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Appendix F: Juvenile Fish Collection and 
Evaluation Facilities 

F.1 Introduction 

Appendix F contains criteria and guidelines for the design of downstream migrant 
juvenile fish collection and evaluation facilities for hydroelectric, irrigation, and other water-
withdrawal projects.  Unless directly specified herein, these criteria and guidelines are not 
intended to be used in evaluating existing facilities.  However, if an existing facility is 
undergoing rehabilitation, modification, or upgrades, the criteria and guidelines in this appendix 
should be followed.  Requiring that the criteria and guidelines be applied to a modification of an 
existing facility will be determined in consultation with National Marine Fisheries Service 
(NMFS) biologists and engineers.  

In general, NMFS requires that downstream-migrating fish pass a water-withdrawal 
project under their own volition (i.e., under their own swimming capabilities and of their own 
timing and not in equipment that transports them to a downstream release location) due to the 
following: 

• Risks of injury, harm, and death to juvenile migrating fish associated with handling and 
transportation  

• Potential interruption of maintenance and collection operations and transportation facilities 
given the long-term nature of these programs 

- Potential interruptions could be caused by changes in funding, sporadic interruptions 
or stops in operation, or site access issues (e.g., weather, holidays).   

- Transportation programs often do not operate at the beginning and end of juvenile 
outmigration periods because few individuals migrate during these periods.  
However, curtailing operations during the beginning and end of the outmigration 
distribution may affect salmon population diversity due to a lack of passage being 
provided to early or late migrating individuals or populations.   

In contrast, facilities designed to provide volitional passage can operate nearly year-round.   

There are projects locations where collection and transportation may be the only viable 
option for a particular site.  Examples include the following:  

• Projects that have a high head differential 
• Projects where the forebay fluctuates dramatically 
• Areas where multiple projects are in close proximity in the migration corridor 
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• Areas where habitat or water quality or quantity downstream of the project is  not sufficient 
for juvenile fish that pass the project 

At such locations, there may be a need to collect downstream migrants and transport them to a 
safe release location further downstream.  This can allow total bypass of downstream hazards 
(e.g., a physical barrier or water-withdrawal projects located downstream).   

Another viable use of juvenile trap facilities is for fisheries management.  In this 
application, fisheries managers conduct monitoring at a collection facility to assess fish 
condition, stock composition, outmigration timing, and support evaluations of the fish collection 
facility and dam passage conditions.  

F.2 Facility Types 

There are two types of downstream migrant fish collection and evaluation facilities: 

• Temporary facilities, including intermittent facilities, which are used occasionally during the 
fish passage season or for brief time periods to evaluate new screen bypass facilities or 
conduct intermittent fish sampling in association with water withdrawals 

• Permanent facilities that act as long-term collection points so that juvenile migrants can be 
monitored and sampled and either released or transported downstream.   

Permanent facilities are typically larger and usually associated with more complex projects 
where collection, monitoring, and transportation may be required for a number of years over the 
life of the project.   

F.3 Temporary Facilities 

Temporary collection and evaluation facilities should only be used intermittently or for 
short durations.  When the temporary facility is not in use, the downstream migrants should be 
passed volitionally back to the river. 

In some situations, a permanent facility to collect juvenile fish for transportation or 
evaluation is not needed.  In these cases, temporary juvenile fish trapping facilities can be used to 
collect fish and to provide critical biological information as needed.  If a temporary facility is 
used, oftentimes an evaluation of the facility after construction is only necessary for a discrete 
period of time following startup to ensure the facility is performing as designed and is not 
injuring fish.   
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F.3.1 Staffing 

Qualified personnel should be on site to ensure fish safety whenever the facility is 
operating. 

Compared to permanent facilities, temporary collection and evaluation facilities may lack 
a number of fail-safe measures for fish safety.  However, to the extent practicable, temporary 
facilities should follow the same guidelines as permanent facilities (Section F.4).  Regardless of 
whether a facility is temporary or permanent, it is important that qualified personnel are available 
to maintain equipment in good operational condition to ensure fish safety.  Examples of safe 
maintenance practices include the following: 

• Ensuring the dewatering screen is kept clean and free of debris 
• Ensuring adequate flow is maintained across the dewatering screen and into the fish holding 

box 
• Ensuring the juvenile fish holding box does not become overloaded with debris or fish 
• Immediately removing larger fish from the juvenile fish holding box 

F.3.2 Trap Location 

Temporary collection facilities are usually operated in conjunction with water 
withdrawals (e.g., irrigation or hydropower).  They are usually installed either at the bypass 
flow control overflow weir, somewhere in the bypass pipe, or at the bypass outfall. 

The most common location for a temporary fish collection facility (i.e., trap) is at the 
crest of the weir, which controls the amount of flow to the bypass.  A dewatering flume is 
attached to the crest of the overflow control weir and leads to a holding tank or sample tank.   

While installing a fish collection device on the flow control weir is good for evaluating 
conditions fish are exposed to upstream of the control weir, it does not allow for the evaluation 
of potential effects on fish from passing through the downwell, bypass pipe, or the bypass 
outfall.  The next best location for installing a collection device is usually at the bypass outfall, 
which will allow evaluation of most of the facility, but not the outfall.  Evaluating fish survival 
and condition through the entire bypass system including the bypass outfall would need to follow 
a formal study design that involves tagging fish with passive (e.g., passive integrated transponder 
[PIT]) or active (e.g., radio) tags and recapturing test fish downstream from the bypass outfall.  

F.3.3 Specific Guidelines 

F.3.3.1 Dewatering Flume 

A dewatering flume should be used to convey fish from the crest of the control weir to a 
holding tank and reduce flow entering the holding or sample tank to a level that is safe for fish 
(i.e., turbulence and flow patterns in the receiving tanks are manageable).   

