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Center for Chemical Process Safety

Business € ase

Qualitative Benefits Quantitative Benefits

. Corporate Risk Reduction

Responsibility — Process safety prevents human

— Image, reputation, Injury

and brand — Process safety avoids significant

- Business Flexibility losses and environmental damage

— License to operate Sustained Value

— Process safety helps boosts
productivity

— Increased business
options
— It helps produce high quality
products, on time, and at lower cost

— It contributes to shareholder value

The Global Community Committed to Process Safety
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Center for Chemical Process Safety

 CCPS Member Companies collectively working
together to address this Business Imperative

( E An AIChE Technology Alliance

Center for Chemical Process Safety
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AIChE

The Global Home of Chemical Engineers

Chemical Engineering
& Process Safety

** What good we bring to the many?
** What harm we bring to some?
** The harm all remember
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Flixborough, UK, 1974
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Seveso, ltaly, 1976
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Piper Alpha, UK 1988

fatalities
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PASADENA, 2808 g
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Mexico City, 1984
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The harm we all must remember...
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What is the worst process safety event that can happen at
your facility?

What systems are in place to keep them from happening?
How do you know that preventive systems are working?

What mitigation systems are in place to respond to such
events?

How do you know these mitigation systems are working?

What is your role in making sure that these preventive and
mitigation systems are working properly?

Are you raising your concerns to your senior leadership; are
these concerns being addressed?

21
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Center for Chemical Process Safety

 Bhopal is the worst process safety incident that’s ever occurred
in the chemical industry

e It served as a bellwether event for the industry and a catalyst
for a safety reform

* It has lead to improved process safety practices worldwide
* Global process safety improvement initiated

* AIChE was asked to create a Safety Center --- Center of
Chemical Process Safety [CCPS] — to lead a collaborative effort
to eliminate catastrophic process incidents

Copvright © 2014 Center for Chemical Process Safety of the American Institute of Chemical Engineers



Formation of CCPS Founding Leaders of CCPS

On February 26th of 1985,
industry leaders* asked the
American Institute of Chemical
Engineers (AIChE) to lead a
collaborative effort to eliminate
catastrophic process

incidents.

On March 23, 1985, AIChE
formed the Center for Chemical
Process Safety (CCPS);

CCPS completed Guidelines for

American Cyanamid

The Dow Chemical Company
Monsanto Company

Rohm and Haas Company

Stone and Webster Engineering Corp.
Air Products and Chemicals

Union Carbide Corporation

Great Lakes Carbon Corp.

Shell Oil Company

© 0 N O Ok

Hazard Evaluation Procedures a 10 Factory Mutual Research

short time later.

“The Global Community Committed to Process Safety”



* Not for profit organization; part of AICHE
* Corporate supported — over 200 members

* Global scope and mission; 40% of members outside of
USA

* Focus: preventing process incidents: fires, explosions,
and toxic releases

* Petroleum production, refining, chemicals, pharma,
food, chemical users, etc.

 Headquarter in New York City, with offices in Frankfurt,
Mumbai, Singapore, Ningbo [China] and Houston.

“The Global Community Committed to Process Safety”
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Creating Industry-wide

CCPS Certified Tools, Programs and
CCPSC Creating Books Guidelines

and Publications | — ___
o =

v advanesd ceamn

- - About | Member Carporate. AcivE Books, Software | Contnung  Conferences Students. Rmc'lmi Gioval
w' My AIChE

EJ active projects Industry-wide Process Safety Metrics

Lo Guidelines for Main Meny
- - Implementing Enter PS Metrics
o Process Safety »
Costeurg | Cante Company Name Test log in for photo
facuon | 46 Management vear —m———

Systems

Region =
es1 Count

Wielcome to the Center for

" . ol \ Chemical Process Safety
“ The Global Community
Comméted to Process Safety
3 bt 2 S

[ what's New at cps 7 New publications

s ity Management
Roundizble (RMR) PSI Rate

BSI Severity Rate
Save | [ Cancel

= Select ‘Corporate’ as Region to enter composite metrics for the entire
company. Select specific region to enter metrics for that region. If your
company operates in only ane region, the corporate and region metric should
be identical.

= Data will be included in reports only after it has been flagged as ‘Finaliz’ by
you, and appraved by the CCPS admnistrator. Once ‘Finalized" the datz wil
not be editable unless the CCPS Administrator rejects it.

