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0.95 to 1
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14.2
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0.22
.088
.033
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 fishw
ay design criteria

E
nergy dissipation (W

 m
−3)

●

H
ead loss 60−90 m

m
H

ead loss 100−130 m
m

H
ead loss 130−200 m

m
M

inim
um

M
ode

M
axim

um
●

●
Passage efficiency 25%
P

assage efficiency 75%

Larinier (2008), salm
onids and cyprinids

Larinier (2008), salm
onids

Larinier (2008), cyprinids
O

'C
onnor et al. (2015)
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●

●

●

●
●

●
● ●

●
●

●

●

●

●

●
●

●

●
●
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●
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M
ortality during dow

nstream
 passage

Shear m
ortality

0 to 0.05
0.05 to 0.1
0.1 to 0.15
0.15 to 0.2
0.2 to 0.25
0.25 to 0.3
0.3 to 0.35
0.35 to 0.4
0.4 to 0.45
0.45 to 0.5
0.5 to 0.55
0.55 to 0.6
0.6 to 0.65
0.65 to 0.7
0.7 to 0.75
0.75 to 0.8
0.8 to 0.85
0.85 to 0.9
0.9 to 0.95
0.95 to 1

44.3
12.4
8.70
6.71
5.40
4.42
3.67
3.04
2.52
2.07
1.69
1.37
1.08
0.84
0.63
0.46
0.32
0.20
0.12
.049

0.155 ± 0.18

M
ax. strain rate (cm

/s/cm
)

 100
 200
 300
 400
 500
 600
 700
 800
 900
 1000

10.0
10.0
10.0
10.0
10.0
10.0
10.0
10.0
10.0
10.0

550 ± 290

Barotraum
a m

ortality
0 to 0.05
0.05 to 0.1
0.1 to 0.15
0.15 to 0.2
0.2 to 0.25
0.25 to 0.3
0.3 to 0.35
0.35 to 0.4
0.4 to 0.45
0.45 to 0.5
0.5 to 0.55
0.55 to 0.6
0.6 to 0.65
0.65 to 0.7
0.7 to 0.75
0.75 to 0.8
0.8 to 0.85
0.85 to 0.9
0.9 to 0.95
0.95 to 1

29.2
6.13
3.61
3.38
3.66
4.27
5.09
6.03
6.99
7.69
7.46
5.95
4.01
2.69
1.83
1.15
0.60
0.24
.057
.006

0.294 ± 0.24

Blade strike m
ortality

0 to 0.05
0.05 to 0.1
0.1 to 0.15
0.15 to 0.2
0.2 to 0.25
0.25 to 0.3
0.3 to 0.35
0.35 to 0.4
0.4 to 0.45
0.45 to 0.5
0.5 to 0.55
0.55 to 0.6
0.6 to 0.65
0.65 to 0.7
0.7 to 0.75
0.75 to 0.8
0.8 to 0.85
0.85 to 0.9
0.9 to 0.95
0.95 to 1

53.1
22.7
10.8
5.19
2.76
1.69
1.14
0.78
0.54
0.38
0.29
0.25
0.19
0.12
.053
.014
.002
 0 +
 0 +
 0 +

0.0799 ± 0.094

Design/actual dischage
0.3
0.4
0.5
0.6
0.7
0.8
0.9
11.1
1.2
1.3
1.4

8.33
8.33
8.33
8.33
8.33
8.33
8.33
8.33
8.33
8.33
8.33
8.33

0.85 ± 0.35

Turbine design
Francis F04
Francis F05
Francis F09
Francis F12
Kaplan K02
Kaplan K03
Kaplan K04

14.3
14.3
14.3
14.3
14.3
14.3
14.3

Acclim
ation depth (m

)
 0 1 2 3 4 5 6 7 8 9 10

9.09
9.09
9.09
9.09
9.09
9.09
9.09
9.09
9.09
9.09
9.09
5 ± 3.2

Sw
im

 bladder m
orphology

N
one

Physoclistous
Physostom

ous

33.3
33.3
33.3

Acclim
ation / nadir pressure

 2 3 4 5 6 7 8 9 10

11.1
11.1
11.1
11.1
11.1
11.1
11.1
11.1
11.1

6 ± 2.6

Fish body length (m
m

)
 50
 100
 150

33.3
33.3
33.3

100 ± 41
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B
ayesian netw

orks

•
Key	findings:
•
N.	H

em
isphere	criteria	an	order	of	m

agnitude	too	high

•
Attraction	flow

,	turbine	design	and	pressure	m
ost	

sensitive	design	param
eters

•
Solutions	could	be	near	0%

	or	near	100%
	effective,	

depending	on	design
•
Local	extinction,	decline	in	fisheries	and	ecosystem

	
services	expected	w

ithout	sensitive	planning	and	
design



A
pplications to hydropow

er planning, design 
and m

onitoring



A
pplications

•
Predict	im

pact	of	barrier	for	planning	and	EIA

•
Design	fishw

ays	for	any	target	species	or	group

•
Set	targets	for	fish	screens	and	bypasses

•
Trade-offs	betw

een	cost,	hydraulic	&
	biological	perform

ance

•
Prior	probabilities	for	basic	fish	passage	research


