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1. Introduction 

During 1994 the workgroup 'Applied Decision Analysis and Risk Evaluation' continued 
the work on the knowledge based decision support system XUMA-GEFA [1] for the 
evaluation of the hazard potential of contaminated sites. 

Additionally a new research direction was started which aims at the support of a later 
stage of the treatment of contaminated sites: the clean-up decision. For the support of 
decisions arising at this stage, the methods of decision analysis [2] 'will be used. Com-
putational aids for evaluation and decision support were impleménted and a case study 
at a waste disposal site in Saxony which turns out to be a danger for the surrounding 
groundwater ressource was initiated. 

2. The flow chart for the treatment of contaminated sites in Saxony 

Fig. 1. shows the steps which are performed during 
the investigation and clean-up of contaminated sites 
in Saxony [3]. 

The second up to the fourth step are supported by 
the knowledge based system XUMA-GEFA. After the 
detailled, technical investigation of the site, a final 
decision is made about the necessity of clean-up ac-
tions. This is the starting point for the decision ana-
lysis related steps. 

The first two steps consist of the choice of techni-
cally feasible remediation techniques and a call for 
clean- up concepts from remediation companies. 
The offered concepts are checked against the 
technically feasible techniques and are if necessary 
revised. Finally a decision is made, which concepts 
are worth of further investigation. 

The two steps concept and company preselection 
are to be developed by external research institutes 
and are currently not part of our current research. 

Starting with a set of technically feasible remediation 
concepts together with a set of companies which of-
fer them, it is the task of decision analysis to guide 
the responsible authorities to the final selection of 
the most prefered clean-up concept. 
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Fig. 1. Flow-chart for the processing 
of contaminated sites in Saxony. 
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3. Decision analytic methods 

The main problems of the decision about the optimal remediation technique are the 
comparison of strategically different remediation actions, multiple, conflicting 
objectives, uncertainty about the actual outcomes of a remediation action and the 
participation of several agents with diverging opinions. 

Decision analysis is based on an axiomatic system, developed by the German mathe-
maticians vonNeumann and Morgenstern [4]. During the 1970s the theory was exten-
ded by American scientists (Keeney [5], Raiffa, Fishburn, Howard) for the support of 
decisions with multiple, conflicting objectives. Since then decision analysis has found 
many applications in various areas (energy, militar, research, politics, economics) [6]. 

The main intention of decision analysis is not to determine and dictate the optimal 
action but rather to guide the decision maker through a complex decision problem and 
to give him insight in the relevant aspects of his situation. 

Decision analysis subdivides complex decisions into small ones which can be under-
stood easily and uses the answers of the decision maker to these small problems in a 
rational and defensible manner for the solution of the complex problem. 

The main steps of the application of decision analysis are sketched in figure 2. 

Value tree 

Total costs K 
(MDM) 

Pollutants emission W 
(kg) 

Utility function 

I 
si; 

5 MDM 10 MDM 

Determination of 
trade-off factors 

u =a*u(K)+ß*u(W) 

Concept quantification 

p(K) 

Evaluation of 
expected utilities 

u^fdKdWpdOpO/V) 
J (a u(K)+ß u(W)) 

Investigation of decision model 

Fig. 2. Methodology of Decision Analysis 
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First it is necessary to define a list of objectives (value system) together with appro-
priate attributes to fix the necessary information which must be determined for every 
concept under investigation. 

Generally the outcomes of the concepts can only be roughly estimated. Therefore, it is 
important to encode the uncertainty involved. This is done by means of subjective pro-
bability distributions. Often the distributions of the decision relevant information depend 
in a very complex manner on known input parameters. Therefore, easily usable com-
putational aids are required for representing the functional dependencies and for the 
calculation of the relevant distributions. 

When all decision relevant objectives have been quantified for every concept, the deci-
sion maker must define his attitude towards risky decisions. The decisions he makes in 
simple situations are encoded in one-dimensional utility functions. 