Educating Educators

New! Report & Benchmark

leps| Beacon

Process
Safety

| Beacon Conducting Global Conferences

3rd Annual SACHE PSM Faculty Workshop
Held at Chevron Richmond Technology Center

an d Trai n i n g August Io'fl:::umg‘;)»:u:fﬂ 12,2015
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Center for Chemical Process Safety

CCPS - Looking forward to 2018-19 and beyond
CCPS Global and Regional Plans

CCPS Projects activities

CCPS Key Initiatives

” Shakeel H. Kadri

Executive Director,
CCPS, AIChE
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Center for Chemical Process Safety

CCPS Business Update

+* CCPS - Looking forward to 2018-19 and beyond
+* CCPS Global and Regional Plans

+¢* CCPS Projects activities

** CCPS Key Initiatives

“The Global Community Committed to Process Safety”




An AIChE Technology Alliance

C nter fo ChmicIP

An AIChE Technology Alliance

Center for Chemical Process Safety

“To protect people, property and the environment
by bringing the best process safety knowledge and
practices to industry, academia, the governments and the
public around the world through collective wisdom,
tools, training and expertise.”

“The Global Community Committed to Process Safety”



Center for Chemical Process Safety

Eliminate catastrophic process incidents globally by:

* Advancing global PS technologies, culture, and
management practices

* Establishing Process Safety as foundation for
responsible operation

* Serving as premier worldwide resource of Process
Safety

* Fostering knowledge and understanding of Process
Safety

* Promoting Process Safety as key societal value and
expectation

“The Global Community Committed to Process Safety”
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North America

§*J Inter Pipeline
Intel Corporation

J+J Parkland Refining (BC) Ltd.

Trinseo

J#]J Syncrude

United Natural Foods, Inc.

International

m Ambatovy

Arlanxeo
China Chemical Safety Assn.

e D€CcCanN Fine Chemicals (1) Pvt. Ltd.
&= Hengyuan Refining Co. Berhad

= Kuwait Oil Company

=== LlOyd’s Register Group, Ltd.

Michelman Inc.

Nghi Son Refinery and Petrochemical, LLC
Promigas

Sahara Petrochemicals Company

Saudi International Petrochemical Co.

Shenyang Research Institute of Chemical
Industry Co., Ltd.

Wanhua Chemical Group Co., Ltd.


http://www.theodora.com/maps/united_states_map.html
http://www.theodora.com/maps/united_states_map.html
http://www.theodora.com/maps/united_states_map.html

An AIChE Technology Alliance

20

@ ABIQUIM ACAS mCORPORATED A\ Aculech ADVANSIx <3E» @ Air Liquide PrRODUSTS £

= Solutions ’
. 47 ABS Group ELECTRIC Anadarig’ andeavor
M A ALBEMARLE® ‘ ' E é’s"'.';in';u'rfé’:" 2. AmSty AMGEN * %
AkzoNobel amec e Bt s ﬁ mbatow (.E: ) hm o8l ADM
foster - o
ARKEMA 7RI ANXZ0 2 wheeler g4 AL CAY) e T @
............ )" ASC - R Specialty Insurance.

R Ash Stevens = fsniana  Bapco B HUGHES m - L Q) R

BAKERRISK.

BCHEYE PARTMERS, LP. Cambrex
e {5 o XN W ¥, - L. A S
{8 Bristol Myers Scuibb Buckman == Contek s

LL : GPKelco — Sy cons
73 celanese OCF 5= - R Chitworth 575717, é;. £ Chola®Ms . deccart
e, f—————
® CoogeeChemicals ) ‘ Plf;,l.l?;sm G:oveslro () CRISTAL CRODA |—| ( Derce Folmce Dixie DNV-GL @
icosmooi ==k et | (N S .

