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Optimization of Maintenance Management for a Nuclear
Power Plant Considering Its Safety and Economics

Woo-Bang Lee

Major of Intelligent Mechanical Engineering
Division of Mechanical Engineering
Graduate School
Pukyong National University

Abstract

We can highly improve the economical efficiency as well as the safety of nuclear
power plants by optimizing plant maintenance, as they need a large source of capital.
Although various methodologies on plant maintenance have been introduced across the
globe till now, it is still being developed, or if ever, partially adopted at this moment
to apply scientific analysis methodologies on the selection of crucial investment factors
and their prioritizations, covering the equipment reliability improvement, cost and effect
analysis during its life cycle and other important decision-making processes needed.
Accordingly, in an effort to optimize not only the safety but also the economical

efficiency of nuclear power plants, this dissertation deal with the followings:

1. To evaluate the importance of each piece of plant equipment, define its appropriate
maintenance task lists and periods, and develop the methodologies and tools which
include the relevant processes and feed-back systems, all these allowing us to
focus our resources such as man-power, materials and costs on the most optimized
plant maintenance and to continuously improve our equipment management

capabilities.

[O]

To develop methodologies for selecting the alternatives by using (cost and effect
risk oriented) economical evaluation and implement a computer program by which

we can evaluate efficiently when equipments should be replaced or improved.

- viil -



3. To develop and apply the most optimized investment decision-making methodologies
for nuclear power plants by using Analytical Hierarchy Process (AHP), which
define investment factors of equipments and assist in their prioritizations from the

perspective of the business management of the power plant in general.

To summarize, this paper is to not only delve into the methodologies which can
optimize the safety and the economics of plants but also implement the methodologies
through IT systems. In this regard, we intend to establish plant maintenance theories
and provide the hands-on guidance applicable to operating power plant and the IT
systems after applying these methodologies to a selected site, operating the pilot systems

and evaluating the results.

_ix_
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S YT AW 7 B AV HE FRE faolth wek 1de) %o



 Fdy

Fig. 2.4 Average span of life and practical use [27]

4. | X|EH| A ol LHHHE

o] 2] A B(predictive maintenance){6]x oW F-E-oli} Aulo) 1 Ao] WS A
£ gQlstr] #fsl Aol AHsizl F7lel ols HAF e AlEE sk gy
< ¥olH, Ao AFHE dPistr] #g A Auidso] 38 5 3l
FET RS 7hHok @k A Ao FHE EDad dpnl &

A, g ngE G S glow, dubEo g tE Az dls
Qulnlgol 714 Uk wee] BHL A 1A @ g oAUZ o
S} ojelen, &A% U AV AALFI Belrt Fashy e
Ak 71soll teliMe 35y Rladdd 497 Ak Axg8 sdogs A

o

of| "-7g vl (preventive maintenance)[6]= 5 Aol A o] R-Folut Aule] et
TAGlol Abdell AR oo o BEFS AU wAlste FugES
et AR ¥ HoR Agtel] 3 viR(HE, wear-out) FHEfE UERY
ojok o} o Aule] FHE AREAFHET BT 40%71A] HlESHo A aw
Hols1, Bl AR AuiAds HAIR 4 e v, §3Eo] HEe a1
o Zo] QFEM, JAYH R} HjLA o8 v FHH, 23]y T} Aw)
H-8-2 2T & e 59 @] Utk
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5. ME Al 2l

7Fe &9 479 duldele A A, AFAE, dFAY, ZA4A, FHY
T4 9 A9 o7HA Z2A27F el sy R FEEo] U o]$} o]
I 2 M2 FA9] A= BPR(business process re-engineering)®] 14 Q 4o]m,
E AFE ZEA2EE B3 dedl 588 st e aeAS A
Z B oolyzt g EA & e Z2AAD B & 9ty T2AA F4]
P € A xR 0 4R 8 S SRR S 2 0
Asbeh meAsEe Qg e Bus TR Holoh Fig 25004 4

Wge) medss 7303@%1:—5 gasls] 9% Auinele W Al 43
Hol Mupy PRs meAsz AYHG. Ay Zodse 599
PDCA (plan-do-control-action) A}o]Erol] 2JaljA] dkdw|ojof gl

Fig. 2.5 Best practice model [1,5]

Fig. 25014 A3 A Aol dulge] =242 st 542 2AA
I AdZFA G FHL T ZZ2AxE T 4 9o, olE Eif Hule E84S
i3}t A2 9= Utk X3P A H](proactive maintenance)E A= AAA T o

4
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AR Z2AZ B4e] Hojob Ak ojn Felslor & HE YA Y
AR xzase] FAY FHLS dME GRED V5L 2 T glo]
ag FossiAE o Bk B4R ATH AAAY £9E AT 2
Aol Bed A a7HE ZeAze olsls Fd FaAE PHINE
o ok @ Z2A2E 3 RMAT Asts o] ol 45 olEHo|
7l el Mz 3ie] AGEEE 24T 5 A=S @Lslop P,

6. ZEML 8 F2 S

N A [1.5]
3 A(notification) TZA|2oA QAHE APGF oz nAAT g} BA
oA Auj@e|FAMz dule] ZAjle 8. EXE &3 3dd JguExaES ¢
90

3
Folle e Tl AEE AZE F Atk AYadel 28T A9, 23xE
Srehe A9 HE-S wEs] AAdst, UR 5 "i, X FrREx se
ezl A AAE T FHSt A S 28 Al AdAYSHEY 2
23 BE ZERE AFstojoR s, Bk RE R @ 5= glojof 3
9 AnlEERME FAWES FRIsa HEARE X9 wgsin, 2] @
a2 Aol dA olFA JAHT UEAE FAT £ ok

LAY

2) A& A

] Al B (planning)o] & A3 Aloll Folo] Wa g & Holale Aoltk
[14]. Table 2.1 2AA D5 Aol HAE 7)&38l%5L, Table 22+ 2¢A9
5 Aol A A & 2K planner)7} =a)stejol 3 Gatel| sl MEstn Yok
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Table 2.1 Process on establishing work plan [1,5]

HA| =Cpol L

1| 483 Alo] oy a7EHE Ao gl 9 g &3

2| ogA & AP “Ad A} bRz Ha

3| 7 olAE ok s 7le 2 9E

4 | Folo] Hap A R FT

5| A & dgAp A AYY

6 | LY FAE FAP ZIEEA, &, Aol a3 Vg A 5

Table 2.2 The roles of planner [1,5]

S22 43S A A9 34 A4 s B a7 s EF UE

QTEE 498 o=

L7EE AN oF

Ape) A4 Ao g oul 4

Ao} ghg. o A" Al

HEZY2E E= bill of material-S 1]

A4 23 F8](procurement request)

2AlEY =7) Aol Ao JHAE
ste

A AR A2 AR AT v

W21 dolee] Ful % wjE FUUNE AT W} W2 Fo| BA
WAl 2l digh A BE(FY- S

2 AE) dulo] 7| RAHHE e

) o2je] el el Zzoawe) AW 2 2

3) 44
g3
239 HZL AL AF B4
o g 8 e g
QgAY Y & 21 T
1 Aol EEHOR $FHES

T4

Bl

[}

’“%(scheduling)ola} ZFQo] A g3 = ojo} 3}-‘1;‘]% 2733}, Table
Ak Aol S Y
A9 Weds A A4S
st e Aol b3
sk slolth oA AY 49

r°l‘

1o}

%
AEHOR AMRH

o
Oz
=4

S 13 -

A-gol o s A

A frelshor &



A gn) 8, 429 8, AU1R B2 ¥ 2 (back log)el 3hE wlelH,
A& 9 A, F717 HEA. A9 AR L 2a AgD BHE AYE
o WAL Fal A4Y YIRS FAstolo} Bk wF AYSF A, A,
§ 5o Al o FHHA 2L AAsE, LAt AYE FrhRel
DH5Yol et P} ol Fojxof ek

Table 2.3 The roles of scheduler [1,5]

& 7 Qo] A% A erle] tig A4y APAY
b we] kel 9% AY mY 4 7Y YY) AESS BH
sAE B Y o Al fue B4 | 2ds ddE w719 9¥E

4) 2} AA]

A7y ddE A W&ol et A4 Aol 239 Alge] HFHES
AAS guske ZEAzolth A AA] A ARG AYFA A 2AF Ao
thet 877F o] Fo] Aot sk, 53] o] arHe FA}del dEiMe &Y 5
A RN A grE Foll AAFojoF Frt A AFel FHsA 2 dA
ZA= At FGFA AY StolA o]Fo] o dtx, AfdEas A o
gl 8% A A E=v Al B4 238 AYste # ¥l o
WYHES AAsloiop 3t Table 24= 2} 75 Ksupervisor)2] H&, Table

2.5% 244} A} (craftsman)®] &g 247t AHEla gl

Table 2.4 The roles of supervisor [1,5]

AQiael 5714 4907 W 59 B}
e F N 7 Aol et A T
Aol tAmg B AR 8 AT AR
ug =Y A e T4

F7h B A5 Aol g A

- 14 -



Table 2.5 The roles of craftsman [1,5]

ggd Ae) FAuY thsln HED AYY wel
A Atel g #H3 24q) WAl HE BA

5) 249 £ [5]

e 228 9ud A6 daled AnE Aelshs Eaalzeln, ALE
4w A Al UE 7152 WA Fsiolof @k TS0

E A AgAE el 2 A vWg 1Sskn Agdne) FA3,
Aglag Ak 2 599, nAdn el 98 A9 $2 /1S90,

(=)}
S’

w4 (5]

2Aele A4Ed ¥ ek sl Boes 549l

Q) PR BR
s7] 9@ Fatolth old@ ¥4 4US AY AR sFstE st o
b glom] Axke] golstel olsf @ Aol Golsta, ATt 4 F71H
o% PEY F ofof @k

7. XEXH 2t2|[5]

Anlgg] Axge duigeier AQdert frldes dAds] ok ok
Aduloll tigk 27t ﬂioﬂﬁ HhEL7] Aol AlaElE T AToE HEd
T 3 %% RojFrh Y FEAHG gl 2LVIRE AL R FAHY
of AHtt Fig2.62 AbAjde] 5 Advjgele] dgol digh 3

[ok
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Exn
v

R L

ne P ALy
]

A S Al

,
Ay Aw

Fig. 2.6 Plant maintenance and material management process [4,5]

8. OIAE{ O[O]E

Avlge]l 285 FAske 718 dlolHolH, 7]% #X](functional location), A
H](equipment), A}%K(description), Z}F2]~E(task list) 52 FARG[1,5]

VeAe AdE AE 49S U Be® uHA Jde sten o
€ o7 @AY ASFEE 7HA L o] ARRALE st g 7&’5‘42 golstAl &
B oolel, 715 9A AS B A4 JAE BolstA & 3 =
Gue B B AT B4 olSHOI SeA 714%% P
A A G4 ANt s AR F, Alge] ol A F4
Astzol 7Rl T4 Jideln dHle /‘]'aﬂ]' 203 & 5 Atk
AlF-ghct. AdH]

N A Al AE NSl 54 9 54 gel Epd) BE RE s A

-4

OJ

ARYsEE A4 AR, A £ast A A % g S A,
Q, BEFY 52 AEs A7 HES VEE ol WEA A4
of ekl A7 22ES s FLozH 4o ARG 44 e 5 Ak
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I 715N S92 2% Yo 9 ol Yol UEs

