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Preface

In December 1998 | started my PhD research, whidha this thesis. The research was made
possible thanks to the Delft Interfaculty Reseaf@énter (DIOC) on the Design and
Management of Infrastructures.

Almost nine years, three children and two jobsrlateave closed this chapter in my life. The
work on my thesis gave me the opportunity to explbe world of uncertainty more in depth.
Also it gave me the opportunity to explore someaf the real world while presenting or
discussing my work abroad. | enjoyed teaching tdents of System Engineering, Policy
Analysis and Management. Of course | preferred scoueses | had to teach over others, but
overall | considered this to be very pleasantel that the things that | have learned being a
PhD student have been useful to me and are splicaple in my current occupation as a
policy advisor.

Being a person that likes to discuss my work ime detail, the most difficult part of being
a PhD student | found the relative loneliness enwork. In the starting phase of the research
| had the benefit of the discussions with fellowC@ researchers. After about a year these
discussions came to an end when everybody enteeestage where their own research had to
focus and joint efforts became more of a burden théelp. Luckily there were quite a few
PhD students in the policy analysis section thaderlde at the university fun anyhow.

During my research | came to read a story aboatablind men who describe an elephant by
the parts of this animal which they felt. Theydsiscribed the elephant differently, since one
felt the trunk, another one felt the tail, yet dm@stone a fang, etcetera. All these descriptions
of the elephant were correct, but all represenistigne aspect of reality. Like the description
of the blind men of the elephant this thesis regmés just that part of reality that | have
studied. There are always more aspects of relitlydan be studied and sometimes | found it
hard to make choices about where to draw the letevden what to study and what not to
study. But now, with hindsight, | cannot say thatduld have made different choices if | had
to do it all over again. Changes in the researtipseould have been in the details and most
certainly in the timing of the different activitie3he general idea would not have been
changed.

Having said that, | need to thank a couple of peeythout whom this thesis would not have
been the same. To avoid the risk that | leave outespeople | will only mention those people
that have been most important.

Wil and Tineke thanks for your advise and positwéicism. You both pushed to get the best
out of me. Members of the policy analysis sectiand especially Leon, Linda and Sonja
thanks for making work more than just work. | emdyour discussions, lunches and talks
about all kinds of things.

| would like to thank my family for their supporna their belief in me. My mother and
mother in law both took care of the children whiea tesearch asked for it. My dad read the
thesis to check whether my English was not too bad.

Finally, 1 would like to thank the most importanérpons in my life: Gijs, Sam, Lana and
Jesse. Life would not have been the same without. Without your support and
understanding this thesis would not have been plessi
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Summary

Intertwining uncertainty analysis and decision-makng about drinking
water infrastructure

Infrastructures, generally designed to have a kewyice life, are particularly vulnerable to
long term changes that can influence their funatign Therefore it is important that
uncertainties are taken into account as much asitpesrom the beginning of the planning
process of infrastructures.

This thesis focuses on drinking water infrastruetuiThis type of infrastructure is
characterized by a long life expectancy. Changethénsupply of materials (for instance
source water, energy, space for building undergtaeiworks), technology, and demand for
the end product can be expected, but are difftcufiredict. These changes can lead to high
cost for society when they lead to system failurelzsoleteness of the existing infrastructure.

The main objective of the research was to ansveefalowing question:

Can the identification and handling of uncertaistien the Dutch drinking water
infrastructure planning process be improved? Argbif how?

To answer this question, first a literature studdswperformed, which was used as a basis to
develop both a descriptive and a normative framkvi@rthe analysis of case studies. These
frameworks then were used to analyze four caseestiack post. Finally, a workshop was used

to discuss the overall results with representatires the drinking water field.

The descriptive framework is based on an approacethich a system is described as well as
the influences on that system. These influencescoare from external variables that cannot
be influenced by a decision-maker and from tadties a decision-maker can use. The effect
of both on the system can be observed in changd® ioutcomes of interest that a decision-
maker has.

The normative framework was developed to evaluaesticcess of drinking water companies
in their efforts to deal with uncertainty. It isdesl on a causal chain of actions in a planning
process that should lead to successfully dealinth wincertainty. It was found to be
impossible to measure the success of dealing witieniainty directly, this would have taken
many more case studies and very long time spansé#eted to be evaluated. Therefore it
was chosen to use indicators of success withincthesal chain as proxies for the overall
success of a drinking water company in dealing witbertainty. For each step in the causal
chain a indicator of successfully performing thispswas identified. The idea was that if each
step is performed well, overall success in deality uncertainty will follow. The indicators
of successfully dealing with uncertainty were:
* The relevance and consistency of the system boiesdand relationships considered
* The richness of inputs and outputs considered
» The explicitness of assumptions made
* The presence of signposts (which are events oshibtds that indicate the changing
vulnerability of an assumption) and a contingenanpmand the consciousness of the
relationship of signposts with assumptions
» The richness, completeness of exploration and theepce of options.
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Four cases were studied in retrospect, of whickethvere recent and one was further in the

past:

The four cases that were studied are:

1. The Project Infiltratie Maaskant (PIM) 1972-2000, Waterleidingbedrijf Oost-Brabant
(WOB). This project was set up by the drinking watempany to plan for infrastructure
that would enable the harvesting and purificatidnrieer Maas and Waal water as a
source for drinking water instead of groundwatericlwvhis the traditional source for
drinking water in their region.

2. The Oever-Diepinfiltratie project (OEDI) 1972-2000f Waterleidingbedrijf Midden
Nederland (WMN). This project was meant to enahle Wwinning and purification of
water from the Amsterdam-Rijn channel instead afugdwater which is the traditional
source for drinking water in their region.

3. The planning of purification facility Jan Lagran878-1999, of PWN, the drinking water
company of the main part of Noord-Holland. Thisjpob was carried out to realize a
large-scale membrane purification facility to exgpgpurification capacity and to be able
to deliver drinking water with a lower calcium cent.

4) The Lek-duin and the Maas-duin projects 18746199 DZH (Duinwaterbedrijf Zuid-
Holland). These projects were carried out to trarswater from the rivers Lek and Maas
to the dunes near the Hague, were it is purified matural way through dune infiltration.
Decision-making and planning of these projects veéudied for the years 1939 to 1965.

The most important conclusion of the cases wasdiiaking water companies are very aware
of uncertainties and a lot of action is taken todia them. However, some suggestions can be
made to improve the analysis and handling of uagdres. Firstly, the case studies showed
that not all potential critical external influencesceived the same amount of attention.
Political, social en technological consideratiorexevfound the most crucial in the cases that
were studied. Political and social influences wais®o found to be most difficult to handle.
Secondly, some external influences were recogriizélte cases, but were not included in the
analysis, because not enough was known about theninstance in the case of the success
of drinking water saving actions this external aaté showed to be critical. If this influence
would have been considered in more detail mayber atbcisions would have been made.
Thirdly, the cases showed that assumptions wereemaate explicit after they had failed. If
they had been made more explicit beforehand magbesidns to change policy could have
been made sooner.

What the future brings is not certain. Drinking ®matcompanies therefore include
considerations about future options in their decishaking process. Signposts, however, do
not play a significant role in decision-making. Base of technological possibilities that now
have become available with membrane technologyfabas on robustness of tactics has
shifted towards the flexibility of tactics. Still proves to be difficult to justify investments in
flexible or robust elements in a design, since eodfits can be showed that reflect a present
value.

The research resulted in eleven guiding principtEswhich the most crucial seven are
discussed here. These guiding principles are basditerature, but also on practical evidence
that these principles are important and are fetet@mportant by drinking water experts:
1. Study all five categories of external influence®cial, economical, political,
technological, environmental) in order to uncovee potentially critical ones.
2. Use both qualitative and quantitative da#&lso qualitative data can be used to base
decisions on. For instance in a devil's advocapeageh. Otherwise important notions
may be overlooked in decision-making.

Xii



3. Define your system boundaries broad enough and exypiicitly. This is to make sure
that all possible solutions can be considered aacdhat overlooked. In the OEDI case
it was finally chosen to buy water from a neighhgrdrinking water company. If the
system boundaries would have been chosen to skartdctics within the own region
only, this tactic might have been overlooked.

4. Make critical assumptions explicitt is important to know which assumptions are
made and would have had changed the decision wfoitld have been assumed
differently.

5. When making estimations don't forget to consider ghssibility of the breaking of
trends.Even when trends have not failed yet, always cmrgihe breaking of trends.
The change in water demand from ever rising tcagrsttion and even a lowering of
the demand showed that nothing in this respedcrisin.

6. Monitor developments that can lead to the failifigcatical assumptions, preferably
in combination with the determination of signpoststhe case studies it was found
that drinking water demand was monitored closelye Thonitoring of other crucial
external influences got much less attention. In cenlmnation with a signpost,
monitoring can be a great help in knowing when sleos need to be reconsidered.

7. When choosing between tactics, remember that aptcan also reflect a value.
Potential future benefits should be considered deaision-making procesk.is very
tempting to value tactics performance under presentitions. Possible future cost
and benefits, however, should be considered as well

The implementation of good practices will be easiesome companies than in others. It is
dependent on the present way of working, the plesbibnefits that management expects from
a different way of working and the extent to whiclvestment is possible. The suggested
approach works only if there are alternatives toosle from and if there is a belief that
uncertainties do matter.
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Chapter 1 Introduction

If you don't know where you are going, any road takte youthere
Lewis Caroll, Alice in Wonderland

1.1 Uncertainty and the planning of infrastructure

The world in which we live is subject to changeattare not always predictable. The timing
and impact of these changes are uncertain and tden&nown. There are a number of
reasons why it is important to characterize and dgh this uncertainty explicitly. A good
general reason for doing uncertainty analysisvsemiby Morgan and Henrion (1990): "Many
real world decisions are not made by a single peedoa discrete time. More typically, a
decision process may involve multiple actors malemglicit and implicit decisions over an
extended period. A piece of analysis will be moseful if it treats the uncertainty explicitly
allowing users to evaluate its conclusions andtéitians better in the changing context of the
ongoing decision process." This is especially faranfrastructures, which are characterized
by a long service life and of which the proper fiimaing over an extended period is critical
to society; think of the relevance of sewers to ligubealth or the relevance of road
infrastructure to mobility. These characteristicake it very important that infrastructure
design and planning is based on a good sensedquasible consequences of future events.
Infrastructures, generally designed to have a kewyice life, are particularly vulnerable to
long term changes that can influence their funatign Therefore it is important that
uncertainties are taken into account as much asitpgesfrom the beginning of the design
process of infrastructures. Infrastructure may tabsolete when uncertainty about future
circumstances is not dealt with properly in desigmd planning processes (Lemer, 1996).
Omission of uncertainty analysis results in untynedcognition of events that may lead to
stagnation, delay, or early termination of a prijexconstruction of infrastructures which are
not acceptable to the public or that do not meetdeeable future requirements, or to the
regret that better solutions were not found (H&BB80). Negative effects of unexpected
changes can never be prevented completely, buttheless to a certain extent.

This thesis focuses on drinking water infrastruetuiThis type of infrastructure is
characterized by a long life expectancy. Changethénsupply of materials (for instance
source water, energy, space for building undergtaeiworks), technology, and demand for
the end product are to be expected, but diffiaulptedict. These changes can lead to high
cost for society when they lead to system failurelzsoleteness of the existing infrastructure.
Therefore dealing with uncertainty as best as areis very important. The planning and
design of water works should guarantee that seffichealthy drinking water can be supplied
in the future at acceptable cost.

The drinking water infrastructure is organized tigkly simple and the context in which it is
operated is relatively stable. For this reasonaswhosen to study this sector. This made it
easier to derive basic notions that later coulddreralized to more complex situations.

A good example of unexpected circumstances and tlisequences for drinking water
companies can be found in the consequences ofilticeisis in the 1970’s for the industrial
drinking water demand. For example drinking wa@mpany Europoort (now called Evides
due to a merger with water company Delta), which many industrial customers, faced a
major drop in demand, and was left with a largercapacity in their water purification
facility. Another, more recent, example can be fbimthe consequences of the stabilization
of domestic drinking water demand. Many drinkingtevacompanies planned for a lasting
growth in demand, which however did not occur. Stabilization of drinking water demand



made some of them reconsider their plans. In tilse cd WOB (Waterleidingbedrijf Oost-
Brabant) this happened when construction of faesdialready had been started. Water system
planners in both previous examples had anticipgtesvth of water demand and were not
prepared for a decline in water consumption.

Losses as a result of unforeseen developments arerestricted to drinking water
infrastructure. There are other examples of infeestires that failed to meet a change in
demand for the goods or services it supplies, teagyport of Amsterdam that was expanded
with a container terminal that has been unusednfomy years and the nuclear power plant at
Kalkar, Germany, that was never put into use foforgseen political reasons. Ex-post
analysis of these examples indicates that critlegisions made during the planning process
were based on the assumption that the possibleefufiuicumstances were understood and
could be anticipated. Not all future events howesaan be foreseen in the planning of water
supply systems or any other infrastructure. But lweothesize that, if a wider range of
possible futures would be considered in a struttuemner, losses would be less.

System analysis provides methods that can be wsddal with uncertainties in the planning
and design processes of drinking water infrastrectThis thesis addresses the question
whether and how system analysis methods can betasegbrove the current Dutch planning
process for drinking water infrastructure.

In the Dutch drinking water sector dealing with ertainties has become an important item.
This can be concluded from initiatives like 'De anen Doos' in which multiple scenarios
for the future Dutch drinking water world were deised (see for instance,B (2002) No.
21, and HO (2003) No. 7).

1.2 Research questions
The main objective of the research was to answeefaltowing question:

Can the identification and handling of uncertaiiriythe Dutch drinking water infrastructure
planning process be improved? And if so, how?

To be able to answer this question the following-questions must be answered:

Key questions:

1. What is a good definition of a successful uncetjaianalysis and handling in a
planning process?

2. What methods and techniques are theoretically Ideitdo analyze and handle
uncertainty in respect to planning decisions (dmadly in the case of drinking water
infrastructure)?

3. How is uncertainty analyzed and handled in theesur(and past) practice of the
drinking water infrastructure planning process?

4. What is the difference between normative theorencéions on uncertainty analysis
and handling and the described practical reality?

5. What parts of the current practice of uncertainbalgsis and handling can be
improved?

Background questions:

6. What is uncertainty? Uncertainty needs to be ddfmeit is used in this thesis. There
are different classifications of uncertainty. It iecessary to indicate what these
classifications are and which classification isdusethis thesis to address uncertainty
in planning.



7. What is uncertainty analysis and handling? As theme many classifications for
defining uncertainty, as many ways there are tolyaeait and dealing with it,
depending on the reason of analysis and the bagkdrof the analyst or decision-
maker. It needs to be indicated how uncertainpeixeived in this thesis and how this
perception relates to different possible ways @flysis and handling uncertainty.

8. What does the planning process look like from aotbical perspective? Some
background on how planning takes place is necessajetermine where in the
planning process dealing with long term uncertaisitgrucial.

9. What are specific characteristics of the plannimgcpss of Dutch drinking water
infrastructure? To be able to relate the resulthisfthesis to other infrastructure than
drinking water infrastructure, or to drinking watefrastructures in other countries an
analysis of similarities and differences is needed.

1.3 Research design

The research is based on two basic activities, hatiterature study which was used to
develop a research framework and empirical resedicé literature study formed the basis
for a descriptive and normative framework. Theseieworks were then used to describe and
study four cases. The case study research resualtedescription of the events that took place
in the course of time with respect to the cases am@nalysis of the role that uncertainty
played in the decisions over the periods investidaBased on the case study evidence
conclusions were drawn on how uncertainty is dedtti in the drinking water practice. These
conclusions were then evaluated in a workshop dritiking water experts.

The research set-up also could have been donedtiffe: first studying cases and then
developing a theory about what can be learned fhamempirical results. The reason why this
was not done is that many theoretical notions vaeeglable, but were never applied to in the
drinking water infrastructure practice. The reshaget-up, as it was chosen, made it possible
not only to synthesize existing theoretical notjdng also to use the case study results to add
to them. Another contribution was made by combirtimgory on uncertainty from different
fields. This resulted in a rich and broad view dmatvmakes the world uncertain.

First the literature study has been carried outs Theoretical research focused on two

subjects: 1) uncertainty; and 2) planning. Theredgearch questions 2, 6, 7, 8, and 9 were

answered. This led to two products: 1) a desceptramework for the case study analysis;

and 2) normative notions about uncertainty analy#iish these frameworks research question

number 1 was answered.

The descriptive framework was used to analyze @@ases, which are comparable in respect

to, among other things, magnitude and scale. Namely

1. Project Infiltratie Maaskant (PIM) of Waterleidingiatschappij Oost-Brabant (WOB);

2. Het Oever en Diepinfiltratie project (OEDI) of Wdtdingbedrijf Midden-Nederland
(WMN);

3. The planning of production facility Jan Lagrand P¥WN Waterleidingbedrijf Noord-
Holland (PWN)

4. The Lek-duin and Maas-duin projects of Duinwaterfeduid-Holland (DZH)

Thus research question number 3 was answered.
The case results were compared to each other ahé tbeoretical notions on what is a good

way of analyzing uncertainty and dealing with ithi§ resulted in two products: 1)
recommendations to drinking water companies on howaddress uncertainty; and 2)



recommendations on how to adapt theory to the rigeli Thus questions number 4 and 5
were answerred. The results were evaluated wittnstic experts and experts from the
drinking water field. The last step consisted akHection on the research and the methods
used and a generalization of the results. The reflsekesign is summarized in figure 1.1.

1. Theoretical research on uncertainty, and planning
Resulting in: - Descriptive framework
- Normative notions about uncertainty analysis

2. Case study analysis, using the descriptive framiewor
Resulting in: - Findings on how drinking water companies
actually deal with long term uncertainties

3. Comparison of case study results with normativéonstand with each other
Resulting in: — Recommendations to drinking water companies
— Reflection on the theory used

4. Evaluation of the recommendations with experts ftbendrinking water practice
Resulting in: — Evaluated recommendations on dealing with
uncertainty

5. Reflection on all previous steps and on the ussaéwork of analysis and
generalization of the results
Resulting in: - Reflective notions about the research

Figure 1.1 Research design

The empirical research was based on interviews, stagly research, and a workshop with
experts from the drinking water field. First intexws were used to get an impression on how
uncertainty is dealt with in drinking water infragtture planning. These results were used to
choose the case study set-up in which cases weatdtmore in depth on how uncertainty is
or has been dealt with in drinking water infrastane planning.

The case study research was based on written soalceit the cases and in-depth interviews
and discussions about the case study findingspeitple that were involved in the projects
that were studied. Thus it was made sure that éndiffierent sources of evidence were used
to base the final conclusions on, in this way ti@ngulation criterion has been met (Yin,
1994). The cases were studied ex-post. This typasd study research is suitable to study
long term projects over an extended period of tiffet way, not only the actions of a
drinking water company could be observed but disocbnsequences of these actions.

1.4 Outline of the thesis

In chapter 2 the drinking water industry in the INetands is explored. Chapter 3 provides the
theoretical backbone of the research. The termrtaingy will be related to similar concepts
such as risk and related to topics like the usemaoidels and decision-making under
uncertainty. Also, the concept of planning is exetb Finally, in this chapter choices are
made on which concepts from literature are expléwetther and which are not.

Then, in chapter 4, the concept of systems-thinkingxplored. This was done because this
concept proved to be very useful to describe thkohg water infrastructure and choices that
were made with respect to this infrastructure amdetate these decisions to theoretical
notions on dealing with uncertainty. Questions trataddressed are: What are systems, how



can they be modeled, and how are they designed? Waathe specific characteristics of
drinking water infrastructures in this respect?

Normative notions about the performance of an uanggy analysis are described in chapter
5.

Subsequently, the empirical side of uncertaintylymis is investigated. In chapter 6, the case
study set-up is described.

Then the various methods and techniques that adewasre used in the drinking water

industry to identify uncertainty and strategiesléal with these uncertainties were studied in
cases (Chapters 7 to 10). In chapter 11 the owaaa# study results are presented.

The thesis ends with a reflexive and conclusiveptdral2. The practical ways of doing an
uncertainty analysis are compared to each othetatite theoretical normative notions that
were developed in chapter 5. The aim is to arrivepgcific recommendations to drinking

water companies to improve their way of doing utaiaty analysis and using this analysis in
the design process, but also to make scientifi¢ribmrions to theory on uncertainty analysis.
Also, chapter 12 reflects critically on the theaait framework that was used. Finally the
results of the research are judged on the podgibdfi generalization towards other

infrastructures, and a critical reflection on teeearch is provided.

The relationships among all these chapters is surpetkin figure 1.4.
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Figure 1.4 Relationships between the chapterseflibsis






Chapter 2 Drinking water systems in the Netherlandsplanning and
organization

What man desires is not knowledge but certainty
Betrand Russell

In this chapter the planning and organization effutch drinking water supply is described.

This has been done to indicate both the specificastier of drinking water infrastructure and

the specific Dutch setting. The description in tthspter provides basic insight into the Dutch
drinking water sector. The book 'Institutions forai& Resources Management in Europe
(Correia ed., 1998) is suggested for further regdibout the Dutch drinking water supply

system and a comparison with the drinking watepBugystems and institutions of four other

European countries.

The central organization of drinking water suppbsltdeveloped in the Netherlands over a
period of more than hundred years, starting inake 1800’s. A cholera epidemic in 1866 led
to the realization of public drinking water utiés and sewer systems. The current design of
the Dutch drinking water infrastructure reflectse ttpolitical climate and economic
developments of the past 50 years. The infrastradtardware is well maintained, but rates
of replacement have been rather low in the pasiB@ears. Drinking water companies face
major reconstruction of water distribution netwoinkdhe next 10-20 years.

In the Netherlandg/ater is considered to be a public good and watetices organizations in
general belong to the public domain. The equitgdness to water services is very high: 99%
of the Dutch households are connected to waterilalision networks and pay for water
services. Customers in rural areas receive the spraliy and type of services and products
at the same price as those in densely populatethaeas.

Drinking water companies

Drinking water companies own and manage drinkingewalistribution networks and
purification plants. Each of these companies hadsionopoly of delivering water in its
service area. Recently the supply to large usemrgnthen 100.000 tper year) was
liberalized. These users now can choose from whigdplier they like to buy water. Usually,
however, this will only be efficient to them whemey are situated near the border of the
service area of two companies, for distributionaaiter is the most expensive part of water

supply.

Drinking water companies are owned by public stakddrs: cities and/or governmental
agencies (provinces). There are few exceptioniitodelegated public ownership: only one
small company is privately owned, which soon ibéancorporated in a big public company.

Theoretically, every task in the water supply chaan be performed by a separate company.
Most drinking water companies are responsible fog total chain of water harvesting,
purification and distribution. There are howeveiea companies that concentrate on one or
two of these tasks, like Waterwinningsbedrijf Bratsa Biesbosch (WBB). This company is
owned by several drinking water companies and balywests water and takes care of pre-
purification of this raw water. This pre-purifiecater is not as pure as drinking water yet and
is sold to drinking water companies or industries.

The Netherlands has approximately 15 drinking watampanies. It is expected that this
number will decrease in the near future as an eféécmergers. Most drinking water



companies supply water as their core business. Smmenulti-utilities, like for instance
Delta, which also offers gas, electricity, cablvesion and internet services. These multi-
utility companies, however, are exceptions. Becapswatization of drinking water
companies recently has been forbidden, it is hdatethese companies to operate efficiently
as a multi-utility in the international playing fie

Water harvesting and purification

About two thirds of Dutch inhabitants drink waterepared from groundwater supplies
located in the northern, eastern and southern pecesgi In the more populated western part of
the country, drinking water is prepared from riveater. In that part of the country,
groundwater contains large amounts of chloridesibse of its proximity to the North Sea.
Fresh water resources in the Netherlands are veklatiarge because of the inflow of
transboundary, snow and rain-fed rivers. Watercstyais not a large issue in the Netherlands
with respect to drinking water supplies, but théederation of water quality in rivers and
lakes has prompted water companies to use grouadwesources.

There is a variety of technology available for @iy water preparation, ranging from simple
sand filtration for clean source water to chemioshtment or membrane technology for more
polluted water. The use of chlorine to disinfednkiing water over the past years has been
limited to the least possible. Often ozone is uasdan alternative. Treatment sludge is
incinerated because of its iron content, unleBasteconomic value for brick manufacturing.
Quality of purified drinking water can only be gaateed when the dwelling time of the water
in the distribution pipes is not too long. Thistfacombined with the high transport cost of
water causes drinking water infrastructure to haveegional character. The maximum
distance from purification plant to water sourceusially not further than 50 kilometer for
economic reasons. Which makes the physical solg@ace for planning problems limited.

Water use

After a sharp increase in the period 1960-1980 démand for water in the Netherlands has
stabilized in the past decade in spite of poputattmd economic growth (Figure 2.1).
Household water consumption is decreasing becafigheointroduction of water saving
appliances (mainly toilets and washing machines) @se of showers for personal hygiene
rather than baths. In 1999 the mean water usevegage household was approximately 130
cubic meters per year (VEWIN/Andersen Consultirg9).
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Figure 2.1 Production public water supply in thethirlands
(Adapted from: VEWIN, 1997)



Other important user groups beside householdsaage industries and farms. Industries use
water in several different ways and the quality dads differ depending on the purpose of
use: cleaning, cooling, or food and beverage pegjar. For the latter purpose, water quality
demands are much more stringent, sometimes evéerhigan for drinking water, as is the
case for brewing. Drinking water supply companias deliver these different products to
industry, but some industries prepare water therasdrom groundwater resources that they
exploit.

Farmers usually need the most water in summertiniesn total demand is at a top. In
previous years it became popular to directly extgagoundwater for farming purposes, as the
cost was less than that of buying drinking watdrisTdevelopment is not considered desirable
by national and regional water agencies becauaddification problems. Regulation is being
developed on this subject.

Cost for consumers

Water prices for households range from one to twooEper cubic meter, which is high
compared to many industrialized countries with milsir quality service (Figure 2.2). The
Dutch water price is determined on the principleast recovery and surcharged with a sales
tax. This tax is 6 % as drinking water is considegebasic need. An increase to 17,5%, the
tax rate for luxury goods, has been proposed byemuouent as a measure to reduce water
consumption further and protect water resourceshasi not been effected.
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Figure 2.2 Price of drinking water per cubic meter the Netherlands
compared to other countries (Dijkgraaf et al., 1997

Cost for water harvesting, purification and digitibn are charged per cubic meter or, when
water meters are not present, calculated per ctioned single person household pays more
per cubic meter than households of more persoterger users. This can be explained by a
fixed basic tariff per connection and by the lowabic meter price for large users. The rates
per user group are equal for every user in a cerggion. People that live in an old city
center therefore also pay for investments thatnaaede in new developments and people at
distant connections are not charged more.



Regulation

The first reason for organizing public drinking watervices is to secure public health. The
Dutch government imposes strict rules, regardirgrtticrobiological safety, pressure, taste,
and color of drinking water. These requirementsfanaulated in the Drinking Water Decree
that is part of the Dutch Water Works Act. The rsing of VROM (Housing, Spacial
Planning, and Environment) has stated that: 'Pukditer supply should be guarantied in a
sustainable way and serve public health and welfangl prosperity of society (VROM,
1993)'. Drinking water companies therefore havefthlewing mission: 'To uninterruptedly
provide sufficient drinking water, under sufficieptessure and of a good and constant
quality." The Dutch Drinking Water Act also setsmes for ownership and management of
water supply companies.

On the European level important regulation candumd in the European Water Framework
and in the European Drinking Water Directive. Instlact the chemical and ecological
protection of the surface water is regulated.

Planning cycle of drinking water infrastructuretime Netherlands
Jonker (2000) describes how Dutch drinking watdrastructure planning works. Usually
plans are made for the long-term, the mid-termtaadshort-term.

Long term plans are used to set goals for 25-3@sye@o the future. WMO (Waterleiding

Maatschappij Overijssel) and WG (Waterbedrijf Gellaied) for instance made a long term
plan as a part of their merger preparation profa840O and WG, 2002). Mid-term and short
term plans are then used to translate these plémsdtions.

The mid-term plan is used as a guideline for theparation of new investments and generally
made once in ten years. Cost for this preparasoadded to the total cost of these new
investments. If a project is abandoned this costritten off immediately. Otherwise it is
written off during the entire economical life okthew infrastructure.

Up until 1990 the mid-term plans of drinking watampanies were formalized in national

10-year plans by the ministry of VROM. Drinking watompanies had to include investment

plans in these 10-year plans, otherwise they coatdbe executed. The last update of these
plans was made in 1993 (VROM, 1993). From that tonegroundwater extraction permits
were no longer the responsibility of the ministiyMiROM, but that of individual Provinces.

Therefore  branch organization VEWIN (Vereniging varExploitanten van

Waterleidingbedrijven in Nederland) asked the nwérido be freed from the obligation to

update the 10-year plan. Since 1993, drinking matenpanies only make individual plans.

Mid-term plans are formulated as follows:

1. Forecasts of drinking water demand are made foh efi¢he years within the ten year
period. Predictions of local authorities on new $ing or industrial developments and
population growth are used as a basis for demamgddsts. Assumptions are made about
the drinking water demand of the population, whistdependent on the use of water
saving appliances, the size of families and therawgment of sanitary facilities through
urban renovation projects. The demand of industsesstimated by multiplying current
use by national growth factors, corrected for newedoped industrial areas. These figures
are combined with demand of neighboring drinkingev&@ompanies to arrive at the total
expected demand of drinking water in that year.

2. This forecast is followed-up, if it appears thatpaeity may be too limited, by
identification of projects that can be developedetdend production capacity. These
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projects will be assessed in respect to their emanand technical feasibility. Also it will
be identified what the state is of the existingduation facilities (legally and technically).

3. The demand prediction is combined with figureslmexisting production capacity. New
capacity is planned in such a way that there Willags be an over-capacity of 10%. This
over-capacity is needed to take care of climatcligiaspects and mistakes in the
estimation of demand. Usually the surplus turnstoutte more then 10%.

4. Calculations are made to make sure that the tratamm infrastructure can deal with the
expected water flows. If necessary newly to buitthgportation pipes are included in the
10-year plan.

A drinking water company also makes short term stwents plans, for 4 to 5 years. These
plans concern routine investments, the realizationew user connections, and the purchase
of water meters, but also cash flows of individpiadjects (something is called a project when

it has a considerable size and complexity) andegtsjthat are in the decision-making

pipeline. Every year the 4 or 5 year plans aresexli A longer period before revision than 5

years is not considered beneficial because of taioées.

This way of planning, until recently, was thouglat be satisfying in the Netherlands.
However, the last few years some downsides have beted within the drinking water
sector. Forecasts often do not match the eventisegsreally take place. Trend analyses can
only be made with large bandwidths, with the conseges for instance that it cannot be
forecasted any longer whether consumption of dnigkvater will increase or decrease. This
decreasing confidence in forecasts and the thabhglhtt must be possible to better deal with
uncertainty is reflected by the following citatiom the WMO-WG long term plan (WMO
and WG, 2002): 'The coming years we will keep nmamimg the development of the demand
for drinking water. We have noticed that the currprognosis of drinking water demand
contains a lot of uncertainty, but we realize tluaécasting never means certainty. We want
to improve on the way we deal with these unceliesiit
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Chapter 3. Uncertainty, planning and decision-makiig; overview and focus

Every man takes the limits of his own field ofaridior the limits of the world
Arthur Schopenhauer, 1788-1860, German Philosopher

This chapter reports on a literature study that wase to explore different facets of
uncertainty, dealing with uncertainty, decision-mgkunder uncertainty, and planning under
uncertainty. Different scientific fields have adsked these subjects usually approaching them
from different angles. This chapter does not tryntegrate all that is said and written about
uncertainty, planning and design. What it does sldiscuss literature on these subjects in
such a way that choices can be made about whiebnsai include in the research and which
can be left out to fit the limits of scope that weliscussed in chapter one. In chapters four
and five the choices that were made will be integtanto a descriptive and a normative
framework.

In this chapter at first, the definition of unceémtst is discussed. Then, uncertainty in
modeling is addressed. Decisions often are madtherbasis of qualitative or quantitative
models representing reality. In these models w@ifie sources of uncertainty can be
recognized. These sources of uncertainty are disdusThe following topic is decision-
making under uncertainty, which is followed by lgathieoretical notions on planning and
design. It is explored how these two subjects amenected. Finally choices regarding the
theoretical notions on the subjects uncertaintyalidg with uncertainty, decision-making
under uncertainty, and planning are presented.

3.1 Uncertainty literature

The literature body on uncertainty is very diveiBeople from different scientific disciplines
have studied the topic, for example from a mathamtphilosophical, policy analytic,
economic, psychological or design engineering beakgd. Morgan and Henrion (1990), for
instance, focus on dealing with uncertainty in mdmesed quantitative risk and policy
analysis. Hall (1980), adopting a classificationuofcertainty by Friend and Jessop (1969)
addresses human behavior in the light of uncegtaintl the consequences for the outcome of
decision-making processes. Corréa (1994) provides@proach to managing un-planned
changes in manufacturing systems. All these authddsess 'dealing with uncertainty', but
the theory they use and the contributions they nah#fer significantly not only with respect
to scientific background, but also in respect t@lef scale and object of study.

Theory about uncertainty and how to deal with & baen applied to numerous very different
empirical subjects. For example a lot has beentemibn climate change (Van der Sluijs
(1997), Klabbers et al. (1998), and Swart (1998)) also a lot of research has been done
done to improve company investment and financidicigs (for instance Dixit and Pindyck
(1994)).

Uncertainty is studied at different time scalesigiag from short term to long term. Some
authors write about dealing with uncertainty abthé present, for example about how to
make decisions about sewer systems with Bayesadistits, while not all system parameters
are known exactly (Korving and Clemens, 2001), wherothers write about decades to
come. Shell, for instance, is famous for it's depeient and use of scenario's and the making
of visions for the future, as can be found in Satmvél991) and Shell (1998).

Moreover, uncertainties are classified in differevdys, for instance according to source,
type, probability and magnitudes of impact. Van 8érijs (1997) provides an overview of
such classifications by different authors, whichilgacould be extended further.
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It is safe to say that there is no commonly agrigsah conceptual framework or approach to
uncertainty classification. For example, van deiijSi(1997) defines unreliability as a type of
uncertainty, just like inexactness and ignorancetnfans (1999), however, defines
unreliability as the result of inexactness, lack méasurements and practical measuring
difficulty. It is unlikely that both authors meamaetly the same with the same words (see
table 3.1 for an example).

Table 3.1 An example of differences in definitiohdifferent authors on uncertainty
classification.

van der Sluijs (1997) Rotmans (1999)

1. Inexactness 1. Inexactness 1 t/m 3 together:

2. Unreliability 2. Lack of measurements Unreliability

3. Ignorance 3. Practically immeasurable
4. Conflicting evidence 4 t/m 6 together:
5. Ignorance Structural/ systematic
6. Indeterminacy uncertainty

Uncertainty researchers have noticed this problemmaddress this problem, workshops have
been organized which were attended by several esutrmm different scientific backgrounds
on uncertainty theory, but until now this has reat (yet) to a shared framework of reference.
An attempt was made by Walker et al. (2003) to ter@ashared framework of reference for
model based uncertainty.

In this framework they distinguish three dimensiohsincertainty:

1. Thelocation of uncertainty- where the uncertainty manifesselft within the model
complex;

2. Thelevel of uncertainty- where the uncertainty manifes¢elft along the spectrum
between deterministic knowledge and total ignoraaoe

3. The nature of uncertainty- whether the uncertainty is dueirtgperfection of our
knowledge or is due to the inherent variabilitytted phenomena being described.

This framework, however, is not adopted (yet) Byuatertainty researchers, and is limited to
model based uncertainty. Where possible, this shases generally accepted definitions.
However, when it comes to uncertainty itself thésenot exist.

