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I 

Teneinde te komen tot een efficiency- en effectiviteitsverbetering van het bodemonderzoeks- en 
bodemsaneringsproces zullen we - ondanks de rol die Peters voor een multidisciplinaire aanpak ziet 
weggelegd - de gangbare mono- en multidisciplinaire paden moeten verlaten en zullen we ons meer 
cross- of transdisciplinair moeten gaan bewegen. 

Peters, T. (1992) Liberation management. Pan Books, London 

Dit proefschrift 

II 

De stelling van Brus dat het een wijdverbreid misverstand is dat een statistische aanpak van 
bodembemonstering tot hogere kosten leidt, gaat geheel voorbij aan het utiliteitsvraagstuk en is dus in 
haar algemeenheid onjuist. 

Brus, D.J. (1993) Incorporating models of spatial variation in sampling strategies for soil Proefschrift Landbouwuniversiteit 
te Wageningen 

Dit proefschrift 

III 

Informatie omtrent de onzekerheid van de verontreinigingssituatie verkregen door toepassing 
van geostatistische technieken dient te worden gebruikt bij de kostencalculatie van saneringen en 
vormt derhalve een van de mogelijkheden om het door Groen aangegeven handelen op basis 
van onzekerheden te operationaliseren. 

Groen, M. (1998) TbelQof the soil. CUR/NOBIS, Gouda 

Dit proefschrift 

IV 

Het genereren en kiezen van bodemsaneringsalternatieven dient te worden beschouwd als een 
modified search decision process of een dynamic design decision process, maar niet als een basic search decision 
process. 

Janssen, R. (1991) Multiobjectivt decision support for environmental problems. Proefschrift Vrije Universiteit te Amsterdam 

Dit proefschrift 



V 

De systeembenadering toegepast op het bodemonderzoeks- en bodemsaneringsproces leidt in 
tegenstelling tot hetgeen Hudson suggereert niet zozeer tot een algemeen geldend paradigma 
voor alle binnen het werkveld vertegenwoordigde disciplines, als wel tot een paradigmatisch 
raamwerk waaraan de paradigmata van de verschillende disciplines dienen te worden aangepast. 

Hudson, B.D., 1992. The soil survey as paradigm-based science. Soil Science Society ofAmerica journal, 56 

Dit proefschrift 

VI 

Een geografisch informatie systeem kan de identificatie van verontreinigde deelgebieden 
aanzienlijk verbeteren en vergemakkelijken en vormt derhalve een ideaal startpunt voor een 
geautomatiseerde ruimtelijke search routine binnen de development fase van het bodemonderzoeks-
en bodemsaneringsproces. 

VII 

In het geval dat verschillende actoren verschillende beslisregels hanteren is onderhandelen over 
de te nemen beslissing wellicht effectiever dan het trachten vast te stellen van een gezamenlijke 
beslisregel. 

VIII 

Divergeren alvorens te convergeren tijdens de development fase van het algemene besluit-
vormingsproces van Mintzberg is essentieel indien men de kennisbasis wil verbreden. 

IX 

Werken volgens de in de gangbare kwaliteitssystemen voorkomende normen leidt niet per definitie 
tot een product dat aan alle gestelde eisen en verwachtingen voldoet. 

X 

Onzekerheid is het substraat van de wetenschap. 

XI 

Niets is zo theoretisch als de ideale praktijk. 

XII 

Het nadere voorschrift bij artikel 5.1 van het promotie-reglement van de Landbouwuniversiteit 
Wageningen waarin staat dat volgens goed gebruik de promovendus iedere stelling die niet op het 
proefschrift betrekking heeft met de hoogjeraar bespreekt totwiens vakgebied het onderwerp van die 
stelling behoort geeft aan dat niet alle tijd van een hoogleraar nuttig dient te worden besteed. 
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De spatten en vlekken die ernaast zitten zijn eigenlijk de wonden, 
de cicatrices van het gevecht met de materie. 
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Voorwoord 
Bij de totstandkoming van dit proefschrift kon ik terugvallen op de kennis en 
kunde zoals aanwezig binnen de Sectie Bodemkunde en Geologie van het 
Departement Omgevingsvraagstukken van de Landbouwuniversiteit Wageningen, 
het Wagenings Instituut voor Milieu- en Klimaatstudies en Tauw Milieu. Het is 
goed om de bodemsaneringspraktijk van nabij te kennen teneinde er iets zinnigs 
over te kunnen schrijven, maar het is nog beter je zo af en toe aan de praktijk te 
kunnen onttrekken om een wat objectiever oordeel over die praktijk te kunnen 
vellen en eventuele alternatieven te bedenken. De momenten dat ik mij aan de 
praktijk heb kunnen onttrekken en mij volledig aan dit proefschrift kon wijden heb 
ik derhalve als bijzonder positief en verrijkend ervaren. De ivoren toren is dan ook 
wat mij betreft — weliswaar als wisselwoning — aan herwaardering toe! 

Gedurende alle fasen van mijn onderzoek heb ik mogen beschikken over de 
bezielende en deskundige bemoeienis van prof.dr.ir. A. Stein, prof.dr.ir. J. Bouma 
en prof.dr. L. Hordijk. 
Allereerst gaat mijn dank uit naar mijn co-promotor Alfred Stein. Alfred, je bent 
niet alleen diegene geweest die er voor gezorgd heeft dat ik aan het avontuur 
begon, maar je hebt er ook voor gezorgd dat ik het werk heb afgerond. Je hebt 
bovendien dit proefschrift voor een groot deel de vorm en inhoud gegeven die het 
nu heeft en daar ben ik je zeer dankbaar voor. Tengevolge van mijn activiteiten 
binnen Tauw heb je nogal eens wat langer op stukken moeten wachten dan de 
bedoeling was. Ik besef dat ik daarmee de grenzen van je geduld zo nu en dan 
aardig verkend heb, maar desondanks hoop ik dat je het de moeite waard hebt 
gevonden. Voor mij was je de ideale co-promotor. 

Johan Bouma, ik ben je bijzonder erkentelijk voor het meedenken in alle fases van 
het onderzoek. Je hebt mij steeds een aangename ruimte gelaten en met name je 
'stakeholder-verhalen' zijn ook binnen 'bodemsaneringsland' zeer bruikbaar 
gebleken. Ik heb uitstekende herinneringen aan de afgelopen jaren. 
Leen Hordijk, jij hebt mij de weg gewezen op het gebied van de systeemanalyse. 
Bovendien heb je - in een voor mij lastige fase - mij er van overtuigd dat het 
gekozen abstractieniveau juist was. Bedankt voor je inbreng en ik hoop dat onze 
wegen elkaar nog eens zullen kruisen. 

