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Bowtie’s ancestors (3845 73t B &)

* Fault tree (4<2R5)

no flow into
barrel E

no flow from
pipe B

no flow from
pipe C

pipe B not fed

barrel D
empty

pump A
broken

CGE

Risk Management Solutions

pipe C not fed

* Event tree (£

Obstructed release Immediate ignition

= 1at)

UVCE/FF Pool fire

Yes

Final event

Explosion + Pool fire

Liquid Release
(Two-Phase)

Flash fire + Pool fire

Release not ignition

Jet fire + Pool fire

Explosion + Pool fire

Flash fire + Pool fire

RENEEY

Release not ignition

Energywell
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Connect them in the middle

(48 5 2215 IE 5 SO0 FE A1 B 4 K403

* Fault tree (4 557%5)  Event tree (B5{4-%5)

s
1
@
@ Obstructed release Immediate ignition UVCE/FF Pool fire
3
% > Final event
2
3 Yes —>  Explosion + Pool fire
o =
%2
w3 L———>  Flash fire + Pool fire
=) 3
g
B 3 2 Liquid Release - —
5 ez (Two-Phase) »  Release not ignition
b 5 mg >
o s 2 » et fire + Pool fire
=} - o=
=1 o= —>  Explosion + Pool fire
% o3
Q 5 No
L———>  Flash fire + Pool fire
»  Release not ignition

"B CGE
LL Risk Management Solutions E“eruvwen
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i

Prevention

A RIRVREIRSE TEPRERE

LOPs / LODs

Initiating Event 1
(= \—_l

1z i

lc

Initiating Event 2 ——|

Initiating Event 3 — |

4a

1

FY%E 45 (bow tie)[E

PEEH

Initigting Event 4
{ KR 72 # (FTA)

Mitigation
LOPs/LODs
M1 M2
HIm i€ 2 (EES

No Consequence

Consequence A

Consequence B

Consequence C

> <

¥ CGE

Risk Management Solutions

S5 2 (ETA) >

Energywell
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SEAE AT A HE T B RS
it T ERRBEEERAER N

INHERENTLY - PREVENTIVE PROTECTIVE MITIGATION
SAFER DESIGN(ARZ&RET) | (Faphighe) (fREETE) (Hill iRk ¥ hiE)

L

INITIATING EVENTS (HAZOP
BEEREEEBowTiel BB RS
THREATS)

External events(9MNER S 4)
Equipment failures(3& & 1l /%)
*Human failures( A &% i%)

IMPACTS (&%)
*Personnel (AEZ %)
Public Goodwill (A F%)
*Environment (J21%)
Assets (B &)
Business Continuity (3354

:I:
(=]

2278

threats
Consequen S

LOSS EVENT
‘Loss of «Toxic Cloud (SR =

Containment *Fire (X $X)

(BHBLRMENLIEES) | -Explosion (HRYF)
CGE . Energywell .

Risk Management Solutions
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—

MITIGATION
Mechanical mitigaticn syslems
Safetly instrurmented control systems
Safetly instrumented métigation systems <
[ Crperator supenision |_\'|

CGE

Onion Model v.s. Bowtie

COMMUNITY EMERGENCY RESPONSE
Emeaergency broadcasting

PLANT EMERGEMCY RESPOMNSE
Evacuation procedures

i

al protectiion
i W WLE:

Safety instrumented control systems 1

Saflety instrumented prevention syslems

CONTROL and MONITORING
Ba=ic process control systems

Monitoring systems (process alarms)

Operator supervision

\ ([ erocess ) /

Risk Management Solutions

(=]

FELe0z

threats

consequences

barriers
(independant)

Energywell
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B#5(bow tie)[E v.s.

