5-yr RI Flood WY15

Hunter Creek Site 7 - BAJ 6
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As-Built 2014

Pre-Construction  2014

Hunter Creek Site 7 – PADR 1-2
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During Construction  Oct 2014

PADR 1-2 - First flows Oct 2014
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Post 5-yr RI flood WY15

PADR 1-2 – January 2016
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February 2016

PADR 1-2 – April 2016
38



February 2016

PADR 1-2 – April 2016
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Terwer Creek

40



Terwer Creek
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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

42



Terwer Creek

ELJ 1

Side Channel

Pre-Construction 2008

Post-Construction 2009

ELJ 2
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March 
2012

Terwer Creek ELJ 2

April 2016

As-Built
2011
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Terwer Creek ELJs 1-3

As-Built ELJ 3
Oct 2012 Dec 2012

April 2016

ELJ 1ELJ 2
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As-Built
ELJ 1
2010

Flow 

Terwer Creek ELJ 1

ELJ 1
2012
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ELJ 1 – Sumer 2015
5-yrs Post-Construction

ELJ 1 – April 2016
6-yrs Post-Construction
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ELJ Durability

Location Constructed Remaining

Hunter Cr 15 14

McGarvey Cr 2 2

Terwer Cr 7 7

Total 24 23

96% remain after multiple > 5 yr RI floods
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Post and Pile Failure Modes

FDrag

FSkin Friction

FGravity

FBuoyancy
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FSF

φ
γ
δ

KS
Kp

φ
γ
δ

KS
Kp

50



Basic ELJ Architecture 

Embedment Depth

Scour Depth

Design Discharge Depth

Embedment Depth

Scour Depth

Design Discharge Depth

Profile Section
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Salmon Need Habitat – We Need Salmon

Thank You
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Contributors

• Rocco Fiori – Engineering Geologist/Operating Engineer, Fiori GeoSciences

• Sarah Beesley – Fisheries Biologist, Yurok Tribal Fisheries Program

• Aldaron McCovey - Fisheries Technician, Yurok Tribal Fisheries Program

• Steven Nova - Fisheries Technician, Yurok Tribal Fisheries Program

• Robert Grubbs – Fisheries Technician, Yurok Tribal Fisheries Program

• Scott Silloway – Fisheries Biologist, Yurok Tribal Fisheries Program

• Andrew Antonetti – Fisheries Biologist, Yurok Tribal Fisheries Program

• Walter Mecklenburg – Fisheries Biologist, Yurok Tribal Fisheries Program
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Funding Partners, 
Landowners and Cooperators

• U.S. Fish and Wildlife Service 
• U.S. Bureau of Reclamation
• National Oceanic and Atmospheric 

Administration
• CA Dept of Fish and Wildlife
• Green Diamond Resources Company
• Yurok Tribe Watershed Restoration Dept.
• Yurok Tribe Environmental Program
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RESTORING COMPLEXITY: 
DESIGN OF LARGE WOOD STRUCTURES

AND OFF‐CHANNEL HABITATS WORKSHOP
“CONSTRUCTED WOOD JAMS ON THE TRINITY RIVER”

David (DJ) Bandrowski P.E., Aaron Martin, 
Andreas Krause P.E., Kyle De DeJuilio

Yurok Tribe – Fisheries Division

Salmon Restoration Federation (SRF)
April 7, 2015
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• Trinity River Restoration Program - Historical Background

• Large Wood and General Restoration Philosophy

• Evolution in Design and Implementation Approach

• Wood Loading – How Much is Enough?

• Current Design Guidance and Design Tools

• Types of Large Wood Structures

• Construction and Contracting Recommendations

• Example/Case Study Large Wood Geomorphic Structures
_________

Aaron Martin 

• Continued Trinity Large Wood Topics, including Hydraulic and Habitat Structures

DISCUSSION TOPICS
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THE TRINITY’S EARLY YEAR – REFERENCE CONDITION….?

Photos Courtesy of Trinity County 
Historical Society
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Figure 2.  Trinity River circa 1910‐1930 near Trinity Center near Swift Creek confluence (see Figure 1) prior to impoundment 
of Trinity Lake.  The alluvial valley is clearly covered in a mixed stand of multi‐age coniferous trees.  Photo is believed to be 
looking upstream. Photo from Rocco Fiori courtesy of Trinity Valley Historical Society. Interpretations by Tim Abbe.

Historic conditions within the Trinity

Historic conditions within the Trinity
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PROCESSED BASED PRINCIPLES – RESTORATION PHILOSOPHY
BALANCING STABILITY VS. DYNAMISM
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EVOLUTION OF WOOD PLACEMENT (2006 – CANYON CREEK SUITE)
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EVOLUTION OF WOOD PLACEMENT (2009 - SAWMILL)
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2015 – LIMEKILN GULCH CHANEL REHAB PROJECT
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Fox, M., S. Bolton, and L. Conquest. 2003. 

HOW MUCH WOOD IS ENOUGH?...
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Figure 3.  Trinity River in the Minersville area circa 1910‐1930, an area also inundated by Lake Trinity.  Flow is from right to 
left based on wood accumulation at head of point bar in lower left.  Floodplain clearings are interpreted as homestead 
farms.  Photo from Rocco Fiori courtesy of Trinity Valley Historical Society.  Interpretations by Tim Abbe.

Historic conditions within the Trinity
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Project
Year

Rehabilitation
Site Name

Large Wood 
– Approximate

(Pieces)

2005 Hocker Flat 0

2006 Canyon Creek Sites 100

2007 Indian Creek Sites 200

2008 Lewiston and Dark 
Gulch Sites 

200

2009 Sawmill and Steel 
Bridge Day Use

260

2010 Lowden Ranch, Trinity 
House Gulch, and 

Reading Creek

300

2011 Wheel Gulch 200

2012 Upper Junction City
Lower Steiner Flat

400

2013 Lorenz Gulch and 
Lower Douglas City

600

2014 Lower Junction City 250

Total 2,435

AS-BUILT QUANTITIES OF WOOD ON THE TRINITY
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NATIONAL LARGE WOOD MANUAL – DESIGN GUIDANCE

Chapter 1. Large Wood Introduction

Chapter 2. Large Wood and the Fluvial 
Ecosystem Restoration Process

Chapter 3. Ecological and Biological 
Considerations

Chapter 4. Geomorphology and Hydrology 
Considerations

Chapter 5. Watershed-Scale and Long-Term 
Considerations

Chapter 6. Engineering Considerations

Chapter 7. Risk Considerations

Chapter 8. Regulatory Compliance, Public 
Involvement, and Implementation

Chapter 9. Assessing Ecological Performance

Chapter 10. Large Wood Bibliography
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RECENT LARGE WOOD DESIGN DOCUMENTS

Knutson and Fealko 2014
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RECENT LARGE WOOD DESIGN TOOLS
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TYPES OF LARGE WOOD ELEMENTS

