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1 Introduction

The Environmental Service Branches provide technical and engineering assistance to
National Oceanic and Atmospheric Administration’s National Marine Fisheries Service (NMFS)
West Coast Region (WCR) fisheries biologists. NMFS also plays a supportive and advisory role
in the management of living marine resources in the areas under state jurisdiction. This
document is intended to assist with improving conditions for salmonids that must migrate past
barriers to complete their life cycle. Effective Fish passage requires the integration of numerous
scientific and engineering disciplines including, but not limited to, fish behavior,
ichthyomechanics, hydraulics, hydrology, fluvial geomorphology and engineering. Installing a
fish passage structure does not constitute providing satisfactory fish passage unless all of the
above components are adequately factored into the design.

This document is intended to: provide internal assistance to NMFS biologists in
designing effective fish passage; encourage consistency across the WCR region; while
supporting the implementation of NMFS’s statutory authorities related to the conservation and
protection of marine resources; and provide technical assistance to project proponents.

The efficacy of any fish passage structure, device, facility, operation, or measure is
highly dependent on local hydrology, target species and life stage, obstacle orientation relative to
the stream, facility operation, and many other site-specific considerations. While the information
provided herein will apply to many structures, it should be regarded as general guidance for the
design, operation, and maintenance of fishways throughout the WCR. The criteria described in
this document are not universally applicable and should not replace site-specific
recommendations.

This document provides general guidance and is not intended as an alternative to active
consultation with NMFS biologists and engineers. Application of these criteria in the absence of
consultation does not imply approval by NMFS. This document provides criteria and additional
guidelines for the design and operation of facilities at barriers to fish migration and water intakes
in California, Washington, Oregon, and Idaho. The facilities are designed to create safe passage
routes for adult and juvenile salmonids in rivers and streams and through reservoirs, restore
habitat connectivity within watersheds, and enhance salmonid population productivity. NMFS’s
manual for fish passage facility design is meant to help NMFS staff advise project applicants on
the engineering design of future fish passage projects and modifications to existing projects. The
criteria are based on decades of experience developing, testing, operating fish passage systems
and relies on the best available scientific information.

The WCR has developed a flow chart for how to use their various fish passage guidance
documents (Figure 1). Prior to designing a fish passage facility, NMFS recommends the project
proponent familiarize themselves with the “NOAA Fisheries WCR Guidance to Improve the
Resilience of Fish Passage Facilities to Climate Change” (Improving Resilience) guidance
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document. The Improving Resilience document outlines how to incorporate projected future
flows the facility may experience over the life of the project and should be the starting point for
the design process.

National Oceanic and Atmospheric Administration (NOAA)
West Coast Region (WCR) Guidelines Document Flow Chart

NOAA Fisheries WCR Guidance to Improve

the Resilience of Fish Passage Facilities to Climate Change

YES — — NO
Project in California?

2022 Pre-Design Guidelines 2022 NOAA Fisheries WCR
for California Fish Passage Facilities Anadromous Salmonid Design Manual
\ 2022 NOAA Fisheries WCR 2022 Guidelines for Salmonid Passage
Anadromous Salmonid Design Manual at Stream Crossings in WA, OR, and ID

2022 Guidelines for Salmonid Passage

at Stream Crossings in California

California Interim Guidance

Figure 1-1. West Coast Region Fish Passage Guideline Flow Chart

In 2013, the Northwest and Southwest regions of the National Oceanic and Atmospheric
Administration’s (NOAA) NMFS were merged to form the WCR. This document is the first step
in integrating fish passage design criteria and guidelines of the two former regions. This
document, NOAA Fisheries West Coast Region Anadromous Salmonid Passage Design
Guidelines supersedes the following documents:

Northwest Region’s Anadromous Salmonid Passage Facility Design, dated July 2011
Southwest Region’s Fish Screening Criteria for Anadromous Salmonids, dated January 1997
Southwest Region’s Experimental Fish Guidance Position Statement, dated January 1994
Southwest Region’s Water Drafting Specifications, dated August 2001
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This document provides criteria and guidance for passage of anadromous salmonids only.
For additional passage guidance concerning non-salmonids, refer to applicable state and federal
entities.

This document contains introductory chapters, technical chapters, and appendices. The
introductory chapters (Chapters 1 and 2) provide the statutory and biological background for the
requirement to provide safe, timely, and effective passage of salmonids around barriers and
definitions of key terms. The technical chapters (Chapters 3 through 10) present design criteria
and guidelines that result in hydraulic conditions salmonid fish require to successfully pass
barriers and minimize effects to salmonid populations, along with the scientific basis for criteria
for which applicable references are available. The appendices provide information on aspects of
fish passage facility design that are under development and may change over time after
additional testing. Additionally, the appendices contain background information that was
removed from the technical chapters to make the chapters more streamlined, but still needs to be
available to the reader because the information is informative and relevant.

Throughout the chapters all criteria are italicized to be easily identifiable. In addition,
chapter and appendix sections are cross-referenced where applicable. For example, the chapter
on screens may direct the reader to the chapter on design flows so a reader interested in screens
will understand that additional information is available in another chapter.

NMES has separated these fish passage engineering guidelines into two volumes. This
first volume entitled NOAA Fisheries West Coast Region Anadromous Salmonid Passage Design
Manual provides design guidance for structural fish passage, protection, and exclusion projects
not associated with river or stream crossings. This first volume represents guidelines that are
based on decades of research, monitoring, and NMFS’ experience with these types of passage
systems. NMFS considers material in this volume to be in a mature state and does not anticipate
it will change significantly over time.

The guidance in Chapter 4 of this volume applies to projects located in Washington,
Oregon, and Idaho over the range of anadromous salmonid habitat in those states. Due to
significantly different hydrologic conditions in California and those conditions impact on life
history of NMFS trust species, project proponents should work with NMFS engineering staff to
determine the appropriate design flows following the 2022 Pre-Design Guidelines for California
Fish Passage Facilities.

The second volume, entitled Guidelines for Salmonid Passage at Stream Crossings in
Oregon, Washington, and Idaho (NMFS 2022b) represents a growing body of work relating to
fish passage at stream crossings that NMFS expects will expand significantly in the future.
Separating these guidelines into two volumes will allow NMFS to refine and expand this
additional volume in the near future as new information becomes available, without having to
reopen and modify the entire guidelines document. NMFS 2022b includes introduction matter as
well as two technical chapters relating to stream crossings and grade control fishways.

The guidance in Chapters 3 and 4 of NMFS 2022b applies to projects located in
Washington, Oregon, and Idaho over the range of anadromous salmonid habitat. Given
significantly different hydrologic conditions, stream crossing projects in California should refer
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to: Guidelines for Salmonid Passage at Stream Crossings in California (NMFS 2019,
addendum).

These criteria and guidelines were developed based on 60 years of agency experience in
creating successful fish facility designs and have been further refined through a collaborative
process with regional fish facility design experts. The criteria and guidelines in Volume 2
address more emerging fields of fish passage engineering and stream restoration. The criteria and
rationale provided will be revised as needed if new information suggests that updated criteria
would further improve passage conditions for fish.

1.1 Statutory Background

NMEFS is mandated by U.S. Congress to manage, conserve, and protect living marine
resources within the U.S. Exclusive Economic Zone. NMFS is authorized to conduct these
actions under the Federal Power Act (FPA; administered by the Federal Energy Regulatory
Commission [FERC]), the Fish and Wildlife Coordination Act (administered by the U.S. Fish
and Wildlife Service), the Endangered Species Act (ESA), and the Magnuson-Stevens Fishery
Conservation and Management Act (MSA). This document provides criteria and technical
assistance to project proponents on the design of fish passage facilities in order to provide safe,
timely, and effective fish passage, consistent with NMFS responsibilities under the ESA, FPA,
and MSA.

The requirement of safe, timely and effective passage derives from the unofficial but
reliable definition of a fishway presented by Congress in a report related to the Energy Policy
Act of 1992. The definition of "safe and timely passage" was expanded to include both passage
structures and operations "necessary to ensure the effectiveness" of such structures. None of the
terms "safe," "timely," or "effective" are further defined. However, in practice NMFS typically
includes provisions which give these terms meaning. Regarding "safe" passage, NMFS requires
licensees to design and operate their fishways so that they minimize the occurrence of injury or
mortality experienced by fish while attempting to utilize the fishway. Regarding "timely"
passage, a fishway prescription may include provisions for reducing the time in which a fish
utilizing the fishway is subjected to stressful interactions, such as time spent in a trap or in
transit, or a requirement for flows which will attract fish to a passage facility. Regarding
"effective" passage, NMFS typically includes provisions requiring the operator to ensure that its
facility succeeds in passing as close to 100% of the fish attempting to migrate through the system
as possible.

Following these criteria will likely streamline processes, improve certainty, and improve
the likelihood of success. NMFS also provides support and advice to states regarding the
management of living marine resources in areas under state jurisdiction. This includes salmon
(Oncorhynchus spp.) and steelhead (O. mykiss) due to their economic, cultural, recreational, and
symbolic importance to society (NRC 1996).

NMEFS pursues fish passage to contribute to its fishery management and ESA recovery
goals. In reviewing, planning, designing, and implementing fish passage facilities, NMFS
engineers will coordinate with NMFS biologists to make sure the particular target species,
population numbers, migration timing and recovery goals are met.

18



1.2 Biological Background

Fish species within the family Salmonidae spawn in fresh water. Some species spend
their entire lives in fresh water. Others spend a portion of their lives in marine waters where they
grow and become sexually mature before returning to fresh water to spawn (Quinn 2005). The
life history pattern that involves marine residence is known as anadromy, and salmonid species
that display this pattern are referred to as anadromous salmonids.

NMEFS has identified several key parameters that are used to judge the overall status and
viability of salmon and steelhead populations. These include abundance, genetic diversity and
life history diversity, productivity, and spatial structure (McElhany et al. 2000). NMFS considers
a population to be viable if over a 100-year timeframe it can withstand threats and the risk of
extinction from demographic variation, local environmental variation, and genetic diversity
changes (McElhany et al. 2000). For examples of how these population parameters are used in
viability assessments and recovery planning, see Lindley et al. (2007) and NMFS (2014). NMFS
assesses any effects of barriers to migration and water intake structures on anadromous
salmonids in the context of these parameters and overall population viability. The viability
parameters are briefly described as follows:

Abundance. This is a commonly used species conservation and management parameter
that refers to the number of organisms in a population.

Genetic diversity and life history diversity. Diversity refers to the distribution of traits
within and among populations, which range in scale from DNA sequence variation at single
genes to complex life history traits (McElhany et al. 2000). Genetic diversity and life history
diversity are interrelated; thus, this parameter is not as straightforward as abundance. For
example, a unique characteristic of anadromous salmonids is their high degree of fidelity to natal
streams or rivers (Quinn 2005), which is a genotypic trait. This trait in turn facilitates local
adaptations that result in phenotypic expressions of highly variable life history patterns
(Taylor 1991; Waples 1991).

Life history diversity is often cited as a crucial component of salmonid population
resiliency. This is based on evidence that maintaining multiple and diverse salmon stocks that
fluctuate independently of each other reduces extinction risk and long-term variation in regional
abundances (Roff 1992; Hanski 1998; Hilborn et al. 2003). Schindler et al. (2010) describe this
as the portfolio effect, where risk is spread across multiple stocks. Preserving and restoring life
history diversity is an integral goal of many salmonid conservation programs (Ruckelshaus et al.
2002). In addition, it is increasingly recognized that strengthening a population’s resilience to
environmental variability, including climate change, will require expanding habitat opportunities

to allow a population to express and maintain its full suite of life history strategies (Bottom et al.
2011).

Productivity. Productivity represents the ability of a population to grow when conditions
are suitable, which is essential to conservation success. In the absence of density-dependent
factors, productivity is a measure of a population’s ability to survive to reproduce and its
reproductive success (McElhany et al. 2000). Populations that are below cohort replacement rate
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or have limited ability to respond to favorable environmental conditions are less viable and at
higher risk of extinction.

Spatial structure. This parameter refers to the geographic distribution of individuals in a
population or populations. A population’s spatial structure comprises the geographic distribution
of individuals and the processes that generate that distribution (McElhany et al. 2000). The
structure of a population depends on the quality of habitat available to the population, how the
habitat is configured spatially, the dynamics of the habitat, and the dispersal characteristics of
individuals in the population among the available habitats (McElhany et al. 2000).

The viability of salmonid populations can change over time, and NMFS considers the
potential for this to occur when reviewing fish passage designs. Changes in population viability
could occur from multiple factors, including the following:

e Terminating or adding new hatchery supplementation programs

e Recolonization of historical habitats after removal of a migration barrier

e Increased partitioning of the spatial structure of a population due to new barriers being
installed and loss of access to habitat

Habitat degradation and restoration

Shifts in river hydrology and water temperature due to climate change

Disasters (fires, landslides, etc.)

Changes in water management

1.3 Migration Barriers

Anthropogenic barriers include, but are not limited to, hydroelectric dams, water storage
projects, irrigation diversions, water withdrawals, and tide gates. Dams can have significant
effects on the structure and function of river ecosystems (Ward and Stanford 1979), and change
in flow regulation is considered one of the most pervasive changes to rivers worldwide (Stanford
et al. 1996). The effects of restricted access to migrating fish caused by dams and weirs have

been broadly implicated in population declines of freshwater species around the world
(Northcote 1998).

Dams can block access to habitat, eliminate habitat in the footprint of a dam and
reservoir, affect the amount and timing of water flow, and result in mortality during passage
(Ruckelshaus et al. 2002). Columbia River dams have blocked access to nearly 40% of the
habitat historically available to salmon (NRC 1996). Construction of Hells Canyon Dam resulted
in the loss of 90% of the historical spawning habitat of fall-run Chinook salmon (O. tshawytscha)
in the Snake River, Idaho (McClure et al. 2001). In California, approximately 95% of Chinook
salmon spawning habitat has been lost or is no longer accessible (Yoshiyama et al. 1996).
Smaller water diversions can block access to habitats as well as cause mortality from entrainment
at unscreened (or improperly screened) diversions and predation above or below the diversion.
Another example, is the substantial amount of historical spawning and rearing steelhead habitat
rendered unavailable in the Santa Clara River (due to the construction of dams). Santa Felicia
Dam blocks 95% of the steelhead habitat within the Piru Creek watershed; more than 30 miles of
stream lies between Santa Felicia Dam and Pyramid Dam (NMFS 2006 and references therein).
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Dams blocking passage of steelhead to upstream habitats constitute an obstruction within a
freshwater migration corridor for the species and, therefore, an impact to steelhead habitat.

In summary, some anadromous salmonid populations migrate hundreds of miles in fresh
water, and barriers in their migration corridors can affect population viability (Ruckelshaus et al.
2002). This includes barriers that are complete blockages as well as barriers that are partial
blockages due to localized hydraulic conditions or poorly functioning passage facilities. NMFS
is responsible for evaluating the degree to which barriers affect anadromous salmonid
populations and providing guidance on how to resolve any migration effects.

1.4 Design Process

Resolving effects on salmonid migrations from barriers involves the integration of
information on fish behavior and physiology, biomechanics, hydraulic and hydrologic
conditions, and civil engineering. Simply installing a fish passage structure does not constitute
providing satisfactory fish passage. A successful design requires that information on each of
these components be factored into the design.

Instances can also occur where a fish passage facility may not be a feasible solution for
correcting a passage impediment due to biological, societal, or economic constraints. In these
situations, removal of the impediment or altering project operations may be a suitable surrogate
in lieu of constructing fish passage facilities (Clay 1995).