Bram de Borst, directeur van Tauw Milieu, ik wil je graag bedanken voor de 
mogelijkheid die je mij hebt geboden om dit onderzoek te verrichten. De vele 
gesprekken die wij — ondanks je uiterst kostbare tijd - hebben gevoerd over het vak 
en met name over de organisatie van de daarbij horende werkzaamheden hebben 
bovendien in niet geringe mate bijgedragen tot de in dit proefschrift verwerkte 
ideeen. Bedankt! 

Xlll 



Op de 'werkvloer' Tauw Milieu bevond ik mij in een prikkelend en inventief 
gezelschap. Han de Wit, Arne Alphenaar, Annemieke Nijhof (inmiddels werkzaam 
bij het Ministerie van Onderwijs, Cultuur en Wetenschappen), Charles Pijls en 
Matthijs Nijboer ik wil jullie graag bedanken voor de wijze waarop jullie door 
middel van vele — soms uitputtende — discussies en jullie werk hebben bijgedragen 
aan dit proefschrift. Ernst-Jan Henkens bedankt voor het last minute' GIS-werk, 
het ziet er perfect uit. Henk Kale, Erika Frankhuizen en Jorunn Fleumer, bedankt 
voor het werk dat jullie als stagiaire voor mij verricht hebben. Ook wil ik graag alle 
andere Tauw'ers binnen en buiten de afdeling Research & Development bedanken 
voor jullie collegialiteit door de jaren heen en voor de belangstelling die jullie voor 
chet proefschrift' hebben getoond. Tenslotte dank ik sommigen van jullie voor de 
vele uren die we in aangename ledigheid hebben doorgebracht op gezellige 
terrassen op de Brink, in chique cafes in Berlijn en in obscure kroegen in 
Edinburgh. 

Ondanks het feit dat er in de eerste alinea slechts een beperkt aantal organisaties 
zijn genoemd, zijn er uiteraard meer organisaties geweest waar ik mijn licht heb 
mogen opsteken. Een organisatie wil ik hier noemen: het Instituut voor 
Milieuvraagstukken (IVM) van de Vrije Universiteit Amsterdam. Ron Janssen, Euro 
Beinat en Michiel van Drunen. Afgezien van het feit dat jullie uitstekende 
projectpartners zijn, denk ik met plezier terug aan de discussies die we in de 
afgelopen jaren over chet proefschrift' hebben gevoerd. Ik heb veel van jullie 
geleerd. Ik hoop dat we nog menig project van de grond zullen trekken. 

Heleen. Het is — met name het laatste jaar - nogal hectisch geweest. Talloze 
weekeinden en avonden heb ik boven op zolder achter de PC gezeten om aan 'het 
proefschrift' te werken. Gezellig beneden zitten is er wat al te vaak bij ingeschoten 
en als dat dan een keer lukte was ik er vaak met mijn gedachten niet bij. Dank voor 
je geduld, maar ook voor het in voorraad houden van grote hoeveelheden koekjes 
(speculaas is het lekkerst als je er minimaal vijf tegelijk eet) en de aanvoer van vele 
koppen koffie. Maar het is eindelijk af, laten we weer eens gaan genieten. 
Thorn en Lisette. 'Tapa, is je proefschrift nou nog niet af?" Deze vraag hebben 
jullie mij vaak gesteld het laatste jaar. Het is eindelijk zover en dat betekent dat er 
weer vliegtuigen van papier-mache gebouwd kunnen gaan worden, dat we weer 
samen kunnen knutselen en schilderen en dat je weer zomaar de zolder op kunt. Ik 
denk alleen dat jullie het met wat minder kladpapier zullen moeten doen. 
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Abstract 
Okx, J.P., 1998. Soil remediation. A systems approach. Doctoral thesis, 
Wageningen Agricultural University, The Netherlands. 

Soil remediation has only a short history, but the problem addressed is a significant 
one. When solving soil remediation problems we have to deal with a large number 
of scientific disciplines, however solutions are often presented from the viewpoint 
of just one discipline. In order to benefit from the combined disciplinary 
knowledge and experience it is necessary to describe the interrelations between 
these disciplines. This has been realised by developing an adequate model of the 
desired process, which enables to consider and evaluate the essential factors as 
interdependent components. 

Three main phases in the soil remediation process are distinguished: problem 
identification, development of problem solving alternatives and selection of the best 
alternative. 
In the identification phase several sampling strategies may have to be compared. In 
this thesis probabilistic decision trees are used for the comparison. In the case studies 
we found that the value of surveys depends not only on the costs of the survey itself, 
but equally on the ratio of expected failure or success and the related costs of the 
actions based on the survey. Once a sampling strategy is chosen and data is collected, 
the results can be used to estimate the amount of polluted soil material. Probability 
kriging is a non-linear geostatistical estimation technique suitable for the estimation 
of the amount of polluted soil material. 

In the development phase work is aimed at generating problem solving alternatives. 
This thesis presents expert support models recombining knowledge and experiences 
obtained during ex and in situ soil remediations. The aim of the models is to 
optimise knowledge transfer among the various parties involved in contaminated site 
management. Structured Knowledge Engineering (SKE) has been used as a 
framework for model development. The model was applied several polluted sites. 
The structured approach requires scrutinising all relevant data in order to answer the 
questions related to ex and in situ soil remediations. Moreover, it clarifies the roles of 
the different disciplines involved in the process. 

After deciding whether or not a soil cleanup operation is necessary, the question 
remains which remedial strategy and technique should be applied. The triple-
perspective REC framework simultaneously takes into account risk reduction, 
environmental performance and costs, and aims at increasing the effectiveness and 
efficiency of cleanup operations. 

Additional index words: soil remediation, systems science, decision making, ex situ soil 
remediation, in situ soil remediation, expert support system, geostatistics 
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Chapter 1 

INTRODUCTION 



Sokrates: Herinnert ge u niet dat ge ge^egd hebt, dat het vak van vertelkr een ander is dan dot 
van wagenmenner? 
loon: J a, dat meet ik nog. 
Sokrates: En omdat het een ander vak is, vindtge dan met mij dat het ook kennis van andere 
qaken inhoudt? 
loon: J a. 
Sokrates: Dus kan het vak van vertelkr volgens u niet alle kennis bevatten, noch kan de verteller 
%elfalles weten. 
loon: Behalve misschien degenoemde voorbeelden, Sokrates. l 

1.1 General 

Concerns arose about what we inherited from previous generations when it became 
apparent that a number of residential and recreational areas had been built on 
heavily contaminated soil or chemical waste (Otten et al., 1997). Events such as the 
Japanese "Hexavalent Chromium Incident" in Tokyo in 1975 (Gotoh and 
Udoguchi, 1993) or the Dutch Lekkerkerk case in 1980 brought about the 
development of soil protection policies with the intention to protect public health 
and environment against adverse effects of soil contamination. These policies 
resulted in numerous remedial actions. 

