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Drive PSM implementation

* APl 754 RP

 Bow Tie Analysis

* Bow Tie Barrier Validation

* PTT group PSM recommended
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PTT Global Chemical Public Company Limited.

GC Chemistry for Better Living

* 14 Million Ton per year of
Petrochemical and Bio
- - < Chemicals products

e 200 KBarrel per day of
Petroleum Refinery products

* The biggest Petrochemical
® o plus Refining capacity in
et = ASEAN
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Process Safety Management (PSM) integrated in GC Management System

GCMS Model

Operations Risk
Management

Rellability &
Asset Integrity

Value Chain
Management
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» Leadership (LDS)
= Sustainability Management (SM)

= Strategy & Enterprise Risk Management (SRM)
Customer & Marketing (CM)
Digital & Information Technology (DIT)
Innovation Management (IM)
Organization & Capabilities (0&C)

Safety, Security, Health & Environment (SSHE)
Operations Risk Management (ORM)
Reliability & Asset Integrity (RAI)

Operations (OPS)

Value Chain Management (VCM)

Management of Contractors & Suppliers (MCS)
Performance Management (PM)

Capital Project Management (CPM)
Management of Change (MoC)

Personal Safety is
integrated into PSM

DuPont PSM
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Golden Circle

they do

they do what they do
they do what they do
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O ls it good enough?

~APOGHO3

People believe that good HAZOP study can protect their plants... Right or Wrong??

Section: Valve (Air in) | Reference dera -
Item | Study | Process | Deviation | Possible causes | Possible Action required Absigned | Reply | No action: -
mode | paramaters | (guide consequences g date: | Completed Plant and
S| (Do 3! | weny e ey —y ! Emergen
Vaive Floree No 1.Control vaive fails 1. Pressure drop | 1. Sedect vaive to fail open Efgineer Response
(Aur ) closed in the reactor 2. Install fiow meter and low
2. Air pressure fails, 2. coervarsion fiow alaem 1o alert operator | Mitigate Dike
closing valve value is 2er0 3. Check and monitor the
3. Controler fails and steam service | = PSVs
closes valve 4. Replace or clean valve i
4. Vabve dlocks 5. Place comtrolier on critical
instrumaentatiocn list
Prevent Shutdown
| ! ! ! ! Systems
High 1. Controd vaive fads 1. Over- 1. Update procedures Operator
open pressurizes 2. Select vabve to fail close *
2. Air pressure fails, reactor 3. Install fiow meter and high Process
opening valve 2. Dangecoas if fiow alarm to alert Operator Control
- - A Lamtnniiy= and P At boa weical System
IDENTIFY
hect ARER or NOOE & S0 Sodoct CA
et ot e
.

Escalation factors

3 ) Prevention Controls
— oo
_\:—_\" - ngh HC anentory Mitigation Controls
< * High Press ( > 10 barg) i
ASSESS ® High Temp, Low temp : Bow T'e
s .CONTVRO.LS'

® C3 / C4 facilities

PREVENT OR CONTROL THl £FFECT?

® High Toxicity PSM as a profitcentern rev 2
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\,Q\I’()(Qf)l-l():}:; Are they good enough?

Install a lot of layers of protection...... Is it sufficient? How do we know?

Mitigation Barriers

Prevention Barriers I
LOPC O

Consequence

Threat 14 —— — [ O S A T — (——— -] Top Event [} = ,
‘ y A .
Process Desi : Fire & detect O t * Flash Fire
gn DCS Alarm ESD trip PSV pop up Bundor ire & gas detector perators . PaciRe
- + Operator + Operator + Operator actions Fire proof & activate > et
DCS Base Layer Control B etions actions (mechanical cLrGiCture. Operator actions Emergency . ve o
protection) Or Response plan s
Fire & gas detector cloud .
explosion

+ Automatic fire
* Domino

*Plantand suppression
mergency response layer
Emergen E S ! Effect

Response
Mitigate Dike

v PSVs

Prevent Shutdown
Systems

-

Process
Control
System
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Std: Gasoline in
Atmospheric
This depo has tank overfill protection for gasoline tanks. Storage Tank

Should be OK.

