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Abstract 

This thesis is the result of a study that is conducted in the field of safety and risk at the DCMR 
environmental protection agency. The incident datahase is analyzed by means of the hierarchical and 
K-means clustering method to be able to capture specific groups of incidents. To select reported 
incidents for analysis with the PRISMA method, an implementation design is created. 



TU e 

ii 



Tu / e •,h,1-. j• U'l fC,jif• I· r;Jh1·. r 

Preface 

This thesis is the result of 7 months of research and work at the DCMR environmental protection 
agency. Although at the start of this project the situation was unpleasant, the positive execution that 
followed and how the investigation took of from there is highly satisfying. Therefore I would like to 
thank the DCMR and particularly Paul Crooijmans, Marlouce Noest and Wim Kooijman, for their 
confidence and support. Their support and advice during the analysis and investigation, really helped 
me to pull this thesis off. Simultaneously I would like to thank both of my TU/e coaches, Manfred 
Jeusfeld as my first coach for his useful advices and recommendations. During our meetings in 
Tilburg a new world regarding information systems came to my attention. Second Jan Goossenaerts, 
who generously created instantly the possibility to graduate, and for his professional advice and 
suggestions regarding the thesis. 

In general l owe thanks to Jan van Strijen, Robert Ruigrok, Frans Coehoorn and Bart Wester for the 
input of their specific expertise in the field of incident investigations and the executive role of 
enforcing the law as an environmental agency. From their own profession they provided with the 
necessary information and comments, without distracting me from the research. Moreover the active 
participation in meetings regarding the PRISMA, relevant to the thesis were very clarifying. Also 
many thanks to all the colleagues at the "bureau veiligheid", as the "home-base" to conduct the thesis. 
Here I was treated like a full-time employee, and the colleagues were always interested in my study 
and activities. Moreover the eight o'clock coffee break and whether the soup is "it" yes or no will be 
remembered. Furthermore I would like to thank everybody who in any way contributed to this study. 

Finally, and actually in the first place I would like to thank my parents, sister, and relatives for there 
unconditional confidence, support and contribution, during this thesis and my educational career. 

Piecer Feenstra 

Schiedam, dccember 2006 

iii 



TU e 

iv 



TU/ e ;,.,,.,.,,,,,, ,, .. v, ""··•t •·"·"""' " 

Contents 

Abstract. ............................................................................................................................................................ i 
Preface ............................................................................................................................................................ iii 
Summary ........................................................................................................................................................ vii 
1 Thesis Background ............................................................................................................................ 1 

1.1 DCM R Company Field of Investigation .............................................................................................. 1 
1.2 Organisation ....................................................................................................................................... 2 
1.3 Motivation for Investigation ................................................................................................................ 2 
1.4 Method of Approach ........................................................................................................................... 3 

2 Further Conceptualization of the DCMR .................................................................................................. 5 
2.1 Incident Selection Process at the OCMR ........................................................................................... 5 
2.2 Lack of Agreement Coordinator/ Inspector ....................................................................................... 6 
2.3 DCMR Mission Statement .................................................................................................................. 6 
2.4 Stakeholders of the DCMR organisation ............................................................................................ 7 
2.5 Department of process industries (PIO) ............................................................................................. 7 

2.5.1 Bureau of Safety (VEI) .............................................................................................................. 7 
2.5.2 Bureau of Inspection Process Industry (HPl) ............................................................................ 8 

2.6 Legislation restraints DCMR .............................................................................................................. 8 
2.6.1 law environmental management r,Net Milieubeheer) ................................................................ 8 
2.6.2 Besluit Risico Zware Ongevallen 1999 (BRZO '99) .................................................................. 9 

3 Research Outline .................................................................................................................................... 10 
3.1 Problem definition ............................................................................................................................ 10 
3.2 Objective .......................................................................................................................................... 1 O 
3.3 Research Questions ........................................................................................................................ 1 0 

3.3.1 Research Sub-Questions ........................................................................................................ 1 O 
3.4 Continuance Research Steps .......................................................................................................... 1 O 

4 Analysis Approach .................................................................................................................................. 12 
4.1 Possible approaches to tackle DCMR decision process .................................................................. 12 

4.1.1 Usage REOV criteria ............................................................................................................... 12 
4.1.2 Random Selection Incidents ................................................................................................... 12 
4.1.3 Data Mining ............................... .............................................................................................. 13 

4.2 Data Mining Justification .................................................................................................................. 14 
4.3 Different Clustering Approaches ...................................................................................................... 14 

4.3.1 K-means put in perspective .................................................................................................... 15 
4.3.2 Visualization of K-means Clustering ....................................................................................... 16 

4.4 Theory in Practice at the DCMR .................................................................................................. 17 
4.4.1 Data pre-processing and standardizing .................................................................................. 17 
4.4.2 K-means Clustering Analysis .................................................................................................. 17 
4.4.2.1 The K-Means Algorithm ...................................................................................................... 18 
4.4.3 Hierarchical Clustering Analysis ............................................................................................. 18 
4.4.4 Software Utilization ................................................................................................................. 18 

4.5 Realization ....................................................................................................................................... 19 
4.6 Operating Principles ......................................................................................................................... 20 

5 Current Situation at DCMR ..................................................................................................................... 21 
5.1 Handling Procedure Reported Incidents .......................................................................................... 21 

5.1.1 Calling / Reporting .................................................................................................................. 22 
5.1.2 Classifying ............................................................................................................................... 22 
5.1.3 Selecting and Investigating ..................................................................................................... 23 
5.1.3.1 Follow-up Incident Investigation (Tweedelijnsvoorvalonderzoek) ...................................... 23 
5.1.4 The development of Current Selection Criteria ....................................................................... 24 
5.1.5 Changing from the REOV Criteria ........................................................................................... 24 

5.2 UML-class Diagram Incident Handling in MIRR. .............................................................................. 25 
5.3 Incident investigation ....................................................................................................................... 26 

5.3.1 Petri net Incident reporting ...................................................................................................... 26 
5.3.2 Processing Incident at HPVHHH/HRB .................................................................................... 27 

5.4 Incident Characterization .....................•........................................................................................... 29 
5.4.1 current reporting ...................................................................................................................... 29 
5.4.2 Current Database Incident Selection and Storage .................................................................. 30 
5.4.3 Current Unforeseen Company-calls Incident Selection and Storage ...................................... 30 

5.5 The scope of the reported incident problems ................................................................................... 32 
5.6 Experts Opinion Selection Criteria ...•.......................•....................................................................... 32 

6 Clustering Analysis ................................................................................................................................. 34 

V 



TU/e 
ho 1'1 -., t' • ' ·" 

6. 1 Data Characteristics .................................................................................................................... 34 
6.2 Clustering the CIN .......•.. ...............................••............................................................................ 34 

6.2.1 Dendogram .................................•..............................•.................................•....••.•......••.......... 34 
6.3 Clustering 2005 lncidents ............................................................................................................ 35 

6.3.1 AN OVA table ...............................•...................•.......................................................•..................... 35 
6.3.2 Number of Incidents per Cluster ............................................................................................. 35 
6.3.3 Relative Distances Between Clusters .................................................................................... 36 

6.4 Summary ...................•....•......................................................................•.......................................... 37 
7 Clustering Re-analysis .....................•...................................................................................................... 38 

7 .1 Feedback Implications ...................................................................................•................................. 38 
7.1.1 Outline People's Opinion Regarding Incidents ....................................................•.................. 38 
7.1.1.1 Inspectors' Routine .........•................................................................................................... 38 
7.1.1 .2 Incident Description and Information Availability ................................................................ 39 

7.2 Re-analysis Dataset Set-Up .........•............................................•............................•......................... 39 
7.2.1 Split-up per inspection department ....•..................................•..................................•.............. 40 
7.2.2 Skip Z2 CIN calls ................................................................................•.........••...•.................... 40 
7.2.3 Skip incidents recorded as "hoofdactiviteit: overige provinciale Wm-activiteiten" ................... 40 
7.2.4 Skip needless incidents .......................................................................................................... 40 

7.3 Redefinition Incidents Characteristics .....................................................•........................................ 40 
7.4 The Re-analysis ....................•..................................••............................•...............•......................... 41 

7.4.1 Findings and Results HPI .............................................................................•......................... 41 
7.4.2 Findings and Results HHH .......................................•.............................................................. 42 
7.4.3 Findings and Results HRB .....................................................................................•................ 44 

8 Settlement Analysis and Re-analysis ..................................................................................................... 46 
8.1 Key Learnings .................................................................................................................................. 46 
8 .2 Feedback to the Research Questions .............................................................................................. 47 

8.2.1 Research Question 1 .............................................................................................................. 47 
8.2.2 Research Question 2 .............................................................................................................. 48 

8.3 Discussion .•..................................•................................................................................................... 49 
9 Re-organized Work-process ................................................................................................•.................. 50 

9.1 New Decision Process Model .............................................................................................................. 50 
9. 1.1 Complaints .............................................................................................................................. 50 
9.1.2 Bureau of inspection specific incidents ...........................................••...................................... 51 
9.1.3 Selection of un-investigated incidents ..................................................................................... 51 

9.2 Evaluation ........................................................................................................................................ 52 
10 Overall Conclusions and Recommendations ................................................................................... 54 

11 

10.1 Realization ..........•.......................•....•...........................................................••.............................. 54 
10.1 .1 Implementation Plan ............................................................................................................... 54 
10. 1.2 Roadmap ................................................................................................................................ 55 
10.1.3 Cost/Benefit Analysis for the DCMR .................................................................................. 56 

10.2 Conclusions Clustering ................................................................................................................ 57 
10.3 Findings from the Investigation .................................................................................................... 57 

10.3.1 Conclusions ............................................................................................................................ 59 
10.3 .2 Recommendations ...........................................................................•...................................... 59 

11 .1 
11 .2 
11 .4 

References· ...................................................................................................................................... 60 
Literature .............................................................................................••...................................... 60 
Internet ........................................................................................................................................ 61 
List of Abbreviations .................................................................................................................... 62 

12 Appendix .......................................................................................................................................... 63 

vi 



TU/e 
ho 

Summary 
The DCMR (Dienst Centraal Mili.eubeheer Rijnmond) Environmental Protection Agency is the 
regional environmental agency of the local and regional authorities operating in the Rijnmond region. 
the larger "Port of Rotterdam" -area in the Netherlands. 

The project is initiated from the bureau of safety (VEI), which is a part of the Process lndustry 
Department (PlD). The main focus however will rather be on the bureau of inspection of the Process 
Industry Department (HPI). Also the other bureaus of inspection at the DCMR are (partially) covered 
in trus thesis. They arc the bureaus dealing with Harbour (HHH) and Residual Substances (HRB). 

In September 2005 the DCMR Environmental Protection Agency, started with the implementation of 
the PRISMA-method as a methodology 'lo analyse, store and administer incident-; and near misses in 
the Rijnmond region. 

When the method was implemented in September 2005 into the DCMR organization, the initial focus 
was on the implementation of the PRlSMA method itself. This was done inline with learnings of a 
study previously done in cooperation with the University of Eindhoven. Unfortunately with this 
attempt the focus was too much on the implementation in itself, moving away from the real purpose: 
investigation of the incidents by determining the criteria on which the incidents should be 
investigated. As a result of this thesis a new investigation was necessary, and was followed by the 
specification of the assignment for this analysis. The focus of this thesis therefore is on determining 
new selection criteria for deciding to do an investigation using the PRISMA analysis, or not. 

From the information given, the following problem definition, objective and research can be derived. 
The formulated problem definition: 
The current way of selecting an incident for investigation within the DCMR is insufficient, there are 
ambiguous guidelines to support the decision process regarding an incident investigation. 

The following objectives can be derived from the problem definition. 
• Establish a company wide definition of an incident, to make dear once and for all what the 

objective is of investigating a reported incident. 
• Deliver to the DCMR an incident selection work process to distinguish the rekvance and be able 

to make decisions, derived from a developed model that prioritizes and selects reported incidents 
for investigation. 

Three research questions were gene.rated: 
• What types of incidents, among the companies supervi.~ed by the DCMR, can be defined based on 

their shape and size? To establish a company wide definition. 
• ls the infonnation, needed accordingly, covered with the current selection method at this moment 

satisfying, or is there a need for extension? To deliver an incident sekction solution. 
• What type of methodology can be employed to create, and support a standardized selection 

process, at the DCMR, now and in the future. 

Besides the research questions the following sub-questions are distracted: 
1. Scope determination: What is the field in which the DCMR operates? 
2. Current process: What is currently 1the added value of the available incident database? 
3. lncident qualification: 

• What types of incidents can be distinguished based on the reported incidents and complaints? 
"' What characteristics of the different types of incidents can be identified and in what part 

during the course of an investigation can this information be obtained? 
• Cascading choices: What types of incidents are most valuable for investigation by DCMR? ➔ 

which delivers most valuable learnings I how can "valuable" be described? 
4. Model building: With what set of criteria can the characteristics be translated into a decision 

model for investigating incidents, and how is that related to the current set of decision-rules? 
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The model to be used for the in-depth analysis is: the K-means clustering analysis. The decisions steps 
regarding this method are summarize as follows: 
Cluster analysis is an exploratory data analysis tool which aims at sorting different objects into groups 
in a way that the degree of association between two objects is maximal if they belong to the same 

Problem Approach 

Fuzzy experts systems 

Decisions trees 

Rule induction 

Usage REOV criteria Genetic algorithms and 
genetic programming 

""- Random Selection Incidents Back propagation 

""- Data Mining --- Associative memories 
--- Single duster against rest of 

Clustering lhe data 

Hybrid syste~ s Hierarchical ea a hierarchy of 

Visualization clusters 
Partitional as partijion of the 
entity set in a set of dusters ------------

K-means 

group and minimal otherwise. Given the above, cluster analysis can be used to discover structures in 
data without providing an explanation/interpretation. The best iterative and hill climbing clustering 
algorithm is the K-means algorithm. To visualize the clustering, hierarchical clustering is used, this 
method is also used to determine the initial number of clusters. 

Current Situation 

The current situation regarding the incident handling is presented by the following Petri-net 
MIRR 

----, announced 
HPI I Incident 

Fig11re I St1bnet of "processing incident" for HP/, HHH and HRB 

To make a fair justification, first an overview of the old (current) situation: 
• Rules are derived from antiquated REOV criteria 
• The current rules (as well as the old rules) are highly based on the perspective of a single 

person 
• There is no workable definition, nor guideline, company wide implemented 
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Analysis and Re-analysis 

Based on the analysis and the recommendations from the results of the questionnaire among the 
inspectors, a new dataset was setup to run a new clustering analysis. The first cluster analysir,, 
consisted out of too many inci.dents in the data-set to be analyzed. Therefore, in order to create a better 
understanding, the amount of incidents were reorganized and downsized according to the inspectors' 
feedback from a questionnaire and after that a re-analysis was conducted. The data was reorganized 
and downsized as followed: 

► Split-up per inspection department. 
► Skip Z2 CIN calls. 
► Skip incidents recorded as "hoofdactiviteit: overige provinciale Wm-activiteiten". 
► Skip needless incidents. 

Conclusions 
Based on cost and benefit analysis, as well as the in-depth analysis, the following conclusions are 
derived: 

1. K-means clustering delivers to the DCMR a fast and reliable methodology, to be executed 
without needing a lot of experience. Performing the clustering analysis is qujte easy to do, the 
main difficulty is the data set-up. 

2. Incident clustering delivers more insight into the reported incidents and contributes highly to 
the development of new priority rules for incident investigation selection. Clustering reveals 
complete different sets of incidents, and at the same time c011frrms group-characteristics 
currently in use. 

3. By means of the hierarchical clustering, also the less noticeable incidents are revealed. 
Hierarchical clustering is able to visuali:z.e the clustering and reveals how incidents are related 
to each other. 

4. Clustering is not the ultimate solution, but it can indeed make a valuable contribute to the 
development and maintenance of priority mies. Besides the used clustering methods, also 
other methods could have been employed to investigate the database. 

Answering the Research Questions/ Recommendations 

Answering the question: Establish a company wide definition of an incident, to make clear once and 
for all what the objective is of investigating a reported incident. First it is decided what the definition 
is, of an incidenL to the DCMR, before the different types can be defined. 

• Definition incident: 
An incident to the DCMR is: an event that is reported or detected by the DCMR, as specified in the 
law environmental management, the law soil-contamination and the building-material provision. 

Next the definitions can by established what types of incidents can be distinguished within the DCMR. 
Based on the investigation three types of incident can be determined and defined. 

• PRJSMA-investigation Incident: 
An incident reported by the DCMR, which has been selected for an investigation according to the 
PRISMA-method, by the responsible bureau of inspection, based on the priority rules established 
within. 

• Normal-investigation Incident: 
An incident reported by the DCMR, not being a PRISMA-investigation incident, which has been 
selected for an investigation, by the responsible bureau of inspection, based on the current procedure. 

• Low priority-investigation incident: 
An incident reported by the OCMR, not being an incident mentioned elsewhere, which has NOT been 
selected for an investigation, by the responsible bureau of inspection, based on the current procedure. 

The answer to the question: ls the information, needed accordingly, covered with the current selection 
method at this moment satisfying, or is there a need for extension? To deliver an incident selection 
solution. The answer is: no, the information needed is covered partly with the current selection 
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method, and yes, there is a need for extension. As the clustering analysis revealed, in many cases the 
data is filled out partly, by the incident room. The reason for that is not always clear. In general the 
reason why a field has nor been filled out is because the person handling the call was not able co select 
the most appropriate characteristic from the predefined list. Therefore there is a need for extension in 
the amount of selectable choices, bur not necessarily in the amount of fields to be filled out. 
Simultaneously the amount of possibilities is high so at this moment it is not clear if the correct 
possibilities are adopted in the selection )jst. At least it can be further investigated whether some 
characteristics are still representative or can be grouped. 

As mentioned in the definition in the thesis, incidents are a PRISMA-investigation incident when they 
meet the priority rules established within the responsible bureau of inspection. These rules have to be 
formulated for each bureau of inspection, that is responsible for the company referring to the incident. 
Based on the in-depth investigation the following three (company wide) priority rules were determined 
in order of relevance: 

1. Complaints. 
2. Bureau of inspection specific incidents. 
3. Selection from pool containing small incidents. 

The priority rule "complaint" can be formulated as follows. 
When a reported incident is causing ten or more complaints it is investigated 
using the PRISMA method. 
(In the coming period of time the amount of complaints should be decreased 
gradually, until all the complaints are investigated) 

For the individual bureaus of inspection, HPI, HHH, and HRB, priority rules have been defined. These 
rules are derived from the results of the clustering analysis. 

The priority rule "selection from pool containing small incidents" can be formulated as follows: 
An incident that is not selected for investigation (with PRJSMA or normal) is 
added to a quarterly filled pool, where at the end of that quarter, per inspector 
an incident is randomly selected to investigate using the PRISMA method. 
(perhaps unnecessarily; the selected incident is still appointed to the responsible 
inspector) 

Summarizing the new decision process model is as follows See figure U new decision 

process model. ~ -

>•1 O complaints 

PRISMA Investigation 

Low Priority Database 

PRISMA Database 

Figure ll new decision proces.r model 
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To implement the new decision process model, the method of announcing incidents to inspectors is 
abolished. The new subnet represents the decision process company wide. However the different 
bureaus will implement their own set of priority rules in the store called "collective selection rules" 
(see Figure ill: Optimized subnet of "processing incident" for the DCMR). 

MIRR 

P&rioocal 
Term 

r-----
1 Pr°"°""' 

Figure Ill Optimized subnet of "proces.,ing incidenr" for the DCMR 

Cancel 
I nvesiQaion 

In the new (proposed) situation the following advantage can be defined: 
• Selection rules derived from scientific research 

Discontinue normal 
ifl\le:SbgatiDrlS 

Not I rwesligated 
lrader1 

• Rules are based on the MIRR database in line with the "peoples" opinion 
• There is a workable definition based on legislation, ready to be implemented companywide 
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1 Thesis Background 

This first chapter describes the background of the thesis. And overview of the DCMR and their work
scope is given in the first paragraph. This is followed by a short explanation of the organisational 
structure at the DCMR. With this understanding paragraph 1.3 gives further clarification for the 
motivation for the research that forms the foundation of this thesis. The chapter ends with a short 
explanation of the methodology used in the approach of the research. 

1 . 1 DCM R Company Field of Investigation 

The DCMR (Dienst Centraal Milieubeheer Rijnmond) Environmental Protection Agency is the 
regional environmental agency of the local and regional authorities operating in the Rijnmond region, 
the larger "Port of Rotterdam" -area in the Netherlands. 

In 1972 the DCMR was founded in order to improve environmental protection in the Rotterdam
Rijnmond region (Figure 1: Operating scope DCMR). This region is a heavily industrialized area with 
refineries, waste incinerators, several waste dumping sites, many large chemical plants, metallurgy, 
food processing plants and about 19,500 smaller companies. The tasks of the DCMR in this area 
include regulation of the industries and monitoring and assisting authorities on developing 
environmental policies. 

The DCMR supports the development and implementation of environmental policy in the city of 
Rotterdam. In this role, every year an environmental monitoring report for the Rotterdam region is 
issued. This is done together with other local and regional organizations. A project team compiles, 
analysis and assesses the information of the Rotterdam region. This information is categorized in three 
main chapters: quality of the environment, sources of pollution and improvement efforts. For the 
DCMR this means that a lot of attention is put into continuously measuring the environmental quality. 
Plus an environmental monitoring is done to assess the success and failure of regional environmental 
policy. 

