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Preface

It is with great pride and satisfaction that I present this report that describes the process and
results of my thesis research: Integrated cost comparative framework for trenched and
trenchless techniques in the Netherlands. The research has been performed at KWR
Watercycle Research Institute and marks the end of my Water Sciences and Management
Master at Utrecht University.

KWR Watercycle Research Institute is a Dutch organization gathering a wide range of
professionals of water related fields. It is owned by Dutch water companies and aims at
improving and creating technology and scientific knowledge for water management. Within
the broad range of research fields, KWR is composed of the water infrastructure section, held
by the principal scientist Mirjam Blokker, who graciously accepted to be my supervisor at
KWR.

This research has been carried out in relation with the TKI project aiming at improving the
technology of rehabilitation and replacement techniques in drinking water piping network.
The choice made on the integrated cost assessment has been entirely related to my own
interests. Although performing this research was an epic journey, I am very satisfied of the
knowledge gained in research processes as well as the knowledge gained in the topic of this
research.

By this preface, I would like to thank both of my supervisors who help to get insights in
research processes. I am very satisfied as they both could frame my work when needed and
were available as much as I wanted. Special thanks also to all the experts of the fields at KWR
and Vitens who dedicated some time for interviews and site visits.

Guillaume Cardon de Lichtbuer,
Nieuwegein, July 2016
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Summary

There is a large number of techniques available for rehabilitation and replacement in drinking
water pipes in the Netherlands. Among the rehabilitation and replacement techniques,
decision-makers can choose whether to use trenched or trenchless techniques. The choice of
the technique is however limited by the variety of site-specific conditions.

When choosing to dig or not to dig a trench, social and environmental concerns are
considered by decision-makers although it is observed that economic concerns are prioritized.
The trade-off between social, environmental and economic is a complex algorithm.

Hence, the current research aims at providing a framework to calculate the economic, social
and environmental costs of a technique and supporting decision-makers in the selection of the
appropriate technique. After performing a meaningful literature review and discussions with
experts, a description of the topic is proposed, followed by the formulation of hypotheses. The
framework is applied to two trenched and two trenchless techniques, so that the hypotheses
can be validated or invalidated.

A general observation is that the cost of techniques varies highly from one site to another site.
Out of four hypothesis, three have been confirmed through the use of the framework.

The total costs vary between 174 819 € and 195 744 € for trenched techniques and between
250 158 € and 423 644 € for trenchless techniques.

Trenchless techniques have proved to provide social and environmental benefits varying
between 11 000 € and 44 000 €. It has been identified that urban areas increase significantly
the difference between direct-indirect costs and socio-environmental manly due to the costs
associated to the technology of the techniques. The price of the technology for trenchless
techniques is strongly impinging on the direct-indirect costs, explaining the fact that capital
costs, i.e. direct and indirect costs, are more considered in the decision-making processes. The
valuation methods used for the accounting of environmental costs have shown to be adequate
in this topic although have shown to be highly dependent on the perceptions and values of
people on the environment. Social accounting methods are adequate although some
weaknesses appear in the consideration of stakeholders.
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Chapter 1: Introduction

Water is a crucial element needed for both Humanity and Earth. Available fresh water can be
found in the lakes, the rivers, the reservoirs and underground sources. Available fresh water
accounts only for 3 percent of the global water availability while the remaining 97 percent is
salted water (Gleick & Palaniappan, 2010). Fresh water has the property to be directly usable
for human consumption and more specifically for agricultural, domestic and industrial
purposes.

One way of improving water availability is the improvement of the water supplies (Boucherie
et al., 2012). Water supplies can refer to the natural resources but also to the infrastructures
that protect and provide water to the users. Phenomena such as the failures of pipes (also
called mains) in the distribution networks occurs because of the ageing processes. The
observed increase in pipes rate failures arise challenges for decision-makers who needs to
undertake appropriate actions to repair the failures.

In any water distribution network, the ageing of the pipes requires attention from the water
companies as a result of the increased phenomena of failures that the ageing processes
involve. Leakages in the pipes represent an enormous amount of water wasted. Such in the
Netherlands, water loss caused by leakages represents 6 percent of the total water production
while this phenomenon represents 16 percent in United Kingdom (Rosario-Ortiz et al., 2016).

As a result of increasing concern for water scarcity induced by pipes failures, the efficiency of
pipes renovation and rehabilitation techniques becomes a challenge. Numerous techniques are
available for pipes replacement or rehabilitation, however the economic requirements are
often a barrier. Within the range of rehabilitation and replacement techniques, distinction
between trenched and trenchless technologies exists and the current opinion of experts
highlights the increasing capacity of trenchless techniques (Beale et al., 2013). Especially in
urban areas where the water demand is higher, the consideration for adapted techniques is
even more crucial.
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Problem identification

Decision-makers are confronted in selecting the appropriate way of extending the life time of
a pipe line after failure. Rehabilitation and replacement techniques are available, however the
selection of the appropriate technique involves economic and operational constraints. The
decision-maker aims at finding the most cost-effective alternative.
Researchers in the Netherlands are currently investigating the underlying reasoning behind the
selection of a technique. As the responsibility of the safe and effective drinking water supply
of a specific region lies with the water company, methods and means for the selection of the
technique is entirely left to the water company. In fact, the method and criteria that are
applied are economically based. An applicative study led by Bottero and Peila (2005)
investigated the influence of economic, social and environmental criteria on the selection of
either trenched or trenchless techniques. The study observes that trenchless techniques are
adopted when social and environmental criteria are considered.
The complex task of decision-makers is to comply with a large amount of criteria. There are
regulative, economic and operational constraints for each site-specific condition which
provide barriers to decision-makers (Marlow et al., 2015). On top, the involvement of
stakeholders adds supplementary difficulties to the decisions, especially in urban areas where
the higher density of the population causes higher number of involved parties such as the
residents of the area and the owners of other underground infrastructures.

The evaluation of costs is often neglecting the social and environmental aspects in the
decision-making processes. The significance of those aspects seems not being recognized by
decision-makers as a result of difficulties associated to their quantification, even more when
considering their conversion into monetary terms (Haab et al., 2013). Studies have been done
on the life-cycle assessment of construction projects such as trenched and trenchless
techniques although none have attempted to establish the total budget estimation integrating
economic, social and environmental aspects (Strogen et al., 2016; Petit-Boix et al., 2016;
Akhtar et al., 2015).
The cost quantification of social and environmental impacts is difficult to conduct because of
the occurrence of multiple direct and indirect consequences of anthropogenic activities caused
by multiple chemical and physical natural reactions (Bonamente, 2016). The lack of adaptive
methods arises difficulties to estimate environmental damages, and even more in long-term
considerations.

A distinction between trenched and trenchless techniques needs to be established as a result of
unawareness of their total costs component; the real issue is that decision-makers are mainly
focused on capital costs to select the appropriate technique. When examining the use of
trenched and trenchless techniques and their relevance in renovation and replacement, it is
important to consider the life-cycle cost of the technique as some cheaper rehabilitation
techniques may require additional cost for maintenance (Morisson et al., 2013).
The current practice is the use of trenchless techniques in most of the rehabilitation work
while trenched techniques are used for both replacement and rehabilitation work. However,
the application of trenchless techniques to most of rehabilitation works are not always
technically or economically feasible (Beale et al., 2013). It is agreed that the installation of a
new pipe provides better services than a rehabilitated one although each site has specific
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conditions and adaptive measures must be considered. A consensus must differentiate in
which case replacement or rehabilitation needs to be undertaken.

Objectives and research questions

The main aim of this master thesis is to undertake a cost analysis of trenched and
trenchless techniques in the Netherlands using a framework. The term of ‘framework’ is
used as a result of the establishment of a specific set of criteria.

Sub-objectives of this research are:

-Identify the current considerations and practices of trenched and trenchless techniques in the
Netherlands.

-Provide and apply an integrated framework capable to assess the total cost of a technique.

