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Turbine Entrainment Injury and Mortality
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Passive Sensors
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Pressure sensors
Range +/- 2 or 30 bar 

(+/- 10 or 300 m H20)
Sampling rate 100 Hz
Temperature compensated ✔

Auto calibration to Patm ✔

Length / Diameter 14 cm / 4 cm (BDS)
10 cm / 2.5 cm (RAPID)

Housing material Polycarbonate 
(tube)
Polyoxymethlyene
(end caps)



Fish Backpacks
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Entrainment Pressure Time Series
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Fish-Friendly Pump



Pressure Time Series During Entrainment
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Large Archimedian Screw



Temporal Alignment
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Normalization = time is rescaled from 0 to 1



Pressure Criteria for Injury and Mortality
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Assessing Pressure-Related Risk
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What about swimming activity?
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Sensor and Silver Eel Pump Passage



HPP Kirchbichl - Inn, AT

Bypass

BMBF Project: RETERO
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Hypothesis:

There is no difference in the 
entrainment durations

50 l/s, 50.8 m length, pipe diameter 40 cm 
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*

*Brunner-Munzel Test P < 0.05
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50 l/s, 50.8 m length, pipe diameter 40 cm 



Where we are...
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Pressure-related injury 
and mortality

(LAB)

Strike-
related 

injury and 
mortality

(LAB)

Sensor-based injury 
and mortality

(FIELD)



Conclusions
1. Passive sensors = passage without activity

2. Fish backpacks = passage with activity

3. Must normalize time to compare PS vs. FB

4. Fish activity can be considered in the assessment of 
entrainment injury and mortality
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jeffrey.tuhtan@taltech.ee

Thank You!

Special thanks to: Gert Toming, Andres Ernits, Ine Pauwels, David Buysee, Martin 
Schletterer, Falko Wagner, Oliver Evans, Jon Bolland and Katha Reimann