'."/erkgeb1ed DCMR Miileudienst RiJnmond 

Figure 1 operating scope area DCMR (source DCMR) 
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1.2 Organisation 

The DCMR organisation is a line-staffed organisation, with five departments and four staff 
departments supporting the board, as shown in Figure 2: Organisation chart DCMR. The project is 
initiated from the bureau of safety (VEI), which is a part of the Process Industry Department (PID). 
The main focus however will rather be on the bureau of inspection of the Process Industry Department 
(HPI). Also the other bureaus of inspection at the OCMR are (partially) covered in this thesis. They 
are the bureaus dealing with Harbour (HHH) and Residual Substances (HRB). They can be recognized 
in Figure 2 by the red cycles. 

Facdlloir 
I M.::,r tt~ "1G:f1i 

l OQISl!ek en 
tt"'(' f1lf't..-k 

lnfm,r.1ttt-~-
1 t&ehl· ol:>qie 

Dir--,:..tern·cersl&uni11~ , 
Voo<1i<;~,IH'IQ 

Fooancien ! I 

Poc.o~eel & 
1 

J 
Ofgamsa1i9 

Rt_H,.lllllf 

~---- PID - ---~ 
Reslstollen er 

BOC!("ffl 

8ocem 

clocem Roltercam 

,--~ rocesindusme 

GellJIC 

___ V~1h9l1v 

Sllill<,',l't1 en 
non1lom9 

Bedri1..,en 
GeMCf~k'r 

Setlr~,en 
Rottrr:tar.-i 

Handh;i~mg Sl,1d 

RumlllitJl<o 
Or~•ikkelingen 

Figure 2 Organisatwn chan DCMR, and outlined are the bureaus involved (.rource DCMR-intranet) 

1.3 Motivation for Investigation 

In September 2005 the DCMR Environmental Protection Agency, started with the implementation of 
the PRISMA-method as a methodology to analyse, store and administer incidents and near misses in 
the Rijnmond region. In Appendix I more information regarding to the PRISMA method is given. 

This PRISMA method at the DCMR embraces a root cause analysis where each root-cause is labelled 
by means of a PRlSMA classification: technical-, organizational- and human-failure. Each of these 
classifications has their own more specific subdivision. In addition to that, each root-cause is briefly 
explained. The total results of these analysis are stored in a database. Doing this enables the DCMR to 
at a certain point in time, present the number of different classifications graphically in a so-called 
PRISMA-profile. With percentages it is shown in what classification field corrective actions have to 
be taken. The PRISMA matrix makes it is then possible to looks up what type of corrective action is 
the most suitable for this classification. 

The DCMR is picking-up the pace to investigate incidents with PRISMA. However the PRISMA is 
hardly used. Reason for this, according to the DCMR, is that there is no aligned direction on which 
reported incident should be investigated with the PRISMA method: e.g. there is no criteria to 
determine whether an incident is considered as relevant for investigating according to the PRISMA 
method. 

2 
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When the method was implemented in September 2005 mto the DCMR organization, the initial focus 
was on the implementation of the PRlSMA method itself. This was done inline with !earnings of a 
study previously done in cooperation with the University of Eindhoven. Unfortunately with this 
attempt the focus was too much on the implementation in itself, moving away from the real purpose: 
investigation of the incidents by determining the criteria. on which the mcidents should be 
investigated. As result a new investigation is necessary. The focus of this thesis therefore is on 
determining new selection criteria for deciding to do an investigation using the PRlSMA analysis, or 
not. 

1 .4 Method of Approach 

The goal in technical industrial engineering improvement projects is the development of scientific 
insight, to subsequently deploy the acquired knowledge to solve problems. An improvement as this 
can be seen as a regulative cycle (Van Strien 1975). Figure 3 reflects this "step-by-step" methodology. 
As the issues at the DCMR mentioned in the previous paragraph ask for such an improvement, the 
research done in this thesis is executed following this path. 

evaluation 

interference or 
realisation 

problem 
disorder 

plan/ design 
solution 

Figure 3: The regulative cycle (Van Strien, 1975) 

problem
choice/ design 

analysis and 
diagnoses 

To put this regulative cycle in a more workable context, the "Ten Steps Plan" of Kempen and Keizer 
(2000) is used. This plan consists of three main phases: 

• Orientation where with the first analysis of the problem definition is made, the problem is 
marked out, in which the approach of the improvement project is developed. 

• Investigation and design, in which the problem is analyzed more specifically, alternative 
solutions are designed, an organizational support regarding the solution is developed and 
where the plan to change is designed. 

• Introduction, in which the actual changes in the organization is implemented based on the 
solution design and plan to change. 

Due to the limited amount of time available the choice is made to put the emphasis of the thesis on the 
first two phases in total and partially phase 3. In this way the DCMR gets a tangible results and the 
base for potential further research is t:.Teated. In Table 1: Regulative cycle compared with Ten steps 
plan, the regulative cycle and the ten steps plan are presented side by side. For clarity purposes an 
extra column is added, referring to the chapters in the thesis. In chapter 3 a more detailed description 
of the research is given. 
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Regulative Cycle Ten Steps Plan Chapter 

Problem Definition 1) External orientation 1 en 2 
2) Intake conversation ............. , ............................................ .......... 
3) Orienting interviews 
4) Analysis 3 
5) Feedback/ contracting ....................................................................... 
6) Work planning and project 4, 5, 6 en 7 
organisation 

Diagnosis 7) In-depth investigation 8, 9,10en11 
Plan 8) Solution design 12 en 13 

Realisation 9) Implementation 

Evaluation 10) (Completion) 
Table I : Regulative cycle compared with Ten steps plan 
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2 Further Conceptualization of the DCMR 

This chapter analysis the current situation at the DCMR. The first paragrnph starts with introducing the 
currt!nt way of selecting incidents for further investigation. In the second paragraph the interaction 
between inspectors and coordinators regarding this current way of selecting incidents is presented. 
This chapter continuous with presenting the mission statement and stakeholders of the DCMR. In 
paragraph 2.5 the most important departments with regard to this thesis research are described. The 
chapter ends with a brief description of the most important legislation with regard to the DCMR 
works-scope and this research. 

2.1 Incident Selection Process at the DCM R 

Besides the unsatisfying first attempt of the PRJSMA implementation, also other organisational-based 
elements have to be taken into account within this thesis. The current way of handling incoming 
incidents for further investigation is done with an old selection method. This selection method is 
adjusted by the rule of thumb: a set of rules used and set by just one coordinator. This is combined 
with the fact that there is not enough capacity to investigate all reported incidents. The result of this 
method is rather clear; it causes an overload of investigations causing a constant waiting-list of 
reported incidents. The question therefore rises: with the end goal in mind to learn from the past 
incidents, is it better to do JO investigations partially in order to get a glimpse of a lot of incidents, or 
do 2 investigations analysed thoroughly, offer more value? 

The total number of hours spent on incident investigation at the HPI Department in 2005 was 
approximately 2.250 hours. The average time per investigation was estimated at 12,5 hours. Taking a 
total of 180 incidents investigated by a capacity of 15 employees results into 12 incidents per person in 
tht! year 2005. In other words, an inspector handles an average of only one incident per month. Figure 
4 graphically shows the percentage of time spent on the inspector's different responsibilities. 

a Incident lm.estigation 

a Pr81o8ntiw Inspections 

a BRZO Inspection 

a Other Actr.ities e.g. 
BCMSe, courses etc. 
etc 

Figure 4 percentage time .vpenl HP/ 2005 (.vource OCMR 2005; This disrrib111io11 is calculared on a yearly average and 
therefore not the reality of the day ro rkly bu.vines.~ at DCMR.) 

Inspectors are not only assigned to individual incidents, but are responsible for a specific company as 
well. Logically, the number of incidents may vary per company. As a result, some inspectors need 
more time for their investigations or have more investigations to start with. To tackle this problem 
inspectors sometimes use their (preventive) inspection time at companies for (reported) incident 
investigations. This "creative accounting" is resulting into less preventive assessments. Less 
preventive assessments can of course lead to more incidents, with a risk of a negative spiral effect as a 
result. A solution for breaking through this negative trend can be, to optimize and structure the 
prioritization process with the help of a set of specified selection criteria for singling out incidents. 
Coordinators and inspectors need to have a tool to know what incidents are relevant or interesting 
enough to investigate and which are not. 
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Besides this, also the fact that as little as 10% of the inspector's time (as shown in Figure 4: percentage 
time spent HPI 2005) is estimated for incident investigation, stresses the need for well-considered 
criteria. It is this set of criteria that then must identify those incidents in a more effective way. This is 
directly in line with the objectives of the DCMR towards the number of incident investigations as 
presented in appendix VII (Bureauplan HPI 2006). 

2.2 Lack of Agreement Coordinator/ Inspector 

The HPI bureau of inspection uses the set of criteria, as described in the previous paragraph, to select 
incidents for further investigation. The exact set of selection criteria is presented in appendix Vlll. 
According to this set of rules a coordinator appoints incidents to inspectors, according to the process 
that can be found in Figure 10. For inspectors there is the possibility to discard appointed incidents and 
also select incidents on their own. The reason for this "paradox" is to give the coordinator an escape, 
when he or she is in doubt. In other words: if a coordinator does not know what to do with the incident 
then an inspector can make the decision. Since inspectors are assigned to a specific company, it is 
assumed that he or she can make a better judgement of the incident and the situation. 

The above approach makes the DCMR rely solely on the inspectors experience and judgement in case 
of doubt. Clearly there is no document or whatsoever for the coordinator to rely on. The knowledge of 
inspectors is therefore not significantly used (as it is not documented), creating a situation with a high 
percentage of tacit knowledge. This results in a situation where all the knowledge is not objectively 
stored explicitly and therefore not easily to access and shared. Now a particular undesired 
characteristic arises: a lack of agreement between the coordinator and the inspector. Since the 
knowledge is mainly tacit, there is per individual a perception of what to do and how to handle 
reported incidents. The result is that both inspectors and coordinators have their own framework with a 
personal set of rules and experience in deciding what to investigate or not. 

In summary this set of criteria is "freedom for all and easy does it". None of the criteria, or work 
agreements mention anything regarding the acceptance of the responsibilities, nor who is accounted 
for the investigation. With these criteria the responsibilities are in the hands of each individual and 
there is no control anymore in what is investigated. There could just as well be no criteria at all and 
have every inspector decide what to investigate or not. 

Based on the above, it is therefore necessary for the DCMR that it is cleared up what the purpose of an 
incident investigating is again and to create proper selection criteria accordingly. 

2.3 DCMR Mission Statement 

A general answer to the overall purpose of the incident investigations can be found in the mission 
statement of the DCMR. By means of legal instruments the DCMR wants to contribute to increase the 
environmental quality and safety in the Rijnmond area. A translation of the complete mission 
statement is presented below. 

The DCMR Environmental Protection Agency contributes with the effort of legal instruments, and with 
a spec~fic experlise, to a decrease of environmental effects from companies and increase the 
environmental quality and safety in the Rijnmond region. This is executed on orders of the province of 
Zuid-Holland and eighteen municipalities in the Rijnmond area. The DCMR operates, proceeding 
from their expertise, also actively on integration of environmental aspects in other policy-areas and 
on environmental and safety related public questions and new developments. 

For extra clarity the original statement in Dutch: 

"De DCMR Milieudienst Rijnmond levert met inzet van wettelijke instrumenten en vanuit zijn 
specifieke deskundigheid een bijdrage aan het verlagen van de milieubelasting van bedrijven en aan 
het verhogen van de milieukwaliteit en veiligheid in het Rijnmondgebied. Dit gebeurt in opdracht van 
de provincie Zuid-Holland en achttien gemeenten in het Rijnmondgebied. De DCMR werkt vanuit zijn 

6 



TU/e 
r 1 t Jll•\I f':,U"'l 

expertise ook actief aan de integratie van milieuaspecten in andere beleidsterreinen en aan milieu en 
veiligheid gerelateerde maatschappelijke vraagstukken en nicuwc ontwikkelingen." 

2.4 Stakeholders of the DCMR organisation 

The Rijnmond region is a busy area, with industrial activity on a large scale and often located close to 
highly populated areas. This combination often leads to inconvenience for the public. The DCMR is 
there to work with and for the people of the community, the companies and the government. Over one 
million inhabitants of the Rijnmond area can call 24 hours a day with their complaints to a special 
reporting room, but also to ask questions regarding environmental issues. The environmental problems 
in the Rijnmond region are handled by an extensive cooperation between all government-departments 
involved, companies and environmental organisations. Each of them handles from their own 
perspective, being active and focused. The participants (eighteen municipalities and the province of 
South Holland (see Figure 1: operating scope area DCMR) have outsourced several environmental 
subjects to the DCMR. Since all the knowledge is concentrated at the DCMR, participants can consult 
for a variety of questions and assignments. 

Virtually to all of the 22,000 enterprises the DCMR issues the environmental permits in the area and 
carries out more than 9,000 inspections to monitor compliance with the permit conditions. It 
supervises and monitors clean-up programs to minimize the impact of soil pollution, waste disposal 
and noise. Also the availability of the environmental expertise and advising the participants, is part of 
the tasks of the DCMR. The DCMR is often asked to participate in work-groups for developing new 
policies and participates with their expertise in projects, in the Netherlands and abroad. 

The focus of this research will be in the rather broad area of the process industry. For this field of 
operations there is a special department within the DCMR called PID. 

2.5 Department of process industries (PIO) 

The larger industries (in Pernis, Botlek, Europoort and Maasvlakte as indicated in figure 1) and the 
population in the Rijnmond area, are the target group of the department of process industries (see 
Figure 2: Organisation chart DCMR,). Issuing permits and inspecting is the core-business, hence a 
close relationship is maintained between the industry and PJD. Besides this, other tasks are creating 
policies, air- and noise-advisory and external safety. The reporting room of the department is staffed 
24 hours a day, in order to deal with environmental complaints. In case of a chemical emergency, 
chemical advisors are always on duty to advice fire fighters and police immediately at the scene of the 
incident. Within PID two bureaus are located, namely the bureau of safety (VEI) and the bureau of 
process industry (HPI). 

2.5.1 Bureau of Safety (VEI) 
The tasks the DCMR has, regarding external safety (such as: prevention, evaluation and policy) and 
preventing disasters (preparation and repression), are brought together in the bureau of safety. The 
bureau of safety that was established in 2004 is the operational side of the DCMR. Within the bureau 
two clusters are found: External Safety (EV) and the Chemical Advisory and alert- and recognisance
service (CNWVD). Besides the tasks the bureau has regarding the operating field of the DCMR, it 
covers issues for the remaining part of the Netherlands. Examples are the BRZO (Besluit Risico Zware 
Ongevallen) belpdes!c for municipalities, the helpdesk quantitative risk analysis (QRA) and the 
national information source of accidents with hazardous materials (LIOGS). 

Safety is known "for it's ups and downs" regarding the general interests. Especially when major social 
disasters happen public and political consternation occurs. In most of the cases this results in questions 
as: "How did or could it ever come this far" but more importantly "what can we learn". Despite the 
fluctuating interests in safety, history has repeated itself several times, and this phenomena doesn't 
only occur in the Netherlands, rather worldwide. 
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Major accidents have lead to European legislation (Seveso 11 directive 1999). Herein the safety level 
that is demanded from companies is secured in legislation. This directive addresses that machinery and 
the control systems are at a good level of safety and maintenance. It forces governments to cooperate 
and to judge safety situations in accordance with each other, as well as within the companies as with 
the relation between the surrounding companies. For example the firework disaster in Enschede in 
2000 has caused astonishment to the public and later on changes in governments policies. As result of 
that the responsible ministry of VROM (Volkshuisvesting Ruimtelijke Ordening en Milieu) gave 
resources to enhance the efficiency and effectiveness of the government's actions in the area of safety. 

In 2004 the legislation has become effective, which connects the risk full treatments, the spatial 
planning arrangements, disaster prevention, and the Conclusion External Safety Facilities (BEYi 
(Besluit Externe Veiligheid Inrichtingen). As an answer to these changes from the government side, 
the DCMR selected and implemented the PRISMA method in order to maintain and improve the 
efficiency and effectiveness of incident investigations. 

2.5.2 Bureau of Inspection Process Industry (HPI) 
The Bureau of Inspection of the Process Industry Department monitors the compliance of the (major) 
companies, to operate according to their permits. Appendix II contains an overview of these 
companies. The main task of an inspector of the bureau of HPI consist of two types of investigations: 

• Preventive investigation; this is performed, based on random selection of a company or 
location. Possible incident-scenarios are investigated and reviewed to see whether the 
company operates according to the permits issued. 

• Incident investigation: when a company reports an incident, an inspector makes an 
appointment and visits the location. By law (Wet Miliebeheer) the company itself is 
responsible to perform an investigation, regarding the cause of the incident and present the 
findings to the authorities. For the Rijnrnond Area, the DCMR is the authority to report the 
findings. An inspector verifies whether the company acted according to the law and permit(s) 
issued. If this is not the case, the company can receive an inspector' s letter, a warrant, or a 
penalty. Next new agreements are made, to make sure a similar accident will not happen 
again. In future visits the company is monitored again, to make sure that company keeps up to 
their promises. 

2.6 Legislation restraints DCMR 

As mentioned before, the DCMR operates by government order and therefore operating according to 
the law. In this paragraph the most relevant part of the legislation relevant to the DCMR is presented, 
in appendix IV and [X the original Dutch versions are presented. 

2.6.1 law environmental management (Wet Milieubeheer) 
To HPI Chapter 17 of the law environmental management January 1st 1993 (wet milieubcheer) is of 
great importance. Based on this law, the bureau enforces inspections and incident-control. In chapter 
17 of the law it is stated that companies are obliged to report incidents and prevent them from 
happening again, and that the proper authorities initiate a prosecutable investigation. 

Article 17 .1 (translated from the law environmental management) 
In the event that an unusual occurrence happens or has occurred within the establishment, by which 
harmful consequences to the environment have originated or threaten to originate, affect those who run 
the establishment, immediate action that reasonably could be demanded from them, in order to prevent 
the consequences of the event or, as far as the consequences could not be prevented, limit and rectify it 
as much as possible. 

Article 17.3. (translated from the law environmental management) 
The proper authority supervises that the necessary data are collected to analyse unusual events, as 
meant in Article 17 .1, and the to retrieve causes from it. In order to prevent reoccurrence, modify, if 
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necessary, the permits issued by applying of the articles 8.22, or 8.23, or when possible, make specific 
recommendations towards these articles. 

2.6.2 Besluit Risico Zware Ongevallen 1999 (BRZO '99) 
The BRZO '99 ( conclusion risk major accidents 1999) is part of the Dutch result of the Seveso 11 
directives (1999). With the rules taking affect regarding BRZO ' 99, new rules are in place regarding 
the prevention policy, the control of the risk of major accidents and the information supplied by 
companies about this. These new rules also cover the treatment and assessment from the competent 
authority of the BRZO 99 . Here Article 5 and 10 are briefly described, as these articles apply to this 
thesis. A more extensive description of the BRZO 99 is presented in appendix IX. 

Article 5 gives the requirements of the BRZO 99 with respect to: 
• The prevention policy pursued by the institution major accidents (PBZO) 
• A security mastering system (VBS) for the correct implementation of the policy 
• The documentation of it in the institution 
• Handling changes in the institution 

Article 10 describes how the safety report (YR) has to be made and what the security report should 
contain regarding data and descriptions. The goal of a security report is, to give a clear insight for the 
government department concerning the following issues: 

The attentive installations and activities in the establishment 
The identified dangers for people and environment, and this adopted in the preventive policy 

• The measurements for preventing major accidents and the restrictions of the consequences of 
these accidents. 

The VR in itself exists of a summary, one documentation package and three volumes. These three 
volumes are: 

l. The description at institution level. 
2. lnstallation description. 
3. Analysis and developments of scenario. 
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3 Research Outline. 

This chapter describes the in-depth research that has been done to complete this thesis. Based on the 
situation as described in chapter 1 and 2, the problem definition, research objective and research 
questions are derived. The chapter ends with a more detailed description of the "10 steps plan" 
approach. 

3.1 Problem definition 

The current way of selecting an incident for investigation within the DCMR is 
insufficient, there are ambiguous guidelines to support the decision process regarding an 
incident investigation. 

3.2 Objective 

The following objectives can be derived from the problem definition. 
• Establish a company wide definition of an incident, to make clear once and for all what the 

objective is of investigating a reported incident. 
• Deliver to the DCMR an incident selection work process to distinguish the relevance and be 

able to make decisions, derived from a developed model that prioritizes and selects reported 
incidents for investigation. 

3.3 Research Questions 

• What types of incidents, among the companies supervised by the DCMR, can be defined based 
on their shape and size? To establish a company wide definition. 

• ls the information, needed accordingly, covered with the current selection method at this 
moment satisfying, or is there a need for extension? To deliver an incident selection solution. 

• What type of methodology can be employed to create, and support a standardized selection 
process, at the DCMR, now and in the future. 

3.3.1 Research Sub-Questions 
Besides the research questions, the following sub-questions are distracted: 

1. Scope determination: What is the field in which the DCMR operates? 
2. Current process: What is currently the added value of the available incident database? 
3. Incident qualification: 

• What types of incidents can be distinguished based on the reported incidents and 
complaints? 

• What characteristics of the different types of incidents can be identified and in what part 
during the course of an investigation can this information be obtained? 

• Cascading choices: What types of incidents are most valuable for investigation by 
DCMR? ➔ which delivers most valuable learnings/ how can "valuable" be described? 

4. Model building: With what set of criteria can the characteristics be translated into a decision 
model for investigating incidents, and how is that related to the current set of decision-rules? 

