Design and Operation of
Fish Ladders

Dick Quinn
US Fish and Wildlife Service, retired

And in 10 Minutes — usually 8 hours in my training class



Fish Passage Facilities
Used in Small Rivers



FISH PASSAGE FACILITIES

CHUTE TYPE FISHWAYS
® Denil Fishways (includes steeppass)

POOL TYPE FISHWAYS

® \ertical Slot Fishways

® Pool and Weir Fishways

® |[ce Harbor Fishways

MECHANICAL DEVICES
® Fish Lifts (Elevators) or Fish Locks
® Navigation Locks

BREACHES
® Notches
® Partial or Complete Breaches

OTHER




Hydrology

Very important

Trust us fishway designers -

Older MA DMF P & W fishways very
specific design flows



Conservation of Mass - Continuity

Q=VA b = channel width (m of £).
d = water depth perpendicular to
p VA= pV,A, channelelfotté)mr[()m or fi).
Q = discharge (m*/s or ft¥/s).
where: A;=b,d, V = average velocity (m/s or ft/s).
and A;=b,d, p = fluid density (for water 1000
kg/m? or 62.4 1bm/ft>).

NOTE: the rapidly varied part of the flow is caused by the sudden
change in the cross-sectional area of the channel.
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Station: EAST BRANCH NEPONSET RIVER AT CANTON, MA

Parameter: STREAM FLOW CFS

Year. 1952-2007

State: MA
County: NORFOLK
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Basic (ENG) Biology



OUR FISH
DON'T
JUMP







SWIMMING SPEEDS OF ADULT AND JUVENILE FISH

Chinook

Coho

Sockeye
Steelhead (2'-2.7")
Cutthroat

Brown Trout
Grayling
Whitefish

Shad (12"-14")
Herring (6”-11")
Anchovy

Carp

Goldfish (4”-8")
Suckers

Cod (1.8")
Mackerel (137-15")
Plaice (2.4"-10")
Alewives (2.5"-3")
Mullet (9.5")
Stickleback (4")
Lamprey

Eel (2)

Eel (3')

Eel (5')

Eel (8")

A
Relative Swimming Speeds of Adult Fish
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CHUTE TYPE FISHWAYS

Denil Fishways
(includes Alaskan Steeppasses)
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ENTRANCE JET FOR-FISHWAY

Velocity in Entrance Turn Pool is 1 fps
Normal Depth is 30"
Fishway is 4' wide

To get our 5 fps attraction jet, we need to add boards to the
entrance channel stop log slots

We are in a reduced width section - only 30" wide

Using Continuity Equation

VTURN POOL X A TURN POOL_— Vv ENTRANCE X A ENTRANCE

1 fps x 4' wide x 30" deep = 5 fps x 30" wide x depth ENTRANCE
0.8' = depth ENTRANCE

What this says is that we must add enough boards to the
entrance channel stop log slots so that there is 0.8' of water
passing over the top of the boards, or that theoretically there is at
a minimum 20" of boards in the entrance channel stop log slots.

Because we are increasing our velocity to 5 foot per second, we
are also introducing a lot of additional head losses. Head losses
from a 5 foot per second velocity jet is about 0.4'. Additional
head losses are incurred from the entrance channel structure
itself.

Obviously, no one wants to calculate out the theoretical water
surface elevations for every flow condition that is experienced at
the fishway entrance channel. Hence, to simplify operations, we
recommend that the difference in water surface elevations
between the water surface in the entrance channel and tailwater
be between 4" & 6" at low to normal flows.
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How Important is the fishway entrance??

I Fishway Entrance

The hshway entrance, the cntical hnk to fishway

effectiveness, mmust be designed fo attract fish mn
a tnmely manner: “Ivo fish m = No fish out

(13,14,131). Adeguate atraction flow 15 the most
mmpertant element of a successful passage svs-
em because 1t provides the means of getting fish
o the entrance and providmng them access to the
fishwvay.

