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WHERE ARE WE?
South Fork and Mainstem Skokomish 
River, Olympic Peninsula, Tributary to 
Puget Sound (670 sq. mi.)

Status: Project design complete, 
permitting complete. Fully funded. 
Waiting on real estate to award & 
construct.

Cushman Dam on North Fork Skokomish 
built in 1920s affects peak flows and 
sediment transport



3

OUTLINE

• Problems
• Restoration Approach
• Hydraulic Modeling
• ELJ Design Guidance
• ELJ Design Process
• River Mile 9-11 ELJ Project Design
• Lessons Learned & Best Practices
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PROBLEMS

• Watershed scale: Land use 
changes (60% watershed 
clear cut by 1920s), 
sedimentation (1960s-
present), frequent flooding

• Localized: Fish stranding 
due to sub-surface flows 
between South Fork and 
mainstem Skokomish River 
during low flows; Avulsion 
risks

• Habitat: Braided channel 
(formerly anabranched), 
infrequent jams, mobile 
wood, disconnected and 
degraded habitat
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PROBLEMS
Aggradation Perched and Disconnected Channels Fish Passage Issues
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EXISTING LEVEE SYSTEM
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RESTORATION APPROACH
• Promote anabranching planform that 

existed in early 20th century
• Add stable woody hard points (ELJs) that emulate 

existing natural jams
• Promote vegetation growth on bars
• Narrow active width, increase depth to maintain 

conveyance, increase sinuosity of low flow channel
• Forced avulsion between South Fork, 

North Fork and mainstem
• Levee removal
• Breach channel
• ELJs + bar roughening
• Setback levees
• New North Fork to Mainstem connection

• Route sediment through reach to low 
lying disconnected floodplain to 
rebalance topography and bring water 
table up to reduce perched channel 
conditions
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PROJECT MEASURES



HYDRAULIC MODELING

Brendan Comport, PE
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MODELING  PROCESS

• Team building site visits to recon the project reach and survey
• Clarify and finalize design criteria with sponsors PRIOR to modeling
• Develop HEC RAS 2D hydraulic model
• Calibrate existing conditions model (without project)
• Develop (and iterate) with-project conditions model
 Design of embankments
 Hydraulic effects at ELJ’s
 Erosion and scour protection design  

• Flood impacts comparison
• Final design documentation
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TERRAIN

2016 LiDAR (1 meter) of the Skokomish River 
Valley (Mason County)

North Fork

Vance 
Creek

South Fork
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HYDRAULIC MODEL: GRID
• HEC RAS version 5.0.7 allows for varying cell size (through Mapper)
• Two-dimensional (2D), full momentum, implicit finite-volume modeling
• Model’s 2D grid cell size varies from 10-100 feet, and contains roughly 80,000 cells
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HYDRAULIC MODEL: LANDUSE
• Model requires either a single roughness value or a grid of spatially varying values, we used 5 

categories
• Landuse (i.e. roughness) grid of Manning’s n-values created from the 2017 Washington NAIP 

orthographic imagery dataset
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HYDRAULIC MODEL: CALIBRATION
• Calibrated existing conditions model to Nov 2018 flood event (6,340 cfs SF flow)

Mean calibration error was 0.05 feet, and the standard 
deviation 0.88 feet
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PROJECT MEASURES: EMBANKMENTS
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HYDRAULIC MODEL: EMBANKMENTS

• Embankment capacity was developed to satisfy three factors:
 Provide desired habitat benefits
 Approximate existing flood patterns
 Account for uncertainty in model accuracy (i.e. stage error)

• Capacity of the new embankments is ~6000 cfs (South Fork flow) plus 30% for Vance 
Creek; (slightly less than an annual event)

• Following EM 1110-2-1619, added 1 standard deviation (0.85 feet) in total stage error to 
the embankment height to give 68% assurance
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HYDRAULIC MODEL: EMBANKMENTS

Grange embankment

• Approximately 7000 
feet of setback 
embankments

• Average height of 
4.5 feet

River Mile 9 embankment
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PROJECT MEASURES: ELJ’S
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TERRAIN: ELJ FEATURES

Large Bar Apex Medium Bar Apex Small Bar Apex Bank Roughening Jam Large Deflector Jam
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HYDRAULIC PROPERTIES AT ELJ’S

Used Zonal Statistics in 
ArcMap to extract velocity, 
depth, shear, etc.



