U

msdamsanulasaselunugoiniigaaatiingiy

a

]
g NI fjﬁu%W‘Uﬁ

U

2 U A

a a dé’ | | =< =] [ A
mmuwuﬁmﬂumuﬁmmmmiﬂn‘mmmiangmﬂsagmnmmiumamu°mutwn

o

U a

a (v a d a a
MYIFINIIANINNIAINTTH GUETZAVHUNAMIAINITUIZVUNINGA
AZININTINAIENS QWIAINTAINYIINEN e
Umsainwn 2551

a A Qd d a v
AVANTUBIYWIAINIUNVIIIN QY



SAFETY MANAGEMENT FOR
MAINTENANCE OF PETROL STATION

Mr. Karun Puthanapibool

A Thesis Submitted in Partial Fulfillment of the Requirements
for the Degree of Master of Engineering Program in Engineering Management
The Regional Centre for Manufacturing Systems Engineering
Faculty of Engineering
Chulalongkorn University
Academic Year 2008
Copyright of Chulalongkorn University



Thesis Title SAFETY MANAGEMENT FOR MAINTENANCE OF
PETROL STATION

By Mr. Karun Puthnanapibool
Field of Study Engineering Management
Thesis Principal Advisor Assistant Professor Parames Chutima, Ph.D.

Accepted by the Faculty of Engineering, Chulalongkom University in Partial
Fulfillment of the Requirements for the Master’s Degree

i e -+ vamennnnt- - - oo -i0€@N Of the Faculty of Engineering
(Associate Professor Boonsom Lerdhirunwong, Dr.Ing.)

THESIS COMMITTEE

W R Chairman
(Professor Sirichan Thongprasert, Ph.D.)

erverio... Thesis Principal Advisor

. .Member

( Associate Professor Jeirapat Ngaoprasertwong)



myud gsuriiya ; n15i’nﬂﬁmmﬂannﬁ'u'luﬂw‘il}uﬂﬁmmﬁﬁﬂu (SAFETY
MANAGEMENT FOR MAINTENANCE OF PETROL STATION) tl.‘l"ilﬁl"l‘ﬂ'l
Inoiiwusndn: sras. thawe g, 120 wih,

# A

IuiiwusiilinglsemadmeNanitunsunstamsnulasadvdmivnuyen
. : i - il % - - i
thpamihhdy  viimilddunsdAnsdunisludimedunsIiuins  Facility
Management  luszdvunnnd  dwdudszme nouSeni 1dlunsdifnu 1aims
L ¥ 0] -I-’l| W - : o i P IR TIN | i
TMuimsauvemihpanibiviudvuiaminiudef araviaiuiwall we 2544 o611l
[ ¥ - - - ] e sy ] -
anw Tuvae 6 T mavSinilFdunsdifnefoundyiugidmanieomanisan
- i - ] - - - [ (] - ]
MeWestunugouihipn lasnasa WisnsimsinagUama i amgmsaiez luganmin ua
- : e o - e ' =
maifiagvesgiamauiamamstlial  Wudygiauaafiounniowesszuun1sians

anulasany

- R l" i i -. Ll A -l
Ieinustiniaiiu 3 dau TavdsusnnmsAinugiamaniamgnsaianieg lusdn

¢ - J P a ¥ ot ' a - -
waznmiweesgUnsainsamiodiomqildlugniiiniy  sainuseuihafifeidos
. I - - - ' . ' ¢ M
mugunsainieniesienuq  enliussifunmsims iz nuaeuihpauowdazgnsel oo

apliludlunmswmuanyuzyesnuseuingg

dduae lidumnihdoyaniensdnndefuniman  Taomsszgnd 1433

AInsisioInmsvatouazuanseny Failure Modes and Effects Analysis (FMEA) o
L - : J - L

Aummmauaznuamidosfunsiing venninil dhinsAnun1dldndnns Pareto u

| [ e e o
nMifRdanmMAMAnYeIgURMANIBmMAMTE N inTueduIntiesiuae

Sunougafidums iusuomemutesiuoazudivruransinsnd  iewn
nafideud1eiia yirltmadtintsamn Toeminsothirnadnif Wandnmiinug i T
Uszynaliannn-etaelsfinwmamatiosinud 18l segnd Wug i, udii RPN 7
oz Liitlu Tomufinan 313 uRmEmBLTUTINAT UM et e eaiui 14
Uszgnalimun  musovivanlemamaiagidmgunmanian1d  Tasmisdhduns

WOANTTUMINIIUVBINTNITY

4 [ - - - 1 d' -
AUISEAUNIAIANIAININTSUTTUUMTHAR awilo¥elinn: ) ’iﬁﬂ?

- . - - J -..‘ - - -
VI MRS MIIAINT TN muﬂwnn.ﬂﬂ?nmwmuwuiﬂnﬂ:.,ﬁ"-"
Unsdnw; .....2551



## 487 16562 21: MAJOR ENGINEERING MANAGEMENT
KEY WORD: SAFETY MANAGEMEN SYSTEM / PETROL STATION/ FMEA

KARUN PUTHANAPIBOOL : SAFETY MANAGEMENT FOR
MAINTENANCE OF PETROL STATION. THESIS PRINCIPAL
ADVISOR: ASSOC. PROF. PARAMES CHUTIMA, Ph.D., 120 pp.

The purpose of this thesis is to develop the standard safety procedure for
maintenance of petrol station. The selected case company is one of the international
leading service providers in facility management. In Thailand, the company has
provided maintenance service for a big name petrol company since 2001. However,
during six years, the case company has persistently experienced accidents/incidents
related to maintenance tasks. Even the recordable incident rate may not be so high, the
recurrence of some incidents shows the weakness of safety system and the incident
impact is always ruined the company and client reputation.

This thesis is comprised of three parts. Firstly, the author reviewed in the past
incident and the big picture of equipments together with their related maintenance
tasks. And then, the potential failure modes were listed and classified into groups by
considering the nature of failures.

Next, the information from the study was analyzed further by applying Failure
Modes and Effects Analysis (FMEA) in order to find to root cause of each failure
together with the recommended action. And then, Pareto principle was applied for
determining the major root causes to be focused.

Finally, the proposalsto cope with the potential root causes were implemented
practically. Dué  to ume constraint, there 15 only one recommended action was
implemented. Even there is no incident occurred during implementation, the result in
term of RPN did not meet the expectation and need to be improved. However, the
feedback from sample contractor showed that the implemented action can help to
mitigate risk in maintenance service by observing the working behavior of operators.
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CHAPTER 1
INTRODUCTION

1.1 Background of Research

MNowadays, every business has high competitive pressure, so every company has
to set business strategy and follow such strategy in order to maintain its position in
business. One strategy which is quite useful and effective is Outsourcing strategy. This
strategy 18 to assign some tasks which company may not be good in, to the service
provider. The reason for outsourcing is to save cost by getting better work quality and
also to mamnly focus on eompany’s core competence. This kind of thing has no
exception for Petrol Reiail business. Currently, big companies such as Shell,
Exxonmobil have outsourced some functions to the service provider especially
engineering function which is censisted of construction team and maintenance team. It
is always found that the first tier service provider does not perform the work at site

itself but it hires subcontractors to do field work.

This research 1s based on the case company which has provided facility
management service in Thailand for six vears and it will focus on the maintenance part
of Petrol station which has a lot of equipments. Generallv, all equipment at Petrol

station can be categorized into thrée major groups:

1.) Mart Equipments: At the present, mart seems to be the part of Petrol station.
Once the sign of petrol station is noted, the sign of mart is seen, as well. For
example, in Thailand, PTT petrol station is alwavs opened with Seven-
Eleven. Shell petrol station with Select mart, ESSO with Tiger mart, etc. For

maintenance work, there are so many equipments as listed below:

o  Walk-in cooler/Four-door cooler

e Fast Food show case

+ Low/Medium Temperature cooler
« Juice dispenser

e Microwave oven

¢ Hot dog Griller

¢ Coffer Brewer, Grinder & Maker
e Frozen soft drink

+« Pop corn machine



* Bun warmer
e Ice cube freezer
¢ Cup dispenser

e Ice maker

2.) General Equipments: For this kind of equipment., most of them are located
in forecourt of station which is mostly in the hazardous area. The hazardous
area is area in 5 meters around Dispenser Pump and & meters around Petrol
loading point. So. to perform maintenance work in such area needs to be
consciously and carefully. Moreover., some equipments in this group is in
the high level above the ground such canopy. vard light, etc. Then, working
at height is totally expected to have no mistake with operator. The list of

general equipment is illustrated as following:

+ Signage consisting of Highway sign. 1D sign, Major Sign, Price sign,
Sign on canopy. Spreader sign. End-sign. Backlit sign. etc.

+ Lighting and Electrical system: Down light. Yard light, Sign
lighting, Voltage protection cabinet.

¢ Others: Auto car wash machine. Air compressor, Air Condition,
Generator, Building, etc.

3.) Petrol System: The equipment in this group is quite sensitive because all of

them connect directly to petrol. The equipment list is shown as below:

e Dispenser Pump

s [Under ground petrol tank & Pipe
« Ventilation Pipe

s  Petrol loading point

s Fiber Lite /Flow guard sump

e Tank Monitoring system (Veeder Root)

These are all equipments which are in each petrol station. It can be imagmed
that the maintenance work will be very busy due to the huge number of equipment.
However, to do maintenance work at petrol station 1s not quite similar to others because
in this field, safety 1ssue must come first. So, service provider/subcontractor who

performs work at site need to concern about safety very much.



As mentioned above. most of big companies outsource maintenance function to
service provider which mostly does not perform field work itself but hires
subcontractors to do it. Also. there is no subcontractor to maintenance all equipment at
site, so company has to hire many subcontractors who are expertise in each equipment
group. However. in Thailand. there is limitation of subcontractor capacity. There is no
subcontractor who can support all area of country, so each single group of equipment.

company has to hire subcontractor at least two companies.

By this information. it can be seen that it is very tough to manage subcontractors
in terms of safety and quality because a lot of subcontractors involve, Furthermore. to
award maintenance work to any subcontractor, there is process of contract bidding
which normally is two-year contract. Therefore. it is more likely that there will be the
new subcontractor who comes in to join this work. And this may be the critical point

because new subcontractor may be not familiar with safety of petrol station.

In the past six vear, the case company has dealt with many subcontractors which
always changed by every contract period. Currently. there are around 15 subcontractors
who perform maintenance work at Client petrol station in Thailand. For safety issue, so
far. there is no standard safety procedure for all subcontractors to comply when
working at site. Every subcontractor. who join with the case company, need to conduct
such procedure herself and submit 1o the company for review. Consequently, the safety
procedure from subcontractors who maintenance the same group of equipment is
always different. However, the usual way that such difference can be noted is when
incident occur. And this is quite unacceptable and inspires the researcher to do this
study.

1.2 Statement of Problems

As previously stated in the section of background. so far, the company has no
standard safety procedure for subc¢ontractor to comply while working at site. But
subcontractors have to conduct the procedure themselves. So each subcontractor has
different procedure, even they maintenance the same equipment. This gap of safety
procedure is always seen when incident occur. There is one of recent incident (June

2007) which illustrates the weakness of this gap:

“A foreman working at site to remove w'e tanks. While lifting the latest tank
suddenly one side of hook which fixed with the tank was torn and causes the sling

swang and hit the stomach of the foreman.”



This incident occurred while subcontractor was lifting the underground tank by
using crane and sling. Unfortunately. the hook of underground tank was deformed and
broken. Consequently, the hung underground tank swing and hit operator. This shows
that risk plan of this subcontractor 1s not completely effective because they do not
concern about the deformed hook of tank. Also, the position of operator during lifting
process needs to be concerned. On the other hand, other subcontractor, who do the
same task, use backhoe to remove tank instead of crane and shing. By this case, 1t can

be concluded that each contractor do safety procedure in different way.

The below incident was eccurred in 20060

“A contractor was earrying out cleaning and relamping exercise. A worker
whe was werking on the canopy near the manager office slipped and had a fall inte
the office.”

In this case, after investigation. it was found that operator did not wear
completely set of personal protection equipment (PPE) required for this kind of work.

Another recent accident which occurred in July 2007 is the car got fired due to
the leak nozzle during filling petrol.

Figure 1-1: Incident




Source; ww.mm.gu.[h

These sample cases obviously illustraie that the hazardous in working at petrol
station 1s quite high. To aveid or even get rid of such hazardous, the standard safety
procedure must be established and make sure that all potential hazardous are identified
together with the best suited control actions.

1.3 Objective of the Research

The main objective of this research i1s to identify all potential hazardous in
maintenance tasks of petrol station and provide control actions to cope them.
Furthermore. all findings from this research will be developed as the standard safety

procedures for all subcontractors to comply when performing work at site.

1.4 Scope of the Research

As already mentioned in the first section, the petrol station is consisted of the
various equipments which can be classified  into three major categories: Mart
equipments, General equipments and Petrol system. However, this research will focus
on just two categories: General equipments and Petrol system which haveé many related
incident an the past. On'the other hand, in last two years, there 15 no major incident
related to Mart equipments which most of them are quite similar to electrical equipment
at home. Also, all mart equipments are located inside building which 15 not in the
hazardous area (5 meters around dispenser pump or 8 meters around petrol loading
point)



1.5 Methodology
The research will be carried out by following steps as illustrated below:
1. Study the related literatures

2. Collect the relevant information such as;
- The manual of equipment in Petrol station

- The history of incident occurred in Petrol station

3. Study and Analyze the information in order to:
- Classify equipments into groups
- Identify maintenance tasks for each equipment group

- Find the gap/eause of occurred ineident in the past

4, Survey at service station and observe subcontractors performing
maintenance work.

5. Do the analysis (By brainstorm with subcontractors and apply FMEA)
- Identify the potential hazardous and its effect
- Evaluate the hazardous
- Find out the root cause of hazardous

- Decide on precaution/control action
6. Summarize all findings
7. Implement the safety procedures
8. Review and update if necessary
9. Prepare the presentation and write thesis

10. Present the thesis

1.6 Research Schedule

The research 1s planned as following schedule:



Table 1-1: The schedule of Research

2007 2008

Oct Nov Dec Jan Feh

. Study the related Iiteratures

. Collect the relevant information

. Study and Analyze the information

. Do the analvsis

1
p
3
4. Survey at Site & observe subcontractors
5
6

. Summarize all findings

7. Implement the safety procedures

8. Review and update if necessary

9. Prepare the presentation and write thesis

10. Present the thesis

1.7 Expected Result

By the end of this research, it is expected that all hazardous in maintenance
work of Petrol station have begen identified together with control actions to cope them.
All findings are also expected to be further developed as the standard safety plan for all
subcontractors who perform maintenance work in Petrol station.

Moreover. by the contribution of existing subconiractors, this research is
expected to be the key mechanism to motivate their safety awareness especially in term
of Personal Protective Equipment (PPE). Last but not least, the safety performance of
each subcontractor is expected to be significantly improved once the findings are

implemented.