&
QPIND enstman ecotae - cifmor Ko, EhaeTcon EMC A - - memu‘@ evonik
M - JB - . N
. E¥ponent : FAUSKE i ® 5= ¢ FurureFuEeL 6 Clatewayoroup b.u:___ VN '
‘Emg == EfonMobd [ duss | ron M Formons Pasics % RS ST @ , }1_ _GPIC .. @8
— 0 interpipgling irese rmed

te

Center for Chemlcql Process Sc:fety

HOWAT Risk  HRENTE ".'.!'!MA_N = Husky Energy . . v
Honeywell o e Frhn e e roaien IDEMITSU Elrc SRy (In ,l IOMQEQJ'C"'M Ll—n:-ﬁ.umuuqfﬁumu
TG Group K BR QY™ l. Byt Kkurar ay @ AL & - i . QRD Lubrizol
N[USIIES INC = » LARSEN & TOUBRO el ister 5
©lscc M massy MICHELMAN Lrite @
yondellbasell g MAERSK @) Mallinckrodt  wnriisrens | N ENERGY MISTRAS  AMTSUBSHCHEMCAL MONSANTO @
nexen ] e s nationalgrid

PTIMA OrchidPharrr 1.1# 3 CI rebont g
@’ NEWCREST A Novm h ls X N ‘ d Or
emicals 198 . SEAPEES, - T
@ cals W’ > 1in HEMICAL [ . pic

& PETROI’ECHNICS - Pan American

Ercaiece o e apuratie Gh ENERGY
¥, Parkland @ +pluspeiroi %
- UEL CoRPORATION - % m ‘ 9 PHOENIX PARK .:FI.HI. lﬁd -uc-w-vhcurp m Q‘MIR PROMIG
Psmosms Pl T e nr-lja-nJl FUNCEES INPROVENENT WRSTIONE
. . — i_ll L — i > P
Pe; =5= (5 ES (YReliance . pepror TED sdbia sahars el | ASPL —
I Growth is Life - h‘*‘- R I S K ’ 'I,i }
TICAROLOBINS So Id:ua & WHSECCO
e i h « s gl syncrude TapRooT Sheil
2 SIEMENS 'Pc em . 1/ i?};vfih A Southern Company STARR TRCIRICAL RISKS S TELIN
@ SIS@TECH oy BIREM E Ch emours:
SIGroup P
TransCanada : Vertellus Y/ .
o a3 e P ToTar Tilde Q 3 St Jo A e e of e YARA
w G""‘“"‘M-" 2 — TRINSEQO. u n.ﬂ VENATOR “™"" ..

Knowledge grows



=P M L}

| |
| |

- ==



http://www.flagsimporter.com/american/index.php/cName/international-flags-united-arab-emirates-flags
http://www.flagsimporter.com/american/index.php/cName/international-flags-malaysia-flags
http://www.flagsimporter.com/american/product_info.php/pName/australia-flag-3x5ft-poly/cName/international-flags-australia-flags
http://www.flagsimporter.com/american/index.php/cName/international-flags-canada-flags
http://www.flagsimporter.com/american/index.php/cName/international-flags-sweden-flags
http://www.flagsimporter.com/american/index.php/cName/international-flags-germany-flags
http://www.flagsimporter.com/american/index.php/cName/international-flags-united-kingdom-flags
http://www.flagsimporter.com/american/index.php/cName/international-flags-bahrain-flags
http://www.flagsimporter.com/american/index.php/cName/international-flags-denmark-flags
http://www.flagsimporter.com/american/index.php/cName/international-flags-china-flags
http://www.flagsimporter.com/american/index.php/cName/international-flags-madagascar-flags
http://www.flagsimporter.com/american/index.php/cName/international-flags-saudi-arabia-flags
http://www.flagsimporter.com/american/index.php/cName/international-flags-switzerland-flags
http://www.flagsimporter.com/american/index.php/cName/international-flags-argentina-flags
http://www.flagsimporter.com/american/index.php/cName/international-flags-netherlands-flags
http://www.flagsimporter.com/american/index.php/cName/international-flags-norway-flags

( E An AIChE Technology Alliance

Center for Chemical Process Safety

Asia-Pacific- Middle East &
Oceania Africa
China Saudi Arabia
2016 2016
China, Japan Bahrain
2017 2017
China
2018

North Americ . . |
Latin America Europe
GCPS
Germany
2016
None planned WCCE Spain
2017 2017
Argentina Europe
2018 2018
T&T / Brazil Europe
2019 2019

hina, Singapore
2019
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v’ 14 Global Congress in Process Safety held in Orlando, FL
v’ 8th CCPS Conference in Latin America, Buenos Aires, Argentina
v’ 6t China Conference, Qingdao, China

v’ 34 Europe Process Safety + Big Data Conference, Frankfurt,
Germany

v’ Process Safety Metrics - API-754 Metrics Implementation
workshop, Jubail, Saudi Arabia [Hosted by SABIC]

v’ Process Safety Metrics - API-754 Metrics Implementation
workshop, Al-Khobar, Saudi Arabia [Hosted by Saudi Aramco]

v' Pre-workshop at the 6% China Conference, Qingdao, China
v’ Process Safety Metrics workshop, Buenos Aires, Argentina

