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 Appendix G: Columbia and Snake River Fish 
 Passage Facilities 

 
 
 
 

 G.1 Background 
 
 

Appendix G provides a starting point for designing adult and juvenile fish passage 
facilities at dams in large river systems. The criteria presented in Appendix G reinforce what the 
National Marine Fisheries Service (NMFS) believes are appropriate ladder entrance operations 
for dams in large river systems. Appendix G also represents criteria used to develop juvenile 
salmonid (Salmonidae) bypass systems at Columbia and Snake river dams. The criteria were 
developed based on results of laboratory and field research and physical modeling as well as 
through experience gained from testing of numerous juvenile fish passage facility designs 
installed at these dams.  Note: The information in this appendix has not been updated since the 
2011 NOAA Guidelines and is presented here for historical reference. 
 

The Columbia River is 1,243 miles long and drains an area of approximately 
219,000 square miles from seven western states in the United States and one province of Canada. 
The river starts in the Rocky Mountains of British Columbia, flows northwest and then south into 
Washington, and turns west to form a border between Washington and Oregon before emptying 
into the Pacific Ocean near Astoria, Oregon. The Snake River is its largest tributary 
(Figure G-1). Mean annual discharge of the Columbia River is approximately 275,000 cubic feet 
per second (ft3/s). Its highest recorded flow was approximately 1,236,000 ft3/s in June 1894, 
before the river was dammed. Under contemporary conditions, a maximum flow of 
approximately 865,000 ft3/s was recorded in 1996, and a minimum discharge of approximately 
64,000 ft3/s occurred in 2001 (Ferguson et al. 2011). 
Eight dams were constructed by the U.S. Army Corps of Engineers on the lower reaches 
of the Columbia and Snake rivers starting at Bonneville Dam (completed in 1938) extending 
upstream nearly continuously to Lower Granite Dam (1975; Figure G-1). Together, the eight 
dams impound approximately 320 miles (515 kilometers) of mainstem river habitat. 
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Figure G-1. Map of the Columbia River basin and major hydroelectric, irrigation, and flood 

control dams. Shaded areas depict river reaches where salmon access is blocked 
by major dams. (Source: Ferguson et al. 2011) 

 
Adult salmon and steelhead attraction, collection, and passage facilities were 

incorporated into the original designs of all eight dams, which have generally performed well 
since inception.  In contrast, the types of systems installed to pass juvenile salmonids as part of 
the original design of the eight dams and the performance of the systems varied greatly.  At the 
earliest dams constructed, juvenile salmonid could only pass the dams through traditional routes 
(spillbays, turbines, and ice and trash sluiceways). Bonneville Dam was the exception because 
in addition to the traditional water passage routes, surface-oriented outlets were constructed in 
the corners of the spillway. However, those spillway surface outlets were small and ineffective 
and have been closed. The last four dams constructed included Lower Monumental (1969), 
Little Goose (1970), John Day (1971), and Lower Granite (1975). These dams contained 
juvenile fish bypass systems as part of their initial design, but the systems proved to be 
undersized and were only partially effective at passing fish safely (Mighetto and Ebel 1994). 

 
Beginning in the 1970s, information gained through testing of facilities at one dam was 

used to design improved juvenile fish bypass systems at the next dam being retrofitted. Changes 
included increasing orifice size, redesign of routing systems, and relocating bypass outfalls to 
areas of higher flow velocity to reduce predation. Evaluations of juvenile passage facilities at 
Snake River dams after major renovations were completed found that survival of juvenile fish 
through juvenile bypass systems had improved. Survival through passage routes at the three 
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upper dams was highest through spillways (98.4% to 100%) followed by bypass systems (95.3% 
to 99.4%) and was lowest through powerhouse turbines (86.5% to 93.4%; Muir et al. 2001). 
Mighetto and Ebel (1994) and Whitney et al. (1997) summarize initial efforts to improve 
juvenile fish bypass systems and dam passage survival at Columbia River dams. Ferguson et al. 
(2005) provide a synopsis of results of dam passage research through the early 2000s. 

 
 
 

 G.2 Upstream Passage of Adult Fish 
 
 

An overview of adult fish passage facilities located at mainstem Columbia and Snake 
river dams and the specific criteria for these facilities are provided in the following sections. 
These criteria for large run-of-river mainstem dams are in addition to those discussed in 
Chapter 5 of the NOAA Fisheries West Coast Region Anadromous Salmonid Passage Design 
Manual (Manual). 