3.2 Defining uncertainty

Uncertainty exists about the past, the present,b@edmes larger and larger in the future as
the time-scale extends. For the present and theefuhis can be graphically represented by
the 'trumpet of uncertainty’ opening into a widé f&gure 3.1).

Present
Amount '
f Possible
) f
uncertainty utures
| Time

Figure 3.1. The trumpet of uncertainty (Rosenhd2a89)
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Before focusing on further choices it is importémtmake clear how we interpret the term
‘Uncertainty’. The unknown characteristics of theufe are often addressed with the terms:
risk, uncertainty, indeterminacy, ignorance, thengwn, and the unknowable. We will make
a clear distinction among these terms, and espetiatween uncertainty and risk, for these
concepts are often used as synonyms.

The classical way to differentiate between uncetyaand risk is in terms of probability and
outcomes. Knight (1921) for instance defines riekl ancertainty as follows: 'The practical
difference between the two categories, [...], & th the former the probability distribution of
the outcome in a group of instances is known (eitheough calculatiora priori or from
statistics of past experience), while in the cadsenaertainty probability distributions are not
known, the reason being in general that it is insfide to form a group of instances, because
the situation dealt with is in a high degree uniglmeother words: the distinction between risk
and uncertainty is that the term ‘risk’ is usedridicate a situation in which the random event
comes from a known probability distribution, wheseim a situation of uncertainty the
probability distribution is unknown and must be séo subjectively (Quade, 1989).

We define uncertainty as consisting of three lewelst to certainty: risk, indeterminacy and
the unknown. With this definition uncertainty isegeything but certainty. Therefore an other
word has been chosen to refer to what Knight anaid@ubut also many other authors, such as
Wynne (1992), define as uncertainty. What theyrdeéis uncertainty, we catideterminacy
The unknown is introduced to refer to those sitretiof which the possibility of occurrence
is not known. Consequently, beforehand no prolisslior consequences of outcomes of the
events can be determined. This distinction is basedhat is known about the distribution
function of probability and consequences of evef#se Rogers, 2001, for a similar
categorization of uncertainty). An event is congédeto be a happening, incident or series of
circumstances that can or does cause changes ystans We define certainty, risk,
indeterminacy and the unknown the following waye(figure 3.2):

Certainty A characteristic of an event that is known wiglspect to the exact time, place and
consequences.

Risk A characteristic of an event with known probabitind consequences (Knight, 1921).
Think about the breaking of a water distributiopepi

Indeterminacy A characteristic of an event of which either tpeobability, or the
consequences, or both are not known. For instante not possible to determine the
probability that drinking water companies will beivatized, and if so what the
consequences of that will be.

The unknownA characteristic of an event that is not imagiednticipated. Or as Wynne
(1992) says: "There is no way in which cause-effetations of the future can be
imagined". For instance no-one in the drinking wéesiness would have thought in the
1960s that an oil crises was at hand and what itagghat would have on the performance
of the companies.
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Figure 3.2. Uncertainty about future events

When this framework is compared to the frameworkVélker et al. (2003), the term
determinacy is used as we use the word certaihy,térm statistical uncertainty is used
where we use risk, scenario uncertainty and reeednignorance are used where we use
indeterminacy, and total ignorance is used wheresesthe word the unknown.

A term that also needs explanatiorig;horance'as we use it herégnorance is an attribute of
persons, i.e. the state of not being aware. Oraasder Sluijs (1997) defines it: We don't
know what we don't know'. It is possible to be igimd about something that is certain, for
instance that it is someone's birthday. It is giessible to be ignorant about a risk, most
people were ignorant of the risk of getting infectey Legionella bacteria until over thirty
people in the Netherlands died from legionella-aégein 1999. Ignorance is a term that can
be applicable to all categories of (un)certainty.

3.3 Uncertainty and the use of models

A model is a simplified representation of a reglecbor situation (Forgionne, 1986). To be

able to tell more about the past, present, or thed, often models are used. Causal models

are built up from knowledge about cause-effecttimiahips. Usually the model is based on
data from the past. When making these (quantitathadels, three sources of uncertainty are

of concern (Rahman, 1997):

« Uncertainty aboutata originates from not knowing whether the right dagae been
collected, that the data have been collected imitfne way, or that not enough data have
been collected, see Rahman (1997) and van dersS|Lg97). An example of how
uncertainty about data can have devastating corsegs is the following: Up until ten
years ago microbiological quality of drinking watamas measured on the basis of
indicator organisms. The outbreak Gfyptosporidiumin Milwaukee (USA) in 1993
showed that this test did not provide information all pathogen micro-organisms.
400.000 people fell ill after using drinking watbat was infected by this coli-bacterium.

* Uncertainty aboumodel structurds uncertainty about the model specification. theo
words the uncertainties in the relations and dpsons used in the model (Vesely and
Rasmuson (1984)). An example: How does a certaengd in water quality (e.g.
herbicide concentration) influence the purificatmmocesses?

» Uncertainty abouthe structure of the system under consideration tedrelationship
with its environmentoriginates from a lack of understanding of certgimenomena
(missing parts of the puzzle), but also from nollyfypredictable phenomena (See:
Rahman, 1997). It is uncertainty about the effedtsiot fully predictable or not well
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understood phenomena from outside or within théesyson the system behavior. For
example, new technology makes it possible to ustasel water for the preparation of
drinking water without much extra cost comparedround water. Another example: the
unforeseen planning of new housing projects inséiteice area significantly increases the
demand on drinking water production.

These three sources of uncertainty in models areewessarily independent of each other. It
is possible, for instance, that the wrong modelcstire is chosen because the available data
were insufficient to interpret relationships betwemriables correctly. It is also thinkable that
important features of a system could not be idieatibecause the structure of the model that
was used to identify them did not include all reletvvariables.

In a way the three sources of uncertainty are niiytakependent. Without a good theory
about the system structure it is very difficultcmnstruct a good model of that system, and to
interpret the available data. Therefore, when degalvith uncertainty about the system
structure indirectly a lot of uncertainty aboutaland the model structure is also dealt with.

These three sources of uncertainty can never ladytaivercome. Uncertainty about the
system structure is, often, for complex problenehsas infrastructure planning problems, the
largest source of uncertainty in an analysis, drddne with the largest consequences for
decision-making (Rahman, 1997). Uncertainty abbetdystem structure is the most difficult
to handle. Uncertainty about the model structuretoaa great extent be dealt with by doing a
sensitivity analysis using different future valugsexplanatory variables. Uncertainty about
data can be reduced by gathering more and better daspite the fact that uncertainty about
the system structure has generally more impactt ms®arch has been done in respect to
uncertainty about data or the model structure {seénstance Beck, 1987; Functowicz and
Ravetz, 1990; Helton, 1994; Morgan and Henrion, 099

In addition to the model uncertainties that werentiomed above, Walker et al. (2003) also
distinguishes uncertainty about tbentextof a model, which is caused by the definition and
the boundaries that were chosen for the model.értlesices determine which part of the real
world are modeled and which are outside of the hode

3.4 Uncertainty and decision-making

Decisions are made under uncertainty. These desisian be made on different grounds, for
example by minimizing the potential losses. In B.different attitudes in decision making

under uncertainty are explored..

Next to preferences of decision-makers in choosingtegies with more or less risk it is

possible to develop strategies that can be adjustesh the future unfolds. In literature

different suggestions are made to smartly handlemainty, like for instance assumption

based planning and adaptive policy making (Dewal.ef1993), and Dewar (2002)), trial en

error, learning, etc.

Three of these suggestions will be discussed ithéardetail in this chapter. These are
signposts (3.4.2), options (3.4.3), and hedging.43.

3.4.1 Attitudes in decision-making

When making decisions about which strategy to ¥|lthe people making the decisions can
have different attitudes towards how they take uag#y and possible consequences of
future developments into account. The followingalgsion of attitudes is based on Beroggi
(1999). First, decision-makers can choose an atemn of which it is certain that its
minimum utility is as high as possible. This atfiéuin literature is called th®IINMAX
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attitude. This attitude avoids worst-case scersmariegardless of their chance of occurrence.
Second, decision-makers can choose an alternadsedbon minimizing the maximum regret.
This means that the maximum losses or missed dghatscan result from a decision are
minimized. This attitude in literature is callecetlINMAX regretattitude. Third, decision-
makers can have an attitude that combines the famree For instance by weighing for each
alternative the minimum and the maximum utility enddifferent circumstances, or by
calculating an average utility for each alternativeder different scenario's. Note that the
latter option does attribute the same probabititgach possible scenario of what will happen
in future. Schick (1997) provides an analysis @ is and outs of each of these attitudes in
decision-making.

Another basis for decision-making might be the M@laximize Expected Value) attitude in
which the maximum expected value of the differdrdategies is used as a basis for decision-
making.

These theoretical notions are only applicable tnasions in which enough is known (see
figure 3.2). In most instances this is not the cdbke theory of limits to rationality is
applicable. This theory stipulates that people hawdy limited capacity to process
information. Simon (1976) therefore rather spedksearching for satisfying solutions rather
than maximizing utility in choosing between altdives.

Nevertheless, decision makers often do have a teyd® maximize utility or to minimize
regret. Just think about the preference for rolsautions to problems. What attitude
decision-makers have can be based on companyegsmheid culture, personal preferences of
the decision-makers, and the stakes involved indiesion. In this respect, the specific
context of the problem situation and the relatize ®f the risk with respect to what an actor
can bear can be of influence on how decisions @@emGarreth Morgan (1997) for instance
mentions that persons make decisions based on dkis lof their task, their personal
characteristics and externalities. Kahneman andrskye (1982) argue that people's
shortcomings can be attributed to the lack of ganiatellectual skills, to a lack of specific
substantive knowledge or to a failure to explodithskills and knowledge adequately. Thus
people may not know how to choose between possigyes of action.

3.4.2 Actions to handle uncertainty: Signposts

Monitoring is necessary to know what changes aceming. Monitoring efforts become even

more valuable when indicators of potential changecampared with the monitoring results.
A signpost indicates when the course of things bgaein such a way that further decisions
or actions are necessary. Or more precisely, gsgins an event or threshold that clearly
indicates the changing vulnerability of an assuomp{Dewar et al. (1993)).

Crucial assumptions are those assumptions thafyning out to be false, have significant
consequences for the outcome of an action. A timedggnition of a false assumption makes
it possible to change the course of action that dexsded upon before. Signposts therefore
are assumption specific, but a single signpost p@yend the violation of more than one
assumption.

The monitoring activity thus involves the scannfogthe specific events and thresholds that
have been signposted. If these events happenhoeshbld is reached a contingency plan can
be effectuated. Therefore, signposts should belole®d in direct conjunction with a further
plan for action that can be used in case the sgjrtpggers for action.

Signposts preferably are unambiguous. It is, howemet always easy to establish such

signposts. The assessment whether a signpostdlse@anay involve expert judgment about
the significance of a signposted event or threshold
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Dewar (2002) identifies three ways of identifyingdaspecifying signposts:

1. Using formal indicator systems. In this approagnpbsts are determined on the basis of
a formal indicator system that is used to monitmme development. An example of a
formal indicator system is the Index of Leading BE@wmic Indicators. With this system the
economic tide is monitored. For this index, threesecutive monthly changes in the same
direction suggest a turning point in the econommd thereby can be considered to be a
signpost for a changing economy. For the purposggniposting, generally a sufficiently
long history of performance data is required.

2. Deriving signposts from aimpoints. Aimpoints areasres of a plan’s success or failure.
Signposts can be derived from such aims. For isstaa drinking water facility that can
be built in two modules is designed to deliver Bousand mper year from the fifth year
of operation when it is completely finished. Tharpis to build the second module three
years later than the first. A possible signposthis case would be a delivery of 10
thousand rhin the second year of operation. When this amaunbt sold this is a sign to
reconsider the installation of the second modukhénthird year.

3. Common-sense way of proceeding. This approachsstith the vulnerability of an
assumption. Consecutively, a path along which $sumption could fail is imagined.
Around that path one looks for unique, unmistakatéatifiers of that path. These are the
signposts.

3.4.3 Actions to handle uncertainty: options

Particularly for capital intensive infrastructureaisions, it is most important to have some
way of coping with future changes. 'Options' isemeyic term that is used to indicate those
aspects that have been included in a planning aadidn-making process that make sure that
the solutions resulting from this process are Bkxi adaptable, robust or reversible (being
able to return to the original state of the systémfien a plan or a design for some physical
asset is concerned, often the term ‘real-optiamsésl. In this thesis the term options is used in
a broad sense, including both ‘real options', &editvestments in knowledge and time that
enable postponement of decision-making.

Option theory has its roots in the financial worlthe Nobel-price winning work of Black,
Merton and Scholes made it possible to calculageviidue of options (Dixit and Pindyck,
1993). Practical examples for the use of 'reafooptcan be found in Amran and Kulatilaka
(1999), Neely and de Neufville (2001, de Neufviigd00) and 2001). In applying the real-
option approach to strategic decision making, saangtion should be taken, because it is
debatable whether values of options can alwaysalmelated. Some cost and benefits of using
options cannot be expressed in monetary values iBhdefinitely true for the benefits of
drinking water supply to society (e.g public hepltin cost of water resources exploitation
(e.g. damage to nature).
Different authors mention different types of opsorAmran and Kulatilaka (1999) for
instance distinguish 'waiting-to-invest' optiongroivth' options, ‘flexibility’ options, 'exit’
options, and 'learning’ options. Quade (1989) moasti'buying time', 'buying flexibility’,
'taking the conservative approach’, and 'buyingrmftion’. By combining these lists, and
others like it, the following four option strategibave been identified:
1. Investing in time
2. Investing in flexibility (special forms: investingn reversibility, investing in exit
possibilities)
3. Investing in robustness
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4. Investing in knowledge: 1) About the present- L&agnin order to know a situation
better; and 2) For the future- Research and Devedop

In this list many possible future related tactics eonsoled. The term options in this thesis

thus is used to indicate a broad set of uncertaglgted tactics, both offensive like investing

in robustness and defensive like incorporatingiflex parts in a design or research and

development to be able to grasp opportunities e dinise.

The following paragraphs will discuss these foynety of options.

1. Investing in time

Investing in time by delaying decisions has theaatizge that some uncertainties disappear in
the course of time. Events that were predictedamre not certain in respect to time, place or
consequences may have happened; the probabilityibdigon of indeterminacies and
possible impacts may have become known; and euweatswere unknowable may have
become indeterminacies. Quade (1989) calls theeglraof postponing decisions 'buying
time', for postponement of a decision usually beafson-monetary) cost. Not all decisions
can be delayed. Sometimes it is better to jusinaciediately, because of the price attached to
postponement or because it is a matter of 'novevemn

De Bruijn, ten Heuvelhof and in 't Veld (2002) staélhat actors may associate every decision
as a trap, which indicates a point of no returnfefiig room by delaying a decision may
benefit the progress and the quality of the evdrduscomes of a decision process, because
decisions are taken in a more relaxed atmosphéesy dlso mention that the postponement of
commitment furthers learning processes. During pihecess, new insights will become
available, facts turn out to be different from whhaey are often thought to be and even
normative views can change. Such a learning procassbe seriously blocked if binding
statements are made at an early stage. Miller as3$drd (2000) remark that actors cannot
remain flexible indefinitely: eventually cascadeks moves must be made. The art is in
committing at the right time.

2. Investing in flexibility

According to Corréa (1994) the flexibility of a $ym can be defined as the ability to deal
effectively with the effects of unexpected develemts, as these effects are experienced by
the system. This definition is adopted with then@ation that this ability to deal with
changes is characterized by limited loss of tinffgre cost, or performance of dealing with
that change (Meijer and Ruijgh-van de Ploeg, 20BIExibility of a design can be pursued in
different ways. One design possibility is to make of components and materials that can be
replaced and disposed of easily and affordably.tA@rooption is to build in modules rather
than to build one large system based on uncertssumaptions about future demand for
capacity. A third option is to design a system tban be used for other than the original
purposes also. Flexibility can contribute to robess of the design (see following paragraph).

A particular form of this type of option is invesj in reversibility.Reversibility is the degree

to which it is possible to return to conditionsttbaisted before a change, if that change does
not work out (Walker et al., 1979). When a stratégymplemented involving a complete
change of a system, a part of this strategy magiuavthe possibility to switch back to the old
system in case the new system does not functigmepiso In the same way the 'exit' option,
mentioned by Amran and Kulatilaka (1999) can beeusithod: it is the option to halt or stop a
project without major losses.
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3. Investing in robustness

Both flexibility and robustness of a physical irdtaicture aim at expanding the number of
future system environments in which system perfoiceacan be upheld. Both strategies
increase the number of possible futures that castelét with, but use a significantly different
approach to reach this goal. In aiming for robustna specific design is meant to be suitable
for several futures without changing it. Tacticshiaig for flexibility lead to a design that can
be altered and adjusted in the future accordirtggachanging needs.

Robustness is the degree to which a design canesdcth a wide range of future

environments (see for example Arguden, 1982). Rinless can be achieved in different
ways. The ultimate goal is to have infrastructutiest are not likely to fail in changed

circumstances. In the case of water infrastructine use of inert, lasting materials and over-
dimensioning of the filtration, transportation dormge capacity are well-known ‘robust’
design principles to expand the number of futuoesvhich the design is suited.

Similarities between flexibility and robustness

Robustness and flexibility can both be sought #ewint levels within an organization or
planning process. It is for instance possible tee#t in a robust hardware part of the
infrastructure, but it is also possible to deveopobust company financial plan (in which
case the system boundaries have been placed amotmmpanies financial structure). In this
respectinvesting in insurance or sharing responsibiliyth different stakeholdersan be
seen as investing in the robustness of the comgaim@ncial or legal position. Also,
flexibility can be built into a planning proces@rknstance by designing the process in such a
way that new insights can be introduced into theisien-making without the process being
frustrated. An approach to decision-making thatleseloped with this idea in mind is the
living document approach (van der Most, KoppenjanBsts (1998), and Enserink and
Monnikhof (2003). All are examples of investingrobustness and flexibility, but they aim at
robustness or flexibility in totally different outmes of interest of a company.

The strategies aiming for flexibility and robustsesn both lead to what Quade (1989) calls
the 'conservative approach'. Here the decision-matktempts to choose the alternative that
gives the best result if the environment is maxiynalean to him. In other words, he resolves
uncertainties by making the blanket assumption tikatworst will happen. Alternatives that
stem from this approach can turn out to be vereagje, when the future does not turn out
to be so mean. Another argument against preparedmesll cost comes from Teisberg
(1993). She notices that pursuing a robust strategy undermine a company's chance for
superior profits by forcing managers to avoid riskgmmitments with potentially high
payoffs.

This research focuses on the planning process ysigdl drinking water infrastructure with
respect to dealing with long term uncertainty. Efiere, especially those flexibility and
robustness options that concern the performandhediphysical infrastructure on the long
term will be investigated.

4. Investing in knowledge

A very different approach to dealing with uncertgiis to conduct research, pay others to do
research, or stimulate or persuade others to dzarels. There are two types of investing in
knowledge, i.e. Investing in knowledge about thespnt and investing in knowledge for the
future. Quade (1989) would call the investing irowtedge options 'buying information'.

21



Strictly speaking it is not really an option to @st in knowledge, but it is a tactic to reduce
uncertainty and identify possible future ways di@t

The first type,investing in knowledge about the preseaims at the gathering of more and
better knowledge about how the system functioneupdesent circumstances. This strategy
does not only concern research on technical issugsfor instance also on institutional,

economic or social issues. It is important to kéepnind that more knowledge does not
necessarily mean less uncertainty (Rotmans, 1946je knowledge may cause people to
realize that there are more uncertainties than wensidered before.

The second typenvesting in knowledge for the futuie based on the same idea as investing
in knowledge about the present. In contrast, thigti¢ aims at investigation diuture
possibilities, and new future possibilities that get unknown may be identified.

3.4.3 Actions to handle uncertainty: hedging

A term that is often used in respect to decisiofinaunder uncertainty is hedging. Hedging
tactics are those tactics that enable a persomganization to deal with a world beyond its
control. More specifically, these are actions tddiesn in the present and that are intended to
better prepare for failure of an important assuarp{Dewar et al., 1993).

Hedging actions and options are closely relateccepts, but are not totally the same. We
consider hedging actions to be a subset of opti@ions include more actions than
hedging. This is the reason why in this thesisié¢hen hedging is not used further. Some types
of options, like investing in robustness and flékyp when built into a strategy, can be
considered as being classic hedging actions. Imgest knowledge can be considered to be a
tactic that enables hedging actions in the futowe,is not a hedging action in itself. Investing
in time can be considered as an investment doie table not to act, and therefore can be
considered to be an option, but cannot be considerbe a hedging action.

3.5 Planning

This research focuses on the way in which the mhnaf drinking water infrastructure can
be improved with respect to dealing with uncertainfThe goal is to arrive at
recommendations for improvement without losing ¢hear benefits that are embedded in the
current way of planning. Therefore it is necesgargxplore the planning process more into
depth. This is done by looking at life cycle thedhe differences and similarities with design
processes and finally at the link with dealing watircertainty. But first planning is defined as
it is used in this thesis.

Planning is the guidance of future action (Forest®89). Planning in the drinking water
world thereby is the process of strategic, tact@a#l operational decision-making about
drinking water infrastructure (parts) in a time g@gctive. The planning process includes
among other things long term, mid-term and shomt@vestment decisions and embodiment
of those investment decisions in the form of chog$rom specific alternatives.

A term that is often used to point out a part @& ghanning process of infrastructures is asset
management. Asset management is the field of krdneleoriented to the whole of actions
that a person or organization takes in the lifenspfahis, her or its assets. Asset management
includes all those strategic and tactical decisam actions about assets that originate from a
desire to improve on the degree to which businedseg are met (Townsend, 1998). Asset
management is usually not meant for planning ogdamvestments, but rather for the
planning of maintenance or replacement of infrastme that already exists.
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Asset management is a term that becomes more arel popular. Dutch, but also foreign,
infrastructure managers, see it as a way to workergost effectively without losing quality
of service. Usually computer applications are usedupport these managers in making
investment decisions for the short and mid-termesehinvestment decisions often will be
about the choice for replacement of infrastruchags or maintenance of the existing parts. It
is important to notice that asset management patgnts more than these computer
applications! However, some people use the terttguaddress the use of such applications.
In the remainder of this thesis asset manageméhnetibe mentioned further. This has two
reasons: 1) Dealing with uncertainty in drinkingt@rainfrastructure planning processes is the
central issue in this thesis, using it in the saese as the term asset management would be
confusing; 2) Since the term asset managementisniiag more used, people all have their
own ideas about what asset management is and.is not

3.5.1 Life cycles and planning processes

The ultimate goal within any planning process fanking water infrastructure, either short
term, mid term or long term, is an infrastructuparf) that is functioning as well as possible
over the total period for which it is planned. Riary decisions influence the way in which
the infrastructure can deal with future changetheeioriginating from sources outside the
control of the infrastructure managers, or origmatfrom changing preferences about
performance of the infrastructure. To make thesegsams properly, the total lifecycle of the
infrastructure part that is planned for will haeebie taken in consideration. It is for instance
of crucial importance to consider maintenance drement issues from the start of the
planning of a new infrastructure part.

An infrastructure part goes through a life cycteliterature, lists can be found that divide the
lifecycle in 5 to 9 phases. For instance Cleland King (1983) mention the following 5
phases which are identified by the U.S. Air ForbeThe conceptual phase; 2) The validation
phase; 3) The full scale development phase; 4)pfbduction phase; and 5) The deployment
phase. Each of these phases consists of severgdhsgles. Some authors therefore have
longer lists than others depending on the sub-divithat they have chosen. After studying
different possible divisions (French (1985), Clelaand King (1983), Roozenburg and Eekels
(1995), Bahill et al. (1998), Pugh (1986)) we caield that on average the following phases
can be discovered:

Discovering of system requirements

Concept exploration

Full-scale engineering design

Manufacturing

System integration and test

Operation and maintenance

Retirement, disposal and replacement

NogMwhE

The difference with some other authors with lonlggs is that they define some feedback-
loops between the phases as being separate phdmss, in this list the feedback-loops are
assumed between all phases. The difference wittiesHists is a more detailed description of
the phases after manufacturing, e.g. some autholigde a testing phase and end the list with
the use of the product, while others include aegtent phase as the final phase.

Planning can concern each of the phases of theyldk. It is for instance possible to plan for
the full-scale engineering phase, but also forrtaufacturing process or the retirement of
infrastructure parts. A planning process can canoee or more of the phases in a life cycle.
Before an infrastructure part is completely retireteces of it may have gone repeatedly
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through these phases. Iterations between the phasgmssible, for instance because parts of
an infrastructure are re-designed.

The goal of all planning activities is to get afrastructure that functions as well as possible
within certain constraints, such as available fuadd planning time. Another goal is to be as
efficient as possible in this strive for functioityal Unnecessary cost and early obsolescence
are unwanted (Iselin and Lemer, 1993).

There are two points in an infrastructures lifeleywhere decisions are made of strategic
importance to the system architecture and therebig tfunctionality in its further life. First,
when a completely new infrastructure part is set $@cond, when existing infrastructure
(partly) is replaced. It is at exactly these pothest this thesis focuses.

When a decision has to be made in a planning psaoese or less the following phases are
made with respect to the content of the decisibosgjonne, 1986):

Observe reality

Recognize a problem (or opportunity)

Identify alternative courses of action

Establish evaluation criteria

Evaluate alternatives

Choose the most preferable alternative

. Implement the choice

Usually these phases are followed by an evaluatiothe choice as it was made. Other
authors present similar lists (for instance Wal@900), or Rosenthal, Van Schendelen and
Ringeling (1987)), but these don't differ much. Tl is the same for different types of
planning activities, ranging from budgeting to filanning of the implementation of a certain
piece of infrastructure.

In a planning process, these phases can iterativelgpeated for the same decision that has
to be made, but obviously within a planning processe than one decision can be made
which all have the same set up.

Nog,rwNE

3.5.2 The link between planning and design

A design process is a process in which a descnipgfoa technical system is developed in
such a way that it will fulfill a number of requireents. Obviously, the design process and the
planning process are very closely linked. In faalesign process in itself is a special form of
planning, namely the planning of the lay-out ofeatain piece of technology, in this case
infrastructure. The starting point of any desigogass is a description of requirements (Jones,
1982). Usually the requirements are for a large geetermined in a planning process in which
decisions of strategic nature are taken. Otherireepents stem from governmental rules and
regulations, consumer preferences or are transktaf generic requirements into more
practical terms.

French (1985) distinguishes four activities in &ige process. These activities are: 1) The
analysis of a problem, resulting in a problem stestiet; 2) A conceptual design, resulting in a
selection of schemes; 3) The embodiment of thecwaleschemes; and 4) Detailing of these
schemes, which eventually leads to working drawiigs Other authors present similar lists,
like for instance Hubka and Eder (1992), Roozenland Eekels (1985) and Pugh (1991).
These last two authors independently argue, treatifierent design procedures that can be
found in literature do not principally differ fromach other (Roozenburg and Eekels (1985)
and Pugh (1986)). In this thesis their opinionhared.

The design activities as identified by French atiebis are logically the same as the three first
phases of the life cycle of an object as was ptesem paragraph 3.5.1. Therefore in this
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thesis the phases of the life cycle as discussedragraph 3.5.1 will be used as a framework
for addressing design activities.

When literature about planning and design is stijd@milarities between the two are
striking. Leach (2002), for instance, identifiedist of requirements of a good project plan,
which is quite similar to the requirements of a da@®sign process, for instance as stated by
French (1985). Also, the set-up of a decision iplanning process as was discussed in
paragraph 3.5.1 is basically the same as the plivasedesign process as they were presented
in this paragraph. The difference between the twondt as much the set-up and the
requirements of both processes, but the fact tlatnng is often associated with projects,
and design with objects.

It is hard to say when planning stops and desigjinse especially when a new infrastructure
is being realized or when an infrastructure paltemg replaced. Both processes cannot exist
without each other. By rule, decisions of high t&igec importance are taken in the planning
process, but the reason that these decisions ateeoagenda can originate in the design
process. Therefore feedback loops between the tecepses are more rule than exception
(see figure 3.3).

y

v

Planning process

- Design process >

Figure 3.3 Interaction between planning and degigocesses.

The separation between the two processes in peaiciot strict. Often the same people
participate in both processes. Especially in thetcBudrinking water sector where
management tasks are often performed by skillednheegs with a large knowledge of and
interest in design issues and where the organizasioucture in general is not very
hierarchical.

The planning and design processes are very cltis&bd, especially in the first three phases
of the life-cycle of a new or replaced infrastruetypart. These three phases are, by nature,
preceded by a phase in which the awareness ris¢sathew infrastructure part should be
developed or that re-design of an existing infradtire part is necessary.
In these phases, design and planning go hand id. Because of this intertwinement,
terminology of both disciplines can be used in e¢ehee to describe the combined planning,
and design activities for the development or regiaent of an infrastructure part. The
resulting four phases can be specified furtheplgvis:
1. Awareness of a problem
In this step the design/ planning problem is spetifind a first identification of possible
alternatives is made. This step results in a proldatement and a project description.
2. Discovering system requirements
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To discover system requirements an identificatibstakeholder interests and opinions is
made. Also objectives and criteria of the plannamgdesign process are identified and
system boundaries are defined which determine ¢héisn space and the scope of the
planning or design process. An uncertainty analyis@uld be performed, because insight
in uncertainties in the first stage of a projectkem it more easy to plan for these
uncertainties. Results of this step are a requintsngpecification and analysis.

3. Concept exploration: Functional system specifiaatio
In this step a set-up of the actual plan or deEgnade. This means system specification
and the selection of alternatives. This step resala conceptual design.

4. Full scale engineering design
The design process then continues with the devetoprof a full scale engineering
design, in which alternatives are embodied and ilddtawhich results in a system
description which can be implemented.

This thesis focuses mainly on the second stepanrphg/design processes in which system
requirements are discovered, system boundariesseireand uncertainty is studied. The
consequences of choices in this step in dealindy witcertainty are examined for the
following phases of the planning or design procédso the consequences for the other four
phases of the life cycle are studied, since thenainties that are dealt with in the first three
phases all concern the functioning of the infragttre in later phases. The latter four phases
are, however, not studied themselves in detail.

Wherever in the remainder of this thesis the wdeshiping is used the reader has to keep in
mind that this broad perspective on planning islugewhich technical design questions can
play a large role. This enriches the analysis aresdot cause analytical problems since the
same framework can be used to study both planmidglasign questions.

3.6 Focus in research

This research is limited to a specific body ofrhtieire. In the remainder of this chapter the

specific body of literature that is used is pointed. The selection of (parts of) theoretical

concepts is based on the following criteria:

* The selected theoretical concepts must be usabdmdtyze planning processes and the
choices that are made within them.

* The framework that is formed by using the conceptd its resulting conclusions is
communicable to designers of drinking water infriacure in practice.

» The framework that is formed by using the concejats provide a basis for scientific
contributions to uncertainty theory, either in gieal or theoretical sense, preferably both.

This research combines notions from the differaatiglines. Using theory from different
scientific domains has a clear value. There isingle theory that combines all aspects of
dealing with uncertainty or is specifically focudsen planning of infrastructures with respect
to uncertainty about the future. The use of différbenses’ to look through at the same
phenomena assures that a rich picture can be nadkeis way the core of each theory
remains firm, but at the same time the blind-spotseach theory can be covered or
highlighted. The strong points of each theory tates preserved, while weaker elements get
strengthened.

The remainder of the chapter focuses on how thécesdor certain lines of thought were

made. One by one, possible ways of focusing wilhlghlighted and the choices in this are
explained. These choices have been grouped togbyhdre same subjects that have been
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explored in this chapter: the definition and lirsthought on uncertainty, uncertainty and
modeling, uncertainty and decision-making and plagand design.

3.6.1 Focus in respect to uncertainty

A practical and rational approach in dealing witmeertainty rather than a philosophical
approachin this thesis we limit ourselves to a short disoms of the main movements that
have preceded recent uncertainty thinking, in otdexxplain how this research is positioned
in a philosophical sense. Uncertainty thinking @&slkwow it has its roots in the enlightenment
movement. In the period of enlightenment all pheeoan were considered to be
(scientifically) explainable. This way of thinking called ‘Positivism’. The first protests
against this way of thinking came from mathematisjavhen it appeared that different well-
accepted theories didn’t support each other anttidtave different results as a consequence.
These kind of observations in the beginning of 208 century led to two anti-positivism
movements: Post-Modernism (originated in philosoghi thinking) and Social-
Constructivism (originated from sociological stuglief science and technology). The most
important messages of these movements were (vaitA2800):

» Science is not a purely objective, value free @gtiof discovery: science is a creative
process in which social and individual values ifeler with observation, analysis and
interpretation.

» Knowledge is not equivalent to truth and certainty.

This thesis is to a great extent positivistic irtun@, but has also some anti-positivistic

characteristics. On one hand a rational approade#b with those uncertainties that can be

dealt with is the basis of analysis. On the othamchit is appreciated that not everything is
knowable and explainable.

Uncertainty about the long term rather than sha@tnt uncertaintyWhen planning for the
future it is necessary to look at possible futuegedopments. This should be done from well
founded ideas about what the future might bringhls research, uncertainty about long term
developments will take a central place. Long tefwn,drinking water provision systems, is
defined as a period of twenty years or longer. ddion, uncertainty about those midterm
developments that can change the outcome of a ipamprocess is incorporated in the
research. Midterm is defined as a period of 5 toy2@rs. Uncertainties about short term
developments (for a period of O to 5 years) areemaimined further. Therefore the theory that
is used in this research will focus on the idecdifion of and dealing with uncertainty about
long and midterm developments.

Indeterminacy and the unknown rather than rigisks seem to be pretty well covered by
drinking water companies. They have calamity planisand that can provide the people with
enough drinking water in case of an emergency. Alsey usually build vulnerable
infrastructure parts like pumps and distributiopgs in pairs, so that if one fails the other one
can take over. For this reason, most companieshalge a connection with the infrastructure
of neighboring companies. This redundancy thinkiag grown over time. This development
can be very well seen in Flevoland, a newly builtdh province in the 1Jsselmeer, that has
been reclaimed halfway the twentieth century. Tihg& farge city that was built there was
Lelystad, the second Almere. In Almere the prirespbf ring distribution have been followed
from the beginning. Lelystad's distribution systeas more star like characteristics.

Because risks are well covered, it is much moreré@sting for drinking water companies to
learn more on how to deal with the indeterminacyl déime unknowable. Therefore this
research will focus on these uncertainties. Anotreason for this choice is that the
knowledge base on risks in general is far morernskte than that on indeterminacy.
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This research focuses on methods to bring unceytam the surface and to handle these
uncertaintiesMany authors like Morgan and Henrion (1990) put mamphasis on the topic
of reducing uncertainty, usually in respect to tise of quantitative models. The argument
behind this is that when more is known, better slens can be made. For this thesis the
choice was made not to focus on reducing unceytamit rather on handling uncertainty.
This choice must be seen in the light of the chaicstudy uncertainty about the future. The
further into the future one looks, the more undetyais irreducible. This large amount of
uncertainty must be dealt with.

3.6.2 Focus with respect to uncertainty and theafsaodels

System rather than system componeBystem approaches can be followed in two waysg; firs
a black-box approach, and second an approach tiatsds on the inner structure and

mechanisms of the system. In a black-box approagstem components are not further

identified. In the other case the specificationsgétem details takes a central place. This
research focuses on the step of a planning proresshich system requirements are

formulated. For this phase it is not necessary ake tdetailed system aspects into

consideration. On the other hand, a total black-dyggproach takes us too far, since then even
company processes on the most abstract level dréuriber defined. In this research, the

infrastructure system will be considered as a blawk, but where opening the black-box is

necessary for clarification purposes, this willdome.

Uncertainty about the structure of the system dlsdenvironment rather than uncertainty

about data or model structuréhe focus in this thesis is on uncertainties alibatsystem

structure and it's surroundings for three reasons.

1. Research on uncertainties historically has beenergrated on uncertainty about data and
the model structure. Research about the systermtsteuneeds more attention.