LOPA

F#HRALOPAET I T IS

" CGE

Risk Management Solutions

245 ¥ | PL1(BPCS) | PL2(Alarm) |IPL3 Outcome
Pump Fail | TIC-04 (& »x<) | PAH-011 Relief Explosion

Valve
1/40yrs 1 0.1 0.05 1/8,000yrs
245 ¥ | PL1(BPCS) | PL2(Alarm) |IPL3 Outcome
TIC-04 None PAH-011 Relief Explosion
Fail Valve
1/20yrs 1 0.1 0.05 1/4,000yrs

@
@

@
35 R THEI SR A E R

AR A RTRERN

Energywell
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V-10175 5 5

JEHERD-102{K
{ir i P-10222 (i1
SRR

AL e

Initial Freq:

S|

R IR T ik
PS/LSTH THG

Current PFD: 0.1

Future PFD: 0.1

Ei5(bow tie

FO Field Operator(3#}
HfE 1)

High
+ Good (il /[ 1)
ST Socio technical(ill
AU TR DR
TERBS B i)

™

TR-04 V-101 7§
X/ e s I

Current Total Top
Event Freq: Unknown

Ei i

Initial Freq:

™

l

R IR T
PS/LSZH THG

Current PFD: 0.1

Future PFD: 0.1

FO Field Operator(3#3}
HAEL)

+ Good (! /[ 10)
ST Socio technical(ii
ST TR DR

TR B i)

—

J¢;PSV-0015B-
N

S|

LIC-004 5 B {%ID-102
R

LIA-005 Lo alarm{fill &
AR EUH T4l
LV-004

LALL-105A/B/C
(2003) interlock to
close EIV & stop P-102

Initial Freq:

CGE

Current PFD:

Current PFD:

Current PFD:

Future PFD: Future PFD: Future PFD:
CO Control Room FO Field ) ME Mail
Operator ({1l £1) #IEG) Engineer (4§ L2fil)
Med Med High
+ Good (1] L) +- Medium(1%31) ++ Very Good (JE¥;
A-HW Active )

hardware( F: i) S
Bl

ST Socio i
AT A CIHE SRR

A-HW Active

fF 9]

LIC-004/{%{diD-

™

2L UERT
F0)

102K fi{£P-102
B
i

S|

Initial Freq:

Risk Management Solutions

LIA-005 Lo alarmixfi £
AL N G THalil
LV-004

LALL-105A/B/C
(2003) interlock to
close EIV & stop P-102

Current PFD:

Current PFD:

Future PFD:

Future PFD:

FO Field Operator (i)
HfELD)

ME Maintenance
Engineer (4:f% Tf2fil)

Med

High

+- Medium (%)

++ Very Good(JEi
#)

ST Socio i
LN TN LR
R B =)

A-HW Active

hardware( 1)
BERE)

Future Total Top
Event Freq: Unknown

)&l v.s. LOPA

{E#LOPAR
BARKESEH
BHER R E

o
! ]
™ ™ ™
H H H VCE #\f4Jet Fire
SR LI S AR LY SO S FGS K S fri sy, il L -
Zoon-2 iRttt BT RIS | | (PAH,LSL) SUBOTIS | | BB A EBEIVR R ol R R AR Target Freq:
K HAE CBIETV S AL Unknown
Current consequence
Current PFD: 0.2 Current PFD: 0.5 Current PFD: 0.1 Current PFD: Current PFD: 1
Future PFD: 0.2 Future PFD: 0.2 Future PFD: 0.1 Future PFD: Future PFD: 1

EN Engineer( T2{l)

FO Field Operator(3}{1)
HfE 1)

CO Control Room
Operator (%4l 1)

FO Field Operator(Ji%)
BAED)

EMM Emergency
Manager (% 3 ST ET)

- Poor(H}t)

