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Context 

Discharge measurement 

Critical flow conditions 
(Venturi flumes, weirs…) 

Ordinary conditions 

Direct relationship 
between V and h 

Need for only 1 water 
depth measurement 

Need for 2 
measurements 

h and V in 1 cross 
section (presentation of 

Laurent Solliec and this one) 3 

h in 2 cross sections 
(presentation of Sandra Isel) 

determination 



Context 

Cross-section view of the flow 

• Measurement of V 
o “Doppler” devices 

o Profilers (see the presentation of Laurent) 
o Transit time paths (this presentation) 

• Main difficulty = the link between the measured 
velocity (local variable) and the mean velocity 

(needed for the determination of the discharge)? 
• In particular for non-standard gauging stations 

(complex geometry with singularities)! 

Path n°1 

Path n°2 

Path n°3 
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Context 

Cross-section view of the flow 

Path n°1 

Path n°2 

Path n°3 
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In a “perfect” world In the actual world 
(communication problems) 

? 
? ? 

? 
• The whole measurements are not generally lost. 
• For example path n°2 is not working. 

• Advantage of multi-path systems: the whole 
information is not lost! 

• How can we calculate the discharge in such 
degraded conditions? 

(About 15% of loss for the dataset used in this study) 



Objectives 
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• Objective: make discharge determination with 
ultrasonic transit-time method more reliable 
 
– Objective n°1: 

o Development of a methodology for discharge 
determination for non-standard gauging stations 
 

– Objective n°2: 
o Development of a methodology in degraded 

conditions 
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Presented through one test-case: 
the gauging station ‘Milan’ 
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Presentation of the gauging station Milan 

≈ 650 m 

Gauging station “Milan” 

CSO chamber 30° bend 

Dissymmetric 
confluence 

(Mulhouse, France) 

1.60 m 

Path n°1 Path n°2 

Path n°3 

Path n°4 

h1 h2 



Methodology for discharge determination 

Gauging station 
(site, sensor, data) 

Hydraulic analysis 

CFD model 

Q = f(h, V1, V2) 
Measurement 
data h, V1, V2 

Discharge 
Q 

(methodology presented at ICUD 2011) 9 
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• Two paths are immersed: 
 
 
 

• Three paths are immersed: 
 
 
 

• Four paths are immersed: 

Methodology for discharge determination 

2211 05.105.1 SVSVQ ××+××=

44332211 10.106.191.091.0 SVSVSVSVQ ××+××+××+××=

332211 14.191.091.0 SVSVSVQ ××+××+××=



Methodology for degraded conditions 

Q = f (h, V1, V2) 
Measurement 
data h, V1, V2 

Discharge 
Q 

• Optimal functioning: • Degraded conditions: 
• Example: path n°1 (V1) is not working 

? 

Data analysis 

Correlation 
between variables 

V1 = g (h)? 
V1 = g (V2)? 

11 

Q = f (h, g (V2), V2) 



Correlation between variables 
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No simple link between h and V1 
(variable downstream influence) 

Good correlation between V1 and V2 
for high water depths, 

Nothing better for low water depths. 



Results 
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• Comparison between optimal functioning and 
degraded mode (V1 is not working) 

Non-negligible error but: 
• Better than loosing the data! 

• Can be used for the management of the sewer.  
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Conclusion 

Gauging station 
(site, sensor, data) 

Methodology for 
degraded conditions 

Methodology for 
discharge 

determination 
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• Main goal: make the discharge determination more 
reliable. 
 

• Two perspectives: 
• Improvement of the degraded relationships while the data 

are collected. 
• Investigation of more physical degraded relationships 

(velocity profiles…) 
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