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This instructor-led workshop, organized by the American Fisheries Society–Bioengineering Section, with funding from the Resources 
Legacy Fund, to presents a two-day-nature-like fishway workshop. This in-person workshop took place over two days and was instructed 
by several leading practitioners in the field of Nature Like Fishways (NLF) implementation, including representatives from both private and 
public agencies. The list of speakers includes Michael Garello (HDR), Michael Love (MLA), Jesus Morales (U.S. Fish and Wildlife 
Service), Tyler Kreider (Kleinschmidt), Bjorn Lake (NOAA Fisheries), Barry Chilibeck (Northwest Hydraulic Consultants), Brian Cluer 
(NOAA Fisheries), and Marcin Whitman (retired California Department of Fish & Wildlife). The goal of the workshop was to share 
knowledge of nature-like fishway design and long-term stability observations among practitioners, regulators, and operators to improve the 
collective awareness of contemporary NLF science and design methodologies to ultimately provide more effective and sustainable 
passage for fish. This workshop included the following topics: 

• History and state of nature-like fishways
• Application of NLFs to natural and built environments
• Site reconnaissance, project assessment, project development
• Identifying data and modeling needs and necessary in-field data collection
• Example design methods, practices, constraints, and uncertainties—also highlight current/ forthcoming design guidance documents
• Construction methods and oversight
• Monitoring
• Lessons learned from previously constructed NLFs
• Risk evaluation in NLF Design
• Getting the right rocks and placing them for long-term stability

Workshop Coordinators: 

• Tyler Kreider, PE, Kleinschmidt
• Mike Garello, PE, HDR, Inc.
• Mike Love, PE, Michael Love & Associates



• Advances in Fish Passage and Habitat Restoration

Brian Cluer, Ph.D., NOAA Fisheries – West Coast Region………………………………………………………………Slide 8

• Upstream Fish Passage Overview……………………………………………………..………………………………..Slide 44

• History of Fish Passage and NLF Evolution……………………………………….………………………..…….…..Slide 58

• Watershed Approach………………………………………………………………………………………………………Slide 96

• Types of Barriers……………………………………………………………………………………………………..……Slide 116

• What are NLFs?....................................................................................................................................................Slide 122

Presentations



SALMONID RESTORATION FEDERATION
NATURE-LIKE FISHWAYS WORKSHOP



Nature-like Fishways: Modern Perspectives and Techniques

WELCOME & ICEBREAKER
• Introductions

• Workshop and Venue Logistics 

• Icebreaker
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01 Introductions and Workshop Logistics

02 The History of NLF Design and Available 
Resources

03 Site Selection & NLF Hybridization

04 Pre-Design Objective-setting, Risk 
Assessment and Geomorphology 

05 Optional Site Visit

WORKSHOP AGENDA
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DAY 1

DAY 2

06 Design, Monitoring, and Maintenance06 Design, Monitoring, and Maintenance

07 Contracting & Implementation



01 Advances in fish passage and habitat 
restoration

02 Upstream Fish Passage Overview

03 History of Fish Passage and 
NLF Evolution

04 Available Fish Passage Design 
Guidelines and Resources

05 Conclusions and Q&A

INTRODUCTION SESSION
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Advances in fish passage and habitat restoration

NLF Workshop @ 2024 SRF Conference

Brian Cluer  Ph.D. – Fluvial Geomorphologist NOAA Fisheries 
– West Coast Region5
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Three concepts that help us work with nature to 
achieve more effective, resilient and sustainable 
solutions in river management and restoration.

Shifting Baseline

• explains why we 
often don't understand 
antecedent conditions, 
which leads to mis-
diagnosing the problem 
and applying ineffective 
or unsustainable 
solutions

Stream Evolution 
Model

• a conceptual framework 
for a river's potential that 
helps us set more 
effective restoration goals

Salmon 
Foodscape

• the idea that habitat 
diversity over space 
and time is key to 
salmon population 
viability, if fish can track 
the resources





SBS occurs when conditions of the natural environment 

gradually degrade over time, yet people (local citizens, 

natural resource users, policy makers) falsely perceive less 

change because they are not aware of, or fail to recall 

accurately, what the natural environment was like in the past. 