NeH FaE AR e she Auigeld HH Zzas =g A
AAHS FAjolm, Aulpele] F#3), aopHQl A9 R, haA 2 A4
d& Aasty] s BeErbEE Aotk oA Lk, A dulel] thg o
WAHHIE oHgH] HESS &St aRFAoRE AlgsEy] 93 Zlez A
APAQL WA AlFTEE AYlY 71FE TR ¢ R 9 & 840
AAZR #5eh #EE sfof st Aolth o] AollA =i Al 7P Aes
Aulgig]e]l HA ZRM2E FHE FeAol USS 1A, T
(INPO: institute of nuclear power operations), Y= A= A L(EPRI, electric power
research institute) 2 3¢ WAL 754 =85 2F 7FE HAESA,
A2t WAL E LA AREA AFojet dulwe] HEAH ZEAAE 758 5
5 753 F8E 24 ol g8 ARt [3.4,16-20]

1.71s™ 5= 473 [3,4,16-20,23,24,34,43,45,50]

71524 8% ZAA(FID, functional importance determination)2 @& A} 7]7]
Sxd el FEshE 715d T8 BR 9 BRE 7171E gl |
Agst7] gt opdAn 1Es Ad. 71719 &d NE, &4 849
FEsioh AxE, g, wEvier 2 iyt e AulE AL ¢gury
71719 ofAgnl g3t 2 A RE, -3 39 7E& EPRICNA
b= 7470 Anig8¥ AYE ARk FUEHQ] AulRd 9 old oigh
gn] fEslo] 875 Aol
b st zp Aol Bgtele H A
sheh, W 939 7153 8% BHE 1 F8%o wl critical
critical B, minor, no impact®] 455°2 W

surg el BAE thed)

Y ot
N
:u oL ﬁ 0*1)1

B
Sl m[o

2
oﬁ

of ok
N

2

Sl
I
f

1
41—4
O..\./
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Table 3.1 The grade of functional importance determination

2|= 7|Z(NPO) (4] =L ™ BF 7|2
critical A
critical
critical B
non critical minor
RTF no impact

1) critical component [3,4,16-20,23,24,34,43,45,50]

e ANzl A B A, A Ad L wAE B9, o
aug DR AR 5 Yok 71719 ngol thest 2o ARE S E
= 1 oAt g A$dlE o] E critical component(critical A, critical B)Z % 2]

st (7154 FoE BF e IR

L 7)719) 3ol $RAAY 2A0E AYY o

C 71719 SR &9 2 wE A% FAE 9 1

L 1EAA SH AREA 149 ol EAAFOR 1Y A
c Qrd Fl5e]

+ B3R QrAA AFABE WA v 5

2) minor component [3,4,16-20,23,24,34,43,45,50]

71717F Bpr17lel TFHA] B3, U AlF7ee 42 oA &
o}, vl-goin] o]ejo] 7] Wi AUARIE Fshe SN weld VA
e TR BT F, by, A4 FHdAE Fas o B4
I HolX F8F dnlojt

3) no impact [3,4,16-20,23,24,34,43,45,50]

critical B-= minor2 EFE A &S e 7|7]EA], kA
[e)

4,
29 9 AANe oF A5 Ao gt 92 vIAA 2k
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DELES

B2, 82 gudsl § wge .‘%wi Sl AHle] FRE BE A
oz EPRIIN ANG 74749l 712 Aul 485 pggds V153 2o% 2
2 49 Ad 7} 448 Ikl 471 4

74709] 8RB
oA Ay A
244338 ek

6) oAy 153}
71717} <urAgu] gHZ2le] g82e 2 H8d 4 JAEE Aul{Fd gt &
Fole Aoz zh duje) f-3vict ojubgu) gl Eslo] 24 HEnh[3]

71719 SAEHE =g Zeiy, Wyl ALd= JH T3 34, Hiro
. 34 2 AJ7rel ohe} high 2 lowd] F
= 15 #zx & 4 k3]

ind
o,
XN
M
2

>

* high : &3 W=7} 7]%5']01] HE) =& AS
[e)

Table 3.2% A8]-8-38 Valve-MOV % SH o tist 98 32 Jebd A
ojth
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Table 3.2 Duty cycle examples(valve-MOV, pump-horizontal) [3]

Duty Cycle

Ao

high

low

Valve - MOV

N RFAFE A4 AD)
DE WH S high > 20 cyc/yr
AHARF@FE A D)

AlolE WX {3 high > 4 cyc/yr

ZZH BB {3F: high > Scyc/yr

AARAFEFDE 29 /)1
BE WB {3 high < 20 cyclyr
AAZFEATE ZA9 AdD)
AlolE WY F3: high < 4 cyc/yr
2 H WY $3: high < 8cyc/yr

Pump-Horizontal

71 3l

8) 3 ¥4

NEAT Zaste] Gotd A3

[o}
£33 2 8740] AXE 7IFEA

olatel A

Table 3.32 AH|-F-& valve-check 2! switchgear low-voltageol] T3l A S %

2 ek Rolo.

Table 3.3 Service condition examples (valve-check, switchgear low-voltage)[3]

operation condition

=LIE ,
severe mild
94iF e 52 £x9 7%,
ARRA e AAZL B4
is RO Nin
Valve- Check 2 aAolde FLE A w AL Q] Abe)
T 2%, AF, 9Y e 2
A A0e = == 23 | FFANEVIYE 98 99,
Switchgear - low| ¥ &%. #}t}gt 87322 %A | OEM(Original Equip. Manufacturing)
Voltage (o : GE, B2, aEAbs, oM Wargh W oluje) ewz
E B). A, A fdFxA
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AH A9 7154 FoEE BF Al no impact2 BR3Pl HAHRIE &
A PEThE AL obyn] B2l A3 =W 9 giAdol B
olghe oM FaF ovlE 7tk webA| critical 71719 B/ EASA no
impact 7]7]9] B8 AldE AG3 =7} eutEc) v5H =

Alell HFJNFAEABTA(FSAR), AlTE & #ALH, HxA, FFA
e 71eAR, B4 A, Aulold & F}Ho HAESIL, A
Ha7F e A¥F8 e T2 ARA, 71sXF A, T%Zd A =
Fug 2 S8ete] WHA A dY §3 nF oy IS

st}

}:j
r
=y
oZ
ox.
e

H

RS 7isd 859 A AHE 73
& u}] 288 5 0‘3}. o™ 717l°ﬂ g 7158 FLE AFE AFE o, 7}
d WA 3 7177 er171e] vl add] ReX e 55 WA Hrigich 9
7171 A Ev= B 7|5 BFEHW 2 7V critical2 ER{IICE 9,
critical o] oW 7|Fx WA oA, 7|54 F8E BEHE minor BF o
AZ Ao g2 olF3A =}t oluf minor An]d] EIETHA minor 7]7]|E
BEw & itical 2 229 71719 874 oibgu] 223 gAE 28E Hn
critical ¥ minor®] ojW 7|E%E wWE3LA] Z3IIH, no impact AHIE BERET
of Anlo] gt dPpFAFui= Al Zeth[17-20]

_&
414
. ol

ﬁo
Hi
i)
o
Lo
Jot
ulm
r1r
N
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0
==
]
o
-]

Critical B8

=84 I
=383 28

Ninor 828 T—_

No lmpact B8

=
ra
B
Y-}
o>
e

Fig. 3.1 Flow chart for functional importance determination

Fa 2 AT A1 A SRS, 3 GG RRUAEAR) A
Sx, wd B, AR, FEA AR TR 7SR BA £ Guloly
o £9og gEdel A FOT LR A9E SR ol i
A 2 BE WA B, critical FE Y Aol Gg AS minorgrHE &

gt olmf minor EF7IFANE WA F& A5, “no impact”7]7]1E A2
o) A7)e] RE 24 AL B AdA AEE vled F8ar A Z2
g Tl AT 5 Ao, olgte] rTH FaE A AR idE § =
2aYWE YFE st BT

B AN MdE 9 m2a3E heps) ddskd o 2o

« AR8-Aof(computer language) : ASP, JAVA

+ ©o]E{H] o] ~(database) : MS Access

« A& 26370 ¢ #Ho]A] (40MB)

o W7 17E 2 2004, 11 ~ 2005, 02(2F 470

-2 -



) 7153 £8% 27/

wQl stioA ste Muls M9 g Fo FID (7153 $85 2%) sd
o] Evaluate!! (*o= 2" E7/5H) slolHgas F43ld 7153 Fox B

FE AAET P37 SR W crtical A, B, minor, no impact®] ZH7HE o]

553l HrEE A ke 7| 7]o] thE A= Evaluate!! Bl AE 7L ¥ 7)®CH

Plant Maintenance gl v (S
G ‘ Considering Safety & Economy
Func. Location Equip. Description Field FID
2435-431-M-PP05A 11404349 RCP OIL LIFT PUMP Mech critical &

Fig. 3.2 Functional importance determination: main frame

Evaluate!! Bv= A H 7 BlXE(critical A 5) slo|HHy a5 S s}, Fig
339 2o swow olEath e A% Aull e 7)
B o 2ol BAFROo g s Anle 7)E5F FAwT

- = —

[
Ak o] V154 FoE BRE dulgeloae 84 Algolnz,

J oAbgelng, shEA
mollA] sl Alulel dhs) SRk A Afea Sl AlsEl dAele] e
s Atk “3ve) gyl 158 9 we) A Mwad Age ¥ g
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( % Functional Importance Determination . ..
Funchonal Location [ 2435-431-M-PPOBA l Equipment ’114!]4949
Descoption RCP OiL LIFT PUMP
Supplament “ Object Type/Planne: Grp. IMG! /330
System Engineer n Furtional Importance Determination Last Updated Name
< - -
~ PATTR indiv. Eval. ; Batch, Eval. - SO LA J4LIABEE
Maintenance Dept. PM Group Determination Last Updated Name
P FB{PPPD Fump - Positive Displacement ) CHRHE TS EGLO401G
3 indiv. Eval. | Balch, Eval.
Duty Cycle Sarvice Condition Last Updated Name
Operation SRO Lo Mt BE RS EE S ] 44100597
4 indrv. Eval. | Batch Eval.
PM Task 5 i Preventive Maintenance Task List Check
Funtional Importance Determination ] PALIN Wingow

Fig. 3.3 critical component classification: main frame

2) 7 HE

W8 H7F BES SIS, Fig 34004
g H(critical) 0.5 o] E &) oln), R 52
7171R17] obd =15 A Hrisich Fig 3.
YA JRE B 5 dx 2l E 7)Y

He vhel 228 758 Fa5 B

o gt BEsiee ’%H]ﬂ critical

o “1"d M= 71719 7]

| critical A = B9 7% & o

GEE WEeh=A W7kt Fig 349ME o] A= critical AT B 7}a 7i
T UTh wpATr o g “3" comments o)l HrFEk AL = A e 7

gt

N A

ik
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5‘3 Functional Importance Determination (Critical)

NFrYw

3

B YUK 20342 -MFPISA l T I 120439
Description |RCP OiL LIFT PUMP

Sy Mecharcal Field [ uEx IUE s

Evaluate Cnitical A and Critical B

Categury Definitior Classification Selection
AN BXE QHAIZIE 2401 oo ~
P SH AEAZ(ESF) T4 22| £ g w
S e ¢mIsy sy ety v
BRCHI0IS8 MOISHS JI012) DE(UAZ LSATAA. YK A2 E5H S) BRI v
DB ISKNEAN STHSZH A2 ZXAE NS B ~

