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SIL : Safety Integrity LevelZ: 458 B 54%
RBI : Risk Based Inspectiona &AL 4 i s

RCM : Reliability Centered Maintenancel>\ i] §E% By
RN

RCFA : Roots Cause Failure AnalysisZ 5534

RAM : Reliability- Availability- and Maintainability
Analysis 7] 5[ - 7T F V-4 53 A7

RCM (4) RBI (2) RAM (5)

R CMMS/# #1(3)

fERER & R &
/4;& P R B &m& 7E

\ /

87, 60 F R & 2 F R TR G

FCCa #-+790. 122 91. 5 Tk & B *
R LIFRAE % 27 RS HI(RBI

2 i xS w3 4 5 & (CMMS)
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Reactive

A T4

B RFRETIERIH AN

Periodic  Predictive maintenance/

(condition monitoring)
AR/

>

Proactive Era of
Maintenance  maintenance

o Strategies RCFA  strategies
AR Gk far B ek E R

1960's  Reactive #EE M4

>Fix when broken

1980 predictive FEHI 1 4EE
>Condition Based

B DASHAIR R R B
Future
1970's . N iy . . AR
Preventive EHF M 4fE (PRM) Proactive Reliability
>Scheduled Overhauls Maintenance 3 B i] g 4E5E
FERARE

>Apply optimal level
ZERERRG

>Fix root cause HEEMRAERKA
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Probability .

of X
Eailure

> Estimate the probability of the failure {51532
> Estimate the consequence of failure {HET2L34 1% 5
> Calculate risk fEE &

a9 2E ¥ g2
BE R

Maintenance Strategies and Management &3 % frg 32

Maintenance Ben
2 2
#%&:

[ |
Preventive Corrective
Maintenance Maintenance
T R Ri g

Periodic Condition
Maintenance Monitoring
T E¥EH
I I
| l

Calendar Op.time Continuous Periodic
Based Based Monitoring Inspection
MPpHEAE || BErEFIAL FHEH CE 1L

K Slide 12 J
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Safety:

Addresses safety consequences and
risk for all equipment/systems
Protective devices maintained

according to required reliability
(IEC61508, API 581, SAE JA1011)

RBM Concept

Operability:
Uptime and failure analysis -
input to Cost-optimisation
Cost:

all maintenance actions will
undergo a cost-benefit
assessment

(risk cost vs. maintenance cost)

5
4 a g 1\
o g
3 Al & YA VAN g \\
N AN s Cu Cou
2 PAl A N s N
] =PVNN —_— T~ ——— Sou
A B C D E Preventive maintenance interval
g 2 2 272 25
ML 'Fﬁf{;’ 5 B ELA
Eedrp | %ﬁ;
A - A %_E‘ RBI
‘;% SIL
BB S R e— RCM
X/ g E > TEEHE «— IERRE ‘
ouyEmE o RTHRR P | PRRE
A t
\ 4 \é
KEFHE |« EBREE HEERE ZhTo
A A
YV Y
ERFEE
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4 :

1E LFWEK
ME &AL % 4 (RBI Risk Based Inspection)
'l&lﬁﬁ%}m’}ﬁgla'i /zpm°@ YRk % Iﬁ’rgl';(«j\#k ’}’ﬁ/FJ)J'iI
%J{,,kﬁ. sy 1R Ff;:iﬁ%)k"ﬁ#i'%”ﬂiﬁ FRERBORE 0 EL S
SHCL R A BARE - LR EHTALREE R

figpadf 4t > A RFIFHFTHTER - LR FHEFRF 2 LA S
W& e 4 o

B% > =% B E % (SIL, Safety Integrity Level)

FETLE E PRI AP MOT P REAF N DT 2R EH R LR a(L ]

BABY 0 TR BRI R kA R RS X 2k T
Bt o I RAHE 2RA GA B KE ERRPERT LR

MUFRR LY i l} (RCM, Reliability Centered Maintenance)
RN IHEPNRE RGN A A A S R BRSNS K
DE Fitaag ﬁ\ul v TR T TR AR K A A A Pk e R 2 —_u.%

a S %5»4) SILEE&»W;I-IP “é.'—% ’ 3}’7& 17‘7&] Fg? A El "ii_‘"% En Ii‘ T~ ,J\ “vug__ Ly k}_m

/

m R RSB SEP L3287 RBI
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4 s b iy 2= 12
kg WAL AL (7 P B 414 47

EH/F B I]H:> W ﬂﬂ@ﬁf%i;; I]:>

4 LW d
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* K | a0 | s
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O 30 G FRk & FEHE T 9k ™ 4 (CUI
O CULZA 2 FRALZE£HA0 Oz R fF-RAZ
O f-kkim:a kKRR &5 C&F S8R

CUI 41 API-510 53°C~93°C
-4°C~120°C o
BEE

-12°C~120°C (New, -12°C~175°C)

e DR & S < => [ ARG
BRL B FH 8 s sl => B 71 3445(60°C~205°C)

AHYFREARTZER BRI EERFEAM T RCUIR AL -

CUI: Corrosion under Insulation

o
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O% Eas it B4l ¥ £- 48 2400F(204°C )R & 1
G g AN

