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Research on Advanced System Safety Assessment Procedures (IV)
Kazuhiko Suzuki* and Yukiyasu Shimada*
Abstract

The past research reports in the area of safety engincering proposed the Computer-aided
HAZOP system to be applied to Nuclear Reprocessing Facilities. Automated HAZOP system has
great advantage compared with human analysts in terms of accuracy of the results, and time required
to conduct HAZOP studies. |

This report surveys the literature on risk assessment and safety design based on the concept
of independent protection layers (IPLs). Furthermore, to improve HAZOP System, tool is proposed
to construct the basic model and the internal state model. Such HAZOP system is applied to analyze
two kinds of processes, where the ability of the proposed system is verified. In addition, risk
assessment support system is proposed to integrate safety design environment and assessment result
to be used by other plants as well as to enable the underline plant to use other plants’ information.
This technique can be implemented using web-based safety information systems.

’  Work performed by Okayama University under contract with Japan Nuclear Cycle
Development Institute

JNC Liaison : Safety Study Group, Environment and Safety Division, Tokai works

* QOkayama University
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nooé% ithﬁAKMﬁk@kiI#%)@o&%ﬂb?7ntxfét/&—hmwm
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=L, r?éé(@it A7/ (Emergency Shutdown System), E2{FI1EI X5 L (Safety Shutdown
&mm)ﬁﬁfé4>5—nvﬁ&2?ﬁ\Gmwmmmm&Mm&J&%Uééhfh%.

—, TEC61508 KX ISA-S840 i3 82D, FMAMA MES - EF - 0TI INETRER
Ef@%ﬁfﬁjLﬁmfﬁﬁbt%mréé [EC B TIL, ﬁﬁ%ﬁ%&b? ISA-584.01
.Lﬁ%?é%@&br TutvRA7 T2 bkl & EC61511 - HMMmsmwsmw
Instrumented Systems for the Process Induslry DIESE TJJE&) bﬂ‘fhé %‘fa‘g EUTH, ISA-S84.01
&ﬁb%o)&f;éc‘:“ﬁoﬂ’cmé ' R
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3 10 3>PFDavg = 10~* 107 3>PFDavg = 1074
4 FIEM L 10~ *>PFDavg = 1075
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PL 3 -
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PFDy;= 2 PFDg+ % PFD s+ ZPFDg: ' 4.1)

PFD,,, : SIS Y3 PFD (Probability of Failure on Demand)
PFDs: &Y h52 A2 % — (Sensor:S) @ PFD
PFDis : O3 w 7Y )bN— (Logic Solver: LS) @ PFD
PFDg: : il (Final Element: FE) @ PFD

BECOBEESTET + )L MY U8 (FTA) KX 0THhNndd, ZOBRFERETOE
BRETI, RREASALESNLBEELAVAMERETLTATSS. LAL, Bk
FEICBNTH, FIA ZAWTEBITEZERT 27 - 2AMNEBNTH 3. B, SIL3 OLIITEE
DEFEEZERSNIBFESITINETHS. ZOB, Lo b5 A3 v ¥y —KUEIERD PFD
T 5 BB OMRET — 5 R—ANSBLNET~F EAFETHILBAETH BN, 0Dy
7 VIN—IZDOTR A== EN 5T —F 2 AFLRITIER 570,
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5. BREREt

5.1 MURSIReR & R
~$%Km,ﬁﬁ%@%ﬂﬂ)@%%H,k@&ﬁﬁ%@%ﬁT%ﬁéh&,

D A B, BRAOHEESEROMIL, ISCHEE WEE  Sevedty) EHET.
@ HEHEFIINTIERESEF|ET S,

@ EFEERESOREFEELRHEDLD. EEE-—FEIESIIHLT, YR IZPOODIZHETN

& IPL 25127 5.

@ ZTNTNOIPLIZBNWT, (EREREORNRERZIETS.
® FE-#E&FESH EHEE—72R) KMLT, #HESE4E IPL @ PFDaveg O (Likelihood)

Z2RD, PLICED U A 7R E2EHT 3.
® MBETEHLEURZZ, FBEVAY (BEURY) EHETD. URAIVHESELZER

LizWigEE, X5 PL OB, ¥LELAFAORSEKEN L, TOEARFOTE

I EDRIREERT S,

ARRD X 31, PLHFHIBWT, B TOEARNTEIY 32885, SEE, 70E
EFESKZHSMCT D, Zhb6iRE 21 KRUABRFEMmICBITANY— REEICHSL,
HAZOP 73 EOFRAEREN5. HENARYEFEOAELTE, ABOEHRFREIILS
BR, RNCX3FEDEOLE, WREIEORRICE S KK, BRERENHD, ThoHE
BRI, BENORERSCEDERZEDITS, 320K IB3BNLNSS. £, BEA
DHE, RIFEOHEE, TEEEOHEHREIVED. IThoEHESIFOREECLVS
BEhs. dabb, ENEToANENEEEST RN, BEOHBRENSITREVLD, R
L BRBEOMELRR, E5IRBNBRIIEOEENMIIVYEER2SET .

