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Context of the study : We always need prior estimates 
of hydrogeological parameters …

DIMENSIONING
systems

RISK ASSESSMENT
studies

GW flow and transport 
MODELLING

+ UNCERTAINTY/SENSITIVITY analyses related to these HG applications

Source image: 
http://www.dsl.fr/gestion-de-projet/rabattement-de-nappe/

e.g. dewatering excavation works e.g. regional scale GW flow modelling e.g. risk of pollutant leaching
and dispersion in groundwater
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As a general context and motivation for this presentation, we can start from a general observation: we often, even always, need prior estimates of hydrogeological parameters in investigations and researches whith groundwater related aspects.
Just a few examples: (1) dimensioning, (2) modelling, (3) risk assessment studies
And, more general speaking but still related to all these aspects, uncertainty and sensitvity analyses which need global ranges and distributions of those HG parameters.



Context of the study (Walloon region context) 
Many databases and inventories but not adequate

http://carto1.wallonie.be/10SousInt/ (SPW)http://environnement.wallonie.be/cartosig/cartehydrogeo/ (SPW)

http://www.walsols.be/ (SPAQuE)

BDHydro

2 main difficulties with these sources of hydrogeological information
• DATABASE STRUCTURE : from general information to detailed hydrogeological data
• DATABASE CONTENT: most often, raw data / hydrogeological parameters not directly available
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If we just take the case of Wallonia, one can observe that there are several to many sources of information available, mostly in the form of regional databases and web-GIS applications: ex: hydrogeological map of Wallonia and its companion BDHydro database, 10-Sous, or more specific databases such as Walsols from SPAQuE.

2 main observations however: these sources of info, even if very useful show two main difficulties:
Their structure from project to data does not make easy the encoding of the most detailed information (results of experiments, resulting parameters)
(2) most probably related to that, their content of often laking with such data 

http://carto1.wallonie.be/10SousInt/
http://environnement.wallonie.be/cartosig/cartehydrogeo/
http://www.walsols.be/


Objectives of the project in this context: 
Collect and organize field-based estimates of hydrogeological data

• Identify relevant and adequate sources of information for collecting field-based
estimates of HG data
Redundancy, reliability, coverage in terms of territory / geology / hydrogeology
contexts

• Develop a database structure that allows storing collected data and tracing
relevant associated information in an efficient way
HG Data  related information (e.g. geology)  general information (study)

• Collect and analyse/criticise available data and store them in the database

• Produce general statistical descriptors of these data
Different possibilities for aggregation (geol, hydrogeol…), recommandations 
on their use…
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So, the general objective here is to start to supply the gap by …



Available sources of information
Regional scale groundwater characterization studies

Synclin’EAU (2009)
(ULg, Unamur, Umons)
ESO-ESU (2016)
(Ulg, Unamur)

MASSOSUDLUX (2014)
(ULg Arlon)

Huygens (1987)
Flamion (1995)

PAH (1996)
(CRAW, FUSAGx, ULg)
ULg PhD theses…

FPMs (1993, 2002)
Electrabel (1992)

UCL (1977), ULB (2000)

FPMs (2000)
LGIH (1993)
Laurent 
(1992)

SGB (1980)

Laurent (1987)
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First of all an inventory of regional studies covering the different (main but not only) hydrogéological contexts of the region.
As shown here, these studies cover already a significant part of the territory even if, practically speaking, it is clear that there are some hydrogeological contexts wihich have been investigated in more details, such as limestone and chalk aquifers and the alluvial plain. Of course less in the Ardenne region where GW resources are less developed..



Available sources of information
Groundwater catchment protection zones

+/- 424 protection zones, among which 145 
from where hydrogeological data can be recovered
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Another significant amoubt of HG information is also located in the numerous reports that have been progressively produced during the last 25 years.
Globally more than 420 protection zones defined and, finally, almost 150 for which the investigations performed around and related reports contain hydrogeological data of interest.




Structure and content of the SERAN geodatabase
for easy encoding and access to hydrogeological data

Spatial coverage « Study Zone » 
to delinate the area of interest and 
properties of each project

Spatial coverage « Point »
to indicate measurement locations 
and their properties

Table-type coverage « Data » 
containing each specific parameter
and associated values
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As mentioned already, the existing HG databases do not have adequate structure to encode and access easily and directly to hydrogeological data and parameters.
So, the choice has been made to develop a specific database with a structure centered on the hydrogeological data.