O 47558 § P4t 4e 1 232

w4 o

0% 4 5%~ 7%fc9% Cres & it B @k T #
K50 T R PR o AT K8 & del-1/44r
2-VACTH AR b I i 50 3 & 0 B A i Bt TR
B e r

e e e R B T T % 4e12%Cr(410 > 410Se

105SS) 1% 4k {304SS, 316, 321 and 347 -

: ¥ 1 3% % (Hot Section)-3f 3 1% +'| B -1

1.Catalyst Erosion

2 Refractory Damage

3High Temp Oxidation

4 High Temp Sulfidation
Muin Froctionator

5.Sigma Phase Embrittlement
6 Creep Embrittlement
7 Polythionic Acid Stress Corrosion Cracking

() = General | Applies to All Materials
A Specific to 3XX series Stainless Steel
[] = Specific to Carbon / Low Alloy Steel
5/ = Specffic to 4xx series Stainless Steel

SR |

\ Catabyst Transfer Line & Shide Yahes

=~
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Corrosion Map Schematic Drawing

<

Cotalyst Transfer Line & Slide Valves
EZZ=A :High Temperature Sulfidation

= T .
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Flue Gas 1 BLBEER W
EABES 0 4
“
=z = F 4 = 8 22777 T TFIT I I T FI I T I T I Z /
Sponge Absorber Btm
Sponge BAH IR . ZZ
Catalyst Regeneration e
RIMPLER
AR e S Anine Absarber Top
> \ o P Debutanizer Top BEUR RS
L\ RTRERSRS
2\ N 4] |
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& ¥ A
5 7
Wl / 5 /
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Mfrit FR/E 2 F4e

[ o AL £ o o na A AA A AL -
i JER B Reactor |
i M¥elH R Carbon Steel / Refractory |
I From 490 I
: i C :
i To 1
i i
| R mpy 2/15 I
E TBOEAURE Localized :
i SRR RNES/A: 25 i
] ]
i ek b ~ FilE - Bl - BB - BB |

B AR

High Temperature sulfidation
/ Erosion / Refractory Damage

| R R

R-2201 i

Combine with DNV ORBIT RBI results

\\

FAaBflasgy FEHR 2

TR Rk

TR/ PReEfE it

1 S|P

& MARMRES  WinbiE RS bAE
& RN
& BEHFLE VT

UT ~ RT ~ PEC - Guide Wave -

2 [ e el 22z & SERAVHIA BN S A BT DU e -

& EGDKERE -

& &% VT~ UT ~ RT ~ PEC »
3 Jg=CH, SfE el & ARROKIFEEHCNGRES -

€ &2 VT~ UT ~ RT ~ PEC ~ UT Mapping °
4 H,S-HCN-H,O/&gh | | @ JEAZ ~ /K ~ BehH| - DURERE HIRES -

& %% 7% ¢ UT ~ RT ~ PEC - UT Mapping -
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& (RFEFH - B EEREHEREESO% LT -
7 RERREERRRETY “55 | € FRFHMRESE ki s -
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Management Generic Failure Likelihood Factor
lf‘actor Frequency Xl ¥ ﬁ‘&
LSS § 7 A aEF DF
A Inspection
® q
,'igw FY] Mechanism(s) Effectiveness

& Rates

s

Risk should be quantified and thereby controlled
B'a g AR T2

N %%
/
Risk Based Inspection L *& fA % &
Risk Reduction
VERY HIGH RISK
Increasing
Likelihood HIGH RISK
MEDIUM RISK
LOW RISK
Increasing Consequence
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/Automatic Risk Target and Inspection Planning

P#h'%PEE LD

Risk / DF
kg B ;
Inspection i
o Target
. 9
= 3 s
[ -“"Fairly Effective .-
~ % — R
B o =
a8 A i
= = TEE MR DS s Highly Effective!
m 9 Predicted:Risk .-~ i B i
-3 Increase | .-~~~ ORI e
Time tb next
/ inspection
AL
i D .
A | Time e

B 15t TA

2" TA

RBIE i* kb *%& 2 %

o (IR RE MR BRI IR 2 BN S X 5 AYAEHEE]_ BBt
R

2009538 L B2 20 145 [ BRI

Current Status Future Status Before Inspection

~ 5 6 - 5 28
: ;
é 4 36 g5 5 4 67 237
Fi] =
8 3| 1| 15 66 8 3| 9| 16| 18 59
= o
8 8
£ 2| ¢ 6 16 29 £ 15| 29 | 47 | 28 119
T o
- =
a3 3

1| 60 | 209| 184 | 162 616 23 | 143 | 79 | 124 369

A B cC D E A B cC D E

Conseq. Cat. (Overall)

83

266 256 202 5

Conseq. Cat. (Overall)
83 266 256 202 5

175



RBIE i | '4 & %35 4 384
o JEIFE O] RE MEEHR TR S BN 5 X 5 B E] A4S

*

Fia2014FE R {E VS BE(LaERERERE

Future Status Before Inspection

Future Status After Inspection (Final Appr.)