CHAPTER 11

LITERATURE REVIEW

2.1 Introduction

In this chapter, theories, tools and techniques that are applied to this thesis are
introduced. The chapter begins with the introduction of Failure Mode and Effect
Analysis (FMEA) which is the main tool of this research. Next, Brainstorming and
Group Decision Making which are the key aetivities are introduced. Lastly, it is

literature surveys which are taken from academic papers and past thesis works.

2.2 Failure Modes and Effects Analysis (FMEA)

Failure Mode and Effect Analysis (FMEA) was originally developed by the US
military. It was used as a reliability evaluation technique to determine the effect of
system and equipment failures. In the 1960s, FMEA has been used in Apollo space
missions. Ford Motor company introduced FMEA to automotive industry in the late
1970°s for safety and regulatory consideration after they suffered by a design flaw.

The following are some definition of FMEA from academic books and

published papers:

“Failure Modes and Effects Analysis (FMEA) is a systematic technique for
assessing the risks associated with defective products reaching the market. Whilst
going through the exercise, one shoitld be able to learn the chances of a particular
failure occurring and what caused it.. This can then be used to make decisions as to
what action should be taken to reduce the risk associated with some of thé more serious

findings from the study. " (Bums)

“Failure mode and effect analysis (FMEA) is a disciplined procedure that
recognizes and evaluates the potential and actual effects of failure of a product or a
process and identifies actions that reduce the chance of a potential failure occurring.”
(Yang & El-Haik)



“Failure mode and effect analysis (FMEA) is an analytical technique (a paper
test) that combines the technology and experience of people in identifying foreseeable

failure modes of a product or process and planning for its elimination. " (Besterfield)

“FMEA is a design discipline and a quality-planning tool used to investigate
the sources and the consequences of failures on the operation of a system. FMEA is a
systematic and analytical process that combines top down and bottom up analysis.
From the top, the system functional goals are decomposed into sub-system goals and,
from the bottom, the component behaviors are expresses as the functions required to
realize the goals of each sub-system. Failure modes are then defined, and the resulting

behavioral changes are classified according their effeet on goal achievement.” (Barkai)

From the several definitions. it can be summarized that FMEA is the procedure
for identifying of potential failure modes within system and the consequences of those

failures, along with actiens to prevent potential failures.

To conduct FMEA. there are so many approaches that are proposed in academic
books and published papers. In this thesis. the approach that is applied is conducted by
SEQ Group in 2001. This approach is eonsisted of nine processes as following: (From:
SEQ Group, Snap-On Incorparated Standard on FMEA Process for Quality Problem
Solving (Failure Mode & Effect Analysis))

Step 1: Review the process

To ensure that everyone on the FMEA team has the same understanding
of the process that is being worked on, the team should review a blueprint (or
engineering drawing) of the product if they are conducting a product FMEA, or
a detailed flowchart of the operation if they are conducting a process FMEA,

If a blueprint or flowchart is not available, the team will need to create

one prior to starting the FMEA process.

With the blueprint or flowchart in hand, the team members should
familiarize themselves with the product or process. For a product FMEA, they
should physically see the product or a prototype of the product. For a process
FMEA, the team should physically walk through the process exactly as the

process flows.



It is helpful to have an “expert” on the product or process available to

answer any questions the team might have.

Step 2: Brainstorm Potential Failure Mode

Once everyvone on the team has an understanding of the process (or
product). team members can begin thinking about potential failure modes that
could affect the manufacturing process or the product quality. A brainstorming
session will get all of those ideas out on the table. Team members should come
to the brainstorming meeting with a list of their ideas. In addition to the ideas
members bring to the meeting, others will be generated as a result of the

synergy of the group process.

Because of the complexity of some manufactured products and
manufacturing processes. it is best to conduct a series of brainstorming sessions,
each focused on a different element (for example; people, methods, equipment.
materials and the emvironment) of the product or process. Focusing on the
elements one at a time may result in a more thorough list of potential failure

maodes.

It 1s not unusual 1o generate dozens of ideas from the brainstorming
process. In fact, that’s the objective. Onee the brainstorming 1s completed, the
ideas should be organized by grouping them into like categories. Your team
must decide the best categories for grouping, as there are many different ways
to form groups with failure modes. You can group them by the type of failure
(e.g.. electrical, mechanical, user-created), where on the product or process the
failure occurred, or the seriousness (at least the team’s best guess at this pomnt)
of the failure. Grouping the failures will make the FMEA process easier to work
through.

Without the grouping step. the team may invest a lot of energy jumping
from one aspect of the product to a completely different aspect of the product
and then back again. An easy way to work through the grouping process 1s to
put all of the failure modes onto self-stick notes and post them on a wall so they

are easy to see and move around as they are being grouped.

The grouping also gives the team a chance to consider whether some

failure modes should be combined, because they are the same or very similar to

10



each other. When the failure modes have been grouped and combined, if

appropriate, they should be transferred onto the FMEA sheet.

Step 3: List Potential Effects of Each Failure Mode

With the failure modes listed on the FMEA worksheet form. the FMEA
team reviews each failure mode and identifies the potential effects of the failure
should it occur. For some of the failure modes, there may be only one effect

while there may be several effects for other failure modes.

This step must be thorough. because this information will feed into the
assignment of risk ratings for each of the failures. It is helpful to think of this

step as an if-then process: If the failure oceurs, then what are the consequences.

Step 4, 5 and 6 — Assigning Severity, Occurrence and Detection Ratings

Each of these three ratings is based on a 5-point scale, with 1 being the
lowest rating and 5 being the highest.

It is important to establish clear and concise descriptions for the points
on each of the scales, so that all team members have the same understanding of
the ratings. The scales should be established before the team begins the rating
process. The more descriptive the team is when defining the rating scale, the

easier it should be to reach consensus during the rating process.

A generic rating system for each of the scales is provided in Tables 2-1,
2-2 and 2-3. This system should be customized by the team for their specific
FMEA project:

Even if the rating system is clear and concise, there still may be a

disagreement about the rating for a particular item.
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Table 2-1:

Sample of Severity Rating

Rating Description Definition
10 Hazardous without Very high severity ranking when a potential failure mode
warning effects safe system operation without warning
8 Hazardous with Very high severity ranking when a potential failure mode
' warning affects safe system operation with warning
n . System inoperable with destructive failure without
8 Very High 4 o :
compromising safety
7 High System inoperable with equipment damage
6 Moderate System inoperable with minor damage
5 Low System inoperable without damage
N . System operable with significant degradation of
4 Very Low \ = =
performance
3 Minor System operable with some degradation of performance
2 Very Minor System operable with minimal interference
1 None No effect
Table 2-2: Sample of Occurrence Rating
Rating Description Definition
AN e
Very High: Failure is almost 7
10 Tt =111 2
inevitable
9 lin 3
8 High: Repeated failures 1in &
7 1in.20
i Moderate: Oceasional .
6 ; I'm 80
failures
5 1 in 400
4 1in 2.000
3 Low: Relatively few failures 1in 15,000
2 1 in 150,000
1 Remate: Failure is unlikely <1 in 1.500.000
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Table 2-3: Sample of Detection Rating

Rating Description Definition
= : Design control cannot detect potential cause/mechanism and
10 Absolute Uncertainty = . P
subsequent failure mode
n Very remote chance the design control will detect potential
9 Very Remote

cause/mechanism and subsequent failure mode

Remote chance the design control will detect potential

8 Remote . i :
cause/mechanism and subsequent failure mode
- N Very low chance the design control will detect potential
Very Low irm ’
cause/mechanism and subsequent failure mode
Low chance the design control will detect potential
6 Low ! 4 :
cause/mechaniem and subsequent failure mode
_ Moderate chance the design control will detect potential
5 Moaoderate , - :
cause/mechanism and subsequent failure mode
= Moderately High chance the design control will detect potential
4 Moderately High \ A g
. cause/mechanism and subsequent failure mode
. High chance the d=sign control will detect potential
3 High ; 3
cause/mechanism and subsequent failure mode
) 4 Very lngh chance the desipn contiol wall delect putential
2 Very High . 5 ;
o cause/mechanism and subsequent failure mode
. . Design control will detect potential cause/mechanism and
1 Almost Certain

subsequent failure mode

Step 4: Assign a Severity Rating for Each Effect

The severity rating is an estimation of how serious the effects would be
if a given failure did occur. In some cases it is clear, because of past experience,
how serious the problem would be. In other cases, it is necessary to estimate the
severity based on the knowledge and expertise of the team members.

Because each failure may have several different effects, and each effect
can have a different level of severity, it is the effect, not the failure that is rated.
Therefore, each effect should be given its own severity rating, even if there are
several effects for a single failure mode.

Step 5: Assign an Occurrence Rating for Each Failure Mode

The best method for determining the occurrence rating is to use actual
data from the process. This may be in the form of failure logs or even process
capability data. When actual failure data are not available, the team must
estimate how often a failure mode may occur. The team can make a better
estimate of how likely a failure mode is to occur and at what frequency by
knowing the potential cause of failure. Once the potential causes have been

13



identified for all of the failure modes. an occurrence rating can be assigned even

without failure data.

Step 6: Assign a Detection Rating for Each Failure Mode and/or Effect

The detection rating looks at how hikely we are to detect a failure or the
effect of a fallure. We start this step by identifving current controls that may
detect a faillure or effect of a farlure. If there are no cwrrent controls, the
likelthood of detection will be low, and the item would receive a high rating,
such as a 9 or 10. The current controls should be listed first for all of the failure

modes or the effects of the failures and then the detection ratings assigned.

Step 7: Calculate the Risk Priority Number for Each Failure Mode

The risk priority number (RPN) is simply calculated by multiplying the
severity rating times the oceurrence rating times the detection rating for all of

the items.

Risk Priority Number = Severity x Occurrence x Detection

The total nisk priority number should be calculated by adding all of the
risk priority numbers. This number alone 18 meaningless, because each FMEA
has a different number of failure modes and effects. However, it will serve as a
gauge to compare the revised total RPN against the original RPN once the

recommended actions have been mstituted.

Step 8: Prioritize the Failure Modes for Action

The failure modes can now be priontized by ranking them in order from
the highest risk priority number to the smallest. A Pareto diagram is helpful to

vistalize the differences between the various ratings.

The team must now decide which items to work on. Usually 1t helps to
set a cut-oft RPN, where any failure modes with an RPN above that point are

attended to. Those below the cut-off are left alone for the time being.
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Step 9: Take Action to Eliminate or Reduce the High-Risk Failure
Modes

Using an organized problem-solving process. identify actions to
eliminate or reduce the high-risk failure modes and make recommendations to

the appropriate management level.

The following Table 2-4 is the form of Failure Mode and Effects Analvsis that

is used in this study.



I'able 2-4: Template of Failure Mode and Fiiects Analysis

FMEA Number:

Page of
Proce:s Name: Design Rezponsibilicy: Prepared by:
Core Team: FMEA Date {Orig.) { Bev.)
Wirsh Expected
Process 4 n
Potentisl Potential S |Potential Canzels) | ¢ A MR e | R Responsibility & & oD .
Fail Mod Effect(z) of e | Mechanism(s} of c C 1 5 t | P. | Becommended Action{s] |Target Completion = . -
i Failure v Failure u T & e | N Date o I P
. ¥ | m| e |N
T €
r| e
unetion
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In this study, the rating criterion of Severity, Occurrence and Detection 1 based
on rating scale of five which was applied by Eittipong (2005) in the study of “Zafety
Ilanagement Svstem for Hazardous Substance Transportation based-on Eisk Analysis”
and it went well. The critennon for each rating scale wall be demonstrated in the chapter

of Analysis.

2.3 Pareto Principle

The 1dea of Pareto principle 12 to do 20% of work which can generate 80% of
the advantage of deing the entire wotk Pareto analvsiz is a formal technique for finding
the changes that will give the bigoest benefits It 1z uzeful where many possible canses

of action are competing for attention.

Figure 2-1: Example of Pareto Chart

Pareto Chart of Late Arrivals by Reported Cause

Trafdii Ghild gagn Puldiii WELFr Chraind iz (i Ervviaig sy
BranLport o

“This principle ic somefimes cafled the 8020 ruie: 50% of the trouble comes
from 20% af the problems, Through nawmed jor furn-of the: century scanomist Vilfredo
Fareto, it was Dr. Juran who applied the idea fo maragement. D, Juran advises us to
concentrate on the "Vital few” sources of problems and not be distracted by those af
less inpariance. ™

Source: The Team Handbaok, Peter R Schaoltes, Joiner Associates 1992

In this study, Pareto principle wall be applied when FIMEL was completed. The
purpose of implement this principle 15 to sort cut the trivial 1ssues and keep focusing on

the major ohes.
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2.4 Fishbone Diagram

Fishbone diagram invented by Dr. Eaoru Ishikawa, a Japanese quality control
statistician, 15 an analysis tool that provides a systematic way of looking at effects and
the causes that create or contnbute to those effects. This diagram 15 sometimes called a

cause-and-effect diagram due to its function.
Thiz tool 13 very useful when utilizing a team approach to problem solving,
there are often many opinions as to the problem's root cause. One way to capture these

different 1deas and stimulate the team's brainstorting on root causes 15 to conduct the

fishbone diagram. Figure 2-2 shows the example of fishbone diagram.

Figure2-2: Example of Fishbone Diagram

Faolicies Frocedures

Flant Feople

2.3 Brainstorming

Brainstortning, a powerful technique for generating new ideas, 15 the name that
is given to a situation when a group of people meet together and devel op new ideas
around a specific area of interest Originally, Brainstorming was developed by Alex
Dshorn, an advertising executive, in 1941 At that time, he found that the creation of
new ideas was inhibited during conventional business meetings. Then, he set some
rules designed to remove inhikitions and make people able to think more freely. He also

described the definition of Brainstorming as:
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“Brainstorming is a conference technique by which a group attempts to find a
solution for a specific problem by amassing all the ideas spontaneously by its

members”

The rules of Brainstorming that can reduce peoples’ natural inhibitions are

consisting of:

¢ Postpone and withhold your judgment of ideas: This rule is to generating
ideas without any judgment on ideas until the completion of the
brainstorming session. All ideas are potentially good so the sudden

judgment is prohibited.

* Encourage wild and exaggerated ideas: The more wild and exaggerated
ideas. the more possibility of inhibition loss. It is hard for normal ideas to

stimulate good solutions.

e Quantity counts at this stage, not quality: It is casier to select good ideas
from a large list than a small one. If the number of ideas at the end of
Brainstorming session is very huge. there is a great chance in finding the
best ideas. In this case, quantity brings quality.

