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Multi-purpose management of the Walloon waterways, 
from local to global control of the structures
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1. Introduction, context and goals (Nathan Bertouille-SPW)

2. Optimisation interface presentation (Ludovic Gouverneur-IMDC)

3. Optimisation module presentation (Tim Franken-Sumaqua)



Why a global control of the structures? 

Traffic growth

Climate changeHarmonized waterways management Network complexity

Industries attractivenessEurope connections
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Why a global control of the structures? 

Goal
to guide the permanent worker in choosing 

the optimal action to be carried out on 
waterways hydraulic structures

Optimisation water management real-time tool

Multi-purpose tool:
• Reach and structure security
• Water level for navigation
• Pumps and turbines optimisation
• Ecological minimum flow
• …



PEREX project



PEREX project

Pilote phase Conditional phase 1 Conditional phase 2

Tool for the pilot project Tool for the entire project Follow up

May 2019 December 2021 December 2024 December 2027



Agenda

1. Introduction, context and goals (Nathan Bertouille-SPW)

2. Optimisation interface presentation (Ludovic Gouverneur-IMDC)

3. Optimisation module presentation (Tim Franken-Sumaqua)



00/00/2020

• Security
• Navigability
• Energy
• …

Detailed model 
- HEC-RAS
- Calibration
- Validation

Conceptual model

Optimisation Interface

• Metadata search
• Monitoring
• Analysis and control 

Pilot :  1 river + 1 channel
Wallonia : +- 450 km waterways

future

Decentralized | Local vision Centralized | Global vision | 
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Eau d’heure - Reservoir

Decisions on site Decision from the Perex Center, closed loop

dams, 

pumps, 

turbines, 

reservoirs

now

30 min

Eau d’heure - Reservoir

Control strategy

Web application

Perex project : overview



Web Application Features : metadata | GIS



Metadata associated with each site : 
- Equipements (Turbine power, dimension of the dams) and instrumentation (WL, Q) characteristics

Web Application Features : metadata | FICHES per site



Web Application Features : monitoring | PROFIL VIEW per

Real-time snapshot of a river/channel : discharges, alarms, indicators



Web Application Features : Analysis and Control

Detailed analysis Indicators, definition of the run

Time serie 
visualisation
Input/output

Change operationnal run

Produce “Variante”



Web Application Features : Optimisation dashboard

Automated operational run (every 30 min) for 24h in the future Editing operational run

Edit a previous simulation
Click for in-depth analysis of input/output of a simulation



Web Application Features : Impact analysis (indicators)



Web Application Features : Input/Output analysis
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• Conceptual model starts from HEC-RAS 
model

• Simplified representation of the system

• Intelligent mix of data-driven and physical 
based model concepts:

• Conservation of mass
• Equations of the structures

• Very performant:
• Up to 20.000x speed increase
• 0.004 s / day of simulation

• Written in C++

• Data assimilation integrated

CONCEPTUAL MODEL
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• Parallel Reduced Genetic Algorithm

• Generates many potential control 
strategies within defined limitations:
✓ Can we optimize the structure?
✓ How much / fast can it move?
✓ …

• New strategies generated as:
✓ Mutations of existing strategies
✓ New (pseudo-) random strategies
✓ Cross-overs between optimized 

strategies

• Robust solution for operational tool

• Pilot project contains 19 manipulated 
variables 

SCENARIO GENERATOR
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• Chooses the best potential control 
strategy

• Transparent with different priorities 
and objective functions

• Soft constraints are used within the 
objective function to penalize the 
exceedance of a threshold

• Flexible system with weight matrix 
to shift the importance within a 
priority depending on the situation

• Objective functions incorporate the 
model results of 87 variables along 
the pilot project

SCENARIO SELECTOR

Priority Objective

1 Safety at the structures

2 General safety

3 Navigation

4
Discharge and water level variations, Ecological 
discharges, Economic costs and benefits
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• Optimization reduces the cost of 
the objective functions resulting in 
better indicator values for a variety 
of historical events

• Stable performance across the 
events

• Improvements in the pro-active and 
re-active water management

Results



Upstream

Downstream

• Optimization reduces the cost of 
the objective functions resulting in 
better indicator values for a variety 
of historical events

• Stable performance across the 
events

• Improvements in the pro-active and 
re-active water management

Measurements

Optimization results

Results



Next steps

• Research to improve the current solution:

✓ Analysis of the operational optimizations over the past months revealed that the data assimilation 
module could be improved

✓ Further investigate the effect of the (uncertain) hydrological forecasts on the optimization results

• Testing the current solution:

✓ Link between the optimization tool and the terrain will soon be realized

✓ “Real Life” tests to assess the performance of the optimization in operational setting



Thank you for your attention

Contact:

nathan.bertouille@spw.wallonie.be
ludovic.gouverneur@imdc.be
tim.franken@sumaqua.be