-~ 5 28
5
g 1 237
2
5 3 16 59
o
3
£ 2| 15| 29| 47| 28 119
2
O
1| 23| 143| 79 | 124 369
A B C D E
Conseq. Cat. (Overall)
83 266 256 202 5

~ 5 0
§
g 4 8
-
8 3 313
3
2 2 47 123
o
=
-
1| 23| 142| 78 | 124 367
A B C D E
Conseq. Cat. (Overall)
83 265 25 202 5

Vs

£ i* kb *% 2 Paretod 3R A4 7

<

. ParetOEHﬂé%Ta 12009 DNV Z/LJEfmRBI3AT4E R

H 8%y

b R AL 35 R B 4T 41503 % B -

Percentage of Equipment Vs Percentage of Risk

e
f

¢

Percentage of Risk (Total Cost) [USDiYr|
coB85883888

0 10 20 30 40 S0 60 70 B8O 90 100
Percentage of Equipment

Top Risk Equipment

Unigue| Eqp. ID Eaqp. Type Eqp. Mame Risk (Total Cost)| 9% Contrib. Driving Factors
=] [USD/Y¥r]
917 R-2202-Top REACTOR R2202 REGENERATOR 2,541,801 15.19%|
918 R-2202-Bum REACTOR R220Z REGENERATOR 2,123,484 12.6%|
915 | R-2201-Top REACTOR R2201 REACTOR 1,216,781 7.2%
916 | R-2201-Btm REACTOR R2201 REACTOR 1,159,281 6.9%
1255 | v-2302-Btm COLUMNBTM V2303 LPG ABSORBER 1,043,044 6.2%
1055 | E-2271-Tube FINFAN E2271 COMPRESSOR AIR FIN 390,620 2.3%
AF TERCOOLER
1256 | 3-P-23032-AA2 PIPE-4 PIPE 302,131 1.8%
1263 | D2309 DRUM D2309 LPG/AMINE Separator 289,522 1.7%
1262 | D2308 DRUM D2308 2nd Stage Caustc Setfer 264,467 1.6%
1264 | D2309-BOOT DRUM D2309 LPG/AMINE Separator 246,673 1.5%
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T1HEKEZ AT “RBIS 7.8

iEiBAPIS80 RBI 77542 ﬁﬁ?@a% B STAHELRE - KM@@
YA . SRT » IS TR T R B e TR - DS AS I T 35
BT TR S L A A A s 1 -

t Summary Sheet

Eq

Eqp. ID R-2202-Top Asset ID
Eqp. Name R2202 REGENERATOR
Eqp. Type REACTOR
Production Unit FCC
Service Start Date 15760601 | Chemical
Diameter [mm] 7110.0 Toxic Chemical
Length/Height [m] 10.7 Inventory Group[Kg]
Thickness [mm] 21.000 Op. Pres. [bar (g)]
PWHT [y/n] N Op. Temp. [C] 7350
Insulated [y/n] Y Corrosion Rate [mm/Yr] 0.350( Thinning-Exp) 0.000(External Damage-Calc)
Material Carbon Steel | SA-516 | Grade: 70
Lining Type Refractory (Corrosion or Erosion Protection) []
Analysis Level Current Status Future Status Future Status After
Consequence-Lookup Before Inspection ‘:F'.‘"’f:’"’“ )
Likelihood-Detailed Dmgq. Mech. 2009-02-12 2014-03-17 20'2:.03?.“1';'-
Factor Category| Factor | Category| Factor | Category
Thinning 126 3 6413 4 26 2
SCC 0.0 1 0.0| 1 5.2
External Damage 00 H 0.0 1 0.0
HTHA 0 0 0
Brittle Fracture ]
Fatigue 0
Likelihood 12.6 3 641.3 4 7.8 2
CoF (Total Cost) [USD] 132,505,57 E
LoF[Events/Yr]  2.837€-03 1.444E-01 1.762E-03
Risk Rank (Overall) 4. HIGH 4. HIGH 3. MEDIUM HIGH
Risk (Total Cost) [USD/Yr] 375,972 19,139,792 233,446

® BB G EMR-1/3

&
ERET EREE (REFFRK)(USD) BRERER

>|3|.

24-P-22044-AA2 PIPE->16 84920.18271 MEDIUM HIGH

3-P-23032-AA2 PIPE-4 302131.4004 MEDIUM HIGH

8-P-22082-AA2 PIPE-8 8590.316145 MEDIUM HIGH

8-P-22082A-AA2 PIPE-8 7950.189065 MEDIUM HIGH

8-P-22134-AA2 PIPE-8 6342.908972 MEDIUM HIGH

8-P-22136-AA2 PIPE-8 6905.809669 MEDIUM HIGH

8-P-22136B-AA2 PIPE-8 6905.809669 MEDIUM HIGH

8-P-22137A-AA2 PIPE-8 15487.35963 MEDIUM HIGH

\Dw\lﬂ\m&wl\)i—tﬁ

18-P-22097-BA2 PIPE->16 37666.59067 MEDIUM HIGH

8-P-22100-AA2 PIPE-8 15380.22201 MEDIUM HIGH

8-P-22101-AA2 PIPE-8 6766.76467 MEDIUM HIGH

8-P-22109-AA2 PIPE-8 6413.681878 MEDIUM HIGH

8-P-22109A-AA2 PIPE-8 6413.681878 MEDIUM HIGH

10-P-23005-AA2 PIPE-10 37555.08765 MEDIUM HIGH

8-P-22137-AA2 PIPE-8 23847.86109 MEDIUM HIGH

4-P-23021-AA2 PIPE-4 213772.9966 MEDIUM HIGH
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ERETR

