- . 2
msﬂs:ﬁ'uqmnmﬁmsunmJsmﬂﬂsamwm‘lﬂﬂmﬂm

05 I¥F WA NAR

- L) e 1 4 b - =y ol =
Syeriwut oI ud UMY INITANY NN ATYTYYNIRINTTUANARTUMIUUNA
AT MIVARISNIEIAINTTY

o a o

AUDTEAUNNNIANIININT TUTEUUNITHAA
AN IAINITHANTAT YHIAINS UM TINGFY
Unrsdinmi 2542
ISBN 974-333-457-2

Aufnivespasnsainmingide

118%144861


http://www.pdffactory.com

QUALITY ASSURANCE FOR PROJECT MANAGEMENT OF WATER
TREATMENT PLANTS

Mr. Tawatchai Nawalamlert

A Thesis Submitted in Partial Fulfillment of the Requirements
for the Degree of Master of Engineering in Engineering Management
Regional Center for Manufacturing System Engineering
Faculty of Engineering
Chulalongkorn University
Academic Year 1999
ISBN 974-333-457-2



Thesis Title
By

Department
Thesis Advisor

Quality Assurance For Project Management of Water Treatment Plant
Mr.Tawatchai Nawalamlert
Regional Center for Manufacturing System Engineering

Associate Professor Damrong Thaveesaengsakulthai

Thesis Co-advisor ~ Sommai Chatsanguthai, D.Eng

Accepted by the Faculty of Engineering, Chulalongkorn University in partial

fulfillment of the Requirements for the Master’s Degree

---------

.................................................. Dean of Facuity of Engineering

(Associate Professor Tatchai Sumitra, Dr.Ing)

Thesis Committee

---------

--------------------------------

(Sommai Chatsanguthai, D.Eng)

----------

g'nbA,

(Professor Sirichan Thongprasert, Ph.D.)



siyde uindude asUsedugaamdmivnsuinis insansess Inathdsin
(QUALITY ASSURANCE FOR PROEJCT MANAGEMENT OF WATER TREATMENT PLANT) 8.
g 3m. Ased vluasanatny, o fSmudan : As. mmuie Seaucsgio; 190 wib. 1SBN

974-333-457-2

Ineriiwudi vﬂumiﬁnn1|.ﬁaummma‘lumsﬂ%’mz'umh'vﬁuﬂmm*wﬁmi"umw?mﬂﬂsqms
vaslsetimi maﬁ‘]umsﬁ%’ Nmmmuu"luﬂmm‘mm'[ﬂsamswagnﬁ'w nnmﬂumsﬁnmmaaﬂﬂigmﬂ
Fatud douTusenhasddumsvesTasans safuivamuainanevesssyuinmi indeeinsuas
Qﬂﬂiﬂ‘fﬁ"l%"luswimﬁum?m m*sﬂﬂmﬁumrﬁmﬂzws“‘uumw?wwsiﬂﬂmﬂuﬂwﬁu Taoifiudeya
waznafinsendteduiunisuaznendelasinsiaiefuvesTasanisioeine Dgniimululasams
" Usgnoudae Joywimanmyesaud iiwe ymnisafonuddn uasilgninawhine lovesgnin deyadi
Fuifusztuindud usiivmid o Bilugs aléwigydel) weessoznafiedeeuadh
e imsdnneimaumaigmidndn lumsfoutinssineumeg wiesdlenunmi e msﬁ’nﬁ:enrjn
yanafiiszounsel WesausuanuAnnazanilymifuesindlame wlemmieuusdeRafindulign
thuq nuﬁ'a‘lﬁuwuqﬁﬁwﬂauﬁa?mswﬁ'n1mmqﬁxi’)u‘lﬂ'lﬁumuaia:ﬂtyﬁ1ﬁiﬁﬂ-\'fu'luiﬂsam‘sﬁqadn
Hﬁ'w1n1fuﬁnfozs"mﬁ’uﬁny'ﬁzuumsu's’msﬂwﬁu%qﬁuwugﬁn1s"lﬂaumn°mnssmim ﬁrquvimii”u{aqa
desduiesenuuy iludenisdweuodundndins et eadeszuussiunantn TunsAnmiue
TnenauRanaaiidu ¥vsudazfenssy whontonanssnuRdatunnarmRawamtiu uazidue

