
1 
 

ES473 Environmental Geology Class Notes   Fundamentals of River Restoration 
Dr. Taylor, Spring 2020 
 
SECTION I. INTRODUCTION TO WATERSHED FUNDAMENTALS 
Overview outline notes from OWEB, 1999, Watershed Fundamentals Publication 
 https://people.wou.edu/~taylors/g473/1_OWEB_1999_watershed_fundamentals.pdf 
 

I. Watershed Overview 
a. Watershed – area of land that drains downslope to a common outlet point (from headwaters and 

drainage divide to mouth) 
i. Gravity Driven Fluid Flow 

ii. Drainage network – a series of channel tributaries feeding downslope to a common outlet 

 

iii. Hydrologic connections between channel runoff, atmospheric precipitation, groundwater 
infiltration + discharge, evapotranspiration 

iv. Hydrologic Units – nested scaling of channel networks, basins and sub-basins 
1. Hydrologic Unit Codes (HUC) – U.S. Geological Survey coding method for numerically 

identifying watersheds, basins and sub-basins in the U.S. 
a. 4th field HUC watersheds – large scale 
b. 5th field HUC sub-basins medium scale, avg. area ~60,000 ac in Oregon 
c. 6th field HUC sub-basins, smallest scale 

 

https://people.wou.edu/~taylors/g473/1_OWEB_1999_watershed_fundamentals.pdf
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II. Regional Controls on Watershed Conditions 
a. Geology 

i. Tectonic Setting 
ii. Bedrock Geology of Substrate (lithology, stratigraphy, structure, alteration, geologic history) 

iii. Regolith + Soil Composition 
b. Topography 

i. Hillslope vs. Valley Bottom Patterns 
ii. Elevation, Slope, Aspect, and Relief 

iii. Channel Network Drainage Patterns 
c. Climate + Hydrology 

i. Seasonal + Annual Weather Patterns 
ii. Long-term Climate Trends 

iii. Precipitation, Air Temperature, Humidity 
iv. Streamflow Patterns, Flooding, Water Use 

d. Vegetation 
i. Land Cover Type 

ii. Species Distribution 
e. Antropogenic Activities 

i. Generally the most impacts from post-European Settlement in U.S. the last 150 – 300 years 
ii. Agriculture, Forestry, and Industrial Development 

iii. Urbanization 
iv. Hydrologic Alternation (dams, drain fields, diversions, flood control) 

 

 

 

III. Hydrologic Processes 
a. Watershed + Sub-Basin Scale and Channel Network Configuration 

i. Channel Habitat Types – in-channel aquatic habitat conditions 
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b. Hydrologic Cycle 
i. Defined: circulation of water on planet Earth, from ocean to atmosphere, and back again. 

ii. Reservoirs 
1. Oceans (98% of total volume) 
2. Ice 
3. Groundwater 
4. Rivers, Wetlands + Lakes 
5. Biologic Waters 

c. Mass Transfer Functions 
i. Evaporation – Condensation – Precipitation – EvapoTranspiration 

ii. Gravity Transport: streamflow + infiltration 
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d. Runoff and River Channel Flow Considerations for Ecosystem Services 
i. Seasonal Flow Volume (Discharge)-Rate-Water Depth (Stage) 

1. Storm Patterns 
2. Seasonal Snow Melt 

ii. Seasonal Water Quality and Quantity 
iii. Groundwater Exchange with Channel System (Inputs and Removals) 

1. Hyporheic Exchange 
iv. Anthropogenic Removals and Discharges 

1. Irrigation 
2. Water Resource Extraction 
3. Disposal / Discharges 

 

e. Floodplain Configuration and Channel Connectivity 
i. Floodplain Sorption and Channel Exchanges 