The number of contaminated sites is enormous and so are the costs. In Europe and 
the United States the clean-up operation is expected to cost more than 1,400 billion 
ECU. Whatever the exact figures will be, such an enormous operation deserves 
serious attention. Wrong estimations may possibly lead to political and social 
turbulence and clean-up operations will inevitably be slowed down. 

Soil-water-air environments are extremely complex and different soil fractions and 
constituents give rise to diverse reactions when anthropogenic chemicals are 
introduced (Caimey and Hobson, 1998), thus making correct estimations is far 
from an easy task. 

1 Taken from Platoon (428/427 - 348/347 BC), "loon"; [Dutch translation], De Driehoek, 
Amsterdam 



The toxicity of contaminants in soil is associated with soil properties that affect the 
bioavailability of the contaminants, such as pH, cation exchange capacity (CEQ 
and composition and concentration of soil organic matter. In soil ecosystems, these 
parameters vary as a function of time and space (Marinussen, 1997). In many cases, 
contaminants become bonded, particularly to clay and organic content particles, 
and so are unavailable to present future risk. In other situations introduced 
chemicals may remain unbonded, or can be remobilised by changes in soil acidity 
or redox potential, and then become far more able to create risk (Cairney and 
Hobson, 1998). As most of the corrective remedial actions nowadays are risk-based 
corrective actions, it is obvious that knowledge of the above-mentioned processes 
and their spatial distribution is essential for risk assessment. 
Soil properties, however, are also to be evaluated when deciding on the remedial 
actions for most of these actions are based on trying to change the availability of 
the introduced chemicals. 

Many scientists and engineers agree that problems concerning soil remediation 
require at least an interdisciplinary approach. In the private as well as in the public 
sector, however, responsibilities are more and more decentralised. Therefore 
knowledge about the business process is dispersed. As a consequence multi- or 
even monodisciplinary approaches are still very common and knowledge is often 
acquired through analysis rather than through synthesis. As a consequence, soil 
remediation lacks an explanatory concept providing a foundation and structure for 
scientific research as well as for the environmental production sector performing 
the clean-up operations. As a result soil remediation research as well as clean-up 
operations will fail to develop into optimal processes. 

This image of today's soil remediation research leads to the aim of this thesis that 
may be summarised as: to foster soil remediation research towards a fully-fledged 
problem-oriented discipline in order to yield efficient and effective solutions for 
soil pollution problems. Two core objectives are derived from this single aim: 
• to supply soil remediation research with a explanatory concept or a paradigmatic 

framework to guide the future research; 
• to facilitate consistent problem analysis and decision making. 

The following sections will focus on what is needed to foster soil remediation 
research towards a fully-fledged problem-oriented discipline. 



1.2 Environmental science 

Environmental science theory 

Soil remediation research could benefit from the recent advances of environmental 
science. Environmental science as a problem-oriented discipline belongs to a 
subgroup of the normative family of sciences. Although the boundaries are vague, 
the normative sciences consist of three types of disciplines (De Groot, 1992): 
(1) Ethics, occupying itself with general values and normative procedures. 
(2) Problem-oriented disciplines, focussing on areas of societal problems. 

Compared to ethics they are much more concrete and 'filled with facts'. 
(3) Design-oriented disciplines, differing from the problem-oriented ones in that 

they are grounded more in generalised societal demands than in concrete 
problems: civil engineering in the generalised demand for efficient 
infrastructure, agricultural science in the generalised demand for secure food 
production, and so on. 

Design is an inherent element in the problem-oriented disciplines, but these designs 
arise as answers (proposed solutions) to concrete questions (problems). In the 
design-oriented disciplines, the designs predominate. 

The situation regarding soil remediation research now is comparable to that of 
environmental science a few years ago. Environmental science education has been 
characterised by rapid developments in the early nineties. Up to that time, only 
minor subjects and field research had been supplied to neighbouring, 
monodisciplinary departments. In those days, although students could study 
environmental science for two years, they remained students in biology, sociology 
or some other discipline. Environmental science had a tradition of 'problem 
hopping' without much reflection on general methodologies or on the normative 
principles that are applied to define what is a problem or a good solution at all (De 
Groot, 1992). However, today environmental science is a fully-fledged problem-
oriented discipline. Soil remediation research, however, has failed to benefit from 
the recent advances of environmental science. Practitioners study soil remediation 
problems, but remain soil scientists, geologists, hydrologists, microbiologists or 
whatever. 

Common to all sciences is a notion of methodological circularity. In the positive 
branch of empirical science there is the 'empirical cycle': hypotheses are deduced 
from general theories, they are tested in real-world cases, and the results are fed 
back into the theory. Usually, three steps are distinguished. The first is 



characterised by terms such as problem identification, problem description, 
problem diagnosis, problem analysis, modelling and so on. The second step is 
characterised by terms such as design, policy formulation, plan evaluation and so 
on. The third step is usually called implementation (De Groot, 1992). 

Systems approach 

Despite the notion of methodological circularity, suggesting some kind of system, 
classical science has far more concern with thinghood than systemhood. In fact, the 
many disciplines and specialisations that have evolved in science during the last four 
centuries reflect predominantly the differences between things rather studied than 
the differences in their way of being organised (Klir, 1991). Drilling equipment, 
chemical analytical instruments, shovels or bioreactors are well within the 
competence of the engineer trained in the respective discipline. But when it comes to 
solve environmental problems such as the greenhouse effect or the soil pollution 
problem, the call for interdisciplinary teams is often heard. However, experience has 
emphasised that this is not a successful way to tackle such problems, rather the fact 
that it is quite difficult for specialists from one discipline to understand the concepts 
and language of another (Checkland, 1976). 