2. Uncertainties about the system structure are vifigudt to deal with and good methods
are needed to improve planning in relation to seigrce of uncertainty.

3. Tools to deal with uncertainties about the systdmictire can also be applied to
uncertainties about data or the model structure.

3.6.4 Focus with respect to uncertainty and deastaking

Decision-making of organizations rather than indival or group decision-makingecisions
about large infrastructure projects have to be gewas decisions of organizations. Naturally
individuals and groups within an organization wiihy a great role in these decisions. In spite
of that, the focus in research will be on the omteoof the organizational decision-making
process rather than on how this outcome was infle@rby individuals or groups. This has
been done for practical reasons. The line of raagaf a company's process can be retrieved
from official documents. Individual influences dnig can not be found easily in retrospect.

Why decisions are made as they are made: Rati@t@liz of decisions on the basis of facts,
company values and assumptions rather than deeisiaking as a result of individual
preferences and political gamds.would have been nice if both would have beersjibs.
But considering the time span of the type of prigemder consideration, it is not possible to
study such a project as it develops. It was a ehb&tween studying a whole project and its
consequences or just a part of it without bein@ ablstudy its results. For reasons of being
able to also see the consequences of decisionshtiiee was made to study a whole project.
This meant looking at case studies sometimes fegtimspect. Because of this choice a lot of
information about underlying (political) motivatisrould not be retrieved. An extensive part
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of the framework for research that is presentedhiapters 4 and 5 is based on the ideas of
Dewar (2002).

Mono-actor perspective and the strategy of a puldator rather than a multi-actor
perspective on strategy formulatidrhe planning process of drinking water infrastroetu
takes a central place in this research. Obvioastsinking water company will reason in this
process from its own point of view. The networkather stakeholders is important in the
sense that they can influence the decisions ofitimking water company and the functioning
of the company. In other words they can be a cadfisencertainty. In this research these
influences will be taken into consideration as exeé influences. As a logical consequence
this research has a mono-actor perspective.

3.6.3 Focus with respect to planning

Planning/ decision making processes rather than eting processedhe purpose of the
planning process of drinking water infrastructuseni the first place to decide on what the
infrastructure will look like in the future. Thas decision-making and conceptualization on
main issues. The focus in research is on the inggn@nt of the planning process with respect
to long and midterm uncertainties. The modelingcpss is a part of the planning process but
is not studied in more detail than other partshefpglanning process.

Focus of the first few strategic steps of thedifele Handling uncertainty is important in the
whole life cycle. However, the first few steps ofplnning process are the most critical.
These steps are taken after the recognition tima&wainfrastructure (part) needs to be set-up
or that an existing infrastructure (part) needsdaeplaced.

3.7 Final remarks
Table 3.2 summarizes the choices that were madsedBan those choices a theoretical
framework was developed that fits all the elemémas were chosen.

Table 3.2 Choices for perspectives to include enttieoretical framework

Perspectives that were chosen Perspectives thatneéchosen

Rational and practical Philosophical

Long term uncertainty Short term uncertainty

Indeterminacy and the unknown Risk

Handling uncertainty in a broad sense Reducing rtaogy in a narrow sense

System as a whole System components

Uncertainty about the structure of a systen Ungegtabout data or system components

Mono-actor in multi-actor setting Multi-actor inn@twork perspective

Organization Individuals and groups

Rational decision-making Politics and games

Planning and decision-making on main issues Modelispecific elements within the
decision-making process

First strategic steps of the life cycle The whdie tycle

A systems approach fits well within the boundaiiegesearch that have been set in this
chapter. The focus has been put on dealing witly kenm uncertainty with respect to the
planning of drinking water infrastructures. The aitj of planning, the drinking water
infrastructure, can very well be considered as deirsystem that can be influenced by the
drinking water company itself or by forces from side the system.
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Capriciousness of actors other than the drinkingerveompany itself can be represented in a
systems approach as influences from outside thiersysn the system. Uncertainties can be
sought either inside the system, in the influences the system, or in the possible
consequences of changes both inside and outsidgyshem.

A systems approach accommodates the conceptuallimpdé influences, decisions and the
consequences of both over time, as well as queeantidin where feasible.

The advantage of a systems approach is that icapture the essence of rational decision-
making in a relatively simple scheme that can bmroanicated well to people with either a
scientific or practical background.

The systems approach as was used in this resegpcbsented and explained in chapter 4.
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Chapter 4. A systems approach to planning: introduing the descriptive
framework

| think it almost unlikely that aeronautics willevbe able to exercise a decisive influence in
travel. Man is not an albatross
H.G. Wells, the Discovery of the Future (1901).

A systems approach enables the description of dyeskibstantive aspects of infrastructure
planning for the future. Concretely, this means thescription of the system under

consideration, those influences that may causeduthanges of system performance, the
outcomes of interest to an organization with respesystem performance and the tactics or
strategies of this organization. A systems appraachbe used for the description of both the
present state of the system and the system apri¢fisrred, feared, or might become in future.
Thus the determination is possible of the gap betweesired and actual or feared future
performance of the system. This makes a systemsagp very useful as a basic rational
framework in the process of dealing with uncertgisince the description and comparison is
possible of all crucial elements in dealing withcertainty from the perspective that was
chosen in chapter three.

The structure of this chapter is as follows. Fitee descriptive framework is introduced,
which is based on a systems diagram. Second, eachthat is used in the framework is
explained and specified. Dutch drinking water issure the 1990's are used as a returning
illustration of each of the terms. Finally, the arainties that can be identified with the
framework will be discussed.

4.1 Systems approach

Analysis of and communication about systems casupported with a systems approach. A
basic input-output systems model as is often usadddeling is a useful tool for a systems
approach. In such as model the outputs of a syaterseen as resulting from the combination
of external inputs to a system and internal sygiesperties (see figure 4.1).

Input Output
IR System bt

Figure 4.1. Basic input-output systems model.

A systems diagram can be very well used for thectiring and analysis of problems and

decision situations. Sage and Armstrong (2000hisemodel to describe the effects of future

changes and tactics on a system. This conceptudgini®ee figure 4.2) distinguishes:

1. A system and its boundaries, for instance a dripkater distribution system;

2. The system output, which represents the outcomederkst to a stakeholder, for instance
a drinking water company, with regard to the fumwing of the system;
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3. The external inputs into the system that are ndeurthe control of the decision-maker,
often called driving forces from outside the systiwat can influence the system and its
performance;

4. The intentional input from system designers andsitme-makers in the form of a system
design or system management, which are referredthos thesis as strategies or tactics.

Strategies/ tactics

External influences Outcomes of interest
—» System >

Figure 4.2. Input-output systems model with stregggactics, and external influences
influencing the system and the outcomes of interest

The remainder of this chapter focuses on the eagilam and specification of these terms and
their application to the drinking water sector. Thaninology that will be introduced in this
chapter will be applied to the Dutch drinking wasgstem. This serves two purposes. First,
this provides a good example of how the terms aesl uSecond, it positions how the drinking
water system is viewed in the remainder of theisghékhe figures will present examples of
outcomes of interest (effects), driving forces, &actics for the Dutch situation in the early
1990's as were found in the case studies thabwitlescribed in detail in chapter 7 to 10.

4.2 The system and its boundaries

For this research a system is defined in a vergdgense as 'A collection of entities and the
relationships between those entities', in whickeatity can be defined as a basic element to
which a researcher attributes a collection of ottarsstics (Kramer and de Smit, 1987). The

entities within a system are related. Together timejke up the system that shows a certain
behavior or performs a certain operation. Entiteas be e.g. airplanes, individuals or

organizations. This definition implies that a systdoes not have to be technical or physical
of nature. A drinking water company can be seei agstem, but also the drinking water

infrastructure itself or the water supply and dedhararket.

A system is not static. Its characteristics mayngieaunder the influence of variables from
outside the system, but it may also show autonorobasges, which cannot be explained by
factors from outside the system. For instance, wmes preferences can change without a
noticeable cause.

A system is distinguished from its environment byice of a researcher or policy maker on
the basis of the phenomena they want to studykeritédo perspective. We call the separation
line between a system and its environment the sy&teundaries. When studying a system
the system boundaries should be chosen fittingpeopurpose of the study. This means that
the boundaries are set more or less subjectivelg bymber of criteria that determine what
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entities should look like to be defined as being p& the system. System boundaries mark
those entities that belong to the system for irtawith respect to time, geography, or
functionality. Note that the concept as adopte@ lasisumes that a decision-maker, planner or
designer himself will never be part of the system!

In choosing the boundaries of a system, an antdgst a trade-off dilemma. If the system is
defined too narrowly, this introduces the risk thatportant factors are overlooked.

Conversely, if the boundaries are defined to widelyill be hard to keep an overview of

what is important. By defining the system boundagéso the environment is defined, since
the relevant system environment can be definedhas ¢collection of entities outside the

system of which the state is influenced by theeysbr which influence the state of the
system' (Kramer and de Smit, 1987).

In policy analysis practice, those entities that ba influenced directly and indirectly by a
decision-maker, and affect the outcomes of integesterally belong to the system. Those
entities that cannot be influenced, but exert griice on the system, will belong to the
environment. This separation, however, does noquirecally solve the problem of choosing
the system boundaries, since there will alwaysrtigies that belong to a 'grey' zone of which
it is not obvious whether the entities belong ® slgstem or to its environment.

How the system boundaries are chosen thus largeperdls on the problem owner, the
problem definition and his outcomes of interesteénoutcomes of interest guide the choice
of the system boundaries. In addition, appropriiendaries in time and space need to be
determined.

Within a system usually sub-systems can be disitshgal. These sub-systems each have a
function of their own, but also play a role in fis@ctioning of the larger system that they are
a part of (Kramer and de Smit, 1987). Sometiméas itecessary to study a sub-system in
more detail to be able to say something about ystes as a whole. A sub-system can be
considered to be a system itself. This can makari to choose a boundary. Focusing on just
a sub-system when the focus on a larger systemangiué better results can be a pitfall. The
guestion that always needs to be answered is: @ aspects should one focus to include all
relevant functions and influences?'

Strategies/ Tactics

Distribution\

subsystem

Ly Naturg¥'subsystem 3
/ thé search area \
External influence X Outcomes of interest
w\% - /7»
\ / subsystem———,) Purification

Water deman subsystem —"|
subsystem i/’
\ Regional drinking water systen

Figure 4.3 The regional drinking water system.
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Figure 4.3 shows the regional drinking water systamman example of how drinking water
companies may perceive their span of control offtinetioning of the drinking water system.
The rather broad perspective is justified to bes &bl relate different possible angles from
which drinking water problems can originate andrfravhich solutions can be found. The
system contains next to the natural and the patifioc and distribution infrastructure
subsystems also other sub-systems that directlyratic:ctly influence the functioning of the
drinking water infrastructure. These sub-systenes far instance the province subsystem,
which consists of all policy, actions, people, &tca, from the province in which a drinking
water company operates, and the water demand sabsy$here may also be other sub-
systems, as is pointed out in figure 4.3 with anklsub-system.

The regional drinking water system has been chagtimthese specific boundaries since the
sub-systems that it thus contains can be influebgetthe drinking water company. Note that
for instance national politics are considered tmbiside of the system, even though they can
partially be influenced by drinking water compathidtso, water demand has been placed in
the boundary zone outside of the system. Water ddrighighly determined by factors that
cannot be influenced by drinking water companiéss lone of the variables that drinking
water companies are uncertain about, while itnsagor factor in the decisions that are made.
Also, drinking water companies follow water demaather than try to control it. This would
place water demand outside the system. Howevenkidg water companies have some
instruments available to them to influence consub@dravior, such as pricing tactics and the
possibility of launching consumer awareness camnmgai@his would justify the inclusion of
water demand in the system.

To give an idea about the coherence of the systamme possible relationships between
subsystems have been indicated. Not all possildéiarships have been shown in the figure.
The sub-systems and relationships can be desdiiloixbr. | will not do this however in this
chapter. Where appropriate they will be specifadefach case study.

This choice for system boundaries could have bééereht. For instance if the focus would
be placed on the technological sub-system alorewtbuld have limited the research space to
the physical infrastructure alone. This would netvédn been a smart choice because in
planning processes a lot of other issues do plegleathat can not be studied when such a
narrow scope is chosen.

In the remainder of this chapter the regional drigkvater system is shown as a black-box.

4.3 Unintended external input to the system

Much uncertainty in decision situations comes framtside of the system. A decision-maker
has no possibility to directly influence the fastdhat cause that uncertainty. Therefore it is
necessary to name and recognize these uncertamteder to deal with them in a planning
process. In the search for important causes ofgehdrs important to identifgriving forces
for change or external influence#/hen the causes for change are determined dssilgle to
determine how important they are, how uncertaiy #ire and which uncertainties amical.

4.3.1 External influences

Every system is influenced by a number of key ifices. Many, such as government
regulation, come from outside (Schwartz, 1991). 8amhthem are obvious, others are not.
Identifying and assessing these key influenceshes dtarting point of the search for
uncertainties. These influences are also calledtiveng forces that can influence the system
and make it change. Examples of these influenaefoainstance:
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* Public health considerations

* Environmental awareness

* Quality of resources

» Water demand rates

» Incidence of veterinarian epidemics

» Transboundary river management plans

More examples can be found in Van der Ploeg angeMgio99).

Forgionne (1986) defines external influences astmpo the system that come from without,
which influence the outcomes of interest of thetesys External influences are also called
external variables, uncontrollable input or envimamtal variables.

Figure 4.4 shows some examples of external infleenthat influenced Dutch regional
drinking water systems in the 1990's.

Strategies
External influences

Public health considerations
Environmental awareness - —
Quality of resources Regional drinking
Water demand rates water system

Incidence of veterinarian epidemiés
Transboundary river management plans

Outcomes of interest

Figure 4.4 Examples of external influences to tfstem.

4.3.2 ldentification of crucial external influences

The identification of those external influencesttlaae important and uncertain for the
drinking water sector lays the ground work for d&wj strategies to handle these
uncertainties in a planning process. Seven openvietvs with respondents within the Dutch
drinking water business, associated with/ working drinking water companies, research
institutions, and consultants (see appendix B far mames of the interviewees), made it
possible to establish a list of eight major groopgxternal influences (Meijer, 2000). These
groups are: 1) decisions of other stakeholdersyagr reserves, 3) the demand for drinking
water, 4) organizational mergers and cooperatipme§ulation, 6) consumer wishes, 7) new
technology, and 8) existing waterworks.

Decisions of other stakeholders and their impacts

Decisions by public and private organizations mayehconsequences for water demand and
possibilities to meet this demand. These decisioay affect the characteristics of the
drinking water transportation network as well as ttemands on volume, pressure, quality
and security of the supply. Examples of such demsimade by city planners, project
developers, water consumers, and public agencesLacation and timing of new housing
developments; installation of water saving applémcinstallation of water re-circulation
systems in industry or households; and consumeisehin water use.
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Water reserves

The availability of water resources for drinking tesiapreparation is a prime concern for
drinking water companies. Water companies cannatdstain about the future quality and
availability of their water resources. Groundward surface water resources can be polluted
with pesticides and other man-made chemical agahish causes certain demands and
constraints on infrastructure design. Will pesésdor other man-made chemical agents
become even a bigger problem in future than theytaday? What technology will aptly
purify the source water? Abstraction of ground wadesubject to permits from government
agencies in the Netherlands. Is a shift to surfester needed in the future? Water companies
are not certain if they can extend their currentmpis to use ground water sources. The
quality of surface waters also is affected by deoss in the political arena, for example
decisions on sanitation of the sources of diffusugion, location of a new airport near a
major water storage basin, or permitting of a nestigide for use in agriculture.

Demand for water

Which users will have to be supplied with watethe future? For a water company it is very
important to know the customers and their charesties in terms of daily and seasonal use
patterns but also long-term demands. Industridgrige concentrations usually have a very
steady, constant demand pattern over the day amogdine year. Changes in operation can
have a big impact on water use patterns which legah Istable over time. Household use has
well-known peak demands but use patterns can chante the change of household
composition as a neighborhood grows older or besorapivenated through the inflow of
young families. The impact of environmental awassnand environmental regulations also
changes use patterns. Re-circulation of water imidudture to reduce pesticide emissions
from greenhouses has decreased the drinking wadsramd in the larger vicinity of
Rotterdam. There is also uncertainty about the tiroof demand. Total drinking water
demand has stabilized in the Netherlands, aftersyafagrowth. Will this trend change again
and how?

Mergers and cooperatives

Liberalization of the water market in the Europé&amon and commercialization of the water

supply industry is leading to mergers and coopenadf water companies. Potential mergers,
(un)friendly take-overs or co-operation can havgomeonsequences. Possibilities for water
transfers between potential partners may affecinthesd for expansion of existing facilities,

the need for flexibility in a transportation netwatesign, the terms for future contracts for
water transfer or the chances for extension of tiegscontracts. Uncertainty about

institutional (re) arrangements thus influences réguirements to the infrastructure system
and its design.

Regulation

Privatization of drinking water companies is anen&inty that has received a lot of attention.
Market oriented, cost-effective ways of thinkingdamse of benchmark studies have
consequences for the way in which infrastructures glanned and operated. A recent
proposal for revision of the Dutch drinking watawl causes uncertainty at different fronts.
Diameters of distribution networks used to be disi@med according to the water demand for
fire-fighting purposes. It is not certain how th@rhulation of public health and emergency
standards at national and international level avengyto develop in future. How will
regulation on this topic develop?
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There has been a lot of debate on the pricing tstreicof drinking water and waste water

services. The issue has been raised whether tlusldsibe done from a water chain

perspective. What effect would such a billing stuwe have on the drinking water (and waste
water) system?

Consumer wishes

Drinking water companies must meet consumers wishiesse wishes can be diverse and
change over time. Advertisements and public awaeé environmental issues can play a
role in changing consumer behavior. Public healtidents, caused by failure of water supply
standards, are known to affect characteristics aitewv consumption. The further
individualization of society may be cause of evaeghbr standards for water security and
lower tolerance for health risks. And what doe®r#ization of the market mean for the
possibilities and need for freedom of choice betweweater suppliers? How will the
consumption of bottled water change the need fiokohrg water supply, and who will supply
this bottled water?

New technology

It is difficult to indicate if new technology wilbecome applicable to water companies, what
technology this might be and when it will becomaitable. What do future applications of
membrane technology look like and how will it changpssibilities for decentralization of
water purification to neighborhood or even houséHelel? Membrane technology is used
more and more to deliver customer-fit solutionsll\&ther technologies emerge that have a
similar impact? Is maximum water saving alreadyiegtd for household appliances or is it
possible to save more water?

Existing waterworks

Another source of uncertainty can be found in tkistaeng water works. The condition of
underground drinking water infrastructure cannot d&ssessed easily. When should a
waterworks part be renewed? To what extent can temlnology be used in existing
situations?

The list of external influences and possible causeshange of the functioning of drinking
water systems summarizes the perceptions of dgnkiter companies of the uncertainties in
their field, as they were articulated in interviesgxternal influences like the development of
water demand rates result, in fact, from other regeinfluences, such as a potential for
change in consumer behavior or government regulatdot all external influences to a
system will be critical to decision-making in thesin process. Simply listing and grouping
uncertainties is a very useful first step in thenitfication of important external influences,
but is in theory not enough to determine the aitiexternal influences that may cause
unforeseen changes, and certainly does not gigeaon which strategies may be appropriate
to deal with them. In chapter five a general frarmdwis described that does help in focusing
in the search for uncertainties.

4.4 Outcomes of interest

All organizations have goals they want to achieegoal can be defined as a generalized,
non-quantitative policy objective (Walker, 2000). dkinking water company for instance
wants to deliver enough drinking water of a goodliy. A decision-maker will always want
to judge alternative courses of action on theirdotgo their objectives, to see if actions can
be justified. To this end this decision-maker ulyu@onsciously or unconsciously) identifies
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outcomes of interest, which can be used as a stridameasure the relevant impacts of
changes with respect to the functioning of theeayst

In figure 4.5 examples of outcomes of interestdignking water companies are given.

Strategies

External influences Outcomes of interest
Public health considerations

. Groundwater recharge rates
Environmental awareness - — Consumer satisfaction
Quality of resources | Regional drinking _
Water demand rates ! t t Operational cost

, =S | water sysiem Quality of product
Incidence of veterinarian epidemics

Transboundary river management plans Supply/ demand ratio

Figure 4.5 Examples of outcomes of interest.

A measure of attainment is necessary for each efréfevant consequences to be able to
judge the performance of an alternative. If we wambreover, to be able to value different
alternative tactics or strategies in order to iatkca preference, we need measures of
performance, i.e. criteria. The values held by eisien-maker, that is to say, the importance
he attributes to the various consequences, deterthécriteria (Findeisen and Quade, 1985).
For instance when an outcome of interest is toigea good quality of water, a criterion
may be the extent to which a stable good qualitwater can be provided. These criteria can
also relate to the process of implementation oéléernative. An example of such a process
related criterion is: 'the time that will pass uaticertain tactic can be implemented should be
as low as possible'.

4.5 Strategies

When there is a difference between the desiredopeéance of the system and the actual
performance with respect to the outcomes of intestisategies should be identified that have
the potential to tighten this gap. According to Klrerg (1983) strategy formulation involves
the interpretation of the environment and the dgwalent of consistent patterns in streams of
organizational decisions (strategies) to deal pitential changes. In the process of strategy
formulation, tactics may be distinguished (Walki€d87). Tactics are single things that can be
done to meet a goal of a decision-maker. Thentegfies are formed by combining different
tactics. Finally the decision-maker will reflect dhe alternative strategies that can be
implemented and choose the one that seems besteHg6 shows examples of tactics and
strategies that were considered by Dutch drinkirefew companies in the 1990's. Thus
completing the exemplary systems diagram.
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Strategies
(Re) design
Expansion
Launching a consumer awareness campaign
Changing the pricing scheme
Going to court to get a permit
Updating calamity plans

External influences Outcomes of interest
Public health considerations

Groundwater recharge rates

Environmental awareness - — Consumer satisfaction
Quality of resources R Regional drinking Operational cost
Water demand rates water svstem .

Incidence of veterinarian epidemics y Quality of product

Transboundary river management plans Supply/ demand ratio

Figure 4.6 Examples of strategies.

4.6 Uncertainties about systems, external influensetactics, and outcomes of interest

When a systems approach is used to describe ancpes of reality there are uncertainties
about each of the elements that make up the sydiagram. The following paragraphs
present an overview of the most important uncetiggrthat can be discussed on the basis of a
systems diagram.

4.6.1 Uncertainties about the structure of a system

When researchers or policy makers have definedt@msyby its boundaries a lot may not be

certain about that system. Have all relevant estiieen included in the system? If this is not
the case it may lead to a system in which reletatics and strategies have been excluded in
the decision-making process. Have all system estiteen perceived as they truly are? Was
the right knowledge available?

4.6.2 Uncertainties about external influences

Uncertainties about assumptions or about the fytuvperties of external influences that can
change the system in such a way that they maytafieadecision that is about to be made are
critical. The critical uncertainties can be sepeddtom the not so critical by evaluating their
effects on the outcomes of interest. Scenario amsalgan be used to find out which
uncertainties are critical and which are not. Bplesing the impact of different values in the
external influences in scenario's it can be deteedhiwhich external influences have what
effect in different possible futures. Authors whitdeess scenarios are for instance Schwarz
(1988), Schwartz (1991), and Tijink (1999). A shdeiscription of how to set up a scenario
analysis can be found in Thissen (1999).

4.6.3 Uncertainties about future preferences

Any measure of value is subjective. The same thiay be valued differently by different
people (Findeisen and Quade, 1985), and somethatiddday is valued as not important may
become important tomorrow. This fact makes decismaking not an easy task of just
calculating the best alternative. Even if the deaisnaker has a clear image of his or her
present preferences, his or her future situati@hreoxms may change in unpredictable ways,
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leading to other valuations of future outcomes tlithnse made in the present (van
Geenhuizen and Thissen, 2002).

4.6.4 Uncertainties about the effect of tactics

Even when careful consideration has been at thedmtiion of a decision about alternative
courses of action, it is still not certain that thesen strategy has the intended consequences
for the outcomes of interest. This uncertainty abiie effect of tactics can have three
reasons. The effect of the tactic on the systemweasassumed well (see uncertainty about
the model in chapter 3.3), there have been iniedatriving forces or there have been other
tactics which changed the system.

4.7 Final remarks

This chapter introduced a framework of terminoldgased on a systems approach, which
connects system performance with external influsragside the control of drinking water
companies and alternative tactics and strategias ¢an be followed to tighten the gap
between desired system performance and actualaosedefuture system performance. The
terminology of this framework will be operationadk in chapter 6 and used to describe the
case studies in chapters 7 to 10.
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Chapter 5. Success factors in dealing with uncertaty: introducing the
normative framework

Vision without action is a daydream; action witheidion is a nightmare
Japanese wisdom

This research is aimed at improvement of dealirt Yaing term uncertainties in the drinking

water sector. A basis for this can be found irrditere on planning, systems and dealing with
uncertainty as was described in previous chapféeswill now build on this literature base to

identify activities that theoretically can contributo successfully dealing with uncertainty. In
this chapter these activities are named and exgdain

5.1 Normative framework

To be able to value whether handling uncertaintys wlane successfully, a definition of
success is necessary. Ideally, the success ofihgnahcertainty would be defined by the
outcome of a decision-making process after impleatem of the final decision. However,
this would not be a very practical way of measuting success of handling uncertainty in
practice. This has three reasons: 1. Some develugraee impossible to foresee on forehand.
A project therefore can fail, while the uncertaimtyalysis has been done properly. 2. Other
than uncertain factors may influence the outcoma pfoject, for instance goals of decision-
makers and success definitions may change over 8nievaluation of projects like the ones
that were studied would take too long a periodviate.

In this thesis, dealing with uncertainty aboutfil@ire is therefore considered to be successful
when there is a preparedness for change. Futumgehlaring no surprises that could have
been anticipated and plans are available to deél evients or patterns that are possible but
not certain. This success definition is based enidiea of adaptive policy making as it was
described by Dewar (2002). Note that this defimitid success does not imply that everything
can be foreseen.

The adopted success definition implies that drigkivater companies identify all possible
future changes and should take conscious actiofecenof these changes. This definition of
success can be used very well in combination viaghrational system diagram approach that
was explained in chapter four.

Other criteria related to the success of decisiahking processes have been proposed, for
instance the extent to which the problem solvingcpss was satisfactory (Twaalfhoven,
1999), whether the process was open, if decisiokimgaook place in a democratic way, if it
was efficient or legitimate, etc. We will not focas these other values, however, as our focus
is specifically on the evaluation of success webard to how uncertainty was dealt with. In
every policy analysis and policy process theretide-offs between each of these values. It
is appreciated that in practice always a compronsigeade between these values. The fact
that just one was chosen was just for researchopag In chapter twelve this choice is
reflected upon.

The normative framework for this thesis is basedtlom basic idea that given a certain
problem, a good and thorough analysis contributethé choice for wise and well thought
through actions, and that wise and well chosemastcontribute to the successful solving of
the problem (Twaalfhoven, 1999), see figure 5.lisTdausal chain for success should be
understood as follows: In the analysis phase ofablpm solving process, the problem is
specified and possible alternatives to solve thablpm are identified and studied on their
merits. After this analysis, a well founded choies be made for one of the alternatives that
follows from the analysis. The extent to which #@ion that is chosen contributes, in the

41



end, to solving the problem determines the ultinsatecess of the problem solving. Note that
a thorough analysis followed by wise actions does automatically mean that success is
guaranteed! They are conditions for success, bguagantors.

A

Analysis Actions

Figure 5.1. Causal chain for successfully solvingrablem

This basic idea is applicable to all rational pesblsolving activities, including planning
processes of drinking water infrastructure. Figbu2 shows this idea, filled in with a special
focus on dealing with uncertainty about the future.the normative framework that was
developed to study the success of dealing with kemo uncertainty, the basic idea of the
causal chain for successfully solving a problem waed as a starting point. However,
success no longer is determined for the overaleptpbut only for that part that has to do
with dealing with uncertainty about the future. Tésumption is that when thinking about
uncertainty has a place in the analysis and inati®ns that are chosen, dealing with that
uncertainty will be more successful than when timglkabout uncertainty does not play a role
in the analysis and the choice for specific actions

Causality between the analysis, decisions, theeamphtation of strategies and the outcome
of a project is the key assumption in this framéwdn chapter 12 some remarks will be
made on the fact if this assumption was rightly enad

The remainder of this chapter will address what thncertainty aware’ analysis should look
like and how thinking in terms of uncertainty skobdde reflected in the decisions that are
made, with the ultimate goal of dealing with unaérty as successfully as possible.
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Figure 5.2. Causal chain for successfully dealinthwncertainty

As was mentioned before, in the research outcormeess was not chosen as an indicator. As
a proxy it was chosen to work with quality indioador each of the activities in the
hypothetical causal framework for successfully oeplvith uncertainty, depicted in figure
5.2. The indicators selected show whether a pdati@activity was performed in such a way
that it in theory could contribute to a successfuktcome. Two other constraints were
formulated to choose the right indicators: 1. Thaye be operationalizable; 2. They have to
be as objective as possible, in such a way thérdiit researchers would come to the same
results when the same case is studied.

A lot of possible success indicators are of a suiye nature. See for instance Twaalfhoven
(1999) for a extensive list of success indicatbtewever, the success indicators that are
needed for this research have to be as objectippssble to be able to make any judgments
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that could also have been made if the case would baen studied by another researcher
with the same set of indicators.

Analyzing the system and taking action: anticipgtthanges

The activity of doing analysis has been split ufpitwo parts, first choosing the system

boundaries, and second acquiring knowledge abeusytktem elements and the surroundings
that play a role in the drinking water infrastruetuplanning process. This knowledge

concerns the system itself, inputs and outputhad $ystem, relationships between system
elements and external influences, the outcomesntdrast that a company has and

assumptions about all of these elements that ade mharing the planning process.

These analysis activities together should, if wielhe, provide a solid basis for making wise
choices with regard to what actions to take who@sidering uncertainty. For this thesis a
choice was made to focus especially on two themaktvays of taking action to deal with
uncertainty; using signposts and using optionshBations are generally considered as being
promising to deal with uncertainly in a rationatlasystematic way.

A summary of the normative framework, or more speally of the identified activities, the
success indicators used and the theoretic basesisiggesented in table 5.1. The specific
activities in the analysis and action phase ofaamihg project and the success indicators that
were used to study them in practical situation$ lvélexplained further in paragraphs 5.2 and
5.3.

Table 5.1. Summary of the normative framework
Theoretic base Activities Success indicators

Analysis | Systems theory| Al Determining the system Relevance, consistency
boundaries and relevant relationships

A2 Acquiring knowledge about
system elements and surroundings

A21 Inputs and outputs Richness
A22 Assumptions Explicitness
Actions | Uncertainty B1 Using of signposts Consciousness of the
theory relationship with

assumptions, presence
of signposts, presence of
a contingency plan
B2 Using of options Richness, completeness
of exploration, presence
of options

The success indicators that are chosen will beetleas working propositions. In chapter 12
this research method is reflected upon and it sswdised whether the indicators that were
chosen were practical.

5.2 Analyzing the system

The soundness of the analysis will be studied ¥aohg the lines of the systems approach as
presented in chapter 4. The analysis phase wasugpln two parts: the first part, in which
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system boundaries are determined, with respedtre, tspace, and level of detail, and the
second part, in which system elements and theivahuélations are determined.

Accordingly, we distinguish two types of activitiasthe analysis phase that may contribute
to the eventual success of the planning proces$sregipect to dealing with uncertainty:

Al. Choosing system boundaries; and

A2. Acquiring knowledge about system elements amtbandings

The second part was split up into two differentivéidés for practical research purposes,
(these activities reflect the basic steps in fjlin a system diagram), namely:

Acquiring knowledge about:

A21. System inputs and outputs

A22. Assumptions

Not all parts of these activities will get the samatgention in this research. For example,
acquiring knowledge about the sensitivity of theteyn (which normally would be part of
A2) or the correctness of data (A21) are not inetudAs explained in chapter three, the main
focus in this research is on structural uncertagdibout the future.

In the following paragraphs we explain the selectetivities, and develop indicators to use in
the empirical research.

5.2.1 Choosing system boundaries

In any planning process choices are made with o¢gpewhat issues should be dealt with,
what solution space should be considered, on whetiad scale issues should be addressed
(for instance regional, local or national) and wtiate frame will be studied. These choices
are made consciously or unconsciously, for instapgesetting things aside or by only
including a short timeframe in the analysis. Wheres broad (system) boundaries can lead
to disorderliness, too narrow (system) boundaraes lead to missing relevant relations and
elements, because related issues are treated @mteepnes, future interests are ignored, or
relevant solutions are missed.

The system minimally should include those elemehts relate tactics to outcomes of

interest. This means that the tactics that areidered and the objectives that are aimed for in
a project should guide the determination of syshenmndaries. Complicating in this respect is
the fact that a project, in general, will have rpldt objectives, for instance to aim at as little
public cost as possible, to be self-supportingpaneet demand.

The system boundary that is chosen can be veryoppate from the perspective of one

objective (for instance from the perspective of twento deal with uncertainty in a very good

way), while it can seem very irrational from otlparspectives (for instance political ones).
Therefore it is not possible to say that systemndaues were chosen wrongly in general,
because some possible objective was not served. [€ads to the conclusion that when
system boundaries were found to be inappropriatedéaling with uncertainty, it does not

automatically mean that they were inappropriatetierprocess as a whole, since dealing with
uncertainty may have not been the most importaak igathe process.

In a single actor setting, system boundaries aree raraightforward to determine than in a
multi-actor setting. The span-of-control of a segictor is more clear, just like the range of
possible tactics and system elements that can theemced. Single actors usually have

specific objectives and the system boundaries lyswall correspond with that task. Still
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different system boundaries can be chosen, foamest because some tactics are deliberately
excluded, or because there are multiple objectivé® served with a project.

In multi-actor setting the task of determining gaystem boundaries is more difficult, since
every actor will have his own objectives he wantathieve. These objectives are often not
fully matching and may even conflict. Thus everyoaaowill have its own preference for
certain system boundaries.

In a project, system boundaries can change. Thiaused by the consideration of new tactics
or objectives or a shift in preference of objectiv€his does not mean that the former system
boundaries were inappropriate, but just that newodpnities were recognized or that
objectives have changed.

The choice for a certain boundary for the analgigisctly determines the possibilities that are
available for dealing with uncertainty about theufe, because solution space, scale and time
frame have been set. The following example illuegahis. A drinking water company has a
water winning capacity problem. In the processindihg solutions, it is decided to look for
solutions only within the own service area. Thisteyn boundary excludes solutions that can
be found with other drinking water companies, saslbuying water or starting a shared water
winning project.

Setting boundaries has consequences for the quadlitye uncertainty analysis. Only aspects
will be included in the uncertainty analysis th&#oahave been included in a broader sense
within the system boundaries. Too broad system @iaues thus may result in a uncertainty
analysis that is also very broad in nature, whih lcave as a consequence that the results are
not concrete enough, too complex to be valuablsiraply not reachable within reasonable
time and with a fair allocation of resources. Tarraw system boundaries may result in
solutions to problems that are overlooked.

