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ABSTRACT

A MULTIPLE OBJECTIVE OPTIMIZATION APPROACH TO THE
DECOMMISSIONING AND DISMANTLING OF A NUCLEAR POWER PLANT

Sven Sudholt
September 05, 2013

The complexity, relevance and critical nature of the decommissioning of nuclear power
plants (NPP) are of great significance in today’s society. Following the catastrophe in
Fukushima a shift in the general public’s perception of NPP took place throughout the

world and in Europe in particular.

In this dissertation interdisciplinary methods will be discussed to identify solutions which
take into account the technological complexity and organizational issues involved in the

dismantling and decommissioning process of NPP.

Operations research, lean management, simultaneous engineering, cost analysis, multiple-
objective optimization, project management, software tools are powerful concepts and

methodologies when undertaking the dismantling and decommissioning process of NPP.

Besides the presentation of a wide range of terminological and methodological
definitions and technical terms based on the Literature Review, in the dissertation a
framework for model development of a Multiple objective optimization problem
(MOOP) will discussed focusing on empirical data from a virtual NPP. The theoretical
foundation of the framework is at the intersection of two successful approaches used to
describe and accomplish similar complex challenges, and the integration of state-of-the-
art process approaches such as lean management. The procedural conception of the
model is mainly leant on the OMEGA model (International Atomic Energy Agency
(IAEA) (2008)). Mathematically the model is derived from Jones et. al. (1998).



Finally the application of the model using different software tools (AIMMS, MATLAB,
R and SPSS) will be presented.

In conclusion the work will be put into a position to venture a critical outlook and

discussion for the future of the decommissioning and dismantling processes of NPP.

The main goal of this dissertation is to define the requirements for the optimization of
three objectives: Minimizing the total project cost, reducing the safety hazard (risk) and
managing project duration. Also a description of how the programming language R and
the AIMMS program interfaces with the OMEGA application and how R will be used to
solve the MOOP will be given. The software Microsoft Project will be leveraged in order

to model this objective.

Key words:

AIMMS — Cost Analysis — Decommissioning of Nuclear Power Plants — Dismantling and
Decommissioning process — Lean Management — Math Model - MATLAB — OMEGA
Code — MS Project — Multiple Objective Optimization Problem (MOOP) — Project
Management — Simultaneous Engineering — SPSS — R the programming language -

Reactor Internals — Risk management
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1 INTRODUCTION

1.1 Background of the problem

The primary goal in the decommissioning of NPP is to reduce the total financial
expenditure while at the same time minimizing operational risk. These two factors are

evaluated from the point of view of':
e the government,
e accounting,
e valuation, and
e investment perspectives.

From a governmental perspective, a system of checks and balances is necessary in order
to reduce the risk of conflict of interest. Establishing a framework based on the
independence of involved parties/stakeholders avoids potential situations in which the
operator obtains the power to use monetary funds for alternative/deviant purposes. In
order to meet qualitative characteristics of modern accounting and to improve its
accountability, the International Financial Reporting Standards (IFRS) must be applied
with EU interpretation and guidance. For valuation to be given, a comprehensive risk
assessment to allow transparency is indispensable. Establishing guidelines for financial
asset management through high investment performance must respect the prudence

principle through a guarantee scheme”.

According to legislative proposals, the decommissioning funds should not be solely based

on the EURATOM Treaty but also on the Treaty of the European Communities, together

!'see Irrek (2007), p. VIIfE.
2 see Irrek (2007), p. VIIIfY.



with articles 95 and 175 on environmental grounds. Recommendations are made in this
thesis to guarantee the availability of sufficient funds to Member States, as well as further
harmonization at the EU level. In order to increase transparency, it is advised that

information sharing and reporting be encouraged across the EU”.

A regulator normally undertakes the licensing issue in the process of decommissioning.
To achieve good results, it is highly recommended that the regulator work together with
the operators. But it is also very important to make a clear distinction between the
operators and the decommissioning responsibilities in case a situation arises in which a

plant has to be shut down and the operators insist on operation”.

Before an active decommissioning can be realized, the safety case has to report on the
risks and dangers and therefore a regulator’s evaluation is required. Good quality safety
management can save time and prevent complications. Immediately after the shutdown,
the disposal of spent fuel has to be dealt with in order to reduce risk. However, during the

dismantling, decontamination and disposing of waste unexpected risks can appear’.

1.2 Research Objectives

In order to deal with the inherent complexity associated with the decommissioning of

NPP, the objective of this research is to take into account the “hard facts” such as
e Functional,
e FEconomic,

e Technical / Operations research (OR)-based issues, such as multiple-objective
optimization (minimizing total costs, project time and the potential for radiation

exposure).

3 see Irrek (2007), p. VIIILY.
* see IAEA (2004a), p. 5
> see IAEA (2004a), p. 5



The tools that will be investigated toward accomplishing these objectives are the

following:
e Project management,
e Lean management,
e Simultaneous engineering,
e Mathematics, and
e Applied informatics.
The decommissioning of a NPP is a complicated process, which involves activities like®:

e detailed examination of the decontamination and dismantling of a power plant,

equipment and facilities,
e demolition of buildings and structures,
e site remediation, and
e management of residual waste and other materials.

All of these activities help to supply op-statutory provisions and to ensure the health and
safety of the operating staff, the public and protect the environment. To guarantee that the
decommissioning process is carried out in a secure and cost-efficient manner, careful
planning and management is key’. Until the mid 1980s, these types of projects were
undertaken infrequently. Meanwhile many documents which delivered guidelines/best
practices on technologies, strategy, safety, waste management and regulation were being
published by the International Atom Energy Agency (IAEA), US Nuclear Regulatory
Commission (NRC), the Department of Energy (DOE), the Organization of Economic
Co-operation and Development (OECD), the Nuclear Energy Agency (NEA) and the

®see IAEA (2004a), p. 1
"see IAEA (2004a), p. 1



European Commission. Each year, a large amount of information dealing with

decommissioning is circulated and presented by specialists at international conferences®.

OMEGA is a program performing decommissioning assessments to reach iteratively a
desired level of accuracy’, by Daniska et al 2008. OMEGA will be used as a source of
knowledge to develop a model and its implementation in this dissertation, as described

later.

With a myriad of issues that need to be addressed, it is very important that there be a
manager who takes responsibility for and spearheads a suitable decommissioning
roadmap. If there is no special manager, it is necessary to engage specialists, consultants,

. 1
or contractors, e.g. through outsourcing'.

Defueling is an ever growing problem due to a lack of storage capacity. Consequently,
spent fuel is sometimes stored in potentially unsafe storage units. Waste management is a
key factor within the decommissioning roadmap and can reduce dismantling and
decontamination activities when there are no adequate precautions. The waste has to be
conditioned and stabilized to reduce risks of degradation, dispersion and unauthorized

11
removal .

For a professional dismantling of nuclear installations subsequent work phases must be

defined and adhered to including:

e Project preparation (background determination, project development and strategic

planning),
e Pre-scheduling, design and approval planning,

e Execution preparation (execution planning, assignment preparation and partici-

pation during the assignment),
e Execution (project monitoring),

e Project conclusion (project support and documentation).

¥ see IAEA (2004a), p. 1
? see IAEA (2008), p. 4

12 see IAEA (2004a), p. 5
"' see IAEA (2004a), p. 5



Based on these requirements the focus of this dissertation will center on three items

(A-C):

A)

B)

0

The scope is limited to three objectives:

1. Minimizing total project cost f;(X),
2. Minimizing safety hazard (risk) f2(X), and
3. Minimizing project duration f3(X).

A multiple-objective optimization problem (MOOP) is created by these
goals. In this dissertation it will be stated, how each objective is quantified,
identifying the variables affecting each objective function and the ranges
for those variables, or a; < x; < ¢;, I = 1,...,n and the form of the function f;

(X),j=1,....m.

Using the MOOP to single-objective optimization problem (SOOP)
strategy, one of the above objective functions f;(X) will be minimized while
holding the other two variables under a bounding value d,. This MOOP to
SOOP process will be repeated over several iterations in an attempt to

identify a convergent solution.

A description of how the AIMMS program interfaces with the OMEGA
application, and how AIMMS will be used to solve the MOOP will be

provided. Microsoft Project will be leveraged, in order to model this item.

The modeling and implementation of these items and objectives is detailed described in

chapter 4. The MOOP created by the three objectives (A-I, A-II and A-III) is based on the

model by Jones et.al 1998 which is mathematically derived in chapter 4, 4.2. The three
objectives are formulated in chapter 4, 4.5 (A-I), 4.6 (A-II) and 4.7 (A-III). According to
item B the minimization of f»(X) is formulated using the MOOP to SOOP strategy in

chapter 4, 4.8. The description of how the AIMMS program interfaces with the model

leant on Jones et. al 1998 and the OMEGA model is presented in chapter 6, 6.3 (see item

C). Microsoft Project is used in order to model the third item (see C) and also to fulfill



the main goal of professionally solving the work phases of the dismantling of nuclear

installations (see chapter 6, 6.2 and 6.3.7).

1.3 Relevance of Research

The relevance of this study is pertinent in the current economy when we consider that the
organisation of the energy supply and the optimization of the industry’s cost management

and project management are the foundations for high productivity and efficiency.
More than half of the reactors in Germany are 20 years old or older'.

Over the course of the next 20 years these reactors will reach the end of their technical
and economic life span. Most of the older nuclear reactors were built with an average life

expectancy of 40 years.