We need cross- or trans disciplinary concepts which serve to unify knowledge by 
being applicable in areas which cut across trenches that mark traditional academic 
boundaries. Systems science provides such concepts, for (Klir, 1991): 

• Systems science and methodology are direct applicable in virtually all disciplines 
of classical science; 

• Systems science has the flexibility to study systemhood properties of systems and 
the associated problems that include aspects derived from any number of 
different disciplines and specialisation's of classical science. Such cross- or 
transdisciplinary systems and problems can thus be studied as wholes rather than 
collection of the disciplinary subsystems and subproblems; 

• The cross- or transdisciplinary orientation of systems science has a unifying 
influence on classical science, increasingly fractured into countless numbers of 
narrow specialisation's, by offering unifying principles that transient its self 
imposed boundaries. 

The application of the cross- or transdisciplinary concept to the problems related to 
soil remediation allows us study the problem as a whole and not as a collection of 
unrelated subsystems and subproblems. This does not mean that disciplines become 
invisible. In fact a certain discipline may seem to be dominant in a particular stage of 
the soil remediation process. However, the discipline will always be subordinated to 
the problem. 



1.3 Decision processes 

Many descriptions of the concept problem can be found in the literature. According to 
Monhemius (1984) an individual has a problem if he finds himself in a situation in 
which he experiences a discrepancy between his notion of the desired reality and his 
perception of the reality, and wishes to eliminate that discrepancy. According to 
Ackoff (1981) a problem is a situation that satisfies three conditions: first, a decision­
maker has alternative courses of action available; second, the choice made can have a 
significant effect; third, the decision-maker has some doubt as to which alternative 
should be selected. In this thesis we will use Ackoff s definition of a problem. 
A general model tot problem solving or decision making is given by Mintzberg et al. 
(1976). They distinguish three main phases of decision-making: problem 
identification, development of problem solving alternatives and selection of the 
best alternative (Figure 1.1). Ex situ and in situ remediation design involves 
identification and development of problem solving alternatives. The phases can 
easily be identified in most guidelines for contaminated soils. 

The identification phase consists of the central routines: recognition, in which the 
problem is recognised and evokes decisional activity and diagnosis, in which the 
decision makers seek to comprehend the evoking stimuli and determine the cause-
effect relations for the decision situation. 
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(OF SOIL POLLUTION 

PROBLEM) 
< • 

DEVELOPMENT 
(OF REMEDIAL 

ALTERNATIVES) 
•« • •* 
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(OF OPTIMAL 
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• 
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Figure 1.1. A general model of decision processes (Mintzberg et al., 1976) 



The development phase contains a search routine to find ready-made solutions and a 
design routine to develop tailor-made solutions. Finally, the selection phase consists 
of a screen routine, several valuation/choice routines and an authorisation/implementation 
routine. Thus, Mintzberg's model serves the 'empirical cycle' and it describes the 
way our 'soil remediation system' works. 
Thus, the benefits of a systems approach are demonstrated in three critical phases in 
the decision process: 
1. Decisions on identification or characterisation of the soil pollution problem (see 

Chapters 3 and 4); 
2. Decisions on development of ex and in situ soil remediation concepts (see 

Chapter 5 and 6); 
3. Decisions regarding the selection of a suitable solution for the addressed problem 

(see Chapter 7). 

1.4 Spatial statistics 

As discussed in the previous section we can deal with generating possible solutions 
for a soil pollution problem, only after the problem is described. In this thesis I will 
restrict myself to spatial description, which is usually called geostatistics. 
Geostatistics are the application of the theory of the regionalised variables 
(Matheron, 1960) to the estimation of all kind of deposits. More generally, when a 
phenomenon spreads in space and exhibits a certain spatial structure, we shall say 
that it is regionalised (Matheron, 1971). In its simplest form, a geostatistical model 
can be written as: 

Ki = V + £t 

where % is the value of Z at any location i, ju is the mean of Z and £, is a spatially 
correlated random component whose variation is defined by a semivariogram. 
Early applications of geostatistics were in mining. An author like Krige (1951) will 
be forever linked to ore evaluation. Much later the theory found its way to soil 
science. Early applications in soil science are to be found in Burgess et al. (1980) 
and Webster (1980). Stein (1991) offers not only an overview of spatial 
interpolation, but in addition gives many examples of applications of geostatistics 
in soil science. Finally, soil pollution problems are addressed by Leenaers et al. 
(1988), Okx et al. (1992), Boekhold (1992) and many others. The geostatistical 
descriptions are frequently used to estimate the volume of polluted soil that is one 
of the key cost factors in soil remediation. 



1.5 Outline of this thesis 

This thesis is a compilation of articles published in or submitted to scientific 
journals but subsequently slightly modified. 
Chapter 2 introduces soil remediation in its present form. The first part gives an 
overview of the extent of the problem. The second part points out the major 
problems related to soil remediation operations. The chapter ends with giving a 
number of suggestions to handle these problems, to be worked out in the rest of 
the thesis. 
Chapter 3 deals with decision theory as a tool for the valuation of investigation 
strategies. It is shown that a combination of decision trees and probability 
assessment tools such as statistics and geostatistics are useful for a priori evaluation 
of chosen strategies. It also shows the importance of feedforward and feedback 
mechanisms in achieving the considered goals. 
Chapter 4 shows two applications of probability kriging. This technique can be 
used as a probability assessment tool in the above-mentioned valuation process as 
well as a tool to provide 3D-models of the polluted subsurface, which are used as 
the basis for the design of remedial alternatives. The technique is applied to two 
cases. The first case describes a heavy metal pollution caused by atmospheric 
deposition stemming from a zinc factory in the south of The Netherlands. The 
second case addresses a heavy metal pollution related to a former cotton mill in the 
city of Haarlem in The Netherlands. The chapter emphasizes the importance of 
describing uncertainties regarding the estimated volume of contaminated soil for 
cost estimations. 

In Chapter 5 an expert support model for the design of ex situ soil remediation 
alternatives is presented. It recombines knowledge and experiences in order to 
optimize knowledge transfer among the various parties involved in contaminated 
site management and remedial design. Structured Knowledge Engineering (SKE) 
has been used as a framework for model development. The model was applied to a 
hydrocarbon pollution at a former fuel station as well as to a polycyclic aromatic 
hydrocarbon pollution at a former gasworks. It is shown that the model provides 
the answers to the most relevant questions regarding ex situ remediation. 
Chapter 6 presents the in situ version of an expert support model. The model 
requires scrutinizing of all relevant data to answer questions related to the design of 
in situ soil remediation alternatives. The model was applied to a chlorinated 
hydrocarbon pollution at a dry cleaner's. It is shown that the model supplies 
answers to the questions necessary to make decisions regarding in situ soil 
remediation. 