¢ Build on the ideas put forward by others: This rule is for encouraging
people to build and expand on the ideas of others. The combination of
several suggested ideas can lead to an exploration of new possibilities.

e Every person and every idea has equal worth: Every person has a unique
viewpoint and perspective. The idea from one person may not be the final
solution, but it will spark off and inspire other people. Every single idea
proposed belongs 1o the group, not the one who generated it.

The following are the process of conducting Brainstorming session which can

be summarized as below:

e Define the problem and agree the objective
e Select and invite participants

e Present and agree the rules of Brainstorming
¢ Brainstorming, present and record ideas

s  Analyze, assess and rank list of ideas

* Find out and agree action with timescale



¢ Control and monitor

2.6 Group Decision Making

When working in team. the key activity that can lead the team direction is
“Decision making”, Team can reach decisions in many difference ways. At the present,
there are many Decision making models introduced by expertise are available for being
applied in each situation. The understanding of Decision making models influences
team in making the best decision. There are six models of Decision making that are

described, along with its strengths and weaknesses as following:

2.6.1 Decision made by authority without sroup discussion

The nature of this model is that the designated leader makes all decision
without consulting group members.

Strengths
¢  Take minimal time in making decision

. Commonly used in organizations (So people familiar with

method)
Weaknesses
® No group interaction
. Team may not understand decision or be unable to implement
decision

2.6.2 Decision made by expert

This model is to select expert of group and let expert consider the issue
and make a decision.

Strength
. Useful when one person on the team has the overwhelming

expertise

Weaknesses
. Unclear how to determine who the expert 1s (Members may have
difference opinions)
. No group mteraction

. May become popularity issue or power 1ssue
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2.6.3 Decision made by averaging individuals® opinions

This is to separately ask each team members for his'her opinion and
then, average the result

Strengths
. Extreme opinions cancelled out
. Error typically cancelled out
. Group members consulted

. Useful when it is difficult to get the team together to talk

¢  Urgent decisions can be made

Weaknesses
. No group interaction, team members are not truly involved in the
decision
. Opinions of least and most knowledgeable members may cancel
. Commitment to decision may not be strong
. Unresolved gonflict may exist or escalate

. May damage future team effectiveness

2.6.4 Decision made by authority after group discussion

This model is team creates ideas and has discussion but finally: the
designated leader makes a decision.

Strengths
. Team interaction

. Listening to the team increases the accuracy of the decision

Weaknesses
e Team is not part of decision

. Team may compete for the leader’s attention

2.6.5 Decision made by minority vote

This 1s 1in case of hmited time preventing the meeting arrangement for
the entire team members. So, a minority of the team, two or more members who
constitute less than 50% of the team. make team’s decision.

Strengths
. Method often used by executive committees

. Method can be used by temporary committees
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. Useful for large number of decisions and limited time
Weaknesses
. May not have full team commitment to decision

. May create an air of competition among team members

2.6.6 Decision made by majority vote

This model is the common used method. The decision is made when
51% or more of team members have the same opinion.

Strengths
. Useful when there is insufficient time to make decision by

consensus
e  Uscful when the complete team-member commitment is

unnceessary for implementing a decision

Weaknesses
. Taken for granted as the natural, or only, way for teams to make a
decision
e  Team is viewed as the “winners and the losers™ reduces the quality
of decision

® Minority opinion not discussed and may not be valued
. May have unresolved and unaddressed conflict

. Full group interaction 15 not obtamed
2.6.7 Decision made by consensus
This is to see the'collective decision arrived through an effective and fair

communication process. All teammembers have chancesto speak and listen.

Strengths
. Most effective method of team decision making

. All team members express their thoughts and feelings

. Team members “feel understood™
Weaknesses
. Takes more time
. Takes psychological energy and high degree of team-member skill

(can be negative if individual team members not committed to the

process)



2.7 Literature Survey

As a result of survey, there are several studies about risk management which
have been previously carried out by applying FMEA. So, all of them are very useful to
be utilized as guidance for organizing this research.

During 2003, Thanchuda has done the feasible study in “Risk Management
system development in Supphes Division Office of Planning and Finance™. This study
began with establishing the objective of the section and identifving the possible risks
that could affect section not to meet the objective. Then, Risk evaluation was conducted
by applying Failure Mode and Effect Analysis (FMEA) technique. Finally, Fault Tree
Analysis (FTA) was used as a tool to analyze root causes of all risks in order to

establish Risk Management Plans.

In 2004, “An application of risk management for establishing a shoe factory™
was done by Israpol. This study was aimed to managing project risks in order to
achieve 83% of operation time. The process of this study was divided into six phases:
Project goals and objective, Identifying and assessing project risks, Developing project
risk management strategy, Implementing project risk control, Monitoring project risk
management and Improving risk management. During this study, there are various
analysis tools bemng applied such as 6W. Risk map. Checklist, Tree diagram and
Stepwise multiple regression. As the result of implementing project risk plan, it shown

that the shoe factory in this study can achieve the target (85% operation time).

In the same year. there is another study related to risk management. This one
was done by Varaporn, is for Advisability and Installation Information System (AIIS)
project. The aim is to generate the risk information and preventive plan. The study
process is quite similar to others which is consisted of Define and scope the AIIS
project, Identify internal risks, Explore external risks, Analyze risk factors, Set risk

management plans and Develop check sheet to monitor risk factors.

Last but not least, during 2005, Kittipong had studied “Safety Management
System for Hazardous Substance Transportation based-on Risk Analysis™. This study is
aimed to develop the safety management system (SMS) for Hazardous chemical
transportation company which experienced persistently accidents/incidents rate in past
few years. The study started by setting up SMS working team. And then, some potential
tools and techniques such as Brainstorming, FMEA were applied in order to identify
risks and their consequences, along with the actions to cope such risks. As the result of

the study. even the recommended actions might not be able to reduce incident rate/
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financial impact significantly: SMS working team still remains in the company in order
to keep monitor the incident and find out the way to close the gaps/risks.
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CHAPTER III

OVERVIEW OF CASE ORGANIZATION

3.1 Introduction

In this chapter. the information about the case organization/project team will be
provided such as core business activity. role and responsibility of this project team.
safety policy and procedure. etc. Also, the incidents which ocecurred in past few vears
will be mentioned. along with their root causes. This is like an inspiration for
conducting this thesis in order to minimize the ineident rate. Lastly, the equipments of
petrol station will be listed along with their related maintenance tasks in order to set the

boundary of this thesis and being studied and analvzed further in the next chapter.

3.2 Company Background

The case organization/project team is the outsourcing service provider which
provides maintenance service for Retail-fuel service station. The project team is also
responsible for monitoring and handling on behalf of client all Safety, Health and
Environmental issues. msurance claims. warranties and carry out periodic audits to
ensure the continuity of business. This team is consisted of 13 persons. The

organization chart is illustrated as followmng:

Figure 3-1: Orgamzation Chart

Account
Manager

| | 1 1 1 1
Contract Account Project Customer SHE Specialist Field Engineer
Administrator | | Administrator enginesr Service (1 person) {5 persons)
(2 persons) Representative

{2 persons)

25



The role and responsibility of each position is stated as following:

o Account Manager: To oversee all aspects of team works and ensure all
projects related issues are handled properly and managed the overall

relationship with the client management team.

o  Contract Administrator: To maintain assigned segments of the finance
system and ensure accurate and timely. Processing and assist in producing
the annual budgets.

o Account Administrator: To provide sub-contract administration and

supervision of material purchasing in support of account activity.

¢ Project engineer: Responsible for planning and coordinating all

significant maintenance and repair projects.

 Field Engineer: Responsible for performing all operational work at the
property level.

o« SHE Specialist To organize. administer, conduct and measure

individual and group safety programs with the Account.

o Customer Service Representative (CSR): To coordinate customer service
activities at sites to provide consistent support and service, input
information into and maintain  the computerized maintenance

management system database.

Generally, the maintenance work starts by site operator who calls call center in
order to inform the damaged equipment. Then, CSR will record work order mto system
and 1ssu¢ work order to contractor, accordingly. Once contractor receives work order,
quotation will be generated and submitted to Field engineer who is responsible in the
area where damaged equipment occurs. After quotation 1s reviewed n terms of cost
and technical, Field engmeer may reject such quotation 1s not techmcally/costly
reasonable. Once quotation 1s approved, contractor can start to perform maintenance
service. While performing mamntenance service at site, contractor will be occasionally
observed by FM or SHE specialist in order to inspect the quality of work and also to

ensure that contractor performs professionally and safely.
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Figure 3-2: Work Flow

Customers call
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3.3 Safety, Health & Environment Management System

For Company's SHE Policy, it has been always reviewed by SHE specialist and

client’s SHE team to order to ensure that existing SHE policy to meet client’s abjective.

Company’ s SHE Policy is consisted of 4 portions as following:

s Company Safety Objective
o  Health & Safety Policy Statement
s  Organization & Responsibilities

o BHE Procedures

For SHE Policy Statement, it 15 provided with full details m Appendiz A

3.3.1 Company Safety objectives

s Toberecognized as best by our employees, business partners, customers

and competitors,
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« Safety, Health & Environment to be one of the most important part of
our business:
+ To have knowledgeable, trained and competent staff and partners:

+ Performance justifying the reputation.

3.3.2 Organization & Responsibilities

The role and responsibility for each position in term of safety perspective for

each position are:

*  Account Manager
Account Managers 1s responsible for the safety. health and environment of the
contractor staff and the work areas. He is also responsible for the safety. health and

environment of visitors within the area of work.

Account Managers must identify hazards and assess the risks to ensure
appropriate and adequate controls are mmplemented to minimize the risk. Emphasis
must be on the elimination of risk where reasonably practicable but where this is
impractical, appropriate procedures. information, instruction, education and training

must be provided.

Account Managers must meet with contractors on a regular basis to discuss
safety and ensure salety awareness in an on-going and integrated activity. When
visiting the Contractor offices. he shall also examine the Contractor management
commitment to Safety by viewing the policies on Safety, Drug & Alcohol and records

of in-house briefings and training provided to their emplovees.

Account Managers must monitor safe systems, inspect work places, measure
performanee and report where appropriate.  ‘Réporting will include the réporting of
accidents and near-miss incidents. Serious incidents must be reported immediately to

the Chient Services Director.

Account Managers must investigate all accidents and incidents and implement

remedial actions to eliminate the risk reoccurrence.
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« SHE Specialist
SHE specialist will act on behalf of the Account Manager to assist with the

responsibilities:

Ensure SHE processes are in place and maintained,

Monitor compliance with safety and health processes and
standards,

Communicate with the client and contractors to ensure co-
ordination of activities in safety and health,

Communicate any issues and concerns promptly to the Account
Manager,

Ensure all accidents and incidents are reported promptly and

keep local records on behalf of the Account Manager.

+  Project Staff / Contractors’ Employvee

Work safely and follow SHE policies, procedures, instructions,
and standards

Use personal protective equipment (PPE) -- hardhat, gloves,
safety glasses. hearing protection, respirator, appropriate
footwear, fall protection

Immediately report work-related injuries, illnesses, unsafe
conditions. unsafe acts, environmental hazards, and pollution
incidents to the supervisor using the standard forms

Inspect tools and equipment before use and refuse to use

defective items

3.3.3 SHE Procedures

In order to achieve the objective set-as in SHE Policy, SHE procedures need to

be established for evervone in project team including subcontractors to follow

accordingly. SHE procedures applied in this project are consisted of portion developed

by client and portions that company developed itself. SHE procedures are composed of

6 elements as below:
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¢ Training
All contractors must be provided training on Safetv. Health and Environment
periodically to up-date them on procedures. As a minimum this must consist of
emergency procedures, essential local site rules, contacts and accident reporting. It is

the Account Manager’s responsibility to ensure adequate training takes place.

«  Site Safety
Site safety rules and processes may be exclusively those of our client. The
subsequent, agreed SHE processes will be documented in a Company Local Process.
Staft must ensure they are familiar with all relevant aspects of the SHE Local Process

and related documentation and must ensure they abide by them at all times.

e  Accident & Incident Reporting
It is essential that all accidents and incidents accidents are reported promptly.
This will permit proper recording. allowing statutory reporting where required, ensure
investigations to eliminate the petential for reoccurrence and provide data for trend

analysis.

The client accident reporting process must also be adhered to. It is essential that

staft comply with this requirement.

« Company Safety, Health & Environmental Manual
Whilst company’s staff’ working on the client account will comply with client’s
SHE requirements, company also has a Safety. Health & Environmental Guideline
which contains the detailed SHE requirements for the proper management of the risks
we are likely to encounter in the wide range of our business activities. It can be used

for traiming and reference and the elements of this SHE Guidehine nclude:

= _Crane Operation Program

= Injury Reporting & Investigation Program

- Electrical Safe Work Practices Program

- Employee Safety Traiming Program

- Ladder/Scaffold Safety Program

- Asbestos Awareness Program

- Lockout/Tagout Program

- Personal Protective Equipment Program

- Lead Safety Program

- Flammable & Combustible Liquids Program
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- Compressed and Liquefied Gases Program
- First-Aid Program

- Medical Recordkeeping Program

- Respiratory Protection Program

- Emplovee Emergency & Evacuation Program
- Driver Safety Program

- Trenching Program

- Confined Space Entry Program

- Materials Handling Program

- Welding/Cutting/Brazing Safety Program
- Managing Contractor Safety Program

*  Drug & Alcohol Policy ( See the details in Appendix B)

3.4 Past Incidents/Aceidents

The case company has serviced maintenance works for fuel service station since
2001. Every year, the company had to face various accidents/incidents which always
ruin company’s and client’s reputation even some cases may not hurt company and
client so much in term of financial, Also, every time, when accident/incident occurred,
company did an immediately response by mvestigating the root cause and came up with
preventive action. However, some cases were closed but some still recurrences

sometimes,

Here below 1s Figure 3-3 which illustrated the case company’s Incident History
during 2001 — 2007,
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Figure 3-3: Incident Hiztory (2001 -2007)
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According to Figure 3-3, it found that each vear, the number of incadents was
not significant, only one digit except yvear 2003. However. each incident always hurt

company’ & reputation, customers’ brand lovalty and feeling.

In thiz csection, the example of incident: occurred in past few vearz are

demoncstrated:

*  Umdentified object exploded while operator was grazping 1t
o  Flectrical short circut at Dizpenszer pump

» TFired incident at store room

o Fired incident at water pump

*  Sling torn while lifung underground tank

*  Firedincident at signage

From the above mmcidents. it can be summarized that the past incidents were not
only caused by improper behavior of maintenance operator but also deteriorated
equipment itzelf.