When determining whether NMFS will promote or prescribe solutions to fish passage
issues, NMFS will rely on a collaborative approach that considers the views of other fisheries
resource agencies, Native American tribes, non-governmental organizations, citizen groups, and
other governmental agencies. The approach strives to consider fish passage objectives developed
by other parties (e.g., well-placed stakeholder groups) to support fisheries restoration and habitat
enhancement actions identified in conservation plans.

This document addresses design features that may provide for to the safe, timely, and
effective passage of fish. It is the responsibility of the design engineer to ensure that other design
requirements are met such as the structural integrity of the facility and public safety.

This document provides specific fish passage facility design criteria and technical assistance for
actions within the WCR pertaining to the various authorities of NMFS. When reviewing fish
passage proposals by project proponents, NMF'S will apply the criteria to major upgrades to
existing facilities and the design of new fish passage facilities to the extent practicable. Existing
facilities that are not compliant with this document may have to be modified using the criteria
identified herein if fish passage problems are observed at these facilities. If the project is unable
to meet the criteria, then the project proponent should continue to work with NOAA staff in
developing a recommended solution that would best attain fish passage goals for the project.
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1.5 Experimental Technologies

Experimental technologies include devices or systems that have demonstrated some
potential for protecting or passing fish, but for which adequate scientific evidence has not been
collected to verify effectiveness and gain agency acceptance or to be considered for general
application (AFS 2000). Experimental technologies are new, innovative and unproven
technologies that could be broadly applied, rather than deviations from criteria applying to a
single site.

NMES considers experimental technologies to include designs with major departures
from conventional fish passage technologies as covered in this document. Experimental
technologies may also include application of proven techniques to unusual environmental
conditions or facility operations. Site specific deviations from criteria may not rise to the level of
experimental designs, but rather warrant a conversation between the applicant and appropriate
NMES staff.

Proponents of experimental fish passage designs should provide NMFS with a sound
biological or scientific basis to support the proposed design. This may include the following
proof-of-concept steps as appropriate:

e A demonstrated, favorable fish behavioral response in a laboratory setting

e An acceptable plan for evaluating the prototype installation

e An acceptable alternate fish passage design developed concurrently with the unproven fish
passage design that satisfies the criteria listed herein, should the prototype not perform as
anticipated nor adequately protect fish

Appendix C (Experimental Technologies) provides additional information on the NMFS
approval process for unproven fish passage technologies.

1.6 Temporary and Interim Passage

Where construction and/or modifications to artificial impediments (e.g., dams), natural
impediments (rockslides, other natural issues) or upstream passage facilities are planned,
upstream and downstream passage may be adversely impacted or interrupted. If possible, these
activities should be scheduled for periods when migrating fish are not present, as specified in the
in-water work period allowable for construction of facilities in streams. However, this may not
always be possible or advisable. In these cases, an interim fish passage plan should be prepared
and submitted to NMFS for review, in advance of work in the field.

In the interim plan, upstream and downstream fish passage should be provided for any
adult or juvenile fish likely to be present in the action area during construction, unless passage
did not exist before construction or where the stream reach is naturally dry at the time of
construction. Methods for work area isolation and dewatering, as necessary, should be
determined in consultation with NMFS.

Design criteria listed elsewhere in this document also apply to the interim passage plan.
Where this is not possible, project owners should seek NMFS review of alternate interim fish
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passage design criteria, and a final interim passage plan. Coordination with NMFS ahead of time
is advised to determine appropriate work windows and other recommended alternatives or both.

1.7 Section 7 Consultation under the Endangered Species Act

This fish passage manual can be useful during ESA Section 7(a)(2) and Essential Fish
Habitat (EFH) consultations. Incorporating the criteria within this document will help project
proponents design projects that provide fish passage in a variety of situations. During the design
process project developers can incorporate criteria within this document and work with
NMEFS engineers and biologists to ensure their projects meet these fish passage criteria. While
this document provides substantial criteria related to fish passage, there are aspects of project
design that are beyond the scope of this document. For instance, this manual does not identify or
endorse specific construction best management practices. Project developers should coordinate
with NMFS on project elements that fall outside the scope of this document.

This manual can also be used to achieve regulatory streamlining by aiding in the
development of programmatic ESA and EFH consultations on activities involving fish passage.
By incorporating these criteria into programmatic actions, action agencies and other stakeholders
can help ensure their actions provide fish passage and appropriate conservation for protected
resources, while streamlining the regulatory process.

1.8 Additional Information

Additional information on fish passage is available at the WCR website:
http://www.westcoast.fisheries.noaa.gov/. Questions regarding this document and requests for
assistance from NMFS fish passage specialists can be directed to the following offices:

For Washington, Oregon, and Idaho:

NOAA Fisheries West Coast Region
Environmental Services Branch

1201 Northeast Lloyd Boulevard, Suite 1100
Portland, Oregon 97232

503-230-5400

For California:

NOAA Fisheries West Coast Region
Environmental Services Branch

777 Sonoma Avenue, Room 325
Santa Rosa, California 95404

707-387-0737
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2 Definition of Terms

Anadromous — pertaining to a fish species that displays the life history pattern known as
anadromy in which adults spawn in fresh water and juveniles migrate to sea to grow to their final
size and then return to fresh water to spawn (Quinn 2005).

Active screens — juvenile fish screens equipped with efficient mechanical cleaning
capability that are automatically cleaned as frequently as necessary to keep the screens free of
any debris that may restrict flow through the screen area. NMFS requires active screen designs in
most cases.

Applicant — a person or entity that proposes to design, modify, or construct a fish passage
facility at an existing or new barrier, water diversion, or water conveyance that NMFS will
review under its authorities identified in Chapter 1.

Approach velocity — the vector component of canal velocity that is normal
(perpendicular) to, and immediately upstream of, the screen surface. Approach velocity is
calculated based upon the submerged area of the screen for conical screens, all cylindrical
screens (torpedo, T-screen, and end-of-pipe or hose screens) where submergence and clearance
criteria are met, and inclined screens where angle and submergence requirements are met. For
rotary drum screens, approach velocity is the vector component of canal flow velocity that is
normal to, and immediately upstream of, the vertical projection of the screen surface.

Approach velocity is a design parameter that is used to calculate the minimum amount of
effective screen area required to protect fish. The amount of effective screen area required to
meet screen performance criteria is calculated by dividing the maximum diversion flow by the
approach velocity. Approach velocity can be measured in the field with precise flow
measurement equipment, and average operating approach velocity can be calculated by dividing
the measured screen flow by the effective screen area. Approach velocity should be measured as
close to the boundary layer of turbulence generated by the screen face as is physically possible.
Chapter 8 provides a more detailed discussion of approach velocity.

Apron — a flat or slightly inclined slab of concrete below a flow control structure that
provides erosion protection and produces hydraulic characteristics suitable for energy dissipation
or, in some cases, fish exclusion.

Attraction flow — flow that emanates from a fishway entrance with sufficient velocity and
quantity, and in the proper location and direction, to attract upstream migrants into the fishway
entrance. Attraction flow consists of gravity flow from the fish ladder and any auxiliary water
system (AWS) flow added at points within the lower fish ladder.

Auxiliary water system or auxiliary water supply system (AWS) — a hydraulic system
that augments fish ladder flow at various points in a passage facility for upstream migrating fish.
Large amounts of auxiliary water flow are typically added near the fishway entrance pool to
increase the amount of attraction flow emanating from the fishway entrance and the
attractiveness of the entrance to fish.
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Backwash — a system that removes debris from dewatering screens by using pressurized
flow against the screen surface in the opposite direction of the approach flow.

Backwater — a condition whereby a hydraulic drop is influenced or controlled by a water
surface control feature located downstream of the hydraulic drop.

Baffles — physical structures placed in the water flow path designed to dissipate energy or
redirect flow to achieve more uniform flow conditions.

Bankfull flow— the bank height when a stream or river channel is inundated under a flow
that occurs at the 1.2-year to 1.5-year average flood recurrence interval. Bankfull height may be
estimated by morphological features in the channel such as: 1) a topographic break from a
vertical bank to a flat floodplain or from a steep to a gentle slope; 2) a change in vegetation from
bare ground to grass, moss to grass, grass to sage, grass to trees, or no trees to trees; 3) a textural
change of depositional sediment; 4) the elevation below which no fine debris (e.g., needles,
leaves, cones, seeds) occurs; and 5) a textural change of fine sediment deposits (matrix material)
between cobbles or rocks.

Bedload — sand, silt, gravel, soil, and rock debris transported by moving water on or near
the streambed.

Bifurcation (trifurcation) pools — pools in a fish ladder below which the fish ladder (and
flow) is divided into two or three separate routes.

Brail — a device that is moved upward (vertically) through a water column to crowd fish
into an area for collection.

Bypass flow — in the context of dewatering screen design, the portion of diverted flow
that is specifically used to return fish to the river.

Bypass reach — the portion of the river between the point of flow diversion and where
bypassed flow and fish are returned to the river.

Bypass entrance — an unscreened opening in a facility that fish can enter, and after which
are conveyed in flow to a sampling facility or back to the stream or river. The number and
locations of entrances at a facility can range from one to several and are discussed in Chapter 8.

Bypass system — the component of a downstream fish passage facility that conveys
(transports) fish from the diverted flow back into the body of water from which they originated.
Bypass systems typically consist of entrance, conveyance (flume or pipe), and outfall structures.

Canal velocity — the water particle speed (feet per second) in a canal flowing parallel to
the streambank.

Channel bed width — the width of the streambed under bankfull channel conditions.

Conceptual design — an initial design concept based on the site conditions and biological
needs of the species intended for passage, also sometimes referred to as preliminary design or
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functional design. This is the first phase in the design process of a fish passage facility and is
discussed in Chapter 3.

Crowder — a combination of static or mobile panels installed in a fishway, raceway, or
holding pool for the purpose of moving fish into a specific area for sampling, counting,
broodstock collection, or other purposes. Crowder panels are usually porous and constructed of
perforated plate or picket bars. The panels can also be fabricated using solid, non-porous
materials. Also, see the definition for picket leads in this chapter.

Diffuser — a system of hydraulic components arranged to control water flow rate and
convert high-velocity, high-pressure, non-uniform flow into low-energy, uniform flow. A
diffuser also includes one or more panels of narrowly spaced horizontal or vertical bars to
prevent fish from passing through the bars and entering the area upstream of the panels.

Distribution flume — a channel used to route fish to various points in a fish trapping
system.

Effective screen area — the total wetted screen area minus the area occluded by major
structural elements.

End of pipe screen — juvenile fish screening devices attached directly to the intake of a
diversion pipe.

Entrainment — the diversion of fish into an unsafe area or passage route.

Exclusion barriers — facilities that prevent upstream migrants from continuing to migrate
upstream. These are typically used to prevent fish from entering areas that have no egress route
or may result in fish being injured.

EXxit control section — the upper portion of an upstream passage facility that provides
suitable passage conditions to accommodate varying forebay water levels. Water level
fluctuation is accommodated by adjusting the pool geometry and weir design, and by adding or
removing flow at specific locations.

False weir — a specialized floor diffuser used to introduce water at the top of a fishway or
entrance to a distribution flume for the purpose of attracting and encouraging fish to move into a
specific area. The device usually creates a strong upwelling flow that cascades over a weir. Fish
are attracted to the cascading flow and swim through the upwelling into a distribution flume.

Fish ladder — the structural component of an upstream fish passage facility (or fishway)
that allows fish to move over a barrier by dissipating the potential energy caused by the head
differential that results from a barrier being placed in a waterway. The ladder dissipates energy
using a series of discrete pools, a series of baffled chutes and resting pools, or uniformly with a
single baffled chute placed between an entrance pool and an exit pool.

Fish lift — a mechanical component of an upstream passage system that provides fish

passage by lifting fish in a water-filled hopper or other lifting device into a conveyance structure
that delivers upstream migrants past the impediment.
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Fish lock — a mechanical and hydraulic component of an upstream passage facility that
raises fish over a dam by attracting or crowding fish into a chamber, closing access to the
chamber, and filling the chamber until the water surface in the lock chamber reaches (or comes
sufficiently close to) the reservoir forebay level. Once at this water surface elevation, a gate to
the chamber is opened, allowing fish to swim into the reservoir above the dam (Clay 1995). Fish
locks can also be used as part of a trap and haul system to lift fish from the river level to a higher
elevation for sorting, or transportation, or both.

Fish passage season — the range of dates that characterize when juvenile or adult life
stages of a species will arrive at a specific location during their downstream or upstream
migration. The locations could include, for example, a dam or an existing or proposed fishway.

Fish weir (also called picket weir, picket lead, or fish fence) — a device with closely
spaced pickets or bars that allows water flow to pass, but precludes fish from migrating farther
upstream. This term is normally applied to the device used to guide adult fish into a trap or
counting window. This device is not a weir in the hydraulic sense.

Fishway — the suite of facilities, structures, devices, measures, and project operations that
constitute and are essential to the success of an upstream or downstream fish passage system.
The suite provides a water passage route around or through an obstruction that is designed to
dissipate the energy in such a manner that enables fish to ascend the obstruction without undue

stress (Clay 1995).

Fishway entrance — the component of an upstream passage facility that discharges
attraction flow into the tailrace of a barrier and that upstream migrating fish use to enter the
facility.

Fishway entrance pool — the pool immediately upstream of the fishway entrance(s)
where fish ladder flow combines with AWS flow to form the attraction flow.

Fishway exit — the component of an upstream fish passage facility where flow from the
forebay of the dam or barrier enters the fishway, and where fish exit the ladder and enter the
forebay upstream of the dam.

Fishway weir — the partition that divides two pools in a fishway and passes flow between
adjacent pools.

Flood frequency — the probable frequency that a streamflow will recur based on
historical flow records. For example, a 100-year flood event refers to a flood flow magnitude that
is likely to occur on average once every 100 years or has a 1% chance of being exceeded in any
given year. Although calculating possible flood recurrence is often based on historical records,
there is no guarantee that a 100-year flood will occur within the 100-year period, or not occur
several times within that period.

Floodplain — the area adjacent to a stream that is inundated during periods of flow that
exceed the channel capacity the stream has established over time.
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Flow control structure — a structure in a water conveyance designed to maintain flow in
a predictable fashion.

Flow duration exceedance curve — the plot of the relationship between the magnitude of
daily flow and the percentage of time during a specific period that flow is likely to be equaled or
exceeded. Flow exceedance curves may use flow data from an entire year or part of a year. For
example, the 1% annual exceedance flow is the flow level exceeded 1% of the time within the
entire year (i.e., 3.6 days on average), whereas the 1% exceedance flow for the fish migration
window is the flow level exceeded 1% of the time during the fish passage season for a particular
species and location. Exceedance values are usually derived using daily average flow data.

Forebay — the waterbody located immediately upstream of a dam that results from the
dam impounding river flow behind the structure.

Freeboard — the height of a structure that extends above the maximum water surface
elevation.

Fry — a juvenile salmonid with an absorbed egg sac that is less than 60 millimeters in
total length (as defined for the purposes of this document). An embryo develops within an egg
until it hatches. The hatchling (alevins) feeds off the large external yoke sac for nourishment,
grows, and emerges from the spawning gravel as a fry when it can feed on its own (Quinn 2005).

Functional design — an initial design concept based on the site conditions and biological
needs of the species intended for passage. This is also sometimes referred to as preliminary
design or conceptual design. Also, see the definition for conceptual design in this chapter. The
functional design commonly includes the general layout, interior dimensions, and specifications
covering the hydraulic features of the fishway (Clay 1995).