Interwoven within this process is the enormously complicated situation of technically and
financially closing down a NPP, given that most of the buildings and tools are
radioactively contaminated. The necessary shut down and disassembly of the plants are
only made possible when extensive precautionary measures are taken. One of the most
important questions faced is what to do with the radioactively contaminated material.
Infested building blocks and the nuclear fuel system are hard to handle. Due to their
permanent nuclear contamination, they are a serious threat to mankind and the
environment. These parts have to be isolated from the biosphere until radioactivity
reaches a harmless level. An important question is, who will finance this process? In
Germany alone, the total cost of shut down and waste disposal is estimated at 30 billion
Euros. This is the amount of financial reserves for shut down and waste disposal by

German power plant operators'>.

The European Commission foresees a total of 36 billion €, with 45 % reserved for shut-
down and 55 % for waste disposal. These reserves have been integrated into the

electricity price. According to RWE AG the margin of waste-costs are 0.27 Cent per

12 see Bachelorarbeit (2010), Kosten-Nutzenanalyse der Nutzung von Atomenergie, p. 15; compare with
WeBelmann (2007)

13 see annual reports of E.ON AG (2006); RWE AG annual report 2006, EnBW annual report (2006),
Vattenfall Europe annual report (2006)



kWH. The Verband der Elektrizititswirtschaft (VDEW) states that the price for shut
down and waste-costs is 0.65 Cent per KWH'*.

The average cost for nuclear waste disposal is 1.2 billion Euro per NPP for final storage

methods and 3.4 billion Euro for reprocessing methods'”.

For shut down of the Stade NPP, the following costs were estimated: 500 million Euros
for demolition of the building, 750 million Euros for the disposal of the boiling water

reactor and 630 million Euros for the pressurized water reactor'®.

The price for the disposal of the boiling water reactor is higher because it has higher
contamination levels than the pressurized water reactor. Not only is the question of cost
important, but the question of timing is likewise pivotal because a shut-down of the
majority of NPP and a final sealing of radioactive waste will likely take up to 70-80

years. This calculation is relevant only if no other NPP are being built'”.

In order to give an objective, correct and dispassionate overview of the relevancy of the
areas of the decommissioning and dismantling of NPP, in the following chapters the
relevancy will be examined further from numerous perspectives, such as the societal and
political perspective. After all, it seems to be highly valuable to use an interdisciplinary
thought process, combining many approaches such as lean management and simultaneous
engineering, the use of expert knowledge of project management, operations research

techniques, applied informatics etc.

The complexity of this topic is likewise enormous because risk factors must be
conceptualized and handled from the aforementioned interdisciplinary perspective. There
is a great need for a systematic approach based on multidisciplinary conditions. For this
reason the broad spectrum of these objectives will be focused upon in chapter 2

(Literature Review) and chapter 3 (Research Methodology).

' see Bachelorarbeit (2010), Kosten-Nutzenanalyse der Nutzung von Atomenergie, p. 16; compare with
Richmann (1997)

1% see Bachelorarbeit (2010), Kosten-Nutzenanalyse der Nutzung von Atomenergie, p. 16; compare with
Hennicke et al (2000)

' see Bachelorarbeit (2010), Kosten-Nutzenanalyse der Nutzung von Atomenergie, p. 16; compare with
Hennicke et al. (2000)

17 see BFS (2007)



1.4 Definition of Goals

The subsequent activities defined in this dissertation are as follows:
(1) Research of up-to-date empirical data for designing a virtual NPP,
(2) Description of empirical data within the framed model,
(3) Formulation of a procedure model, based on the given NPP,
(4) Capturing the project structure, processes and project time management assisted
by project management tools (e. g. MS Project),
(5) Integration of the data basis and the process structure with the programming
language R and with the operations research tool AIMMS,
(6) Application of state-of-the-art optimization techniques (MOOP) to the given
empirical data,
(7) Assessment and evaluation of results and discussion.
The goal of this dissertation is to elaborate the aforementioned next steps. In the proposal,
concepts, methods and tools were presented that were deemed helpful in completing the

project’s goals.

The goal is to select the most significant concepts, methods and tools. Following an in-
depth evaluation, the selected concepts, methods and tools will be integrated in a new
model. This model aims to be a unique framework in order to reduce the gap between

market needs and a state-of-the-art academic approach (see chapter 4).



1.5 Approach of the Dissertation

The next figure gives an overview of each step defined in this proposal (see Figure 1).

REQUIREMENTS/ -
ANALYSIS

Collection of Topls
=1 and math. methods

Synthesis of State-of-the-Art-
Concepts and best practices

Figure 1: Overview of the results of the proposal



2 LITERATURE REVIEW

2.1 Social and Political Perspective

In the area of decommissioning Bayliss/Langley (2003) consider waste management and
environmental remediation. Bonavigo et al. (2010) examine the contamination spread
during decommissioning of a NPP. Bochud et al. (2009) use Monte Carlo Simulation of a
Clearance Box Monitor for NPP Decommissioning. Bushart et al. (2010) investigate the
program change management during NPP decommissioning. Higashi et al. (2010)
consider the dose assessment for setting of Emergency Planning Zone (EPZ) in an
emergency plan for decommissioning of NPP. Iguchi/Masami (2010) use a risk-informed
approach for the regulation of the decommissioning of nuclear facilities. The IAEA
(2004) presents results about the planning, management and organization of the
decommissioning of nuclear facilities and lessons learned. Irrek (2007) from the
Wuppertal Institute for Climate, Environment and Energy, makes a comparison among
different decommissioning funds’ methodologies for nuclear installations. The Nuclear
Decommissioning Authority (2011) presents a nuclear decommissioning authority
business plan for 2011-2014. Takashima (2010) explores the construction,
decommissioning, and replacement of NPP under uncertainty. Tromans (2010) inspects
nuclear law, the law applying to nuclear installation and radioactive substances in its

. . 18 19 20 21 22 23 24 25 26 27 28
historical context .

'8 see Bayliss/Langley (2003)
' see Bonavigo et al. (2010)
% see Bochud et al. (2009)

*! see Bushart et al. (2010)

*? see Higashi et al. (2010)

> see Iguchi/Masami (2010)
** see IAEA (2004a)

3 gee Irrek (2007)

%6 see Nuclear Decommissioning Authority (2011)
27 gee Takashima (2010)

% see Tromans (2010)
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K. Yoshino (2010) writes in his text ‘Decommissioning Project: The first challenge in
Japan’ about the oldest magnox nuclear reactor in Japan named Tokai-1. It began
operation in 1966 and was used in the establishment and introductory stages regarding
the advancement of NPP technologies. After 32 years Tokai-1 ceased operation and
began the steps needed to decommission the plant which forecasted to be a 20 year
process. The technology and documentation of the experiences and procedures used in
this process will be highly valuable information pertaining to the removal and

o . . . 29
sterilization of reactors and contaminated areas in the near future™.

When a NPP is shut down, it leaves behind many types of extremely harmful and
dangerous radioactive waste. This hazardous waste must be removed and the plant
decommissioned as soon as possible. This procedure is what the General Accounting
Office (GAO) (2003) strives to accomplish. The text ‘Nuclear regulation NRC needs
more effective analysis to ensure accumulation of sufficient funds to decommission
power plants was intended to review the 1999 study done by GAO which found that
owners decommissioning funds were in fact not adequate to guarantee the completion of
the process. With the information gained in their recent findings, GAO is certain that
NRC must create a much more effective and thorough analysis process, evaluating the
owners’ decommissioning funds and guaranteeing that they are progressing at a healthy

and steady rate™”.

D.W. Reisenweaver (2004) writes in his text ‘Status of the decommissioning of nuclear
facilities around the world, International Atomic Energy Agency’ of the current position
we are in across the globe regarding the decommissioning processes throughout the many
types of facilities that become affected, due to the handling of radioactivity. It provides
an in-depth analysis of the processes concerning these environmentally harmful materials
in past ventures, our current processes and those that we will undertake in the near future.

The overall objective of the text is to educate its audience as to the fact that the current

¥ gee K. Yoshino (2010)
3 5ee GAO (2003)
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level of resources may be insufficient to have our present and future NPP successfully

.. 1
decommissioned®’.

The report created by Masuda et al. (2010) revolves around revising and reviewing
decommissioning processes. There are currently 4 NPP undergoing decommissioning and
the number is estimated to increase in the near future. After some deliberation, a new
safety regulation system commenced within the industry in 2005 that consists of a
structure based on a review and independent approval process. This text places its focus
on the substantial results that will be produced through the reviewing of the method of
decommissioning of power reactors and nuclear fuel cycle facilities, the ceasing of

. . e 32
licenses and a more detailed management of decommissioning waste™.

In the work of Bylkin et al. (2011) a number of areas relating to the decommissioning of
NPP were examined. There are certain methods and practical approaches involved in
analyzing and evaluating decommissioning which are highlighted. Furthermore Bylkin, et
al., go on to analyze the significance of establishing prerequisites to facilitate the

development of decommissioning simulation models in the real world™.

In his work, Irvine (2011) discusses the potential of nuclear power in a world that has its
concerns. Though the need for alternative energy sources is required due to carbon
emissions and an increase in the cost of fossil fuels, nuclear power is an energy source
that causes some debate. Irvine creates awareness of the plausibility of nuclear power and
the benefits of nuclear fusion and attempts to diminish common public concern by

addressing such factors as nuclear safety, costs of development and waste disposal®*.