TOEARRBET 2ERICET2ERICLD, [BEITREHHEEREL, B —7 R
IS HEEEOREERINCTMET S, K51 I PL SHEHESRARROBEFRETRLE
ANV -2RY. K51 1ENT, ~ETMIOREE (HERE) 3, #ECBITRED
PFUATHD, TRTOHHBITOREEER-ERWESTHS. bbb, A—, T
ORFEEE L 5E, ¥ERIIRTH A, TOERIE, &FHHEE2EETAIEE, B
THIERDLDND. K51 ORAIOKIPHEROREIEZELTWS. Tihbb, BEEOFES
ROFELEWER (Likelihood) TR TOHHEBSLKLZESTHY, R 1) THEAENS.

EEERRAREE=PP1PP; (5.1

EOI, ZOBERITHTRIEEETTIN (KK, B EHETI) 2HAWT, UATEEEN
KEETS. CORRZYRAVEEESERL, BEEEBELRVWESRE, BUFHBORGE
MLl BIREORNKREHZCS.

B 52 iZ PL REHOEEEERY. TZ TR, BREROBRFTE PLEEOERICH T E L LD 5.



JNC TJ8400 2001-016

PL1 IPL2

Py

IPL3

PO \""-. P1

vi: 5 i BHHEROER
Pi: B D R

51 TPL &AMy —

-10 -

P,
Ps

P,
- . P,
"l

PyP,

Pong

PoP,P-P5

PP, PoP3
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IPL1 OFE
OxHFTEeHET

[F % R B D % 2t l

P2 Ofd
ODCS EDOFEEBEHOT T FER
@FEHOT 57— LBH

Eﬁﬁﬁ%ﬁ%@%ﬁLv

I
RS R A B O X AT

;

IPL3 O} :
QZUFLANT S5—A
(BEREDH L)
CERFEEXE I AT A
(AR —&F OaHER)

IPL4 Dt :
(DPre-Interlock
(£REaELRS
R IEER
ETHEE

v A\ 4

.

1PL4 DR :
(DFE/E/PES-SIS
(Ba1z v Mk,
REsREH

PLs Ot :
DOEeH, BER
(BBEERIE)

L6 Qe :
O R
(7ot ABEOR

IR OS5 IE)

SRR D ket v

PL6-8 DRI :
OEHBBHE AT
(77 o b 2O IR,
HiE R DR SEAHD

K52 IPLEET

5.2 BERNCRIHErRE RSB

IPL EHIBNWT, IPIA4 T2 b ELFHES AT LA (SIS) T, F41ITRLUZSIL Z2HRE
55, —MRENTIE, HAZOP R EDOFHRIZE ONT— RN 2EML, £51BUBKR2IIRTE
PERSFEAESERE (Likelinood) EHEEE (Severty) ZHET 3.
DUAT L)L RiskLevel) ZREL, SIL BEEHETS.
W, EB53ICRTURAITMIIX (Risk Matrix) BERHD.
REFEZEL, TOHABRPSVRATLNIERDDFETHS.

S4ITRT XDV AT ERME, SIL2RET S.
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51 REEEDS U506

L

FEELERE

R

A Frequent (3E%)

T2 MO—ERBNTAEBEIVED

Probable GEEZ D1E3)

TS5 hO—EIIBWTHEZZ 53

Possible (FIEEMEA 3 2)

T hO—EIBNT 1 EREREALND

Ola|lw

Impossible GEEZ D 1&72Y)

53

BEROBUT S > MBDEE, 1 BREREA

E Incredible (EHBHTEI DEL)

AN BN

EROBEUT S bO—4E2BLTHELZLSN

®52 HEEOZ > IHTOH

A5d | "Z—Ro
e - BEANDHEE B &l
BROFET, 10 ABLLOEEE - BEpEOARRHIZ
I Catastrophic 75 2 NEBOERNIRE DA RE ARG
(B=ED EHEIChz 2REAOERN KRR SRORERR
KEZA NI B KL BEENTORIE
1ADFELE, 10AUTOESS EiEO/NEETH
I Critical 75 NEBOERRIEG DR BHEREE
(FEREED) R, e~ 0EX: FEMBFEDOF 27
SIPZAVAN 3= (Y Pl
BEE AR OO FRERARR
Significant hEEOMEDEE, S5k HIT D7t B i ER a4
il @5 BEANOETOHE e - BEOHEEG
B, HSHEAO RPN TEHY
VA VAT /M
IEEEEEEOREE FRIT LB ATEE
v Minor MEEDEE, 75 N REEAOHE FfEBREWEER D
_ (EH0 EEAERL HERIRE
RE~DA 7 MEEAERL
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253 UZAIThRUTADHE