Hatchery supplementation — hatchery programs designed for hatchery-origin fish to
spawn in the wild and make a contribution to the conservation of a species or population
(HSRG 2009).

Head loss — the irreversible reduction in total head (total energy per unit weight) of water
as it flows through conduits, open channels, spillways, turbines, and other hydraulic structures.
Total head is the sum of elevation head, pressure head, and velocity head. Head is described in
units of length, usually in feet or meters.

Hopper — a device used to lift fish in water from a collection or holding area for release
upstream of a barrier or into a transportation truck.

Hydraulic drop — the difference in total head between an upstream water surface and a
downstream water surface. It includes the sums of the elevation head, pressure head, and velocity
head at the upstream and downstream water surface locations. Also, see the definition for head
loss in this chapter.

For fishway entrances and fishway weirs, the differences in velocity head and pressure
head are usually negligible, and only water surface elevation differences are considered when
estimating hydraulic drop across the structure.
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Impingement — the condition where a fish comes in contact with the surface of a
dewatering screen and remains on the screen. This occurs when the approach flow velocity
immediately upstream of the screen exceeds the swimming capability of a fish given its size and
condition. Impingement can injure a fish, and prolonged contact with a screen surface or bar rack
can result in mortality. One objective of NMFS’ approach velocity criterion is to eliminate the
possibility for healthy salmonid fry or larger fish to become impinged on a screen surface or bar
rack.

Infiltration gallery — a facility used to withdraw surface water from beneath the
streambed.

Intermediate bypass entrance — a bypass entrance installed upstream of the main bypass
entrance. Also, see the definition of bypass entrance in this chapter. Chapter 8 provides
guidelines on the number of bypass entrances needed in a bypass facility and their location.

Invert — the lowest inside surface of a culvert or flume.

Kelts — an adult steelhead that survived spawning and is migrating downstream
(Quinn 2005).

Off-ladder trap — a facility or system for capturing fish located adjacent to a fish ladder
in a flow route that is separate from the normal fish ladder route. This system allows fish to pass
a barrier via the ladder or be routed into the trap, depending on the management objectives for
the species or population at the facility.

Minimum effective screen area — the maximum screen flow divided by the allowable
approach velocity.

Passive screens — juvenile fish screens that do not have an automated mechanical
cleaning system.

Picket leads or pickets — a set of narrowly spaced vertical or inclined flat bars or slender
circular cylinders designed to exclude fish from a specific route of passage. Picket leads are
similar to diffusers, but picket leads generally lack the ability to control the flow rate or
significantly alter the flow distribution. Also, see the definitions of a fish weir and crowder in
this chapter.

PIT-tag detector — a device used to scan fish for the presence of a passive integrated
transponder (PIT) tag implanted in the fish. While passing through the detector, PIT tags transmit
a unique identifying number that can be read at a short distance, depending on the tag size, type,
and antenna design. These passive tags operate in the radio frequency range and are inductively
charged and read by the detector. They do not have a battery and can remain operational for
decades.

Plunging flow — flow over a weir that falls into a receiving pool where the water surface
elevation of the receiving pool is lower than that of the weir crest elevation. Surface flow in the
receiving pool is typically in the upstream direction, downstream from the point of entry into the
receiving pool. Also, see the definition for streaming flow in this chapter.
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Porosity — the percent open area of a mesh, screen, rack, or other flow area relative to the
entire gross area.

Positive exclusion — a means of excluding fish by providing a barrier the fish cannot
physically pass through.

Preliminary design — an initial design concept based on the site conditions and biological
needs of the species intended for passage. This is also sometimes referred to as a functional
design or conceptual design. Also, see the definition for conceptual design in this chapter.

Ramping rates — the rate at which the water surface level at a specific point in a river is
artificially altered (either increased or decreased) over a specific time period as a result of
changes in the regulation of flow upstream. The rate is typically measured and stated as the
change in vertical inches per hour.

Rating curve — graphed data depicting the relationship between water surface elevation
and streamflow.

Redd — the nest a female salmonid excavates, deposits embryos into, and immediately
buries with gravel substrate. Redds can be located in streams, rivers, or lake beaches. The
locations selected vary with populations and species (Quinn 2005).

Rotary drum fish screen — a horizontally oriented cylinder (drum) constructed of fish
screen material. Rotary drum screens include an active cleaning method and at least one fish
bypass route. The drum rotates on its horizontal axis during each cleaning cycle. Debris
deposited on the upstream surface of the drum is lifted by the rotating drum and washed off the
downstream surface of the drum by the flow passing through the drum. Fish are guided to a
bypass entrance upstream of one end of the screen array.

Screen material — the material that provides physical exclusion to reduce the probability
of entraining fish into diverted flow. Examples of screen material include perforated plate, bar
screen, and woven wire mesh.

Scour — erosion of streambed material resulting in the temporary or permanent lowering
of the streambed profile.

Soffit — the inside top of culvert or underside of a bridge.

Smolt — a juvenile salmonid that has completed its freshwater rearing cycle and initiated a
downstream migration to reach a marine environment. To prepare for seawater, the freshwater
life stage (parr) undergoes a physiological and osmoregulatory transition and begins its
downstream migration. Fish in this transitional stage between fresh water and marine rearing that
are actively migrating downstream are termed smolts (Quinn 2005).

Streaming flow — flow over a weir that falls into a receiving pool and where the water
surface elevation of the receiving pool is above the weir crest elevation. In these situations,
surface flow in the receiving pool is typically in the downstream direction and away from the
point where flow enters the receiving pool.
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Sweeping velocity — the vector component of water particle speed that is measured
parallel to, and immediately upstream of, the screen surface.

Tailrace — the portion of the water channel below a dam that conveys turbine and
spillway discharge downstream from the dam.

Tailwater — the body of water immediately downstream of a dam or other in-stream
structure.

Total project head — the difference in water surface elevation from upstream to
downstream (or from the headwater to the tailwater) of a barrier such as a dam or weir.
Normally, total project head encompasses a range of values based on streamflow and the
operation of flow control devices.

Thalweg — the streamflow path following the deepest parts (i.e., the lowest elevation) of a
stream channel.

Tide gate — a mechanical device that allows flow to pass in one direction but not in the
opposite direction. Tide gates are often used as part of a levee or dike system to allow
streamflow into a bay or estuary during ebb tides and prevent the flow of saltwater to pass in the
opposite direction and enter the area upstream of the levee or dike during flood tides.

Training wall — a physical structure designed to direct flow to a specific location or in a
specific direction.

Transport channel — a hydraulic conveyance designed to allow fish to swim between
different sections of a fish passage facility.

Transport velocity — the velocity of the flow within a transport channel of a fishway.

Trap and haul — the collection, loading, and transportation of adult fish from a collection
site at or below a barrier to a release point located upstream from the barrier or at another
location, and juvenile fish from a collection site at or above a barrier to a release point located
downstream from the barrier or at another location.

Trash rack — a rack of vertical bars with spacing designed to catch debris and preclude it
from entering the fishway or other hydraulic structure but allows fish to pass through the
openings between bars. Trash racks are also referred to as a grizzly.

Trash rack, coarse — a rack of widely spaced vertical bars designed to catch large debris
and preclude it from entering a fishway, while providing sufficient openings between the bars to
allow adult fish to exit the fishway.

Trash rack, fine — a rack of narrowly spaced vertical bars designed to catch both small
and large debris and reduce or eliminate the entry of fish into the intake of an AWS.

Turbine intake screens — partial flow screens positioned within the upper portion of a
turbine intake that guide fish entering the turbine into a collection system for transport or bypass
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back to the river. Turbine intake screens are installed at most mainstem Columbia and Snake
River dams operated by the U.S. Army Corps of Engineers (USACE; Appendix G).

Upstream fish passage — fish passage relating to the upstream migration of adult and
juvenile fish.

Upstream passage facility — a fishway system designed to pass fish upstream of a
passage impediment, either by volitional passage (i.e., under their own swimming capability) or
non-volitional passage (i.e., via a lift or transport vehicle).

Vee screens — a pair of vertically oriented juvenile fish screens installed in a vee
configuration (i.e., positioned symmetrically about a centerline), and where the bypass entrance
is located at the apex of the two screens. Vee screens are also referred to as chevron screens.

Velocity head, h,, — the kinetic energy per unit weight of fluid due to its velocity; h,, has
the units of length (usually in feet or meters) and is calculated as shown in the following
equation:

h, = v%/2g
where:
v = velocity of the fluid (feet per second, meters per second)
g = acceleration due to gravity (32.2 feet per second?, 9.81 meters per second?)

Vertical barrier screens — screens located between the bulkhead (upstream) and
operating (downstream) gate slots at mainstem dams on the Columbia and Snake rivers operated
by the USACE. The screens keep fish diverted into the bulkhead slot by turbine intake screens
from passing back into the turbine through the operating slot. Fish retained in the bulkhead gate
slot by the vertical barrier screen enter a specially designed juvenile fish bypass system through
orifices. (Figure G-4 in Appendix G.)

Volitional passage — fish passage whereby fish transit a passage facility under their own
swimming capability, using timing and behavior they choose, and under all naturally passable
flows. Volitional passage means fish can enter, traverse, and exit a passage facility under their
own power, instinct, and swimming capability. The fish pass through the facility without the aid
of any apparatus, structure, or device (i.e., they are not trapped, mechanically lifted or pumped,
or transported).

Wasteway — a conveyance that returns excess water originally diverted from an upstream
location back to the stream or channel from which it was diverted.

Weir — a low wall or dam built across the width of a river that pools water behind it while
allowing water to flow steadily over the top of the structure.
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3 Design Development

3.1 Introduction

Chapter 3 describes the general process NMFS follows and the types of information
required during project design. Fish passage project designs subject to NMFS engineering review
are typically developed in two major phases. The major phases are the preliminary design
(Section 3.2.1), also referred to as the functional or conceptual design, and the final design
(Section 3.2.2), which results in the development of detailed plans and specifications.

A review by NMFS of an applicant’s fish passage facility designs will be conducted in the
context of whether they meet the recommended criteria and technical assistance listed in this
document.

Fish passage facilities refer to physical structures, facilities, or devices used to provide
safe, timely, and effective passage for all life stages of fish as identified in Section 1.1 of this
document. During its review, NMFS will consider site-specific information, including site
limitations, biological information, and operations and maintenance (O&M) information
provided by the applicant. Although the submittal of all information discussed in Chapter 3 may
not be required in writing, the applicant should be prepared to describe how the biological and
site information was included in the development of the project design.

3.2 Design Process

Both the preliminary and final designs should be developed in cooperation and
interaction with WCR biological staff from effected Branch and engineering staff from the
Environmental Services Branch.

To facilitate an iterative, interactive, and cooperative process, project applicants are
encouraged to initiate coordination with NMFS early in the development of the preliminary
design. Early and frequent interactions can aid in a smooth review process. NMFS’ preference is
to work with applicants in developing alternatives that comply with ESA. In general, NMFS
cannot complete a project review of design plans that are submitted without the supporting
information (listed in Section 3.3).

Project applicants should consult with NMFS on all phases of a design. Section 3.2.2
provides the minimum information needed for NMFS review. Large, complex projects will likely
have multiple iterations within each of the two major design phases. As multiple design
iterations are developed, each iteration should be made available to NMFS for review.
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3.2.1 Preliminary Design

Depending on the size and complexity of the project, NMF'S typically requests that it be
allowed to review and provide comments on the 30%, 60%, and 90% design iterations of the
preliminary design. Due to the nature of the review process, such as applications for a FERC
license and ESA consultation, a preliminary design should be developed in cooperation and
interaction with biological and engineering staff from the NMFS WCR. The preliminary design
should be complete and to allow the application or engineering review to move forward.

The preliminary design establishes a preferred alternative based on comprehensive
evaluations of the key elements of the design. This first phase in the design of a fish passage
facility includes the following steps. Project proponents should:

1. Engage with project stakeholders and ascertain their operational requirements.
2. Identify and prioritize project objectives and the associated functional requirements.
3. Assemble the design criteria of the federal, state, and tribal fish resource agencies.
4. Collect pertinent biological, hydrological, and engineering information.
5. Develop appropriately scoped geomorphic assessments for the project.
6. Define project reliability and backup or contingency parameters.

7. Develop a process for evaluating and ranking alternative designs and operations.

8. Generate alternative designs and select the preferred alternative.

9. Develop initial layout drawings and models as needed to describe the facility.

10. Describe the operational requirements of the major facility sub-components

The preliminary design results in a facilities layout that includes section drawings and the
identification of component sizes and water flow rates for the primary project features. Cost
estimates are also included in the preliminary design. Completion of the preliminary design
commonly results in a document that may be used for budgetary and planning purposes and for
soliciting (and subsequently collating) design review comments provided by other reviewing
entities. The preliminary design is usually considered to be at the 20% to 30% completion stage
of the design process. The preliminary design may include the following sub-phases of design
work:

e Reconnaissance study: Typically, this study investigates the optimal design and construction
specific to each site. The study usually occurs early in the preliminary design process.

e Conceptual alternatives study: This study lists the types of facilities that may be appropriate
for accomplishing the fish passage objectives at a selected site. It does not entail much
on-site investigation. Its purpose is to develop a narrowed list of alternatives that merit
additional assessment.

e Feasibility study: This study includes an incrementally greater amount of development of
each design concept (including a preliminary cost estimate) than does the conceptual
alternatives study. It enables the most-preferred alternative to be identified.

3.2.2 Detailed or Final Design

The final design should be based on the preliminary design that NMF'S reviewed. Any
significant deviation from the accepted preliminary design will trigger a new review. Once the
detailed design process commences, NMFS should have the opportunity to review and provide
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comments on the designs developed at the 30%, 60%, 90%, and 100% stages, or near each of
these stages.

The details of the final design phase uses the preliminary design as a springboard for
beginning the final design and specifications in preparation for the bid solicitation (or
negotiation) process. NMFS reviews usually provide refinements in the detailed design that will
lead to O&M and fish safety benefits. Electronic drawings are the preferred review medium,
though NMF'S may request scaled 11-by-17-inch paper drawings in addition to electronic media.

3.2.3 Smaller Projects

For smaller projects where the review process may involve only one or two steps, each
submittal to NMF'S should include enough information about the project to ensure that the
reviewing engineer is able to discern the goals of the project, any biological and physical
constraints of the project, and how the proposed design intends to meet the goals of the project
given constraints that were identified.

3.2.4 Review Timelines

NMFS should be allowed at least 30 days to review and comment on each stage of the
design process (30%, 60%, 90%, and 100%,).

Although NMFS may waive or voluntarily shorten a review period for a specific stage,
project applicants should develop their design schedules using the standard 30-day review period
for each stage of the design.

3.3 Information Requirements

The design of all fish passage facilities should be developed based on a synthesis of the
required site and biological information listed below, with a clear understanding of how the
facility will be operated and maintained. The following project information is needed for, and
should be provided with, the preliminary design. In some cases, NMFS may need additional
information not listed herein.

3.3.1 Functional Requirements

The project design should describe the functional requirements of the proposed fish
passage facilities as related to all anticipated project operations and streamflows. The design
should describe the expected median, maximum, and minimum monthly diverted flow rates and
any special operations (e.g., the use of flash boards) that modify forebay or tailrace water surface
elevations.