In their work, Masuda et al. (2010), Kato provides an in-depth discussion of four nuclear
power stations in Japan and the decommissioning processes involved in each of them.
The authors go on to highlight four major areas of research. These include the review
process of a decommissioning plan of power reactors, the review process of a
decommissioning plan of nuclear fuel cycle facilities, the termination of a license at the

end of decommissioning and the management of decommissioning waste. The idea

3see D.W. Reisenweaver (2004)
32 gee Masuda et al. (2010)

33 see Bylkin et al. (2011)

 see Irvine (2011)
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behind the research is to establish a comprehensive and standardized approach to

decommissioning a NPP and the varying relaying factors involved in this process™.

Bonavigo et al. (2010) discuss the detrimental effects caused by the decommissioning
and dismantling of the E. Fermi NPP in Italy. By analyzing a specific power plant they
are able to go into great detail concerning the cause and effect of the decommissioning.
During the decommissioning process, radioactive materials are released from NPP
causing harmful effects. In their work, Bonavigo, et al., suggest the majority of the
radioactivity inside NPP is caused by neutron activation. Apart from this they also
propose contamination of materials and systems that have come in contact with the main
coolant or other contaminated fluids/gases as partially contributing to the production of
radioactivity. With a focus on the E. Fermi NPP, Bonavigo, et al. (2010) in particular,
examine the cutting of contaminated metal components in the dismantling process. It is
worth noting that this cutting is said to cause production of aerosol components and dust.
This is because metal dusts and aerosols can cause harmful effects on both the
environment and human health. Furthermore, Bonavigo, et al., highlight two methods of
assessment of the amount of radioactivity produced from the cutting of the contaminated
metal components. Their work also puts forth ideas of individual protection from
radioactive devices in order to prevent/cope with the issues of inhalation and

. . 36
contamination™ .

Within their work Bond, Palerm and Haigh (2004) analyze a variety of case studies
describing the decommissioning of NPP. Information for each of the case studies was
developed from reviews of the Environmental Statement, interviews with key personnel
identified by the study team as well as site visits. It is evident that in the near future a vast
number of NPP will be decommissioned with the decommissioning proposals subjected
to the Environmental Impact Assessment (EIA). Currently there are only a few NPP that
have undergone decommissioning. Three different EU countries (Germany, Spain and the
UK) have experienced the decommissioning of power plants. Detailed reviews of these

activities were carried out in order to identify best practices for future decommissioning.

33 gee Masuda et al. (2010)
3% see Bonavigo et al. (2010)
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Using the information gained from the case studies, Bond, et al., pointed to five ‘success
factors’ used to summarize the main aspects of recommended best practices in

decommissioning. They pinpointed these best practices as follows” :

e acceptance by governing authorities of the value of participation,

¢ integration of all participation activities under the EIA,

e carrying out participation activities before final strategies are adopted,
e keeping the decision-making process transparent and finally

e providing sufficient information to the public to facilitate participation.

Regarding lean management Gentes/Freund (2009) explore the implementation of lean
Management in the decommissioning of nuclear facilities. Anderson et al. (2008)
examine Computer-Aided Lean Management for the Energy Industry. Balle/Balle (2009)
discuss the “Lean Manager” in this context. Emiliani (2007) defines a “Real Lean”-
approach for a better understanding of the lean management system. Hunger (2007)
shows new ways for lean Management as a principle agent model with respect to human
capital. Huntzinger (2007) thematize lean cost management and the accounting for lean
by establishing flow. Kerber/Dreckshage (2011) focus on lean supply chain management
essentials and develop a framework for materials managers. Miller (2010) addresses lean
team management and shows how to create lean management & lean organization.
Petschnig (2009) surveys the effects of lean management on company value. Plenert
(2007) talks about reinventing “Lean” and introduces lean management into the supply
chain. Plenert et al. (2009) define lean management principles for information
technology. Sabri/Shaikh (2009) describe lean and agile value chain management and
offer a guide to the next level of improvement. Shinkle et al. (2004) develop a

transforming strategy on how to implement a lean management system’® *° 40 41 42 43 44 43

46 47 48 49 50

37 see Bond, Palerm and Haigh (2004)
3 see Gentes/Freund (2009)

3% see Anderson et al. (2008)

“ see Balle/Balle (2009)

*! see Emiliani (2007)
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Concerning simultaneous engineering, Bylkin et al. (2011) presented a composition and

structure of simulation models for evaluating decommissioning costs for NPP units’'.

Unsure future employment of an operator is a general problem as a result of final shut
down decisions for political, environmental, and economic reasons. As the operator’s
primary objective and duty is to achieve effective operation and maintenance, he can no
longer follow through when another power intervenes. Furthermore, a lack of experience
especially in the field of planning and managing the decommissioning causes low

. . 2
working morale, needless delays and increased costs™.

Besides these concerns, the most immediate issues are those of staff and public relations,
particularly when abrupt final shut down decisions are made. Regulating authorities want
to know how to calm and ensure public safety. In this case, management has to deal with
the struggle to hold on to the working morale of the staff too. When the plant shutdown
takes place some years before the decommissioning, it may be very difficult to manage

this problem due to a lack of expert knowledge and because of plant disassembly™.

The European Commission estimates that by 2025 one third of the 145 NPP now
operating in the European Union will have to be shut down. This decommissioning
process involves the need for the demolition of nuclear facilities, as well as the disposal
of nuclear waste and spent fuel. Adequate and accessible funding is a crucial factor and
must be estimated during the years of operation so as to ensure the safety of EU

citizens™”.

“ see Hunger (2007)

* see Huntzinger (2007)
* see Kerber/Dreckshage (2011)
* see Miller (2010)

* see Petschnig (2009)

" see Plenert (2007)

8 see Plenert et al. (2009)
* see Sabri/Shaikh (2009)
%% see Shinkle et al. (2004)
>l see Bylkin et al. (2011)
32 gee IAEA (2004a), p. 3
33 see IAEA (2004a), p. 4
** see Irrek (2007), p. VII
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Irrek report evaluates the Member States in their particular regimes for decommissioning

costs, since there are existing differences among the Member States in>:

e operation,

e governance,

e investment, and

e accessibility of funds.

The granting of operating licenses must be based on the polluter pays principle. High cost
facilities should not be ignored in the financial plan, given that such reprocessing plants
or facilities have experienced accidents. Cost estimates fluctuate in numerous countries

due to>°:

e varying reduction mechanisms,
e timing of dismantlement,
e external management, and

e decreased access to funds resulting in an increased probability for risk and

uncertainty.

Additionally the issues of communication, the role of the media and public relations

should be considered although these issues are not the focus of this work.

2.2 Technical Perspectives and Discussion

2.2.1 Operational view
The issues of the operational view are as follows:
e varying reduction mechanisms,

e timing of dismantlement,

>3 see Irrek (2007), p. VII
% see Irrek (2007), p. VII
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e detailed examinations of the decontamination and dismantling of a

power plant, equipment and facilities,
¢ the demolition of buildings and structures,
e site remediation and
e management of residual waste and other materials,
e disassembling and disintegration,
¢ decontamination and conditioning,

e clearing out and evacuation of the materials or decentralized

intermediate storage.

2.2.2 Organisational view
The organisational view encompasses
e governance,
e investment,
e accessibility of funds throughout the EU,
e cxternal management.
e increased restriction of funds,
e accounting,
e valuation, and

e investment perspectives.

17



2.2.3 Elements of decommissioning cost estimates

Comparing cost estimates between organizations, should be done with care as costs are

often specific to the conditions and requirements of a single plant. Due to the lack of an

agreed upon structure for making cost comparisons between organisations, a joint

publication was produced to outline definitions of cost groups and items. These include’’:

Pre-decommissioning actions,

Facility shut down activities,

Procedure of general equipment and material,
Dismantling activities, waste treatment and disposal,
Security, surveillance and maintenance,

Site cleanup and landscaping,

Project management,

Engineering and site support,

Research and development, and

Fuel and other costs.

Cost groups based on overall activities that cannot be categorized in a specific time

period and activities carried out with a similar emphasis were identified, including®:

Labour costs,
Capital, equipment and material costs,
Expenses, and

Contingency.

°7 see Nuclear Energy Agency (2003), p. 46, 47
%% see Nuclear Energy Agency (2003), p. 46, 47
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2.2.4 Approaches for estimating cost

Approaches for estimating cost elements in the decommissioning process should be based
on a model of the decommissioning process time schedule and planned decommissioning
activities. The most accurate cost estimates are based on activity-based models of the
actual site being decommissioned. An engineer’s expert judgement is needed for specific
plant designs so that general assumptions can be adapted to the specific case of a given

plant™.

The approaches can be based on assumptions, past experience and the extrapolation of
cost elements within each site. Elements such as labour costs from sites of different sizes
can be used as a basis and scaled up or down based on the decommissioning of other
nuclear installations. Where a history of contamination exists, engineering judgement is

necessary60.

As a basis for initial estimates, decommissioning cost estimates from other countries can
be used when national case studies do not exist. The elements from cost estimates carried
out in another country can be adjusted to reflect national practices. The cost elements

. . . . . . 1
may require adaptation in this case in order to reflect local, specific-case aspects’’.

2.2.5 Effect of decommissioning strategy on cost

Decommissioning strategies for cost estimate purposes depend on immediate and
deferred decommissioning options, which may be influenced by the resources/knowledge
base or lack thereof of waste disposal facilities. The total duration of decommissioning

including deferral and dismantling time is 40 years for all types of water reactors®.