Fill Volume
exceeds Tank Lis
Ullage Fill Plan & Proactive Tank Level Alarms & Independent
Monitoring Operator Response High/High Automatic
¢ 3 Shut-Off
L( Mechanical |
4 I I

® The operator reads the gasoline level in the tank, then calculates the remaining capacity and makes a
note of when the tank will be full before opening the inlet valve.

® Tank High-Level Alarm alerts DCS Panel operator to close the inlet valve.

-3

There is an Overfill protection by a high-high Level switch that sends a signal to the ESD to close the

inlet valve before the tank overflows.
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PSS e = enera)

Buncefield-type bow tie insfitute

Complete with safeguards

But why was there a huge fire?

D O & o [ 4
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—Se— XAMPLE: 8 ener
%PS Buncefield-type bow tie r insfifufegy

Ceanter for Chemical Process Safety

Looking at the ‘Preventive’ barriers ,
Std: Gasoline in
. . . At heri
All these barriers have ‘Detect, Decide, Act’ Storage Tank
Ve & &ess

...and they are effective, independent and auditable

All Prevention Barriers failed but Nobody knew

Fill Volume Il 1
exceeds Tank - l___l . |l £ 3
Ullage " Fill Plan & Proactive | [ Tank Level Alarms & ‘ Independent
Monitoring Operator Response High/High Automatic
Shut.Off Top Tank Overflow op
[T S— Event:
__Mechanical _|
\ ] )
a5 7 & I3
Tank level Not performed full loop overfill
Next we will expand to show , TXfailed protection function test
the degradation factors for PSM as a profit center rev 2
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Imiating Event 1

Tmitial Frog Je-2

Enabilong Factor: 1

| Futare instial Froag
te-2

Camvent Top Lveet
Freq: 0.002

Fotur e Enableng

Factor: 1

[T Tt Top Cvent
35 -0e

Freq

Independent 1 e pe rebe et
Protection Layer 1 Protection Layes n

Cunvent PFD: 1

Fubwe 90 33 | |

Curvent PID; 0.1

T Fumwre PFO1 0.3

=

-

Hazard - Potential .
Sonmcm of Marmm

Curvont Total Top I

® CGE

Risk Management Solutions
Making risk understandable

=
5

Cumvont Top Lvent
Freq 0.025

Futin e Instial Frog
Se- 2

T idtow o € rablereg

Factor: %
Future Top Event
Fregq: 0025

—~

]

Irdeperdent
Protectson Layer 2

LI

Safeguaard 1

Cuwrent PFD: 005

Cumvont PFD: 1

Futwre PFD1 0.05

Futume PFD. 1

[]

Irnitiating {vent n

1

||

Iritial Freq: 001

Cwwvent Top Cvent
Frog 0.0002
Tt w Lestial §1oa
0.01
Vot e Cnablang
Factor: §
Futine Top Event
Freq 64 07

NHINNAULRGA
Mahidol University

T rncher o oo st
Protection Layer 1

Curvent PFO: 1
Future PFD: Se-3

A

S5,
=

1}

Safeguard 2

Curvent PFD: 1
Foture PIO: 1

11

r

1ot e vt st
Protection Layer 3

Curvent PFO: Ju-2
" Future PFD: Se-3

of Mazaed

]

fror 3 Condits

Cunront PFD: 0.1

Cumvont PFD: 0.2

Future PFD: 0.1

Fubure PFD: 0.2

XP

visual risk assessment

BowTie

—

-@-

| N—

BowTie

Plug

customized barrier solutions

ins

Layer of Protection Analysis (LOPA)
Simplified Process Risk Assessment

resseriosion

®-osH \.@p x‘z




~APOGHO 3¢

7 A9J Jajuad yjoud e se NSd

4

How do we
know the
health of each
Barriers or
Safeguards?
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Bow Tie Analysis is your good friend