wuABnwAudusniedestullyniug niefiEun351i3n FAILURE MODE AND EFFECT ANALYSIS

vinwan1sAny1 35y Miimaeue 17 fenssunuamiiminsind  lufenssuveantsuius Trag
msilegiiuiifog ﬁ%ﬂssuﬁxﬁuﬁuﬁf{qfumumms'mtram)mmw ussmsadruenmsitedaslunisnsae
aeuvemataudeun s s s AR snssiniu mmfuWﬁﬁzuuﬂszﬁuqmmwﬁa‘?’wfumﬁﬁﬂ
Ussgnd 14 in Tnssmadaesefioes w%’am‘f‘uﬁu'ﬁaqaﬁnymz;ﬁuuﬁuﬂﬁadxﬁaﬁmﬁmmﬁ niannlngg
msdetrundedunazaeenligniudaiy namsfuiumsifuidgminndiesed waswuh S Tue
i Wouk it usernoBnUIAL TS ARR dead 991 216 $aTus mlle 80 $aTue fif1 145
Ioyuanas 71% uazrzezimilaivnuariionas 9n 2 eind masifios 3 Su daumsRvsenluEss
Amaudor (REN) Wuh Smsalfoulasfianassosdazinsy fad 179 8 89%

AMMINT Andng:

TIVITYT .. CVESETSTEnCe awildes1n1sdiys

NS G 15D 0T
=}

B-

= (-3 T
Uiy ... W42, aeiledo1nsditTnutsa



## 3972951321 : MAJOR ENGINEERING MANAGEMENT

KEY WORD QUALITY ASSURANCE / FMEA / CAUSE AND EFFECT DIAGRAM /
BRAINSTORM / PROJECT MANAGEMENT
TAWATCHAI NAWALAMLERT : QUALITY ASSURANCE FOR PROEJCT
MANAGEMENT OF WATER TREATMENT PLANTS. THESIS ADVISOR:
ASSOC. PROF. DAMRONG THAVEESEANGSAKULTHAL THESIS CO-
ADVISOR: SOMMAI CHATSANGUTHAID.Eng 190 PP. ISBN 974-333-457-2

This Thesis is to study for determination the way in the establishment of quality
assurance system for project management of water treatment plant in order to create the
confidence of the provided project on the customer. In addition, this study also includes
the way to reduce the frequent failure incurred during the project execution and the
improvement of the consistency for the machine and equipment during theirs operation.
The study is initiated by the analysis of the current project management. Data and
results of the project operation during project execution and after project completion
were recorded. The problems found consist of the poor quality of work, delay of project
completion, and customer dissatisfaction. Such problems were recorded in term of the
number of reworking hours, financial loss, and the number of delay period. The quality
tool applied in analysis each cause of the problem were team establishment for
brainstorming and Cause and Effect diagram. Then, team has studied the present project
management, set out the activities in forin of flow chart from the design operation up to
the project commissioning, and has established the quality assurance system. In the
study, the potential failures, theirs potential effects, and the recommended actions are
the main considerations. This mean is called Failure Mode and Effect Analysis, FMEA.

As the results, there are 17 proposed quality assurance activities added into the
current project management. The added activities include the inspection procedure and
the document establishment for assisting in inspection and for reminding during the
operation. The proposed quality assurance system is implemented into a case study, and
records the data as well as the past project. After the project has completed and handed
over to the customer, it was found that reworking hours occurred in design and
installation phase decrease from 216 hrs to 80 hrs, financial loss decreased 71%, and
delay period also decreased from 2 weeks to 3 days. In the RPN value consideration, it
was found that there were changing of RPN value range between 17% to 89%.

AT wﬁuﬁmn%mmmwmmf& awlio¥eiidn /f@ :

................................

- o ; o /
MUY oS T A T e awdedooinsenyiom ..o ... W° # ..... *
= g o ' . M'
Unsdnu ... B4 ......... awliede09seniSanisay =0 vmvn

---------------------



ACKNOWLEDGEMENTS

The author is very much indebted to Associate Professor Damrong
Thawesaengskulthai, the Thesis advisor, and Dr Sommai Chatsanguthai, the Thesis Co-
advisor for their useful suggestions, reviews and valuable ideas in facilitating the

completion of Thesis.