 Geomorphic structures
o primary goal – interact with river flow and sediment
o secondary goal – provide habitat
o larger structures with larger scour potential
o flow splitting, abutment, bar apex jam 

 Hydraulic structures  
o similar to geomorphic structures but smaller with less scour 

potential
o purpose to guide flow or create hydraulic complexity (side channels)

 Habitat structures
o simple, smaller structures suited to typical design details
o not intended to provide structural stability
o primary goal – habitat, cover, floodplain roughness
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TERRAIN MODEL DATA COLLECTION – BATHYMETRY AND LIDAR
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2D HYDRAULIC OUTPUT – 9000 CFS – VELOCITY VECTORS AT
LARGE WOOD JAMS AT DEEP GULCH
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UPPER JUNCTION CITY
MORPHODYNAMIC

MODELING

SEDIMENT TRANSPORT AND
EROSION/DEPOSITION
EVOLUTION MODELING

DEVELOPED BY BUREAU OF
RECLAMATION – TECHNICAL

SERVICE CENTER (TSC)
YONG LAI
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PRE-EROSION
CONDITION 2009

POST-EROSION
CONDITION 2011

COMPARING TWO KNOW TOPOGRAPHIC
DTM DATASETS AND KNOWN

HYDROGRAPH FROM GAGE RECORDS
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POST CONSTRUCTION – 3D LASER SCANNING OF WOOD
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CONSTRUCTION AND IMPLEMENTATION ON THE TRINITY
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PILE DRIVING EQUIPMENT
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CONTRACTING AND BID SCHEUDLE
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42 MILE REACH-SCALE APPROACH - PROJECTS BEGIN IN 2005
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UPPER JUNCTION CITY PROJECT REACH – 1944, 1960, 2011, 2012
LOW FLOW CONDITIONS
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UPPER JUNCTION CITY PROJECT REACH
DIGITAL TERRAIN MODELING (DTM) – ALTERNATIVE ANALYSIS
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UPPER JUNCTION CITY PROJECT – POST CONSTRUCTION (~4500CFS)
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MODELING FOR DESIGN PERFORMANCE – UPPER JC 2012
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LARGE WOOD DESIGN DRAWINGS
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UPPER JUNCTION CITY – DESIGN OBJECTIVES

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
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2D HYDRAULIC MODELING – DESIGN CONDITIONS
FLOWS = 450, 2700, 7500 CFS
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POST CONSTRUCTION – ASBUILT CONDITION (300 CFS)
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POST CONSTRUCTION AT ~4500CFS
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“INFILTRATION GALLERY” - HYPORHEIC INLET TO POND
REDUCES LOSS OF CONVEYANCE AND RISK OF INLET FILLING
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OTHER GEOMORPHIC FEATURES
LOWDEN RANCH REHAB SITE 2010
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OTHER GEOMORPHIC FEATURES
LORENZ GULCH REHAB SITE 2013
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TRINITY RIVER RESTORATION PROGRAM
COLLABORATIVE PARTNERSHIP
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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
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Constructed Wood jams and off channel habitats –
part 2

Aaron Martin – Yurok Tribal Fisheries Program
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Outline:
Hydraulic Structures
Habitat Structures
Monitoring
‐ habitat
‐ fish use

Construction related lessons and tips
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Hydraulic Structures
Widely used to help maintain side channel openings at a range of 
flows
Needs to interact with high flows, want it in the flow path
Should be well ballasted, or anchored
We use larger rocks/boulders, or existing vegetation/banks and 
native material
Don’t forget the slash!
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Hydraulic Structures 
‐ examples

• Usually excavate entire 
footprint

• Used large boulders 
and/or native material 
as ballast

• Entrance would be 
filled in without 
structure
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Hydraulic Structures 
‐ examples

• No wood jam 
requested

• Filled within 2 years
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Hydraulic Structures 
‐ examples

• Goal was to raise WSEL, 
slow down water 
upstream

• 2 logs and some 
boudlers

• Huge increase in 
habitat diversity
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Hydraulic Structures 
‐ examples

• Keep you veg, and have 
your wood too!

• Convinced designer to 
not excavate footprint, 
rather build into 
existing bank and 
vegetation
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Habitat Structures

Usually less than 10 logs/trees

Majority target low – medium flows to increase habitat 

Heavy use of slash with all features, this is what the juvenile fish respond to

Excavate ‘cavity’, place slash/wood, fill with native material

Have placed 1000’s of habitat features.  Vast majority are still in place.
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Habitat Structures ‐
examples

• Heavy wood loading, 
but careful not to 
affect hydraulics in sc

• Try to vary 
orientation, size, 
spacing etc.  
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Habitat Structures ‐
examples

• Use wood to create 
pool/riffle 
morphology

• Diversity of 
habitat=diversity of 
critters
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Habitat Structures ‐
diversity

• Pond construction
• Wood heavy!

• Off channel features 
favor Coho, some 
Chinook

• Turtles, ducks/geese, 
lamprey etc
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Monitoring – Feedback to restoration
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Habitat mapping 
at rehab sites

• Survey habitat at a range 
of flows before and after 
construction, and over 
time

• Measure specific 
depth/velocity and cover 
to describe available 
habitat
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Habitat mapping at 
rehab sites

• Example of habitat mapping 
results at a site on Upper Trinity

• Reduced optimal habitat 
immediately after construction

• Huge increases at flows above 
baseflow (water on floodplain, 
in vegetation)
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Habitat mapping at 
rehab sites

• Important to monitor over time

• Understand more by looking at a 
range of flows

• Combination of bar deposition and 
re‐vegetation provided huge 
increases at higher flows

• Process takes time!
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Comparison of sites
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What do the fish say?
‐Conducted snorkel surveys for 2 years, describing habitat use by fry and juvenile 
salmonids

‐Over 4500 observations
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Shallow/slow areas with cover had the highest densities of fish
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New studies directed at providing additional feedback to 
Design Team

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

• When constructed, a specific feature will be highly utilized by Chinook and Coho 
salmon. 

• “Juvenile salmonids use all identified rearing habitat equally”

• How do juvenile fish densities differ between similar kinds of habitat within different 
types of constructed features?”
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How Fish Use Different Feature Types
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• Fish densities vary among feature types
• Fish densities vary among categorical habitat types between features
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Construction/Wood implementation 
lessons from the Trinity

• Flexibility is key!  Can’t 
design a perfect channel 
on your computer

• Need ability to ‘field fit’

• Don’t overdesign if you 
don’t have to

• Time and materials 
contract
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Lessons continued..
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Lessons continued..

• Use straps/chockers 
to drive/weave logs 
into existing banks 
and trees
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Lessons continued..

• Combination of 
pins and boulders

• Sharpened logs 
and drove into 
bank

• Fine substrate, 
but root cohesion
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Building a living 
wood jam

• Used fresh 
cottonwood 
cuttings 
(branches)

• Tied to piles
• Placed fines 
around them

• Built jam around 
them
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Get the best 
operator!

