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Executive Summary

To obtain the degree of Master of Industrial Engineering and Management Science a project has been
carried out at EMI Compact Disc (Holland) BV. The company EMI is described in chapter 2.

The assignment has been described as follows.

To design a management tool for the investigation and analysis of incidents in the field of quality,
environment and safety.

Examples of incidents are events resulting in injury, damage or exposures to hazardous materials like
chemicals But one can also think of customer and internal complaints (quality). How the above
assignment has been reached can be read in chapter 3

By means of a research model an approach could be determined by which the project has been
carried out. This resulted in the following seven steps.

Determination of the requirements for the new tool

Reviewing the literature related to integration, incident research and analysis

Design of the new tool

Testing of the new ool

Establishing the added value of the new tocl

Drawing final conclusions and making recommendations

. Making a blueprint for adopting the tool

After the requirements of the tool have been determined (page 15 and 16) and the literature has been
reviewed {chapter 6) a proposal has been made for the design of the management tool. The design is
described by a framework, which is shown on page 31. The design is based upon the PRISMA
method The concepts of this method can be read in chapter 6

Next the tool had to be tested to make sure that the tool could be used at EMI. To do this, a number of
20 incidents (safety and environment) and 10 customer and internal complaints (quality) have been
investigated and analysed. Fictitious examples of analysis of complaints and incidents can be found in
appendix 14. The investigations were conducted fo identify the basic causes of the incidents and
complaints. These basic causes are then put info a certain category The categories are placed in
table 2 on page 23.

From the investigation of the 30 undesired events the following results were found (a total of 104 basic
causes from which 100 were identified as failure factors and 4 were identified as recovery factors, has
been found) regarding the main categories technical, human, organisational and external failures:

N TR WN 2

QUALITY ENVIRONMENT SAFETY TOTAL
absolute parcentage { absolute percentage | absolute percentage | absolute percentage
number number number number
Technical 5 15% 5 16% g 26% 19 19%
failure
Human 14 40% 11 36% 12 34% 37 37%
failure
Organisation 10 29% e 29% 13 37% 32 32%
al failure
External 4 12% 5 16% 1 3% 10 10%
failure
Unciassifiable 1 3% 1 3% it 0% 2 2%
failure

For the distributions among the subcategories one can look at the figures 15, 16, 17 and 18 in chapter
8. From the results the following conclusions can be drawn:

+ The management tool is useful for EMI
¢ The tool has an added value compared to methods that are now in use at EMI (see also
chapter 9 for advantages)

+ The distribution among the main categories is the same for quality, environment and safety

+ The subcategories show different distributions for quality, environment and safety.
Explanations for the results being found are given in section 8.5 starting on page 36.
Based upon these conclusions recommendations are made for EMI. The recommendations are
described in chapter 10.

Finally a plan is made for the adoption of the management tool This plan can be found in the last
chapter of this report.




gt

[EMI |
@ _ EMI Compact Disc (Holland) BV

Abstract

This report describes a project that was conducted at EMI Compact Disc (Holland) BV. The project is
about a design of a new tool for the research and analysis of undesired events in the field of quality,
environment and safety.

This design was tested and the added value of the new tool was determined Finally conclusions were

drawn and recommendations were made. Based on these conclusions and recommendations a
blueprint was made for adoption of the new too!
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Summary

EMI Compact Disc {Holland) BV

EMI Compact Disc (Holland) BV is part of the EMI Group. The company has been located in Uden
since 1978 and has about eight hundred employees. EMI produces CDs, DVDs and SEGAs and takes
care of the distribution of the products throughout distribution centres all over the world.

EMI Compact Disc (Holland) BV strives for continuous improvement in the field of quality, environment
and safety

Project definition

The initial definition of the project was formulated as follows:

1. The implementation of a safety management systern based on requirements from OHSAS

18001
2 The integration of the safety management system and the existing systems for quality and
environment at EMI so that finally a loss control management system results.