3.3.2 Site and Physical Information

The following physical information should be provided and used in developing the
project design.
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3.3.2.1 Plans

Design submittals should include visual representations of various project features. These
plans may include any or all of the following:

e Site plan drawings: Showing the location and layout of the proposed fish passage facility
relative to existing project facility features

e Surveys: Topographic and bathymetric surveys, particularly where they might influence
locating fishway entrances and exits and personnel access to the site

e Additional drawings: Drawings of existing facilities illustrating longitudinal profile,
elevations, and plan views, including details showing the intake configuration, location, and
capacity of the project’s hydraulic features

e Project Location Map including nearby town and north arrow along with Latitude and
Longitude

e Temporary passage facility drawings: Drawings demonstrating plans for temporary
or interim passage during construction of the primary facility. These temporary facilities
should provide passage at a level no worse than existed prior to commencing construction on
primary facility.

3.3.2.2 Hydrology

Design submittals should include information on the hydrology of the basin—including
daily and monthly streamflow data and flow duration exceedance curves at the proposed site for
a fish passage facility—based on the entire period of available records, which may be modified
based upon site specific issues as approved by NMF'S staff-

If stream gage data are unavailable for a proposed facility location (or if records exist for
only a brief period of time), flow records may be generated using synthetic methods to develop
the necessary basin hydrology information, which is used to develop the high and low fish
passage design flows for the project (Chapter 4).

3.3.23 Project operations and basic information
Information on project operations that may affect fish migration should be provided.

Project information is key to understanding basic design parameters for fish passage
(both for baseline conditions and for future fish passage changes). This could include
information on powerhouse flow capacity, periods of powerhouse operation, turbine sequencing,
debris management, flashboard or crest gate operation, flood or waster gate operation staffing
levels, planned outages, pulse flows, project forebay and tailwater rating curves that encompass
the entire operational range of the project, water temperature etc.

3.3.2.4  Morphology

Information on the stream or river channel at the site of the fish passage project should
be provided, and includes but is not limited to the following:
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Determine the potential for channel degradation, aggregation/subsidence, or channel
migration, which may alter stream channel geometry and compromise fishway performance
(if the fish passage facility is proposed at a new or modified diversion).

Describe whether the stream channel is stable, conditionally stable, or unstable.

Identify the overall geomorphology of the channel (e.g., straight, meandering, or braided).
Provide the rate of lateral channel migration and change in stream gradient that has
occurred during the last decade if migration is evident or likely to occur in the future using
aerial photography, anecdotal information, or physical monitoring.

Describe the effect the proposed fish passage facility may have on the existing stream
alignment and gradient.

Describe the potential for future channel modification to occur, this could be from
construction of the facility or natural channel processes (i.e., instability).

Describe the substrate of the channel and provide the D50.

3.3.2.5 Sediment and debris

Any sediment and debris conditions that may influence the design of the fish passage

facility or present potentially significant problems should be described.

3.3.3 Biological Information

Section 3.3.3 outlines miscellaneous information that should be provided and used in

developing the project design. Contact the NMFS biologist in your area to determine which of
the following is needed for the project.

3.3.3.1 Salmonid biological information

The following biological information should be provided for site specific conditions:

Salmonid species present in the basin that are affected by the project, or are expected to be in
the basin in the future

Approximate abundance of each salmonid species and run (e.g., winter, spring, summer, fall,
and late fall)

Various life stages present, or expected to be present, in the future and their migration timing
(fish passage season)

Location and timing of spawning in the basin

Location and timing of juvenile downstream migration

3.3.3.2 Non-salmonid passage

Information on any non-salmonid species (and life stages) present at the proposed fish

passage site should be provided to address passage requirements for these species.

3.3.3.3 Predation risk

Information on predatory species that may be present at the proposed site should be

provided along with information on conditions that favor or help to prevent their preying on
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salmonids. Information should include, but is not limited to, species type, life stage, spawning
ground, and location of predator habitat.

3.3.34 Fish behavior characteristics

Any known fish behavioral traits of salmonid or non-salmonid passage that might affect
the design of the facility should be provided.!

3.3.3.5 Additional research needs

Any uncertainty associated with how migrating fish approach the site where a new
facility is being considered should be identified through directed studies, including routes fish
may use when approaching the site. For more information related to large projects, see Appendix
G.

3.3.3.6 Streamflow requirements

The minimum streamflow required to allow migration around the impediment during low
water periods (See Design Flow Range in Chapter 4).

3.3.3.7  Poaching risk

The degree of poaching or illegal trespass activity in the immediate area of the proposed
facility should be identified, along with any security measures needed to reduce or eliminate
illegal activity.

3.3.3.8  Water quality

Water quality factors that may affect fish passage at the site should be described. For
example, fish may not migrate if water temperature and quality are marginal and may instead
seek coldwater refugia (e.g., deep pools fed by groundwater) or holding zones where dissolved
oxygen levels are higher than surrounding reaches until water quality conditions improve. Water
temperature issues are important considerations that can effect design. Therefore, it is also
important to document other temperature issues (eg. reservoir stratification, or effluent releases
in the project area, among other issues).

3.3.4 Operations and Maintenance Information

In order to provide a degree of certainty that necessary maintenance will be funded and
performed, the following O&M information should be provided for in development of the
preliminary design.

Historically, many fish passage facilities have been built and have subsequently fallen
into disrepair due to improper operations or lack of maintenance or funding. New project designs

! For example, most salmonid species pass readily over a fishway weir with either plunging or streaming flow.
However, pink and chum salmon have a strong preference for streaming flow conditions and may reject plunging
flow. Therefore, if pink or chum salmon are in the basin, this needs to be identified. Similarly, American shad prefer
streaming flow conditions and generally reject both plunging flow and orifice passage.
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should consider the need for proper operations and long-term maintenance. Start up, daily, and
yearly maintenance procedures, daily logs, and annual reports should be considered in the design
development and included as part of the O&M plan.

3.34.1 Maintenance funding

The O&M plan should identify the party responsible for funding the O&M of the
proposed facility.

3.3.4.2 Operating and maintaining entity

The O&M plan should identify the party responsible for operating the facility and
carrying out maintenance actions.

3.3.4.3  Facility shutdown

The O&M plan should describe maintenance actions that will require the facility to be
taken out of service and the timeline for these actions.

3344 Schedule of operations

The O&M plan should identify the proposed schedule of operations for intermittently
operated facilities, such as weirs or traps, and the accompanying plans for salvaging fish from
these facilities after they are operational. This should include plans for how the facility will be
dewatered and how salvaged fish will be returned to the stream or river.

39



4 Design Flow Range

Prior to determining the fish passage design flows, the steps in the 2022 NOAA Fisheries
WCR Guidance to Improve the Resilience of Fish Passage Facilities to Climate Change should
be followed to determine what if any climate impacts should be considered and included in the
design. The guidance in Chapter 4 applies to projects located in Washington, Oregon, and Idaho
over the range of anadromous salmonid habitat. Due to significantly different hydrologic
conditions in California, project proponents should work with NMFS engineering staff to
determine the appropriate design flows for site conditions.

4.1 Introduction

A fishway design and facility must allow for the safe, timely, and efficient passage of fish
within a specific range of streamflow. The design streamflow range is bracketed by the
designated fish passage design low flow and high flow described in Sections 4.2 and 4.3.

Within the design streamflow range, a fish passage facility should operate within its
specific design criteria. Outside of the design streamflow range, fish should either not be
present, not be actively migrating, or should be able to pass safely without need of a fish passage

facility.

Site-specific information is critical to determining the design time period and river flows
for the passage facility—local hydrology may require that the design streamflow range be
modified for a particular site.

4.2 Design Low Flow for Fish Passage

Design low flow for fishways is the average daily streamflow that is exceeded 95% of the
time during periods when migrating fish are normally present at the site.

This is determined by summarizing the previous 25 years of mean daily streamflow
occurring during the fish passage season, or by an appropriate artificial streamflow duration
methodology (if streamflow records are not available). Shorter data sets of streamflow records
may be useable if they encompass a broad range of flow conditions. The fish passage design low
flow is the lowest streamflow for which migrants are expected to be present, migrating, and
dependent on the proposed facility for safe passage.

4.3 Design High Flow for Fish Passage

Design high flow for fishways is the average daily streamflow that is exceeded 5% of the
time during periods when migrating fish are normally present at the site.

This is determined by summarizing the previous 25 years of mean daily streamflow
occurring during the fish passage season, or by an appropriate artificial streamflow duration
methodology (if streamflow records are not available). Shorter data sets of streamflow records
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may be used if they encompass a broad range of flow conditions. The fish passage design high
flow is the highest streamflow for which migrants are expected to be present, migrating, and
dependent on the proposed facility for safe passage.

4.4 Fish Passage Design for Flood Flows

The general fishway design should have sufficient river freeboard to minimize
overtopping by 50-year flood flows.

Above a 50-year flow event, fishway operations may include shutdown of the facility to
allow the facility to quickly return to proper operation when the river drops to within the range of
fish passage design flows. Other mechanisms to protect fishway operations after floods will be
considered on a case-by-case basis. A fishway should never be inoperable due to high river flows
for a period greater than 7 days during the migration period for any anadromous salmonid
species. In addition, the fish passage facility should be of sufficient structural integrity to
withstand the maximum expected flow. It is beyond the scope of this document to specify
structural criteria for this purpose. If the fish passage facility cannot be maintained, the diversion
structure should not operate, and the impediment should be removed.
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5 Upstream Adult Fish Passage Systems

5.1 Introduction

Chapter 5 provides criteria and guidelines for designing upstream adult fish passage
facilities as well as selecting appropriate ladder types for specific site conditions. These criteria
and guidelines apply to adult upstream fish passage facilities in moderately sized streams. Where
applicable, supplementary criteria for facilities located in small streams will be noted. Chapter 5
does not address fish passage systems, such as fish locks and mechanical lifts, which may
provide passage over barriers or be used as part of a trap and haul system. Fish lifting devices are
covered in Section 7.6.

Chapter 5 also discusses upstream passage impediments, which are artificial or natural
structural features or project operations that cause adult or juvenile fish to be injured, killed,
blocked, or delayed in their upstream migration to a greater degree than in an unobstructed river
setting. These impediments can present total or partial fish passage blockages. Artificial
upstream passage impediments require approved structural and operational measures to mitigate,
to the maximum extent practicable, for adverse impacts to upstream fish passage. These
impediments require a fish passage design based on conservative criteria because the natural
complexity of streams and rivers that usually provide passage opportunities has been
substantially altered. The criteria in this chapter also apply to natural barriers, when passage over
the barrier is desired and consistent with watershed, subbasin, or recovery plans.

Examples of passage impediments include, but are not limited to, the following:

e Permanent or intermittent dams

e Hydraulic drops over artificial instream structures? in excess of 1.5 feet

e Weirs, aprons, hydraulic jumps, or other hydraulic features that produce depths of less than
10 inches, or flow velocity greater than 12 feet per second (ft/s) for more than 90% of the
stream channel cross section

e Conditions that create false attraction, including the following:

- Project operations or features that lead upstream migrants into impassable routes

- Discharges that may be detected and entered by fish with no certain means of continuing
their migration (e.g., poorly designed spillways, cross-basin water transfers, canal
wasteways, or unscreened diversions) or have the potential to result in mortality or injury
(e.g., turbine draft tubes, shallow aprons, and flow discharges)

e Insufficient flow, which includes the following:

- Diffused or braided flow that impedes approach to the impediment

2 This is based on the Fisheries Handbook of Engineering Requirements and Biological Criteria (Bell 1991), which
recommends using fishways for head differences as low as 2 feet.
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- Insufficient flow in a bypass reach, such that fish cannot enter or are not stimulated to
enter the reach and move upstream; bypass reaches are commonly located adjacent to a
powerhouse or wasteway return

- Water diversions that reduce instream flow

e Poorly designed headcut control or bank stabilization measures that create poor upstream
passage conditions such as those listed above

e Degraded water quality in a bypass reach, relative to the water quality downstream of the
confluence of bypass reach and flow return discharges (e.g., at the confluence of a
hydroelectric project tailrace and bypass reach)

e Ramping rates in streams or in bypass reaches that delay or strand fish

e Upstream passage facilities that do not satisfy the criteria and guidelines described in
Chapter 5

The typical components of an upstream adult fish passage system are shown in
Figure 5-1.
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Fishway Components

1. Low flow entrance

2. High flow entrance
/G;D/ 3. Transport channel

4. Entrance pool

5. Aux. water supply and diffuser

6. Picket leads and crowder

7. Exit control section

8. Counting window and telemetry

9. Turning pool

10. Fishway pool (typical)

11. Fishway exit, coarse trash racks

12. AWS trash rack. Juvenile screens
in some cases

13. Adjustable weirs (typical)

14. Flow control gates or valves (typical)

Spillway Powerhouse

=

- ®

(2)

Attraction
Flow

River Flow

Figure 5-1. Components of vertical slot fishway for upstream passage
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5.1.1 Passage Alternatives: Volitional and Non-volitional

Volitional passage is preferred for passage facilities over non-volitional passage.
Non-volitional systems may be considered where volitional passage facilities are not feasible due
to significant engineering constraints or biological limiting conditions.

NMES typically prefers volitional fish passage as these systems afford passage
opportunities for migrating fish at all times, and fish can transit a passage facility under their
own swimming capability, using timing and behavior they choose, and under all naturally
passable flows. Volitional passage means fish can enter, traverse, and exit a passage facility
under their own power, instinct, and swimming capability. The fish migrate through a volitional
passage facility without the aid of any mechanical apparatus, structure, or device.

Volitional passage systems at dams usually consist of hydraulically engineered fish
ladders that use one of the designs described in this manual. Under certain site conditions, a
volitional passage system for a dam of low or moderate height may be designed as a nature-like
channel; or it may be a hybrid design that incorporates features of both nature-like and traditional
designs. Volitional systems for applications other than dams generally seek to emulate nature-
like conditions with stream simulation techniques.

There are some situations where a volitional passage system is infeasible due to
biological factors, engineering constraints, fish management objectives, or other project-specific
limitations. In these instances; non-volitional systems may be appropriately considered to meet
fisheries management goals and objectives, provided they are designed, constructed, and
operated following the guidance in chapter 7 of this Manual.

Non-volitional systems, due to long term operations and maintenance requirements, can
have higher total life-cycle costs when compared to fish ladders. Project proponents should
carefully weigh the pros and cons of the different alternative modes of passage to select the most
appropriate design that will consistently accomplish the project’s fish passage goals. There may
be instances where the inability of a project proponent to consistently and correctly operate and
maintain a proposed collection and transport system represents an unacceptable risk to the
managed fish species.

Although site specific challenges exist, non-volitional designs can be a viable
management tool that provides Pacific salmonids access to some historic habitats, including
cold-water sites that will be increasingly important given climate projections.

5.1.2 Passage of Other Species

Where appropriate, upstream adult fish passage systems should incorporate passage
requirements for other species (e.g., shad, sturgeon, Pacific lamprey, and suckers) that may use
the system, provided that the changes do not compromise the passage of target species
(salmonids).

Failure to account for the passage requirements of other species may create a biological
blockage in the ladder that could delay or compromise the passage of the target species. For
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example, if American shad (4/osa sapidissima) cannot pass a fishway, the numbers of shad in
the fishway may build up to the point where other fish do not enter or move through the fishway.