The overnight decommissioning cost estimates provided show no great impact on the cost
for regardless of the type or size of a reactor. This may be because the same volume of

work must be performed regardless of reactor type or size. If the timing of when the work

%9 see Nuclear Energy Agency (2003), p. 48
0 see Nuclear Energy Agency (2003), p. 48
ol see Nuclear Energy Agency (2003), p. 48
62 see Nuclear Energy Agency (2003), p. 78
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will be carried out changes, it will have limited effects on the overnight costs. However,

maintenance and care costs will be higher during dormancy in the deferral period®.

In terms of deferring decommission, some variations may appear as a result of facility
maintenance over extended periods, depending on the type of safe-store strategy used.
The costs of surveillance depend on the characteristics and status of the site. A shut down
unit on the site may become a significant component of the total decommissioning cost.
Whichever option is assumed, it does not affect the discounted cost of decommissioning

because of the time value of money®*.

2.2.6 Cost variability

By analysing the data supplied within the present study, it is observed that cost
comparisons (national and international) are useful for both the government and industry
in their decision making process. The estimation and analysis of decommissioning costs
are well accepted by governments and the industry and understood by stakeholders for

their intended purposes®.

Cost estimates are based on a series of hypotheses reflecting industrial strategy choices or
assumptions, national regulations and policy, and economic and social situations which
are specific to the power plant concerned. All cost estimates provided for the study were

based on a strategy, including final deposit of all radioactive waste®.

Other factors considered under decommissioning strategies include radiation protection
and industrial safety, radioactive waste management and disposable options available,

technical complexity, regulations, political factors and social acceptance®”.

The type of reactor does not seem to affect decommissioning costs significantly on a unit
cost per kWe basis. This appears to be fairly dependant on the reactor type, which may be
due to the fact that dismantling techniques are somewhat common and applicable across

reactor types. The total volume of work needed is also common to all large metal and

83 see Nuclear Energy Agency (2003), p. 78
% see Nuclear Energy Agency (2003), p. 78
% see Nuclear Energy Agency (2003), p. 76
% see Nuclear Energy Agency (2003), p. 76
57 see Nuclear Energy Agency (2003), p. 76
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concrete nuclear facilities. Thus differences in labour costs, plant operating histories,
waste conditioning requirements and waste disposal costs explain most of the spread in

reported costs®.

2.2.7 Methodology of the IAEA

The developed methodology of the IAEA allows for several decommissioning options in
order to evaluate and select the optimal option with a multi attribute analysis. A
sensitivity analysis is possible, enabling margins of decommissioning costs and other
parameters to be revealed. After being developed between 1999 and 2003, the code was
tested and upgraded between 2004 and 2005. An overview of the OMEGA code is

presented here®.

Model calculations were undertaken during development of the OMEGA code to develop
new modules for waste management scenarios and the management of uncertainties in
decommissioning cost analysis. The code was previously used for evaluation and
optimization of various projects including NPP’s in Slovakia (A1 NPP, V1 NPP, V2
NPP, EMO 1, 2, EMO 3, 4), the safety related parameters for normal planned
decommissioning activities within the IAEA project DeSa (see Graham et al. 2006), in
model calculation for the Swedish Nuclear Inspectorate, for model calculation within this

CRP, and for improvement of the decommissioning plan for Paks NPP in Hungary’’.

2.2.8 The Principles of decommissioning and cost analysis

The principles of decommissioning costs implemented within the OMEGA code are as
follows:

The management of the standardized calculation structure involves the template of a
standardized structure to configure the activities of a decommissioning option in a
standardized format, corresponding to the facility structure of buildings-floors-items in

I'OOIl’lS71 .

5% see Nuclear Energy Agency (2003), p. 76, 77
% see IAEA (2008), p. 220
" see IAEA (2008), p. 221
! see IAEA (2008), p. 221
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- How to do it: This covers the conditions of calculation in order to select
manual/remote operations, relevant protection of personnel, production of
relevant calculation data and the factors of correction for manpower
calculation. Management of calculation structure and conditions of calculation

can be identified in each decommissioning costing methodology’>.

- The sequence of management of material and radioactivity flow within the
code produces a calculation of final waste disposal and material release and
waste matter into the environment. This is done by applying the concept of
material and radioactivity flow modelling in decommissioning, which
corresponds to primary and secondary waste generation and flow in waste

generation and management of decommissioning activities’.

- The time management of decommissioning includes a time structure used for
the re-calculation of costs and other parameters to evaluate the effect of time
on decommissioning. The WBS and its link to grouped or non grouped items
in the calculation structure, is included in the concept on online optimization
of decommissioning schedules. Time management and sequence of

management represent new items in decommissioning costing methodology .

2.2.9 ‘Algorithmization’ of the material

The compact standardized calculation structure within the code, which includes all
decommissioning option activities and the resulting waste (see Wickham et al. 2007) also
includes the transition period after the shutdown and the activities involved in spent fuel

management’".

The question of radioactivity heavily influences the choice of decommissioning activities

and various parameters, as well as special cases of a facility with a non-standardised

radiological situation’.

2 see IAEA (2008), p. 221
3 see IAEA (2008), p. 221
™ see IAEA (2008), p. 221
% see Wickham et al. (2007)
76 see IAEA (2008), p. 222
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These aspects within the development of standardized decommissioning costs refer to
issues of ‘Algorithmization’ of the material flow through calculation modelling and of
radiological issues. This helps to optimize the decommissioning process and waste
management, and to manage the effect of time on material flow and decommissioning by
identifying the location of radioactivity’’. Principles of accuracy related to material flow,
optimization of waste management, and performance of sensitivity analysis occur
through a calculation run on costs and decommissioning parameters for a given
decommissioning scenario. This is enabled by the code’s capacity for compact, internal
linking of the standardized calculation structure and correct sequencing of the calculation
process. The calculations and options of exposure of personnel and manual/remote
operation within waste management are analysed through a concept of nuclide vectors.
The vectors are stored with the date of their definition. Prior to calculation, nuclide
compositions are used in a nuclide-resolved calculation process. The deferring of

decommissioning activities is analysed through this concept’®.

2.3 Functional Areas and Organizational Structures

2.3.1 Dismantling methods and equipment

The wall thickness needs to be taken into account when dismantling components of
nuclear facilities, by cutting the existing components into convenient pieces. Relevant
dismantling techniques, such as thermal, mechanical, hydraulic, as well as blasting or
cutting techniques are used. It has to be decided whether existing techniques can be used
or if purpose built techniques, such as with the “Versuchsatomkraftwerk (VAK)”, need to
be applied. This experimental power plant was dismantled successfully with the water
abrasive jetting technique for the first time. The criteria for the selection of appropriate

cutting techniques include”

e Components to be cut,

e Size of the cutting devices,

" see IAEA (2008), p. 222
8 see IAEA (2008), p. 222
" see AREVA NP GmbH (2011), p. 147

23



e Efficiency of the cutting technique,

e Reliability of the technology,

e (Generation of secondary waste (filters for water purification etc.),
e Generation of aerosols and hydrosols,

¢ Decontamination properties of the devices,

e Performance time,

e Local dose rate, and

e Costs
Cutting
Techniques
1 | 1
- Mechanical Thermal Electrical
Sawing Liquid Nitrogen Torch Cutting cAaMC
Cuttin, Cuttin, Contact Arc Metal
- = & ™ Cutting
Shearing WASS Autogenous EDM
- Acetylene Electro-Discharge
™ - Propane Machining
- Butane
Nibbling WAIS Petrol-Oxygen
Milling Plasma
-_— —
Drilling Laser
_co*
— ™ - Nd:YAG
Punching Oxygen Lance
- =
Figure 2: Cutting techniques™
1gure 2: utting techniques

2.3.2 Background / Reasons for selection of applied methods

Germany has gained experience with decontamination and dismantling techniques as well

as radiation and waste management. The general cutting techniques are shown in figures

% see AREVA NP GmbH (2011), p. 148
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Figure 2 and Figure 3*'. Selecting an applicable cutting technique depends on the
geometry of the components, cutting speeds and health aspects. Under water cutting

technologies are shown below.

Cutting Technique

e Sawing Water Jet Cutting — Plasma Cutting

= Nibbling WASS* J— WAIS* p— Flame Cutting

*I Note: The WASS and WAIS techniques

vary in the abrasives admixing system
p— Shearing — CAMC

e Milling — EDM

Figure 3: Applicable Cutting Techniques®

2.3.3 Organizational processes

The Organization of Economic Co-operation and Development (OECD) and the Nuclear
Energy Agency (NEA) (2003) provide relevant information on regulations and policies
regarding decommissioning along with the corresponding decommissioning expenses and
approaches. An in-depth evaluation of costs is presented in this study and offers valuable
information on the expenses involved in the entire decommissioning process. The cost
estimates look closely at the specific characteristics of particular plants and specific

variables such as reactor types and size. In summary, with the report being crafted by a

81 see AREVA NP GmbH (2011), p. 148
%2 see AREVA NP GmbH (2011), p. 149
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range of experts and a wealth of knowledge on the issue available, the report offers a
professional opinion on the current situation and provides us with an objective

perspective®.

