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Alluvial plain of the Meuse River
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Coal mining began in Liège in 1195
• collecting coal blocks from coal seams on the 

hillslopes

• then shafts and galleries dug 

… until they were abandoned

(Agricolae, 1657)
Geologica Belgica Luxemburga scientia & professionis

Online webinar, 24 February 2025
6



Drainage galleries
Dewatering 

• buckets and tanks, manually or with horses

• drainage galleries from 13th century 

= areine, arène, araine,

lareine, or lharaine
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Areines

to drain water to a 
lower level than in 
the mining zones

1676
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Areines franches and areines bâtardes

• Areines franches = drinking water supplying 
public and private fountains of the city 

only four gallery network

protected by very strict laws

only flowing water sources until 1680

• Areines battardes = waters from the other 
drainage gallery networks fed directly into the 
rivers
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• 1697: merging of two drinking water drainage galleries
(or areines franches)

• Jean Roland built a new gallery to collect groundwater
from the springs in the Cretaceous chalk at the top of
the marly clay layer, northwest of Liège

• this gallery brought water from the Hesbaye aquifer to
the city’s mills and fountains, demonstrating an excellent
knowledge of the underground

Fontaines Roland
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• the first Cretaceous formation: marly clay layer (= ‘smectite’ )

• at the contact ‘smectite’ - chalk springs along the hillslope 
small streams flowing towards the Meuse River in Liège
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Fontaines Roland
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• five more galleries were built after into the

chalk as an extension of the natural springs

• they fed public and private fountains

• company = the Société des Fontaines Roland
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= 4 areines franches (Houiller)

= 5 “Roland” galleries (Crétacé)

(Dumont, 1856)



Until mid- 19th century
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The drinking water came from:

• Meuse River

• alluvial plain

• areines

• Fontaines Roland galleries.

(ABYSS Spéléo Club)



Mid- 19th century: the need for more water
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In the 19th century, when the 
population of Liège grew to 
nearly 100,000 inhabitants, the 
drinking water supply from 
Meuse River, the alluvial plain, 
the areines and the Société des 
Fontaines Roland was insufficient 
in quantity and quality. 

© City of Liège, Ulysse Capitaine Library

(Dumont, 1856)



André Dumont: application of geology to groundwater research

• 1851, André Dumont, professor at University of Liège 

• note about regional geological knowledge for groundwater 
exploration

• lithostratigraphy of the Cretaceous layers and Cenozoic 
deposits in Hesbaye

• hydrogeologic properties 

• discharge and recharge zones 

• marly clay layer could be considered impervious

• suggested that this aquifer could be pumped or ideally be 
drained for drinking water supply of Liège

Geologica Belgica Luxemburga scientia & professionis
Online webinar, 24 February 2025

16



Mid- 19th century: 
the need for more water
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Gustave Dumont
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The Hesbaye galleries and 
the first known 
potentiometric map

(Dumont, 1856)



International context 

19

• 19th century: progress and innovations in hydrogeology driven mostly by two 

main factors:

• mining operations reached deeper zones and 
required complex drainage/pumping works

• water supply providing safe and sufficient water supply in cities 

this brought geologists and engineers together

new ideas about actual groundwater resources

new ways for pumping/drainage

new ways for mapping/designing projects 



International context 
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• In UK, William Smith in 1827 

rock properties and structures 

water-bearing vs 

water-confining 

• In France, Georges Mulot  

1841 drilled the artesian well 

of Grenelle in Paris 

below Tertiary confining 

marly and clayey layers



International context 
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 In Europe, drainage galleries are used in mines

But … very ancient technique

• ‘qanats’ in Persia (800 years B.C.)

• ‘foggaras’ in North Africa (500 years B.C.) 