-Discuss the environmental and social consideration and their pertinence in the context of
trenched and trenchless techniques.

The main research question of this thesis is:

What are the current total costs in euros - including direct, indirect, social and
environmental costs - of trenched and trenchless techniques in the Netherlands?

Sub-questions are:

What are the current social and environmental benefits of trenchless techniques in the
Netherlands?

How the Dutch conditions can affect the costs of those two types of techniques?

While considering direct-indirect costs and socio-environmental costs between trenched and
trenchless techniques, do those costs present a significant difference and appeal to consider
one more than the other?

Are the methods of environmental and social accounting adequate when considering
stakeholders involvement?

Organization of the research

The current research has been performed using various sources of information including a
literature review, the knowledge of experts and field observations. Statistical database for the
Netherlands such as CBS is used as a source of data for the calculation of social costs. The
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overall process of this research is based on the validation or invalidation of hypotheses using a
framework applied to case studies.

Step 1: a literature review and interviews with experts lead to a meaningful introduction to the
topic. This introductory work on the topic allows the determination of hypotheses.

Step 2: the theoretical framework is built. The details of the parameters to include are
collected from knowledge of experts and a literature review. The framework aims to be
applied to four case studies including two trenched and two trenchless projects.

Step 3: once the theoretical framework is applied to the four case studies, the costs are
calculated and the hypotheses are validated or not. Discussion, conclusion and
recommendations are deduced from the results.

The figure 1-1 summarizes the process of the research.
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Figure 1-1 : Scheme of the research
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Chapter 2: Observations and hypotheses

This section aims at identifying the current trends in the use of trenched and trenchless
techniques and their costs based on the available literature and the interviews with experts.
The outcome of this section is the formulation of hypotheses that are verified through the use
of a framework described in the next chapter.

A general observation revealed that trenchless techniques have been widely considered and
approved by water companies and contractors during the last decades although trenched
techniques are still more often used. Even though the economic constraints plays a crucial role
in the decisions, the choice of the technique needs also to take into account the social and
environmental aspects.

Terminology and definitions

This section aims at clarifying concepts and terms used in this research. Multiple and diverse
technical terms may be encountered in this current thesis, that need to be primarily explained.

Trenched and trenchless techniques

Trenched technique

The trenched technique is also called the traditional method or the open-cut excavation
method. As shown in Figure 2-1 , it requires the removal of the soil of all the section to repair,



replace or install. It involves excavating down and exposing the existing pipe to possible
reparation, replacement or installation and lead to laborious trenching work.

The advantage of trenched technique is that the pipe is entirely visible and a proper analysis
of the problem can be performed.

T

H
(
i
t
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i
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o

n
Figure 2-1: Open-cut for installation, replacement or rehabilitatio
7

renchless techniques

istorical research have reported the first use of trenchless techniques in the 1860’s
Ariaratnam, 1994). However, the use of trenchless techniques in the sector of drinking water
s quite recent and further research are needed because of lack of knowledge of this type of
echnique (Ariaratnam et al., 2013). Only one specific trenchless technique, so-called pipe
ursting or cracking, is available for replacement and is performed by pulling the new pipe
nto the old pipe causing its cracking. However many issues and uncertainties remain on this
ype of technique (Lapos et al., 2007; Cholewa et al., 2009). The table 2-1 presents an
verview of the current trenchless techniques for rehabilitation.
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Table 2-1: Current trenchless techniques used in rehabilitation of drinking water and wastewater
piping network (Morisson et al., 2013)

Trenchless techniques Specifications
Spray-On Linings Cement Mortar Lining

Epoxy Lining
Polyurea Lining
Polyurethane

Slip-lining Segmental Sliplining
Continuous Sliplining

Cured-in-Place Pipe Insitu Main
Aqua Pipe
Nordipipe
Starline

Inserted Hose Lining Thermopipe
Primus Line

Close-Fit Lining Fold and Form Close-Fit Liners
Symmetrical Reduction/Reduced Diameter
Pipe

Service Line Rehabilitation Nu Flow Technology
Flow-Liner Neofit Process
Deposition of Calcite Lining

Within the broad range of trenchless techniques, some are more used than others. The
followings enlist the rehabilitation techniques that are mostly used:

Slip-lining: this technique is considered the simplest technique as the straightforward process
involves the insertion of a new pipe into an existing pipe. The different pieces of the new pipe
are assembled in the manhole and pushed forward along the section to repair. The space
between the new and old pipe is then filled with grout allowing a reinforcement of its
resistance. Figure 2-2 illustrates the process of slip-lining.
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Figure 1-2: Slip-lining process

Spray-On Linings: the principle of this technique lies in the recovery of the inside of the pipe
using a specific material (see Figure 2-3). Also named coating, the product that is sprayed can
for instance consists of a mix of epoxy and polyurethane which can prevent corrosion to the
interior surface. The spraying process can improve the flow stream of the pipe, but is not
adding additional strength to the existing pipe.

Figure 2-3: spraying process using Epoxy and Polyurethane Resin

Close-fit lining: this technique refers to the introduction of a thin-wall thermoplastic liner by
reducing its diameter. As shown in Figure 2-4 , the initial shape of the liner is folded so that it
can be introduced in the section under rehabilitation. After pulling the liner, a chemical
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reaction induced by water or heat allows the pipe to closely fit the existing pipe. Compared to
slip-lining process, close-fit lining allows the use of larger diameter pipe.

Figure 2-2: Close-fit lining pipe (white one) before heating

Cured-in-place (CIPP): the process involves the insertion of a liner impregnated in a resin
either by air, water inversion or pulled into place with a winch . Once the liner is positioned in
the pipe to rehabilitate, a chemical reaction triggered with water or pressure gives a new
material formed from the resin and the liner. The technique is fully constructive as it is closely
sticking to the wall of the existing pipeline. There are currently many variants of the
technique that depend on the resin type, the installation methods, the curing methods and tube
construction. Figure 2-5 illustrates two variants of CIPP processes.

Figure 2-5: two variants of CIPP technique - left: water inversion process ; right: hot water

circulation and curing

http://www.google.nl/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwjZltaOhP_NAhXIthQKHSj4CFkQjRwIBw&url=http://www.crwwd.com/projects/construction.html&bvm=bv.127178174,d.ZGg&psig=AFQjCNEf25DQLBUOQqgt1nxLJ1ZBCPYqJg&ust=1469000274699600
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Rehabilitation and replacement

Rehabilitation

The rehabilitation or reparation of a pipe involves all the work aiming at extending the use of
an existing pipe.

Replacement

The replacement of a pipe involves the removal of the existing pipe and the insertion of a new
one. In some cases, the new pipe is installed next to the existing pipe to avoid the removal
process.

Total cost

The concept of total cost as used in this research involves the direct, indirect, social and
environmental costs. Those four aspects are described in detail in the framework provided in
this research (see Chapter 3). Since those concepts are mentioned before the elaboration of the
framework, it is relevant to mention them here.

Direct and indirect costs involve all the expenses that need to be paid directly. They involve
the costs related to the “physical” work for the construction processes as well as the costs for
the material used for example. Indirect costs account for all the costs that are not included in
the direct costs but is part of the budget of the contractors such as the costs related to the risks
of delay.

Social and environmental costs are involved during any trenched or trenchless techniques.
They represent the monetary value of social and environmental consequences that might
occur during a project.

Technology and technique

In this current report, the terms used for the techniques and the technologies can be confusing
as the term “technology of a technique” is used. Therefore, this section attempts to
differentiate those two terms in order to have a clear idea.

A definition of technique is the “body of specialized procedure and methods used in any
specific field”(The Random House Dictionary, 2016). The term “technique” is a conceptual
approach referring to the steps leading to a wanted outcome.

The term “technology” refers to the area of “knowledge that is dealing with the creation and
use of technical means and their interrelation with life, society, and their environment” (The
Random House Dictionary, 2016). In the context of trenched and trenchless techniques, the
“technology” is a concrete and specific approach focused on elements such as the type of
materials, the tools, the machinery used.