Hrpa
OZFVANSAEN STHSTA 79 €= 14 TR NS RE v
CHS HDI713 25 o1))s & Lty £ v
AL N HH ST HINSHER NS 2% Lt b ~
Cotical AN 2%t QU1 MO £2 220128 D28k 210 e 0¥
Critical BH =%t @HI2) M0 £5 ¥EJI5S SU5= 7| N
DEFUA 2ULS0 Y L INAYS XHEHE ATLOCFRION [EEE A w

o LETYA 22LB0N DD WEMTIA A0 WAS 2B 2 T= A2E 2298y

/22 = == < et i 2 ~
= Z#;Hsk= 2171
ARAMAl 221/0H 5120 02 0149 2|7 Srisad B -

4 O |IACP BFRER M RAUBIBEA NSHI™Y-20)

Crmments

Critical FID AN Window

Fig. 3.4 critical component classification: critical grade

EFoIAF sk 7)1 7)7F & critical A IEE critical Bo] 7|&#& wiEsiA] ®
Ao ERe 35S AFHeE 7719 minor 7]F THE oR= Aojsin)
criical 247 vER7EAZ minorol] P& 7)ol AL AL Y FES A
st stehe] Comments Zholl ALF-S Jelshd o). v+ minor 734 %Oﬂi
A3 W&o] glgd, o] duls £ 0T no impact AHIE FFEH o] %
Hlz s &30l gloja] obdAd 9l AlejAel] gS 2] g dulz whd
st o bgnl g aata) ¢kn AR ALEYu)nS sk "ok HE
o= %%7} fLEl,_ M}l shRol A B wie} o] FID shhel] ZAA® )&

~
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~
&% Functional Importance Determination ;|
S s inoer
NEIY
NSUX 203831 { Ah| |m.mang
Description |ReF oL LIFT PUMS
P2EF¥AM  |nehancsl Firig [ anx [[| ot
£ valuate Minor
Cateqory Defnitaon Classification | Selection
n*‘w" N7ISNEN SOHUIA 0 TNAY &gms Minor v
$] Kper arT o e o it e = 4 5 o et JERVRENVIIN FORRSOIOGN S
MinciO) &% SHIS J0 F= 'é?”l;:‘f SosE U Minor v
AMNOT Es DR NEIHR O EE SSLWO 0RO BEEE 20 Minor v
T2y 1SS BEA DEHHN L2 2WI Minor v
" Minor v
Cofical 717120 BHlA BRE AN : I219Y)
DHRMA AARE0I T2 WBHDE D15 LAS LB S2TS 2N Minot v
BHA e/ RREIZ0] I0HA OB 23 Minor -
IR P DZYEB 01200 0K 1208 238 719) Minar -
T IR0 HOEH H2E 25K AN Minor -
ANY SEIF M 2 0L LREE R Minor ~

Fig. 3.5 critical component classification: minor grade

A g ke ammoz Aeistel Wohsted ol

5 = PE kgt RS o, BE 34019

ZofjA FAE ok o|df, RCP 2t 717 thsle Hriste A

o] ole}, g EH—O/] RCPE ﬂﬂ H7hgE § ol x] RCPo| H7bsh &8 d

Ao}, A7 Fofe] Aol7t=e}t Ze

el ol2E A= U7 "o, o]
gk dEHeE 75 %0}‘11 H}‘:’\] Hastta & 4 Stk

75A Fo% EH 7|3 Table 3.4 2 Table 3.59F zt}

[U_u
z
N
)

¥
Z
=2
.?:,
J;'é
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Table 3.4 Criteria on the critical and minor grade[3,4,16-20,23,24,34,43,45 50]

HEF a5 B8R
AAE AAZE FUHA7]|= 7)7) critical A
HHHH] AHE 21 Z(ESF) A B3 v)7) critical A
GUAE kv A critical A
g 7S Aofske 7719 nR@AE g4 AAA, 9 »
WA LxA %) critical A
. IEA Al 71EAAAM FAATERE AL 224 A8 critical A
Tﬁf e A eAHM SRAREY 7Y T 149 A A8 | critical B
T HBEAY 717 F FE s A critical B
BHA g U AR Vs Ao st critical B
critical Aol &3k Hdu]9] Alo] e HE 7S W= 77 critical A
critical Bol] 43+ Mu]9] o] ®E BT V)5S dHsts 7])7) critical B
ALY A Ve ARA SAARED 300 2XAHE 28717 minor
minoro]] 431 Aulo] Ao} EE HE 5L ddils 7)7) minor
LHAAE FEAI)= 7)7) critical A
s FEE TH ZAAE e god, HulE s b .
27158 7]7) critical A
71elel HE7)7) A5 A dAAA] 4k 7)7) critical B
1710 e O V)5 AAE R T 8 7hwe] 50%0]4 -
A 7)7) critical A
7171307 e B VAR B me 7o) 10% B
A | 50% BTk washe 7] critical B
A A A 7] 1Y o4 X AS Zeshe 717] critical A
i;é;%?*@ Al R4 7)Eol 8AIZE o) 1Y olste] A critical B
710 e O V53R B TE S zhito] 10%m| v .
HLAEE 7)7) minor
W71 3Ei] WEr)] AeAd A 28 5 7)) minor
critical 7]719] Au] A] WQF 717)(d : AJ@B) minor
IR A aepiEo] AxtEyE 2 A SRS ZeH(10CFRI00) | critical A
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Table 3.5 Criteria on the no impact grade[3,4,16-20,23,24,34,43,45.50]
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ﬁ PM Group Evaluation

¥

ISR [2435-931-M-PFI54 1 sy {1 1404943

Description [RCP OIL LIFT PUMP

SETA |Mechanical Ferd | wam sy

SHIHER U TR/

v PPPD «

oA MAIN Window Hew Equ,
Air dryer : :

Battery

Circuit Breaker
Compressor
Diesel

Heat Exchanger
Hwar

Fig. 3.6 Plant maintenance grouping
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e
é%ﬁd?f PM Group
HEER
ISYUX  |2435-431-M-PPO5A l Ay [1 1404943
Description |{1404943
Storsa [Mechanical Field 1 P [«3;2!;;
& Z T PM Group @ Pump - Positive Displacement v
2HIHER Pump R el
HHIAHEE Pump - Positive Displacement ‘ - -z=g7
7
& Code PPPD _z=arx
SHIAHER U Code= 7| E UI0jEfHD] A0t S22
PRl Groupl AHET T MAN Windaw
Fig. 3.7 Create plant maintenance group
Auld g7/ 2 AHEFREE Table 3.60) el i

Table 3.6 The classification classified by equipment types [3]

HEF SMEF 2=
Air Dryer -Heat of Compression Drum Type ADHC
Air Dryer {;\ir Dryer - Heated ADHT
Air Dryer - Unheated / ADUH
Battery - Charger BTCG
vBattery - Flooded Lead Acid - Lead Calcium/Antimony | BTFL
Battery - Flooded Lead Acid - Plante BTFP

Battery ~
Battery - Inverter BTIN
Battery - NICAD BTNC
Ml;«mery - Valve Regulated Lead Acid | BTVR
Circuit Breaker - Substation - Oil Filled BKOF
Circuit Breaker —d;cuit Breaker - Subst;t_i;ni i SF6 Dual Pressure BKSD
Circuit Breaker - Substation - SF6 Single Pressure BKSS
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Table 3.6 The classification classified by equipment types [3] (continued)

Compressor - Centrifugal CMCF
Compressor Compressor - Reciprocating CMRP
Compressor - Rotary Screw CMRS
Compressor &amp; Pump - Rotary, Liquid Ring CMPP
Diesel Diesel - Small Standby DISS
Heat Exchanger - Feedwater Heater HEFW
Heat Exchanger | Heat Exchanger - General Tube Type HEGT
Heat Exchanger - Main Condenser HECD
HVAC - Air Handling Equipment HVAH
HVAC - Chiller & Centrifugal Compressor HVCC
HVAC HVAC - Chiller & Reciprocating Compressor HVCR
HVAC - Chiller & Rotary Screw Compressor HVCS
HVAC - Dampers & Ducting HVDD
1&C-Analog Electronic Controller ICAC
1&C- Booster ICBS
[&C- DC Power Supply ICDC
1&C- Electrolytic Capacitor ICEC
[&C- I/P and E/P Transducer ICTD
[&C- Pneumatic Controller ICPC
1&C
[&C- Positioner ICPO
1&C- Pressure Regulator ICPR
1&C- Pressure Sensor and Transmitter ICPT
1&C- Pressure Switch ICPS
1&C- Signal Conditioner ICSC
[&C- Temperature Switch ICTS
Motor - Direct Current MTDC
Motor - low Voltage - <600V MTLV
Motor
Motor - low Voltage Wound Rotor - <600V MTLW
Motor - Medium Voltage - <IS5kV MTMV
Pump - Horizontal With Couplings PPHC
Pump Pump - Positive Displacement PPPD
Pump - Vertical PPVT
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Table 3.6 The classification classified by equipment types [3] (continued)

Relay - Control - Electromechanical RYCE

Relay - Control - Solid State RYCS

Relay Relay - Protective - Electromechanical RYPE
Relay - Protective - Solid State RYPS

Relay - Timing RYTM

Switchgear - low Voltage SWLV

Switchgear Switchgear - Medium Voltage - 1kV to 7kV SWMV
Switchgear - Motor Control Centers SWMC

Transformer - Station Aux_Startup - LTC TRSL

Transformer - Station Aux Startup - No LTC TRSN

Transformer - Station Load Center Oil Fill Bushing TROB

Transformer Transformer - Station Load Center Solid Bushing TRSB
Transformer - Station MPT GSU TRSM

Transformer - Substation - LTC TRBL

Transformer - Substation - No LTC TRBN

Turbine - Feedwater Pump (Main) TAFW

Turbine Turbine - Main Turbine EHC Hydraulics TAEH
Turbine - Terry - Single Stage TATS

Valve - Air Operated - AOV - Diaphragm VVAD

Valve - Air Operated - AOV - Piston VVAP

Valve - Check - Duo VVCD

Valve - Check - Piston - Lift VVCP

Valve - Check - Swing VVCS

Valve Valve - Check - Tilting Disk VVCT
Valve - Motor Operated - MOV VVMO

Valve - Power Operated Relief - Pneumatic Actuated VVPP

Valve - Power Operated Relief - Solenoid Actuated VVPS

Valve - Pressure Relief - Spring Actuated VVRS

Valve - Solenoid Operated - SOV VVSO

Voltage Regulator] Voltage Regulator - Substation VRSB

A E 9 W B30 AL el HEsle AEE] A% g =
;

g e wea dggn ags 49 U



T A NE 5o 848 AAstdor drke Helth ol g3t ® 4H
FolAl B dH, dugy] 53 22 f¥ol w24 We 2 A #3s