36
The Global Community Committed to Process Safety



¢ 15t Global Congress in Process Safety to be held in
New Orleans, Louisiana, USA — 1-3 April 2019

¢ 7th China Conference, China [Date TBC(]

¢ 4t Europe Process Safety + Big Data Conference, 1-2
October 2019, Frankfurt, Germany

¢ 5t CCPS Global Summit, 22-23 October 2019, Singapore

¢ 3" Middle East Process Safety Conference [MEPSC], ME
[Date TBC]

** We will be deploying Process Safety Metrics - API-754
Metrics Implementation workshop at 2-3 locations
during 2019

37
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6th CCPS Global Summit
December 2020
India

The Global Community Committed to Process Safety
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PUBLISHED

AGING PROCESS
FACILITIES and
INFRASTRUCTURE

. SITING AND
L LAYOUT OF
FACILITIES

ESSENTIAL PRACTICES
FOR GREATING,
STRENGTHENING, AND
SUSTAINING PROCESS

SAFETY CULTURE

EEEEEEE

Q':F’S WILEY WILEY
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%PS | More 2018 Books...

Center for Chemical Process Safety

PUBLISHED
Sept 2018

RECOGNIZING AND
RESPONDING TO
NORMALIZATION OF
DEVIANCE

BOW TIES

In

A Concept Book for Process Safety

42
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%PS 2018 Books: Work in Progress

Center for Chemical Process Safety

GUIDELINES FOR - GUIDELINES FOR

INTEGRATING PROCESS SAFETY
PROCESS ~ DURING

.~ SAFETY INTO TRANSIENT
ENGINEERING OPERATIONS
PROJECTS

WILEY

Early Nov. 2018 1Q 2019

43
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%PS 1018 Non-Book Publications

Center for Chemical Process Safety

%PS The

Center for Chemical Process Safety

Process Safety Metrics

°
Business
Guide for Selecting Leading and Lagging Indicators
Revised: Aprit 2018 C a s e fo r

— PROCESS
SAFETY

4th Edition

2014 2015 2016 2017 2018
".-. g ‘ LI
v "'Jb_f‘ & | %ﬁ'?}( A N mEE—apitnn
1. i i Chunrd Pt Sy

Guide Document Monograph
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O = 1019 Publications Projection

* Process Safety Leadership from Board Room to Front Lines
* Guide to making Acute Risk Decisions

* Guidelines Process Safety in Pilot plant and Labs

e QGuidelines for Inherently Safer Design 3rd Ed

 More Incidents that define Process Safety

* Incident Investigation 3rd Ed

e Guidelines for Process Safety in Upstream Industry
— Might slip to 2020

The Global Community Committed to Process Safety
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PS ~ Targeted for 2020

P281 Human Performance in Process Safety

— Scope document finalization next

P283 PHA Revalidation 2nd Ed

— Strong Survey feedback, completing book scope/layout

P289 Golden Rules for Process Safety

— Team leaning towards an ‘app’, not a book

P292 Lessons Learned Years Later
— Sub-Committee: 7 Volunteers. NEED MORE

P290 Process Safety Toolbox

— Need Volunteers

P291 GL for Abnormal Situation Management

— Team formation in progress
46
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 Reopened in December 2017

— Opened access to all CCPS members . sa
* Except government / regulatory entities | P“SI.D.J
Incident Da Y

— Over 800 incidents and expanding

— Member benefit — no fees required
— Company admin and user registrations required
e User Approval: CCPS Operational admin or Company admin
* We encourage every PSID company to submit at least one
incident every year

* For more information, please contact ccps psid@aiche.org

Over 130 new registrations, representing more than 60 companies

Asia-Pacific TSC will work collaboratively to add incidents

The Global Community Committed to Process Safety
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= Process Safr.ty)
Center for Chemical Process Safety - ea @

%PS Bé éscﬂﬁ Sponsored by

CCPS

ORI http-//www aiche ore/CCPS/Publications/Beacon/index aspx
Messages for Manufacturing Personnel Supporters
Containment Dikes and Pads June 2010

Most people recognize that containment dikes around storage tanks, and sloped
containment pads for pumps, process buildings and structures, truck and rail car
unloading areas, and other potential spill locations have an important environmental
protection function — preventing contamination of soil and surface water. But, do you
know that they often also have i safety functions? Some examples include:

« limiting the spread of a fire and | ing exp of other equip ifa
flammable material spills and is ignited
B - preventing contact of incompatible reactive materials in case of leak or spill
« limiting the spread of spilled corrosive material and pr ing contact with
which could be damaged by contact with the corrosive material
In 2001, the US Chemical Safety and Hazard I igation Board (CSB) i i d

e e * More than a million readers

engulfing the whole plant.