• Must have the best 
operator available

• Makes a huge difference 
in what/how much can 
be accomplished

• Get them involved, make 
them take ownership

• Work as a team, listen to 
their ideas

120



Questions?

Habitat Mapping Citation
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
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Large Woody Debris Installation: 
A Contractor’s Perspective

Hanford ARC
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About Hanford ARC

• Established in 1984 in Sonoma, Ca.
• Growth of Company based on industry growth and client needs
• Employment now ranges from 40 to 90 seasonally
• Service area includes Western States, primarily California
• Specialty is stream, wetland and heavy civil construction in sensitive 

habitat
• Clients: Federal, State, Regional, Local Agencies, Utilities, Private 

Landowners
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Our Approach to Contracting

• Approach project with intent to work as a team with owner and 
designer

• Understand design ‘intent’, site and permit restrictions.  This helps us 
to determine means and methods relative to desired outcome.

• All parties must remember that we are typically working in a dynamic 
system.  Changed conditions should come as expected rather than a 
surprise.  Our goal is to have all tools readily available to address 
conditions.

• We assess potential risk factors during bidding, and always aim for 
flexibility during construction.
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Recommendations for Contracting

• PREQUALIFY
• RFP Process, with approach narrative required = vested contractor and best 

value
• Establish bid items that allow for evaluation of bids and create a basis for 

evaluating whether bids are balanced
• Specify performance criteria, rather than means and methods
• Do not guarantee site conditions, and provide full permit text with bid 

package
• Since LWD structures are typically below top of bank, water control 

methods should be discussed immediately with contractor, preferably 
during bid/proposal analysis
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Installation Equipment

• Excavator (critical and typically primary equipment)
• Wheel loader with log forks or skid steer with grapple (secondary, log 

handling)
• Heel Boom (very effective for log handling and setting)
• Excavator or crane mounted pile driver (for driven logs)
• Excavator mounted vibra-plate (for driven logs)
• Chainsaw (for notching, cutting tip, trimming clean rootballs)
• Machetti, Hand Saw (trimming dirty rootballs)
• Hand Tools (wrenches, ratchets, torch, cable cutter, rock drill, wood drill.  

Tools to work with cable and bolts)
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Log Anchoring

• Rock only, relying on rock weight, or drilled rock with cables or bolt
• Pin logs, relying on friction, or cable, bolt together
• Anchoring: duckbill, helical, tied to cable
• Other Materials: epoxy, cable, cable clamps, bolts, washers, nuts
• Anchoring tools: gas or electric drill, rock drill, equipment for setting 

anchors, pull tester
• All tools should be on-hand; contractor should be focused on efficient 

and effective installation, owner/inspector should be focused on 
testing for effective installation and end result
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Anchoring – cable and rock
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Anchoring – cable and driven pin log

129



Anchoring – duckbill earth
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Types of Structures

• Single rootwad, rock anchor – equipment only
• Rootwad series with header/footer logs, cable/bolt – equipment, 

labor
• Solo pin logs – equipment only
• Log weirs – equipment only unless cable/anchor is required
• Debris jams – equipment and labor required
• Crib walls – equipment and significant labor force required
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Example 1 – Brush Creek (1999), single root wad
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Example 2 – Redwood Creek (2003), weirs and complex bank structures
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Example 3 – Peyton Slough (2004), logs in tidal environment
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Example 4 – Arroyo de la Laguna (2006) pin logs
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Example 5 – Angora Creek (2006), floodplain logs, rootwad toe series
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Example 6 – Inman Creek (2009), simple LWD introduction below TOB
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Example 7 – Redwood Creek (2009‐11), comlex LWD bank structures 
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Example 8 – Dry Creek (2013‐14), complex LWD structures
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Discussion

• Any type of installation is possible, but costs can skyrocket
• Consult with contractor(s) during design and planning phase
• Consider expense of individual components during design phase, 

contractor may offer alternatives to reduce cost and add value or expand 
scope in exchange for eliminating most expensive installation components

• Consider log sources and log availability.  Consider sustainability of log 
source (rootwad = hole in ground at harvest site).

• Focus on end result and method of testing installation.  Work as a team 
with contractor and exchange ideas regarding means and methods, and 
inform contractor of intent/function and test criteria.
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Presented By:
Steven Allen, Jeremy Svehla

Salmonid Restoration Federation
34th Annual Conference

April 7, 2016

Large Wood Structure Construction 
Considerations for Publically Bid and 

Contracted Restoration Projects
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St
ak

eh
ol

de
rs  Landowners

 Clients
 Regulatory agencies
 Contractors
 Salmonids and other organisms

Presentation Overview

Large Wood 
Structures

Construction 
Management

Construction

Design 
Approach

Bid Package

This presentation will focus on the construction of large wood projects to create 
specific hydraulic conditions desired by the project design.
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Design Approach - Process

Design Criteria:
Hydraulic, Biological, 
Regulatory

Material Selection 
and Availability:
Large Wood

Construction 
Considerations:
Logistics, Access, 
Equipment, Soils

Successful 
Project
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Design Approach - Materials

Large wood is a great construction 
material that has a lot of variability and 
unique attributes that need to be 
understood and addressed.

Considerations include:
• Type of wood
• Availability/timing
• Location of material
• Minimum and maximum sizes
• Anchoring/Ballast
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Design Approach - Goal

Design goals must be understood in 
order to develop a design that meets 
those goals.

Goals could include:
• Hydraulic conditions

– Velocities, roughness
– Grade control, jump heights
– Refugia, cover, hydraulic variability

• Regulatory set number of structures
• Re-using material on-site
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Pu
bl

ic
 B

id
di

ng  Public contract code sections 20161 and 20162 requires competitive bidding
 Lowest responsible bidder who submits a responsive bid
 Responsible bidder typically a licensed contractor how has not been barred
 Responsive bid that complies with all the bid procedures 
 Bid protests, waiving irregularities, rejection of all bids
 Prevailing wage and the California Department of Industrial Relations

Bid Package

Large Wood 
Structures

Construction 
Management

Construction

Design 
Approach

Bid Package
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A good bid package defines the 
project so that contractors 
understand the work to be done 
and can develop competitive bids.

Bid package considerations:
• Include plans, front end 

contract documents and 
technical specifications

• Define funder, client, and 
regulatory requirements

• Define materials
• Define measurement and 

payment
• Define testing requirements 

and anticipated soil conditions
• Define schedule

Bid Package
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C
on

tr
ac

to
rs

 Have “won” the work and now are obligated to complete the work
 Have many responsibilities from insurance to staffing, materials, and equipment
 Want to have a successful project
 Need to make money on a project
 May have good ideas on how to approach certain elements
 They may be juggling other projects

Large Wood 
Structures

Construction 
Management

Construction

Design 
Approach

Bid Package

Construction Considerations
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Success will depend on many factors, and really 
takes a team focused on project success!