The present situation with regard to safety has arisen because a few efforts were being made by the
company to reach the situation of an integrated safety system.
EMI uses six elements of the Integra model for starting with the loss control program. One of these
elements is most important for the design of a safety management systemn. This is the incident
investigation, analysis, follow-up and prevention, because one can establish the actual things that go
wrong in an organisation by means of incident investigation and analysis
In the present sifuation the methods used are aimed only at safety and environment. In the future
quality, safety and environment must be integrated
Finally, the project was formulated in this way.
To design a tool for the investigation and analysis of incidents in the field of quality, environment and
safely.
For safety one can think of incidents like injuries, damaged equipment, fires, dangerous situations and
near misses For environment there are incidents like the release of hazardous materials and also
deviations from environmental standards like waste of raw materials. For quality one can use the
customer complaints (external) and the internal complaints and scrap.

Research model

In order to reach the objective of the project, a research model has been made. With the help of this
model a strategy can be identified by which the project can be conducted

The strategy consists of seven steps:

determination of the requirements for the new tool

researching the literature related 1o integration, incident research and analysis

design of the new tool

testing of the new tool

establishing the added value of the new tool

drawing final conclusions and making recommendations

making a blueprint for adopting the tool

No kW -

Requirements

The new tool has to comply with several requirements. The requirements can be deduced from the
standards of OHSAS 18001 and Integra. Furthermore 1SO 9001 and ISC 14001 standards can be
used to review the way in which EMI fleshes out the standards so that it can be determined whether

there are any methods or techniques used in present quality and environment management systems
that can also be applied for safety.
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First the point regarding incident investigation and analysis in the OHSAS standards is looked at (the
remaining points from OHSAS are not used in this project) Then the similar requirements in 1ISO 9001
and 15O 14001 are found and for these requirements it is established which techniques and tools may
be used.
Useful input for safety from the quality and environment systems are:
- Customer complaints, complaints from repertoire owners and internal complaints and scrap
- Internal audits can be conducted for quality, environment and safety in one go (this 1s
something that 1s already done by EMI)
- Deviations from environmental aspects that are now being reported in the year report
- The estimation of the risk involved with environmental incidents can also be used for risk
estimation in safety incidents. The method used at EMI to accomplish this is the Fine and
Kinney method. This method can also be applied to establish the depth of investigation when
investigating incidents.

The requirements in OHSAS 18001 and Integra are reviewed to determine the points on which EMI
does not yet conform to standards. Finally the following requirements can be formulated:
1 It has to be clear who is responsible and who has the authority for conducting
incidents and measures taken
2 The effectiveness of measures taken has to be measured. Measures can be
corrective or preventive.
3. Measures have to be aimed at removing the causes of incidents, so measures have to
be taken based on several incidents
4. All incidents that are reported have to be evaluated in terms of risk to establish the
level of investigation and to take appropriate measures.
5 For all the investigated incidents direct and basic causes have to be established

Review of literature

Before the new tool can be designed, there has to be some information available about incident
investigation, analysis, existing methods and integration of systems

Incident Investigation

Reasons for investigation can be very various, examples are. prevention of losses of personnel,
materials and machines, savings, determination of causes and effects and risks

Investigations should be conducted by supervisors, line managers, a safety professional or a
permanent or temporary team. Furthermore one has to be aware that the time between the accident
and investigation cannct be too long.

Another important thing is that especially the high potential incidents should be investigated.
Investigations consist of confidential interviews with the people involved and examination of other
important documents like maintenance schedules or personnel training schemes.

incident analysis

Once the information is collected by means of investigations it has to be structured. Therefore, Bird
proposes a problemsolving model, which is a guide for finding causes starting from the undesired
event that took place till the direct and basic causes Other methods are Failure Mode and Effects
Analysis, Fault trees and the Hartford method

Existing methods

Two methods were reviewed. TRIPOD and PRISMA,

TRIPOD is designed by Reason (1990) He divides the basic causes that can be determined into so-
called ‘general failure types'. When several incidents are investigaied, their basis causes can be
collected and the failure type that most frequently occurs has to be dealt with.

