
Towards a more sustainable urban 
water management: 
Brussels as case study

Approach based on knowing the physical environment(s) and/or 
mimicking as much as possible the functions of the natural watershed 

setting 
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Introduction

Escaut

50 Km

Brussels = 161 km2 = local water 

management 



1867

Brussels = Water city ?



Major rivers 

Altitude

Rivers now integrated into combined sewer system 



The physical environment

• Sediment of Cenozoic age

• Superficial Quaternary 

sediments

• Clear E-W & N- S differences

• Hilly topography 15 m à 110 m

• Many narrow valleys but with 

steep slopes

• Major variations in porosity and 

permeability of the sediments:

Coarse Sand; very good permeability

Fine sand; good permeability

Clay; very low permeability
4 km



Constant urbanisation: No more escape for excess water

Ferraris 1775 Vandermaelen 1860 Brussels Environment  2008
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Urbanisation = impermeabilization of surfaces

BCR = ~1.1 million people 
+20% in 2050

N

IGEAT, Wolf (2006)

6 km

City surface becomes water tight: 
limited penetration of H2O in the subsurface 



Run-off increases and saturates sewer system: it overflows



Flooding risk increases as more ground becomes impermeable
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Urbanisation
• Increase run-off

• Decrease direct evaporation

• Major decrease in infiltration
• Pollution water/soils/groundwater 

(sewer exchanges)

• Modifies groundwater recharge

Sewer
= New city H2O transport agent

• Collects & transports run-off water + 
when it rains : hydrographic network 

connections

• Infiltration & exfiltration of water = 
exchanges with groundwater 

• Modifies natural water circulation

• Domestic waters evacuation

Forgotten water cycle buried 
under the city

Urbanization = Impermeabilization
given % are approximative



Sewers ~ 150 y old, > 1500 km, repaired 25 km/y : 1.5 G€

de Brouckère - 3



Rain water in sewer system, combined sewers in Brussels and hidden connections

Clean Semi-clean

Dirty

δ18O (18O/16O) traces water masses in city (De Bondt et al. 2018) 



Trace and quantify different water masses: Rain, groundwater, river, 
domestic, meteoritic water: document the  new urban water cycle:

GIS system local to regional water management

Isotopic analyses
∂18O; ∂D; ∂15N

Isotopic analyses to trace urban waters

CRD Picarro L2130i

∂18O ‰ = ((18O /16O)Sample -(18O /16O)STD )) x1000

(18O /16O)STD



Water management: > storm basins + cleaning stations = G€  + ?
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Urgent water interventions 
(1997-2009, Firefighters data)

Valleys

Where does flooding occur ?

N

innudations are not strictly limited to bottom of valleys

http://geoportal.ibgebim.be/webmap/inondation_carte.phtml

IBGE/BIM:  flood-risk map

5 Km

High risk

Moderate risk

Low risk
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The Brussels approach 

Too many floods
People 
not 

happy

Local 
underground 
water reservoir

Problem solved at 
local scale ?

…. next one 

Politicians 
worried



4 Km

Storm 
water 

basins 

= also 
parking

Overflow into the canal

N

What are the (cheaper) alternatives ? 

Repair & 
increase 

capacity 

of sewer 
system

Basins d’orage en fonction

Basins d’orage en projet

Large structures at valley bottom (1€/L Forest)

Smaller structures on elevated topographies: Why ?

Classical solution against floods
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Alternative solutions exist: LID, BMP, SUDS, WSUD,...
• Restoring natural processes (evaporation, vegetation, soil infiltration)

• Decentralized techniques (where rainwater falls)

• Limiting rainwater flowing to the sewer system

Recent: short track record of planning experience on large scale

Complex: influenced by a variety of local parameters 

Multidisciplinary: urban planning, geosciences, hydraulics, architects 

Their application remains too timid in Brussels

Pit fall: no universal technique: distinct LID measures must be selected & applied 

to specific locations and scales depending on local / regional physical 

parameters of the watershed (even in town)

Low Impact Development measures

Colateral benefits: cools the city, recreational, ecological, water-saving/recycling, looks good… 
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Other approaches sustainable, and probably much cheaper

Restauration of ancien water-ways and humid areas 

Keep water up-hill before 
it floods the valleys

In parts of Brussels using 
porous sands in elevated 

areas (yellow) : natural 

storm basin reservoirs. 



Example: using natural storm-water basins

Sand

Clay

Sand

Modified from Moreau (1909)

Slow water transit & storage within the sands:  Sand = natural (& low cost) storm 
basin

Impermeabilization induces surface run off along steep slopes & saturation of 

sewer conduits = flooding in the valley

(Ukkel-Uccle SE BCR)



LID imply (good) knowledge of the 
physical environment in cities

Geomorphology, 
tectonic etc.

LithologiesTopography

Depth 
water-
table

Valley

Slope

Upland Upland

Slope

Valley

Work based on natural 
ground principles
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Urban hydrologic landscape map of Brussels

Upland

Slope

Valley



Deep infiltration

Superficial infiltration

No recommended

Driven by local physical properties

Superficial infiltration



Roofs collect waters

Infiltration measures compensate 

impermeabilization

Floods1999-2005

Zone favorable for 
infiltration measures 

Direct benefit zone

Infiltration measures

Recharge groundwater

Fiche Eco-Construction IBGE/BIM eau001Groundwater



Available at:
http://we.vub.ac.b

e/~urbangeo/hom
eueg.html

The “natural” hydrologic landscape must be used in urban water management, 
use of local conditions to maximize LID measure efficiency

The physical environment controls urban water fluxes:

Flooding occurrences & magnitude, soil & lithology, natural infiltration vs induced infiltration, parasitic water
in/out sewer, type of infiltration practices depending on topo-geologic environments, level of groundwater,

neotectonic…

Landscape differentiation & production of adapted LID tools for 
water management at local to regional scale 

http://we.vub.ac.be/~urbangeo/homeueg.html


AMGC approach to urban water management

Limit (+>> €) to “forced” engineering solutions: instead favor sustainable 
approach based on knowledge of urban water cycle 

and “natural” watershed conditions

Anyone interested ?

Tai-Chi versus boxing kangaroo

Planned versus ad hoc

Active citizen participation 