A dewatering flume—a flume with dewatering screens on the floor or sides that meet 
screen dewatering criteria—is a screening device that attaches to the crest of the flow control 
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weir or the invert of the bypass outfall.  The dewatering flume diverts a small portion of bypass 
flow and all (or almost all) downstream migrants to a holding or sample tank in a safe manner.   

F.3.3.1.1 Screening criteria 

The dewatering flume must meet the screening criteria (maximum approach velocity, 
screen type and material, maximum screen opening, etc.) established in Section 8.5 of the NOAA 
Fisheries West Coast Region Anadromous Salmonid Passage Design Manual (Manual).   

Most temporary dewatering flumes use horizontal floor screens due to the very shallow 
nature of the flow.  Due to flow being shallow and high-velocity, the dewatering flume must be 
completely smooth because most fish will contact the horizontal screen face.  In this situation, 
any debris or roughness on the screen face could cause descaling and injury to fish. 

F.3.3.1.2 Flow control 

Flow through dewatering flume screens is usually controlled by adjusting the angle of the 
dewatering flume or by blocking flow through the screens.  Flow can be blocked by installing 
plating to the backside of the dewatering screen or adjusting flow control panels or baffles under 
the screen (if so equipped).   

There are several methods for controlling flow through a dewatering screen in a fish 
distribution flume.  The key is developing a method that allows flow to be finely controlled, so 
the screen does not become totally dewatered.  The goal of the flow control adjustments is to 
allow a very small amount of flow (and all the fish) to leave the dewatering screen and the end of 
the dewatering flume and enter the holding tank. 

F.3.3.1.3 Flow 

Fish should not become stranded on the dewatering screen at any time.  The dewatering 
screens should not completely dewater the bypass flow, even for brief periods.  The design of the 
dewatering screens should guarantee that a minimum amount of water flows off the downstream 
end of the screens to carry migrants down the distribution flume and into the holding pool. 

Fish can be easily descaled or injured during the dewatering process due to contact with 
the dewatering screen.  A continuous flow into the holding or sample tank is required to help 
prevent debris from becoming stuck on the screen face and fish from becoming stranded on the 
dewatering screen.  It is better to have a little more flow entering the holding tank than to have 
the dewatering screen become dry intermittently. 

F.3.3.1.4 Cleaning 

The dewatering screen should be kept clean of debris whenever operating. 

Due to the nature of the flow (Section F.3.3.1.1), any debris caught on the screen face 
could injure fish through contact or cause fish to become stranded on the screen by preventing 
them from being swept off the screen by the flow. 
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F.3.3.2 Holding Tanks and Sample Tanks 

The holding tank or sample tank should be large enough to safely accommodate the 
number of fish collected between the times when the tank is emptied.  Maximum loading capacity 
is 5 pounds of fish per 1 gallon-per-minute (gpm) inflow and 0.5 pound of fish per gallon of 
water (3.75 pounds per cubic foot [lb/ft3]; Appendix B in USACE 2015).   

Piper et al. (1982) has the following advice regarding adjusting the loading capacity 
based on water temperature:  

Temperature strongly influences oxygen consumption by fish; the lower the 
temperature, the lower the oxygen consumption.  For each 1°F rise in temperature, 
the fish load should be reduced by about 5.6%; conversely, for each 1°F decrease 
in temperature, the load can be increased about 5.6%.  Thus, if a distribution tank 
will safely hold 1,000 pounds of 9-inch trout in 52°F water, an increase in 
temperature to 57°F decreases the permissible load by 27.8% (5° × 5.56%), or to 
722 pounds. (p. 356)  

F.3.3.2.1 Shading and bird protection 

If the holding or sample tanks are outside, it may be necessary to provide shading and/or 
bird protection (netting) to insure fish safety. 

Providing shading for the holding or sample tanks can reduce the level of stress 
experienced by juvenile fish, and netting can reduce bird predation. 

F.3.3.2.2 Larger fish 

Qualified personnel should be on site to remove larger fish from holding tanks quickly, 
unless the tank is equipped with an adult fish and debris separator system. 

It is important to have personnel on hand to remove larger fish quickly from holding 
tanks, so they do not prey upon or injure smaller fish if the temporary facility does not include an 
adult fish and debris separator system.  A separator system allows smaller fish to enter the 
holding tank but diverts larger fish (and larger debris) back to the bypass flow (Section F.4.4).   

F.3.3.3 Adult and Debris Separator 

If an adult and debris separator is included as part of the holding or sample tank, the 
design should adhere to the following guidelines. 

F.3.3.3.1 Bars and bar spacing 

The separator bars should be smooth 1-inch-diameter pipes with 1.5-inch clear openings 
between pipes.  Depending on site conditions, it may be best to construct the separator bars such 
that the clear opening can be adjusted depending on the size of the target species. 
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Having the ability to adjust the width of the clear opening allows the trapping facility 
operator to adjust the separation scheme based on site conditions and the size of the target 
species.  An alternate option is to construct replacement racks of varied sizes for test purposes.   

F.3.3.3.2 Slope 

A minimum slope for the separator should be 5%; however, this measurement may need 
to be adjusted depending on the length of the separator and the speed at which fish enter the 
separator.   

The separator needs to be steep enough that all large fish slide off the end, but not so 
steep that smaller, target fish will also slide off the end of the separator.  Because of these 
factors, building a separator that can be adjusted once installed is recommended. 

F.3.3.3.3 Fish return to the bypass flow 

Fish that slide off the end of the separator should be safely returned to the bypass flow 
and released to the river or delivered to a holding tank as needed. 

F.3.3.4 Automated Operation 

NMFS should be notified if the collection facility is to be automated. 