10 



After a number of remedial alternatives are worked out, the question remains 
which remedial strategy or techniques should be applied. In the first part of 
Chapter 7 the triple-perspective REC framework that enables to answer this 
question is presented. The framework simultaneously takes into account risk 
reduction, environmental performance and costs, and aims at increasing the 
effectiveness and efficiency of cleanup operations. In the second part the REC 
framework is applied to chlorinated hydrocarbon pollution caused by a dry-cleaner. 
Finally, Chapter 8 offers an overview of the results in view of the objectives of this 
thesis as well as some thoughts on possible future developments. 

11 



Chapter 2 

THE NATURE OF 
SOIL REMEDIATION PROBLEMS 



Soil remediation has only a short history, but the problem addressed is a significant 
one. Cost estimates for the clean-up of contaminated sites in the European Union 
and the United States are in the order of magnitude of 1,400 billion ECU. Such an 
enormous operation deserves the best management it can get. Reliable cost 
estimations per contaminated site are an important prerequisite. In this thesis we 
will address the problems related to site-wise estimations. 
When solving soil remediation problems we have to deal with a large number of 
scientific disciplines. Too often solutions are presented from the viewpoint of just 
one discipline. In order to benefit from the combined disciplinary knowledge and 
experience we think that it is necessary to describe the interrelations between these 
disciplines. This can be realised by developing an adequate model of the desired 
process, which enables to consider and evaluate the essential factors as 
interdependent components of the total system. 
The resulting model provides a binding paradigm to the contributing disciplines 
that will result in improved efficiency and effectivity of the decision and the cost 
estimation process. 

Part of this chapter is published in: 
ESPR - Environ. Sci. <&Volht. Res. 3 (4) 229-235 (1996): J.P. Okx, L. Hordijk, A. Stein 



Not to see the forest for the trees is a serious failing. But it is an equally serious failing not to see 
the trees for the forest. One can only plant and cut down individual trees. Yet the forest is the 
"ecology", the environment without which individual trees would never grow. To make knowledge 

productive, we will have to learn to see both forest and tree. We will have to learn to connect. 2 

2.1 Introduction 

Background 

The interest in the field of soil remediation from all parts of society has been 
considerable over the past decade and has resulted in the rapid development of the 
environmental production sector. What started as the subject of a few 
environmental activists is now an important source of employment. In general, the 
sixties, seventies and eighties have been characterised by an increasing awareness 
for environmental problems related to water, air and soil, respectively (Carrera and 
Robertiello, 1992). Hence, soil remediation has only a short history. 

In 1980 the Unites States federal government promulgated the Comprehensive 
Environmental Response, Compensation and Liability Act (CERCLA) normally 
addressed as the Superfund Act. Initially approximately 30,000 sites had been 
identified, but nowadays it is believed that about 75,000 sites may benefit from the 
Superfund Act. Moreover, within the realm of the more recent Resource, 
Conservation and Recovery Act (1976), it is believed that remedial action is 
necessary for another 37,000 sites (Russell, 1991). The cost of the entire US 
operation is expected to be in excess of 880 billion ECU. 

In the various EU member states the number of contaminated sites was estimated 
to be approximately 55,000 (Merzagora, 1991). Total cost of the initial long-term 
clean-up programs of the European Union member states was estimated to be in 
the order of 100 billion ECU (Porta, 1991). However, as indicated in the 
proceedings of the international workshop on contaminated sites in the EU 
(Bundesministerium fur Umwelt, Naturschutz und Reaktorsicherheit, 1995), the 
1994 predictions of the various member states sum up to a total of over 500,000 
sites (see Table 2.1). 

2 Taken from Peter Drucker , "Post-Capitalist Society" (1993), Harper Business, New York 
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143,252 

9,805 

200,000 

4,532 
1,700 
100,000 

1) 
2) 
1) 
3) 
1) 

1) 
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Table 2.1. Inventory of contaminated sites in the EU (Anonymous, 1994) 

Country Number of sites Source 
Austria 
Belgium 
Denmark 
France 
Germany 
Greece 
Ireland 
Italy 
Luxemburg 
Netherlands 
Portugal 
Spain 
Sweden 
United Kingdom 

total EU 502,444 

1) Bundesministerium fur Umwelt, Naturschutz und Reaktor-
sicherheit, 1995. Proceedings of the International Workshop on 
Contaminated Sites in the European Union, December 1994, Bonn. 

2) OVAM, 1990. Verontreinigde sites. Voorbereiding ontwerpplan 
1991-1995. OVAM, Openbare Afvalstoffenmaatschappij voor het 
Vlaamse Gewest. 

3) Ministere de 1' Environnement, France. 

Moreover, as the following Dutch example shows, early estimations could be 
underestimations. In 1981, as a result of the so-called Lekkerkerk affair (Vijgen, 
1992), the then Ministry of Public Health and Environmental Hygiene, now 
Ministry of Housing, Physical Planning and Environment (VROM), executed the 
so-called Ginjaar inventory. In this inventory, all provinces reported the number of 
hazardous waste dumps. This first estimate yielded about 4000 suspect locations, 
about 1200 of which required further study. Finally, about 350 of these locations 
were found to qualify for immediate remediation. Cost estimates made in 1981 
concerning the entire operation amounted to approximately 460 million ECU. This 
inventory and the subsequent cost calculations were repeated in 1984 as well as in 
1986 and new estimates of respectively 920 and 1380 million ECU were published. 
In the mid-eighties, it became apparent that also current industrial sites were 
contaminated (Eikelboom and von Meijenfeldt, 1985; Gravesteyn, 1990; Holtkamp 
and Gravesteyn, 1993). The present estimate of the number of contaminated sites 
ranges between 195,000 and 315,000 and the current cost estimate is about 38 
billion ECU (Vijgen, 1992). 
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Emerging reseanch theme 

One of the conclusions in the report "Soil remediation" of the Dutch Auditor's 
Office (1993) was, however, that the initial estimated average cost estimate for 
larger sites of 0.46 million ECU per case turned out to be close to 1.15 million 
ECU. This could mean that the present estimate of 38 billion ECU will have to be 
adjusted in the future. 

Extrapolation of the Dutch findings to the EU - which is a dubious procedure and 
only yields very rough estimates - provides an estimate of the number of 
contaminated sites ranging between 500,000 and 700,000 and a cost estimate which 
could be between 225 billion and 800 billion ECU. 

Whatever the exact figures will be, such an enormous operation deserves all the 
attention it can get. Faulty (under)estimations will lead to political and social 
turbulence and the clean-up operations will inevitably be slowed down. Both the 
number of cases and the cost per case are difficult to estimate. In this article we will 
discuss possible causes and we will suggest some solutions to improve the 
estimations of the cost per case. 