© BB e B M-2/3

ERRE

SRR
(BAEIER)

(USD)

BREREE

4-P-23021A-AA2

PIPE-4

231787.3194

MEDIUM HIGH

4-P-23006A-AA2

PIPE-4

28618.10318

MEDIUM HIGH

18-P-22044-AA2

PIPE->16

79933.36035

MEDIUM HIGH

6-P-22065-AA2

PIPE-6

34001.86847

MEDIUM HIGH

4-P-22073A-AA2

PIPE-4

88518.38247

MEDIUM HIGH

3-P-22150-AA2

PIPE-4

153345.688

MEDIUM HIGH

4-P-22156-BA2

PIPE-4

84172.64405

MEDIUM HIGH

2-P-23033-BA2

PIPE-2

124001.387

MEDIUM HIGH

2-CL-23005-AA5

PIPE-2

117949.2075

MEDIUM HIGH

3-CL-23006-AA5

PIPE-4

108605.9032

MEDIUM HIGH

3-CL-23006A-AA5

PIPE-4

108605.9032

MEDIUM HIGH

3-CL-23006B-AA5

PIPE-4

108605.9032

MEDIUM HIGH

2-CL-23007-AA5

PIPE-2

111865.3859

MEDIUM HIGH

2-CL-23008A-AA5S

PIPE-2

116092.4626

MEDIUM HIGH

2-CL-23008B-AAS5

PIPE-2

111870.383

MEDIUM HIGH

4-P-22109B-AA2

PIPE-4

142039.2028

MEDIUM HIGH

ERET

P RBEF

&

R-3/3

(BBRR)(USD)

BRERER

4-P-22110A-BA1

167343.5157

MEDIUM HIGH

4-P-22110-BA1

147623.8423

MEDIUM HIGH

4-P-22110C-BA1

108742.2729

MEDIUM HIGH

4-P-22159-AA2

147426.7448

MEDIUM HIGH

4-P-22159A-AA2

147430.7855

MEDIUM HIGH

4-P-23022-AA5

141001.7752

MEDIUM HIGH

4-P-23023-AA5

149771.7923

MEDIUM HIGH

4-P-23023A-AA5

133898.6063

MEDIUM HIGH

4-P-23024-AA5

153484.7427

MEDIUM HIGH

4-P-23025-AA5

153484.7427

MEDIUM HIGH

4-P-23025A-AA5

158555.5046

MEDIUM HIGH

4-P-23027-AA2

141001.7752

MEDIUM HIGH

4-P-23027A-AA2

133669.7566

MEDIUM HIGH

4-P-23027B-AA2

128925.7433

MEDIUM HIGH

4-SL-90002-SZ1

25149.52615

MEDIUM HIGH

6-FG-23001A-AA2

111345.8098

MEDIUM HIGH
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TR Rl WU R 1d W R 2 L G

w2014 AR T FEHRADHR %
bR R GG

B #-:E 793,710,313 % ~

Risk Over Time

Risk (Total Cost) [USD/Yr]

Risk Reduction

Risk (Total Cost) [USD/Yr]

% 590% 1 9,158,160% ~ -

Current
12,707,968
Future wo/ Inspection
93,710,313
100, 000,000 Future w/ Inspection
90,000,000 9,158,160
80,000,000 - Future Risk Reduction by
';' 70,000,000
é“ 60,000,000~ 90%
=, 50,000,000
40,000,000~ Equipment Count
30,000,000 Rotating 0
20,000,000 Pipe 553
10,000,000 - - / Fumace Tubes 1
0 i T Exchanger 167
2009 2014 Vessel 63
M Firal Appr. No Inspedtions Column 28

b

I e el

R A el

fospii W EEHE | pmmm | cu e R
ELER1ES

Y H)
SO 13 23 X 12 X 13
Visual Examination
EEMEREEHE)
Ultrasonic Straight Beam 13 X X 13 X 12
R AREREGTITH)
Ultrasonic Shear Wave X 12 12 X X X
Tk HRER
Fluorescent Magnetic Particle X 12 X X X X
ST FoES
pPoetii x 3 X X x X
Dye Penetrant
e A A
BEIIE X 13 13 X X 3X
Acoustic Emission
NGRS Edv— 2o
TR R
Eddy Current 1-2 1-2 1-2 X X X
LRGSR
Flux Leakage 12 X X X X X

o B
T ERARER 13 3-X 3-X 13 X X
Radiography

JER

SRS RITRE 13 X X 1 X X
Dimensional Measurements
AR
Metallography X 23 3 X 12 *
1=Highly effective 2=Moderately effective 3=Possibly effective X=Not normally used
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%

