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£330 S 201 MA/H4Tt 0131°E'§ 7*“/

FE2 HE/AU0| YF,ES FAlotL HHRAE =X
K| RS MAXR! Hxpeut 28 FHE| AT F4
+Z0| 7= 0|8 F7IMeE IE = = W/2R
Audito| Ze3siCt,

SiOHSE AMEAE Uo7 |1 QIHIIGHE SHe &80 =
2 MRSISINEHL| ADE WX|GH7| 2I5H EEAE =
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ALAR 1 — C3 Spliter22E{2| +&5& HE7| 2510 Pump Mt
X x

1) Year of Loss: 2005 9| Manual Valveof $1% 2X1#0| ™5t Valve
£ &= Aol AnielR T XSO 2 =E0| UM

2) Location: United States

3) Occupancy: NCC(Naphiha Cracking Center — ™Mo 2 \VVCE(Vapor Cloud Explosion)7} EHAISIH O H

: . 2%} SIXHZ 0|0 5UZt X|& & RIQtE
4) Type of Incident: Vapor Cloud Explosion b2k 10154 |

(Propylene £5)

5) Cause of Loss 7| AMoA Splitter SHR &, Pump FEHO|| X017}
— Failed Equipment: C3 Splitter Propylene Product tset H|ARIHEEE MX|ISIACHH AR EiEl=
PumpZ| Strainer Drain Valve 7S HEX[E 2~ QIOIC} it BREAl @Fx7A gl

=
= et x TE
HH

~ XPARE SEXIS UIN =2 S C3 Spitercll SX1 o (42 gz majstof st SR blARichY
Zl Propylene Product Pump2] Strainer Drain Valve = M7[3H0} BICh HIAKICIEL EAROE | pao} 2
£ Ac3|HNM ValveZt TS S Propylene S == =T TietliEETE eem ==
6) Incident Description QI3tFo| iR RS SEO|LF XpAI2| QISIMEL =2 2%
— X|AIXI7} Pipe Rack SH20{A] 0|S= Alaz C3 OlAM Bt/ XMzl=1 = MRaleiEss U™e oM 2
Splitteri| AX| =l Propylene Product Pump2] 25t U= Aol AX|7F HEEH 0|Qlo= 2TEZ|
Strainer Drain ValveE 7AE2[HA ValveZ| T E| AIIOI0| MOSIEHEA! HTIZF0| THS [HEE7| U mia A

Ao, CIzFO| Propylenel| &5 Liquid Pool &

Vapor Cloud7} B4 CH2 20| il=t= T dizolle MRS,
apor Clou <2 _ ) .
H|AMXICHE Body, Motive Power Supply (AOV (Air

— Control Room2| 2M20| CCTVZ =2l = Unit

Shut—downS AIA[sIHOH 3ixt SXISI0] Operation Valve)2| Z< Instrument Air, MOV (Motor Operation
MCC (Motor Control Center)0|A] PumpE &X|A|7 |2 Valve)2| AL M) I XojAH|= stz Y & =
Strainer £Et2| Control ValveES #1202 Eh= &X| 2 L§3lx{2|=|0jof 5tH, Safety Position(FC, Fail Closed)=
£ F

HEx|0ofof BiCt. 2|1 AT HILRIHEEE B 7t

Research HA&EAM 23
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At 2
1) Year of Loss: 19744
2) Location: United Kingdom
3) Occupancy: Caprolactam AiAt
4) Type of Incident: Vapor Cloud Explosion(Cyclohexane
&)
5) Cause of Loss
— Failed Equipment: Reactor Bypass =& 2A|
Bellows HH2t
— Reactor AtO[0f] &[St 2AA| Bellows HH2ZHO| mHA |
A NozzleO| A Cyclohexane =&
6) Incident Description
— & AJT= Cyclohexane2 |22 6712 ZzHI27|
0l M CaprolactamE AASH= AtRIRIOf|A] BEAYSE
- Y2 &5 t.ﬂ%7 |01|*‘| 1.8m2| Cracko0| A5t
04 Cyclohexane0| &% O|{A HIA7ISHX|
AAE
— B4 £ Crack0| UASH 5 HE7|E X|2lotn, 4H
ot 6HE UA| Bypass HiES AX[5t0] 21 ot
TE Z%ToIN2. YAl FatiEe)2 o a5
&t 4= 2101 20" YA| Bellows HIEE AR5t 715
=2 Al