< Spill containment dikes for

SO i e 31 languages
A sloped containment pad
directs any spills from a truck
unloading facility to a chemical
sewer trench >

* Delivered monthly

What can you do?

* Periodically include containment dikes around storage
tanks, sloped containment areas, and drainage trenches as
part of your routine plant safety inspections. Look for
physical damage, spilled material, accumulation of rain
water in dikes. or blocked drainage. Look for debris,
equipment, or anything which restricts flow of a spill.

* Make sure that your plant procedures include pumping
out or draining rain water from containment dikes — if a
dike is partly filled with rain water, it may not be able to
contain a large spill.

« If you have any kind of valves or other piping to remove
rain water from a containment dike, make sure these are
closed or otherwise blocked when not being used.

« If you do any maintenance or construction work on a
storage dike which results in damage to the integrity of the
dike, make sure the damage is repaired before the job is
finished.

e 80 + volunteer translators

* Nearly 17 years of volunteers led
publication effort

The arrow shows a hole in a containment dike. More
damage can be seen at the base and the top of the dike wall.
Other examples of damage include cracks in dike walls or
floors. holes where pipes have been installed passing
through dike walls, and anything ¢lse which would allow
spilled material to flow out of the dike area.

Inspect and maintain your containment dikes and pads!

AIChE © 2010. All rights reserved. Rep ion for ducational purposes i aged. However, reprodu
for the purpose of resale by anyone other than CCPS is strictly prohibited. Contact us at ccps_beacon@aiche. org or 646-495-1371.

“The Beacon is usually available in Afrikaans, Arabic, Chinese, Danish, Dutch, English, French, German, Greek, Gujarati, Hebrew, Hindi, Hungarian, Indonesian, Italian,
Japanese, Korean, Malay, Marathi, Norwegian, Persian, Polish, Portuguese, Russian, Spanish, Swedish, Tamil, Thai, Telugu, Turkish, Urdu, and Vietnamese.

“The Global Community Committed to Process Safety”
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Center for Chemical Process Safety

%PS = Outline

CCPSC—what is it

Why is it needed/important
How it works

Who is it for

Summary & Q/A

“The Global Community Committed to Process Safety”
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Center for Chemical Process Sa -

The CCPS Credentialing Program

* Purpose: To evaluate and certify Process Safety
Professionals

e Started in 2015
* Global Reach

* Modeled after the Professional Engineering
Certification in the US

CCPS Certified

“The Global Community Committed to Process Safety”
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O == -~ What is CCPSC

Center for Chemical Process Safety

* The Definitive stamp of approval in Process Safety
A mark of True Expertise in Process Safety Practice

e Uniform and Consistent basis for assessing the Body
of Knowledge in Process Safety
* Criteria: Range, Rigor, References
* Range: Breadth of experience

* Rigor: Depth of hands on experience
* References: Recognition by peers and colleagues

* Risk Based Process Safety (RBPS) at the core

More at: WWW.aiche.org/ccps-certified

52
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O == j Why CCPSC

Center for Chemical Process Safety

* Directly tied to the mission of CCPS

* Provide a global uniform standard for knowledge
assessment

* Benefits:
* Individuals: Distinguish your expertise
* Companies: Know who can do what for you
* Industry as a whole: Accurately recognize the expertise

e Overcome the clutter of various denominations
that do not really focus on Process safety

Recognition with the CCPS brand

“The Global Community Committed to Process Safety”
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How CCPSC Works

Decision to Awarding |emmal Conduct as
apply credential certificant

Application Scoring Maintaining

credential

Application |

Review

Testing

54
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O == ow it Works - Requirements

Center for Chemical Process Safety

e Education: A STEM degree
— Science / Technology / Engineering / Math

* Experience: Minimum 5 years relevant
— Additional 5 years may be substituted for education

