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Outline:

• History of Land Uses - Drainage
• History of River Management
• SEM – thinking about processes beyond the channel
• Restoration in the occupied landscape

• Recommendations 
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European river management- Rhine River

• Tulla

• The river must serve the people, not the people the river

• Order in nature brings order to life

• Where the Rhine once wandered, now flows a nation’s lifeblood

• To straighten a river is to straighten a nation’s fate

• Tulla’s dream became Europe’s problem
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Johann Gottfried Tulla 1770-1828



The Rhine before 1827 After
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Wohl E, Castro J, Cluer B, Merritts D, Powers P, Staab B and Thorne C (2021) Rediscovering, Reevaluating, and 
Restoring Lost River Wetland Corridors. Front. Earth Sci. 9:653623. doi: 10.3389/feart.2021.653623
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Evidence that river-wetland corridors were wet, 
widespread, and ecologically productive in the 
geologic, prehistoric, and recent past is 
irrefutable.



F. R.Hauer, H.Locke, V. J.Dreitz, M.Hebblewhite, W.H. Lowe, C. 
C.Muhlfeld, C. R. Nelson, M. F. Proctor, S. B. Rood, Gravel-bed 
river floodplains are the ecological nexus of glaciated mountain 
landscapes. Sci. Adv. 2, e1600026 (2016).

Nexus in this context means “the 
most important place”. 
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HISTORICALLY:
• Much of the massive 

California Central 
Valley was wetland 
and riparian habitat 

California State Library

The Bay Institute, 1998
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TODAY:

~95% of floodplains are 

isolated

 Converted to agriculture and 
urban development. 

 

The Bay Institute, 1998
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Gildemeister 1998
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Collins et al 2015,  in Restoration of Puget Sound Rivers 2015 11



Headwaters:
Potlach River and tribs.
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Potlatch Lumber Company
logging railroads 
1905 - 1962
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Corrected rail 
network using LiDAR, 
aerial photos, and 
DRG quad maps
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Corrected network using LiDAR
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Hillshaded LiDAR + corrected network
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2019: regraded, ditch filled, surface roughened w/LWD
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First water flowing over project, November 2020

19



Source

Transport

Response

Settlement and land use effectively converted deposition zones 
into transport zones, with the result of converting floodplains into 
terraces and wetlands into drylands.

Generalized Watershed 
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Published January 10, 2013.

SEM
1. Update and extend earlier channel evolution models.
2. Include valleys.
3. Link ecological functions to fluvial stages.
4. Guidance for more effective restoration goals.



Schumm, S. A., Harvey, M. D., & Watson, C. C. (1984). Incised channels: morphology, dynamics, and control. Water Resources Publications.

Stanley Schumm, Mike Harvey and Chester Watson
1984
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Cluer and Thorne, RRA, 2013

Simon and Hupp

B. Bledsoe

Thorne

0

Stage 0
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Process Domain
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Pleistocene: Glacial Braid Plain Stage 0 
Holocene: two natural cycles of incision and evolution 
Anthropocene: Stage 7 and 8 

Upper Salmon River, ID
October Low Flow

Pleistocene

Holocene
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May 30, 2025

>1000cfs 15/30 years
Marsh Creek Idaho
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Powers, P., Staab, B., Cluer, B., & Thorne, C. (2022). Rediscovering, 
reevaluating, and restoring Entiatqua: Identifying pre-
Anthropocene valleys in North Cascadia, USA. River Research and 
Applications, 38(9), 1527–1543. https://doi.org/10.1002/rra.4016
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Partner with Beaver

Mimic Beaver

Raise Bed and WSE

Erode Banks

Heavy Machinery

Grade Anthropogenic Features

Fill Incised Channels

Remove Legacy Sediment

IMPLEMENTATION APPROACHES
Process-Led   Process-Reset 

Hand Labor and Light Machinery

Selective Removal of Legacy Drainage

Enlarge Riffles - Breach Levees

Permits
Funds
Ownership
Staffing

Process-Based Restoration

Stages  2,6,7 Scale: Problem and Effort Stages 3,4,5 
Multiple Interventions Time to Results             One Intervention

Accelerate Channel Evolution               Jump Start Valley Evolution



Whychus Creek, OR

• Elevation –     2,800 ft
• Valley slope – 0.9 %
• Valley width –350 ft
• Acreage  - 125
• Reach – 1 mile

Map: Lauren Mork



June, 2017- year 1Post project 2016 - year 0

Pre ProjectClosely matched photos
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Regraded floodplain elevation
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RI 0.9 yr,  49ft3/s,  1.4 m3/s