Il



- RIS & 2, A2 MSAF = TFH0IA
Bellows H{Z0| THEE|0 225 NozzleOflAf CHEF (2

200 ton)2| Cyclohexane0| &I} VCET | eAlist

71 MRS B LAHIEE EX[Sts HE AYS
A0l U0 HBE EXE US| UUCE HEH
2 EXIE WRCHH ZeXoz AFdE/I7H EAZUE A
0| YAl Bellows HiE0| s AAXIIM 7[AX AHE=
FAIE & GiE Aoj2ks 220| =ELUS £ UL
deta7t Z2E= Olfs o HE AolE HEE2

ﬁ o —d
EXtz S0 =H ARHol ofE 2 Gate(#HEz| S8
T, 97/ CRDH B0l 2 ST AR 2, 2t 20}

o JIE, BE HEAP} A0 ABNTIL HRIZE U MM

AAOIMS] AB)E SutstHM HEED FH=H 12 2l
501 Ol X et 2lgel 2SS Axle 4 U7| whZ0lct.
HaEe/ols 72 SYEHIFL s 2 o2t H|of
AA" 2TERL 2E2E, 2W2N | Hz E= WS
O| HAE Zot|0jOF BiTt, Of2ll= HzHief HAES HE®
2|2 CHEX| 0t AT 2|, Zutyoz &
LALDZ 0|0 AtZAR|O|CY,
AAR 3

1) Year of Loss: 20064
2) Location: United States
3) Occupancy: Paint Additive (Acrylic Polymer) AiAb
4) Type of Incident: Vapor Cloud Explosion(Acrylic
Monomer, Solvent &)
5) Cause of Loss
— Failed Equipment: Acrylic Polymer Reactor
— Batch Reactor®| Feed Recipe HZASZ 0| AGHX|
25t ZREE2 Y S Acrylic Monomer %! Solvent
5E
6) Incident Description
— Acrylic Monomer2} SolventE Batch Reactor0f| A
HEZA|7{ Acrylic PolymerS AiAt
— Batch Reactor0flAl= B3 E MMOZ Solvent’t &
25t Ol= AE9| CondenserdllAl S5E

— A SA| MES RRHHEH0| EYUEI B

AHC} 112ko| 2127} Batch Reactordl] £QI%(
2. 0|2 215104 of &dx| E°*£rt”90| “é'iéf?"x

1 Reactor?| Y={0| SZs5| B7tet (HE4E7t B
7teto] HIESE MM W2tX|H Solvent f;‘.é%*ol &7t
5l21 Condenserdl M S&E&= B76t0 &7t&o=
Condenser Duty7} 2&3l &l 4 /2 H(Condenser
H2|BAMZ 15t Foulingoll 25t H<S BiZIHE) o=
Reactor &S 712 0|0{Z)
— LES7tol| w2t Hlm A £S5 Manhole EAIE
Gas7t FEE|7| AIZetT HIMZEXIE FEIRX|T
VCEZ} At

Sa|x0l Hb| I 0FEIKIZ RRsHE i, e /o
So| @AY W U FA| RS B Xicket 3
2 DIRIRIEH ZHtEl] 412 S20In 2 AUEIME
ARal2 CIRA| o= AR I 2t AlRiRoINE 3RS
ol &S Dlxl= ofmist o*arz 0| ZRg A0
£ HIEA| HZBE| 80| URSH ARIPIX| S0IsHO0F Bict

