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for Remedial Countermeasures of Contaminated Sites
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The management of contaminated sites is becoming a universal problem not only among industrialized
countries but also in developing countries as well. There is a growing public concern of the problems
brought by contaminated sites as well as the sustainability of the proposed solutions or countermea-
sures. In Japan, soil and groundwater contaminations related to waste management problems such as
that of old industrial sites, uncontrolled landfills, and illegal dumping sites are recently an alarming en-
vironmental concern. If these sites could pose potential risk to public health and environment then an
appropriate rehabilitatibn or remedial countermeasure must be undertaken. However, selection of an
appropriate remedy is inevitably a trading off or balancing act of many diverse factors such as social,
economic, political, legal, technological issues. The approach to taking such decisions have evolved
from a cost-centered approach in the mid-1970s, through the technology feasibility studies of the mid-
1980s, the risk-based approaches in the mid-1990s and into a new millennium where environmental
decisions must be ‘socially-robust’ within the framework of sustainability. The sustainable devel-
opment agenda therefore requires a more holistic approach often with the integration of qualitative
judgments alongside the quantitative technical information.
The decision making involved in sustainable contaminated sites management is a process character-
ized by complexity, uncertainty, multiple actors with oftentimes conflicting management objectives.
In addition, the subjective value judgment of decision maker can be an important component in the
decision making process. There is a need to develop a multiple criteria decision making model that
can deal with the complexity of decision structure and human subjectivity inherent in decision making
in a systematic, transparent and documented process. However, to our knov.vledge, limited studies have
been done on this problem domain particularly in the area of contaminated sites management.
This thesis proposes the Analytic Network Process (ANP) as the formal, descriptive and analytical
decision aiding method in the strategic choice of contaminated site remedial countermeasures. The
multiple criteria decision making model presented in this research focuses on a problem context of
high complexity and uncertainty particularly in the early stage of planning and design of remedial
alternatives. The method is then applied to a hypothetical problem drawn from a real-life case study
of contaminated site caused by uncontrolled landfill in Japan. The study aims to develop the neces-
sary procedures for the prioritization of remedial countermeasures which can lead ultimately to the
clarification of decision making process.
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Firstly, this study‘introduces a strongly connected hierarchical network as an adequate representation
of the problem for the prioritization of remedial countermeasures. The interdependence among criteria
or attributes, and feedback dependence from the alternatives were incorporated in the hierarchical anal-
ysis to account the real-life complex interactions in the decision structure. Furthermore, the prbposed
method departs from fhe standard ANP in the following aspects: 1) incorporating feedback control loop
in the digraph and 2) relaxing the assumption of stochasticity of supermatrix in the priority derivation.
The prioritization method based on hierarchical network, in which hierarchy is a special case, provides
a more robust but flexible way to assess the desired priorities from the underlying decision structure.
Secondly, the muiti-criteria decision making model makes explicit the subjectivity inherent in human
decision making. The model derives the priorities from the pairwise comparison matrix using the value
judgment of decision maker as input. This study develops a fuzzy extension of ANP to capture the
fuzziness of human judgment during the pairwise comparison process.

Finally, this study proposes alternative approach to aggregate individual judgments or individual prior-
ities depending on the nature of the group. Group judgment is represented as triangular fuzzy number
from the aggregation of individual judgments of the homogeneous group. Priorities are derived from
the group fuzzy pairwise comparison matrix using fuzzy preference programming technique. For het-
erogeneous group, the model also incorporates a new consensus measure based on compatibility metric
to measure explicitly the individual’ s interpersonal consensus and level of group consensus. A formal
consensus-seeking process is proposed when individual priorities are aggregated to form the group
priorities. Not only the process could help identify the point of disagreement among participants but
it also suggests the direction to reach the satisfactory level of consensus by adjusting the contributive
weights of the participants.
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