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Abstract

In many areas where uranium has been or is explored, an enormous amount of data on geology and
hydrogeology is available. When these uranium exploration data are stored in a structured way, they can be made
useful for other purposes than uranium exploration only. For instance, in case of environmental pollution, which is
often a side-effect of uranium activities such as mining and leaching, the data can be used to develop a computer
model of the environment. With such a model impacts can be calculated of different scenarios for cleaning up or
isolation of the pollution. A GIS can be used to store the data, to visualize the data (map production) and to analyse
the data, but also to calculate input for the models. The advantages of using GIS and models as tools for decision
support are explained with the Contaminant Transport Information System (CTIS) as a case study. The CTIS has been
developed for remediation operations in the uranium mining area Striz pod Ralskem and Hamr in the Czech Republic.
The CTIS consists of a GIS database, a regional groundwater flow model and a local contaminant transport model
as well as interfaces for data transfer between the components of the information system. The power of the CTIS lies
in the fact that the modelling necessary for the design of a remediation operation can be carried out efficiently by
using one of the two models, depending on the specific question. Thus alternative remediation scenarios can be judged
easily and fairly on their consequences and effectiveness.

1. URANIUM EXPLORATION DATA: SHIFT TO ENVIRONMENTAL DATA

In many areas where uranium has been or is explored, an enormous amount of data is
available. Initially the data concentrated on the existence and distribution of uranium as well as the
uranium contents of layers. However environmental pollution caused by uranium exploration and
exploitation requires more and more attention. Therefore data are coming available on the quality of
the air, soil, groundwater and surface water.

Environmental pollution due to uranium activities can be caused in several ways:

mining and milling;
leaching: chemical leaching, underground leaching or heap leaching;
tailing ponds and waste dumps of ore or waste rock.

Due to these uranium activities the air, soil, groundwater and surface water will be
contaminated to a certain extent. To determine the amount of environmental pollution all kind of data
are measured and collected. In some cases a monitoring system is set up to be able to monitor the
environmental pollution.

The available data can be very diverse, such as:

geological data: depth, thickness and contents of geological layers, including uranium content;
hydrogeological data: depth and thickness of aquifers and aquitards, groundwater levels,
groundwater quality data;
surface water data: surface water levels, discharge and quality;
meteorological data: precipitation and evaporation;
air data: wind directions and velocity, air quality.
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2. ADVANTAGES OF USING GIS

When these data are stored in a structured way, they can be made useful for other purposes
then uranium exploration only. For instance in case of environmental pollution the data can be used
to determine the hazards for public health and to develop strategies for cleaning up the environment
or prevent distribution of the pollution.

A Geographical Information System (GIS) can be used to store the data in a structured way.
Setting up the structure of the GIS database and filling the database is often a labour-intensive job,
but the use of the GIS database has a lot of advantages. The main advantages are that maps can be
produced in a quick and cheap way, maps can be easily updated, geometrical data are automatically
calculated by the GIS (lengths, areas, volumes), statistical data can be generated from the data
(minimum, maximum, average, standard deviation), new data can be derived of existing data without
changing the original data and selections or generalisations of maps can be explicitly defined.
Moreover maps of different scales can be easily overlain and compared in a GIS and it is easy to
experiment with different layouts of maps.

The main functions of a GIS can be characterized as follows (Fig. 1):

data input: a GIS has many tools to enter data into the digital database, eg. by digitizer,
scanner, mouse or keyboard;
data storage and database management: the data can be stored in a structured way in the GIS
by means of the (relational) database management system (DBMS);
data output and presentation: the GIS can be used to visualize the data in maps, tables, charts
or 3D-surfaces. All kind of data layers can be combined into one map, such as measured data
(boreholes) and interpreted data (eg. distribution of a parameter);
data transformation: data transformation can be divided into three different functions:
• maintenance: tools for updating the data or remove errors;
• interpolation: data can be interpreted or new data layers can be generated by

calculating contour lines, 3D surfaces, Thiessen polygons or by kriging the data;
• analysis: maps can be analyzed by using overlay techniques. The result of the overlay

becomes available as a map. In case a map with the distribution of the environmental
pollution is overlain with a land use map, the resulting map will show for instance
which agricultural areas are located within the polluted area.

3. ADVANTAGES OF USING COMPUTER MODELS

Computer models are a simulation of the reality. Models are set up with a certain purpose,
namely to calculate an existing or future situation. In case of environmental pollution possible
computer calculations can be:

existing situation: to calculate an existing situation is necessary to calibrate the model as well
as to generate a reference situation in case of scenario calculations. Models are usually
calibrated by comparing measured data with calculated data;
zero scenario: to calculate a future situation in case no measures are taken to improve the
pollution situation;
stabilize scenarios: to calculate the impact of scenarios to prevent the distribution of pollution;
cleanup scenarios: to calculate the impact of scenarios to clean-up the pollution.

4. DECISION SUPPORT SYSTEM

The data that are stored in the GIS can be used as input parameters for the modelling of the
environment. By coupling the GIS with one or more models a powerful tool becomes available for
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FIG. 1. The main functions of a GIS [I].

environmental management. The GIS can be used for the data management and the presentation of
data into maps, while the models can be applied to calculate the impact of scenarios. A decision
support system (DSS) is one step ahead of the coupling of GIS and models. In a decision support
system the user (decision maker) can develop strategies for improvement of the environment. The data
necessary to calculate the impact are retrieved by the DSS from the GIS and the models calculate the
impact, the output of the models is redirected to the GIS and displayed to the user. The user has the
possibility to compare several scenarios, which will lead to a better understanding of the impacts of
potential measures to improve the environment. Therefore the DSS will help to generate useful
scenarios as well as facilitates the process of making a decision.