This database, in fact a geodatabase because of the spatial character of the information, is made of three main « tables ».
The « central » table is in fact here the one that gathers all the information on the hydrogeological parameters (on the right). �The other two tables allow to keep track of all the information related to this HG data. (1) generic information (study zone) and (2) more precise location of the experiment (coordinates etc) 



Structure and content of the SERAN geodatabase

ID ID of the study
Title Title of the study
Authors Authors of the study
Type Type of report
Year Year of publication
GW body Concerned groundwater body
Aquifer_GRER Concerned GRER aquifer
Aquifer_SPAQuE Concerned SPAQuE aquifer
Spatial covery Spatial covery of the study
Data density Data density
GW body note Note abot groundwater body
Aquifer_GRER note Note about GRER aquifer
Aquifer_SPAQuE note Note about SPAQuE aquifer
Contact Contact information

Studies

ID ID of tested well
Name Name of the well
Type Type of point
X X coordinates
Y Y coordinates
Z Z coordinates
ID_RW Walloon Region ID
Lithology Main lithology of the well

Point

ID_Projet ID of concerned study
ID_Point ID of tested well
Date Date of the test
Notes Note about the test
Tracer test Existence of a tracer test
Tracer test distance Distance of the tracer test
Type of test Type of test
K1 Minimum hydraulic conductivity value
K2 Maximum hydraulic conductivity value
K_ref Representative hydraulic conductivity value (geometric mean)
ne1 Minimum effective porosity value
ne2 Maximum effective porosity value
ne_ref Representative effective porosity value
disp_long1 Minimum longitudinal dispersivity value
disp_long2 Maximual longitudinal dispersivity value
disp_long_ref Representative longitudinal dispersivity value
Infiltration Infiltration value

Data
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Here is a more detailed description of the table contents…



Available sources of information
Summary of data available in the database

172 sources of information, among which
145 protection zones and 27 hydrogeological surveys

Types of collected data (795)
- Hydraulic conductivity (773) 
- Effective (transport) porosity (150)
- Dispersivity (150)
- Infiltration rates (7)
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Finally, here is a summary of the hydrogeological data that have been collected and included in the SERAN database. 
Globally, 172 sources of information consulted, 145 protection zones and 27 more general hydrogeological investigation reports.
This has resulted in a dataset of 795 entries, with a strong majority of hydraulic conductivity values and 150 tracer test results.



Data availability by lithology / aquifer contexts
Three main classifications available …

GRER: 7 units EuroWaterNet: 16 units WFD GW bodies: 33 units
GRER Studies Points

Alluvial 9 65
Cretaceous 29 173
Bruxellian 16 47
Limestone 79 330
Sinemurian 6 101

Schist and sandstone 32 76
Unexploitable 1 3

Total 172 795

Studies Points
BE001 Calcaires du bord Nord du bassin de Namur 21 117
BE002 Calcaires carbonifères du bassin de Dinant 40 170
BE003 Craies du bassin de Mons 12 55
BE004 Craies de Hesbaye 11 63
BE005 Sables bruxelliens 15 47
BE006 Calcaires carbonifères du Tournaisis 3 9
BE007 Graviers de la Meuse 8 46
BE008 Craies captives du Brabant 5 36
BE009 Formations jurassiques du Sud-Luxembourg 6 101
BE010 Massif schisto-gréseux de l'Ardenne 31 76
BE011 Massif schisto-gréseux du bassin de Dinant / /
BE012 Calcaires dévoniens du bassin de Dinant 11 29
BE013 Socle cambro-silurien de l'Ardenne / /
BE014 Aquifère du massif de la Vesdre 2 6
BE015 Crétacé du pays de Herve 2 19
BE016 Socle cambro-silurien du Brabant / /

Autre/Multiple 5 21
172 795Total

EuroWaterNet Etudes Points
RWE013 Calcaires de Peruwelz-Ath-Soignies 16 77
RWE017 Houiller 1 3
RWE030 Craies du bassin de la Haine 11 49
RWE031 Sables de la vallée de la Haine / /
RWE032 Craies de la vallée de la Deûle 1 6
RWE051 Sables du Bruxellien 14 57
RWE053 Sables du Landénien (Est) 1 3
RWE060 Calcaires du Tournaisis / /
RWE061 Sables des Flandres / /
RWE080 Craies captives du Brabant 5 39
RWE160 Socle du Brabant 5 14
RWM011 Calcaires du bassin de la Meuse bord Nord 8 45
RWM012 Calcaires du bassin de la Meuse bord Sud 5 13
RWM021 Calcaires et Grès du Condroz 35 157
RWM022 Calcaires et Grès du bassin de la Sambre 4 15
RWM023 Calcaires et Grès de la Calestienne et de la Famenne 8 15
RWM040 Craies du bassin du Geer 10 62
RWM041 Sables et Craies de la Mehaigne 1 1
RWM052 Sables Bruxelliens Haine et Sambre / /
RWM071 Alluvions et Graviers de la Meuse (amont de Namur) 1 2
RWM072 Alluvions et Graviers de la Meuse (Namur - Lanaye) 5 37
RWM073 Alluvions et Graviers de la Meuse (Engis - Herstal) 2 7
RWM091 Conglomérats du Rhétien (Trias supérieur) / /
RWM092 Lias inférieur (Sinémurien) 2 14
RWM093 Lias supérieur (Domérien) 2 7
RWM094 Calcaires du Bajocien-Bathonien (Dogger) / /
RWM100 Grès et schistes du massif ardennais 21 50
RWM102 Grès et schistes du massif ardennais: bassin de la Roer 2 4
RWM103 Grès et schistes du massif ardennais: Semois, Chiers et Viroin 1 1
RWM141 Calcaires et grès du bassin de la Gueule 2 5
RWM142 Calcaires et grès du bassin de la Vesdre 1 3
RWM151 Craies du Pays de Herve 2 19
RWR092 Grès du Luxembourg (Sinémurien - Lias inférieur) 1 6
RWR101 Grès et Schistes du massif ardennais: bassin de la Moselle 2 7