The first documented cases of SBS are in fisheries stock 

reports. 

Each generation of managers set lower sustainable 

harvest targets as stocks progressively diminished.

Younger residents, compared to older ones, perceived a 

lesser degree of  change in the availability of  local water 

resources and water quality.



• SBS feedback loop: 
progressively diminishing 
perception of natural, and 
good.

• Leads to insufficient 
restoration targets.
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SBS in River Management:

Walter, R.C. and Merritts, D.J., 2008. Natural streams and the legacy of water-powered 
mills. Science, 319(5861), pp.299-304.



Historical evidence - US East Coast –
Watts Branch, Seneca Creek, Brandywine Creek

“Valley bottoms along eastern streams were characterized by laterally extensive, wetland-
dominated systems of forested meadows with stable vegetated islands and multiple small 
channels during the Holocene. 
The modern, incised, meandering stream is an artifact of the rise and fall of mid-Atlantic 

streams in response to human manipulation of stream valleys for water power.”

Walter, R.C. and Merritts, D.J., 2008. Natural streams and the legacy of water-powered mills. Science, 319(5861), pp.299-304.

2008
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The channels are incised into unrecognized 
reservoir fill, not “self-formed” in their own 
floodplain deposits.

This is important because these same streams are where 
the concept of the naturally formed 1.5-2 yr capacity 
meandering “bankfull” channel was derived in the 1950-
60’s, and NCD is founded. 

Legacy Fill

Upended the prevailing view of channel / floodplain 
interactions.  Validated the idea of Stage 0. 



Solution: exhume the buried river wetland corridor



Shifting Baseline: applied to river restoration

• Effective restoration - need to understand the history of natural processes as 
well as the anthropogenic land use history

• Risk 1 - not seeing, or misdiagnosing, the problem 

• Risk 2 - implementing projects that are not effective, resilient to changes nor 
self sustaining



• Most valley bottoms are private

• Inspiring projects on 
• public lands and trust lands
• Ag lands
• retired lands and wastelands
• Municipal – Urban

https://www.restoringriverscapes.org/



Published January 10, 2013.
16

SEM
1. Update and extend earlier channel evolution models.
2. Include river corridor, floodplain.
3. Link ecological functions to fluvial stages.
4. Guidance for more effective restoration.



Schumm et al 1984
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Cross sections

Long profile



Schumm et al 1984
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Cluer and Thorne, RRA, 2013

Simon and Hupp

Bleodsoe

Thorne

Stage 0
Wet Valley
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Scale



Cluer and Thorne, RRA, 2013

Thorne
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Scale

Dry valley, deep channel, narrow 
riparian belt.

Potential floodplain channels.

Dry valley



Cluer and Thorne, RRA, 2013

Simon and Hupp

Bleodsoe

Thorne
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Dry valley, narrow 
riparian belt.

Commonly observed anthropogenic 
channel location.

Dry valley



Cluer and Thorne, RRA, 2013

Simon and Hupp

Bleodsoe
Thorne
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Scale

Stage 8:
 Scaled down 
 Lower elevation

Stage 8

Dry 
terrace

Dry 
terrace



Cluer and Thorne, RRA, 2013

Stages Linked to Habitat Quality and Other Ecosystem Benefits

Principles of functional ecology: the potential for a stream to support large, rich, diverse, and 
resilient ecosystems increases with scale, morphological diversity, and hydroperiod.

Key source: Thorpe et al. 2010. Linking Ecosystem Services, 
Rehabilitation, and River Hydrogeomorphology. BioScience
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Floodplain is the ecological nexus of regional biodiversity.

