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MOTIVATION

legal obligation to
improve river quality

Over 56% Austrian till 2027 (WFD)

electricity is
hydropower (EEOe, 2018)

Hydropower dams are
obstacles for migratory
fish

(Buadoin et al., 2015)

Habitat
defragmentation leads

to fish stock decline
(Larinier, 2001)
Figure 1. Schematic representation
of the project motivation

Fish passages

enable
upstream
migration

Different key stimuli to attract
fish: flow, sound, temperature

Flow pattern at the fish passage entrance
influences discoverability (Larinier, 2002a)

Model predictions of flow patterns
near fish passages exist, but they
are not confirmed by field studies

Clear understanding of
actual flow patterns is
required
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get a better understanding of
Optical analysis actual flow patterns near fish

of Surface passages

Velocity Fields potential role in
(SVFs) near fish discoverability
passages at dependence on different

hydropower operation modes of
dams from h droower nlants

airborne provide hydraulic engineers , T e
imagery With data for model : : < | . 4 Figure 2 (left) and Figure 3

(top). Examples of surface

performance assessment Ay BN ciocity ficlds




— Capturing video data or image sequences of the flow that
contains visually identifiable tracers (natural or artificially
introduced)

— Image preprocessing (contrast enhancement,
orthorectification, stabilization)

— Pairwise comparison of images, analysis of displacement of
tracer particles and vector calculation

— Image scaling, vector validation and filtering

— Comparison with reference data (e.g. obtained with an
Acoustic Doppler Current Profiler)

Desktop Mobile

ADMFlow Ml Fudaa-LSPIV
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Particle Image Particle Tracking
Velocimetry PIV Velocimetry PTV
PIV is most Figure 4 (left) An example of PIV application,

commonly used adopted from Le Coz et al., 2014, S. 26
for river flow Figure 5 (right). An example of raw PTV
analysis results, adopted from Dal Sasso et al., 2018,
Fig. 8b S.460

(Nezu & Sanjou, 2011)



NOVELTY & CHA

Figure 7. Turbulent flow and a confluence at

Figure 6. Scale of the test site
the test site

1. Large test site dimensions 2. Turbulent flow caused by hydropower plant
- Previous studies deal mostly with rivers up to 15 m operation

wide, maximum 35 m*
- Camera height over 50 m - large errors**
- Big volumes of large tracers needed
* Dal Sasso, Pizarro, Samela, Mita, & Manfreda, 2018; Detert et al., 2017; Kantoush et al., 2011; Tauro et al., 2016; ** Lewis & Rhoads, 2018a, 2018b

3. Presence of a confluence
No previous studies in such conditions




Desktop Software

OpenPIV Open Source.
Camera platform PIVlab Tailoring possible. \
Remotely Piloted Aircraft Balloon in-house implementations
System (at later stages)
1 |

Tracers 4
Video of 4096 x 2160 px |  Targetimage
resolution 2-3 cm

at 25 fps eco foam (corn)
or imagery of up to 32 Fixed reference liquid (beetroot juice)
mpx at 5 fps in burst regions for image 2 :

mode stabilization

. . ) Validation Reference velocity values
Possible: synchronized use of multiple e oNid ey th ISt o meE

cameras from multiple platforms
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EXPECTED RESUL

: Statically visualized
Surface Velocity (e.g. Fig. 7)

Fields

Converted to an exchange format
(e.g. netCDF) determined by the
customer

Documented
procedures

Data processing (image
stabilization, preliminary filtering,
validation and post-processing)




Figure 10. Test site of the small-scale experiment: A. As presented in Kdrntner Atlas (https://qis.ktn.qv.at/atlas/); B. Captured during experiments on Jan. 11, 2019
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https://gis.ktn.gv.at/atlas/

Compromise between the field of view, the resolution and
the level of error caused by vibration
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Figure 11. Capturing flow data from 3 different heights. A: height 75m, both banks
in the frame; B. height 50m, banks only partially seen, fish ladder entrance not

captured; C. height 25m, outflow from the turbine outside of the frame
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Figure 13.

A: Field of view with
matched reference
regions;

B, C, D, E: Reference
regions

in-house implementation of a video
stabilization tool based on OpenCV
libraries

. Find stable reference regions (RRs)
present in every frame

. Locate RRs in the model frame,

store locations of their centers as
target locations

. Locate RRs in each consequent

frame, storing the displacements
between their centers and the
target locations

. Shift and/or rotate each frame

respectively to the displacements




¥/ W \g | ¢
% TN
A A \

QO
S
=
Q.
<
X
2
e
5}
—
S
S
2
(@]
&}
V)
.
>
()
-~
o
5}
RS,
>
<
<
~
\5}
~
S
D
w




Adrian, R. J. (2005). Twenty years of particle image velocimetry. Experiments in Fluids, 39(2), 159-169.