Applied to the topic of this current study, the “technology of the techniques” is associated to
the specificity of the technique. Important elements involving the technology of the
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techniques are the materials used and their specific function in the process of the technique.
The technology also refers to the level of expertise that the technique requires.

Sustainability

Environmental concerns in the field of construction project such as trenched and trenchless
techniques is an increasing matter of concerns (Thewes and Bielecki, 2007). Historically, the
main goal of projects is to minimize the costs and maximizing the quality. Behavioral
enhancement towards more sustainable practices is a concept that can change the model of
selection of techniques. The significance in the context of this research is that trenchless
techniques are well in line with the concept of sustainability as their impacts on the
environment and society has proved to be diminished.

Trends in the adoption of trenched and trenchless techniques

The “tried and true” technique

Contractors and water companies are relying on trenched techniques and their use remains
nowadays higher than trenchless techniques as a result of the “tried and true” attribute of
trenched techniques and their proven reliability and efficiency (Beale et al., 2013). While the
conventional excavation technology is mostly used in the replacement of pipes, trenchless
techniques facilitate practices for rehabilitation. Only the pipe bursting technique, also called
pipe cracking, is used to replace a pipe without digging trenches.

Trenchless techniques are continuously developed and refined, more specifically in the range
of their applicability such as the size of the pipe, the accuracy and their ability to work deeper
in the water table (UNEP, 2001). The preferential use of trenched techniques has decreased
during the last decades mainly caused by the increase of environmental and social pressure in
urban areas. Consequently, it is likely that trenchless market will increase in the next years
(Damvergis, 2014).

With trenchless techniques, a recurrent operational problem is the management of the joints.
The rehabilitated pipe needs indeed to be properly connected with the existing network and
issues occur when the repaired pipe is reconnected (Chapman et al., 2007b). Beyond the
operational issues occurring with trenchless techniques, intrinsic problem seems to be the
slow recognition of the high potential of those techniques induced by a lack of knowledge.
Uncertainty with respect to trenchless techniques suggests further research on applicability
and cost of those technique in a particular situation (Chapman et al., 2007a). The
achievement of appropriate knowledge and use of trenchless techniques in rehabilitation
would allow an extension of useful lifetime of the existing pipes, reducing considerably the
expenses on a long-term run (Selvakumar et al., 2002). Difficulties occur in estimating the
potential of rehabilitation techniques to extend the useful lifetime of pipes as it depends on
factors such as the used technique, the material and the size of the pipe. Typically, spraying
methods with epoxy lining can extend the useful lifetime of small pipes from 40 to 60 years
(Deb et al., 2006).
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The forgotten social and environmental aspects

Trenched operations in urban area generate social and environmental disturbances. Despite
the slow progress, environmental and social impacts in heavy construction works are
increasing concerns for decision-makers (Oliveira, 2014; Oliver-Sola, 2009).

The social aspect

As mentioned by authors and experts, social disturbances have a significant impact on the
total costs of the operations (Boyce et al., 1998; Islam et al., 2014). In fact, the social
parameter is rarely considered by decision-makers. Typically, a management strategy
considering the use of trenchless techniques would significantly reduce the traffic congestion
in urban areas (Beale et al., 2013). Typically, this current research is aiming to prove the
marginal and significant contribution of social factors in the total budget of a technique and
therefore, should be considered.

The environmental aspect

A similar approach is observed for environmental impacts, i.e. a low consideration by the
decision-maker for damages to natural resources and public health (Fea et al., 2000). It is
worth noting that public health is considered in this current study as an environmental
damage; while some experts would not include humans as being part of the environment, the
approach of this research sees humanity as being fully part of the natural environment. One
possible mean to mitigate the environmental impacts is to develop strategies incorporating
more trenchless techniques that are able to significantly reduce the carbon emission and the
ecosystem disturbances. Typically, the use of trenchless techniques reduces the greenhouse
gas emissions from 78 to 100 percent compared to traditional open-cut excavation explained
by the lower time spent on site and reduced traffic congestion (Rehan and Knight, 2007).

Investments in the techniques should consider not only the direct and indirect components but
also the social and environmental aspects. Although the latter components are rarely
considered, the conversion into monetary terms should prove their legitimacy in the decision-
making processes, and more specifically for urban areas where larger savings are possible.
The best alternatives in the choice of the techniques must be the result of the combination of
all the costs, which can make the trenchless techniques the most economical choice (Jung and
Sinha, 2007).

Trenched and trenchless techniques in the Dutch situation
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In this section, the review aims at analyzing the influence of external conditions on the cost of
trenched and trenchless techniques in the Netherlands. As the current research focuses on the
total costs of the techniques, the section enlists the specific Dutch characteristics that can
impinge on the total costs. When considering the differences between trenched and trenchless
techniques, it is probable that the Dutch conditions affect more the costs of trenched
techniques than trenchless techniques.

Potential of trenchless techniques in Dutch urban areas

The type of environment (urban or rural) is an important matter of interest as it can influence
the type of rehabilitation or replacement strategy to adopt. Both types of environment can
affect largely on the use of either trenched or trenchless techniques, depending on the
proportion of urban areas within a country. In urban area, a higher number of parameters
needs to be taken into account in the analysis. Trenchless techniques in cities can reduce
significantly the social and environmental costs and their advantages can be considerable in
complex environment such as an urban area.

In trenchless techniques, the financial savings are mainly caused by the limited removal and
recovering processes. In the presence of asphalt, those processes can be costly.

Savings on social costs are related to the decrease of the traffic congestion that can be avoided
with the use of trenchless techniques. The mitigation of traffic congestion are even more
important considering the increasing growth rate of the population in major cities of the
Netherlands. Figure 2-6 displays the population growth of Amsterdam (CBS, 2011).

Figure 2-6: Amsterdam population growth between 2000 and 2011 (CBS, 2011)

Soil properties consideration

Dutch soil has a recognized specific geologic conditions that can be an issue in constructions
sector (Van der Hoop, 2013). When analyzing the geological settings of the Netherlands, the
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Dutch specificities are likely to stem from the fact that most of the country is located beneath
the sea level and results in a high proportion of sandy soils. The Netherlands also present a
peat soil region located in the western part of the country and represents 9% of the total area
of the country.

By definition, trenchless techniques limit the excavation of the soil. In contrast, trenched
techniques are characterized by a high dependency on the level of pollution as well as the
quality of the soil as heavy metals and oil-like substances might be present. The cleaning
process involves the removal, transport and treatment of the soil and refers to the removal of
unwanted soil elements such as coarse granular. The cleaning processes of the soil can require
the replacement of the original soil by an adequate type of soil that allows a uniform
compaction and increases the life expectancy of the buried pipe.

The increase of the direct costs can be engaged in case of poor soil quality and unclean soil.
In the context of construction projects, the main qualitative aspect of the soil is the stability in
which stable and unstable soils are distinguished. Issues arise in unstable soil when the pipe
sinks down into the water table, limiting the life-time of a renovated pipe. In the Netherlands,
sand, clay and peat soils are mostly present and have different values of stability. Typically,
peat soil has the lowest value of stability leading to a field mudslide down varying between 20
and 30 centimeters per year (Van der Akker, 2010). Generally, sandy and clay soils have
respectively mildly and high values of stability and usually have limited impacts on pipe
settlements.

In trenched techniques, direct costs can also be involved as a result of the control of the
archeologist and ecological conditions of the soil. They are preventive measures because
unexpected temporary break or cancellation of the project would lead to considerable
financial waste.

Groundwater level influence

The eastern part of the Netherlands presents a groundwater located at several tens of meters
beneath the surface. In the western part of the Netherlands, the level of groundwater can be
between 0.5 and 1 meter below the surface. During an excavation work, the high proximity of
the groundwater to the subsurface may causes the need for dewatering. The inconvenience
related to the dewatering processes is the lowering of the groundwater table around the
excavation. Dewatering might affect other facilities near the excavations, therefore an
assessment of the adverse consequences needs to be carried out prior to the work (Wong,
2003).