Likelihood Severlty
I 13 I \Y
A 1 1 2 3
B 1 2 3 4
C 2 3 4 5
D 3 4 5 5
E 4 5 5 5
(~5: URZ L))
£54 VAT LRIVZBUREEOH)
URZ
. R OEE U R B EOER
L~k
1 BOTEN + FEZCRORE, BREEEREDT I a i E
2 =13 © EREORWHEIFNRRESESNE
3 i BIET 7 3 a UHBERICHE
BTy 5 WIERFIESBIC L 2HREIHE
A o RED Y A7 ERHRILNERR N
' AIEE/L S ETOEIED 5 WIS EENNBE
5 D TEN « DR BERERRIFIOHRER D

5.3 EERNERIHIRES RSB

42 BT L Ie L 51Z, HAZOP 72 EOEMMERFHRERZEIZ, SIS 0Lk SIL) #
WETHIEMTES. LL, PL3 TREERICHET 372008 ERG, PI4 THRESE
BERRGTZEMT 2HENH Y, IFICRT 5%, X0l O AREFRENEET 3.
ZZTH, IPL3, IPL4, IPL5 OFRGHEERFHHEROBERERT.
5.3.1 IPL3 BRE}
- REOBAFENSH D, BEEICL 3 EFENCOMENABAS 2 H54ITIT, PL3ICLDE
Hef < EHFETHS. K531 PL3 REF ERHRERORGRERT. K53 IRTLD
i, IPL3 DN O OREER, 75— LAREE, RERUINRESSINEENS. PL3
axat TR 24EH|RITEIT Trigger (REZFH) , Propagation Path (R #{=IB#XE) , Propagation Speed

(BHEEEE) |, State Variable Information (REEBEIEHR) TH 3.

-13-
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AT % EH START
- Trigger (B |V } e .
* Propagation Path (EE8#%) REREBORE A ]/nyybfﬁ.)@_é AEIHT S
* State Variable Information REEROERAORE
* Trigger (HER) m e o
* Propagation Path (‘Eﬁ?ﬁ)_ RIEREORTE (L TEB, %E;,%P;ﬁ@}@%zg)
* State Variable Information l
- Propagation Speed (ERH) ST ARER DORE BERADTA 22T

- Propagation Path (FEH:E))

‘

FISERME (77 —2) OWE

* Trigger (RER)

" Propagation Path ({=85%) CLHRE, JUFAANT S — LR
* State Variable Information
* Propagation Speed

END

Hs3 L3 Bt AR

5.3.2 IPLA BRRt .

HEGRENAE TORBRARIRNES, 55 VR ORITEEIVTNERITH LTI P14
TBHEHT 5. IPLA DREFHIE E/EPES-SIS KL 2 ERB2REL, BRIy MaLEERELTY
5. K54 12 P4 OFEFEERTHE, SIL, 1 -y AL HREREOHHEED.
IPL4 DFXEHIIEEIT Trigger, Propagation Path, Propagation Speed, State Variable Information % ¥
FY 5. SIL &HET BT Severity (D), Likelihood (RASEED), Risk Level, Propagation Speed
RT3, SIS DREFHTIZPFD, SIL, FalureRate (REERT—%) MWBETHS.

5.3.3 |PLS BuE

IPL5 I IPLA THHEICRRL 72 & &, £27, BRI EIIDESREHAET D, PL6 X PLS
PMERN L& E0 T D EARKORECHENRER 2 BB L A B0 XBIEEENELT
VBN, PL6 BEHCDWTIRZ I TRERT B, [ 55 12 IPLS OREHFIES fERTmER O
HRERT. IPLS BENTI3EIC Trigger, Hazardous Event (/\¥'—R), Propagation Path, Propagation
Speed, State Variable Information {ZE8 T 2 FBEFIHT 5.

.14 -
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A rF—y VBN ATEREIC
MY HREEZROERORE

SIL K¥E (SIS S {EkHE)

1r¥—ay iR TREE

FHT SR
START

- Trigger (FER) -
* Propagation Path (8RR REREORE
* State Variable Information

Severity (R p
® HEVEN
* Likelihood (ZE4ESHEE) SIL DRFE
* Risk Level
* Propagation Speed

k4
yf793>®ﬁﬁ

* ‘Trigger (FER)
» Propagation Path (F5B%R)
* State Variable Information h 4
* Propagation Speed w hRA 2 FORE

TVF 4 ANT 5 —bOBREM,
SISAAY AT

- PFD (BiEE RS &REREE) |
* Failure Rate (S8 ICFIE)

A 4
SIS MEEt

* SIL

E/E/PES-SIS @
X714 Fal—¥ar

54 IPLA B%at & fERTHmER

FIH T 5 EH

START

¥

- Trigger (FER)