PRISMA (Prevention and Recovery Information System for Monitoring and Analysis) was originally
designed for the chemical process industry (Van der Schaaf, 1992) but has also successfully been
implemented in medical fields, stee! industries and the railway-industry. The method consists of three
steps: 1. the investigation of incidents and making causal trees 2 classification of basic causes and 3.
taking preventive measures.
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The classification of basic causes can be done with help of table 1 and the preveniive measures can
be taken using table 2, which describes the classification/action matrix.

Table 1. Classification basic causes

Main category Code | Description
Technical TE Wrong design
TC (Good design, wrong construction
™ Materials are not OK
TEX External technical failure
Organizational OP Bad quality proceduras
oM Management feels that production is more impartant than safety or
quality
OK Knowledge or information is not correctly told to new or
inexperienced empioyees
0C Collective way of regarding safety
QEX External organizational failure
Human Knowledge-based HKA1 System status
HK2 Goal
Rulg-based HR1 Not gualified
HR2 No permission
HR3 Coordination
HR4 Checks
HR5 Planning
HREG Equipmentfinformation
Skill-based HS1 Controlled movement
HS2 Uncontrolled movement
External HEX External human failure
Unclassifiable X The basic cause is not classifiable
Table 3. Classification/Action matrix
Equipment Procedures | Information & Maximize | Training Motivation
Communication | reflection
TE X
TC X
™ X
T-EX X
OK X
oP X
oM X
oC X
0-EX X
HK1 X Nof
HK2 X Not
HR1 X
HR2 X
HR3 X
HR4 X
HR5 X
HR6 X
HS1 X Nol
HS2 X Not
H-EX X

integration of quality, environmental and safety management systems
The optimal combination of two or more management systems can take place in two ways (Zwetsloot
and Sprengers, 1992):

By means of utilizing learning experiences between management systems (analogy)
2. Simultaneous design of management systems (integration)

1.
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The best way depends on the phase in which the management systems are at the moment.
Some tools can be used like audits, fraining of employees, inspections and procedures for reporting
undesired evenis

Maas and Doeleman (1996) say that there are three levels in an organisation: 1. policy, 2. centrol and
3 operations.

Design for the new tool

Before giving a proposal for the design, the results of the review of literature were compared to the
situation at EMI Compact Disc (Holland) BV

incident investigation

For EMI Compact Disc (Holland) BV the reason for investigations is the determination of basis causes
of a sufficient number of incidents so that measures can be taken and the risk can be determined.

At the moment EMI is setting up a problem solving team, they will be educated to carry out the
incident investigations. Besides the investigation of incident regarding safety, they can do
investigations at complaints. They have to cooperate with the line managers, super visors or shift
leaders involved.

Regarding safety and environment, about one hundred incidents are reported during the year. For
quality it is established that the following complaints can be treated as incidents. internal complaints,
customer complaints and repertoire owner complaints.

When reviewing the total number of incidents that can be investigated further, it was determined that a
total of seven hundred investigations a year had to take place if EMI wants to investigate all the
incidents and complaints. Of course, this is too many, so there have 10 be some selection rules:

- At least the high potential incidents have to be selected for further investigation. The high
potential incidents can be identified by means of the Fine and Kinney method This method
computes a risk rate (probability*potential losses*exposure), when this rate is above a certain
number then the incident is classified as high-potential

- The remaining incidents can be investigated if they have a great learning potential or if
management is especially interested in a certain category of incidents

For internal complaints the problem solving team has to cooperate with Quality Control because they
determine the complainis. The investigation of customer complaints and repertoire owner complaints
should be co investigated with Customer Service, the department that registers the complaints.

incident Analysis
The most frequently used method for analysis is the fault tree. It gives a guick overview of the

interrelated causes and effects that caused an accident or near miss. So this technique will also be
used in the new tool.