-9~ "high" EE "low", &
A NE g A 3
gl Ao GulF7]7F 4
A NEel o o] =
HlY 22t s o g n] g Elof A 9
gt Aol Mol v AR 715d FAE ZAAGoA "no impact"2 AAHH 7]
o teiMde & N 2 & & =
Fig. 3.39] “47o)| A} B upe}l o] Indiv. Eval. HES Zste] A4 vlg/$
8 gHoR olsgrt Fig 382 Lo & 3k

AE WelFa gleh

h)
1o
2
o,
o
)
2

2L
T r
k1

ﬁ Duty Cycle I Service Condition

NEY

215Xl 2435-431-M-PF 054 [ 11} I’ 1404249

Description [RCP OIL LIFT PUMP

DAY A Mechanical Field { L TD;:;%»

Evaluate Duty Cycle and Service Condition [Pump — Positive Displacement]
Duty Cycle Definitions:

High - Continuous operation; includes alternating between pumps. Duty High Is

Low - Standby. does not include alternating between the operating pumps. Duty Low : |

Service Condition:

Severe - When experiencing any of the following conditions: frequent starts under load when there is no
pump recirculation or auxibiary fubrication capabililies; frequent starts with >48 hours between starts; R
muttiphase flow conditions; high temperatures; cavitation; low NPSHA hydrogen coming out of solution; | Condition Severe :
pumps solutions containing corrosive chemicats,

Mild - Temperatures within OEM specifications, AND experiences normal environmental and process
conditions

Condition Mild: ¥

Evaluated | MASIN Wirdow

Fig. 3.8 Determine duty cycle and service condition
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Table 3.7 Generic criteria[18]

General Classification Criteria

high | 9447 &4
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Condition QA (271487} 92908), OEM (Original Equip.
mild | Manufacturing) oA i3t W ol x4, A3
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Table 3.8 The comparison on task lists and periods [2]
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\ﬁ PM Task List

ISAX| 2435431 -M-PPOIA { 2| [naaasas
| Description |RCF 14
+ FID cntical A PM Grouping l PPVT ‘ Duty Cycle | Hiah I Service Cond. Severe
&
PM Group Name FPYT Pump - “arhical
"y i Definitions / Task Ranking / References ]
g
FID Critical Minor
Duty Cycle Hi Lo Hi Lo Hi Lo Hi Lo
Service Condition Severe Mild Severe Mild
/| Task Name  CHS CLS CHM  CLM  MHS  MLS  MHM  MLM
: &M BM EM &M 18M 18M 18M 18M
AR AR AR AR AR AR AR AR
1Y v 1A% 1Y 1Y 1Y Y 1y
AR AR AR AR AR AR AR AR

AR AR AR AR AR AR AR AR
AR AR AR AR AR AR AR AR
A8 1S 15 1S 1D 1D 10 1D

Fig. 3.9 PM templates [3]
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5{;@ PM Task List

Component boundary definitions : 7]&3

JIs¥x 2123-LCC-aBFYI01 I 2| 11305436
K34 Main Steam Power Dperated Rehnef Valve
Crntical A PM Grouping | FPYT Duty Cycle ‘ High I Service Cond. Severs
PM Group Name [PEVT] Pump - vertical
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Fig. 3.10 The definitions of PM templates [3]
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Common failure causes : 314 91of tf I} 43-% Q[

ltems contributing to the risk of doing maintenance : 8] A] dF4gt 4=
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criticality duty cycle service condition : AH] §3of 3t £ g o
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E
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PM Task List

ISR [C125-L0C-ABPYINN l | lnsnsaae
) k34 Main Steam Power Dperated Reiel vaive
HUIREY Pump - Vertical
sy Packing/ Seal Replacement
PM Grp./Code/List PPVT/PAC/PPVT1ADL
CHS CLS CHM CLM MH3 MLS MHM MLM
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Table 3.9 Task list descriptions
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Table 3.10 The present state of model plant's equipments
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Table 3.11 FID statistics(model plant)

s Jef= Ad| 5
Z An} C1AAZ)/A 7)) 50,420 (100.0%)

critical A _ 10.1% 5,085
critical B _ 10.4% 5,264

FTATEF
minor — 56.4% 28.434
no impact _ 23.1% 11,637
high _ 29.8% 15,027

T HE
low 70.2% 35,393
severe ; 34.5% 17,392
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mild 65.5% 33,028
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Table 3.12 The present state of model plant's PM grouping
Code Group Name Ad| == Code Group Name 4| 5
Valve- Manual- #+%- HAND SWITCH &
Vv 1 9 H
VMA Globe Gate Butterfly 1,80 SAL STATUS LAMP 2,652
. i_C- Set-point Switch
swim| SWitchgear- Motor 4310 ICSS | (Signal Conditioner A8 | 1.609
Control Centers ol
2FEh
. .. Valve- Manual-
I -
CSC | I C- Signal Conditioner | 3,633 VVME Ball_Plug ETC 1,159
ICID | #A}=2du] INDICATOR | 2,793 VVMD| Valve- Manual-Diaphragm 1,076
csg | -G Sensor & Sensing | (o0 ccp | @R Ao @a 1,006
Element
[ B Vvaive - Manual-
Globe_Gate_Butterfly
mANul

0 Switchgear —Motor Control
Centers
0 LC - Sgnal Condtioner

W 7 EAd| INDICATOR

29 LC - Sensor&Sensing Element

B SE-HAND SWITCHRSTATUS
LAMP

3 LC - Setpoint Switch(Signal

12% ConditionerZd & oFah

W Valve — Manual-Ball_Plug ETC

M Valve — Manual-Ciaphragm
| OEERo R

B7Iet

Fig. 3.12 The distribution map of the model plant's PM grouping
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Table 3.13 Optimized equipment types

Code Group Name Code Group Name
TAMG | Main Generator CTTR W57
VVMA | Valve - Manual-Globe Gate Butterfly DSCS g2 7]

VVMD | Valve - Manual-Diaphragm HEAT A & 7] (heater)
ICID | #I&4H] INDICATOR GDSW | #=) 717
POID | 2 4H] INDICATOR LTAR | 527

PPIL | Pipe & In Line Instru. Orifice, Venturi| LCCP | &% Ao} sjd

Tank-General, 2 ¥ g)|918

TANK . N PTTR 74 w]lz
53 598 ALY A7E At
FILT Filter-3- 7] 9E] HAA e OFCA LolA o] E
VVME | Valve - Manual-Ball Plug ETC HEPT Heat Exchanger - Plate Type

HSAL | &%5-HAND SWITCH&STATUS LAMP| MTBN F EHl
Turbine-Main TBN(LP

ICSE I C - Sensor&Sensing Element TAML TBN A, B, C)
VVCY | Valve - Check - Y-type-spring TAMH %rlzi)ne'Mai“ TBN(HP
ICLT I C - Level Transmitter ICSS [ C - Setpoint Switch
ICFT | I.C - Flow Transmitter 7777 7]E} “dy]

ICVT | I C - Vibration Transmitter MREA | x5

ICST | I C - Speed Transmitter MRCP | ¥x}= ¥z}a) iz

[ C - Miscellaneous Transmitter
[CXT | - MST U
(FT, LT. VT, PTA9]) STG | S71%A7)
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Fig. 3.13 Compare optimized with exist equipment type
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158 T8E EFE T3t T /M4 83 olf® Frirer "7
b oobd g #R3E] 477l AYE AFEA, no impact® EFE A
of theiMe oAdAgulolA ALt t]S A0 dujAe s 317 Y3tolt
UE g 7HAE AuEge] vdst mEsl HulFrie HHsE 93 obgn)
dEsolgta & 4 Aot oign) 39S zF dugd We Exsiy, @)
7|I& EPRIONA 2138 74709 AulG-8o) st Z81S Etate] AL
o 714 T8 4R Y Al 20t A4E 36702 QulF-Fol gk
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Fig. 3.14 Compare equipment types with task list
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Table 3.14 The present state of model plant’s task lists

Code Group Name A== | Code Group Name A+
TAMG | Main Generator 28 VVPS Valve - Power Operated Relief - Solenoid 5
Actuated
TAEH | Turbine - Main Turbine EHC Hydraulics | 21 ICLT I C- Level Transmitter 5
DISS | Diesel - Small Standby 20 | HEFW | Heat Exchanger - Feedwater Heater 4
MREA | dzlZ 18 ICAC | [C - Analog Electronic Controller 4
TAFW | Turbine - Feedwater Pump (Main) 17 ICPO | 1_C - Positioner 4
MRCP | ¢4}z Yzt Hx 16 ICPR I C - Pressure Regulator 4
CMPP E;:gpm‘“ - Pump - Rotary. Liquid 15 | ICPT | I C-Pressure Sensor and Transmitter 4
TRSL | Transformer - Station Aux_Startup- LTC| 13 RYCE | Relay - Control - Electromechanical 4
ADHT | Air Dryer - Heated 14 | RYTM | Relay - Timing 4
HVAH | HVAC - Air Handling Equipment 14 | VVCD | Valve- Check - Duo 4
TRSN | Transformer - Aux_Startup - No LTC 14 | VVCP | Valve - Check - Piston - Lift 4
TRSM | Transformer - Station MPT_GSU 14 VVCS | Valve - Check - Swing 4
TRBL | Transformer - Substation - LTC 14 VVCT | Valve - Check - Tilting Disk 4
TAMH | Turbine-Main TBN(HP TBN) 14 VVSO | Valve - Solenoid Operated - SOV 4
PPHC | Pump - Horizontal With Couplings 13 ICBS | C-Booster 3
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Table 3.14 The present state of model plant's task lists (continued)

Code Group Name 15| Code Group Name A

IRBN | Transformer - Substation - No LTC 13 ICTD | I_C-I/PandE/P Transducer 3

TAML | Turbine-Main TBN(LP TBN A.B.C) 13 ICPS I C - Pressure Switch 3
Valve - Air Operated - AQV - . o

yvap | Valve - AirOperated - AOV 12| 1CSC | 1.C- Signal Conditioner 3
Diaphragm -
VVAP | Valve - Air Operated - AQV - Piston 12 ICTS | I_C - Temperature Switch 3
CMRP | Compressor - Reciprocating 11 RYCS | Relay - Control - Solid State 3
HVCC lfVAC - Chiller _ Centrifugal " TROB Trans‘former - Station Load Center Oil Fill 3
Compressor Bushing

HVCR HVAC - Chiller _Reciprocating i TRSB Transformer - Station Load Center Solid 3
Compressor Bushing

HVCS HVAC - Chiller _Rotary Screw " DSCS | @izv] 3
Compressor

MTMV | Motor - Medium Voltage - <15kV 11| GDSW | H=|/H#H 7 3

TATS | Turbine - Terry - Single Stage 11 | MTBN | F gl 3

CMRS | Compressor - Rotary Screw 10 ICDC | 1_C - DC Power Supply 2
) tor - Low Voltage W - . .
MiLw | Motor - Low Voltage Wound Rotor 10 | ICEC | I C-Electrolytic Capacitor 2
<600V -

PPPD | Pump - Positive Displacement 10 RYPE | Relay - Protective - Electromechanical 2
ADUH | Air Dryer - Unheated 9 RYPS | Relay - Protective - Solid State 2
CMCF | Compressor - Centrifugal 9 | SWMC | Switchgear - Motor Control Centers 2
MTLV | Motor - Low Voltage - <600V 9 VVRS | Valve - Pressure Relief - Spring Actuated | 2
VVMO | Valve - Motor Operated - MOV 9 ICID | A&4u] INDICATOR 2
HVDD | HVAC - Dampers _Ducting § POID A4 u] INDICATOR 2

T A f— .
MTDC | Motor - Direct Current 8 | msar | @ MANDSWITCHESTATUS 2
LAMP
swmy | >Witheear- Medium Voltage - TkV 8 | MEPT | HeatExchanger - Plate Type 2
to 7kV

ADHC ?:’rr)[c?rycr - Heat of Compression Drum 7 VVMA | Valve - Manual-Globe_Gate Butterfly 1

BKOF | Circuit Breaker - Substation - Oil Filled | 7 | VVMD | Valve - Manual-Diaphragm 1
‘ircuit Breaker - S ion - SF Pi i 3 ifi enturi
BKSD Circuit Breaker - Substation - SF6 Dual 7 PPIL l‘1;‘>e8.dn Line Instru. Orifice, Venturi, |
Pressure SG.Flge
Circuit Breaker - Substation - SF6 ) Tank-General, 9 2.8 91 &
4 !

