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A Little History

The first Reclamation model study used to obtain 
hydraulic data specifically to address fishery issues 
was a model of Grand Coulee Dam in 1936. 
Extensive velocity data was measured and provided 
to the Department of Fisheries to determine if 
migratory fish could pass the dam during 
construction.



A Little History

The first hydraulic model that 
included a fishway was a 
study of Roza Diversion 
Dam in 1939.  
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1943 - Fishway Hydraulics Study

A hydraulic model of the 
Keswick Dam fishway was 
constructed in 1943 to 
determine the operating 
characteristics of the fish 
ladder and auxillary water 
supply.  Keswick is located 
downstream of Shasta Dam 
on the Sacramento River, 
Ca.  The fishway and 
auxiliary water supply 
diffuser were modeled.
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1955 – The Biologist Emerge

The first engineer/biologist research team was 
initiated in 1955 to develop a method to screen, hold, 
transport and restock wild fish entrained by the  
Delta Mendota Canal, California Central Valley 
Project.  The research effort significantly advanced  
the development of louvers for fish guidance. 

The project was conducted by Tom Rhone, Hydraulic 
Engineer in the Bureau’s Lab and Daniel Bates, 
Fishery Research Biologist, Bureau of Commercial 
Fisheries, Portland, Oregon.  



1955 Fish Protection Research on Louver 
Design and Guidance Efficiency, Tracy 

Fish Collection Facility



Origin of Louvers – “Louvers had been used to deflect moss in 
irrigation canals.  This suggested the possibility of their use 
deflecting fish.” 



Methods of Fish Protection Studied for 
Tracy Fish Salvage Facility in the 1950’s
• Sonar and Sound Waves
• Electric Fields
• Revolving Drum Screens
• Multiple Eddy Trap
• Compressed Air
• Curtain Walls 
• Traveling Screens
• Louvers



History Test
In What State was the First Bureau Fish 
Ladder Constructed?



Nevada, 1913
Derby Diversion Dam Fishway



1861 – Nevada Territory Assembly Calls for Fish Passage on all Dams
1905 – Construction of Derby Diversion Dam 30 miles upstream of 

Pyramid Lake
1906 – Water Diverted from the Truckee River to the Newlands Project
1913 – Fishway Constructed
1928 – Fishway is Destroyed in a Flood 



• 1970 – Reclamation Reinitiates Project to Construct a Gradient 
Stabilization Dam and Fishway above Pyramid Lake

• 1972/3 – New Species of Lahontan Cutthroat Trout Introduced

• 1975 – Marble Bluff Dam and Pyramid Lake Fishway are 
Completed

• 1942 – Falling Lake Levels Prompted Bureau of Indian Affairs to 
Construct a Gradient Stabilization Dam and Fishway above 
Pyramid Lake

• 1945 - Pyramid Lake Lahontan Cutthroat is extinct and Cui-ui
suckers

• 1950 – Dam and Fishway Destroyed by Flood

• 1967 – Pyramid Lake Elevation reaches 87 ft below 1906 levels





Fish Trap 
and Lift



Pyramid Lake Fishway



Poor Communication Between Federal 
Agencies Let Cui-ui Slip Toward 

Extinction

• Mid 1970’s to Mid 1990’s -
Pyramid Lake Fishway Ladders and the River Fish 
Trap and Lift System Failed to Meet the Passage 
Needs of Cui-ui Suckers.  Fish Passage Remained 
Low for Cui-ui and LCT.



Reclamation and Fish and Wildlife 
Service Decide to Work Together

• 1995 – Reclamation Worked with Federal, Tribal, State 
and Private Organizations to Solve the Fish Passage 
Problems at Marble Bluff Dam.

• 1996-1998 – Laboratory Studies were Conducted to Aid 
in the Design of New Fish Passage Facilities

• 1998 – Reclamation’s First  Fish Lock,  First Fish 
Friendly River Gradient Control Structure and  First 
Fishway Designed Specifically for Suckers were 
Constructed.