3.5 Maintenance Tasks

Eegarding to the zcope of rezearch in Chapter 1, thiz study will be focuzed on
only two categories of equipment consisting of:

*  (eneral Equipments
e Petrol System
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Both equipment groups have been found that there are many related incidents
during past few vears and also, most of them are located in the hazardous area. To find
out the gaps of maintenance work and close them as much as possible, all equipments

and their maintenance tasks related are defined as following:

3.5.1 General Equipments

As already mentioned that this group contains a lot of equipments and most of
them are located in forecourt area where the fuel vapour is around. Therefore, it is
quite risky when performing maintenance which a flash may occur. Even there are
various equipments; the maintenance tasks are quite similar. Table 3-1 shows the

related maintenance tasks of General Equipment Group.
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Table 3-1: Maintenance Tasks for General Equipments

Equipment

Maintenance Task related

Price Sign / Highway Sign

Cleaning, Painting & Relamping

Repair electrical system (CB, wire,. efc.)

Repair corroded/damaged pole

Demolition/Removal

Product Sign (Spreader & End
sign)

Repair electrical system (CB, wire, efc.)

Repair plastic plate

= Installation/Demolition

Yard Light

Painting & Relamping tasks

Repair electrical system (CB, wire, efc.)

gpair corroded/damaged pole

Demolition/Removal

Down Light

Repair (changing lamp. Ballast. etc.)

Voltage Protection Cabinet

Repair failed Voltage Protection (Changing Magnetic

relay. Time Relay Pilot lamp, CB, Fuse, efc.)

Infrared Scan

Demolition/Removal

CCTV

Installation

Repair failed CCTV system (monitor, recorder, signal

cable)

L]

Demolition/Removal

Air Tower

Repair (changing valve. liose. belt. efc.)

Repair leaked pipe

Demolition/Eemoval

Air Compressor

Repair (replace parts such as filter, valve, etc.)

Demolition/Remaoval
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Table 3-1: Maintenance Tasks for General Equipments (Con't)

Equipment

Maintenance Task related

Hoist

Repair (changing hydrolic lubricant, etc.)

Safety leg instellation

Painting

Dempolition/Removal

Aboveground Water Tank

Repair leaked fank & pipe

Repair water pump (change float valve, etc.)

Cleaning & Pamnting

emolition/Removal

Rapair leaked roof & replace broken tiles

Building Repair lighting system (change lamp, etc.)
Painting
Raplace vinyl/sticker
Canopy Rapair bacllit
Painting
Repair broken/subsided pavement
Pavement

Repair U-drain

Septic tank

Repair Broken tank

Remove waste in septic tank

Bumper

Repairdameged bumper (By car crashed)

Installation

Other Equipments

Repair Time recorder

Repair High pressure water pump

Repair/Refill fire extinguisher

Repair/install air ventilation fan

Repair portable air tank

Repair FAX machine

Repair intercom system
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3.5.2 Petrol System

In this group. most of equipments contact directly with petrol such as
underground tank. underground pipe and dispensing pump. etc., so any maintenance
tasks performed need to be done correctly, carefully and safely. The maintenance tasks

related of these equipments are identified as in Table 3-2.
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Table 3-2:

Maintenance Tasks for Petrol System

Equipment

Maintenance Task related

* Repair (Changing motor, Belt, Hose, Pulley, Valve, Display
board, Nozzle, Filter etc.)

* Repair corroded D/P basement

Dispensing Pump (D/P)

s Meter Verification & Calibration

* Cleaning & repainting D/P skirt

* Replace produet sticker

* Installation & Remaoval

* Cleaning & Degassing

* Switch Product

Underground Tank

= Pressure Test (Leak)

« Pump out the water

* Demolition

* Repair pipe leaked

Underground pipe

» Pressure Test (Leak)

» Installation/Demolition

+ Repair pipe leaked

Remote Fill (Loading pipe)

» Pressure Test(Leak)

» Installation/Demolition

* Repair pipe leaked

Air Ventilation Pipe

* Pressure Test (Leak)

» Tnstallation/Demeolition

» Pump-out the water

Tank Sump

* Repair (Sump leaked. Motor, 1ift up the level efc))

» Installation/Demolition

Automation Tank Guage (ATG

* Repair (Changing indicating lamp. sensor. signal cable, efc.)

» Preventive Maintenance {Check probe. monitor. etc)

* ATG Calibration
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From above Table 3-1 and Table 3-2, they show there are so many and various
maintenance tasks related to both equipment groups. In next chapter, these maintenance
tasks will be brought to analysis in order to find out the solutions for safety
performance enhancement.

AONUUINYUINNS )
RN ITNINENAY
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CHAPTER 1V

ANALYSIS

4.1 Introduction

In this chapter. it is starting point to analyze the potential risks for all
maintenance tasks identified in previous chapter. First of all, the potential risks of all
maintenance works will be identified and then., they will be brought into analysis
process. The analysis tools are applied in this study consisted of Fishbone diagram.
Failure Modes and Effects Analysis (FMEA) and Pareto Chart widely used and very
powerful. The data used in this analysis is based on the recordable past incident and the

experience of contractors who have been working in this field for years.

4.2 Failure Modes and Effects Analysis (FMEA)

According to the steps to perform FMEA mentioned in Chapter II, first of all,
the potential failure modes for each maintenance task need to be identified. Regarding
to Table 3-10 and Table 3-11. the potential nisks for each tasks can be listed as
following Table 4-1 and Table 4-2 which are for General equipment and Petrol system,

respectively.



Table 4-1: Potential Failures for General Equipments

Eguipment

Maintenance Task

Potential Faillures

Price Sign / Highway Sign

Cleaning & Painting

- Baszket of Cherry picker huts signage pole

- Tools fall down from scaffold

- Operator falls down from scaffold

- Scaffold collapsed

- Paint/Cleamung substance gets mto body

Repair electrical system (CB, wue, eic)

- Electrical short circuit

- Tools fall down from scaffold

- Owperator falls down from scaffold

- Scaffold collapsed

Repair corroded 'damaged pole

- SparkTgmtion from welding/grinding metal pole

- Crane collpsed

- Shing tom dunng lifiing

- Pole swang & lut building/operator nearby

- Paint gets wto body

Demolitton/Removal

- Electrical short circuit

- SparkTgnition from frenclung concrete basement

~Spark Tgnition from welding/grinding metal pole

- Crane collpsed

- Sling torn dunng lifting

- Pole swing & hit bhuilding/operator nearby
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Table 4-1: Potential Failures for General Equipments (Con't)

Equipment

Maintenance Tazk

Potential Failures

Product Sign (Spreader & End
sign)

= Bepair plastic plate

- Plastic plate fal down from scaffold

- Scaffold collapsd

- Operator fall down from scaffold

= Repair corroded frame

- Spark/Tgnition from welding/srinding frame

- Operator falls down from scaffold

- Tools fall down from scaffold

- Paint gets mto body

= Repair electrical system (CB, wire, &tc))

- Electrical short circuit

- Tools fall down from scaffold

- Dperator f2lls down from scaffold

- Scaffold collapsed

= Installation Demolition

- Spark/Igmticn from knocking/Drilling frame

- Metal frame swing & hit /P

- Sling torm durmg hanging

Yard Light

= Painting & Cleaning

- Paint/Cleaning substance gets into body

- Tools fall down from scaffold

- Operator falls down from scaffold

- Scaffold collapsed

= Repair electrical system (CB, wire, lamp, etc.)

- Electrical short circuit

- Tools fall down from scaffold

- Operator f2lls down from scaffold

- Scaffold collapsed
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Table 4-1: Potential Failures for General Equipments (Con't)

Equipment

Maintenance Task

Potential Failures

Yard Light

* Repair corroded/damaged pole

- Spark/Tgmition from welding/grinding metal pole

- Crane collpsed

- Sling torn during lifiing

- Pole swing & hit building/operator nearby

- Paint gets info body

* Demolition/Removal

- Spark/Tegnition from trenching concrete basement

- Spark/Tgnition from welding/grinding task metal pole

- Crane collpsed during lifting

- Sling torn dunng lifling

- Pole swing & hit building/operator nearby

Down Light

* Repair (changing lamp, Ballast etc)

- Electrical short circuit

- Scaffold collapsd

- Operator fall down from scaffold

- Toals fall down from seaffold

Voltage Protection Cabinet

* Repair failed Voltage Protection (Changing Magnetic relay,
Time Relay Pilot lamp, CB, Fuse. efc.)

- Electrical short circuit

« Infrared Scan

- Electrical short circuit

* Demolitton/Bemoval

- Electrical short circuit

- SparkTgnition from knocking/welding cabinet

CCTIV

* Fepair failled CCTV system (monifor, recorder, signal cable)

= Electrical short circuit

+ Installz:tion/DemolitionRemoval

- Electrical short circuit

- CCTV fall doswn from scaffold

- Operator falls down from scaffold

~Scaffold collapsed
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Table 4-1: Potential Failures for General Equipments (Con't)

Equipment

Maintenance Task'

Potential Failures

Air Tower

Repair (changing valve, hose, belt, etc.)

- Spark/Tgniticn from knocking/drilling air tower leg

- Remained air blow mto eves

Repair leaked pipe

- Spark/Tgnition from trenching concrete

- Spark/Tegnition from welding pipe

- Saw blade broken during cutting joint concrete

Demolition/Femorval

- Electrical short cirenit

- Remained air blow into eyes

- Spark/Temtion from trenchung concrete

- Saw blade broken during cutfing joint concrete

Air Compressor

Repair (replace parts such as filter, valve, etc)

- Electrical short circnit

- Remained air blow info eyes

Demolition/Femoval

- Electrical short circuit

- SparkTgnition from kmocking air tower leg

- Remained air blow into eves

- Sling torn dunng hifting

Hoist

Repaur {chanming hydrolic lubnicant, repair corroded frame ete.

- Lubricant/paint gets info body

- SparkTgnition from welding'grinding metal frame

Safeti leg installation

- SparkTgnition from trenching/drilling concrete

- SparkTgmtion from welding/grinding metal frame

Painting

- Paint gets mto body

- Spark/Ignition from polishing/grinding metal frame

- Hoist fall down
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Table 4-1: Potential Failures for General Equipments (Con't)

Equipment Maintenance Task Potential Failures
- Crane collpsed during lifting
- Sling tom during hifting
Hoist * Demolitton/Femoval

- Spark/Tgniticn from trenching/drilling concrete

- Steel core swing & hit building/operator nearby

Aboveground Water Tank

= Repair leaked/carroded tank & pipe

- Oxvgen in tank is mn out

- Spark/Tgnition from welding'grinding connector

= Repair water pump (change float valve, etc.)

- Electrical short circuit

- Oxygen in tank is mn out

* Cleamng & Painting

- Oxvgen in fank 15 mun out

- Paint gets into body

- Tools fall down from scaffold

- Operator falls down from scaffold

- Scaffold collapsed

Demolition/Eemoval

- Tank swing & hit building

- Sling tormn duning lifting

- Crane collapsed during lifting

- SparkTgmtion from welding task

Building

= Rapair leaked roof & replace broken tiles

- Scaffold collapsed

- Operator fall dow from roof

- Operator fall dow from scaffold

= Fepair lighting system (change lamp, efc.)

- Electrical short circuit

- Dperator fall dow from ladder

44

144



Table 4-1: Potential Failures for General Equipments (Con't)

Equipment

Maintenance Task

Patential Failures

Building

Painting

- Paint gets into body

- Scaffold collapsed

- Operartor falls dow from scaffold

- Tools fall dow from scaffold

Canopy

Raplace vinyl/sticker

- Car hits scaffold

- Scaffold collapsed

- Operator fzlls dow from scaffold

- Tools fall dow from scaffiold

Rapair backlit

- Electrical short circuit

- Car luts scaffold

- Scaffold collapsed

- Operator falls dow from scaffold

- Tools fall dow from scaffold

Painting

- Paint gets mito body

- Car hits scaffold

- Scaffold collapsed

- Operator falls dow from scaffold

- Tools fall dow from scaffold

Pavement

Repair broken'subsided pavement

- Saw blade broken during cutting joint concrete

~Car hits operator

- SparkTgmtion from trenching/drilling concrete
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Table 4-1: Potential Failures for General Equipments (Con't)

Equipment Maintenance Task Paotential Failures
- Saw blade broken during cutting joint concrete
Pavement Repair U-drain - SparkTgnition from trenching/dnilling concrete
- Spark/Tgmtion from welding metal sheet
Repawr Broken tank - Spark/Tgmtion from knocking concrete cover

Septic tank

Remove wasiein septic tank

- Spark/Tgmtien from electrical device (pump)

Bumper

Repair dameged bumper (By car crashed)

- Spark/Igmition from knocking/welding bumper

- Spark/Tgmtion from trenching concrete basement

Installation

- Spark/Tgnition from trenching concrete basement

Other Equipments

Fepair Time recorder

- Electrical short circuit

Repair High pressure water pump

- Electrical short circuit

- Remain water injects to hands

Repair/Refill fire extinouisher

- Chemical substance gets irfo body

Repair/install air ventilation fan

- Electrical short circuat

- Spark/Tgmition from knocking concete wall

- Operator f311 from ladder

Eepair portable air tank

- Remain air blows into eyes

- Electrical short circuit

Repawr FAX machine
- Operator f3ll from ladder
- Electrical short circuit
- Car hits scaffold
Repatr infercom systen
- Scaffold collapsed

~{Operator falls.dow from scaffold
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Table 4-2: Potential Failures for Petrol System

Equipment Maintenance Tasks Potential Failures
=Product spilled
» Repair (Changing motos, Belt, Hose, Pulley, Valve, |- Electrical short circuit
Display board. Nozale. Filter sic ) - Spark Tgnition from knocking task (to remove motor, nozzle)
- Spark/Tgnition from static electricity
= Product spilled
- SparkTenition from knocking/drilling task
= Repair corroded D/P basement - Sling tomn dunng lifting by crane
- Crane collapsed during lifting
- D/P swing & hit column during hifting
- A - SparlcTanition from static electricity
| Diiepsig Pt (189 * Meter Verification & Calibration  Prodic spiled

* Cleaning & repainting VP skirt

- SparlcTanition from knocking task

- Paint gets into body

= Replace product sticker

- SparlcIgnition from knocking task

= Installation & Bemoval

- Flectrical short circuit

- SparlcTenttion from static electnicity

= Product spilled

- SparkTgnition from knecking/drilling task

- Sling torn dunng lifting by crane

= Crane collapsed durning liffing

<D/P swing & hit column during lifting

47

Ly



Table 4-2: Potential Failures for Peirol System {Con't)

Equipment

Maintenance Tasks

Potential Failures

Underground Tank

* Cleaning & Degassing

- Oxygen 1n tank 1s mn out

- Product spilled

= Switch Product

- SparkTgnition from elecirical device (pump)

- Product spilled

* Pressure Test (Leak)

- SparkTgnition from trenching concrete {manhole)

- SparkTgnition from knocking (scew of manhole cover)

- Product spilled

= Pumyp out the water

- Contaminated water is released into environment nearby

- SparkTgnition from elecirical device (pump)

- Product spilled

* Demolition

- Saw blade broken during joint cutting

- SparkTgnition from trenching concrete (above tank)

- SpatkTgnition from knocking (1o disconnect tank & pipes)