Construction considerations:
• Do  your part, control what is in your control
• Communicate regularly (weekly construction meetings)
• Identify and address potential issues early
• Be open to new ideas and different approaches
• Be clear on expectations
• Ask questions
• Be a good listener and communicate clearly
• Be proactive to avoid claims and litigation

Construction Considerations
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R
ol

es

 Construction manager, Engineer of Record
 Inspector is defined by the California Department of Industrial Relations
 Special inspections, materials testing, construction surveying
 Review of submittals, responding to requests for information
 Clients representative to see that project is built per contract documents 
 Goal is to work with all parties to end up with a successful project

Construction Management

Large Wood 
Structures

Construction 
Management

Construction

Design 
Approach

Bid Package
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Construction
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Construction
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Construction
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Construction
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Construction
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Construction
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www.ghd.com

Questions?
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Exciting Details

PUBLIC CONTRACT CODE 
SECTION 20160-20174 

20160.  The provisions of this article shall apply to contracts
awarded by cities subject to Title 4 (commencing with Section 34000)
of the Government Code.

20161.  As used in this chapter, "public project" means:
(a) A project for the erection, improvement, painting, or repair

of public buildings and works.
(b) Work in or about streams, bays, waterfronts, embankments, or

other work for protection against overflow.
(c) Street or sewer work except maintenance or repair.
(d) Furnishing supplies or materials for any such project,

including maintenance or repair of streets or sewers.

20162.  When the expenditure required for a public project exceeds
five thousand dollars ($5,000), it shall be contracted for and let to
the lowest responsible bidder after notice.

166



Integrating off channel slough 
restoration in the Mattole Estuary 

with riparian revegetation and 
terrace margin treatments for 

climate change resiliency

Integrating off channel slough 
restoration in the Mattole Estuary 

with riparian revegetation and 
terrace margin treatments for 

climate change resiliency
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Towards a restoration perspective 

•Prolonged observation
•Adaptive management
•Integrated approach

•Mimic natural process
•Humility
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Prolonged 
observation
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1972

1979
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1972

1987
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1972

2009
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Adaptive management
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Mimic natural 
process:

use only the finest ingredients
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BLM

USFWS

DFG MRC

MSG

DWR
NMFS

Integrated approach
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TAC
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BLM 5 year plan
map

BLM 5 year plan
map
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Humility
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An LWD journey
1990-Present
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Early LWD: circa 1990
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Structure #1 2000
Woodzilla
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Structure #2
2004
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Structures #3 & #4
2007
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Structure #5
2010

189



Structure #6
2010

190



Structure #6The first apex jams
2010
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Structure #7
2011
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#6 #5 #4 #3 #2
#1

#7
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No
Fly
No
Fly

West structure
sites

West structure
sites

East structure 
sites

East structure 
sites

Tipped tree 
sites

Tipped tree 
sites

Heliwood 2013
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Structures
East as planned 

Structures
East as planned 

Apex #1.1

LW instream 
#3.3

LW instream 
#3.1

LW on bank 
#4.1

LW on bank 
#4.2

LW on bank 
#4.3

LW instream #3.2

LW on bank 
#4.4

LW on bank 
#4.5
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StructuresWest as 
planned 

Apex #1.3

Apex #1.2

LW on bank 
#4.6

LW on bank 
#4.7

Cache#2

Cache#1
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Apex #1-3
2013
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On bank 4.7
On bank 4.6

Apex #3
Apex #2

On bank 4.3

On bank 4.2

On bank 4.1

In stream 
3.1

In stream 
3.1

In stream 
3.2

In stream 
3.2

In stream 
3.3

In stream 
3.3

Apex #1

Cache 5.2 

Cache 5.1 
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Slough Excavation
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Revegetation
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Jacoby Creek Off-Channel Ponds: 
Site Characterization, Design, and Construction

Michael Love P.E.
Antonio Llanos P.E.

Michael Love & Associates, Inc.
Arcata, California

Salmon Creek Adjustable Tide Gates

Land Trust

Jacoby Creek “Upper Pond”, March 2016
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Presentation Overview

1. Site Overview and Project 
Objectives

2. Site Characterizations

3. Biological Criteria and 
Considerations

4. Design Development

5. Construction

6. Post-Project Physical 
Monitoring

The Barntini Fundraiser 
at Jacoby Creek Land Trust
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Jacoby Creek
A Key Humboldt 
Bay Tributary for 

Salmonids

Map from RCAA Natural Resources Services
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~4,000 ft Upstream 
of Humboldt Bay

Lower Jacoby Creek Floodplain

Channel/Floodplain Condition: 
Perched channel (floodplain flows does not re-enter)
Oversimplified / Oxbows and Side-channels Disconnected  

Upper Site
Lower Site

Long-Term Stream Gage
by R. Klein (WY 2004-2013)

Floodplain
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Jacoby Creek Pre-Project Conditions

Lower Pond Site
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Project Goals and Objectives
 Improve access for juvenile salmonids to existing Lower 

Pond site to provide over-wintering off-channel habitat

 Create more persistent off-channel over-wintering  habitat 
and provide juvenile salmonid access to this habitat 
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Jacoby Creek Lower Pond Site - Profile

Gravely 
Sand (3/4”)

Clays

Gravely Silty Sand

Highly Disturbed Silty Clay.
Abundant Feces, Hair & Hoof 
Driven Organic Matter  
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Jacoby Creek 
Lower Pond Site

 Daily Rainfall

 Temperature
o Air
o Pond 
o Jacoby Creek

 Water Levels
o Pond
o Jacoby Creek

2012-2013 Monitoring
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Jacoby Creek 
Lower Pond Site

 DO very low during dry 
season 

 Required two backwater 
events and substantial 
rainfall to improve DO.

 DO remained low along 
pond bottom

DO Monitoring (CDFW)

Pond Outlet

Mid-Pond

Head of Pond
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Jacoby Creek Upper Pond Site - Profile

Gravely 
Sand(1/4”)

Sandy Gravel 
(up to 1/2”)

Silts w/
Organics

Silts w/
Organics

Silty
Clays

Clay 
Rich
Silts
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Jacoby Creek 
Upper Pond 
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 Focus on overwintering refugia for juvenile salmonids
o Overwintering Period: Nov. 1 – Mar. 31 (juvenile winter foraging)
o Out-Migration Period: Mar. 1 – May 31 (smolts on way to tidal waters)
o “Ponds” do not need to be suitable for summer habitat

 Provide fish access to ponds during high flows in Jacoby Creek.
o Access 10 to 15 days per year is sufficient
o Access during winter baseflow conditions is not necessary
o Provide for out-migration 

 Suitable rearing conditions for Humboldt Bay Trib.
o Temperatures less than 17o C (Wallace, 2007)
o DO as low as 5 to 6 mg/l 
o Minimum water depth set at 2 feet for rearing

 Will juvenile salmonids leap over log weirs to access a pond?