3.4 Continuance Research Steps 

ln this paragraph the "IO-steps plan" for the in-depth investigation of this thesis, as presented in 
Chapter 1 paragraph 1.3, is further explained. The research steps and the position of this in-depth 
research within the total scope of this the thesis, are represented in chronological order in Figure 5: 
The continuance of the research steps. This overview also includes a reference to the matching 
chapters. 
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Work planning and 
project organization 

problem 
statement 
Hst 1+2+3 

problem 
approach 

Hst 4 

In-depth 
investigation 

current 
situation 

Hst5 

analysis 
Hst 6 

Solution design 

re-organized 
work-process 

Hst 9 

settlement analysis and 
re-analysis 

re-analysis 
Hsi 7 

Hst 8 

Figure 5 graphical representatum of the continuance of the research .vtep.v 

Implement- completion 
ation 

conclusions and 
recommendations 

Hst JO 

The current situation described in chapter 5 is the first step within the in depth investigation. Via 
consultations with experts (people working for the DCMR) and with general desk research an overall 
view is created regarding the concept of incidents reporting at the DCMR. This results in an overview 
where on how the reported incidents are organized, with respect to the characteristics appointed by the 
experts of the DCMR. 

The chosen analysis, which justification can he found in chapter 4, is deployed in chapter 6. This 
analysis shows what characteristic have the highest contribution to a certain newly formed cluster, 
based on the highest separation. With the help and the results of statistical software, it becomes clear 
what incidents are grouped together and why. 

For the reanalysis in chapter 7 experts are consulted again. This time the results of the first analysis are 
used as stimuli. A questionnaire is held amongst the inspectors in order to generate feedback on 
possible statistical (im)possibilities. This consultation and questionnaire are used to detennine the 
adjustments needed in the dataset for the reanalysis. For this re-analysis the same procedure as in the 
original clustering analysis is conducted. This phase eventually delivers a final data output with an 
overview of the new clusters. 

In chapter 8 the settlement of the analysis and the re-analysis are reflected, matching-up with at that 
moment well-founded arguments. The data collected from the investigation is used to answer the 
research questions and deliver the foundation to the advice on a re-organisation of the work-flow. 

In chapter 9 the knowledge from the in-depth investigation and the current situation is translated into a 
solution design. The design shows a re-organized work-process to select those incidents that are 
"interesting" to investigate. 

Finally in chapter 10 the overall conclusions and recommendations of the thesis are presented. Since 
there is no implementation and completion of the work-process, as compensation, a prognosis on how 
this new work-process can develop, is given. Discussed is an implementation-plan and -roadmap, and 
a cost/benefit analysis regarding what the DCMR potentially will gain with this new work-process. 
Subsequently the conclusions and recommendations concerning the DCMR in general, and the next 
steps are defined, and potential possibilities for further research are given. 

In addition to the Jast chapter the final results are presented and a presentation is given at the 
University of Eindhoven. 

11 



TU /e 
h C '"I I r<,1 (' , J ~()· ...... 

4 Analysis Approach 

This chapter covers the analysis approach taken for the in-<lepth research of this thesis, including a 
justification. Paragraph 4. l discusses different ways to get to a new set of selection criteria: going back 
to the old method (REOV), randomly select incidents or via data mining. In paragraph 4.2 is explained 
why it is actually data mining that is the most appropriate approach in addressing this thesis' problem. 
Out of the several options to run the data mining, it found that the K-mean clustering is the most 
suitable analysis to take, in paragraph 4.3. Paragraph 4.4 places this defined statistical approach back 
into the context of the DCMR. The necessary actions that need to be taken in order to complete the 
analysis arc discussed. This is wrapped up in paragraph 4.5 with the help of a clear action- step plan. 
The chapter closes with some operating principles to set and mange expectations of the outcome to the 
research. 

4.1 Possible approaches to tackle DCMR decision process 

As mentioned in chapter 2, the current selection criteria at the DCMR and the way these criteria are 
being used, show that only the fact that a call is a CIN call is used in the deciding to investigate or not. 
However, moreover informal remarks have been made that some calls are actually not on a CIN-call 
but an industrial call and visa versa, confusing the decision process for investigation. Besides this, the 
definition of the CIN-codes do not provide an unambiguous set of characteristics. The CIN codes are 
only used in Rijnmond area by the emergency services as a standard to categorize incidents. The CIN
code represents a certain general state and/or condition at the scene, to help emergency services 
understand better what to expect when they arrive. In appendi.x VI an explanation is added to illustrate 
the CIN-calls in more detail. 

4.1.1 Usage REOV criteria 
As the current criteria are unsuitable, a solution could be to use the (old) REOV criteria again. 
However, also these old criteria have disadvantages. These criteria result in more investigations than 
the HPI department can handle today with their available capacity. 

In the past, these criteria did not lead to an overload of incidents. The reason it does not work anymore 
today, lies in the tendency of the current coordinators to wanting to investigate everything, having 
difficulties in making a decision. This can plausibly be explained by the fact that the former 
coordinators had a better understanding on how to use the criteria, based on their expertise from their 
former functions within the company. Current coordinators do not have a long career at the DCMR in 
the field of working with incidents, while former coordinators started their career in the incident room. 
This gives him, by the time he/she became a coordinator, enough hands-on experience to asses the 
incident on its relevance. This shortcoming of the current coordinators bring up even more the 
question, what the criteria are regarding an incident to investigate. 

The above problem probably never came to the attention of the management, with the result that a new 
coordinator was installed, assuming things would continue as usual. As electing incidents is not set as 
the core activity of the coordinator, it is pushed back even more. This consternation also shows the 
importance of creating new selection criteria that fit the DCMR with an unambiguous vision regarding 
incident investigation. 

Another organisational fact that needs mentioning is that the REOV criteria are derived from the 
Environmental law in combination with the situation in the Rijnmond area in 1998. Not only had the 
law changed in certain fields, also the industry in the Rijnmond area changed. 

4.1.2 Random Selection Incidents 
There is another way to tackle the problem of making the decision to investigate or not. A solution 
could he not to select for investigating the incident, but randomly pick out an incident. In this situation 
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nobody has to judge the incident, based on the content. Incidents will simply be analyzed randomly 
when they are reported and reducing the time pressure. 

Unfortunately, this can not be done. The main reason is the fact that the DCMR almost immediately 
should decide what to do with the incident. Randomly checking an incident is not possible, since this 
means that companies are not reprimanded if necessary. As part of the enforcement, the DCMR has to 
judge every reported incident. This consists of first checking the permit issued: did the company 
handled according to the directive of the permit issued. E.g. did they made the correct call, was 
everything handled according to the procedure, etc. 

It could be decided to enforce the permit and randomly select the incident for further investigation. Yet 
this will cause extra inconvenience. Inspectors handle all the reported incident,;, are involved in the 
incident, and judge the relevance, hut are not allowed to investigate them if necessary. 

Another issue with random selecting incidents is the feel of loosing control. When incidents can not he 
selected based on certain characteristics, it will be hard to keep control over the reported incidents. 
Coordinators and inspectors have to (somehow) keep control over the incidents to investigate in order 
to keep control over their responsible field of inspection. 

4.1.3 Data Mining 
Another approach regarding the selection criteria is to make a new set by determining what interesting 
incidents are. Obviously the old and new criteria do not meet the current needs of the DCMR. The 
DCMR stores the reported incidents in a data base with a numerous amount of characteristics. When it 
is cleared up what data is actually stored in the database, new insights relating to incidents to 
investigate can be created. 

In order to discover what is really behind these reported incidents it has to be documented what 
characteristics are stored in the database. Therefore, to get a better insight in the data they store, it has 
to be investigated what groups (other than the REOV and currently used) can be discovered and to 
whether these groups produce new insights in what is and what is not interesting to investigate. 

To get a better insight and understanding regarding the reported incidents and to gain insight in the 
underlying thoughts of the stored data in relation to the MIRR-database, the right step is to investigate 
the database using data mining. With regard to the MIRR database (Milieu Informatie Regio 
Rijnmond) the general comment of Fedders et al (2000) for the usage of corporate database for data 
mining needs to be mentioned. Fedders et al (2000) state that databases are usually not created for the 
purpose of (statistical) analysis but rather to support vital business processes. 

Datamining 
Data Mining is an analytic process designed to explore data (usually large amounts of data - typically 
business or market related) in search of consistent patterns and/or systematic relationships between 
variables, and then to validate the findings by applying the detected patterns to new subsets of data. 
Data mining is not much interested in reflection on where the data comes from or how it has been 
collected. It is assumed that a data set or database has been collected already and, however bad or well 
it reflects the properties of the phenomena in question, the major concern is in finding patterns and 
regularities within the data as they are (Mirkin 2005). According to Gargano et. al. 1999 will data 
mining methods bring knowledge workers to the next logical step in data analysis by yielding even 
deeper insights than those provided by production reports, managed queries, executive information 
systems, and online analytical processing. Primary knowledge discovery methods employed by data 
mining to facilitate the searching out of previously hidden information include the capabilities to 
discover rules, classify, partition, associate, and optimize. Another significant advantage of data 
mining is the ability to seamlessly automate and embed some of the decision steps not requiring 
continuous human intervention. Such embeddings also allow for the automated pre-processing and 
massaging of the data to be used in the model. This implies that the practice of one time model 
development to find the solution of an ad hoc problem should be avoided if possible (Berson and 
Smith, 1997). 
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4.2 Data Mining Justification 

This paragraph explains different approaches of data mining models, to select and justify the 
appropriate method to the DCMR-situation. 

In general data mining models can find hidden patterns in the data that are not readily detectable by 
other. Data mining techniques are generally not brittle (i.e. can easily handle incomplete, erroneous, 
and/or contradictory data) and do not require continuous expert technician support (Gargano et. al. 
1999). The models used in data mining are simple, concise, easy to implement algorithms that model 
non-random (i.e. statistically significant) relationships (or patterns) in large historic data sets. These 
models can then be applied to novel data in order to classify, predict, associate, or optimize. 

Inspired by different paradigms, there is a wide spectrum of data mining models including some 
presented in table 2 (from: Gargano et. al. 1999 and Goebel et. al. 1999). In appendix Ill, these tools 

1 . d. d ·1 are expame mmore etai. 

C 
0) >, 
C C 0 ·u; <O II) -~ l II) C E uE 
~ 0 c E ~ Q) ffi~ 0 8. e ~ '5 

Q) 

:5 ~ a. 0) la 
Cf! E 

:l! <O ~ ~ !:! j!! ,Q a. 0) 
,::, 

0 II) B >, a. ~ -~ .c II) 1iic .2, Q) oo 
~ 

0) <O ~ E~ 0 £~ Q) C :g 'E 'fl ~ ~ C <O ::, ,::, ;?;-.B "' ·-::, ·2: ::, Q) IJ)'t) 
0) a. 0 0 Q) 1ii (/) = ·c Q) 

.0 : E o, "' Q) 0 e ~ X :il 0 "' .g f;j u a. Q) <0 C II) Q) 

Fuzzy experts systems . . + + + + . + + . .. 

Decisions trees + + + + + . + + + ++ + 

Rule induction + + + + + . + + + . . 

Genetic algorithms and + + . . + + + . + ++ . 

genetic programming 

Back propagation + + .. . + + + . + ++ . 

Associative memories + + + + + + + + + . + 

Clustering + + + + + + + + + ++ ++ 

Hybrid systems + + + + + + + + + + ++ 

Visualization + + + + + + + + + + ++ 

Table 2 data mining model comparison (derived from models presented io Gargano et. al. 1999 aod Goebel el. al. 1999) 

As can be seen in table 2 there are three models that have the highest score. Eventually for the in-depth 
analysis the clustering method will be applied. This model has an overall good score, especially in the 
field of "classification and prediction" problems. As this is one of the most important qualities 
required in order to classify incidents on their relevance for the DCMR, this technique is being used. 

4.3 Different Clustering Approaches 

It is important that new data groups are "discovered" and specified from the MIRR database, using the 
currently stored data. Data mining is a huge activity on the intersection of databases and data analysis 
methods, and clustering is a recognised part of it (Mirkin 2005). The Clustering analysis is a data 
exploratory method that helps to reveal associations and structures of data in a domain set. Its usage is 
appropriate when little or nothing is known about the structure of data (Phattarsukol et. al. 2001). In 
general data clustering is the process of grouping the data into classes or clusters to the objects within 
a cluster have high similarity in comparison to one another, but are very dissimilar to objects in other 
clusters (Tsai et. al. 2002). 

Cluster analysis is an exploratory data analysis tool which aims at sorting different objects into groups 
in a way that the degree of association between two objects is maximal if they belong to the same 
group and minimal otherwise. Given the above, cluster analysis can be used to discover structures in 
data without providing an explanation/interpretation. In other words, cluster analysis simply discovers 
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structures in data without explaining why they exist. The data mining perspective with regard to 
clustering according to Mirkin (2005) is: In data mining, clustering is a tool for finding patterns and 
regularities within the data. Without any doubt, clustering is one of the most popular data mining 
techniques used nowadays (Ordonez et. al. 2004). 

Various types of clustering algorithms have been proposed to suit different requirements. Clustering 
algorithms can be broadly classified into (Krishna et. al. 1999), (Mirkin 2005): 

• a single cluster considered against the rest or whole of the data. 
• hierarchical as a (nested) hierarchy of clusters based on the structure of abstraction. 

• partitional as a partition of the entity set in a set of clusters on the structure of abstraction. 
Of these three, partition is the most conventional, probably because it is relevant to both science and 
management, the major forces behind scientific developments. A scientist, as well as a manager, wants 
unequivocal control over the entire universe under consideration (Mirkin 2005). Partitional clustering 
algorithms generate a single partition, with a specified or estimated number of non-overlapping 
clusters, of the data in an attempt to recover natural groups present in the data. Hierarchical clustering 
algorithms construct a hierarchy of partitions, represented as a dendogram in which each partition is 
nested within the partition at the next level in the hierarchy (Krishna et. al. 1999). 

The best iterative and hill climbing clustering algorithm is the K-means algorithm (Krishna et. al. 
1999). This algorithm may converge to a suboptimal partition. Since stochastic optimization 
approaches are good at avoiding convergence to a locally optimal solution, these approaches can be 
used to find a globally optimal solution. However this best clustering that will here be applied to the 
DCMR, also with K-means clustering watch out need to be taken into consideration. 

4.3.1 K-means put in persoective 
The decisions steps mentioned in the previous paragraphs are summarized as follows in figure 6: 

Problem Approach 

Fuzzy experts systems 

Decisions trees 

Rule induction 

Usage REOV criteria Genetic algorithms arid 
genetic programming 

Random Selection Incidents 
8 

k 
1
. '-.__ ac propaga 100 

'-.__ Data Mining ------- Associative memories 
----- Single duster against rest of 

Clustering ~ the data 

Hybrid systems Hierarchical as a hierarchy of 

Visualization clualers 
Parlitional as part~ion of the 
entity set in a set of dusters -----.....___ 

Figure 6 Decision sleps 

Puc to short he K-means clustering analysis includes the following advantages and issues: 

K-Means advantages (Mirkin 2005). (Ordonez et. al. 2004). (Huang 1998): 
• Models typology building activity. 
• Computationally effective both in memory and time. 
• Can be utilized incrementally, "on-line". 
• Straightforwardly associates feature salience weights with feature Scales. 

K-means 

• Applicable to both quantitative and categorical data and mixed data provided that care has 
been taken of the relative feature scaling. 

• simple and fast. 
• works well with a variety of probability distributions. 
• has two input parameters: the number of clusters and the desired accuracy. 
• can be adapted to work with categorical data. 
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K-Means issues Mirkin (2005). (Ordonez et. al. 2004) (Fanstrom et.al. 2000) (Bradley et. al. 1998): 
• Simple convex spherical shape of clusters (an undesired shape how) 
• Choosing the number of clusters and initial seeds (tentative centroids c., ~ •.. . , ciJ 
• Instability of results with respect to initial seeds. 
• may converge to suboptimal solutions 
• may talce a high number of iterations to converge 
• Results may be bad with high-dimensional data. It cannot be used for clustering problems 

whose results cannot fit in main memory 
• No graphical model to visualize the output data is produced 

The issues above are not necessarily shortcomings. In general these issues have to be considered as 
pit-falls during the investigation of a datahase. So if baring in mind and being aware of the possible 
problems, anticipating actions can be talcen. There can be some advantages in the issues as well. The 
first issue keeps the solutions close to pre-specified centroid settings, which is good when centroids 
have been conceptually substantiated. Issue of simplicity of cluster shapes provides for a possibility of 
deriving simple conjunctive descriptions of the clusters, which can be used as supplementary 
interpretation aids. 

Although no graphical model on the K-mean method is produced, this can be resolved as presented in 
the next paragraph. 

4.3.2 Visualization of K-means Clustering 
As called out as an issue, in the previous paragraph, K-means clustering is difficult to visualize. To 
address this issue the approach is to characterize it with the help of hierarchical clustering. According 
to Mirkin 2005; visualization is mapping data onto a known "ground" image such as the coordinate 
plane or a genealogy tree in such a way that properties of the data are reflected in the structure of the 
ground image. Output of clustering analysis can be represented in various fonns depending on the 
ohjective of data classification. The K-means clustering analysis is founded on the computed 
interrelated distances supported by a statistical foundation and not a graph. On the other hand the 
output of hierarchical clustering analysis is usually represented in a special type of tree structure called 
dendogram. Dendogram generally shows cluster names, relative distance between merged clusters 
sequence of merging, and cutting line, as shown in Figure 7. The dendogram is based on the relative 
distance matrix as is in the K-means clustering analysis method. Next for hierarchical clustering 
analysis the same data pre-processing as for the K-means clustering analysis has to be performed. 
(Phattarsukol et. al. 2001). Therefore it is decided that for the enhanced visualization also a 
hierarchical clustering analysis will be performed. 

Relative Distance 

' 2.00 

1.41 

Merging Line 

A B C 

Cutting line 

I 

+-- Cluster 

Figure 7 example den do gram ( Phanarsulwl et. al. 2001) 
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4.4 Theory in Practice at the DCMR 

In B. Mirkin (2005), Fedders et. al. (2000) and Fayyad et. al. (1996), it is mentioned that typically, 
clustering as a data mining activity involves the following five stages: 

1) Developing a data set. 
2) Data pre-processing and standardizing. 
3) Finding clusters in data. 
4) Interpretation of clusters. 
5) Drawing conclusions. 

Based on these steps, the research set-up for the in-depth analysis at the DCMR was developed. This 
paragraph discusses the theory behind the chosen method. Here it is explained how the method should 
be implemented and how to handle the data. 

4.4.1 Data pre-processing and standardizing 
The data pre processing stage is to transform the raw entity to feature table into a quantitative matrix 
for further analysis. To do this, one needs first to convert all categorical data to a numerical format. 
This is done by using a dummy zero one variable for each category. Then variables are standardized 
by shifting their origins and rescaling. This operation can be clearly substantiated from a statistics 
perspective, typically, by assuming that entities have been randomly sampled from an underlying 
Gaussian distribution. In data mining, substantiation may come from the data geometry. By shifting all 
the origins to feature means, entities become scattered around the centre of gravity so that clusters can 
be more easily seen from that point. With feature rescaling, feature scales become balanced according 
to the principle of equal importance of each feature brought into the data table. To implement these 
general principles, the following three stage procedure is used. The stages are: 

1. enveloping qualitative categories, 
2. standardization 
3. rescaling. 

4.4.2 K-means Clustering Analysis 
K-means is a major clustering method producing a partition of the entity set into non-overlapping 
dusters along with within-cluster centroids. It proceeds in iterations consisting of two steps each; one 
step updates clusters according to the Minimum distance rule, the other step updates centroids as the 
centres of gravity of clusters. The method implements the so-called alternating minimization algorithm 
for the square error criterion. K-means uses Euclidean distance to determine the closest centroid to 
each point x;. A multidimensional vector minimizing the summary distance to cluster' s elements. lf the 
distance is Euclidian squared, the centroid is equal to the centre of gravity of the cluster. 

, 1 , 1 

Figure 8 interval between points is x and y i.v the hypotenuse of the triangk, explaining the distance between x and y (Mirldn 
2005) 

The squared Euclidean distance from x; to y; is defined as 
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4.4.2.1 The K-Means Algorithm 
K-means can be described as follows: K-means assumes spherical Gaussians (i.e., dimensions have the 
same variance). Centroids ½ are generally initialized with k random points. The algorithm iterates 
executing the E and the M (Estimation and Maximization) steps starting from some initial solution 
until cluster centroids become stable. The E step determines the closest cluster for each point and adds 
the point to it. That is, the E step determines cluster membership. The M step updates all centroids Ci 
hy averaging points belonging to the same cluster. The cluster weights Wi and diagonal covariance 
matrices R; are also updated based on the new centroids. The quality of a clustering solution is 
measured by the average quantization error q(C). (also known as distortion and squared reconstruction 
error). Lower values for q(C) are better. 

The K-means method measures the average squared distance from each point to the centroid of the 
cluster where it belongs, according to the partition into k subsets. The K-means algorithm stops when 
centroids change by a marginal fraction in consecutive iterations measured by the quantization error. 
K-means is theoretically guaranteed to converge decreasing q(C) at each iteration but it is customary 
to set a threshold on the number of iterations to avoid excessively long runs. 

4.4.3 Hierarchical Clustering Analysis 
In an hierarchical classification the data are not partitioned into classes in one step. Rather they are 
first separated into a few broad classes, each of which is further partitioned and so on until terminal 
classes are generated which are not further subdivided. 

Hierarchic classifications may be represented by inverted tree structures or dendograms, which are 
two-dimensional diagrams illustrating the fusion or division which have been made at each successive 
stage of the analysis. The groups formed at any level of a dendogram constitute a partition the set of 
"N'' entities. 

The hierarchical clustering method can also be used as a check for the K-means method, and to 
determine the potential amount of clusters "K". 

