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NEN – Dutch institute
for Standardization
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The Netherlands
• delta region
• 50% below sea level
• polder integrity

 sluices, weirs, embankments, canals

 pumping stations (~ 5,000)

Need for fish protection
• pumping stations are hazards to fish
• European Parliament directive (2000/60/EC)

 preservation of fish habitat

 unobstructed migration of fish
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Developments in the Netherlands
• monitoring of ~20 pumping stations since 2005

• establish relation fish damage versus pump type/size,
flow rate, shaft speed, head, and fish type/size

• review of US studies on biological criteria for fish 
damage

• standards on fish damage assessment:

 Dutch NEN 8775:2020

 European EN 18110
• several new fish‐friendly pumps and turbines

mortality injury
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Research program in USA
• Advanced Hydropower Turbine Systems program 

(AHTS) started in 1994

• strategy: study of biological criteria for injury and 
mortality

• research labs:

 Pacific Northwest National Laboratory (PNNL)

 Oak Ridge National Laboratory

 Alden Research Laboratory

• primary injury mechanisms :

 pressure changes

 shear forces

 mechanical: blade strike, grinding, entrapment
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Pressure changes

• compression:
no adverse effects

• decompression can lead to 
‐ rupture of swim bladder
‐ haemorrhage
‐ release of dissolved gas

• safe margin
‐ physostomes can vent gases quickly

p > 0.3 paccl
‐ physiclists require minutes/hours to diffuse gas 

into the blood
p > 0.6 paccl

physostomes
salmon, trout, catfish, gar, carp, minnows, herring, shad, 
golden shiner, fallfish

physoclistes
perch, bass, bluegill sunfish, crappie

(Cada, Coutant, Whitney, 1997)
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Shear forces

𝑑𝑣௜
𝑑𝑥௝

൏ 500 𝑠𝑒𝑐⁄

Safe margin:

(Neitzel, Richmond, Cada et al., 2000)
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t= blade thickness

Blade strike

(Amaral, Hecker, Dixon, 2011)

correlation for mutilation ratio fMR

(van Esch & Spierts, 2014)
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NEN 8775:2020 / EN 18110:2025  standards
Assessment of fish damage in pumps and turbines:

• Tests with live fish
 choice and origin of fish
 transportation and storage
 requirements set‐up
 preparing and conducting experiments
 assessment of damage, sedation
 number of fish, statistics, and accuracy

• Fish mortality model
 blade strike mortality
 low to moderate head values
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Blade strike mortality model

Model for a pump (simplified)
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axial‐flow pump (Ns = 4.5)
conventional design
D = 2.80 m
Nblade = 4
variable speed drive
Trout 25 cm

Pco

fMR

Pm = fMR .Pco
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Blade strike mortality model



Model for a turbine (simplified)

Blade strike mortality model
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Kaplan turbine (Ns = 4)
D = 0.65 m
N = 88 rpm
Nblade = 4
NIGV = 14
Eel 20 cm

Pco

fMR

Pm = fMR .Pco
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Blade strike mortality model



Kaplan turbine (n = 4)
D = 2 m
N = 88 rpm
Nblade = 4
NIGV = 14

Eel 50 cm

Pco

fMR

Pm = fMR .Pco

Kaplan turbine (Ns = 4)
D = 0.65 m
N = 88 rpm
Nblade = 4
NIGV = 14
Eel 50 cm
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Blade strike mortality model



Model validation

Flowserve
axial‐flow, two‐bladed pump

slanted leading edge
Di = 56 cm

Speed: 200‐380 rpm

Head: 1.4 – 4.0 m
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Model validation
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Blade strike damage vs. specific speed 
Pump and turbine selection:

• range of specific speed values Ns

 low Ns : radial‐flow type
 medium Ns : mixed‐flow/Francis type
 high Ns : axial‐flow/Kaplan type 

• for same duty head and flow rate:
larger Ns smaller size and higher speed

• for same duty and fish length:
larger Ns higher strike probability

& higher mutilation ratio

higher Ns

radial‐flow mixed‐flow axial‐flow

Francis type Kaplan type

cheaper

higher fish damage
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Pump and turbine selection/design
• lower specific speed pump:

 more fish friendly
 larger size & lower speed, 

more expensive

• fewer blades

• leading edges with high slant angle
• thicker leading edges

fish‐friendly pumpconventional pump

Recent developments
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Bedford pumps

Pentair‐Nijhuis

New pump designs

Pump and turbine selection/design
• lower specific speed pump:

 more fish friendly
 larger size & lower speed, 

more expensive

• fewer blades

• leading edges with high slant angle
• thicker leading edges

Recent developments
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Flowserve

Bosman Watermanagement

New pump designs

Pump and turbine selection/design
• lower specific speed pump:

 more fish friendly
 larger size & lower speed, 

more expensive

• fewer blades

• leading edges with high slant angle
• thicker leading edges

Recent developments
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Pentair‐Nijhuis

Natel Energy

New turbine designs

Pump and turbine selection/design
• lower specific speed pump:

 more fish friendly
 larger size & lower speed, 

more expensive

• fewer blades

• leading edges with high slant angle
• thicker leading edges

Recent developments
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Fish damage in low head pumps

Pumping stations:
• mixed‐flow: ND1 = 200‐300 [rpm.m]
• axial : ND1 = 250‐350 [rpm.m]

Decompression

Prime Fluid Management, Webinar, 19 June 2025

(van Esch, 2012)



Fish damage in low head pumps

Pumping stations:
• mixed‐flow: N = 100‐200 [rpm]
• axial : N = 200‐700 [rpm]

Velocity shear
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(van Esch, 2012)



Fish damage in low head turbines

Iso‐pressure surfaces of 110 kPa

Q = 59 m3/s Q = 107 m3/s

H = 4.1 m, N = 88 rpm

Decompression

Drunner = 4 m
Nblade = 3
N = 88 rpm
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(van Berkel, van Esch, Vriese, 2014)

acclimation



Fish damage in low head turbines

Iso‐vorticity 500 s‐1 (orange)

Q = 59 m3/s Q = 107 m3/s

H = 4.1 m, N = 88 rpm

Velocity shear
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Drunner = 4 m
Nblade = 3
N = 88 rpm

(van Berkel, van Esch, Vriese, 2014)
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Blade strike damage vs. specific speed 

Strike probability Pth Mutilation rate fMR

Prime Fluid Management, Webinar, 19 June 2025 (van Esch, 2012)