Biological Objectives and Considerations 
Developed by Technical Advisory Group 

222



 Avoid increasing FEMA Base Flood Elevations 
(real and perceived) 

 Avoid creating new Bullfrog habitat 
(no new perennial ponds)

 Preserve existing Lower Pond Waterfowl Habitat Value

 Anchor all wood to resist buoyancy and drag

 Reliability of Future In-Flow from Existing Ditches

o Contributing “ditches” considered watercourses and under 
jurisdiction of CDFW.   

o Landowners would require 1600 permit to modify

Other Considerations 
Developed by Technical Advisory Group 
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Jacoby Creek Backwaters 
into Pond approximately 
3.8 days/year (on average)
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Lower Pond Fish Access
Proposed Design

3 Log Steps 
with 6” Drops

New Alcove for
Fish to Stage

Min Creek 
WSE = 95.7
for Fish Access 
(6” drops)
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Lower Pond 
Fish Access

Proposed Design
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Lower Pond Characteristics & Fish Access

Metric
Existing

Conditions
Proposed

Conditions
Wetted Area of Pond
(During Wet Season) 0.77 acres 0.55 acres

Maximum Residual
Depth in Pond 5 feet 4 feet

Fenced Riparian Area 4.6 acres 5.0 acres

Average Annual Duration of 
Jacoby C. Backwatering into Pond 3.7 days 6.5 days

Number of Backwatering 
Events per Year

Average: 6
Min: 1

Max: 13

Average: 8
Min: 3

Max: 16

Annual Fish Access 3.7 days 28 days

Fish Access During Overwintering 
Period (Nov. 1 – Mar. 31) 2.3 days 15.2 days

Fish Access During Out-Migration 
Period (Mar. 1 – May. 31) <1 days 7.4 days
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Jacoby Creek Backwaters 
into Wetland approximately 
0.5 days/year (on average)
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Upper Pond - Proposed Design

4 Log Steps 
with 6” Drops

New Alcove for
Fish to Stage

2 Pile-Anchored Large 
Wood Cover Structures New 300 ft 

Long Pond 

Reroute Seasonal 
Ditch into Pond

5 Short-Term Grade 
Control Logs, Anchored 
with Pinning Logs

Min Creek WSE = 96.0
for Fish Access (6” drops)
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Upper Pond 
Fish Access

Proposed Design
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Upper Pond Characteristics & Fish Access
Metric Existing 

Conditions
Proposed 

Conditions
Wetted Area of Pond 
(During Wet Season) 0.05 acres 0.18 acres

Maximum Residual
Depth in Pond 0.4 feet 2.5 feet

Average Annual Frequency 
of Fish Access < 1 day 36 days

Frequency of Jacoby Creek 
Backwatering into Pond (Ave. Annual) <1 day 4.3 days

Number of Backwatering 
Events per Year

Average: 3
Min: 0
Max: 6

Average: 5
Min: 1

Max: 12

Fish Access During Overwintering 
Period (Nov. 1 – Mar. 31) 0.7 days 22.8 days

Fish Access During Out-Migration 
Period (Mar. 1 – May. 31) 0.2 days 15.6 days
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Constructed Project Aerial Video
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Channel Surfing by Juvenile Salmonids:
Fish and water quality responses to off channel habitat restoration 

projects in the stream-estuary ecotone of Humboldt Bay, CA

Michael Wallace
California Department of Fish and Wildlife
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Image by Ray Troll
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Stream-Estuary Ecotone: Loss of Channel Complexity
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We’ve done the Science!
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Stream-estuary ecotone importance

• Prolonged residence

• Used by multiple life stages

• Good growth/survival

• Substantial portion of population uses habitat

• Provides habitat during stressful periods
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Freshwater Creek

Stream-Estuary Ecotone

Spring Fry 
Migrants

Fall-Winter Parr 
Migrants

Spring Smolt 
Migrants

Humboldt Bay/Ocean

Basic Coho Salmon Life Histories

Apr-Jun Nov-Feb Apr-Jun

Sep-Dec

hypothesized
Mar-Jun
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Seasonal Movement of coho 
salmon to off channel habitat 
in Freshwater Cr and Elk River 
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Salmon Creek March 21, 2012
Water Quality Site

Depth
(feet)

Water
Temperature

(° C)

Salinity
(ppt)

Dissolved 
Oxygen
(mg/l)

Pond 1 (time 1020 hrs)
West Transect

surface
middle
bottom

0.5
2.3
4.5

10.1
10.0
10.0

0.1
0.1
0.1

9.92
9.25
9.74

Pond 2 (time 1145 hrs)
West Transect

surface
middle
bottom

0.5
2.0
4.0

10.7
10.5
10.4

0.1
0.1
0.1

7.98
9.23
8.42

Pond 4 (time 1030 hrs)
Inside Transect

surface
middle
bottom

0.5
2.0
4.0

10.3
10.2
10.3

0.1
0.1
0.1

9.13
9.46
8.83

Salmon Creek July 26, 2012
Water Quality Site

Depth
(feet)

Water
Temperature

(° C)

Salinity
(ppt)

Dissolved 
Oxygen
(mg/l)

Pond 1 (time 1115 hrs)
West Transect

surface
middle
bottom

0.5
1.5
3.0

18.5
19.1
19.8

19.2
25.4
27.0

6.15
5.98
4.12

Pond 2 (time 1210 hrs)
West Transect

surface
middle
bottom

0.5
-

2.25

19.7
-

24.4

16.5
-

25.8

6.79
-

10.56

Pond 3 (time 1350 hrs)
Inside Transect

surface
middle
bottom

0.5
-

2.0

18.9
-

20.1

15.5
-

28.6

7.32
-

6.65
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Photo by Thomas Dunklin
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Size of Sub-Yearling Coho in the fall Freshwater Cr
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Location Year Pond 
Growth Rate

Stream 
Growth Rate

Wood Creek

Martin Slough

Jacoby Creek

Salmon Creek

Freshwater Sl

Ryan Slough

2013-2015

2015

2016;14/15

2013-2015

2013-2015

2013-2015

0.39

0.48

0.28

0.82

n/a

n/a

0.28

0.21

0.12

n/a

0.18-0.31

0.19-0.42

Growth Rate of Juvenile Coho Salmon
Ponds vs. Stream (Feb-May)
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Estuarine Habitat Restoration 
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Salmon Creek

Wood Creek

Jacoby Creek

Martin Slough
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Coho Habitat?

Martin Slough
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Martin Slough Pond
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Date 1+ Coho 0+ Coho Steelhead Cutthroat TWG
Winter 2008 68 0 0 0 0
Spring 2008 70 0 0 5 0
Winter 2009 435 0 0 0 0
Spring 2009 246 1 1 11 0
Winter 2010 198 0 0 1 0
Spring 2010 83 0 0 3 0
Spring 2011 66 33 0 24 2
Summer 2011 0 97 0 19 158
Fall 2011 0 121 0 20 411
Winter 2012 553 0 0 6 25
Spring 2012 74 1 0 1 5
Winter 2013 80 0 1 0 46
Spring 2013 159 2 0 6 119
Summer 2013 0 0 0 1 0
Fall 2013 0 4 0 0 0
Spring 2014 10 0 0 7 189
Summer 2014 0 15 0 7 16
Fall 2014 2 1 0 0 132
Winter 2015 38 0 0 0 24
Spring 2015 51 0 1 5 157
Summer 2015 0 1 0 0 39
Fall 2015 0 6 2 1 82
Winter 2016 136 0 0 2 2

Catches of juvenile salmonids and TWG in Martin Sl, 2008-2016
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Wood Creek
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Wood Creek Pond2009 2010

2013 2014
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Number of juvenile salmonids captured by season during 
opportunistic seining in Wood Creek Pond, January 2011 to 
December 2014. Winter is January-March, Spring is April-June, 
Summer is July-September, and Fall is October-December.