The costs involved in the influence on the groundwater level are direct and environmental.
Direct costs include the various consequences to other infrastructures near the excavation. The
adverse effects of dewatering are mainly affecting sensitive structures, i.e. old buildings on
shallow foundations, busy roads, gas and water mains, etc.

Environmental impacts include the effects on the soil. Potential effects of excessive
dewatering are (WQPN, 2012):

- Contamination of water used for agricultural or domestic water supplies

- Turbidity and sedimentation in urban surface water nearby the excavation
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- Harm on the nearby ecology and vegetation

- Reduction of dissolved oxygen in waterways

Summary

While comparing trenched and trenchless techniques in Dutch settings, the impacts mainly
concern trenched techniques and point out their main disadvantage that is their high
dependency to the surrounding environment.

The description of the three typical conditions considered above concludes that the urban
conditions in urban areas highly encourage the use of trenchless techniques. The consideration
for social and environmental factors plays an important role in the cost calculation. The
following table 2-2 summarizes the costs and parameters that are affected by the Dutch
situation. From the table, it can be readily identified that the type of environment, e.g. urban
or rural, affects primarily the variety of impacts and prices as direct, social and environmental
impacts are observed.

Table 2-2: Cost-impact evaluation of the Dutch situation

Dutch situation factor Type of cost influenced Involved parameters

Dutch urban area Direct Recovering processes (high cost

of asphalt)

Social Traffic congestion

Environmental GHG emission from machineries

Soil properties Direct Depollution processes

Groundwater level Direct Dewatering processes

Archeologist and ecological

control

Environmental Consequences on the surrounding

infrastructures

Ecological consequences of

dewatering

Hypotheses

The previous section has attempted to explore the current knowledge on the costs of trenched
and trenchless techniques. From those observations, hypotheses can be stated and verified
using the framework described in Chapter 3.

Hypothesis 1: trenchless techniques have higher direct costs than trenched ones.

Accounted in the direct costs aspects, the technology used in the realization of trenchless
techniques is observed to be much more developed. The state of the technology is constantly
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evolving and opportunities might give rise to cheaper product as a result of more adequate
services. The hypothesis tends to verify whether the direct costs of trenchless techniques is
still higher because of the level of technology.

Hypothesis 2: trenched techniques have higher social and environmental costs than
trenchless ones.

A large part of the costs of trenched techniques is associated to their social and environmental
costs. However, uncertainties arouse on the quantification of those impacts as well as on the
method used. Using a specific method of quantification, the current hypothesis wants to
quantify the social and environmental cost differences between trenched and trenchless
techniques.

Hypothesis 3: the total costs of trenchless techniques in urban areas are higher than the
total costs of trenched techniques in urban areas.

In the Netherlands, the high proportion of urban areas favors the use of trenchless techniques
as a result of their high cost-benefit. There is a need to evaluate the current trend of the price
of trenchless techniques if proper predictions or recommendations in the technology of the
techniques want to be identified. The hypothesis aims at evaluating which extends the costs of
trenchless techniques are.

Hypothesis 4: the values for social and environmental costs are higher than those for
direct and indirect costs.

A significant difference between socio-environmental and direct-indirect costs is a matter of
interest when taking decisions. Typically, the hypothesis aims at evaluating the order of
magnitude existing between the costs of socio-environmental and direct-indirect impacts so
that a decision-makers take them into consideration in their assessment of conditions.
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Chapter 3: Building of the theoretical framework

This section aims at building the model for the evaluation of the total cost of the two types of
techniques studied in this research (see Annexe A). As the model is applied in the next
chapter, it is important to warranty its feasibility. In this section, the list of the observations
for each type of costs are set and developed. Direct, indirect, social and environmental
considerations are evaluated, converted into monetary value and summed. The framework
attempts to consider all the aspects that are required when a complete cost assessment needs
to be implemented. It is important to consider the framework as a common set of criteria that
are most of the times observed although certain site-conditions might require the addition or
the removal of criteria. Therefore other parameters might be incorporated, depending on the
site specificities.

A comprehensive review of the current literature combined with semi-structured interviews
has been undertaken in order to build a theoretical framework. In the body of literature, no
study performing an integrated assessment of costs has been found. It is often noticed that
only one or two aspects of the costs (either social and/or environmental) are treated.

Direct costs estimation

An estimate of the direct costs in trenched and trenchless techniques involves a wide range of
parameters contributing to the construction work and giving rise to the budget for the
execution of the project. Direct costs include all the expenses associated with the construction
work involved in the “physical” work. The accounting depends largely on the task specified
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as a result of the site-specific conditions differing from one site to the other (Arends et al.,
2004; Oreste et al., 2001). Typically, externalities such as a high surrounding infrastructure or
the presence of subway are likely to alter the direct costs of the techniques.

The “office-work” component

An exhaustive list of the direct costs includes the executive work as well as the preparation
work that is not necessarily associated with the “physical” work. It is indeed important to
consider the time that is spent for administrative requirements. The preparation phase of a
construction project is usually intensive and requires documentation and surveying. Those
types of activities require time, management and effort from the water companies and
contractors. They include the engineering work for planning, the tender procedure, the
contract proposal etc. The following list describes the various additional aspects that are
included in the administrative work:

- Construction supervision and project management
- Costs of recording the status of structures and trees, plant etc.
- Surveying work
- Requirements of any approvals

While considering trenched and trenchless techniques, it is likely that the administrative work
is similar and therefore, differences cannot be readily observable. Considering the goal of this
current study, it is important to mention them as they can be included in the total costs
estimation of the two types of techniques studied.

The “physical-work” component

The executive work includes the activities associated to the installation of the pipe and the
excavation and recovering of the soil. Those activities require the use of specific machineries
and the price of the pipe that are included in the direct costs.

The installation of pipe usually involves the technology that is associated to the technique.
Trenched techniques usually involve limited technology as the section to repair is open-air. In
contrast, trenchless techniques involve a higher level of technology as the pipe is not visible.
As described in the previous chapter, trenchless techniques require a certain type of
equipment that is more costly than the traditional machineries used in trenched techniques.

The recovering of the soil is part of the preparation processes as a pipe will be buried and is
significantly influenced by the quality of the soil. The proper preparation of the soil ensures
the avoidance of unexpected longitudinal and cross-sectional strains and stresses in the pipe.
The performance of the pipe depends largely on the quality of the compacted fill in the
embedment zone (see Picture 3-1). Typically, the denser the fill, the more likely gravity loads
of surcharge will be pushed away from the pipe.
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Figure 3-1: Used trenched terms

Insurances

The cost associated to the insurances of delay or collapse of the project, machineries
breakages and equipment needs also to be considered in the framework. Although they are
important to consider, they represent a small part of the budget.

Indirect costs estimation

The distinction between direct and indirect costs is often confused in the body of literature, as
well as the distinction between indirect and social costs. It is recognized that the contribution
of indirect costs depends mainly on the size of the site (Read, 2004). The current analysis
defines two main features for the parameter to be eligible to the integration in the framework:

- The parameter must differ between trenched and trenchless techniques.
- The parameter is expressed as a monetary value.

An adequate approach of the definition of indirect costs is the incorporation of the monetary
costs that are not attributed to the specific costs (Jan, 2013).

In this analysis, the accounting of the indirect costs includes the insurance fees of the
construction projects, the consumed power and the cost of the labor as they contribute to the
budget while they are not associated to a specific expense.
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Consumed power

Typically, construction projects require power to operate all the necessary steps leading to the
accomplishment of the project. The means of providing the energy and the related financial
costs are evaluated. Typically, the energy requirements vary between trenched and trenchless
techniques.

Note that power consumption have also some indirect impacts on the environment. The next
section of this chapter aims at elucidating those aspects.

Labor

On a construction site, the cost of labor is eligible for its integration in the framework. For
trenched and trenchless techniques, the amount of working hours differs. The calculation
gives a monetary value and the accounting takes into consideration the number of workers,
the market wage per hour and the duration of the project.