It is generally desirable that a good overviewvailable on all aspects of the system that is
planned for, and the relationships with aspectsidetthe system that can influence how the
system functions (see 4.2). However, in complexiplag issues there will always be some
limitations to what can be known. Even when it wbdle possible to get a complete
overview, this is not an easy task. Planning preee®f the scale that is studied in this thesis
usually involve many people, and in their commuticaalways some information will be
lost. Also several planning processes on differesiies may interfere with each other. This
increases the danger that sub-systems and exiaefhances are treated as if they are not
related, while in fact they are. In addition, igance about certain links in a system and with
the system environment will add to the fact thatéhhardly ever will be a complete picture of
a system. In this context often the term (de)caupls used. The term ‘coupling' originates
from organization theory. | will use the term 'cbog' in accordance with its meaning in that
field. In the most broad sense coupling is a tdrat tefers to the extent to which two items or
sub-systems or external influences are connecteddb other (van Eeten et al., 2000). Policy
problems are coupled because at least one of diepns cannot be solved in isolation of the
other, because it is inseparably connected todtieres that are taken with respect to the other
subject (see for instance: Friend and Hickling,7)98

When a lot is unclear about a system or if vitategn elements are not treated in coherence,
this can have major implications for, for examge|utions that are considered. A limited
vision of what is important in a project automalticéimits the view on what uncertainties are
important and also how uncertainty is dealt witlon€ider the following example: When a
drinking water company is in the middle of a meggprocess with a neighboring company,
but also has a major planning project going ois Wwise of the drinking water company to at
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least consider the consequences of a merger fgurtject. If both developments are not put
in each others perspective, this may lead to usplgasurprises. For instance it may happen
that the planning project is halted when the mehgerbecome a fact and that investments on
the project that were made during the negotiatadut the merger turn out not to have been
necessary. More reflections on coupling can alséobad in Perrow (1984) and Thompson
(1967).

The success indicator that would be a logical ahéic choosing system boundaries and the
most crucial relationships i®levance However, this indicator is very subjective in urat
and very hard to assess. Relevance can be inditgtadaking plausible that the system
boundaries that were chosen match with among dtiiegs the purpose of the planning
process, the planning problem, the period thatléned for and the authority of the
organization(s) that needs to take the actionsrefoee as an indirect success indicator
consistencyof boundary choices was chosen. Another succeksaior that was chosen for
the activity of choosing system boundaries wassciousnessNere the system boundaries
chosenexplicitly and preceded with an analysis of what system lemigglare appropriate?
Were alternative boundaries considered? These ataie obviously do not indicate the
success in dealing with uncertainty but indicate #uccess of the first step towards a
successful planning process in a more general sémsbis thesis the presumption is made
that this is a boundary condition for successfdiling with uncertainty. It was very difficult
to formulate an indicator for coupling issues. Hiere it was chosen not to formulate a
special indicator but to mention coupling situasioifi they occurred and discuss the
consequences of it in a qualitative way.

5.2.3 Knowledge about inputs and outcomes

As was discussed in chapter 4, system inputs iechath external influences that cannot be
influenced and deliberate tactics that can be implged to improve system performance.
Knowledge about what external influences and taare important and what goals should be
achieved as a result of the planning process w@aifimportance to be able to assess relevant
impacts and make well founded choices. Howeverfasahand it is very hard to know
whether all important external influences and tactiave been considered and whether the
relevant ones have been included in the analysibarright way (see 4.6.2). In addition, it
may be possible to determine present preferencestoomes of interest, but it will be almost
impossible to know on forehand if and how they wiiange in the future (see 4.6.3).

In order to be able to identify proper strateg@jcal external influences must be identified

in a systematic way and the implications of thdedént influences must be clarified. One

approach to searching for important external infaes is running through a list with familiar

categories that contain external influences, sw&bBagiety, economics, politics, technology,

and the environment (see the SEPTEmber list thakpdained further in chapter 6.5.1). Of

course other check lists may function as wells ot important which list is being used; a list
only forms a stepping stone for identifying theaal external influences that can cause the
system to change.

External influences often seem obvious to one pevsoereas they are unclear for another.
For this reason it is better to search for therteams (Schwartz, 1991). Such group sessions
can be supported by methods and techniques thatliean developed to stimulate creativity
(see for instance Van Gundy, 1988).
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Without a complete picture of which inputs are jaesand what form and impact they may
have it is not possible to make a complete analysiwhat uncertainties may be important.
Let alone that a good course of action can be éted in the light of uncertainty. The same
argument holds for knowledge about present outcoofiesterest. If the interests are not
known well it cannot be determined in a structumahner which strategy should be followed.

Indicators for quality of the knowledge about irgpahd outputs are tliwmpleteness and the
richnessof analysis. This indicator indicates the genénaroughness of the analysis and is
not specific for uncertainty alone.

5.2.4 Assumptions about a system and its surrogsdin

In the process of decision-making, assumptions ineishade about things that are not known
with certainty. Decisions are always influenced thg assumptions decision-makers hold
about the world and its future. An assumption isaasertion about some characteristic of the
present or the future (Dewar et al., 1993) and lbana fact or a judgement. Note that

assumptions can concern characteristics of a syatehfuture developments both within the

system and in its surroundings.

Assumptions must be made about all system elemdotsjnstance on how external
influences will develop, how the system or sub-eyst function and respond to changes, or
what future preferences will look like. Awarenedm®at what assumptions are made about
certain aspects is of vital importance for the sieci on what actions to take. For with a
different set of assumptions possibly other densmwould have been made.

For some external elements, assumptions are nodiffiault to make. They are either almost
certain to change or to stay the same in the cafrsme. Examples of largely predetermined
elements are the growth of a population, which iph@nomenon that can be estimated
relatively well, and the number of teenagers ab&atoo far point of time: children that are
born now will be teenagers in a matter of ten yefaos other external elements this is not that
easy and assumptions need to be made that magutnot to be or become true.

Any significant plan is based on hundreds of asgiomp. Most of them are not explicitly
stated and many of these are likely to become ffiese type of assumptions are not
vulnerable. Others are not critical, in the serg their becoming untrue will not harm the
outcome of a project. Assumptions such as 'Thevélirise tomorrow' or 'People will still
buy electricity' or 'Life will go on pretty much dishas for the last few years' are all part of
what most of us usually assume about the futureveder, among those 'trivial' assumptions
can lurk a hidden, implicit assumption that is betlinerable and critical and that can be
dangerous (Dewar, 2002).

Especially for the assumptions of critical impodarit is crucial that they have been made
explicit. In practice this is not always done, amdltainly not in a systematic manner. Dewar
in his Assumption-Based Planning method introddoas principles to uncover assumptions.
These are: 1) Identifying implicit assumptions inpkn, thus making them explicit; 2)
Bringing other minds into the planning process a®able-check, by involving people with
diverse perspectives to look at the identified ag#ions as a fresh observer, thus enabling
them to find hidden or implicit assumptions; 3) dwering assumptions by examining the
external environment for threats and opportunite®l 4) Revisiting old assumptions (Dewar,
2002).
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To be able to say something about the use of assumspby drinking water companies, the
success indicator that was choseneiglicitness,which is very crucial with respect to
assumptions. When assumptions are made explic#,aasier to see if they become or are
true or not and thereby whether action is necesgasumptions that stay vague or are made
unconsciously cannot serve this purpose. Explesuaptions also can be a motivation for
monitoring efforts that otherwise would not haveeeundertaken. Explicit assumptions
thereby can play a vital role in determining futdewviations of what is expected.

5.3 Taking action

When uncertainty is dealt with well this means ti&t tactics that are considered in one way
or another reflect that the systems or outcomeastefest can change. The tactics to a certain
extent should be future proof, for instance camdepted quickly or are robust to change. On
the other hand change should be noticed. A sigmadtion should be in place when relevant
changes occur (Dewar, 2002). In this paragraplattiens that are necessary in successfully
dealing with uncertainty are described.

Without a good analysis it is not possible to makevell founded, balanced judgment on

which actions should be taken. Therefore good amalg assumed to be a condition for good
actions. For this thesis two types of actions ghtliof uncertainty have been studied, that can
be part of a overall strategy to deal with a carfabblem and that in theory contribute a great
deal to the successful dealing with future uncetyaiThese are:

B1. The using of signposts; and

B2. The using of options.

Both concepts come from uncertainty literature antheory fit a proactive and conscious
attitude towards dealing with uncertainty (see thaB.4). Therefore they are appropriate
candidates to be studied in practice with respeeir ttontribution to the successful dealing
with uncertainty as was formulated in paragraph B Xact the use of options and the use of
signposts are closely linked, since good monitoand determining sensible signposts are the
only sensible way of knowing when options shouldused! However, some options, like
robustness that is built in to a system, do notirteebe triggered to be active. Therefore the
using of signposts and options will be viewed gmasate actions.

5.3.1 Signposts

Using signposts is a crucial element in adaptiketesgy formulation, which aims at including
measures that enable the taking of timely actioprewent bad things from happening or to
take advantage of opportunities that present thimeseThus future changes are planned for
and do not come as a surprise. Signposts, fornostehave the potentially great advantage
that investments can be postponed, while thera iassurance that it will be recognized in
time when the investments actually become neces&ignposts are not only useful to
indicate when action needs to be taken. They aseesas the memory of the company in
case of changes of personnel.

The actuapresenceof signposts in a planning process or in a plaultig from that process
was chosen as a success indicator. This indicatsr ethosen since the mere presence of
signposts is an indication of the attitude of pknsrtowards possible future changes. Another
indicator that was used is tlkennectionthat was madéetween the identified signposts and
critical assumptionsWere those assumptions that were identified asgberitical actually
sign posted? In other words, this indicator givemes insight into theonsciousnessf a
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project team of the relationship between assumgtard signposts. The final indicator that
was chosen was the presence of a contingency plan.

5.3.2 Options

In a planning process it is always good to antigigdanges. The option theory is very
suitable to point out possible ways of handlingertainty. In chapter 3.5 four different types
of options have been determined.

1. Investing in time

2. Investing in flexibility

3. Investing in robustness

4. Investing in knowledge

Just as for the signposts the actuasenceof the option philosophy in a planning processes
was chosen as an indicator. The presence of tagiibselements in one of the four types of
options is an indication of the attitude of plarmtawards possible future changes just like the
presence of signposts is. This indicator indicathsther these options were included in the
process deliberately or that their use was a lucBincidence. Therefore the additional
indicatorsrichness and completeneskthe exploration of options were also used tal@ate
the extent to which options are included in anayeed decision-making.

5.4 Final remarks

The normative framework as was presented in thepieh will be operationalized further in
chapter 6. In this chapter it will also be explairteow the search for practical evidence has
been performed. The actual findings of this ingggibn for four case studies will be
presented in chapters 7 to 10 which describe the studies that were done, and in chapter 11
and 12 in which the overall conclusions will beatdissed and evaluated.
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Chapter 6. Introduction to the case study research

Wenn de Wind des Wandels weht, bauen die einenriWalie andern Windifhlen
German proverb (When the wind of change blows, seitiduild walls, others windmills).

This chapter provides the outline of how the caselies are performed. It provides
information about the objectives of the case skjdmhat the limitations are of the case study
research and how the four cases that were studkeel selected. Also a specification is given
of each of the elements of the descriptive and atiua frameworks that were introduced in
chapters 4 and 5. This specification enables th&imgaof specific conclusions on how
uncertainty is dealt with in practice and how timay be improved.

6.1 Purpose of the case study research and link Withe rest of the research
The main research question that was raised in ehapwas the following:

How can the identification and handling of uncemtgtiin the Dutch drinking water
infrastructure planning process be improved?

The empirical part of this work studies and anaypéanning processes from the actual
drinking water practice and provides insight intmhthis can be improved when these results
are compared with theoretical notions. More speailiy the following questions that were
raised in chapter 1 will be addressed to arrivenaanswer to this main research question:

1. How is uncertainty handled in the current (and )gstactice of drinking water
infrastructure planning processes?

2. What is the difference between the normative thamenotions on handling uncertainty
and the described practical reality?

3. What parts of the current practice of handling utaety can be improved?

To be able to answer the first sub-question, ttezmative framework will be used that was
developed in chapter 4. The second sub-questioh beiladdressed with the normative
framework from chapter 5. At those points wherenmative theory and practice differ
improvements may be found, either of theory or cfice. Thus question 3 also will be
answered. Figure 6.1 presents this case study agipro

‘e
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Figure 6.1. Case study approach
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A requirement for answering all of the sub-questias the operationalization of both the
descriptive and the normative framework. This openalization will be presented in section
6.4.

6.2 Using case studies

In this research, case studies are used to leara afmut practical ways of analyzing and
dealing with uncertainty. It is a proper way to @et in-depth insight in how long term
uncertainty is perceived and dealt with in the ydaifactice of the Dutch drinking water
sector. Also, case studies make it possible toystuel effect of certain decisions over a long
period of time. Alternatives for this approach abiilave been for instance having many
interviews, doing a literature survey or making @iaions (Yin, 1994).

The fact that long term uncertainty is studiedchis teason why the choice was made to study
cases ex-post. Results of decisions over a longaog are known and the research is not
hindered by the time a project takes. Especiallycesidrinking water planning projects
generally take several years or even decades tioddezed, and results of a planning project
will only be noticeable a couple of years aftesilfi consequence of studying ex-post cases is
that the content of a project plays a larger pathe analysis than the process that led to the
eventual outcomes of the project, since the procassot be fully reconstructed in retrospect.
This is due to the fact that for instance informa@amnmunication during the process cannot be
fully retrieved from written sources of evidenceawen with interviews. The choice for ex-
post cases does, however, allow us to study thenéf) motivation for certain decisions and
the consequences of these choices, which are phatamt issues in this research.

The results of the research were evaluated ondbes lof expert consultation. The practical
value of the recommendations for future drinkingtavaplanning projects were the most
important topic of a workshop. Drinking water exgerere asked to reflect on this practical
value.

6.3 Number and selection of cases

By studying different cases, it will be possiblectampare the individual results of each of the

case studies. Therefore it may be possible to lemsons about different ways of planning

and the consequences of this for dealing with uac#y. The choice was made to limit the

variety in case studies in order to be able to ampifferent choices under the same
circumstances. The cases needed to be of a réyativmplex nature and the decision-making
should have taken place in a relatively stable renvihent. Variations were only made with

regard to the drinking water company that was sti@ind the historical period in which the

case study project took place. All cases concemmlai but unique one-time investment

decisions in regional drinking water infrastructut@riteria that were used to select case
studies were the following:

1. All case studies should concelbutch drinking water planning projectin this way it is
guaranteed that culture, education of people wifhimject teams, the political situation,
etc. are comparable for all case studies. The sasdies are Dutch for reasons of
accessibility of data. The choice was made to stiridhyking water projects, because this
field is relatively stable.

2. The cases should begional of orientationinstead of international, national or local. The
regional boundary has been chosen, because thisiselvoth rich and complex enough to
be able to make in depth analyses of the eventhes happened, but also concrete
enough to prevent the analysis to be too generabtfre. The local and (inter)national
level are less appropriate. Planning on local lemebstly concerns operational
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deliberations, and on the national level plannsi\gamplex, but it does focus on general
plans and policies instead of specific drinkingavanfrastructure planning projects.

The cases should concelarge, one-time projectsthat do exceed the scope of daily
'routine' investments. The fact that these projents large and go beyond routine
guarantee that the project organization has aleig#l of consciousness of what decisions
are taken and why they are taken. Therefore theee larger chance that decisions and
deliberations about decisions can be traced ex-Bestides, these projects are so large
that unwise decisions can have large consequermad, financially and for the
functioning of the system in the long run.

The cases should conceitre same type of projects with regard to contdiite choice
was made to study projects concerning the winningaw water and the purification of
raw water to drinking water. This choice for pragon technically comparable issues
was made to be able to compare the decisions thia made in the cases. Even within
this limitation the projects may differ very muchthvrespect to location, raw water
source, the kind of customers that have to be ggplith water, etc. Distribution and
transportation projects could also have been siudet these topics differ too much from
winning and purification to make good comparisons.

The projects should benished recently The way people act in face of planning issues
depends on state of the art knowledge and thosesttdpat are in fashion in that time. By
studying cases from the same period a possibleeinfle of this effect is neutralized.
However, the choice for recently finished projeatas not only made for reasons of
comparability of the results, but also from thegpil point of view that this made it
easier to find information on the projects andnvitav people that have been involved in
their execution. One exception was made to thiscppie. One historical case was
studied. This has been done to see if the way alirdpwith uncertainty is influenced by
the spirit of time and to see if learning aboutlibgawith uncertainty has taken place.
Finally the cases that were selected were seleotedhe basis ofavailability and
accessibilityof information.

The cases were identified by sharing the critestachse studies with professionals from the
drinking water sector. The three recent casesnbes studied are:

1.

The Project Infiltratie Maaskant (PIM), of Watedeigbedrijf Oost-Brabant (WOB). This
project was set up by the drinking water companglam for an infrastructure that would
enable the harvesting and purification of river Blaand Waal water as a source for
drinking water instead of groundwater which is tfalitional source for drinking water in
their region.

The Oever-Diepinfiltratie project (OEDI), of Wateidingbedrijf Midden Nederland
(WMN). This project was meant to enable the winramgl purification of water from the
Amsterdam-Rijn canal instead of groundwater, whsctie traditional source for drinking
water in their region.

The planning of purification facility Jan Lagraraf,PWN, the drinking water company of
the main part of Noord-Holland. This project wasrieml out to realize a large-scale
membrane purification facility to expand purificati capacity and to be able to deliver
less ‘hard’ drinking water.

The more historical case that was studied is:

4) The Lek-duin and the Maas-duin projects of DZMiiowaterbedrijf Zuid-Holland).
These projects were carried out to transport waden the rivers Lek and Maas to the
dunes near the Hague, where it is purified in ana&tvay through dune infiltration.
Decision-making and planning of these projects vetudied for the year 1939 to 1965.
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6.4 The outline of the case study research

The following paragraphs present the outline of tiase study research. The case study
research aims at answering the three questionswvérat formulated in paragraph 6.1. To be

able to answer these questions it is hecessargdmtionalize both frameworks to be usable

to analyze cases. This will be done in paragragh 6.

The first step in each case study is to uncoverbtmc story of the studied project and the
characteristics of the drinking water company thats responsible for execution of this
project. Basic characteristics of the drinking watempanies are for instance: who are the
stockholders of the company, what does the searnea look like, and who are the customers.
This knowledge is important for understanding tegedopments that have taken place in the
case. The case will be described chronologicallgragtroduction and as a basis for further
analysis. The rounds concept of Teisman (1992)iapied to structure and analyse different
phases in the decision-making processes. The roomudiel of Teisman structures policy
processes according to so-called crucial decisiaking moments. A round comes to an end
when such a crucial decision-making moment hasntgiace. Within the round itself the
discourse stays basically the same. This way odlidig a policy process into rounds can only
be done in retrospect, since only then the crugalsion-moments can be pointed out.

The next step is to describe the case using therigége framework that was explained in

chapter four. A systems description is made foheaand that is considered to be crucial to

the case. A round is to end when an event or aidecfixes the future solution space or if it
marks a turnaround in the policy with respect @ phoject. The description per round has the
following outline:

» Description of the (potential) important externafluences that have been acknowledged
by the drinking water company and their effects.

» Description of the outcomes of interest that dmigkiwater companies indicate to be
important.

» Description of the criteria that have been usechtmose between tactics or strategies.

» Description of strategies and tactics that havenbpmposed by the drinking water
company for the concerning round.

» Description of assumptions that have been made talwbat the system looks like,
external influences, their effects with regard twe toutcomes of interest and the
functionality of tactics.

» Description of the motivation of the final choic® fa certain tactic or strategy.

» Listing of sign-posts that were used or considemeaiitoring activities and the specified
go/no go moments.

This structure provides an orderly account of ttwivations for decisions that were taken in
the case. The advantage of working with decisiagnsvents that mark the ending of a round
is that these represent moments in time of whiakallg good documentation is available.
Because the discourse within the round is relatisble, it is possible to describe the
arguments that are brought forward within the rousithg the reports that are made at the end
of that round.

The identification of each of the aspects of aeystiagram, i.e. external influences, tactics,
outcomes of interest, etc., lays the ground workthe normative analysis, which is the
following step in the case study. The descriptiesuits from the previous steps are
confronted with the normative framework that wassented in chapter 5. In chapter 6.5.2 it
is elaborated how this is operationalized.
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When all previous steps have been taken for alViddal cases, a comparison will be made
of the four case study results.

6.5 Specification
A further specification of the descriptive and natime framework is necessary to be able to
make a comparable analysis of each of the foucteslecases.

6.5.1 Specification of the descriptive framework

The terms external influences, outcomes of intedsategies and tactics were explained in
chapter 4. However, they need to be specified talbe to search for them in a structural way
in the cases. This specification will be formulatedhe following few paragraphs.

External influences

In chapter 4.3.2. many external influences weitedisas they were mentioned in interviews.

Further structuring of external influences is neseeg to be able to classify the external

influences that are found in the case studies.folh@wing list of external influences, which

also was mentioned shortly in chapter 5, is ofiéedc(e.g. by Schwartz (1991), and van der

Heijden, (1996)): Societal developments, Econonegetbpments, Political developments,

Technological developments, and Environmental dgrakents. The list is also called the

September list. Each of the identified externalunces will be characterized according to

this list.

» Societal developments. External influences of thie have to do with the behavior and
wishes of people, organizations, and companiesmiples are the development of the
demand for drinking water by farmers, or the ris¢he demand for 'custom made water'
by industries.

* Economic developments. Economical external inflesnconcern developments in the
economical market and finance. Examples are tieeafi€ompetition in the water market
and the strive towards up-scaling of drinking watempanies. This force manifests itself
for instance in the form of mergers and cooperagigieements.

« Political developments. Political external influescconcern political decisions, policies
and regulation directly of indirectly related tethperations of drinking water companies.
An example is the change of the river law.

» Technological developments. Technological exteri#luences have to do with
technological breakthroughs and the developmestntific knowledge with respect to
drinking water technology. An example is the depetent of membrane technology.

» Ecological developments. External influences wéhpect to ecology and nature concern
changes or events from the physical environmenthef system under consideration.
Examples are climate change, incidence of vetaanaepidemics or the presence of
pesticides in groundwater.

Some influences may be classified in more than aniese categories. If this is the case,
these external influences will classified as bedfignore than one type. External influences
that influence a drinking water company indirecty, instance by influencing drinking water

customers to show a certain behavior, will be di@ssaccording to the direct influence that
can influence the drinking water system. For instaifi a farmer makes economically driven
decisions that influence his water demand, thisl wé classified as being a societal
development, because this force does not origiftate the economical environment of the
drinking water company system as such. Besidesthierexample the financial stimulus to
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demand less water can be caused by political dessis well. The orderliness of the analysis
will be lost if the causes and effects of this toveould be classified in all three categories.

Outcomes of interest and criteria

The outcomes of interest for drinking water compartiave been categorized with the use of

two sources: 1) The policy plan drinking and industiater supply (Ministerie of VROM,

1993), and 2) the VEWIN benchmark (VEWIN, 1999).tihe policy plan the basic ideas for

the policy on drinking water and industry water édeen identified on a national scale. The

most important goals that drinking water compartiage to comply to with regard to the

supply of drinking water now and in the future are:

« Guaranteeing drinking water quality

« Guaranteeing the continuous delivery of drinkingeva

» Every person should at all time have sufficientevadf a sufficient quality at his/her
disposal

» The carrying capacity of the environment shouldb®tompromised

» Developments should only take place at sociallgptable cost

The VEWIN benchmark study (VEWIN, 1999), which caangd most Dutch drinking water
companies on their performance also recognizegjtia¢s that were stated above and adds
one:

* Having a good service level and a high customesfaation

All these goals have been translated for the permdghis thesis to outcomes of interest on
which a drinking water company should score well.oA these outcomes of interest should
be able to be quantified to some extent, sincenttaikes it possible to track changes in scores
on these outcomes of interest in the course of.tirhe following categories of outcomes of
interest have thus been identified.

* Quality of the final product

* Continuity of delivery of the final product on th&hort term (security of delivery,
prevention of failures)

» Continuity of delivery of the final product on theng run (prevention of shortages)

* The extent to which the environment is influenckdfmed (think about: occupation of
space, stench, noise, aridification, use of chelg)ican a lot of final reports
environmental outcomes of interest are represeint@ast one parameter, which is often
not specified further. This makes it difficult toayze these parameters in greater detail
and evaluate the decision.

» Cost (for customers: tariffs; for drinking waterngpanies: among others operational,
physical infrastructure, and depreciation cost)

» Extent of customer satisfaction

The norms based on the formerly presented list ofcames of interest often are
complemented with norms or constraints that reflegtra demands. These norms of
constraints like these are only relevant up tardadization of an alternative. For example:

* The use of proven technology, to make sure thafilaé solution functions as expected

* Realization time of an alternative

» Compliance with new or existing regulations or ghdgs

In the analysis an identification will be made tbawvextent the formerly stated six categories
of outcomes of interest have played a role in #@sion-making process. Also it is identified
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which other criteria have been used in the decisiaking process and which of these were
the most important motivation to the final decision

Tactics

We will divide tactics in three categories. In ttese studies it will be investigated which

category of tactics is mostly used, why this isaed whether there are opportunities in using

the other categories more often. The three categarie:

1. Tactics aimed at changing the technical infrastmgct These tactics physically change
how the system operates (for instance by addingedma pumping station to the
infrastructure or by using different technology tthaduces the sodium content in the
drinking water).

2. Tactics aimed at those elements of the systemaitganot within the technical system.
These tactics are aimed at the influences on hewebhnical system functions, and are
meant to strengthen or weaken these influencesnkTfor instance about trying to
influence the demand of drinking water by drinkimgter saving campaign).

3. Tactics that aim at the effects of the technicatesy performance. These tactics aim at
compensation of the negative output of the tectsigstem or at enlargement of positive
output (for instance buying insurance for if thehteical system fails).

6.5.2 Specification of the normative framework

The six main activities that have been identifigthim the normative framework, namely the

choosing of system boundaries, acquiring knowledgeut the system, subsystems and
relationships, acquiring knowledge about systenut®@and outputs, identifying assumptions,
using signposts, and using options, will have tospecified further to be able to get

comparable case study results. In this paragrdphesle activities will be specified.

System and relationships: relevance, consistency

To know whether system boundaries were consciotisbsen, explicit statements of what
system boundaries were adopted were sought for. chmsistency of system boundary
choices was determined by comparing system desxriptthe identification of tactics and

external influences and determining if these atllaayn the same scale. If this was not the
case, the choice for system boundaries cannotrimdared to be consistent.

The system boundaries will be considered to bevaale when the problem owner has
influence on the tactics that are determined.

In a single actor situation almost always the systeoundaries chosen will be relevant,

because there will be a match between the objectifehe actor and the alternative tactics
this actor will consider. All studied cases conegfmore or less single actor situations in the
sense that objectives and decision space weredatgrmined by the drinking water company
itself. Other actors did not so much co-decide, dnly posed boundary conditions to the

choices that were made. Therefore the relevancthefsystem boundaries in these case
studies does not need further studying. System demies become interesting in the case
studies when they shift. How does this shift retatdealing with uncertainty?

In the search for possible de-coupling phenomémafdllowing facts are listed for each case

study:

1. Listing of external influences that are recognibgdthe drinking water company but of
which is claimed that not enough is known to incogpe it in decision-making

2. Listing of external influences that are not incldde decision-making for other reasons

3. The type of external influences that are not inetlith decision
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De-coupling phenomena will be indicated when seethé cases. There is, however, not a
clear recipe on how to recognize them or to be thatall of them have been recognized. The
previous list will not directly point at de-coupdjrphenomena, but it can give a clue to where
they might have played a role. Recognizing de-daggbthenomena is the first step in making
recommendations about how to try to prevent thetherfuture.

Inputs and outputs: richness

To be able to know if the analysis of system in@rtd outputs by drinking water companies

in the studied case was complete and of good gualiid where improvements may be found,

the following facts are listed:

1. The type of external influences that are recognizgthe drinking water companies (see
6.6.1)

2. The type of outcomes of interest/ criteria thatrégognized by the drinking water
company (see 6.6.1)

3. The type of tactics that is used by drinking wa@mpanies

With these lists it then becomes possible to médeiments about whether possible important

types of external influences, tactics or outconfesterest have been overlooked or have not

been mentioned and about to what extent conceg #te future play a role in planning.

Assumptions: explicitness

To know more about assumptions that are made itipeaand how much attention they are
given, the following questions need to be answered:

Are assumptions made explicit in a systematic way?

Which assumptions were made explicit?

Of which type were these assumptions?

Were these assumptions questioned?

Which assumptions turned out to be true, and whatR?

Of which type were these true or untrue assumptions

The answers to these questions will be in the fofrtists. Assumptions will be identified
with the descriptive framework as a guideline. D@yt concern an external variable, a
characteristic of the system, an outcome of inteets.? The type of assumption then will be
specified according to the further characterizatminthese elements in the descriptive
framework, for instance about what type of extermatiable is this assumption made
according to the September list (see 6.4.1)? Theltref this exercise will be an impression
about what the most difficult assumptions are amping processes, and if these assumptions
were made explicit beforehand.

In chapter 5.2.4 theoretical methods to uncoveurapsions were mentioned. A quick scan of
the empirical data showed none of these activit@dd be found. To avoid the repeating of
this statement in all four case studies it is asild further in chapter 12. To investigate
whether one of the suggestions of Dewar (2002ptk for assumptions in texts could be
used for Dutch texts as well this was tried for ofiehe case studies. It turned out to work
pretty well, with a view problems caused by thdeddnce between Dutch and English (see
appendix A).

Using signposts

To evaluate the use of signposts the following tjaes ideally will be addressed:
Are signposts identified explicitly in combinatianith the strategy that was decided upon?
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To what type of assumption are these signpoststdu@

A signpost will be recognized as such when a monigoscheme, with some threshold or
event attached to it, is identified as a part gblan for action or a strategy. Monitoring
activities with or without project-specific everdsthresholds that are not initialized as a part
of the studied project, but are more general wéhlpect to company policy, will be not
considered to be signposts that concern the spelgfiision that was studied. The goal of this
exercise is to know to what extent signposts aesl uis practice. And if so, with respect to
which assumptions? If not, why not?

The research, however, revealed no signposts irohthe cases. In the case study chapters,
they are not mentioned. Chapters 11 and 12 reflethis matter.

Using options

Every tactic can contain one or more option eles)eas was explained in chapter 5. For
instance, a new purification plant can be designagse two sources of raw water. In the case
studies all option elements that are recognizedistesl according to the following categories

that were already explained in chapter 5:

1. Investing in time

2. Investing in flexibility

3. Investing in robustness

4. Investing in knowledge

For each option an indication is given why it waed. This is done to answer the following
guestions: Which type of options are used most?wkoch reasons are these options used?
Are there potential beneficial options that areus®d (frequently)?

6.6 Data collection

To get a reliable image of the case studies andethdts of the case study analyses, different
sources of information have been used, namely emritbfficial documentation, open
interviews with people who were involved in the jpats that were studied (see appendix B
for the interviewees), comments of people involedhe projects on the preliminary case
study reports, and the results from an expert opimiorkshop in which the results of the case
study analyses were presented.

The case study analyses are based as far as possibfficial written documentation on the
projects, like for instance project plans, anneglorts of drinking water companies, minutes
of board meetings, etc. This is the easiest walpltow the (official) line of argumentation
that lays behind choices that are made.

Written information is a more 'objective’ sourceirdbrmation than for instance information
from interviews. Nevertheless, interviews were usedjain insight into the gaps in the
written information and to get extra backgroundmiation on the projects and the rounds
that have been analyzed. This is the only way tb agdeeling for the more informal
motivation of decisions and the process of decisi@king, which most of the time is not
documented directly.

The case descriptions that were based on the writfermation and on interviews were read
by the interviewees from the drinking water comparto see if the representation is correct.
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This activity often led to additional informatiom@ut the cases. If necessary this step was
repeated several times.

The final source of information were the resultsnirthe expert opinion workshop. The
recommendations that followed from the analysisheffour cases were presented to experts
from drinking water practice to evaluate the resulihe input that the experts gave was used
to improve the recommendations. For the workshop résearch findings were used as input
to a case on which the workshop participants haahtwer multiple choice questions. They
were also used to formulate propositions for whté participants had to agree or disagree and
to explain why this was so. Finally the particimantere asked to make a SWOT (strengths,
weaknesses, opportunities, and threats) analysithemnvay that drinking water companies
deal with uncertainty. The results of each exersisee used as triggers for the discussion on
how uncertainty is dealt with in practice and wbaitild be done to improve this. Appendix B
shows the list of participants. The results ofwekshop have been used in chapter 12.

6.7 Boundaries of the case study research

In the case study plan, some research boundar@gitly have been set. The description of
external influences will be limited to those thatre identified by the drinking water
companies or that turned out to be critical. Thipassible, because only ex-post case studies
are analyzed. In case of a real-time case studynaityst has to decide for each external
variable if it may be critical. Naturally, in eaclase study some external influences will be
identified by the drinking water companies than&d out not to have a critical influence on
the outcome of a project. These will be named ekjyli

Finally, no judgments will be made about the camess of decisions that were made as they
were made and when they were made. These kinateihseénts cannot be made with the case
study outline that was proposed. It is not suitdbitehat purpose.

6.8 Outline of the case study reports

The case study approach that was presented ircligigster was used to analyze four case
studies. The reports of these case studies caouwmw fin chapters 7 to 10. Each of these
chapters has the following outline:

1. Description of the context of the case

2. Chronological description of the case

3. Descriptive analysis

4. Normative analysis

The comparative analysis of the case studies wilptesented in chapter 11, followed by
practical recommendations to drinking water comesum chapter 12.
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Chapter 7. Case 1. PIM

Modest doubt is called the beacon of the wise
William Shakespeare, Troilus and Cressida, 166,

This case study concerns the -
decisions that were made by
Waterleidingmaatschappij  Oost-
Brabant (WOB) with respect to
their PIM  project (Project
Infiltratie Maaskant). This project
was started to plan for new water
harvesting and purification works
that would enable the use of water
from the rivers Maas and Waal as
a source for drinking water instead
of groundwater.

WOB delivers water in the eastern
part of Noord-Brabant (see figure
7.1). WOB traditionally is a self-
winning groundwater drinking
water company even though two

major rivers run at the border of W
their service area, the river Maas
and the river Waal. The area that
WOB serves has much agriculture.
About one quarter of the total
drinking water produced is sold t gjqyre 7.1 Service area of WOB until 2002 (white)
middle large users, which ar

mainly farmers. In the past the

percentage of water that was sold to farmers wgtselj but nowadays many farmers harvest
their own groundwater.

January the first of 2002 WOB merged with neighBMNWB (NV Waterleiding
Maatschappij Noord-West Brabant) to Brabant Wat&f. N'his new drinking water company
serves the whole of Noord-Brabant except for Tigpuwhich has its own drinking water
company TWM (Tilburgse Waterleidingmaatschappijpwever, since the events that are
described in this case study are from before th&t,dhe drinking water company will be
addressed as WOB. However, discussions about thgemalready took place when the PIM
project was developed. Therefore it is importanktmow that WNWB is one of the three
shareholders in water winning company NV Waterwighiedrijf Brabantse Biesbosch
(WBB). This company harvests drinking water fromaege surface water reserve in the
Biesbosch. Some core figures about WOB can be foutable 7.1.

Einghoven
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Table 7.1 Facts about Waterleidingmaatschappij €Rrstbant (before the merger

NV Waterleidingmaatschappij Oost-Brabant (WOB)

Service area Eastern part of North-Brabant. Laitjgsc
Eindhoven and 's-Hertogenbosch (see figure 7.1)

Neighboring companies (situatign/NWB and TWM (west), WML (Waterleiding
until 2002) Maatschappij Limburg, east), WG (Waterbedrijf
Gelderland, now Vitens) (north), and two Belgian
companies PIDPA(Provinciale en Intercommunals
Drinkwatermaatschappij der Provincie Antwerpen
and VMW (Vlaamse Maatschappij voor
Watervoorziening) (south).

1Y%

Bulk contracts Purchase from WML

Water source Groundwater

Total amount of water deliveréd| 107 million n7 (1999)

Percentage of total fdelivered | Small users 56 %

to types of customers(1999) Middle large users 24 %
Large users 14 %

Own use and delivery of different | 6 %
water

# Connections 580 thousand (1999)

Shareholders Province North-Brabant and the mualitigs in the
service area, the Province owns the majority of the
shares

1. WOB, 2000a

7.1 Historical description 1972-2000

In 1972 the Dutch national government presentedfitee national drinking water scheme
(Ministerie van Volksgezondheid en Milieuhygién&72). In this document, among other
things, plans were made for the possibility that gnhoundwater reserves would be used up to
the full extent. For the eastern part of Noord-Bwatbseveral options to use surface water
instead of groundwater for the preparation of drigkwater were identified. One of the
options is the realization of a basin and a irdtln purification between the river Maas and
the river Waal. This project should be able towd=i150 million ni water per year.