T a DESE

- Hazardous Event (S8 #H)
- Propagation Path ({=3%3%)
* State Variable Information

* Propagation Speed

REHORE

|

END

EehBiEREH

E2RFEE

B, 41 X%

55 IPL5 fRET S EBREVAR R
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6. HAZOP i R T A

6.1 %

WAIFHE (L) OFEHL, TOEANY-F, WEE, REFEEEBHRNICRE, T
HIECKIVEHREIND. HAZOP B P AT AL DHAEREE, PL #EticBiFany—FR
RERECRATS. TOEREEE, 3E2SFHEHRSLLT, TOEARNEEEL, HX
KED. EAFLACLDBEABERELT, MFHIFESRETH, THhICK3EB~OFBE], T4
HEIE\OFE) % HAZOP 7—7 > — bOFRTHAINS. _

6.1 I HAZOP B AF LAOBMEERT. I AFAIE, BEREREABR—X, ERES
TAAr, T3 METIN, HAZOP BT P, 407 72—k DRI, JRER
NE) 7 GICEDRAFELE. TS5 MEREBET M2 bL, ZOERT I IV ERBEL
TT7METIN P&FD) 2ANT 5. EREFABA—AK, ERERET A I ITHEL
RERY, 2 SOBRERML THD, HAZOP BITL P, 75 MEFLEER
BEHBA—X, G201 F Tz —ANSANENEEERE (Th) 228 L, HAZOP &
ZEETS. K61 ICRTIOI—Ur i, G2 HELARKSEEZRAVTENMEXTSHY, G2
BR7D Ty DI —VCETWTRTET 3. HAZOP BTORKRIL 62 WicfFah, #E
WWIRUT G2 DA ¥ 7 x—A LICRRENS,

HAZOP f#ii s AT LAHBAN—ADOBBNEE T, BTEREEEN DBETFITHEATS
HBENSD. F7z, BIENERENICERLPT WXL SIZ GUI (Graphical User Interface) (2N
eV AT ATHBZEREEL W, G2 ZRAWNTIATAZRR TR &KLY, BrEimy
I IE TR R S2HES 5 T EATHIREE /2B,

MEEEEE TO HAZOP BT AT LTI, 77 MNEMOHEEENL, 75X, 12X
A, BESVWSEHRICE DO THRBR-AZERL T, LiL, ZOES, YAFA
WNICHEMENTHDABR—A0#ERE B 2T4EBRL TEMNTNE, F—F D8,
RF, EF VR ERRETH -/, FHETIE, LDI1—-¥ 7L > R —/x HAZOP #iF >
ATHET BT, EFRETIVERY -V EREPREETETVOER EMA, HEMA—2OHE,
FRFETR— T AHEERMA .
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[:gﬁﬂﬁﬁ%N~z 75 hEEETI (P&FD) ]

A

@ 2 G
_ HRERY 13>
|£ﬁh&}ﬂﬂwﬁ%1Vvv . -
(7o —T+%) J[(ﬁﬁ%y4:/1iﬁﬂ

G

G2 DFEMET 5 Tz —R ] ROy Tz—X ]

75 MBEET N EERREARAN - A ZHEMT 5.
EREHARS—AQREHE (ERNE, REER) 2700 -YvkANTS.
TI M (P&FD) EHETOI—TyiCET.
BRERERT A I EEHTS.

DI UF Tz —ADLARZINETOEAREOEHRE 0L - X ITANT 5.
HAZOP B DBRZ G2 DA > ¥ 72— A LIZERRT 5.

@O0 ()

® 6.1 HAZOP Bt AT ADEE

6.2 —EREERNR—2
6.2.1 —REEIRR~— R DR

—IRARERAR- R, BEGRICET S EREEETTIVMERY -V, WIREEFILE AN
THETS. EFETIIERY—VIEBOREGEHELEETILDOBOTHD, AEHK
EEFITOEREE, #ET— R E0BENEREBRERTHOTHS.

EET TR, EETTFIVERY N, REREEFNVEFNTNMLLZDOTH I, £
AFATH, BEISZAELMITAEBE, FOA VAT S ADYTT—7 AR—AILEFE R
BEBRERMTZEICLY, EEMT2TY. £k EXETMERY -V ERERREET
BEEHIZZDDRPTNWT A A ELTEREL TS, K 6.2 IE—REOABA—-ZOBERETRT.
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— RN — R
A TER
lz £|§ﬁ4>zyyx
.............. o EEEFIAERY —)) ]
YT — 5 R R—2 =
i O EERE EEE
EXETN HEREE T
ot A,
WEE—-FRED
BN ERRE