 
G.2.1 Description 

Each fish ladder system is designed with a specific number of primary entrances that are 
typically located on each shoreline and at the interface between the powerhouse and spillway 
(Figure G-2). Each system also has a defined hydraulic capacity and specific operations for 
auxiliary water supply systems (AWS), entrance conditions, and adult fish exit facilities located 
at the top of each ladder. 

 

  
Figure G-2. General site plan of Ice Harbor Dam showing adult fishway entrances located along 

each shoreline and between the spillway and powerhouse. (Adapted from 
USACE 2018) 
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As with fish ladders everywhere, the entrances are considered the most important feature 
of the adult fish ladder system (Bates 1992; Clay 1995). If entrances are improperly designed or 
located poorly relative to prevailing hydraulic conditions, excessive passage delays for fish 
migrating upstream may occur. For a number of reasons, ladder entrance operations may evolve 
and not be consistent with that envisioned in the initial design phase of the project. Thus, 
although this document primarily focuses on design criteria, how fish passage facilities are 
operated among seasons and throughout the life of the facility is equally as important as the 
initial design. 

 
G.2.2 Specific Criteria 

 
G.2.2.1 Attraction Flows 

 
Given the large size of the Columbia and Snake rivers, the total attraction flow 

discharged from adult fishway entrances should be greater than or equal to 3% of mean annual 
river flow or the attraction flow approved by NMFS in the design phase of the project prior to 
construction. Unless approved by NMFS, adult ladder total entrance attraction flow should not 
be reduced from original design levels. 

 
Total entrance attraction flow is the combination of gravity flow down the ladder and any 

auxiliary water flow provided to ensure fish find and are attracted to ladder entrances. The total 
ladder attraction flow volume and entrance locations are important design parameters that need 
to be carefully considered to ensure the safe, efficient, and timely passage of adult fish migrating 
upstream. 

 
G.2.2.2 Ladder Entrances 

 
Unless specifically stated in the original project design, all ladder entrances should be 

designed to be operated continuously during the fish passage season in accordance with the 
ladder entrance attraction flow criteria listed in Section G.2.2.1 and the criteria listed in 
Sections G.2.2.3 through G.2.2.5. 

 
G.2.2.3 Auxiliary Water Systems 

 
Auxiliary water systems should include sufficient backup hydraulic capacity to ensure the 

operations of the ladder and entrances are continuous and consistent with design criteria. 
 

There are two critical aspects to incorporating redundancy (i.e., backup) into the AWS 
design so that attraction flow requirements can be met at all times: 
 
1. The backup scheme should meet the same operating criteria as the primary AWS. 
2. The backup scheme should be approved by the NMFS fish passage engineers and biologists. 

 
The AWS supplies a large volume of water that is added to the volume flowing down the 

ladder under gravity. This is to ensure that ladder entrance criteria are met, and fish will be able 
to locate the entrance flow and will be attracted into the ladder. The AWS should function 
properly across the entire fish passage season each year and through time. Because of the 
importance of the AWS system and the flow it provides to the ladder for attraction, adequate 
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backup capacity has to be incorporated into the AWS design such that if an AWS pump or water 
source fails or has to be taken down for maintenance, there is redundancy in the AWS and full 
attraction flow can be supplied to all ladder entrances while meeting the entrance design criteria. 

 
The backup AWS may consist of the following: 
 

• Spare AWS pumps, pump drives, conduits, and valves 
• Backup electrical feed and control systems 
• Other water sources that may be provided by gravity such as spill and overflows from 
juvenile salmonid collection channels and evaluation facilities 
• Modifications to the normal operation of the project 
• Combinations of any of the above 
 

G.2.2.4 Ladder Entrance Submergence 
 

Adjustable weir gate crest elevations at primary entrances should be maintained at a 
minimum of 8 feet submergence (parameter “D” in Figure G-3) relative to the tailwater water 
surface elevation. 

 
 

 

  

 Figure G-3. Cross section diagram through a fishway entrance showing head drop and 
 submergence (D) and adjustable weir height (W). 

 

This criterion is based on studies conducted at Ice Harbor Dam where adult salmonid 
passage increased from 3% to 27% per experimental trial when entrance gates were maintained 
at a deeper setting. The deeper setting was significantly more efficient (P < 0.0005) at passing 
fish than the standard criterion tested when weir gate submergence was from 3 to 4 feet (Junge 
and Carnegie 1972). 