Buadoin, J.-M., Burgun, V., Chanseau, M., Larinier, M., Ovidio, M., Sremski, W., et al. (2015). Assessing the passage of obstacles by fish: Concepts, design and application : the ICE
protocol for ecological continuity. Knowledge for action: Vol. 11. [Vincennes]: Onema.

Dal Sasso, S. F.,, Pizarro, A., Samela, C., Mita, L., & Manfreda, S. (2018). Exploring the optimal experimental setup for surface flow velocity measurements using PTV. Environmental
monitoring and assessment, 190(8), 460.

Detert, M., Johnson, E. D., & Weitbrecht, V. (2017). Proof-of-concept for low-cost and non-contact synoptic airborne river flow measurements. International Journal of Remote
Sensing, 38(8-10), 2780-2807, from https://www.researchgate.net/publication/317017505_Proof-of-concept_for_low-cost_and_non-
contact_synoptic_airborne_river_flow_measurements.

EEOe (2018). Wasserkraft. Retrieved November 07, 2018, from Erneubare Energie Osterreich: http://www.erneuerbare-energie.at/wasser/.

Kantoush, S. A., Schleiss, A. J., Sumi, T., & Murasaki, M. (2011). LSPIV implementation for environmental flow in various laboratory and field cases. Journal of Hydro-environment
Research, 5(4), 263-276.

Kim, Y., Muste, M. V. |., Hauet, A., Krajewski, W. F., Kruger, A., & Bradley, A. A. (2008). Stream discharge using mobile large-scale particle image velocimetry: A proof of concept. Water
Resources Research, 44(9), 261.

Larinier, M. (2001). Environmental issues, dams and fish migration. In G. Marmulla (Ed.), FAO fisheries technical paper: Vol. 419. Dams, fish and fisheries. Opportunities challenges
and conflict resolution (pp. 45—89). Rome: FAO.

Larinier, M. (2002a). Fishways - General considerations. Bulletin Francais de la Péche et de la Pisciculture. (364 supplément), 21-27.

Larinier, M. (2002b). Location of fishways. Bulletin Francais de la Péche et de la Pisciculture. (364 supplément), 39-53.

Le Coz, J., Hauet, A., Pierrefeu, G., Dramais, G., & Camenen, B. (2010). Performance of image-based velocimetry (LSPIV) applied to flash-flood discharge measurements in
Mediterranean rivers. Journal of Hydrology, 394(1-2), 42-52.

Le Coz, J., Jodeau, M., Hauet, A., Marchand, B., & Le Boursicaud, R. (2014). Image-based velocity and discharge measurements in field and laboratory river engineering studies using
the free FUDAA-LSPIV software. In River Flow 2014: International Conference on Fluvian Hydraulics, September 3-5, 2014. Lausanne, Switzerland .

Lewis, Q. W., Lindroth, E. M., & Rhoads, B. L. (2018a). Integrating unmanned aerial systems and LSPIV for rapid, cost-effective stream gauging. Journal of Hydrology, 560, 230-246.

Lewis, Q. W., & Rhoads, B. L. (2018b). LSPIV Measurements of Two-Dimensional Flow Structure in Streams Using Small Unmanned Aerial Systems: 1. Accuracy Assessment Based on
Comparison With Stationary Camera Platforms and In-Stream Velocity Measurements. Water Resources Research, 23(1), 261-279.

Nezu, l., & Sanjou, M. (2011). PIV and PTV measurements in hydro-sciences with focus on turbulent open-channel flows. Journal of Hydro-environment Research, 5(4), 215-230.

Tauro, F., Petroselli, A., & Arcangeletti, E. (2016). Assessment of drone-based surface flow observations. Hydrological Processes, 30(7), 1114-1130.



EUROPEAN COOPERATION
7 IN SCIENCE AND TECHNOLOGY
Mq‘-%‘ -//

Aif’“/":/ —

FISH STREAM

DETERMINING THE SURFACE VELOCITY FIELDS
NEAR FISH PASSAGES AT HYDROPOWER DAMS

y e
W

DARIIA STRELNIKOVA
D.STRELNIKOVA(@FH-KAERNTEN.AT