4.4.4 Software Utilization 
For the data to be processed the statistical software program SPSS will be used. SPSS is a well known 
commonly known software product, used for statistics. 

According to SPSS this procedure attempts to identify relatively homogeneous groups of cases based 
on selected characteristics, using an algorithm that can handle large numbers of cases. However, the 
algorithm requires a specification on the number of clusters. Initial cluster-centers can be specified if 
this information known. One of two methods for classifying cases can be selected, either updating 
cluster centers iteratively or classifying only. Cluster membership, distance information, and final 
cluster centers can be saved for further analysis. Optionally, a variable whose values are used to label 
case wise output can be specified and can also request analysis of variance F statistics, this procedure 
tries to form groups that do differ. 

The One-Way ANOVA procedure, is a one-way ANaJysis Of V Ariance for a quantitative dependent 
variable hy a single factor (independent) variable. Analysis of variance is used to test the hypothesis 
that several means are equal. This technique is an extension of the two-sample t test. The F-value 
presented in this table can be used to determine what characteristics have the highest contribution to 
the dataset. In SPSS the output is represented with table 3: Analysis of Variance output table. As 
mentioned above the only value of interest is the F-value. 

F = Between treatments mean square / Residual mean square 

Cluster Error 

Mean I 
Square df 

Mean I 
Square df F Sia. 

Table 3 ANalysis Of VAriance output table. 

18 



TU/ e te, "' ' ... """' 

In the F test, to evaluate the statistical significance of between-groups differences, we compute the 
ratio of the between- groups variance (MSc1u<1e,) over the error variance (MScrror). If MSc,rnr becomes 
smaller, then the overall F value will become larger. In the output-table "df' stands for: degrees of 
freedom, to describe the number of values in the final calculation of a statistic that are free to vary. 
The degrees of freedom df = (n - 1), where n is the number of cases. So for instance if a set of 10 
different clusters is calculated the df will be 9. 

4.5 Realization 

Practically the investigation of the database is carried out following the next research setup based on 
the stages adopted from B. Mirkin (2005), as mentioned in paragraph 4.4 see figure 9. 

VERIFY & 
VALIDATE 

} 
.---------"""----------, FIXED# CLUSTERS } 

(WITH QUERIES OF CLASSIFIED CLUSTERS) 

1 Consulting experts regarding 
incident classifying 

2 Developing a Data Set: 
Literature study on cluster 
analysis and incident 
databases & Expert-opinions 

3 Data Pre-processing and 
Standardizing 

4 Finding Clusters in Data: 
Investigation data-mining with 
cluster-analysis 

5 Interpretation of clusters 

CLUSTER: SUBJECT 
TO INVESTIGATION 

CLUSTER: OTHER } 6 Drawing Conclusions 

Figure 9 research setup (adopted from Mirkin 2005) 

1 First, experts will be consulted to record their vision regarding what kind of clusters can or should 
be distinguished within the DCMR' s database. These consultations will determine a set of criteria and 
variables to support a preliminary number of clusters. This represents somewhat a translation from 
tacit knowledge to explicit knowledge; where the opinions of experts are captured. None of the 
reported incidents are eliminated out of the database. The input of the experts is only used to 
broadening the insights into the DCMR. 

2 As a second step, the information from step 1 together with insight derived from literature, a data 
set is developed from the MlRR database. For this investigation the data is split up in an annual 
dataset where the time-span of 2005-2006 is used. 

3 The dataset pulled from the MIRR database is raw data and is transformed into a quantitative 
matrix for further analysis. Hence the data is pre-processed and standardized in order to be able to 
analyse it with the available statistical software (SPSS). 
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4 This pre-processed set is than being investigated with the chosen methodology: the K-means 
clustering analysis and the hierarchical clustering. While investigating the data, this is at a certain 
point verified and validated with the experts, as to a check whether the results make sense from an 
expert point of view. Eventually this data investigation is deliver a fixed number of clusters that 
caplllres reported incidents best. The role of consulting experts is to understand / bounce back the 
statistical finding and eliminate (potential) real life impossibilities. 

5 These clusters then are interpreted to get an insight of what queries are derived from the 
information regarding the reported incidents. From the ANOV A table the variables with large F values 
provide the greatest separation between clusters and are used to pick potential selection criteria. 

6 In the last step the investigated data is analysed, yielding in a definite statistical dataset with 
clustered incidents and the relative contribution that the characteristics have towards a specific cluster. 
Based on the research, conclusions are drawn, in order to answer the research questions and create 
recommendations i.e. for new selection criteria of incident investigation. 

4.6 Operating Principles 

The next issues are defined to mark out the data and the database, regarding the analysis: 
• Analysis methodology has to be easy to use, now and in the future, so the analysis is 

repeatable. 
• Only mandatory fields and or fields that have been filled out are used, so no incomplete data is 

analysed. 
• Unambiguous interpretation of the data entries, (entries don' t have different names for the 

same item i.e. gas, gasoline, fuel, petrol, Euro 95), to maintain an unbiased dataset. 
• Data is selected by the unique incident number so at all times the underlying principles of the 

clustered items can be retrieved. 
• Reported CIN-calls, these codes are used by the emergency services in the Rijnmond area and 

are used as the initial clustering. 
• Unforeseen industrial Calls, like the CIN-call, but administrated as less important, but 

sometimes discussed as CIN worthy and visa versa. 
• Complaints, only resulting in a CIN or industrial call (so complaints that didn't make sense or 

are redundant are kept out, i.e. calls for low passing aircrafts) 
• Reported calls both investigated as well as not investigated and/ or unfinished will be used, 

the analysis is about the characteristics regarding reported incidents not the ones actually 
investigated. 

• Company wide, in order to get a complete overview of what is reported to the DCMR. Next 
this will give a broad platform when in the reorganization departments have to merge. 

• Characteristics have to exist in the database. When the characteristics doesn' t exist in the 
database it cannot be a part of the analysis, although it might be desired. 

• Consulting is limited only to the three bureaus that contribute the most to the incident 
database: HPI, HRB, HHH. CIN-calls are considered as the most important incidents; 
therefore the departments with the highest CIN-call rate are consulted for their higher 
expertise. 

• The time-period of 2005 till 2006 will be used for the dataset, since these are the most recent 
data available an next the reported incidents are clustered based on their characteristics and 
not on one specific type of incident 
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5 Current Situation at DCMR 

In this chapter an analysis of the current situation is presented. This is the situation "as is" at the 
DCMR. Incident selection and its background are discussed in this chapter. First, paragraph 5.1 
presents the handling procedure of the incidents in a general model , where the issues regarding this 
process in day to day practise are mentioned. Paragraph 5.2 presents an UML class model of the 
incident reporting database. Analysing the selection path of incidents is done with different Petri net 
models in paragraph 5.3. The fourth paragraph gives an overview of the different types of reported 
incidents and how they are currently classified. The last paragraph presents the results of the in-depth 
interviews done with experts within the DCMR regarding incident selection. 

5.1 Handling Procedure Reported Incidents 

The handling of reported incidents starts in the reporting room, since all the calls made to the DCMR, 
especially those regarding incidents, arc recorded here. These calls, can be all types of reporting, 
namely private complaints, company calls and CIN-calls (Central Incident Number). In figure 10, the 
procedure is clarified. The dotted square indicates the limitation of chis thesis towards the bureaus of 
inspection. The steps in the procedure as observed at DCMR are listed on the right side of figure 10 
and are further explained in the next paragraphs. 

Complaint 
General Public 

External 
Source 

I 

Complaint Company Call 
Company 

/ Quick Response 
Team 

Calling'Reporting 

Classifying 

----k =-~~s~ =-=--J- --
No lnvestigtionl I Regular PRISMA I j Follow-up investigation 

l I Investigation Investigation ri- (0 z!• lljnsonderzoekj 
: I __ j ________ I: 

· ,. // . 

~ i 
Selecting& 

Investigating 

Figure JO procedure handling reported incident.v and the extend to which this thesi.~ is bou11d 
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5.1.1 Calling / Reporting 
In this paragraph the calling and reporting part mentioned in figure 10 is discussed. 

Complaints (Company and General Public) 
The public and companies can call the DCMR in the event they experience inconvenience from a 
company. These complaints are stored in the DCMR 's database, called MIRR (Milieu Informatie 
Regio Rijnmond). For each complaint the following data is stored: 

• Name or reporter 
• Address reporter 
• Nature of complaint (stench, noise, etc.) 
• Meteorological conditions (including wind-direction, wind-speed, etc.) 

When two or more complaints are reported regarding the same nature of a complaint, a quick response 
member goes out to investigate the complaint. The priority list of this type of call is presented in 
appendix III. The task of this response-member is to search and try to reveal which company is 
causing the inconvenience. This is done with the by means of "investigating by exclusion". Means that 
based on the information known, derived from the complaint (like stench, noise, wind direction, etc.), 
sources that may cause complaints are excluded. All of the findings regarding the investigations, 
reporting and incidents are being reported in writing to the inspector of the DCMR, hence in figure 10 
a dotted line, representing the connecting with the bureau of inspection. A more extensive description 
of this procedure can be found in appendix Ill. 

Company-Calls 
ln the Rijnmond area yearly over 3000 calls are made by companies announcing work or events that 
potentially can cause complaints. Beside these calls, around 300 calls regarding incidents with major 
consequences outside the premises are reported. 

All companies in this area are obligatory by government law to report all situations of any disruption 
during normal operation. These reports have to be done according to chapter 17 of the "wet 
milieubeheer" (also called WM-licence or law environment management January 1st 1993 (appendix 
IV)) that is highlighted in paragraph 2.7. 

Reason for this "reporting" law is to, if necessary, take action in order to protect the civilians as well 
as the environment. Since the complaints are being reported after an incident, this information can be 
used to update and create more clarity for the dupe. 

Although officially all of the reporting flows via the incident room, in day-to-day practice sometimes 
companies also contact the inspector. Because of the close contact that inspectors of the DCMR have 
with their companies. Inspectors already may have contact during the course of the incident. So before 
the incident room has finished the job of reporting and handling, and before the coordinator has 
appointed the incident, the inspector may already be informed. After the incidents are reported they 
will be classified according to a set of rules. 

5.1.2 Classifying 
Primarily there are two different types of reported incidents, the "foreseen" and "unforeseen" 
incidents. 

Foreseen 
As can be seen in figure 10 the current way of dealing with the storage of reported incidents can be 
divided in foreseen and unforeseen incidents. The unforeseen incidents are split up into CIN-calls and 
unforeseen company calls. 

First the foreseen type of reporting is described. ln this situation a company informs the authorities in 
advance and announces possible complaints due to maintenance etc. So when complaints are reported 
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the DCMR can advice regarding the nature of the inconvenience. In addition the control room, can 
monitor the course of the foreseen reporting and take action in the event when the amount of 
complaints become unacceptable. An unacceptable number of complaints will change the status from 
foreseen into unforeseen, since the status of the event is not anymore what initially was anticipated. 

CIN-Calls and Unforeseen Incidents 
Irrespective of the difference between foreseen and unforeseen, there are two different types of 
reporting. 

► Reports that concern industrial disruptions on a small scale. In these instances, it is enough to 
inform the incident room of the DCMR. 

► Major incidents, which often have consequences outside of the company premises. ln 
situations like this, companies have to make a CIN-call. When using this call, a conference 
call is directly setup including the incident rooms of the DCMR, police, the fire department, 
the department of waterways and port of Rotterdam. This is done to be able to receive 
information regarding the incident simultaneously. 

CIN-Calls are only reported by companies. In order to make a CIN a company has to dial as special 
telephone number. ClN calls done by company are according to issued permit. A CIN call is made for 
the event where the consequences could be outside of the premises. "Outside the premises" in this 
context literaUy means on the other side of the fence of the company (also in the soil and water 
surface). 

Incidents with a (possible) dangerous situation, causing trouble, and environmental effects outside of 
the premises, are unusual events. 1n the WM-license (appendix IV) there is a subdivision of unusual 
incidents, depending on type of incident en the consequences of the event to be reported according to a 
certain procedure. 

Incidents without consequences outside the premises (intended activities and operational disruptions, 
breakdowns and other unforeseen events) are in this context not unusual events and therefore don't 
have to be reported as a CIN-Call, but just as an ordinary company-can. Fires and explosions on the 
contrary, always have to be reported. More information regarding the CIN-Calls is presented in 
appendix V. The unforeseen incidents are those that are not ClN and not "foreseen". 

5.1.3 Selecting and Investigating 
After an incident is reported and entered into the MIRR database a small report is printed with the first 
available data and placed in the mailbox of the responsible inspection bureau. This small report is a 
standard summary / list of details describing the incident. 1n appendix VI an example is presented. 
This summary contains the highlights of available information at the time of reporting. Based on these 
highlights the reported incident is judged on it's relevance after which it is decided what course of 
action needs to be taken. This document is the key in deciding what will be investigated and contains 
all the relevant information for the coordinator to make a decision. 

5.1.3.1 Follow-up Incident Investigation (Tweedelijnsvoorvalonderzoek) 
All the reported events entered in the MlRR database by the incident room are being judged by the 
inspectors coordinator. His or her judgment is based on a number of criteria. In general the first 
criterion of an incident is, that when more than 10 complaints are being reported, an incidents is 
selected for further analysis. The next criterion to select an incident for further investigation is whether 
the company has eliminated the danger, hinder or environmental damage. Based on this a first 
assessment regarding a possible penalty can be made. Next an inspector sets up an advice regarding 
follow-up actions and a report is made summarizing these findings. As one can see in figure I 0, this 
represents the handling of reported incidents that have been selected for further analysis and 
investigation. 

When an incident is not according to the 10 complaints rule it is put to the simplified "REOV criteria" 
test. The REOV criteria are known as the roots of the currents selection-criteria and summarized in 
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appendix VIII. The REOV criteria are further explained in this chapter where the current situation is 
explained in more detail. When the reported incident doesn't comply with the criteria, it is not 
investigated. When the incident does comply, it will be investigated by one of the inspectors. He or 
she will conduct a deeper investigation regarding the cause and effect, having the main focus on: 
preventing that this kind of incident can happen again and judge whether the company operated 
according to the law and permit(s). 

5.1.4 The development of Current Selection Criteria 
The current selection criteria are the earlier mentioned REOV--criteria. The REOV-criteria were 
introduced in 1998, in order to have an easy to use set of rules to make a selection of incoming 
incidents. These selection criteria are based on the experience of the people at that time. 

Times have changed and with it the interpretation of work. The opinion regarding time spent changed 
into doing preventive inspections, rather than incident investigation. Whether this approach is 
successful or effective is questionable. But a fact is that the amount of reporting didn't decrease nor 
did the available investigation time. The criteria in use didn' t change and the decision to investigate 
was done based on the coordinator' s expertise and assessment of the incident with the criteria as a 
guideline. This approach leads up to a manageable amount of incidents to be investigated. Whether 
these were the most relevant to investigate is questionable, but at least they were in accordance with 
the REOV criteria and the workload was acceptable. 

5.1.5 Changing from the REOV Criteria 
In appendix Vlll (in Dutch) a copy is added of what the former criteria were and what the current 
criteria are. When these two are compared the following issues draw the attention. 

• In the new set of criteria the LOSS-criteria is not used anymore. The LOSS policy regarding 
stench and noise pollution is disregarded and adapted in the rule that only more than 10 
complaints yield in an investigation. 

• The number of complaints to start an investigation is raised to 10 or more. This artificially 
decreasing the number of investigation without any justification. In addition to that, there is no 
definition of a complaint anymore. There is no more distinction regarding the type, source and 
originator of the complaint. 

• As a rule the coordinator can deviate from the rules. So although there are rules to eliminate 
the amount of work, at the same time one can ignore those rules and investigate any thing one 
wants. It's a paradox of the idea having selection criteria. 

• Not only the coordinator but also an inspector has the freedom for not choosing to do an 
investigation. Inspectors can set an investigation on "expired" in the database on their own 
initiative with a brief explanation. So an investigation is assigned to an inspector by the 
coordinator, and if an inspector thinks it's not worthy (for any reason at all), a brief 
explanation will do and the case will be closed. 

• An inspector has also the freedom to choose a reported incident that wasn't initially appointed 
to him or her, by a coordinator. So in spite of the selection criteria, if the inspector thinks is 
worthy to investigate, one can take that initiative with no questions asked. 

• Overall, the former REOV criteria are reduced to only the ClN incidents and are given the 
according codes, hut these criteria arc still not straightforward and the expertise of a 
coordinator is needed. So still one cannot rely solely on the criteria itself. In addition to that 
criteria are currently capacity based instead of being a set of relevant selection criteria. 
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5.2 UML-class Diagram Incident Handling in MIRR. 

The MIRR database is not modeled as a UML-class diagram, but in combination with the current way 
of handling incidents, entities could be determined, and for every entity attributes were determined. 
The properties of the attributes can be further explained, with the use of "reference" -attributes. Here 
specific characteristics can be highlighted in more detail. The handling of incidents in MJRR can be 
modelled with the following UML-class diagram. 
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CINValue 
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Incident 0 .. . 
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inspection bureau: lnspectionBureaValue 
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Report: ReportValue . 
Findings: FindingsValue 

Inspector: lnspectorValue 
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PRISMA HPI 

Regular HHH 

None HRB 

other 

Figure 11 UML-class diagram Incident Handling in MIRR 

0 .. * 

has o .. * complelnl 

Type: char 

Location: LocationValue 

As can be seen in figure 11 the model contains five entities, and four attributes are mentioned as 
"reference" -attributes. Behind every attribute the type is mentioned. These types are: 

• Num: numerical value. 
• Text: string of text. 
• Date: date. 
• Ref: reference to an attribute or other entity. 

The main entities are the company, the incident and the investigation. The entity "call" represents a 
company making a call to report an incident, with the attribute mentioned as the most relevant. Every 
reported call is given a unique number. If applicable the incident is reported due to a complaint, which 
could be linked to a company. Every incident is handled with an investigation, which contains a 
report, findings, and will be appointed to an inspector. Next a company can be further investigated. 
For every connection the number on the line represents how the objects are linked with each other. 
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The possibilities are: 

• 1: exactly one 
• 0 .. 1: zero to one 
• 0 .. *: zero to many 
• 1 .. *: one to many 

Therefore, when a company makes a call, it can report multiple incidents, while an incident has only 1 
company. Likewise, an incident has 1 investigation, while there can be more than 1 incidents to 
investigate. Next more than one investigation can be investigated at a company and vice versa a 
company can be related to multiple investigations. Complaints don't necessarily have to be part of an 
incident, hence an incident has O to many complaints, and a complaint has O to many incidents, since 
complaints don't need to have incidents. Next a complaint has O or 1 company, and the company has 0 
to many complaints. 

5.3 Incident investigation 

In order to put the selection criteria in the correct perspective the process of incident investigation is 
further analyzed. In chapter 2 the reporting of incidents is already discussed regarding the 
interpretation of the thesis. Figure 10 shows how incidents are reported without too much attention 
towards details 

In the next section an overview of the process of incident reporting is presented by the use of Petri 
nets. Petri nets were invented by Carl Adam Petri (1962) to model concurrent systems and the network 
protocols used with these systems. The Petri net is a directed bipartite graph with nodes representing 
either "places" (represented by circles) or "transitions" (represented by rectangles). When all the places 
with arcs to a transition (its input places) have a token (presented as a black dot in the model), the 
transition "fires". When a transition is fired 2 things happen. First, tokens are taken away from 
positions which have arrows going from these positions to the transition considered. lf more than 1 
arrow goes from position to transition, then the number of tokens removed from that position is equal 
to the number of arrows. Second, new tokens are placed on positions indicated by arrows that originate 
from the transition. The number of tokens placed corresponds again to the number of arrows (in the 
case of multiple arrows). In this way an information flow/ business process can be modelled. 

5.3.1 Petri net Incident reporting 
This thesis has the focus on the process of incident selection regarding the implementation of the 
PRISMA method. The description of deciding to investigate is part of the process "processing 
incident" mentioned in the Petri net of figure J 2. Figure 13 shows a subnet describing every transition 
and place in the model. In order to understand the concept of the selecting and decision process, it is 
important to create an overview of the process. 

Figure 12 schematically represents how a reported incident runs through the company from the 
moment it is reported in the incident room to the moment the reported incident is analyzed and stored 
in the database. 

Start Incident 
Repporting 

Handling 
Incident 

Coordinator 

Figure 12 Petri net Incident Reporting 
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The process of the incident investigations starts with the place "start incident reporting". In day-to
day practice this means that the incident room of the DCMR receives a call from different sources as 
mentioned in paragraph 5.1. Either a company calls to report an incident at their facility or based on 
complaints an incident is located and reported. This event is the start of the incident reporting. 

In the process "handling incident" the incident room creates a unique incident number in the MIRR 
database and collects the standard incident related information on both a form as well as digitally in 
the database. When members of the chemical advisory team assisted also their findings are added. The 
result is a report/ notification, stored in the database and also printed on a size A4 paper, representing 
the place "reported incident". Daily a coordinator of every inspection bureau checks the post-inbox at 
the incident room for new incidents. In the process of "processing incidents" the coordinator 
distributes the incidents amongst the inspectors. Also in this process it is decided whether an incident 
is investigated or not. The result of this process is either an "investigated incident" or a "not 
investigated incident". In the "reporting incident" transition the coordinator of the responsible bureau 
for incident analysis, will then administer the "not investigated incident" in MIRR and for the 
"investigated incident" a final report is judged and approved and added to the incident in the database. 

