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In the field of Ultrasonic Flow Measurement, the required accuracy for an eight path
system is generally 0.5% or even better. In order to reach such a high accuracy, all
sources of uncertainties such as travelling times, protrusion effect, influence of the flow
and geometrical uncertainties have to be minimized. The installation of transducers on site
for penstocks with diameters larger than 2 m also requires a very accurate installation
procedure.

Also, because the pipe has to be dewatered during the installation, down time electric
power generation may be costly. For a reduction of such costs, the survey procedure
should be realized in the shortest possible time. Using the adequate installation procedure
as described in this article, the duration for a complete installation procedure can be
reduced to 2 or 3 days if planned properly.

In order to perform such accurate installations, the use of a theodolite system is certainly
the most accurate and efficient way. It allows installation of the transducers with optical
devices eliminating measuring tapes or other inaccurate devices. The presented new
theodolite system allows to measure not only the path-angles but also the distances with
an accuracy of + 0.75 mm with distances up to 150 m. The total station allows the instailer
to measure targets on the surface of the pipe while reconstructing the complete pipe
geometry with the sensor locations in a mathematical space.

Based on the measured points, an extrapolated geometrical shape can be calculated
using a least square method. The second step is to calculate the location of the
transducers in the mathematical space created for the shape approximation. These
coordinates are given to the motorized theodolite and pointed on the pipe surface using a
laser pointer. This allows precise location of the transducers. The last step consists of the
measurement of all characteristic dimensions, the path lenghts Li, the angels ¢i and the
relative distances from the pipe axis di after the installation of the transducers.

This article also presents an application of this instaliation procedure. Ultrasonic fiow-
meters with eight paths have been installed in the Brazilian power-plant Salto Caxias on
the iguau River as well as in the lceland power-plant Sultarthangi. The application of this
methodology in large (11 m and 6 m) diameter penstocks allowed us to reach a very high
accuracy even under difficult conditions. For instance, considering the anguiar location of
the ultrasonic path, the angle installation uncertainty did not exceed 0.2°.
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Integration Uncertainties
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Hydropower Station Zervreila (CH)

Applications and Test Measurement: Zervrella {CH

» Drop 573 m
» Pipe 25m
+ Discharge 20m¥s
¢ Flow Msmnt 8 path
s+ Turbines 5 Pelton
+ El Power 160 MW
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Test Setup

Applications and Test Measurement; Zervreila [CH}

Efficiency Measurement
Applications and Test Measurement: Zervreila (CH
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Hydropower Zevio / Verona (IT)

Measurement Results
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89.2 90.7 1.68%
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Hydropower Castelletto, Treviso (IT)

Measurement Results

Applications and Tes1 Measurement; Castaliatto fIT)
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