To discover the problems linked to estimation of the costs of soil remediation we 
will first describe the nature of soil remediation. The description focuses on the 
types of problems as encountered in the soil remediation process. A description of 
the problems will be given in the next section. Finally we will give some suggestions 
to improve the estimations. 

2.2 A complex and turbulent business 

In soil remediation one has to deal with a large number of scientific disciplines: 
physical geography, soil science, geohydrology, biology, ecology, toxicology, 
biotechnology, chemistry, chemical technology, civil engineering, geostatistics, 
sociology, psychology, law and economics. The full extent of the relations between 
the disciplines is not fully known, but a first attempt to show these relations as 
concerns the soil remediation process is given in Figure 2.1. 
Despite these relations, many of the existing problems within the process are 
studied separately from each other. Such analysis also tends to get increasingly 
profound and consequently a synthesis becomes increasingly difficult. 

Moreover a considerable number of social viewpoints or perspectives may have to 
be taken into account while making decisions. Viewpoints of policy makers, 
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polluters and house tenants regarding a polluted area may differ drastically from 
each other. The process of solving soil contamination problems has been described 
as a situation in which a large number of relevant perspectives has to be taken into 
account. These perspectives are also characterized by a high level of complexity. 

Geostatistics 

Remote 
sensing 

Contaminated 
area 

Soil stress 
analysis 

Economy 

No action / 
D e c i s i o n - - h / R e m e d i a t i o n / 
making ^ - 7 *—? 

' ' — y Adjust nana/ 

Soil science 
/ Deterministic / Stochastic / 

Dynamic / Static 

Models 

Hydrology 

Toxicology 

Figure 2.1. A general scheme showing data processing within an interactive GIS 
applied to spatial variability of risk assessment for soil contamination 
research (Stein et al., 1994) 

Complexity is not the only problem present day the soil remediation business has 
to face. Our society is also characterized by turbulence (Naisbitt, 1982). New 
technologies and the effective use thereof will shorten the time span for research 
and development, yielding shorter product life cycles. The same phenomenon is 
seen in policy making. In soil remediation, this is evident from the growing number 
of publications and regulations. 

Since adaptability is a necessity for organizations (Ackoff and Emery, 1972) the 
described complexity and turbulence will influence the way in which organizations 
design their strategies and business processes. 
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2.3 Knowledge dispersion 

Mono-, multi-, inter-, trans- or crossdisciplinary approaches can be distinguished in 
scientific activities. A monodisciplinary approach uses the knowledge and 
experience from one single discipline. Multidisciplinary work is created when a 
number of fields cooperate but the "borders" between each of them remain. An 
interdisciplinary approach can create a new dimension to merge the original 
disciplines through cooperation (Derks, 1977). The differences between these three 
approaches are illustrated in Figure 2.2. 

So-
a) b) c) d) 

Figure 2.2. The development from mono-(a), to multi-(b), to inter-(c), to 
monodisciplinarity (d) (Derks, 1977) 

However, the trans- or crossdisciplinary approach is not about merging different 
disciplines into a new holistic discipline, but rather about looking after the 
interrelations between these disciplines. Where the interdisciplinary approach 
inevitably leads to a decreased richness compared to the original disciplines, the 
trans- or crossdisciplinary approach insures the preservation of the richness of the 
originals. 

Many scientists and engineers agree that problems concerning soil remediation 
require at least an interdisciplinary approach (Verkuijlen, 1989; Salomons and 
Forstner, 1988). In the private as well as in the public sector, however, 
responsibilities are more and more decentralised. Therefore knowledge about the 
business process is dispersed and partial for organisation members. As a 
consequence multi- or even monodisciplinary approaches are still very common 
and knowledge is often acquired through analysis rather than through synthesis, 
implying that the emphasis is on technical rather than on organisational issues. 

As a consequence, the soil remediation business lacks a co-ordinating explanatory 
concept providing a foundation and structure for scientific research. Such an 
explanatory concept, or paradigm as it is called by Kuhn (1962, 1970) is necessary 
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to make substantial progress. In absence of a paradigm, all facts that could pertain 
to an area of study are likely to appear equally relevant. As a result, scientific 
practice tends to be a nearly random activity (Hudson, 1992) in which only slow 
progress is achieved. 

For the complex and turbulent remediation business to keep up with existing 
knowledge and remaining compatible within the environment means having to 
operate on a more abstract level and having to make strategic choices in knowledge 
acquisition for some common purpose. This is not easy for an individual, but it 
becomes even more difficult when an organisation as a whole has to make out the 
direction into which it wants to develop or strengthen its position. In the following 
chapter different viewpoints on how to acquire this knowledge will be discussed. 

2.4 Achieving organisational effectiveness 

General 

Possible solutions for the optimisation of the effectiveness of organisations dealing 
with soil remediation can be found in management science, information science 
and systems sciences. However none of these sciences gives complete solutions. 
Hammer (1993) - one of the pre-eminent management gurus of the 1990s -
promotes a radical redesign of processes, organisation and culture to achieve a 
quantum leap in performance, but fails to say how this should be achieved. 
Although a number of decision support tools have emerged from information 
science, important items in decision making like personal knowledge, intimate 
understanding of the business and "Fingerspitzengefuhl" cannot be formalised into 
systems. Therefore, the knowledge that can be feasibly encoded in a system is not 
sufficient for decision-making (Luconi et al., 1984). Bots and Sol (1988) argue that 
an optimisation of organisational effectiveness can be achieved by paying attention 
to co-ordination of different actions for problem solving. 
Finally systems science provide methods applicable to nearly all disciplines of 
classical science. It also has a unifying effect on the disciplines which contribute to 
a process (Klir, 1990). 

The management science point of view 

Where Senge (1990) argues correcdy that traditional hierarchical organisations are 
not designed to provide people's higher-order needs, self-respect and self-
actualisation and the importance of personal mastery, Hammer and Champy (1993) 
and Mintzberg (1973, 1994) manage to give an explanation for this phenomenon. 
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Hammer and Champy (1993) argue that the majority of organisations are built 
around Adam Smith's (1776) brilliant discovery that industrial work should be 
broken down into its simplest and most basic tasks. This practice resulted in a 
spectacular rise of productivity, but it also ended craftsmanship (Mintzberg, 1973) 
and personal mastery (Senge, 1990). In Smithsonian organisations, where responsi­
bilities are decentralised, people simply became detached from their work. In the 
automobile-industry, where Henry Ford and Alfred Sloan (General Motors) 
developed division of labour into nothing less than a fine art, Volvo was probably 
the first to recognise the detachment of workers and a consequent loss of 
organisational effectiveness. As soon as Volvo reinvented car building by aban­
doning flow production or rather by reunifying tasks into one coherent business 
process, people became involved again. This way people's attitude was changed by 
changing the business process. 