This plan was just an exploration for the futureatdicipate the possibility that the drinking

water demand would rise significantly. Some yeatser| however, aridification became an
important political and social issue. In the secaational drinking water scheme (Ministerie

van Volksgezondheid en Milieuhygiéne et al., 19&1)Jl in other national plans, such as the
Nature Policy Plan, and the third Water Managemant(1990) the search areas for surface
water winning were selected and regulation onghlgect was detailed further. This put more
pressure on provinces and drinking water compamiesplore alternative options for using

ground water for drinking water preparation.

The national policy was translated into more cotecgmals by the province of Noord-Brabant
in their first water management plan- 'Werken aaatet/ (1991). The following of these
goals were important for WOB:

» Avridification should be halted, in accordance wilie third water management act. The
extension and intensity of aridification may notrease with 1989 as a reference year.
This goal was translated into a stand-still polfoy the total amount of groundwater
extraction in the area with 1987 as a reference yea
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» Further growth of drinking water demand after tleary2000 should be met with surface
water.

* Groundwater should be used as much as possibldifpr quality purposes, i.e. for
drinking water preparation and other purposes tiead water of a high quality that are
related to public health. Extension of the userofugd water for these purposes can only
be realized when other uses have been reduceidstance the use as cooling water.

* In middle and eastern Noord-Brabant a surface wartglect should be realized with a
minimum capacity of 10 million fhwater per year.

The drinking water demand in the eastern part obrddBrabant showed an increase until
1989. In those days, the future gross drinking wdémand was expected to grow above 142
million m? per year, which then was the maximum amount ofipcéon capacity.

100 Pad "......- ——Actual use
w —8— Net prognosis 1989
80 —&— Gross prognosis 1989

—>— Max. realizable capacity 1989

min m3/ year

wwwwwwwwwwwwwww
mmmmmmmmmmmmmmm
mmmmmmmmmmmmmmm
aaaaaaaaaaaaaaa

Figure 7.2 Actual drinking water use in eastern Baat from 1976 until 1988 and prognoses
from 1990 until 201b(WOB, 2000b)

For WOB the Provicial water management plan haé a®nsequence that their permit to
extract groundwater would be decreased with 1danilir® from 108,7 million m per year in
2000 to 98,7 million M (WOB et al., 1995). WOB was not pleased with thad in their
opinion it was not a good idea to realize a langgase water project, because groundwater is
a much better source for drinking water and therdoubt about the assumption that ground
water extracting for drinking water is a large tacin aridification. This can be concluded
from the interviews that were held and the notethefRvC meeting of 7 may 1990 and 8
October 1990 (WOB, 1990).

Nevertheless in 1989, anticipating the guidelinkthe provincial plan of 1991, they started
an investigation on which options were the besbaoable to supply the estimated future
demand using other sources than ground water. Biffeways of purification were
researched, such as depth infiltration, winningieér bank water and open infiltration of
surface water. Also the possibility of buying watEom neighboring drinking water
companies was researched, such as water from #dsbd&ch, from WML from their new to
realize surface water project or from Duinwaterjeéduid-Holland (DZH).

! Drinking water prognoses are calculated both netgross. The net prognosis presents the
expected water demand. The gross prognoses addstdS%¥ckon with the effects of
unexpected situations, like an extreme dry yeametainties in the prognosis itself,
unexpected demand by existing customers or theahof new (industrial) customers.
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Of all these options, open infiltration of surfaceater scores best with regard to
environmental benefits, security of delivery, theality of the end product and last but not
least the cost.

In 1990, WOB decided to start with the realizatadrPIM, feeling they had no other choice.
The plan of PIM was based on the following techgalal basics: water would be won from a
basin with an inlet from the river Maas and pot&htialso from the river Waal. This water
would be pre-purified and then infiltrated throusgprface infiltration into the ground. After

some time this water would be pumped up again amténgo a final purification before it

could be used as drinking water. The estimationshadt PIM would cost were 417 million

(+/-€190 million).

Procedures were started to get all necessary erdgsigns were made for all works in the
planning area and ground was purchased. Even to@lagork in the area started, mainly
with respect to the basin.

Halfway the nineties water demand appeared to & tlean previously was expected (see
figure 7.3). It stabilized and even dropped aditfThe explaining variables prove to be the
success of water saving actions and the so calleder flight' of farmers. The water flight
was initialized in 1995 by increased taxes on gdwater use. The drinking water company
was forced to increase the drinking water pricenwfi0.34 per r(+/- € 0.15). For many
farmers it became interesting to pump up their gnoundwater, which is free of registration
(and uncharged) for pumps that pump up less than® J@r hour, and in total less than
5000n7t per quarter of a year (Dutch Groundwater Law). Aarinstallations that are mainly
used for irrigation purposes that pump up less @@t per hour.
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Figure 7.3 Actual drinking water use in eastern Bxat from 1976 until 1999 and prognoses
from 1990 until 2010M/OB, 2000b)

Initially it was not certain whether this decreaseuld sustain. Thus WOB continued the
preparations of PIM.

In 1993 a new national policy plan for drinking andustry water was published (VROM,

1993). The plan argued that groundwater was B#lldest source for drinking water to be able
to make a reliable end product. It also said thatuse of groundwater should not lead to
destruction of the environment. For WOB concretiig meant that they were strengthened
in their argument that groundwater was the bestcgoand that it should be used for drinking

64



water if it did not harm the environment. A surfagater project therefore is unwanted when
groundwater resources are used in a sustainable way

Some other developments took place that made WOReroif PIM was such a good idea.
When PIM was started the choice was made to usepbe infiltration technique since at that
time this was the best available and proven tedyylHowever, soon after other promising
techniques became available and proven, such asbraeen and depth infiltration. The
technology of PIM thereby became outdated.

Also, getting all necessary permits proved to beenttifficult than thought. In the light of the
national policy ' Space for the River', the lasteed large permit was not granted. The basin
would claim to much space in the river bed. Tothet permit, law suits would be necessary.

In 1998 a new director was appointed, the now dambanister Jellema. In anticipation of his
appointment a couple of decisions were postponied, about the continuation of PIM. The
new director proved to have a different managemstategy than his predecessor and had a
different vision on how WOB should prepare itself the future. From this new perspective
mergers were discussed with neighboring drinkingewacompanies and a large and
expensive project like PIM was put in a differergpective. It appeared that WOB didn't
need the project any longer to meet the standgsillcy of the province and still be able to
deliver a sufficient amount of drinking water.

In consequence, in the summer of 2000 WOB annoutiadIM would not be continued in

the same form as was initially intended. At thatnmeot f85.2 million (€38,7 million) had

been spent on the project. WOB hopes that this gnaras not spent in vain. The project is
hoped to be carried through on a smaller scalendtidthe use of up-to-date technology.

The box below shows an overview of the events &g tlccurred and were described before:

Historical overview

Period 1972- 1991  Continuing growth of drinking eatlemand, translation of national
goals with regard to aridification into concrete tams on a
provincial scale

1972 National drinking water scheme: limits to grdwater extraction
first mentioning of PIM
1991 Provincial Water Management Plan: Nationallgedth respect to

aridification are translated into actions, standsif groundwater
extraction capacity with reference year 1987, rwaegroundwater
extraction permits are granted
Period 1990- 2000 Detailing of PIM
Period 1990- present Drinking water demand comes tstandstill, new technology fdg
drinking water preparation becomes proven

=

1990 WOB decides to start the preparation of Plivespured by the
Province
1993 National Policy Plan for drinking water andlustry water supply

groundwater is the best source for drinking wafemused in a
sustainable way
1995 Increased national taxes on groundwater asalting in 'water flight'
2000 Halting of PIM
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7.2 Selection of important rounds

Two rounds were selected to be studied furthest Hiie round that led to the decision in 1990
to implement PIM will be studied. The decision tla&tion was needed had already been
taken at that point! The second round that wilabalyzed is the round that led to the decision
to halt the project in 2000.

7.3 Round 1: Selection of tactics, 1989-1990

In 1989 the first study about a large scale surfaeter project was carried out. In 1990
different alternatives to get purified surface wateere compared to each other and to the
alternative to use more groundwater. This was &3¢ iInoment that the decision could be
taken to invest in a new to be built surface watigming station or to connect to water from
neighboring drinking water companies. The reasorhig was that the ground water reserves
were expected to be used up in ten years time tlen@stimated realization time of a new
facility was a similar period. This decision wasabuzed further based on a summary about
this decision in the Environmental Impact Assessn@nPIM (WOB et al., 1995). The
summarizing system diagram can be found in figude 7

7.3.1 External influences and outcomes of interest

The analysis of the documentation on the decismniniplement PIM resulted in the
identification of the following external influenceisat were explicitly taken into account in
the analysis and decision-making process and (peiential) effects:

1. Development of the demand for drinking water. Tlemend for drinking water was
expected to rise. That would imply that there wolbéda shortage of water in the year
2000 when all available water winning capacity veaboé used.

2. Aridification policy. National government demand#uit aridification should be halted
and that a stand-still policy on the pumping ugmundwater should be aimed at.

3. The realization of the fourth Biesbosch basin. #swincertain whether this basin would
be realized. If it would not, the capacity of timeee existing basins would not be enough
to supply WOB as well next to the traditional useirshe basins. WOB therefore assumed
that the tactic to buy water from NV Waterwinningdg Brabantse Biesbosch was only
possible if the fourth basin would be realized.

4. Development of technology. At that time some pramgistechnologies were being
developed for purification of surface water, nametlgmbrane technology and depth
infiltration. These technologies were in the cemtieattention, but it was not certain when
these technologies would be proven.

7.3.2 Strategies and tactics and outcomes of igtere

When WOB decided that extra winning and purificatt@pacity was needed a choice needed
to be made about how this extra capacity was gairig realized. The following tactics were
taken into consideration. Logically all these testaffect the technological system:

1. Winning of surface water near Lith and purificativith the use of open infiltration
technology. With this process a good product ctwédjuaranteed. The realization time of
the winning and purification facilities would beashand the technology was proven. This
tactic, however, would consume a lot of space.

2. Winning of surface water near Lith and purificatiaith the use of depth infiltration.
With this process a good product could be guarant€be realization time, however,
would be uncertain and the technology was not proes.

3. Winning of surface water near Lith and purificatiith the use of river bank infiltration.
The quality of the product is difficult to contrahd security of delivery could not be
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guaranteed. A good point of this technology is ttreg ground water drop would be
limited.

4. Using more ground water. This tactic was preferbedl not studied further, since a
standstill of groundwater use was issued for remsdraridification and the natural limit
on the amount of water that can be won.

5. Buying pre-purified water from DZH (Duinwaterbedrguid-Holland); The cost of this
tactic was considered to be high. The realizatime twas uncertain. Also this alternative
does not score well on the factors 'environmend' ‘anotection’ (both concepts are not
explained further in the EIA).

6. Buying pre-purified water from the Heel basin of MlV. The capacity of this basin,
however, was not considered to be large enougbpplyg both WOB and WML.

7. Buying of pre-purified water from the Biesboschnfré®VBB. The cost of this option was
considered to be high and the capacity of the Bigdh basins was not thought to be large
enough unless a fourth basin would be realized.

8. Realizing a new surface water winning basin near&erhis option was considered to be
difficult to realize in a technical sense. Alsosthalternative did not score well on
realization time and environmental aspects.

7.3.3 Choice

WOB preferred option four, using more ground walBrt because of political pressure to use
surface water, the first tactic, namely the winnaigsurface water near Lith and purification
with the use of open infiltration technology, wastle end considered to be the best option.
Also more research was issued on depth infiltraté@mnology.

Identified strategies

*Winning of surface water near Lith and using opiftration
*Winning of surface water near Lith and using depfiitration
*Winning of surface water near Lith and using rivank filtration
*Using ground water

*Buying pre-purified water from DZH

*Buying pre-purified water from the Heel basin oMl

*Buying pre-purified water from the Biesbosch frowiBB
*Realizing a new surface water winning basin nezer8

l Criteria which reflect the outcomes of interest
Critical external influences . :g:agztm the purified water
«Demand for drinking water | Drinking water > -Teghnol)g roved?
«Aridification policy system nology p ’
*Realization time

*Realization of the fourth Biesbosch basin

*Development of technology *Space consumption

*Environment
*Protection
*Cost

Figure 7.4 System diagram of round 1, 1990

7.4 Round 2 Halting of PIM, 1993-2000

This round concerns the events and considerati@iddd to the halting of PIM in 2000. This

round starts in 1993 with the publishing of theiaval policy plan for drinking and industry

water, which underscored the use of groundwatdheasdest source of drinking water. The
round ends with the halting of PIM in 2000. In tbeurse of the 1990's the demand for
drinking water stagnates. This raises the questioether PIM is still necessary in the short
term to supply drinking water and to decrease gilaater extraction. Should PIM still be
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carried out? The following analysis is based onlipabons of WOB (2000) that explained
why PIM was stopped. The summarizing system diagrambe found in figure 7.5.

7.4.1 External influences and outcomes of interest

WOB identifies five external influences that chathdke situation in such a way that action
was needed.

1.

5.

Development of the demand for water. The demandifimking water stagnated, mostly
due to the success of water saving actions andader flight' of farmers who started
private ground water winnings because of the higitere of drinking water, caused by
newly introduced taxes on ground water. Thus tlgeney to build a new water winning
and purification facility ceased to exist.

Development of new technology. Membrane and depfiftration technology became
proven. This technology makes it possible to buildunits. Thus the capacity of the
supply facilities can be better adapted to the posgs of the demand.

Rise of the delivery of 'other' water (prepared $pecial industry needs) and related
services. The demand for water 'suited to the rses. This leads to more 'on site'
solutions to supply in local water demand.

Change of the interpretation of the 'River law'e ermit for PIM that was needed on the
basis of the River law was drawn back by Rijkswsttat, because of the new
interpretation of the law that building in a riveed should not be allowed. WOB
however, was convinced that this permit shouldheote been drawn back. This caused
for some delay in the construction of PIM.

Persistence of the limited permit space for theaexion of ground water.

They also considered (and analyzed when possib&Jdilowing external influences when
deciding about halting PIM or not. But these influes were decided to not to be taken into
account, for reasons that are explained below:

1.

The future use of 'household' water. The use afsébold water was expected to grow,
but since pilot projects were not finished yetstbevelopment was not included in the
decision.

Outbreak of the 'pig-plague’. There was a largereak of the pig-plague, for which was
a large media attention. An issue that was raisasl mow this disease would influence
drinking water consumption. The pig-plague howewad only a temporary effect on the
drinking water use. Simply because pigs that dieceweplaced.

The coming into effect of the 'reconstruction lawhis law was mainly developed to

concentrate pig-farms in clusters to spare theremwment and to prevent spreading of
diseases. The effect on the use of drinking watas wot clear yet. Therefore this

development was not included in the decision- ntakirocess.

Regulation concerning private ground water winnihgis regulation was developed but
the effects were not measurable yet. Thereforedinglopment has not been included in
the decision.

Liberalization of the drinking water market fordarusers. When the decision to stop PIM
just came into effect. The consequences of thieldgment, however, were still not clear.

Therefore it was not included in the decision.

7.4.2 Strategies and tactics and outcomes of iatere

The preparations for PIM were already made and eagne construction work had taken
place when the decision whether or not to contifllil had to be made. The external
influences that were described before offered todunity to reconsider PIM, since the
urgency to construct the winning and purificatiewifities had diminished. A choice needed
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to be made between carrying out PIM or halt PIM #alé other actions to make sure that
there was enough drinking water supply capacity.

Tactics that were included in the decision to balio carry out PIM were the following:
1. Focussing more on account management and marketstiguments, mainly towards
agricultural and industrial users.
2. Making agreements with the Province of Noord-Braban
3. Appealing in court to the withdrawal of the 'rivaw' permit.
4. Installing Rinse water regain units (STUs) at pumgpstations to diminish WOBs private
water use, i.e. to minimize the water needed tpgneclean drinking water.
Carrying out PIM as was planned.
Carry out a different PIM in future
A. Downscaling PIM by using new technology for mtadiconstruction.
B. Realizing PIM with a different construction dfet basin, namely without a ring
dike, in order to get the 'river law' permit.
7. Exchange of ground water extraction permit spa¢evd®n pumping stations and closing
down or reducing the winning at less sustainabfegiog stations.
8. Using the over capacity of neighboring drinking gratompanies.
9. Keeping the purchased grounds near Lith for fuwse and maintain the permits that
already have been given.
10. Perform more research in order to be able to lzuildodular PIM in future.

7.4.3 Choice

The decision was made to halt PIM but to keep piloms open for the future, thus a strategy
was composed out of tactics 1,2,4, 6A,7,9, and 10.

Identified strategies

*Focussing on account management and marketingimsnts
*Making agreements with the Province Noord-Brabant
*Appealing in court to the withdrawal of the ‘riviesw’ permit
eInstalling STUs at pumping stations

Carrying out PIM as was planned

«Carrying out a different PIM

*Exchanging ground water extraction permit betweemping stations
*Using the over capacity of neighboring drinkingterecompanies
*Maintaining permits

eIssuing more research

Critical external influences l Criteria which reflect the outcomes of interest
*Demand for drinking water Drinking water *Quality of the purified water

*Development of technology —” system I «Capacity

*Rise of the delivery of ‘other’ water and relasstvices Flexibility of the design

*Change of the interpretation of the ‘River law’ *Technology proved?

Figure 7.5 System diagram of round 2, 2000

7.5 Characterizing the rounds

7.5.1 System and relationships

The system boundaries that were chosen were censistith the solutions that were
considered. Also these system boundaries can b&devad to be relevant to the problem
throughout the whole project span, since solutitred were identified all concerned the
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identified problem and could be carried out to aydéaextent by WOB itself. The system
boundaries, however, did not stay the same duieg project. System boundaries were
slightly changed when a new director was appoini&ftiere the most attention went to
technological solutions to problems first, it shiftinto a more broad view of what solutions
would be wise afterwards. The new way of thinkingoat PIM coincided with this
managerial change.

The potential success of water saving actions wasxgernal variable that was not included in
the decision-making process in 1990 about whategjyato follow to be able to supply
enough drinking water in future. The reason fos thias that not enough was known. This
external variable is mostly social of nature.

The following external influences were excludednirthe decision making process in 2000

about halting or carrying out PIM because not ehougs known.

1. The future demand for 'household’ water, i.e. matdess than drinking water quality for
household purposes.

2. The coming into effect of the 'reconstruction law'.

3. Regulation concerning private ground water winning.

4. Liberalization of the drinking water market fordarusers.

Three of these external influences (2 to 4) condeereffects of political decisions outside the

control of the drinking water company. The firsdcsl, variable can be influenced more or

less by decision of the drinking water company: whwusehold water is not offered to

consumers, they cannot use it.

It seems to be difficult to estimate the effectpolitical or social external influences, even if
they are detected before their influence is meédewrahe external variable, water saving
actions, that was left out of the decision makimgcpss in 1990, because potential effects
could not be estimated, was included in the amnalgsd decision-making process 2000, since
better ways of estimating the influence of thisialale became available. This indicates that
there is a learning process present about howtitoas the influence of external influences.

7.5.2 Inputs and outputs

External influences that were included in the asialymostly concerned demand related
issues, which are pretty well known. If other emtdrinfluences were mentioned in reports
they usually were followed with the statement that enough was known about them to
include them in the analysis. Often such factorsewet mentioned again in the rest of the
report. External influences which are not includadthe analysis are usually those that
(initially) are not easy to quantify. In general Wghat if and scenario analyses were used in a
devil's advocate approach to know how a certaitictaoould hold in a different future than
expected.

Far more external influences are identified explian 2000 than in 1990. The treatment of
the identified external influences does not diftar both rounds: the external influences that
can be quantified have more chance of being indudethe decision-making process than
those that are more of a qualitative nature oruttvnot enough is known to be calculable.

In 1990 technological tactics are in the centeatténtion, while in 2000 also other tactics,
mainly aimed at other stakeholders, are considetelg formulating a strategy.

Of the external influences that had a large infagean the decision to halt PIM, only one was
noticed in 1990, namely the success of water saatigns. The rise of membrane filtration,
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the changing interpretation of the 'river law' amgter flight' were not foreseen. These
external influences are technological, politicadl @ocial of nature.

7.5.3 Assumptions

The assumptions that turned out to be correct anee mommon then those that prove to be
incorrect. Most assumptions and analyses concemade and influences on demand.
Tragically, one of the most critical assumptionséd out to be wrong, namely about the
development of the water demand.

7.5.4 Options

The decision that was made in 1990 to carry out R4 largely grounded on the constraint
that the technology employed should be robust vé#pect to the quality of the product but
also with respect to the rise of the water demdiweb tactics that were not included in the
1990 analysis concerned new technology, namely memeb and depth infiltration
technology. At that time it was not certain whettierse technologies would be beneficial. In
ten years time these technologies proved to funct@y well and also the cost for membrane
applications lowered.

As a result, in 2000, the new technology openeddpton’ to combine this robustness with
the flexibility of building in modules. This was ermf the motivations to halt PIM, even more
since the sense of urgency was no longer preseah e water demand stabilized. This
behavior can be characterized as risk-averse, fmn to new ideas and opportunities as they
present themselves.

An other example of the inclusion of robustnessidesign was that WOB included the
option of using river water from two different rivéasins, so that if one of them would
become polluted the other source would still balalvke.

The option of buying time is used to the full wheossible. The decision to start PIM was
only taken when the critical point was reached thatfull capacity would be used within the
planning time of a new to build facility. In 199@ater demand was expected to be as high as
the full ground water extraction capacity in 2000!

In 2000 when PIM was halted, also the option ofibgytime was included in the decision.
The decision was made to maintain all permits aeepkthe purchased land near Lith to be
able to decide to use these site in future forwirning and purification of surface water
when necessary.
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Chapter 8. Case 2. OEDI

He who predicts the future lies even if he telésttiath
Old Arab proverb

This case study concerns the OEDI
project of NV Waterleidingbedrijf
Midden-Nederland (WMN). OEDI
stands for OeverDiepinfiltratie,
riverbank- depht infiltration in
English. This project was started to
enable WMN water from the
Amsterdam-Rijn channel for the
preparation of drinking water,
where traditionally groundwater is
used.

WMN delivers drinking water in
almost the whole province of
Utrecht  (see  figure 10.1).
Traditionally WMN is a self-
winning  groundwater  drinking
water company. Only a small
fraction of the drinking water
delivered used to be bought from or
sold to neighboring companies.
Recently this has been changed,
since water now is bought from ) ) )
Hydron Flevoland. The agreemer Figure 8.1 Service area of WMN (white)

about this delivery is called the

ROL agreement.

Most of WMN's drinking water is supplied to housktso Household demand is expected to
increase the coming years even more since a lageresidential area called 'Leidse Rijn' is
being realized. Next to drinking water WMN also ideted a small amount of household
water (which is of a little less quality than dring water and can for instance be used to flush
toilets) and process water, which for instance loarused as cooling water. The delivery of
household water is being questioned with respegiutadic health since some residents of
Leidse Rijn were abusively connected with it toitld¥inking water taps instead of to their
toilets. Recently this household water delivery basn stopped.

The first of April 2001 WMN formed a cooperationtivithe companies FDM (Flevolandse
Drinkwater Maatschappij) and WZHO (Watermaatschiappid-Holland Oost). After that the
company was renamed to NV Hydron Midden-Nederldndthis case study however the
name WMN will be used to indicate that the evehts &are described all took place before
2001. Core facts about WMN can be found in table 8.
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Table 8.1 Facts about WMN

NV Waterleidingbedrijf Midden-Nederland (WMN)

Service area

Province of Utrecht, except for Doand the town
of Hilversum and the village of Scherpenzeel. Thé
largest city in the area is Utrecht (see figurg 8.1

D

Neighboring companies (until
2001)

PWN Waterleidingbedrijf Noord-Holland, Waterne
NV ENECO Energie Amstelland, and FDM (north
WZHO (west and south), and NUON and
Waterbedrijf Gelderland (east and south)

nt’

Bulk contracts

Purchase from Hydron Flevoland aitdng (ROL

contract)

Water source Groundwater

Total amount of water deliveréd| 81 million nt (2000)

Customers (2001) Small users 75%
Middle large users 24 %
Large users 14 %

# Connections

500 thousand (2000)

Shareholders

Province of Utrecht and the munidipalin the
area. The province of Utrecht owns just as much
shares as the city of Utrecht. None of the
shareholders has a majority

1. NV Hydron Midden-Nederland, 2001); 2. VEWIN, 200

8.1 Historical description 1972-2000
The OEDI case shows a lot of similarities with ¥ case. OEDI also was started as a
result of a growing national concern about grourtdwaxtraction possibilities in future and
the aridification issue. See 7.1.2 for a more tkdladescription. The province of Utrecht
translated the national plans into concrete gaatheir water management plan of 1992. The
most important one for WMN is that the permits fotal amount of groundwater that is
extracted will be limited with 25% compared to refece year 1985.

= e
100 — \ \
8w . -

—e— Prognoses

drinking water use

Million m3 per year
3

—=— Max. capacity

Groundwater

extraction permits
plus purchase

Figure 8.2 Prognoses drinking water use and maximapacity of WMN in 1992 (WMN,

1992)

This policy had large implications for WMN since nwore permits would be granted for
extra ground water extraction. The available pespéce plus contracts for the purchase of
water from neighboring drinking water companieshait time was 94.4 million frper year.
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This made the maximum capacity of the WMN waterksd@9.7 million ni (see figure 8.2)
At the same time they expected a growth of thekarowater demand of approximately 1%
per year to 114.1 million frin 2023. This would result in a water shortagerfrb995 on.

WMN felt that action should be taken to be ablestpply as much water as would be
demanded in future and to diminish the aridificatiwoblems. Several alternative tactics were
compared, of which most were based on a list dbaptprovided in the Policy Plan Drinking
and Industry Water Supply. These were the usemirgt water, the use of river bank water,
the use of basins and direct purification of swefaater, open surface water infiltration and
depth infiltration. These tactics are compared tadiic called OEDI which combined some
of the above tactics (WMN, 1996). From this comgami the conclusion was drawn that the
use of groundwater was preferred, the second hmginowas OEDI. Because the use of
ground water had to be limited, OEDI was the bgsibo for WMN to meet a growing water
demand. In 1992 the decision was made that OEDIIdHze developed. The environmental
Impact Assessment (EIA) for this project was fieidhn 1996 (WMN, 1996). The project
was expected to cost f175 million (+/- € 80 mil)ion

The OEDI concept in short consists of the followimgy of water winning, purification and

distribution (WMN, 1996):

1. Water is won near the river Lek or Nederrijn, athert distance of the river to prevent
mixing with groundwater. The product of this wingiis river bank filtrate.

2. This water is pre-purified to drinking water quglitwithout the guarantee of
bacteriological and virological quality.

3. The water is transported to an existing pumpingistaat the Utrechtse Heuvelrug and
infiltrated in the ground with depth infiltration.

4. After some time, the water is won back with thesérg pumping station and after final
treatment it is distributed through the existingtdbution works.

Soon after some other alternatives were considarethe provincial Management Plan
Groundwater Quantity (Provincie Utrecht, 1996): Bwy water from FDM, minimizing
groundwater winning in aridificated areas and mazing groundwater winning in not
aridification prone areas. These options are fainble less expensive and more efficient in
attaining the wanted goals. However, still surfaeger winning was expected to be necessary
since Flevoland would not be able to supply enougter. In 1997 the province permitted the
start of OEDI and the preparations for realizatbthe project were started.

The benefits of OEDI for the aridified areas wa®sjioned and projects like ‘Goed water
centraal' are started to find out what are the bpsibns to fight aridification. Goed Water
Centraal is a project in which the province, WMNidahe water boards and nature preservers
in the area take part. Conclusions were present@¢898 (Goed water centraal, 1998). One of
the important conclusions of this study is thatiorgl measures to lessen aridification, like
changing the groundwater use, are only effectiveambination with local measures, like
changing surface water management. These localuresasere found to be the crucial factor
in the fight against aridification. With this prefethe doubt rises if OEDI is such a good idea,
since the study does not show that the use of gwwater should be stopped. In the study that
followed, 'Replacing Production Capacity' (WMN, B00this doubt is reflected as follows:
‘The project '‘Goed water centraal' showed the itapoe of custom fit solutions and initiated

%2 The maximum capacity has been corrected for lodserg the drinking water purification processisTso
called self-use of drinking water was approximaty in 1990.
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the doubt of the effectiveness of lessening gronater winning. Does the benefit for nature
weigh up to the social cost?".

An additional development is the stagnation in dhewth of drinking water demand in the
1990's, a development that can be seen in the wdfidlee Netherlands. In Utrecht causes are
the late finishing of the residential VINEX devefoents and the success of water saving
actions.

To investigate whether OEDI should be continued stuwdies were started. One by the
Province and one by WMN. The first was about tHeativeness of the proposed reduction of
groundwater winning with 9 million fn The second was about acceptable and cheaper
alternatives for the production of drinking wateam OEDI, which are using groundwater and
combining river bed water with membrane purificati@ new and upcoming technology
(WMN, 2000). As a result of these researches, tB®Iproject is halted. Reasons are the
uncertainty about the utility of the project andd®ate the opportunity to do research on
further options. In the meantime water is bougloinfrHydron Flevoland to fill the gap
between demand and the production capacity of WMN.

Historical overview

Period 1972- 1992 Continuing growth of drinking emtdemand, translation of
national goals with respect to aridification intormcrete actions or
a provincial scale

1972 National drinking water scheme: limits to grdwater extraction
first mentioning of PIM
1992 Provincial Water Management Plan: Nationallgy@ath respect to

aridification are translated into actions, stardsti groundwater
extraction capacity with reference year 1987, xtoaegroundwater
extraction permits are granted
Period 1992- 2000  Detailing of OEDI
Period 1990- present Drinking water demand comes &tandstill, new technology fqg
drinking water preparation becomes proven

=

1992 WMN decides to develop OEDI

1996 Provincial Management Plan Groundwater: adtaras for OEDI
are considered

1998 Report Goed Water Centraal: alternatives t6D0are considered

2000 Halting of OEDI, WMN buys water from Flevolanatil a better

solution is found

8.2 Selection of important rounds

Two rounds were selected to be studied further. flisé round that will be studied is the
round that started with the awareness that drinkager demand was growing and without
further action demand could not be met with thellalike groundwater supplies. This round
ends with the choice to implement OEDI in 1992. Tdexond round begins with the
publishing of the first official document in whiditernatives for OEDI are considered, the
provincial groundwater management plan in 1996. Mund ends with the halting of OEDI
in 2000.

The sources of evidence for the analysis of rouagdelthe environmental impact assessment
of OEDI (WMN, 1996) and interviews. The sourcesegidence for the analysis of round 2
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are Goed water centraal (1996), and the rappoutateplacing production capacity (WMN,
2000) and interviews.

8.3 Round 1: Selection of tactics, 1972-1992

Two developments made a search for new sourcesatdrwecessary: the growth of the
demand for drinking water demanded capacity expansind the legislation on aridification
made it impossible to extract more groundwater,ciwhiad always been used as the source
for drinking water. This round is about which neausce for drinking water WMN should
use and what technology would be wise to implem&né summarizing system diagram can
be found in figure 8.3.

8.3.1 External influences and outcomes of interest

Two external influences were important in the decigo start OEDI. First the legislation on
aridification and second the expectation that tlenahd for water would grow as a
consequence of autonomous reasons, but also assaquence of the growing number of
customers at the VINEX locations that were planinettie service area.

8.3.2 Strategies and tactics and outcomes of igtere

In the environmental impact assessment of OEDI (WMBO6) the following tactics are
compared to each other:

Use of semi-confined groundwater

Use of phreatic groundwater

Use of river bank water

Use of river bank water combined with depth irditton: OEDI
Use of basins (natural)

Use of basins (constructed)

Direct purification of surface water

Open surface water infiltration

Depth infiltration

CoNoOOR~LNE

The choice for OEDI was based on a multi-critemalgsis in which the tactics that were
identified were evaluated. This multi-criteria aysa$ reflects the outcomes of interest to the
drinking water company. The following criteria warsed to evaluate the benefits of each of
these tactics: public health, environment, natdesmdscape, spatial use, technological
feasibility, flexibility, vulnerability, economicsadministrative/ juridical aspects. Flexibility is
defined as the ability to react to changing futamreumstances, mainly with respect to the
demand for water. Vulnerability is determined bg tthance for cut off of the drinking water
supply, in terms of quality and quantity and th@sequences of such a cut off. The criteria
that were considered to be the most important watere and public health.

The use of semi confined groundwater scored vegh loin most of the criteria, except for
nature. OEDI was scored fairly on most criteriat jlike the use of river bank water. But in
the light of the higher ranking of nature and palbiealth OEDI was preferred.

8.3.3 Choice

The most favorable tactic was the use of groundwétectic 1), but since the use of
groundwater had to be reduced due to provinciatgléhe second best option was chosen:
OEDI.
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Identified strategies
*Harvesting of semi-confined ground water
*Harvesting of phreaticwater

eHarvesting of river bank water (direct purificatjo
*Harvesting river bank water (indirect purificatidEDI)
*Using of basins (natural)

*Using of basins (constructed)

*Using direct purification of surface water

*Using open surface water infiltration

*Using depth infiltration

*Quality of the purified water
*Capacity
*Nature
Critical external influences Drinking water eLandscape
*Demand for drinking water ———————— % > +Spatial use
«Aridification legislation *Feasibility
Flexibility
*Vulnerability
*Economics
Political/juridical/organizational aspects

l Criteria which reflect the outcomes of interest

system

Figure 8.3 System diagram of round 1, 1992

8.4 Round 2. Halting OEDI, 1996-2000

The demand for water did not grow as expected aubtd about the benefits were ever
present. This round starts with the publishinghaf first official document with alternatives

for OEDI in 1996, the provincial groundwater maragat plan, and ends with the decision
to halt OEDI. The summarizing system diagram cafobad in figure 8.4.

8.4.1 External influences and outcomes of interest

Two developments were important in the decisiohalb OEDI. First the demand for drinking
water stagnated due to the success of drinkingrvgatgng actions, but also the development
of the VINEX areas got delayed. Second, there whssme doubt about whether OEDI was
the best available tactic. Not all opinions were same on this topic and extra studies were
performed about what the right course of action.\Wass resulted for instance in the reports
'‘Goed Water Centraal' (Goed water centraal, 1986) 'Replacing Production Capacity'
(WMN, 2000).

8.4.2 Strategies and tactics and outcomes of iatere

Next to the nine tactics that were already statethe first decision-moment several other

tactics are identified as possibilities to reduadification and compared to the tactics that

were identified at round 1. Thus the following testwere considered in this round.

1. Buying water from FDM

2. Minimizing ground water winning in vulnerable areamaximizing winning in not
aridification prone areas.

3. Use of semi-confined groundwater

4. Using river bank water and conventional treatment

5. Using river bank water and membrane purificatioitiivand without mixture with treated
groundwater)

6. Buying water from WRK and conventional treatmentaf@ftransportmaatschappij Rijn-
Kennemerland

7. Buying water from WRK and membrane purification tftwiand without mixture with
treated groundwater)
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8. Direct purification of surface water with membraeehnology (with and without mixture
with treated groundwater)
9. OEDI

The tactics were scored (WMN, 2000) on the follagvariteria: Investment and exploitation

cost, pubic health, operational management, the sfatechnology, environment, possibility

to divide a tactic in phases, realization time. tdse criteria cost and public health were
considered to be the most important, followed byiremment. An interesting detail is the

operational safety which is defined by operatiosefiety and robust purification is weighed
with a factor 1: 3 in respect to cost and publialtie

8.4.3 Choice

Doubts about OEDI rose with the "Goed Water Celititady. OEDI was found to be a

concept that could only be realized at high cagtt pumping stations had to be shut down
and realization would cast much. Two technologalérnatives were found to be cheaper
and also socially acceptable, namely the use of-seniined groundwater and the use of
river bank water which is purified with membraneheology and mixed with treated

groundwater. At the same time it became possibleutowater from Hydron Flevoland and

together with re-allocation of capacity of pumpistations enough time was won to
investigate further on the two promising technatadji alternatives. As a result the

preparations for OEDI were halted.