Hands on Knowledge of many elements of RBPS
— With Familiarity with all 20 elements

* An ongoing commitment to Process Safety &
personal development

— Continuing Education requirements

“The Global Community Committed to Process Safety”
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%PS = How it Works

Center for Chemical Process Safety

* Examination - Typically 2 or 3 times a year

— 4 hours, continuous, open book, individualized
e Conducted Online

 Multiple Choice questions
— 120 questions covering the 20 elements of RBPS

* Essay questions

— Descriptive answers required for situation analysis

* Examination is in English

— Careful consideration is given to avoid confusion for applicants whose
first language is not English

56
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O == ~ Who Should Apply

Center for Chemical Process Safety

e Allindividuals globally with some responsibility for
Process Safety

* Chemicals, Oil & Gas, Petrochemicals
* Food, Mining, Pharma, Other Manufacturing
e Consulting, Academia, Government

“The Global Community Committed to Process Safety”
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* CCPSC — a definitive recognition of Process
Safety Expertise

* Globally available
* Wide interest and growing rapidly

For more information or to get started, visit

www.aiche.org/ccps-certified

“The Global Community Committed to Process Safety”
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Center for Chemical Process Safety

e ~ 150 Certified [CCPSC] Individuals as of November 2018

* Exam software stability issues fixed
— Zero data loss in July, September and November 2018 exams

* Actions planned — looking ahead

— Significant marketing push to popularize the credentialing -
Globally

— Deep dive in to the processes & procedures begun

— Opportunities:

* Reduce Manual effort, Automate several tasks; Critical for volume
expansion

e Leverage existing AIChE processes including the customer service
team

» Simplify processes for the applicant — Application, References, etc.

The Global Community Committed to Process Safety
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PSM Incident / Severity Rate —p

Standards and

Procedures

« Standards

* Technical
requirements

 Safety emphasis

« Compliance

< E An AIChE Technology Alliance

Center for Chemical Process Safety

Process
Safety
Management
Systems .

YProcess Safety
Risk Based ’
Approach

* Integrated MS

* Reporting Visible Lea
+ Assurance * Learning Process
+ Competence * Risk Quantification

* Risk Management « “Risk” Process
« External View

Behaviour

Visible leadership
Personal accountability
Shared purpose & belief
Aligned performance &
commitment

Strong PSM
Culture

Standards Based
What must | do?

Risk Based
How can | improve?

Systems Based
How must | do?

Culture Based
How can | Lead?
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PS

Center for Chemical Process Safety

Meficulovs )
Veritication .

Enhanced -
S{akenolder Risk = Frequency X Consequences
e ——— e
Knowledge — =

Enhanced Application Vibran{ Management
ot Lessons Learned, [lj Systems

Responsible collaboration

Intentional sz Disciplined

Competency /////// = Adherence

Development 47 4o Standards

Harmonizafion
ok Global Standards



Center for Chemical Process Safety

Energy Institute [El]

Society of Petroleum Engineers [SPE]
American Chemical Council [ACC]

Japan Society for Safety Engineering [JSSE]
European Process Safety Center [EPSC]
EPSC + Dow Chemicals

IChemE, MKO, EPSC and WPLP

Singapore Chemical Industry Council
PERTAMINA University [Indonesia]

Universiti Teknologi Petronas [UTP]
University [Malaysia]

OSHA

Chemical Safety Board [CSB]

Bow Tie Guideline + Human Performance

Process Safety for Upstream Guideline Book
Enhancing Process Safety effort

4" Global Summit, Okayama, Japan

Europe PS + Big Data Conference, Frankfurt
RAST [Risk Analysis Screening Tool]

2017 WCCE-10 Barcelona PSM Track

MOU signed; 6" Global Summit [2019]

MOU signed

2" Global Summit

CCPS Risk Based Process Safety elements as best
practices reference on the OSHA Web Tool

Potential CCPS-CSB collaboration on developing
video modules using CCPS content



%PS sk Based Process Safety

* CCPS “Risk Based Process Safety
[RBPS]” Guideline Book was
published in 2007; it is our
highest selling Book

 We are seeing a large number of
companies globally following this
Risk Management approach

* It has provided companies with
guidelines and tools to establish a
strong process safety risk
management program

Guidelines for

Risk Based
Process Safety




~ WHY DO WE NEED

Risk Based Process Safety?