-

A

X315 A AR

FRIA O MRE C FATH A0

- N - A5 S VIS
B P R%G ¢ BRGEMUEZBRGEr L8 2T AE
2 E3R N\ Y 7 N
A#H AT AL BRATY -
e X RS i B A
BAEFYEEL =
73 8.99%
3
9%
AT EEL S , i
130 16.01%
-3
WA EEA
293 36.08% a0
K3
\n RERANRE=F aRERANEEAE ORERNRENLE D Jﬂﬁ%@ﬂ\
e 316 38.92%
RFRAE 812 100.00%
v BV - 7
=3 WP,
} N L EHER
ER | mpeEsk B ) (EYHRAUSD) BRI SR
1 D2273 DRUM 15568.61445 MEDIUM HIGH
2 D2308 DRUM 264466.6531 MEDIUM HIGH
3 D2309 DRUM 289522.4262 MEDIUM HIGH
4 D2309-BOOT DRUM 246673.0119 MEDIUM HIGH
5 E-2278A-SS EXCHANGER 11627.61062 MEDIUM HIGH
6 E-2278B-SS EXCHANGER 11627.61062 MEDIUM HIGH
7 E-2278C-SS EXCHANGER 11627.61062 MEDIUM HIGH
8 E-2278D-SS EXCHANGER 11627.61062 MEDIUM HIGH
9 V-2231-Top COLUMNTOP 4447.404195 MEDIUM HIGH
10 V-2271-Top COLUMNTOP 108185.9246 MEDIUM HIGH
11 V-2273-Btm COLUMNBTM 163627.0185 MEDIUM HIGH
12 V-2273-Top COLUMNTOP 31862.11099 MEDIUM HIGH
13 V-2302-Btm COLUMNBTM 1043043.965 MEDIUM HIGH
14 R-2201 REACTOR 272022.8184
15 R-2202 REACTOR 375638.8328
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4 s N
Al 4
¢ EUC (Equipment Under Control)
BUC(% ek &) > & 2 RA p ™ 20 gg ~ de1 ~ i
BHLF R H ﬁﬁ@\lﬁillifﬂo
* EUCRE * (EUC risk)
d EUC# d EUCZEUCH | 4 suip3 it* m & 4 h ' o
% >k % 7 ac (SIF » Safety Instrumented Function)
@@ﬁi*ﬁ'”ﬁw”iail S ERLT EOS RS I
:é'i;%sb y 4 ﬂ?ﬁd—;—%}_’li%\lﬁ;éﬁ '\.Q_i]jq%ﬁ%lj}%é‘b o
> 2 & %(SIL » Safety Integrity Level)
- %ﬁ%zma\&i& T E 1T el ¥y uPimEg >KkE 4
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Figure 1
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RRF = ——
PFD
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PFD RRF

4 >107a(10™ 10.000 a 100.000

3 >10*a (107 1.000 a 10.000

2 >107a (107 100 a 1.000

1 >102a (10" 10 a 100
PFD (Probability of Failure on Demand) : 7 JES34%R - 25 /r e EA -
H— 2SR S E EOR S S N RE IEREMNE HY S FE I SR I
RRF(Risk Reduction Factor) : &\ fa B2 7 2 (SRR S A A0 - 2 F5 1)
YRR 2 24 2 500 BRI R P (E FH 22 2 A S0RVELE - BE(EL R PFDRYEIE -

187




2 . . N
HFT:= &% s ¥ %45
« KIZIEC 61508-2257F& NYI=TE A - HIEZ TR ol iE A ARRA:
» FrASERTTH 2 ARERISE BT EE
= EREIRET  BrAE T T AI T SE 2R E
» HEH H e SRR EIE

ARG LAtRAFR TR & BIEAL”

G2 e B ¢ AR R S A AS TR IR

SFF B AE A fR S R * 1
0 1 2
< 60% SIL1 SIL2 SIL3
60% - < 90% SIL2 SIL3 SIL4
90% -< 99% SIL3 SIL4 SIL4
> 99% SIL3 SIL4 SIL4
* R RO E N BRI A N+ 1 {E R A e B 527 2 TEE
WA FE T SRR TR > 55205 IEC 61508-2 7.4.3.1.1 8] 7.4.3.1.4

R rSIlsgsg, 3

fSILE: 45, 34

43{FESIF 345 SILZESK

(S IPHLIE 3 ESE  B 2 PFDF 525 H E ST %45

188



SILA 47583 % — g Rl =~ i2
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SIL = %
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o

/

SILA 47 5% % — B B 4 (784

SIL BE %
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o
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Failure Rate #icgiE * 2. ik 35

fe & * TRk Service

® Clean/ Severe

® Close on trip or Open on trip

e Full Stroke or Tight shutoff

¢ Normal or PVST

- . .
Failure rate %% 3 # Xk

* DA E] IR

* TCI R R S BB

© SINTEF: Reliability Data for Safety Instrumented Systems, PDS Method
Handbook, 2006 Edition,

¢ SINTEF: Reliability Prediction Method for Safety Instrumented Systems,
PDS Method Handbook, 2006 Edition

* EXIDA : Safety Equipment Reliability Handbook, 2007 Edition
® OREDA: Offshore Reliability Data Handbook, 4th Ed(2002)
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lool lool lool
2.PFDETHEERR