5.1.3 Temperature Considerations

In certain cases, water temperature control may be a critical factor for fish ladder designs,
particularly at high head dams. Some reservoirs or head ponds may become thermally-stratified
at some point during the fish passage season, resulting in a potential temperature mismatch
between the fish ladder’s discharge and the dam’s other tailwater or tailrace discharges. Also,
during summer seasons, water temperature may increase as water passes through long fish
ladders whose exterior concrete surfaces are exposed to solar energy for a considerable period of
time. Such temperature mismatch situations may cause salmonids (or other species) to reject the
fish passage route. To the degree these conditions exist, artificial temperature modulation at
fishways and ladders may be necessary (Caudill et al. 2013).

5.2 Fishway Entrance
5.2.1 Description and Purpose

A fishway entrance is a gate or slot through which fishway attraction flow is discharged
in a manner that encourages and allows adult fish to enter the upstream passage facility. The
fishway entrance is often the most difficult (Bates 1992)—yet most critical—component to
design for an upstream passage system, particularly at dams (Clay 1995). Fishway entrances
should be placed to ensure that fish are attracted to and enter the best passage routes past the
passage impediment throughout the entire design flow range. The most important aspects of
fishway entrance design are as follows:

Location of the entrance

Pattern and amount of flow from the entrance

Approach channel immediately downstream of the entrance

Flexibility in adjusting entrance flow to accommodate variations in tailrace elevation, stream
or river flow, and project operations

5.2.2 Specific Criteria and Guidelines — Fishway Entrance
5.2.2.1 Configuration and operation

Unless otherwise approved by NMFS, at sites where the entrances are located in deeper
water, fishway entrances should be equipped with downward-opening slide gates or adjustable
weir gates that rise and fall with the tailwater elevation. At locations where the tailwater is not
deep, orifice entrances or downward-closing slide gates (which create an orifice entrance) may
be used. The entrance gate should be able to completely close off the entrance when not in use.
Gate stems or other adjustment mechanisms should not be placed in any fish migration pathway.
Fishway entrance gates operating in an orifice configuration should not be closed to an opening
height less than 12-inches except when fully closed.

The fishway entrance gate configuration and its operation may vary based on site-specific
project operations and streamflow characteristics. Entrance gates are usually operated in either a
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fully open or fully closed position, with the operation of the entrance being dependent on tailrace
flow characteristics. Sites with limited tailwater fluctuation may not require an entrance gate to
regulate the entrance head, while other sites may maintain proper entrance head by regulating
auxiliary water flow through a fixed-geometry entrance gate.

5.2.2.2 Location

Fishway entrances should be located at points where fish can easily locate the attraction
flow and enter the fishway. When choosing an entrance location, high-velocity and turbulent
zones in a powerhouse or spillway tailrace should be avoided in favor of relatively tranquil
zones adjacent to these areas. A site-specific assessment must be conducted to determine
entrance location and entrance jet orientation. A physical hydraulic model is often the best tool
for determining this information (Bell 1991).

The fishway entrance should be located as far upstream as possible since fish will seek
the farthest upstream point (Bell 1991). This is especially the case with low flow entrances. This
guideline is subject to adjustment by NMFS based on site-specific constraints that include the
configuration of the project, flow level, and flow patterns associated with powerhouse or facility
operations and spill discharge in relation to site conditions.

Some fishway entrances at a project should be located on the shoreline (Bell 1991). This
is because fish orient to shorelines when migrating upstream. Locating an entrance on the
shoreline takes advantage of this behavior, where the shoreline serves to lead fish to the
entrance.

One of the most significant design decisions for a fishway entrance is its location
(WDFW 2000). Turbulence can be a barrier to fish passage because velocities, turbulence,
upwells, reverse currents, and aeration can affect attraction and access to fishways
(WDFW 2000). At locations where the tailrace is wide, shallow, and turbulent, excavation to
create a deeper, less-turbulent holding zone adjacent to the fishway entrance(s) may be
necessary. Therefore, it is important to fully characterize and understand flow patterns when
locating a fishway entrance at a site.

5.2.2.3 Additional entrances

If the site has multiple zones where fish accumulate, each zone should have a minimum of
one fishway entrance. For long powerhouses or dams, additional entrances may be required.
Multiple entrances are usually required at sites where the high and low design flows create
different tailwater conditions. All entrances should meet the requirements of Section 5.2.

Since tailrace hydraulic conditions usually change with project operations and hydrologic
events, it is often necessary to provide two or more fishway entrances to accommodate the
differences between high- and low-flow river conditions (often referred to as high- and low-flow
entrances). When switching between high- and low-flow conditions, it is often necessary to close
some entrances that are operating poorly or those the fish can no longer access, and open others
where fish are congregating and holding. These features should be designed so that entrance
changes can be performed simply, swiftly, and easily.

47



5.2.2.4 Attraction flow

Additional attraction flow from the fishway entrance is needed to extend the area of
intensity of velocity of the outflow (from the entrance) to increase fish attraction into the
entrance (Clay 1995). Attraction flow from the fishway entrance should be between 5% and 10%
of the fish passage high design flow (Chapter 4). For smaller streams, NMFS may conclude that
attraction flows up to 100% of streamflow may be required.

Larinier et al. (2002) conclude that a major cause of poor fishway performance is a lack
of adequate attraction flow. At dams, the entrance flow for fish attraction should be sufficient to
compete with spillway or powerhouse discharge flow (Bates 1992). Generally speaking, the
higher the percentages of total river flow used for attraction into the fishway, the more effective
the facility will be in providing upstream passage. The proportion of attraction flow needed is
based on extensive research and results of laboratory studies.?> The proportion selected should be
sufficient to allow fish to both find and want to enter fishway entrances.

Under conditions where ladder entrances are optimally situated near the impediment and
fish are naturally led to an entrance, an attraction flow of 5% of the fish passage design flow is
used. However, some situations may require that more than 10% of the passage high design flow
be used. For example, if a site features obscure approach routes to the passage facility or if
entrances are located in a less than optimal location, a higher proportion of the design flow is
needed as attraction flow. Additionally, facilities with multiple entrances may require more
attraction flow (not to exceed a total of 10% of the fish passage design flow).

Powerhouse and spillway flows are not considered part of the proportion of project flow
used for fishway attraction. Powerhouse and spillway flows should be shaped, and turbine unit
and spill gate operation prioritized, to create tailrace conditions that naturally lead to and allow
fish to rapidly locate the fishway entrances (Bell 1991).

5.2.2.5 Hydraulic drop

The fishway entrance hydraulic drop (also called entrance head) should be maintained
between I and 1.5 feet, depending on the species present at the site, and designed to operate
from 0.5 to 2 feet of hydraulic drop (USFWS 1960; Junge and Carnegie 1972).

A range of 1 to 1.5 feet is considered a normal operating range that helps establish
streaming flow conditions (Bates 1992). Gauley et al. (1966) found in laboratory studies that
Chinook salmon and steelhead made significantly faster ascents up an experimental ladder with
orifice flow and flow over a weir when head on the weir was increased from 0.95 to 1.2 feet.

The hydraulic drop criterion is based in part on results of laboratory studies where an
increasing number of Chinook and sockeye salmon and steelhead failed to enter all entrances
tested when head was increased from 2 to 3 feet. Pink and chum salmon have more specific

3 For example, Weaver (1963) conducted a study wherein he provided salmon and steelhead with a choice of
entering adjacent channels of the same width but different velocities; a higher proportion chose to enter the channel
with higher velocity.
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requirements. Fish from these species can easily swim through an entrance with 1.5 feet or more
of head differential, but they will not jump even a portion of that height (Bates 1992).

5.2.2.6 Dimensions

For larger streams, the minimum fishway entrance width should be 4 feet, and the
entrance depth should be at least 6 feet, although the shape of the entrance is dependent on
attraction flow requirements and should be shaped to accommodate site conditions.

For smaller streams, the ladder entrances should be as large as possible, consistent with
available fishway entrance flow, to maximize fish attraction and minimize plugging by debris.
The minimum size for an orifice-style entrance should be 1.5 feet by 1.5 feet. The minimum width
for a vertical slot-style entrance should be 1.25 feet if large Chinook salmon are present and 1
foot otherwise, and the depth (i.e., bottom of the slot to the tailwater level) should be at least 2
times the slot width.

In general, the dimensions of the fishway entrance should create a compact, strong
attraction flow jet that projects out of the entrance a significant distance into the tailrace.

For identical water velocities, attraction jets created by entrances that are small, narrow,
and deep, or are wide and shallow, do not project as far into the tailrace as does a compact
entrance (Section 5.2.2.8; also, see requirements for mainstem Columbia and Snake rivers in
Appendix G). The entrance width criterion is based partly on results of laboratory studies where
Chinook salmon and steelhead preferred 3.9-foot-wide entrances over 1.5-foot-wide entrances
under a constant velocity condition of 8 ft/s and lighted conditions. However, under dark
conditions, all of these species preferred the wider opening, and coho salmon preferred the wider
opening under both lighted and dark conditions (Weaver et al. 1976).

For ladder entrances at facilities located in small streams, orifice size is based on the
minimum orifice size for an Ice Harbor-style ladder (Section 5.5.3.3). For a slot-style entrance at
a facility in a small stream, the slot width is based on the minimum slot widths for vertical slot
ladders (Section 5.5.2.1.1), and the minimum depth is based on the square area of a 1.5-foot by
1.5-foot orifice. For example, the criterion above states that slot depth (the depth from the bottom
of the vertical slot-style entrance to the tailwater water surface elevation) should be double the
slot width, and the minimum width should be 1.25 feet if large Chinook salmon are present and
1 foot otherwise. Therefore, when sizing a 1-foot-wide slot, the design should submerge the slot
2 feet, which is close to the 2.25 square foot (ft?) open area of a 1.5-feet by 1.5-feet orifice.

5.2.2.7  Types of entrances

Fishway entrances may be adjustable submerged weirs, vertical slots, orifices, or other
shapes, provided that the requirements specified in Section 5.2.2 are achieved.

Care should be taken to select a fishway entrance that generates a good attraction jet and
is passable by all species of interest (Junge and Carnegie 1972). For example, American shad
typically refuse to pass through orifices. Therefore, at sites where American shad are present,
orifice entrances should be avoided, and surface routes in fishways are required (Larinier et al.
2002). This is true of all species in the genus Alosa. Also, American shad orient to walls when
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migrating through fishways and can be trapped in corners if no surface-oriented route is available
(Junge and Carnegie 1972; Bell 1991; WDFW 2000).

5.2.2.8 Flow conditions

The fishway entrance should create either streaming flow or hydraulic conditions similar
to a submerged jet.

The desired flow condition for entrance weir and slot discharge jet hydraulics is
streaming flow (WDFW 2000). A streaming flow is an intact plume of water moving almost
horizontal near the water surface or at the elevation of an orifice entrance. In contrast, plunging
flow drops vertically over an entrance sill or weir and then upwells downstream a few feet from
an entrance. Plunging flow sets up a hydraulic roll where surface flow is moving in an upstream
direction toward the entrance (Figure 5-2). This induces fish to jump at the flow, which may
cause injuries, and it presents hydraulic conditions that some species may not be able to pass or
may refuse to pass. This includes American shad and pink and chum salmon. Plunging flow also
directs the attraction jet downward toward the stream bottom rather than across the tailrace.
Streaming flow may be accomplished by placing the entrance weir (or invert of the slot)
elevation such that flow over the weir falls into a receiving pool with a water surface elevation
above the weir crest elevation (Katopodis 1992).

—
.-ﬂ—'---.._____\\ / ":\‘t\\.__ + 3
BN\ T~ Y
Lok L) \\ = —
A ---_’.//} : ‘ .‘\\ / 15 il
] : . St "‘\
{ R \| N
i e
1
(a) Plunging flow d
= -:.:;:.: t“\\m -
- ji
{ N> -

(a) Streaming flow

Figure 5-2. Plunging (a) and streaming (b) flows in pool and weir style of fishways
5.2.2.9 Orientation

Generally, low-flow entrances should be oriented nearly perpendicular to the streamflow
(Figure 5-1; Bates 1992). High-flow entrances should be oriented to be more parallel to
streamflow or at an angle away from the shoreline (Figure 5-1). A site-specific assessment
should be conducted to determine entrance location and entrance jet orientation.
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Low-flow entrances are designed to be used by fish during periods when flow conditions
approach the low design flow. They are generally the entrances furthest upstream and closest to
the passage barrier. High-flow entrances are designed for use during periods when flow
conditions approach the high design flow. Bates (1992) suggests that high-flow entrances be
placed at a 30-degree angle to the high-flow streamline, ideally along the edge of a high-flow
hydraulic barrier. In general, high-flow entrances are located slightly downstream from the
barrier at a point in the tailrace where the turbulence from the barrier under high flow conditions
has just dissipated. A physical hydraulic model is often the best tool for determining this
information; this model is used to test various design alternatives that favor fish passage (Bell
1991).

5.2.2.10 Staff gages

The fishway entrance design should include staff gages to allow for a simple
determination of whether the entrance head criterion (Section 5.2.2.5) is met. Staff gages should
be located in the entrance pool and in the tailwater just outside of the fishway entrance in an
area visible from an easy point of access. Gages should be readily accessible to facilitate in-
season cleaning.

Staff gages are important tools for determining whether a fish ladder entrance is meeting
criteria. Care should be taken when locating staff gages to avoid placement in turbulent areas and
locations where flow is accelerating toward a fishway entrance.

5.2.2.11 Entrance pools

The fishway entrance pool should be designed to combine ladder flow with auxiliary
water system (AWS; also known as auxiliary water supply system) flow in a manner that
encourages fish to move from the entrances in an upstream direction and optimizes the attraction
of fish to lower fishway weirs.

The fishway entrance pool is at the lowest elevation of the upstream passage system. It
discharges flow into the tailrace through the entrance gates to attract upstream migrants. In many
fish ladder systems, the entrance pool is the largest and most important pool in terms of
providing proper guidance of fish from the entrance to the ladder section of the upstream passage
facility. Ladder flow and AWS flow through diffuser gratings are combined in the pool to form
the entrance attraction flow (Section 5.3, Figure 5-1).

Attraction to the lower fishway weirs may be optimized by the following:

e Shaping the entrance pool to create a natural funnel leading fish to the ladder weirs
e Angling vertical AWS diffusers toward the ladder weirs

e Locating the jet from the ladder weir adjacent to the upstream terminus of the vertical AWS
diffusers

The pool geometry will normally influence the location of attraction flow diffusers.
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5.2.2.12 Transport velocity

Transport velocities between the fishway entrance and first fishway weir, fishway
channels, and over-submerged fishway weirs should be consistent with the guidance found in
section 5.4.2.1.

Gauley et al. (1966) reported that Chinook and sockeye salmon and steelhead passage
times did not differ significantly between water velocities of 1 and 4 ft/s in an experimental
270-foot-long transportation channel. However, Weaver (1963) reported that Chinook salmon
moved progressively slower in a test flume as velocities increased from 2 to 8 ft/s.

Note that as tailwater level rises and the lower fishway weirs become submerged, it

becomes necessary to increase the flow in this area of the ladder to meet the transport velocity
criterion (Bell 1991).

An AWS can be used to supply additional water through wall or floor diffusers. Care
should be taken to design the fishway weirs that will be submerged to accommodate the
additional flow in the ladder so that other fish passage (or hydraulic) criteria are not exceeded.
The transport channel velocity guidelines do not apply to individual ladder pools since these are
governed by design criteria specific to these pools.

5.3 Auxiliary Water Systems
5.3.1 Description and Purpose

An AWS should be used to supply additional water to the fishway when the required
attraction flow (as specified in Section 5.2.2.4) is greater than ladder flow.

