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• ~Unused Habitat Upstream

• Depressed Populations

• Restrictive Fish Passage

• No Easy Fix
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Solution – Part 1
• Multiple Passage Routes in Upper Falls

• Overlapping Passage Flow Windows

• Decrease Flow Concentration, Reduce EDF

• Measures to Reduce Debris Blockage

• Follow Bedrock Topography
• Minimize Blasting

• Carve Pools by Controlled Blasting

• Relocate Boulders and Waste Rock Onsite
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Solution - Part 2
• Raise Approach Pool WSEs → Decrease Leaping Heights

• Use Local Material

• Increase Roughness, Downstream Hydraulic Control

• Emulate Boulder Garden Between Falls
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Key Fish Passage Design Considerations

• Analysis of Leaping Heights
• Pool Depth/Area vs. Barrier Profile -----------→
• # Steps, Notch Backwatering to Reduce Height

• Energy Dissipation Factor (EDF)

• Passage Flow Windows
• Define Overall Flow Range
• Redundant Design Routes w/ Overlapping Windows

• Debris Accommodation
• Woody Debris
• Cobbles
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Hydraulic Modeling  
• 2D HEC-RAS Model – Flow Splits To Each 

Passage Route

• For Given Flow Split, Use Analytical Weir 
Hydraulic Calculations in Design

Total Flow= 75 cfs DS Pool WSE= 1836.6 ft

Lower Upper Total WSE

Pool Qmodel (cfs) L (ft) H (ft) L (ft) H (ft) Head (ft) Lower Upper (ft) EDF

1 29 5 1.0 10 0.1 1.7 19.7 8.8 28.5 1837.0 1838.0 1838.7 2.3 105.0 1833.0 478.8 8.7

L2 20 4 2.5 11.5 0.1 2.2 19.6 0.0 19.6 1838.5 1841 1840.7 1.9 55.0 1834.5 272.8 8.7

L3 36 5 2.0 10 0.1 2.6 30.4 7.0 37.3 1840 1842 1842.6 3.9 200.0 1836.0 1056.0 8.3

L4 36 5 1.0 8.5 1 2 27.6 10.5 38.1 1844.5 1845.5 1846.5 4.5 100.0 1840.5 480.0 21.1

L4u 36 5 1.0 8 1 2 27.6 9.0 36.6 1849 1850 1851.0

R2 39 5 1.0 14 0.5 1.8 22.2 19.3 41.6 1839.5 1840.5 1841.3 2.6 85.0 1835.5 394.4 16.0

R3 39 5 1.0 10 3 1.9 24.8 12.8 37.7 1842 1843 1843.9 2.5 85.0 1838.0 401.2 15.2

R4 39 5 1.0 10 4 1.9 24.8 12.8 37.7 1844.5 1845.5 1846.4 2.7 85.0 1840.5 401.2 16.4

R4u 39 5 1.0 7 7 2.1 30.4 6.9 37.3 1847 1848 1849.1

Overflow Flow (cfs)

Left-L3

Left-L2

Right-R2

Mass Check 46

Outflow Weir Dimensions Adjust so 

Total≈Qmodel
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Permitting

• Joint Application (IDWR, USACE, IDL)

• Preconstruction Notification Watershed
• Confirm USACE NWP Eligibility

• IDEQ 401 WQ Certification 
• Meet USACE NWP Conditions

• ESA - BPA’s HIP III  Process
• Basis of Design Report Format

• Comment Review Project Tracking Form



Flow
Management

1. Notch Bedrock
2. Fly In Sand Bags

and Super 
Sacks

3. Seal Upstream 
Face with 
Plastic Sheeting



Drilling and Blasting
• Spider Excavators with pneumatic drills

• Blasting to form pools

• Onsite monitoring to adapt design as 
blasting proceeds

• Possible Weaker Rock Under Exposed BedrockPhoto From Syblon-Reid

• Monitor/Adjust Work As 
Necessary For Best Results
• Potential for Underlying 

Weaker Rock Stratum
• If Necessary, Pin/Epoxy 

Larger Broken Rock Pieces



Fish Protection
• Fish Salvage
• Exclusion Netting
• Turbidity Control
• Blasting Overpressures

• Decrease w/ Distance in Rock
• Bubble Curtain

Dunlap, K.N.  2009.   Blasting Bridges and Culverts: Water Overpressure and 
Vibration Effects On Fish and Habitat.  MS thesis, Univ. Alaska Fairbanks.
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Alaska Department of Fish and Game (ADFG).  1991.  
Blasting standards for the protection of fish