DTfESensor Element
TAG MTTR | DC(D) | Logic | Ao | dou | A0 | B |

SFF__| MTTFS(h)

element,
17.04
@ Sensor element

@ Final element
OLogic Solver

Logic Solver,
68.25

| PsiL-23401 ] 4| 0 [ 1001] 0 | 1.29E-07 | 0 | o005 |
[T 42 L1 TTH8 8 Final Element
TAG MTTR | DC(D) | Logic Aop Aou Aso B SFF__| MTTFS(h)
circuit breaker of C|
Py 4 025 | 1001 0 1.50E-07 0 0.02
#81:H B TTLogic Solver
TAG MTTR | DC(D) | Logic Moo Aou Aso B SFF | MTTFs(h)
Relay 4 0 1001 0 270E-06 0 0.02 -
[eE - - DR A R R e T B I
3.PFD Contribution
:H: % PFD % Sensor
7 Sensor element | 1.70E-03 14.71 element,
~ Final element | 1.97€-03 17.04 1471
> [ Logic Solver | 7.89E-03 68.25 Final
3 Total 1.16E-02  100.00

193




= - 232 % RN . 2D
EUCTE% 2 k% & ST RFE £
KH3 Vapor
To D-2382
To NH3 !_L
Unloading (]
—
PR = ko) ),
'< i r ’r‘ [E0ar] i _
e I
o i i i = | -- M-2386
ik -
Ja . T | —&) 1
- e o w
.\ 340 3 D-2382
T C-2385
24 S 2 2 a2 2 ¥ \
7 12 £ PFD& feSIF e & a2 3
EUCO02-Reactor - R-2201
At [ f AT s
i iovls T ST

TAL-006A, TAL-
007A, TAL-008A

JTEEL : EIESIFAY RTINS - B - HV
001A, HV-001B, HV-001C, HV-002, HV-008,
PV-112B, PV-110, XV-102, FV-007AZ:9(R[# %
BT TPV S THY R R AR

(FENEH—T) - MR EERS S S
(BI85 - AL FTHRFPFD R 2 A FRSILEAR -

BURS N Safmmidik » ENZe LR I
5 N\ B ERE SR L SIF A O4R B A% SR T TH
A TPVSTHY R B AR -

J%E ¢ BB EHRHV-001A/C « HV-002 ~ HV-
008 + PV-112B ~ PV-110 JFV-

007<F T4HRIEEL T TPVST £y

rY (EEAE -0 - WS
AR B R g -

b7 BIG A BETsmES R 0 BN T PFDRY
HHEh B Imulti-function# & » HV-
001BHIXV-10211 & ¥4 2 i LR RS

» BT LIEPFDETE E RS - 00t—2k > Bl
{iff R A TAH R AR TS - ST
KEJPFDIIEATF & B IESILER N E K -

BTHS ¢ R SIFRY R THRE (94HRT) 1Y
AR 4R A Ry3 M8 A 7R AT 75 & EARSILE G

BB EE B LT -

194




£ PFD& ferSIFec L 25 (F)

=<

EUC04-Regenerator - R-2202

PFDA & H H AR
SILZ 4 SIF

BEFES

Bt R DL A

LALL-004A/B/C

JTEL ¢ AR IESIFRY AT - &5 1 HV
001A, HV-001B, HV-001C, HV-002, HV-008,

PV-112B, PV-110, XV-102, FV- OO7A2‘]=9£E 2558

—%) ’jﬁﬁﬁﬁi\%ﬁzﬁfﬁﬂﬁl%ﬁ%ﬂ@ﬁaf Ell
LT PFDI (R 2 AT R SILZESR -

ﬁﬁ%%]\%ﬁ Lé BERae %R B

5 WHES B Q4R IR 4T T

B T ELEES A BETERAE R 0 Bl L T PFDRY
7% ¢ EEEEHAHV-001A/C ~ HV-002 ~ HV-|EiBhEHE M multi-functionl & > HV-
008 ~ PV-112B ~ PV-110 FFV-0075 74085 |001BHIXV-10230 K & ¥ 27 4 i sl 5E e

FRATTPVST /y P (it —2) » FrMEPFDETR B » 40— > Bl
ST BRI R E At - A R B A TR B T TR - St R

SRHIPFDIZATT & B AESILF I EIK -

ﬁﬁ%‘?B HﬂttSIFE’Jfﬂﬁﬁff&%E’J\EUEﬁHTFﬁ

uﬁﬂ,ﬁﬁzﬁﬁrzfﬁ ﬁDJbM’Eﬂa‘J‘FTﬁéSIL%@&
K -

s

2o A

A 1

£ PFD& ferSIFeec L 23k ()