F.3.3.4.1 Cleaning 

In situations where the operation of a temporary juvenile fish collection facility is 
automated, the size (area) of screening on the outflow of the holding tank should be oversized, or 
an automated system to clean the outflow screen should be incorporated into the design and 
installed. 

F.3.3.5 Sampled Fish 

After downstream migrants have been examined, they should be safely returned to the 
bypass flow or river.  

F.4 Permanent Facilities 

Permanent downstream migrant trapping facilities are generally reserved for locations 
where long-term monitoring and evaluation is required or where direct downstream passage 
around an obstacle is not available (i.e., sites where the fish must be transported to be released 
downstream). 
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F.4.1 Fish Handling 

Key design criteria and fish handling guidelines for permanent juvenile fish trapping 
facilities are provided in the following sections.   

F.4.1.1 Personnel 

Personnel operating permanent fish collection facilities should be experienced or trained 
to ensure that fish are handled safely.   

It is important to have qualified personnel on hand to keep fish safe and free from injury 
by ensuring facility equipment is maintained properly and remains in good operational condition.   

F.4.1.2 Nets 

Use of nets to capture or move fish should be minimized or eliminated.  If nets are used, 
they should be sanctuary-type nets with solid bottoms to allow minimal dewatering of fish.  Fish 
should be handled with extreme care. 

F.4.1.3 Anesthetization 

In most cases, fish should be anesthetized before being handled.  The method of 
anesthetization for Endangered Species Act (ESA)-listed anadromous salmonids may be 
specified by the appropriate ESA permit, which should be received prior to any directed taking 
of listed species.  In the design process and prior to permit submittal, the type of anesthetic can 
be selected by agreement with NMFS staff involved in the design of the collection facility. 

F.4.1.4 Frequency of Fish Removal 

Fish should be removed from traps at least daily.  When either environmental (e.g., water 
temperature extremes, low dissolved oxygen, or high debris load) or biological conditions (e.g., 
migration peaks) warrant, fish should be removed more frequently to preclude crowding, injury, 
stress, or exposure to adverse water quality conditions. 

It is important that the downstream fish migrations not be delayed because of a need to 
collect, examine, or monitor fish.   

F.4.2 Trap Location 

As with other collection facilities (Chapter 7 of the Manual), juvenile fish collection and 
evaluation facilities should be located off line from the primary route of passage.  The collection 
and evaluation facilities should not disrupt the normal operation of the bypass flow, which 
allows fish to proceed down the bypass and continue their outmigration when the facility is not 
being operated.   

Juvenile collection and evaluation facilities should not interfere with the normal 
operation of a bypass facility.  Fish should be diverted to the collection facility when needed; 
however, if sampling or monitoring is not necessary, then the fish should be returned directly to 
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the river.  An exception to this requirement is when the main purpose of the collection facility is 
to gather fish, so they can be transported downstream, then the fish should be routed directly to 
holding tanks or raceways.  

F.4.2.1 Diverter Gates 

A diverter gate—also termed a switch gate—should be used to divert fish and flow from 
the main bypass channel into the collection or evaluation facility, and it should be designed to 
not reduce water velocity in the flume or create areas where fish can hold and delay.  Depending 
upon the design and frequency of operation, it may be necessary to provide flushing water 
downstream of the gate to ensure that fish remaining in the bypass channel are not stranded. 

Normally, collection and evaluation facilities are designed to not be inside the main 
bypass channel.  The diverter gate allows all fish and flow to be redirected from the main bypass 
channel into the collection or evaluation facility automatically or manually.  It is important that 
these gates not disrupt the normal operation of the bypass.  As such, the gates should be designed 
so they are flush with the walls and floor of the flume. 

F.4.3 Dewatering Screens 

The full bypass flow may be too large for the flow to be accommodated by the capacity 
of the collection and evaluation facility systems.  In this situation, dewatering is necessary prior 
to fish and flow reaching the trapping facility.  Key design criteria for dewatering screens are 
provided in the following sections to ensure fish can be collected and handled safely.   

F.4.3.1 Screen Criteria 

The dewatering screen should meet the screening criteria (maximum approach velocity, 
sweeping velocity, screen type and material, maximum screen opening, etc.) established in 
Section 8.5 of the Manual.  Most dewatering screens use horizontal floor screens due to the very 
shallow nature of the flow.  

To the extent possible, the bypass screen approach and sweeping velocity criteria 
established in Chapter 8 of the Manual should be used to design dewatering screens at collection 
facilities.  

It is important that the dewatering flume and screens be smooth and free of sharp edges 
and projections.  Because of the shallow, high-velocity nature of the flow, fish are likely to make 
contact with the face of the screen; any debris or roughness on the screen face can cause 
descaling and injury to the sampled fish.  

F.4.3.2 Flow 

The design of the dewatering screens should guarantee a minimum amount of water off 
the end of the downstream end of the dewatering screens to carry juvenile downstream migrants 
into the holding tank. 
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In addition, the end of the dewatering screens should terminate at the adult and debris 
separator and, depending on the configuration, there should be approximately 0.25 inch of flow 
coming off the dewatering screens and entering the adult and debris separator system. 

F.4.3.3 Cleaning 

The dewatering screen should be kept clean of debris whenever operating. 

Due to the nature of the flow (Section F.4.3.2), any debris caught on the screen face could 
injure fish through contact or cause fish to become stranded on the screen by preventing them 
from being swept off the screen by the flow. 

F.4.4 Adult and Debris Separation 

Adult and debris separators are devices that separate larger fish and debris from the 
smaller fish.  In general, they consist of a series of round bars parallel to the direction of flow.  
The spacing of the bars allows smaller fish to fall or swim between the bars into a holding tank, 
but the bars exclude large fish and debris from the tank.  The two general types of separator 
systems are wet and wetted.   