B 62 —RRAUARRA—ADRER

6.2.2 BEETIMHERY—-N

EXETIE, ¥EREERIEREROREGBEEZTFIIMELEDOTHD, M63 1T
RIERETIUERY —IVOT 12U, B1 2 hZEOEROBRMERNTHS S, CHIEET
TWCETERS VP ETFAOELEDDTHS. BRIV MNDTFTAD1 VAT AH 63
DT7A2) BZART S arTERTDHZ LK DRAERT > FOETINEEETE 2 20T
&, EFNEBIIRRISHET 2. Th& 0, — SIS — RIS EE BN E N 8e
T, BRCEFRETNEERTEZENTES.
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INTERNAL | 'OUTLET

FAILURE

63 EXETNERRY—I

63 IRLERA 2 bOTFA AR L VEBOEDRT > FEETFIET S, KAFLT
A > b YT AR—AICROEBEEEELRTNIT S0, H 63 FO SR TH
ENETA IDBERETNORA > MROREICHIAL, EEEEZIET 5. ZOBESDT
SAEBRENTNWDEYD, BEHUTT VAT RARERTHIENTES, Hed ITRTX

32, TAI>D TFrom to) DEERICKOEBEORT Y METATS. K64 T, Iniet

DB > 55 linternall ~MEBEE37291C Fromto) 2 finternal] EAHAL TS,

FROM-TO-ICON

Notes

Item configuration

Names

EREORT > MEDTA

Fromto

64 CREERE

219 -
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EREFIMAERY —NVDERA > DT SAMNEA AT ARERL, BREEA LAY
ADYTT=FAR—ZA LIHT. ART 3 eBERTHIEICLD, 12 rOREEFI
EWETHILENTED. B 65 KEXEFIERY —NERAWEEERETIL 1 OBLEH, K66
WEREFNAER Y — IV ERWEERTT) 2 OBEF 57T,

axT7iay

AlR_LIFTFP_MGDEL

INLET ;"!NTERNAL ; OUTLET

FAILURES[ 7

EXTERNAL

® 65 EFTTIERY—IVERWEERTTFIL 1 OHESH|

PIPE-FP_MODEL

- WNET - OUTLET

——

FAILURE

e

Rz EXTERNAL s

6.6 EFTTIERY —NZERAWEERETI 2 OHEH

6.2.3 AMREBETN | L |

TIRRNNT, KT, RER, ma ﬁﬂ%ﬁmaoﬁLﬁﬁﬁb%ﬁéh #£<
®%ﬂﬁﬁéﬁbfm5._nb73yb®%ﬁﬁiba®rﬁnj — [, Mg - 19
U, Moy — TEdE), TR — M) Rl oG, EX0RBEFR, 507 S
> HOBREERY, E<0BEHBETHY. IhoDERERRLT 2 2 2N TED.

622 I TRERETIUERY - VERWTT S > MRBEROIBEEOBERN 2R U,
FRER ZEIRBRRSCE S T T AT, B — Ri2 & 0B R R R HIREIC L,
REGRICIATOERA0RE, SRERONTICEENREELARERERTEFILTS. &
T, ZOEFINERTHRET TN SRR,
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AERREBE T IVIER 2 AW TEE TS, BFElE G2 QAR —ZA BN TIERERNTD
 BrEBbOTHD. VEEED HAZOP L A5 A TR, ThEEBSEY S ADBEEL
TERL T DITRBER O ETERSINTWE. £RERE, #EROERN S 5 2+
W e DITHIEEAN— AT D, AT EREROBM, BENE#ETH-~.

NERRIEEET )L (BEF) &EBREEIINNTIL TWAY, BEEETIER Y — IV THEL (&%
BEDYTU—7 AR—X EIZHMTE Z Ik D, EREFIERERET T EBREMTS
ZEINTES.

F=ICEFN Y 5 20T (Zure] EWHBHERERTZ ZEI0LD, 1 DOEFI S ZADA RS
PAZANT, REEFCHEL5ZREITER RERFECERESSISREIINERHENS
2 DORFBITHETAEREHRMAT D I ENTREERS. INL DI — A &R TH &N
TE, ABOEN, BENERER5.

B 6.7 CNRRREEFNAOERORIFERT. [Zurel OEMEMICIE Thitial values] £51E
BEZTREBERELHET— RET2EHREBMTS. £z, (nital Values) 113 [Zure) 1T&
DEIER I EINHREREOHEE— RICET 2 E8EANT 3.