Existing methods

TRIPOD and PRISMA are two similar methods, but PRISMA gives a more total oversight of
investigation, analysis, classification and measures. PRISMA also uses 2 tree for describing the
incident and PRISMA complies with three of the five requirements that were determined. The other

two requirements are the method for determination of the (potential) risk and responsibilities and
authorities that have to be established.

integration

The environmental and the quality management systems at EMI| are in the operational phase.
Regarding the safety management system, EMI is now in the phase of implementation So the best
way to work is to utilize learning experiences between management systems: the reporiing of
incidents is already integrated for environment and safety, this approach can be improved and then
integrated with quality, because undesired events also take place in this area.

At the operational level the method can be integrated: the incidents for safety and environment can be
reported using the same incident reports. The incidents and complaints can be collected in one
database. At the control level it can be said that the incidenis and complaints can be investigated,
analysed and classified in the same way At policy level however, objectives have {0 be separaied.

vi
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The design of the new tool can be described by a framework, which can be divided info seven
modules (Van der Schaaf, 1992):

1. Detection. incidents regarding environment and safety can be reported by every employee by
means of filling in the incident report. Internal complaints are determined by Quality Control
Customer complaints and repertoire owner complaints are being reported by Customer
Service.

2 Selection. first the high potential are established by using the Fine and Kinney method, if there
is time left incidents that have a great learning potential can be selected or ‘new’ incidents or
special projects.

Description. the incident is described by use of causal trees

Classification. the basic causes that are established are classified with the help of table 1.
Computation: when a number of incidents are investigated the collected basic causes from
these incidents are categorized and for each category the total number can be computed.

6 Interpretation and implementation. the collection of basic causes in categories can be

translated into preventive measures with the help of the classification/action matrix in table 2.
7. Evaluation: the effeciiveness of the measures taken has to be measured. This can be

established bythe company using the figures of the basic causes in categories before and

after implementation.

o bW

Testing of the tool

The design has been tested by investigating thirty incidents that took place at EMI. Twenty incidents
that were reported in the conventional way are investigated, analysed and classified and ten
complaints are treated in the same way. The tool can be used if it complies with the following
requirements.

- Theincidents and complaints can be analysed using the causal tree technigue

- 90% of the identified basic causes can be categorized using table 1

- Therisk rate can be computed using the Fine and Kinney method

From the investigation of the incidents the following results are obtained.
- The distributions among the main categories technical, human, organisational, exiernal and
unclassifiable factors in the field of quality, environment and safety are as described in table 3.

Table 3. Distribution of failure factors among the main cafegories

QUALITY ENVIRONMENT SAFETY TOTAL
absolute | percentage | absolute | percentage | absolute | percentage | absolute | percentage
number numuer number number
Technical 5 15% 5 16% 9 26% 19 19%
failure
Human failure 14 41% 11 36% 12 34% 37 37%
Organisational 10 28% 9 29% 13 37% 32 32%
failure
External 4 12% 5 16% 1 3% 10 10%
failure
Unclassifiable 1 3% 1 3% 0 0% 2 2%
failure

- The distribution among the subcategories in the field of quality, environment and safety is
shown in figure 1.

- From the hundred and two identified basic causes ninety-eight are failure factors and four are
recovery factors. The recovery factors were planned or not planned: the planned recovery
factors have to do with measures taken based on incidents that took place and the unplanned
recovery factors have to do with unconscious things, for example. a shiftleader remembers in
time that a wrongly placed stamper in the moulding machine is not really something to worry
about because they can use it for a coming order

- Regarding the risk rate it can be said that the value of ‘exposure’ cannot be established for the
environmental deviations that have been investigated. But this is nat a big problem because
there are not 80 many deviations per year

- The proposal for the new tool can be used because all three requirements are met

vii
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Distribuiton subcategories

O Quality
B Environment
B safety

HEX HK1 HK2 HR1 HR3 HR4 HR5 HRE HS1 HSZ OEX OC oM CP OK TEX TE ™ TC X

Figure 1. Distribution failure factors among subcategorigs

Added value of the tool

The new tool is compared with the methods EM! is now using for the reporting and seltlement of
incidents. This is done by evaluating each method using the five requirements that are identified.
The method that is used at the moment doesnt include investigations and analysis. Only
responsibilities and authorities are determined (requirement 1) and the Fine and Kinney method is
only used on paper (requirement 4) The new tool meets all five requirements. Other advantages of
the new tool compared with the method that is used today are:
. Measures are taken based on a number of incidents with help of the classification/action
matrix
- Besides the failure factors, recovery factors can also be identified
- Better insight into the distribution of basic causes within technical, human and organisational
factors
- Better insight into the distribution of basic causes among quality, environment and safety