F.4.4.1 Wet Separator 

In a wet separator system (Figure F-1), the fish from the dewatering screen enter a 
holding pool with a series of separator bars (with small bar spacing) placed a few inches under 
the surface of the water.  Often, the holding pool is divided such that a second series of separator 
bars (with larger bar spacing) is located under the water surface in the downstream half of the 
holding pool.  Juvenile fish are able to volitionally swim through the first or second set of the 
separator bars, while adult-sized fish cannot fit through either bar spacing; instead, adult fish 
pass off the end of the separator and are returned to the river.  This design allows adult-sized fish 
to be separated from juveniles and divides the juvenile fish into two sizes classes, which can be 
important if fish are being transported by truck and smaller fish need to be segregated from 
larger fish due to predation concerns.  Separate holding pools are located underneath each 
separator bar series, and flow is added to each holding pool to convey fish out of the pool and 
into separate flumes for sampling or delivery to holding raceways.  A slide gate on the outflow 
from the size separator pools is used to regulate the water level above the bars in the wet 
separator. 
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Figure F-1.  A wet separator located at McNary Dam on the Columbia River (looking upstream) with 

large (foreground) and small (background) separator bar spacing. 

F.4.4.1.1 Wet separator criteria 

The separator bars should be submerged by several inches of water to allow fish being 
collected to orient and swim downward between the bars and into the holding tank underneath. 

Large fish and debris should be manually removed from the wet separator.  Large fish or 
debris collected on the separator is usually crowded off the separator into the bypass flow and 
returned to the river. 

F.4.4.1.2 Bars and bar spacing 

The separator bars should be smooth and are typically 1-inch diameter pipes with 
1.5-inch clear openings between pipes.  Depending on site conditions, separator bars should be 
constructed such that the clear opening can be adjusted depending on the size of the target 
species. 

Having the ability to adjust the width of the clear opening allows the trapping facility 
operator to adjust the separation scheme based on site conditions and the size of the target 
species.  An alternate option is to construct replacement racks of varied opening sizes and test 
which size works best for the target species being collected.   

F.4.4.1.3 Slope 

The slope of the separator bars for wet separators is generally flat. 
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F.4.4.2 Wetted Separator 

In a wetted separator system (Figure F-2), the fish from the dewatering screen are swept 
onto a series of separator bars that are positioned above the water surface of the small holding 
pool.  The bars are kept wet by an overhead spray system or a pressurized water system that is 
internal to the separator bars.  Small (juvenile-size) fish drop through openings between the 
separator bars, and large (adult-size) fish and debris slide off the end of the separator bars, 
usually into a flume, to be returned to the river.  Flow is added to the holding pool beneath the 
separator bars to convey fish from the holding pool into a flume to be sampled or returned to the 
bypass.  The water level in the holding pool beneath the separator bars is regulated by adding 
flow to the pool and operating a slide gate installed on the outflow from the holding pool. 

 
Figure F-2.  Wetted separator located at the Bonneville Dam Second Powerhouse on the Columbia River  

(looking upstream). 

F.4.4.2.1 Wetted separator criteria 

In wetted separators the separator bars should be located above the water surface of the 
holding tank.  Fish and flow from the dewatering screen transition onto the separator bars, and 
the water and small fish pass (fall) through the bars to the holding tank below.   

Debris and larger fish slide down the bars into another holding tank or are returned to the 
river.  
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F.4.4.2.2 Bars and bar spacing 

The separator bars should be smooth and are typically 1-inch diameter pipes with 
1.5-inch clear openings between pipes.  Depending on site conditions, it may be best to construct 
the separator bars such that the clear opening can be adjusted depending on the size of the 
target species. 

Having the ability to adjust the width of the clear opening allows the trapping facility 
operator to adjust the separation scheme based on site conditions and the size of the target 
species.  An alternate option is to construct replacement racks of varied opening sizes and test 
which size works best for the target species being collected.  

F.4.4.2.3 Slope 

A minimum slope for the separator should be 5%; however, this may need to be adjusted 
depending on the length of the separator and the speed at which fish enter the separator.  

Some flexibility should be built into the design, so the slope can be adjusted based on site 
conditions.  The separator needs to be steep enough that all large fish slide off the end, but not so 
steep that smaller, target fish will also slide off the end of the separator.  Because of these 
factors, NMFS recommends building a separator that can be adjusted once it is installed. 

F.4.4.2.4 Length 

The length of the separator bars is usually 8 to 12 feet; this depends on the speed of the 
fish entering the separator system and the slope of the bars.   

Bar systems that are too short or too steep will allow target fish to slide off the end and 
into the bypass.  Bars that are too long or too flat will strand larger fish.  

F.4.4.2.5 Wetting system 

The separator bars of a wetted system should be kept wet at all times by incorporating 
one of the following methods: 

• An overhead spray bar system: This consists of a series of water spray bars located a 
minimum of 18 inches above the separator bars. 

• Pressurized separator bars: The separator bars can be used to create a pressurized manifold 
that delivers water into each bar.  A series of 0.125-inch holes, approximately 6 inches on 
center, are drilled along the top of each separator bar.  When fed by a pressurized water 
supply system, the holes create a series of small water jets (about 6 to 8 inches high) along 
the length of the separator bars.  The edges of the holes should be smooth to prevent fish 
from becoming descaled when passing along or through the bars. 

The separator bars should be kept wet to reduce the possibility of injury from fish sliding 
along a dry surface and to help fish align with the openings between separator bars, so they can 
fall through the openings and enter the separator.  Many small fish enter the separator system 
lying across two bars while they slide downstream.  If they are not turned, they may over-shoot 
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the separator system and be returned to the river.  If an overspray system is used, it is often 
angled in a downstream direction to aid adults and debris in moving along the separator bars.  