F. Richard Hauer et al. Sci Adv 2016

Floodplain as affected by human structures.
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River Wetland Corridors: suite of ecosystem services

Wohl et al, 2021: Rediscovering, Reevaluating, and Restoring Lost River-Wetland Corridors. Frontiers in Earth Science. 25



HISTORICALLY:
• Much of the California 

Central Valley was wetland 
and riparian habitat

California State Library

The Bay Institute, 1998

Historical Central Valley 
Salmonid Habitat:
• Floodplain [4,450 mi2] 
• Streams [17,200 miles]

Today Central Valley:
~95% of floodplains disconnected
~97% stream habitat is behind 
dams

26



Floodplains = Foodzooplankton
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Carson Jeffres1, Miranda Tilcock1, Anna Sturrock3, Rachel Johnson1,2

Diet journals recorded in eye lenses reveal critical 

habitats supporting juvenile salmon

21 3
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Quantifying the role of floodplains as nursery 
habitats for salmon populations

Fall Run
2016

Fall Run
2017

Juvenile*

Adult survivors

Fall Run
2016

Fall Run
2017
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A more explicit focus on the spatio-temporal dynamics of food
webs that sustain salmon (e.g. foodscapes), would benefit the field 
of process-based restoration.

For any given combination of (a) river system and (b) consumer,
the foodscape managers can ask: how have patterns and processes 
affecting food abundance, food accessibility, and the energetic 
costs of foraging been altered by human modification of the river 
system, and how can they be recovered?

How should novel foodscapes, which leverage anthropogenically 
modified landscapes to take advantage of foraging opportunities, 
be balanced against work to restore an historic foodscape?



https://exchange.iseesystems.com/public/ryan-bellmore/fish-
foodscape-ibm-example/index.html#page1



https://exchange.iseesystems.com/public/ryan-bellmore/fish-
foodscape-ibm-example/index.html#page1



Population
biology



https://bda-explorer.herokuapp.com/projects/map

http://stagezeroriverrestoration.com/



Reconnecting historic habitat



Novel access to historical 
habitat.

Kocik et al 2022. Salmon on the edge



Novel habitat. 



Summary:

• Fish passage and restoration practices have added fundamental 
dimensions

• Micro – Reach – Watershed – Time

• Multidisciplinary science

• Opportunities and challenges



Sources:

• Kocik et al 2022

• Walter and Merritts 2008

• Cluer and Thorne 2014

• Silva et al 2017

• Soga and Gaston 2016

• Schumm et al 1984

• Jeffres et al in prep

• Rosi et al in press

• Hauer et al 2016

• Wohl et al 2021

• Williams in prep



Questions ?



Nature-like Fishways: Modern Perspectives and Techniques

02
UPSTREAM FISH PASSAGE 
OVERVIEW
• Stream Simulation Design Methodology vs

Hydraulic Design Methodology

• Zone of Passage

• Nature-like Fishways
• Definition

• General Pros and Cons
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THERE ARE TWO OVERARCHING AND DISTINCT METHODOLOGIES FOR 
ACHIEVING VARYING DEGREES OF STREAM RESTORATION AT A SITE

BENEFITS:

• FULL ECOLOGICAL LIFT

• AQUATIC ORGANISM PASSAGE

FOR ALL NATIVE SPECIES

• FREE SEDIMENT AND NUTRIENT

MOVEMENT

• FLOOD RISK REDUCTION

• FLOODPLAIN AND RIPARIAN RE-

CONNECTIVITY

• MIGRATORY TERRESTRIAL

WILDLIFE PASSAGE

BENEFITS:

• FISH PASSAGE FOR A

SELECTED FISH SPECIES
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THERE ARE TWO OVERARCHING AND DISTINCT METHODOLOGIES FOR 
ACHIEVING VARYING DEGREES OF STREAM RESTORATION AT A SITE
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STREAM SIMULATION DESIGN METHODOLOGY
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If designed correctly, all native aquatic 
organisms, even the small-bodied, weak-
swimming species, should be able to 
swim through the restored stream section 
without additional difficulty when 
compared to the downstream and 
upstream natural reaches. 

SSM AQUATIC 
BENEFITS

DACE
LOGPERCH

DARTER

SMALL-BODIED FISH 
ALSO NEED TO MOVE!

MUSSEL POPULATION =
WATER QUALITY



THERE ARE TWO OVERARCHING AND DISTINCT METHODOLOGIES FOR 
ACHIEVING VARYING DEGREES OF STREAM RESTORATION AT A SITE



THE HYDRAULIC 
DESIGN METHOD

The HDM is a design 
strategy that targets 
distinct species of fish 
without necessarily 
accounting or designing 
for the natural and 
geomorphic requirements 
of the river system or the 
non-target species. 



