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Risk of project failure means 
different things to different people.

• Project features failed (loss of structure; 
vegetation, etc.)

• Project caused adverse off-site effects (i.e. 
flooding, scour, sedimentation)

• Project did not accomplish habitat/process 
objectives

Biologist’s Perspective:

• Could project actually harm target 
restoration species? Or harm ecosystem?

• Could project change over time to different 
habitat type? Would that be a bad thing?

• Will project actually provide expected 
benefits (species, ecosystem)

• Will project facilitate restoration of natural 
processes?
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Engineer’s Perspective:

• Could project induce flooding?
• Could project cause off-site erosion, 

deposition, or other problems?
• Could project be lost during first winter 

season(s), prior to vegetation establishment?
• Is there a potential for unanticipated 

geomorphic effects?
• P.E. Liability (personal and corporate)

Is restoration different from other 
types of projects?

• Usually less risk of human impacts – i.e. loss of life
• Wide range of risks to property
• Short-term impacts versus long-term benefits
• Unproven technology – still an art rather than a science
• There must be an interdisciplinary team – biology, geomorphology, 

engineering, etc.
• What is the worst case scenario?
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When is restoration possible?

Or when is it reasonable? Identify the risks!

Be Very Clear on Your Objectives

Identify multi-faceted goals:

• Species habitat improvement
• Erosion control / bank stabilization
• Flood storage / prevention
• Water quality improvements
• Aesthetic improvements
• Restoration of natural processes

A focus on a single goal frequently increases risk and 
doesn’t achieve restoration!
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Differing Objectives Have Differing Risk

Stability Design
(= Form-based)

--------------------------------------------------------------------------

1. Rigid structural forms 
and fixed boundaries

2. Pre-conceived 
appearance

3. Limited habitat features 
that may not persist 
over time

4. Major disturbances are 
likely to destabilize or 
destroy

Sustainability design
(= Process-based)

------------------------------------------------------------------------------------

1. Complex form and mutable 
boundaries

2. Probably untidy 
appearance

3. Evolving habitat features 
over time

4. Major disturbances create 
new habitats – OK to lose 
original design

Things to Identify and Consider 
When Assessing Risk

• Site and watershed conditions
• Historical conditions – what is different?
• Floodplains/floodways
• Land uses and structures adjacent to project 

(upstream and downstream)
• Ongoing issues that your project will not resolve
• Existing habitats on and adjacent to site
• Physical site contraints
• Access and staging
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Guidance is Available
• Ayyub, B. M. (Editor), 1997. Uncertainty Modeling and Analysis in Civil Engineering. CRC Press, 

New York, New York.
• Brookes, A. and F. D. Shields, Jr., 1996. River Channel Restoration – Guiding Principles for 

Sustainable Projects. John Wiley & Sons, New York, New York.
• Federal Interagency Stream Restoration Working Group (FISRWG), 1998. Stream Corridor 

Restoration – Principles, Processes, and Practices. United States Department of Agriculture.
• Hess, A. J. and P.A. Johnson, 2001. A Systematic Analysis of the Constraints to Urban Stream 

Enhancements. Journal of the American Water Resources Association 37(1):213-221.
• Thom, R.M., H.L. Diefenderfer, K.D. Hofseth. 2004. A Framework for Risk Analysis in Ecological 

Restoration Projects. Prepared for U.S. Dept of Energy.
• USACE, 1992. Guidelines for Risk and Uncertainty Analysis in Water Resources Planning, 

Volume 1, Principles. IWR Report 92-R-1, Institute for Water Resources.
• USACE, 1996. An Introduction to Risk and Uncertainty in the Evaluation of Environmental 

Investments. Institute for Water Resources, IWR Report 96-R-8.
• USACE, 1997. Risk and Uncertainty Analysis Procedures for the Evaluation of Environmental 

Outputs. Institute for Water Resources, IWR Report 97-R-7.
• USACE, 2001. Ecosystem Restoration Cost Risk Assessment – Final Report. Institute for
• Water Resources, IWR Report 02-R-01.
• Washington Department of Fish and Wildlife, 2003. Integrated Streambank Protection
• Guidelines. Washington State Aquatic Habitat Guidelines Program.

Key Points to Reduce Risk
• Phasing: construct partial features or channel configuration
• Conduct site and reach (or longer) assessment
• Identify specific constraints and opportunities
• Interdisciplinary design team
• Allow time and space for physical changes in response to dynamic

natural processes
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Working with Natural Processes is 
the Best Approach

Delivery and routing of water, sediment, wood and other 
organic matter; chemical and biological interactions 

(Gersib, et al, 1999).

