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ABSTRACT 

The western part of the south bank of the Western Scheldt has, through its last thousand 

years of history, been known as a highly dynamic coastal groundwater system. It is a 

transboundary area located on the coastal plains of Belgium and the Netherlands. It is 

characterized by tidal mud-flats, tidal gullies, marshes and dunes that have been subject to 

natural developments (sea level rise and storm surges) and human influences (construction of 

dikes and drainage systems for land reclamation, construction of canals for shipping and 

military inundations). These historic events and their influence on the landscape are pretty 

well documented, especially from the year 1500 onward: written literature is available, as 

well as historical paintings of the area and reconstruction land maps. To be able to simulate 

the fresh-salt water distribution over the past 1000 year in this dynamic coastal area, 

representative sets of historical boundary conditions had to be derived. As the type of land 

and the topography appear to be main drivers of this hydrogeological setting, reconstruction 

maps of both these characteristics were created based on the available documentation and the 

know landscape forming processes. A combination of these reconstruction maps with the 

present day boundary conditions lead to the derivation of the historical conditions. Another 

important characteristic to incorporate in this model was the sea level fluctuation. A 

challenge this study entailed, was the transboundary nature of the study area (Belgium – The 

Netherlands). Both countries have their own specific datasets (e.g. hydrogeological 

classification of the subsoil, chloride concentration maps) which do not always show a 

perfect fit at the border. A correlation between the different datasets was necessary to 

construct a stable and representative model. This study focused on the different steps that 

had to be run through to construct a working groundwater model of this dynamic coastal 

area, rather than on the results of the model. The software used to construct the groundwater 

model is MOCDENS3D. 

INTRODUCTION      
The construction of a numerical variable-density groundwater model requires the input of 

hydraulic conductivities of the different depositional facies, external sources, boundary 

conditions and an estimate of the fresh water head and fresh-salt water distribution at the 

start of the simulation. In addition, a set of boundary conditions of a historical period have to 

be deduced: a possible technique to derive these historical boundary conditions is tested 

here.  

 

This study was conducted in the western part of Zeeland Flanders (NL) and the northeastern 

part of West Flanders (BE) and the northern part of East Flanders (BE). In the north it is 

enclosed by the estuary of the Western Scheldt, in the south by the higher tertiary areas. 



What makes this area perfectly suited for this research on palaeohydrogeological processes 

affecting the fresh-salt water distribution is that, in the past 1000 years, it has been known as 

a very highly dynamic coastal area. It is characterized by tidal mud-flats, tidal gullies, 

marshes and dunes that have been subject to natural developments (sea level rise and storm 

surges) and human influences (construction of dikes and drainage systems for land 

reclamation, construction of canals for shipping and military inundations). These historic 

events and their influence on the landscape are well documented, especially from 1500 

onward. Written literature is available, as well as paintings of the area and reconstructed land 

use maps. 

 

The subsoil consists of quaternary deposits which have a thickness of 20 to 25m. It consists 

out of clayey overbanked deposits, sandy creek deposits, peat layers, sand dunes, loam and 

pleistocene deposits. Beneath the quaternary deposits, the tertiary Bartoon clay occurs. The 

tertiary deposits consist of an alteration of predominately fine sandy aquifers and heavy clay 

aquitards.  

METHODS 

The historic evolution of flow and fresh-salt water distribution in this dynamic coastal 

environment is simulated using MOCDENS3D. This code enables the simulation of 3D-

density dependent groundwater flow and coupled solute transport. For this modeling exercise 

in specific, special attention is given to the discretization of the historical boundary 

conditions and to the elaboration of the transboundary data sets. 

Elaboration of transboundary data sets 

Both Belgium and the Netherlands have their own available data which doesn’t stretch out 

far into the other country, so a combination of both sets had to be made. Not all available 

datasets showed a perfect fit at the boundary and unconformities were corrected. A 

correlation was made between the hydrogeological subdivision of the subsoil in the 

Netherlands (REGIS II classification) opposed to the hydrogeological subdivision in 

Flanders (HCOV classification). This hydrogeology stays fixed throughout the model. For 

the correlation between the datasets on rivers, drainage and such, the available data of each 

country was accounted to their own respective areas. 