Notes | OK
/

¥ lem configuration | none

Names | none

Amay length | 6

MZure) IZ&D
Element type | symbol B[EREIINS
PKRRe B iR

Initial values

Array is permanent

[Nnitial values] #
FlEE ITIREERE
OWET— RE AN

Material

Zure

K67 RNEREETT N OFEROERW
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6.2.4 —RARRN— MM
— BRI, —RRARR—Z0Y I ABBICETE, &1 AY L ADFTT—2
AR—R LREXRETIVERY —VRUREREE TN E2RNWT, BREEECET S EH 25N
T5. _
HEEETIWER Y — IVEORERIET T 2 B e — RIS — A I D W THBAT
5. H 68 ICEREFTIUERY —NVRUPREMRIEE T % V- @i — g w7 d.
O BEBET XY REERL, FNENOEBOT A IATH T T —7 AR—ABERT 5.
@ B 63 DEXREFIAREY—NDT—IAR—ANERA > NOTF A AL 2EBOA RS
PAR(TAAY) DYTT—UAR—ARZBL, EFA I 2EETHI LD, EXEF
WVEERT 3.
@ AL POYTT—TAR—REERL, H63 DABETHENAT A 22N TEEE
EERET 3. _
@ Q@TERLAETTT—IZAR—Z LICHEKIEETNOT A IR ERT B I &Ic D E
FETFINEEETS.
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OF 6.3 OEEETINER:
—JVDERA > FEBW,
BB A LAY
=T ANR—ZA kITHBL 3
TialEERTSIEN
K OEEEFINEH#EE

-

@HIREE TNV ERHM

s” _ : QFEA Y FOBHTTI—7 B

> | AR—2zERLE]

off nu

il
vapor_flow-na

of _g_ﬂmure

vagor_flow-less

wasle_conc-less

68 HATFIAERY—INERONERIRET TV EH W H#ER— AHEEH
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6.3 BEHEME~R—X \

BEERA—RICHERE, $BERT T, EROBEOBE, REERNDWESE
&, ﬁ%jiyﬁwlﬁwﬁﬁéﬁm?% I—FEHE TS FOPAID T O—1— b
CEEES 5 AEBACERIC OV TORRET 1 IV EDANTS. ChEVEFRTE

STHLEBICHEATRN—ZAOBENTRETH 5. BEISA—ADBEFEIROBED Th.

@ METFLMIEENIEBOEEY 5 AEERL, £%%$?743/ E“E?hé%
HIIOWTOERE I—BAHT 5.

Q@ BEBIITANSA VAF AEERL, %®7§?Fk%hf—a®§ﬁ%%ﬁﬁ
HAZOP f#tfr > AT LNDOBFT— 7 AR—R LicEEBL, BEEiEsEds,

® HEA LAY ADYTT— — 7 AN— R EIC— BN — A DBEETTIARRY —IL T
ERALIZHRA > M EMIET BV R M EHHT 5. 2 RAFATIER 69 IRTED = o
ML TERA, #E8RAO) R M ERITND. -, FENUTDWTI S AEERL T
VDT, WSDOTHA VAT AZRERTH I EMTES. F69 X INLET I2DWTOU R
MOBRLTNBR, ZOMOREA > M DWW THBEEFIRN—ZAICBEINTWS, 227
YRR &, BRETRICHRERNT 51200bDTHY, F3 AT A TIREEEBITIC
BEZHDTHS.

- K 69 IZ INLET DU 2 b, E6mLﬁﬁﬁﬁﬂ—xk%ﬁéUxbwﬁmﬂéTT AP

TH, —ROABRN—IABNTREOIRN—AIIEEEFIN 2 LLTHD, NNLETI,
[OUTLET!, TFAILUREI, EXTERNAL| QO#EFEFIIERY—IVORAS > M EERLE. =

DI, FORA > b EHETIRAM, FBRAOY X MEEEIREN— 2O T T—2 2 ~—

A LICEIET 3.

HERINLETU A 752 FEEAMNLET VA 752

INLET-LIST . INLET-LIST-FOR-CAUSE

= ¢ FEA INLET U X b

FEA INLET V Z b

K69 INLET DU Xk
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BEA AT AAD

PIPE_SP YIT—JAR=R

.----"m--.,‘::' . .
l‘. B

PIPE3(consequence) |

*
Descriptien of INLET-LIST-XXX-1. ’.’

FERFAILURE U X

199
F-

FAULT b ROPAGATION_SEARCH_SUBSYSTEM.

|4

|
BIEATIS, WROHMEND

| IPE3{cause) |

#EM INLET Y A b :
EEAMNLETUA R A E:

14

FERAOUTLET U X b
U R EXTERNAL U A b

S e

K 6.10 BEAEHER—RIZBITD YA ORI

BLED XS ICEFEABR— A 2MER L, HAZOP BRI AT 5. HAZOP BT T3, BRI
N-AHNDEEBEZERL THWAEREA VAV A AZEBEETS 2 &ickD, T ofFE
275,

6.3.1 MXERT7I2Y :

BRELT A I3, BEZEENCHNDRTVT A AL THRELEBDTHY, 1T—¥nt
EEARR—AEERT BRICHIET D, £, BRERT 1O EBRTR I ERED T
MEFIERET D I LANTES. HAZOP BT V2 TIHERABRA— A BT 2 RMEHR
TA AL ETRT BT EITED, —ROHBRN—AOERETS. K611 KERERT 1220
AERT.
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Eﬂ%ﬁﬁ%i&%&éﬁ%ﬁﬁ‘?'f ax