• extended over several kilometers, in arid areas

as in China, Afghanistan, …

(Deming 2002, from Beaumont 1973)



International context 
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• in France, Belgrand 1846 

permeable  impermeable 

geological formations 

applied in the Paris Basin 

 in Germany, Bischof 1847 

book about chemical and physical 

geology, with groundwater aspects

 in France, Dupuit 1848 

theory of groundwater flow movement



International context 

23

• In France, the Abbé Paramelle 1832-1853,

expert in groundwater exploration and 
prospection 

based on a clever understanding of local 

hydrological, topographic and geological 

conditions

• More and more dewatering of mines  in 

Belgium, UK, Czech Rep., and in many 
other European regions



International context 
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• in Belgium, in 1851, the Brussels water supply 

from shallow boreholes in Ypresian and Lutetian sands

 in The Netherlands, from 1852, Amsterdam was supplied 
groundwater from coastal dunes using drainage canals



• Darcy’s law (1856): starting point of quantitative hydrogeology
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𝑄 = 𝐾𝐴
∆ℎ

𝐿



BUT … earlier in February 1856: 

a first potentiometric map, in Liège (Belgium) by Gustave Dumont
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(Photo by Damien Pirlot de Corbion)

(Dumont 1856) © City of Liège, Ulysse Capitaine Library



This was the first piezometric map in the world !



Regional context 
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• Liège (Belgium) in the alluvial plain of the Meuse River 

but also on the slopes of the valley

• in the valley, the alluvium lies directly on folded Carboniferous bedrock. 

• on the hills, discordant Upper Cretaceous and Cenozoic deposits cover the 
bedrock (eastern part of the Hesbaye plateau).

1 km



Regional context 
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Liège

Liège 



The potentiometric map of Gustave Dumont (1856)

12

• 1855 Gustave Dumont 

has the task to study the 

feasibility and impact of an 

optimized network of water 

supply galleries in the 

Cretaceous chalk aquifer in the

underground of the ‘Hesbaye’ 

region near Liège

 February 1856: 

official report, 109 pages, in French 
with the world’s first potentiometric map !

titled ‘Carte hydrographique de la Hesbaye aux

environs de Liége’ (literally ‘Hydrographic map 

of the Hesbaye region in the Liège area’)
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The potentiometric map of Gustave Dumont (1856)

- 129 km2

- scale of 1/20,500

- contours every m

- 54 m until 106 m 

above the Meuse 

River (ref level)

- 204 wells 

surveyed from 

March 18 to 

October 6, 1855
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• contours described as ‘the intersection between 

the underground water surface with horizontal 
planes’ (literal translation from French)

• hand-drawn contour lines interpolated between 
the measured values 

• influence of existing galleries in the area

• for two of them, the map also delineates the 
capture zone 

• proposition of an aqueduct gallery and two 

draining ‘lateral’ galleries 

• the outcrop of the base of the aquifer mapped in 
yellow
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small arrows normal to the contour lines

groundwater flow direction 

(in the legend ‘Direction du courant de l’eau souterraine’) 
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… also 4 vertical cross-sections in the aquifer
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© City of Liège, 

Ulysse Capitaine Library



Pioneering nature of the work of Gustave Dumont
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• combined engineering expertise with excellent geological work

well-balanced report with a strong quantitative approach

 delineated the Geer and the Meuse hydrological basins, showed flow 
directions + local discharges or springs

 estimated effective recharge and seasonal variations of the water levels

 warned about dynamic and static measured groundwater levels

 explained that hydraulic gradient is low where hydraulic conductivity is high 

and vice-versa

 explained chalk: anisotropic and fractured medium + local dissolution features

 described groundwater quality (main inorganic constituents)

 provided arguments for optimizing a future network of galleries
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• advised to dig the draining galleries in a parallel direction to the ‘lines of equal 

value of water head’ +  aqueducts to bring the water by gravity to the City

 discussed the ‘influenced’ zones’ + how to optimize their depth in the aquifer for 
avoiding impacts in the many existing wells used for agriculture

 elaborated on how the water flow could be blocked by a simple dam in the 

aqueduct at a location away from the valley and avoiding any local flooding

So,

 innovative study (feasibility, efficiency, potential impacts) 

 a remarkable scientific and technical quality for its time !