F.4.4.2.6 Size separation 

To collect more than one size class of juvenile fish, separator bar systems can be located 
in a series aligned in a downstream direction.  The upstream separator bar system should have 
the smallest clear opening between bars, and the downstream system should have the largest 
clear opening between bars.   

F.4.4.2.7 Staffing and monitoring 

Both the wet and wetted separator systems should be staffed with appropriately trained 
personnel 24 hours per day while the system is collecting fish.   

Adult fish and debris can easily become lodged or stranded on the  separator bars, and a 
trapping facility operator needs to be on site at all times to remove the debris or aid fish stranded 
on the bars and safely return them to the flow (allow them to pass between the bars and enter the 
separator holding tank).  Debris trapped on separator bars should be removed quickly to prevent 
fish injuries and allow fish to orient and pass through the separator bars and not be swept 
downstream and off the end of the separator (where they would be returned to the river).  

F.4.4.2.8 Holding area (transition to distribution flume) 

The holding area beneath the separator bars should include add-in flow and be shaped to 
funnel fish and flow to a distribution flume that conveys fish to a raceway, holding tank, or 
transportation vehicle. 

The holding area underneath the separator bars provides a transition between the 
dewatering and separator area and the distribution flumes.   

F.4.4.2.8.1 Holding area flushing flow 

It is usually necessary to provide flushing flow to the upstream end of the holding area 
below the separator bars to encourage fish to leave the holding area and provide flow to the 
distribution flume.  

F.4.4.2.8.2 Holding volume and shape 

Fish passing through the separator bars should land in water.  The holding tank should 
provide enough volume to safely transition the fish to the distribution flume, but not so much 
volume that fish are allowed to reside in the holding area.   

This is accomplished by shaping the holding area to eliminate corners and areas of low 
turbulence.  The area should be shaped and sloped to funnel fish toward the entrance to the 
distribution flume.   
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F.4.5 Distribution Flumes 

A distribution flume (or pipe) should be used whenever fish are routed from one area to 
another within the juvenile fish collection and evaluation facility. 

Distribution flumes are used to convey fish to anesthetic tanks, recovery tanks, pre-
transport holding tanks, etc.  Key design considerations for distribution flumes are provided in 
the following section.  

F.4.5.1 Junctions 

At junctions where bypass flumes, distribution flumes, or pipes meet, the invert elevation 
of one conveyance structure should be above the water surface elevation of the receiving 
structure (flume or pipe).  Water flow volume in the receiving conveyance structure should be 
constant, and differences in water velocity between the two conveyance flows should be less than 
or equal to 2 feet per second (ft/s).  The maximum angle between the centerline of the two flumes 
should be less than or equal to 45 degrees (aligned in the downstream direction).  

This prevents fish in the receiving structure from delaying at the discontinuity in the wall 
where the conveyances meet.   

F.4.5.2 Shape 

Flat bottom or square distribution flumes for juvenile passage should be avoided.  Round 
bottom (U-shaped) flumes are the preferred shape for distribution flumes; however, pipes are 
acceptable under limited circumstances provided that adequate access to a pipe is provided to 
facilitate inspection and debris removal.   

Hydraulic conditions in flat bottom flumes create areas along the corners where juvenile 
fish will hold and delay. 

F.4.5.3 Covers 

Round bottom (U-shaped) distribution flumes should be covered to provide a minimum of 
40% shading (60% occluded). 

Fish in very shallow, high velocity flows can experience elevated stress levels if they are 
subjected to repeatedly passing through light and then dark areas as they move down a 
distribution flume.  Shade covers reduce exposure to these conditions and reduce the tendency of 
juvenile fish to delay and hold in the flume. 

F.4.5.4 Smoothness  

Distribution flumes should have smooth joints, sides, and bottoms with no abrupt vertical 
or horizontal bends.  
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F.4.5.5 Wetted Surfaces 

Distribution flumes should have a continuously wetted surface throughout the flume (i.e., 
no dewatered areas).   

F.4.5.6 Bends 

The horizontal and vertical radii of curvature for distribution flumes should be at least 
5 times the width of the flume to minimize the risk of fish-strike injuries and trapping debris.  

Sweeping bends are required to reduce the potential for debris to become lodged and 
form a blockage in the flume, which will quickly result in fish injury and descaling. 

F.4.5.7 Debris Concerns 

At locations where debris blockages are a concern, juvenile distribution flumes should 
include access ports (with removable covers) for inspection and debris removal.  

Since debris is typically an issue at most locations, in almost all cases it is important to 
have access to distribution flumes for inspection and removal of accumulated debris.  The access 
port cover can be designed such that it is incorporated into the design to meet the criteria for 
shading (Section F.4.5.3).  

F.4.5.8 Size 

The inside diameter of the distribution flumes and pipes should be less than or equal to 
10 inches. 

F.4.5.9 Flow Depth and Velocity 

Water depth in the flume should be less than or equal to 2.5 inches.  Water velocity in the 
flume should be between 6 and 12 ft/s. 

F.4.5.10 Adult Return Flume 

Guidelines for distribution flumes designed to transport larger fish (e.g., adults that 
fallback over the dam, kelts migrating downstream, and resident fish) and debris after being 
separated from juvenile fish are outlined in Section 7.5.10 of the Manual.  

