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Geographical Information Systems provide a powerful tool for creating three-
dimensional (3D) datasets for sophisticated hydrogeological models. The article
describes a GIS with an expert system interface developed for generating 3D hy-
drogeological frameworks. The system integrates 2D images of elevation and
geology and vertical profile data. Application of the expert GIS to a complex aq-
uifer in South Eastern Sweden is described.

Introduction

The quantity and quality of groundwater resources are increasingly threatened by
e.g. over-exploitation and contamination. Predicting the subsurface movement and
balance of water and contaminants are complex problems (cf. Konikow and Mercer
1988). Generally, the solution of these problems requires integration, compilation
and merging of many disparate data types into a three-dimensional subsurface char-
acterisation of important hydrogeological features (Bork and Rohdenburg 1986;
Peck et al. 1988). The hydrogeological framework can then be used as input into so-
phisticated numerical groundwater flow models. The application of such models re-
quires knowledge of model flow and transport parameters, boundary and initial con-
ditions for each element. This dictates the need for three-dimensional Geographic
Information System (3D GIS) (or 3D Geoscientific Information Systems — GSIS),
for characterisation of hydrogeological features (e.g. Raper 1989: Faunt et al. 1993;
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Fisher 1993). Most present 3D GIS are extensions of 2D GIS, adding the depth, z,
dimension through multiple isometric bedded surfaces of the same x-y-co-ordinate
system and resolution (Raper 1989). This quasi-3D approach cannot represent three
dimensional surfaces like foldings and faults, but may be adequate for homogeneous
aquifers and simpler stratigraphies. If data are in a rectangular grid square (raster)
format each 3D cell is called a voxel (i. e. from volume pixel). This data format is
well suited as input to finite difference models. More advanced models such as dis-
crete fracture network models (usually based on finite elements) must be based on
more advanced 3D GIS models. The coupling between the GIS and the model can be
either loose, the GIS output being used as model input after necessary transforma-
tion of formats, or intermediate, with the GIS data and model data sharing the same
format. According to our knowledge no seamless or totally integrated system is yet
available, but under development (e.g. Batelaan et al. 1996).

This article focuses on the initial phase of local groundwater flow characterisa-
tion, the development of a 3D hydrogeological framework model (AQUIFER). The
model is tightly integrated with the GIS system IDRISI and loosely coupled to the
3D finite difference model MODFLOW (McDonald and Harbough 1988), or alter-
natively, the 2D finite difference flow and transport model MOC (Konikow and
Bredehoft 1984). The ultimate objectives are to assess quantitatively the 3D distri-
bution, direction and rate of movement of contaminants in the subsurface. The arti-
cle describes the application of the framework model to a complex aquifer in South
Eastern Sweden.

Materials and Methods

The hydrogeological analysis undertaken can be divided into four fundamental mod-
ules (¢f. Turner 1989):

a) characterisation of surfaces and profiles, digitising

b) creation of a 3D GIS data base through expert knowledge inference

¢) evaluation of the 3D data set and iterative improvement, sensitivity analyses
d) groundwater recharge, flow and contaminant transport modelling

This article descibes steps a)-c). Step d) has been briefly reported elsewhere (Knuts-
son and Kylefors 1995).

The study area is situated in South Eastern Sweden, near the town of Kalmar (Fig.
1). The esker aquifer studied is used for the water supply of Kalmar town (200 I/s),
and is recharged with water from the nearby stream Hagyan (Horberg and Kylefors
1986). The study was performed because of the construction of a new highway (Fig.
1). The esker has a very complex stratigraphy with highly varying depths. It is
underlain by sandstone with low permeability.
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Fig. 1. Study area, with geological map over the Vassmoldsa esker.

Geology was digitised based on a geological map (Knutsson 1966) (Fig. 1), and
elevation data were taken from digitised contour lines (Fig. 2). These vector data
were transformed to raster format, with resolutions of 25, 50, 100 and 200 metres.
Interpolation of contour lines was done using linear interpolation of vertical, hori-
zontal and diagonal profiles (Eastman 1993). The 200 metre resolution data was
used for a larger area, and a smaller inner area was modelled with data of 50 metre
resolution (Figs. 1 and 2).

Several profile data sources were available. The major data set was approximate-
ly 250 test bore holes made for hydrogeological investigations (Horberg and Kyle-
fors 1986; Knutsson and Kylefors 1995). Typically each profile contains informa-
tion on soil stratigraphy, and depth to bedrock. Later profiles (28 points) also have
information of boulder frequency, colour of return water from flushing, and water
permeability. Apart from these data sets confined to the esker itself, profile data for
production wells and private wells were available through the Swedish well archive
at the Swedish Geological Survey and the local municipality and its consultant (Hor-
berg and Kylefors 1986). Two profiles of seismic data were also available (Aaltonen
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