- Sling forn during lifting by crane

- Crane collapsed duning lifting

- Tank swing & hit building

- Contaminated water is released into environment nearby

- Product spilled

Underground pipe

= Bepair pipe leaked

- Saw blade broken during joint cutting

- Spark/Iznition from trenching concrete (above pipe)

- Product spilled
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Table 4-2: Potential Failures for Petrol System (Con't)

Equipment Maintenance Tasks Potential Failures
- SparkIgnit:on from trenching concrete (manhole)
* Pressure Test (Leak) - Spark/Tgnit.on from knocking (to disconnect tank & pipes)

Underground pipe

- Product spilled

= InstallationDremolition

- Saw blade broken duning joint cutting

- Spark/Tgnit-on from trenching concrete (above pipe)

- Spark/Taniton from knocking (to disconnect tank & pipes)

- Product spilled

Remote Fill (Loading pipe)

* Repair pipe leaked

- Saw blade broken durmng joint cutting

- Spark Tgnit:on from trenching concrete (above pipe)

- Product spilled

* Pressure Test (Leak)

- SparlcTgnit.on from trenching concrete (manhole)

- Spark/Tgniton from knocking (to discomnect fank & pipes)

- Product spilled

* InstallationDemolition

- Saw blade broken during joint cutting

- SparkTanit.on from trenching concrete (above pipe)

- SparkTaniton from knocking (to disconnect tank & pipes)

- Product spilled

Air Ventilation Pipe

= Repair pipe leaked

- Saw blade broken during joint cutting

- SparkTgniton from trenching concrete (above pipe)

- Operator falls from scaffold

- Scaffold collasped

- Product spilled
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Table 4-2; Potential Failures for Petrol System (Con't)

Equipment

Maintenance Tasks

Potential Failures

Air Ventilation Pipe

= Pressure Test {Leak)

- Saw blade broken during joint cutting

- SparkTgnition from knocking (to disconnect tank & pipes)

- SparkTgnition from trenching concrete (above pipe)

- Operator falls from scaffold

- Scaffold collasped

- Product spilled

* InstallationDemolition

- Saw blade broken during joint cutting

- Spark/Tgnition from knocking (to disconnect tank & pipes)

- Spark/Ignition from trenching concrete (above pipe)

- Product spilled

Tank Sump

= Pump out the water

- Spark/Tznition from electrical device (pump)

- Saw blade broken during joint cutting

- Oxvygen 15 run out

- SparkTonition from trenching concrete (manhole)

- Contaminated water is released into environment nearby

= Repair (Sump leaked. Motor, liff up the level etc)

- Electrical short circuit duning repair motor/ pump

- Oxygen 1s run out

= SparkTgnition from trenching concrete (manhele)

- Saw blade broken during joint cutting

- Product spilled

- Contaminated water is released info environment nearby
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Table 4-2: Potential Failures for Petrol System (Con't)

Equipment

Maintenance Tﬂﬂk.s )

Potential Failures

Tank Sump

* InstallationDemoliticn

- Electrical short circudt during remove motor/probe

- Oxvgen 1s run out

- Spark Temition from trenching concrete {manhole)

- 5aw blade broken during joint cutting

- Contaminated water is released info environment nearby

- Product spilled

Automation Tank Guage (ATG)

= Repatr (Changing indicating lamp. sensor, signal
cable, ete)

- Electrical short circuit dunng remove probe

- Oxygen 15 mmn out

* Preventive Maintenance (Check probe, monifor, eic)

- SparlyTenition from knocking (o open pipe cap)

- SparloTgnition from electrical device (probe)

- Product spilled

+ ATG Calibration

- Electrical short circuit duning setfing calibration function
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From above Tables, there are dozens of potential failures generated by gathering
information from various level people who have experienced in this field such as
contractors, safety officers, site person, etc. Even more than a hundred failures are
listed; in fact, most of them are quite similar to each other in term of the nature of
failures. In order to prevent time wasted in repeating analysis the similar failures,
grouping step is performed. By grouping the failures, it also gives a chance to consider
whether some failure modes should be combined due to the similar. All potential

failures can be grouped into seven categories as following:

e Failures related to working at height: In petrol station, there are so
many equipments which are locaied above ground level such as lighting
equipment, roof, signage, etc. To perform maintenance service, operator
has to use scaffold or ladder in order to reach such equipments.

e Failures related to electrical work: The majority of equipments run by
electricity. So, most of maintenance tasks are related to electricity. The
historical data also shows that the big loss from past incident was caused
by electrical problem. ( Fired incident at Nakormnpathom )

e Failures related to hot work: Hot work is the sort of work resulted heat
or ignition occurrence. The maintenance tasks related are consisted of
welding, demolition, installation, etc. The failure of this kind of work
can cause the big impact once it is perform in hazardous area where fuel

vapour is spread. See Hazardous zone as following Figure 4-1:

Figure 4-1: Hazardous Zone

PUBLIC ROAD
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¢ Failures related to trenching/excavation work: Trenching concrete
tasks are mostly performed in order to access equipments which are

located underground or equipment held with concrete as basement.

¢ Failures related to working with chemical substance: To perform
maintenance service in petrol station, there are some chemical
substances which operator has to deal with such as petrol product,
lubricant, fungi-resistance substance, etc. The effect from failure can be
ranged from loss of organ by getting chemical substance into body to

explosion once produet spilled.

e Failures related to working in confined space: Some equipment like
tank sump. tank which is quite tough for operator to service. Working
under this condition, operator needs to concern about respiration issue,

oxygen velume and fuel vapour.

* Failures related to working with crane: Crane operation is mostly
related to installation and demolition tasks. This equipment needs to be
controlled by specialised and ftrained person. Otherwise, the big

loss/impact will be apparent once failure occurs.

Regarding to seven categories, their potential related failures can be combined
and grouped as following Table 4-3. Also. this table illustrated the potential effects for

each failure mode.
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Table 4-3: Failare Modes and Effects Identification

Type of Maintenance Task

Potential Failure

L]

Potential Effect

1) Working at Height

1.1} Scaffold/Ladder collapsed

1.1.1) Operator fall down and hit the ground caused the
dead

1.2) ToolsEquipments fall from scaffold/ladder

1.2.1) Fallen smaff hit customer vehicle caused damage/
hit operator under caused injury

1.3) The basket of cherry picker hit building/sionage

1.3.1) Property damaged’ Operator on basket get
electricution (fall down & hit the ground)

2.) Working related electrical system

2.1) SparkIgnitton from electrical short-circuit

2.1.1) Operator get electrocution’ Propertu damaged
{Station get burm)

3.) Working related hot work

3.1) SparkTgmition from welding/grinding knocking
metal pole/frame

3.1.1% Explosion cauvses property damaged’ operator get
burn (lost organ)

4 ) Working related trenching/excavation

4.1) The saw blade broken during joinf cufting

4.1.1) Broken saw blade hit operator caused lost organ

4 2} Sparkdsnition from frenching concrefe pavement

4213 Explosion cauvses property damaged’ operator get
burn (lost organ)

3.} Working related chenurcal substance

5.1) Chemical substance /product spilled during cleaning
tank/demolition

5.1.1) Spilled product released to environment nearby
ineed to remediation)’ Explosion

5.2) Static electrical discharge in form of spark during
perform meter calibration

5.2 1) ExplosionDispensing pump get burn and
damaged

3.3) Chenucal substance (Paint) geis into body

3.2.1) Loss the organ
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Table 4-3: Failure Modes and Effects Identification (Con't)

Type of Maintenance Task

_Poteniial Failure-
& &g 5 - —

Potential Effect

6.) Working m confined space

6.1) Spark/Ingition within fank sump

6.1.1) The fire'explosion within tank sump, operator is
stuck i sump and dead evenmally’ Property damaged

§.2) Oxegen in confined space 1= mn out

§.2.1) Operator lose consciousness and dead evenmally

7.) Working related crane operation

1.1) Sling is torn during removing 11'G tank

111 U/G tank swing & It people nearby and cavused
the dead’ Property damaged

1.2) Crane coliapsed while lifting UYG tank

7.2.1) Crane/tank fall down & lut people under and
caused the dead’ Property damaged

1.3) Tank/signage pole swing during lifting

7.3.1) Tank swing & hit build/operator caused property
damaged/death
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After the potential failure modes and their effects identified. next is to find out
the potential root cause and solutions. All potential and possible causes for each failure

modes were listed by applying the Fishbone Diagram.

“The fishbone diagram is an analysis tool that provides a systematic way of
looking at effects and the causes that create or contribute to those effects. Because of
the function of the fishbone diagram, it may be referred to as a cause-and-effect
diagram. The design of the diagram looks much like the skeleton of a fish. Therefore, it
is often referred to as the fishbone diagram.”
http://quality.enr.state.nc.us/tools/fishbone htm

This analysis tool works well and efficiently with brainstorm activity. In this
study, the potential root causes eame from brainstorm activity among experienced
people in maintenance field such as SHE manager. Account Manager, Contractors’

owner. etc. All potential root eauses are classified into five groups as following:

e Man

e  Machine
e Material
o  Method

s Environment

According to filteen potential failures illustrated in Table 4-3, the potential root
causes for each failure are demonstrated by applying Fishbone diagram as following:



Figure 4-2: Fishibone Diagram of Scaffold Collapsed
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Figure 4-3; Fishbone Diagram of Tool Fallen from Scaffold
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Figure 4-4: Fishbone Diagram of Basket of Cherry Picker Hit Building/Signage
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Figure 4-5: Fishbone Diagram of Spark from Electrical Short-circuit
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Figure 4-6: Fishbone Diagram of Spark from Enocking/Gninding tasks
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Figure 4-7: Fishbone Diagram of Spark from Trenching/Excavation
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Figure 4-8; Fishbone Thagram of Saw Blade Broken
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Figure 4-9: Fishbone Diagram of Produet Spilled while cleaning U/G Tank
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Figure 4-10: Fishbone Diagram of Spark from Static Electricity
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Figure 4-11: Fishbone Diagram of Paint Gets into Body
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Figure 4-12: Fishbone Diagram of Spazk within Tank Sump
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Figure 4-13:

Fishbone Diagram of Oxegen in Tank Sump uns out
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Figure 4-14: Fishbone Diagram of Sling Torn while lifting U/G Tank
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Figure 4-15: Fishbone Diagram of Crane Collapsed while lifting U/G Tank
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Figure 4-16; Fishbone Diagram of Tank Swing During Lifting
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According to Fishbone diagram of seven maintenance tasks, all potential root
causes of each were screened out in order to keep focus on the key potential root
causes. The criterion for screen out the weak root causes is to consider the severity,
occurrence of its effect. Finally, team came up with thirtv-two potential root causes
from fifteen failures modes.

These failure modes and their potential root causes were processed in further
analysis process by applying Failure Modes and Effects Analysis technique (FMEA).
By this technique, the level of severity, occurrence and detection will be rated in order

to evaluate the risk priority of each potential root cause.

Before conducting Failure Modes and Effects Analysis. rating criterion needs to
be established. Generally. rating scale of ten is widely applied in FMEA. However,
there are some studies which applied different criterion of rating scale. For example, in
2005 Kittipong applied FMEA with rating scale of five in his study of “Safety
Management System for Hazardous Substance Transportation based-on Risk Analysis™.
In this study, after considering the incident data (See Table 3-1) and found the five

categories of incident severity which are generated customer are composed of:

. Near Miss

. First Aid

. Worse than First Aid (Medieal treatment)
. Lost Time

. Fatality

Then, in order to match with criterion established by customer, rating scale of
five seems to be the most appropriate with this study."The criterion for each rating scale
is illustrated as following Table 4-4, 4-5 and 4-6.
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Table 4-4: Rating Criterion of Severity

Ranking Description Definition
1 Very Minor  [No injury or Financial loss is less than 1000 THB
3 s Minor injury (First Aid Treatment) or Financial
loss is between 1000 THB and 5000 THB
Injury (Medical Treatment), Leave from work less
3 Moderate than 24 hours or Financial loss is between 5000
THB and 20000 THB
Injury (Medieal Treatment), Leave from work
4 Major more than 24 heurs or Financial loss is between
20000 THB and 50000 THB
F - Injury with loss of organ.death or Financial loss is
5 Very Major d
more than 50000 THB
Table 4-5: Rating Criterion of Occurrence
Ranking Description Definition
1 Very Low 0 occurrence within past 3 years
2z Low 1 occurrence within past 3 years
3 Moderate 2 occurrences within past 3 years
4 High 3 occwrrences within past 3 years
5 Very High more than 4 occurrences within past 3 years
Table 4-6: Rating Criterion of Detection
Ranking Description Definition
1 Very High The defect is obvious detected
2 High Conirols in place and small chance for undetected defect
3 Moderate Controls in place but small chance to detect defect
4 Low Controls in place but not generally detect the defect
5 Very Low The defect is not detectable

For rating criterion of Severity, team decided to take financial issue into account
even go far the case company did not focus on financial impact so much, just emphasis
in impact to operator. However, with this criterion, it went well with case which does
not have any impact to operator but have significant impact in property damaged like

the incident at Nakornpathom.
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For rating criterion of Occurrence, even the case company has provided
maintenance service for the case client since 2001, the data related to incidents for the
first four vears is not completed and not kept as formal format. Therefore, incident data
for this study is based on incident occurred during vear 2005 — 2007, Also, regarding to
Table 3-1. the incident rate since 2001 is not big number, so the criterion as in Table 4-

5 was found as the best suit for this study.