Fishways designed using HDM 
aim to provide zones of passage
for the suite of target species 
and/or life stages

ZONE OF PASSAGE

A contiguous area of sufficient lateral, longitudinal, and vertical 

extent in which adequate hydraulic and environmental 

conditions are maintained to provide a route of passage 

through a stream reach influenced by a human-made barrier



When applying HDM, we must first and foremost understand the swimming capabilities and 

biological behaviors of the suite of TARGET species at each of their life stages

Swim Speed Categories:

FISH SELECTIVITY 

IS INEVITABLE



v

v



THE HYDRAULIC 
DESIGN METHOD

All engineered fishways, 
INCLUDING NATURE-
LIKE FISHWAYS, are 
designed with HDM



WHAT IS A NATURE-LIKE FISHWAY?
Constructed fish passage structures that mimic morphodynamic components of 
natural fish habitat (Katopodis 2012), such as substrate clusters, pools, riffles, steps, 
rapids, and other natural materials to create diverse physical and hydraulic conditions 
intended to provide efficient passage to a targeted group of aquatic organisms and/or 
specific life stages, including migratory and (sometimes) resident fish assemblages.
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Nature-like Fishways

PROS:

• Established, ancient technique for providing fish 
passage

• If designed appropriately, it can provide passage 
to a wide range of fish species (i.e., low species 
selectivity)

• Often provides multiple pathways at a given flow 
rate compared to other traditional fishway 
options

• Aesthetically pleasing to the eye 

• Generally low maintenance needs and easy 
access



Nature-like Fishways

CONS:

• These are generally more expensive $$$ than
any other fish passage alternative

• Larger footprint (aka, real estate)

• Difficulty to stop any invasives from moving
through it

• Large bed mobilizing events can lead to
deposition or blockage that often results in
costly cleanups and/or repairs



Nature-like Fishways: Modern Perspectives and Techniques

03
HISTORY OF FISH PASSAGE AND 
NLF EVOLUTION
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2011
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Salmon ladders in 
17th century France
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The Plymouth Colony 
passed a law in 1709 
prohibiting the 
construction of weirs 
that would impact fish 
passing during their 
seasonal migrations
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River herring harvest in the 

Damariscotta River, ME since 1806
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• Fisheries Act of 
1842 (Ireland)

• Fisheries Act of 
1868 (Canada)

1852 Ballysadare 
River in Ireland

Salmon ladders by 
strategically blasting 
pools into the falls
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Page 62

Anthon Landmark  
was Norway’s most important 
fisheries inspector and played a 
crucial role in the improvements to 
salmon ladders at the turn of the 
20th century

Francis Francis  

publishes Reports on 
Salmon Ladders (1870) 
after visiting sites 
throughout the UK and 
concluding that most 
salmon passes did not 
work well because 
governmental fishery 
personnel did not 
provide information 
about what fishway 
configurations were 
successful at passing fish
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Belgian scientist Gustave Denil 

in 1909 publishes his findings on a 
novel chute-type fish passage 
structure designed to pass 
salmonids (i.e., the Denil Fishway)
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In the U.S.A.

• The Federal Power Act (1920)

• The Anadromous Fish Conservation 
Act (1965)

• The Endangered Species Act (1973) 

• The Northwest Electric Power and 
Planning Act (1981)
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Beginning in the 1940s, Europe and 
North America experienced a boom in 
field and laboratory testing of available 
fishway designs (e.g., 1942 Report of 
the Committee of Fish- passes)
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Mechanical engineer Milo C. Bell

from 1949 to 1992 acted as a 
consultant to the USACE on fish 
passage solutions at various dams 
in the Columbia River. In 1986 
published his Fisheries Handbook
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DACE

LOGPERCH

DARTER

POTAMODROMOUS SPECIES

AMPHIDRAMOUS SPECIES

GOBIES

SHRIMP
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ONLY YOU CAN PROVIDE 

AQUATIC ORGANISM PASSAGE.

ONCE IN A LIFETIME 
OPPORTUNITY!



