Lecture 11
Design of Fishways
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Fishway Function

A fishway is a provision in a hydraulic structure for the safe movement of fish past the structure. Both upstream and downstream migration should be considered. In some designs the objective is to exclude fish and in others it is to attract fish. For example water supply intakes general are designed to prevent fish from entering the pumps. Similarly turbine intakes may have screens or deflectors to reduce the number of fish that pass through the turbines. Many species of fish spawn in the head waters of a river and the young fish travel downstream or even to the ocean; the mature fish return to the same spawning grounds to lay their eggs and start the cycle over again. Some species die after spawning (e.g. salmon).

Upstream Migration
The design criteria for fishways includes the biological behaviour of the fish. This is often presented as speed versus endurance functions. Figures 6.1 and 6.2 (Katopodis 1992) give fish performance in non-dimensional terms for two types of swimming techniques [anguilliform (eel-like swimming mode) and subcarangiform (small undular movement of front and large movement of rear 1/3 to ½ of body)]. Note: l = length of the fish; U = speed fish relative to the current; t = endurance time.
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The distance X that a fish can swim against a current V is:



X = (U - V) t

Using this relationship Katopodis derived Figure 6.3, 6.4 and 6.5 shown below.
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It is noted that there is Ux that the fish can sustain for a long period of time. If the fishway has zones with V < Ux , the fish can rest and prepare for another burst of speed. Thus many fishways have short zones where fish have to swim near their endurance limits followed by zones where they can rest. The curves of Katopodis are for water temperatures that do not affect the fish performance. Generally at very high temperatures and/or low DO the fish can not meet the ideal speed and endurance curves. Novak et al give 


Umax ~ 0.7 L/t   m/s

where t = 0.17L0.43+(.0028-0.0425L0.43) ln (ToC) -0.007 and L = length of fish in meters. The endurance at is tmax = E/(Pc  - Pr ) and 

E = stored energy ~ 19400 L3; Pc = chemical power ~ 0.97 e L-0.0052TU2.8; and Pr = power supplied ~ 48 L3. 

Typical slot widths or orifice sizes in fishways are of the order of 0.3 m and maximum velocities through these openings should be ~ 3 m/s. This means that the head drop is restricted to about 0.45 m. The resting areas are proportional to the size of the fish and the velocities should be 0.1 to 0.5 m/s.

Types of fishpasses: Fishways can be classified as: fish ladders, fish locks and mechanical fish lifts.

Fish ladders and locks are best for low height structures (~ 50 ft or less) while fish lifts are best for high structures. 
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There are several types of fish ladders in common use:

1. cascading weir and pool arrangement (see Smith p 176)

2. pool and orifice arrangement (see Smith p 176)

3. vertical slots separating of pools or resting areas (see Smith p 177 & Katopodis p 51/59)

4. denil (inclined trapezoidal slots in the center of the channel -Katopodis p 20-21) 

5. baffled chute or channel (often used in culverts and bridges - see Katopodis p 25)

Typical mean slopes of the HGL in fish ladders is less than 1:10 with maximum drops of 1 to 1.5 ft at slots, weirs and orifices.

Fish locks have been used in a few cases. These work like ship locks. Fish are attracted into the lock chamber by a moderate flow when the chamber is at the low level. After sufficient time for fish collection, the entrance gate is closed and the chamber is filled so that the fish can swim out at the higher level.  These lifts can be vertical or inclined and may have an attraction flow to keep the fish moving through the lock (see p 340-341 text)
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Rock Ramp


[image: image16]
Rock Ramp
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Mechanical fish lifts are hydraulic/mechanical systems consisting of an attraction gallery leading to a collection pool. The fish in the pool are caught in a transporting container and moved by rail, truck or mechanical hoist to the forebay of the structure. The fish collection gallery is sometimes placed the powerhouse outflow which acts as an attraction flow. In this case the gallery has only a small flow and is designed as a manifold with several slots or weirs for the fish to enter.
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Selection of Flows for Fishways: Fish migration occurs at a specific time of the year (e.g. spring) and may depend on water temperature and river currents. A flood frequency analysis is needed to determine the flow distribution during the fish migration for a specific river. In many cases the fish migration for spawn occurs after the peak of the spring hydrograph has passed and the water temperatures have started to increase. The flow in the fishpass may be only a fraction of the river flow. Katopodis gives guidelines for flow in the passes based on the type of ladder used (see p 23). The fishway flow is also needed to attract the fish to the entrance. The flow pattern at the entrance should be simple unidirectional; otherwise the fish can be confused by complex eddies. Thus training walls may be required to reduce recirculation eddies. Model studies can be used to obtain the best geometry for fish attraction. In some cases electric fields are used to divert and induce fish to move toward the fishway entrance.
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Downstream Migration
Fish especially fingerlings move down river and may encounter spillways, stilling basins, diversion canals and turbines. 

Spillway and stilling basins can kill fish by impact, by exposing them to supersaturated air and by forcing them rapidly through submergence (pressurization) and de-pressurization.  One attempt to reduce this mortality is ski-jump like deflector at the bottom of the spillway chute that deflects the fish along the surface of the stilling basin thus avoiding severe pressurization and contact with the baffles blocks; this methods is mainly for fairly low spillway flows when the reverse roller of he hydraulic jump would not trap the fish. For low head dams (h < 15 ft)  the fish can pass over the spillway and through the stilling basin without too much damage.
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Turbines can kill fish by collision, abrasion and rapid de-pressurization. Two approaches are taken to reduce these effects: a) the fish may be deflected by barrier screens (see text figure 9.31) and the turbines can be design to reduce some impacts (e.g. surface finishes can be smoother and the geometry of the blade tip and clearance can be modified to reduce the number of fish that are crushed..

Inlet deflectors (screens or louvers) attempt to divert the fish to a collection channel and then to a pressure conduit leading to the downstream pool or a tanker truck. The maximum velocity through any screen is critical to the design since high velocities may trap the fish against the screen.  

Fish Exclusion from Other Intakes

It is generally required that fish be excluded from water intakes e.g. at pumping stations and irrigation canals. The ASCE (1962)  manual gives several methods for fish exclusion, e.g.

1. rock filters

2. moving screens

3.  net barrier

4. angled screens

5. electrical screens

6. air screens

Fishway Hydraulics
Design a weir type fish ladder for:

a) subcarangiform fish of length L =  300 mm long;

b) resting area length x ~ Max(10H, 10L)

c) width W ~ Max (5H, 10L)

d) Depth > Q/{W*Vrest}

e) burst zone ~ 3 H

f) water Velocity in burst zone ~ Q/{W*H*0.6}

g) Weir flow Q = C W H1.5 where C ~ 1.8 SI units.

h) use Katopodis Fig. 6.5.
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Figure 6.1 Fish endurance curves.
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Figure 6.5 Swimming distance curves for several fish lengths (Subcarangiform mode).
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Fish ladder at Lower Monumental, Snake River, Idaho
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Figure 10. Orifice and Weir Fish Ladders
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Figure 5.3 Denil fishway design layouts.

Dimensionless discharge (Q.) is a curvilinear (power) function of relative depth of flow (y./b,)
as shown in equation 5.5 (Table 5.2; Fig. 5.4).

Q.= = a(y, b, (5.5)
g obo
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