Evolution during the past millennium: deriving historical boundary conditions 

For a reliable reconstruction of the fresh-salt water distribution during the past millennium, it 

is essential to have a good understanding on the dynamics of the coastal area.  The changing 

positions of the gullies, the tidal areas, the dunes and the reclaimed land, with its 

accompanying drainage systems, need to be translated into boundary condition for every 

stress period. These boundary conditions are main drivers controlling the ongoing dynamic 

processes in the coastal groundwater system (viz. fresh water recharge and upward salt 

groundwater flow).  

 

All available documentation which contributes to the understanding of this landscape 

during the past millennium was collected (e.g. Wilderom 1973; Brand 1993). An appeal was 

made on sources from literature, reconstructed land maps and even historical paintings. 

Documentation on the period 1000 to 1500 is rather limited, available maps are mostly 

reconstructed in later periods. From 1500 on, more information is available. This lead to the 

following subdivision of the time: the timespan from the year 1000 till present has been 

subdivided into a total of fifteen stress periods: from 1000 till 1500 it is covered in steps of 

100 years and from the year 1500 till present, it is subdivided into periods of about 50 years. 



 

 

For each of the chosen years, a map is constructed on which six types of land at the surface 

are indicated. Each of these land types has its own characteristics with regard to the 

topography and will interact differently with the groundwater reservoir (they have different 

recharge rates, drainage levels, presence of rivers, …). The six considered land types are: 1. 

Sea or gully: have a surface level beneath the lowest water level of the sea; 2. tidal area: due 

to tidal movements of the sea, this surface is only temporarily flooded; 3. peat: a very plane 

area with water levels close to the surface level, but the area is not flooded; 4. reclaimed 

land (polder): water levels are determined by human interference; 5. dune: higher terrain 

with better permeable sediments, this area usually acts as replenishment for the groundwater 

reservoir with fresh infiltration waters; and 6. a transition zone between reclaimed land and 

the higher inland tertiary zone: located in the south of the study area, north of the higher 

sandy loam area, in which the water table is located deeper beneath the surface, as such no 

active drainage is needed to keep the area dry. 

 

In order to make a good estimate of the historic upper boundary conditions, it is crucial to 

have a good view on the topography, as the topography acts as an essential factor 

controlling the groundwater flow in four of the indicated land types: tidal area, peat land, 

reclaimed land and the transition zone between polders and higher inland tertiary area. As 

no DEM files of the historic landscape are available, it was necessary to make an approach 

on the topography as it was at that time. This was realized by using the present DEM 

combined with the known landscape forming processes in each of the specific land types 

(e.g. subsidence of peat, inversion of topography at creek deposits). 

 

 
Figure 1. Historical upper boundary conditions: types of land at the surface (left) and 

DEM (right) from +6 to -8 mTAW (= around +4 to -6 m MSL). 

 

The combination of the reconstructions maps of the land types, the historical topography 

reconstruction and the present day upper boundary conditions leads to a set of historical 

upper boundary conditions (recharge, drainage and rivers).  

Sea level variation 

When simulating the groundwater flow over longer periods of time, sea level rise is an 

important factor to incorporate into the model. Several sea level reconstructions that go back 

till the year 1000 were analyzed and the model of van Kemp et al. (2011) was chosen as the 

most suitable one.  



 
Figure 2. Methodology to derive historical boundary conditions. Light grey: available 

input, white: intermediate steps, dark grey: output of the historic boundary conditions. 

RESULTS 

The combination of the discretization of the hydrogeological setting of the area, the 

historical upper boundary conditions and sea level variation resulted in a simulated historical 

evolution of the fresh-salt water distribution in a dynamic coastal environment over the past 

millennium. However, these results are not discussed within this paper, which has its focus 

on the construction of the model. More information on the results can be found in 

Vandevelde et al. 2012. 

CONCLUSIONS 

A model was constructed of the fresh-salt water distribution in the past millennium in a 

highly dynamic coastal groundwater system. The transboundary nature of the study area 

made a correlation of the different available datasets a necessity. Furthermore, a method to 

derive historical upper boundary conditions was presented. This method relied on the 

reconstruction of land maps where a subdivision into six types of land was made. Each type 

of land shows its specific hydrogeological characteristics responsible for its historical 

evolution of the fresh-salt water distribution. 
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