Ken Bates -



Boothbay, Maine 04537
207-633-2219

Sheepscot Maching Works
P. 0. Box 406

as selected by the
STATE of MAINE
DEPARTMENT of MARINE RESOURCES
v and

DEPARTMENT OF INLAND FISHERIES AND WILDLIFE

PROVEN ALASKAN DESIGN:
—SLOWS WATER PASSAGE, ENABLING MORE SPECIES OF FISHTO
PASS MORE EASILY, — ARECOMMENDED BY FIELD BIOLOGISTS
—HAS COMPACT EFFICIENCY (Maine's lirst installed 10" x 2* unit

has replaced 28" x 4" wooden danil fishway.)
—|MCLUDES PROVISIONS FOR BASE MOUNTING AND FOR FOUR-MAN

CARRY TO REMOTE LOCATIONS,

—BOLT-0OMN, MULTIPLE UNIT JOINING PLATES INCLUDED.
MODULAR CONSTRUCTION OF ALUMINUM PLATE, SUPERIOR IN;
—COST — estimated 38 - 50% the cost of wood and
17 = 19% the cost of concrete fishways.
—EASE OF INSTALLATION — Saves time and labor,
—LOMNG LASTING DURABILITY.
—MAINTEMANCE FREE.
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Tahle 1.

Steeppass Model "A" Uishway - lydraulic Data

Run No, and . d. Q. A, v o8
Slope Feet Feor [ 108 P sg. ft. F.5. {chozy)
1960-1 0.13 0,16 0. 66 0.19 3,47 5.0
L35 0,76 2.B8 0,80 3.23 6.1
0,379 \onlbd 047 1,07 Ty 1,25 3,57 g, 4
16602 0.13 0.18 0,66 0.21 3,10 y,5
0,35 0.81 Z.B5 0,95 3.03 gy
0,355 o4l 1.01 3,04 1.18 3.08 8.5
1960-3 0. 26 0.5 1.85 0.63 2.94 9,7
0,35 .83 2.83 0.97 2.97 8.8
0.329 0,42 1,05 3. 78 1.23 3.07 B.7
D.u7 1.17 b, 47 1.37 3.26 g.1
1960-4 0. 26 o,60 1.85 a.70 2,64 8,6
0.3% 0,07 2,808 1.02 2,82 8.6
0.306 Yo~ ll O.u2 1,05 3.76 1.23 3,07 5.0
0Ly 1,17 u.u7 1,37 3.26 9.4
1560-5 0. 26 0,34 1.55 0.69 2.GE £.3
0,35 o,k ¢, E8 0,99 2,01 5.3
0.283 O, Ul 1.03 3.4 1. PY 1,01 0.2
0,47 1.18 .l 1.38 3.24 9.7
1960-6 0.25 0,57 .74 0,67 2.60 9,4
0,35 0.B& . EE 1.01 2,85 o,
0,261 0.4l 1.02 3,0l 1,19 3.06 9,8
D47 1.19 Y47 1.39 3.21 10,0
1960-7 0.26 0,61 1,E5 0,71 2,60 9,5
0,35 0,59 2.k8 1.04 2.7 9.3
0.250 VEM & 0.41 1.08 3,04 1,26 3,89 4,4
a.47 1,27 .47 1.u3 3,12 9.9
15608 0.26 0,61 1,85 071 2.60 9.7
0.35 0.90 2.08 1.08 2,74 9.4
0,ul 1,07 3. 54 1.25 2,91 9,6
D, 2349 Q,u7 1,36 07 1.59 2,81 9,0
1960-9 .26 0.G3 1.85 .74 2.50 9.7
.34 0,5t 2.0 1.0 2.50 a.9
0217 vow & g1 1.1L 3,00 1.30 2,80 9,7
0,47 1,206 47 147 3.0 10,2







POOL TYPE FISHWAYS

 |ce Harbor Fishways
e Pool & Weir Fishways
 Vertical Slot Fishways
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Plunging - Weir Flow










Plunging Flow; h = 10" +/-
Streaming Flow; h = 14" +/-



Sample Fishway Sizing Computations — FWS Methods

1. Size Fishway Pools to Accommodate Maximum Rate of
Fish Traffic Which Occurs During Peak Day

2. Peak Hour/Peak Day Normally Produced by Fisheries
Agencies

Approximate Value for Peak Day = Total Run x 10%
Range is 5to 15%

Approximate Value for Peak Hour = Peak Day x 15%
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