The author sincerely appreciates to my colleagues, especially FMEA team
members, who had contributed their time, shared their ideas and experienée with the

author, and provided necessary data for this Thesis,

The author great gratitude to Associate Professor Dr.Tachai Sumitra, the
Chairman of the Thesis Committee, and Professor Sirichan Thongprasert, member of

the Thesis Committee, for their kindly valuable recommendation on the Thesis

Lastly, the author is obliged to parent, brothers, and sisters for their

encouragement and supports throughout the entire course of studies,



CONTENTS

ABSTRACT (THAI) ...ovoeveeecee e e
ABSTRACT (ENGLISH) ...ovvniiiiiiiiiii i e
ACKNOWLEDGEMENTS ... i
CONTENTS ottt ettt e e e asare e
LISTOF TABLE ..ottt eircee e b e e eia s een
LISTOFFIGURE ... i i n e e
CHAPTER | : INTRODUCTION ....iiviiiiiiiiinineiei v,
1.1 Background of the Business .............coovvvevennnn,
1.2 Statement of the problems ............ccooeeveninnineennn,
1.3 The objectives of the study ........covivviivnieniinnennn.
1.4 Scopeof the Study ........coovvieniniiiieirnrirneennnn.
1.5 Procedures ......ovvviiiiiiiiiiniiiii e
1.6 Benefits expected ........co.oveviiiiiiiniiniiiininnnnn,
1.7 Literature reVIew .o...oovuivviiinieniieenseeneenssnnnnnnns
CHAPTER 2 : THEORITICAL CONSIDERATION. .................
2,1 Project Management .........ovieeeivvueeeennunnseninsns
2.2 Quality Meaning .......c..ccccuveierinenevirernnnnnnnnn,
2.3 International Organization Standards ..................
24 Quality Tools .........eeeevnireinrrcie e, SR
2.5  Failure Mode and Effect Analysis (FMEA) ...........

CHAPTER 3 :

3.1
3.2

CHAPTER 4 :

4.1
4.2
43

GENERAL STUDY OF WATER TRAETMENT
PROJECT MANAGEMENT (...t

General .........coooiii e

Process and equipment package for water treatment

Plant ..

—

L e L .

14
17
23
26

32

32

34

40

42
52



CHAPTER S :
5.1

5.2
5.3
CHAPTER 6 :
6.1
6.2

6.3
6.4

CHAPTER 7 :
7.1
7.2

REFFERENCES ...

APPENDICES .....

CONTENTS

SOLUTION OF THE PROBLEM ..........coviinnnn
Potential Failure Mode and Effect Analysis (FMEA)
Technique ..covvivnveiervenii
Proposed seventeen Quality Assurance (QA)
ACHVITIES tuiuiiiniirirrinniinenreeneisasneee s

Improvement of the Existing Project execution ......

RESULTS AND DISCUSSION OF IMPLEMENTED
PROJECT MANAGEMENT .........cooviviiiniiinnn.
Implementation of proposed quality assurance
Actjifitied £ 8. 500 IR N
The results and Discussion of implemented project ..
Evaluation the Failure Mode and Effect Analysis ....
Improvement of project management after

implementation the quality assurance activity .........

CONCLUSION AND SUGGESTION
CONCIUSION t.iiviiiiriiininreriiiieterereiissaneeearnreren

SUZLEESHON tuvvvviriiieir i cint i en e

------------------------------------------------------------------

------------------------------------------------------------------

APPENDIX A: ...
APPENDIX B: ..ot
APPENDIX C: .o e
APPENDIX D: ..o,
APPENDIX E: (...t e ——
APPENDIX F: .o e
APPENDIX Gt iiviiiniiiiiein e
APPENDIX H: ..o,

Page

71

72

38
118

131

131
136
140

142

146
147

152

154
155
157
158
160
161
162
163
173



CONTENTS

APPENDIX L oo
APPENDIX L i
APPENDIX K: ..o
APPENDIX L: ..o
APPENDIX M: ..o

------------------------------------------------------------------------------------