— All hazards and risks in a facility are not equal

— Using same practices to manage every hazard
is inefficient use of resources

— Risk-based approach reduces potential for
assigning an undue amount of resources to
manage lower-risk activities, thereby freeing
up resources for tasks for higher-risk
activities

Goal: Match effort to potential risk.
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% AAAAAAAAAAAAAAAAAAAA Objective of the
cPS isk Based Process Safety
* Approach accident prevention form

compliance-based to risk-based strategy.

* Improve management system effectiveness.

* Employ process safety for non-regulatory
processes using risk based design.

* Integrate the process safety into an
organization's business processes.

e Focus their resources on higher risk activities
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%ps PS Risk Based Process Safety

Center for Chemical Process Safety

Four major process safety incident prevention principles:

1. Leadership commitment to process safety is the key building block for
pursuit of process safety excellence. Leaders “walking the talk” will
send a consistent message to do “the right things, in the right ways, at
the right times — even when no one is looking.”

2. Understanding hazards and evaluating risk is necessary for an
organization to know where to apply its limited resources to help
ensure that accidents do not occur.

3. Managing risk: Involves a focus on - operating and maintaining
processes that pose the risk, controlling changes to those processes to
avoid inadvertent risk increases; and preparing for, responding to, and
managing incidents that do occur.

4. Learning from experience: In spite of our best efforts, things don’t
always work out as planned, so organizations must be ready to turn its
mistakes — and those by others — into opportunities for improvement.
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%PS Risk Based Process Safety

Center for Chemical Process Safety
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Thanks to David Guss, Nexen Inc.
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%PS OSHA PSM 14 Key Elements

Center for Chemical Process Safety

N o Uk WD E

Employee Participation
_ 8. Process Safety

Process Hazards Analysis :

o Information
Training _ 9. Operating Procedures
Pre-startup Safejty Review 10. Contractors
HOF Work Perrr.nt ' 11. Mechanical Integrity
Incident Investigation 12. Management of Change
Compliance Audit :

13. Emergency Planning

14. Trade Secrets

Copvright © 2014 Center for Chemical Process Safety of the American Institute of Chemical Engineers



%PS = CCPS RBPS PSM 20Key Elements

Center for Chemical Process Safety

1.0 Commit to Process Safety 3.0 Manage Risk
1.1 Process Safety Culture 3.1 Operating Procedures
1.2 Compliance with Standards 3.2 Safe Work Practices

3.3 Asset Integrity & Reliability
1.3 Process Safety Competency 3.4 Contractor Management

1.4 Workforce Involvement 3.5 Training & Performance
1.5 Stakeholder Outreach Assurance
2.0 Understanding Hazards & Risks 3.6 Management of Change

3.7 Operational Readiness

2.1 Process Knowledge 3.8 Conduct of Operations

Management 3.9 Emergency Management
2.2 Hazard ldentification & Risk 4.0 Learn from Experience
|dentification 4.1 Incident Investigation
4.2 Measures & Metrics
4.3 Auditing

4.4 Management Review &
continuous Improvement

Copvright © 2014 Center for Chemical Process Safety of the American Institute of Chemical Engineers



°°°°°°°°°°°°°°°°°°° PS Elements for Which There

No Matching OSHA Element

1.1 Process Safety Culture

1.2 Compliance with Standards (not an OSHA
element but implied by OSHA 1910.119 (d)(3)(ii))

1.3 Process Safety Competency
1.5 Stakeholder Outreach

3.8 Conduct of Operations

4.2 Measures & Metrics

4.4 Management Review & Continuous
Improvement

Copvright © 2014 Center for Chemical Process Safety of the American Institute of Chemical Engineers



An AIChE Technology Alliance

PS

Center for Chemical Process Safety

Questions?
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The Global Community Committed to Process Safety
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First Time In Pakistan
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Evolution of Process Safety
at Engro

By

Jahangir Piracha
CEO, Engro Vopak
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Evolution of Process Sé

15t Pakistan Speaker:
Regional Mr. JAHANGIR PIRACHA

CCPS Chief Executive Officer
Meeting

Engro Vopak & Elengy Terminal Limited
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our vision

to be the premier pakistani
enterprise  with a global
reach, passionately pursuing
value creation for all
stakeholders
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engro in a snapshot

Revenue |
219 million
rket Cap of
k 8 million with
ted Entities

akistan’s premier
ness conglomerate

f 9
o
1 Fertilizers, Power Generation,
1lemicals, Mining, Dairy,
n,-" : -.!