21

PROJECT MEASURES: LEVEE REMOVAL
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TERRAIN: CONFLUENCE AREA

Existing conditions

New channels

With-project conditions
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HYDRAULIC MODEL: FLOW DIRECTION

10-year event ELJ 10-year event embankment
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INUNDATION AT DESIGN CAPACITY



RIVER MILE 9-11 REACH 
ENGINEERED LOGJAM 
(ELJ) DESIGN OVERVIEW
Zac Corum, PE



RIVER MILE 9-11 ELJ DESIGN OVERVIEW

Forced avulsion 
into low-lying 

terrain & 
reconfigured 
confluence

Stable pinch point
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South Fork and Mainstem 
confluence (RM 9 to 11)
– 55 ELJs, 3 major structure 

types, construction start in 
2021
• (3) Small, (8) medium and (3) large bar 

apex jams split and deflect flow, 
pool+island creation

• (14) Bar roughening structures and 
(19) bar roughening trenches  trap 
mobile wood, roughen bars, promote 
vegetation growth, form bar apex jams 
in event of channel migration

• (2) large bank deflector and (6) bank 
roughening jams  enhance habitat, 
stabilize bank line 

– 930 pieces LW
– 2,100 CY logging slash
– 546 timber piles and 23,500 cy 

gravel ballast for stability
– Chain used to hold upper log 

layers to piles
– ELJs stable with scour for 

Q100
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DESIGN PROCESS ELJ’S (35%  100%)
• Project Kickoff: Team 

building site visits (visit 
completed projects, interview 
designers)

• Design charette –clarify and 
finalize design criteria with 
sponsors PRIOR to design

Upper S. Fork Skokomish 
(USFS, Skokomish Tribe, MCD)

Tolt River (King County, 
City of Seattle)

Snoqualmie River (King 
County)

Upper Green River (USACE, 
TPU)
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DESIGN GUIDANCE & CRITERIA
• Technical references: Fox & Bolton (2007); Eaton et al. (2010); Collins et al. (2012); 

NRCS National Engineering Handbook, Part 654, chapter 9; National Large Wood 
Manual (Reclamation and USACE, 2016)

• Institutional Knowledge: USACE Seattle District design procedures and spreadsheet
• General Design Criteria: Increase low flow channel sinuosity; Increase pool habitat; 

promote bar vegetation growth, deepen dominant channel thread and reduce width 
to depth ratio; structures stable during Q100; minimize flooding and bank erosion
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DESIGN PROCESS ELJ’S (35%  100%)
• Geomorphic recon and baseline trends

• Lit review, pebble counts, sinuosity, width/depth, large 
wood and jam counts, natural design templates (jam size, 
frequency, pool depth, bar extents, active width)

• Wood volume estimates, trends, loading 
targets

• Riverbed borings for pile suitability
• Reach analysis
• Effective discharge & RAS 1D Copeland 

channel stability analysis
• Determine target active width, slope, depth and allowable 

obstruction width
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DESIGN PROCESS ELJ’S (35%  100%)
• Initial structure design (Sketchup, Microstation) and bid quantities
• Initial structure layout and design (ArGIS Pro, Microstation), build terrains and 

roughness patches for RAS, compute depth and velocity statistics for stability 
analysis

• Refine type/size/location based on cost constraints

Sketchup: Structure design, 
assembly plan, QTO

ArcGIS Pro: 3D layout, terrain generation,  
roughness patches and D/V stats

Microstation construction ready DWG

HEC-RAS 2D
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DESIGN PROCESS ELJ’S (35%  100%)

• Verify sediment routing with 1D HEC-RAS, flood impacts with 2D HEC-RAS
• Finalize scour and stability calculations
• Final design documentation
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ELJ PLACEMENTS
Work downstream of stable pinch point, upstream of forced 
avulsion

Dynamic conditions expected 

Structures work in groups, anticipating future pool formation, 
debris recruitment, bar growth, and channel migration

Size is dependent on location (degree of expected engagement 
with river over time) and relative importance for achieving 
project objectives

• 25 of these (46%) are intended to immediately engage 
with the low-flow channel and create pool habitat, deflect 
flows, and increase sinuosity and depth