<

= - R-2202

PFD AiF& L HER
SIL Z54f > SIF

FAL-014A/B/C

BETTE

BUgat B

FZ1 : i HV-001A/C - HV-002 - HV-

008 ~ PV-112B - PV-110 % FV-007 %57 BaRIE

HeaTT PVST A90PY (BA—20)
AT SRR PFD st [ AODETRAL -

A5 V008 FIXVA02 - (MR | 0y g grisoe ot - Frblse PED 3t

FI1XV002
6 (ERAHATHEREE AR 3 LIRS
TRA SIL 4 -

BN G iSasEE ) o HifiE HV-
003, HV-004, HV-005, HV-006, XV-001 7

HHENETER] multi-function  EHS > HV-

GHEEESIL SFRHTEDR -

RS YN S EEEEE S -) | M JU V=S |

B EAHRE - A0t—2K > B N ER L ERY
SHERACBTIRRS - STRIZREY  PED 5208%F

I

T2 HSETIEL SIF AT - B
T bk 9 {EREF94E ( HV-001A, HV-001B, HV-
001C, HV-002, HV-008, PV-112B, PV-110, XV- A BE AL SIF NI 4LIEACE i
102, FV-007A ) » % HV-003 FTHV-004 47 HEAREERGT PVST  AOEERTIRIFT - H Hv-
HEAPE > LR —GrsUkeT$(T  PVST (] 003 1 HV- \
HERAPT (AR ) o gER | 00 HEEAEAME - ER—HIR AT
BORE SRR - AL PFD RHEZEFTE { 17 PVST  HYEREALIM -

LS4 -

BB N Batimiate - BinZ e LEE Bl

sy LS & (HRHITTR R 2 A

SIS L SIF B RS TR e ]

SUBHIAERAE 3 4F - BEAMIILIE AR 4 SIL
SRR .

BB B R R AIATIE -

195




# £ PFD2_SIF&:

e

‘zzi

EUC SIF gk oy
PSLL-006A/B/C
BNC SD
XE-22-009A/B/C Al E kT % [ SOV-008A/B2. ¥ 3. &
SRR B BB PC22014k T
XT1-XT-11A/B/C FIEP 7R @ C-2201 chfk (Tx %
€201 iR LR RHE ZIES I
TSH-22-033A/B/C L FABERE o 53
SR B
SE-22-001A/B/C ETir ks > uid
H e TF j;}i
SS-EXP A/B/C
SS-TUR A/B/C
22 -’ >y
4 £ HFT& $¢hSIF2 ¢ ¥ 12 3%
EUC SIF EUHITIE | EERIEHINRE | ST
TAL-006A,
R-2201 | TAL-007A, X X 0
TAL-008A
LALL-
R-2202  04pa/B/C X X O
R H MR 2 2 RS Y 90%-<99% 2 AFETI T4
0 L@?E%HM" 15 22 2 R M 1 60%-<90% 2 AFE R T4
X | SN EE R

196




SIL#, 7.8 % B 3

bifehd o SIF, Rl A B ok B AT K chlcp £ 7
-~k HBALZBIER IR THARBFZ

b ePSIF > B B4 3 7 4 AR e i

H-SIF> &M FHgE7 - Bl

g5 e eSIL - H R~ 2 ok BT A AT B

(Redundancy ) 73k %
3 e E] 1120, 9% > 2ESIL & e > ik £ 5 50 BE
R FE TR E > T P o R PRGBS o
E1HEBE%LSIL3 iE23% 0 2% > k4 & SLLALL-
004A/B/C; SIL%E & 525 1k7.0% » £ > ik % & ¥ti %] 2 TSH-
23402A/B/C ~ TSH-23405A/B/C4-TAL-006A/007A/008A » &
RN A AT 285 T 208

/

SIL#, 7.8 & B3z 3%

fl*P xR ﬁf]&i‘i%& (SIL) e > ik 4 &3 B35 =
Fe B8P B > lﬁ%’f#—ﬁ‘&"‘iﬂ“—‘* - BSIF % i {PFD & 2

HFT“T-I‘ » A IE R RERPFS LA et SIFagwr .32
TR FehX 2R EMHE &

SILE &ehfrsh » ¢ 51 A% ﬁszUWUa
NEATRAAM IR R e F P E (PFD) o #4: T — i ﬂa
ﬁ&&@aswaﬂﬁiwﬁa%%ﬁﬁii%%&%o

$HSILFE i 5% € F4E 2 245 > 187 k0 B Rl
GRS R HAERR GFL

197




\
SIL#JL ‘z_l-_\;t LLP,% FJ=: “Pi'«

R 1R 2T AR R AR LB B

BARARB IS PHERET LA AR LT { RS

% o

[ )
@\m&

o

ey R 1 3 18% 2L SILAASIF 5 7+ Frigr d 1 F138 & Rk
fb F‘%ii‘T i’%"ﬂ"“l‘éjl"} l% Lé;lf‘rhy‘a‘ o

o
54 =t

o 4t ® 1 33RBSIFLE &2 HIEC61508/61511 % &1 §Y4 28 *% i<
"ﬁ T+ BRI o B G ooaneL 2 F o MELT A
chh M o
o HHPE I GRSILIER R R 2 LB TR0 A L i
pf—% UL AR SSIF BRI > f R B REARE A
B ng 4 o
N /