As we can see in Figure 2.1, soil remediation is a process in which the 
decentralisation of responsibilities seems almost logical. In Denmark sampling and 
interpretation are a responsibility of the local authorities, the decision on the 
remedial action, however, is taken by the national authorities. This results in low 
sampling and interpretation budgets, which are serious threats to the quality of the 
final decision making. The Danish Environmental Protection Agency therefore 
considers this division of labour and responsibilities as the main problem of the 
Danish soil remediation program. In the Netherlands the Minister of Housing, 
Physical Planning and Environment (VROM) also mentioned the decentralisation 
in the Dutch Soil Remediation Operation process as one of the causes of an 
insufficient control and progress of the operation (Dutch Auditor's Office, 1993). 

Hammer and Champy (1993) believe that reunifying tasks into coherent business 
processes is essential for founding and building of corporations in the post-
industrial business age we are about to enter. They stress the importance of looking 
at the process and argue that one way to do so is through 'business re engineering'. 
Business reengineering is the fundamental rethinking and radical redesign of 
business processes to achieve dramatic improvements in critical, contemporary 
measures of performance, such as cost, quality, service, and speed. It is not about 
making incremental changes that leave basic structures intact (Hammer and 
Champy, 1993). The same reunification of tasks is an important prerequisite for 
changing people's attitude, because reunification of tasks generally leads to a deeper 
understanding of the business. This, in turn leads to a situation in which workers 
feel that they make a difference! It is this situation which will make people feel res­
ponsible and motivated to challenge the goals of soil remediation and they will 
therefore willingly contribute to its success. 
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Although professionals and managers agree that business reengineering is an 
important tool, differences in attitude towards the organisation between both 
groups are a complicating factor. Professionals tend to take their own decisions 
without too much attention for the organisational structures, whereas managers are 
far more loyal to their organisation. Where professionals find restructuring of the 
business as proposed by Hammer and Champy (1993) a prerequisite for changing 
people's attitude, managers consider it a direct threat to the stability of the 
organisation and are reluctant to discuss the matter. Nevertheless, business re-
engineering happens to be a possible solution for problems concerning communi­
cation, attitude and performance and should therefore be discussed. 
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Figure 2.3. Procedure for business reengineering (Hammer, 1994) 

Business reengineering is an interesting concept, but unfortunately procedures 
given for reengineering are not very detailed (see Figure 2.3). Creating a 
breakthrough process design concept, redesigning the entire business system, 
developing a detailed process design sounds very reasonable, but the question 
remains: how to do it? 

The information science point of view 

Dearden (1972) as well as In 't Veld (1988) reported that managers have been 
thinking in processes and systems for centuries and that this way of thinking is quite 
useful. In the early sixties many organisations entered the era of computer-based 
information systems, which makes information technology relatively new in the 
management business. In the sixties Transaction Processing Systems (TPS) and 
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Management Information Systems (MIS) emerged (van Weelderen, 1991). Both 
system types were aimed at collecting, updating and presenting information accor­
ding to predefined procedures. The MIS was aimed at providing aggregated 
information to the management Mintzberg (1973) however considered oral media, 
hearsay, gossip, tangible details and speculation as far more important. In the early 
seventies Gorry and Scott Morton (1971) introduced the Decision Support System 
(DSS) which was aimed at improving the quality of decisions. These DSS's were 
mainly concerned with organisational problem solving (van Weelderen, 1991). In the 
late seventies the Knowledge Based System (KBS) or Expert System (ES) concept 
emerged. According to Zeidner et al. (1986) this concept is aimed at replacing the 
engineering experts with software that emulates their behaviour and rationale. 
Decision making, however, goes beyond the processing of well-structured intellectual 
knowledge, analytical reports, abstracted facts and figures. Personal knowledge, 
intimate understanding of the business and "Fingerspitzengefuhl" should be 
considered equally important and this kind of knowledge cannot be formalised into a 
KBS or ES. Luconi et al. (1984) consequently argued that the knowledge that can be 
feasibly encoded in an ES is not sufficient to make decisions by itself and introduced 
the Expert Support System (ESS) concept. The ESS concept is aimed at aiding, 
rather than replacing, the human decision-makers. The fact that decision making 
goes beyond formal knowledge was not acknowledged by Janssen et al. (1990) and -
although their assessment procedure itself is elegant - this is probably the reason that 
their decision support system for management of polluted soils never found its way 
to the potential users. 

The systems science point of view 

Somewhere in between information science and systems science Bots and Sol (1988) 
made a distinction into three different perspectives from which organisational 
performance can be reviewed: the micro perspective, the meso perspective and the 
macro perspective. In the micro perspective is concerned with the workplace of the 
individual information worker in the organisation, and improvements at this level 
aim for an increased performance of such an individual (Sprague, 1986). The meso 
perspective is concerned with the business processes within an organisation, and 
improvements at this level are expressed in terms of specific characteristics of the 
product being made. As a consequence, from the meso perspective the focus is on 
the co-ordination of different information workers active within the same business 
process (Dur, 1992). The macro perspective is concerned with the common 
objective of an interorganisational system and its performance in achieving this 
objective. In this context boundaries between two or more organisations are 
disregarded (van Weelderen, 1991). 

24 



This way of thinking has a strong resemblance to the systems science way of 
thinking. In 'General System Theory', von Bertalanffy (1968) pointed out that the 
history of systems science dates back to the 15th century in which Nicholas of Cusa 
wrote his 'De ludo globi' (1463). However it took about five centuries before the 
subject became fashionable, as von Bertalanffy puts it. In 1967 the Canadian Prime 
Minister Manning wrote the systems approach in his political platform saying that '... 
an interrelationship exists between all elements and constituents of society. The 
essential factors in public problems, issues, policies, and programs must always be 
considered and evaluated as interdependent components of a total system'. In the 
literature dealing with general system theory, one finds wide divergence in the 
definition of systems, criteria of classification, and in the evaluation of the systemic 
approach as a contribution to knowledge, understanding, or pursuit of specific 
practical goals (Rapoport, 1986). 