BRSS Single Pressure ' TANK (43 gy Ag w3 ]
HECD | Heat Exchanger - Main Condenser 7 FILT | Filter-¥ 71944 e 1
PPVT | Pump - Vertical 7 | VVME | Valve - Manual-Ball Plug ETC 1
VRSB | Voltage Regulator - Substation 7 ICVT I_C - Vibration Transmitter |

ICSE | I_C - Sensor&Sensing Element 7 ICST [_C - Speed Transmitter |
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Table 3.14 The present state of model plant's task lists (continued)

Code Group Name 244=| Code Group Name Fak
e | LC-Setpoint Switch(Signal o 1_C - Miscellaneous Transmitter
S¢ S o 7 = . ]
ICSS Conditioner 4% ¢t} lext (FT,LT, VT. PT A 2))
BTIN | Battery - Inverter 6 HEAT | A& 7|(heater) 1
HEGT | Heat Exchanger - General Tube Type 6 LCCP & A o] g d 1
Valve - Power Operated Relief - - N
A 718y
VVep Pneumatic Actuated 6 PIIR A7IE AR :
ICFT | 1 C-Flow Transmitter 6 OFCA | FYAlolE 1
BTCG | Battery - Charger 3 null null 0

o Battery - Flooded Lead Acid - 1.ead < . L .
BTFL Calcium/Antimon 5 VVCY | Valve - Check - Y-type-spring 1

BTFP | Battery - Flooded Lead Acid - Plant 5 CITR | ®¥#H7) 1

BTNC | Battery - NICAD 5 LTAR | #8]7] 1

BTVR | Battery - Valve Regulated Lead Acid 5 KKKK | &+ 1

ICPC | I C- Pneumatic Controller 3 1777 71€} AH) 1

SWLV | Switchgear - Low Voltage 3 MSTG | Z7]d4 7] ]
) AT SRE A ¥ WY Ak

6.6 Ad|Zi2] =& Z2MA T2 Ale| HEX 512,44

Auigiel H2 Zzaze G4elga ¥ & e Ayl BERe 445
g ogulEs) ® oohdeh Aol BFs B8 712 ATHT. ol Al
faol me e7E V)Ee BAY 5 AR FAHeln REHD JRLE
(PM wsk)zh HHg} B GF1Z vle) ga) F slolh Teing vEE
Yol WEsle nngoR A% £A% A feld e mdvge FuE
@ Selel ok eluel PR PPYn AAE ALY Aw ws A

-9 d9e vieeE HaiAa o g yete) vpairixla Aulr)Ee]
712 2AZE e AUAA] B4AQE Flo] Abdolnh R4l AHu)F7)
g2 Q% At YugEe vt EE AstAlzla gunl el Z7HE x)
ghet ololl gujan FAoE AulAAE HAHs & davt o

] o] ’EEle Al AR 77l disiMe ele Al
HAT oM Apagh ogE] V1E dlolE o] 2(PMBD)2] TE oubgn] g
535S &8sttt ol A E=F 4 PH(RCM: reliability centered maintenance)
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Table 3.15% 5% YHBL hg Selvtel AagAse] GuFolsh ®
Fokhe] ulstgole),

Table 3.15 Comparison between foreign and domestic plants [2]

wram A B | c|oE|F e H | =2 o= |3
Vibration Analysis IW PIM | 2W F IW [ IM | 2W [ 2W | IM | 2W | M IM IM
Oil Analysis IM | 3M | 3M | IM | 3M | 3M | 3M | 3M | 3M | 3M M 3M
Performance Trending 6M oM
E’)ll«ltjl:lt:l;lhna;iit F | IF [ F | IF | F | 0 | aF | IR | IR | LSy (1185;1) (:5;;)
Coupling Inspection IF IF IF IF tF IF IF IF IF 1.5Y (i';;i) (1.85131')
Nozzle NDE Inspection 10Y 1Y
Partial Disassembly IF IF IF IF IF 1F IF 1F IF | 15Y AR AR
Refurbishment 2F | 3F | 6F | 3F | 3F | 3F | 2F | SF | 3F 5Y AR AR
Motor Current Trending M M
Thermography 6M oM

Tejuet YoM F53 H2 performance trending, motor current trending,
thermography$} -2 2|5 &Fol] thsirs FEAolx AgdHoz 83t
ghall, sEFEtlMe 1 FulFzbx] WEeAl Ak ok H3F partial
disassembly % refurbishmento]] thsfrs 7] WA Lol Ha 1.5d 2 51d9
F70e FuBTS FPste d vk RFEGolE o] wet F8 & 5 )

7= AR(as required)2 A|A|o. 24 Hxgt opign] 853 3335 & ct.

X

4
32
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Aol 7IEste] 544 A7 111.6MHe] Q12lo] LgE|9lon), BFetdME

27.6MHS] Q1# - Q 8% H gt} EPRINA A &&=

3z
Al man hour7} 9F 1/40]4} 7FAdhe AL Foldk 4= 9l
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=

Wge] &S 28

AL

BB

6.8 AdH|2t2| &M Z2MA TQ| AlQ] M2FA d|nm
1) B]-8-47 24
Ao E 93 AH T2 A £ Ao Funlg F7He BAFS o, o

A HEE A8 A PulE g oF 20% Hx ag s £ itk
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Al = A AAE 715Y 25 2% 9 dapbgul "HEee s
o AuiEsE AY HA ZAs 2839 A%FE A A(strategy
focused maintenance)[46,47]15 T3l tAA 2 AZA agm AAFH WA

Ao oPgn ZRaWe FHalelol sk A1 Aolck
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Aduo] =¥l W2 Ay wE A4 MuE HEI} A gwzxow =
Zbh FAb Foll BAss whe olfolu A titei X mestn Bzt
of Adnl B9 Ao $R7IkE T B nged AANE 1 By
o ol& @7} Agete Cmﬂ%ﬂr gol AAREA Feln welHow el

g Azke} A ??38}7414 F4 @ el gl Aotk [56.57)
ool thatel B Aol Aulel Bl F O BA Anl AP AP
qule Wa @ she A0 A Au Ao} wed A !
82 848 A7 3 SHa £ Bkl K asteiol @ ulgol
3l

oe 24

& AD oI mEagsisiel A7) 2 Biek 4907} i) 3
=3 Fipell vlFo] dd & 5 Qe ARE AlTste] AA dHA 52 AF
o AHg & & UA 3t T Hl%Pi Higke] aRE AE F As W
£ A|A3}A} ok
1. Z3Md I

1) 3]4=7]13FH(payback period method)[66,67,69]

g571gelet BAetS Faa] 95 Azl AFE TANES 555
= H dele 7IRbE w3tk o] WS Hed ue dFsEe] 7 = #

s Rt spgste Addc. FAEYANEE 85012086 sk
& 7Itte] Z1dutel A AE H5IIT gow Fajeke MeEsim 2w )
st el FAlel A& AF Agoldiel A we FAURE U

S abn, 1512 o)) BFEEPHE WS ZHrhe vyl k.

2) AA o] 2]HEH(accounting rate of return method)[66,67,69]
A7 olo]EWe FAtel FwololES NEsle] ol Tt BrAF
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o2 o]&3hz WHoltk FAH o]2E ARRE Th33 o] &3}

ARR = A% & o|l/AF T FAY

of

o714 AP o] (annual average net return)S F2}7)|7HEQEe] 3413 $o]
°](EAT: eaming after tax)2] 32 FA}7|7to =z Ui gholi, dA¥d HExoe
Z 71528 83} 271X (salvage value)o] A Wit grolt)h FEXIQJAVAA71F
2ARbe] B ololgol UM Ble] FehES o9 F uyh wow
Adsin wow JjZen], B wagkel 49 olelgel /1% Be FARE
A9, BhoE Bsn 8ol Aelas, SATE AnE 261z A
& = glonk, stalo] AIHA v E wREkA] ghethe Wl gloh

k

rlo

3) =38R/ R (net present value method) [66,67,69]

THATHAIY FARNS degoz s v AFHYAY sty
oA FARb AQEE B dANAS 23 e wain, ofgel o
Ak

7 Cr
NPV = - C
t; (1+ IRR)' v

&G AEEE, G HE FAY, ko glgolth
FAAEYIIES T }%H NPV7} 0BT} 2 Exjoluls Melsis Aot}
o= FAl 285 ARG A7 o] IANEHCETD 2 F

Aokgre Helgrozd Z19e g 2oA7E AAEE 8o dudEs)

£ AYdeolth BF FA%Y A9 NPVIF 718 & AR Aeac

4)
Wit ol R TRt S ATE AT R
9 g

otel WFHEe) W YNNAZE BALS oulPT. maby WrsoEe
ohele) Ae wEse Felgo] He
G

— =0
,;(IJH’RR)' G
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Sl BAES FAL k) Yo ale A3EFe) F1
S 99 Bz, of gol QU 4D BAENG 29 FAE A
ek, Ao FAE AL, 5 FAjete wel WS ololgel £

orol 7|3l &R Ak Ex7bx 7} Qoke ojvjolth

1) "7t} 2 vjrtey [58,60-73]
A 71H(PV, present value)o]gh vlefol] T Aoz dd=e g4 7}
g NS nHsty AP o kg Fdg TITh o Eof, 20d

Fol 319 71AE AUE 2%E AH&sle Ao w $hleld, I A=
0.1$7} g5 & & 9,1 IEH7}°-‘1(FV future value)olgh 7143} oo 7)d o

= W9 157} QNS ARY F oA BASE 52 ndane 9l
o 4AE AUET} sk Adelth &, olAg 12%E AAT A @Al s1
209 % $9.659 FEE 7S AuA Bek.

ot

Table 4.1 Discount rates examples

EOIE : 12%
Amdw o |t {23 lals|e| 78l o] 2] B3|li5]16]17]18]19]20

<]

PV(US 18) |1.00|0.89]0.80)0.71]0.64|0.57({0.51{0.45{0.40{ 0.36]0.32{ 0.29]0.26| 0.23] 0.20| 0.18/0.16| 0.15{0.1310.12{0.10

FV(US 18) |1.00]1.121.25{ 1.40{1.57;1.76]1.9712.21|2.48] 2.77| 3.11| 3.4813.90(4.36{4.89( 5.47/6.13| 6.87| 7.6/ §.61| 9.65