4,
13 RCM#, 7 = &35 4

WA E A E X FHFTFHRFRCMA 7

198




RCM A4 &
4 SRR ARG

- A RHRRETRTY AT RGN RBRETRTE A

l‘/ = > 2z — N\ L z“/ % — 2z - N\ L
3 A s L AR * ok RS N A
m Reactive » Preventative m Reactive W Preventative
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Source: The Society for Maintenance and Reliability Professionals in US, 2000
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L & @ % RCM 2 D2 @ RCM

Consider Maintenance strategy based on risk Mamtenan.ce strategy
based on risk
1. Screening analysis
Analysis FMEA & risk analysis, consider all tags 2. Functional Failure
& all failure modes
Modes
Time Spent & 100% 30%
Cost
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Benefit 3. Teamwork & ownership results Same
4. Decreasing potential risk
5. Identify most of low risk items
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RCM &5 2

aLs
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g

Screening & i%

» 2x2 risk matrix is used to perform the analysis
(2Q*¥2 B o 47 > 2

» PoF is assessed either as Low (<10-5) (category 1) or
High (>10-5)(categories 2,3,4&5)
R FE 4B 138 4 18 %)

» CoF is assessed either as Low (category 1) or High

(categories 2,3,4&5) for safety, environmental,
economic and other impacts

(A8 4B 15 3 3030 H)

iE R PGP

Probability of failure Risk categories and screening actions

Medium Risk

Perform detailed RCM evaluation;

High probability of Maintenance strategies should be
=10 -5 considered to lower the probability;

failure apply cost-benefit considerations.

Low Risk
These systems are also included for Perform detailed RCM evaluation;
Low probability of detailfed RCM .evaluation,: minimum - A A
s surveillance with corrective Consequence is high, hence maintenance strategies should be
<10 maintenance as required considered to ensure low probability; apply cost-benefit
Failure or negligible considerations; Identify items for consequence mitigation study
Low consequence of failure B C D E
Consequence of failure
(acceptable) High q of failure ( p

202




Define system system
boundary &
function — .
TEFE R HRIR NS
&

screening
Risk &7/

Equipment
Screening

No e

RTF or CM
AR A
FEIE M4

High/Mediunt
Riskrs:/H L

Do detail FMEA & Risk
Analysis on Failure mode &
against to tag level
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External leakage-Proces{®dig B+ 50 58|t iE e i
External leakage-Proces{#dig B 2 50 58| LEE RS M
Breakdown St 4 96| EEE (Seal doive slesve)ifl 3
Breakdown ifdeis 4 96| FahFAa1Es
Breakdown rifEE 4 96| BEhIEE 1
Breakdaown F e 4.96| Erih R85
Breakdown ifEdEE 4 96| EHEFlEe
Fail to start on demand |-FgEEETEEN 4 96|FEEHEHI o pE i EE
Spurious stop GRS 9 99 ERGE T TR
Vibration EETEE 4 96|t ERE
Vibration IEEEE 4 96| BTFiE
Vibration {EBEE 4 96| ERtiEie EE By
Vibration iEBIFE{E 4. 96|¥ 0T B
Vibration {EEIEE 4 96|58t
Low output i 25| FE mEE
Low output gl 25| EiiinEE
Low output HitH{E 2 5|E
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Installation
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Section / System

4
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Function L =

Component / Maintainable Item

‘ Failure mode #1

| | Failure mode #2

| [Failure mode #3 |

Failure cause #1

Root

cause

Failure cause #2

Root

cause

—— Failure cause #3

Root

cause

Failure cause #1

Root

cause

Failure cause #2

Root

cause

— Failure cause #3

Root

cause

Failure cause #1
L Roo AR — T
. L Failure Mode,
Failure cause #2

. VA Failure Causes,

—— Failure cause #3

L_Root FRA/H A Root Causes
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" 27k 42100 B RCM 3 % 5

Client Year Description of Work

CPC RFCC Unit, 2008 [RCM study project for CPC Taoyuan Refinery RFCC plant,

Taoyuan Refinery including RCM software training

CPC ROC Unit, 2007 [RCM Study Project for CPC ROC Unit, to prevent

Kaohsiung Dalin unplanned shutdown and increasing equipment reliability

Refinery

CNOC RFCC 2006 |RCM study project for CNOC Lan-zhou Refinery FRCC

Unit, Lanzhou plant, including training and one RCM software

CPC FCC Unit, 2006 [RCM Study Project for CPC FCC Unit, to prevent

Kaohsiung unplanned shutdown and incre asing e quipme nt reliability

Vopak Terminals, 2005 |Maintenance plan development using RCM technique for

Shanghai all systems of the Vopak Terminal Storage facilities;
development of philosophy, method and imple me ntation as
well as Root Cause Failure Analysis (RCFA) for selected
high risk items; provision of RCM training.

PRSS/GDC, 2005 |RCM Implementation for Maintenance plan development

Putrajaya for Gas District Cooling plant for Putrajaya, Kuala Lumpur
subsidiary of Petronas; provision of RCM training.

Maoming 2004 |RCM Implementation for Maintenance plan development

Refinery for ethylene cracking unit.
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Turbine 1 0 1
Expander 1 0 0
Pump 4 2 12
Cooler 5 2 13
Drum 8 1 8
Valve 7 3 2
Interlock 31 16 34
Others 2 2 4
Total 60 27 75
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