 
G.2.2.5 Hydraulic Drop 

 
The fishway entrance hydraulic drop (also called entrance head) should be maintained 

between 1 and 2 feet. 
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This criterion is based on studies conducted by Junge and Carnegie (1972). Submergence 
and hydraulic drop parameters have evolved to become the standard for determining whether fish 
ladder entrances at mainstem hydroelectric dams are discharging the minimum amount of 
attraction flow through the entrance, which is necessary for ensuring adult salmonids can find 
and enter ladder entrances (Figure G-3). 

 
G.2.2.6 Deficient Entrances 

 
In instances where the design criteria listed in Section G.2.2 cannot be satisfied at one or 

more ladder entrances, an investigation of hydraulic conditions throughout the adult fishway 
system should be initiated. The focus of the study should be to determine whether some 
entrances are discharging excessive attraction flow while others are failing to satisfy the 
minimum attraction flow criteria. The objective of the investigations is to determine whether 
adjustments to settings and operations can produce conditions that meet, or come closer to 
meeting, these criteria for all entrances. 

 
The results of investigations of hydraulic conditions within the adult fishway should be 

coordinated with all interested parties before new operations are implemented. 
 

G.2.3 Other Criteria 
 

All other ladder design and operational features should comply with the criteria 
described in Chapter 5 of the Manual. 

 
 
 

 G.3 Downstream Passage of Adult and Juvenile 
 Fish 

 
 

Juvenile and adult fish migrating downstream in large rivers traditionally have two 
passage routes to use when passing large dams: turbines and the spillway. Adult fish that exit a 
ladder and attempt to move downstream during their upstream migration can also enter turbine 
intakes and pass over the spillway, which is often termed ‘fallback’ because they are falling back 
over the dam and have to ascend the dam via the ladder again. 

 
At Columbia and Snake river dams, turbine intake screens and vertical barrier screens 

(VBSs) have been installed at many dams to guide fish from high-velocity turbine intake flow 
into specially designed fish bypass systems that route fish to a release location below the dam. 
The criteria for the turbine intake screens are presented in Section G.3.2. These criteria are 
different from the criteria that apply to conventional dewatering systems, which are presented in 
Chapter 8 of the Manual. It is not practical to screen fish from large turbine flow volumes 
using the conventional screen criteria presented in Chapter 8). 
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G.3.1 Description 
 

Turbine intake screens and fish passage facilities for downstream migrating fish were not 
part of the original designs for many of the dams discussed in this appendix. The screens and 
facilities were designed, tested, modified, retested, and installed at most mainstem Columbia and 
Snake river dams after the original construction. These modifications were implemented to 
increase dam passage survival by reducing the number of fish passing through turbines, which is 
the dam passage route with the highest level of mortality (Muir et al. 2001). 

 
Turbine intake screens are considered partial screens because they do not screen the 

entire turbine intake flow (Figure G-4).  These are high-velocity screens—using the criteria in 
Chapter 8 of the Manual, the approach velocities for these screens are much higher than what 
is allowed for conventional dewatering screens.  Turbine intake screens act as both screening 
devices and guidance structures, where a portion of the turbine intake flow and fish are diverted 
into a gatewell slot located above each turbine intake. The flow through each turbine typically 
ranges from 8,000 ft3/s to more than 20,000 ft3/s. The large flow volume diverted upward carries 
the fish into the gatewell slot, and its high velocity prevents fish from swimming against the flow 
and re-entering the turbine intake.  The volume of flow diverted is discussed in Section G.3.2.7. 
Additionally, the turbine intake screens intercept as many fish as possible while trying to ensure 
that fish do not contact either the screen face or the supporting structure. The screens guide 
juvenile fish migrating downstream, and adult fish that moved downstream after exiting a fish 
ladder, or for semelparous species that spawned upstream and are migrating to the ocean to 
rebuild energy reserves required for repeat spawning. 
 

 
Figure G-4. Cross section drawing of Little Goose Dam showing an extended submersible bar 

screen in the turbine intake to guide juvenile fish into the gatewell (bulkhead) slot 
from which they exit via an orifice and enter the juvenile fish collection channel. 
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Gatewells are part of the original dam design; they allow maintenance gates to be 
lowered into the turbine intake to shut-off flow for maintenance purposes. There are two 
gatewells for each turbine intake, which are connected hydraulically but are separated by a VBS. 
Fish and flow are guided (diverted) into the upstream gatewell, and flow is screened off by the 
VBS and returned to the turbine intake via the downstream gatewell. 