ARl 2 vlgride o3 2L AR 78 4 vk
FV=PV- (1+i)

oA71M Fre= w7k, PV @A7d, is E90E, nd ZAapdzelth

2) &Ql-&(58.60-73]

&0l g(discount rate)o]er A|7ke] Azlo] wE s}x|e] wWIlE wradsly] 93
842X, ol =LA 3#H9] A7FA 7}X|(time value of money)

oo
i)
o}
]
al
2
=
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¥ Y (uncertainty embedded in cash flow)ol] &Jdted L=} dwol A|7HA
7HAlR A1ZE Apololl whE slEvhx) o] Abol2A A BEhubel o] dele 12%
£ 2@ A A9 1] 1'd FH< 30.899) B3 S SHAe AL 059
$13t 1 Fof $1Atool] $0.11THE AF 747} WEH o] Q7] wEo|c} Est
dasgel WEdE Adold dag5859 7IAE H7re o) A|7ke] shx)#at o}
Uzt desge] B4 wet BAES Adolstd 24stdol dge AL
oujgtt. = 1d 59 FA T 3059 50%2] FEZ zhz §1 E=E $09
7HIE 7HE deEEY $08e ME g2 gs 7HA 2o gy g4
g desFe] AS AL st A7HA shA|vto] WhdE|o] Q1S Woln,
BRdde] e Ae 28 BEAds wrgste @9lge BX<tuin Aol
aHA] A4 €t

3) 535 &([58,60-73]

Gutslso} glom £o 3BT AFYR 49 wE £99 AAFEOZ
SRR het) e olAe FolZh), wlgAel P, AF SosuE
7198 @Azl S ALtety] Yste] Felato] o) =G

A3 E F49 71293z e g & &+ U

¢ TP EE 7|5 (measure incremental cash flow base) : &% Exjolo g

B 2shs 5589 FUHETS 1ot S33
« tjEH]8 FA)(forget sunk costs) : G FExIOHS AAF7] oMo Extw
H]-§-2 FAREe] SAMAAA] FAg)

+ 713]8]-8- 12(include opportunity costs) : ZAAA HA7} A] sigd Exjore] A

Bo2RE By A5E /15NES B uelstelor AT,
« T AQE TE(don't forget working capital requirements) : 3| Ex}
o) Yo SAsto] #7149 AR FIol WA, olF v
stod A4 HoHE eisior o
4) =E ) 714[58,60-73]
THAZFANPY71-73]& 53 T oo FAZZAE st g
Y AE 3 H(cash flow)S st AAH 71X 5 worste wHo g, Sxigto
25EH FEHE vHFd@E /) @Aartds Ba@F R3] aArt
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Ao} Folg BT = wHAT AL TAdY FHFI] 5 £EFEE

A7)}l e) ol

5) A% A-8(58,60-73]
A3Ho2 A s AoM ATERS A8 FHEFMILOT

e o

AsaE = A8/5HT 78] 8(53,54,55]
o| AL AlFAEEC] FoH A8L HSTE, FEUF/NRL BSFE §
HHolgte AS DalFErh AFTEEY] FAE a8l B3 FAe o ¢
=3
Ag =7HE - JFxE - A&E - A5
= 7% - A - FYPEASEE - )
= 7% - THEARHAE - AE{E) - A5
A& AL B34S FHEste 2de du 9 AFe 4 7hgeld, Foin

FHEmE SA Ao ZFBARY 7S TEa drhd A5 Azl Aol

S7bebe A 9 4 e AR S 7
=

7HE = FFsAZD/IOFE AR + BI7EE A
A = Anadware * Asoftware * Alinterface * Aprocess

rr
o3
lo
Hu
X
®
Kl

« 318-7}8-S(inherent availability) : Au] 2o s
2O AMRSIE Qe VHEEE VFo R i oubAd], FFA A, #
42 Xde At
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A; = MTBF/(MTBF+MTTR)

o rr
Py

o

b

X

&

2] gl 9 dr gels 2ty T A9 1 G A

=1},

= MIBM/(MTBM + MAMTI)
MTBM : mean time between corrective and preventive maintenance action

MAMT : mean active maintenance time

+ -7} S (operational availability)«= AR&-Z}ol] o3 T

A, = MTBM/(MTBM + MDT)

o714 MDTE Hd A X A)7Hmean downtime)o]T}.

98%2] 7}8 2] oA = 0.98x 8760 = 8584.8hr/yre] 7F& A7t 0.02x 8760
= 1752 hriyre] 8I7FeA1HS Bty mefa] 78 E + HIZREE = 9]
A,

l

7) A2 £[58,60-73]
A E Z(reliability)= AIZFE7] 9] 1o HnE TAde AL oErh
o]

o
Fold 71thEst g g4 FHS vehls FHEolTh[53-55]

R(t) = exp(-tMTBF) = exp(-At)

oA 7| A= AHA] 32AHS, MTBF(mean time between failure)s= Al 51173 Alo]2]
AZHE ek, & AEEE gAdsh] flsiA 7 AIZFe] MTIBEZE @45t

R = Runliry : Rfeed-plam : Rprocessing : Rpackaging : Rshipping

8) %|4%[58,60-73]

sl dolEiel vlitsle} AUIBES A WA shul Aol AREAE
chEn gulede THsE HelHE 5P5FY J1E5ES 2E HY 2 ol



o) S48 A 3ol AuEe 7108 B 5ol ofal S A%
% A 2 8] 717be ARsFE Al Al o8 nE A
dHY= Aol FQEALS MTTR(mean time to repair)ol] 9J&] FAET FHo)

be A% I, AA, A, A B, F 8l 7FEAIRN) 2A%)
M(®) = 1- exp(-VMITR) = 1 - exp(-Ut)

A71M e Al Anlgoloh

MITR Qeh} WhE A1 Ujo] AFo] Fei8EAE Yehhe 4eua &
A BAY AR BHE TS A ARG B SN 45
e Utk B8-S FAHSE MR, AR AXEE A% £ FX2 44

s o] mpRsi.
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[ HIE Z2AHA

BE7) v18-S AHEEte} Aok HEely) felMe Fighld 2o ZzA)
W F ALPTH.6465). RTINS N BAHLS Hejsm A
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Fﬁ o 1 %
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i)

o D AFHANES B 0F Aol BynL S FHIPT o)F HgR
429 48s}a vigels 2 wgRY AARA Fol 2} AxW wgaTe
o Zste] A4 w3 2h dhalke) ERE 44 B selE e A,
VAERA 9 Tulg Ee) YRS Sasiciol gt BE uulg g9
AUEN 59 & DE3x) 2T A9l w2, WA, VAL wASZ Fe)
sl Z2A2E A Fasicol B
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Fig. 4.1 Life cycle cost process [53]
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Fig. 4.6 LCC analysis examples [53]
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Fig. 4.16 Cost element analysis on the valves(V and C company) [53]
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Table 4.5 The cost element analysis on the mechanical fields
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Table 4.6 The cost element analysis on the I&C fields
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Fig. 4.17 Annual cost profile for "V" company's dump valves
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Fig. 4.18 Annual cost Profile for "C" company's dump valves

Table 4.7 Comparison of net present value and efficiencies

VA} CAl
2 H7IM(NPV, $) 238,611 234,994
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Table 4.8 Comparison of present and accumulative value

VAL CA}
i

SHItoH FEHY g T2l
0 16,717 16,717 29,342 29,342
1 35,064 51,781 32,497 61,839
2 31,307 83,088 29016 90,855
3 27,953 111,041 25.907 116,762
4 24,958 135,999 23,131 139,893
5 22,284 158,283 20,653 160,546
6 19,896 178,179 18,440 178,986
7 17,765 7'195,944 16,464 195,450
8 15,861 211,805 14,700 210,150
9 14,162 225,967 13,125 223,275
10 12,644 238,611 11,719 234,994
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§- 2.75x1079] gro] =& EH T o] A CAe] WB = CA} A=
i e

Ago] B FelHoln vaAT Wl A

-

8) B 8 ST MG AL HA A
RE ATE FUS) B ), CAF wn B Aol VALY Wnnth vy

ale CAb W) AFALEoR M 3 731117“?_ ZHolA oS w5 0l5L
de 4 U3, =8 AFEE nigo g @o v 7AAZ F Arkes AL
o g Uk
ALast Plant B ALast Plant B
Worst Worst
C
LCC LCC VAL @
A Best Bes
CAl
Effectiveness Effectiveness

Fig. 4.20 Comparison of LCC and efficiencies
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V. EX} QM9 AHE Ut SN AEE 7|4

Fe FQ wa gulol Ui FAH T4 W) 5 B4 BRAS B
£ AL 9T g Agel ohUe FAuIE A Belbenefin g ZHstal
FAkel $AHeAE Aol gt olEst £4S T FAE Ak
Feiel wee) oah RS & 4 Aok AZ BAH oa} FF s (AHP,
analytic hierarchy process)S ©]-83lad 7 EXE 9AT & J5E ZHE A
AJshe A RAES FAF H/HAER AASIA oEA A Al oha)
X AHPE #-§3te] A5 *}X}%Ol HA ERER B2l 49 E 4A3)
5 otk mebd vhE F9 dde] AlHBT o) BExbEs thokglt Ropol A
Hjg} 771 EH'GL A }—?—{‘_*’\E-‘?’l% A= AAA ol FE AL WS A
Aete] Expe] TEAS B4 sbarx} HTh[74-77,83.90]

g

1. BEXt E2M2] 4 AISH oA H T1Y

7Fo = d39 GHlEa Al g3 #48 53 A AddRE F
#Hew Wt 2 W Wg aw 13 018-1"0] Sich. e agel) ol
DA% sledellER, Aol oid Ed % weld ge FAN A
NPV(net present value), IRR (investment return rate), 3]47]7to 2 FHAlste] 7}
she o] oldn 53l wHse QAR AAA BARDIE Tajel oiA
M Fad asold Edos Al YeSo wHst HoilA o} A
T4 WL ol en, BNANE A3 T ASAE 2vle) Hmeh B0l
e H7HEES FE87dE o gl Ao AS/A EFRE A o
= gl E3Hel B AL H al gITh[76.84.86-90]

=
X
I
Ho
2
=
O
&
=
=
=
S
=
w
o
K
=4
o
=2



g S7bIzte]l fEHW, $8717] & Yuidte] dule Hge Hrista
A ARESFE AAstd R 7 S Al AEstd HHERE
A 2D 7S s7F e olg £ Fr)dg el §rk[76,90]

2) AlE B4 2 M2 (analytic hierarchy process) 7]H

=1 g 739E w2 Thomas Saaty7} 1980 dth 7R3t oA AR 7]
HoZ, orl AAAI a4 Q48 AEAHory BRI o] @4 uis] At
A TRES sl olF IR oA 2 S FAHT7.90]

7Fe B9 fAe] AERG FAe @b gk V715 dis) £4)
Bode A7sa BdAde 4, doot 2oz A} AFARE AY 89
_1 S o

o, o]l A4
ol TLHA ot AT wFattt oligt HIF AL AlerS st
Aol B2 Jlge] Webd 2EE DYIER T ANAYS AZHoz
BRI ASE FAZRS 4450 ol 2WRez 44E BF W A~

Hog p&sl3 HEAHQ £ AEA Al X Yo] HEE YAH gl A
FHY QAE IFsE AE BAF ox} AF 7]Yo] 5go] Hojof 3§
t}.[96,98]
2. EXIX|E MA

21 EXX|E <|O|

E2}A] F(investment index)@ Fx}ulAol tisll A2 Q) Alute] MEL =3
3la o] & o] &3le] AA3S Holste] oAlAA W o= AlRElE | Hof

o] hEAHQ FY(measurement) A X olch. 7hg A AR FExEoks B
oet P AARE +dFez Fa soy AAXoR HEdE F
gatA] Zsta N TRl o] grao] Mok 14 ke HrE ARE o
Bato] Hrl 7lEe] gejH oz dAsolol sht 7AAQ AR® sfdo] vls}
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of Mg BXE DHL SHHE AE pdel AFE AFelth meb B o
FAME A $HEAE A3 T 5 e T4 o UM G4 Bk AR
g Aud.

