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Management and Technical 
Approach

Build   Collect Fish  Experiment
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Management and Technical 
Approach
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The Entrance Palisade is an innovative fish passage structure that 
helps fish move upstream efficiently while reducing the costs of 
maintenance and construction. The design is being evaluated with 
American shad in the Northeast USA, but will likely be applicable to a 
wider variety of migratory fish and at locations throughout the USA.
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Alignment with the Program

Hydropower Program Strategic Priorities

Environmental R&D and Hydrologic Systems Science

Big-Data Access and Analysis

Technology R&D for 
Low-Impact 

Hydropower Growth

R&D to Support 
Modernization, 

Upgrades and Security 
for Existing Hydropower 

Fleet

Understand, Enable, 
and Improve 
Hydropower’s 

Contributions to Grid 
Reliability, Resilience, 

and Integration
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Alignment with the Hydro Program

Environmental R&D and Hydrologic 
Systems Science

Develop technologies 
and strategies that 
avoid, minimize, or 
mitigate ecological 
impacts

This project was awarded through DOE 
Funding Opportunity Announcement 
1662: Innovative Solutions for Fish 
Passage at Hydropower Dams, Topic 
Area 1 which focused on gathering 
information and data on the effects 
innovative fish passage technologies 
have on fish. The Entrance Palisade 
design aids in reducing the impact of 
dams on river connectivity for fish 
through improving the efficiency of 
fishway entrances. Additionally, this 
new technology holds potential to be a 
more cost-effective choice as
compared to standard systems in 
practice.
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Project Budget

Total Project Budget – Award Information
DOE Cost-share Total

$353K $35K $388K

FY17 FY18 FY19 
(Q1 & Q2 Only)

Total Actual Costs
FY17–FY19 Q1 & 
Q2 (October 2016 

– March 2019)
Costed Costed Costed Total

$0K $0K $46K $46K
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Management and Technical 
Approach

• Challenges
– 35-day federal government shutdown
– Unknowns of fish behavior
– State and federal regulatory requirements are the only 

significant barriers to market penetration. 

• Success Factors
– The resource agencies (e.g. NOAA, USFWS) are science-

based, requiring experimental verification of 
effectiveness of the Entrance Palisade concept.

– Must prove equally protective and less costly than 
conventional floor/wall diffusers. The Energy Policy Act 
(2005) would allow hydro owners (FERC licensees) to 
advocate for this technology. 
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Management and Technical 
Approach

• Management Approach
– Multiple project milestones and “go-no go” decision 

points
– Established project team that consists of UMass, USGS, 

USFWS, and NOAA.
– Regular project team meetings
– Weekly PI, co-PI, and graduate student meetings
– Established an Industrial Advisory Board to provide 

project feedback and aid in technology transfer
– Several project deliverables
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End-User Engagement and 
Dissemination Strategy 

• Target market for the Entrance Palisade
– Private, FERC jurisdictional hydroelectric facilities subject to 

statutory requirements of the Federal Power Act and 
Endangered Species Act.  

– Among those locations, the target market primarily 
includes run-of-river (or quasi run-of-river) hydroelectric 
facilities on rivers with threatened, endangered and trust 
species.
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End-User Engagement and 
Dissemination Strategy 

• Cost savings to the hydropower industry in both 
construction and maintenance. 
– Reduced diffuser size
– Reduced sub-grade excavation
– Elimination or mitigation of contingencies attributable to 

the additional duration of sub-grade, in-river work and the 
associated flood risks.

– Avoidance of possible dam safety issues
– Simpler and less costly inspections, cleaning, and repairs
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End-User Engagement and 
Dissemination Strategy 

• The Industrial Advisory Board consist of several 
hydroelectric company representatives that will aid in the 
development of the Entrance Palisade.

• Primary Objectives:
– Engage industry and communicate the product potential to 

development partners, 
– Ensure technology transfer occurs, 
– Balance design goals of overall EP performance with economic 

costs, 
– Evaluate the product market place, and 
– Identify and implement a field test following completion of the 

laboratory project

• Board to meet periodically between August 2019 and the 
end of the project.
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End-User Engagement and 
Dissemination Strategy 

• Conference presentations (e.g., American Fisheries Society)
• Journal publications
• Potential resource agency (e.g. USFWS, NOAA) fish passage 

criteria
• Social Media
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Technical Accomplishments

• Auxiliary water system database
• First generation prototype design that utilizes an angled 

louver as the diffuser.  These include vertical slats angled 
parallel to the auxiliary channel flow set at a spacing of ¾“.  

• A hydraulic evaluation of the Entrance Palisade and wall 
diffuser treatments in a 1:8 scale model was performed.
– The data collected was used to inform the experimental design in 

the biological evaluation.

• The behavioral evaluation of the Entrance Palisade was 
performed in May and June of 2019. Approximately 25 
trials were conducted with 30 American shad per trial that 
evaluated the effect of several treatments.
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PIT Antennas for 
Tracking Fish Video Cameras
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Flow
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Flow
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1 fps
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4 fps

T1: 3 fps
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Total of 18 trials 
(6 per treatment)



1 fps                  4 fps                3 fps

Treatment 1: Palisade Velocity < Entrance Channel Velocity

Competing Flow Entrance Channel Auxiliary Channel



1 fps                  4 fps                4 fps

Treatment 2: Palisade Velocity = Entrance Channel Velocity

Competing Flow Entrance Channel Auxiliary Channel



1 fps                  4 fps                5 fps

Treatment 3: Palisade Velocity > Entrance Channel Velocity

Competing Flow Entrance Channel Auxiliary Channel



Entrance Efficiency = 70 %

Minimum = 35 % @ 14.4 °C

Maximum = 90 % @ 18.5 °C
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Future Work

• Velocity & turbulence data collection throughout the flume 
for each of the treatments (ongoing)

• Data analysis of spring 2019 trials (ongoing)

• Six month project extension appears likely
– End date would change from March 31 2020 to Sept 30 2020
– Would allow for more trials with migratory fish

• American shad, river herring, lamprey, white sucker)
– Modifications to the palisade diffuser (e.g. angle, slat design)
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Questions?
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EXTRAS
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Management and Technical 
Approach
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Hydraulics Laboratory
1:8 Scale Model



LSC-Conte Lab & 
Turners Falls Dam

Holyoke Fish Lift

• Collect shad in Holyoke

• Truck fish to lab; externally 
tag and place in holding 
ponds

• Rest for 24 hours

• Run 4 hr. trial with 30 
American Shad in each trial

• Return shad above Turners 
Falls Dam

American Shad Collection

Approximately 1,350 shad were collected for this study



Holyoke Fish Lift Sampler



Holyoke Fish Lift Sampler



Two Treatments
• Wall Diffuser Velocities 

of 0.5 and 1.0 fps
6 Trials, 30 Shad Per Trial

W
all Diffuser



Auxiliary Water System Database

Marketplace Assessment

AWS types: 
GFD – Gravity Floor Diffuser; 
GWD – Gravity Wall Diffuser; 
PFD – Pumped Floor Diffuser; 

CWD – Combined Wall Diffuser; 
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