Social costs

Definition of social costs and approach

Also called ‘costumer impact’, the social costs differ from one technique to the other and
remain higher in the case of trenched techniques as the excavation of a road produces more
disturbances to externalities than trenchless techniques. On construction sites, social costs
refers to the externalities caused by the interactions between the area of construction and the
socio-economic activities surrounding the area (Gilchrist and Allouche, 2005). Decision-
makers are in need of reliable means of quantifying social impacts of trenched and trenchless
construction sites. Reliance on direct and indirect costs only is not enough if a true estimation
of the total cost is required. Current literature provides methods to estimate social costs
although it is recognized that those methods need to gain in accuracy, especially for heavy
above-ground conditions (Matthews and Allouche, 2010). It is assumed that the higher the
amount of infrastructures surrounding the site, the higher the social cost.

Social parameters

A common set of parameters is observed for construction sites and developed by Matthews et
al. (2015). This list of six common parameters is presented below. This list can be extended
upon the specificities of the site.

Travel Delay

Travel delay (or traffic delay) is explained by the increase of travel time spent due to lane
closures or complete road closures. It is a significant parameter as it can represent more than
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50 percent of the total social costs (Kirmeyer et al., 2000). For example, utility work in the
UK causing traffic disruption can cause £2 billion per year (Brady et al., 2001).

An equation can be used as a reference to calculate the cost for travel delay:

DC t =VT∗N v∗ ITT∗D h

where DCt is the delay costs for traffic [€]; VT is the value of time [€/h]; Nv is the number of
vehicles [vehicles/h]; ITT is the increased travel time [h/vehicle]; and Dh is the project
duration [h].

Of the components mentioned above, the concept of value of time per person defined as the
monetary value that a person would pay for the reduction of a unit of time and depends on a
certain number of factors such as the socio-economic condition of the traveler, trip purpose,
the condition of travel (Khan and Islam, 2013). For instance, ten minutes of relaxing trip on a
comfortable seat cost less than the same amount of time standing in a crowded bus. The trip
purpose is also an important variable as one day a traveler might enjoy a recreational walk
while another day, the same person might pay generously for a faster travel to have an
important meeting. Those parameters have consequences on the value of time and therefore
should be taken into account in the analysis.

Vehicle operating costs

The vehicle operating costs include the costs caused by the ‘stop-and-go’ behavior of the
vehicles resulting from the construction work. Typically, this type of costs refers to the
increase of fuel consumption involved. Budhu and Iseley (1994) reported an extra-fuel
consumption of 55 Liters when repeating 1000 times the same process of speed change from
80 km/h to 24km/h and back to 80km/h. The following expression is used in order to calculate
the vehicle operating costs:

VOC=ITD∗OCA∗N v∗D h

where VOC = vehicle operating costs [€]; ITD = increased travel distance [km/vehicle];
OCA = operating cost allowance [€/(km vehicle)]; Nv = number of vehicles [vehicles/h]; and
Dh = project duration [hours].

The concept of operating cost allowance is used in the formula and refers to the property of
the vehicle. The concept refers to the expenses associated to the costs of fuel and the
additional running costs for the tire, oil, repair and maintenance (Akcelik and Besley, 2004).

Decreased road surface value
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As a result of the anticipated damages caused by the excavation of the road while digging a
road, it is relevant to consider the decrease of the road surface value. This value is calculable
through the proposed equation:

RSV = Ls * Crsv

where RSV = decreased road surface value; and Ls = length of excavation [m] and Crsv is the
decreased road coefficient.

Lost Business revenues

The parameter considers the financial loss associated with the decrease of accessibility to
various businesses caused by congested traffic. The loss of customers choosing a more
convenient place needs also to be considered. The lost business revenues can be expressed as:

LBR=TW∗D w

where LBR = lost business revenue [€]; TW = turnover per week [€/week]; and Dw = project
duration [weeks].

Loss of parking revenues

In an urban area, trenched site constructions are likely to reduce the number of parking spaces
and is likely to be a source of financial loss. The calculation of the financial loss can be made
through the calculations of the possible loss of parking fine (LPF) and the loss of parking
meters (LPM):

LPM=NPS∗MR∗O∗D h

LPF=TF∗FOT∗D h

where NPS = number of lost parking spaces; MR = meter rate [€/h]; O = % of occupancy;
TF = ticket fine [€/ticket]; and FOT = frequency of ticketing [tickets/h].

Cost of dust control

The accounting of cost for dust control results from the fact that any construction site
produces noise and is likely to disturb the population. The presence of dust leads to
inconvenience such as the additional cleaning time. The equation that is associated to the cost
of dust control is:

CDC=AC∗WR∗D w CDC=AC∗WR∗Dw

where CDC = costs of dust control [€]; AC = additional cleaning time [h/week]; WR = wage
rate [€/h]; and Dw = project duration [weeks].
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Environmental costs estimations

The estimation of environmental costs gathers all the related economic consequences of
environmental damages (Enshassi et al., 2014 ). An infinite number of direct and indirect
effects exist on a short-term and long-term time frame. Evaluating the economic impacts of
the degradation of the environment requires an infinite range of parameters to consider.
Difficulties arise in the predictions of indirect effects of environmental impacts such as the
effects of the secondary pollutants in the atmosphere. The assessment of environmental costs
is proposed through the use of valuation methods. Quantitative as well as qualitative
techniques to measure the monetary values of environmental damages are proposed in this
framework.

The following paragraphs develop the two-steps procedure proposed by the World Bank
report (1998) determining the monetary value of environmental degradation. Firstly, an
environmental impact evaluation is conducted by enlisting the major effects of trenched and
trenchless construction projects on the environment. Secondly, the valuation methods are
described.

Environmental impact assessment

Air and noise pollution

The consideration of air pollution is explained by the use of machineries and energy releasing
a high number of pollutants in the atmosphere such as the greenhouse gases (GHG). Emitted
from tailpipes, fuel supply systems and clutch plates of construction equipment, the presence
of GHG in the atmosphere causes the production of secondary pollutants.

Dust pollution can be part of the environmental and social impact as it affects not only the
quality of life but also human health. The use of heavy machineries in earthworks have strong
impacts on the local air quality as aerosols and particles smaller than 10 microns, known as
PM10, are emitted. The process of asphalt sawing for instance emits predominantly coarse
mineral dust particles and generates a high level of local pollution (Faber et al., 2015). Those
elements can easily affect the respiratory system of humans and cause chronic diseases.

Noise, defined as “unwanted sound” causes typical public health damages such a hearing
problems, high blood pressure, sleep disturbances and increased stress (Stansfeld and
Matheson, 2003). Typically, the daily exposure to continuous environment beyond 85 to 90
dBA is likely to lead to the complete loss of hearing. Further investigation stated that the
noise produced by combined sounds has more impacts on annoyance than the noise produced
by individual sounds (Lee et al., 2015). Hence, the noise induced by heavy machineries can
have consequences on public health and generates additional non-negligible costs.

Soil degradation
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In general, urban construction projects have limited impacts on the ecosystem as a result of
many years of past urbanization (Gilchrist & Allouche, 2005). An important exception in
trenched and trenchless techniques is the surface and/or subsurface disruption. Typical
consequence of surface and/or subsurface disruption in urban area is the removal of a tree
because of the presence of roots disturbing the trenched or trenchless operation.
Consequences on the value of habitat are measurable.

In rural areas, construction projects affect the soil characteristics. The results of the research
led by Shi et al. (2014 and 2015) have shown a change of chemical and physical properties of
the soil during pipeline construction. The study discovered that pipeline installation has
significant effects on the nitrogen content, soil organic matter and pH. The authors also
identified the alteration of the soil restoration cycle that may take several years before entirely
recovering from the disturbances.