Furthermore he must define how the different objectives are weighted against each 
other. It is our opinion, that this weighting process is of paramount importance for the 
final decision. Therefore, great care should be taken, not to use abstract weighting 
factors, but always to visualize and explain to the decision-maker the meaning and 
consequences of the selected numerical values of the trade-off coefficients. 

When the aggregation function has been defined completly, numbers indicating the 
performance of the concepts can be calculated: the expected utilities. The concept with 
the maximum expected utility should be best. 

Calculating the utility for every concept is just the first step in the solution of a decision 
problem. As the aim of decision analysis is insight and not numbers the following inves-
tigations should always be performed: 
- Identification of specific strengthes and weaknesses of the concepts. This step is crucial for 

an explanation of the result. 
- Search for the most and least important objectives and coefficients. These investigations 

show, which parts of the decision model are important and should be reinforced and where 
simplifications are possible. 

- Sensitivity analysis of the trade-off coefficients helps identifying important aspects and 
defending subjective opinions. 

- The sources of uncertainty should be identified and the value of additional information 
should be calculated. This information can be used to guide further expertise. 

- The influence of input parameters on the concept ranking has to be investigated. So robust 
and flexible concepts are discovered. 

4. Computational aids for the application of decision analysis 

Computational tools are required to support the application of decison analytic methods 
for remedy selection. These tools have been implemented during 1994 and provide the 
user with the following services: 
- Input and editing of function networks to encode the functional dependency of the decision 

relevant information on the input parameters. The networks are also used for the definition 
of utility functions and the weighted aggregation of the objectives. 

- Calculation of probability distributions of the depending variables based on the distributions 
of the input parameters. 
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Fig. 3. Structure of the Program System 'Decision Analysis for Remedy Selection' 

- Management tools for remediation concepts and value systems 
- Tools to perform sensitivity investigations and correlation analysis. 
- Aids to adjust and visualize trade-off coefficients. 

- Tools to investigate the results of a decision model and to find relevant and irrelevant parts. 

The principal structure of the program system is shown in fig. 3. 

5. A case study 

In order to investigate the applicability of decision analytic methods for remedy selec-
tion a case study was initiated in conjunction with the Saxonian Ministry of the En-
vironment and the Saxonian State Institute for Environmental Protection. 

The test object is a large waste disposal site located near Hoyerswerda. The open cast 
coal mining in this region created large holes and lowered the groundwater level about 
50m. Such a hole was filled with municipal waste during the 70s and 80s. After the 
closure of the coal mines, the groundwater level raised again, so large parts of the 
waste disposal site are now under the water level. This results in a large emission of 
pollutants into the groundwater (Fig. 4.). 
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This site is especially interesting because of its huge size, which makes extensive in-
vestigations acceptable, because of the specific problem situation, which is found quite 
often in Saxony and Brandenburg, and because of several plausible, but strategically 
different remediation concepts which have to be compared. 

Currently investigations about the value system to be used and for the definition and 
quantification of remediation concepts are underway. 

6. Conclusions 

Our research in the field of decision analysis for remedy selection is a logical extension 
of previously started work on hazard estimation. It is planned to continue the successful 
work in both fields and to join them as close as possible. 

Although decision analysis has a great potential for supporting the responsible authori-
ties in the environmental sector, still a lot of work has to be done. Our current investi-
gations are just intended to show the applicability of decision analytic methods for re-
medy selection and to give hints for necessary extension of decision analysis. It is not 
the purpose of our current work, to provide a system which can assist any decision-ma-
ker in the selection of an optimal remediation concept, although such a system would 
be a great aid in the remediation sector. If the test case is successful, it is possible, that 
such a project is initiated by the governmental agencies. 

Furthermore efforts are necessary to connect the current hazard assessment system 
XUMA-GEFA to decision analytic tools. It is even possible to strive for a totally 
integrated computer system which supports all processing steps of a contaminated site. 

The next activities will aim at the completion of the above-mentioned case study. Its 
results will help us to draw conclusions about the application of decision analytic 
techniques in the public domain. This knowledge will facilitate the support of decisions 
in other fields. 
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Fig. 4 . Waste Disposal Site under Investigation 
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