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Watershed Restoration Design 

• Watershed & Restoration Assessment
• Survey

– Project  Reach & Reference Reaches
• Hydraulic Modeling
• Design
• Permitting
• Contracting
• Implementation 

Watershed Rehabilitation, Restoration & 
Remediation



Relic Reference
Reach

Disturbed 
Reference 
Sites..

Analysis Approach

Bank full Width

Mean Radius of 
Curvature

Meander Length

Flood Prone Width 
& Entrenchment

Riparian Conditions

Riffle Slope

Channel Geometry Equations
W= 2.37Q0.50

Lm= 7.5Wbnk
1.12

Rc = 1.5W1.2
1.12

BDm = 2.07- 0.19 loge((Rc/W)-2)*(XDb)



…Engineering for Fish
Bio-geomorphology

Species Spawning Gravel 
Diameter Water Velocity Stream 

Bed Slope Water Depth

Chinook 1.1 - 5.9 inches 
(2.6 - 15.1 cm) 2

1.2 - 3.8 ft/ sec   (0.35 -
1.15 m/sec) 1

0.004 -
0.007

0.98 - 1.9 feet     
(30-60 cm) 2

Coho 3.0 - 5.9 inches 
(7.5 - 15.0 cm) 3

2.9 - 3.4 ft/ sec    (0.85 -
1.0 m/sec) 4

0.002 -
0.007

0.33 - 1.2 feet     
(10.2 -35.6 cm) 4

1 Raleigh et al. 1986, 2 Riggers 2001, 3 Hassler 1987, 4 CDFG 2002b



Flood Prone

Bankfull

Low Flow

Design Templates Derived 
from Reference Conditions

Verified with Hydraulic 
Equations and Models



CHANNEL MORPHOMETRY
Thalweg Slope .018 (1.8%)
Mean Depth 11.8 inches
Mean Velocity 1.6 cfs
Spawning Glide Slopes 0.004 - 0.008
Banfull Cross Sectional Area 44 sq. ft.
Bankfull Discharge 191.7 cfs
Riffle Bankfull Widths 25 - 34 feet
Riffle Bankfull Depths 1.4 – 1.8 feet
Riffle Slopes 3.6% - 4.2%
Pool Max Bankfull Widths 26 - 34 feet
Pool Max Bankfull Depths 2.5 - 5.0 feet
D16 28 mm
D50 102 mm
D84 254 mm
Key Pieces 256 - 512 mm



• Decrease channel slope from 
2.5% to 1.8%

• Increase sinuosity from 1.0 to 1.3

• Increase channel length by 30%

• Increase flood prone to bankfull
width ratio from 2:1 to >3:1.

DEVELOP QUANTITATIVE 
RESTORATION / DESIGN 

OBJECTIVES



Restore fish habitat by increasing:

• Pools within the reach from 0 to 3 

• Side channel flow from <1% to 35%. 

• Large in-stream wood from <5 to >155 pieces within the project reach

• Spawning glides from <1% to >34% channel length within the project 
reach













Stability Checks

• Stream power and shear stress for constructed 
riffles and spawning glides

• Scour calculations for LWD structures and pools

• Ballast calculations for LWD structures



PERMITTING: It’s private land!

ADF&G Fish Habitat Permits:

Bridge installation
Channel Restoration Project



General Implementation Strategy 
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