(O e CRLTEETTAI

Bl 611 HRERET 13208
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PORLNASERTMER THATSTHS. Thbb, RERNGERELESDRERE DR
TREHIR, REGEEESEELERTHY, RO ASF2HNCEFIUET S
DDA FIvIIIal—FBRETHY, 7.1 KRS DI, NT—REHZFA
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7.2 4T

B 7.3 1Z7RY HDS (HydrogenDesulfurization System) 7O g é L. HDS ok
A, KREDOFISEBLUTT 4 — NP EREERET I TOLATHY, Kb, 282E0
BEBET 1T, Feed Area, ReactionArea, FirstSeparation Area, Second Separation Area 124 % < 403
53N5. '
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i i i | NAPHTHA
e L = (= EE R
DIESEL @ Second S " SULFUR
P w0 ; - econd Separation FR
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Artea
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Feed Area

73 HDS 7OtBRADEE

Feed Area i3 Feed Surge Drum & Feed Pump 72 EIC X DR E NS, Z I CHERZREI-v b
5 D Diesel 7 Feed Surge Drum {CA D, Feed Pump 1220 Reaction Area &SNS,

Reaction Area I Reactor Effluent Exchanger, Reactor Charge Furnace, Reactor & Cooler 75 & i
RENSD. T T Diesel (VK ED A A &IE A&, Reactor Effluent Exchanger & Reactor Charge
Furnace CTHHFRRINICHEZREE THEINS. T D% Reactor TKBENHTR L& G,
H;S SRIEERYIOM 725, Reactor DFEIIIIAE N, First Separation Area IZHE SN,

First Separation Area {331 High-Pressure Separator, Amine Scrubber, Compressor 7* 5L X 15,
A& N7z Reactor DBEHIS. Reactor Effluent Condenser 2 42 ¥ #5411, High-Pressure Separator T
H A EREDER)DSIBENTHIS.. High-Pressure Separator 2* 5 OBV KEN LIRS INIEE &
LTI )L S BHTIC Amine Scrubber IZ3E 53, H,S BBREIND. REBOAZEZEIME
@ Compressor 2 L THAA SN, HGEFEEEES S5, High-Pressure Separator 7 5 DF{RIL
* Second Separation Area I3 5#15.

Second Separation Area V3. Low-Pressure Separator, Stripper, Stripper Bottoras Pump, Stripper Overhead
Condenser, Stripper Overhead Receiver & Reflux Pump 73 & THERRZ 115.

FH|EF T, 7.4 17T Second Separation Area i2 DV T DEHTHI %K. Second Separation
Area T3 Low-Pressure Separator 2 5 DAL Stripper ~ & #4153 . Stripper TIHBEH L T3 H,S
APREE N, Diesel DRFEA R Z 5. Stripper Overhead V3 Stripper Overhead Condenser 12350
TERUITK DESENTERE SN, Stripper Overhead Receiver (o FiiL5.
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Naphtha & U TR HENS. BSMIIBE X, Stipper EEMSED HENS.

DT LA DERFHEEERKT 52017, K75 1TR T DI, BRFHE X 7 A0 Specific
KB IZ, 7OEAREICETSEH, 7oA 70—, BRERCEHTAEREANTS. 20
TOtERAT70—3—MIHLT, 99 (Deviation) ZRETTS. T AFAIZHAZOP B & ET
LU, &% (1) OFRCFEESE HAZOP ORBRATHATS. ZOBRERC, BAHK
ERZMNT 5. HAZOP NOBREI N BONEAENESORR EBEWE) 23124k
LTHFAMFIy I 2 al—FEEHT5.
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ICREENORERENOZ#HERY. B7.6F T, OSimulation Time i3> I 21— 3 >®
Btain 5 T £ TORE, OTrigger 1ITEEL 252 2ESR, QProbability 3B WESFAERER,
@Fire and Explosion Index 13 F&EI D{EZRT.

TRTOLERBEIEBI L I2VWEE, REENENIRIFEZEA, BRTHEENDS.
ZOFEBIT L B R EHEEE DowiEIC L DEHT 59, Dow Hkid Fire and Explosion Index (F&ED
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RESULT Simutation Tine 5:40

Condition in Sttipper
2850 . : 7300
2800 — 7040
2750 /‘k/ 8780
2700 X,,.A’—“ f 6520
1 :
i :
2650 i | 6250
et !
260.0 i S 5000
FRESSURE veing mquere as matker
TEKMPERATURE uaing triangle ax marker

@ Trigger LTV Failure{Flow-10persent-Less)
@ Probability: 15012
@ Fire and Explosion Index: 59.057