F.4.6 PIT-Tag Detectors 

The PIT-tag detectors may be incorporated into trapping and evaluation facilities for 
research and evaluation purposes.  These detectors can be installed on distribution flumes, but 
they usually require specific water depth, velocity, and uniform approach conditions to allow the 
detector to function properly and eliminate fish from holding in the detector, which can cause tag 
collision.  Downstream diverter gates can be integrated into PIT-tag detector designs so that 
detected PIT-tag codes (fish) can be diverted to a holding facility for further evaluation. 
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F.4.6.1 General 

The PIT-tag detector manufacturer should be contacted to obtain the specific hydraulic 
conditions required for the selected detector to function properly.  

F.4.7 Diverter Gates 

The diverter gate should be designed to not reduce water velocity in the flume or create 
areas where fish can hold and delay; the gate should be flush with the walls and floor of the 
flume without any projections or sharp edges where fish could become injured. 

Diverter gates are frequently required as part of a distribution flume design to sort 
PIT-tagged fish by code, collect a subsample of the population, or route fish to different 
raceways and holding tanks to prevent overcrowding.  Rotating circular gates, horizontal switch 
gates, and bottom slide gates have been designed and successfully used as diverter gates.  In 
addition to being operated in conjunction with PIT-tag detectors, diverter gates can be 
programmed to operate (open) for a certain period or randomly to subsample fish. 

F.4.7.1 Flushing Flow 

Flushing flow downstream of any diverter gate should be provided on all flumes to 
ensure that fish downstream of a closed diverter gate can continue to move down the distribution 
flume and are not dewatered.   

When diverter gates are used to transfer fish from one flume to another or for 
subsampling purposes, the gate usually diverts all the fish and flow out of the distribution flume 
for a short period of time before the gate returns to the normal (bypass) mode.  The addition of 
water as part of the flushing flow downstream of the gate (in both the distribution flume and the 
sample flume the gate is diverting fish into) is intended to prevent fish from becoming stranded 
in the flume as water flow is diverted by the gate. 

F.4.8 Holding Pools, Tanks, and Raceways 

Holding pools, tanks, and raceways are frequently required to accumulate and hold 
bypassed or subsampled fish prior to examination or transportation.   

Key aspects of juvenile fish holding facility design are provided in the following sections.  

F.4.8.1 Holding Density 

The holding tank or sample tank should be large enough to safely accommodate the 
number of fish collected between times when the tank is emptied.  The holding density of holding 
pools or raceways should be 0.5 pound of fish per gallon (3.74 lb/ft3) or 5 pounds per gpm of 
inflow to the holding tank or raceway (Appendix B in USACE 2015), whichever is less (i.e., the 
most conservative value from a fish density standpoint).   
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Piper et al. (1982) has the following advice regarding adjusting the loading capacity 
based on water temperature: 

Temperature strongly influences oxygen consumption by fish; the lower the 
temperature, the lower the oxygen consumption.  For each 1°F rise in temperature, 
the fish load should be reduced by about 5.6%; conversely, for each 1°F decrease 
in temperature, the load can be increased about 5.6%.  Thus, if a distribution tank 
will safely hold 1,000 pounds of 9-inch trout in 52°F water, an increase in 
temperature to 57°F decreases the permissible load by 27.8% (5° × 5.56%), or to 
722 pounds. (p. 356) 

F.4.8.2 Jumping 

Water falling freely into a holding pool, tank, or raceway can cause juvenile fish to leap 
at the flow and should be minimized or eliminated.  Consideration should be given to include an 
overhead spray system that delivers a fine mist of water on the surface of the raceway.  This 
breaks up the water surface and provides the fish with cover, which can reduce stress on fish and 
decrease jumping behavior. 

Water falling into a raceway or holding tank can cause juvenile fish to jump at the inflow.  
This can lead to injury (if they strike something) or stranding (if they manage to leap out of the 
raceway or tank) and should be avoided, if possible.  This can be accomplished by incorporating 
a dewatering system just before fish drop into the tank or raceway or by attaching a tube of soft 
rubber or neoprene material to the end of the distribution pipe that extends beneath the water 
surface level in the holding tank.  The tube captures the flow and fish and discharges them 
beneath the surface of the raceway.  Such a device is referred to as an elephant trunk.  

If jumping is a problem, the following measures may be required: 

• Fine-mesh netting can be used to cover the tanks or raceways to prevent fish from leaping 
out.   

• The sides of the raceways can be made higher if juvenile fish jumping at incoming flume 
flow is a concern.   

F.4.8.3 Shading and Bird Protection 

If the holding or sample tanks are outside, it may be necessary to provide shading and/or 
bird protection (netting) to reduce stress and ensure fish safety. 

Providing shading for the holding or sample tanks can reduce the level of stress 
experienced by the juvenile fish, and netting can reduce bird predation. 

F.4.8.4 Water Quality 

Water quality in the holding tanks and raceways should be equal to or exceed that of the 
waters from which the fish were trapped.  Water temperature, oxygen concentration, and pH 
levels should provide fish with a safe, healthy environment.   
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F.4.8.5 Water Supply 

Water supply to holding tanks and raceways should be routed through a diffuser that 
results in a maximum average water velocity of 0.5 ft/s through either vertical or horizontal 
diffusers.  Diffuser openings should conform to juvenile screening requirements (Section 8.5.7 of 
the Manual).  

Circular screen face openings should not exceed 3/32 inches in diameter (Neitzel et 
al. 1990a).   

Slotted screen face openings should not exceed 0.069 inch (1.75 millimeters) in the 
narrow direction (Mueller et al. 1995).  

Square screen face openings should not exceed 3/32 inches as measured on a diagonal 
(Neitzel et al. 1990b).  

Horizontal diffusers should be used when supplying water directly to holding pools.  
Baffling or other structural means to dissipate water energy should be used to prevent excessive 
turbulence and surging associated with water supplied to holding tanks or raceways to support 
fish being held.   

The inflow should be 5 gpm per pound of fish (Appendix B in USACE 2015). 