Reclamation’s First Fish Lock
Provides a 43 ft lift



Marble Bluff Dual 
Vertical Slot Fishway
Designed with 
Suckers in Mind

Numerical model of the Flow Field



Rock Ramp with Boulder Field

Plan View

A low flow channel and
boulder field are added to the
ramp design  



Nearly Completed Structure



A Hydraulic model was used to design 
the rock ramp profile 



Marble Bluff Dam Rock Ramp
and Fish Lock



Starting about the mid-1990’s we started 
incorporating fish into our hydraulic models 
to understand more about how fish react to 
flow conditions in fishways and screening 
facilities. This has lead to the development 
of many new innovative fish passage and 
protection designs and better facilities.



Boulder Weir Fishways
Development of a Standard Design 





Shovelnose sturgeon
Yellowstone River, Mt

Rio Grande
Silvery Minnow, NM

http://www.fguardians.org







Putting Research to Work

Boulder Weir Rock Fishways Constructed:
• Derby Diversion Dam Rock Fishway, Nv
• PNM Rock Fishway, NM

• Huntley Diversion Dam Rock Fishway, Mt (AquaEngineering)

Boulder Weir Fishways being Designed:
• City of Albuquerque Water Diversion, NM (URS Engineering)
• Kendrick Diversion Dam, Wy (Habitech and WWC Engineering)
• Tongue and Yellowstone Rivers Diversion Dam, Mt
• Price Stubb Dam, Co 



Derby Fishway





PNM Fishway





Razorback Sucker
Colorado River

Colorado Pike Minnow
Colorado River

PNM Boulder 
Weir Fishway
Farmington, NM



Huntley Fishway



Proposed Whitewater Run and Fishway for 
Price-Stubb Diversion Dam

Recreational Engineering Inc.

Fishway Channel



Can’t Find Boulders – Next best thing is 
Concrete pipe weirs filled with rock

Flow



Second Generation Technical Fishways



Second Generation Baffle Design
Lab studies showed improved fish guidance



Grand Valley Diversion Dam
Colorado River

Hydraulic Height = 16.75 ft

Fishway Slope = 4.5 Percent

Max Slot Head Differential = 
0.36 ft

Max Passage Velocity = 4.7 ft/s 

Max Pool EDF = 3.3



Dual Vertical Slot Design



Link River Dam
Klamath Falls, Oregon



Flow

Canal

Hydraulic Height = 12 ft

Fishway Slope = 4.5 Percent

Max Slot Head Differential = 0.36 ft

Max Passage Velocity = 4.7 ft/s 

Max Pool EDF = 3.3

Design Parameters

Link River Fishway



Fishway Entrance

Link River Fishway

Looking Downstream



• Salmon ****
• Steelhead ****
• Trout ****
• Cui-ui suckers
• Lost River suckers
• Shortnose suckers
• June suckers
• Razorback suckers ****
• Shovelnose sturgeon ****
• Pallid sturgeon
• Green sturgeon
• White sturgeon
• Bull trout ****
• Silvery minnow ****
• Delta smelt
• Blackfish ****
• Burbot
• Pacific Lamprey
• Splittail ****
• Stripped bass ****
• Catfish
• Pikeminnow
• Mitten Crabs ****
• Snapping Turtles

Species Used in Recent 
Lab Studies

Fisheries Engineering and Environmental Hydraulics
Combining Engineering and Biology

Species of Concern on 
Recent Projects



Its all how we look 
at it, Farmers, Fish 
and Frogs can all 
use the same water. 
Roger Muggli, T&Y 
Irrigation District, Mt



 
 
 
 
 
 

 
 
Fish Protection 
           at 
Water Diversions 
 
A Science and Technology Program Publication 
A guide for planning and designing fish exclusion facilities  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 U.S. Department of the Interior 
 Bureau of Reclamation                                                                                                                          May 2005 

Fish Screening 
Manual

Due out this Fall



Thanks For Many Reclamation Offices 
That Support The Laboratory

A Special Thanks From the Engineering Fishheads to:

Office of Science and Technology  
Tracy Fish Collection Facility, 
Tracy Field Office
Montana Area Office
Western Colorado Area Office
Albuquerque Area Office 
Kalmath Area Office
Willows Construction Office



Thank You

Brent Mefford, PE
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