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Presentation Objective
• Discuss the challenges of restoration a
•
•

confined large river system
Present the application of several numerical
models as a effective tools to assist in the
restoration design process
Emphasize the ability to use modeling tools
efficiently, economically and appropriately
given particular project constraints. Not all

projects require million dollar modeling
analyses.
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Two Skagit River Projects
• Edgewater Park

– FluvialFluvial-dominated
system
– Restoration of a
secondary channel
within a leveed system
– Integration of habitat
enhancement as a
centerpiece a park
master plan

• Wiley Slough

– TidallyTidally-dominated
system
– Removal of dike and
reconnection of historic
distributary channels
– Addressing adjacent
landowner needs

Edgewater Park
• Located in City of Mount
•
•

Vernon
3434-acres of floodplain and
park lands within the
existing levee system
3rd largest offoff-channel
habitat available in the
lower river system and 7th
highest priority site
targeting Coho
enhancement (Skagit
Watershed Council).

Edgewater Park

2

Restoration Goal and Objectives
• Improve the quality and quantity of rearing

•

habitat available to juvenile salmonids by
restoring river shorelines and reconnecting a
remnant historic side channel along the Skagit
River and within Edgewater Park
Create a geomorphically sustainable channel
system

Edgewater Park

Rational: Historic Channel

1897 (USACE Survey)

1937 Aerial
Historic Slough Channel

Edgewater Park
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Design Constraints:
• Buried force main, unmapped landfill,

power lines (and guy wires), downstream
property impacts … what adjustments do

we need to make from the historic
template?

• Inside of a meander bend, depositional

sandbar … how can we adjust our design

to be sustainable?

Modeling to Support Objectives
• Engineering – Modeling and GIS to develop and
•

appropriate planform that fits within the physical
constraints.
Geomorphology
– Modeling used to design side channel to achieve
adequate hydraulic conditions to reduce the potential for
downstream sandbar formation and seasonal channel
closure
– Modeling used to test the design of SWDS (Stable Wood
Debris Structures) at critical erosive locations

• Habitat - Modeling used to “map” habitat suitability
through a range of flows … how can we begin to

quantify the habitat benefits we are achieving?
Edgewater Park
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Modeling Process
1. Reach Scale: One-Dimensional Model
• The standard analysis
• UNET (now HECHEC-RAS)
•
•
•

model of Skagit River
obtained from Corps
Model refined with
additional sections in park
reach
Unsteady analysis with
tidal boundary
Provided flow and water
level boundary conditions
for 22-D modeling

Edgewater
Park

Edgewater Park

2. Site Scale: Two-Dimensional Model
• River2D (USGS/U. of
Alberta, Canada)
–
–
–

Public Domain
Numerically Stable
Integrated Habitat
model

• Finite Element Mesh
– Approx. 15,000 cells
– Min (~40 sqsq-ft)
– Max (> 2000 sqsq-ft)
Edgewater Park
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Topography/Bathymetry

Edgewater Park

Hydraulic Roughness

Edgewater Park
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1-yr Flood Flow Velocity

Edgewater Park

10-yr Flood Flow Velocity
Potential Erosive
Zone

Edgewater Park

7

3. Design Element Scale
Woody Debris Simulation
•Mesh Refinement (shown)
•Increased Manning’s Roughness

Edgewater Park

Geomorphic Sustainability:
Sedimentation
• USGS sediment
•
•

Erosive

measurements
1:1 flow and sediment
split
Hydraulics yields
– Q, D, V, bed shear

• Sediment transport
capacity

– Englund & Hanson
– Bagnold

• Empirical validation
(Hjulstrom, etc …)

Results
• Slightly erosive (bankfull)
• Tested at various flows
• ID areas of excessive
shear … SWDS

Edgewater Park
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Habitat Modeling
• Secondary modeling goal
• 2-D implementation of
•
•

PHABSIM weighted usable
area approach
Suitability curves link
hydraulic conditions to
habitat quality/quantity
Ability to spatially quantify
habitat gain

Edgewater Park

Outcomes
• Channel form and function “restored” based on
•

historic templates and current constraints
Channel geometry established to induce
sediment movement (i.e. be sustainable) and
conducive for fish habitat

• Next Steps
–
–

Construction (2005)
Monitoring

Edgewater Park
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Wiley Slough Marsh Restoration
• Levee Removal
• Significant decline of

•
•

estuarine habitat
due to extensive
diking
175175-acre project site
within Skagit River
Delta
Land diked off 45
years ago

Project Site
Freshwater
Slough
Wiley
Slough

Skagit Bay
Wiley Slough

Restoration Goal and Objectives
• The primary goal of this project is to restore natural

•

processes, conditions, function and biological
responses to the site by removing levees to restore
riverine and tidal flooding.
Key objectives to support this goal include:
–
–
–
–
–

minimum human intervention to maintain
Restore tidal hydrology and slough channel networks
Do not increase flood hazards
Restore native vegetation species/communities, fish & wildlife
Continued recreation use: birders, kayakers

Wiley Slough
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Historic and Existing Conditions
Project Site

Project Site
1938
Levees

Wiley Slough
changes
2004
Wiley Slough

Preliminary Design Concept
Key Design issues
• Land Subsidence
• Protect adjacent

landowners ability to
drain agricultural lands
• Tide gate relocation and
spur dike impacts
• Maintenance

Wiley Slough
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Design Issue: Site Topography

Subsided
interior lands

Marsh plain
accumulation in
equilibrium with
dikes
Wiley Slough

Modeling: 1-D
• MIKEMIKE-11 LoopedLooped-network
•
•
•
•
•

(pseudo 2D)
Unsteady (typical tides,
spring/neap, floods)
GIS Integration (LIDAR)
MultiMulti-layer roughness
based on vegetation
elevations
Calibration
LongLong-term analysis

Wiley Slough

Level Loggers

Mike-11 Network

Roughness Approach
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Spur Dike & Tide Gate Evaluation
Existing Tide Gate

Proposed Tide Gate

Existing Conditions

Proposed Tide Gate

Proposed Tide Gate

Pre- & Post-Project Comparison

Wiley Slough

A picture can be worth a thousand words.
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Other Analyses:
• Boat ramp sedimentation
• Surrounding flood impacts
• Salinity
Next Steps
– Permitting (ongoing)
– Construction
– Monitoring
– Identification of the next Wiley Slough restoration site

Wiley Slough

Conclusions
• Restoration can occur in confined river systems
•

•

•

like the Skagit
The need for models, and the types of models,
should be selected based on project goals and
objectives, and the need to address specific
design issues
Models assist in the restoration design process by
simulating complex ecosystem processes and
allowing rapid testing of design alternatives “what if….?”
Modeling can be effective without being
expensive
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Questions ???

Wiley Slough
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