Nature-like Fishways: Modern Perspectives and Techniques

04
HISTORICAL AND AVAILABLE 
DESIGN GUIDELINES

• Early Fish Passage Design 
Guidance

• Published NLF Design Guidelines

• Importance of the “research loop”
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FISH PASSAGE DESIGN GUIDELINES
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FISH PASSAGE DESIGN GUIDELINES
In 1909 Belgian scientist Gustave Denil 
published the book Fish Ladders and 
Their Application to the Meuse and Ourthe 
Dams in the Meuse River in Belgium
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FISH PASSAGE DESIGN GUIDELINES

In 1973 the Norwegian Magnus Berg 
published his own report on salmon ladders 
in northern Norway 
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FISH PASSAGE DESIGN GUIDELINES
Mechanical engineer Milo C. Bell is renown for his 
six decades of work, starting in the 1930’s, to 
restore and protect the salmon migratory runs 
along the Pacific Coast of North America, 
specifically in the Columbia River
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FISH PASSAGE DESIGN GUIDELINES
This 1996 Fish Passes: Design, Dimensions 
and Monitoring document is a 
comprehensive design manual for designing, 
constructing and monitoring fish passage 
facilities. The document refers to NLFs as 
“close-to-nature types of fish passes”. 
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FISH PASSAGE DESIGN GUIDELINES
The (2007; 2016) USBR Rock Ramp Design Guidelines is a guidance 
document for the design of constructed channels (a.k.a., nature-like 
fishways). This document provides comprehensive guidance on how 
to consider structural stability in the design process of constructed 
channels. The 2016 revised version added substantial information on 
how to do hydraulic modeling in a design of NLFs. 
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FISH PASSAGE DESIGN GUIDELINES
In 2010 Dr. Luther Aadland published a seminal design guideline for the 
constructions of NLFs titled Reconnecting Rivers: Natural Channel Design in Dam 
Removal and Fish Passage. Split into two chapters, Aadland differentiates between 
full stream restoration through dam removal versus the installation of nature-like 
fishways. In contrast with the USBR 2007, Aadland 2010 spends less time in design 
specifications for the structural stability of the ramp, and calls attention towards the 
ecological lift and fish passage considerations that a design team needs to take 
when building a nature-like fishway. The document also offers a list of case studies 
and their actual project costs.
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FISH PASSAGE DESIGN GUIDELINES
In 2016 staff from the National Marine Fisheries Service (NMFS), the U.S. Geological Survey 
(USGS) and the U.S. Fish and Wildlife Service (USFWS) collaborated to develop passage design 
guidance for use by engineers and other restoration practitioners considering and designing 
nature-like fishways (NLFs). The focus of this document centers on the target fish species’ 
biological attributes that the design team needs to consider when designing and building an NLF.
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FISH PASSAGE DESIGN GUIDELINES
West Coast NOAA was very busy in 2022 when it published a series of guideline 
documents that covered a wide range of topics affecting the region’s fisheries (e.g., 
fishways, stream simulation, climate change considerations, etc.). The NOAA Fisheries 
Guidelines for Salmonid Stream Crossings in WA, OR and ID provides design guidance 
on what it refers to as “constructed channels” (a.k.a., nature-like fishways). 

The NOAA Fisheries WCR Anadromous Salmonid Design Manual briefly covers the topic 
of NLFs as viable options for providing fish passage, but warns the reader about 
assuming that these are necessarily better options than other “traditional methods”:

Nature-like fishways are thought to facilitate the passage of a wide assemblage of fish and aquatic 
species, sometimes purported to provide better passage than traditional methods (fish ladders). However, 
Castro-Santos (2011) concluded that nature-like fishway designs evaluated in his study were not 
superior to traditional fish ladders for the 23 fish species from the northeastern United States (of 
those that were evaluated). More recently, Landsman et al. (2018) compared the passage of salmonid 
and non-salmonid species at nature-like fishway and pool-and-weir fishways in eastern Canada and 
reported similar results. Nature-like fishways have been observed to pass anadromous and resident 
salmonids with varying degrees of success at projects of varying hydraulic complexity (Aarestrup et al. 
2003; Calles and Greenberg 2005, 2009; Dodd et al. 2017). 
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FISH PASSAGE PRE-DESIGN GUIDELINES
NOAA Fisheries Pre-Design Guidelines for CA Fish Passage Facilities and to 
Improve the Resilience of Fish Passage Facilities to Climate Change 
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CALIFORNIA FISH PASSAGE DESIGN GUIDELINES

California Fish & Wildlife (CFW) Part XII: 

Fish Passage Design and Implementation

Under the Profile Control section, the 

document covers many of the design 

principles applicable for NLFs. 