Valuation into monetary values

The valuation of all the environmental impacts cited above imply the consideration for
numerous natural processes. Methods exist for their quantification, however a large amount of
data and assumptions would lead to exaggerate and inadequate values. Therefore, the
application of environmental cost valuation takes only into consideration the direct impacts
generated by the trenched and trenchless operation techniques. The impacts on air, water and
soils require a long-term impact assessment and only health and habitats are considered in this
research as direct impacts. The current research use the two types of valuation methods for
environmental impacts:

- Illness and human capital analysis

Numerous environmental impacts are affecting human health. The costs due to air, noise and
dust pollution are determined through the analysis of cost of illness and human capital. Effects
of exposure to outdoor and indoor pollutants represent an economic burden at a country scale
as a result of an approximate 600,000 deaths and diseases per year caused by air pollution
(Salvi and Brickman, 2015). In this framework, the environmental costs due to air pollution is
calculated by considering the costs of health insurance fees. The risks associated to accidents
and injuries during construction operations can represent 6.5 percent of the total cost of the
project (Everett and Frank, 1996). A statistical database from the United States has recorded
60 workers killed each year in the construction sector while trenched constructions increase
the number of accidents by 112 percent (Jung and Sinha, 2007).

An illness or death does not only cost in insurances but also generates additional non-
negligible expenses such as the loss of production or output, the loss of quality of life
resulting from the pain, the costs related to the administration costs (e.g. the application for
social security payments or reporting on a workplace accident) (Weerd et al., 2013).
While assessing the applicability of those different costs related illnesses components, it is
recommended to include them in a sub-category of expenses as they are indirect effects of an
illness or death.
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- Hedonic analysis

The hedonic pricing method has been practiced since the 1960’s and implies the willingness-
to-pay of people for environmental amenities that are likely to improve their well-being
(Cekanavicius et al., 2011). In this method, a major assumption is made based on the fact that
people are willing to invest for a public good such a green space in an urban area. More than
30 studies provided the evidence (Wolf, 2007). The method usually undertakes a survey or
questionnaire measuring people consideration for a particular environmental facility. In the
context of trenched and trenchless techniques, the value of a green entity such a tree is taken
into account to measure the ecosystem disturbances. The framework considers the change in
value of a house. More applicable to urban areas, the economic loss refers in this case to the
reduction of the value of a property because of the removal or degradation of the surrounding
green area.
Note that the hedonic analysis relies on the values and beliefs of people. Particular attention
needs to be paid to the analysis of the data as differences might occur in the value that people
are giving to a public good (de Vries and Petersen, 2009). This is a consideration of high
importance as ecologists for instance might give a higher value to have a tree in front of
his/her house than an engineer as a result of differences in values and beliefs.

A significant notice in the consideration of those valuation methods is their multi-applicability
as both can be used to quantify the same impact. It is indeed observed that the cost of a
specific impact can be estimated using two different techniques of valuation and a double
counting might not be adequate. For example, it is possible to evaluate the cost of noise and
dust pollution by evaluating the costs caused by the medical expenses and the loss of working
days while it is also possible to estimates those costs using an hedonic analysis. The former
method implies the calculation of the medical expenses and the loss of working days while the
latter method estimates the willingness-to-pay of people to avoid illnesses and death resulting
from the air and dust pollution. Considering the aspect of “multi-applicability” of the
methods, differences can arise in the method that is used for a particular environmental
impact. The choice made in this current analysis is based on the feasibility of the method to
the studied impact. Table 3-1 summarizes the methodology used in this research for the
impacts that are considered.

Table 3-1: Environmental economic applied to trenched and trenchless techniques activities

Direct
Environmental
Impacts

Application Illness and human
capital analysis

Hedonic Analysis

Health effects Health insurances fees

Habitat Change in property
value
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Chapter 4: Application of the framework, results and
discussion

This section aims at validating/invalidating the hypotheses through the use of the framework.
By selecting two trenched and two trenchless projects, the framework is applied and the
hypotheses verified. The projects imply a certain number of assumptions that are identified in
this current section. The data are collected from fields observations and information collected
from project leaders of KWR and Vitens. Their experiences are useful in the estimation of
important missing data.

Description of the projects

Project 1: trenched technique in urban areas

The project 1 considers a trenched technique in urban areas with an excavation of 200 meters
for the installation of a PVC pipe.

Project 2: trenched technique in rural area

The project 2 involves the excavation of the soil in rural area in order to install a concrete pipe
of 500 meters.

Project 3: trenchless technique in urban area

The project considers a slip-lining technique in urban area to rehabilitate a 100 meters pipe.

Project 4: trenchless technique in rural area

The fourth project is the rehabilitation of a 100 meters pipe using a cured-in-place technique.
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Assumptions in the calculations

• Statistical databases estimate the average operating cost in 2014 to be 0.06 dollar per
mile or 0.08 euro per kilometers (American Automobile Association, 2015).

• A value of time has been identified at 9 € per hour per car for the Netherlands,
considering all types of trip purposes (Significance, 2013).

• 110 is suggested by Kolator (1998) as a coefficient associated to the decrease of the
road surface value.

• The presence of a tree in a street tree is reported to worth an increase of sale price of
$7 130 or 6 380 € (Thomas, 2010)

• The wage average is assumed to be the Dutch standard of 16 € per hour.

Cost calculations

Project 1: costs estimations (see Annexe B)

Table 4-1: Detailed costs estimation for project 1

Value Percentage

Direct costs [€] 152 440 87

Indirect costs [€] 320 0

Social costs [€] 22 000 13

Environmental costs
[€]

59.2 0

Total cost [€] 174 819 100

Project 2: costs estimation (see Annexe C)
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Table 4-2: Detailed cost estimation for project 2

Value Percentage

Direct costs [€] 140 350 72

Indirect costs [€] 320 0

Social costs [€] 55 000 28

Environmental costs
[€]

74 0

Total cost [€] 195 744 100

Project 3: costs estimations (see Annexe D)

Table 4-3: Detailed cost estimation for project 3

Value Percentage

Direct costs [€] 412 250 97

Indirect costs [€] 320 0.1

Social costs [€] 11 000 3

Environmental costs
[€]

74 0

Total cost [€] 423 644 100

Project 4: costs estimations (see Annexe E)

Table 4-4: Detailed cost estimation for project 4

Value Percentage

Direct costs [€] 239 000 96

Indirect costs [€] 128 0

Social costs [€] 11 000 4

Environmental costs
[€]

29.6 0

Total cost [€] 250 158 100
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Hypotheses validation/invalidation

Validation/invalidation of the hypothesis 1

The results for the projects 3 and 4 showed a higher value in direct costs than those for the
projects 1 and 2. Those results are 152 440 € and 140 350 € for the direct costs of trenched
projects; for trenchless projects, the direct costs are 412 250 € and 239 000 € for the
trenchless projects.

The hypothesis 1 is validated.

Validation/invalidation of the hypothesis 2

Especially remarkable for social costs, the trenched techniques are more expensive socially.
The accounting of the social and environmental cost for projects 1 and 2 are respectively 22
059.2 € and 55 074 €. Those results for projects 3 and 4 are respectively 11 074 € and 11
029.6 €.

The hypothesis 2 is validated.

Validation/invalidation of the hypothesis 3

The results of the calculations conclude that trenchless techniques in urban area is 2.4 times
more expensive than the use of trenchless techniques in rural areas.

The hypothesis 3 is validated.

Validation/invalidation of the hypothesis 4

Table 4-5: Differentiation of direct-indirect and socio-environmental costs

Project 1 Project 2 Project 3 Project 4

Direct and indirect
costs

152 760 € 140 670 € 412 570 € 239 128 €

Socio-environmental
costs

22 059 € 55 074 € 11 074€ 11 030€

From the table 4-5 , it can be concluded that the reverse phenomenon is observed. Capital
costs show higher values than socio-environmental.
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The hypothesis 4 is not validated.

The table 4-6 displays the summary of the hypotheses testing method.