2.3 Isolation Procedure

M ATHEH HAZRIS A
oM EXYAMHIE 22| (Isolation) )\|7|
A2t ValveE 7} RS3E1X| 256tE
energizing) ZX|7F ERSICH ESH HMRM™ S0 Valve
o| =0 w2t Lock Open, Lock ClosedE T+&25t0{ &
2|5HoF 51 Blind EUAMEHE List2 Zt2|7} T35t} 22|
AX| & Valvel| &2l /25! 22| 7} HX{5HOF AdH|, HH2t LY
7tAZ =50l 2ot st/ ZLADE WX[E 4~ UCH 0|2
&2 A2, FE/=E 220l thet "XE SE0] Isolation

oo offe] AuAoM 11 SRYES

T—_T

Procedurezt &4

folsh 4~ Qlct.

Jor

25



ALTAL 4

1) Year of Loss: 19964

2) Location: Mexico

3) Occupancy: Gas Separation Plant

)
4) Type of Incident: Vapor Cloud Explosion (LPG +Z)
5) Cause of Loss

— Failed Equipment: LPG Product Pump2| Suction
Line MOV
— H|&A &2 £ Flange ®|Z & Suction Line MOV
7 ZEAR| JHEIE|] LPG =&
6) Incident Description
— & AlE= LPG Product PumpQ| MH|Ad & Hhatist
— LPG Product Pump 2CHE 1CHO|A Pump Seal Leak
|. HP?:IE'O'{OD:‘ M.”XI‘O‘IO' AIA|E|
25t Suction Line2| MOV
2} Discharge Line2| Manual Block ValveE =t
Pump®| Suction Nozzle Flangedil BindS AI5I3HS
— Seal WHIAZ £ BlindZS M|7{5H¥ 12 Suction Line
Flange2} Pump2| Suction Nozzle FlangeZ HZs1E
3 MOV7} AR E2|HM LPGTL =5F
— ZuNo = VCEZ | YlistR T SHll= 3AIZt X|&E

— Pump Seal WH|E

A7| A= MOVe| MESES AIHSHA| §n 2igs
Al Zd0] 71 2 foloz mTtEIrt 2|9t 75*% A Al
MOVE| Motive Power & 7|82 MOV A
Switch2t MCC 2| Panelol| &x|#l SwitchE 25 Closesto
XIEHSHOE SHEHDouble Isolation), O] Switch= X224 52 0|
Z310 3 07| (Lock—out), ZEFX| TagE 20 B
7|(Tag—ouyjaoF BfCH EESH 042 FMC| BEX} 27} Th
HxoZ MEfEA T Swich7t ZEHE 4 Q=E XEBAlE
Multi—Padlock AF20| HAH=ICE
20170l SYet HRIe=E Qlet ZEALLIT} SHRIAIE
OllA ZlSHACE OH0= Pum
0|A2H, MOV°| H IHES ’é-*% e g

9| Naphtha?} ==&

Flange M2 &

AR 12

ZLHo| 2 MLSISIAIAEOIE Isolation ProcedureZt
OrAE|0f RUCH SHXIEE OlE A7t B35 2HEH &
U SAte ZF AlHATICH MEME £Z0| CH27|x sttt