USFWS/NOAA EAST COAST FISH PASSAGE 
ENGINEERING DESIGN GUIDELINES

2016

2016

2017

2017

2019

2019

2025

2025?



RESEARCH LOOP

Identify problems 
through monitoring 
and collaborations

Literature 
reviews

Find information 
gapsResearch 

Incorporate into 
Guidelines 
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EXAMPLE

In 2021 the USGS Conte 
Laboratory in Turners 
Falls, MA evaluated the 
impact of available 
submergence depth 
through a notch when 
attempting to pass 
American shad. 



Plunging Flow

Submergence 

Depth (DS)

Drop

Streaming Flow

“Depth”

Rock Weir Arm

SUBMERGENCE DEPTH FOR PASSING ALOSINES



𝑄𝑓𝑟𝑒𝑒 𝑓𝑙𝑜𝑤 =
2

3
𝐶1𝑏 2𝑔𝐻

3
2

𝐶1 = 0.602 + 0.083
𝐻

𝑊

𝑄𝑠𝑢𝑏𝑚𝑒𝑟𝑔𝑒𝑑 = 𝑄𝑓𝑟𝑒𝑒 𝑓𝑙𝑜𝑤(1 −
𝐻𝑑𝑜𝑤𝑛𝑠𝑡𝑟𝑒𝑎𝑚

𝐻

3
2

)0.385

H H

Hdownstream

Typical Free Weir Flow Typical NLF Submerged Flow

Note: Submergence Depth (DS) = Hdownstream

   

SUBMERGENCE DEPTH FOR PASSING ALOSINES



SUBMERGENCE DEPTH FOR PASSING ALOSINES



Nature-like Fishways: Modern Perspectives and Techniques

05
CONCLUSION AND Q&A
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Nature-like Fishways: 
Modern Perspectives and Techniques
A Watershed Approach to Fish Passage and NLF Site Selection

03/26/2024



01 Watershed Approach

02 Assessment Exercise

03 Types of Barriers

04 What is Nature-Like?

05
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Site Selection Exercise



Nature-like Fishways: Modern Perspectives and Techniques

01
Watershed Approach

• Purpose: Evaluation of existing
programs that do fish passage

• Process: Present a dog and pony
show to an expert review panel

• Result: Panels provides
recommendations and NMFS’
develops action plan

Programmatic Review

Page 3

Key Recommendation: Formalize a Watershed Approach

Expert 
Panel

Hydro
CRP



Unified Federal Policy for Ensuring a Watershed 
Approach to Federal Land and Resource Management

A framework to guide watershed management that: 

(1) uses watershed assessments to determine existing and reference conditions; 

(2) incorporates assessment results into resource management planning; and 

(3) fosters collaboration with all landowners in the watershed. 

The framework considers both ground and surface water flow within a 
hydrologically defined geographical area. 

(65 FR 62565 )
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Our Watershed Approach for Fish Passage Definition

A framework to guide NOAA Fisheries fish passage-related activities in a 
watershed, that where possible and when appropriate, 

(1) uses watershed assessments to determine existing and reference 
conditions; 
(2) incorporates assessment results into resource management planning; 
(3) fosters collaboration with all stakeholders and tribes in the watershed; 
(4) uses a holistic view (e.g., headwaters to ocean) for fish passage; 
(5) considers future environmental conditions based on climate change and 
watershed development potential; and 
(6) optimizes how NOAA Fisheries applies its full suite of authorities and 
programs to achieve recovery, conservation, and sustainability of NOAA 
Fisheries trust resources.

This framework considers both ground and surface water flow within a 
hydrologically defined geographical area. 
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Watershed Assessments
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Fish Passage Planning and Implementation
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Natural Environment Drivers

Geology and Climate
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Precipitation Temperature Ecoregion



Hydrology
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Hydraulics
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• Imposed basin 
conditions govern 
channel 
characteristics and 
reach-scale 
morphology, as 
illustrated with 
channel types.