Identified strategies

*Buying water from Hydron Flevoland

*Minimizing ground water winning in vulnerable asea

*Use of semi-confined groundwater

*Using river bank water and conventional treatment

*Using river bank water and membrane purification
*Buying water from WRK and conventional treatment
*Buying water from WRK and membrane purification
«Direct purification of surface water with membraeehnology

«OEDI
Criteria which reflect the outcomes of interest
*Cost
Critical external influences *Pubic health
«Demand for drinking water Drinking water *Operational safety
*Doubts about OEDI system *Technology proved?
*Development of technology *Environment

*Possibility to divide a tactic in phases
*Realization time

Figure 8.4 System diagram of round 2, 2000.

8.5 Characterizing the rounds

8.5.1 System and relationships

When the choice for OEDI was made, the system bavigslwere chosen so that WMN could
extend water winning capacity without needing otenking water companies. Later, by
including the tactic to buy water from Hydron Fléud, the system boundary was
broadened.

In the EIA (WMN, 1996) the use of groundwater wampared to the other tactics and scored

best, but was dismissed explicitly. The reason thasthe province demanded a stand still in
ground water extraction. The creative use of grawatdr reserves was, certainly in the
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second round, treated as being a serious tacpeeteent aridification, but also to be able to
keep on using this source of water for the preparadf drinking water.

8.5.2 Inputs and outputs

The external influences that were important werestiyoof political (pressure to reduce
groundwater winning) and social nature (developnwnthe drinking water demand). The
tactics were to a large extent technological, Hsb @uying water from others and re-
allocation of groundwater winning were considered.

The outcomes of interest that were reflected iniristance the EIA (WMN, 1996) showed a
great diversity. The identified tactics were scooedthe criteria: public health, environment,
nature, landscape, spatial use, technologicallfgitgi flexibility, vulnerability, economy and
administrative and juridical aspects. A very broange of criteria thus was used, of which six
out of ten were not be quantified directly. Thissnsolved by qualitatively determining the
effects of the tactics by comparing them to eatierotThus scoring them ordinal with a score
of 1 for the best tactic and 8 for the worst, whisha way of ranking that can be disputed
since it does not reflect that some tactics mayeseery good or bad compared to others.
The deliberations in the second round were madaare or less the same fashion. More
attention was given to the monetary cost of thdidsc Criteria reflecting uncertainty
awareness like flexibility and vulnerability weremmoved and replaced by criteria operational
safety and the possibility to realize the tactic phases, which also reflect uncertainty
awareness, but on a more operational level.

8.5.3 Assumptions

A critical assumption that not turned out to beetmuas about the speed in which the VINEX
locations were be realized. This external variablpolitical/ social nature is very difficult to
plan for, since a drinking water company is supdogebe ready for such developments,
while at the same time they do not have influencé.o

This is a perfect example of how other actors oflnence the effectiveness and efficiency of
decisions that are made by drinking water companies

8.5.4 Options

An option that was used was the option of buyimgeti WMN buys water from FDM, thus
allowing further research on alternative option&DD was chosen since it was based on
robust, mostly proven technology. An interestindadels that flexibility (with respect to
changes in drinking water demand) was a speciiierayn in the first choice to realize OEDI.
Investing in knowledge is done throughout the entse. Ever since the 1970s research has
been done by WMN on the OEDI concept. Presentlgeasch is being performed on
alternatives for OEDI.

The whole palette of possible options thus was ueetdy to get the preferred results. The
choices in round one show a preference for investrimerobustness, where the choices in
round two show a preference for flexibility and g the options open for the future.
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Chapter 9. Case 3. Purification facility Jan Lagraru

Solum certum nihil esse ceffihe only certainty is uncertainty)
Pliny the Elder (Plinius major), Historia NaturalBK ii, 7

This case concerns the
planning of membrane
purification facility  Jan
Lagrand by NV PWN
Waterleidingbedrijf ~ Noord-
Holland (PWN). This project
was mainly started to be able
to provide soft drinking water
without high sodium contents.
PWN delivers drinking water
to the largest part of Noord-
Holland. Amsterdam has its
own drinking water company
Waternet  (former  GWA,
Gemeente Waterleidingen
Amsterdam).

PWN traditionally is a surface
water company which
infiltrates water from the river
Rijn in the dunes. Because of
this the company also has the
task in maintaining and
preserving the dunes it
Noord-Holland. The province
of Noord-Holland is one of the shareholders of Wed@sportmaatschappij Rijn-
Kennemerland (WRK) of which PWN it buys pre-purifigver Rijn water.

PWN cooperates with Duinwaterbedrijf Zuid-HollanBZH), Waternet and WRK with
respect to their laboratory activities in 'Het Whtboratorium'. The cooperation takes place
with respect to for instance the buying of applesmand laboratory matters. In the future a
merger with the partners in this cooperation isceivable. Core facts about PWN can be
found in table 9.1.

Figure 9.1 Service area of PWN (white)

Table 9.1 Facts about PWN

NV PWN Waterleidingbedrijf Noord-Holland (PWN)

Service area Province of North Holland, exceptlier
Amsterdam and Hilversum areas. Large cities are
Haarlem and Alkmaar (see figure 9.1)

Neighboring companies Waternet, Hydron Midden-Nleshet, Hydron
Flevoland, Eneco Energie Amstelland, DZH, and
Hydron Zuid-Holland

Bulk contracts Supply to and purchase from Watemhsinand of
pre-purified water from WRK
Water source Surface water from the river Rijnlirdted in the

dunes or purified using membrane filtration

Total amount of water deliveréd| 102.8 million ni(2000)
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Customers (2001) Small users 70%
Middle large users 21 %
Large users (including bulk sales) 9 %

# Connections 685 thousand (2000)

Stockholder Province Noord-Holland

1. PWN, 2001; 2. VEWIN, 2002

9.1 Historical description 1973- 1999

In 1973 PWN starts an exploratory study on the ofenembrane filtration. This new
technology is used in the United States of Amefaadesalinization of water for nuclear
power plants. A large advantage of the technologyiextreme purification rate. However,
there was little experience about the use of thmeebranes. In 1979 PWN starts to do
research with a test installation in their purifioa facility in Andijk. In 1989 Jan Schipper a
researcher from KIWA performed a PhD research endibject. However, soon after the
start, the research is stopped because of theofatrkist in the technology and the expected
difficulties during operation.

In the 1980s PWN is confronted with three unfavteatevelopments. First, the demand for
drinking water keeps growing because of the gravfitthe number of customers. Second, the
national policy on aridification stated that theeusf groundwater should be limited to a
minimum. For PWN this had as a consequence thatuiee of Dune water from Zuid-
Kennemerland should be limited. Third, there webf@ms with the quality of the raw water
source. The implementation of the Rhine Salt Treayg postponed in 1988. This meant that
the concentration of salt in the 1Jsselmeer andRije would not be limited in that period.
These salt concentrations would lead to a sodiumtea of the drinking water of four times
above the norm of that moment if purified with #rasting installations of PWN. Also, PWN
wanted to soften the drinking water. The commoihretgy for this would only add to the
Sodium content of the drinking water. Finally, nemeasuring techniques showed the
presence of pesticides in the raw water source.

It was clear to PWN that these developments hd tdealt with and in 1993 the official start
was made with Project Zuid. This project consistédhree elements: the extension and
innovation of purification facility Wim Mensink iWijk aan Zee; the realization of a new
distribution facility in Hoofddorp, and the realtean of a new production facility in
Heemskerk. This whole project cost approximateQ0f shillion (€180 million). Only the last
part of Project Zuid will be described further.

The salt issue was the reason that the reseathh tdst installation in Andijk was restarted in
1990. PWN initially decided to built the new pucdition facility with a five step approach,
which would include Hyper Filtration (HF), rapidrghfiltration, disinfection with Ozone,
Advanced Oxidation Process (AOP), and active cafifation. In 1993 the order was put
out to eight consultants to make design sketchesvio purification streets, one with the five
step approach and one with pre-purification andtiafion, thus keeping the option open till
later to make a choice between the two.

Soon after that the combination of Ozone and AO&wdver, proved in tests to cause
concentrations of bromate of four times the allowedm. A little later in 1993, two other

options were added to the list of possible optimn®WN, namely a two step purification in
which HF and Ultra Filtration (UF) were combinedgdaa three step purification which was a
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combination of Micro Filtration (MF), HF, and Ulirmlet disinfection (UV). The consultant
that was chosen from the initial eight, Witteveed 80s, detailed also these options.

Eventually the five step approach was abandonedtandhoice was made to use the UF/ HF
combination. The benefits over the three step amtrof MF, HF and UV was that the two
step approach reached full disinfection. The negessf this became clear when a
Cryptosporidioses epidemic in the beginning of 1893lilwaukee USA diseased 400.000
people and killed 100. All options however provedeé too expensive to execute.

Since then more companies started to supply merabrdihnis led to lower prices and to more
available options of what membranes to choose frbnerefore the UF/HF option could be
realized after all. In 1995 PWN gave the greentlighh the actual construction of drinking

water production plant Jan Lagrand.

The eventual building of the purification facilityas delayed for a couple of reasons. First,
the project team had difficulties about decidingtlo® actual lay-out of the factory. In the end
the sketch for the factory was made on a paperinapkthe flight home from a trip to the
USA that the project team made in 1994. Seconde tivere difficulties in finding a location
for the facility. There were severe protests framfers, who did not want to sell their land,
against the initial building site. Eventually sota@d was bought from Corus, a large steel
works in the area. The delays made that PWN cosédthie newest technology available at
that time, namely Thin Film Composite low pressam@mbranes. In November 1999 the new
purification plant was officially opened.

Historical overview

Period until 1990 Continuing growth of drinking watdemand, increasing wish to
reduce ground water winning in the Dunes
Period 1973- 1995  Exploring research on the usmeimbrane technology

1973 PWN starts an exploring study on the use ahbmane technology
for the preparation of drinking water

1988 Postponement of the implementation of the &Bialt Treaty

1989 Halting of the research on membrane technology

1990 Restart of the research on membrane techndtogseasons of the
bentazon affair in the late 80's and the postponewiethe Rhine sal
treaty

1993 Official start of Project Zuid

Period 1990-1994  Consideration of several techgicia alternatives for the set-up of
production facility Jan Lagrand

1994 Decision on the set-up of production facilian Lagrand

Period 1994-1999  Detailing and construction of puotion facility Jan Lagrand
1996 Start construction of production facility Jaagrand

1999 Opening production facility Jan Lagrand,nding off Project Zuid

9.2 Selection of important rounds

The following two rounds will be studied:

1. The round that led to the decision to build extaparity (1988-1993) From the
postponement of the implementation of the Rhin¢ Balaty, which was one of the main
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reasons for the wish for extra purification, uritd93 when the decision was made to
realize extra capacity.

2. The round that led to the decision between fouesypf purification processes for the new
to build purification plant (1993-1994). From theoment that an order was put out to
detail two possible options for the purificatioropess of the purification facility that was
to be built until the decision was made to realiaa Lagrand as it is.

The study of these rounds is based primarily opexial about the Heemskerk purification

plant in HO magazine (BED, 1999) and an article in Water Science and Tdolggo(de

Bruijn et al, 2002). The quality of this writtenfammation was not as good as that from the

other cases. This made it not possible to reflecalb aspects as deeply as | would have

wanted to. The case is still very interesting sitiiaking in terms of options played a very
important role, and it is very interesting to intrgate how this influenced decision-making.

9.3 Round 1. Building extra capacity? Late 1980s

In the late 1980s PWN is confronted with three fots: a rising demand for drinking water
and the wish to reduce the groundwater winning undZennemerland ask for capacity
expansion; the Rhine-salt treaty is deferred (1,98&) improved measuring technology show
that the Rhine and IJssellake water contain toohmpesticides. This calls for action. The
following paragraphs show the deliberations thateaeade while deciding what to do. The
summarizing system diagram can be found in figu?e 9

9.3.1 External influences and outcomes of interest

The analysis of the documentation and the intersiaxout the decision to invest in capacity
expansion resulted in the identification of theldaing most important external influences
that were included in the decision-making processtheir effects:

1. Development of the demand for drinking water. Tlemend for drinking water was
expected to rise because of the growth of the diul in the area. PWN expected the
demand for water to exceed the supply capacityréfbee extra capacity was needed.

2. Deference of the Rhine salt treaty. Because theneRbalt treaty was deferred PWN
expected a growing amount of salt in the Rhine wae be able to meet the Sodium
norm, more salt needed to be removed from the vimtie purification process.

3. Restriction of the infiltration capacity of the dam In the third nota Waterhuishouding a
reduction of the amount of infiltration in the deneas issued. As a result an investment
in capacity expansion was needed to be able to thedtiture demand for water.

4. New measuring technology detected too large amaoinBentazon in the Rhine water.
To be able to supply drinking water of good qualég investment in purification
processes needed to be made.

9.3.2 Strategies and tactics and outcomes of igtere

The following tactics were identified by PWN:
1. Investing in capacity expansion
2. Investing in research and development of new teoigyo

9.3.3 Choice

The choice was made to make a master plan for tgpexpansion, which they named
project Zuid (tactic 1) and to invest in reseanohmembrane technology as well (tactic 2).
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Identified strategies
*Expand capacity
eInvesting in research and development of new teldyy

|

Critical external influences

«Demand for drinking water | Drinking water » Criteria which reflect the outcomes of interest
*Deference of the Rhine salt treaty system *Quality of the purified water
*Restriction of the infiltration capacity of the s *Capacity

«Detection of Bentazon in the river Rhine water

Figure 9.2 System diagram of round 1, late 1980s

9.4 Round 2. Which purification process? 1994

The capacity expansion PWN wanted to realize cbeldhased on several technologies. This
round is about what technology can be used be#t.slimmarizing system diagram can be
found in figure 9.3.

9.4.1 External influences and outcomes of interest

1. The arrival of more suppliers of membrane appliandéhis development led to better
products and lower prices of membrane applianclkas Biving PWN more choices with
respect to what technology to use.

2. Cryptosporidioses epidemic in Milwaukee. This epide led to a reinforcement of the
awareness that double disinfection is a very ingwdrin drinking water purification.
Regulation was established that enforced the udeuwfle disinfection.

9.4.2 Strategies and tactics and outcomes of igtere

The following technological concepts were explored:

1. Use of the 'old way' of purification: infiltratioafter pre-treatment. This approach led to a
too high sodium concentration, certainly since cicainsoftening of the water lead to
extra high Sodium levels.

2. A five step purification approach: Hyper Filtrati@dF), rapid sand filtration, disinfection
with Ozone, Advanced Oxidation Process (AOP), astive carbon filtration. Tests with
this approach, however, showed too large quantieSodium and Bromate in the
purified water.

3. A three step purification approach: Micro FiltratigMF), Ultra filtration (UF), and
Ultraviolet disinfection (UV)

4. A two step purification approach: Hyper Filtrati@dF) and Ultra filtration (UF). Tests
with this approach showed that it provided a vesgpdyquality of purified water. But UF
was never used before on the scale that was neadddhe combination of HF and UF
never had been made.

The latter three options initially were very expgas When more suppliers of membranes

entered the market the prices of membranes lowse9.5.2).

9.4.3 Choice
In 1995 the choice for the two step purificatiopegach was made.
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Strategies

*Using dune infiltration after pre-treatment
«Five step purification approach

*Three step purification approach

*Two step purification approach

l Criteria which reflect the outcomes of interest

Critical external influences «Quality of the purified water

«Arrival of more suppliers of membrane appliances Drinking water
«Criptosporidiosis Epidemic in Milwauk

» *Cost
system *Technology proved?

Figure 9.3 System diagram of round 2, 1994

9.5 Characterizing the rounds

9.5.1 System and relationships

The system boundaries remained the same througheutntire project. The solutions that
PWN could realize by themselves were leading is.tlihe system boundaries were relevant
to the identified problem, which was also technadabin nature.

9.5.2 Inputs and outputs

The external influences that turned out to be alufdr the motivation why choices were
made as they were made were either technologiacadjals or political in nature.
Environmental or economical external influencesmbd play an important role. The fact that
more infiltration in the dunes was not allowed washer a political statement than an
environmental external variable.

Tactics that have been mentioned were all of telcigmmal nature. Either because they
concern a technological lay-out for a new to buyidrification facility or because they
concern doing more research on technological stshjec

With respect to the outcomes of interest that Hmaen mentioned, the quality and quantity of
the purified water are in the center of attentiowl @0 a certain extent also the cost of the
technological assets that were going to be used.

In conclusion it can be said that technologicaleaspwere the most important elements that
were taken into consideration in this project. Toiiscourse is a logical consequence of the
fact that the planning of the Jan Lagrand facsitweas part of a larger plan, namely project
Zuid, which was not studied. In that plan it woblel the right place to consider a more broad
perspective.

9.5.3 Assumptions

One critical assumption did not turn out to be trimamely the assumption that the
purification process needed to be improved to He &bcomply to the norms for Sodium
content in the purified water. The reason for th&és that the Sodium norms were removed
from European Drinking Water Directive (1998, 3 Mawber (98-83-EC). Thereby one of the
important reasons to construct a membrane facilggppeared, at least in juridical sense. The
wish to deliver soft, less salty water remained,ibis no longer a boundary condition.

9.5.4 Options

Thinking in terms of options and smart choices wébard to the future played a large role in
this project. All types of options can be recogdize
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5. Investing in time. During the total planning of theoject several technological concepts
were developed in parallel which made it possilberiake a choice for one of these
concepts as late as possible, when more informat@s available, without losing extra
time.

6. Investing in flexibility. The choice for membrarechnology made it possible to build the
purification plant in modules. This makes it possitp extend capacity relatively easily.
Also extra space was reserved at the site of tnat pbr future expansion of the factory.

7. Investing in robustness. The choice for membramdnelogy did not only provide
flexibility, but also robustness. This technologyable to remove the most tiny particles
from water. Therefore it is capable to remove agbstances from the water which are
not known to be in the water and may cause hareffects or harmful substances that
will be in the water in future.

8. Investing in knowledge. PWN performed research amimrane technology from the
1979 onwards, when the technology was not widehgap yet. This research made it
possible to realize a purification plant based lois technology when lower prices of
membranes made it more attractive.

PWN shows to have a company culture that is vemno trying new things. They are
willing to invest in options for the future even it is not certain that the technology that
will enable this becomes proven in time. Becausy #now that they run a certain risk they
have contingency plans available. They worked amteehnological set ups at the same time,
thus allowing switching from the one technologyte other without a mayor loss of time.
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Chapter 10. Case 4. The Lek-duin/ Maas-duin projest

That which has always been accepted by everyoegywhiere, is almost certain to be false.
Paul Valéry, Tel Quel.

This case study describes the
decision-making process of
DZH with respect to their Lek-

duin and Maas-duin projects.
These projects concerned the
winning and transportation of

respectively river Lek and Maas
water to the Dunes. This case is
more historical than the other
three. In this way it can be

studied whether the 'time spirit'
has a significant influence on
how uncertainty is dealt with

and to what extent learning
processes take place over time.
At the start of this case, DZH

was still called Duinwater-

leiding van 's-Gravenhage and
it served mainly the inhabitants
of The Hague. In the course of
time the service area was

expanded to neighborin¢ _ . i
municipalities and reached it Figure 10.1 Service area of DZH (white), the dotiad

current size at January the fir: marks the service area in 1956

of 1996 with the take-over of the

water production plant of EWR (Energie- en Waterzamning Rijnland) (see figure 10.1).

The area is densely populated. It has approximditel$ million inhabitants. DZH mainly
supplies drinking water to households. There ielitndustry to be found in the area.
Exceptions are some large food concerns, for instéteineken and Nutricia.

DZH prepares its drinking water from water from thenes. In the past, the naturally present
water was used. Soon however, more water was éxtr#tan the rain could refill. Therefore,
since 1955 river water is infiltrated in the dunédter natural purification this water is
pumped up again and purified further to drinkingavaCore facts about DZH can be found
in table 10.1.

Table 10.1 Facts about DZH

NV Duinwaterbedrijf Zuid-Holland (DZH)

Service area The Hague and surrounding municiesl{see
figure 10.1)
Neighboring companies PWN Waterleidingbedrijf Noétdlland (north),

Hydron Zuid-Holland (east), Waterbedrijf Europoort
(WBE), currently named Evides (south)

Bulk contracts Supply to WBE and Hydron Zuid-Hollisand
purchase from WBE and WATERNET
Water source Water from the river Maas infiltratedhe Dunes
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Total amount of water delivered| 83 million nt (1997)

Customers (2001) Small users 61 %
Middle large users 18.5 %
Large users (including bulk supply 19.5 %

# Connections 357.5 thousand (1996)

Stockholders Municipalities in the service areae Hague
possesses the most stock, but no majority

1. DZH, 1998; 2. VEWIN, 2002

10.1 Historical description 1874-1996

Ever since 1874 in The Hague and its surroundidigse water is used for drinking water. At
first the natural fresh water in the dunes was usatisoon the demand outgrew the available
amount of water. The refill by rain is 5 million®*mper year. Expectations in the early 1930s
were that the demand for drinking water would gitov0 million n?* water per year in 2000
(Gurck, 1956). At that moment it was 18 milliori.m different solution was needed.

In 1932 the decision was made to investigate odfternatives. In 1939 it was decided to
harvest water from the river Lek and transport #5ikilometers, so that it could be infiltrated
in the dunes, thus purifying it to drinkable wa@ZH knew that the quality of the Lek water
was far from ideal, because the water was polluted.

In 1955 the infrastructural facilities for winningge-purification and transport of Lek water to
the dunes were taken into use. It cost f18 mili#'n 8.2 million Euro). In that time, this was
a large amount of money, but it was expected tiatibvestment would secure the drinking
water supply for quite a while. It was expectedt thhe Hague would need 35 million*m
water per year and surrounding municipalities 1Bionim*. The Lek-Duin infrastructure was
able to provide that much.

Soon, however, the quality of the Lek water got seorAlso estimations were that the water
demand of The Hague and its surroundings would ect00 million m per year (see figure
10.2).
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Figure 10.2 Drinking water use of the Hague andsundings until 1965 and estimations
from 1965 to 2000 (dotted line) (Gemeente 's-Grhagp, 1968)

Again action was needed. This solution was fountha winning of river Maas water, for
which the Afgedamde Madsvas used as a basin. In 1965 this plan was festribed. The
cost was estimated at f 92 million (+/- 41.8 milliBuro). The first phase of the project, the
transport Infrastructure from the Afgedamde Maa8¢ogambacht, would cost f20 million

® The Afgedamde Maas is also called the Andelse Maas
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(+/- 9.1 million Euro). The second phase, doublamgl renewal of the existing infrastructure
from Bergambacht to the dunes, f72 million (+/-73illion Euro).

In 1976 the first phase of the Maas- duin plan wampleted. The infrastructure was
connected to the existing Lek- duin infrastructuldis had some benefits. In case of
calamities on the river Maas, always Lek water ddag used. Also it was not necessary to
construct a whole new transport pipe and a préfipation facility.

The capacity of the existing transport pipe, howgv&on became too small. As a

consequence, especially in Monster, local wateles$ quality had to be used to prepare
drinking water. Therefore a second transport pips made that was finished in 1996 (phase
2 of the Maas- duin plan).

Historical overview

1872 Start of realization of the DWL (Duin Wated#ig) project

Period 1874-1955  Exploitation of Dune water

1939 Principle decision to realize the Lek- duimrpl(1946 formal
decision)

Period 1939-1955  Detailing and (from 1949 on) iempkntation of the Lek- duip
plan

1955 Bringing into use of the Bergambacht watensork

Period 1955-1976  Use of the Lek- duin waterworks
Period 1965-1996  Detailing and (from 1972 on) inmpéntation of the Maas- dui

)

plan
1976 Bringing into use of the Afgedamde Maas wadeks
Period 1976- present Use of the Afgedamde Maasrwatks
1996 Bringing into use of the second Bergambaetierworks

10.2 Selection of important rounds

The rounds that will be studied further are:

1. The round that led to the decision to use Lek amstef dune water (1932-1939). This
round begins with the decision to investigate atéve sources for drinking water and
ends with the decision to realize the Lek-duin plan

2. The round that led to the decision to use Maasatsbf Lek water (1965-1972). This
round begins with the first detailing of the Maasrdplan when expectations were that
the Lek-duin works were not able to provide theady and the quality of water that was
needed in the near future. The round ends witlintipfementation of the Maas-duin plan.

These two rounds were selected because they cotwersucceeding decisions about large
investments that influence the functioning of thigastructure for a long period. Because the
decisions are succeeding, the correctness of eadsumptions can be observed. Detailed
descriptions are available about the availabledseétt that time. These are Gurck (1956) and
Gemeente 's-Gravenhage (1954) about the Lek- diain, @nd Gemeente 's-Gravenhage
(1968), Duinwaterleiding van 's Gravenhage (196%,6) about the Maas- duin plan. This is
very important since this is a largely historicalse, which makes it difficult to interview
people that can speak about the case from theirexparience.
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10.3 Round 1. Lek- duin, 1939

The beginning of the 20th century the demand faleweose and the natural reserve of dune
water was almost used up. The drinking water comggan Amsterdam and Rotterdam were
contacted, but they were not willing to cooperatefinding solutions. The surrounding
municipalities, which in that time all managed theawn watersupply, also had problems to
meet the rising water demand. The Dune water cognpaw this as an opportunity. All these
small companies were not able to find economicefficient solutions by them selves. This
round concerns the choice from the tactics thaeveemilable to the Dune water company.
The summarizing system diagram can be found irrdig0. 3.

10.3.1 External influences and outcomes of interes

The following external influences play a crucidero the decision-making process:

1. The development of the demand for drinking wateiTbé Hague. The drinking water
demand is expected to grow to 50 millioA per year.

2. The development of the demand for drinking watieswrounding municipalities. The
assumption is that these municipalities will wardtev from the Dune water company
when available.

3. The dunes, as a water harvesting area, were exthust

The effect of all these external influences is thation was thought necessary to keep

providing The Hague with drinking water.

10.3.2 Strategies and tactics and outcomes ofester

Four possible solutions were considered to soleegtbwing water quantity problem:

1. The harvesting of ground water. This is not a gsodrce for drinking water because of
the high salt content.

2. Harvesting of surface water in the Zuid-Holland$espen area. The exact arguments for
or against this source of water could not be idieati from the available written
documentation.

3. Harvesting of water from the Eemmeer that was besadjzed at that time. The Eemmeer
was not ready yet. Therefore this tactic would takelatively long realization time.

4. Harvesting of water from the river Lek. The quabtiythe Lek water is far from ideal, and
it is not known how the quality will develop in thature. The assumption is made that it
will not get worse, since upstream drinking watempanies will also need it.

10.3.3 Choice

The fourth option, harvesting water from the rizek, scores best if measured with respect to
realization time and quality of the raw water seurln the available documentation, cost is

not used as an argument for or against one oflthatives. Plans are made to lead the water
from the river Lek to the dunes and infiltrate An extra advantage of this plan is that the

dunes can function as a buffer that can be used Wwak water has a unacceptable quality or

if the transport infrastructure fails. Thereforewill not be necessary to realize a double

transport pipe.
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Identified strategies

*Harvesting of ground water

*Harvesting of surface water in Zuid-hollandse péasarea
*Harvesting of water from the Eemmeer

*Harvesting of river Lek water

|

Critical external influences Drinking water Criteria which reflect the outcomes of interest
*Demand for drinking water in the own service area " system > «Quality of the purified water

«Demand for drinking water in neighboring commuesti «Capacity

«Exhaustion of the natural capacity of the dunes *Realization time

Figure 10.3 System diagram of round 1, 1939

10.4 Round 2. Maas- duin, 1965

Soon after the realization of the Lek- duin workgjustments of the infrastructure are needed:
the Lek water quality deteriorated and new estiomatiof the drinking water demand showed

that the full capacity of the existing facilitieould be reached in 1975. The described round
concerns the choice between the tactics that weaitable to the Dune water company. The

summarizing system diagram can be found in figird.1

10.4.1 External influences and outcomes of interes
The following external influences were importanthie decision making process:

1.

The development of the demand for drinking watdre @emand for drinking water was
expected to be 100 million hwater per year in the year 2000. The full capaoftyhe
infrastructure of 50.000 million frwater per year was expected to be reached in 1975.
The quality of river Lek water. The quality of thieer Lek water was deteriorating and
was not expected to get better and probably tongese. Without action it would get
more and more difficult to comply to the desireclify norms.

The quality of the river Maas water. The qualitytloé river Maas water was better than
that of the river Lek, but also not very good. Tdssumption was that it would not get
worse.

10.4.2 Strategies and tactics and outcomes ofester

1.

2.

Harvesting water from the river Maas. This tactiowd cost f20 million (+/-9.1 million
Euro). In this tactic Maas water is infiltratedtive dunes instead of Lek-water.

Harvesting water from the river Linge. The rivenge does not carry enough water in
summertime, but in wintertime the quality of thiater is very good. Therefore this tactic
could not be a solution to the problem by itself hicould be in combination with the
Maas- duin tactic. It was considered to be a goguiibo to implement later if the Maas
water deteriorated.

Buying water from the Biesbosch of WBB (NV Waterwingbedrijf Brabantse
Biesbosch). The initial cost of this tactic is fid@lion (+/- 9.1 million Euro), but also a
price per m water would have to be paid. The capacity of thesBosch basins were
almost reached at that time. When that would hapipe®une water company had to find
another solution again, while it did not even n#®el basins of the Biesbosch because of
the basin function of the Dunes.

Chemically purifying river Lek water. At that timie technology to chemically purify
water was not proven yet. And large question mavkse placed with its capability to
purify river water to an acceptable quality witlspect to salt content and taste. The cost
of such a plan was much higher than that of thesvdain plan.
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10.4.3 Choice

The decision was made to realize the Maas- duin afal thus harvest Maas water from the
Afgedamde Maas. The fact that the initial cost ofransport pipe from the Maas to the
existing Lek- duin infrastructure was only f20 moil was decisive. The plan foresees in the
possibility to also realize the Linge plan in s&elastage. The transport pipe from Loevestein to
Bergambacht therefore is planned to pass the miith of the Linge near Gorinchem.

The fact that a connection is made to the exidtiekr duin infrastructure has the advantage
that in cases of calamities Lek water can stilused. In that way the Dune water company
had two independent sources of water at its disposa

Identified strategies

*Harvesting river Maas water

eHarvesting river Linge water

*Buying water of WBB from the Biesbosch
«Chemically purifying river Lek water

Critical external influences — l Criteria which reflect the outcomes of interest
«Demand for drinking water Drinking water *Quality of the purified water

+Quality of the river Lek water system :gg?aci ty

*Quiality of the river Maas water “Flexibility

Figure 10.4 System diagram of round 2, 1965

10.5 Characterizing the rounds

10.5.1 System and relationships

The perception of DZH of the water supply probleang their way of searching for solutions
were consistent. Solutions were searched for andd@utside the own service area. Also
DZH tried to cooperate with other drinking watemgmanies to find solutions. Therefore it
can be concluded that their focus in those areashwatoo narrow.

The system boundaries that were chosen were rd|esiane the solutions that were chosen
could all be realized by DZH itself.

A good example of explicit inclusion of issues adgsof the direct scope of the drinking
water companies is the attention for the water suppoblems of the neighboring small
drinking water companies that had the same problesn®ZH. By including their problem
explicitly within the problem definition more solahs became available, since this allowed
DZH to think 'bigger' and also consider solutiohattwere too expensive or large for only
their own service area.

10.5.2 Inputs and outputs

The external influences that were identified weresocial nature (growth of the number of
connections, growth of the demand for water), ofimmmental nature (natural capacity of
the dunes was reached), and of social/ environrheatare (deterioration of the quality of
river water).

The tactics that were considered were mostly teolgnmal of nature, but also other types of
tactics are considered as part of a strategy. Gatpe with other drinking water companies

94



was looked for, buying water from the Biesbosch w@assidered as a serious option, and the
delivery of water to other neighboring communitiess included in the chosen strategy.

Tactics were mainly scored on quality, quantityd anst.

10.5.3 Assumptions

The following assumptions about crucial elementslegision making did not turn out to be

true:

1. Estimation of the development of the drinking watemand in 1939. The drinking water
demand turned out to be much larger than expected.

2. Estimation of the development of the quality of tiver Lek water. The quality of the Lek
water deteriorated more than was expected.

These factors caused for the urgency to reconsidet ek-duin water works infrastructure.

Large investments were made with the idea in mhet the realized facilities would be

sufficient for a longer period. This turned out notbe true. The Maas-duin plan dealt with

these kind of misassumptions better by explicilusion of back-up options.

10.5.4 Options

In the Lek- duin and Maas- duin projects severdlomg were mentioned and used, mainly

having to do with robustness and flexibility.

1. Investing in robustness. The Lek- duin plan mergtibnffering water in the dunes as a
advantage that can be used when Lek water is uabieadue to quality problems.

2. Investing in robustness. Because of this bufferfogction the realization of two
transportation pipes, which is considered as amowopin the Lek- duin plan, is not
necessary. This doubling of the transportation pipecomes reality in the Maas- duin
project.

3. Investing in robustness. As an advantage of thesMdain works the availability of two
independent sources of water is mentioned.

4. Investing in flexibility. As an extra precautionamgeasure the option to harvest water
from the river Linge is held open explicitly in eathe quality of the river Maas water
structurally deteriorates.

5. Investing in robustness. The Lek- duin plan reckibwih the extra need for water from
neighboring communities. Its capacity was dimenstim anticipation of this.
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Chapter 11. Case study results

Who survives?

Not the strongest,

not the most intelligent,

but those who are most responsive to
Charles Darwin, 19th century English

change.
naturalist

In this chapter the case study results will be carag to each other to explore the possibility
of more general conclusions. The comparisons ot#se studies will be made according to
the scheme that was also used to describe thestadies: system boundaries; system, sub-
systems and relationships; inputs and outputsngssons; signposts; and options. Table 11.1
summarizes the findings. A plus ('+') is given wlgeoertain aspect was found to play a role
in the planning process of a drinking water compaviyen this aspect was not mentioned in
their analysis a minus (') is given. When not wgio information was available to know

whether the aspect played a role the table showgeation mark ('*?'). The findings will be

illustrated with examples from the cases.

Table 11.1 Summary of findings

R2

PIM OEDI Jan Lek-duin/
Lagrand Maas-
duin
System and relationships
Relevance + + + +
Consistency + + + +
Shifting during the project + + - -
Explicit exclusion of elements from the + + ? -
analysis
Inputs and outputs
Type of critical external influences RL R2 R1 R2 RR2| R1| R2
» Technological + + - + - + - -
» Societal + + + + + - + +
» Political + + + - + - - -
* Environmental - - - - - + + -
» Economical - - - - - - - -
Type of outcomes of interest reflectedin R1 | R2| R1| R2| Rl RZ Rl R
criteria
. Qua”ty + + + + + + + +
e Capacity + + + + + + + +
* Environmental impact + -* + + | na.| - - -
* Realization time + - + + | na| - + -
e Cost + - + + - + + +
» Other 1) 2) - 3)
Type of tactics Rl RZ R1 R2 Rl R2 R1
e Technological + + + + + + + +
» Acquiring from other companies + + ? + - - - +
» Going to court - + - - - - - -
» Reallocation of permit space - + - + - - - -
» Cooperation with other companies - - - - - - + +
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Assumptions

Type of failing assumptions

» Technological - - - -

e Societal

+ +
« Political + + - +

e Environmental - - - -

e Economical - - - -

Signposts

Presence | - - - -

Options

Presence + + + +

Type Rl1| R2]| Rl RZ R1 R2 RL R2

»  Flexibility - n.a.