 
Fish reside in the upstream gatewell (Figure G-4) until they exit the gatewell through a 

submerged orifice and enter a collection channel that extends the length of the powerhouse. 
There are typically two orifices in each gatewell to provide redundancy—in case an orifice 
becomes occluded with debris—and to regulate the amount of flow entering the collection 
channel. The collection channel carries fish and flow to one end of the powerhouse where it 
passes through a dewatering screen system (designed using the criteria provided in Chapter 8 of 
the Manual). Downstream of the dewatering facility, fish and flow are routed to a juvenile 
fish monitoring facility so the fish can be counted and sampled, or directly to an outfall that 
returns fish to the river in the tailrace below the dam (Figure G-5). 

 

 
Figure G-5. Aerial view of Rocky Reach Dam on the Columbia River. River flow in the 

photograph is from right to left. Juvenile and adult fish are collected in a surface 
collection system on the right bank, flow is dewatered and returned to the forebay, 
and the remaining fish and flow are routed across the dam to the left bank where 
fish are evaluated at a monitoring facility and returned to the river via the bypass 
outfall. (Adapted from Google Earth) 

 
Two types of turbine intake screens are used at Columbia and Snake river dams. The 

first type is a submersible traveling screen (STS), which uses a continuous belt of woven nylon 
mesh to divert fish and flow upward and into the gatewell. Screen cleaning is accomplished by 
rotating the screen belt around pivot points on both ends of the screen. As mesh on the upstream 
face of the screen is rotated to the back, the flow is essentially reversed (relative to the screen 
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face), and debris is flushed off the screen and into the turbine intake. This type of screen is 
20 feet long, although longer models have been tested. 

 
The second type is an extended submersible bar screen (ESBS), which uses a fixed panel 

of profile bar screen to divert fish and flow up the gatewell (Figure G-4). Cleaning the screen is 
accomplished by a traveling brush system that is stored at the upstream tip of the screen when 
not in service. During the cleaning cycle, the brush travels the length of the screen (toward the 
gatewell), sweeping debris along with it, and then returns to the tip of the screen where it parks 
until the next cleaning cycle. This type of screen is 40 feet long. 

 
G.3.2 Specific Criteria – Turbine Intake Screens 

 
G.3.2.1 Dimensions and Orientation 

 
Existing intake screens are either 20 or 40 feet long and are located in the bulkhead 

(upstream) slot of each turbine intake. 
 

Screens are lowered into the intake and then extended using the powerhouse gantry crane 
to the correct operating angle, which is approximately 50 to 60 degrees from vertical. 

 
G.3.2.2 Materials 

 
The STSs are normally constructed of woven nylon mesh, with openings that measure 

3/32 inches. The ESBS screen face must be stainless steel bar screen, with a maximum clearance 
between bars of 1.75 millimeters (mm). 

 
These openings are the same size as the criteria for dewatering screens (Chapter 8 of the 

Manual), which specify 3/32-inch openings for woven or punch-plate materials and 1.75-mm 
spacing (approximately 1/16 inch) between stainless steel screen bars. 

 
The narrower opening required for slots (i.e., spaces between bars) compared to woven 

mesh or punch-plate materials is based on studies of juvenile Pacific lamprey (Entosphenus 
tridentatus) passage. For these species, testing indicated that the lamprey macrophthalmia life 
stage became impinged on bar screens when bar openings were greater than 1.75 mm (Moursund 
et al. 2001). 

 
G.3.2.3 Cleaning 

 
The turbine intake screen should have an approved and proven screen-cleaning device. 

For ESBSs, this is a brush, the operation of which can be adjusted to achieve the desired 
cleaning frequency given the debris load in the river. The STSs should run continuously during 
the fish passage season. 

 
G.3.2.4 Porosity 

 
Turbine intake screen porosity should be determined on the basis of physical hydraulic 

modeling. 
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The design objective is to select a screen porosity that controls the approach velocity to 
the guidance screen such that it does not exceed the criterion stated in Section G.3.2.5 (2.75 feet 
per second [ft/s]) under high turbine discharge conditions.  The porosity of a perforated plate in 
the center of the screen behind the surface mesh or bar material is used to achieve the desired 
approach velocity. 