Auxiliary water is often required at fishways to provide additional attraction flow from
the entrance pool to fishway entrances (Bell 1991). Adding AWS flow is based on the concept
that fish migrating upstream are attracted by flow velocity of certain magnitudes, which the fish
swim against to continue their migration upstream (Clay 1995). Auxiliary water can also be
supplied through an AWS to areas between fishway weirs that are partially submerged by high
tailwater elevations and fail to meet the flow velocity criterion, as discussed in Section 5.2.2.12.
In addition, an AWS can be used to provide additional flows to various transition pools in the
ladder such as bifurcation or trifurcation pools, multiple entrances, pools in fish trapping
facilities, exit control sections, and counting station pools.

5.3.1.1 AWS supply source

The source of water for the AWS flow should be of the same quality (e.g., temperature,
turbidity, and water chemistry) as the flow in the ladder (i.e., the receiving water).

The AWS flow is usually routed from the forebay to the ladder via gravity, but water
quality may vary from the ladder flow depending on the location of the AWS intake. The AWS
flow can also be pumped from the tailrace or delivered via a combination of gravity and pumped
sources. Differences in the water sources could cause fish to reject the ladder.
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5.3.2 Specific Criteria and Guidelines — AWS Fine Trash Racks
5.3.2.1 Bar spacing

A fine trash rack should be provided at the AWS intake with clear space between the
vertical flat bars of 0.875 inch or less.

The purpose of an AWS fine trash rack is to stop debris from entering the AWS, which
might plug the upstream side of the diffuser panel. Since the normal, clear opening between bars
on the diffuser panels is 1 inch (Section 5.3.7), the AWS fine trash rack should be 0.875 inch or
less. At sites where Pacific lamprey may be present and diffusers with 0.75-inch clear openings
are used (Section 5.3.7), the AWS fine trash rack should have a maximum clear opening of
0.625 inch or less.

5.3.2.2 Velocity

Maximum velocity through the AWS fine trash rack should be less than 1 fi/s, as
calculated by dividing the maximum flow by the submerged area of the fine trash rack.

5.3.2.3  Cleaning consideration

The support structure for the fine trash rack should not interfere with cleaning
requirements and should provide access for debris raking and removal.

5.3.24 Slope

The fine trash rack should be installed at a 1H:5V (horizontal:vertical) or flatter slope
for ease of cleaning. The fine trash rack design should accommodate maintenance requirements
by considering access for personnel, travel clearances for manual or automated raking, and
removal of debris.

5.3.2.5 Staff gages and head differential

Staff gages should be installed to indicate head differential across the AWS intake fine
trash rack and should be located to facilitate observation and in-season cleaning. Head
differential across the AWS intake fine trash rack should not exceed 0.3 foot in order to facilitate
cleaning, minimize velocity hot spots, and maintain hydraulic efficiency in gravity and pumped
Ssystems.

Staff gages are used for determining whether the head across a trash rack is within
criteria or not. Care should be taken when locating staff gages so that they can be easily read by
personnel.

5.3.2.6 Structural integrity

AWS intake fine trash racks should be of sufficient structural integrity to avoid the
permanent deformation associated with maximum occlusion.
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5.3.3 Specific Criteria and Guidelines — AWS Screens

In instances where the AWS poses a risk to the passage of juvenile salmonids because of
its design involving high head and convoluted flow paths, the AWS intake should be screened to
the standards specified in Chapter 8 to prevent juvenile salmonids from entering the AWS.

Trip gates, pressure relief valves, or other alternate intakes to the AWS may be included
in the design to ensure that AWS flow targets are achieved if screen reliability is uncertain under
high river flow conditions. Debris and sediment issues may preclude the use of juvenile fish
screen criteria for AWS intakes at certain sites. Passage risk through an AWS will be assessed by
NMEFS on a site-specific basis to determine whether screening of the AWS is warranted and how
to provide the highest reliability possible.

5.3.4 Specific Criteria and Guidelines — AWS Flow Control

The AWS should have a flow control device located sufficiently far away from the AWS
intake to ensure the flow at the AWS fine trash rack or screen is uniformly distributed. To
facilitate cleaning, the flow control system should allow flow to be easily shut off for
maintenance and then restarted (and reset) to proper operating conditions.

The flow control device may consist of a control gate, pump control, turbine intake flow
control, or other flow control systems located sufficiently far away from the AWS intake to
ensure uniform flow distribution at the AWS fine trash rack for all AWS flows. Flow control is
necessary to ensure that the correct quantity of AWS flow is discharged at the appropriate
location during a full range of forebay and tailwater levels.

5.3.5 Specific Criteria and Guidelines — AWS Excess Energy Dissipation
Excess energy should be dissipated from AWS flow prior to passage through diffusers.

Dissipation of excess energy is necessary to minimize surging and induce relatively
uniform velocity distribution at the diffusers because surging and non-uniform velocities may
cause adult fish jumping and associated injuries or excess migration delay. The introduction of
highly turbulent or aerated water will discourage fish from entering or passing through a fishway
and possibly result in fish delay or injury (Clay 1995). Examples of methods to dissipate excess
AWS flow energy include the following:

e Routing flow into a fishway pool with adequate volume (Section 5.3.6.2)

e Passing AWS flow through a turbine

e Passing AWS flow through a series of valves, weirs, or orifices

e Passing AWS flow through a pipeline with concentric rings or other hydraulic transitions
designed to induce head loss

All of these dissipation systems require that AWS flow passes through a baffle system
that has a porosity of less than 40% to reduce surging through fishway entrance pool diffusers.
Adjustable baffles may be required in some systems to properly balance flow across the diffuser.
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Figure 5-3 provides a schematic of a fishway AWS diffuser system showing the
components needed, and their shape and arrangement, to control water flow rate and convert
high-velocity, high-pressure, non-uniform flow into low-energy uniform flow.

Water Supply Flow Control and Low-Energy,
Conduit Energy Dissipation Uniform Outflow
] oo
il .I,. oy, .
!
: \ -
High-Energy, &)
Non-uniform —fee— = < ;
Inflow = b
-
A= . Submerged
(a) Plan Diffuser Bars
e
(b) Section A-A

Figure 5-2. Schematic of a fishway AWS diffuser system in plan (a) and section (b) views

5.3.5.1 Energy dissipation pool volume

An energy dissipation pool in an AWS should have a minimum water volume established
by the formula shown in Equation 5-1.

) (Q)(H)

~ 6 fe—b /ft3/s (-1
where:
|4 = pool volume in cubic feet (ft°)
Y = specific weight of water, 64.2 pounds (Ib) per ft*
Q = AWS flow, in ft*/s
H = energy head of pool-to-pool flow, in feet drop into the AWS pool

Note that the pool volumes required for AWS pools are smaller than those required for
fishway pools. This is due to the need to provide resting areas in fishway pools and because

AWS systems require additional elements (e.g., diffusers and valves) to dissipate energy and are
not pathways for upstream fish passage.
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5.3.6 Specific Criteria and Guidelines — AWS Diffusers

The spaces between bars of a diffuser should be sized to prevent fish passage and injury
(Bell 1991; Bates 1992). For adult salmonid passage, the maximum clear spacing between bars
is 1 inch between diffusers bars. At sites where adult Pacific lamprey may be present, diffusers
should have a maximum 0.75-inch clear spacing between bars.

Wall diffusers should consist of non-corrosive, vertically oriented diffuser panels of
vertically oriented flat bar stock. Similarly, floor diffusers should consist of non-corrosive,
horizontally oriented diffuser panels of horizontally oriented flat bar stock. Orientation of flat
bar stock should maximize the open area of the diffuser panel. If a smaller species or life stage of
fish is present, smaller clear spacing between bar stock may be required.

5.3.6.1 Material

The bars and picket panels used as part of AWS diffuser systems should be made of
aluminum, stainless steel, or epoxy-coated carbon steel. The use of submerged galvanized steel
should be minimized or eliminated, especially when used in close proximately to fish (i.e.,

fishways).
Galvanized steel is coated with zinc, a metal that can be toxic to fish.
5.3.6.2 Velocity and orientation

The maximum AWS diffuser velocity should be less than 1 ft/s for wall diffusers and
0.5 ft/s for floor diffusers based on the total submerged diffuser panel area (Bell 1991). Wall
diffusers should only be used when the orientation can be designed to assist with guiding fish
within the fishway. Diffuser velocities should be nearly uniform, which may require the use of

porosity control panels (Section 5.3.6.3). The face of the diffuser panels (i.e., the surface exposed
to the fish) should be flush with the wall or floor.

These criteria are based on Design of Fishways and Other Fish Facilities (Clay 1995),
which states that 1 ft/s “has been adopted as the best compromise between practicality and
efficiency,” These criteria are also based on the results of laboratory studies where spring- and
fall-run Chinook salmon and steelhead passage times increased when diffuser flows were added
and were progressively longer as floor diffuser velocity increased from 0.25 to 1.25 ft/s (Gauley
et al. 1966).

An example of wall diffusers being used to assist in guiding fish is when the diffusers in
the entrance pool of a fishway are situated such that fish are naturally lead upstream to the first
ladder pool.

When wall diffusers are used in conjunction with a half Ice Harbor-style ladder, the
diffuser should be located on the same side as the overflow weir, and the diffuser bars should be
oriented horizontally.
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5.3.6.3 Porosity control baffles

Similar to juvenile fish screens, diffusers should include a system of porosity control
baffles located just upstream of the diffuser pickets to ensure that average velocities at the face
of the diffuser are uniform and can meet criteria (Section 5.3.6.2).

The purpose of the porosity control panels is to control the amount of flow through the
diffuser pickets and create a uniform flow condition at the face of the pickets.

5.3.6.4 Debris removal

The AWS design should include access for personnel to remove debris from each diffuser
unless the AWS intake is required per the criteria listed in Section 5.3.4 to be equipped with a
Jjuvenile fish screen (Chapter §).

5.3.6.5 Edges

All flat bar diffuser edges and surfaces exposed to fish should be rounded or ground
smooth to the touch, with all edges aligning in a single smooth plane to reduce the potential for
contact injury.

5.3.6.6 Lamprey passage

At sites where Pacific lamprey are present, horizontal diffusers should not extend the
complete width of the floor of the fishway or entrance pool. A solid surface, approximately
1.5 feet wide, should be located along the floor between the lateral sides of the diffuser panels
and the base of either wall.

5.3.6.7 Elevation

Wall AWS diffusers should be submerged throughout the range of operation (i.e., the top
elevation of the wall diffuser should be below the lowest water surface elevation that will occur
based on the fishway design).

This is to prevent water from cascading through the diffuser, which can induce fish to
leap at the surface disturbance.

5.3.7 Specific Criteria and Guidelines — Bedload Removal Devices

At locations where bedload may cause accumulations at the AWS intake, sluice gates or
other simple bedload removal devices should be included in the design.

5.4 Transport Channels
5.4.1 Description and Purpose

A transport channel conveys flows between different sectors of the upstream passage
facility, providing a route for fish to pass.
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5.4.2 Specific Criteria and Guidelines — Transport Channels
5.4.2.1  Velocity range

The transport channel velocities should be between 1.5 and 4 ft/s (Gauley et al. 1966;

Bates 1992), including flow velocity over or between fishway weirs inundated by high tailwater
(Bell 1991).

Gauley et al. (1966) reported that Chinook and sockeye salmon and steelhead passage
times did not differ significantly between water velocities of 1 and 4 ft/s in an experimental
270-foot-long transportation channel. However, Weaver (1963) reported that Chinook salmon
moved progressively slower in a test flume as velocities increased from 2 to 8 ft/s.

5.4.2.2  Dimensions
The transport channels should be a minimum of 5 feet deep and 4 feet wide.

This is based on providing the narrowest, shallowest flow path that adult fish are known
to move through readily while also displaying the least amount of fallback behavior and delay. In
addition, this size of channel relates to the goal of keeping water velocities in the transport
channel low.

5.4.2.3  Lighting

Ambient natural lighting should be provided in all transport channels, if possible. If
ambient (natural) lighting is not available, acceptable artificial lighting should be used.

In laboratory tests, fish were presented with the choice of a large entrance (3.9 feet by
3.9 feet) that was dark or a smaller entrance (1.5 feet by 2 feet) that was lighted. Study results

corroborate the understanding that fish prefer lighted entrances and channels: 80% of Chinook
salmon, 90% of coho salmon, 69% of steelhead, and 86% of sockeye salmon chose the lighted
entrance (Bates 1992).

5.4.2.4  Design (general)

Based on the literature and experiences of fish biologists at many facilities located in the
WCR, the following features should be included in the design of transport channels:

The transport channels should be of open channel design (Bell 1991).

Designs should avoid hydraulic transitions or lighting transitions (USFWS 1960; Bell 1991).
Transport channels should not expose fish to any moving parts.

Transport channels should be designed so that there is no standing water in the channel
when the system is dewatered.

o Transport channels should be free of exposed edges that protrude from channel walls.
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5.5 Fish Ladder Design

5.5.1 Description and Purpose

The purpose of a fish ladder is to convert total project head at the passage barrier into
passable increments and provide suitable conditions for fish to hold, rest, and ultimately pass
upstream. Nearly all of the energy from the upstream ladder pool is dissipated in the downstream
ladder pool volume, resulting in a series of relatively calm pools that migrating fish may use to
rest and stage before ascending upstream. The criteria provided in this section have been
developed to provide conditions to pass all anadromous salmonid species upstream with minimal
delay and injury.

5.5.2 Common Types of Fish Ladders

Fish ladders or fishways, in one form or another, have been around for more than
300 years (Clay 1995). Over time, ladder designs have developed and evolved and have been
adapted to meet site-specific conditions. For the purpose of this document, fish ladders are
divided into the following two categories:

e Pool-style ladders, including:

- Vertical slot

- Pool and weir

- Weir and orifice
- Pool and chute

e Roughened (Baffled) chute-style ladders, including:
- Denil steeppass
- Alaska steeppass (ASP)

The following sections present brief discussions of criteria and guidelines for the more common
styles of fish ladders.

5.5.2.1 Vertical slot ladder

The vertical slot configuration is a pool-style of fish ladder (Figures 5-3 through 5-5;
Table 5-1). The vertical slot ladder is suitable for passage impediments that have tailrace and
forebay water surface elevations that fluctuate within large ranges. The maximum head
differential—typically associated with the lowest river flows—establishes the design water
surface profile, which usually parallels the fishway floor gradient.
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Figure 5-3. Plan view of a vertical slot ladder showing generalized flow paths
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Figure 5-5. Dimensions of a typical vertical slot ladder pool

(Note that information for Figure 5-6 is provided in Table 5-1. “D” is the dimension of the layout points used
during ladder design and construction (i.e., the framing and the form work for the concrete pours); it determines the
chamfer for the slot and the width of the slot; and knowing “D” allows the designer to layout the complex angles
used during construction.)
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Table 5-1. Dimensions for vertical slot ladder components measured in feet.

Sl Dimension Nf)menclature
(Refer to Figure 5-6)
L Pool length 10°0” 10°0” 10°0”
W Pool width 6°0” 8°0” 8°0”
A Long baffle width® 0°6” 0°6” 0°6”
B Short baffle width® 0°6” 0°6” 0°6”
M Slot width 1°0” 1°0” 1’3”
C Slot width layout points 0’9~ 0’9~ 0°9”
X Do s v | ows | o
Long baffle wall length 3’17 4°1” 4’1~
G Short baffll;y\;vsslljl(;eir;lgt;h (wall to 17357 239, 239,
I Flow deflector width change 0’7 0’8~ 0°7”
J Flow deflector length 1’37 1’6” 1’3
K Flow deflector upstream width 0’5” 0’4” 0°5”
Note:

A: Short baffle and long baffle widths may need to be increased in certain instances for structural integrity in large
fishway installations.