Med

Target Freq Met in
Future: Unknown

P-HW Passive - Poor(ikk) +- Medium (i) - Poor(Hikt) - Poor(ikk)
hardware(#1)=UHiG ST Socio technical(ili ST Socio technical(ifi ST Socio ical (&l i
i) LA NG oSN LR NG Ffiiif)
FEm B B ) {ERE AR ) FEB R B i)
M
™ ™ ™ N .
H H H Flash Fire #if%Jet
Fire
SR LA AR Ly SO FGS K S fei s, il L -
Zoon-2 iR Eat BT RIS | | (PAH,LSL) SUBOTIS | | BB A SBIEIVR R ol R R ARG Target Freq:
KO HERAE CBMEETV S AL Uninown)
Current consequence
Current PFD: 0.2 Current PFD: 0.5 Current PFD: 0.1 Current PFD: Current PFD: 1
Future PFD: 0.2 Future PFD: 0.2 Future PFD: 0.1 Future PFD: Future PFD: 1

EN Engineer( T2{l)

FO Field Operator(3}{1)
HEL)

CO Control Room
Operator (%4l 1)

FO Field (C 2
HAEL)

EMM
Manager (% fES T E)

- Poor(f#£)

[

Med

Target Freq Met in
Future: Unknown

P-HW Passive - Poor(ikt) +- Medium (i) - Poor(Hikt) - Poor(Hfikk)
hardware ()= ST Socio technical(ili ST Socio technical(ifi ST Socio ical (&l BEH i
JERE LD N 2 FEEUN LN R LA NG Fftiife)
FEm B B i) ERE AR S ) FEm B R i)
™ ™ H ™
H RHTRISBLEVE
Plot Planiitititilet PSVHE St T det 5 7 s o :
Fire Fire Zone Fire Fire Load SHB KRR KRR HESE A GRS 22 2 0 T‘[m::s"::
Current

Current PFD:

Current PFD:

Current PFD:

Current PFD:

Future PFD: Future PFD: Future PFD: Future PFD:
EM Engineering EN Engineer(LfZf) EMM Emergency EMM Emergency Target Freq Met in
Manager( _f74%) Med ger(% ger(F i ERIKA) Future: Unknown
Med  Medium(70) Med Med
+- Medium(%3i) P-HW Passive +- Medium(3i) +- Medium(7%3i)
P-HW Passive A-HM Active Human i

hardware(#% B0
BERD

hardware(iy i i
)

or Procedural (AE {5
HEATE)

Juiiife)

Energywell
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L

BowTie

=E
B

gL Eop-2

SheEETER

2 I Z8 7R

1

lP s/ Lsﬁﬁiﬁﬁ

l iRah A S

FO Field Operator
(RERER)

ST Socio
technical(EBE
RESRASEBR
fEEBEERE)

H

Bigigahsind &
&ps/ Lsgﬁiiﬁ

FO Field Operator
(REBRER)

ST Socio
technical(EB{E
RERASHEBR

fEEB B RGR)

V-101ZREF H D D
@*ﬁﬁi&ikﬂi i _| | LIA-005 Lo alarm LALL-105A/B/C
Zgmo-102/5% || |VICOMBUBRHED" || e g qiem e | |(2003) interiock to
frigEp- 102%/\3 SAFRWLV-004 | | close EIV & stop P
RE R CO Control Room FO Field Operator =02

Operator (& 8) (REH®MES) ME Maintenance
A-HW Active ST Socio Engineer (£8T8
hardware(¥#= technical(EF@{E &)
EREE) REEASERR A-HW Active
fFEBRBRESN) hardware(F¥$=
EREE)

LIC-0045%4E#D-

1028 & EEP-102

ERESTRYE
HER

CGE

H

™

e

ll

LIA-005 Lo alarm
EHESAREMER
SAFRELV-004

FO Field Operator
CRERfER)
ST Socio
technical(EB{E
RERASESBR

LALL-105A/B/C

(2003) interlock to

close EIV & stop P
-102

ME Maintenance
Engineer (2818
7)

A-HW Active

fEEREREH)

Risk Management Solutions

hardware(¥$=
EREE)