1. Seasonal Flood Patterns 
2. Urbanization Effects 

ii. Off Channel Wetlands and Connectivity 
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IV. Soil Erosion and Stream Sedimentation 
a. Water Quality and Channel Substrate 

i. Sediment Supply and Transport Influences Aquatic Habitat and Water Quality 
ii. River Transport: suspended load, dissolved load, bedload 

b. Natural Sediment Sources 
i. Channel Erosion Processes 

1. Rilling, gullying, sheetwash, rainsplash erosion 
2. Channel Erosion, channel migration 

ii. Mass Wasting Processes: hillslope delivery of sediment to valley bottom 
1. Shallow vs. Deep Seated Landslides 
2. Debris Flow 
3. Soil Creep and Earth Flow 

 

 
iii. Anthropogenic Erosion 

1. Road Construction and Maintenance 
2. Agricultural Runoff 
3. Forest / Range Land Runoff 
4. Urban Runoff 

 
V. Vegetation Controls 

a. Vegetation strongly influences watershed hydrology, stream temperatures, solar energy flux, and water 
quality 

i. Vegetative Cover Patterns 
1. Seasonal Changes: deciduous vs. coniferous 
2. Forestry / Agriculture / Landuse 
3. Natural Disturbances 

a. Mass Wasting 
b. Fire 

ii. Role Upland Vegetation 
1. Root strength and slope stability 
2. Organic sediment inputs 
3. Wood Recruitment to Stream Channels 
4. Snowmelt – Runoff Cycles 

iii. Role of Riparian Vegetation – areas adjacent to streams, along floodplains 
1. Water quality + filtration 
2. Root Strength + Channel bank stabilization 
3. Habitat Cover 
4. Channel Shading + stream temperature reduction 
5. Large Wood Recruitment to channel areas 

a. Nutrient inputs, channel habitat complexity 



6 
 

 

 

 

VI. Water Quality 
a. Nutrients 
b. Bacteria 
c. Temperature and Dissolved Oxygen 

i. 64 F = standard for salmonid maximum average 
d. Anthropogenic Contaminants 
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VII. Fisheries Resources 

a. Pacific Northwest Salmonid Fisheries (salmon, steelhead, trout) 
i. Anadromous – salmonid rearing in upstream fresh water, life cycle in marine oceans 

1. Migratory spawning cycles 
ii. Resident – salmonid in residence for duration of life cycle in upstream fresh water 
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b. Historic Anthropogenic Habitat Degradation of Salmonid Fisheries 
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SECTION II. OVERVIEW OF RIVER RESTORATION IN THE PACIFIC NORTHWEST 
(Overview outline notes from Roni et al., 2002, A Review of Stream Restoration Techniques in the Pacific Northwest) 
 https://people.wou.edu/~taylors/g473/3_Roni_etal_%202002_restoration_techniques_review_PNW.pdf 

 
I. River Restoration Defined 

a. “assisting the establishment of improved hydrologic, geomorphic, and ecological processes in a 
degraded watershed system and replacing lost, damaged, or compromised elements of the natural 
system” 

b. Criteria for Successful River Restoration 
i. Established Goal for a Restoration Standard: what are the desired elements of the restoration 

initiative? 
ii. Ecosystem Improvements and Reparation 

iii. Increased Resilience of the Ecosystem: create systems with flexible response mechanisms 
iv. Do No Harm: don’t worsen the damage 
v. Availability of Pre- and Post- Project Assessment Data: were the goals achieved? 

 

c. River Restoration in Pacific Northwest:   
i. 10’s of millions of dollars spent annually 

ii. Goal of PNW restoration = increase salmonid populations 
iii. Focus: restoring natural processes that create and maintain habitat to increase fish populations 

 
II. River Restoration Planning and Design 

a. Process-Based Restoration at the local channel reach and sub-basin scale 
i. Biological Habitat Assessment 

ii. Abiotic Hydrogeologic and Gemophorphologic Assessment 
b. Restoring Natural Watershed Processes 

i. Improve Watershed Health 
ii. Improve Water Quality 

iii. Improve Fish Habitat 

https://people.wou.edu/~taylors/g473/3_Roni_etal_%202002_restoration_techniques_review_PNW.pdf
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c. Outcomes Assessment 
i. Decadal Scale Monitoring of Salmonid Populations 