Table 4-6: Table summary of the hypotheses testing method

Validation Invalidation

Hypothesis 1

Hypothesis 2

Hypothesis 3

Hypothesis 4

Discussion

The current study wants to determine the current integrated price of trenched and trenchless
techniques considering direct, indirect, social and environmental costs in the Dutch situation.
The method used in the research enables the reader to have a critical overview of the price of
a technique considering not only capital (i.e. direct and indirect) costs but also social and
environmental costs, allowing the research questions to be answered.

Although the method of this research is appropriate, the results are exploitable for the current
researches, although they are not exploitable for further researches. Firstly, the results cannot
be used as a result of inaccurate data related to the projects. Secondly, the data of the projects
does not readily highlight the specificities of the Dutch situations and the importance of
stakeholders as mentioned in the sub-questions. The reasons associated to these observations
are identified latter in this section. In order to gain in accuracy of the results, the projects
should be well defined with an appropriate availability of data.

The current research contributes to the practice and theory of the use of trenched and
trenchless techniques as the costs assessment method may improve the decision-making
processes. When considering the reproducibility of the method for further scientific findings,
the research process is readily doable for any other types of techniques and may suggest a
good adaptability.

The analysis of the results confirmed the fact that technological improvements are
recommended in trenchless techniques. For example, the direct costs of trenchless techniques
have proved to be higher when analyzing the hypothesis 1. The high value of the direct costs
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of trenchless technique is mainly due to the high cost per meter of the lining processes. The
technology of trenchless techniques is a point of improvements when considering more
sustainable strategies.

Unexpected results and limitations

The integrated calculation is a relevant method to estimate the total costs although some
weaknesses need to be stated. The followings points enlist those weaknesses:

- Environmental implications in construction projects are part of the current concerns in the
society and should have proved to amount for a significant monetary value, as expected with
the hypothesis 4. The observations of the results for environmental costs have been observed
to be critically low compared to the other costs considered. The unexpected results may be
associated to the missing data for the number of houses. Those seem to count for a large
monetary value when considering the change property value.

- It is remarkable that a certain number of data is missing in the framework. Their presence
would avoid the proportion of indirect and environmental costs to be almost nulle in the four
projects. Although those data represent a large amount of expenses, the framework remains a
tool that is usable for the appreciation of the results of the research. A recurrent observation
made during the data collection processes is that either the required data is too specific, either
the parameter is not applicable in the project. The application of the framework requires the
identification of detailed and specific information. The quantification of some direct
parameters requires a high level of expertise and surveying in order to get the cost of this
specific parameter. For example, the costs for the office-work components are difficult to
quantify, even though they are comprised in the direct costs components.

- As mentioned earlier, the environmental costs analysis considers the value of the direct
environmental impacts. A complete overview of the environmental aspects should incorporate
the damages to the environment such as the quality of air, water and soil. A complete
environmental impact assessment requires long-term considerations as most of the natural
processes are relatively slow. A weakness of the approach used in the current research is that
only “on-site” or direct environmental impacts are taken into account. An exhaustive listing of
environmental impacts is complex and may generate exaggerate values.

- A clear distinction between environmental and social impacts needs to be set as confusion
between both concepts might occur. When building the framework, the choice and selection
of the criteria require judgment on the type of impact. As an example, the costs of noise can
be both an environmental and social degradation but also a disturbance for the surrounding
inhabitants because the noise can affect the environment as well as the society.
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Chapter 5: Conclusion

A general remark on the topic highlights that decision-makers rely on the advantage of
traditional techniques. Broadening the consideration for social and environmental
considerations is likely to open the market for trenchless techniques even faster than it is
nowadays. The implication of a variety of conditions is constraining the decision-making
processes to choose trenched techniques as they can be used in any situations, in contrast with
trenchless ones.

The current research focused on various aspects of trenched and trenchless techniques. Some
important points are enlisted below:

1- The case studies on trenched and trenchless techniques have identified the total cost
varying between 174 819 € and 195 744 € for trenched techniques and between 250 158 € and
423 644 € for trenchless techniques. When considering the distribution of those costs, it is
noticed that trenchless techniques have higher direct cost than trenched techniques as a result
of the high cost of the technologies involved.
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2- Trenchless techniques have been used a while after trenched techniques. The interviews
from experts have concluded that trenched techniques are still greatly appreciated caused by
their multi-applicability and easiness. The current research revealed that the environmental
and social benefits of trenchless techniques are significant. This benefit varies between 11 000
€ and 44 000 €.

3- Three major Dutch features have been identified as factors influencing the use of trenched
and trenchless techniques including the high proportion of urban areas, the relative high
instability of the soil and the high level of groundwater. The main effect associated to those
three Dutch characteristics is the increase of direct costs of trenched techniques. It appeared
that the high proportion of urban areas in the Netherlands tends to have the most diversity of
impacts on the total costs as direct, social and environmental costs are identified. The results
of the hypothesis 4 confirm the trend that urban areas increase significantly the cost difference
between direct-indirect costs and socio-environmental for both trenched and trenchless
techniques.

4- When assessing the difference between the direct-indirect and the socio-environmental
costs is “peanuts or big money” and may constitute a matter of interest in the decision-making
processes, the results have shown that the direct-indirect costs are much higher than the
socio-environmental costs. This difference is even more significant for trenchless techniques,
explained by a high cost of the technology implied. According to our results, the notion of
integrated cost in trenched and trenchless techniques is mainly implying the assessment of the
direct-indirect costs. This observation is confirmed by the difference of percentage observed
in the total costs.

5- The methods of valuation for environmental impacts needs to consider the involvement of
other parties. More explicitly, the impacts induced by the pollution of air is also affecting the
health of citizens in the area. Such a problem in environmental management is the
understanding of the concept of common good, that considers the effects of a specific group
of humans on all the humans of a society.

A similar observation is made on the social accounting. This type of cost involves not only the
contractors and water companies but also the third parties. Typically, the third parties can be
the drivers who are paying the additional fuel consumption in the case of traffic delay, or the
neighborhood of the construction sites for example as they are directly disturbed by the
construction work.

The accounting methods for environmental costs are valuable in the case of a typical cost
accounting. However, it is not valuable in the case of an impact assessment as a result of the
importance of stakeholders involvement. The high dependency on the values and opinions of
stakeholders can modify significantly the appreciation of a common good.
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Input Parameters Data Mathematical
operation

Costs

Office-work
component

Construction
supervision [€]

Summation

Project
management [€]

Surveying work
[€]

Approvals
requirements [€]

Equipment Pipe price [€/m] Multiplication

Pipe length [m]

Machinery Rental fees
[€/days]

Multiplication
Number of days

Power use Energy consumed
[€]

Soil conditions Soil cleaning
process [€]

Summation
Dewatering [€]

Risks Insurances [€/year]

Labor Duration of the
project [days]

Multiplication
Number of
workers

Wage average
[€/hour]

Annexe A: Standard framework for an integrated cost estimation



Travel delay Value of time
[€/hour]

Multiplication

Number of vehicle
per hour

Increased travel
time/vehicle
[hours]

Duration of the
project [hours]

Vehicle operating
costs

Increased travel
distance [km]

Multiplication

Operating cost
allowance [€/(km
vehicle)]

Number of
vehicles per hour

Duration of the
project [hours]

Decrease road
surface value

Length of the
excavation [m]

Multiplication
Decreased road
coefficient

Lost business
revenues

Turnover per week
[€/week]

Multiplication
Duration of the
project [weeks]

Loss of parking
revenues

Number of lost
parking spaces

Meter rate [€/h]

Ticket fine



[€/ticket] Multiplication

Frequency of
ticketing
[tickets/h]

Cost of dust
control

Additional
cleaning time
[h/week]

MultiplicationWage rate [€/h]

Duration of the
project [weeks]

Health impacts Health insurance
per worker [€]

Multiplication
Number of
workers

Duration of the
project [days]

Ecosystem
disruption

Change of
property value
[€/house] Multiplication

Number of house

Total cost [€]



Input Parameters Data Mathematical
operation

Costs [€]

Office-work
component

Construction
supervision [€]