 
G.3.2.5 Maximum Approach Velocity 

 
The approach velocity (normal to the screen face) for turbine intake screens should not 

exceed 2.75 ft/s. 
 

Fish injury rates measured during in situ biological testing were shown to increase when 
approach velocities exceeded this value. 

 
G.3.2.6 Stagnation Point 

 
The stagnation point should be at a location where the submerged screen intercepts 

between 40% to 43% of turbine intake flow and should be within 5 feet of the leading edge of the 
screen. 

 
The stagnation point is the location on the upstream face of the screen where the 

component of velocity parallel to the screen face is 0 ft/s (i.e., the location above which flow is 
diverted into the gatewell, and below which flow moves over the tip of the screen and enters the 
turbine intake below the screen). 

 
G.3.2.7 Gatewell Flow 

 
Gatewell flow should be approximately 10% of the flow volume intercepted by the intake 

screen (which is flow above the intake screen stagnation point) and approximately 4% of the 
total flow volume entering the turbine. 

 
The gatewell flow is the amount of flow being diverted by the intake screen into the 

gatewell slot. 
 

G.3.2.8 Turning Vane 
 

In some instances, it is necessary to divert more flow into the gatewell to increase the 
proportion of fish guided out of the turbine intake (termed ‘fish guidance efficiency of the 
screen’). To achieve this objective, flow structures are installed at the top of the intake screen 
and the bottom of the gatewell to reduce flow constriction at this critical location by guiding the 
upward moving flow. The turning vane is one such structure. 

 
G.3.2.9 Gap Closure Device 

 
To reduce the number of fish passing through the gap between the top of the turbine 

intake screen and the top of the turbine intake and increase the proportion guided into the 
gatewell, a closure device (typically consisting of a steel plate) may be installed to help direct 
flow and fish up into the gatewell. 
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Studies have indicated that, in some instances, a significant proportion of fish pass 
through the gap located between the top of the turbine intake screen and the intake ceiling. 

 
G.3.3 Vertical Barrier Screens 

 
Nearly all of the flow that is deflected into the upstream gatewell from the turbine intake 

screen passes through VBS panels into the downstream gatewell slot, and from there it re-enters 
the intake and passes through the turbine.  As fish are guided upwards along the VBS by the flow 
being diverted into the gatewell from the STS or ESBS, or swim upward of their own volition, 
they accumulate in the upper gatewell near the surface. Orifices located near the surface allow 
fish to pass safely into the collection channel of the juvenile fish bypass system. 

 
G.3.3.1 Specific Criteria – Vertical Barrier Screens 

 
G.3.3.1.1 Velocity distribution 

 
Physical hydraulic models should be used to design the VBS porosity control panels such 

that flow velocity distribution through the VBS is uniform or as uniform as possible. 
 

This criterion assumes the position of the operating gate (located in the downstream 
gatewell to shut-off turbine intake flow) has a significant influence over VBS velocity flow 
distribution. Uniform velocity across the face of the VBS is a design issue to be reconciled 
through use of a physical model of the gatewell and VBS. 

 
G.3.3.1.2 Porosity control 

 
Physical hydraulic models should be used to design the porosity of each VBS panel to 

achieve flow distribution and velocities through the entire VBS that are uniform and to minimize 
turbulence in the upper gatewell where fish reside before exiting the gatewell. 

 
G.3.3.1.3 Materials and orientation 

 
The VBS should be constructed of stainless steel bar screens with bars oriented 

horizontally and a maximum clearance (opening) of 1.75 mm between the bars. The VBS screen 
material should follow the guidelines for screen material in Section 8.5.8 of the Manual. 

 
Other materials that can be used include woven nylon mesh screens or non-corrosive 

perforated plate material where the clear opening does not exceed 3/32 inch. In addition, it is 
important that the VBS material selected can withstand a significant head differential without 
being damaged due to debris loading on the VBS. 

 
G.3.3.1.4 Cleaning and debris removal 

 
A screen-cleaning method and debris-removal system should be features of each VBS 

design. A method to monitor the head differential across the VBS (due to the accumulation of 
debris on the screen face) should also be included. The head differential should be monitored on 
a weekly basis during the fish passage season and on a daily basis during periods of high debris 
loading. The VBS cleaning should commence when the head differential reaches a 
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predetermined level based on the hydraulic and physical design of the screen. Normally, this 
criterion is a differential of 1 to 1.5 feet of head. 