The National Research Council (2001) conducted this study in an attempt to research the
issue of decommissioning NPP and to improve upon productivity and the time it takes to
sanitize a site. Their aim was to look for current and more innovative processes to more
efficiently clean the contaminated areas. After an in-depth analysis and study of the
circumstances, Environmental Management believes that costs can be reduced by around
$15 billion with the use of these new technologies. The report also stresses the difference
between the deactivation of a site (safely shutting down a site) and decommissioning a

site (which involves decontamination or dismantling)®*.

The International Energy Agency (IEA) created a small book filled with valuable
information called Key World Energy Statistics. The IEA was founded in 1974 and has

progressively earned a reputation as a respected, reliable and professional source of
energy related statistics. The information is highly valued by all those concerned with any
type of energy. The result is a small book filled with fundamental energy information.
This book is a fantastic resource for any student, scholar, or business. There is further
evidence of these ‘success factors’ in a review of public participation experiences in the

literature which covers 13 projects.

For further organizational issues such as planning, strategy and management from the
economic point of view see chapter 2.4.2. Functional and technical interfaces according
to the mentioned issues will be presented in different parts of the work, mainly in

chapters 3, 4 and 5.

% see Nuclear Energy Agency (NEA) (2003)
% see Nation Research Council (2001)
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2.4 Economic and Organizational Perspectives

2.4.1 Planning / Strategy / Organization / Management

In Germany the financial planning of a shutdown and the disposal of waste is based on
solutions within the company. The focus here is only on shutdown and waste disposal in
the field of commercial nuclear energy use. NPP are managed by federal or state
governments. The managing organizations of NPP are generally responsible for balance-
sheet calculations relating to shut down and waste disposal situations. In their trade and
tax balance reserves they already calculate what these costs will be. In 2006 a total of 437

NPP covered 6.5 % of the global primary energy need™.

S. Tromans (2010) work on ‘Nuclear Law’ is a useful and informative text on the UK,
EC and international laws which surround the dealings with and uses of nuclear energy
and other radioactive hazardous wastes. The text was originally published in 1997 but
due to increased public interest and on-going debates surrounding the issue it has been
revised and reissued and currently provides a far more thorough explanation of all
relevant information. Troman focuses strongly on the development processes of nuclear
legislation. The discussion on decommissioning within the text is an extremely important

read and provides very relevant and in-depth insights on the topic®’.

In the journal ‘Construction, Decommissioning and Replacement of NPP under
Uncertainty’ written by R. Takashima (2010), the main focus is on the deregulation of
electricity markets. The author writes that there are 54 commercial NPP in Japan at the
moment and that the Tokai NPP of the Japan Atomic Power Company and the Hamaoka
NPP of the Chubu Electric Power Company are presently being decommissioned. This is
in turn being deregulated to the electricity markets, affecting countries such as the United

States, the United Kingdom and Japan®’.

Methods, techniques and tools which aid in directing and managing issues will be

presented in the chapters 3, 4 and 5.

% see Bachelorarbeit (2010), Kosten-Nutzenanalyse der Nutzung von Atomenergie, p. 15; compare with
Hoppenbrock (2008)

% see S. Tromans (2010)

¥7 see R. Takashima (2010)
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2.4.2 Controlling

Controlling the processes requires observing and determining variables. Identified
variances are helpful for the evaluation. Learning from errors is central. Last Planner
Meetings contain resources demand, flow creation, waste minimization, knowledge
transfer, experience use, create value, weekly work, and future work planning. The next
Meeting engagements define execution activities, coordination of all involved
participants, work flow definition and joint optimization. Work planning for the next two
weeks approaches missing prerequisites identification, work/activities execution
preparation, and joint optimization. The research project goals are the minimization of
iteration steps and the optimization of involved participants’ coordination in order to
create trustworthy engagements, increase transparency across the entire process, and

furnish an integer process perspective for continuous optimization®.

Further methods and tools for the controlling of projects will be presented in chapter 3,

3.5.3.

2.4.3 Budgeting

In her work, Burger (2011) discusses the role of various stakeholders in energy-related
issues. She underlines the need for the commitment and participation of these
stakeholders in order to prevent and solve environmental and other energy-related
problems. Burger goes on to describe in detail the successful and unsuccessful decision-
making process of stakeholders in environmental management. However the focus of her
work is on how science and stakeholders interact to solve potentially difficult and

contentious issues pertaining to energy and the environment™ .

% see Gentes/Freund (2009)
% see Burger (2011)

28



2.4.4 Staffing

The staff description of individual departments depends on the differences between

technologies and staffing requirements. Standard positions within nuclear safety

. . . 1
operations and maintenance teams include™ °':

e Operations Manager,

e Engineering Manager,

e Maintenance Manager,

e Mods and Support Manager,

e Outage and Planning Manager,

e Training Manager

e Radiation Protection and Chemistry Manager,
e Organizational Effectiveness Manager,

e Licensing Supervisor.

The operations department staff who tend to the day to day operations of the plant
include those working on both off and on-shift components. On-shift staff has a control
room person and a support person for non-licensed operators and off-shift staff support
the overall plant. Also aspects such as staff vacation time, illness or dependent care leave
etc. need to be taken into account in order to manage minimum staff levels. Licensed
reactor operators take the place of the non-licensed personnel and become part of the

control room on a rotational basis in to accommodate staff leave’>.

Systems engineering maintains system reliability, including single-unit greenfield

deployment and any additional units on existing sites. Staffing depends on the number

% see United States Department of Energy (2004), p. 98
*! see United States Department of Energy (2004), p. 98
%2 see United States Department of Energy (2004), p. 99
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and complexity of the units and the existing staff for the engineering of common site

support systems .

Staff efficiency is important within the maintenance team which is responsible for
troubleshooting and periodic loop and systems calibration. In order to mainly acquire
non-stock components and services, at least one individual is added to the staff for each

.. . .. . . . . ..94
additional unit at an existing site, in order to maintain it” .

A five shift rotation system is used — in this case — within the Radiation Protection
Department with two shifts that cover the added day shift workload due to the fact that
on-shift staffing cannot be shared with existing units. One Radiation Protection
supervisor per shift, three technicians (plus two technicians on day shift for sampling and
operational duties), chemistry technicians and supporting decontamination technicians

. 195
are required .

A new unit requires some special staff training. The program and certifications for
operations training is plant specific and requires requalification and initial training for the
extra plant and instructors specifically for operations. Existing unit engineering training
will be used and some specialized instruction will be required for maintenance training
for specific parts of the new unit. Supplementary instructors are included to perform the

maintenance training of the staff in these areas’®.

% see United States Department of Energy (2004), p. 101
% see United States Department of Energy (2004), p. 1011t
% see United States Department of Energy (2004), p. 102
% see United States Department of Energy (2004), p. 102
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3 RESEARCH METHODOLOGY

3.1 Project Management

3.1.1 Overview

Project participants include’:

regulatory authorities,

= engineering firms,

= contractors,

= agencies, and

= evaluation / auditing experts.

The projects are notably complex, demanding a large amount of project management and

execution.

Experts need long periods to elaborate the final reports. The existing silo-structures

obstruct the good coordination and cooperation between all those participants”™.

Approaches of implementation convey that only a conceptualized design is possible to
apply for a license, and all additional reviewing information is to be submitted across the
licensing process. The whole process must be extremely transparent. The coordination of
the ongoing activities must be optimized continuously, exploiting optimization potential,

while using cooperative project management methods to implement the Last Planner

7 see Gentes/Freund (2009)
% see Gentes/Freund (2009)
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Systems, and maximize the potential in the function of optimization. The Last Planner

System improves coordination and cooperation between all participants”.

3.1.2 Project Lifecycle

Bushart et al. (2010) describe certain milestones in their work that need to be met in order
to decommission a NPP. They focus on change management as a result of the
decommissioning of the power plants. The milestones ensure that change management is
a smoother process. Planning is also considered a key area by Bushart, et al. A
constructive decommissioning plan can lead to considerable project savings. Three major
power plants are highlighted in their work including; Maine Yankee Atomic Power Plant,
Yankee Nuclear Power Station, and the Haddam Neck Plant. They stress the importance
of using and learning from information gained from previously decommissioned plants

. N . 1
when undertaking a new decommissioning project'®.

The processing of calculated data, generation of output data formats, and the
decommissioning schedule of the option are in the form of Gantt charts in MS Project'”’

(see Figure 4).

The Gantt chart illustrates a project schedule with the start and finish dates of adjacent
elements and their phases in a project. The Gantt chart helps to visualize the work
breakdown structure of the project. Also it is possible to show the dependency and
relationships between phases and activity-levels. The current status and the degree of

completion are also shown. In the above chart the following milestones

e Analysis of project,

e Initial Design,

e Prototyping and formative testing,
e Summative Testing,

e Documentation

% see Gentes/Freund (2009)
1% see Bushart et al. (2010)
1% see IAEA (2008), p. 222
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are modelled. This approach is a common way to implement the model and its
chronological development. The application of Gantt charts is essential for the
representation of the model. In chapter 3, 3.5.2 another tool (AIMMS) is presented to
monitor the project performance in a given phase and the constellation of input data.

Further project management techniques include

e Project analysis,
e Project goals definition,
e Project organization, and
e Project implementation.
The application of these methods and techniques will be carried out by using MS Project

2013 in chapter 6.2.

3.1.3 Resumé

The applicability of these methods and concepts of project management will be shown in
detail in the chapters 3.5.3 and 6.2. In order to achieve an higher degree of theoretical
knowledge further research on issues as system theory, cybernetics, scientific
management, computational complexity theory, agile management, lean management and

simultaneous engineering must be elaborated.