 

 
d. Watershed Assessment - Steps in Identifying Restoration Needs 

i. Identify types and rates of habitat forming processes 
ii. Determine which processes are altered and where, identify sources of problems 

iii. Determine Restoration Strategy and Mitigation Approach 
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III. Restoration Techniques 
a. General Categories 

i. Habitat Reconnection – re-connecting channels, tributaries, wetlands and floodplains to ocean; 
reducing occurrence of disconnected and isolated habitats 

ii. Road Improvement – fish passage in river conduits via bridges and culverts; reduced 
sedimentation 

iii. Riparian Restoration – vegetative restoration 
iv. Instream Channel Habitat Restoration – promotion of favorable channel habitats for spawning 

and migration 
v. Nutrient Enrichment – food chain improvements 

 
b. Habitat Reconnection 

i. Off Channel Restoration 
1. Reconnecting wetlands, swales and side channels to main stem flow 

a. Increasing habitat area + increasing salmonid migration pathways 
b. Sequencing seasonal high-water and low-water conditions with salmonid 

migration patterns 
2. Culverts and Fish Passage Barriers 

a. Culvert redesign, increase diameter, roughness design for improved fish 
migration 

b. Large Culvert design to facilitate large woody debris and sediment transport 
3. Bridge Structures and Fish Passage 

 

 

 
ii. Estuarine Habitats – tidally influenced, marginal marine fluvial zones 

1. Degraded Habitats 
a. Dewatering and Dike Construction 
b. Reduced marsh habitat from development 

2. Marsh and Tidal Flat Restoration + Habitat improvements 
c. Road Improvement 

i. Degraded Conditions 
1. Roads as sediment sources 

a. Find sediment production, channel siltation and turbidity 
b. Drainage Ditches 

2. Stream Crossing impediments, fish passage barriers 
3. Road Runoff and Water Quality Degradation 
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d. Riparian Restoration 
i. Riparian Silviculture – Timber Harvest Degradation 

1. Loss of habitat, shading and root strength 
2. Riparian reforestation conversion – historic conifer plantations 
3. Reduced Woody Debris Recruitment 
4. Tree Planting and Native Plant Restoration Initiatives 

ii. Grazing and Fencing Strategies 
1. Livestock grazing in riparian zones, habitat disruption, increase sedimentation 
2. Water quality degradation 
3. Fencing and Grazing Exclusion Zone Initiatives 

e. Instream Habitat Restoration 
i. Discharge + Flow Restoration 

ii. Coarse Gravel Sediment Retention 
iii. Large Wood Placement / Wood Structures – increase channel complexity and salmonid habitat 

f. Nutrient Enrichment and Carcass Placement 
i. Nutrient deficiencies in altered rivers systems: Nitrogen and Phosphorous balance 

ii. Addition of fish carcass to river system, nutrient improvements for food chain 
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IV. Prioritizing Stream Restoration Activities 

 

 

a. Key Question: given the widespread scaling and scope of riverine habitat alteration in the Pacific 
Northwest, and limited amounts of funding for restoration initiatives, how do policy makers and 
decision makers prioritize the most effective “bang for the buck”? 
 

i. Step 1: conduct watershed assessment and keen understanding of natural processes that 
promote high quality salmonid habitat. 

ii. Step 2: do no harm – protect, promote and prioritize existing high-quality habitats that are 
currently not degraded. 

iii. Step 3: Use stepwise, science-based approach with known methodologies that promote best 
possible outcomes 

1. Reconnectivity of Habitats (barrier removal, off channel reconnection) 
2. Restoration of natural hydrologic, sedimentation and riparian processes 
3. Instream habitat improvements, engineered structures 
4. Monitoring, Outcomes-Based Assessment, Adaptive Management over time 