22 EXX|E MA 2e4[96]

E2 H7}A E(investment evaluation index) A2 = whAAe] Ad] Fx}
IS ol BT RY A AEEE dyes U8 S
sielel 958 SFAAL WolT St BHLe) B4 WAREL oz A}
A5 24 T8t HrHAEE AAsdth B Wi Ee HFS $85%E 7t
of #¢ls Tl AHsict.

10 .|

1) St BA4FET s JrHgE Alel] 4

U 7 E0l 9Ae An A5 kA 77 o] BEEu A% 7+
Al AR 981 Aok Fahe 3 AR ARE A Agd oet 7t
v 8 ERA45S st #7148 Age R "] Ass FAAg ol
& FAgoA Adsatelzt Ak EAAdn 1 F7]) #eEl(life cycle plan)Al g

o @} 47 FAAIFe] Y= 1

Ag wet Fx7t 8 gtk o] By AMAAL HAFAHA a1FAT F

A "ol Eu el ME ZALZ o]83] gou A HE o83 sfBAHl Hr}
ol Hg st

{r

Of

2) A& At

B7b &=l o] A9 77H ARE WFez 7H FA4 HrF AgE A
A, AduldErte dEe Tl a8 sl st A9l S 35S dEAR
2 st

3) sjlate] B4 Wl = Abe EA[90]

R LR DI %xmm AREA] QuIds B AY Al 9
AR WAREoRE RopE 134T Fa4e %;Hiz-ﬂEi olg8th 7HE
290 QA9 79 B wAsY QHAES B whe AL Ho &
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FXHEO} sHe| AAL si2| BA} =i A HiZ
A EY O O O
e O O O
g4 A O O O
R S O O O
=g 3 O O O
7] €} O O O

3. FXHEIIK|#e HE

x4 BHARE “AF B4 AR /e =gsied 94 Z4.
2 A%y ZEE YD MY ZPLAS Y 4R FPANA BE

gyshed 4490 A8 e TR A9 £ F Bio] B AH ]
AP ARG AF Bk ARE Bl e AUEPe] g8 iy A
5ol o8 el Utk

XN B

A

HRE HAAE Aol distel, iAo e B
Misiste] gopulng B QA8 AW, o YA DAALA Mo B
hopgel AR e e APk $AL AUSHel oF Wy
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shte] Brixlgel thsted F7hchd kel *&EHZ#OJ Hla7h 7hsd o o 8- gh
2 gt AuER 49 2Add 324 vldshed ddaY ¢ 1zt 2
gdule) A B3tol me} Zpolz) 2low JMXM A= zto]7} glt.

2) AehA Z4[90-92]

RPN skt BAAE we WG delel, BAREE o
Aapulae] SjalA 2, WARE 26l el Mz oe Aad SREs
(rating scale)E Z-8-3lt}. H 59| FF& Auulug A#3}l st 7L (intensity)
5 T Hrb el AeEae HEAE RAshs W2le] AuEAe] o3t
wjolck, o) WAL WrUAe S7h 107 oo 84 7 Ioh ATElnr}
o e e gos il oA A A30s
dol Fasty] Wi Hrizte] AR S AT ¢
7} s BAe AH Ao Ao} Bk

o
oh ‘U o

4. EXH 87t K| ®2| F225[78,79,90,95]

EE
A0 ARAZAE, FAAF 2 GHBA AR Fohe 45NN 2T A
M, WA, B R RN, FAZIR A, Qe AR B
g % =4, 3o A% AAS B3I AT Wung, DuaA g o
e AF T FAE ALY oSS AR AR, B 2 A 9

=
vvl @H 157, 7Hd ?éi] ada FE7IH M T8 o

>
-

KU oz de

e

from
&)
XE

o

2) Mo H7F By

2 Axe) 53 SE23 oy HWKPSAE 2oz AR SANE
(CDF), &2 715+ E W (LERF) 2 FFd ¥k /fHAE, 9n e Hx
Z2(AAE2 fi-y), A>3 2a(eA] -ES firy), WAFs AezAbdE zzh 2

dde Fd Am, vl e A3, AL A 2 ARG FAART A
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ojft
o
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A

3) AR B
Mg o) Hejold Hlge BAATY A5ANA vlgoln, BeALe A
WEAH§) o) Fatel B GO AT,

A 717 A B A, PlRA A &
= =9 100% - 5% - 2713k o]A, A
g 23 ke 29 100% - 50% - SAIZF oje. g A sk

oft Jf

3) 24748 H7t
Hl-g2 AeulE, e vFow <

ERE R

e
2
0%
e
i)
&
2
2
L
to
£
=
u
N
)
!

43 212/44190,95]
H el

N

= ‘AAFeH(upgrade), A 171
ol ik A=A S ASH 2A] AREL Aabo] ek Al gk AAWA

At F87171 1R A BBAA AA FEEA AAAL, EELe] $7
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i d=, 8 oi¥7)7l,
L, sl A

kit

2) Aojg7}

o] A3l (consequence) Aol thH]dE oju] 9l 7
F2717] RF 5o BAZL A A 7 ATADE s A4 A
AP 2ANLS F12 3o 53 A WHos Pole

i3

3) AAA Hr}
HlE-2 AZx S 9eh FH) vlg, HoLe Almol F
F7Hgo2 Abgitt

44 £ FZH90,95]

1) Aol
FAze] BES F/AA BHARS Z71 Avle An M, 4 A
o 2748 JHHe 4 db AHAN, 22823 AlY(power uprate), A%E 7
Fat

(continuous operation)s-2 3

2) A7t gy

ou] = =28 P 49 &

3) BA H7t
2 2Bl B

H]-8-2 AdusjA »
o g Aaksich

4.5 444[90,95]

) el

Z7W1E s A% AAAANE, AR 9IS A MALE, o E] (outage
duration) 71+ WHA717] A% AQALY, FAR FANGE BT ol
A Ag3hs AuNA, Agae A A E A AE A Qd e

4 5 Tgach
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2) ddiH H7}
Al tiste H7E i

5. HASH 2AAHEE 718 8 0188 £XIEIZN ®I}

5.1 29IM% why

AHPZIEOIN $449 dge Bt nas5del 48 de Brlgso
el ARHoz Wished AT BAAEE Azoz TAsky, v
Brheh A Brlears FEslel FAAEE A4 1B 9 (anking)
3t ATHRI] olg AAAE Thed 2o HAE saUT)

D H7HHEE F8x 4HE whY[89)

shte] AFol ale BANFEGBIE FAEE XS Aol =95 ©
= $FHASHE AdFs7) Y5t Aojvlwsy Z(pair wise comparison matrix)S 2t
dotAl "ok AHPSY] A8 7ol wle), HIIAEE Holoh, HrleE, oja1d
AUt 5 oY ZHAZ RE2G. Hrkaks ols UidE 457 AYE Faw
1mE ve) gtog A3t Auplugde] a4z ot Hunlayy 4 =
[a,)9) FHHZHD 24 a0 g 0] =9, gzt ARad 59 gAdE 38
84 g5 el 95347 A3 Pk Table 525 Ao Bluslge] A4y
olc
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Table 5.2 The matrix of pair-wise comparison [90,91]

b1 b: br’ —?_Q.E
b an a2 Ain Wi
b; azi az 2 w2
bn an 257 Ann Wy

BovInFEE DRAZA e FEahd 2(5-D)e] #AE et
Aev=Av(d v=0) (5-1)
A71A, 4 : e, v ITHHE(eigen vector), A : I1-5X|(eigen value),
n ' BRI RS S0l
AE-DE DF2E A S 2oz wsksh 4(5-2)9F 2ok

(A=XI) » v=0 (5-2)

DEAZA] AN FR (4 - A3t DAY v F o= St 0 P
0 AE R, A9} gglo] Tejulstuz WAT WE 257} 00] ohiwA

71 550] 00]7] fEiMe AHe] d3Ho] AR gotot slar, HPHo] Ex)
a2 7] el 32 (determinant)o] 00o] Hojo} 3tl= = A)o] AYst
ok 1 2ol A(5-3)0|n THAHEA = EAubA A)(characteristic equation)
ole} 2k

[A— X =0 (5-3)

54WAA (5-3)0M T E(oot) AE mfA|E) S, durHog S
st &2 Ao DHAZE AL 28y wfe] mRH sbed Hns
Ana)E AE U2 2405 58S oJug 202 97] g2 Huz
FAE THHE v E 3 o] nHUEE Hrloiate] 2axE Jehin,
02 AZHe] Q84S vEsle, AdAd b8 E FAE HEQASS 1 Fol
10] ®|=2 A3F3Hnormalization)dte] ¥ & ko).
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2) 4B A4 HZ(consistency index verification)

At uEAL Al R2B0] BT WAL ZEoW B4Rl o
Al 7 3k Z HADES] St no] 54 B 2w UK 2SS BE 0
T Fg golth vk gdivlaed] Wigh gl ¢Hd dAAE AT Q)

] BE BF A= 7 RO 2 38 7B 8ok o) 252\ ,,,0E o183}
o o2 & ATA A (consistency index)E& A=t}

T

N

tlo

A
ARG AFCD = 25 (5-4)

FAGE olgote] YpA

£
<
rr
i
7
2
]
e
op
ok
o
_)J_:‘
)
¥
o
i
o
)
o
no

AAA HIE(CR) = FAGASF(CD / FAAF(RD) (5-5)
[H4FA19(RI : Random Index) : Saaty®] U4 vl§9] A&zH

AAEE A e Aoz Busia,

3) ARG} 53

A 54 o4
A e ANEF
ER RS

= m,
)

i

3

o

Oft

Qi
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52 ASN QAIZY S8 DI

D BAEE 44

JAEdel Bad Ay XS 4P APY F4 $2L WAAER
AR,

g wgshe 289 AY E=res A9 Ao 3
HARe] FAEE WAY + AT ASH ANH PhE BEY 5 =S 5
o

3) 44 B7IR) girlwg ¥ Bt 7

orbdgel FajAe A" HriREeR Jdd FaEg vade Hrt
P& PSP B aRAQ Ao (query) HEE B3 5T Are /&
% (pair-wise scale)E ©|-§8td FREE HlwgTHTable 5.3). FH Fox H7}
= ¥ ATl olFoA HAY garEA ddez arEAe] HASS B
el gt

Table 5.3 The upper class [74]

AN Zor =T FH9|
1 T%
2 Rt T8
3 8
4 of-g- 8
5 A T8

4) Adigrt Axtel A 14

FA HrFE ok 2k Qlale] Hd) HtE
o] Hadte ASEHNAH} SIFEFS
Aoz M3 Table 5.4).