Date 1+ Coho 0+ Coho Steelhead Cutthroat
Winter 2011 11 1 0 1
Spring 2011 1 46 0 1
Summer 2011 0 0 0 0
Fall 2011 0 1 0 0
Winter 2012 211 0 1 0
Spring 2012 26 73 0 1
Summer 2012 0 2 0 0
Fall 2012 0 15 0 0
Winter 2013 61 0 0 0
Spring 2013 3 0 0 0
Summer 2013 0 0 0 0
Fall 2013 0 10 0 0
Winter 2014* 1 0 0 0
Spring 2014* 4 0 0 0
Summer 2014* 0 0 0 0
Fall 2014* 0 2 0 0
Winter 2015* 2 0 0 0
Spring 2015* 2 1 0 0
Summer 2015* 0 1 0 0
Fall 2015* 0 8 0 0

*reduced 
effort due to 
heavy algae 
growth; used 
small 10X4 ft. 
seine 
designed to 
capture 
tidewater 
goby.
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Fish Origin 2010 10/11 11/12 12/13 13/14 14/15
Stream Estuary Ecotone 7 1 - 1 0 1
Lower Mainstem Freshwater 
Creek 11 6 26 2 0 6

Middle Mainstem Freshwater 
Creek - 11 16 1 1 4

Upper Mainstem Freshwater 
Creek 7 6 12 4 0 4

Little Freshwater Creek 12 - - - 0 -
Cloney Gulch 9 4 6 4 0 1
South Fork Freshwater 
Creek - 0 10 2 0 1

Freshwater Creek (total) 46 28 70 14 1 17

Wood Creek Pond 74 8 199 42 5 2
Wood Creek 27 19 20 11 11 13
Ryan Slough/Creek 0 0 7 2 0 0
Freshwater Creek Slough 5 0 8 6 0 2
HFAC Weir 1 0 2 0 4 1
Estuary Ecotone (total) 107 27 236 61 20 18

Grand Total 153 55 306 75 21 35

Origin of PIT tagged juvenile coho salmon tagged in Freshwater 
Creek basin detected at Wood Creek pond antennas, 2010-2015
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Salmon Creek Ponds

Photo by David Kenworthy
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Pond 0     Pond 1       Pond 2    Ponds 3&4a Cattail Cr 
Date     CO SH  TG   CO SH   TG    CO SH  TG   CO SH TG   CO SH   TG
Fall 11   - - - 0  1    3    0  0   20    0  0  3    - - -
Win 12    - - - 59 10   22    6  3  143    1  0  0    - - -
Spr 12    - - - 31  1    1    9  1   46    0  0  0    - - -
Sum 12    - - - 0  0  462    0  0  168    0  0  0    - - -
Fall 12   0  0  37    0  0 2163    0  0    0    0  0  1    - - -
Win 13    1  0   7    1  0    8    0  0   77    0  0  0    - - -
Spr 13    6  0  73    2  0   96    2  0  171    0  0  0    0  0  108
Sum 13    0  0 130    0  0  190    0  0  180    0  0  0    0  0  148
Fall 13   0  0  56    0  1   36    0  0  139    0  0  0    0  0   36
Win 14    0  3  26    7 20   10    0  0    7    0  0  0    0  0   42
Spr 14    0  0  33    3  3   60    0  0    9    0  0  0    0  0   65
Sum 14    0  0 109    0  0   17    0  0  285    0  0  0    0  0  390
Fall 14   0  0  24    0  0  130    0  0  371    0  0  0    0  0  311
Win 15    2  0  56    0  0   25    0  0   32    0  0  1    0  0   57
Spr 15    0  1  57   20  5   37    1  0   35    0  0  0    0  0    6
Sum 15    0  0   5    0  0   30    0  0   60    0  0  0    0  0  128
Fall 15   0  0   2    0  0   18    0  4   18    0  0  0    0  0  375
Win 16    2  2   5    7 10   41    2 14   35    0  0  0    0  0   29
Total    11  6 620  130 51 3349   20 22 1796    1  0  5    0  0 1695

Pre-Project Coho Catch 2005-2010 =     9
Post-Project Coho Catch 2011-2015/6= 162
a Sampled only with minnow traps

Juvenile Coho Salmon, Steelhead Trout and Tidewater Goby Catches in 
Cattail Creek and Off Channel Ponds of Salmon Creek 2011-2015
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Upper Jacoby Cr Pond

Lower Jacoby Cr Pond
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Photo by Travis James
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Month Upper Pond Lower Pond Jacoby Cr
CO SH CO SH CO SH

Jan-Nov 2015

December 2015

January 2016

February 2016

March 2016

Total

n/a

0

67

91

90

248

n/a

0

1

7

6

14

0

0

3

2

1

6

0

0

0

0

0

0

19

high flow

0

0

0

19

16

high flow

2

0

0

18

Number of Juvenile Salmonids Captured in
Jacoby Creek Ponds and Stream
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Lower Jacoby Cr Pond

Upper Jacoby Cr Pond
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Potential Reasons for Disparate Catches
• Heavy vegetation in lower pond; less DO?  No obvious 

difference in WQ between ponds

• Diurnal fluctuations in DO in lower pond?  DO levels at 

first light similar between ponds

• Lower catch efficiency in lower pond?  Seining not 

possible but traps very different; 24 hr soak produced 2 coho in lower pond

• Differences in connections to creek? No obvious difference 

in connections of ponds

• Other reasons?
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Conclusions
 Appears at least three juvenile coho salmon 

life history patterns in stream-estuary ecotone 
of Humboldt Bay

 Juvenile coho rear in non natal freshwater 
stream-estuary ecotone for months

 Juvenile coho use mainstem channels in 
summer/fall and smaller off channel tributaries 
in winter/spring

 Juvenile salmonids move into newly created 
ponds as soon as they become available and 
WQ conditions are adequate to support them

 Growth rates of juvenile coho salmon appear 
to be higher in off channel pond habitat than 
adjacent stream habitat
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Coho, Cows, and Collaboration

Creating Coho Habitat in a Bovine Landscape
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Upper Mid Klamath Subbasin
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Horse Creek Valley at Middle Creek, circa 1940
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The Contractors

276



277



278



The Landowners
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The Public
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The Payoff
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The Partners
• The Karuk Tribal Fisheries Program
• Fiori GeoSciences
• Biostream Environmental
• US Fish and Wildlife Service
• California Department of Fish and Wildlife 
• NOAA Fisheries
• Klamath National Forest
• Six Rivers National Forest
• PacifiCorp
• Fish America Foundation
• Humboldt State University
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Coho Salmon Utilization of Off‐Channel Habitats along 
Seiad Creek and other Middle Klamath Tributaries
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Orientation to the lower 
Klamath R. and major subbasins

Klamath R

Trinity R subbasin

Salmon R subbasin

Scott R subbasin

Shasta R subbasin
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Common Coho life history theme:
Life in the slow lane!