5.3.2 Processing Incident at HPI/HHH/HRB 
When an incident is a "reported incident", the collected information is summarized and physically 
placed in the mailbox of the responsible bureau of inspection as well as digitally in MIRR. Next a 
coordinator picks up the summary and compares the available characteristics of the incident with the 
selection-criteria currently in use. The incident number is checked for extra information and 
verification and if applicable given the PRISMA status in MIRR. 

Petri net HP/ 
After this "collecting incident" transition the "incident is at HP!". Depending on the status of the 
incident, according to the criteria in use, the incident is assigned to an inspector. Otherwise the 
incident is not selected for investigating and for the time being not investigated by an inspector. In this 
case where the incident is not selected for investigation it is only announced to the inspector (grey 
shaded area). This announcing is done to give the inspector the freedom of picking-up an incident. The 
inspector decides by mutual agreement with the coordinator whether the incident will be investigated, 
creating a "announced incident". Depending on the outcome of the "selected by inspector", the 
incident is than "cancel investigation". Otherwise the coordinator and inspector agree on how to 
investigate the incident creating the incident as "incident at inspector". 

MIRR 

----1 
HPI I 

announced 
Incident 

Figure 13: Subnet of "pmce.rsing incident" for HPI, HHH and HRB 

Cancel 
Investigation 

Not Investigated 
Incident 

When an incident is "assign to inspector", it is digitally linked to an inspector waiting to be dealt 
with, being a "pending investigation". In MIRR the incident is assigned to the inspector and 
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automatically an email is sent as an announcement (also announcing whether it has to be PRISMA or 
not). At a certain moment in time the inspector will judge the assigned incident with his or her own 
criteria. The appointed incident is looked up in MIRR and selected. From the information available the 
inspector can learn what the scope of the incident is and judge it based on his or hers own 
criteria/expertise. Next the inspector changes the necessary fields in the MIRR database placing the 
incident as "incident aJ inspector". Depending on the outcome of the previous transition the incident 
is bound for one out of three possibilities. 

1. The incident is, not subject to investigate and goes to "cancel investigation". 
2. The incident is investigated using the "standard investigation". 
3. The incident is investigated using the "PRISMA" method. 

In case the incident is not being investigated the coordinator and the inspector will discus the reasons 
and motivations for not investigating. Eventually changing the status of the incident in MIRR. When 
the transition is "standard investigation" the inspector will perform an incident investigation by 
collecting the necessary information and enters the progressions in the database. With transistoin 
"PRISMA" the same procedure is applied. Additionally the investigation is only extended with the 
PRISMA analysis and in the database the auxiliary field with PRISMA-classifications is filled out. 
Both "standard investigation" and "PRISMA" transitions yield in "investi:gated incident". The 
"cancel investigation" transition will give "not investigated incident" as a result. 

Petri net HHHIHRB 
The Petri net of HHH and HRB of the incident processing is less complicated than the Petri net 
modelled for BPI (see figure 13). But then again these bureaus don't have capacity problems and don't 
use selection criteria, but handle reported incidents by means of their expertise. 

In general, this process model is the same, except for the separate process with "announcing". The 
process "collecting incident" starts with the "reported incident", the coordinator collecting the first 
report from the mail-box and applying an unique incident number in MIRR of the reported incident. 
Here the coordinator collects the forms from the bureau's mailbox, making the transition into having 
the "incident at HHH/HRB". Next in the transition "assign to inspector" the coordinator assigns the 
incident in the MIRR database to an inspector, if applicable with PRlSMA, and automatically an e
mail is send. With this the incident is a "pending investigation" waiting to be picked up by the 
inspector in the next step. With the "inspector acceptance decision" the incident is picked up according 
to the assignment of the coordinator. With this transition it has become an "incident at inspector" 
where, depending on the decision of the "inspector acceptance decision" the three possibilities occur 
as mentioned before. From here the process will continue the same as at HPl 

The first possibility is analysing the incident with a "standard investigation". The second possibility is 
the "PRISMA" investigation; in this case the investigation will be assigned to an inspector by a 
coordinator. When the coordinator makes the decision that the incident is not relevant, the last option 
is to "cancel investigation". Logically after the "standard investigation" and "PRlSMA" the subnet 
ends with an "investigated incident". The transition "cancel investigation" yields in "not investigated 
incident" as output. 

Putting this Petri net in perspective clearly shows a very complex methodology of selecting reported 
incidents for further analysis and deciding how to handle these incidents. The modelling with Petri 
nets shows different scenarios of how the incidents can be treated. Analyzing the HPl process results 
in 7 different flows: 

I. Investigated incident as a standard investigation, assigned by the coordinator. 
2. investigated incident as a PRISMA investigation, assigned by the coordinator. 
3. Not investigated incident, although assigned by the coordinator. 
4. Investigated incident as a standard investigation, after announced by the inspector and the 

coordinator. 
5. Investigated incident as a PRlSMA investigation, after announced by the inspector and the 

coordinator. 
6. Not investigated incident, after announced by the inspector and the coordinator. 
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7. Not investigated incident, although announced to be investigated by the inspector and the 
coordinator. 

The model shows the process decision movement, changing the point of decision making and creating 
the need for more clarity regarding the course of the incident in an early stage of the investigation. 
Reorganizing, for instance, the connection from Inspector to reconsidering to "assigning to inspector", 
reduces the flow by four. Since there is no reconsidering anymore, but reconsidered and assigned to 
the inspector at once. Summarized from the models it is clear that the incident handling at HPI is 
relative complicated compared to HHH and HRB. It contains too many options to handle an incident. 
Reducing the amount of ways to deal with an incident reporting, will deliver a better overview and 
structure in the way of working. 

5.4 Incident Characterization 

In order to explore the database, first a more thorough investigation is conducted to analyse the current 
situation. As part of that a selection of experts are interviewed to retrieve, quality information 
regarding the database, the types of incidents and the day to day practice and use of MIRR. 

Besides the knowledge of the experts about the database, the MIRR database it self is source of 
information. In order to retrieve the proper information from the database a program called 
"discoverer" is used create queries from the MIRR database resulting in customized datasets. Besides 
the experts and information from the database documents of both the current ISO quality classification 
of the DCMR as well as the former / old documents regarding the selection and clustering of reported 
incidents are used. The remaining part of this chapter explains the current situation based on the 
sources mentioned above and will be used to execute the intended clustering method. 

5.4.1 current reporting 
Before starting any data base investigation, it is first investigated how currently incidents are grouped 
together. As mentioned before, the DCMR uses CIN-calls as a reference to select a reported incident 
for investigation. In the next figure (figure 14) the CIN-calls are organized by CIN-code and the 
number of incidents reported over the last 5 years. These codes are further explained in appendix V: 
CIN-calls. 
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Figure 14 CIN calls per CIN wde per year (source DCMR database selected till January J" 2()()()). 

Based on the figure 14one can see that B and Z calls vary over the years and represent the majority of 
calls. The G calls, on the other hand, have a lower call-rate, and keep almost a constant amount of 
reports. Without having done any thorough analysis the three currently used clusters can easily be 
detected, namely "B-calls", "Z-calls" and "G-calls" . According to Anand et. al. 2006, current 
exploration of incident databases is mainly aimed at identification of patterns by grouping records with 
similar values. The clustering of the CIN-codes don't say anything about the reported incidents, other 
than how it was reported and how many. In other words the CIN-calls are simply grouped records with 
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similar values. This stresses the need that the database has to be investigated to discover what the 
underlying principles are and how they relate to each other 

5.4.2 Current Database Incident Selection and Storage 
The roots of the current selection criteria used by the RPI department can be found in the "Melden 
Van Ongewone Voorvallen" document, which can be found in appendix X. This document describes a 
more practical interpretation on how incidents should be reported according to chapter 17 of the "wet 
milieu beheer" (law environment management January 1st 1993) for an explanation of this law see 
appendix IV. Here the two types of incidents are described, namely unforeseen and foreseen. Next the 
distinction is made whether the incident has effect outside of the premises boundaries, or not, 
regarding the safety of people in the neighbourhood and the environment. 

The effects of the incidents can be classified into four categories: 
• (possible) dangerous situation outside of the premises. 
• (possible) causing trouble outside of the premises. 
• (possible) environmental effects; emission/ leakage/ spillage. 
• No consequences outside of the premises. 

The following issue is when to report an incident and how. The three cases mentioned below need a 
CIN-call. 

Incidents with (the possibility of) danger • 
• 
• 

Incidents with (the possibility of) causing major trouble outside of the premises . 
Incidents with (the possibility of) environmental effects outside of the premises . 

Whenever there is (also) a spillage on the water surface, the department of waterways has to be 
informed as well. A CIN-call is not always necessary, in the next cases the incident only has to be 
reported to the DCMR: 

• Incidents with (the possibility ot) causing minor trouble outside of the premises. 
• Incidents with (the possibility of) minor environmental effects outside of the premises 

regarding air and soil. 

Schematically the relationship between the unforeseen incidents and the CIN classifications is 
. d i JI organize as o ows: 

Incident Cl N-classification 
All incidents with (possible) danaer G1, G2, G3, B 
Fire1 B 
Incidents with (the possibility of) causing major trouble outside of Z1,Z2,Z3,Z4 
the premises 
Incidents with (the possibility of) major environmental effects Z1,Z2,Z3,Z4 
outside of the premises 
Table 4 Relationship unforeseen incident.\' I CIN classiftcation.(source melden van ongewrme vrx1rvallen, 2005) 
1
: in the Environmental Law lu:ence it is recorded that all fires have to be reported via the CJN-call right away; so also the 

fires considered foreseen. 

A salient detail is the fact that the document "melden van ongewone voorvallen" mentions a important 
reason why incidents are registered. Translated from the document: "The incidents are registered in a 
database by the DCMR. The data from this database can be used for future licensing and theme
oriented investigations". 

5.4.3 Current Unforeseen Company-calls Incident Selection and Storage 
Unlike the CIN-calls, the unforeseen company calls are not categorized. To get a better understanding 
of this type of reported incidents information from the interviews with experts is used. The first and 
most relevant characteristic to judge the incident is the type of reporting (in Dutch: aard incident). 
These are similar or comparable with the types of CIN-calls. E.g. here one can also choose fire 
(brand/broei). Table 5 shows the percentages of the different types of calls over the year 2005. Clearly 
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this picture shows that the absent of univocal groups or clusters result in an overload of incident-types. 
Besides these types of calls, also other types of characteristics have been investigated. For instance the 
time of reporting was investigated, yielding in figure 15. This figure shows once again that the HPI 
department accounts for the majority of incidents. Also the figure shows that on Fridays just before the 
weekend more incidents are reported and Mondays take a slow start, as one would expect from 
preconceptions. 

soort # meldinQen I percentaqe 
BrandweeroefeninQ 1 006% 

oefeninq 1 006% 
Steek / Brilflens aanbrencien verwiideren 1 0 06% 

uitruk 1 006% 
Testen apparatuur 4 0 26% 

Alarm / Sirene 5 032% 
Uitwaaien fakkel 5 032% 

Verstopping 8 0,51% 
(Leiding) breuk 9 058% 

Normale bedriifsvoerinc 9 058% 
ODSlaq (tijdelijk: 10 064% 

Brand / Broei 12 077% 
Brandweervoor.zieninoen qewiiziaa 15 096% 

Laden / Lossen 15 096% 
ompak.ken 15 096% 

Gasontsnannirv, 16 102% 
Schoonmaken 17 109% 

Bouw / SlooPWerkzaamheden 18 115% 
Ontluchten / Ontgassen / Ventileren 20 128% 

Gas / stoom afblazen 26 166% 
Overschakelen op andere apparatuur 27 173% 

Stop noodstop 33 2 11% 
Starten 37 237% 

Fakkelprocedure 90 575% 
Aanspreken veiliqheid 117 748% 

Stoppen 199 1272% 
Andere aard 241 15 41% 

tlYPaSS RookQasreiniqer / Aooaratuur 269 17 20% 
Leloo!qe / Morsinq / Over1oper 343 2193% 

Table 5 percentage of the number of call fry type (source MIRR database, selection of 2005) 
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Figure 15 number of call.f in 2005 per day (.fource MIRR database, selection of 2005) 

As mentioned before the current way of dealing with the storage of reported incidents can be divided 
in foreseen and unforeseen incidents where the unforeseen incidents are split up into "CIN-calls" and 
"unforeseen company calls". Currently the only department struggling with the reported incidents is 
the HPJ department. Not only do they have to deal with the majority of reported incidents, apparently 
there is not enough capacity to investigate them all. At the other departments all the reported incidents 
can be investigated. In case a reported incident is a CIN-call it is always investigated. 
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5.5 The scope of the reported incident problems 

The number of reported incidents has been increasing over the past 8 years. This is shown in the table 
below (Table 6: Number of industrial- en CJN-reports in the past years). It is a reproduction of all the 
( )f fth DCMR un oreseen reports o e 

1998 1999 2000 2001 2002 2003 2004 2005 
Industrial ReoortinQ 3.726 3.485 3.636 4.001 4.443 4.832 5.142 4.888 
# ReoortinQ. Unforeseen 1.262 1.184 1.101 1.168 1.055 1.064 801 652 
CIN-call 221 171 178 181 212 212 248 197 
Fires 56 50 77 76 86 94 108 68 
Major incidents 18 7 15 10 15 25 14 10 
Small incidents 147 114 86 95 111 93 126 119 

Table 6 Number of industrial- en CIN-repons in the pa.rt years (source annual environmental repon DCMR 2006) 

According to the DCMR 's annual environmental report of 2006 the increase of incidents shown, can 
be partly explained by an increasing amount of the number of companies. Besides that it could also be, 
because of a better reporting behaviour of companies. These are all rather speculative statements, 
based on the expertise of DCMR employees operating in the field of incident reporting. 

Taking a closer look at the incidents that have been reported, it is clear where most of the incidents 
originated. Consistently over the years, the process industry is, with about 80%, the biggest contributor 
of th d CIN 11 (S bl 7 N mb f CIN 11 d ) e reporte ca s ee ta C u ero -ca s per epartment per year . 

Number of CIN-calls per department per year 

1998 1999 2000 2001 2002 2003 2004 2005 2006 
Other Environmental Service " - - " 1 " " - " 

Handhaving Gemeenten (OLD) 23 24 5 " - " " " -
Handhaving Haven " - 5 17 32 24 19 28 7 
Handhaving Noord " " " " 1 1 3 1 " 

Handhaving Proces lndustrie 195 139 134 142 162 160 201 169 23 
Handhaving Reststoffen en 1 8 20 19 15 26 25 15 " 

Bodem 
Handhaving Rotterdam (OLD) 2 " 11 " " " " - -
Handhaving Stad - - 2 2 1 1 " 1 " 

Havendienst " " 1 " - " - " " 

Dutch Railway " " " 1 " " " " -
Sum 221 171 178 181 212 212 248 214 30 

Table 7Number of CIN-calls per department per year (.vource DCMR MIRR-Databa.l'e Feb r12(X)6) 

5.6 Experts Opinion Selection Criteria 

The old REOV criteria are mentioned as the guideline of grouping the incidents for investigation. The 
current way of selecting incidents for investigation has it's roots in these old criteria. First the criteria 
were reduced to the CIN-calls and even further reduced by increasing the number of complaints (as 
discussed in chapter 4). Another key issue with the REOV criteria is the amount of expertise necessary 
to execute them. The old REOV-criteria consist of a superficial set of guidelines developed and used 
by experts in the field of incident investigation. So the expertise and interpretation of the rules 
captured in the person working with the criteria will determine the course of the reported incident. 
When these criteria were developed, there was more time and capacity available to perform an 
investigation, than currently. This makes the old criteria obsolete and produces inconsistent results on 
the performance. 

The status of the reported incident is determined in the incident room. The decision made here, has 
consequences on how the inspection bureaus will deal with it. From the interviews with experts the 
next picture could be drawn regarding the usage of the information in the report and how its content 
contributes in making the decision for further analysis or not. 
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An inspector goes through the list of characteristics and creates a first, general feel of the reported 
incident. More or less relying on ones expertise an idea about the incident is generated. Going through 
this list the first thing to have a look at is which company made the call and what kind of call it is 
concerning. The subject "meteo'' is always taken in account at although it doesn't say anything, other 
than the wind speed, the direction and measurement location. On the contrary the number of 
complaints is of little significance. Since the Rijnmond area is huge it depends on where a company is 
located and how close and densely populated the nearest urban area is. Next the meteorological 
information is limited to the direction and speed, so in combination with complaints it al depending on 
the wind direction order to create complaints in certain areas. 

Next in line is the "apparaat-groep en -soort" which is used as reference. From the 2--calls also 22 is 
considered important, although it should be reported to the department of waterway, it has to be 
investigated because of the purpose it serves. The same goes for 24 calls, so it forces the DCMR to 
monitor it. Next 24-calls can be very interesting since these calls could not be distinguished as an 
other 2-call,. In general the first six items are revered to as important: 

1. Explanation (Toelichting) 
2. Substance (Stofnaam) 
3. Amount (Hoeveelheid) 
4. Concequences (Gevolgen) 
5. Meteorology (Meteo) 
6. incident condition (Voorvalstaat) 

Unfortunately, are most of the above-mentioned characteristics not standardized, but have to be filled 
out. Some of the characteristics mentioned on the sheet are filled out automatically, like information 
regarding the company involved, and meteo, but they don't say anything about the incident. 
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6 Clustering Analysis 

In this phase for the first time a cluster analysis will be conducted with the chosen methodologies. 
Then it will be clear whether the chosen method satisfies the research approach. First only the CIN
calls were investigated. They have a smaller number of calls so therefore for the first time deliver a 
better overview. Next this wiU be more useful when interpreting the dendogram, with the experience 
of the ClN calls unforeseen company calls were, added, pre-processed, clustered, analyzed and 
interpreted 

6.1 Data Characteristics. 

Before starting any clustering first the data has to be organized in a way that it can be analyzed. 
According to the steps mentioned and explained in chapter 8 the first step is to determine the 
characteristics that will be used to find the clusters. Based on the expert 's opinions (summarized in 
appendix XII) and the analysis of the current situation the next set of characteristics referring to the 
description how incidents are stored in the database will be used in the first cluster analysis: 

• Aard incident 
• Hoofdactiviteit . Suhacti vitei t 
• Locatiestatus 
• HH-klasse 
• # klacbten 
• Gevolgsoort gebeurtenis 

Next the incidents reported with a CIN-call can be listed with their characteristics. After this the newly 
formed table has to be pre-processed into a matrix that is standardized and ready to be analyzed. 

6.2 Clustering the CIN 

After the data is pre-processed in Excel, it can be entered into the SPSS program to run a hierarchical 
clustering analysis, adapted in appendix XV. For the first clustering attempt, the furthest 
neighbourhood analysis was used, as is suggested in Landau ct al 2004. After this, the incidents were 
put in the same order as the output was, in order to maintain the overview. Next the same type of 
clustering was done again to check whether different clusters should come out. This was not the case 
the only noticeable difference was that panicular groups of data where in a different order but still in 
the same cluster. After this first analysis the nearest neighbourhood clustering was performed to see if 
this yielded in any major differences. Indeed there were noticeable differences but in general the big 
clusters where identical. Only the deviated incidents popped out more. In general looking at the 
Dendograms one could determine about 7 or 8 major clusters. Actually looking closer 7 major clusters 
can be determined with some incidents clustered as a single. 

6.2.1 Dendogram 
Based on the den do grams produced the number of desired clusters "K" for K-means was set on 7. 
After the K-means clustering was performed, in the output the proposed clusters where cross-checked 
with the output of the hierarchical clustering. Most recognizable difference was the fact that the 
proposed clusters were congruent. In Fact the clusters found with the furthest neighbourhood matched 
almost the clusters as calculated with the K-means method. Apparently incidents that were showing a 
great relative distance "found" their place in a cluster. The K-means clustering method create and 
reveals the amount of clusters as ordered, so if there is no more room an outsider is placed in a cluster 
with the lowest relative distance. This phenomena has to be taken into account when clustering and 
analyzing all the incidents. 

34 



Tu/ e h' "" u•,,v,,e;w 1<
0

,udh.,·, 
... · ..... . 

6.3 Clustering 2005 Incidents 

With the lessons learned, from the small data-sample with the CIN-calls discussed above, the 
clustering is now taken to the next level, by adding all the unforeseen reported incidents. First the data 
was reorganized adding characteristics to the dataset regarding both types of reporting. Next all the 
incidents were added and pre-processed using the same method as with the CIN-calls. Consisting of 
over 1700 different reported incidents it was not doable to calculate a hierarchical clustering. The 
output would yield in a extremely wide dendogram that is impossible to oversee and investigate 
properly. 
From the first attempt with CIN-calls it was learned that a numerous amount of incidents form a single 
cluster. To tackle this problem by trial and error eventually the number of clusters was set on 15. The 
results of this 15 cluster calculation is adopted in appendix XV and is discussed next. 

6.3.1 ANOVA table 
The first output to analyze is the ANOVA table as shown in figure 16. As mentioned in chapter 4.4.4 
the analysis of variance F-value determines based on the means of the clusters what characteristics has 
the highest separation level. From the output table it is clear that with no F-value at all, the 
characteristic "handhavings klassen" has no contribution. In other words, it doesn' t add any value to 
the incidents clustering. The number of complaints, on the other hand, has a very high value compared 
with all the others, meaning that the number of complaints are important to cluster an incident. The 
value "Sig" (significance) is obsolete and must be ignored because it doesn' t participate in the 
clustering method. 

ANOVA 

Cluster Error 
Mean Mean 

Square df Square df F Sig. 
LMP 0,018 14 0,000 1.695. 
LMGGR 0,018 14 0,000 1.695. 
HH1 0,165 14 0,000 1.695. 
HH3 0,229 14 0,000 1.695. 
HH4 0,281 14 0,000 1.695 . 
HHS 0,144 14 0,000 1.695. 