(keeping in mind that Darcy’s law was

published later that year)

Pioneering nature of the work of Gustave Dumont



Nowadays, the galleries…
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• aqueduct + lateral’ galleries dug in the following years and extended later

• now more than 40 km of water supply galleries in the chalk

• one of the most important drinking water sources for the City of Liège



International context 
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Gustave Dumont in 1856, 

followed by 

• Delesse (1858, 1862) in 
France, 



International context 
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Gustave Dumont in 1856, 

followed by 

Delesse (1858, 1862) in 
France

Lucas (1874) in the UK 

proposed a scheme for London’s water supply

consisting of digging galleries in the Cretaceous chalk 
(but never practically implemented)

very similar work (lithology, methods and description of 

the hydrogeological conditions)

was reported as the first British map showing 

potentiometric contours (Mather 2001)



International context 
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• Gustave Dumont in 1856, 

followed by 

• Delesse (1858, 1862) in 
France

• Lucas (1874) in the UK 

• Gümbel (1876) and 

Thiem (1876) in Germany

(Gümbel 1876)



International context 
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• Gustave Dumont in 1856, 

followed by 

• Delesse (1858, 1862) in 
France, 

• Lucas (1874) in the UK 

(Mather et al. 2004), 

• Gümbel (1875) and Thiem 

(1876) in Germany, 

• Veeren (1893) and Pennink 
(1904) in The Netherlands 

• King (1899) and Darton 

(1909) in the US.

(King 1899)
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• this first potentiometric map ever was published 

by Gustave Dumont and 

referenced by Prinz (1919), Meinzer (1934) and 

Parker (1986), 

but …has been largely forgotten in the mean time

Meinzer (1934)
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https://doi.org/10.1111/gwat.13123



• the second (and first with FEM) regional groundwater model in Belgium (Dassargues et al. 1988; Dassargues

et al. 1991, Dassargues 1993, Dassargues & Monjoie 1993) 

• nitrate transport studies and local modelling in the saturated zone (Biver & Dassargues 1993; Biver & 

Dassargues 1994;  Biver et al. 1995)

• groundwater flow and solute transport (tracer tests and modelling) in the saturated and partially saturated 

zones with double porosity (Dassargues et al. 1996; Brouyère et al. 2000; Brouyère 2001; Brouyère et al. 
2004)

• many local geophysical investigations, tracer tests, and modelling for protection zones delineation (Hallet 1999, 

Hallet et al. 2000; Dassargues & Hallet 2000; Brouyère & Dassargues 2002; Brouyère et al. 2005)

• regional modelling of nitrate transport including remediation schemas and economical constraints (Orban et al. 

2006; Orban et al. 2010)

• first regional integrated flow model for studying the impact of climate changes on the groundwater reserves, 

including uncertainty assessment (Brouyère et al. 2004; Goderniaux et al. 2009; Goderniaux 2011; Goderniaux
et al. 2011; Goderniaux et al. 2015)

• study of trends for nitrates, pesticides (Battle-Aguilar et al. 2006; Battle-Aguilar et al. 2007; Hakoun et al. 2017)

• new groundwater flow model for studying the impact of extreme drought conditions (Goderniaux et al. 2021; 

Hutzemakers et al. 2024; Hutzemakers et al. in press)

• studying the potential of artificial recharge (MAR) (Glaude et al. in press)

The Cretaceous Chalk of Hesbaye/Haspengouw:
a permanent object of research, example of the last 35 years

45
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• outstanding work having largely 

participated to the birth of quantitative 

hydrogeology and before the 
publication of Darcy’s law

 early steps of geological engineering, 

crossroads between mining 
engineering and geology

 the ‘Liege school of Hydrogeology’ was 

born !

 the main driver is to supply sufficient 

and good quality water for growing 
cities
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