• Slow water velocities preferred (> 1 yr in fw)
• Coho < Chinook < Steelhead
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Coho Ecology Study 
Findings

• Summer redistribution to cold water refuges 
(when mainstem Klamath River is > 19C)

• Fall redistribution to overwinter habitat is 
significant (up to 144 miles traveled documented)

• Largest overwintering area in very lower river 
corridor and tributaries to the Estuary 

• Most mid Klamath winter rearing habitats 
support only low densities of Coho salmon 

• Flood plains are degraded and  beaver ponds are 
rare and natural off-channel habitat are reduced 
in number and function
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Another theme: Seasonal redistributions 
(Klamath River)
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Off-Channel Thermal Refuge Habit 
Sandy Bar Creek

flow

Trib-fed-floodplain channel

Mainstem side channels fed by cold water tributaries
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Winter Density and Movements out
of Sandy Bar Off-Channel Habitat

• High Density= More Movements Downstream
• Low Density = Less Movements Downstream 
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Dredging the Klamath River at Humbug Creek - 1941

3
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Klamath River at Humbug Creek - Today
4
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Upstream ViewDownstream View 

Seiad Creek Gravel Push-up Levees (Sugar Levee)
Floodplain Loss = Off Channel Habitat Loss

Humans and Coho are in direct competition for wide floodplains, wetlands and flat 
valleys.  The same tools that developed and destroyed these habitats  can be used to 
restore them.

295



Constructed Habitat….?????

Are mechanically excavated habitats designed to attract 
juvenile salmon for specific rearing habitat objectives.

• Winter rearing 
• Cold water refuge 
• Increase growth & survival
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Why constructed habitats?
• Provide juvenile Coho salmon access to complex off channel habitats associated 

with the floodplain ( i.e. beaver ponds, alcoves, groundwater 
channels)…especially for winter growth and survival. 

• Replace the loss of floodplain habitat caused by human development.
• Replace natural beaver pond type habitat until beaver populations rebound
• Coho need immediate benefits to slow population decline. 
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Alexander Pond

Pond Area: 8,167 feet
Pond Perimeter: 554 feet

February, 2011
Water Quality:
Diss. Oxygen       Temp
Min 7.49 Min 5.57
Max 10.77 Max 8.04

Petersen Mark Recap Popn Est.
1599 coho
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Buma-Ludwig Pond on Seiad Creek

299



Lower Seiad Creek Pond-2014
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May Pond-at source spring
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PIT Tag Detection Antennas in 
May Pond
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Lower Seiad and May Pond (Under Construction) From Space!
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Aerial View of Durazo Pond Complex and 
Seiad Creek Groundwater Monitoring Wells 
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Durazo Pond Profile
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Durazo Pond inlet meets Seiad Creek-
up stream view
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Durazo Pond-Pool #1
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Durazo Pond-up stream view
Pool #2 and Pool #3
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Durazo Pond Profile
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Durazo Pond Inlet Channel
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Durazo Pond meets Seiad Creek
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Remote PIT Tag Detection Systems
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PIT Tag Array @ Seiad Creek Mouth
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Movement 
from creek 
into pond

Movement 
from pond 
into creek

Diurnal Movements
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Staff Gauge at Durazo Pond Inlet
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Summer Dry 
Period

Connectivity Bad

Connectivity Good

Surface Water

Groundwater

Seasonal Connectivity of Durazo Pond to Seiad Creek
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9.8˚C
7.71mg/l

Temperatures and Dissolved Oxygen Levels for Durazo Ponds on January 7th, 2016

6.5˚C
11.38mg/l

9.5˚C
5.41mg/l

9.6˚C
4.41mg/l

Fish Utilization High

Fish Utilization Low
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Temperatures and Dissolved Oxygen Levels for Durazo Ponds on July 6th, 2015
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Population Estimates
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Winter Population Estimates
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Population Estimates by Season
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Summer Growth Rates
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Winter Growth Rates
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Conclusions
• Each site is unique 
• Utilization during all seasons, but water quality and 

connectivity are limiting factors during summer
• Winter has highest utilization and residency 
• Pond inlet design and location matters  
• Growth and survival opportunities
• Maximize pond depth and complexity
• Groundwater influence is important for summer 

cooling and winter warming especially inland zones
• Location…Location…Location
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Questions???

Salmon River 
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Eric Ettlinger,  Aquatic Ecologist
Marin Municipal Water District
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Disclaimer: Correlation is not causation

347



30+ 
logs

348



349



350



water resource specialists

Design and Implementation of 
Fine Woody Material for 

Juvenile Salmonids
In the Levee Corridor

April 7th, 2016

Fortuna, CA

water resource specialists
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water resource specialists

Overview

• Project Setting
• Project Need
• Overall Design
• Purpose of Wood
• Design/Specification of Wood
• Implementation
• Monitoring
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water resource specialists

Project Setting

• American River RM 0.5 
near Sacramento River 
RM 60

• Downstream of Major 
Dams (Folsom, Oroville, 
Shasta)

• Federal Project 
Levees/Urban 
encroachments
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water resource specialists
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water resource specialists

Juvenile Presence

• Sacramento River 
supports 4 runs of 
Chinook and Central 
Valley Steelhead

• American River 
supports fall-run 
Chinook

• Sacramento is a 
pass-through reach

Number of Chinook Salmon 
Captured per month with USFWS 
beach sine surveys 1976-2011 at 
Elkhorn Slough (RM 71)
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water resource specialists

Project Need

• Artificial physical (levees) and 
hydrologic (water management) 
constraints have removed shallow 
floodplain and off-channel habitat 
from the main stem of the 
Sacramento River (Lufkin 1996). 

• Off-channel habitat provide refuge, 
reduced competition, reduced 
predator encounters, and 
increased prey densities. 
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water resource specialists

Project Need
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water resource specialists

Overall Design Objectives

• Shallow Water Habitat 
when Juvenile are 
present

• Native Planting to 
provide food and refuge 
(cover, food)
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water resource specialists

Project Overview

• ~2.5 acre 
Restoration Site

• Naturally perched 
floodplain lowered 
~20 feet

• 60,000 cy off-haul
• Graded Planting 

benches, instream 
wood
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water resource specialists

Purpose of Wood

• Functional Design
– To provide cover at 

fall water levels
– To provide protection 

to planting berms 
from boat wakes

– To reduce shear 
stress and allow Tule 
to establish
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water resource specialists

Design of Wood

• Based on observations 
of wood placed at bank 
protection sites.