4
o2
:ox{:."

O
2
r
+
)
kS
B
o8
N
)



Table 5.4 The lower class(absolute) [74]

s2 e e
2 T Fd 9
1 okt B3 7
0 W3 gl 5
I ok 3
2 4T wx 1

5) AoA Bokel Faw AP
FaEs AUHRE Fo 4UE BrlgRere neuge 4353 o)
Hlgo] HE(E 100%)2 AHHete] Fakt

6) AN Brhel A A

AU vl AZT 5UYF P22 FAY o9 AR IAEH st
sl FhH i AFT FUIEOR AAHel RN AR et
NAY=E W52 Bra

7) dhA Frtol tig dB/g HF91]

BHHlLE T3 FAEE &S AP Mol A(tansitivity)S AL el
el dB4E HFeNoF oy I3 HlE(consistency ratio) AHES AliB)a
Bzt AFe B EAA 73 HolI{-X]|(maximum eigenvalue)9} W42 5=(RI)
£ o]-&3ta] 2(5-5)0lA gt

dedAT= B vugde] dAgde A E Yehle X2 Hus
2|7} FrLEHE Sl A2 w dBAdo] o

FFEAFRD)E Saatyd] A @AAHAZ dojxl Zo]al, Table 5.59F #o] Hriahs
Fofl ol A Ee gtold, 43 AF BAo AH&H

Table 5.5 Random Index [91]

e 2 3 4 5 6 7 8 9 10 11

RI 000 [ O.11 | 0.58 | 091 | 1.12 { 1.24 | 1.32 | 1.41 | 145 | 1.49 | 1.51
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§) 28 JFY ¥ 9 3%
F9AZ FLEAHH FAAZ ANA Hoht S b AAA
o BT AP T olF e Pestl tatel SHEet A

6. 87" A

Ol

0

2 Apoxe 7k T 43 A B 99 Tl disiA dgE o
e gt o £4 digkel] tigt HAHehHS vdste] $AEH ) wE
AR e HUItES 22aYPS ALt AthFig 5.1). e H/PAE F
A FTLEE s 7 WHAE ¥ BAER 43 $IEEEE Bk o
5 AT e pAeHE 459

62 HUIX|EE ST AMd

7Fe 59 4l i FEHEY] 8% L HIHARE Ao 8wt

Hliﬂéﬂré— PP EHolERE FH3}, o] PHE

JHto 2 Q% Z A=3)

N

6.3 AT+ #5

7He 9 AR FAFEAAN Fap 53& AdA)77] A 7 HUHARE
Fig. 52014 X+ ulsh Zo] FAIF st HrHAEE, F§ 8 79=]]
AAH7LE AR Tt ASAHS 913 55 F Z(rating scale)=
Table 5.63} 2t}

6.4 JAISe SRE ME

7HE F0l 99 EXEFA gt WK AE e A® 7
o vl Ms}@l PP T, o yWte g uFHEE A&



MM E L aHPy

5%; Analytic Hierarchy Process — xuxn..»

(SJE l‘H —l

EEEEE 1 2 A BTl HoE I WAl

LIPS LR 2 FEY YA v Ei?‘a‘é’@ 121 102 W 215 QHNde| B ES

SHE 2Dt LA JeREAAN BUECE WAE YA, EHI EA

TRYY ZHGEHI5E )2 Mols| WM 2R

gl 2 1029

FoF Y Ee OHEE [ JEAAM HES2 FA2W Ots

DIEr BAE oy /molo] BOf EOI SAN AN A B

Assess Upper Class [ THE 7]

o A RS R a5 ERE Remark

otA o - 1 1 v 2 ~ 2 w 2 v
R | 1.00 1 3 v 3 v 3 v
Mo 0.50 0,33 1 2 ~ 2 v
EHz 0.80 0,33 0.50 B B v
Mo 0,50 0.23 0.50 1.00 a
W.F[%] 27.15 34.62 16.48 10.87 10.87

Consistency Index : 0.02280

Consistency Rating(<0.1) :

Judgment : Acceptable!!!

0.02044
Assess Lower Class [ZC{E 2]

Rating ! v 1 v -2 ~ 2 v -l v Total
Results 190.05 242.34 16.48 97.83 32.61 530
{__Save _Caiculations J{" WAl Page

Fig. 5.1 Determination system using AHP [85]
>
Au 27}
- A, AlF B
T3 -
o 244 e
Aduj g
s g |2
C
A ) l E
Wk Al

Fig. 5.2 Hierarchical structure of Investment priority order
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6.5 A H|w

Aol A|Z=o] H7IAE U]y Table 5.7904 By uiel oy olg] Aluiy]
W o olgo] Fig. 533 2t} ole X&FE VIELE YEH Hluwd
walE g g@sch B AaE AN FrrEar) sakd s dEoeln of
HlwAl 9] Axte o3 2t

Table 5.6 The importance grade of upper class

BRE = HE
1 B]5=238} (Equal Importance)
2 oF7F =8 (Slight Importance)
3 o] =8 (Strong Importance)
4 31243 =9 (Demonstrated Importance)
5 A)H o2 FQ (Absolute Importance)

Table 5.7 The indicator of relative evaluation

ke S A YNES
1 oFA A(Must Do Regulatory or Safety)
7V A ALed
. FF9s HA
ok IFHALD o
A H](Must Do Asset Repair & Replace)
7k R TSR E
. 513717] WA
3 A1 2] 5= 3kAk(Powerblock Plant Upgrade)
7h 717108 e
. &E717] oAl
t}. 717] A58 3 (Performance)
4 Z2Z7}(Power Uprate)
7} in/\ 8535k

[89]

5 AL g ﬁ%é &4+ Productivity or Efficiency)
7} Qo)

7} ]

12 S = R

ok A8 7| 3

EA T O R i R

v}, &2 A v)(Structure Infra) X7}
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Assess Upper Class [ CTHEH

ord o BFd AEH 832 oAb Remark
oLHM A 1 I v 2 v 2 v 2 v
=4 W 1.00 AT s v 3 v 3 v
M d 0.50 0.33 1 L2 v 2 v
83 0.50 0,53 0.50 1 1 v
oAb 0.59 0.33 0.50 1.00 (5 4
WwW.F[%] 27.15 34.62 16.48 10.87 10.87

Fig. 5.3 Examples of weighting factor [85]

SHUEE o) gstel B4 BIAAEY $41 9 priority vectons AAY] #H

Aol ik ARt AHE EE(%)E HF T

Table 5.8 Priority vector [94]

ACHH | W= e =] Mz (priority vector)

/o 1 ¢ WV(l/a) <1 X e v="V{1/a) x1xc¢/Tsum
1/?) 1 /¢ 1 3\/(1/))) < (1/(»)><1 w="VIUA) < (1/)x1/Tsum

{ 1 a b:l Bleaxb w="1>xaxb/Tsum

Tsum




4) ol dAGAGF Agt 2 Z2 Yo o3 heRA Ak MATLABS
o83 ANk Hlw

(1) 43 HAH89]

Bk =2d 2es SA3e A F, "A7F BRY £, B7l CRU 4,
Ce A¥Th F33ith" 2he Aol H(transitivity)2] =u]3 REAS owstr] 9
ol U4 HIS(CRconsistency ratio)e] 7)o wa} Y@dAdo] ¢2& wokst
o 2 71E2 HEol 0.10[3to]H d@Ao]l lom, 0.2 o]she oFatA|Yr thA
2 daAol Aeg s

(2) Hh 2FA [89]

dEd A A Al i ety AoEE Al 3

] B zRE Hoxn

TAE 7Y duEAFE AN RA N H957] Qi) B ZPHL 7

siof gtk B Ala"dMe § Z2ads olgsle] syHog no) 7kt

e ARt 7oz AdUIsh o] Aitetn], MATLABS ol&&to] A4t #te
A

Hd 2a FEAel e

Table 5.9 Consistency rate

vl gy FLE ) 1 F-A]
1 a b u d+e+ f d+e+f§/u
/e 1 ¢ X v = g+h+i — (g+h+i)/
1 1/c 1 w F+k+1 i+ k+1)/w
Tsum

3 = A

(3) MATLAB A4+a} Excel Al4F Aol vlm [89]
ASEAA AFEA 71He HIFAF gt AlE 2 Q S(eigenvector: Il
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THE) A o]E o] 8% Ho) ZfX)(maximum cigenvalue) AAF Azt w}
ek H7F Aol Aozt Atk AdE vREUA Exp $H49 A sdHe
EE AlMhe excel sheetZ A2|dlm g o]o] HHAHS H=sgct Ayzne
URHHQl Hrhd o] A/ E AFESle] Excel Sheet A4t At zkat MATLAB 7|
A g vwEtgh AlA s s Egct

Table 5.10 Test data and results

a b c d e f g h [
a 1 2 3 3 3 1 1 1 5
b 0.5 1 2 1 1 2 I 2 i
c 0.33 0.5 1 2 2 1 3 i 3
d 0.33 1 0.5 1 1 3 1 3 4
e 0.33 1 0.5 1 1 1 2 1 3
f 1 0.5 1 0.33 1 1 5 1 1
g 1 1 0.33 | 0.5 0.2 1 1 3
h 1 0.5 1 033 1 1 1 1 1
i 0.2 1 0.33 0.25 0.33 1 0.33 1 1

O D RX| VS|
Excel 10.3623 0.195, 0.122, 0.127, 0.127, 0.104, 0.102, 0.081, 0.085, 0,052

MATLAB 10.387 0.196, 0.118, 0.126, 0.131, 0.096, 0.115, 0.085, 0.082, 0.052

Hoj 3HA A 0022 AVHAL. AHDAAE JuA AEIN o
& ozl 2 WM Mdge A3 skl Pud Az dvy Bt

A Z1Eakel S8 0. flo] IB|A Az BAYo] Utk wE 4R
o A= 0008 AtEAon ufuEe] Few oL 7|FE e ae
sl 7EAZ 2 9nrt gl
SteAIEe 52 23
BrRAEe g A FocEs 3%3}71 A& AA HrlE e
H[7r o] H7F7)ES Table 5.99) wie} AxS fobste] 34 ulet &9 B}
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£ ¥t I ddke Fig 549 Zo] st Al ddadM HE
7Fedt sHASHEFE A SR EFEES old did FAE Bt 7IE %

S3H & Table 5.10 2t}

) S1AZe) Achy B}

FAAY et FAB thdel thshA FA Fol AdElE Ffbenelinrh
G SN GF Popx Fo] Rolnn 7 $EW AUE Yo ANHES
sERoR Brhskn 2v] W4e A58 Bk

Ea k=4
=

Table 5.11 The importance grade of lower class

stAIBe Z2x 55 L
2" (BP0 9) T2 ARtk A8 4l F
1t (BP0 T) Bx AMo 88730} 25 &

"0" (BIHHE 1 5) Bz AE zolrt Qe
MRS 2 3) B2 ARt 8747 A
2" (HAAEF 1) T Aok 2877 A9 g4

Assess Lower Class [EC{E 7}

1

. g’éﬁ‘ag" . T 5 S 5 ?! - ?‘é;
Results  190.06  242.34 1648 9783 3261
Fig. 5.4 Absolute evaluation on the lower hierarchy
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