V-101 [/ RiH
=

EEEFRIRARF

| VCE #A#Jet Fire |

M ™ M ]
KBEFARSRE RETARER FGS X SRS &
Zoon-2 FHRERM | | (EERYAKES | |(PAH,LSL), KRBER | | HERREASE || SEARKEBEK
REEEKCE =®, RESWFEIV | | EIVEER B
EN Engineer(T#& FO Field Operator R K EMM Emergency
&) (RB&MESR) CO Control Room FO Field Operator Manager( E&m3
P-HW Passive ST Socio Operator (JE&8) (RB®fER) E3)
hardware(E#= technical( @R ST Socio ST Socio BEH Behavioural
EBEE) FEERASERE technical(ERE technical(EB{# (ABER)
fEEBHBRER) REFASERE RERAS PR
fEERIT B R AR fEEBHBRER)
KBEFARSRER REHARSR FGS X SRR &
Zoon-2 FHRERI | | (EEEAKES | |(PAH,LSL), KRBER | | HERREASE || SEEARKEBEK
FEREEKCR =3, B SWFEIV | | EIVEESER, S8A
EN Engineer(T® | | FO Field Operator R K EMM Emergency
&7) (REHRMER) CO Control Room FO Field Operator | | Manager (K&
P-HW Passive ST Socio Operator (JE&8) (RBRfER) E3)
hardware(E#= technical( @R ST Socio ST Socio BEH Behavioural
EBEE) REEASHEBE technical(E@&{E technical( @B & (ASHERE)
fEERT R REFASEBE RERAS PR
fEEBBRER) fEER B RAE)
M M
BEEERBER
— ABRE
KBERARSERR
EEETENAKEL | | SRERRSEBEHK
RERECE
FO Field Operator EMM Emergency
CRE&RMfER) Manager( E&E2
ST Socio g4
technical( B {E BEH Behavioural
RERASEBR (ABHE)
fEEBBRER)

Flash Fire fA#Jet
Fire

Energywell
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Bowtie uses (B4 0 TTAViT &)

¥\isual risk assessment (&l {2 {5849 & b 5 k)

}\\Ve use it to Structure thinking (4518 {E8Y & 4)

)\We use it for Risk based decision making (L& & & E#EAYRR)

)\We use it for Communication & Training (B@FGIIZEI T E)

¥\\Ve use it for Monitoring barriers (FI?R & I8 ES 1 R P& /FhH FE 15 b))

¥ CGE
L Risk Management Solutions E“eruvwen |
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Bowtie in 8 steps (845 73 T BV \ (&L BR)

S | ESN|ES
. Top Event
SN\

m

m

. 7. 8.
H H Escalation H
Preventive Recovery Factor EF Barrier
Barrier Barrier

II

-

-

Preventive
Barrier

Preventive

Barrier

m

m

II

-

-

Preventive
Barrier

Preventive
Barrier

m

-

Escalation T
Factor

-

EF Barrier

m

m

-

-

Recovery
Barrier

Recovery
Barrier

m

m

I

-

-

Recovery

Barrier

Recovery
Barrier

\

m

Consequence

-

EF Barrier

— Escalation
Factor

i

Energywell
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21 7BowTieBY/\fEL5R: T i1 & 2

(5

V-101 o
?ggﬁt/ﬁ « /f"*\i B 7‘1'%’ éjq‘_;,:,‘,

& ,g\}éﬁl__‘ff(

3£B" r*ﬂ%i i (Top event)
c FPITRAERALUSNY - BEEAFLTE

(Hazardous Event) - ¥_7 ¥ “? A E ARCRRIE ¢ 3;
P-102 ZEffiEf a s fafH(Fault Tree)sma = > Event Tree)s
HR(AH) R TR % E A )
-—n‘[’

R R ATEATE R R LI AR AR 3
—T—&/p :f'ﬂﬂ%ﬂ‘\%‘ﬁ,}}r \P@%’ﬁ_‘_’-}—\i\ﬁiﬁs/}#;,kn

c - BATAELTEG S BERTE A P EAT 2
TR A ALEERRE T

e Energywell

L Risk Management Solutions
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L