The Failure Mode and Effect Analysis for five failure modes and their twenty

potential root causes are illustrated as following Table 4-7
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Tahle 4-7: Failure Modes and Effects Analysis

FMEA Number: XXXXX
Page 1 of 10
Process Name:  Workine= at Hei=ht Design Responsibility:  SHE Manazer. Contvactor's Safety Officer Prepared by: Karun P,
Core Team: SHE Managzer, M&R Field AManazers, Site & Safety Committes FMEA Date (Orig.) 53-8 Ferv.
person & Contractors’ safety officer
Expected
Process O D o 5
Potential Potential 5 | Potential Causze(s)' | ¢ S Teaida e | K.
B E Effect(s) of e | Mechanism(:)of c : 5 t | P. | Recommended Action(z) Rezponsibility 5|le|e R
Failure Mode iy 7 Controls ? e e t | P.
Failure v Failure u e | N, 5
Function r 3 W | A
r|e
i Frovide ranung 1o ensure
Unannounced Site : 2
Vst e L zeting qualified worker &
" Seaffold Warker fall down | | Unsafe Act of e i . Implement Intemmal Loss | SHE Manager, FMs | _ "
/ g at Hi : . 5 - - 3 G : : ; pa B | |
Workmg af Heght Collapsed and die Worker on scaffeld i PIE‘H,:IDD L Prevention Observation & Safety Officers ¥ 9
Obsarvation by ; ._ F
MMER Field managers e s
i - Work Anthonty System
Working Conduet safety committes
Improper Frocedure Procedurs/T5A to review working Safety Committee
5 | (During remeving 2 conducted by 3| 30 | procedwra/TSA gansrated & contractor's 5 1 5
seaffold) contractor & revied by contractor and set as Safety officer
by SHE Manager standard:zd procedure
Frovide traming to ensure
Seaffold not meet Checklist § zetang qualified worker & | SHE Manager &
5 | standard {Mo whael | 4 SRR B 2 | 20| Implementvinternal Toss | Contractor'sSafery | 5 | 2 | T | 10
5 working at height : - :
locker) Pravention Obsaivation officer
{ILPOY
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Table 4-7: Failure Modes and Effects Analysis (Con't)

FMEA Number: AXXXX
Page 2 of 10
Process Name: Workine at Hej=ht Design Responsibility:  SHE Mana=er, Field AManazer Prepared by: Karun P.
Core Team:_SHE Manazer, M&R Field Manazers, Site & Contractor's Safety Officer FMEA Date (Orig.) 13308 Rev, 0
person & Contractors' safeiyv officer
Expected
Process o D i
Potential Potential % | Potential Causze(z)(| e ClrititDisini e | B
Fail \;: d Effect(z) of Mechanizmys) of c - Controls % t | P. | Becommended Action(s) Responsibility 5|« e | R
arure Aloge Failure ¥ Failure u S e | M. g e 2 E
Function r e o | Bt
r| e
. » Prowide traming to ensure
Unapnounced Site e ified woker &
ks Fallen stuf€ hit - 4 B Visit & Loss EIE' .Fj“‘_‘l"'; _“"tL__ = ™ | SHE Manager, FMs
Working at Height| oo people nearby O e~ Frevention Al B e e & Contractors' 4 (2216
from Scaffold R Worker on seaffold 4 Fravention Obzarvation :
caused mjury Obzervation by =t safery officer
MG el i ers (ILPO) & Eeorganize
1 Y/ jil b Work Authority System
Frovide training to ensure
Scaffold not meat i getting qualified worker & | SHE Manager, FiMs
. £ Checklizt for ] - B = ;
4 | standard (Mo Toe | 3 i I |"20 | Implement Internal Loss & Contractors 411114
X working at height - ] : ;
plate] Pravantion Observation safety officer
(ILPO)
Frowide training to ensire
Mi=c nicat 2 8 8 Zettl ualified worker & |
Basket of 2 Lk r=rerp Work Authenization _ern.u:_E i e L i SHE Manager, FMs
Werker fall down | _ | between worker on - | Implemsent Internal Loss ] : o o
Cheny picker A 5 e 3 System {Only for 3 | 45 : 5 ; & Contractors 5 2 2 |10
hit bildin and die seaffold & M/C SR S Fravention Observation L
1t blding IR CUDEIVISOL) (ILPO) fReormaize safery officer
Work Authonty Systam
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Table 4-7: Failure Modes and Effects Analysis (Con't)

FMEA Number: IXEXXRX
Page 3 of 10
Process Name:_ Workinz related to Fletricity Dezign Rezponsibility:_Account Manaser, Project Maga=er, SHE Manaser Prepared by:  Karun F.
Core Team:_ SHE Manager. M&R Fisld Managers, Site & Contractors' Safety officer FMEA Date {Orig.) 15302 Rev.
perzon & Contractors' safery officer
Expected
Process 0 D | &
Potential Potential 5 | Potential Canze(z)/| < Cirvent Desicn e | R g 2
Failure Mode Effect{z) of e | Mechanizmiz) of | ¢ : ('untrul: 9 t | P. | Recommended Action(s) BResponsibility vlllic )
. Failure v Failure i \ e | M. el 2 :f.
/ Function r € Ll el s
r ©
Worki latad Spark from Zolosion i Dietenovated Conduct Preventive A - &
n;lEj;jiE;f Electrical shoxt "EP;;].';:_'[ e 5 Wire/Elactrical - Ho.eontrel 5 | 100 | Maintenance for electrical 'h;:;t: ‘Ei=ir" 52| 2|20
e circnit e deviges syztem m Petrol station Lt
%1 e Provide framing o ensurs
. e [eT— getting qualified worker &
5 o EhEJ'. i c s L.Ms Implement Intermnal Loss | SHE Manager, FMs 3 =
5 electrical line & 5 Pravention 4 | 100 e 2 5| 3| 3|45
e Ot T Prevention Observation & Safoty Officers
e MET fieldmaui.m" (ILPO) & Reorzanize
BE Joa Work Authority System
= J::ugl::m,:,a Tdent®y the requrad SHE Committee &
B I__azk Pl;u";a:::u"r 2 No control 3 | 50| equipmentsin working | contractor's Safery [ 3 | 1 | 1 | 3
|:1='I'i<: % = procedure J54 officar
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Process Name: Workinz related to Hot Worl

Table 4-7: Failure Maodes and Effects Analysis (Con't)

Core Team:_ SHE Manaser, M&R Field Managers, Site

person & Comtractors” safety officer

Dezign Rezponsibilicy: SHE Magazer, Field Mapazer

& Contractor’'s Safervy Officer
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FAEA Number: XXXXX
Page 4 of 10
Prepared by: Karun P.

FMEA Date (Orig.) 153408 Bev., 0

Expected
Process o D o | 5
Pttt Potential 5 |Potential Canzefs) | ¢ e et Dt e | B g R
5 Effect(s) of e | Alechanizm(s) of 4 : & t | P. | Recommended Action{z) Responsibility g < :
Failure Mode : : Controls = 8 ¢ t | B.
Failure ¥ Failure u e | N
! Y v u e | N,
Function F £ s =
Fevize Working :
Working related Spark frem ExplosionTue = .Iu:ufﬂc..e_::x 7 = | 4. |Procedure/T5A by identify SHEE F s = 5
B Enocking 5 [Equipment (Neo Gas | 1 o coutral 3 | 25 : confractor's Safety | 5 1 5
to Hot Wark R inctdent the required equipments
Grinding work Dietactor) officer
for such work
. o Provide training to ensure
Unannounced Site : B
— zetiing qualified werker &
. isit & Loss ; z
Mot Zas ; Irmplemen mal Loss iF M= FMs |
; g ::‘ check =.:I. 3 i e s 4l 50 ple ? tIuFe mal -|:-5 SHE Manager .F"'-f[ 5 3 3 | 30
befores working : Prevention Obsarvaton & Safety Officers
PETIL Y (ILFQ) & FRaorganize
ME&R Field mar 1 4 e
ERS PN Work Aunthority System
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Process Name:Working related to Trenching

Table 4-7: Failure Moiles and Effects Analysis (Con't)

Core Team:_SHE Manager, M&R Field Managers, Site

Design Responsibility: SHE Manazer, Field Manager

& Contractor’s Safery Officer

FAEA Number: XXXXX
Page g of 10
Prepared by: Karun P,

FMEA Date (Orig.) 15May-08 Rev,

eeccou & Coptraciors cafery officer
Expected
Process 0 D
Potenitial Patenrial % | Potential Canze(s) | ¢ Pon. T R e | K. oD
- : Effect(s) of e | Mechanism(s) of ¢ N t | P. | Recommended Action{s) Responsibility Sle|e R
Failure Maode = 4 Controls 3 e | e i | P.
Failure v Failure u e | N i
v iun|e |N
Function > q
r| e
- ; Frovide trainmg to ensure
WSy ceQ S getting qualified worker &
Woricme reldied Sp_a:l-c s ExplosionFrre HNot check zas 4 i ITG:: i -T_t:pL;EEE: Internal Loss |SHE Manager FiMs | _ _,
te Trenching / Weldmg ! 5 i 2 Prevention 3|30 ; : : 5 1|10
; meident bafore workme Pravention Observanion & Safery Officers
Execavation Grmdmg Observation by i }
; (ILE(Y) & Feorgamize
MER Field managers ol s
Woik Autherity System
Working Conduet safety comnuttes
Impropar Procedure Procedure/ISA to review workmg Safery Committes
5 | (ot state Cooling | 2 conducted by 3 | 30 | proceduraTSA gzenarated & contractor's 5 1 5
zround process) contractor & revied by contractor and set as Safety officer
by S5HE Manage: standardizd procedure
Gk A Revise Weorking procedws | Safety Committee
‘J:;;' Bklade hjmt} i Towsar 5 | Deteriorated Blade | 1 Mo Control 5 | 25 /J5A by state the process & coniractor's 5 1 5
izl P of aquipment chack Safety officer
Ssive b v Fevize Working procedws | Safety Commities
5 N\ 4 £ 1 Mo Control S0 25 | V754 by state the process & contractor's 5 I |5
logzely mstalled i 5
of equipment check Safety officer
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Tahle 4-7: Failure Maodes and Effects Analysis (Con't)

FMEA Number: IXNXX
Page 6 of 10
Frocess Name: Working relared to Chemical zubzrance Design Responsibilicy: SHE Manazer, Field Manager Prepared by: Karum P.
Core Team: SHE Manager, M&R Field Managers. Site & Cg 15 Safety O FMEA Date (Oriz.) 17002 Rer.
perzon & Contracrors' safety officar
Expected
Process . . y s o|D
Poential Potential 5 | Potential Canze(s) | ¢ c ¢ Desi e | R
.D T Effect({z) of e | Machanismis) of « o g t | P. | Recommended Action(z) Responsibility § £ e R
Failure Mode ; f : Conrrals g e | ¢ t | P,
Failure ¥ Failare u e | M. =
v | un| e |N
Function 3 y -
TUnannounced Site Provide maming to ensure
Working velated Prodiict spidled Drilomtiatd Visit& Loss getting qualified worker &
o Chemical 5_ = 5 dd int ExplosionFire 5 e i F i h'o " Prevention s | Implement Intornal Toss | SHE Manager, FM= | _ 1 .
hazardous .-e;l::;i:m £ incident A [ 'D]LJE:;.": o Observation by Prevention Observation & Safety Officers | E
substance : r F 3 &R Field (ILPO) & Faorganize
mANAZErs Work Authenty System
- P i Working Conduct zafety commuties
,f.\P‘-_; iz:;b:' c:b;-a FroceduaT5A to raview working Safety Committea
5 [3° T ][ cenducted by 3 | 30 | procedure/TSA zenerated & Contractor’s 5 | A 5
o -E?c:.t‘:;gwata" contractor & revied by contractor and sat as Safety officer
- oy SHE hanager standardizd procedurs
Working Conduct safaty commities
] rope dh : ’ i
u?ia;}]:i::a it Fanlosion ]:1,.'1:1_1::: Zf;;f;zc:b:l? ProceduraT5A to review working Safety Comunuties
stats city xplasien / I tion abow
e ‘\-ietﬂr- ':[:f-'o'utmu 5 l‘i.nsla"'in' e 2 conducted by 3 | 30 | procedureTSA zenerated & Contractor's 5|1 5
= 'L: _t 2 e el 5 _: gl\ : contractor & revied by contractor and et as Safety officer
= g+ by SHE Manager standardizd procedure
Unanneunced Site Provide fraining to ensure
Visit & Loss zetfing qualified worker &
¢ | Wotinstall ground | Prevention P Implement ntemal Loss  |SHE Manager, FMs | _ . 3 |30
B sy stam p Observation by Prevention Obzervation & Safety Officers | ~ | ~ g
MER Field {ILPD) & Faorganize
ANA FErs Work - Autheonity Svstem
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Tahle 4-7: Failure Modes and Effects Analysis (Can't)

FAEA Number: XAXKX
Process Name:  Working related to Confined space Desizn Responsibility:  SHE Maunazer, Field Manaser Page T of 10
& Clhemical substance & Contractor's Safety Officer Prepared byt Karum P.
Core Team:__SHE Manager, M&R Field Manazers, Site FAEA Date (Orig) 153003 Rew.
perzon & Contractors' safery officer
Expected
Process o 0 -
j Potential Forential % | Potemtial Cauze(s)| e & ot Bein e | K. Sl
! : Effect{s) of e | Mechanizmis) of c B t | P. | Recommended Action(s) Responsibility Sle|e|R
Failare Mode x P Controls % e | e t | P
Failure v Failure (i e | N, o
Function r c vi[u]e|N
r| e
Unannounced Site Provids training to snsure
Working ralated Operabin ailfred Visit & Loz=z getting qualified worker &
to Chema Paint gets i i e evRnil nent Internal Loss HE Manager, FM:
o C"eu} cal int gets mnfo T 4 | proper PBE (Unsafe | 2 .Prema_u.unn 3 | 14 Imp[eu_lf_ut nternal ]'.:o S‘IE. lanager, FAL sl1l2]3s
hazardous body a Obzervarion. by Prevention Observaton & Safaty Officers
substance Y M&R Field {ILPO} & Reorzanize
managars Work Anthonty System
Unanmounced Sate Provide fraining to ansue
Vimit & Loss zetting qualified worker &
Jorking v ! rithi osron/Fir i ot et lement Internal Loss Manager, FMs | |
W cﬂmjg 1e_1ated Spark withun E!:p.l ton/Fire 5 Hint check s o) Prev ention 3 |ag Implement Interna I_:c SHE {ar. gt—l; FM s | s |10
to Confined space tank sump incident Observation by Prevention Obzervation & Safety Officers
ME&R Field (ILPO) & Feorzamze
managers Werk Authonty System
; Working Conduct safety commuties
Improper Porcedurs e . :
o Procedure T5A to review working Safety Commities
B (R i 2 conducted by 3 | 30 | precedure/J3A zenerated & contractor's 5|1 1 5
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Table 4-7: Failure Modes and Effects Analyvsis (Con't)

FMEA Number: AXEXXN
Page 3 of 10
Proceszs Name:_ Working related o Confined space Design Responsibilicy: 3HE Mapg=er, Field Mana=er Prepared by: Karun P.
Core Team:  SHE Manaszer, M&R Field Manazers, & Contractor's Safety Officer FAEA Date (Orig.) 133522 Rev, 0
% ik Cante ' satsty sfficar
Expected
Process o D il
Potential Potential Potential Caunse(s)/| ¢ it Dedten e [ K. g R
: Effectiz) of AMechamizmis) of ' < 4 € t | P. | Becommendad Action(s) Eezponsibility ¥ X 2
Failure Mode 3 3 Controlz 3 & c t | P.
Failure Failure u e [ N, -
A v |u|e|N
Function o -
r|c
Fevise Werking :
= SHEC ttee &
Workmg related | Oxezen m tank | Unconcious an Mo Aw supply /& - - | Procedure/T5A by wdenndy Dmfr'] Ef i %
1 Mo control 5 |25 : : contractor's Safety | 5 1 1 ]
to Confined spacs | sump mm out death respirator the required equipments officar
for such work E
Waorking Conduct safety committes
Improper Procedure Procedurs T54 to raview working Safety Commuties
(Mo five watch a3 conducted by 3 | 45 | procedura TSA generated & contractor's 5 1 1 ]
parson) confractor & reviad by tontractor and set as Safsty officer
by SHE Manager standardizd procedurs
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Process Name:

Tahle 4-7: Failure Mnodes and Effects Analysis (Con't)

Working related to Crane Operation

Desizu Responsibility:

SHE Manazer, Field Manazer
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FAMEA Number: XXX
Page 9 of 10
Prepared by: Karun P.