LOTO(Lock—out, Tag—outy= SHASIX|E 2245 AFolEt 2

Tho|22 Hx{gt &7t QT EC

24 2Y8+ 38

MratetMAYIM 2 Thset VCE S2f FhAtI= At
T ESTE ARK0] L (@Rl HAYR 7t £EIAS 2
Xots 4 S)=iCi2te UHHOl AUHH|ZE ZZPHQI o
SOILt &cHFAZX|7L &X| G4t SHX|Zh 24t 32 & =
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AtAL| 5
1) Year of Loss: 1989
2) Location: United States
3) Occupancy: PE(Polyethylene) AiAt
4) Type of Incident: Vapor Cloud Explosion (Ethylene,
Isobutane &)
5) Cause of Loss
— Failed Equipment: PE Loop Reactor Bottom2|
Pneumatic Ball Valve
— Pneumatic Ball Valve2| Activation Air ConnectionO|
SHHE AZEZ|O] o7 |X| A Valve 7 Z Reactor
LI Z (Ethylene, Isobutane) =&
6) Incident Description
— & Al= PE Loop Reactor®] ZH|XH = giast
H| = & PE Loop Reactor 5H2| Pneumatic
Ball ValveZ 11 Activation Air LineS 225104
Lock—out Z=X|&t
— SIEEIA 242 & G Valveo] Activation AIrE XHHZ
Sh= 2PHOI|A Air Connection?| Open/Closeq|X|S
HIO Hdsts A7t 2t
— ZHOZ ValveZt Q=X 47| JHEkE|0f Qlste &
20| thE F===I 10 VCEZH Y listR M 2t 3txRl
R (G
— 2At 37t @12 Ball Tank2| BLEVE(Boiling Liquid
Expanding Vapor Explosion)2 S5t & pHo| =4t
2 0lofH



71 MoM HE

IR~

00| =2l=! Isolation Procedure HE| & Z=40] &5t 20|
Ch O7IM F7HEeE FEE T2 Alndd| & 212 Ball

Tankofl FAXHOZ AMELT7 SFERUCHH o2 X2
2t ZHE YR 4~ AUACH= Fo|ct,
2|510d Motor Pump 1
CHet Engine Pump 2CH7F AXIZI URUCE T, A2 A
MEA0IE2 &M% 30| E7I6HA
1, Engine Pumpe 2| ¥ HERFEZEOZ OIRIIXIZ 7
SOIX| ZotUCE M Aoz AUERT} SF 7tSst==
Motor Pump®} Engine PumpE E&510 AX|sIHS0l=
HAZE AUELTt A SEEIX| et A0}, 2ty
Al 2487t HES| SEEI=F Of2f NFPA Standardof|
o5t AUELEHIS FI|XOZ HIAESID 22|sH0f

eict.

[
g Aol ALESIES
d

Motor Pump2| %

NFPA 25, 8. Fire Pumps

8.1 General

8.1.1 Minimum Requirements.

8.1.1.1 This chapter shall provide the minimum
requirements for the routine inspections, testing, and
maintenance of fire pump assemblies.

8.1.1.2 The minimum frequency of inspections, testing,
and maintenance shall be in accordance with the

manufacture’s recommendations and Table 8.1.1.2.

8.3 Testing.

8.3.1 Frequency

8.3.1.1 A no-flow test shall be conducted for diesel
engine—driven fire pumps on a test frequency in
accordance with 8.3.1.1.1 or 8.3.1.1.2.

8.3.1.1.1 Except as permitted in 8.3.1.1.2, a weekly
test frequency shall be required.

8.3.1.1.2 The test frequency shall be permitted to be
established by an approved risk analysis.

8.3.1.2 A no-flow test shall be conducted for electric
motor—driven fire pumps on a test frequency in
accordance with 8.3.1.2.1, 8.3.1.2.2, 8.3.1.2.3, or
83.1.24.

8.3.1.2.1 Except as permitted in 8.3.1.2.2 and 8.3.1.2.3,
a weekly test frequency shall be required for the
following electric fire pumps:

(1) Fire pumps that serve fire protection systems in
buildings that are beyond the pumping capacity of the
fire department

(2) Fire pumps with limited service controllers

(3) Vertical turbine fire pumps

(4) Fire pumps taking suction from ground level tanks
or a water source that does not provide sufficient
pressure to be of material value without the pump
8.3.1.2.2 A monthly test frequency shall be permitted
for electric fire pumps not identified in 8.3.1.2.1.
8.3.1.2.3 A monthly test frequency shall be permitted
for electric fire pumps systems having a redundant
fire pump.