NC

Summation 60 000

Project
management [€]

NC

Surveying work
[€]

NC

Approvals
requirements [€]

NC

Equipment Pipe price [€/m] 2.2 Multiplication 440

Pipe length [m] 200

Machinery Rental fees
[€/days]

500

Multiplication 2000
Number of days 4

Power use Energy consumed
[€]

NC

Soil conditions Soil cleaning
process [€]

NC

Summation
Dewatering [€] NC

Risks Insurances [€/year] 90 000 90 000

Labor Duration of the
project [days]

4

Multiplication 320
Number of
workers

5

Annexe B: Integrated cost estimation for project 1



Wage average
[€/hour]

16

Travel delay Value of time
[€/hour]

9

Multiplication

Number of vehicle
per hour

NC

Increased travel
time/vehicle
[hours]

NC

Duration of the
project [hours]

96

Vehicle operating
costs

Increased travel
distance [km]

NC

Multiplication

Operating cost
allowance [€/(km
vehicle)]

0.08

Number of
vehicles per hour

NC

Duration of the
project [hours]

96

Decrease road
surface value

Length of the
excavation [m]

200

Multiplication 22 000
Decreased road
coefficient

110

Lost business
revenues

Turnover per week
[€/week]

NC

Multiplication
Duration of the
project [weeks]

0.6

Loss of parking
revenues

Number of lost
parking spaces

NC



Meter rate [€/h] NC

Multiplication

Ticket fine
[€/ticket]

NC

Frequency of
ticketing
[tickets/h]

NC

Cost of dust
control

Additional
cleaning time
[h/week]

NC

MultiplicationWage rate [€/h] NC

Duration of the
project [weeks]

Health impacts Health insurance
per worker [€/day]

3.7

Multiplication 59.2
Number of
workers

4

Duration of the
project [days]

4

Ecosystem
disruption

Change of
property value
[€/house]

6 380

Multiplication

Number of house NC

Total cost [€] 174 819



Input Parameters Data Mathematical
operation

Costs

Office-work
component

Construction
supervision [€]

NC

Summation 80 000

Project
management [€]

NC

Surveying work
[€]

NC

Approvals
requirements [€]

NC

Equipment Pipe price [€/m] 86.7 Multiplication 43 350

Pipe length [m] 500

Machinery Rental fees
[€/days]

1000

Multiplication 5000
Duration of the
project [days]

5

Power use Energy consumed
[€]

NC

Soil conditions Soil cleaning
process [€]

NC

Summation
Dewatering [€] NC

Risks Insurances [€/year] 12 000 12 000

Labor Duration of the
project [days]

5

Multiplication 320
Number of
workers

4

Annexe C: Integrated cost estimation for project 2



Wage average
[€/hour]

16

Travel delay Value of time
[€/hour]

9

Multiplication

Number of vehicle
per hour

NC

Increased travel
time/vehicle
[hours]

NC

Duration of the
project [hours]

120

Vehicle operating
costs

Increased travel
distance [km]

NC

Multiplication

Operating cost
allowance [€/(km
vehicle)]

NC

Number of
vehicles per hour

NC

Duration of the
project [hours]

120

Decrease road
surface value

Length of the
excavation [m]

500

Multiplication 55 000
Decreased road
coefficient

110

Lost business
revenues

Turnover per week
[€/week]

NC

Multiplication
Duration of the
project [weeks]

0.7

Loss of parking
revenues

Number of lost
parking spaces

NC



Meter rate [€/h] NC

Multiplication

Ticket fine
[€/ticket]

NC

Frequency of
ticketing
[tickets/h]

NC

Cost of dust
control

Additional
cleaning time
[h/week]

NC

MultiplicationWage rate [€/h] NC

Duration of the
project [weeks]

0.7

Health impacts Health insurance
per worker [€/day]

3.7

Multiplication 74
Number of
workers

4

Duration of the
project [days]

5

Ecosystem
disruption

Change of
property value
[€/house]

NC

Multiplication

Number of house NC

Total cost 195 744



Input Parameters Data Mathematical
operation

Costs

Office-work
component

Construction
supervision [€]

Summation 40 000

Project
management [€]

Surveying work
[€]

Approvals
requirements [€]

Equipment Pipe price [€/m] 365 Multiplication 365 000

Pipe length [m] 100

Machinery Rental fees
[€/days]

250

Multiplication 1 250
Duration of the
project [days]

5

Power use Energy consumed
[€]

NC

Soil conditions Soil cleaning
process [€]

NC

Summation
Dewatering [€] NC

Risks Insurances [€/year] 6 000 6 000

Labor Number of
working days

5

Multiplication 320
Number of
workers

4

Annexe D: Integrated cost estimation for project 3



Wage average
[€/hour]

16

Travel delay Value of time
[€/hour]

9

Multiplication

Number of vehicle
per hour

NC

Increased travel
time/vehicle
[hours]

NC

Duration of the
project [hours]

120

Vehicle operating
costs

Increased travel
distance [km]

NC

Multiplication
Operating cost
allowance [€/(km
vehicle)]

NC

Number of
vehicles per hour

NC

Duration of the
project [hours]

120

Decrease road
surface value

Length of the
excavation [m]

100

Multiplication 11 000
Decreased road
coefficient

110

Lost business
revenues

Turnover per week
[€/week]

NC

Multiplication
Duration of the
project [weeks]

0.7

Loss of parking
revenues

Number of lost
parking spaces

NC



Meter rate [€/h] NC

Multiplication

Ticket fine
[€/ticket]

NC

Frequency of
ticketing
[tickets/h]

NC

Cost of dust
control

Additional
cleaning time
[h/week]

NC

MultiplicationWage rate [€/h] NC

Duration of the
project [weeks]

0.7

Health impacts Health insurance
per worker [€/day]

3.7

Multiplication 74
Number of
workers

4

Duration of the
project [days]

5

Ecosystem
disruption

Change of
property value
[€/house]

6 380

Multiplication

Number of house NC

Total cost [€] 423 644



Input Parameters Data Mathematical
operation

Costs

Office-work
component

Construction
supervision [€]

NC

Summation 20 000

Project
management [€]

NC

Surveying work
[€]

NC

Approvals
requirements [€]

NC

Equipment Pipe price [€/m] 215 Multiplication 215 000

Pipe length [m] 100

Machinery Rental fees
[€/days]

500

Multiplication 1 000
Duration of the
project [days]

2

Power use Energy consumed
[€]

NC

Soil conditions Soil cleaning
process [€]

NC

Summation
Dewatering [€] NC

Risks Insurances [€/year] 3 000 3 000

Labor Duration of the
project [days]

2

Multiplication 128
Number of
workers

4

Annexe E: Integrated cost estimation for project 4



Wage average
[€/hour]

16

Travel delay Value of time
[€/hour]

9

Multiplication

Number of vehicle
per hour

NC

Increased travel
time/vehicle
[hours]

NC

Duration of the
project [hours]

48

Vehicle operating
costs

Increased travel
distance [km]

NC

Multiplication

Operating cost
allowance [€/(km
vehicle)]

0.08

Number of
vehicles per hour

NC

Duration of the
project [hours]

48

Decrease road
surface value

Length of the
excavation [m]

100

Multiplication 11 000
Decreased road
coefficient

110

Lost business
revenues

Turnover per week
[€/week]

NC

Multiplication
Duration of the
project [weeks]

0.3

Loss of parking
revenues

Number of lost
parking spaces

NC



Meter rate [€/h] NC

Multiplication

Ticket fine
[€/ticket]

NC

Frequency of
ticketing
[tickets/h]

NC

Cost of dust
control

Additional
cleaning time
[h/week]

NC

MultiplicationWage rate [€/h] NC

Duration of the
project [weeks]

0.3

Health impacts Health insurance
[€/day]

3.7

Multiplication 29.6
Number of
workers

4

Duration of the
project [days]

2

Ecosystem
disruption

Change of
property value
[€/house]

NC

Multiplication

Number of house NC

Total cost 250 158