Core Team: SHE Manazer, M&R Field Managers. & Coptractor's Safery Officer FMEA Date (Orig.) 15-Maviz Rev, 0
Sits person & Contractors' safery officer
Expected
Process 0 D il
Potential Potential 5 | Potential (.'au; elsl | Corbet Desien e | K. o = |
. Effect(z) of e | Mechanizmisjof | ¢ % t | P. | Recommended Action(z) Re:pounsibility :
Failure Mode ; . Controls " e | e t | P
Failure v Failure ] e | N, E
Function 1 2 il wl
/ r|e
v Sling torm Tank swmg and Fevise Working procedurs | Safety Comnuttes
Working il | ra lilins | hiwvarket nearky | 5 | Cotndedill . o Counttol 5 | 50 | /TSA by state the process | & comtractor's | 5 [ 1 5
e ope .'I.1.'I-.1..1.§. lifting t worker ne a} ¥ | 3 crroded Sling z o Control 5 | .5 Ay s ate the process & contras v-:-: 3 5 5
UG tank caused death of equipment check Safety offices
Werking Conduct safaty commities
Improper Porcedurs Procedura/TSA to review workmg Safety Committes
5 | Me mention about | 2 conducted by 3 | 20| procedure/TEA zenerated & contractor's 5 1 1 5
restricted arsa contractor & revied by contractor and set as Safety officer
by SHE Manager standardizd procedure
Unanncunced Sitz Provide maming to snsure
Visit & Loss zetting quahified worker &
5 Met check weaght of - Prevenfion S Implement Internal Loss | SHE Manager, FMs : 1 . s
load Obzervation by Prevention Obzervation & Safaty Officers
MER Freld (ILPO) & Reorganize
[ANE ZErS Work Anthonty System
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Table 4-7: Failure Modes and Effects Analysis (Con't)
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FMEA Number: XXX
Paze 10 of 10
Process Name:_ Workip=pelafed fo Craps Ciperation Design Responsibilicy: SHE Manazer, Field Manager Prepared by: Karun P.
Core Team:_SHE Manager, M&R Field AManasers, & Contractor's Safery Officer FMEA Date (Orig.) 15-Mee-03 Rev., 0
Site person & Contractors’ safery officer
Expected
Process o D ol
Potiaiial Potential 5 | Potential Cause(z} | ¢ ¢ Desi e | K.
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r| e
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durmg liffing hit opevator 5 |[Impropsr mstallation| 2 2| 10 Contractors’ safety 5 1 1 5
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According to Table 4-7, it demonstrates the failure modes and their effects. The
table also. provides the potential root causes, current controls, recommended actions,
along with the Risk Priority Number (RPN). Even the case company would like to take
all recommended action into account; it seems to take a lot of time and can not be
finished during the period of this study. Therefore, some trivial issues were sorted out

and the majorities were focused.

The principle that is applied for sorting the outstanding issues is Pareto
principle. By Pareto diagram, the RPN data from FMEA are converted to be the bar
chart as demonstrated in the following Figure 4-17.
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According to Pareto chart in Figure 4-17, it obviously shows that there are four

major potential root causes for seven categories of M&R tasks, consisting of’

« Operator not follow working procedure
* Inappropriate working procedure
e Unsafe act

¢ Deteriorated Equipment/Materials

Therefore. in this study these four potential causes will be focused and the
potential actions to cope such causes will be developed in order to enhance safety
performance. In next chapter. the recommended actions will be proposed. However, for
the proposed action related to preventive maintenance program, this study will not go to
the deep details of its scope due to time constraint. So. it will be left for responsible
person like Account manager and Project engineer to study further about scope of

preventive maintenance program.

Moreover, there are some concerned issues which seem to be the weak point
such as incident investigation procedure and training system. Even these issues were
not resulted from the analysis. it 15 obviously found as obstacle for safety performance
enhancement. So, the recommended incident investigation procedure and training
system will be proposed in next chapter m order to in order to make this study more

effective.
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CHAPTER V

PROPOSED SOLUTIONS AND IMPLEMENTATION

5.1 Introduction

In this chapter, the results/gaps from analyzing both current safety management
system and past incidents will be converted to the recommended actions and procedures
which the study team would like to propose in order to minimize or even close such
gaps and enhance safety performance of the case company, client and contractors, as

well.

5.2 Work Authorization System
s Objective

To ensure that all eperators who perform maintenance service at petrol
service station are qualified according to mandatory safety requirement.

(Safety for operation level & Safety for supervisory level)

s Scope

Work Authorization System shall be mmplemented to all subcontractors’
operators who perform maintenance service at Client’s petrol service

station.
¢ Definition

| Work Authorization eard (Level 1) refers to a license for person
who 1s qualified according to safety requirement for operation
level. The holder 1s allowed to perform maintenance service at
petrol service station.

b. Work Authorization card (Level II) refers to a license for person
who 1s qualified according to safety requirement for supervisory
level. The holder 1s allowed to perform maintenance service at
petrol service station and able to conduct safety training program

(Operation level) for subordinates.
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« Responsibility

o

SHE specialist is responsible for conducting the paper tests for
both operation level and supervisory level and evaluating the
testing result.

Account administrator is responsible for preparing place and
materials for safety paper test.

Subcontractors® safety officers are responsible for updating the
operators’ name list fo SHE specialist and monitoring the valid
period of each work authorization card, as well.

All subcontractors’ operators who perform maintenance service
at petrol service station shall be qualified according to safety

requirement for operation level as minimum.

* Procedures

The procedures for issuing work authorization card (Level I) and (Level II)

are shown as following Figure 5-1 and Figure 5-2, respectively:

For operation level (Level 1), subcontractors” safety officers shall
notify SHE specialist to request for safety examination for new
operators or card-expired operators. Basically, new operators
should get the safety training from their supervisor or Safety
officer.

For supervisory level (Level II), subcontractors’ safety officers
shall notify SHE specialist to request for safety training program
for the nmew enmployed supervisor/safety officer or the refresh
program for card-expired supervisor.

Account Administrator shall contact subcontractors at least one
week in advance to notify ‘the training date (Level II) or the
examination date (Level I) and prepare place and related
materials.

SHE specialist conducts training program/exammation and
evaluates the result for both levels.

Once the testing result was announced, the one who fail the test
shall attend retraining program (Level II) or retest (Level I) until

pass.
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f. For the one who pass the test, SHE specialist shall issue Work
authorization card which is valid for two vears.

« Related document

a.  Work Authority Card (Figure 5-3)

AONUUINYUINNS )
ANRINITNAIMENAY
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Figure 5-1: Process of Issuing Work Authorization Card (Level I)
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Figure 5-2: Process of Issuing Work Authorization Card (Level IT)
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Figure 5-3: Work Authorization Card
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5.3 Safety Training System

Form the result of past incident analysis, Safety training is the crucial issue
which shall be provided appropriately for both direct emplovees and subcontractor. In
this section, safety training system is revised in order to be proposed and implemented,

accordingly.
¢ Objective

To ensure that all levels from subcontractor to emplovees involved in
maintenance of petrol service station are equipped with the knowledge,
skills and regulatory requirements to e¢liminate work-related injuries and

illness and to promete a safe and healthy environment.
*  Scope

Safety training system is provided for all project members and

subcontractors who involve in maintenance of petrol service station.

* Definition

b. Subcontractors who participate in safety traiming conducted by
the case company shall be in the supervisory level such as safety
officer, supervisor, elc.

e. Safety training program refers to program for training the trainer,

not operator.
¢  Responsibility

a Account manager is responsible for specifying the safety training
requirement for -all project members and subcontractors and
ensuring that adequate training takes place.

b. SHE specialist 1s responsibility for conducting the annual safety
traiming plan and keep update the information for reporting to
Account manager. SHE specialist also plays the role in
conducting safety orientation for new project member and safety

training program.
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o

Account administrator is responsibility for contacting and
making appointment with all concerned parties, preparing place
and materials for safety training program.

All project members and subcontractors are responsible for
participate the safety training programs according to safety

training requirement for each position.

¢ Procedures

Safety training procedures shall be in compliance as per Figure 5-4.

o

h.

SHE specialist conducts annual safety training plan regarding to
safety training requirement set by Account manager

The safetv training plan shall be reviewed and endorsed by
Ageount manager in order to ensure that the adequate training
programs are provided.

After endorsement. SHE specialist shall communicate the annual
safety training plan to all concerned parties in advance.

All concerned parties who are interested in attending safety
training eourse shall notify their intention to SHE specialist.

After consolidating list of attendees, SHE specialist shall arrange
the actual schedule of training course and communicate to all
concerned parties.

Then, Account administrator shall support SHE specialist by
preparing place and materials for training program.

SHE specialist conducts the traming program. Afier the
completion of each program, trainees shall be evaluated by paper
lest.

The evaluation result shall be reported to Account manager and
trainees’ supervisor ( For subcontractors). Also, the result shall be
updated into individual training record by SHE specialist (only
project member)

For attendees who failed the test, shall re-attend safety training

course and re-test until pass the test.

In case of additional request for safety training program, the requester

shall notify SHE specialist with some detail. And then, 1ssue 1s raised to

Account manager for review and endorsement.
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« Related Documents

a. Individual Training Record Form (Table 5-1)
b. Training courses (Table 5-2)

AONUUINYUINNS )
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Figure 5-4: Safety Training Process
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Table 5-1: Individual Training Record Form

Individual Training Record

Name Department
Position Employment Date
o r Date Training Trainers Signature/
Training Program Evaluated Result Completed Supervisor Signature Remark
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Table 5-2: Training Courses

. . . B ok ochio Artendees
Training Course Organizer e i
- - Project Staff | Subcontractor
Defensive Driving (Client's Fequirement) Client Z yrs. Yes Some of staff (7)
. ey SHE ; ;
Work Authorization System e Xvrs Yes Some of staff
. Specialist -
Safety Regulation in Petrol Station i R 2 yrs Yes Some of staff
' Speecialist :
Emergency Response (Including First Aid. Fire SHE L - :
Extinguisher Using) Specialist N L SRt
Incident Investingation & Reporting Guideline P 2 yrs Yes Some of staff
Working at Height SRl - Yes Some of staff
; i SHE & >
Operation of Crane = - Yes Some of staff
Hot Work SI_E. & - Yes Some of staff
Specialist
SHE &
Electrical Worl S % Yes Some of staff
Specialist
Confined Space Entry B & £ Yes Some of staff
¥ Specialist
Working with Chemical Substance ,SSHE '5“ . Yes Some of staff
Specialist

(¥} Couse is conducted by SHE specialist
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5.4 Internal Loss Prevention Observation

Loss Prevention Observation (LPO) is one key activity which purposes to
observe the way operator performs maintenance task at service station and then, discuss
with operator about improper things and the improvement. So far, this activity has been
implemented in between project member and subcontractor. Due to workload, project
members sometimes can not perform LPO as it should be especially when
subcontractor perforim at service station far away from the case company office. By this
gap, it is more likely for operator to feel more comfortable and not comply with the

designed work procedure. Consequently, the nnsafe act may lead to the occurrence of

incident.
¢ Objective
To ensure that all maintenance operators act safely and comply with the
designed working progedure properly during performing maintenance tasks
in service station.
*  Scope

Internal Loss Prevention Observation (ILPO) shall be implemented to all
subcontractors who perform high risk/medium risk tasks within service

station.
¢ Definition

4. Intemal Loss Prevention Observation (ILPO) refers to activity for
observing the working behavior of @ subordinates/colleagues while
performing maintenance tasks at service station. This activity 1s
conducted by subcontractor itself.

b. High risk tasks defined by client refer to tasks related to confined space
entry, hot work within hazardous zone. trenching & excavation and
lifting by crane operation.

¢. Medium nisk tasks defined by chent refer to tasks related to working at
height (more than 1.8 m.), electrical, hot work outside hazardous area

and wasted o1l removal.
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Responsibility

SHE specialist is responsible for setting ILPO target for each
subcontractor. Once ILPO report with questionable issue submitted,

SHE specialist shall bring it into meeting with safety committee.

b. Safety officer is responsible for assigning supervisor/operators to
perform ILPO as per target given and also. consolidating report and
submit to SHE specialist.

¢. Subcontractor is responsible to perform ILPO.

d. Safety committee is responsible for review ILPO report regularly and
find out the selution for questionable issue.

Procedures

The ILPO process shall be compliance with the following Figure 5-5

h.

SHE specialist shall set the ILPO target for all subcontractors who
perform high/medium risk tasks and communicate this set target to all
concerned parties.

Safety officer shall assign supervisors/operators who have been trained
in LPO course to perform ILPO. On the other hand, safety officer may
perform by herself.

In performing ILPO, the observer shall make appoint with the observed
operator in advance. When ILPO completion, observer shall discuss and
summaries the good things and questionable issue with the observed
operator. And then. observer conducts report to safety officer.

Safety officer consolidates the ILPO report and submits to SHE
specialist regularly.

SHE specialist shall review the submitted report and sort out the report
with questionable issue and then. bring it to meeting with safety
committee.

Safety commitiee shall review the ILPO report with questionable 1ssue
and find out the root cause along with potential solution.

SHE specialist shall communicate and implement the solution to all
concerned parties and keep record.

After implement the solution, Safety officer shall keep observe the
operator who caused the questionable 1ssue and then, report the new
ILPO to SHE specialist.
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« Related Document

a. Hazardous zone (Figure 4-1)
b. Loss Prevention Observation Form (Figure 5-6)

AONUUINYUINNS )
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Figure 5-5: Internal Loss Prevention Observation Process
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Figure 5-6: Internal Loss Prevention Observation Form
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5.5 Safety Operation Procedure Issuance System

Safety Operation procedure is the one which its gap is shown in both analysis of

current Safety Management system and past incidents. It was found that the potential

root cause is from an inappropriate system in conducting safety operation procedure for

each task. As already mentioned in previous chapter, the existing system is to allow

subcontractors generate the safety operation procedure by themselves, and then, submit

procedure to SHE specialist for review and approval. Therefore, it is more likely to find

subcontractors perform the same task in the different ways.

Objective

To provide a system for generating Safety Operation procedure in order to
ensure that subcomtractors perform maintenance task by following the

standard procedure.

Safety operation procedure issuance system shall cover all high risk
maintenance tasks such as tasks related hot work, electrical, confined space,

excavation and working at height.

Definitions

Job Safety Analysis (JSA) refers to safety operation procedure
which is provided for the specific task. JSA for high risk tasks
shall be reviewed by safety committee and endorsed by Account
manager.