5. CASE STUDY: CONTAMINANT TRANSPORT INFORMATION SYSTEM

The advantages of using GIS and models as tools for decision support are explained with the
Contaminant Transport Information System (CTIS) as a case study. The CTIS has been developed for
remediation operations in the uranium mining area Straz pod Ralskem - Hamr (see fig. 2) in the
Czech Republic [2]. The Contaminant Transport Information System has been set up for the Czech
uranium mining company Diamo s.p. in the frame work of the bilateral Programme for Cooperation
with Eastern Europe (PSO) of the government of The Netherlands.

The CTIS consists of a GIS database, a regional groundwater flow model and a local
contaminant transport model as well as interfaces for data transfer between the components of the
information system. The power of the CTIS lies in the fact that the modelling necessary for the design
of a remediation operation can be carried out efficiently, based on a GIS database coupled with two
models. Thus alternative remediation scenarios can be judged easily and fairly on their consequences
and effectiveness.

5.1. Background

A large uranium deposit is found in the northern part of the Czech Republic near Straz pod
Ralskem (see fig. 2). The uranium is present approximately 200 meters below the ground surface.
The exploitation started in 1967 with the excavation of conventional underground mines. Later in-situ
hydrochemical leaching was introduced. A large number of injection and extraction wells has been
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FIG. 2. Location of area of interest.

implemented in some 30 so-called 'leaching fields'. An hydraulic barrier has been installed in between
the mines and the leaching fields. The barrier consists of about 200 wells that inject water and
prevents the migration of the leaching fluid away from the leaching fields towards the mines. The
hydrogeological scheme is shown in fig. 3 and described in more detail in [2, 3].

The leaching of the uranium ore has caused a major groundwater contamination extending
over ±20 km2. Huge quantities of the strongly oxidizing and acidic leaching fluid have been injected
and a large volume of this fluid is still present. Near the surface the groundwater has been
contaminated by spills and leakage from processing plants and transport pipe lines as well as defective
casings of the injection and abstraction wells of the leaching fields. The major constituents of the
contamination, both near the surface and at depth, are heavy metals (mainly aluminum) and sulphate.
The average density of the leaching fluid is about 1050 kg/m3, so that density differences have a
significant influence on the groundwater flow. The deep contamination poses a long term threat to
the groundwater in a large part of the Czech Republic. The shallow contamination is of immediate
concern for the local drinking water supply.

5.2. Why developing an Information System?

Remediation of the aquifers is considered necessary, but it will be a very large, expensive and
time consuming operation. A detailed investigation of the present situation and of possible remediation
scenarios is of paramount importance. The costs invested in the investigation will save expenses in
the actual remediation. For this investigation a Contaminant Transport Information System has been
built (CTIS).

The extend and severity of the contamination in the Straz pod Ralskem area require a
thorough investigation prior to the design of any remediation operation. Numerical modelling of the
groundwater flow provides a powerful tool in predicting the effectiveness of various remediation
scenarios. The modelling has been based on the large amount of data that is available and on new data
that have been collected. The data have been stored in a database that is easily accessible and that also
allows new data to be added.
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5.3. The Contaminant Transport Information System (CTIS)

The entire Straz Block (180 km2) had to be covered by a numerical model because of the large
influence of the uranium exploitation operations on the groundwater flow and the lack of natural
boundaries within the block. On the other hand, the density differences in the area of the leaching
fields and the intricate geology required a large amount of detail and hence a large model resolution.
These conflicting demands can not be met by one single numerical model. Therefore, the various
aspects of the contamination and possible remediation scenarios have been investigated using different
models (regional and local).

Consequently a large amount of information had to be transferred between the database and
the models and mutually between the models. To ensure efficient data transfer and to avoid the
introduction of errors, the Contaminant Transport Information System (CTIS) was constructed,
combining the models and the database.

The information system consists of the following components (fig. 4):

a database, set up in the Geographical Information System ARC/INFO;
a regional groundwater flow model using TRIWACO;
a local groundwater flow and contaminant transport model using METROPOL;
a GIS-model interface between ARC/INFO, TRIWACO and METROPOL.

To get an idea of the density of information and the accuracy of the calculations, some
characteristics are given here:

ARC/INFO
TRIWACO
METROPOL

15.000 boreholes
quasi-3D
fully 3D

1.000 observation wells
2537 nodes 4925 elements
6944 nodes 5670 elements

3 layers
8 layers

In figure 5 an example is given of piezometric heads calculated by TRIWACO for the upper
Turonian aquifer and for the lower Cenomanian aquifer.
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FIG. 3. (Hydro)geology of Strdz Block.
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FIG. 4. Contaminant Transport Information System (CTIS).

FIG. 5. Calculated piezometric heads (TRIWACO) of the upper Turonian aquifer (top) and lower
Cenomanian aquifer (bottom).
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6. CONCLUSIONS AND EVALUATION

The case study shows that the Contamination Transport Information System ensures a solid
base for risk analysis of remediation strategies that will have to be carried out for the Straz pod
Ralskem uranium mining area. Combination of model results with other data in the GIS database
allows one to judge alternative remediation scenarios easily and fairly on their consequences and
effectiveness. Thus intercomparison of such scenarios has become possible.

The necessity of environmental management in uranium mining and milling areas is also clear
from the EC financed project 'Remediation concepts for the uranium mining operations in CEEC [4].
Involved are nine countries in Central and Eastern Europe that carry out (or have carried out) mining
and/or milling activities. The project is carried by URANERZ, C&E and IWACO. In the first year
of the project an inventory of the existing situation will be carried out, the data will be stored in a
GIS.

Conclusion: The integration of uranium exploration data in GIS and models creates a powerful
tool for facilitating the decision support process, not only for uranium exploration purposes, but also
for environmental management.
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