F.4.8.6 Screening the Outflow 

The approach velocity on dewatering (tail) screens for holding pools and raceways 
should not exceed 0.2 ft/s, and the screens should be regularly cleaned.  Screen openings should 
conform to the juvenile screen requirements (Chapter 8 of the Manual). 

F.4.8.7 Freeboard 

A freeboard of 2 feet should be provided on all holding facilities to reduce the chance of 
fish jumping out of the holding pool, tank, or raceway and the potential stress associated with 
collection facility operators walking past the tank.   

Netting may be required to either cover the holding pool, tank, or raceway or raise the 
height of the tank walls to prevent fish from jumping out. 

F.4.8.8 Minimum Depth 

The minimum depth of the raceway or holding tank should be 30 to 36 inches (Piper 
et.al. 1982). 

F.4.8.9 Crowders and Brails 

Unless a holding tank or raceway is drained to evacuate fish being held, crowders or a 
brail system will be required to remove fish from the tank or raceway.   

Key design aspects of crowder and brails systems are provided in the following sections. 
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F.4.8.9.1 Smoothness 

Crowder and brail components that come in contact with fish should be smooth and free 
of sharp edges or projections. 

F.4.8.9.2 Screen size 

The clear openings on screens used for crowders and brails should not exceed 
1.75 millimeters and 3/32 inch for circular or square openings in perforated plate or woven 
mesh material. 

F.4.8.9.3 Side and floor seals 

The crowder and brail should seal to the sides and floor of the tank or raceway as well as 
at the joint between the crowder and brail.  Soft neoprene rubber gaskets or brush seals are 
acceptable methods of sealing crowders and brail, and any gaps that form when using these 
methods should not exceed 1.75 millimeters (0.069 inch). 

F.4.8.9.4 Crowder speed 

The speed of the crowder should not exceed 0.5 to 1 ft/s. 

F.4.8.9.5 Brail 

A brail should be used to make water-to-water fish transfers.  It should not be used to lift 
fish completely out of the water.  

F.4.9 Lift/Hoppers 

A fish lift is a mechanical system that allows fish to be trapped at one elevation, raised, 
and released at a higher elevation.  This is accomplished by incorporating a hoist and hopper into 
the design.  Lifts are typically used to load fish into a transport tank or truck for release at a 
remote location, or for routing fish to a monitoring facility for examination.  

Key aspects of juvenile fish lift and hopper design are provided in the following sections.  

F.4.9.1 Holding Density 

Fish lifts and hoppers should be sized to hold 0.5 pound of fish per gallon of water. 

F.4.9.2 Freeboard 

The distance from the water surface in the hopper to the top of the hopper bucket should 
be greater than water depth in the hopper to reduce the risk of fish jumping out during lifting 
operations. 
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F.4.9.3 Sump 

When a trap design includes a hopper sump (into which the hopper is lowered during 
trapping), side clearances between the hopper and sump sidewalls should not exceed 
1.75 millimeters (0.069 inch), thereby minimizing fish access below the hopper.  Flexible side 
seals should be used to ensure that fish do not pass below the hopper. 

F.4.9.4 Hopper Egress Opening 

Frequently, trucks or tanks used to transport adult fish are also used to transport juvenile 
fish.  In these instances, the opening from the juvenile hopper should be the same as the adult 
hopper.  The opening from the hopper into the transport tank through which fish pass should 
have a cross-sectional area of at least 3 square feet and a smooth transition that minimizes any 
potential for fish injury. 

F.4.9.5 General 

Measures should be provided to exclude fish from entering the holding pool area that is 
to be occupied by the hopper when the hopper is lowered into position for loading.  The 
measures should be fail-safe.  Also, the interior of the hopper should be smooth and designed to 
not injure fish by eliminating rough surfaces and sharp corners. 

F.4.10 Sampling Facility 

The sampling facility is a facility where individual fish can be sorted, counted, and 
examined for marks, tags, or injuries.  The sampled fish can also be identified as to their species, 
run, or origin (wild or hatchery).  Additional tagging or tissue samples can be collected on 
individual fish in the sampling facility.  Key aspects of juvenile fish sampling facilities are 
provided in the following sections. 

F.4.10.1 Anesthesia 

Fish should be anesthetized prior to handling using protocols identified in the permitting 
process.  After examination, the anesthetized fish can be placed into a 4-inch-diameter wetted 
flume for delivery to a recovery tank.  A source of water should be supplied to the upstream end 
of the 4-inch flume to convey fish in the flume to the tank.   

F.4.10.2 Recovery 

Anesthetized fish should be routed to a recovery pool to allow for monitoring that ensures 
the fish have fully recovered from the anesthetic prior to release.  Fish recovering from 
anesthesia should not be routed directly back to the river or bypass flow, where unobserved 
mortality may occur.  Water volume inflow to a recovery pool or tank should satisfy the water 
quality guidelines specified in Section F.4.8.5.  Hydraulic conditions in the pool or tank should 
not result in partially or fully anesthetized fish being impinged on an outflow grating or any 
other hazardous area. 
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F.4.10.3 Release 

After the fish are recovered, they are often released back to the bypass system or river by 
draining the pool or tank.  To accommodate this procedure, the design of the pool or tank should 
allow it to be safely drawn down to a certain (lower) water level before the release gate located 
at the bottom of the tank is opened to release the remaining fish and flow.  The bottom of the tank 
should also be shaped (and the floor sloped) to guide fish into the exit flume; adding flushing 
flow to the pool or tank while it is being evacuated will ensure that fish readily exit the pool or 
tank. 

F.4.11 Return Flume to Bypass System 

Return flumes should be designed using the same criteria as specified for distribution 
flumes (Section F.4.5).  