 
The amount of debris in the gatewell can be significant, and the incidence of juvenile 

injury and mortality increases as the VBS panels become blocked by debris. Some VBS screens 
collapse or become significantly damaged due to the head differential created by debris plugging 
the screen. Often, VBS cleaning relies on project personnel lifting the VBS and manually 
backwashing the screen before reinstalling. To ensure fish remain in the gatewell during these 
cleaning procedures, a spare VBS is installed in a second set of guide slots behind the primary 
VBS before the primary VBS is removed. Once the primary VBS is reinstalled, the spare VBS is 
then removed. 

 
G.3.3.1.5 Through-screen velocity 

 
Average through-screen velocity for the VBS should not exceed 1 ft/s. The exception to 

this criterion is when field testing has verified that sufficiently low fish descaling and injury rates 
were achieved at a specific site under out-of-criteria conditions. 

 
The through-screen velocity for the VBS should be verified by physical hydraulic 

modeling. The average through-screen velocity may be calculated by dividing the flow rate 
(cubic feet per second) by the total area of the VBS in square feet (minus the area of the screen 
occluded by structural members). 

 
 
 
 

 G.4 Gatewell 
 
 

Gatewells are incorporated into the design of hydropower dams so that maintenance or 
emergency closure gates can be lowered to shut-off flow to the turbine unit. These gatewells 
have been incorporated into juvenile fish bypass systems at the Columbia and Snake river dams 
where they provide fish with a transition area between the turbine intake and the bypass system 
collection channel. Each gatewell is usually configured with two submerged orifices that 
provide a route for fish to exit the gatewell and enter the collection channel. 

 
G.4.2 Specific Criteria – Gatewell 

 
G.4.2.1 Residence Time 

 
Fish residence times in gatewells should be minimized. 

 
Fish residence times in gatewells should be minimized to reduce injuries related to 

exposure to turbulence and mortalities due to predation in the gatewell. Residence times should 
also be minimized to reduce delays in migration associated with passing dams; this is especially 
important when fish have to pass a series of dams, as is the case in the Columbia and Snake 



G-13  

rivers. A 24-hour delay per dam in a system where fish have to pass eight dams, for example, 
can result in a substantial delay in migration and a shift in ocean-entry timing. 

 
In the Columbia River basin, the regionally accepted minimum level for gatewells with 

STSs installed is an orifice passage efficiency (OPE, defined as the number of marked fish that 
exit a gatewell within a 24-hour period) of 70% (Ferguson et al. 2005). Because of the increased 
flows and higher turbulence in gatewells associated with ESBSs, an OPE level of 90% is 
considered more appropriate for gatewells with these guidance devices (Ferguson et al. 2005). 
Due to the concerns outlined above regarding injury, mortality, and delay, NMFS wants to 
minimize the time fish spend in gatewells to the fullest extent possible. This is accomplished by 
locating orifices where fish find and readily pass an orifice and exit the gatewell, which is based 
on hydraulic model studies of the gatewell, VBS, and orifice environment. Orifices are placed 
near the water surface and gatewell walls where the prevailing flow has reached the surface of 
the gatewell and is starting to move downward. 

 
G.4.2.2 Orifices 

 
Each gatewell should include at least two submerged orifices to provide fish with a route 

out of the gatewell and into the collection channel. The location and orientation of the orifice 
should take advantage of the flow patterns in the gatewell to aid in fish locating and entering the 
orifice. This should be determined using a physical hydraulic model. 

 
G.4.2.2.1 Operating orifices 

 
At least one orifice should be open and operating in each gatewell whenever target fish 

are in the gatewells. 
 

G.4.2.2.2 Minimum orifice diameter 
 

Orifices should be a minimum of 12 inches in diameter, and a diameter of 14 inches is 
preferred. 

 
G.4.2.2.3 Orifice intake 

 
The shape of the intake to the orifice should be bell-mouthed. 

 
G.4.2.2.4 Cleaning the orifice 

 
An air backflush system should be provided at the entrance to the orifice so the orifice 

can be closed and debris can be flushed out of the orifice. 
 

G.4.2.2.5 Closure gates 
 

Each orifice will have a closure gate, which should be oversized to not affect the orifice 
jet when in the open position and located on the downstream side of the orifice. 
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G.4.2.2.6 Lighting 
 

The downstream side of the orifice should be lighted in a manner that results in a light 
level of 300 lux at the orifice. 