?ﬁ.’?.'

| SN ESinE T

V-1017Z# 8RR
;PSV-0015;B-

Valvesipi ik £ 4
A7KIE RS BERA
JE#ERD-10 2K
frEP-10222 773

I L e

LIC-0044:#%:{#D-

102/ER fir fEP-102

227 CRE = IR E
B

CGE

Risk Management Solutions

‘)‘I

217/ BowTieHY/\{ElZ &

L
<

h
s
y-wx
(0
S

V-101 PN/ P bErE
by

P-102 ZEihiEf _i
BUR (AR

VCE #k14Jet Fire

GFlash Fire ZA7%Jet

ON - Tin
N B

Energywell 15
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21/ BowTieBY/\EL 5R: T3 & 4

"R OF] R (Threat) |

RE %E’N’ﬁiﬁ%i i Se Ml R E‘E J%' ]

Ez,m}%rfﬂé DA S RF ~IRE AT G B~ R4 HE
> }i? A@iﬁip m@"//ﬂ_ﬁi//n E/ui’ had ’EJ; iﬁj&f?\ég%j
* %,‘3 £ ¥ AR 5 A7 3K i el (Primary Equipments Failure)

= % ‘é’—(Human Error)% ¢t 3R % i¢ (External Events)= < &

"

3 1 1 14 % (Consequence) |
o d'r‘é‘%r:h<[’1 2)@&2&4 41 ,.L_g:i]’_ , U'J‘flf’—a-gpj?% - ),}.‘ S

<<< &/17J\6 ‘ji.?f‘r& \}‘é‘) S .1_21’[‘ }\/},‘%i
» BEEAZARGS CMAEE CREFTL - BRRFE MO
@§’i%%ﬁ9ﬁéﬁﬁ§mﬁggigp%%m 7

ol CGE Energywell
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[T
11k

BowTieRY/\{ELE%: T EE5 & 6

$ I TsEp {404 BB (Preventive Barriers) |

o A TEE A I i d AR

. Eﬁﬁﬁiiiﬁiﬁiiiﬁ‘éﬁﬁﬂ~§$%4ﬁﬁ%~$£@ﬁ~$%§@i”%‘
FRE

© KL AR ARRE & 2R AR R ()R &
DRI FH G FBRRE TR R AEREY R BRRITRERE S AUZFE FEARE
MRS T o~ & 24 X 2407k - ABSE

/F:v

3 40 Tl 4 B ki (Mitigation Barriers) |
FEERCEKEEIRDER

PR R E A TR~ F REFEF S o BEFRE
c W APPFEREERT CREAEZTIE SPRER %Jé ~EF X xfi”iﬂigz?liﬁﬁf s R T
Bs(BPY)REREEIRRER ~ELVE-PAIFLEE VR PR T R A A Y Y
%~@%ﬁ%‘ﬁ$ﬂ%~¥é%%% ErF 22 F B FTEW FEEBAD
R A~ R IR TR ﬁgﬁﬁﬁf JERIAALSE ~ FRER S Lhkicf F

ol ¢GE Energywell
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V-101%SER

SRR i
##pPs/ LS%ﬁE&fE
(=3

V-101 ¥/ R
i o

SRR ai
#rs/ Lsgﬁi&%
=

2;PSV-0015B-
ValveiiFgik 5%

lad

BRI
JE#RED-1021E %
i iP-1027) X5

LIC-004 5 h{ZHID-
102

=
R

S R

LIA-005 Lo alarm
P BRI
BFFiRBALV-004

LALL-105A/B/C
(2003) interlock to
close EIV & stop P

-102

LIC-00425 {2 ffD-
102{E R fEP-102
27 v
ESp 2

ﬁCGE

H

L

LIA-005 Lo alarm
PR BB
B FFiRHHLV-00

Risk Management Solutions

LALL-105A/B/C
(2003) interlock to
close EIV & stop P

-102

P-102 Fikt

Z21IBowTiedY/\ELER: LER5 & 6

BIR(AE)