F.4.12 Transportation and Release Facilities 

Resource managers may transport fish downstream from the fish collection facility rather 
than return them directly to the river to continue their migration volitionally.  The following 
sections provide guidance on various aspects of this operation. 

F.4.12.1 Juvenile Loading Density 

F.4.12.2 Barges 

Maximum loading density is 5 pounds of fish per 1 gpm of inflow for flow-through 
holding pools located in fish transportation barges, which is similar to those used to transport 
juvenile fish from Columbia River dams (Appendix B in USACE 2015).   

F.4.12.3 Transport Tanks 

There should be no more than 0.5 pound of fish per 1 gpm (3.74 lb/ft3) for transport 
trucks or tanks on trucks (Appendix B in USACE 2015).   

Transportation operations should be implemented in a manner that is consistent with the 
permit issued for the activity, including the use of oxygen and avoiding the transportation of fish 
under elevated water temperatures.   

F.4.12.4 Hopper Design 

The hopper used to load a truck’s transport tanks should be compatible with the truck 
tank and designed to minimize stress to fish associated with handling.   

Normally, the hopper and transport tank loading match, meaning that a full hopper load 
equals a full transport tank load. 

If an existing transport vehicle is used, a new hopper should be compatible with this 
equipment.  If the opening of the transport tank is larger than the tube or hopper opening, a cap 
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or other device should be designed to prevent fish from jumping at the opening.  The design 
should allow control of the water surface in the hopper to be transferred to the truck transport 
tank, so that water and fish do not plunge abruptly from the hopper into the fish transport tank 
during loading. 

F.4.12.5 Transport Tank 

The transport tank should provide for the safe transport and release of the juvenile fish.  
All edges that fish may come into contact with should be rounded and smooth. 

F.4.12.5.1 Egress opening 

The fish egress opening from the transport tank should have a minimum cross-sectional 
area of either a 1 square foot for a square opening or a 12-inch diameter for a circular opening. 

F.4.12.5.2 Shape 

The bottom of the transport tank should be sloped (front to back and side to side) toward 
the release opening and should have a smooth transition that minimizes the potential for fish 
injury. 

F.4.13 Acclimation (Stress Relief) Ponds and Release Location 

After downstream transport, fish should be released into a stress relief pond where they 
can recover and acclimate to ambient water quality conditions before resuming their 
downstream migration.   

Key guidelines for acclimating fish in stress relief ponds are provided in the following 
sections. 

F.4.13.1 Holding Density 

The maximum holding density of the stress relief pond should be 0.5 pound of fish per 
gallon of water (3.74 lb/ft3). 

F.4.13.2 Holding Duration 

Fish should be held in the pond for a minimum of 24 hours, then allowed to volitionally 
leave the pond.  After 48 hours, the fish should be forced from the pond either by crowding the 
fish to the outlet or by draining the pond to the release point on the river.  

F.4.13.3 Shading and Bird Protection 

Depending on the location of the acclimation ponds, it may be necessary to provide 
shading and/or bird protection (netting) to reduce stress and ensure fish safety. 

Providing shading for the acclimation ponds can reduce the level of stress experienced by 
the juvenile fish, and netting can reduce bird predation. 
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F.4.13.4 Release Mechanisms 

If the acclimation pond is to be drained to release the fish, the bottom of the pond should 
be shaped such that fish and flow funnel into the release flume.  The pond should be drawn down 
to a safe release level and flushing flow added to ensure fish exit the pond before the pond is 
completely drained. 

F.4.13.5 Release Flume and Outfall 

The release flumes for the stress relief ponds (as well as direct release by truck transport, 
when necessary) should follow the guidance for the bypass conduit and outfall guidelines 
described in Chapter 8 of the Manual. 

F.4.13.6 Release Location 

If the fish are not released to a stress relief pond after transportation, then the fish should 
be released back to the river in a safe location with good water quality.  Releases should be 
implemented in a manner that is consistent with the permit issued for the activity. 

Releasing fish after downstream transport is similar to releasing fish directly back to the 
river from a fish bypass facility.  Bypass outfall design and location information is provided in 
Chapter 8 of the Manual.   

F.4.13.6.1 Egress 

The release site should provide direct and simple egress for fish into the river for 
continued downstream migration. 

F.4.13.6.2 Water quality 

Water quality (e.g., temperature and dissolved oxygen) at the release site should be 
representative of the general water conditions in the river at the release site, and water 
tempering techniques should be used before ESA-listed fish are released. 

F.4.13.6.3 Water tempering  

Fish should not be subjected to rapid temperature changes.  Temperature differentials 
between the transport tank and release location should be no more than 3.6°F (2°C).  If 
tempering is required to meet this criterion, changes in temperature should not exceed 1.8°F 
(1°C) every 2 minutes or 9°F (5°C) per hour.  Tempering may take longer when temperatures 
are further away from the optimal temperature for the species being collected and released. 

Changes in water temperature that occur too rapidly or are beyond the normal survival 
range of fishes may cause thermal trauma (Post 1987).  Mortality associated with rapid 
temperature changes may occur in the short term from loss of equilibrium (Bell 1991) and 
increased predation (Groot et al. 1995).  Over longer time periods, thermal stress can act as an 
additive stressor and increase susceptibility to disease (Piper et al. 1982).  Fish adapt more 
rapidly when the temperature change is toward their thermal optimum than when the change is 
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away from that temperature (Schreck and Moyle 1990).  Rapid changes in temperature have 
more significant negative effects at the upper end of a fish’s temperature tolerance.  At elevated 
temperatures, fish are more active and have greater potential for self-inflicted injury; oxygen 
consumption is higher; and the saturation level of oxygen is lower, which increases the 
possibility of hypoxia (Murphy and Willis 1996).   
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