Page

176
177
178
185
188

190



LIST OF TABLES

Page
Table 4.1 The delay periods of bought-out equipment ................... 60
Table 4.2 The delay period from repairing and reworking ............... 63
Table 5.1 Severity effect criteria for Process FMEA ................ —_— 77
Table 5.2 Occurrence effect criteria for Process FMEA .................. 78
Table 5.3 Detection effect criteria for Process FMEA .................... 78
Table 5.4 Severity effect criteria for Design FMEA ...................... 79
Table 5.5 Occurrence effect criteria for Design FMEA ................... 79
Table 5.6 Detection effect criteria for Design FMEA ..................... 80
Table 5.7 Result of conducting Process FMEA ...........c...ccveuninee. 81
Table 5.8 Result of condueting Design FMEA ...........cocovviviiiinnnnn 82
Table 5.9 Summation of implemented Process FMEA ................... 83
Table 5.10  Summation of implemented Design FMEA .................... 85
Table 6.1 The comparison of RPN after implementation ................. 140

Table 7.1 The comparison of problem areas between before and after

quality assurance implementation .................eeevvrrnnnnen. 147



Figure 2.1
Figure 2.2
Figure 2.3
Figure 2.4
Figure 2.5
Figure 2.6
Figure 2.7
Figure 4.1
Figure 4.2
Figure 4.3
Figure 4.4
Figure 4.5
Figure 4.6
Figure 4.7
Figure 4.8
Figure 4.9
Figure 4.10
Figure 4.11
Figure 4.12

Figure 4.13

Figure 5.1
Figure 5.2
Figure 5.3
Figure 5.4
Figure 5.5
Figure 5.6
Figure 5.7
Figure 5.8
Figure 5.9

LIST OF FIGURES

Elements of a work breakdown structure ...............oooviv
Integration of WBS and Project Organization ..................
Responsibility matrix .............ocoiiiiviiiiiinn
Gantt Chart .......ovvvieiiiie i e
Relationship between tasks and events ................ocvvnen
Elements of Cause-Effect Diagram ............ccocoviviiininnns
FMEA sheet o o i« aataaaais s s+ v sscaasssssesnn
Organization Chart ....c.....ooiiiiiinin i,
Project Team Organization for design stage ....................
Project Team Organization for installation stage. ..............
Procedure of design stage for pre-awarded project ............
Procedure of design stage for awarded project ................
Procedure of equipment procurement stage ....................
Procedure of equipment installation stage ......................
The Rework of each stage in Project ............cocvvivinennnnnn
Financial loss of each stage in Project ...................c.......
Delay of completion in each activity in Project ................
Cause and Effect Diagram for Failure of work problem ......
Cause and Effect Diagram for Delay of project compietion
ProBIEM Lot e
Cause and Effect Diagram for Customer dissatisfaction
problem ...
Functional Block diagram ... i i,
Customer Requirement Questionnaire .............cc..cevnvn.n.
Equipment data sheet .............ooovivviiieiiininieieevi,
Electrical control panel checklist ........c.ocevvvviviiiinivnnnnn.
Cables and connection review checklist ........................
Instrument calibration checklist ............ccoooviviiiviinnonnn
Bill of Material ..........cccovvviiiniiiiieivicne e,

Detailed design review checklist ............coocevvnvivnvinnnnn..

Basic specification review checklist ..........ovovvvveieivnnnnnnn.

Page

10
10
12
13
24
31
40
41
41
44
47
49
51
58
59
64
67

69

70
73
90
93
95
96
97
100
102
103



Figure 5.10
Figure 5.11
Figure 5.12
‘Figure 5.13
Figure 5.14
Figure 5.15
Figure 5.16
Figure 5.17
Figure 5.18
Figure 5.19
Figure 5.20
Figure 6.]

Figure 6.2
Figure 6.3

LIST OF FIGURES

Contract verification review checklist ............ e
Interconnecting pipe review checkhist ...
Installationplan ...
Bought —out Inspection checklist ...
Assembled Equipment Checklist ...,
Customer Requirement Information Checklist ................

DHEIY TEPOIT e i e

Improved design control procedure for pre-awarded project ..

Improved design control pracedure for awarded project ......

Improved equipment procurement procedure ...................
Improved installation control procedure .........................
The comparison of reworks between before and after

Implementation .........oiiiiiniii

Financial Loss incurred in the implemented project ............

Delay completion of each step in implemented project

.........

Page

105
107
110
112
113
115
117
120
123
126
129



	Cover (Thai)
	Cover (English)
	Accepted
	Abstract (Thai)
	Abstract (English)
	Acknowledgements
	Contents