BEFORE: degraded 
channel- export domain

AFTER: reset valley – 
deposition restored

Velocity f/s
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Rearing Habitat Provision
Comparison 
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Bret C. Harvey, Jason L. White, Steven F. Railsback,  Brian Staab,  Daniel J. 
Isaak,  2025. Assessing the Benefits of Valley- Bottom 
Restoration for Salmonids Using Spatially Explicit, 
Individual- Based Modeling.  RRA https://doi.org/10.1002/rra.70065



Sure, but floodplain restoration in the 
occupied landscape?
• Changes in land use and ownership

• Stage 8 opportunities

• Remnant wetlands
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Thinking Big in an (Sub)Urban Landscape

PALO CORONA REGIONAL PARK 

RANCHO CAÑADA UNIT

RANCHO CAÑADA FLOODPLAIN 
RESTORATION PROJECT



RANCHO CAÑADA FLOODPLAIN RESTORATION PROJECT



RANCHO CAÑADA FLOODPLAIN RESTORATION PROJECT

Wildlife 
Corridor

Discovery 
Center



RANCHO CAÑADA FLOODPLAIN RESTORATION PROJECTUpper Carmel River, 1918



RANCHO CAÑADA FLOODPLAIN RESTORATION PROJECT



RANCHO CAÑADA FLOODPLAIN RESTORATION PROJECT

Tomorrow

Ideal

Today



RANCHO CAÑADA FLOODPLAIN RESTORATION PROJECT

Now

2000 cfs



RANCHO CAÑADA FLOODPLAIN RESTORATION PROJECT

Future

2000 cfs



RANCHO CAÑADA FLOODPLAIN RESTORATION PROJECT

Flood Reduction



RANCHO CAÑADA FLOODPLAIN RESTORATION PROJECT

Phase 1 – major earthwork summer 2025.
Phase 2 – habitat features, planting, next summer.
Phase 3 – activate, begin monitoring and adaptive 
management the following year.

Fully funded and Phase 1 is implemented.



Russian River Watershed

Gravels Pit to Floodplain

6 Main Floodplain Valleys 
With Historical River Wetland Patches 

Middle Valley

Santa Rosa
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• 1940’s channel dredging – channelization and incision on purpose

• Mid-1950’s floodplain pits
• River management – once channelized, built levees on the banks
• Open pits – 

• Reclamation would connected a pit to the river when done mining, was intended to 
refill over time with waste silt and sediment from floods

• Concerns over pit capture and plugging the aquifer

• 1980’s isolate the pits – 
• keeping them separated from the river

• Only worked if the channel was repeatedly mined
• Isolation and stability proved to be impossible

Mining and Permitting, change 
over time



Feasible to fill the pits

• it is possible to grade the land 
surrounding the pits to 
completely fill the ponds 

• eliminating the predator fish 
problem

• the methyl mercury problem, 
• covering up the aquifer
• Seasonal floodplain is feasible

• substantially boost ecosystem 
functions 

• including the provision of essential 
salmon rearing habitat.

• Pathway for sustainable 
reclamation of these mines

Present

Future
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Salmonid Rearing-Period Habitat Provision
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Gravel Mine reclamation:

• This concept scales up.

• There are many similar situations along rivers in historic salmon habitat.

• And in all developed countries globally. 

• There are few opportunities to create large functional floodplains in the 
built environment, so finding opportunities at old gravel pits should be a 
priority.

• Finally, looking in the rear view mirror, it is obvious now that these Hanson 
pit mines could have created the floodplain surface that we are now 
proposing whilst doing the mining.

• We should update mine reclamation policy with this in mind.
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Gravel pits and world rivers:

https://rockproducts.com/2022/04/20/burgex-maps-u-s-construction-aggregate-supply/

Aggregates are the most consumed bulk product on Earth. 
– over 14,000 pounds / person / year.
The sector is by far the largest extractive industry globally. 
• ~50 billion metric tonnes produced annually,
• ~500,000 quarries and pits worldwide, 

Salem, OR

Boise, ID
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Opportunities in occupied landscapes

• Public lands

• Trust lands

• Ruined lands

• Private lands 
• economically marginal
• actually still wetlands

• Remnant wetlands

depends on the owner having a vision and 

desire to undo some drainage
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Recommended Actions

• Evaluate watersheds – emphasis on floodplains.
• Locate opportunities for reconnection.  Don’t get too hung up on a strict 

interpretation of restoration.

• Determine how disconnected the surface is.
• Would removing / offsetting a levee rewet the surface for an effective 

frequency and duration?

• If not, consider Stage 8 solutions.  Lower the landscape.

• Effective restoration sites will be strategic and opportunistic, and can 
be effective if at scale.
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