KL# 0,070 14 0,000 1.695 6.085,812 0,000 
SRAF 0,016 14 0,000 1.695 1.242,UO~ 0,000 
HOPWM 0,103 14 0,000 1.695 795,651 0,000 
HEN! 0,054 14 0,000 1.695 658,060 0,000 
SCON 0,008 14 0,000 1.695 576,042 0,000 
HLLO 0,030 14 0,000 1.695 258,918 0,000 
LMVP 0, 146 14 0,001 1.695 239,792 0,000 
LVP 0, 151 14 0,001 1.695 236,924 0,000 
HAF 0,072 14 0,000 1.695 199,359 O,OOC 
HCHI 0,029 14 0,000 1.695 164,898 o,ooc 
SPROC 0,007 14 0,000 1.695 164,898 0,000 

Figure 16 ANOVA table (first run 15 clusters with year: 2005 data) 

6.3.2 Number of Incidents per Cluster 
Another important table is the table representing the number of cases in each cluster as presented in 
figure 17. This table clearly shows the phenomena discovered in the CIN-call clustering. Also this 
dataset yields in a combination of clusters with a large number of incidents and clusters with a single 
incident. 
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Number of Cases In each Cluster 

Cluster 1 2 ,00 
2 15,00 

3 241 ,000 
4 3,000 
5 30,00 

6 161,00 
7 36,00 
8 4,000 
9 44,00 
10 435,00 
11 215,000 
12 1,000 
13 518,00 
14 1,00 
15 4,000 

Valid 1.710,00 
Missing 0,00 

Figure 17 number of cases in each cluster (first nm 15 clusters with 2005 data) 

The next logical step, is to find the connection between the clustered incidents. After grouping the 
incidents in an Excel data-base these typical characteristics per cluster were determined. 

1. Bodemverontreiniging with Hoofdactiviteit n.e.g. 
2. Mix of all kinds of incidents having a small relative distance 
3. Chemische industrie with procesindustrie 
4. Hoofdactiviteit n.e.g. and Subactiviteit neg 
5. Laad-, los- en overslagbedr. (zeescheepvaart) 
6. Overige provinciale Wm-activiteiten 
7. Chemische industrie with Stof / Roet and/ or Defecte apparatuur / afdichting 
8. Momenteel geen geldige regelgevingen 
9. Overige provinciale Wm-activiteiten with Laad-, los- en overslagbedr and tank op/overslag 
10. Afvalbeheer with Fakkel, Verhoogde emissie, Rook/ Vuur, Lawaai 
11. Chernische industrie with procesindustrie and B, Z -CIN-calls 
12. Klachten high 
13. Energie with sub raffinaderijen. 
14. Combination of characteristics deviating from other incidents (a unique combination) 
15. Reiniging + bcdrijf tankauto's en-wagons and one incident with 125 complaints 

6.3.3 Relative Distances Between Clusters 
Finally to see the clusters in relation to each other, the relative distance between final cluster centres 
matrix is looked at (figure 18). This table represents the relative distances between the formed clusters. 
A larger value for the distance means a higher difference between the clusters. In this matrix it is 
clearly shown that cluster 12 has a very high value. From the figure 17 we learn that this cluster 
contains only 1 incident. Loo.king into the database it is discovered that this was a particular incident 
with 491 complaints, see figure 19. This makes complete statistical sense, since the number of 
complaints have the highest F-value in the ANOV A table, proving the beneficial effects of the K
means clustering method. Also in the matrix it is discovered that cluster 3 and 7 a very low relative 
distance, implying that they are almost identical. These clusters seem to be both chemical incident 
related. Finally in general the average distances do no deviate too much. This is satisfying, since this 
means that the clusters are equally separated. 
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uster 
1 0,355 0,313 0,438 0,201 0,311 0,307 0,380 0,300 
2 0,355 0,271 0,279 0,368 0,297 0,269 0,173 0,267 
3 0,313 0,271 0,400 0,299 0,210 0,05 0,305 0,165 
4 0,438 0,279 0,400 0,469 0,400 0,397 0,318 0,39 
5 0,201 0,368 0,299 0,469 0,319 0,288 0,388 0,29 
6 0,311 0,297 0,210 0,400 0,319 0,209 0,247 0,131 
7 0,307 0,269 0,397 0,288 0,209 0,305 0,168 
8 0,397 0,37 o, 0,39 0,274 0, 0,371 0,27 
9 0,380 0,173 0,38 0,247 0,277 
10 0,30 0,267 0,297 0,131 
11 0,31 0,31 0,1 
12 1,03 1, 1,0 
13 0,393 0,312 
14 0, 0,284 0,42 o, o, 
15 0,376 0,464 0,206 

figure 18 relative di.rtance between final cluster cenrre.r 

Figure 19 cluster 12 (source 2005 dataset f rom discoverer) 

6.4 Summary 

In summary the next findings could be revealed from the first K-means clustering attempt: 

• Clusters found, but not specific characteristics. 
• Conformation of statements and ideas of DCMR experts. 

o Number of complaints important 
o Clustered incidents, specific per department (incidents belonging to their responsible 

department intent to cluster) 
o Characteristics not worth mentioning are statistically eliminated. (e.g. "Handhavings 

klasse" has no contribution, also the status being a CIN-call is not important, put the 
other characteristics do matter, eventually the CIN-calls group, but based on other 
characteristics. 

o Many data has not been fi.Ued out by the incident room. 
• Number of complaints a significant presented group. 
• K-means clustering is able to discover clusters in the DCMR database. 
• Clustering reveals small and unique incidents adds them together in relation to each other in a 

cluster. 
Unfortunately the new groups do not clearly show what their specific characteristics are, but rather an 
indefinable mishmash. The reanalysis should therefore at least reveal witch fields of interest can be 
defined among the companies inspected by the DCMR. 
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7 Clustering Re-analysis 
This chapter presents the re-analysis of the clustering. Before a clustering is performed again, the 
results of the first clustering analysis are evaluated. In the first paragraphs a questionnaire is discussed 
and the changes made for the re-analysis. ln the final chapter the actual re-analysis is presented. The 
results of both the analysis and re-analysis is presented in chapter 8. 

7.1 Feedback Implications 

In order to be able to judge the first formed clusters, and put them into perspective to the DCMR, the 
inspectors' opinion towards the clusters was asked, by means of a questionnaire. Based on these 
findings a re-analysis is done. Basically the outcome of this first analysis is a set of 15 groups 
somehow connecting incidents. Actually this is exactly what the purpose was of performing a 
clustering analysis: finding new groups in the current incident database. But in order to bring more 
structure in the groups from the cluster analysis, the opinions of inspectors were asked, by asking to 
rank the listed groups with descriptions and. In appendix XI the results of the questionnaire are 
presented. Based on the outcome and meetings with experts the list with characteristics was reduced. 

7.1 .1 Outline People's Opinion Regarding Incidents 
The clustering analysis itself can only deliver new and unique groups, based on the characteristics 
used. The characteristics of the newly "discovered" groups of the investigation, can than practically be 
translated into new selection criteria and a company wide definition of an "interesting incident". 
However, the cluster analysis alone can not deliver this definition. It has to be supported by people 
that handle the reported incidents. Hence after the first findings from the cluster analysis, a more 
extensive feedback from the DCMR was needed. ln order to get a better understanding regarding the 
decision making process and in order to answer the research question regarding what is an interesting 
incident, a questionnaire was conducted. A list of questions was handed out to the inspectors of the 
bureau of process industry (HPI), since this bureau has the most experience in handling incidents and 
is responsible for most of the reported incidents (see table 5). In appendix XI the full questionnaire is 
added, as well as the results. 

The subjects asked, were related to: 
► The inspectors' Routine 
► The inspectors' opinion regarding the incident description 
► The inspectors' opinion regarding the information availabiljty 
► The inspectors' opinion on statements regarding thesis related subjects 

7.1.1.1 Inspectors' Routine 
On average the inspectors are working at the DCMR for 10 years now of witch 4,5 years are at HPI. It 
has to be mentioned that one of the questioners is working at HPI for over 20 years now. Excluding 
these 20 years from the sum, the average turns out to be 2,5 years. Half of the inspectors questioned 
did not start his or her career at the DCMR. The other half mainly started at the incident room. Per 
year, on average, around 9,5 incidents are assigned to an inspector, of which 9 are being investigated. 
Meaning that most of the inspectors are relative rookies in the field of process industry incident 
analysis for the DCMR. Next half of the inspecmrs are from outside of the company, and less familiar 
with the organisational customs and habits. Moreover can, with the presence of ex-employees of the 
incident room, be stated that a reasonable amount of knowledge regarding reported incidents is 
present. The hands-on experience picked up in the incident room, by handling the reporting of an 
incident, is used to judge appointed incidents. The questionnaire shows that; the inspectors who used 
to work at the incident room as well as having more than 20 years of experience, fi..ll out "sometimes" 
for the questions whether one rejects the investigation assigned. Inspectors without this incident room 
experience fill out "now and then". Equally answered was the question regarding how many times 
inspectors pick up an incident that was not assigned to them. Putting this in relation to the inspectors 
working at HPI, it seems that more experience means more initiative in the decision process. 
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7.1.1.2 Incident Description and Information Availability 
This section contains the opinions of from the people questioned. In no way are their opinions of any 
direct influence on the decision making process of the database analysis Regarding the organisation of 
operating with separate bureaus or just one, dealing with incidents, there is no desire to have a fusion 
of the separate departments. Likewise inspectors indicated that they don't loose their objectivity, being 
appointed to a specific company. From the questionnaire a desire to give an inspector more 
responsibility is brought forward, regarding the incident selection. ln this concept the coordinator can 
be deployed for reflection and support. Regarding the incident investigation the public interest is not 
considered the first priority, the inspectors mention they are more interested in the (root)cause. It is 
noticed however, that in extraordinary cases, one sometime has to divert from the rule. 

All of the inspectors selected the opinion that the information supply by the incident room is 
sufficient, and there is no need to extend the current lay-out. The only remark made here is, that the 
form is not always completely filled out, making it useless to incorporate in the decision process. In 
the process of deciding and judging the reported incident, by the inspectors, the reports and findings of 
the chemical advisory, the quick response team, etc is consulted. In general the information from the 
incident room is used for background information only. Next based on the incident size and shape the 
judgement and final decision to investigate can be made. Inspectors prefer the day after to make the 
decision to investigate, and only if necessary the next week (at the most). Their motivation is; that this 
will speed up the process and leaves no useless incidents unnecessarily long on the to do list. 

Another phenomena worth mentioning is: inspectors that didn't start their career at the DCMR and 
have not been longer than 3 year at HPI, are the only ones that mention they had to cancel or have an 
incomplete investigation due to time and/or capacity restrictions. Besides this, the majority of the 
inspectors disagree on the statement is it better to do IO investigations partially in order to get a 
glimpse of a lot of incidents, or do 2 investigations analysed thoroughly, offer more value. This can be 
interpreted as; the inspectors arc eager to deliver good and high quality work. 

7.2 Re-analysis Dataset Set-Up 

The following cluster numbers in the leftover groups could be discovered, in the following hierarchy 
ranking from 1 as the most important group: 
l High number of complaints 
2 lncidcnts at plants regarding the chemical industry with process industry as a sub-activity 
3 Energy with sub refineries. 
4 Afvalbeheer with Fakkel, Verhoogde emissie, Rook/ Yuur, Lawaai 
5 Chernische industrie with Stof / Roet and / or Defecte apparatuur / afdichting 
6 Chemische industrie with procesindustrie and 8 , Z -CIN-calls 
7 Laad-, los- en overslagbedr. (zeescheepvaart) 
8 Combination of characteristics deviating from other incidents (a unique combination) 
Based on the above, there arc two changes: 

1. In the database and is explained in paragraph 7.2 
2. The characterization of the clusters and is explained in paragraph 7.3 

Based on the recommendations from the results of the inspectors questionnaire discussed above, a new 
dataset was setup to run a new clustering analysis. The first cluster analysis consisted out of too many 
incidents in the data-set to be analyzed. 'Therefore, in order to create a better understanding the amount 
of incidents were reorganized and downsized according to the inspectors' feedback from the 
questionnaire. The data was reorganized and downsized as followed: 

► Split-up per inspection department. 
► Skip 'Z2 CIN calls. 
► Skip incidents recorded as "hoofdactiviteit: overige provinciale Wm-activiteiten". 
► Skip needless incidents. 
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7 .2.1 Split-up per inspection department 
From the questionnaire and the description of the current situation it is clear that every department 
handles the reported incidents differently. Especially the relationship between available time and the 
amount of reported incidents to be dealt with. Next different types of incidents are investigated at 
every department. The first clustering showed that the incidents in cluster l also belongs to the same 
department. Therefore the incidents are split up and investigated per department. In the current 
situation the HPI department has a capacity restriction regarding incident handling. The departments 
HHH and HRB do not have this restriction and are able to handle all the reported incidents. At all the 
other inspection bureaus the rate of reported incidents is Limited to a few cases. 
The inspection bureaus are split up as follows: 

► HPI 
► HHH 
► HRB 
► HH-Other (HHS I HHN / HHZ) 

When the clustering re-analysis is performed this is done only for HPI, HHH, and HRB. The 
remaining departments don't contain enough relevant incidents to perform a proper analysis. As can 
be seen in table 3 in chapter 6.5 the remaining departments handle an average of one or two CIN-calls 
per year, leaving this group unsuitable for further cluster analysis. 

7.2.2 Skip Z2 CIN calls 
In theory this type of call is made regarding a spill on water, for which the department of waterways is 
the obvious institute to handle the reported incident. In day to day practise the type of incident should 
not necessarily be dependent on the of surface it was spoiled. From the interviews the perception was 
that Z2 are not subject to investigated but should be registered because of the purpose it serves. That 
is: it is a CIN call, and therefore a reported incident to the DCMR, where all the reported incidents are 
stored and administered. Because of the special status this type of incident has it is skipped from the 
re-analysis. Whenever the characteristics should match with potential incidents, this has to be 
compensated by the clustering of the incidents selected for the analysis. 

7.2.3 Skip incidents recorded as "hoofdactiviteit: overige provinciale Wm
activiteiten" 
From the questionnaire it became obvious that these type of incidents, clustered in the first cluster 
analysis, are considered as a low priority incident. Although incidents do happen that need to be 
further analysed they are apparently considered of a lower priority than other types. As with the Z2 
calls the potential characteristics have to be compensated with the incidents subject to the re-analysis. 

7.2.4 Skip needless incidents 
In the first analysis all of the data with an incident number in the database were added to the analysis. 
Going through de results of the first analysis, revealed some obsolete incidents that, on further 
consideration, only bias the dataset. Amongst others these are incidents that in fact were e.g. 
environmental disaster exercises and so forth. Likewise are outrageous incidents also left-out. 
Therefore, e.g. the exceptional incident causing 491 complaints is left out in the re-analysis. 

7.3 Redefinition Incidents Characteristics 

Based on the questionnaire it became clear that the characteristics were not considered as relevant or 
useful to characterize an incident. In this first analysis the characteristics had the focus on both the 
type of reporting and the type of source that called the incident in. With this first analysis a distinction 
could be made regarding what fields are more or less interesting for further investigation. In the 
questionnaire inspectors unanimously agreed that the information provided by the incident room is 
sufficient (see appendix XI), to asses the incident. The new re-analysis data set will contain 
characteristics regarding the type of incident and information regarding the event itself. Moving away 
from the reporting source towards the incident characteristics. 
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The new characteristic contains the following characteristics: 
► CIN yes or no 
► Incident cause 
► Device group 
► Device type 
► Number of complaints 
► Motivation 
► lnvestigated yes or no 

From the database he relevant data with the new characteristics were stored in a spreadsheet again. 
The data was split up n the bureau of inspection to be investigated. Next the data was downsized and 
standardized to be pre-processed again. After the pre-processing the data was copied into SPSS and a 
clustering analysis was performed. The results of the clustering analysis are further discussed in the 
next chapters. 

7. 4 The Re-analysis 

ln this paragraph the findings of the reanalysis are presented. Here the results from the clustering with 
the new dataset is discussed. With the newly formed dataset discussed in chapter 10, a new clustering 
was performed. The new dataset has a more manageable amount of incidents to cluster. Therefore the 
hierarchical clustering can be used to determine the best probable amount of groups to find with the K
means clustering analysis. First the results of the Hierarchical clustering is discussed followed by the 
K-mcans. This is done for every bureau of inspection subject to the investigation. For every method 
used the results are presented and the findings and interpretations are discussed. The conclusions of 
the results presented in this re-analysis are discussed in chapter (next) 

7.4.1 Findings and Results HPI 
In appendix XV[ the dendogram of the hierarchical clustering with the selected incidents of HPI are 
added. The analysis was performed with the so called "furthest neighbourhood" method, From the first 
analysis it was learned that this yields in almost the same results as the K-means clustering. Again, as 
with the first analysis, the clustering delivered a number of huge groups and some outsiders, and also 
here the outsiders concern incidents with an high amount of complaints. With this clustering even two 
clusters with a high amount of complaints were formed. Based on the findings of this dendogram 
approximately 10 clusters were discovered to use as the initial number of clusters "K". 

From the clustering the following clusters were formed. Based on their characteristics and in order of 
the output of SPSS: 

l. the fields "appraatgroep" and "apparaatsoort" have not been filled out (a cluster containing 
incidents with poor data). 

2. "Apparaatgroep": machines. 
3. "Apparaatgroep": leidingsystemen with "apparaatsoort": leidingen. 
4. External source: ''uitval andere fabriek/plant, storing/uitval apperaruur". 
5. 63 complaints. 
6. 37 complaints. 
7. Fires and gas-releases. 
8. ClN-calls, not investigated. 
9. "Procesvaten en tanks" 
10. Investigated based on the findings of the ''uitrukdienst" 
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ANOVA 
Cluster Error 

Mean Mean 
Square df Square df F Sia. 

CIN 0,970 9 0,000 155. 

GAPVT 0,006 9 0,000 155. 

STWAM 0,000 9 0,000 155. 
ONDJN 1,141 9 0,000 155 4.573.997.920.858.020,000 o,ooc 
KLACH 0, 117 9 0,000 155 5.72.9,728 0,000 

GAL 0,029 9 0,000 155 148,023 o,ooc 
GANA 0,017 9 0,001 155 30,261 o,ooc 
STNA 0,003 9 0,000 155 30,261 0,000 

MAND 0,013 9 0,000 155 26,666 0,000 
MMEL 0,007 9 0,000 155 25,421 o,ooc 
MUIT 0,008 9 0,000 155 17,695 0,000 

STKOL 0,000 9 0,000 155 17,013 0,000 

Figure 20 ANOVA Reanalysis HP! 

The first item that draws the attention in the ANOYA table is the fact that the characteristic "CIN" 
doesn't have a F-value, see figure 20. This is prominent since cluster 8 is clustered containing only 
CIN-calls, but then again these do have the characteristic of not being investigated. That characteristic 
has the highest value. It causes cluster 8 to have all the CIN reportings clustered as not able to cluster 
elsewhere and are connected by the fact that it wasn't investigated. Next item in figure I 8 with an high 
F-value, is the amount of complaints. As it was also observed in the dendogram where two single 
clusters were formed based on the amount of complaints. Meaning that the other characteristics are 
irrelevant, otherwise the two clusters should have formed a cluster. ln the ANOY A-table the values of 
the characteristic in the fields that contain "not applicable" tent to have a high F-value. The reason for 
that is the fact that many fields are simply not filled out. These incidents are mainly clustered in 
cluster 1. this reflects somewhat the reactions of the inspectors in the questionnaire, who claimed that 
the incident room doesn't always fill out all the available fields. Leaving the inspectors and 
coordinators with an incomplete form that can not be interpreted with the full scope of the incident. 
Another phenomena is the fact that most of the "oorzaak" (cause) characteristics, mainly have a lower 
value and only the when cause-characteristic is a CIN, the F-values are in the higher region. 

Distances between Final Cluster Centers 
11_;1uster 1 2 3 4 5 6 7 8 9 10 

1 0,160 0,899 0,102 1,328 0,959 0 ,882 0,55' 0,904 0,69, 
2 0,160 0,887 0,168 1,332 0,965 0,895 0,57~ 0,908 0,70C 
3 0,899 0,887 0,902 1,004 0,407 0 ,191 0,70S 0,242 0,577 
4 0,102 0,168 0,902 1,332 0,966 0 ,884 0,55~ 0,908 0,701 
5 1,328 1,332 1,004 1,332 0,691 0,993 1,205 1,009 1,142 
6 0,959 0,965 0,407 0,966 0 ,691 0,381 0,78€ 0,416 0,68C 
7 0,882 0,895 0,191 0,884 0 ,993 0,381 0,681 0,201 0,56C 
8 0,555 0,572 0,709 0,555 1,209 0,786 0 ,687 0,717 0,889 
9 0,904 0,908 0,242 0,908 1,009 0,416 0,201 0,717 0,586 
10 0,697 0,700 0,577 0,701 1,142 0,680 0,560 0,88! 0,586 

Figure 21 Relntive Distance Matrix Re-analysis HP! 

Going through the relative distance matrix, figure 21, the distances between the clusters itself can be 
observed. Here as expected the clusters 4 and 5 representing the complaints, contain high relative 
distances. In general clusters 5,8, and IO have high distances, between each other. The clusters 4 and 9 
have a combination of both high and low relative distances. The clusters 3, 7 and 9 have short 
distances between each other and relative high distances between the other clusters. This is probably 
caused by the high F-value for the characteristic "investigated yin", witch in this case is "yes" for all 
three clusters. The new clusters tent to have more variety between the clusters. 