3 77
172 795

Masse d’eau souterraine (MESO)

Multiple
Total

… and maybe a final compromise
Lithology Studies Points K ne αL
Limestone 51 178 176 45 45
Sandstone 10 18 18 5 5

Sand 21 64 63 7 7
Clay 6 10 10 / /

Chalk 30 168 165 49 47
Gravel 7 46 41 9 8
Marl 4 15 15 2 2

Schale and sansdtone 29 80 80 16 10
Undetermined 14 216 205 21 19

Total 172 795 773 154 143
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At this stage, one key question was to associate all these data to specific geological and hydrogeological contexts.
To do that, one option was to use one of the available classification of aquifers available.
First, we had the simplified classification used for the Walloon region soil decree, inherited from previous works



Statistical description of collected data
K values based on main lithological units
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Qq diapos qui décrivent le jeu de données sous forme statistique (cumulative frequency plots, wisker diagrammes…)

1 à 3 diapositives pour les données K
1 diapo pdv effective porosity
1 diapo pdv dispersivités (en précisant que c’est foireux)



Statistical description of collected data
K values based on main lithological units
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Statistical description of collected data
K values based on EU WFD GW Body classification
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Qq diapos qui décrivent le jeu de données sous forme statistique (cumulative frequency plots, wisker diagrammes…)

1 à 3 diapositives pour les données K
1 diapo pdv effective porosity
1 diapo pdv dispersivités (en précisant que c’est foireux)



Statistical description of collected data
Same lithology in different geographical contexts …

Cretaceous chalk Devonian & carboniferous limestone

14IAH Belgium General Assembly - Vivaqua Bruxelles - January 20th 2017

Présentateur
Commentaires de présentation
Qq diapos qui décrivent le jeu de données sous forme statistique (cumulative frequency plots, wisker diagrammes…)

1 à 3 diapositives pour les données K
1 diapo pdv effective porosity
1 diapo pdv dispersivités (en précisant que c’est foireux)



Statistical description of collected data
Transport parameters …

Effective (transport) porosity Longitudinal dispersivity coefficient
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Statistical description of collected data
Transport parameters …

Effective (transport) porosity Longitudinal dispersivity coefficient
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1 à 3 diapositives pour les données K
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1 diapo pdv dispersivités (en précisant que c’est foireux)



Conclusions and perspectives

• Despite the disparity and diversity of HG data sources, interesting parameter distributions 
obtained, with trends reflecting the various HG contexts of Wallonia, in particular

- Porous (loose) aquifers with highest K values and narrow distributions
- Consolidated (fractured) aquifer with lower K values but broader distributions

• Among similar geological contexts, significant differences from one region to another, 
related to different local geological histories / contexts?

• Even if clear differences from one geological context to another, strong variability in the 
ranges of HG parameters (3 to 5 orders of magnitude) 
 ‘a priori’ estimates of hydrogeological parameters will never replace ‘in situ’ 
measurements, at least for more advanced and accurate calculations

• Reliability of transport parameters more questionable, in particular for dispersivity
estimates which are most probably more site-dependent and strongly dependent
of selected transport models and calibration procedures
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Voir si une carte suffit ou plusieurs?



Conclusions and perspectives

• Next steps

- Make the database accessible and available for further data encoding and increased
reliability of datasets (particularly for less documented aquifer / geological contexts)

- Further examination on the variability of HG parameters (both at local and regional
scales)

- Other relevant HG data / information and generalization to other contexts / regions?

- First use of these data : improved referential for the « Guide de Référence pour 
l’étude des risques (GRER) in the context of the Walloon Soil Decree
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