The full-depth vertical slots allow fish passage at any depth (Clay 1995). Fish are
assumed to be able to move directly from slot to slot in a straight path, although this has not been
verified (Clay 1995). However, hydraulic studies have verified that velocity through the slot is
constant throughout the vertical profile (Katopodis 1992). The vertical slot may not be well
suited for species that require overflow weirs for passage or that tend to orient to walls such as
American shad.

5.5.2.1.1 Vertical slot width and depth

For adult anadromous salmonids, slots should never be less than 1 foot in width. If larger
Chinook salmon are expected to pass, the minimum slot width is 1.25 feet (Clay 1995). Bell
(1991) recommends a minimum slot depth of 3 feet, although they are typically on the order of 5-
to 6-feet deep to match the required pool depth.

The passage corridor typically consists of 1- to 1.25-foot-wide vertical slots between
fishway pools. However, narrower slots have been recommended (Clay 1995) and used in
applications for other fish species that are smaller than salmon or steelhead. In some situations,
wider slots (or two slots per ladder weir) are used if AWS flow is not being added to the ladder.

Vertical slot ladders tend to require more water to operate properly compared with other

styles of fishways because of the width and depth of the slot and the head differential between
pools. Low sills can be added to the bottom of each slot to reduce the overall amount of flow in
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the ladder that is required. However, these sills may block the passage of species that prefer or
need to travel along the floor of a ladder.

5.5.2.1.2 Vertical slot geometry (pool size)

Standard, proven design dimensions should be adhered to unless it can be proven
through physical hydraulic modeling that changes do not affect the function of the ladder.

Vertical slot ladders are sensitive to changes in pool geometry (e.g., pool width, length,
slope, and slot width; Clay 1995), and initial construction costs are higher than other types of
ladders because of the more complex design and concrete placement.

5.5.2.2 Pool and weir ladder

The simplest style of fish ladder is the pool and weir ladder (Bell 1991); it is also one of
the oldest styles of fish ladder. The pool and weir fish ladder passes the entire, almost constant,
fishway flow through successive pools separated by overflow weirs that break the total project
head into passable increments (Figure 5-6). This design allows fish to ascend to higher elevations
by passing over weirs, and it provides resting zones within each pool. When passing this style of
ladder, fish must leap or swim over the weir flow. Pools are sized to allow flow energy to be
nearly fully dissipated through turbulence within each receiving pool (Clay 1995).

Figure 5-6. Examples of pool and weir ladders
(Note that the orifices in the weir wall on the left-side photo are to drain each of the pools and are not meant for fish
passage.)

In contrast to vertical slot ladders, pool and weir ladders require nearly constant water
surface elevations in the forebay pool to function properly (Bell 1991; Clay 1995). When the
water surface elevation fluctuates outside of the design elevation, too much or too little flow
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enters the fishway. This flow fluctuation may affect upstream passage by causing fishway pools
to be excessively turbulent or providing insufficient flow. To accommodate forebay fluctuations
and maintain a consistent flow in the ladder, pool and weir ladders are often designed with an
AWS (Section 5.3) and fishway exit control section (Section 5.7; Bell 1991). To accommodate
tailwater fluctuations, pool and weir ladder designs may include an adjustable fishway entrance
(i.e., adjustable geometry and attraction flow) and an AWS to provide additional flow to meet the
channel velocity criterion (Section 5.4.2.1; Bell 1991).

5.5.2.3 Weir and orifice ladder

The weir and orifice fish ladder passes flow from the forebay through successive fishway
pools connected by overflow weirs and submerged orifices, which divide the total project head
into passable increments (Figures 5-7 and 5-8, Table 5-2; Clay 1995). Weir and orifice ladders
are similar to pool and weir ladders in the following ways:

e Weir and orifice ladders require nearly constant water surface elevations in the forebay pool
(unless adjustable components are included to accommodate the varying forebay level);
water surface elevations outside of the design elevation result in too much or too little flow
entering the fishway, which may affect fish passage due to turbulence or insufficient flow.

e Weir and orifice ladders are often designed with an AWS and fishway exit control section
(Section 5.7), an adjustable fishway entrance (i.e., adjustable geometry and attraction flow),
and an AWS to provide additional low diffusers to meet the transport channel velocity
criterion (Section 5.4.2.1).
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Figure 5-7. Ice Harbor-style weir and orifice ladder (adapted from Gauley et al. 1966
(Note that information for Figure 5-7 is provided in Table 5-2.)
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Figure 5-8. Overhead views of Ice Harbor-style weir and orifice fish ladders

Table 5-2. Dimensions for Ice Harbor fishways measured in feet

Symbol Dimension Nomenclature (Refer to Figure 5-8)
Bell 1991 Gauley et al. 1966
L Pool length 8-20 10
W Pool width 6-20 16
A Weir length 1.5-5 5
B Center baffle width W/2* 6
C Flow stabilizer length NA 1’6”
D Orifice height 1’67 1’6”
E Baffle height above orifice 4°3” 4°6”
F Wall to orifice center line NA 3
G Orifice width 1’3 1’6”
H Weir height 6 6
J Wing baffle height 8 8
T Weir and baffle thickness NA NA
Notes:

* See “W” in panel (a) of Figure 5-8.

Dimensions listed under Bell (1991) are taken from
https://www.{s.fed.us/biology/nsaec/fishxing/fplibrary/Bell 1991 Fisheries_handbook of engi
s_and.pdf.

Dimensions listed under Gauley et al. 1966 are taken from the report located here:
https://www.nwfsc.noaa.gov/assets/26/7778 08132014 135336_Gauley.et.al.1966.pdf.

NA: not available

requirement
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When passing this style of ladder, fish have the choice of leaping or swimming over the
weir or swimming through the orifice, and it is NMFS’ experience that most salmonids prefer to
swim through the orifice. The Ice Harbor ladder is an example of a weir and orifice fish ladder.
This ladder design was developed in the 1960s for use at Ice Harbor Dam on the Snake River in
Washington by the Bureau of Commercial Fisheries at USACE Fisheries-Engineering Research
Laboratory (FERL), which was located at the Bonneville Dam on the Columbia River in Oregon
(Figure G-1 in Appendix G). Fish passage research was conducted at FERL from 1955 until it
was decommissioned in the 1980s (see Appendix I for a listing of reports of research conducted
at the FERL). The research provided basic knowledge of the behavior, abilities, and requirements
of fish in fish passage situations (Collins 1976).

Development and testing at FERL resulted in the design of the 1-on-10 slope ladder for
Ice Harbor Dam, which was studied in a full-scale section of the ladder consisting of six ladder
pools. A prototype ladder was tested during its first year of operation at Ice Harbor Dam. The
design is a pool and weir ladder with submerged orifices, flow stabilizers, and a non-overflow
section in the middle of each weir (Figures 5-7 and 5-8). See Table 5-2 for typical dimension of
this type of fishway. There is a 1-foot rise between pools, and the average water depth under
normal operating conditions is 6.5 feet (Gauley et al. 1966). The Ice Harbor-style of ladder
includes two rectangular orifices centered on and located directly below each overflow weir. The
position and depth of the orifices were found to have a significant effect on the passage of fish
through rectangular submerged orifices (Thompson et al. 1967). The orifice and weir
combinations are located on each side of the longitudinal centerline of the ladder. Between the
two weirs is a slightly higher non-overflow wall with an upstream-projecting flow baffle located
at each end. An adaptation for lower flow designs is the half Ice Harbor ladder design, which
consists of a weir, an orifice, and a non-overflow wall between fishway pools.

5.5.2.4 Pool and chute ladder

A pool and chute ladder is a hybrid that operates under varying river flow conditions.
This ladder is designed to operate as a pool and weir ladder at low river flows and as a
roughened chute-style fishway at higher river flows (Figure 5-9). This ladder is an alternative
style of ladder for sites with a low hydraulic drop that must pass a wide range of streamflows
with a minimum of flow control features. Placement of stoplogs—a cumbersome and potentially
hazardous operation—is required to optimize operation of this ladder. However, once suitable
flow regimes are established, the need for additional stoplog placement may not be required.
Criteria for this type of ladder design are still evolving, and design proposals will be assessed by
NMEFS on a site-specific basis. Bates (1992) provides specific criteria and guidelines for this
style of ladder where fish have the option of swimming over, or leaping the overflow weir, or
swimming through the orifice. The lateral slope of the weirs presents fish with flow conditions
that range from plunging flow near the edges to streaming flow towards the center of the ladder.
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Figure 5-9. Pool and chute ladder dewatered (at left) and watered (at right)
5.5.2.5  Half Ice Harbor and half-pool and chute ladders

The flow rate available to pass through a fishway at small projects is often too low to take
advantage of the benefits of the standard Ice Harbor or pool and chute ladder designs. In these
situations, it is possible to design and construct weirs shaped as one-half of an Ice Harbor-style
weir and orifice ladder or one-half of a pool and chute-style ladder (Figure 5-10). These designs
share the same advantages and disadvantages as their full-sized counterparts and should meet all
of the design criteria for each type of full-sized ladder. The hydraulic design process used for
half-ladders is analogous to the design process used for full-sized ladders.
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1 ¥
Figure 5-10. Half ladder designs for projects with reduced available fishway flows

(Note: panel on left is a half-Ice Harbor ladder weir and orifice design; panel on right is a half-pool and chute ladder
with weir design.)

5.5.3 Specific Criteria and Guidelines — Fish Ladder Design
5.53.1  Hydraulic drop

The maximum hydraulic drop between fish ladder pools should be 1 foot or less (Bell
1991; Clay 1995). Where pink or chum salmon are present, the maximum hydraulic drop
between pools should be 0.75 foot or less (Bates 1992, Clay 1995).

5.5.3.2  Flow depth

Fishway overflow weirs should be designed to provide at least 1 foot (% 0.1 foot) of flow
depth over the weir crest (Clay 1995; WDFW 2000).

The depth should be indicated by locating a single staff gage in an observable,
hydraulically stable location that is representative of flow depth throughout the fishway. The
zero reading of the gage should be at the overflow weir crest elevation.

5.5.3.2.1 Streaming flow

Some fish species will not leap or are poor leapers and will refuse to pass or become
delayed by plunging flow conditions in a ladder. They may also refuse to pass through the
orifices in a ladder (e.g., all shad species). For those species, streaming flow should be created
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between ladder pools to provide acceptable passage conditions. When pink or chum salmon are
present, the upstream weir crest should be submerged by at least 0.5 foot by the downstream
water surface level (Bates 1992). Where American shad are present, the upstream weir crest
should be submerged by at least 0.3 foot by the downstream water surface level.

Streaming flow occurs when the weir is backwatered by the downstream weir
(Bates 1992; Katapodis 1992). The transition between plunging flow and streaming flow is
hydraulically unstable and should be avoided according to Bell (1991) and Bates (1992) because
passage can be delayed when flow is in this transition. Hydraulic instability occurs in the
transition regime between the upper range of plunging flow and the lower range of streaming
flow. The instability can also cause large oscillations that are transmitted throughout the fishway
because energy is not dissipated in each pool of the fishway, which makes the streaming flow jet
difficult to manage. For these reasons, streaming flow in a fishway should be used cautiously
(Bates 1992).

Submerging the upstream weir crest by 0.3 foot is based on experience with adjusting
ladder flows at Columbia River dams to pass American shad. In addition, Larinier and Travade
(2002) state that a head of around 1.3 feet and streaming flow in an Ice Harbor-style ladder are
needed for shad passage. Rideout et al. (1985) report substantial improvements in American shad
passage at the Turners Falls dam fishway in Massachusetts when flow over weir crests was
changed from plunging to streaming.

5.5.3.3 Pool dimensions

In general, pool dimensions should be a minimum of 8 feet long (upstream to
downstream), 6 feet wide, and 5 feet deep. However, specific ladder designs may require pool
dimensions that are different from the minimums specified in this criterion, depending on site
conditions and ladder flows (see Clay 1995).

For small stream ladders, Bell (1991) provides minimum dimensions for some pool and
weir fishway designs. The minimum pool should not be less than 6 feet long, 3 feet deep, and
4 feet wide. It is recommended that the fishway slope not exceed 1:8. For pools less than 8 feet in
length, the drop between pools should be reduced proportionally. To allow for the proper
dissipation of the orifice flow, the pool dimensions for a pool and orifice-style ladder should not
be reduced (Clay 1995).

Ladder pools should be designed so that there is no standing water in the pools when the
system is dewatered. The floors of the ladder should be sloped from the sides to the floor orifice
to encourage fish to move downstream during salvage operations conducted when a ladder is
dewatered for maintenance.

5.5.34 Turning pools

Turning pools (i.e., pools where the fishway direction changes more than 90 degrees)
should be at least double the length of a standard fishway pool, as measured along the centerline
of the fishway flow path. The orientation of the upstream weir to the downstream weir should be
such that energy from flow over the upstream weir does not affect the hydraulic conditions at the
downstream weir.
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5.5.3.5 Pool volume

The pool volume within the fishway should provide sufficient volume (i.e., hydraulic
capacity) to absorb and dissipate the pool-to-pool energy and accommodate the maximum daily
run of fish (i.e., fish capacity; Appendix H).

Generally, the volume required to provide adequate hydraulic capacity governs pool
sizing (Bell 1991, Bates 1992). To provide adequate hydraulic capacity, the fishway pools
should be a minimum volume (of water) based on Equation 5-2.

__n@uw )
T 4 ft—Ib /ft3/s (5-2)
where:
%4 = pool volume in ft*
y = specific weight of water, 64.2 1b per ft’
Q = specific weight flow, in ft*/s
H = energy head of pool-to-pool flow, in feet

This pool volume should be provided under every expected design flow condition, with
the entire pool volume having active flow and contributing to energy dissipation.

If large numbers of fish are expected to pass the fish ladder in a relatively short amount
of time, overcrowding can occur, leading to delay. Delay in passage is minimized by providing
ample volume to accommodate the peak of the run without overcrowding (Clay 1995).
Therefore, it may be necessary to increase the individual pool volume to accommodate the peak
run of fish. See Appendix H for sizing a fish ladder based upon run size.

5.5.3.6  Freeboard
The freeboard of the ladder pools should be at least 3 feet at high design flow.
5.5.3.7  Orifice dimensions

At sites where large salmonids are expected, the minimum dimensions of the orifice
should be 18 inches high by 15 inches wide (Bell 1991), based on the Ice Harbor ladder design
dimensions (Section 5.5.3.3).

The minimum dimensions of orifices where large salmonids are not expected should be at
least 15 inches high by 12 inches wide.

The top and sides of the orifice should be chamfered 0.75 inch on the upstream side and
chamfered 1.5 inches on the downstream side of the orifice to provide the most stable flow
(Bates 1992).
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For sites where Pacific lamprey are present, the floor of the fishway should provide a
continuous, uninterrupted surface through the orifice. USACE (Portland District) has developed
and installed an orifice with rounded edges to facilitate Pacific lamprey passage.

The primary concern with smaller orifices is the increased risk of plugging by debris
(WDFW 2000).

5.5.3.8  Lighting

Ambient lighting should be provided throughout the fishway, and abrupt lighting changes
should be avoided (Bell 1991). In enclosed systems, such as transport tunnels, provisions for
artificial lighting should be included. In cases where artificial lighting is required, lighting in the
blue-green spectral range should be provided. Artificial lighting should be designed to operate
under all environmental conditions at the installation.