H VCE ##£Jet Fire
KBRS EeL i Ea YL FGS X SE IR, %
Zoon-2 PYRERET | | fEEEENKBE L ||| (PAH,LSL); RESGEH | | #IERIBAEM TR R HE R
SR E KR B, R BRAFAELV | | EIV RS BREH
[E3 7Kg
H Flash Fire R%Jet
H Fire
|| mmeomREmn || SWEDUREE | |FGS X KRS,
Zoon-2 PHRERET | | (EER@NI KB A | ||(PAH,LSL); RSN | | #IBREBARMN || SRRBSERRS
S HI RS KOR B, R BRABAEIV | | EIVRASEE; BREhHb
[ K
T HH (S SRR 2
N=Vv i
SRS R
TEERENI KB A | | SR BREBRE
S HI R KR

Energywell 18
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217 BowTieA9/\(ELER: LER7 & 8

2 % 2 3F ~ F]% (Escalation or Degradation Factor) |
] B R e R B TR A s en T B ik 2
ﬂ%§%§m4ﬁ%ﬂwwi g A AHE R A N R EF A BT R
% BT R (W)

HBFZG AERF &I‘ﬁ%@@fﬁm* % 2%
iﬂi AN KR -”é’}_éf“‘ e A
”15‘%irﬁg£§fm/@ > };ﬁv\l't“;i*ﬁ,'f’\

R
Iz
_
4
5 &

) am@:\\";bz’t

Y

%:

LA~

(i e =3 R0 30 4k

g

5 4 THSER® 475 6 (HSE Critical Activities or Escalation Factor Barrier) |

- ”ﬁﬁirpﬁﬂf%#méﬂﬁﬁﬁwjﬁﬁﬁ%mé%

EI I ST e 2 ElN ‘“%%/FJ“*’H%% WP R e R AL RR] R4 T Bk
X & R B - % 208 DT REBPIF - MEER I T R~ 2R R ~ T
wiﬁ%ﬁ£%ﬁﬁ~iﬁﬂ%?%ﬁ**%‘$%%%ﬁ$ﬁﬁi

¥ CGE
Risk Management Solutions E“eruvwen
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2 17BowTiefYJ)\

_/Iﬁm\m 4 "‘117&

PR gl iy iy ™ gl
S S S S S [~
ORISR || | g ATPe RRE R | | MRS IR | | FITEN SGEE | | 5 5 i
SRR || |y psne s knis | | (> 0k 5 ATATR | | i st | | 7T TMCSHIRNA W
B TRERA (374 BT T A #4
H) ATPET)% /
] . . . -
X% § I(:Jﬁl‘\ﬁ
PHATP T R SRR
busze i g | | SRR RIS | | Gy i | | Al ERREATRRR: | | ATPAENGEBIR i
~ T I 48 B T - B L R
[ AR AT R FATPIER i 5
® ST BT © © ®
)
MRS I i
PRSI
A,
Bending
P B ™ ! = ™ ™ || overspeed e ROTH A
i, resulting
B ;’E&Eﬁ&lﬁ H H H H H H derailment LU I
e s | | MREIBE BRI | | M B | | SUER e \
i kR | | 2 SE || srpTMcspiteiEg
VRORBUNERE | |0 (300 ) ATPED| | (> [IE5 /A H)ATP | | KRRt
RO R i TR sl i R
R ™ ™ ™ ™ /
e LR T ™ Rhe <t
ﬁ%ﬁﬁwATP @ 4 - H H ﬁuﬁfwa - Rty
SORETARE | | i psmeecion o | | sl i AT AR
LT SIBEUHIE 0 | | I AT PR 2 .
T I 48 B ! - B L R
R I A T ) JsATPIE Yo @valyiiE:H H
ST BT 7 ©) ©) ®
®