7.4.2 Findings and Results HHH 
For HHH also a hierarchical clustering was executed with the dataset presented in appendix XVII. As 
with HPl, here too, 10 different clusters were discovered. Also in this clustering some groups with 
many incidents are formed as well as some outsiders. Only this time the incidents labelled as outsiders 

42 



TU e . 
are not as far from the other incidents as with HPI. This can be explained by the fact that the amount 
of complaints is not a characteristic in this dataset, because no complaints were recorded. What this 
dendogram does show is a clear split-up in two different groups of clusters. In combination with the 
K-means clustering this phenomena can be better explained. 

Group characteristics discovered in the re-analysis of HHH 
1. Leidingbreuk with the relevant fields filled out. 
2. group of incidents with no or view fields filled out. 
3. spoorketelwagon 
4. machines 
5. ketelwagens 
6. ClN-calls investigated 
7. ClN-calls not investigated 
8. Containers with a ClN-call investigated 
9. Niet-ClN calls investigated 
10. Containers not a CIN-call and not investigated. 

Distances between Final Cluster Centers 
us er 

0,28 0,351 1,141 0,822 
2 0,289 0,30 1,127 0,769 
3 0,840 0,822 0,84 0,786 1,126 
4 0,351 0,30 1,1 42 0,827 
5 0,318 0,26 1,106 0,813 
6 1,132 1,09 1,13 0,273 0,780 
7 0,832 0,780 0,262 0,83 0,815 1,09 
8 1,141 1,127 0,786 1,142 0,273 0,81 0,824 
9 0,822 0,769 1,126 0 ,827 0,780 1,095 0,82 
10 0,306 0,250 0,789 0,318 1,123 0.819 1,09 0,808 

Figure 22ANOVA Reanalysis HHH 
ANOVA 

Cluster Error 
ean ean 

Square di Square df F Si . 
CIN 1,20 9 0,000 171 . 
ONDJN 1,216 9 0,000 171 . 
021 0,000 9 0,000 171 . 
GANA 0 ,074 9 0,000 171 . 
GAD 0,079 9 0,00 171 . 
GAL 0,040 9 0,00 171 . 

GAL 0,013 9 0,000 171 . 
STNA 0,010 9 0,00 171 . 
STKET 0,002 0,000 171 . 

STSKET 0,001 0,000 171 . 
STCON 0,008 0,000 171 111,460 
STSLNG 0,002 0,000 171 24,354 
OZ3 0,001 0,000 171 23,236 
STPMP 0,000 0,000 171 18,790 
STMOT 0,000 9 0,000 171 18,790 
MMET 0,001 9 0,000 171 18,790 
0B1 0,000 9 0,000 171 18,370 

STLEI 0 ,0 9 0,000 171 7,306 0 , 

Figure 23 Relative Distance Matrix Re-analysi.,· HHH 

As can be seen in the relevant distance matrix, figure 23, one can see that group 6 and 8 have a short 
relevant distance, but towards the other clusters a relative high distance. Both are ClN-calls, and 
investigated incidents, only cluster 6 is characterized as an incident with a container. Although cluster 
IO is characterized the same as 6 only not having an investigation, the distance is one of the highest of 
all distance in the matrix. This can be explained by the fact that cluster 10 is clustered based on the 
"device group" characteristic. But as can be seen in the ANOV A table (figure 22) "container" has a 
high value, and with that forcing 6 and 10 to be container clusters. Splitting up the clusters based on 
other characteristics the clusters have in common. Recapitulate: because of the high F-value of 
"container" two clusters containing this characteristics are split-up accordingly. The result with this 
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clustering is the split-up in container and not container, were next the container is split-up into 
investigated or not since this character has higher relative contribution in the cluster. In the 
dendogram of HHH (appendix XVII) this phenomena is graphically presented. Here the split-up 
between 6 and 8 can clearly be observed. Also a split-up of cluster 10 can be observed with cluster 5. 
both clusters are clustered because the "group" value is filled out, but again splitting the clusters based 
on the container characteristic. From the relative distance matrix the split up mentioned earlier on in 
this chapter can be explained. The clusters 3,6,7, and 8 have a very low distance value. Next these 
incidents match one of the sides in the split dendogram. From the database output organized according 
to the K-means output, it is discovered that all these specific incidents (clusters 3,6,7,8) are reported as 
aCIN. 

7.4.3 Findings and Results HRB 
Finally the dataset of HRB is investigated witch is considerably smaller than the other sets. 1n the 
dendogram (see appendix XV lll), about 8 groups can be discovered. As with the incident datasets of 
the other bureaus, is here also the set split up in some small groups and a relative larger group. Just 
like the HPI dataset, HRB contains the amount of complaints in analysis. Likewise this causes 
incidents to cluster and show relative big mutual differences between the other clusters. Next the 
dendogram shows a relative high distance between two groups of clusters. Like HHH the explanation 
of this difference can be supported by the K-means clustering method. 

Group characteristics discovered in the re-analysis of HRB 
1. Device group process-barrels and tanks 
2. This group could be split up, base on the findings of the dendogram. 

a. Clustered with the device fields not filled out 
b. Machine- and piping-systems 

3. CIN-call of device group process-barrels and tanks 
4. Amount of complaints (8 or more) 
5. Energy and heat 
6. Device group diverse (only incident with diverse filled out) 
7. Complaints (>2), not a CIN-call and investigated 
8 ClN 11 ( d) -ca s not mvestt i:!;ate 

Cluster Error 
Mean Mean 

Square df Square di F Sia. 
CIN 0,90! i 0,000 102 . 
GAD 0,005 7 0,000 102 . 
GREW 0,019 7 0,000 102 . 
GRPVT 0,023 7 0,000 102 . 
STGEB 0,001 7 0,000 102 . 
STING 0,001 7 0,000 102 . 
KLACH 0,121 7 0,000 102 604,617 0 ,000 
STOPS 0,001 7 0,000 102 27,951 0 ,000 
STWRM 0,001 7 0,000 102 14,042 0 ,000 
STNA 0,002 7 0,000 102 9,948 0 ,000 
GANA 0,015 7 0,001 102 9,948 0 ,000 
MUIT 0,002 7 0,000 102 5,835 0 ,000 
MGLST 0,003 7 0,000 102 5,625 0 ,000 

Figure 24 ANOVA Reanalysis HRB 

As mentioned in the introduction, like HPl, a cluster is formed base on the amount of complaints. The 
clustering of HRB also has two clusters base on the complaints, only here the second cluster contains 
multiple incident instead of one. Not surprisingly the ANOV A table (figure 24) contains a high F
value. On the other hand, regarding the cluster with multiple complaints, the relative distance matrix 
(figure 25) doesn 't show all high distances between other clusters, but a split up in both high and low. 
The single incident on the other hand does show a high relative distance. Investigating the dendogram, 
shows that the multiple complaints are spread out over among other groups. In the matrix group 3 and 
8 draw the attention. Both have a relative high distance between all the clusters except themselves. 
According to the database this concerns both CIN-calls. Only cluster 3 has a complete filled out field 

44 



TU /e . 
and the incident has been investigated. At the same time, this is also the explanation of the discovered 
split up in the dendogram. Overall the HRB incidents have less clusters and are easy to be interpreted. 

Distances between Final Cluster Centers 

1..,1uster 1 2 3 4 0 6 7 8 

1 0,219 0,802 0,925 0,268 0,298 0,270 0,83( 
2 0,219 0,833 0,896 0,225 0,260 0,145 o,8oc 
3 0,802 0,833 1,225 0,847 0,859 0,847 0,23:: 
4 0 ,925 0,896 1,225 0,927 0,936 0,773 1,20~ 
5 0,268 0,225 0,847 0,927 0,299 0,275 0,831 
6 0 ,298 0,260 0,859 0,936 0,299 0,305 0,842 
7 0,270 0,145 0,847 0,773 0,275 0,305 0,813 
8 0,830 0,800 0,235 1,202 0,831 0,842 0,813 

Figure 25 Relative Dis1ance Matrix Re-analysis HRB 
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8 Settlement Analysis and Re-analysis 

[n this chapter the results of the investigation are discussed. In paragraph 8.1 the analysis results are 
discussed, next the answers toe the research questions can be derived from the analysis. In chapter 8.3 
the answers to the research questions are presented and explained. Per paragraph in this chapter the 
research questions are discussed based on the findings derived from the analysis. Here the captured 
findings of the clustering analysis and the information from questionnaires are translated into a 
solution design to tackle the defined problem. 

8.1 Key Learnings 

In this paragraph the results of the analysis and the re-analysis are compared and discussed to give an 
summary of the key learnings of the incidents in the weighted pess pechie of this thesis. Next the 
interrelated results of the re-analysis is discussed. Table 8 represents the similarities and dissimilarities 
b bthth d 1· etween 0 ere- an analysis. 

Analysis Reanalysis HPI Reanalysis HHH Reanalysis HRB 

# complaints high Yes Yes Not Applicable Yes 
Leftover incidents tent to group Yes Yes Yes Yes 
# of groups 15 10 10 8 
# of incidents analysed 1710 165 181 110 
Only CIN containing clusters 0 6 3 2 
DCMR readable cluster values No Yes Yes Yes 

Table 8 similarities and dissimilarities between analysis and re-analysis. 

[n both analysis the number of complaints, represents a significant group of incidents. In the analysis 
only one incident is clustered based on an extraordinary number of complaints. However leaving this 
incident out of the re-analysis, the number of complaints is again causing the incidents to cluster 
accordingly. So the complaint in general can be appointed to as a company wide cluster. Next in all 
the analysis there is a cluster where all the obsolete incidents are grouped. These incidents obviously 
have a low priority to the DCMR, since many times these incident contain fields that not been filled 
out or have been administered as "divers" of "not applicable" etc. Although the analysis was split up 
in 15 clusters, with the re-analysis this amount did not decrees considerably. Apparently the amount of 
clusters is not related to the number of incidents used in the analysis. For the analysis, as can be seen 
in table 6, this amount is ten times lower. With the analysis non of the clusters contained only CIN
calls. The re-analysis however did reveal clusters with only CIN-calls. As would be expected, at HPI 
(handling 75% of the reported incidents) more CIN clusters are revealed. However the clusters are not 
clustered because of the CIN status! Finally the clusters formed in the analysis were not readable 
clusters to the DCMR. Moreover the first characteristics are not enough focused on the incident, but 
on the incident location. The re-analysis, did show readable clusters. These clusters are calculated 
based more on the incident characteristics. Next the amount of incidents in a cluster are less and 
therefore better to comprehend. 

In order to use the clustering analysis to develop new selection criteria, or interesting fields to 
investigate, the relative contribution of every characteristic has to be determined. In figure 24 the 
relative contribution chart is presented. The characteristics of the incidents at every bureau contribute 
to a certain cluster. This graph presents per bureau how many times a certain characteristic contributed 
to a cluster. Some characteristics are combined form a certain cluster, hence the amounts may vary per 
bureau. 
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Figure 26 relative contribution chart 

The graph in figure 26 shows that 

OHRB 

· HHH 

DHPI 

• At HPI there is a cluster formed for every characteristic, or combination. 

,,•• .. :, . . :; . 

• At HHH the amount of device type is much higher than device group, indicating a clear split-
up in the device group. 

• All bureaus have a cluster based on missing data 
• Device group, device type and the status CIN, have a relative high contribution. 
• New criteria have to be formed specific for every bureau of investigation 

8.2 Feedback to the Research Questions 

In this chapter the research questions are discussed, as stated at the start of the investigation. Based on 
the objectives presented in the research outline the investigation was performed, with the use of the 
clustering analysis and questionnaire/interviews. Finally to collect all the information necessary to 
answer the research questions. 

8.2.1 Research Question 1 

What types of incidents, among the companies supen,,l<,ed by the DCMR, can be 
defined based on their shape and size? To establish a company wide definition. 

First in answering this question it is decided what the definition is, of an incident to the DCMR, before 
the different types can be defined. 

• Definition incident: 

An incident to the DCMR is: an event that is reported or detected by the DCMR, as specified in the 
law environmental management, the law soil-contamination and the building-material provision. 

For extra clarity in Dutch: 
Een incident binnen de DCMR is: een gemeld of een door de DCMR waargenomen voorval, zoals 
omschreven in de wet milieubeheer, de wet bodembescherming en bet bouwstoffenbesluit. 
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Next the definitions can by established what types of incidents can be distinguished within the DCMR. 
Based on the investigation three types of incident can be determined and defined. 

• PRISMA-investigation Incident: 

An incident reported by the DCMR, which has been selected for an investigation according to the 
PRISMA-method, by the responsible bureau of inspection, based on the priority rules established 
within. 

For extra clarity in Dutch: 
Een door de DCMR gerapporteerd incident, welke is geselecteerd voor een onderzoek volgens de 
PRISMA methodiek, door het verantwoordelijke handhaafbureau, op basis van de daarbinnen 
opgestelde prioriteitsregels. 

• Normal-investigation Incident: 

An incident reported by the DCMR, not being a PRISMA-investigation incident, which has been 
selected for an investigation, by the responsible bureau of inspection, based on the current procedure. 

For extra clarity in Dutch: 
Een door de DCMR gerapporteerd incident, niet zijnde een PRISMA-investigation incident, welke is 
geselecteerd voor onderzoek, door het verantwoordelijke handhaafbureau, op basis van de huidige 
werkwijze. 

• Low priority-investigation incident: 

An incident reported by the DCMR, not being an incident mentioned elsewhere, which has NOT been 
selected for an investigation, by the responsible bureau of inspection, based on the current procedure. 

For extra clarity in Dutch: 
Een door de DCMR gerapporteerd incident, niet behorende tot de elders genoemde incidenten, welke 
NIET is geselecteerd voor onderzoek, door het verantwoordelijke handhaafbureau, op basis van de 
huidige werkwijze. 

The exploitation of the cluster analysis in this context, is to determine the priority rules that support 
the incident concerned In chapter 12 a proposal for a new work process is presented. In here the 
priority rules, derived from the analysis, are incorporated. 

8.2.2 Research Question 2 

ls the information, need accordingly, covered with the current selection method 
at this moment satisfying, or is there a need for extension? To deliver an 
incident selection tool. 

The answer to this question is: no, the information needed is covered partly with the current selection 
method, and yes, there is a need for extension. As the clustering analysis revealed, in many cases the 
data is filled out partly, by the incident room. The reason for that is not always straight forward. In 
general the reason why a field has not been filled out is because the person handling the call was not 
able to select the most appropriate characteristic from the predefined list. So instead of selecting a 
characteristic that "somewhat" represents the reported incident, the field is left blank. This leaves the 
incident database with numerous incidents that have been partly characterized On the other hand most 
of the information regarding an incident investigation, is pulled from the first contact the inspector has 
with the company, and the first reporting from DCMR-sources at the scene. This can be Chemical 
advisory or the quick response team. Moreover does this informal incident handling disturb the whole 
process of incident investigation. By moving away from how the work-process is originally designed, 
the judgement of incidents is done based on personnel expertise and not reported facts. Therefore there 
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is a need for extension in the amount of selectable choices, but not necessarily in the amount of fields 
to be filled out. Simultaneously the amount of possibilities is high so at this moment it is not clear if 
the correct possibilities are adopted in the selection list. At least it can be further investigated whether 
some characteristics are still representative or can be grouped. 

Another extension that will add more value to the sheet of the incident room is a standardization of the 
ratio between the substance and the amount of spillage involved. Currently the amounts are 
inconsistently filled out with different abbreviations for the same quantities, e.g. "liter" is filled out as 
L. 1. lit. ltr. m' or m/\3 etc. 

From the questionnaire, inspectors pointed out that there was no need to add more data to the sheet. In 
fact from further questioning it was discovered that the data sheet itself is not primarily used to make a 
decision, but to get a first impression from the summary presented on the sheet. Therefore the 
information currently presented is believed satisfying. 

8.3 Discussion 

Initially the clusters should discover new types of incidents from where a new definition of incident 
could be derived. This is eventually not quite the case. The clusters formed are not specific enough to 
develop a new definition of an incident. On the contrary it does point out certain fields that can be 
used in the creation of priority rules. Further did the analysis show how the data put into the database 
is handled, and could certain groups be established. In chapter 9 this is explained and implemented. 

49 



TU e 
h1 C: I' 

9 Re-organized Work-process 

In this chapter a proposal regarding the work-process of selecting incidents for investigation is 
presented. To answer the question; what type of methodology can be employed to create, and support 
a standardized selection process, at the DCMR, now and in the future. Paragraph 9.1 explains this 
decision model in how to handle reported incidents. For further clarification a new selection process 
model is shown. In the paragraph that follows an evaluation based on the personal findings and 
feedback from the experts, is discussed. Chapter 10 will than deliver the recommendations regarding 
the implementation and settlement for the future. 

9.1 New Decision Process Model 

The improvements proposed in this chapter will be implemented in the UML-class Diagram for 
incident handling in MIRR, and the Petri-net, subnet of "processing incident", respectively presented 
in Figure 11: UML-class diagram Incident Handling in MIRR in Paragraph 5.2 and figure 13: subnet 
of ''processing incident" for HPI,HHH and HRB Paragraph 5.3. The goal is to create uniformity to 
give a company a wide interpretation of the selection criteria to investigate a reported incident. 
Currently this is partly disrupted in two ways. The incident room does not fill out all of the required 
fields when they are called and external sources infonnally call inspectors, the chemical advisory, the 
quick response team, etc. This causes the inspector to move away from the official process and handle 
incidents in their own discretion. 

Across all departments the priorities or motivations to analyse incidents with the PRISMA method 
remain. Based on the findings of the cluster analysis, the incidents stored in the database are split up in 
a relative big group of more general incidents and a rather smaller group consisting of very specific 
incidents. From the questionnaire and expert interviews it is clear that this big group of incidents are 
usually small in shape and size. These incidents do get investigated sometimes. However most of them 
are only recorded and checked on the companies permits. The major incidents are in general CIN-calls 
and are usually investigated. 

As mentioned in the definition; incidents are a PRISMA-investigation incident, if they meet the 
priority rules established within the responsible bureau of inspection. These rules have to be 
formulated per bureau of inspection that is responsible for the company referring to the incident. 
Based on the investigation the following three company wide priority rules were determined in order 
of relevance: 

1. Complaints 
2. Bureau of inspection specific incidents 
3. Selection from pool containing small incidents 

9.1.1 Complaints 
From the clustering analysis it is clear that the characteristic "number of complaints" has a big impact 
on the data. In both the analysis and re-analysis the amount of complaints shows a relative high 
contribution to the dataset. From the interviews with experts and results form the questionnaire, it is 
also clear that the number of complaints is an important element in defining the importance of an 
incident. The logic behind this that is mentioned frequently is that a complaint is causing 
inconvenience to the public. As the public inconvenience is the responsibility of the government, the 
government needs to act. It is the DCMR who is responsible and obliged to investigate the cause of the 
complaint. The priority rule on complaints that can therefore be deprived from this, is as follows. 

When a reported incident is causing ten or more complaints it is investigated 
using the PRISMA method. 
( In the coming period of time the amount of complaints should be decreased gradually, 
until all the complaints are investigated) 
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9.1.2 Bureau of inspection specific incidents 
From the first clustering analysis it was derived that the reported incidents should be split up per 
bureau of inspection (see Chapter 9). From the interviews with experts and participations in several 
meetings, it was determined that every department has a different approach regarding the incident 
settlement. In order to therefore serve the DCMR best, the priority rule is split up and formulated per 
bureau of inspection. 

Although the clustering analysis did reveal a clear split-up between the bureaus, no results could be 
distinguished regarding specific incidents. Even the re-analysis could not deliver clusters with specific 
characteristics to use in order to prioritize incidents. However based on the data available per incident 
there are numerous different fields of interest. These fields of interest have to be given a more specific 
interpretation based on the expertise of the inspectors. 

In conclusion the fields of interest to use as priority rules are as follows: 
HPI 

1. Fires and gas escapes: B, GI and 21 CIN-calls. 
2. Unusual incidents: 23 and 24 CIN-calls. 
3. Maintenance & Repair: Incidents reported during maintenance and repair including during the 

start-up procedure. 
4. DCMR expertise team: Incidents reported with help of the quick response team and/or 

chemical advisory. 
5. HPI collectively defined priority rule. 

HHH 
1. CIN-Calls: B, G and 2 CIN-calls. 
2. Containers: Reported incident regarding containers. 
3. HHH collectively defined priority rule. 

HRB 
I. CIN-Calls: B, G and 2 CIN-calls. 
2. Maintenance & Repair: Incidents reported during maintenance and repair including during the 

start-up procedure. 
3. HRB collectively defined priority rule. 

9.1.3 Selection of un-investigated incidents 
During the cluster analysis the phenomena was discovered that a relative large amount of "look-a-like" 
incidents where grouped in one cluster. In general the incidents in this group deal with small incidents 
and seem just by themselves rather meaningless. Normally these incidents are not being investigated, 
and the companies are only checked on their permits. Nevertheless investigating a collection of these 
incidents can deliver new and better insights. 

To generate a database for such learning a system of capturing these incidents need to be put in place. 
The incidents that are not being investigated (not with PRISMA nor with the normal procedure) have 
to be put in a pool. On quarterly bases, incidents are randomly picked from this pool and investigated 
using the PRISMA method. As these incidents are in general relatively small and easy to understand, 
analysis can be done quickly. 

By analysing these incidents a PRISMA picture can be created regarding incidents that might initially 
have not been worth looking at. Ideally this will eventually yield in a better overall picture of the 
incidents reported to the DCMR creating more clarity and better insight in the currently rather 
unfamiliar incidents. Therefore third priority rule is the following: 
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An incident that is not selected for investigation (with PRISMA or normal) is 
added to a quarterly filled pool, where at the end of that quarter, per inspector 
an incident is randomly selected to investigate using the PRISMA method. 
(perhaps unnecessarily; the selected incident is still appointed to the responsible 
inspector) 

:,.·, .. ·; ... 