K76 ZREENEE, Fhas

EefBE DR
Material Factor O R7E
I
v . v
General Process Hazards Factor Special Process Hazards Factor
DEHE DFHE
L i
v
Process Unit Hazards Factor
DEHE
F&EI DFHE

7.7 F&EIstEFIE

B 77 AT EIE, BT OBRICES TEERER, HD 3K - BRIC L a6EN
BRTHDEEAONSEBEEBRL, 7L AFHED Material Factor RE 3 3. Material Factor
RIS LR R I L B RAEDERO I RN F—OARZZZRTIETHS. KI2TOEAD
R, WH, R ST U TRFNT 1 ZREL, RFNT £ DAFHS General Process Hazards
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Factor & Special Process Hazards Factor 25 H{ 3 %. T3 & O{EH S Process Unit Hazards Factor %
FHHEL, Th& Material Factor DT L D FEEI DIEEES. %71 FEE ORES ENY—R
DX EOBRETRT. FEEI EHET HBETRSNSEEIL Fe & Explosion Index Form {2 5
5.

General Process Hazards I, 1E&AED T IEZORRMICE TIIDSD T EATE, KKDERH
BUZBNWTC, ERLFEEEZI DB TH D, INSITDOVTDORFIIT 4 & Base Factor & O]
& U T General Process Hazards Factor 23851 5.

Special Pracess Hazards XK PREREFHOFEFER L2570 ABEORETHS. Thbd
WKDOWTOHDAFINT 4 & Base Factor EDF1E LT, Special Process Hazards Factor 2155,

ERFHE S AT AT, R77IEFTEIE, TOEANT—RAANT #—LDENSRF IV
T4 ZHHL, TNSOAFEMS General Process Hazards Factor & Special Process Hazards Factor
ZRDD (HFHD). TS DEM S Process Unit Hazards Factor Z23k% (EH®@), Material Factor
EOWITE D FEEI DEEES (RFQ). MITOBE, 78 ITRTLDIZ, 59067 DEERD
ERTE, ZOHE, NY—ROXES Light SHIEENS.

#£71 FE&EIDAREIENY—ROAZTEIOEEZ

F&EI INDEX RANGE DEGREE OF HAZARD
1-60 Light
61-96 Moderate
97-127 Intermediate
128-158 Heavy
158 - up Severe
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PROCESSHAZARDS

QENERALFACCESS-HAZARDS SPECIALFROCESS-HAZARDY  MRZAFD-FACTORS

24

]

GENERAL_PROCESS_HAZARDS SPECIAL_FROCESS HAZARDS HAZARD_FACTORS

Notes | QK oK
Item sanfigurstion | mone Hem aonfigumtion | nene
Neraes | GEMERAL_PROCESS_HAZARDS Nemes | SFECIAL_PAOCESS HAZGRDS
Bz faotor)] 1.0 Eamse faoter | 1.0
Exothermnio ch emmical remeti o Texiomatari) § 0.0
Endothernio proczeses | 0.0 Sub errvioe pharic preasure § DO
Katerio) handlingendtansfer§ 0.4 Opemtion in arnearfinrtbie pmge § 0.0
Enclosed orindoor procese onits § ‘0,3 Duetexplonion § 0.0
Access} 00 R Refefpracture § 0:201
Dminagesndepil oonteol§ 0.0 1 Low tempemture f 0.0
Genernl procese bemrd frotor (1.7 ‘Quantity of ferable_unsteble meeril | 2,124
1ond erosien g 0.1
Lenkage § 0.0
Notes QK T
BATERIAL-FACTOMANE mgesyster | 0.0
N7 Item canfigumtion | n °M@ g equipment
,}&% Namen | DIESEL s Bator
DEESEL Material facter
He | 18.7
NE |0 2
e &)
D_FACTCRS
Nr]O g
Flash point | 46
Fire and exploaivn in dex
Boiling paint | 157
s Damege factor | 0.228

7.8 Dow EFMTEY 2—)l\OF—F AN
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BCEAL, BITEREEELL. I5I, Z2PEHIHNTH5B0BHEE LT, 285
BEREREODORRIHES X FLAREBRE L. ThED, YATFARSRE, THHIcED
DIEWEA 27— b EIOHT 2 IEREN OHARIET 2 2 &5mkEE 2%, IS IT %
FIRALEL P27 U O VBRESHBETI LSV ERZEROBMENTIETH D, EMHFD
VX VEWVERD SEARHEET VRN S, BERENEAET S Z EMTEEERS. 35
I, DOlEAE, AREEE, ANBE, ASHSEEBRcEaTA I &ANRRERD, SHRO0E
RN 5B TE 5.

IDRESBFy M7 REEAHAL TORRELE2ERT DI, SEHFROEEL,
HEMPEETHS. RECT—yETNEFATE #MEODS, 7, BRI 285
DER OBRE TOERFHICHT 2ZENELERD) 2RHERFAENSEETH I EMNTE,
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10)

11)

12)
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