Klir (1990) gives a guided tour through systems science. He distinguishes three 
classes of problem-solving activities: 

a. Systems inquiry. The set of activities to create a system that is an adequate 
model of the actual business process. These activities are the realisation of 
Hammer's mobilisation stage (see Figure 2.3). 

b. Systems design. The set of activities to create a system that is an adequate 
model of the desired business process. This set is the concrete form to 
Hammer's diagnosis and redesign stages (see Figure 2.3). 

c. Systems implementation. The set of activities to implement the designed 
system. This set models Hammer's transition stage (see Figure 2.3). 

Building a system can be done in many different ways and indeed the established 
scientific disciplines all developed different preferred ways to divide the world into 
environment and system. These ways are strongly related to the paradigms 
mentioned earlier in this study. 

Systems science, however, investigates the isomorphy of concepts, laws, and models 
from various fields and helps in useful transfers from one field to another. It also 
promotes the development of adequate theoretical models in fields that lack them. 
Moreover systems science minimises the duplication of theoretical effort in different 
fields by promoting the unity of science through improving communication among 
specialists (Klir, 1990). It is for this reason that systems science should play its role in 
the optimisation of the soil remediation process. 
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2.5 Towards an operational system 

As we have shown knowledge on the process of remedial investigations is being 
dispersed and hardly anyone has a complete overview. In order to improve this 
unsatisfying situation we made a start to collect, examine and categorise all existing 
knowledge and experiences in the field of in situ remediations. The aim of the 
operational system is to optimise the transfer of knowledge and experience among 
the various parties involved in remedial investigations aimed at the design of in situ 
soil remediation. 

(in situ remediation^ / i n situ remediation A 

possible J V. not possible J 

Figure 2.4. Process diagram of the feasibility of in situ treatment 

Knowledge technology comprises a large number of methods that can be used in 
support of the development of expert support systems (ESS). In this example 
Structured Knowledge Engineering (SKE) (Bolesian, 1991) was used for the 
development of the system. SKE distinguishes four different phases: a preliminary 
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phase, a feasibility study, analysis and the design. In both the analysis and the design 
phase, the information needed was obtained by means of literature research and 
interviews. 

Table 2.1. Contaminant information on in situ treatment 

Contamination 

Hydrocarbons 

Gasoline (Gt - C12) 

Kerosene (C6 - C15) 

Gasoil (C9 - C26) 

Domestic fuel (C9 - C24) 

Lubricants (C15 - Go) 

Aromatics (BTEX) 

PAH 

Light (2-3 rings) 

Heavy (4-5 rings) 

Chlorinated Hydrocarbons 

Aliphatic (per, tri) 

Chlorobenzene 

Pesticides 

PCB 

Heavy metals 

Volatility 

+ 

+ 

-

-

-

+ 

+ 

-

+ 

+ 

-

-

-

Biodegradability 

Aerobic Anaerobic 

+ 

+ 

+ 

+ 

-

+ ± 

+ 

-

+ 

+ 

+ 

-

-

Solubility 

+ 

+ 

_ * 

_ * 

-

+ 

± * 

_ * 

+ 

+ 

-

-

±* 

In situ 
Possibilities 

yes 

yes 

yes 

yes 

no 

yes 

yes 

no 

yes 

yes 

no 

no 

yes 

* Solubility can be enhanced by detergents (for hydrocarbons) 
or by acidification (heavy metals) 

In Figure 2.4 an example of a process diagram used in the system is displayed. It 
shows three simple questions which lead to the answer of the question "Is in situ 
treatment feasible?". The three questions can be answered by using Tables 2.1 to 2.3. 
The Tables are filled with state of the art knowledge and experience on in situ 
remediations. Table 2.1 answers the question whether contaminants prohibit in situ 
remediation. Table 2.2 gives an answer whether the soil type is a limiting factor for in 
situ remediation, just as Table 2.3 answers the question whether the organic matter 
content is a limiting factor. This structured approach forces the user to answer all the 
crucial questions needed for an in situ soil remediation operation and moreover it 
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clarifies the position of the different disciplines in the process. The rest of the 
process diagrams concerning in situ remediation are shown in Chapter 6. 

Table 2.2. Geohydrological information on in situ treatment 

Soil type 

Gravel 

Very coarse sand 

Coarse sand 

Fine sand 

Loam 

Clay 

Peat 

K-factor (m/day) 

> 100 

10-100 

5 - 1 0 

0 . 2 -5 

<0.2 

<0.2 

<0.2 

In situ possibilities 

Yes 

Yes 

Yes 

Yes 

No 

No 

No 

Table 2.3. Information related to organic matter content 

Organic matter content in % In situ possibilities 

0-1 low Yes 

1-5 medium adsorption can give problems 

> 5 high No 

2.6 Summary and conclusions 

Discrepancies between cost estimations and cost realisations should be avoided. 
Organisations dealing with case-wise cost estimations must produce more reliable 
figures. To enable these organisations to do so it is necessary to provide a supporting 
system. This should be an adequate model of the desired business process, which 
enables to consider and evaluate the essential factors as interdependent components 
of the total system. Decision making differs from processing of well-structured 
intellectual knowledge, analytical reports, abstracted facts and figures, since it also 
involves personal knowledge and experience, intimate understanding of the business 
and a touch of Fingerspitzengefuhl. Therefore we need a concept aimed at aiding, 
rather than replacing, the human decision-makers. 
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For this purpose, we identified three problem-solving activities: systems inquiry, 
systems design and systems implementation. In addition the perspective from which 
the problem is viewed is important. In soil remediation studies a strong preference 
exists for the analytical point of view, which is comparable to the micro perspective. 
Although there is no doubt that such tools are useful, we will devote ourselves to a 
more synthetic point of view, corresponding to the meso and the macro perspective. 
Many difficulties in trying to yield reliable estimates stem from the lack of a single 
binding paradigm. Systems science is able to provide such a paradigm. On the other 
hand an overaccentuation of the meso and macro perspective may withhold from 
the analysis what is needed for the synthesis. In other words the three perspectives 
can not be regarded in isolation from each other. 

As soon as the desired business process is known, fallacies of the current system 
will become visible and a strategy of change can be elaborated. There are at least 
three parties that will benefit: the scientific community, the environmental 
production sector and the responsible authorities. In the scientific community the 
required interdisciplinary approach is often obstructed by the existence of too 
many separate disciplines within the (academic) institutions. Since interrelations 
between contributing disciplines are essential in systems design, the necessity of co­
operation is obvious. System science is the most important tool to show how 
disciplines interrelate and should therefore be part of any scientific curriculum. The 
environmental production sector will benefit because their estimates will be far 
more accurate than before which should give them a competitive advantage. Finally 
the responsible authorities will be able to produce better figures for future 
planning. 
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