3.2 Lean Management

3.2.1 Overview

This text ‘Reinventing Lean: Introducing Lean Management into the Supply Chain’
written by author G.J. Plenert (2007), is essentially focused on supply chain management
and distinguishes itself from other texts on the topic because of its in-depth insight into
management tools to better implement the lean ideals and also provide an analysis of the
various aspects directly related to the supply chain management system. It precisely
explains the capacity that a Lean SCM system has to offer and describes how to take full

advantage of this particular method. This text provides a comprehensive explanation of
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specific areas of the supply chain management field that other books on the issue do not

offer'®,

Within his work, Hunger (2007) shows different approaches to the concept of lean
management. Hunger is not satisfied with the generic approach, since the problems are
associated with the loss of human capital. Hunger’s work therefore goes deeper into other
areas such as the iteration model and the concept of holism, incorporating them with
Lean management principles in order to create a broader and more successful approach to
management. His work is generally for ambitious decision makers and students aiming to

improve their knowledge of Lean management in an ever-changing environment'®*.

3.2.2 Leadership

Emiliani (2007) directs his work towards busy corporate executives. The idea behind his
approach is to promote lean management in an exciting and engaging style in an attempt
to attract managers from their normal management practices. In a practical manner,
Emiliani discusses the purposes, advantages and myths surrounding lean management.

The focus of his work is on two principles'®*:
(1) Continuous improvement and
(2) Respect for people.

Emiliani shows how these two areas of management coincide to create a successful

working environment.

3.2.3 Lean PM

‘Transforming Strategy into Success: How to implement a Lean Management System’ by
Smith, Gooding and Shinkle, was nominated as a contender for “The Year’s Best
Reference and Reading Material” in 2004. It dissects the lean management system
drawing on its strengths and weaknesses and provides a very clear explanation of the

issue and helpful advice on how to approach implementing and maintaining the system to

19 see G.J. Plenert (2007)
1% see Hunger (2007)
195 see Emiliani (2007)

35



the nth degree. The text focuses on team building, strategic management and leadership
to deliver sound and professionally recognized opinions. Fundamental knowledge and
experience is provided in this book and should be studied by any organization aspiring to

successfully implement and maintain a Lean Management System'".

‘End to End Lean Management: A Guide to Complete Supply Chain Improvement’
written by R.J. Trent (2008) is a study specifically designed to help readers by providing
a comprehensive explanation of Supply Chain methods. This text sets itself apart from its
competitors because it addresses the more in-depth ideologies that many others do not. It
delivers vital information on not just the core issues but across all various yet interwoven
and important aspects of the methodology. This book will provide the competitive edge

within the market for all managerial types across the industry. It is an essential read'”’.

The work of Kerber and Dreckshage (2011) demonstrates how traditional approaches to
management are no longer effective enough, spurring a need to incorporate lean supply
chain management into enterprise practices. Their work goes into intense detail on the
various aspects of Lean, such as leveling, the value stream, hijunka scheduling, standard
work and the concept of intervals. Kerber and Dreckshage do not focus solely on Lean
management properties, but also combine them with traditional management concepts to
ensure understandability and to avoid the loss of successful and conventional aspects
from previous management approaches. They state that continuous improvement can be
made by balancing demand and capacity rather than completely focusing on balancing

supply and demand'®.

‘Lean and Agile Value Chain Management: A Guide to the Next Level of Improvement’
written by Shaikh/Sabri (2009), provides a wide variety of in-depth knowledge on the
ideal of a lean and agile value chain. Moreover this text thoroughly explains how to
develop such methods and utilize them to their maximum potential. Proving explanations
on many basic and ‘need to know’ ideas such as vastly reducing costs, minimizing lead-

times, creating a better standard of flexibility and promoting the future growth of

1% see Shinkle et al. (2004)
197 see R.J. Trent (2008)
1% see Kerber and Dreckshage (2011)
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individual shares within the market. This text is vital reading for any enthusiast who aims

to develop the ‘lean and agile value chain’ methodologies'®.

3.2.4 Lean Information Technology

Plenert (2009) shows a useful tool to improve and rethink your company’s IT department.
A staggering statistic tells us that somewhere between 50-60 % of a company’s
information technology department can be deemed ineffective and wasted. With this
statistic it is clear that there are many common holes and grey areas within numerous
companies that need to be addressed. This text provides the information needed to fully
explain the Lean Management principles for a company’s IT department and provide
effective and efficient techniques on educating your employees and thus improving
productivity. It provides unique and extremely valuable ideas on the implementation of

these ideals''°.

3.2.5 Lean Management Software-Tools

Miller’s work is designed for organizations to utilize the tools of lean management,
whereas many other resources do provide information on the topic, they fail to supply
such insight. The author believes that ‘behavior’ is the most important aspect within our
current social system. And to have the best possible outcome, one must be aware of its
importance and use lean management as a guiding hand, providing heightened levels of
organization. This particular text guides the reader through the various levels of
organizing procedures and improvements to meet customer demand. In their work,
Balle/Balle (2009) discuss the benefits of a lean approach to management. They discuss
the narrow minded approach of some managers, relying on business knowledge and
technical abilities and ignoring the changing environment around them that demands a
change. Displaying several examples of human moments in which lean management has

proven successful, Freddy and Michael engage with the readers of their work on another

19 see Sabri/Shaikh (2009)
1% see Plenert (2009)
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level. The focus of their work revolves around five disciplines; go and see, kaizen, clear

direction, teamwork and mutual trust''".

3.2.6 Resumé

Lean management is focused on a well-organized supply chain management system with
the ability to continuously improve and emphasizes respect for people. This issue is
reflected by effective methods of team building, strategic management and leadership
techniques. Since traditional approaches to management are no longer effective, the main
focus of performance management is to ensure understandability. This is only possible
with the continuous improvement of suitable underlying methods, techniques and tools.
The continuous upgrading of IT structures and departments is one aspect of this goal. The
utilization of lean management tools and the associated education of employees ensure
improvement in productivity. New methods of simultaneous engineering (or concurrent
engineering) (see chapter 3.3) are helpful. Here, as a sign of the times, sequential

development has been more and more replaced by iterative development.

The tools and methods chosen in this dissertation are in line with the aforementioned
issues. A modern project management tool such as MS Project 2013 is a good instrument
to use in an attempt to take into consideration the complexity of the required know how
and team building capabilities for the best specification and termination of tasks (see

chapter 3, 3.5).

During the definition and selection of qualified methods, tools and techniques of lean
management issues must be evaluated within the scope of a given project (see chapter

6.2, p.121-123, tasks 5-15 and 34-40).

" see Balle/Balle (2009)
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3.3 Simultaneous Engineering

3.3.1 Definition of the term “simultaneous engineering”

The definition of the simultaneous or concurrent engineering approach is based on five
key elements according to the European Space Agency (ESA)'':

e aprocess,

e amultidisciplinary team,

e an integrated design model,

e afacility, and

e a software infrastructure.

3.3.2 Different approaches to simultaneous engineering

The study ‘Quality Control System Design Based on Simultaneous Engineering Applied
Mechanics and Material’ by Y.Y. Yang, and Z.Q. Xu (2010) is a thesis which is written
about a plant designated to create car engines. It aims to critically analyze the ‘JIT
Quality Control’ system and evaluate its impact. The thesis focuses strongly on the
comparison between the ‘Simultaneous Engineering Method’ and the standard ‘JIT
Quality Control’ procedures. The resulting findings from the research prove that the
‘Simultaneous Engineering Method’ significantly reduces the material waste ratio and

thus provides a clear and logical choice for future implementation of either method'".

Roy et al. (1999) discuss the progression of improvements made within contemporary
engineering in their text ‘Simultaneous Engineering: Methodologies and Applications’.
They also speak to current concerns regarding the advances and execution of these newly
implicated systems. This text is directly concerned with the progressive research and
newly acquired information on the topics of problem solving architectures, administrative
issues and different methods of simultaneous engineering; with topics such as design

methods, artificial intelligence and numeric tools also discussed and analyzed. These

112 see ESA (2013)
3 see Y.Y. Yang, and Z.Q. Xu (2010)
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issues all concern the implementation of effective systems and the problems that may

. . iy 114
arise when operating within such systems .

The text ‘Simultaneous Engineering for New Product Development: Manufacturing
Application’ written by J. Ribbens (2000) stresses the importance of simultaneous
engineering in relation to new product development (NPD). A large percentage of the
important and correlating management positions have little to no time to work on new
product development as their time is quite often taken up by more managerial tasks, and
for this reason, simultaneous engineering is able to provide a helping hand. It has been
proven that simultaneous engineering can act as a catalyst for the whole of development
and manufacturing procedures. Overall this text provides solutions to the very current
issue of lacking new product development by the implementation of simultaneous

engineering' .
3.3.3 Resume

Several options of qualified design methods, artificial intelligence techniques and
numeric tools are part of the functionality of the tools considered in the next chapters.
Regarding the mathematical design of the model, the specifications are elaborated in
detail in chapter 4. Regarding the design of the procedure model, MS Project is used and
all of the required tasks and phases are modeled with this tool. The issues must be
evaluated within the project execution (see chapter 6.2, p. 121-123, tasks 5-15 and
34-40).