Guidelines for Restoring Processes

1. Design to allow processes rather than controlling them

2. Increase the space for the river to change and function

3. Reintroduce channel complexity

4. Reconnect the floodplain wherever possible

5. Reconnect upstream and downstream features

6. Reconnect surface and groundwater

7. Let disturbances happen where feasible
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Ecologically Based Restoration

• Physical
- Create short to mid-term features 

• Functional
– Restore processes and interactions

• Passive
– Remove degrading factors

• Integrated
– Combination

Three Case Studies

1. Rural Wetland Restoration
2. Urban Floodplain Reconnection
3. Residential Stream Restoration
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Example 1:  Restore drained/ditched 
agricultural area to natural wetland/swale 

with connection to stream

Example 1, continued

Downstream drainage channel and creek
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Objectives

• Restore wetland hydrology

– Site was historically floodplain
– Incised confluence channel
– No reconnection to floodplain proposed

Example 1, continued

Could simply fill in the ditches and remove the drain tiles. 
Risk – to downstream properties (flooding, erosion, deposition)
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Example 1, continued

Preferred alternative was to contain water on-site; construct interim 
features; phase construction over 2-3 years

Example 1, continued

• Elements of Risk
– Site stability/erosion
– Water quality
– Increased groundwater table – adjacent land 

uses
– What natural community would be 

sustainable?
– How long a process?
– What commitment to maintenance/adaptive 

management?
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Example 1, continued

One year following initial construction
One year following construction: some erosion/deposition has occurred, 

but has not moved off-site. Potential water quality effects.

Lessons Learned, Example 1

• Even though adjacent land uses and 
structures, overall site is low risk

• Interim basins collected water – wetlands
• Swales had significant adjustments, but 

prevented off-site migration of soils
• Process will be very long-term, what will 

be long-term commitment?
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Example 2: Reconnect large area of 
floodplain in urban area to mainstem river

Floodplain surrounded by development; bisected by major roadways.

Willamette River

Historical side channel / 
disconnected by levee

Abandoned 
gravel mines

Downstream 
confluence

Example 2, continued

– Area was entirely gravel mined prior to 1960s
– Currently wetland, but isolated with poor water quality and 

invasive species
– Rare large area of floodplain available to restore.
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Objectives

• Reconnect floodplain
• Provide fish rearing and refuge habitat
• Improve water quality
• Restore native wetland and riparian 

communities
• Improve buffer from urban land uses

Elements of Risk

• High potential to induce flooding –
structures are in floodplain, but currently 
protected

• Cannot allow unrestrained natural 
processes

• Invasive species problems
• Low erosion risk
• Sediment quality issues
• Fish stranding
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Project Features

• Uncontrolled connection to Willamette 
River in 1/3 of site

• Controlled inlet to 2/3 of site
• Phase construction to allow adjustments 

per hydrology monitoring
• Major invasive species control work done 

up front 
• Minimize excavation of features, allow 

natural erosion/deposition

Example 2, continued
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Example 2, continued

Photos courtesy of Lauri Mullen, City of Eugene

Lessons Learned So Far
• Uncontrolled connections 

working very well
• Gage data from Phase 1 will 

inform Phase 2; water levels 
fluctuating more than expected

• Invasive species control 
making a big difference thus 
far

• Unintended phasing due to 
funding issues has actually 
had positive effect on project
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Example 3 – Stream restoration in 
rural residential neighborhood

Small dam in rural residential and agricultural area.

Example 3, continued
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Objectives

• Provide fish passage
• Reduce temperatures (heating from pond)
• Restore natural stream habitat
• Maintain aesthetic feature for landowner

Elements of Risk

• Adjacent structures and downstream 
infrastructure

• Channel completely changed from historic 
condition

• Impending failure: with no action, nature 
will remove the dam
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Existing Profile

• Site constraints do not allow restoration to equilibrium slope

Kelley Creek Thalweg Profile, Richey Road to SE 190th
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Richey Road:
two 42" culverts

Gravel Road:
two 48" and one 

24" culverts

SE 190th:
one 48" culvert

Project Features

• Slope reduction as feasible within site constraints using riffles
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Risky Business?
• Wide range in potential risks from restoration projects
• Low risk sites allow for adaptable designs
• Phased designs can increase short-term risk while often decreasing long-term risk
• Lack of O&M may reduce functionality, but should not cause catastrophic failure; use 

redundant systems
• Process-based designs should not require O&M for long-term function

Questions?

Source: FHWA