• Fine Woody Material
• Wood must be 

anchored but
– Leave no trace
– No shipwrecks
– Constructability
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water resource specialists

IWM Design

362



water resource specialists

IWM Manual

• SAFCA funded-Bill 
Mitchell (ICF) authored

• Identifies wood types 
(almond, walnut, olive 
trees) and size

• How to select, 
transport, handle, and 
install
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water resource specialists

IWM Selection
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water resource specialists

IWM Transport and Handling
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water resource specialists

IWM Installation
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water resource specialists

Planting

• Tule were planted in late 
Fall 2015

• Currently planted with 
native grass

• Riparian Planting is to 
occur in Fall 2016
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water resource specialists

Things to Evaluate

• Wood as a wave break
• Hemp rope, oak post, fine 

woody material relative 
design lives

• Ability of tule to survive
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water resource specialists

Questions?
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Inter‐fluve.com

Models for 
Cranberry Bog Stream & 
Wetland Restoration

Caitlin Alcott, Marty Melchior, 
Nick Nelson

April 7, 2016
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Outline 
1. Cranberry cultivation
2. Eel River project
3. Tidmarsh Farms project

3
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1. CRANBERRY CULTIVATION

Image: oregoncranberrygrowers.com
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5Image: Tidmarsh Farms 1987
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CRANBERRY CULTIVATION

Cranberry “bog” recipe:

• Acidic, sandy soil

• Impermeable layer

• ~April-Nov growing season

• Sand supply

• Fresh water

6Cape Cod Cranberry Growers’ Association

oregoncranberrygrowers.com
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Image: oregoncranberrygrowers.com
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CRANBERRY CULTIVATION

8

(43.1 million lbs)

Washington
(16.2 million lbs)

(67.2 million lbs)

2014 cranberry production by state (USDA, 2014)
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Image: Tidmarsh Farms 1983378



10

Cranberry Bog 
Restoration 
Considerations

• Water table depth

• Excess sand

• Channel uniformity

• Ditches and berms

• Flow control structures

• Sediment balance

• Plant species uniformity

• Pesticides/herbicides/

• Fertilizers
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Species of Interest

• Alewife

• Blueback herring

• Brook trout

• American eel

• Atlantic White Cedar

• Red maple

• Sphagnum moss
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Image: oregoncranberrygrowers.com
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Image: oregoncranberrygrowers.com
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Eel River Tidmarsh
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Eel River Tidmarsh

2010
40 acres

2015
250 acres
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2. EEL RIVER
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EEL RIVER SITE

Sawmill 
Dam

Bog complex
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Eel River Hydrology: Eel River is dominated by groundwater flow

USGS gage data for Eel River and nearby streams
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Eel River Soil

Peat depth through bog complex (ground penetrating radar)
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Eel River Sand Depth: 100 Probes, 9 test pits; Average depth of sand 20 inches
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Existing seed bank
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Key Restoration Components

22

• 6000 feet of low gradient wetland stream channel

• 2000 feet of gravel riffle-pool stream channel

• 1200 feet of steep (3%) boulder step pool channel 
restoration

• Large wood to define channel and create habitat

• Grade control riffles

• Some sand removal

• Dam, berm, flow control structure removal

• Wetland microtopography

• Atlantic White Cedar restoration
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Flow
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Restoration Elements

Google Earth 5/23/15 Grade control riffles Constructed channel

Constructed channel
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Restoration Elements

• Constructed channels

25
Large woody habitat Microtopography Culvert replacement
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Restoration Elements

• Atlantic White Cedar Swamp

– (Bogs 4-7) – 20 acres

– Forested riparian wetlands 
(Bog 1, dam) 15 acres

• Fen meadow

– (Bog 3) 4 acres

• Red Maple swamp

– (Bog 2) 10 acres

AWC

AWC

AWC

AWC

AWC

Passive Red 
Maple

Fen
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Atlantic White Cedar Seed 
Collection
• Broadest possible genome from 

local populations
• 4 sites within 10 miles of 

Plymouth
• Private lands, public sites
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Deer Browse Protection

• Enclosed bog 4-7 (22 acres)

• 6,000 feet of 9 ft reusable fencing
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Eel River Project Partners
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Eel River 
Lessons Learned
• Raising the water table through grade 

control

• Minimal sand removal

• Sand reuse in old borrow pits as Eastern 
Box turtle habitat (bare sandy slopes)

• Natural channel design

• Large wood placement for wetland and in-
stream habitat

• Largely passive planting plan

• Active Atlantic White Cedar plantings

• Microtopography grading

• Separation of wetland ecosystems by bog 
cell

• Dam removal

• Water control structure removal

• Pedestrian walk paths and footbridge

• Wildlife passage at culverts

• Raptor habitat
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3. TIDMARSH FARMS
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TIDMARSH FARM 
SITE
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33Image: Tidmarsh Farms 1987
TidmarshFarms.com, 1987
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34Image: Tidmarsh Farms 1987TidmarshFarms.com, 1988
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35Image: Tidmarsh Farms 1987

TidmarshFarms.com
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Tidmarsh Farms Restoration 
Elements

• Channel creation
• Restoring relic channels (1)
• New channel (2, 3, 4, 6, 7)
• Large wood within channels
• Microtopography, depressions
• Expose peat/seed
• Onsite spoils
• Spring connections
• Raise groundwater with grade 

controls
• Atlantic white cedar (cell 3, 4, 

beaver brook headwaters)
• Open shrub fen
• Ditch plugs
• Access/crossings
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This image cannot currently be displayed.

This image cannot currently be displayed.
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This image cannot currently be displayed.
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This image cannot currently be displayed.
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This image cannot currently be displayed.
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Tidmarsh Project Partners

Partners

• American Rivers

• USDA NRCS (Natural Resources Conservation 
Service), Wetland Reserve Program

• USFWS (U.S. Fish & Wildlife Service)

• GOMC-NOAA Habitat Restoration Partnership

• Massachusetts Environmental Trust (MET)

• Town of Plymouth

• Mass Audubon

• Inter-Fluve, Inc.

• Saliciola

• Public Lab

Supporters

• Manomet Center for Conservation Sciences

• Manomet Village Steering Committee

Research Institutions affiliated with the 
Living Observatory

• University of Massachusetts-Amherst, 
Department of Geosciences

• University of Massachusetts-Boston, Freshwater 
Ecology Laboratory (FEL)

• Mt Holyoke College, Restoration Ecology Program

• Massachusetts Institute of Technology, Media 
Laboratory
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Eel River Tidmarsh

• 40 acres
• 2010 construction
• Alternative cranberry bog 

reclamation
– Channel
– Wetland
– Multi-species

• 250 acres
• 2015-2016 construction
• Apply experience from Eel River
• Multi-stakeholder process

– Private landowner participation, MIT 
Media Lab, agencies, etc
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(541) 386-9003
www.interfluve.com
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