% see Roy et al. (1999)
15 see J. Ribbens (2000)
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3.4 Operations Research

3.4.1 Definitions of the term “OPERATIONS RESEARCH”

A definition of the term OR is difficult, as it provides concepts and methods for a wide

range of applications. Traditional definitions of operations research are as follows

(Sharma 2006, p. 10):

“Operations research is the application of the methods of science to complex
problems in the direction and management of large systems of men, machines,
materials and money in industry, business, government and defense. The
distinctive approach is to develop a scientific model of the system incorporating
measurements of factors such as chance and risk with which to predict and
compare the outcomes of alternative decisions, strategies or controls. The purpose

is to help management in determining its policy and actions scientifically.”''®

“Operations research is concerned with scientifically deciding how to best design
and operate man-machine systems usually requiring the allocation of scarce

resources.”!!’

“Operations research is the systematic application of quantitative methods,
techniques and tools to the analysis of problems involving the operation of

118
systems.”

“Operations research is essentially a collection of mathematical techniques and
tools which in conjunction with a systems approach, are applied to solve practical

.. . . . 119
decision problems of an economic or engineering nature.”

“Operations research utilizes the planned approach (updated scientific method)
and an interdisciplinary team in order to represent complex functional

relationships as mathematical models for the purpose of providing a quantitative

16 see Operational Research Society, U.K. in Sharma (2006), p. 10

117

see Operations Research Society, America in Sharma (2006), p. 10

"% see Daellenbach and George, 1978 in Sharma (2006), p. 10
1% see Daellenbach and George, 1978 in Sharma (2006), p. 10
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basis for decision-making and uncovering new problems for quantitative

analysis.”'*

- “This new decision-making field has been characterized by the use of scientific
knowledge through interdisciplinary team effort for the purpose of determining

the best utilization of limited resources.”!?!

- “Operations research, in the most general sense, can be characterized as the
application of scientific methods, techniques and tools, to problems involving the
operations of a system so as to provide those in control of the operations with

optimum solutions to the problem.”'**

- “Operations research is the art of winning wars without actually fighting them.
(...) This definition refers to the military origin of the subject where a team of
experts were not actually participating in military operations for winning the war
but providing advisory and intellectual support for initiating strategic military

. 123
actions.”

- “Operations research is the art of finding bad answers to problems to which

. . 124
otherwise worse answers are given.”

- “Operations research has been described as a method, an approach, a set of
techniques, a team activity, a combination of many disciplines, an extension of
particular disciplines (mathematics, engineering, and economics), a new

discipline, a vocation, even a religion. It is perhaps some of all these things.”'*’

- “Operations research may be described as a scientific approach to decision-

making that involves the operations of an organizational system.”'°

- “Operations research is a scientific method of providing executive departments

with a quantitative basis for decisions under their control.”'?’

120 see Thierauf and Klekant (1975) in Sharma (2006), p. 10ff.

12l see Taha (1976) in Sharma (2006), p. 11

122 see Churchman, Ackoffand Arnoff (1957) in Sharma (2006), p. 11
12 see Sharma (2006), p. 11

124 see TL. Saaty, (1958) in Sharma (2006), p. 11

123 see Cook, (1977) in Sharma (2006), p. 11

126 see Hiller and Lieberman (1980) in Sharma (2006), p. 11
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3.4.2 Main Characteristics of Operations Research

The term Operations Research (OR) originated during WWII, when it was used to deal
with certain tactical problems. After the war OR techniques where applied to a wide set
of problems. In OR, mathematical techniques and algorithms are applied to solve
problems and help coordinate large-scale projects. Most large institutions, especially

those within the service sector, make use of this technique'*®

. OR deals with challenges
on a holistic level. It analyses all possible factors, any of which could be the cause of the
problem. Looking only at the immediate problem may fail to yield satisfying results. A
mathematical model of the organization is essential. The mathematical model is analyzed
by scientists from di erent fields. Industries, especially the service industry, rely on OR to

solve all kinds of problems'%.
3.4.2.1 Phases of OR

Once the problem is formulated, a mathematical model is constructed. Depending on the
structure, various methods may be applied in order to find a solution. These models are

. . .. . 130
free from any human factors, which may influence decision-making .

3.4.2.2 Scope of OR

OR techniques may analyze problems involving:
- Finance and accounting,
- Marketing,
- Purchasing and procurement,
- Production, and/or

131
- Management 3

127 see Morse and G.E. Kimball in Sharma (2006), p. 11
128 see lyer (2008), p.1

129 see lyer (2008), p. Iff.

130 see lyer (2008), p. 2

Bl see lyer (2008), p. 2
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3.4.2.3 Drawbacks and Difficulties of OR

Improper definition and formulation of the problem may create problems, as data
collection, which may be financially draining and time consuming. OR analysis is based
on past observations and doesn’t guarantee what will happen in the future. OR is only
useful if OR experts translate the ideas into an easily comprehensive language and it is
properly implemented'*.

Examining complex problems and calculating the best way to achieve certain objectives
can be done through OR, as stated by the Australian Society for OR (ASOR). OR came
into use when the british military needed to find the best way to dispense their material
and manpower during World War II. Later the United States needed OR to develop
management techniques for allocating insufficient resources and to succeed with their

militaristic and industrial goals133

. Many academic societies were born in Britain and the
U.S. in the 1950s contributing to the development of OR, and the field continues to grow
today. OR’s influence was broadened from military, statistics, mathematics and
engineering to include the domains of industry, transportation, business, health and

crime.

132 see lyer (2008), p. 2
133 see Carter/Price, (2001) in Heyer (2004), p. 1-2
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3.4.3 Scientific Methodology in OR
The scientific methods on which operations research is based are as follows (see table 1):

Table 1: A selection of OR methodologies'**
Linear A fixed amount of resources are accredited to meet a number of

Programming demands in a way that a given objective/some objectives are

optimized and other defined conditions are also met.

Queuing Theory | In situations where there is a queue with a minimum investment
cost, this theory can determine the expected number of people in a

queue, anticipated waiting time, anticipated idle time etc.

Game Theory Resolves conflicting game situations, assuming all players want to

maximise profits and minimize losses.

Simulation Learning about a situation by setting up a model of it along with

performing experiments.

Markov Process | Used to calculate the probability of being in a particular state. The
technique is based on situations where various states are defined
and the system moves from one state to another through

probability.

Operations Research is comprised of a number of steps'>”:

1. The operations researcher gathers information to find solutions in order to
formulate the problem.

2. A model is developed of the systems, processes and environments using
equations, relationships or a formula.

3. The operations manager has to select and collect data input by making sure
enough data exists to use and test the model.

4. A solution to the model is found through much updating and modification.

1% adapted from Carter & Price (2001) in Heyer (2004), p. 1-2
133 see Carter & Price (2001) in Heyer (2004), p. 1-2
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5. The model must be verified to make sure it provides a valid prediction of how the
system runs and if it can reliably handle past, present and future aspects of the
problem.

6. The operations researcher works closely with management to implement the
solution'*®,

OR enables a better systems control, decision making and better organizations. However,
traditional OR techniques cannot always be used to model intricate problems. The chasm
between the operations researcher and management creates a limitation, as well as their
lack of understanding of the entanglement of human relations and behaviour required to

carry out implementation'’.

3.4.3.1 Research Phases of OR

This is the most complex phase, because it encompasses:

(1) Observation and data collection,

(i1) Defining the model,

(ii1))  Experimentation to test the hypothesis,
(iv)  Analysis,

(v) Results prediction,

(vi)  Generalization ~".

3.4.3.2 Action Phase

A recommendation, which deals with the whole process of creating the model, shall be

drafted and implemented'®.

136 see Carter & Price (2001) in Heyer, R. (2004), p. 1-2
17 see Heyer, R. (2004), p. 1-2

1% see Sharma, p. 12

13 see Sharma, p. 12
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3.4.3.3 Judgement Phase

(1) Identification of the problem,

(11) Selection of the objective and values,
(ii1))  Application of the scale of measurement,

(iv)  Formulation of the problem, so that a solution can be obtained'*.
3.4.4 Features of Operations Research Approach

3.4.4.1 Methodological Approach

Once a hypothesis is drafted, it has to be tested and the results need to be analyzed. An

alternative hypothesis has to be drafted, if the current one is insufficient'*'.

3.4.4.2 Objectivistic Approach

Alternative courses of action are compared, in order to acquire an optimal solution of the

problem under analysis'*.

3.4.4.3 Interdisciplinary Approach

One person may not be able to tackle the whole scope of the problem. Hence, various

experts may have to cooperate to yield the desired outcome'*.

3.4.4.4 Wholistic Approach

The wholistic approach involves the examination of all conflicting objectives and

claims'**.

10 see Sharma, p. 13

141 see Sharma, p. 13

12 see Sharma, p. 13

143 gee Sharma, p. 13,14

14 compare with Sharma, p. 14
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3.4.4.5 Scope of Operations Research

Industrial management supplies us with a large array of problems. It is therefore essential
to have an overall view of how to optimize profit. Alternative methods have to be drafted,

and possible changes must be identified.

Operations research is widely applied in modern warfare. Submarine activities of, for
example, the navy, have to be coordinated in order to achieve an optimal strategy and

consistent goal.