- Employess are involved in analysis of incidents so alertness of risks In the organisation is
obiained

Final conclusions and recommendations

Firstly the following conclusions can be drawn:

- The distribution of basic causes among the main categories technical, human, organisational,
external and unclassifiable is the same for the different fieids {quaiity, environment and safety)

- The distribution of basic causes among the subcategories differs when looking at the separate
fields of quality, environment and safety

- The new tool based on PRISMA is applicable for EMI

- Besides the identification of failure factors EM! can also identify the recovery factors which can
be meaningful for prevention of potential failures

- When EMI wants to meet the requirements that are stated in the OHSAS requirements and
integra they can better use the new tool in stead of the methods they use at the moment

Based on these conclusions the following recommendations can be made.

- Replace the incident database by a database that provides space for hasic causes and
profiles of the distribution among categories

- The incident reporting form can be improved so that this form is a better starting point for the
investigator

viii
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EMI should stimulate the reporting of near misses because this results in information about
recovery factors

The profile that is given in figure 1 gives only preliminary insight into the distribution among
different failure factors. to gain more insight into and confirmation of the given profile, EMI
should investigate more incidents and complaints

The problem solving team has to be trained so that they can work with the new fool. For good
support, especially in the beginning, a manual should be produced which gives an outline of
the steps that have to be followed when using the new tool

In the near future EMI could investigate possibilities for reporting cther mishaps like logistic or
financial problems

After a few months, an evaluation of the system has to be carried out

Implementation

Finally a blueprint is made for the implementation of the new method based on PRISMA. This
blueprint can be divided into six steps:

1.

Identify common objectives and convince management.
Before the tool can be implemented management has o be convinced of the added value of

the method. To convince them there has to be an overview of the costs and the advantages
and disadvaniages of the new too!

2. Identify specific obiectives.
The problem solving team has to identify some specific goals like stimulating the reports, the
number of incidents and complaints investigated, insight into the basic causes and so on.
Furthermore they have to make an overview of the time span.

3 Prepare the organisation:
The organisation has to be prepared in three ways: First the selection and training of
employees who are going to do the job, for EMI it is already established that the problem
solving team is going to work with the new tool. Second information has to be provided in the
organisation about the implementation of the tool. Finally the software that is needed has to
be selected.

4  Start using the tool:
Once the preparation has been done properly one can start using the system

5. Evaluate the implementation:
After a period of time the system has fo be reviewed This is done by looking at the goals that
were identified in the beginning

6. Improve the system:
The improvement of the system is a continuous process. The problem solving team can give
proposals for this improvement and implement them. One can also think of an extension of the
system to the field of logistics, finance or external complaints.
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esn ongewenste gebeurtenis met of zonder gevolgen

auditpakket dat is ontwikkeld door DNV en gebaseerd is op de drie IXRS systemen
Aan de hand van dit pakket, waarin een aantal vragen staan, kan bepaald worden op
welk niveau van loss cantrol een organisatie zich bevindt

International Quality Rating System

International Standard Organisation

International Safety Rating System

het beheersen van verliezen op het gebied van veiligheid, kwaliteit en milisu

Lost Time Accident, aantal keer dat incidenten leiden tot verzuim

Musicassette

product dat voor de eerste keer geproduceerd wordt

QOccupational Health and Safety Assesment Series

een gebeurtenis met ongewenste gevolgen zoals schade letsel, praduchestilstand
Persoonlijke beschermingsmiddelen

Prevention and Recovery Information Systern for Menitoring and Analysis

product dat al eerder is geproduceerd

Giga Disc (voor SEGA spelcomputer)

Total Quality Management

Veiligheid, Gezondheid en Welzin

het percentage producten dat wordt goedgekeurd
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