• 29 of these (54%) are intended to complement the low 
flow channel jams by promoting bar and island formation 
during high flows.
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3 ELJ TYPES: BAR APEX, DEFLECTOR, 
ROUGHNESS

1. Small bar apex jams are located in the 
middle of the river and are associated with
pool formation and mid-channel bar and 
island development

 

2. Medium bar apex jams are intended to 
provide a robust, cost effective engineered 
jam that can be installed efficiently in a wide 
range of locations where bar apex or flow 
deflection functions are desired
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ELJ TYPES

3. Large bar apex jams are intended to provide robust performance in critical locations where 
reliable bar apex or flow deflection functions are required to achieve project success
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ELJ TYPES
4. Large bank deflector jams are intended to provide robust performance in critical locations 

where reliable low deflection function and pool formation are required to achieve project 
success
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ELJ TYPES
5. Bank roughening structures are intended to provide complex overhanging habitat along the 

toes of outer bends, where deeper, more complex pool habitat is desired
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ELJ TYPES
6. Bar roughening structures are intended to 

function as sediment- and debris-trapping 
structures in locations that are intermediate 
between bar tops and the low-flow channel

7. Bar roughening trenches are the most 
common proposed jam type. They are 
intended to function as economical and 
dynamic sediment- and debris-trapping 
structures 
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STABILITY ANALYSIS
Spreadsheet used to determine 
safety factors (ratio of resisting to 
applied forces in horizontal and 
vertical directions). See Large 
Wood National Manual for 
examples

Safety factors are sensitive to the 
input data and assumptions

Relative importance of input parameters (at this site) to structure stability

Design 
parameter

Wood 
Volume

Restrained

Gravel 
ballast 
volume

Velocity % 
Submerged

Frontal 
Area 

(including 
recruited 

Scour
Depth

Pile 
Quantity

Pile Depth Pile 
Diameter

material)
Lateral 
Stability

Medium High High Medium High Medium High Medium High

Vertical 
Stability

High High Low High Low Medium/ 
High

Medium/ 
High

Medium/ 
High

Medium/ 
High
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SAFETY FACTORS

Safety factors for the design condition 
are within desired range, > 1.6 for 
design condition, > 1 for worst case 
loading

Vertical loading (buoyancy) controls 
stability when ballast present, 
horizontal loading (fluid drag) when 
ballast lost
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STABILITY ANALYSIS SUMMARY
Stability analysis shows that submergence is a 
key factor 

• full submergence of the structure means 
that a portion of the ballast does not utilize 
its full weight against the constructed logs 

Key stability factors in each type of engineered 
log jam are identified:

• Location (depth, velocity)
• The volume of wood restrained
• The volume of ballast present/eroded
• Obstruction area and drag coefficient
• Piles (diameter, depth, number, ultimate or 

allowable strength assumptions)

Snoqualmie River ELJ (King County)
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RISK MANAGEMENT
• These are 

experimental 
interventions: be 
prepared to test your 
restoration hypothesis

• Include monitoring and 
adaptive management 
to address residual 
risks

• Consider range of 
outcomes acquire 
project lands 
accordingly and 
communicate risks 
openly and honestly

GIS Density analysis of 20 potential dominant channel threads
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LESSONS LEARNED & BEST PRACTICES
• Leverage regional SME expertise and successful project examples
• Define design criteria, project examples early on and get project team buy-in before initiating 

design
• Leverage existing habitat and natural processes to reduce costs
• Consider range of outcomes, acquire project lands accordingly and communicate risks
• 3D models of log structures + ArcGIS Pro + 2D HEC-RAS is relatively efficient and physically 

accurate workflow
• Coordinate with local landowners early (through sponsor)
• Include monitoring and adaptive management to address residual risks

Snoqualmie River restoration project under construction (King County)
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USBR TSC: Jennifer Bountry 
Corps PDT: Christine Ceragnioli, David Cook, Nancy Gleason, Glenn Kato, Ethan Cheng, 
Courtney Moore, Chad Zagar, Frank Crossley, Brendan Comport, Zac Corum
Mason County: Loretta Swanson, Evan Bauder
Skokomish Indian Tribe: Joseph Pavel, Alex Gouley
USFS: Brian Bair, Marc McHenry
King County: Chris Brummer, Chase Barton, Craig Garric, Jen Rice
Tacoma Public Utilities: Tyler Patterson, Greg Volkhardt

THANKS!
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