In developing economies, where hunger has to be combated, planning in operations
research is important. Income growth per capita has to be maximized whilst considering
national resource limitations and political and social goals. Optimal distribution of water
and farmland has to be carried out, whilst guaranteeing minimum cost and maximum
benefit. Operations research can be applied to business and society to help combat

economical and industrial problems'*’. Further application areas of OR are:

e Environment, Energy, and Sustainability,

e Financial Engineering,

e Manufacturing, Service, and Supply Chain Operation,
e Operations and Supply Chains,

e Optimization — This issue will be deepened in the chapters 4.5 to 4.10 and 6 and is

the emphasis of this dissertation.

15 see Sharma, p. 14, 15
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3.4.5 Optimization techniques in OR

The main optimization techniques in OR are as follows'*:

(0]

0O 0O O o o o o

46

Stochastic — very general, but inefficient (e.g. random walk, simulated
annealing, Monte Carlo & tabu),

Linear Programming — fast, but restricted to linear situations only,
Gradient Based/Hill Climbing— nonlinear, applicable to smooth
(differentiable) functions,

Simplex Based — nonlinear for discontinuous functions,

Sequential Optimization — ranks objectives by preference and optimizes
them in order (lexicographic),

Weighting Objectives — creating a single scalar vector function to
optimize, multiple runs needed,

Constraint — optimizes preferred objective with others treated as
constraints,

Global Criterion — minimizes the distance to an ideal vector,

Goal Programming — minimizes deviation from target constraints,

Game Theory — searches for Nash equilibrium,

Multiattribute Utility Theory — maximizes preferences or fitness,
Surrogate Worth Trade-Off — quantifies and minimizes compromises,
Q-Analysis — uses topology maths, multicriteria polyhedral dynamics,
Dynamic Compromise Programming — uses state transition functions,

parameters change over time.

146 see Lucas (2006)
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3.4.5.1 Practical Multiobjective Optimization

The evolutionary Multiobjective optimization (EMOO) technique has a multi parameter
and multi objective nature. It is possible to use EMOO to figure out Multiobjective
Optimization Problems (MOP) or Multiobjective Combinatorial Optimization (MOCO)
problems. This is done by using types of genetic algorithms, namely Multiobjective
Evolutionary Algorithms (MOEA). This paper looks into easier and more practical ways
of utilizing this tool within our daily lives, without computer assistance. It is
recommended to reference a glossary or introduction to aid in the understanding of
technical terms within this paper'?’.

As opposed to an ideal ‘answer’ for such problems, there is instead a large family of
alternative solutions. The number of solutions means we must make our decisions
depending upon the full dynamic of the situation, meaning complex systems, choices and
implications. The creation of a maximum efficiency in a wider global context is formed
by the competition of these objectives. The result shows a multi-level form of selection
applied to individuals and populations and that multiple values allow real world ecologies
and societies'*®.

Compromises between cost and performance have to be made in terms of optimizing for
all objectives. In the case of a decision where a compromise is hard to come to, other
factors or contexts are taken into account i.e. our wider lifestyle or worldview'*.

In a case where a set of solutions contains some solutions which are weaker than others,
the stronger solutions are often perceived as ‘dominating’ the others, while the weaker
ones are discarded. This is called the ‘Pareto-optimal set’ (of resultant fitness) or ‘Pareto
Front’ (of objective vectors). Next, criteria or preferences need to be created within a full
contextual situation to form a ‘Decision Maker’. This can be done before optimization
(giving a scalar fitness function), after optimization (choosing from the full Pareto-
optimal set), or interactively (an acceptable solution moderately accumulated).

Appropriate given static (hard) preferences and changing objectives is first, the second

147 see Lucas (2006)
18 see Lucas (2006)
149 see Lucas (2006)
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for static objectives and changing (soft) preferences, and the third where both are

dynamically changing (co-evolution)'’.

3.4.6 Resumé

Optimization techniques in OR are used for solving problems from different traditional
areas of work. The application of these operations research (OR) techniques is helpful in
analysis and iterative development, testing, evaluation and controlling of the project’s
needs. In this thesis an MOOP / SOOP approach to a decommissioning and dismantling
project will be developed and implemented by software tools. In chapter 4 the

mathematical design, strategy and technique of the OR problem is presented in detail.

3.5 Software Tools

3.5.1 Overview

In this section of the study the focus will be on tools, which are of potential use in

meeting the goals of the model specified in chapter 4.

AIMMS is an optimization technology that must be thoroughly evaluated, since it is the
preferable tool to be integrated in the model (see chapter 3.5.2).

MS Project is the project management tool, which is used in executing the model (see

chapter 3.5.3).

MATLAB, SPSS and R are alternative proprietary and open source tools, which would
potentially prove helpful in solving the mathematical requirements of the model. These
alternative tools will be discussed in order to have a comparison of the estimated
performance amongst both proprietary and open source tools. In doing so we are able to
evaluate the functionality, compatibility, reliability, user friendliness, degree of

standardization etc. between all potential tools.

130 see Lucas (2006)
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3.5.2 Usage of the Optimization-Tool “AIMMS”

3.5.2.1 Introduction

“AIMMS is an optimization technology that enables you to make complex
decisions faster, more accurately, and more consistently by suggesting &
comparing optimal solutions. Our optimization technology can retrieve the most
value out of your assets. It is used by leading companies to support and improve

decision making in a wide range of industries.”"”!

In order to solve the problem framed in chapter 4, with the goal of minimizing costs,
radiation exposure and project duration, monitoring tools are necessary to get the highest
achievable control of the model and its components. AIMMS (Advanced Interactive
Multidimensional Modeling System) supports this goal attainment with common methods
and functions (e.g. Lean Management and Simultaneous Engineering techniques,
simulations, forecasts, risk assessments), in order to make the model and its degree of

efficiency as visible as possible.

3.5.2.2 Application of AIMMS on the model

The specification of the model and its minimization functions will be shown in the next
chapter. AIMMS offers so called linear optimization tricks, useful for models with linear
and nonlinear structures. In the specified model the minimizing functions are of the

following structure:

Minimize: DX, (3.1)
jed
Subject to: Zaijxj zb Viel
jed
X;20 Vjel

Bl see AIMMS (2012a); “AIMMS is developed and brought to the market by Paragon Decision
Technology. The company also provides application development consultancy, and support to its
customers and works in close co-operation with selected service partners.”
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AIMMS offers several state-of-the-art-techniques and optimization functions, explained
in the “AIMMS-Optimization Modeling-Manual”'>* with detailed information for

application and implementation.

3.5.2.3 Algebraic Representation of Models

The method of translating an explicit format to an AIMMS format is explained in the
AIMMS Modeling Guide. The explicit form is the algebraic notation. Differences
between several representations of the same model are illustrated by the potato chips
model. The model should have comments where numbers are given to provide for quick
understanding and a descriptive symbol for each number or group of numbers. A more
efficient and structured approach for model building can be created. The motivation is
then drawn for symbolic model formulation'*.

In chapter 6.3 the function for the constrained minimization problem will be specified in

AIMMS.
3.5.3 Microsoft Project

3.5.3.1 Overview

Microsoft Project is one of the dominant PC-based project management software tools on
the market. The goal of MS Project is it to support project manager in

e formulating a project plan,

e allocating resources to tasks,

e pursuing progress,

e controlling the budget and

¢ monitoring workloads.

132 see AIMMS (2012b), p. 63ff.
133 see AIMMS (2012b), p. 32ff.
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3.5.3.2 The Project Map: Your road map to project management

The Project Map assists in project management through the three phases of the project
life cycle, including building a plan, tracking and managing a project, and concluding the

project’™*.

Build a Plan

A plan is necessary before starting a project in order to define what will be explored, the
scope of the project, and its desired outcome. When building a plan, several goals also
need to be planned for. The project should be initiated by defining aims, expectations,
and limitations. A project plan can then be started, involving a project file where
preliminary project data and planning documents are attached. The outcomes should be

defined including the actual product or service that is required'’.

Plan project activities

It 1s very important to plan for the full scope of the project and the major activities
involved in creating the project. The work involved can be organized into milestones,
phases and tasks and then entered into the project plan, and the tasks can be further
structured through the customized work breakdown structure (WBS) codes or outline
codes. Often times, based on the task durations entered, Project 2007 can calculate a
realistic schedule and then schedule specific tasks for specific dates. Relationships can be
created between projects by creating task dependencies, for the purpose of evaluating the

effects of activities of one project on another project'*.

Plan for and procure resources
Using the information already collected, preliminary estimates can be made, requirements
can be identified and staffing and processes to acquire the resources needed, can be

initiated. After the resource information is identified, approved and procured, it can be
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entered in the project plan. These resources can be shared across multiple projects.

Resources can also be assigned to specific tasks set up as part of the project’””.

Plan project costs

The costs of the project are the resources, people involved, equipment used and materials
consumed. The costs of the resources and tasks must first be estimated and can be saved
as a budget before the plan is tracked and managed. Important notes about the budget can
be attached and the information can be transferred to other file formats. Preparations to
stay within the budget should be made. You can specify a start date for the financial year,
control the calculation options, and determine when the costs are payable'>*.

Plan for quality and risks

The project should be planned for unexpected outcomes by identifying quality standards
to achieve project objectives. Identifying risks and planning for them helps keep the
project on schedule and on budget'™.

Plan communication and security

Methods for effective communication should be established to keep the project current,
and the security features of Project 2007 should be used to prevent unauthorized access to

project information'®’.

Optimize a project plan

After beginning the project, the project plan should be optimized to meet the finish date,

reviewing the distribution of resources, and meeting the budget'®".

Print and distribute project information

After arranging the project, it is important to keep project members up-to-date by

providing printed and online project information and reports'®.
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