These rules can at first be used as a guideline, in order to be accentuated in the future, until the 
moment that only the PRISMA method is being used to investigate incidents. In this transition period, 
incidents that have not been selected for a PRISMA investigation are still handled as a normal
investigation incident. On the one hand this leave the HPI bureau with the unsatisfying REOV-criteria. 
On the other hand HPI can now take the lead, and start selecting all the incidents by the suggested 
priority rules. They can gradually start with the first rule working towards the optimal PRISMA 
situation. 

At the end of each list for the bureau of inspection specific incidents, a collectively defined priority 
rule needs to be added. As was revealed in the research, inspectors exchange little or no knowledge 
and expertise with regards to incident handling. The inspectors should collectively, in accordance with 
each other and based on one's expertise and experience, determine well-founded priority rules. For 
example when the quarterly selected incidents are discussed, the priority rules could be part of the 
discussion. To maintain the priority rules as an opportunity to learn from the past regarding selection 
criteria, these should be reflected periodically. 

Summarizing the new decision process model is as follows: see figure 27 

Incident 

>=10 complaints 

PRISMA Investigation 

PRISMA Database 

Figure 27 new decision process model 

9.2 Evaluation 

<1 O complaints + 
Priority Rules 

Normal Investigation 

Normal Database 

Low Priority 
lnvestigtation 

Low Priority Database 

With the investigation finalized, some issues remain with respect to the in-depth analysis and the 
model implementation. In this paragraph, these are further explained, based on the personal findings 
and feedback form the experts .. 

PRISMA implantation 
In order to make the PRISMA implementation successful now and in the future, the DCMR has to 
maintain their processes. A start has been made by implementing ISO 2000-1. However the success 
will only be as good as the execution. Therefore whatever the DCMR decides to do with respect to the 
priority rules, it is important to actually do it. In other words, not only having the intention, but also 
make it happen, by stop doing things the old way and start using the new insights. In MIRR the 
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necessary changes are implemented and the first training has been given to the inspectors. What is left 
to do is to make sure that all the participants start to use the method with all the support necessary 
form the management. The management has to show more commitment and be the driving force 
behind implementation, potentially with professional external help. When they lead the rest will 
follow. 

Maintenarice New Criteria 
In addition to the previous issue, the success depends on the maintenance of the selection priority
rules. The lesson learned from the REOV criteria, is that the set of rules were not kept up-to-date. As 
proposed the priorities have to be discussed periodically with the whole team of inspectors at the 
bureau of inspection concerned. This tackles the other lesson learned: that the rules are determined by 
a single person. At the DCMR the experiences of incident investigation is hardly documented and/or 
communicated, but is present individually. In periodical meetings the experiences can be shared, the 
priority rules better maintained and hopefully the motivation increased. Also the cluster analysis 
should be redone, preferably only when the fields in database have been better filled out. It is then also 
possible to include the first PRISMA data in the analysis. Coordinators pointed out that this could be 
implemented as a resurrection of the forgotten "REOV tribunal". This was used to reflect the reported 
incidents and act accordingly. Now with the new way, the focus will also be on maintaining the 
priority rules. 

Time Shortage HP! 
As mentioned at the start of this report, the HPI department has a shortage on the amount of time to 
spend on investigations and with that little time for the PRISMA analysis. What is surprisingly is the 
fact that the bureau that has to deal with the majority of incidents (75% ), has the least number of 
inspectors. It is hard to comprehend that, a bureau that is dealing with the majority of calls, is left with 
a capacity restriction of investigating only one incident per month, for every inspector. How to tackle 
this problem is up to the DCMR. Possible solutions could be: 

1. double the number of inspectors 
2. Split the department up in an inspection part and an incident investigation part. 
3. Join all the bureaus of inspection 
4. Analyse and reorganise the whole department 
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1 O Overall Conclusions and Recommendations 

Based on all the analysis done, this chapter sums up all the key take-outs of the thesis. In paragraph 
10.1 the realization of the proposed re-organized work-process is given as well as a roadmap for the 
implementation. Followed by 10.2 and 10.3, where the costs and benefits and the conclusions 
regarding the in-depth investigation are presented. Finally in paragraph 10.3 the general findings from 
the investigation is presented, accompanied with the conclusions and recommendations that can be 
derived. 

10.1 Realization 

In this paragraph an implementation plan, with an additional roadmap, to get to the new way of 
working, as discussed in chapter 9, is presented. The cost/benefit for the DCMR of this new process is 
found in the last sub-paragraph. 

10.1.1 Implementation Plan 
In chapter 5, the current way of selecting incidents for further investigation is modelled in a Petri net. 
To implement the new decision process model, first the method of announcing incidents to inspectors 
is abolished. The new subnet represents the decision process company wide. However the different 
bureaus will implement their own set of priority rules in the store called "colkctive sekction rules" 
(see Figure 28: Optimized subnet of "processing incident" for the DCMR). In MIRR nothing is 
changed, as the system currently in place is not of any influence to the new work process. 

MIRR 

Figure 28 Optimized subnet of "processing incident" for the DCMR 

Perildlcal 
Term 

r-----
1 Proposal 

Cancel 
Investigation 

Discontinue normal 
investigations 

Not Investigated 
Incident 

The utilization of the "collective selection rules" used in the decision model is in relation to their 
importance rather evident. Therefore the priority rules of appointing incidents are spread out as 
follows: 

• Complaints by the coordinator 
• Bureau specific incidents in accordance between coordinator and inspector 
• Low priority by inspector 
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The re-organized work process is given a grey background with the label proposal. In this proposal the 
coordinator performs on a yearly basis a clustering analysis, modelled as "redo clustering". With the 
data available from the MIRR data base, from the previous clustering, a "clustered dataset" is created. 
Based on a periodical term the result of the clustered dataset and the current collective selection 
criteria are reviewed. In "review selection rules" the coordinator and the inspectors, determine 
together the new "collective selection criteria". These "collective selection criteria", as mentioned 
above, will be used to select incidents for the appropriate handling. Eventually all the reported 
incidents are either investigated with PRISMA or not investigated Hence "standard investigation" is 
grey shadowed with the label yr 1-5. In paragraph 10.1.1 a roadmap for the implementation plan is 
proposed. 

10.1.2 Roadmap 
As part of the implementation, the presented decision process model has to transform in line with the 
goal to investigate all reported incident using the PRISMA method in the future. The roadmap 
presented in Figure 29, proposes a year 1 to 5 model to achieve this goal. 

Year I Reduce# complaints 

Year II 

Figure 29 year 1 to 5 model 

Reduce# complaints 
and increase # 

bureau priority rules 

Year Ill Increase# bureau 
priority rules 

Year IV 
Sw~ch to PRISMA 

priortyrules 
(diecontinue normal 

investigation) 
~-~-~ 

YearV 

The steps to achieve the goal to have all incidents being analysed with PRISMA are: 
I. Reduce the number of complaints from 10 to 5 (or less if that seems feasible), the other rules are 

left as they are, and maintained according to the bureau rules. 
II. The number of complaints gets now reduced to 0, so all the complaints are selected as a 

PRISMA investigation. In this step the priority rules per bureau are extended in order to increase 
the amount of PRISMA investigations. The amount of complaints is adopted in the bureau 
priority rules and with that, all the reported incidents are selected in accordance between 
coordinator and inspector. 

III. In this step the priority rules per bureau are again extended, to move away from the normal 
investigations and increase the amount of PRISMA investigations. 

IV. Eventually in the last step there is a complete switch to the PRIS MA priority rules. This means 
the DCMR discontinues the use of the normal investigation. Regarding the decision model this 
means practically that reported incidents are split-up in PRISMA-incidents and Low priority 
incidents. 

Ideally at every: step, every: bureau of inspection should perform the cluster analysis yearly, to pick
point any changes in the prioritising of the reported incidents. 

With the new decision model in combination with a clear stepwise way to implement this model, the 
DCMR has a robust working process. It is up to the management of the DCMR to potentially fine-tune 
this proposal and communicate it in their organisation per individual bureaus of inspection. 
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10.1.3 Cost/Benefit Analysis for the DCMR 
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In this paragraph the advantages of the new decision process model are summarized to call out what 
the costs and the benefits are of the new work process to the DCMR. 

To make a fair justification, first an overview of the old (current) situation: 
• Rules are derived from antiquated REOV criteria 
• The current rules (as well as the old rules) are highly based on the perspective of a single 

person 
• There is no workable definition, nor guideline, company wide implemented 

In the new (proposed) situation the following advantage can be defined: 
• Selection rules derived from scientific research 
• Rules are based on the MIRR database in line with the "peoples" opinion 
• There is a workable definition based on legislation, ready to be implemented companywide 

For every implementation there is so to speak "a price to be paid", but simultaneously will the 
implementation deliver an improved situation. The costs and benefits of the proposed solution can be 
represented the best by pointing out what the DCMR now can't or is unable to do, and what they will 
potentially miss. Summed up the following cost/benefits are revealed: 

■ 

■ 

■ 

■ 

■ 

■ 

If the DCMR does not implement a selection methodology, then still incidents are not 
systematically investigated with the PRlSMA-analysis. There is no guide or document to 
support the selection process, and/or create enough certainty. 

With the set-up of the proposed K-means clustering method, the DCMR is able to repeatedly 
discover groups in the database. In the current situation this is limited to a fixed classification, 
that mentions nothing regarding relevance or the value added to the database or the DCMR 
itself. With the clustering method, it is every time revealed what incidents groups can be 
discovered, in order to determine which priority rules can be exploited. 

Disadvantage of the clustering method is the fact that some preliminary work is required to 
assemble the data from the database, and "pre-process" it. However clustering data on a yearly 
basis, results in a decrease of time in the current decision process for investigation. After all 
the choice to investigate or not, is recorded in the priority rules and is therefore beyond 
discussion. This will compensate the extra time needed for the clustering. 

A benefit of the K-means clustering is that the method is commonly used, and can be 
performed by anybody within the DCMR. Whilst executing the in-depth investigation it was 
discovered that the approach, presented in the re-analysis, can simply cluster the data and 
analyze it and present it in a understandable way on the level of the responsible bureau. 

A huge benefit is the combination of K-means clustering with the hierarchical clustering 
analysis. The clustering results, presented by a dendogram, visualizes incidents that otherwise 
will be left-out of the incident analysis. By means of the graphical presentation the separation, 
between the different incidents and groups, is visualized. Moreover does this indicate how the 
incidents and groups are related to each other. Next the K-means clustering explains in better 
detail why. 

Different from the old REOV-criteria, now the selection criteria / selection rules are updated 
constantly, instead of determined once. This will deliver more flexibility and will contribute to 
have the new rules don't meet with the same fate as the REOV-criteria. 
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• In the current situation relative little will be learned from former incidents, because there is no 
feedback and revision. The same mistake as with REOV should be avoided; that is no 
maintenance of the rules (see chapter 4.1.1). With the current incident selection method the 
DCMR will get stuck in the principle, where every individual inspector is able to decide 
whether an incident is investigated or not. The proposed method aims at having everybody 
involved in the development of new priority rules. This stimulates the understanding for all 
the individuals involved and provides uniformity. This gives the opportunity to learn from one 
another's experiences. The cost of the potential extra time is outweighed by the advantages of 
the quality that the interpretation of the job will bring. 

• If the DCMR decides not to use the proposed process, than the reported incidents will not be 
investigated with the PRISMA-analysis, in a systematic way. This absence is translated as, not 
being able to reach the formulated goal: investigate all incidents using the PRISMA-analysis. 
Furthermore, the database will be biased, because it is randomly filled with PRISMA related 
data. The main, disadvantage is that, incidents which are potentially worth the effort of 
investigating are now put aside due to (e.g. capacity) restraints. 

• The price to be paid for incorrect filling out the database is that poor data is entered and as a 
consequence poor data is delivered in the output. Also referred to as: "garbage in garbage 
out". This results in a biased database with which it is impossible to use the PRISMA-analysis 
to give a verdict regarding reported incidents. With the execution of the proposal there will be 
a selection at the gate, in order to collect the correct data in the database. With this the 
reliability of the data entered will increase and with that the quality of the incident 
investigations. 

10.2 Conclusions Clustering 

Based on cost and benefit analysis, as well as the in-depth analysis, the following conclusions are 
derived: 

1. K-means clustering delivers to the DCMR a fast and reliable methodology, to be executed 
without needing a lot of experience. Performing the clustering analysis is quite easy to do, the 
main difficulty is the data set-up. 

2. Incident clustering delivers more insight into the reported incidents and contributes highly to 
the development of new priority rules for incident investigation selection. Clustering reveals 
complete different sets of incidents, and at the same time confirms group-characteristics 
currently in use. 

3. By means of the hierarchical clustering, also the less noticeable incidents are revealed. As 
pointed out in the cost/benefit, hierarchical clustering is able to visualize the clustering and 
reveals how incidents are related to each other. 

4. Clustering is not the ultimate solution, but it can indeed make a valuable contribute to the 
development and maintenance of priority rules. Besides the used clustering methods, also 
other methods could have been employed to investigate the database. However K-means and 
hierarchical clustering are easy to understand, and easy to perform by the DCMR. 

10.3 Findings from the Investigation 

This paragraph presents the general findings that can be derived from the thesis. Three categories are 
distinguished: absence of a structured work-process, absence of a company wide work perspective and 
absence of quality and unified information. Per category several findings are presented. 

Absence of a structured work-process 

• There is a standard work-process adapted in the ISO directives that describes how reported 
incidents should be managed. However the implementation is executed on the inspectors 
perception and customary methodology. There is no enforcing document regarding the execution 
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of the work-process, but rather the expertise of the inspector is deployed in order to handle the 
reported incidents. 

• Besides the judgements the inspectors have to make and the facts as presented on the fact-sheet of 
the incident room, numerous factors disrupt the official work-process. Via unofficial channels 
inspectors are informed about incidents. Sometimes companies call the inspectors when in the 
meantime the incident room is also handling the incident call. Also informal contact with the 
quick response team and/or chemical advisory is a way to go around the "rules". 

• Within the DCMR in general inspectors have tremendous freedom to execute their profession. 
This freedom does not only affect the working hours, but affects the incident analysis as well. 
Coordinators assign reported incidents to inspectors, but at the same time, inspectors have the 
possibility to reject the assigned incident and pick-up incidents on their own initiative. Nobody 
necessarily feels obliged to do an incident investigation. 

• At HPI there is a capacity restriction regarding the available time to conduct an incident 
investigation. This means, that not all of the reported incidents can be investigated. Logically this 
phenomenon is somewhat frustrating to the inspector. Moreover there is no enforcing rule and 
decision that can be made at the inspector's discretion. Apparently this combination within the 
DCMR's company culture creates dissatisfaction and perhaps even lack of commitment to the job. 

Absence of a company wide work perspective 

• Every department has his own rules and interpretation regarding the deployment of the bureau of 
inspection. Logically every bureau of inspection is managed from the responsible department. 
However at the DCMR it appears to be that the bureaus of inspection, operate as isolated islands. 
There is no company wide enforcing rule which is able to operate through the boundaries. 

• Every bureau of inspection has a different opinion regarding the implementation of PRISMA in 
relation to how the enforcement should be. Following the first bullet, the PRISMA-method is, 
although company wide introduced, implemented individually and the first findings are not 
actively shared among the participating bureaus of inspection. 

• Although it is clear that the bureau of inspection can use the PRISMA analysis for enforcement 
policies, the question remains what the DCMR wants to "learn" from incidents. Since experiences 
regarding investigated incidents are not exchanged, nobody learns from incidents, other than the 
inspectors own investigations by their memories. 

Absence of quality and unified information 

• The incident room does not always fill out the (digital) reporting forms completely for every 
reported incident. Incidents are judged by the incident room on its relevance and treated 
accordingly. If necessary an investigation is conducted and after the findings are recorded, the 
incident is considered done. The incident is appointed to the responsible bureau of inspection, in 
MIRR. There is no consideration towards the relevance at the responsible bureau of inspection. 
This means there is no perception that the information of which the incidents rooms believe is 
irrelevant, is not necessarily the case at the other bureaus. Moreover, this leaves a biased database 
with incomplete data regarding incidents. 

• When conducting the clustering analysis it was discovered that the incident room was unable to 
fill out the suitable data. Reason for that was found in the fact that the correct variable could not be 
selected from the predefined list. Simultaneously the lists of predefined variables contain a certain 
amount of incidents that should consist out of enough variables. Some fields contain a predefined 
list with selectable variables that are hardly used and at the same time do not contain the correct 
variable either. This causes a loss in data as fields are left blank, since no suitable variable can be 
selected from the predefined list. 

• There are rules regarding how to report an incident at the DCMR. However, almost every report 
stored at the DCMR has been written differently. Although the reporting form is standard, people 
manage to interpret it in a different way. For example, the fieldname "cause" can be a two page 
story or just contain the word "technical". This inconsistent reporting delivers low quality 
reporting and makes it difficult to use in future investigations. 
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10.3.1 Conclusions 
Based on the findings mentioned in paragraph 10.3 the next conclusions can be noted: 

1. There is no workable process. In other words, the theory how the work-process should be and 
the day to day practice do not match. 

2. Inspectors have all the freedom to decide for them selves what to investigate and what not, 
causing inspectors to operate on their own initiative. (However in day to day practice in 
general an appointed incident will be investigated). 

3. There is little synergy between the bureaus of inspection; every bureau of inspection is 
appointed to a specific group to enforce the law, but every bureau gives it their own 
interpretation. 

4. The database at the DCMR is filled out incompletely at the point where the reporting starts. 
The reporting fields in MIRR ask for a revision. 

5. Reporting of incidents has an inconsistent quality. 
6. Although with PRISMA implemented, still the method is hardly executed for incidents 

analysis. 

10.3.2 Recommendations 
From the conclusions mentioned in the previous paragraph, recommendations to the DCMR can be 
formulated, to deliver a possible solution and opportunity for further investigation. In the order of the 
numeration of paragraph 10.3.1 these recommendations, are as follows. 

1. In order to have a more workable process, it is recommended that either the process is revised 
as suggested in Chapter 9, or it is enforced that people work more according to the process as 
it was originally meant to be. At this moment the DCMR is an ISO certified company, so in 
theory the process should be documented. For some reason in day to day practise an own 
interpretation is allowed, and apparently there is room for this freedom. The management is 
encouraged to locate the bottle-necks and to undertake the necessary action. 

2. It seems that the freedom tents to have inspectors to move away from their original focus. It is 
the responsibility of the management to observe these phenomena and take the correct action. 
The management is advised to review the job-description and make it clear to the inspectors. 

3. During the investigation different bureaus of inspection were visited and it is noticed that 
every bureau operates in isolated islands. The DCMR should encourage people to look further 
than their own bureau of inspection and extend one's horizon using available collaboration 
tools as quarterly meetings. 

4. Apparently the predefined lists for reporting an incident are not up to date, and it is therefore 
suggested to revise the variables. Also the field containing quantities of substances should by 
equipped with predefined quantity variables in order to eliminate different values for the same 
quantity; like liter, ltr dm3 etc. 

5. Going through the incident investigations it is revealed that the information stored in the 
incident-reports are filled out inconsistently, making them useless for investigation. Therefore 
the management of the DCMR should investigate a more univocal method to make a report. 

6. Based on the findings of student from Eindhoven (Meuwissen 2004) it became clear that the 
DCMR did not go deep enough into the root-causes. Therefore the DCMR could not learn 
from incidents and enforce on the relevant laws and issued permits. However, in order to learn 
from incidents the learnings have to be communicated, in other words: "the gospel has to be 
spread out". Therefore it is recommended to conduct a follow-up thesis to investigate how the 
existing knowledge and the new incident-learnings can be transmitted within the bureaus of 
inspection, the departments and the whole organisation. 
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HHH 
VEI 
PRISMA 
EV 

Prevention and Recovery Information System for Monitoring and Analysis 
Exteme Veiligheid 

CA 
WVD 
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QRA 
LIOGS 
VROM 
BEYi 
CIN 
REOV 
ANOVA 
UML 
WM 
MIRR 

SPSS 

Chemisch Advies 
Waarschuwings- en Verkenningsdienst deskundigen 
Besluit Risico Zware Ongevallen 
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Landelijk lnformatiepunt voor Ongevallen met Gevaarlijke Stoffen 
Volkshuisvesting Ruimtelijke Ordening en Milieu 
Besluit Externe Veiligheid Inrichtingen 
Centraal Incident Nummer 
Registratie en Evaluatie Onvoorziene V oorvallen 
Analysis Of Variance 
Unified Modelling Language 
Wet Milieubeheer 
Milieu Informatie Regio Rijnmond is the abbreviation of how the database at the 
DCMR is called 
Name of the statistical software program used for the clustering. 

62 

... 



,. 

.,,~ : .. : ••• !; ··~. 

12 Appendix 

I. PRISMA-method. 
II. Overview HPI Companies. 

III. Quick response team. priority list and procedure description. 
IV. Chapter 17 Law Environmental management 
V. CIN-Calls 

VI. Incident room form (CIN- and company-call) 
VII. Bureau-planning 2006 

VIII. (REOV) Selection-criteria, then and now 
IX. BRZO '99 
X. Document: "Melden Van Ongewone V oorvallen" 

XI. Questionnaire Inspectors 
XII. Experts Interviews 

XIII. Data Mining Tools 
XIV. Clustering CIN-calls 
XV. Clustering 2005 

XVI. Clustering HPI 2005 
XVII. Clustering HHH 2005 

XVIII. Clustering HRB 2005 

63 