Safety commuittee is responsible for review JSA. The committee
shall be consisted of SHE  specialist, Field engineer,
subcontractors’ representative. In some cases. the specialist in
some specific area of work may be mnvited to mvolve the

meeting.

Responsibility

Subcontractors are responsible for drafting the JSA for new task

and completely comply with all implemented JSA.
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o

SHE specialist is responsible for sorting JSA for high risk tasks
and communicating the endorsed JSA to all concerned parties.
Safety committee is responsible for reviewing and correcting the
proposed JSA.

Account manager is responsible for review and endorse JSA

which is reviewed and corrected by Safety committee.

Procedures

The safety operation procedure issuance system can be followed as
Figure 5-7.

o

When the new maintenance program is planned to implemented,
subcontractor must draft JSA and submit it to SHE specialist.

In case. subcontractor would hke to propose the new way to
perform task, subconiractor shall draft JSA and submit it to SHE
speeialist.

Once SHE specialist got the submitted draft JSA, she shall
review the potential risk. If high risk, she shall call safety
committee for the meeting.

Safety committee reviews the subnutted draft JSA. If they find
some unsafe steps. they may adjust or even reject JSA. Also, if
they believe the existing JSA is better than the proposed one, the
change will not be allowed.

Omnce safety committee agreed with JSA proposed by
subcontractor, SHE specialist shall pass it to Account manager
for review and endorsement.

After endorsement. the new JSA must be documented and
communicated to all concerned parties by SHE specialist.

After the endorsement JSA is communicated, subcontractor can

perform task by following new JSA.

Related Document

a.

Job Safety Analysis, (JSA) form (See Figure 5-8)

106



Low Risk

Figure 5-7: JSA Issuance Process

Subcontractor

Draft JSA and submit to
SHE specialist

l

SHE specialist

Review the potential risk
(High risk or not)

High Risk

¥

Safety committee

Review the proposed JSA

Accept

v

Account manager

v

Review & Endorsement

v

SHE specialist

Communicate the endorsed
JSA to all concerned parties

L J

Subcontractor

Perfarm task by following

new JSA

Reject

Subcontractor

Use the existing JSA

107



ype of Work:

Figure 3-8:; Job Safety Analysis Form (JSA)

Revision:

108

Page Na.

Development Team

IRevEewed By Safety Committee:

Position /| Company

|Effective Date:

Personal Protection Equipment and Tools for this job

IHARD HAT I\‘i‘DHH VEST ! LIFE VEST FHRHICADES IHEARING PROTECTION
SAFETY SHOES ' BOOTS IEAFE"‘I’ HARNESS IFIRE EXTINGLHSHER SAFETY BELT
SAFETY GLASSES IFACE SHIELD ILOEKDUT I TAGOUT JRESPIRATOR § GAS DETECTCR
JLEATHER { COTTON GLOVES IGGGGLES Il'l'DFlH PERMIT OTHER _
No. Working Steps Na. Potential Hazards Na. Hazard Elimination Actions
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5.6 Preventive Maintenance Program

According to Pareto chart in Chapter IV and past incident, it illustrated
obviously that the another cause of failure which had the high impact to client in terms
of financial and reputation is equipment deterioration. To minimize this kind of cause,
the improvement/change of work procedure may not be the right solution. Therefore,
the recommended action is to conduct the preventive maintenance program for site
equipments. However, there are a lot of equipments are available at service station, so it
may take a huge investment on maintenance program. Regarding to past incident and
the analysis. the one which highly required preventive maintenance program is
Electrical system especially electrical wire. The impact of deteriorated electrical wire
can range from short period of equipment shut down to Fire accident like the case at

Nakornpathom.

Last but not least, the equipment which may not be experienced the big impact
in the past but is very sensitive in term local regulation is underground petrol system.
So far, client has experienced the petrol leak case but the leaked amount may not
significant and not out of site area. However, if petrol leaks into environment nearby
without the notification of site person, people around service station who get an effect
from the leak may raise issue to local government. Consequently, client may be

punished by paying fine and its reputation is ruined as well.

Therefore, electrical wire and underground petrol system are two groups of
equipments that are proposed for getting preventive maintenance program. However,
the scopes of maintenances programs are not detailed in this study. It will be left for
Account manager who shall coordinate with Project engineer in order to find out the

scope of programs.

5.7 Implementation

This section 1s to illustrate the result from the implementation of proposed
solution. However, during this study period, there 1s only one action was implemented
which 1s Internal Loss Prevention Observation because of uncomplicated and easy to
understand. In order to get more efficiency of the implementation, only one contractor

was selected for this two-month implementation.
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Durning the implement period, sample contractor was assigned to perform ILPO

4 times aweek or 16 times a month. However, the result showed that contractor did not
meet the target by done only 15 ILPO for the first month and 13 for the second month.
The Table 5-3 below demonstrated the number of work orders and the nurmber of ILPO
which were classified into groups of maintenance tasks related.

Tahle 5-3: Mumber of Work Crder and ILPO dunng Implementation

| Maintenance Task

Height | Electrical | Hot work | Trenching | Chemical | Confined Crane
Number of WO 227 4 517 159 164 52 13
Number of ILPO 13 15 21 11 10 5
% Detection G.6% 6% 4.1% 5:9% 6.1% 1.9% 27.8%
Detection rating 4 4 4 4 4 4 4

During two month implementati on, there 13 no incdent occurred. However, ahove table

showed that the number of ILPO seems to he less than what it should he The portion hetween

the number of ILPO and the number of work order can be demonstrated as Detection ratio

which estimated around rating-4 regarding to Table 4-6. Mevertheless, the feedback from

sarmple contractor shows that most of ILPC done during two month came up with

questionable 1ssues as following:

o TTnsafe Act 18 cases

o Mot follow procedure & cases

o Deteriorated equipment 1 case

o Insuffictent equipment 1 case
s D/A 2 cases

From abowe list, it implies that this proposed action can help to mitigate nskin

incident ocourrence, On the other hand, this feedback dso demonstrates that most of observed

operators are still ungualified due to their unsafe behavior,
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CHAPTER VI

CONCLUSION AND RECOMMENDATION

6.1 Conclusion

To perform maintenance tasks within petrol station 1s quite risky and
complicated for operator who is not familiar with working among petrol vapor. It is
always found that many mcidents related to M & R works occurred by unqualified
persons. However, even the qualified and expericneed person sometimes made mistake
which causes the big loss to petrol station and operator himself. The objective of this
study 1s to develop Standard salety procedure for mamtenance of petrol station by
applying Failure Mode and Effecis Analysis (FMEA).

This study was done by gathering the wvaluable information from so many
experienced people such as SHE specialist, Field engineer, subcontractors’™ supervisor,
etc. These people have the same goal which is to raise the safety performance in

maintenance service for petrol station.

The study was started by review the past incidents in order to see the potential
root cause of each. And then. all mamtenance tasks related to targeted equipment

groups were listed. In this study. the focus was on two equipment groups:

1.) General equipments
2.) Petrol System

From both groups, it found that there is plenty of maintenance tasks related and
more than a hundred failure modes can be listed. After review .in detail of all
maintenance tasks and. their related failure modes. there-are many failures which are

similar to each other. All failures were grouped into seven categories as following:

1.) Failures related to working at height

2.) Failures related to electrical work

3.) Failures related to hot work (welding/Grinding/Knocking)

4.) Failures related to concrete trenching/excavation

5.) Failures related to working with chemical’hazardous substance

6.) Failures related to working in confined space
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7.) Failure related to working with crane

Then, risk analysis of these seven types of maintenance tasks was conducted by
applyving FMEA. First of all, the potential failures and their most powerful effect were
identified. Then, the potential root causes were listed and properly classified into
groups by using Fishbone diagram. After the completion of root cause identification,
some weak root causes which has low potential and may not occurred more often were
screened out. Finally, the focus of seven failure modes was on thirty-two root causes,
and then these failure modes and causes were put into FMEA worksheet in order to

evaluate the risk priority number (RPN) of each.

After RPN of each potential cause was evaluated. Pareto principle was applied
in order to sort out the low RPN and keep the high RPN for further propose the
recommend action. Finally, team decided to focus on top four issues ranked by RPN:

* Inappropriate working procedure

e Operator not follow with working procedure
« Unsafe act by operator

e Deteriorated Materials

According to result from the analysis, the recommended actions to cope above

potential root causes are as followmng:

o Safety Operation Procedure Issuance System
e Internal Loss Prevention Observation
s  Work Authorization System
s Safety Training System
e - Preventive Maintenance Program
- Electrical System

- Underground Petrol System

For implementation, the proposed action which was firstly applied 15 Internal
Loss Prevention Observation (ILPO), even 1t took a little bit time for selecting sample
contractor and communicating the i1dea to them. During two-month of ILPO
implementation, the selected contractor can complete twenty-eight ILPO. However,
when compare between the number of ILPO and the number of work order, 1t
demonstrated as detection rate which 1s quite disappointing figure. Nevertheless, the
feedback from observers showed that there are so many cases which the

operators/observees did unsafe act or not follow procedure. So, from the feedback, 1t
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can be summarized that this action helps to mitigate the potential risks which may

cause the incident.

However, the rest proposed actions are still within the process of Management
review because most of such actions require official cooperation among many parties
which may affect to their manpower and financial. Nevertheless, people who made
their contribution on this study strongly believe that once the rest actions are
implemented, the safety performance will be obviously raised up. The action like
“Safety operation procedure issuance system”™ will totally clean up the inappropriate
working procedure which was always found as failure cause in the past. By group of
experienced people, the process of working procedure review will be more efficient

than only SHE manager’s review.

Last but not least, the recommended work authorization system will help to
guarantee that all operators who perform maintenance service in petrol station are
qualified and have got training in hoth safety and operation.

6.2 Recommendation

Due to time constraint of the thesis. Internal Loss Prevention Observation
(ILPO) is the only one proposed action which was implemented in practical. Even the
feedback from sample contractor who was assigned to perform ILPO is quite positive:
there is still a question about detection rate which resulted from the implementation. In
the probation period, selected contractor was assigned to perform ILPO 4 times a week.
However, the result showed that this target seems to be less than what it should be.
Therefore, to improve safety performance further, the proper target of ILPO needs to be
set. Even contractor was expected to perform ILPO in every work order, in fact, it is

impossible because of the huge number of work order.

One of the key proposed actions, which have potential in enhancing safety
performance are Work Authorization System and Training System. From analvsis, the
result shows that most of incidents/failures are came from unqualified operators. These
solutions are expected to clean up nonprofessional worker. Therefore. to improve safety
performance of this case company, these proposed actions need to be treated as top

priority for further implementation.

Time limitation also affects in minimizing scope of the studyv. For example, this

study focused on two equipment groups: General equipment and Petrol system. even

113



Mart equipment group was found some related incidents in the past. However, once the
proposed actions were proved that they are effective in enhancing safety performance,

Mart equipment group need to be taken into account for analvsis.

In addition, the financial issue is another one which is recommended for being
studied further in order to ensure that the recommended action which will be
implemented costs reasonably when comparing to the financial impact of incident. Due
to the objective of this study is to develop safety procedure; the financial part is not
much focused as it should. However, once the recommended action was proposed to
management level, the financial impact must be completely studied and  provided to

management level for review.

Finally, the one thing that highly influences to the success of the study is the
teamwork. This study required many support from various parties, so it is inevitably to
done the study by working as a team. However, this study was done by gathering
information from various experienced people who were not assigned by management,
s0 it was quite hard to conduct meeting regularly. It was always found that most of time
when meeting /brainstorming activity was arranged, some expected attendants missed.
Therefore, the author would recommend establishing the certain team to perform the

study which will make it done efficiently and effectively.
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APPENDIX A

Company’s Health & Safety Policy Statement

As a company which regards people as its primary asset, we will provide a safe and
healthy working environment for its emplovees, customers and others. This is achieved

as a minimum standard by compliance with legislation.

We and our customers are leaders in our businesses, dealing with new and changing
processes and techniques. Therefore. safety, health and environmental matters require
constant assessment and review of risks. We must make absolutely certain that all
measures necessary are takem to protect the safety. health and environment of our
employees, customers, contractors and others, including the prevention of occupational

health risks and the potential for environmental impact.

The best-intentioned practices will fail unless managers take a personal interest in and a

leadership role for safety, health and environment.

The above statement underlines the Company’s fundamental belief in and the

importance it places on:

. Its concern to maimntam health,
. Provision of a safe working environment, and
. Elimination or control of safety. health and environmental hazards.

We will be responsible for our safety, our colleagues and others whom we may
encounter in the ¢ourse of our work. It is, therefore, to our mutual benefit that we strive

constantly to achieve these objectives.

Customer Services Director
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APPENDIX B

Company’s Drug & Alcohol Policy

It 1s the policy of the Head Office, the company that any emplovee found working

under the influence of drug and alcohol entails ground for termination.

To ensure a safe, healthy, and productive work environment for all employees, to
protect the public, property and assets, and to ensure efficient operations, all company

and Contractors employees shall be prohibited from the following:

1). Using, possessing. selling. manufacturing, distributing, concealing, or
transporting while on or handling Client Property.

. Any Prohibited Substance;

. Ilicit drug equipment or paraphernalia.

2). Using or possessing while on or handling Client Property or performing
Services prescription drugs or over-the-counter medication that may

cause impairment except when all of the following conditions have been

met:

. Preseription drugs have been prescribed by a licensed physician
for the person in possession of the drugs.

. The prescription was filled by a licensed pharmacist for the
person possessing the drugs.

. The individual notifies their supervisor that they will be in

possession of or using, impairment-causing prescription drugs or
over-the-counter medication and appropriate. steps are taken to
accommodate the possibility of impairment. including but not
limited to, removal from work for the period of possible

impairment.

3). Being under the Influence of Prohibited Substances while performing

any work or Services for Client.
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4).

5).

6)

Upon reasonable suspicion of contractor that their emplovee is Under
the Influence of a Prohibited Substance while on Client Property. the
contractor shall remove the individual from Client Property and
surrender his/her site credentials to company. It shall be the contractor
responsibility to sent the emplovee for a medical examination and/or

refer the employee to the relevant authorities.

Any Contractor employee found in violation of the Contractor's Policy
shall be permanently removed by Contractor from Client Property and
shall be reassigned to other work not involving work or Services for
Client. The Contractor must immediately notity company that the
individual has become "disqualified”™. The Contractor will also
immediately review with company the nature of the work previously
performed by the individual. At company request Contractor shall, at its
sole cost and risk, inspect all work in which the individual may have
participated. and submit a written report to Company that documents the
inspection, any findings, and the actions taken to assure all deficiencies

have been corrected.

The Contractor shall have a Drug & Alcohol Policy incorporating the
above conditions and the Contractor employees shall be fully informed
of the requirements of this the Drug & Alcohol Policy, and agree to be

bound by those requirements.
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