+
* Robustness + + + n.a.
e Time + + n.a.

4|+ +
+ 4|+ +

» Knowledge - - + n.a.

+ = was used in the motivation for decisions
- = was not used in the motivation for decision was not applicable
? = unknown

na = not applicable
R1 = Round 1
R2 = Round 2

1) i.e. Technology proved R1, Flexibility R2

2) i.e. Flexibilty R1, Feasibility R1, Vulneraltyi R1/R2, Political aspects R1,
Technology proved R2, Dividability R2

3) i.e. Flexibility R2

* Aridification was the starting point of the whotscussion, tactics were developed
with this notion in mind

Not all rounds concern similar decisions. The rautitht were studied in the four cases were
roughly divided into three groups, based on the tgp decision the round ended with. The
rounds that belong to the first group all endechvétdecision about which alternative was
preferred. Rounds that belong in this group aré B] OEDI 1, Jan Lagrand 2, Lek-duin/
Maas-duin 1+2. The second group of rounds endeld aitlecision to end a project, while
considering other alternatives. Rounds that belanthis group are: PIM 2 and OEDI 2.
Actually these rounds are comparable to the roumdgoup 1 in the sense that alternative
tactics are considered. But these rounds are dpsitiee a major previous decision is
reconsidered. The last group contains only onedpnamely Jan Lagrand 1. This round ends
in a decision to invest, but it is not clear yetihat tactic. This distribution is shown in table
1.2. The rounds could have been divided differerftly instance by the amount of political
pressure that was used by external actors. It Wasen not to do this because the analysis in
this thesis concentrates on rational decision-ngakin
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Table 11.2 Comparability of the different case gtumlinds

Groups Rounds
1. Decision about which tactic to choose PIM 1
OEDI 1

Jan Lagrand 2,
Lek-duin/ Maas-duin 1
Lek-duin/ Maas-duin 2
2. Reconsideration of major previous decision PIM 2

OEDI 2

3. Decision to invest Jan Lagrand 1

It has to be noted that the rounds within the saluster are not fully the same. Other actors
are involved, decisions are made on different scated on different tactics. For instance in
the case of Jan Lagrand round 2 the decision wate @ make a membrane purification
facility. For this facility no Environmental Impaétssessment was required, since it had less
spatial impact than for instance the PIM projedte Bcale of the system under consideration
in the Jan Lagrand case was also smaller, sineasta part of a larger plan, project Zuid,
which had an impact on the whole drinking wateriffpation and transportation set-up of
PWN. Table 11.1 therefore is not suitable to makectusions by just comparing plusses and
minuses. However, per group a general idea carbelaped.

With regard to inputs, outputs and options a comparcan be made within the groups. For
the other elements of the normative framework tieresting aspects concern the differences
between the rounds within the same case.

Because the case evidence shows mostly similagties the cases it was chosen to describe
this evidence in a narrative way. In those instanvelere the cases did not support each other
this was noted explicitly and where possible exp@di

11.1 Systems and relationships

In none of the cases that were studied, directsatoelld be found on how system boundaries
were determined. However, no problems were ideatithat could be the result of setting
irrelevant or inconsistent system boundaries.

Only indirectly the used system boundaries couldibrmined, by looking at the range of
tactics that were used and the type of externdlientes that were identified. All studied
projects concerned problems on the same scalellyshe drinking water companies defined
their system boundaries in a geographical senseerfeless, not all system boundaries were
(implicitly) similarly defined. Some companies lak for solutions mainly within their own
region, where others, from the start, also considieplutions outside the own region.

Also, system boundaries did not always stay theesdaring the projects. In the PIM and
OEDI cases they were clearly broadened. In thesescthe broadening of the system
boundaries led to the consideration of more tachesl tactics with more option elements
than before the broadening. The broadening of¢bpesin both cases was initiated when new
opportunities came into the picture. This indicatest system boundaries were determined
reactively and not consciously chosen before aed tixed.

The only two cases in which evidence was found sbate elements were explicitly excluded
from the analysis of the decision-making procesesRiM and OEDI. This does not imply that
it did not happen in the Jan Lagrand and the Lek/dMaas-duin cases! In the PIM case,
some external influences, like the effect of wegaving actions, were excluded as being
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impossible to assess in a meaningful way. In boehRIM and the OEDI case the tactic to use
more groundwater was pushed aside for politicadars.

11.3 Inputs and outputs

11.3.1 External influences

Table 11.1 shows that societal external influerazesmade explicit in the analysis as having
much impact. This conclusion can be made for mases that have been studied. This also is
true for political developments, certainly in tleeent cases.

In retrospect, the analyses used to choose betdiferent alternatives were often not as rich
as could be with regard to dealing with uncertaiftgr instance, political and social forces
were identified, but were often not included in idams since not enough was known about
them or because they were difficult to quantify.

When dividing the external influences in the fivategories that have been identified in
chapter 6, it appears that many external influeticasturned out to be critical were political
and social in nature. Nature as a category of eaténfluences is much less important in the
cases that were studied (except for in the Lek-diziee). All projects do deal with the
attention for nature as an important external \@eiabut it is not so much nature itself that is
the factor which makes nature an important fadtbe political attention for this factor makes
for instance aridification an important theme fonking water companies.

In the PWN case, for instance, new regulation ditiration was one of the reasons to restart
research on membrane purification technology. ;mn@EDI case the groundwater depletion
issues were the most important reason to startisearfor alternative water sources.

External influences of a social nature includegrewth of the drinking water demand, which
is the most important external factor for drinkingter companies. Influences can be for
instance population growth or the success of wsdgmg actions, which both have a social
nature.

Economy is not mentioned in any of the cases asgbe&iseparate external factor of critical
influence to a decision. Mostly however, economprajections are used in the estimations of
the drinking water demand, mainly to estimate itdalsdemand.

The development of technology is an external végiabat is followed with much interest.
Technological developments are not so much seertt@®at, but rather perceived as creating
opportunities. Not all drinking water companies leoer, are daring to take the step of
implementing new technology out of fear of being goon and getting stuck with
infrastructure that does not function well, or afiplementation or operating cost that
unexpectedly get out of hand.

11.3.2 Tactics

Table 11.1 shows that when tactics that have belketed are reconsidered (group 2) this is
explained with other criteria and arguments thanfitst decision. But there is no proof that
these new arguments in general are more futurextede which could be the case when
thinking in terms of uncertainty becomes more intgioir during a project.

In all cases and sub-groups that were includealitet11.1 technological solutions play a
important role. Tactics in most cases that weredistuwere mainly sought in technological
alternatives, that preserve the independent, séfitent nature of the companies. Initially,
solutions are seldom sought in the political oriestat arena. In the cases that were studied in
which tactics were reconsidered, in the second doather types of tactics won more
attention, like cooperation with drinking water qoamies or reallocation of permit space.
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This can be a coincidence, because in the moreritistek-duin case the search for
cooperation was the first action.

11.3.3 Outcomes of interest

The outcomes of interest that get the most attenticall of the cases are water quality and
guantity. These outcomes of interest reflect tbee'dusiness’ of drinking water companies.
The third most important outcome of interest istcd$e cost of alternatives is always
investigated and though they play an important tbky are not the decisive factor in the
decision to implement a certain tactic. The betdrahtive with respect to qualitative and
guantitative aspects is preferred, even when tiigeases cost. But: cost should stay within
proportions. What these proportions are is subg@ctiscussion. Not all drinking water
companies share the same ideas about this.

Whether or not a technology is proven is a critetiuat is always considered when choosing
between technological tactics. It depends on tHaurmuwithin a drinking water company
whether this is an important argument not to chdos& certain tactic with potentially large
benefits. PWN showed that they were willing to take chance with membrane technology
on a larger scale than was used before. Other auegaat the same time, thought that this
would be too risky.

11.4 Assumptions

It was found that no systematic ways were used akemassumptions explicit and visible.

Critical assumptions are sometimes, but not alwaale explicit as being assumptions that
may not come true. In the Lek-duin project for amste the critical assumption the river Lek
would not deteriorate further was made explicitwdger, despite this explicitness in this

case no contingency plan was made. In the otherscesmetimes contingency plans were
made, for instance in the Maas-duin project whallowved up the Lek-duin project.

The case evidence shows that making a wrong asgsumgsdn be an initiator for a learning
process about that assumption. Drinking water camgigado not want to make the same
mistake twice. Two ways of action were found wittgaird to wrong assumptions. First,
preventing wrong assumptions of being made: foramse finding better ways to estimate
future water demand. For instance, in the early0$3#inking water companies were not able
to take the effect of water saving actions intooact in their estimations of future drinking
water demand. When more knowledge became availtidg included this in their
calculations. Second, making sure that a wrongragsan will not have disastrous effects.
An example can be found in the Lek-duin/ Maas-dtase. Two critical assumptions in the
Lek-duin plan did not turn out to be true. First ttirinking water demand was forecasted too
low and second the quality deterioration of the ks not estimated well. The Maas-duin
plan included some options that could be used vassamptions with respect to the demand
and quality of the river water failed. These wength respect to water quantity a plan to
double the Bergambacht waterworks, which also woesdlt in extra redundancy in case of
calamities in one of the two transportation faeist With regard to water quality, the drinking
water company decided to lead the Bergambacht wgaksing the river Linge, which is an
alternative source for water. In retrospect, tlaist loption was never used, and nowadays
would not be considered for actual implementation.

In all four cases the external influences that wetend most difficult to estimate were all of

political and social nature. This is not strangecsi these type of external influences can
change suddenly and drastically. This can alsctheecase for economic external influences,
but this was not seen in the cases. Influences ehaironmental nature usually change more
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gradually, like for instance the exhaustion of fiesh water reserves in the dunes in the Lek-
duin/ Maas-duin case. Changes in technologicalreatenfluences do not have a direct
influence on the system performance of a drinkirsgew company. It is their own choice to
comply with the newest finding or not. This may W a reason in combination with others
to reconsider a project, as happened in the PIMd.cas

Estimating future demand for drinking water is matsy. In all cases that were studied the
future demand turned out different than expectedhé Lek-duin case the future demand was
underestimated, and the demand in the OEDI, PIMJamdLagrand cases was overestimated.
Only in the Maas-duin case the estimations turngdabe more or less correct. Lessard and
Miller (2000) concluded the same thing in their lggig of sixty case studies of large
technological projects. In many of the projectd thare studied, projections turned out to be
widely off the mark, despite the fact that oftenteemal experts were used to check
projections. In some cases, errors resulted froontfsiis in overall economic growth; in
others, because the structure of specific demanéduout different than anticipated.

De Bruijn et al. (1996) warn in their book on démmsmaking in large projects for making
wrong estimations of future demand for instancesed by unsuitable research or too large
optimism. They mention that for prestigious progeetministrative arrogance can get the
overhand, which makes the risk of overestimatiom@dand even larger. In the cases they
studied they found that sometimes even positivgmuses were asked of bureaus that would
fit with their preferred tactics. In the drinkingater cases that were studied no evidence was
found for this type of behavior.

There is a development towards more sophisticategswf making estimations of the future
drinking water demand. At first, one best estimategnosis of the drinking water demand
was made and used to determine the necessary dimerms drinking water works. This can
for instance be seen in the Lek-duin/ Maas-duire chsthe other projects of a later date that
were studied, also bandwidths are determined arthiscbest estimate. The next step is the
thinking in terms of trend breaks, which is faatéd by thinking in terms of possible
scenarios. This way of thinking is gradually beintyjoduced in the drinking water world, as
can be concluded from conversations with peoplenftbe drinking water world, but is not
seen in the written documentation on the studisgxa

11.5 Signposts

In none of the cases evidence can be found thapssgys are used. Monitoring of the drinking
water demand takes place and external influencesfadiowed and reacted to when this
becomes absolutely necessary. However, no preeatkfinresholds are determined which
trigger for action or the rethinking of decisiorsat were made before. The initiative for
actions or reconsideration is totally dependenthenvision and alertness of individual people
within the organization.

Some examples of how signposts could have beenindbd cases are the following. In the
PIM, OEDI and Jan Lagrand cases, membrane techymelag in first instance perceived as
being not proven and too expensive. A signposttli@ proof of technology can be the
successful use of the technology on a scale thatrnigparable to the needed one. When the
technology actually is in full operation and an leation is available one can say that this
technology has become proven. The signpost fosdhnge external variable can be determined
in different ways, depending on the preferencesthaf decision-makers. For instance,
technology can also be considered proven whenoigal to be successful on a laboratory
scale and an evaluation report is available wisipeet to all possible side effects of the use of
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the technology. This example shows that it will f@metimes difficult to come to an
agreement on what signpost to use. A signposti®icost of membrane technology is easier
to imagine. One can set a yardstick at the priaé dhe is willing to pay for the technology.
When this threshold is reached one can decidectmséder previous decisions.

The previous examples all reflect signposts thatlccohave been used to identify
opportunities. Mostly signposts are used to recmgrthreats. In the studied cases the
signposts could have been used to mark the poiahvelction was necessary with respect to
declining demand for drinking water. For instaneestandstill or declining demand for
drinking water in three consecutive years couldehdeen a signpost that would trigger
reconsideration of previous decisions.

11.6 Options

With regard to options it can be concluded fromdalil.1 that at first robust solutions are

preferred, in more recent times flexibility gainsaldway. However, it cannot be proven that
the strive for flexibility is something new. Also the historically oldest case the phenomenon
can be seen. When the first solution did not proviee satisfying people wanted to get more
certainty by being able to switch between watersesi

All types of options that were identified in chap@ have been seen in one or more of the
cases. This indicates that drinking water compawmiesinclude types of options when
available.

When looking at trends and events that may havaen€e at the longer term, in all cases it
appears that drinking water companies primarilyvstifor robustness. Regardless of the
developments in the ‘'world outside' they want toabée to provide drinking water of very
high quality. By building robust infrastructure thacrease their independence. Investing in
robustness has always been a part of the drinkatgnveompanies toolkit, which is shown in
all cases including the oldest one, the Lek-duisec&Jsually infrastructure components are
over dimensioned.

Also, to a certain extent, drinking water comparséisve for flexibility. For instance by
reserving extra space to be able to expand thasimércture at a later time. Usually, however,
they will not aim for flexibility that may be wonith the implementation of new, unproven
technology. PWN is the one exception in this resp@then promising technology becomes
proven, the initial caution is replaced by enthsisiaas can be seen in the PIM case.
Postponing a decision until the last moment posdilals been seen in all three recent cases. In
the Lek-duin and the Maas-duin cases no evidensébban found that this happened, but it
would not be surprising if it also happened théessard and Miller (2000) observed that in
many cases they studied there was an early investnme information search while
commitments were low and the options many; difiesl were avoided by refusing to lock in
early and by postponing choices as long as theewainformation remained high.

Drinking water companies invest in the developnemew technology. For instance, in the
1970's PWN and WMN invested in research aboutebhriology they turned out using 20
years later. By such investments in research krageles gathered that can be used in a later
stadium to make a well founded choice to use nepramising options in the future.

11.7 Planning processes and the outcome of the peojs

Beside the case evidence that was found with tkeriidive framework, also other aspects
from the cases drew some attention and need mamgiomhese aspects mainly have to do
with case circumstances and the process in whipithjects took place.
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The cases that were studied concerned capitalsiveeprojects of a magnitude uncommon to
the companies that planned them. The planning of inérastructure and new purification

methods require large investments in monetary tebusalso in terms of time and effort of

personnel. For OEDI a lot of time was spent onaede For PIM a lot of effort went to the

preparation of the project. Also, the preparatiohthe Jan Lagrand plant required a lot of re-
design efforts.

The projects that were studied in this thesis werteundisputed. Opinions about the benefits
of the chosen technology and the cost involvededifi. In the case of PIM and OEDI this
eventually led to the halting of the projects.

There are indications that the attitude towardsptiogects of a small group of people within a
company is of high influence to the eventual decisi This group can make or break the
projects. This does not mean that this is the oeson why the projects were stopped or
carried through, but it does play a role. It is hkelown that for instance in the PWN case the
vision of the company's executives was a determgiriactor for the courage to invest in
unproven technology. In case of the PIM projechange of directors also meant a change in
attitude towards the PIM project. An external stakder can also have a large influence on
the decisions that are made. In the PIM and OEDBsgdor instance the Provinces of
respectively Noord-Brabant and Utrecht forced thiekihg water companies to seriously
consider other sources of water than groundwater.

Strategic use of external influences was also ekserExternal influences are mostly used to
justify decisions that were previously made. Fatamce, in the PIM case to show why it was
necessary to halt the project, or in the Jan Labse to justify the decision for the use of
membrane technology. The analysis of the possiltierd impact of external influences is

seldom made a part of the decision preparationgscfor instance in a 'devil's advocate'
approach. The external influences are thus mosiljiexd as having had influence in the past
and with regard to consequences for the present.

At the time that three out of four case studiek folace the Dutch drinking water world faced

movements towards drinking water companies of gelascale. Mergers and cooperation

agreements that in the Dutch drinking water sesittge 2000 were the following:

«  WOB and WNWB merged at January 1 2002 to BrabaneWsy.

* WG, WMO (Watermaatschappij Overijssel) and NUON geer at May 17 2002 to
Vitens.

* WZHO, FDM and WMN cooperate in Hydron since Apri2@01.

Also in the time that the Lek-duin and the Maasadpians were developed DZH was in the

middle of negotiations about mergers. Thereforit be concluded that the decisions in all

cases were probably influenced by thoughts abagetldevelopments. The influence of these

developments is not always made explicit in theudoentation that was available about the

cases. WOB and WMN were partners in respectivetyeaging and a cooperation process at

the same time that their projects were halted hi motivation of decisions, however, this

does not show. In the workshop that was organipedviluate the research results it was

mentioned that political motivations play a maj@rtpin such decisions. This, however, is

usually not made explicit in resulting documents.

11.8 Dealing with uncertainty in the past and in tle present

The added value of the studying of the Lek-duin tredMaas-duin cases is that this gives an
impression of the difference between dealing witltartainty in the past and the present.
Basically not much has changed since those projedtse type of uncertainty that drinking
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water companies encounter and their reaction tsethencertainties. The most important
change is the attitude of drinking water compamigh regard to uncertainties. Where it used
to be safe to assume a growing demand for watsrishnot true any longer. Even more,
society demands efficient operation by all utiiti€eompanies now more than ever. Drinking
water companies therefore are also more pressoredderpin their decisions in that light.

This brings about a greater awareness of unceadaiahd a need and willingness to deal with
uncertainties before decisions are made.
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Chapter 12. Conclusions and reflection

..... once we see this fundamentally open qudlitgeouniverse, it immediately opens up the
potential for change; we see that the future isfixatd, and we shift from resignation to a
sense of possibility. We are creating the futuergwmoment.

Joseph Jaworski (1996).

This chapter will reflect on how the research wasfgrmed and on the results that it

generated. To this end, the consequences of ttieds from chapter 11 will be elaborated on

and compared to the results of a workshop thatowganized to evaluate them. The lessons
that thus can be learned will be translated inecfical recommendations to drinking water

companies. Finally, some reflections are made om these results can be used in a more
broad perspective and a reflection is made onréiffiestyles of uncertainty management.

12.1 Reflections on the research set-up and the trg that was used

Before the conclusions will be presented, firseffection will be made on the research itself.
The strengths and weaknesses of the research ,sef-tipe theory that was used for this
research, and of the case study set-up are distu$keés is done to better understand the
limitations of the conclusions that can be drawn.

12.1.1 Reflection on the research

The research was based on two activities: a liiegastudy on dealing with uncertainty in
planning processes, and a practical case studysasal’he set-up of the research proved to
work well in that it made easy comparison of theesapossible.

12.1.2 Reflection on the descriptive framework

As a basic framework for analysis, a systems agproas used (see chapter 4). With such an
approach problems or decisions are structured stesy diagrams, by thinking in terms of
systems, external influences, tactics and outcarh@gerest. This approach theoretically has
the following benefits: 1) The approach helps imuauring thoughts and issues; 2)
Communication about problems and issues is madergascause its provides an overview
of the important elements in a decision situat®nWhen an issue has been structured it is
fairly simple to identify possible critical unceirties. In practice this proved to be true.

The use of system diagrams, on the other hand &g to have some downsides and
pitfalls. A systems diagram can indicate uncernjaihait stems from political processes, but is
not directly suitable to indicate the dynamics ofifcal and administrative processes. A
system diagram displays perceptions as seen amameent in time. Dynamical influences
thus are presented in a static way. This shoulddadized when interpreting a systems
diagram, since otherwise changing elements camtegpreted as facts. This is dangerous
since the dynamics in processes are the cause 0§ wrdical uncertainties that can be
encountered.

To understand such dynamics, actor analysis cara heseful tool. Actor analysis or
stakeholder analysis can be defined as an appra@ach procedure for gaining an
understanding of a system by means of identifyimg key actors or stakeholders in the
system and their perceptions, and assessing #spective interests in that system (Grimble
and Chan, 1995). Different types of actor analysdst. Some of them can be used to better
capture the dynamics of processes and actor itii@nac(Hermans, 2005). See for instance
Grimble and Chan (1995) for the principles behintbaanalyses and the opportunities they
offer, and Hermans and Timmermans (2001a/b) foo\arview of types of actor analyses.
For this research it was not necessary howeveo teegond the use of system diagrams, since
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cases were studied ex-post and per case more Sydiagrams were used to show changes
over time.

As was mentioned, system diagrams present a rsiiuée picture of reality in which network
perspectives do not show. In the case of a studyrioking water companies interest in the
drinking water system this is not a large probl&@rinking water companies have a natural
monopoly position, and operate in a way that isenar less consistent with a single actor
setting. This has the advantage that their rea¢ctiamcertainties could be studied well. But,
by studying only drinking water cases is was naisae to explore if the used approach of
investigation could also be used in a multi-actdtisg. The complexity that stems from other
actors in the environment of a system can be destrnly to a certain extent with a systems
diagram. When this complexity gets large, probaajustments of the methods need to be
made to maintain clarity for instance to describéationships between actors and their
influence on the specific elements of the systedeugonsideration.

The (dis)advantages of the use of systems diagiammulti-actor setting should be the
subject of further research. In that researchjrfstance, other infrastructures can be studied,
which are planned for in a totally different seftiand for which more actors are involved in
the decision-making process. A fact is that aesyst approach does not illuminate risk
management that is dominant in many day-to-daysdns, like sharing responsibilities with
other stakeholders or actors, the identificationpoEsible actors with different opinions,
management of daily events, relation and peopleagment.

A system diagram can help in decision-making preegto prevent tunnel vision, because it
stimulates to focus on more than one solution gecilve. When not used properly, however,
it can be a cause for it, because it provides tople a picture of reality. A system diagram
can only be used as a structuring tool to bettaterstand situations. It should not be
perceived as providing the one and only true péctfrreality. Since it is used as a structuring
tool different people may draw different pictureglaeven when this would not be the case
not everything may be known.

A planning process usually moves on different Iswafl scale. An analytical proper working
method in making systems diagrams for planning gsses therefore would be to make
different diagrams for different levels of scalssues at different scales can contradict each
other and interact in a way that can never be cagtin a single diagram that, for one
decision, provides an overview over all levels @dls. In this thesis no separation was made,
because this would result in much repetition ingiistem diagrams and an incomprehensible
analysis. This is the reason that in the analymisnistance issues at a provincial level can be
found in the same picture as issues about a spgadce of infrastructure. This did not cause
problems in the analysis, since the analysis wamse doom the perspective of the drinking
water company, its possible actions and its pei@epind knowledge of its surroundings.

The initial idea was to use system diagrams tordesthe design issues for the technological
system only. This would correspond to the way afiking of drinking water infrastructure
planners. However, many tactics that are availdbledrinking water companies, like
insurance, going to court or pricing, are directedelements outside the technical system
under consideration. Therefore a more broad syptnspective was chosen. However, to see
whether drinking water companies use the wholeeasfgactics that are available to them it
has proved to be a useful exercise to make a ndooused system diagram. The tactics that
were used were split into those that were direatetthe technological system and those that
were directed at things outside the technical syst€he tactics outside the technological
system were always within the influencing spherdrariking water companies. For instance,
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going to court to enforce the granting of a peramtl insuring against losses or sharing the
responsibility for investments with other actors.

12.1.3 Reflection on the normative framework

The normative framework of indicators for succekgfdealing with uncertainty was an
effective help in identifying gaps between normatiheory and practice. However, some
theoretical concepts were very hard to make mebkurgven though the indicators that were
used were as objective as possible, almost alwaysitarpretation of the results stayed
necessary. To prevent tunnel vision, the resultshef case studies, both descriptive and
normative, were shared with others both with antthouit knowledge of the cases. Thus it was
tested whether the results would have been the fasoenebody else would have done the
analysis. The method proved to be valid.

Some remarks need to be made on the causal chatirwds presented in chapter 5. This
causal chain was taken as a starting point fornthrenative analysis. One of the research
objectives was to find out whether this causal mhzan be considered plausible. In the
research as it was performed, no evidence was fthatdvould suggest otherwise. The only
remark that can be made is that there are othéorfabesides analysis that determine the
choices of decision-makers, like political consatems or financial deliberations. These
factors in many cases have a larger impact thalytaszd reasoning. Thereby it cannot be
concluded that a good analysis with respect to mmicgdy automatically means that
uncertainty is dealt with well. However, it can ip@de plausible that it is a precondition for
success in dealing with uncertainty.

A suggestion that was made in the workshop thatgdang uncertainty as coming from
different sources and affecting the infrastructureifferent ways should be a great help for
people who want to improve their way of dealinghaincertainty.

12.1.4 Reflection on the case studies

Case study analysis proved to be a fruitful wayneéstigating how uncertainties have been
dealt with in the drinking water practice. The gysatic studying of cases contributed to the
knowledge of where improvements can be found inpla@ning process of drinking water
infrastructure.

The design of the case study part of the thesisahagmber of implications for the results that
could be gained. By making the choice to focus igadn ex-post cases, also the choice was
made to focus on the analytical part of dealinchwihcertainty, since the main source of
information on the cases was written documentationvritten documentation and even with
interviews it is difficult to uncover the effectahthe process of decision-making itself had on
the choices that were made and thereby on how wak dith uncertainty. A part of how
drinking water companies dealt with uncertaintyréfioy was possibly not addressed.

In written documentation, mainly the choice betwdenhnological tactics is described.
Economic and political tactics are not considerethese documents. This does not mean that
they have not been considered at all. There mayam®us reasons why drinking water
companies do not consider these tactics in thports, like political sensitivity, consideration
by other faculties in the company, or documentaitodifferent documents, like minutes that
are not open to the public. It is clear that tlyjget of tactics were not fully uncovered in this
research. Even when they are mentioned, it is digfigult to uncover the motivation for their
implementation or their rejection. Initially it walse intention that these kind of tactics would
get more attention than they have got eventuallythWiindsight this proved to be
troublesome, since the planning processes weradyiftnished and these kind of tactics were
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not always documented and by interviews only airigdior these matters could be retrieved,
but not a full picture.

12.2 Lessons learned from the cases

Knowing all strengths and weaknesses of the usselareh approach, conclusions can be
drawn. One of the objectives in this research waartive at practical recommendations to
drinking water companies on how to better deal withertainties in their planning processes.
This was done by confronting theoretical notionenfrthe descriptive and normative
frameworks in chapters 4 and 5 with practical eXaspf how uncertainty was dealt with.

The conclusions have been divided into three paks.first part concerns the leaving out of
elements from the analysis. Questions that wilhtddressed are: How to go about leaving out
elements? and; What are the consequences of leantrejements? The second part concerns
the making of assumptions: How to make assumptapsicit and what are the most difficult
elements to make assumptions about? The thirdgadtion oriented: How can a pro-active
approach towards dealing with uncertainty be gislape? Finally some more general
conclusions about dealing with uncertainty in dimgkwater projects will be made.

In combination with the practical conclusions tiban be drawn from the case studies, the
normative framework that was described in chaptexds translated into more practical
recommendations. These guiding principles of 'gp@ttice’ in dealing with uncertainty are
written throughout the text in italics.

12.2.1 The inclusion or exclusion of elements frioenanalysis

Excluding elements from the analysis or the densican have major consequences for the
impact of future surprises and the extent to whacbompany is prepared for changes. By
excluding external influences from the analysisogportunity is missed to investigate how
certain tactics will perform when these externdluiences turn out differently than expected,
also when they were excluded for the reason thaad difficult to assess the possible impact
of such an external variable.

The exclusion of external influences that are difi or impossible to quantify can be
appreciated in the light of a desire to make dension the basis of hard facts. This creates a
misleading sense of security, however, becauseledsoquantifiable external influences can
have large consequences for the functioning ofstesy. An example of something that is
hard to predict was given in the evaluation worksHbwas mentioned that in Amsterdam the
use of drinking water by households of Dutch origimd that of households of foreign origin
differs 30 to 40 liter per day. In Amsterdam a déthouses do not have a water meter. The
impact of installation of water meters on the watise of the mentioned households is
difficult to make, but not considering any impactassuming the same impact on both types
of households is to be considered unwise.

Finding out which external elements were excludedlicitly can be done by studying those
elements that were included in the analysis andpemimg them to a list of elements that
ideally are at least considered in a drinking wglanning and decision-making process. In
chapter 6, to this end the SEPTEMBER list was duaed. This list identifies five directions
in which important external influences can be faufithey are nature, society, politics,
economy and technology. All the categories contiators that potentially critically
influence the infrastructure performance. All catégs of external influences thus should be
taken into account in order to uncover the poténtaitical external influences.

Natural forces did not play a significant role hretcases that were studied. This does not
mean that natural forces should be forgotten inmgley processes. Nature can be the cause of
very unpleasant events with or without long terrfe@t. A thunderstorm, for instance can
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have large consequences. September 24 2001 lighsiack both water winning stations of
WRK, which are 80 kilometers apart! This event emg#aed the water supply in the whole
Province of Noord-Holland. Luckily it had no pernesm effects, operations were back to
normal at 4 October (Cors et al., 2002).

Not only gradually changing social influences, ayavidentified in the cases, are important.
Also social events have to be reckoned with in milagy processes. Luckily no disastrous
social events, like terrorist attacks happenedanfour cases that were studied, but this is a
point that needs not to be forgotten in planninecpsses. Only then, opportunities are not lost
and everything has been done to prevent unnecdssags.

Economic developments are not mentioned in anhefcases as being an external factor of
critical influence to a decision, but it can potelly have large implications and can have
sudden impacts. An example of the influence of eatnal external influences can be found
in the effects of the oil-crises in the early 19Wlsch had a large influence on for instance
the water sales of WBE. WBE delivers water to mé&arge users in the Rotterdam area,
among which are many petrochemical factories. Bil2hey sold 60.5% of their total amount
of water to households, 6% to middle small usensl, 33.5% to large users, including bulk
supply to other companies (VEWIN, 2002). At thedimf the oil crisis, the petrochemical
industry needed much less steam in their produgirmcesses. This left WBE with a large
amount of water for which there was no demand nignkan den Noort and Blauw, 2000).
This example illustrates that it can be wise toliekfy consider economic changes when
making decisions.

The previous example also indicates a dependengeniing water companies on the type of
their clientele. When their clients are mostly rehusids the drinking water companies are
pretty certain of the demand for drinking watereTemand for drinking water by households
is largely independent of the economical tide treotexternal influences, since they have no
other alternatives. When the clients are others tih@useholds, for instance industries and
farmers, the demand rates are not that certaimusecthey have alternative sources of water
available, because they have the opportunity te seater to save money, or because their
reason to demand water can come to an end. Thibeamhown with an example from the
PIM case. Even though this had only a temporargcgffthe pig- plague in the late 1990's
caused a drop in the demand for drinking waterdognérs.

The exclusion of tactics in a study may introduaturfe surprises. There will always be
people that question the decision that was madé&reason that some alternatives did not
get a fair chance because of questionable bourmangitions. When their voice becomes
stronger the whole decision may be challenged ewdren preparations for the
implementation of a certain tactic are well undeyw

This leads to investments in tactics that may motigplemented, which can be considered to
be a loss. On the other hand by investing in tadtiat may not get implemented options are
kept open, which can be considered to be a befsf@ chapter five). Which is better will
depend on the situation. In the PIM and OEDI cdhés protest about the tactic that was
chosen came from within the drinking water compésglf. They were not happy with the
choice that was forced on them politically. Thiskes such decisions very hard or even
impossible to enforce.

The outcomes of interest that usually are reflecbeda multi-criteria analysis are,
understandably, aimed at the functioning of theastfucture. Examples are the capacity of
the infrastructure, the quality of the deliveredtevathe reliability of the infrastructure, and
the time until a new infrastructure part can bedudeis is a logical consequence of the fact
that these criteria represent the core objectiVate drinking water company. Criteria that
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reflect future interests are often lacking. Thisipity since this means a missed opportunity
to test whether a decision is ‘future proof'. Thase for this is that these kind of criteria are
difficult to make measurable in a quantitative gerdut: also qualitative information about a
tactic can be included in the consideration of thatic! Tactics can for instance be ranked by
experts on an ordinal scale. Even when for instdlesbility of a tactic cannot be translated
into monetary terms, this tactic can be scaleddpeds on a scale with plusses and minuses,
two minuses being inflexible, two plusses beingyviexible. In this way tactics can be
compared to each other on flexibility, without etxgqaantification.

No evidence could be found that system boundanesreade explicit in practice. They are
only implicitly adjusted when changes occur in exé influences or outcomes of interest or
when more promising tactics become available. &ha logical consequence of the fact that
system boundaries in the cases that were stud&d aratural consequence of geological,
historical and technological boundary conditiond. tAe cases started with a question that
was more or less determined by the technologicslegy as it was. Capacity and quality
issues all relate to the technological system. Wayg of working has been used and evolved
over more than hundred years, and proved to worite quell. This explains why system
boundaries are not a subject of explicit considemaHowever, in some cases the system was
viewed very narrowly and the assumption was madedblutions could mainly be found in
the own service area and by acting alone. Thitud#iexcludes a number of possible other
tactics, and when this is done without considenatiis can be considered a loss. Therefore:
system boundaries should not be chosen too narramdly certainly not when this is done
implicitly.

Guiding principles

1. All five categories of external influences shoulel §tudied in order to uncover the
potentially critical ones.

2. Include all potential critical external influencealso the ones of which not much is

known.

Use both qualitative and quantitative data.

Include criteria in decision-making that reflectdte interests.

Define your system boundaries broad enough and ebplicitly.

ok w

12.2.2 Making prognoses and assumptions

In planning processes always assumptions are nfadenstance about how demand for
drinking water will develop or about the momeniraplementation of new regulation. It is in
the nature of assumptions that they are not cetdadome true.

Assumptions are best handled when made explicpli&tness enables that assumptions are
reckoned with in planning and decision-making. Alkis enables deliberate monitoring
activities. Making assumptions explicit is a forrh kmowledge management. It is the only
way in which others will be able to know what asgtions are at the basis of decisions and it
is a prerequisite for later evaluation if assummptiohave become reality and what
consequences they may have. Knowledge of assumspti@t were made in the past can
benefit long term learning processes and can supleeaisions to change past policy because
then it is known whether the basis of decisiorstilsvalid.

Adopting a structured way of looking for assumpsidiacilitates the making explicit of
implicit assumptions. The trick is to identify tleoassumptions that are critical. These need to
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be taken care of, for instance by monitoring tldeivelopment and by building in options in a
design that can be used in case an assumptiondutrie be false.

Assumptions that are difficult to make are thoseuatsocial or political external influences,
as was shown in chapter 11. This conclusion wapatgd in the workshop that was
organized to evaluate the overall case study mesBbblitical and social developments are
whimsical and difficult to foresee. An approachaking such developments into account that
was mentioned during the workshop was the followimlgy not make plans for all kinds of
generic things that can happen on theme basis. AdtaEll developments need to be foreseen
and plans are ready for uncertain developmentotAer approach can be a ‘devils advocate’
approach when decisions have been made. What pgemshat would change the decision at
hand? These approaches are considered to be thettetotally leaving social and political
developments out of the analysis.