ﬁCGE

Risk Management Solutions

MR 2 it
ESWSRI S
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FPUE R Sl
JRE LA ] A

BFHEATP

ZE1IBowTieHY /) \{& L &3:

ngjﬁgﬁgﬁ ™ ! ! ! gl
TR
TR |y - - - -
SLAGHTIIE ||| Attt e) | | MRcRUBS RN | | ST R ARG "
Hirioiae || | GAVATAER || AEORD R0 ot | | 7 TTMES IR W
BB (3 || Awsen B S A
) ATPE L
oz i s | | SR RIS | | Gy et | | AR EIRREATR R | | ATPETREBLL i
R Bh AT AR (iR BATPIR Feiia | | DA
@ @ © ®
MR 21
prySmp:
ey |—{ 0 " " = "
RHRLIE BT S [~ [~ [~ l bl
T ek | | USRS TR | | dess R | | AR ||
AR | |1 (A ATPES | ks Smate | | mpshemisnn || TGS e
PR S (0 ™ Iy ™ ™ / e
He R
H are H = H l Fr I l
R A S 2 EIH B R R L HI SR AT PR ATP s B Sl i fF
WA e | | O A U LTS M SR
AremEmag | | PATPER PRI filke
TBE LB 5 o
®

CGE

Risk Management Solutions

MRSGUEEA 2 i
ESWSRIS

TERT7 & 8

Passenger train
‘derailment(‘:‘.’-ﬁf‘%

L)

AR
Bending
overspeed
resulting
derailment

Energywell
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BowTieXP v.s. Risk-Based PSM

|

Risk MS BV

kd|IncidentXP

k| AuditXP
&|BowTieServer

A2 4 o B

HEELR

b 16

R
£of 4 o B4
PEXERES
N &) 4 oo B
KA AR R b
KHEE
L Yk

=
=
3
o
m

(']

Server

pd|BowTieXP

H 3 & A8 e By

© ¥

|

&/BowTieServer
b BowTieXP

Risk IL

¥ CG
5



IncidentXP: Two sections

* Incident analysis in isolation * Learning from incidents

BowTie Risk Assessment ;ﬁ:‘l

NN

Outputs lessons oo |
learned to - -

0

Provides input to

L'ECGE

Risk Management Solutions
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LIC-14003/FIC- | | | |
14151 /FIC- |- e |
14a204aE=SRizEFIS
=z = AIC-14001 MA/PD TAHH14153/54A,B
FFC-14154 Ratio Hi Alarm.
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Barrier-based auditing (LR [E A E R AV1ELZ)

» Easy to spot weak spots (FFE B S 2558h)

» Results focus on risks, not categories (f&Z s RE T A MIELER)
« Manage audit recommendations & actions (BIEREZENEZRSFTIERIER)

(2]

QRS.48 Is the emerge l:vrespo nse team supplied
with the necessary materials?

es 2 (67%)

Ma 1 (33%)
[i— -]
Total 3

Close

™
-

Competence in
confined space
rescue

QRS.47 n=3
]
QRS.48 n=3
==
QRS.49 n=3
I
L Risk Management Solutions E“eruvwe“
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Traditional Audits ({24t 8 5l 2R {5115 4%)

J

I

Management system
CGE
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Barrier-based Audits

(LIRFERE RS2 ZIHERI A F1))

_/

/

\ J

|

CGE Management system

Risk Management Solutions EIIBI‘!IVWE“
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Traditional auditing

BmiszaeRABRE L

Maintenance Training

CGE

Risk Management Solutions

Barrier-based auditing

FEABERNEZELEERER

ol
-

Barrier

™~ i
i I Consequence I

Barrier

Activity: T-01 -
Training activity
Responsible: TM -
Training Manager

T-01

No| |Maintenance

Activity: M-01 -
Maintenance
activity
Responsible: MM -

Manager

N

Q-01
I
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Barrier-based Audits

(LLRESERINEZEIHEEIASY)

* QO01: (Maintenance) %&E’%*H F’?ﬁEJ

“Are the extinguishers well
maintained and filled?”

