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Context 
•  Measurement of the discharge : traditionally 

performed using two measurements in the same 
cross-section: 

    Q(t) = V(t) x S(t) 
     
 

Q = discharge  
V = mean velocity  
S  = cross-sectional area 
h = water level 
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• Main constraints for the wastewater manager 
─  Technical difficulty :   
 
 
─  Operational constraint : maintenance related 

to the submersion of the sensors  
 

 Proposal of an innovative method based on 
water level measurements 
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• Instead of measuring the velocity and the water 
level in one cross-section… 

• Measuring the water level in two cross-sections 
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• Intended for sewers with 
Subcritical flow 
Complex boundary conditions 
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Scope of application  
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Spatial variation Temporal variation   

1D Model: shallow water equations (SW) 
 
 
        Continuity                   Moment   
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Methodology : backwater curves 

1 

• Hydraulic analysis: variation range of hupstream, hdownstream and Q 
=> creation of a data bank 

2 
• Simulations with the 1D model using backwater curves 

3 
• Interpolate the data bank using neuronal network 
• => explicit height-discharge relationship  
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• Characteristics of the Steingiessen collector (Strasbourg): 
o  Circular shape: D = 2620 mm 
o  Mild slope: 0.18% 
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Validation against field data 
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• 3 alternative discharge measurements: 
o2 Doppler sensors (large uncertainties) 
o1 electromagnetic flowmeter (reference) 
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Site-specific abacus 

Discharge contours 

  0 ≤ Q ≤ 5 m3/s depending on the point location 
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Hydraulic behaviour : M1 curves 
Strong downstream influence 
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Hydraulic characterization  
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• Use of the abacus 
• Or a mathematical relationship such as… 
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Q = 

hdownstream hupstream 

Awful equation (neural network) but 
easily implemented in a sensor. 

Assessment of the discharge 
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Backwater curve 

Same results for backwater curves and 
shallow water equations, consistent with 

the EM measurements 
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Wet weather 

Results of the methodology 



ISEL Sandra 
Urban Drainage Modelling 

Propagation of uncertainty : 
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Related uncertainties 

Δh = 10 mm 

The larger the difference of piezometric 
head is, the lower the uncertainty. 
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Conclusion and prospects 
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Gradually varying flow equations Shallow water equations 

Conditions of 
use 

 Subcritical flow 
Complex boundary conditions  

Domain of 
applicability  Quasi-stationary General  

Advantage Easily implementable No need for filtering the inlet data 

Related 
uncertainties - Operational over a few centimeters piezometric head difference 

Upcoming work : limit of application of the simplified 
approach (transient effects ? sewer dimension ? 
influence of the deposit ?) 
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Thank you for your 
attention ! 
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 sandra.isel@engees.unistra.fr 
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