These lighting criteria are based in part on laboratory studies where a majority of
Chinook and sockeye salmon and steelhead entered the lighted orifice when given a choice
between a dark experimental orifice and a lighted control orifice where head was equal between
the two orifices (Weaver et al. 1976).

5.5.3.9 Change in flow direction

At locations where the flow changes direction more than 60 degrees, 45-degree vertical
miters (minimum 20 inches wide) or a 2-foot minimum, vertical radius of curvature should be
included in the design of the outside corners of fishway pools (Bell 1991).

Bell reports that “Fish accumulate when pool hydraulic patterns are altered. If the design
includes turn pools, fish will accumulate at that point. Square corners, particularly in turn pools,
should be avoided as fish jump at the upwelling so created” (1991). Depending upon the pool
configuration, size of the turning pool, and amount and velocity of the flow in the ladder, larger
radii of curvatures may be necessary.

5.6 Counting Stations and Windows
5.6.1 Description and Purpose

Counting stations provide a location and facility to observe and enumerate fish utilizing
the fish passage facility. Although not always required, a typical counting station includes a
video camera or fish counting technician, crowder, and counting window (Bell 1991). Counting
stations are often included in a fish ladder design to allow fishery managers to assess fish
population status, observe fish size and condition, and conduct scientific research.

5.6.1.1 Operation

Counting stations should not interfere with the normal operation of the ladder and should
not create excessive fish passage delay.
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A decision to include a counting station as part of the ladder design should be carefully
considered. Regardless of how well the counting station is designed, oftentimes fish hold and
delay at counting stations because of conditions that change the facility such as crowding,
lighting, and hydraulics. Instead of a counting station, other means of enumeration may be
acceptable, including the use of submerged cameras and their associated lighting, adult PIT-tag
detectors, and orifice counting tubes.

5.6.2 Specific Criteria and Guidelines — Counting Stations
5.6.2.1 Location

Counting stations should be located in a hydraulically stable, low velocity (i.e., around
1.5 fi/s), and accessible area of the upstream passage facility.

5.6.2.2 Downstream and upstream pools

The pool downstream of the counting station should extend at least two standard fishway
pool lengths from the downstream end of the picket leads. The pool upstream of the counting
station should extend at least one standard fishway pool length from the upstream end of the
picket leads. Both pools should be straight and in line with the counting station (Bell 1991).

5.6.3 Specific Criteria and Guidelines — Counting Windows
5.6.3.1 Design and material

The counting window should be designed such that cleaning of the window can be
accomplished completely, conveniently, and at a frequency that ensures window visibility will be
maintained and accurate counting can be accomplished. The counting window material should
be abrasion-resistant to accommodate frequent cleaning.

5.6.3.2 Orientation
Counting windows should be vertically oriented.
5.6.3.3  Sill

The counting window sill should be positioned to allow full viewing of the fish passage
slot (from floor to water surface).

5.6.3.4  Lighting

The counting window design should include sufficient indirect, artificial lighting to
provide satisfactory fish identification at all hours of operation and without causing passage
delay.

5.6.3.5 Dimensions

The minimum observable length of the counting window in the upstream-to-downstream
flow direction should be 5 feet, and the minimum height (depth) should be full water depth.
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5.6.3.6 Counting window slot width

The width of the counting station slot (the area between the counting window and the
vertical surface at the back of the slot) should be at least 18 inches. The design should include an
adjustable crowder to move fish closer to the counting window (but not closer than 18 inches) to
allow fish counting under turbid water conditions. The counting window slot width should be
maximized as water clarity allows and when not actively counting fish.

5.6.3.7 Picket lead

A downstream picket lead should be included in the design to guide fish into the counting
window slot, and it should be oriented at a deflection angle of 45 degrees relative to the
direction of fishway flow. An upstream picket lead oriented at a deflection angle of 45 degrees to
the flow direction should also be provided. Picket orientation, picket clearance, and maximum
allowable velocity should conform to specifications for diffusers (Section 5.3.7).

Combined maximum head differential through both sets of pickets should be less than
0.3 foot. Both upstream and downstream picket leads should be equipped with witness marks to
verify correct position when picket leads are installed in the fishway. A 1-foot-square opening
should be provided in the upstream picket lead to allow smaller fish that pass through the
downstream picket lead to escape the area between the two picket leads.

Picket leads may comprise flat stock bars oriented parallel to flow or other cross-
sectional shapes, if approved by NMFS.

5.6.3.8  Transition ramps

If the counting window requires a false floor to force fish to swim higher in the water
column to be more easily identified, then transition ramps should be included in a counting
station design. The ramps should smoothly transition from the floor of the counting station pool
to the false floor at the counting window and then back to the counting station floor.

These ramps provide gradual transitions between walls, floors, and the false floor in the
counting window slot. The purpose is to minimize flow separations created by head loss that may
impede fish passage and induce fallback behavior at the counting window. In situations where
space is available, the transitions should be more gradual than 1:8, and where space is confined,
a 1:4 transition should be used.

5.6.3.9  Water surface through the counting slot

A free water surface should exist over the length of the counting window.

5.7 Fishway Exit Control

5.7.1 Description and Purpose

This section describes and provides criteria for a ladder exit control channel for fish to
egress the fishway and enter the forebay of a dam to continue upstream migration. The exit
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control channel may include the following features: add-in auxiliary water valves and diffusers,
exit pools with varied flow, exit channels, a coarse trash rack that keeps large debris out of the
ladder but allows fish to pass through the trash rack and exit the ladder, and fine trash racks and
control gates on AWS systems. The exit control section of the ladder also attenuates fluctuations
in forebay water surface elevation, thus maintaining hydraulic conditions suitable for fish
passage in the ladder pools. Other functions that should be incorporated into the design of the
exit control section include minimizing the entrainment of debris and sediment into the fish
ladder. Different types of ladder designs (Section 5.5) require specific fish ladder exit design
details unique to each type of ladder.

5.7.2 Specific Criteria and Guidelines — Fishway Exit Control
5.7.2.1 Hydraulic drop
The exit control section hydraulic drop per pool should range from 0.25 to 1 foot.
5.7.2.2 Length

The length of the exit channel upstream of the exit control section should be a minimum
of two standard ladder pools.

5.7.2.3  Design requirements

Exit section design should utilize the requirements for AWS diffusers, channel geometry,
and energy dissipation as specified in Sections 5.3, 5.4, and 5.5.

5.7.2.4 Closure gates

Any closure gate that is incorporated into the exit control section should be operated
either in the fully opened or closed position (i.e., the gates cannot be partially open to regulate

flow).
5.7.2.5 Location

In most cases, the ladder exit should be located along a shoreline, in a velocity zone of
less than 4 ft/s, and sufficiently far enough upstream of a spillway, sluiceway, or powerhouse to
minimize the risk of fish non-volitionally falling back through these routes (Clay 1995).

The distance the exit needs to be upstream of these hazards depends on bathymetry near
the dam spillway or crest and associated longitudinal river velocities (Bell 1991).

5.7.2.6 Public access

Public access near the ladder exit should be prohibited.
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5.8 Fishway Exit Sediment and Debris Management
5.8.1 Description and Purpose

As stated in Section 5.7.1, the design of the ladder exit should strive to minimize the
entrainment of debris and sediment into the fish ladder. Floating and submerged debris can
become lodged in ladder orifices or on weir crests, alter hydraulic conditions in these fish
passage routes, and impact fish behavior and passage rates. Similarly, sediment transported into
the fishway can deposit in low-velocity areas, alter hydraulic conditions, and impact fish
passage. Removing debris and sediment from ladders can be difficult and costly. Therefore,
preventing debris and sediment from entering the ladder from the forebay should be a goal of the
ladder exit design.

5.8.1.1 Coarse trash rack

For facilities where maintenance is frequently required and provided, coarse trash racks
should be included at the fishway exit to minimize the entrainment of debris into the fishway
(Figure 5-9; Bell 1991).

5.8.2 Specific Criteria and Guidelines — Coarse Trash Rack
5.8.2.1 Velocity

The velocity through the gross area of a clean coarse trash rack should be less than
1.5 ft/s to reduce debris accumulation and thus facilitate cleaning of the racks regularly
(Bates 1992).

Bell (1991) indicated there is no evidence of fish refusing to pass through trash racks at
velocities normal to the trash rack of 2 ft/s or less.

5.8.2.2  Depth

The depth of flow through a coarse trash rack should be equal to the pool depth in the
ladder exit channel.

5.8.2.3 Maintenance

At locations where manual cleaning is anticipated, the coarse trash rack should be
installed at 1:5 slope (or flatter) for ease of cleaning (Bates 1992). The coarse trash rack design
should allow for easy maintenance and provide access for personnel, travel clearances for
manual or automated trash raking, and the removal of debris.

5.8.2.4  Bar spacing

The coarse trash rack on the ladder exit should have a minimum clear space between
vertical flat bars of 10 inches if Chinook salmon are present, and 8 inches for all other species
and instances. Lateral support bar spacing should be a minimum of 24 inches and should be
sufficiently set back from the face of the coarse trash rack to allow trash rake tines to fully
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penetrate the rack for effective debris removal. Coarse trash racks should extend to the

appropriate elevation above water to allow debris raked from the trash racks to be easily
removed.

Bell (1991) recommends that the clear openings of a trash rack be adapted to the width of
the largest fish to be passed, which is usually 12 inches for large salmon. Figure 5-11 shows an
example of a sloping coarse trash rack on the exit channel of a small fishway.

Figure 5-11.Sloping coarse trash rack on a fishway exit channel

5.8.2.5 Orientation

The fishway exit coarse trash rack should be oriented at a deflection angle greater than
45 degrees relative to the direction of river flow.

5.8.3 Specific Criteria and Guidelines — Debris and Sediment

5.8.3.1 Coarse floating debris

Debris booms, curtain walls, or other provisions should be included in the design of a
fishway if coarse floating debris is expected.

5.8.3.2 Debris accumulation

If debris accumulation is expected to be high, the fishway design should include an
automated mechanical debris removal system. If debris accumulation potential is unknown, the
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design should anticipate the need for debris removal in the future and include features to allow
an automated mechanical debris removal system to be retrofitted to the design.

5.8.3.3 Sediment entrainment and accumulation

The fishway exit should be designed to minimize sediment entrainment into the fishway
and sediment and debris accumulation at the exit under normal operations.

5.9 Roughened (Baffled) Chute Fishways

5.9.1 Description and Purpose

This section discusses the baffled chute, which is another general type of fish passage
system. It consists of a hydraulically roughened flume that has nearly continuous energy
dissipation throughout its length.

5.9.2 Specific Criteria and Guidelines — Baffled Chutes

The baffled chute fishway utilizes a relatively steep, narrow flume with internal
roughness elements that generate lower water velocities that allow the fish to swim through the
fishway. Denil and ASP fishways are examples of baffled chute fishways that share a similar
design philosophy. Baffled chute fishways are designed to operate with less flow and at steeper
slopes than traditional ladders.

5.9.2.1 Uses

Denil and ASP fishways should not be used as the primary route of passage at permanent
fishway installations in the WCR.

Baffle chute fishways are not considered a substitute for a permanent style of ladder (e.g.,
a pool and weir ladder) because of their tendency to collect debris and their limited operating
range. Denil and ASP fishways are primarily used at sites where the fishway can be closely
monitored and inspected daily. This includes off-ladder fish traps, temporary fishways used
during construction of permanent passage facilities, and fishways operated temporarily each year
to collect hatchery broodstock. Baffle chute fishways should not be used at locations or in
situations where the downstream passage of adults or juvenile salmonids occurs.

5.9.2.2 Debris

Denil and ASP fishways should not be used in areas where even minor amounts of debris
are expected (Bell 1991).

Debris accumulation in any fishway, in combination with turbulent flow, may injure fish
or render the fishway impassable. Because of their internal baffle geometry and narrow flow
paths, baffle chute fishways are especially susceptible to debris accumulation, creating a
blockage to passage.
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5.9.2.3 Design

Denil and ASP fishways are designed with a sloped channel that has a constant discharge
for a given normal depth, chute gradient, and baffle configuration (Figure 5-12). Energy is
dissipated consistently throughout the length of the fishway via channel roughness and results in
an average velocity compatible with the swimming ability of adult salmonids. The passage
corridor consists of a chute flow between and through the baffles. A wide range of flows are
possible for Denil fishways depending on fishway size, slope, and water depth (Bates 1992).

Modified from
Bates (1992)

Figure 5-12. Drawings, dimensions, and a photo of a Denil fishway
5.9.2.3.1 Specific design information — Denil fishways

The standard dimensions shown in Figure 5-12 and the following design information for
Denil fishways is taken from Bates (1992):

o  NMFS recommends a maximum slope of 20%.

- The normal slope for a Denil-style fishway is 17% (Bell 1991), though they have been
used at slopes up to 25% (Bates 1992).

e Discharge through Denil fishways can be calculated using Equation 5-3 (Bates 1992).

Q = 5.73D%V/bS (5-3)
where:
Q = ladder flow, in ft’/s
D = depth (feet) of flow above the vee baffle
b = clear opening in the baffle (feet)
S = slope (feet/feet)
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o The average chute design velocity should be less than 5 ft/s (Bell 1991).
- The most common size of Denil fishway used is the 4-foot-wide flume (Bates 1992).

e Flow control is important though not as critical for a Denil fishway as for a weir and pool
ladder. The forebay should be maintained within several feet to maintain good passage
conditions in a Denil fishway.

- According to the velocity profiles developed by Rajaratnam and Katopodis (1984),
centerline velocities increase towards the water surface in Denil fishways where the ratio
of flow depth to width (D/b in Figure 5-13) is more than 3. The height of the Denil
fishway is not limited; additional height adds attraction flow and operating range without
additional passage capacity because of the higher velocities in the upper part of the
fishway (Bates 1992).

e Minimum depth in a Denil fishway should be 2 feet, and depth should be consistent
throughout the fishway for all flows.

- Bates (1992) reports that Denil fishways are typically constructed with depths from 4 to 8
feet.
The standard length is 30 feet (Bell 1991).
o Denil fishways can be constructed out of plywood, steel, or concrete with steel or plywood

baffles.
5.9.2.3.2 Specific design information — Alaska steeppass fishways

The ASP fishway is a specially designed baffle chute fishway developed for use in a
variety of locations in Alaska (Figure 5-14; Ziemer 1962). It is typically constructed in sections
that can be bolted together on site, making the system portable.

A
AT Y

(a) Downstream end. (b) Upstream end. (c) In operation.
Figure 5-13. Examples of ASP fishways
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The following design information for ASP fishways is taken from Rajaratnam and

Katopodis (1984):

Discharge through the ASP fishway can be calculated as shown in Equation 5-4:

Q = 1.125%5 p1:55 40> (5-4)
where:
Q = flow (ft’/s)
S = slope (ft/ft)
D = depth (feet) of flow above the floor vane
g = gravitational acceleration (32.2 ft/s%)

Most of the following design information on ASP fishways is taken from Bates (1992), and
standard ASP fishway dimensions are shown in Figure 5-14.

NMFS recommends a maximum slope of 28%.

- The normal slope is about 25%, but ASP fishways have been tested and used up to a
slope of 33% (Bates 1992).

The average chute design velocity should be less than 5 ft/s.

Flow control is very important for properly functioning ASP fishways. The forebay water

surface cannot vary more than 1 foot without creating passage difficulties, and the tailwater

should be maintained within this same range to prevent a plunging flow or backwatered

condition from forming. Backwatering the entrance results in reduced entrance velocity and