artor for Cheoicol Process Salety

Threat

Degradation

Control
Degradation

Factor

Jdoenergy

9 institute

Prevention Mitigation
Barrier Barrier B
Preverison Samer 1 Preveston Barmer 2 / Mogason Barrer 1 Mitgabon Sarter 2
S—r———— |
n n aSaton Facior
LI s
Dwgratason Conts ;7.‘.,,,,, p— ‘

Consesence T |

—— Consequence
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We need to check “Health” of safeguards . (2

energy Bow Tie
instituie Barrier Validation

- Prevention barrier: capable on its own of preventing a ° Big
threat developing into the top event
e Strong

- Mitigation barrier: capable of reducing consequences
* Fast

Independent » no common failure modes with other barriers

« There is a means to check that it works

Auditable _ _
- There are performance standards for functionality

Center for Chemical Process Safety of the American Institute of Chemical Engineers and the Energy Institute

Copyright ©

NHINUIAULTAA
Mahidol University



E Audit

BARRIER

* Equipment

* Performance
Responsibility
SAP Maintenance Sta nda rdS

Operating Procedures

WORK PROCEDURE Bacrier Types * PM/CM/inspection
MUST BE READ AND Performance Standards
UNDERSTOOD BEFORE Safety Critical programs
COMMENCING WORK Elements and

Performance " DeSign sheet
Standards

* Operators

5 * Maintenance crews
Standard Procedure '

HSSE Management System

-
’
'
H
.
.
.
.
.
.
.
.
.
.
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Center for Chemical Process Sofety

ucing Cumulative Risk g~ energy

iInstitute

Barrier Condition and Scoring (EXAMPLE)

Condition (simple)

ICondition (detailed) Color code

Effective

In place, available and effective Green

Partially effective

In place and available, but operating below its intended
functionality

Yellow

Not effective

Not in place, not available

No data

No operational information is currently available

Deactivated

Optional expansion
category ‘Not Effective’

of|

Not in place, turned-off, deactivated. Black

Can also be used to differentiate a local system from
corporate standards.

PSM as a profit center rev 2
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Ceanter for Chemical Process Safety
Design Basis

ucing Cumulative Risk

o

™=

Threat

-

[

Barrier 1

Barrier 2

Barrier 3

Condition Effective

-

Condition Effective

Condition Effective

l

o

During Operations

l

=

l

o

=

Barrier 1

Condition Failled

[

Condition Effective

Barrier 2

With barrier
management

l

-~

Condition Partially
Effective

Barrier 3 \

l

=

\

o

Barrier Condition and Scoring (EXAMPLE)

&

- energ

institute

bondition (simple)

Condition (detailed)

Color code

Risk at Target
Effective

n place, available and effective

Partially effective

n place and available, but operating below its intended
Functionality

Not effective

fNot in place, not available

No data

No operational information is currently available

Deactivated

Risk well above target

Pptional expanson
category "Not Effective

o

Not in place, turned-off, deactivated

ICan also be used to differentiate a local system fromy

corporate standards

Yellow

White

—

—

™~
—

Barrier 1

Barrier 2

Barrier 3

Condition € ffective |

l

-

I

Condition £ ffective

J

Condition Partially
Effective

l

!

l

!

3%

Risk level assessed to allow
continued operation

Barrier 4 New
Temporary

Condition Effective |

FE

2 —

Threat

=

2 —

-] =
Barrier 1

Barrier 2

Barrier 3

Risk returned
to target

Condition Effective

Condition Effective

Condition Effective

NHIPNUIAULTGA
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Operational Risk Management

(ORM) is the management system

that manages the health of bow tie

barriers to prevent major

accidents.