8.3.1.24 The test frequency shall be permitted to be
established by and approved risk analysis.

8.3.1.3 An annual flow test shall be conducted in

accordance with 8.3.3

Table 8.1.1.2 Summary of Fire Pump Inspection,
Testing, and Maintenance

ltem Frequency Reference
Test
Automatic transfer switch
and emergency/standby | Per NFPA 110 8.?5%16aznd
generators T
Diesel engine —driven fire Weekly 8311
pump
Diesel fuel testing Aqn ualy/ 834
Semiannually

Electric motor — driven fire Weekly/

8.3.1.2
pump Monthly
Electronic control
modulelECM) Annually 83313
Fire pump alarm signals Annually 8.3.3.10
Fuel tank, float switch,
and supervisory signal for | Quarterly 81127
interstitial space
Main relief valve Annually 8338
Power transfer switch Annually 83.39

27



Pump houseroom 3 8363
environmental conditions

Pump operation(no flow) 831
Pump performance (flow) Annually 833
Supgrwsory signal for high Dl 81128
cooling water temperature
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2.5 Interlock Bypass Procedure
Interlock System2 3739| FYMQI 21}t |0 A=

o
OISt i/ ZLLIHS WXI5H7] Y5101 AxIeini 7|2 =l

/SEE 20 25

A
T

S™AN0] Systemt
X

N HI

-

A S HE0|3H ARE /510 InterlockS Bypass & 4
—

x|
U= 71S0] BOEH 22|XHmod, 88, 388 82| 5¢!
A

U=
£ E510] Interlock Bypass7Z | AIGH=ICY,

otok ma|xte| &9 gio| MY HELHOZ Interlock
Bypass7t AAIEICHH Ol &fSHX| =8 Ao]| 2HE
QUL Of2ff At|E ATHEXL,

AR 6

1) Year of Loss: 2004
2
3
4
5

-~

Location: United States
Occupancy: VCM(Vinyl Chioride Monomer) A4A

= &

Type of Incident: Vapor Cloud Explosion (VCM +&)

a3

Cause of Loss

— Failed Equipment: PVC Reactor2| Bottom Valve

— Cleaning ¢! PVC Reactor | 7t 2% =01 PVC
Reactor Il & 238t 2TH0| 2TF2I PVC
Reactor 1 2| Bottom ValveZ 517t 810 Interlock
Bypass £ 7HHt510] VCM =&

6) Incident Description

28



— PVC Reactor?| Cleaning XI34E 2|510{ Reactor
Bottom ValveE 7HHl5I2E HEAMZAZAP 8 =
Q1 PVC Reactor II'E PVC Reactor | 22 2zl
Valve 78S A|=&F

— &A| Valved| InterlockO| Z2{QU0] 7HE =[X|
OOFS 0= Reactor 2/210| LUXd4X| O|AO|H Ot
S 2510{ Reactor Bottom ValveZ} S2|X| ¢
EE RX|E|0] UNH X, T, HIMAIZ CiH[SH0]
Interlock Bypass7t AHE|0] JAXRS

— SIAZEXR= Interlock SystemO| &t 7402 @
HEIRL, ol FA| ExHS0|UT Supervisore| 51
7t 80| Interlock Bypass AA| £ Valve 7HEfst

— Valve 7HY1t SAJ0l| Reactor LISSE0| +E=U
74_l|.X-I_E VCE al _?_l. HI:H'AH
g A= oY 2TRQ| theet AH|RZ, HRE o
T 3 el AEERESVE M50 CHPEYE 00T
40|}, o] AMnE Moz 2THM|A 2ol AR
OL} Ef AL ARt OREIZIXIZ of2] A5 ZBISH At
Ho| FzMoz ofte o+ AR FR2 = 5+ UL 2
M, $iE TR0 H=OZ Interlock BypassZ & 4= ¢