=
-

. =  QO02: (Training) A%im _ELJ||7|‘E F’%%
ESINgEEhER o “Is the personnel capable of using
(R Rl the equipment?”
% —
— ° QO3Z (Procedures) 1‘%’—%“5%%%554(5 %ﬁﬁ

“Is the personnel aware of where to
find the device?”

"B CGE
Lg Risk Management Solutions E“eruvwec!!yr.gh
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Visualize on bowtie(TE R4 B L B FIFE#Z 4

™ ™ ™ ™
u N u u

driving
Peri edical Breath alcohol .
. oreath Agreeing on a Lane departure
examination for | | ignition interlock | | 4 028 GLE. || ARLCARSE
professional device
drivers QRs.07 -4 |QRs.09 =t [ors.02 P ned
QRS.04 n=4 | —
- QRS.06 n=4 | |QRS.08 s QRS.01 n=4
wwoon = | —
@ — ™ Iy Iy Crash nte
™ ™ other vehicle or Impact
cQ:5cA-06 n=4 motionless - . on '
Forward collision Slip recovery object person
i Crumple zone
H H H warning system competence -
Qrs:33 oRs3s s 3
Blowout (tire) l l l o S e
I —
Tyre integrity Defensive driving | | Pre drive check of
system ehicle m
QRS.10 =4 [Qrs.12 n=1| [Qrs.16 =] Driver impacts
J— ™) i A
rs.11 ors.13 n-a | |ors.15 Fnes s
& = Y Head rest adjusted
: i Wearing a seatbelt to appropriate
coscaor vt - - g height
CQ:SCA-02 QRS.40 n=3
QRs.39 cQiscA-08
=
QRS.38
CQ:SCA-06

Lack of

equipment

Keep
equipment in stock

H refusin; to

QRs.17 =
— - wear seatbelt
Seathelt Seatbelt wearing
- - awareness pid
s 5| msas =
manoeuvre
e H u
: 0 — —
vehicle Adiu . @ =
E i Defensive driving ABS —
w20 ] [z | [ =
I I N
ars.34 o3 | |ars.13 e | |ars.22 s crash into deep
CQiSCA-08 n=4 | |caisca-03 n=4 | |Qrs.23 n=3 ':’:::';:’:"::":.9
T el — = Competence in P
— confined space
cascaos o rescue
I
T QR 49 =
|
QRs.45 s
™ ™ ™ oy
Slippery road ™ ™ 2
conditions CQ:SCA-05.
Listen to weather —
report and adjust || Defensive driving ABS
driving schedule
accordingly RS.12 RS.21 n=3
£ U Vehicle roll-
QRS.26 n=3
: ars.13 ars.22 s over
ars.25 =1
cascaos 1ot |ars.23 = Roll-over
I
— )} = protection
sca- = QR =
cascaos 7
wsso o)
I
ars.s1 =
™ ™ —
cascaos )
l ™ |
Pre-journey

Defensive driving

planning

I CG E QRs.28 3 | [ors.az =
H 3 — —
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Bowtie v.s. APl RP 754 Process Safety Performance
Indicators (PSPI)

T-3 %2 2 i mERH

T4@8% b RR 4
B da g

5: US OSHA PSMSHI B/ ZH 51815 H(HCA) - Bow-tiel5 %5 I_:IIBI‘QVWE“ 36
AIChE/CCPSI#ERIPSM HCAZRAGAGEPR(EE TS
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Continuous quality improvement (5 4&L{ )

t‘:l BowTie
/ - \\
Bolee BowTie
8| scver ‘ ‘ Do Server
\ Barrier /
Check
Audlt t‘ InC|dent

CGE
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Thanks for
your attention!
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