ORM = Barrier Management

£
7&
\ w4




~AP( )@H( ) 30 Bow Tie Barrier Validation is crucial . (D) _,J

- Good news : Bow Tie Analysis can be applied for
PSM as a profit center (1/3) Personal Safety accidents from high-risk works

| e 8 — Integrate Bow Tie

Barrier Validation with

SEMS

General Management Program Principles
Safety and Environmental Information

: -
1. PSM internal audit as

etk Prachces Thai IEAT regulatory

Training

Quality Assurance/Mechanical Integrity req uirements

2. Reliability & Asset
SEMS Element Audit

e Integrity assurance
program

Credit : Risktec.tuv.com

o M
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- O Develop Operations & Maintenance
) »
”\’9\| ( )@I'l( ) 5F Crews to become “Field Risk Sensors”

PSM as a profit center (2/3)

Embed in Daily activities

PERSONNEL FACILITIES TECHNOLOGY = Educate field Operators and
i maintenance technicians by
- £ ~ - . -
. ) process equipment specialists
HAZARDS "l S—— ) rt—p- ) = CONSEQUENCE : -
L O of how to find weak signals
) = -

e Daily petrol includes visual field

SR e e N risk assessment tool for daily
e g Reskanm § 0 STaal ot ¥ brosadion o "*,.,L e . .
0 : 5 ory L 0 ¢ Shs : 0 o;;;;:;a Bow Tie Barriers health check
O 0 "0 5 C A q De««-'o 'bgub:z-: ‘ .
a0 R 0 S o‘-’l N o | .). by field operator &
I I l : I % 15 B o 0°5 , | maintenance technicians
| I , e Educate field operators to be
Credit: Field Risk Assessment by able to use simple predictive
Dupont Sustainable Solutions (DSS) maintenance tools

@A@
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"\19\ 1’( )@l-l( ) 38 Good Process & Personal Safety come together . : @ '

PSM as a profit center (3/3) Involve all levels of
management & staff

Process Safety Management Implementation Pyramid

I =
4. Operational
‘ Discipline (OD) : Integration
____________ I
I PSU':; t‘;st‘;egt—; . * Integrated Tech Safety tools : S s d
i & 2 SN 3. Implement * Bow Tie Analysis + Barrier fem i
e ——

! OD = characteristics for
I Operational Excellence organization

i
1 Everyone Do it right every time

Inspirational Leadership

Program (ILP)

Leadership Commitment 2. Management Leadership &
Commitment

Soft Side

Felt Leadership

B-CAREs
Safety
Culture

1. Build B-CAREs Safety Culture Good process SafEt\/
creates good reliability

B — — — — — —— ——— -— — — —— e — w— — —_— — — —_— — — — e — — — — - . -

Credit: i
Dupont Sustainable Solutions (DSS) PRMias Sprapt Tenton ey
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~AP( )g)l-l( ) 30 Good Safety creates Good Business . ((2);

Influencing Model for HSE Inspirational Leader

_ . Explain Why
Actasa ' “... I see superiors, = "...Iknow whatis =
Safetv Rol peers and | | expected of me — I Why Safety
arety hote subordinates agree with it, and important
Model behaving in the it is meaningful”
. new way” 4 * Accidents can
Wa l.k the \ / Role Modelin /] ha b t b
talk - _ " ppen but can be
~ prevented if treat
o safety as high
Wh at to do — lwillchange my mindset & behaviour if... priority as
everyday productivity
<
Coach & “ T have the .. the structures, Drive (HOW)
skills and processes and
Develop competencies to systems reinforce the * Management
others behave in the new CHENGENMBENEVIoNN) gy stems & KPIs
way" I am being asked to o
* Their safety | make” ¢ Recognition
“ M CompetenCIGS t Sustainable Solutions Copyright ® 2017 T programs

Credit : DuPont Sustainable Solutions
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END
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