Also, it is not always easy for drinking water canpes to make estimations of future
demand. Certainly because demand, to some extepgnds on decisions of other actors.
Drinking water companies at one hand are expeotée able to meet demand right away, but
at the other hand, they cannot be certain when ddrnggoing to increase exactly, and by
how much.

Assumptions about other stakeholders are espediatlyy in this respect, because their
behavior and actions are not under control of tiwekohg water company. The delay of the
realization of the VINEX locations in OEDI is a gbexample. The assumption of realization
within a certain period in time of these locatiaves presented to WMN, who at its turn had
to plan for this.

When drinking water companies invest in extra céapdoo early, they run the risk that these
investments were not necessary. When they invedtte, they risk having shortages, which
is not accepted in Dutch society. Drinking watempanies will have to steer a middle course
between these two extremes. The best approachtlisntoin terms of flexible solutions that
can be built in modules or be laid down very fasl &y making plans on forehand for both
occurrences.

It is unwise to manipulate prognoses so that tlitety fthe preferred alternative. De Bruijn et
al. (1996) did find evidence of the existence oflsipehavior, but no evidence of such
behavior was found in the cases that were studiedhfs thesis. This behavior can be very
unwise from the point of view of dealing with unizenty. It can hide the uncertainty in the
assumptions that are made, which makes rationabkides with respect to dealing with

uncertainty very difficult. Falsification of estifians in the assumptions that are made
explicit is a recipe for future disaster. When tisidone for critical assumptions the whole
base of the decisions that are made may be wrohgs Taking the functioning of the

infrastructure very vulnerable for future changeio have not been considered in the
decision-making phase.

Faring blind on economical projections of third tees carries the danger that the
consequences of trend breaks are not fully appgestian the decision making process.
Thinking in terms of trend breaking events is nataanmon practice in the drinking water
world. It can have its advantages, though, becaws®bles explicit judgment of tactics with
respect to cost and benefits in changing circunestsand also sharpens the thinking in terms
of options for the future. The first step in detarimg possible trend breaks is making
assumptions explicit. Subsequently, the consequenfcassumptions not coming true need to
be evaluated on their effect on the prognoses.
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Guiding principles

6. Make critical assumptions explicit.

7. When making estimations don't forget to consider gbssibility of the breaking of
trends.

8. Political, social and economical external influescare the most likely to show
sudden or unexpected changes. Make sure you apanae for this.

9. Be fair in making prognoses: do not fool yourself.

12.2.3 Taking action: re-activity versus pro-advi

It is necessary to be prepared for failing assuongti For this thesis two ways of pro-actively
preparing for future changes have been studiedséllage monitoring in combination with
signposts, and planning with options for the futuwéith a reactive approach towards
changing circumstances, opportunities are misseekpticitly address potential changes in
external influences on forehand. Thus missing fiEodunity to incorporate options in tactics
in a structured and conscious way.

To know whether critical assumptions are failingymtoring activities should be carried out.
Monitoring in combination with signposts makes tiynaction possible. Unfortunately, even
when assumptions about external influences have lmegle explicit, it is not always possible
to monitor them. Especially for critical eventsstis difficult. Examples from the case studies
of such events are: the draw back of the river permit in the PIM case, the detection of
large Bentazon amounts in the river Rhine and tiyptasporidioses outbreak in the Jan
Lagrand case. Some events, for instance from galitirigin, one can see coming. But even
then, the outcome of political processes can belyigncertain. In such cases monitoring will
not guarantee timely solutions.

The explicit determination of signposts will notlpmdicate when action needs to be taken,
but also serve as the memory of the company in easbhanges of personnel. Signposts are
only useful if they can be recognized in time tketappropriate action. The faster the pace in
a given market, the less time there is to see whadming and the less time there is to take
action, even if you can see what is coming. SigtgoeBould therefore be very specific and
mark evident decision moments.

In the cases that were studied, no use of exgigitposts was found. This does not mean that
they were not there at all, but it does mean thatet was no explicit moment in a planning
process that is used to identify them structurafigl to monitor them.

In the evaluation workshop the ‘Plan, do, check, @ccle was mentioned. It was stated that
the first two steps of this cycle are in orderdoinking water companies, but that the ‘check’
and ‘act’ steps need some extra attention. Thisnidine with the case study results.
Evaluation of decisions taken is considered to beful, even though it is seldom done
properly. Thinking in terms of monitoring, signp®stind evaluation activities could be of
great help. Introducing such an approach wouldokedly new for drinking water companies
since evaluation is not something that is doneraatically.

Drinking water companies are not completely deflsse with respect to the effects of
external events on the functioning of their systéfhe system can be made redundant.
Drinking water companies are pretty well prepam@ddvents that may cause disturbances in
delivery. Design principles that are available sxd such disturbances are for instance
decentralization and spreading of essential pdrteeoinfrastructure, such as water winning
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points and pumping stations; doubling of infrastuwe parts such as pipes and pumps, which
is also useful with regard to maintenance; couptihthe network with neighboring drinking
water companies; and using ring-type delivery waterks, thus making sure that water
supply can take place from two sides. All of thdesign principles are a standard part of the
drinking water companies tactics.

The previous examples of making an infrastructie=ilfle and or redundant are all related to
the day-to-day operations of the infrastructure.eWtone part fails, back-up options are
available to maintain operations. Also, there aneire oriented options that can be planned
for or invested in that are more future orientedha sense that they can be used to grab
opportunities or avert threats that have to do \uthire events and trends that come on the
path of drinking water companies. As was discussadhapter 5 these kind of options can be
divided in four categories: investing in time, fileikty, robustness or knowledge.

In some cases flexibility can be preferred overusthbess. The implementation of robust
tactics can have large implications for the latetians that are available because it can limit
the flexibility to react to future circumstances.the PIM case the eventual decision to halt
PIM was partly justified by the statement that 8uig in modules was preferred to the large
PIM. Also examples are available from other fietllan the drinking water infrastructure that
support this principle. For instance, the Deputytite of Gelderland preferred sand winning
on small locations over winning on large locatiomgjich is potentially more efficient,
because winning at large locations would complitiagereaction to new developments (ANP,
2001a). Another example: The water board Hunze anilAGroningen could gain fiscal
profits by cross border leasing their water puafion facilities. They decided not to do this
because in this construction they were not alloteeoull down the facility for the coming 22
years. Otherwise they would not be able to use tesknology, like purification with
microbes (ANP, 2001b). This last example also iatdis that there may be a profit in having
options, since this company is willing to pay fations!

An advantage of a cautious approach towards theofisenproven technology is that a
drinking water company is certain that it will gé$ money’s worth. On the other hand, when
a drinking water company is too cautious it mayaseofor tactics that are already out-of-date
by the time they are realized.

Drinking water companies seem to be prepared tcagayce for options, but they will not do
this at all cost. When comparable tactics with amithout options elements are available at
equal cost the drinking water company will, no douthoose the tactic with the option
elements. Not all drinking water companies, howewglt be prepared to pay the same price
for options as other companies. This is not surggisince it is very hard to compare potential
future benefits to other more direct cost and henedptions, however, should be considered
seriously, since options also reflect a value. Huggests that criteria should be formulated
that reflect the value of an option, otherwise tietics with option elements will run the risk
not to be considered for instance for the reasoexth cost. Criteria that can be considered,
and were used in some of the cases that were diwdgze flexibility, the possibility to divide
the implementation of a tactic in phases, and a@jpera vulnerability. It appeared however,
that these criteria are not used structurally aodatways in the same context or fashion.
Comparison between reports on even the same caefdie becomes hard. Drinking water
companies need to develop a more structural approaconsidering these criteria to use
them to their full potential.

It is not very surprising that solutions for, fostance, capacity problems are mainly sought in
technological measures. The infrastructure is cetefyl in the hands of the drinking water
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companies and for technological solutions they tdo®éd other parties in a structural sense.
Tactics that are initially not always considerede,afor instance, influencing other
stakeholders through the use of information, deaftsangements, pricing mechanisms,
rewards, penalties, or by sharing or transferrihgesponsibility, for instance by cooperation
with other drinking water companies.

Influencing demand is 'not done'. A drinking watwmpany's mission is seen as to
uninterruptedly provide sufficient drinking wateat sufficient pressure and of good and
constant quality (see chapter 1). They feel thiiémcing demand would conflict with this
mission. Water saving campaigns were supported froemvironmental perspective, not to
influence the needed capacity. For some consurilkeeshouseholds, demand can hardly be
influenced by the price that has to be paid fonkirig water, for others it can be influenced
(capacity and timing) by changing the price of Himig water. In the past, for instance, price
changes have shown to influence demand of fornstdarmers. For these customers it can
be a tactic to try and influence demand. This idaa supported in the evaluating workshop.
Cooperation with other parties adds complexity aislls for the drinking water company
caused by the dependence on these others. Norssthiélean also be beneficial, for instance
in the form of cost reduction, sharing of risksefiiciency. The attitude of trying to be self
sufficient that was seen in the studied cases ctead to sub-optimal solutions when
evaluated from the point of view from cost to socias a whole. Therefore drinking water
companies need to find the right balance in findimgr own solutions and cooperating with
others. Examples show that drinking water compaheege started to realize this. Lately,
more cooperation takes place than before. All @f dninking water companies that were
studied have merged at present, cooperate or wosklyg together with other (neighboring)
drinking water companies.

Guiding principles

10. Monitor developments that can lead to the failiigotical assumptions, preferably
in combination with the determination of signposts.

11.When choosing between tactics, remember that aptoam also reflect a value.
Potential future benefits should be considered deeision-making process.

12.2.4 Limits of the normative framework

Drinking water companies have more interests thapgrly dealing with uncertainty. In the
cases some observations were made that could n@&xjpl@ined or structured with the
descriptive and normative framework that were deyedl for this research.

Dealing with uncertainty as one of the objectives

In the studied cases, dealing with uncertainties mat always completely successful, as can
be concluded from the examples that were givehigidhapter. Quite a few examples can be
found of surprises that at least to some extenlddeave been foreseen or planned for.

Even when it is evident that all activities that/ddeen identified contribute to successfully
dealing with uncertainty about the future, it ig @ogiven that companies will use them in

practice. Projects usually serve more than onegagrpand dealing with long term uncertainty
is only one concern or may even be the margin efpitoject. Not all goals can be served in

every project and choices will have to be made.ifstance, when a thorough analysis of all
relevant external influences from a systems enu@mt is made, this does not necessarily
mean that also a monitoring campaign will be starfehis decision often is not made by
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those who perform such analyses and over timedkeoavledgement of the urge for specific
monitoring themes can change, for instance becaiugechange in personnel of the drinking
water company.

In any case the weighing of the factors time, moaeg effort will be very important. The
success of dealing with uncertainty about the &utisr dependent on the extent to which
uncertainty is accepted as given and consequerfcasexpected events are put up with.
Important is the vision on dealing with uncertainfya companies management team. How
much are they willing to spend to be better prepasee 4.5)? A project will in practice
hardly ever be a complete success or failure wibpect to dealing with long term
uncertainty.

The use of the analysis to justify decisions thexrevpreviously made

In the interpretation of multi-criteria analysesthe studied cases a tendency to favor the
alternative that eventually was chosen can be wbdein this respect the theory of cognitive
dissonance of Festinger needs to be mentioneds(ded Mann, 1977). In a nutshell this
theory states that after a decision is made, thacéiveness of the chosen alternative is
magnified and the attractiveness of alternativedingnished. Psychological experiments and
field studies from different scientists show th&tma commitment to a choice people are
likely to avoid dissonant information and to eva&idissonant communications in a biased
way that facilitates the preference of the chodtmraative made (Janis and Mann, 1977). The
same authors suggest that this phenomenon carbewaserved before a decision is made.
When this behavior is taken to the extreme, thisltave serious consequences. For instance
when organizations fail to re-appraise alternativesause of the cognitive dissonance. The
organization can get stuck with an inflexible piexfetechnology that does not even benefit
the interests that it was originally chosen fomegent Dutch example of the consequences of
such behavior in organizations can be found inBeauwe Route example. This plan for a
new to built freight train route from Rotterdam @&ermany was very disputed. National
government was and still is unwilling to halt thejpct, and possible go-no go moments were
not used to stop the project. The project is exgebtt make no profits, which was the original
reason for the project, but is still being carr@md. By setting explicit signposts beforehand
disastrous consequences of such attitudes mayekenied.

Management of large projects

Abandonment of projects in the planning phasedssily affair. It cannot be concluded that
the abandonment of projects is caused by mismaragenr by bad luck. Conversely,
projects that turn out well may have been well ngaolbut they may also have been lucky
(Lessard and Miller, 2000). Whether an abandonroéatproject can be considered a failure
can be debated (de Bruijn et al., 1996). It is thee much was spent, but a project still can
have had positive impacts, like the reservationspaice for future capacity expansion in the
PIM project or the insight that a project is not@ssary any longer and further spending can
be prevented. Thus it can be argued that the batiina project can be seen as acting
meticulously. The Wetenschappelijke Raad voor hegdfingsbeleid (the Netherlands
Scientific Counsel for Government Policy), howevisrcritical about positively accepting
abandoned projects. Such projects, in their opindannot only lead to huge loss of capital,
but also undermine the authority of government laaicn the governmental ability to initiate
and examine projects (WRR, 1994).

In this respect the theory of David Collingridge992) needs to be mentioned. He uses the
term 'inflexible technology' to distinguish betwdarmge and small projects and to understand
their success and failure. Indications of failure: @&scalation of development cost, crossing
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deadlines and failure to meet technological speatibns. His lesson is that managers better
keep their hands off from large projects, i.e. tontertake them at all.

The people in the evaluation workshop agreed thallsprojects are potentially more flexible
and better to oversee, but that sometimes larggegisoare needed to get ahead. It was
mentioned that in the past large uncertain projaeeee undertaken of which now the fruits
can be picked. Like for instance the Jan Lagrandigation facility. When no risks are taken
drinking water purification can never be elevatedatnext level. For each circumstance it
needs to be decided whether a large or small grggelsest. The tendency to always have
large projects, however, is no longer present.

12.3 Management of uncertainty: broadening the pergective

The ‘good practices’ that were discussed can beal usemany different settings and
circumstances. Since in this thesis only Dutch kingg water cases were studied these
recommendations are probably useful in projectsatasimilar to the ones that were studied.
Many of the recommendations, however, can be usaée omiversally, for instance for other
infrastructures and in other countries. Also, thayn be useful for different types of projects
of drinking water companies, for instance during thaking of a strategic plan. For this
thesis, however, no extensive research was doaeplore this point.

The Dutch drinking water sector has some distiri@racteristics that made it possible to
research dealing with uncertainty in its basic fge@e chapter 2): drinking water companies
operate from a monopoly position. The sector ifietogy driven and even though some
innovations have become available the last couplgears, the sector is not very dynamic.
The infrastructure itself has a long life span ahd demand on the capacity of the
infrastructure can be predicted pretty well.

An infrastructure that for instance shows similagtwith the drinking water works are for
instance sewer systems (see for instance ten Haafwetl al., 1999, and 2001). The usefulness
of systems diagrams was shown in a project abaalirdewith uncertainty in the decision-
making about sewer systems (Meijer and Korving 30@nd Korving et al.(2001)).

Other infrastructures like electricity, telecom,ads and railroads also have some
characteristics in common. Fact is however thatahefrastructures need to be operated in a
multi-actor, competitive setting and in a far mdggamic environment.

Many of the recommendations that were made inthi@sis are universal. However, it needs
to be said that the method that was used for thaéysis in this thesis has a blind spot with
respect to the multi-actor setting that charaotsrinther infrastructures. Technology stays
important, but actions to counteract uncertairties originate in this multi-actor setting will
be more process based and political than in thkicig water sector.

Since in this thesis these dynamics could not bsewoied well, further research on the
benefits of the recommendations in other countries,other infrastructures, or for totally
different kind of projects, even outside the infrasture scope needs to be carried out to
know if they are similar to those that have beemidied for Dutch drinking water companies

As a starting point for such research, and as @ fiesult of this thesis, some thoughts on
management of uncertainty will be presented. It bansaid that decision-makers have a
number of choices that they consciously or uncansty make with respect to dealing with
uncertainty. Together these choices make up theinagement style with respect to
uncertainty.

Based on the literature that was studied and thkerviews that were held to shape this
research, the following uncertainty related choioésnanagers were identified (see table
12.1).
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Table 12.1. Uncertainty related choices for manager

N

1 | Ignoring uncertainty Facing uncertainty

2 | Aiming for flexibility Aiming for robustness

3 | Willing to invest in dealing withUnwilling to invest in dealing with
uncertainty uncertainty

4 | Focusing orshort term solutions Focusing olong term solutions

5 | Acting pro-actively with respect tq Acting re-actively with respect tg

uncertainty

uncertainty

For choices 2 and 5 one choice should not necissaripreferred over the other from the
point of view of properly dealing with uncertainfith respect to choices 1, 3, and 4: it is
better to face uncertainty, be willing to investdealing with uncertainty and focus on both
short term and long term solutions (these statesreamdl others like it are explained further in

chapter 5).

How uncertainty is dealt with is dependant on th@nagement style of a company’s top-
management. In analogy with some animals, four edygtes of uncertainty managers are
identified, based on the previous described cha@oelspersonal observations in practice.

1.
2.
top-scorer;
3.
4.

The hare: fast, movable, but vulnerable;
the cormorant: a jack of all trades: at land, ie tater and in the air, but it is not a

the turtle: heavily protected, target minded, boivs and
the ostrich: danger is spotted, but the head isnpilie sand.

Each of these management styles has its own ckasitts, opportunities and threats. Each
style can be successful, but also can fail. Thiestwill in practice never occur in their pure
form: they will interchange. A company needs taaleare of the fact which of the styles it is
choosing to be able to fight its downsides. Talde21shows some of the opportunities and
threats of these management styles as they weeswvaloisin the case studies in this research
and could be extracted from the interviews thatewesid.

Table 12.2. Opportunities and threats of four magragnt styles for dealing with uncertainty

Opportunities Threats
The hare: fast,e Flexibility is dominant. * People in the drinking wate
movable, but « Surprises are used instead |of company can get uncertain
vulnerable fought. tired when it is incorporated i
e Having options is very procedures and the reas
important. behind it fades. Monitoring

activities that are essential to
flexible organization thereb
can get to the background
attention.

The cost for the technolog
and aftercare can get ve
high. This is not always eas
to explain.

r
ty
n
on
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The cormorant: ae A balance is sought between Not all opportunities and

jack of all trades: af cost and benefits of dealing threats are identified and used
land, in the water with uncertainty. or managed.

and in the air, butite Clear future opportunities anide No occurrence of heights in
is not a top-scorer threats are acknowledged and dealing with  uncertainty;

managed. Less obvious  mainstream.
opportunities and threats are Cost can get very high when

not visited. measures are not balanced and
policy is not consistent.
The turtle: heavily | « Robustness is dominant. » Chances are not seen.
protected, target |« Little chance of failure in thate Cost can get very high when
minded, but slow sense that threats have a hard threats are faced threefold.
time in harming  the « Great risk to get behind the
infrastructure. facts.
The ostrich: dangef «  When things don't get tps When threats become real ho
is spotted, but the rough the hope is to surviye counter actions have been
head is put in the without (further) investment. taken, leaving the drinking
sand e Sometimes it is cheaper to let water company defenseless.

disasters occur and rebuijlt This can be very costly.
after the fact then taking
countermeasures.

Based on the case studies and the discussion #iiewtubject in the workshop, it can be
stated that most Dutch drinking water companie$ wéispect to uncertainties up to present
have had many characteristics of turtles. On somigests some companies have the
characteristics of cormorants, especially when ttevelopment of technological
improvements is concerned. The other managemdessiye not clearly present. Because of
the dynamics in other infrastructure we expect it companies in these fields have
different management styles to deal with uncernyaint

The implementation of the good practices will beieain some companies than in others. It
is dependent on the present way of working, thesiptes benefits that management expects
from a different way of working and if investmestpossible. The suggested approach only
works if there is something to choose from antiéfré is a belief that uncertainties do matter.
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Appendix A Searching for assumptions in texts

Dewar (2002) suggests that assumptions can be foumdcuments by searching for the
words will, must, can, should, might, could, anchrat. The word ‘will' helps in both
identifying assumptions about the future and all@torganizations planned actions. 'Musts'
also help in identifying underlying actions. Dewaentions that this works best for electronic
documents, since then the computer can do thersegr@eside this method of searching for
assumptions, Dewar (2002) also mentions severakrotinethods of searching for
assumptions. It can be said that looking for ‘Wiled ‘musts’ is a fairly easy, cheap and fast
way of looking for assumptions compared to somthefother methods, but documentation is
necessary and it thus can only be done when timmiplg has been finished to a great extent.
Because no evidence was found in all cases tha stadied of systematic ways of looking
for uncertainty (chapter 11) this method was usdtiuminate the potential benefits that such
a method may have, but also to investigate the dmles of such method in the Dutch
situation.

This way of looking for assumptions was used onptablem formulating and goal defining
chapter of the EIA of OEDI (WMN, 1996), and in tReoposition on the execution of the
Lek-duinplan (Duinwaterleiding van ‘s-Gravenhag®4@). The words that were looked for in
Dutch were: moeten, (must), kunnen (can), zulleagen (will), dienen (must), (be)hoeven
(will need). More direct words that indicate expgicins were also found like expect
(verwachten), and foresee (voorzien). In the stiidieapter of the EIA of OEDI, 31 sentences
were found that contained these words. This istypmauch when it is considered that the
studied chapter consists of only 7 pages A4! Inlték-duinplan proposition, 114 sentences
were found in 29 pages long document.

To know which assumptions are behind the wills angbts, it is necessary to interpret the
statements that are made in the sentence, whamisst impossible to do without the inside
information that can be provided by people thatenesponsible for the decisions made in a
project or involved in the writing of the documeéiiat was studied.

The assumptions that can be uncovered can be fotigeted. For instance: ‘The demand for
drinking water will increase with 6 M. They can also be action oriented. For instance:
‘Existing groundwater winning mu$te reduced’. The assumptions can either be ahgst
that can almost be considered to be facts, likes8ying on the number and size of the works
money carbe saved’. But they can also point towards ciitasssumptions that do not need to
come true and are potentially important to the fioméng of the infrastructure as it results
from the plan that was made, like: “The wastingvater_carbe prevented in future, for there
were beneficial experiences with water meter titifBased on this assumption estimations
about the future water use of household were madB2H in the 1940’s. Water meters,
however, showed to have no lasting effect, andvidter use rose significantly. Obviously not
all ‘wills’ and ‘musts’ that can be found in a daowant point towards assumptions about the
project that is described. For instance some ohtivll be used to give direction to the reader
of the document with sentences like: ‘Differeneatiatives willbe explained below’.

One should keep in mind that behind every sentevitte ‘will' or ‘must’, more than one
assumption can be found and that opinions can\beéedi about which assumptions these are.
For instance in the sentence: ‘With respect tcathi®nomous development it is expected that
existing water winning permits wilbe fully used and that in addition new permits| voi¢
applied for to be able to meet the increasing dehfanwater’. In this sentence at least three
assumptions can be found: 1) Existing water winmpagmit will be used to the full; 2) New
permits will be applied for; 3) Water demand widle.

It turned out that this way of looking for assurops works pretty well in Dutch as it does in
English with the connotation that in Dutch it istras fool-proof as in English, since Dutch
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does not necessarily need the words will or musintbcate an assumption about how
something will be done or happen in the future, #vat words like can and will in Dutch
have conjugations (for instance, can: kan-kunneii; mal-zullen) that are not present in

English. Therefore the method is not as thoroughtakes more time for a Dutch text than it
does for the similar text in English.
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Appendix B Participants to the workshop and intervewees

Participants to the workshop ‘dealing with uncertanty’, February 9th 2004

Mw. A. Diepeveen Waterleiding Maatschappij Drente
Dhr. F. van Zeil Waterbedrijf Europoort
Mw. Freriksen VEWIN

Dhr. L. Rosenthal PWN

Dhr. W. Koerselman KIWA

Mw. C. Mesters KIWA

Dhr. R. Wisse Delta

Dhr. G. Terpstra WLB

Mw. M. Meijer TU Delft

Dhr. W. Thissen TU Delft (chairman)
Dhr. J. Knigge TU Delft (GDR driver)

Interviewees
Case related interviews

PIM

Dhr. Philips Brabant Water

Dhr. Van der Wens Brabant water

Dhr. Meerman Provincie Noord-Brabant

Lek-duin/ Maas-duin

Dhr. Rop Duinwaterbedrijf Zuid-Holland
Purification facility Jan Lagrand

Dhr. Kamp PWN

Dhr. De Bruin Witteveen en Bos

OEDI

Dhr. Den Hartog Provincie Utrecht

Dhr. Lubbers Hydron Midden-Nederland

General interviews

Dhr. Arpadzic Waterbedrijf Europoort (Now: Evides
Mw. Barm Waterbedrijf Europoort (Now: Evides)
Dhr. Bronda DHV

Dhr. Kalf DHV

Dhr. Lavooy Duinwaterbedrijf Zuid-Holland

Dhr. Huyboom Duinwaterbedrijf Zuid-Holland

Dhr. Jonker Duinwaterbedrijf Zuid-Holland

Dhr. Vreeburg KIWA

Mw. Van den Boomen KIWA

Dhr. Langenacker Flevolandse Drinkwatermaatsch#@iNpiw: Hydron Flevoland)
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Samenvatting (Dutch summary)

Het vervlechten van onzekerheidsanalyse en besluirming over
drinkwaterinfrastructuur
Machtelt Meijer

Infrastructuur die is ontworpen om heel lang te ctioneren is erg kwetsbaar voor
veranderingen die op lange termijn plaatsvindenrgBlgke veranderingen kunnen het
functioneren van de infrastructuur beinvioeden.rbamis het heel belangrijk om vanaf het
begin van planningsprocessen van infrastructuleniely te houden met onzekerheden.

Dit proefschrift is gericht op drinkwaterinfrasttuar. Dit type infrastructuur wordt
gekarakteriseerd door een lange levensduur. Veragg® in het aanbod van bronnen
(bijvoorbeeld water, energie, ruimte om ondergrendstwerken aan te leggen), technologie
en vraag naar het eindproduct zijn te verwachtemarnzijn moeilijk te voorspellen.
Dergelijke veranderingen kunnen tot hoge kosten deomaatschappij leiden als deze leiden
tot het falen van het systeem of voortijdige afgeimg van bestaande infrastructuur.

Het belangrijkste doel van het onderzoek was hattveoorden van de volgende vraag:

Kan het identificeren van en het omgaan met onbekien tijdens het
planningsproces voor de Nederlandse drinkwatersthectuur verbeterd worden? En
Zo ja, hoe?

Om deze vraag te beantwoorden werd eerst eentliteranderzoek uitgevoerd. Deze werd
als basis gebruikt om een beschrijvend en een nimhraamwerk te ontwikkelen om case
studies mee te kunnen analyseren. Deze raamweijkevervolgens gebruikt om vier cases
ex-post te analyseren. Ten slotte zijn de resultateeen workshop besproken met een aantal
mensen uit het drinkwater werkveld.

Het beschrijvende raamwerk is gebaseerd op eenakam@arin een systeem wordt
beschreven in samenhang met de invloeden op détesys Deze invloeden bestaan uit
externe variabelen die niet door een besluitvorkgmnen worden beinvioed en uit de
maatregelen die een besluitvormer kan inzetten.effett van beide typen invioeden op het
systeem kan geobserveerd worden in veranderingde Bysteemuitkomsten die van belang
zijn voor de besluitvormer.

Het normatieve raamwerk is ontwikkeld om het suc@@shet omgaan met onzekerheid van
drinkwaterbedrijven te kunnen evalueren. Het raarkwis gebaseerd op een causale
opeenvolging van acties in een planningsproceszdie moeten leiden tot succes in het
omgaan met onzekerheden.

Het bleek onmogelijk te zijn om het succes van dmagaan met onzekerheden direct te
meten. Dit zou alleen kunnen door veel meer casegel langere periodes te analyseren.
Daarom is ervoor gekozen om indicatoren voor suteegebruiken als benadering voor het
overall succesvol omgaan met onzekerheden dookwdaiterbedrijven. Voor elke causale
actie werd een indicator voor het succesvol uiteneran deze stap geidentificeerd. Het idee
hierachter was dat als elke stap goed is uitgevbetdsuccesvol omgaan met onzekerheden
daar een afgeleide van is. De indicators voor hetesvol omgaan met onzekerheden waren:

 De relevantie en de consistentie van de systeemgmeren de relaties die
meegenomen zijn;
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» De rijkdom aan inputs en outputs die meegenomer zij

» De explicietheid van de aannames die zijn gedaan;

» De aanwezigheid van signposts (dit zijn gebeursemsof drempelwaarden die de
verandering in de kwetsbaarheid van een aannangeaam), een back-up plan en het
bewustzijn van de relatie tussen de signposts eradeames;

* De rijkdom, compleetheid van verkenning en de aaigheid van opties.

Vier cases zijn achteraf bestudeerd. Drie hiervarew meer recent, €én vond plaats in een

verder verleden. De vier cases die zijn bestudagrd

4. Het Project Infiltratie Maaskant (PIM) 1972-200@&nvWaterleidingbedrijf Oost-Brabant
(WOB). Dit project werd gestart door het drinkwétedrijf om rivierwater uit de Maas en
de Waal te kunnen gebruiken als bron voor drinkniat@laats van grondwater.

5. Het Oever-Diepinfiltratie project (OEDI) 1972-2000an Waterleidingbedrijf Midden
Nederland (WMN). Dit project was bedoeld om hetwén en zuiveren van water uit het
Amsterdam-Rijnkanaal mogelijk te maken.

6. Het plannen van drinkwaterzuiveringsinstallatie dagrand 1973-1999, van PWN, het
drinkwaterbedrijff van het grootste deel van Noomlt&hd. In dit project werd een
grootschalige membraan zuiveringsinstallatie géyeatd om zuiveringscapaciteit te
vergroten en zachter drinkwater te kunnen leveren.

4) Het Lek-duin- en het Maas-duin project 1874-19¢én DZH (Duinwaterbedrijf Zuid-
Holland). Deze projecten werden ondernomen om watete rivieren Lek en Maas naar
de duinen bij Den Haag te transporteren. Hier weatdop een natuurlijke manier verder
gezuiverd met duininfiltratie. Besluitvorming enaphing van 1939 tot 1965 werden
bestudeerd.

De belangrijkste conclusie uit de case studies dedsdrinkwaterbedrijven erg alert zijn op
onzekerheden en dat er veel actie wordt ondernamear mee om te gaan. Er kunnen echter
enkele suggesties worden gedaan om de analysenzaferheden en het er mee omgaan te
verbeteren.

Ten eerste lieten de case studies zien dat neetballangrijke externe invioeden even veel
aandacht krijgen. Politieke, maatschappelijke eohnrelogische invioeden bleken het
belangrijkst te zijn in de cases die werden besttdie Politieke en maatschappelijke
invloeden werden ook het moeilijkst gevonden om oredge gaan.

Ten tweede, sommige externe invloeden werden hdrinbelangrijk, maar werden niet in
de analyse meegenomen omdat er niet genoeg ovezndelvas. Het succes van
waterbesparende apparaten bleek bijvoorbeeld hadahdrijk te zijn. Als deze invioed in
meer detail in de analyse was meegenomen zoudelichtedndere beslissingen zijn
genomen.

Ten derde, in de cases werden aannames meer ekgienaakt nadat gebleken was dat ze
niet op gingen. Als dit op voorhand al was gebeid het misschien mogelijk zijn geweest
om sneller een besluit te nemen over het veranderemet beleid.

Wat de toekomst brengt is onzeker. Drinkwaterbeelnijlaten hun gedachten daarom gaan
over toekomstige mogelijkheden in hun besluitvognirSignposts spelen echter geen
belangrijke rol in het besluitvormingsproces.

Membraan technologie heeft een verschuiving mdgelgmaakt van robuuste naar meer
flexibele oplossingen. Toch blijft het in de prgktmoeilijk om investeringen in flexibele of
robuuste elementen in een ontwerp te verdedigedablret moeilijk is om toekomstige baten
te kwantificeren.
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Het onderzoek heeft geleid tot elf richtlijnen. Beven belangrijkste worden hier uiteengezet.
De principes zijn gebaseerd op de literatuur, noa&r op het bewijs dat deze in de praktijk
belangrijk blijken te zijn en dat drinkwater expedeze als belangrijk hebben aangewezen:

8. Bestudeer alle vijf categorieén externe invloed®magtschappij, economie, politiek,
technologie, milieu) om te potentieel belangrijreloeden te kunnen ontdekken;.

9. Gebruik zowel kwalitatieve als kwantitatieve gegavéok kwalitatieve gegevens
kunnen gebruikt worden om beslissingen op te bas&ipoorbeeld in een Advocaat
van de duivel' aanpak. Anders worden in de besluiting belangrijke zaken wellicht
over het hoofd gezien.

10. Definieer je systeemgrenzen breed genoeg en maakedelicietOp deze manier kan
men zeker weten dat alle mogelijk oplossingen meegen worden in de
besluitvorming en niet over het hoofd worden gezienhet OEDI project werd er
uiteindelijk voor gekozen om water van een aangredzvaterbedrijf te kopen. Als de
systeemgrenzen te smal waren gekozen zou er nessalieen in de eigen regio naar
oplossingen zijn gezocht.

11.Maak belangrijke aannames expliciétet is belangrijk om te weten welke aannames
zijn gedaan en welke aannames de besluitvormingezohiebben beinvioed als deze
anders zouden zijn geweest.

12.Vergeet niet naar trendbreuken te kijken als jeaioigen maaktZelfs als een trend
altijd hetzelfde is geweest zou je moeten onderoeX dit zo blijft. De verandering
van de trend van alsmaar stijgende watervraag stagnatie en zelfs achteruitgang
van de vraag laat zien dat niets in dit opzichezes

13. Monitor ontwikkelingen die tot het falen van belajkg aannames kunnen leiden, het
liefst in combinatie met het vaststellen van sigitgdn de case studies bleek dat de
drinkwatervraag goed werd gemonitord. Het monitorean andere belangrijke
invloeden kreeg veel minder aandacht. In combimat¢ een signpost kan monitoren
een belangrijke bijdrage leveren aan het vaststetn het moment waarop besluiten
moeten worden herzien.

14.0nthoud bij het kiezen tussen maatregelen dat ®ptek een waarde
vertegenwoordigen. Mogelijke  toekomstige baten  emoet in een
besluitvormingsproces meegenomen worddet is verleidelijk om maatregelen te
waarderen op hun waarde voor het heden. Mogeljk&dmstige kosten en baten
zouden echter ook meegenomen moeten worden.

Het implementeren van deze richtlijnen zal in sogenbedrijven makkelijker zijn dan in

andere. Het is afhankelijk van de manier waarop egktvwordt, de voordelen die het
management verwacht van een andere manier van werk&e mate waarin investeringen
mogelijk zijn. De gesuggereerde aanpak werkt alldsrer keuze mogelijkheden zijn en men
gelooft dat onzekerheden belangrijk zijn.

134



Curriculum vitae

Machtelt Meijer (1975) studied Systems Engineerigjcy Analysis and Management at the
Delft University of Technology. She graduated i©28®n the subject of interactive planning
in regional water management. Hereafter she joihegbolicy analysis section of the faculty
of Technology, Policy and Management to perfornhB Research on dealing with
uncertainty in the drinking water planning process.

In 2003 she became a project leader for Rijkswitat®n the subject of 'Sustainable
Building'.

Since 2006 she works as a policy advisor at thastinof Housing, Spatial Planning and the
Environment in the field of 'Sustainable mobility'er main activities concern the reduction
of noise and air pollution caused by several madesansportation.

135