2 22X XIEX|7F HREIH M, Interlock Bypass
Procedure &AMIERH 2 /PN MEFHoll thotod EX{s|
WI3H0{0F 3HCH £t SR 22X Al HRCHY| Cist F
1, Reactor CleaningA| 27%¢lo| A
EfSH ValveE 7iElSts & ERHRTH A2 QIS A &N

oll Chat AR 131 ZE7} et

UHMO 2 |nterlock Bypass= HE2| Log Book2 2 £

40

o2

28l

* The RISK Vol.6, A7, MR3IeIEHE S| ALofdt

EH XIYE #2lxel dE &

20| A il 7 I8t Z=0iSHH SR o 2T F
i 7 [etofl 0|23 H
HEID A =R @Ef 0| 2= ’SiI*E LH/21= AuditS
Salf F71Me=Z HH|0of SHH LA O[HIARIZ FA|

T 2 FYESE tldez

3. OtX|H

DA 2ol Chtet
3 IH HI_’MQOI EEET Ywst =1 Ut MRstst
AlZEtel M| ME|=0f 71 2 FH&E 0IX|= Inspection
20t9| RBI(Risk Based Inspection), PMI(Positive Material
Identification), CUI/CUF (Corrosion Under Insulation/ Fireproofing)
5 0tL|2t Alarm Management, HAZOP(Hazard & Operability)
22 Y E7F 2 HE0F 121 Work Permit, Shift
Hand—over, SOP(Standard Operating Procedure), PSSR(Pre
Start—up Safety Review), Emergency Plan S &Xt/ M| =20k
o| g==0|ck
MBS & SO2 15t Sial/ZLAtn ot &
B AS At Albl&A Y A2 IS HRIR 15t Y
A& 24 el X9l Aol s of Sc
kA HE, International Standard 2 AIZAIEIZE HIEQ
2 2% = =51t 7iM0| 27 =0 HeAtoflM 2t
AHEO| MSsh= HuArtE XES| HHEE0] A2

0 Ha3t7|E 7|Chetct.

_I

2 9ot SBXQI HATE), QHIHZITL OI2R AN

« NFPA 25 Standard for the Inspection, Testing, and Maintenance of Water—Based Fire Protection Systems
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otz 54712 2 X[0fl A AFAL
Ab2IR

O o
13 25 0[5toflA] 15
TAIEO| MXHES7IE &K

=N
=

| K| 22|20l M
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OflAd

OfZ 4= U}, 2Lt HFYHHB0|A oiE LZtzl= xHehSA
20lM= LA RL 22 KRRt 22, 2S &

o2 =S MU= 20| H0[CHE 1), 0
teE2 d<u EHs FE2 7dHehet SHe|of Lrdsta
22|77 dRtstol ZEE0 7| mhZo|ct,
XSO HE*AHEIE LA Ollofl= =2 & HE, BHX|Z
g SE F5t LAHES QfiHez EEGHH Fdxl= 2
SATH SA| SN} RISEA| 2t ot Fe Zal
SSTRIS| BEAIHS| B2 oA QAT ELUTAE
gHERiSol= S5t 77t BRI =
80| DHS|1 200 H2| ALHT[sH7} st HE ATt =
EwER= EEE0|7t 30m 0]&0]1, SAHE0| 100m 0|4

| MEAIHS “AMZ0| oK U QRIB|0) Bt SHE

N

—

o| A AMEE 22510 A7|XQ1 Holob & 2T}

0x 1o

22 SI=F St ATt J2iLt ASAIHS| STAfLL

A AAFEHR 240 OHE BREE| T Qle

19 -I>
HI

§

o T

>

=l

o

1. 22 1022 xHsH'E mlsHY i chel: of
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Tension crack in upper
(a) surface of slope

(b) Tension crack in face

Slide plane

(Rock Slope Engineering by E. Hoek & J.W. Bray)
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