 
This criterion is based on Axel et al. (2011), who evaluated gatewell egress under three 

levels of light intensity (50 lux, 300 lux, and a reference condition with the light off [less than 
1 lux]) and concluded that both orifice light treatments decreased delay in the gatewell and 
improved egress for yearling and subyearling Chinook salmon (Oncorhynchus tshawytscha), 
sockeye salmon (O. nerka), and juvenile steelhead (O. mykiss) under most conditions. The 
50-lux and 300-lux treatments also provided a significant reduction in passage delay during 
periods of high turbidity. 

 
G.4.2.2.7 Minimum orifice discharge 
 

The minimum orifice discharge should be 10 ft3/s under normal operating conditions. 
 

G.4.2.2.8 Orifice jet velocity 
 

Orifice jets should not enter the collection channel flow at velocities greater than 25 ft/s. 
 

G.4.2.2.9 Orifice jet 
 

The orifice jet should not strike or contact any objects or structures and should not 
directly strike the far wall of the collection channel. 

 
G.4.2.2.10 Orifice inspection 

 
Gatewell orifices (and the associated collection channel) should be situated such that the 

orifice can be easily inspected for plugging on a regular (at least daily) basis. 
 

G.4.2.3 Gatewell Debris Coverage 
 

To help avoid VBS and orifice plugging, debris accumulation on the surface of the 
gatewell should not exceed 50% of the total surface area of the gatewell. 

 
When debris accumulations on the surface of the gatewell exceed 50% of total surface 

area, maintenance crews should be deployed to mechanically remove the debris from the 
gatewell. 
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 G.5 Collection Channel 
 
 

The gatewell orifices discharge fish and flow into a collection channel that runs the 
length of the powerhouse where at one end it exits the powerhouse and is routed either to a 
juvenile fish monitoring facility or to the tailrace. 

 
G.5.1 Specific Criteria – Collection Channel 

 
G.5.1.1 Auxiliary Water Supply 

 
Sufficient AWS flow that is free of fish should be supplied to the upper end of the 

collection channel to achieve a minimum channel velocity of 1 ft/s. 
 

Sufficient flushing flow to this area of the collection channel is needed to encourage fish 
to move downstream and not hold in the channel upstream of the first orifice. 

 
G.5.1.2 Channel Screening 

 
The area upstream of the most upstream orifice jet (which is downstream of the AWS 

inflow) should be screened using a 1.75-mm clear opening for slotted openings and a 3/32-inch 
opening for square or circular screen openings to prevent juvenile fish from entering this area of 
the collection channel. 

 
G.5.1.3 Velocities 

 
Water velocities in the collection channel should be between 2 and 4 ft/s and should be 

lowest at the upstream end of the channel and gradually increase moving in a downstream 
direction. The increase in velocity should not exceed 0.2 ft/s per linear foot of channel as the 
water moves downstream. The upper end of the collection channel should be shaped to provide 
a minimum channel velocity of 1 ft/s in conjunction with the AWS flow being added to this area 
(Section G.5.1.1). 

 
G.5.1.4 Flow Regulation 

 
Gatewell orifice flow varies with reservoir forebay elevation. Orifices can be used to 

regulate the total flow in the collection channel by opening and closing redundant orifices. 
However, at least one orifice should be open and operating in each gatewell whenever target fish 
are present (Section G.4.2.2.1). 

 
A consistent flow in the collection channel makes dewatering the flow easier if the fish 

and flow are being routed to a juvenile fish monitoring facility. 
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 G.6 Conveyance Channel, Monitoring Facilities, 
 and Bypass Outfalls 

 
 

When fish and flow exit the powerhouse, a number of options are available for routing 
fish back to the tailrace below the dam. Typically, the collection flow is screened using the 
criteria listed in Chapter 8 of the Manual to reduce the amount of flow that has to be 
conveyed downstream to the outfall. In some cases, the outfall location has to be placed a 
significant distance downstream to meet the outfall criteria listed in Chapter 8 (Figure G-5). If 
fish are to be routed to a monitoring facility, the criteria listed in Chapter 8 and Appendix F 
should be followed. If the fish are to be routed directly to the tailrace, the conveyance channel 
should be as smooth as possible, and the conveyance channel and outfall should adhere to the 
criteria listed in Chapter 10 for these bypass system components. 
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