• Buffington and 
Montgomery 2022

Geomorphology
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Physiochemical
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Biology

Page 14

Salmon Life Cycle



Human Environment Drivers

Social Economic
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Regulatory Authorities
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Tribal Nations
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Land Uses
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Water Uses
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Partners and Stakeholders

Page 20

Federal

State

Local

Private 
Sector

NGOs

Academia



Nature-like Fishways: Modern Perspectives and Techniques

02
Watershed Assessment 
Exercise
• Split up into 8 groups

• Discuss watershed assessments

• Report Out
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Watershed Assessment Group Exercise

1. What assessment components are 
you most and least comfortable 
with? Why? 

2. Is this specific to one watershed or 
true across multiple watersheds you 
work in? Why?

3. Do you invest more resources into 
components you are more familiar 
with or less familiar with?

4. How do you assess the 
components you are least 
comfortable with and fill the gaps 
where needed?

Page 22
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Nature-like Fishways: Modern Perspectives and Techniques

03
Types of Barriers

• Dams

• Road Crossings

• Natural Barriers
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Recreation Dams

• Small systems

• Low-head

• Responsive water level

• O&M needs to be minimized

• Aesthetics

• No competing use constraints

Strong Candidate
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Irrigation/Water Supply 
Dams

• Responsive water level

• Low-head

• Remote

Good Candidate
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Hydroelectric Dams

• Variable head

• Run-of-river

• Hydro operations may improve
attraction to the entrance if located
properly

Candidate
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Navigational Dams

• Large systems

• Sand bed rivers

• High tailwater fluctuations

• Inconsistent attraction flow

Fair Candidate
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Storage Dams

• Compromised habitat

• Insufficient hydrology

• High head

Usually a Bad Idea
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Nature-like Fishways: Modern Perspectives and Techniques

04
What are NLFs?

• Planform type

• Channel type

• What are we mimicking?
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Nature-like Fishway in Planform

Bypass Partial Width Full Width
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Channel Planform Pattern as a function of channel slope and bankfull discharge 
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Nature-like Fishway Channel Types

Roughened Channel Step Pool Channel
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Channel Reach Morphology in Mountain Drainage 
Basins – Montgomery & Buffington 1997
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Cascades

• Continuous macroscale turbulence 
from boulder and bedrock roughness

• Low bankfull width-to-depth ratio 
• (6 < w/h < 14)

• Low relative submergence ratio 
• (3 < h/D50 < 7)

• Limited sediment storage

• Confined valleys

• Boulder supply from landslide, debris 
flows and mega-floods

8 – 26% Slope
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Step Pools

• Sequence of steps and scour pools 
formed by wood debris, bedrock, or 
jammed boulders

• Low bankfull width-to-depth ratio 
• (9 < w/h < 19)

• Low relative submergence ratio 
• (3 < h/D50 < 7)

• Limited sediment storage

• Confined valleys

• Pools typically 1 to 4 stream widths apart

3 – 8% slope
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Plane-bed

• Glide, run, or riffle morphology without 
pool or bar features

• Gravel/cobble bed with occasional 
boulders and ephemeral sand 
deposits

• Low bankfull width-to-depth ratio 
• (12 < w/h < 24)

• Low relative submergence ratio 
• (5 < h/D50 < 11)

• Variable valley confinement

1 – 3% slope
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Pool-Riffle

• Alternating pool and bar topography

• Gravel/cobble/sand bed material

• Moderate bankfull width-to-depth ratio 
• (15 < w/h < 33)

• Large relative submergence ratio 
• (13 < h/D50 < 40)

• Unconfined

0.2 – 1% slope
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Bedrock
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05
Site Selection 

• Split up into 8 groups

• Discuss site selection

• Report Out
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Site Selection Exercise

1. What led you to select a Nature-Like Fishway (NLF)?

2. What information did you not have, but still made a decision to design a NLF?

3. What has stopped you from selecting a NLF?

4. What were the risks and opportunities in implementing a NLF?

Based on personal experience
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