li

neer in Thar

Evolution of Process Safety at Engro engr’o



our footprint in pakistan

USD 400 million contribution to
national exchequer

3,500 18,000
employees indirect employees

Rice Mill
Dairy Processing Plant

Qadirpur Gas-fired Power Plant
Fertilizer Complex

Dairy Farm
Dairy Processing Plant

Karachi Head Office
Thar Block Il Coal Mining
|——Chemical storage/ PVC manufacturing/ Terminal

Evolution of Process Safety at Engro



evolution of $
process safety management g
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Rise of Process Safety at Engro

Exxon Safety HAZOPs = Dedicated process = F&G Mapping Company wide
Systems safety resource = Alarm Management safety
= Consequence Analysis = Abnormal Situation Management management
= Human Factor = CAER Revamp Software (SPHERA)
= Safety MIS
= Exxon SMP’s Process safety
» Community = Leading SIL / LOPA
Awareness UU ]_ NT QRA Indicators Studies
1968 1986 1991 2000 2004 2007 2008 2010 2013 2017 2018
A J J
Y
‘EXON o
P E€ENGRO engro

*  Conversion from Exon Model to DuPont Model helped engro in aligning themselves with world best safety practices
* SPHERA : Platform for Process Safety Management — Web based application with feature of automated reminders for action items

* Quantitative Risk Assessment studies helped engro in recognition and mitigation of major process safety related risks at engro

Evolution of Process Safety at Engro




Design Changes / Upgrades — inleu of process safety evoluion

Year Process Safety Study Design Upgrades / Changes
1991 - 2018 Design / Cyclic PHAs Design Changes / Modifications
2000 FMEA Triple Modular Redundancy ESD System
- Double Walled Ammonia Storage Tank
2007 ORA - Blast proof Centralized Control Room / Safe
Heavens
- F&G Detection System at enVen Plant
2009 PHA Flare System at new Plant
2012 QRA Double Walled Ammonia Storage Tank
2013 , .
SIL / LOPA Studies Inherently Safer / Reliable Complex Control Loops
onwards

Evolution of Process Safety at Engro




Challenges in Implementation of Process Safety

Challenges Solutions

p
-
* Obsolescence
Technology * Implementation Difficulties )
L
4 . N
Technical - Risk assessment expertise
Capabilities « Risk Assessment Softwares
\_
4 )
Return on « Funds availability for upgrades
Investment « Do ability )
\_
- - Emergency Response )
Communities « External communities
» Weak Government infrastructure

Evolution of Process Safety at Engro




CAER — Community Awereness & Emergency Response Pragram

Step 1.

Engagement With Locals

» School visits
* Meeting with notables

» Social projects & health
facilities

 Plant visit by school
students

Evolution of Process Safety at Engro

Step 2: Step 3:
Awareness and Training Joint Emergency Dirills
* Volunteers for Civil * Formation of Crisis
Defense Management Centre
* Emergency handling * Fire drills / Drill with NDMA
trainings

* Quiz competitions schools




Process Safety Management - Leading Indicators

Process Safety Action Items (PSSR,

PHA, Incidents)

Process Safety Studies (PHA's, MOC'’s)

Resources Development (Training)

Mechanical Integrity

Safety Instrumentation System Failure

Evolution of Process Safety at Engro

KPI Dimnension s 8 8 3 8 8 5 8
g 8 8 8 8 8§ 38 g
R
$E%EZEEE
Process Safety Lagging Indicators
Asset Damage Incidents --------
Environmental Incidents -. -DD[][]-
Process Fire Incidents --------
Process Safety Incidents -. --- --
Cultural Elements
MSAs Index --------
Safety Talks Index --- --“--
Reporting Index 9 --0 -0 9 9
Leading Indicators
Behavioral Safety Lls --------
Process Safety Lis --- NA NA ---
Environmental KPIs -0 @ -. 900
Health KPIs --------

Aggregate
numbers for
Engro Corp

81%
86%
80%

85%
83%
84%
87%




Process Safety Management Joumey in Engro Affiliates

Excellence

. : 4.2
engoeriizers (Mig. Div) —

200 201

\J

. 4.0
engropolymer & chemicals

200 201

engoeriizers (Mk. Div. ) — 40

S )

200 201

S—— .
200 201

B gy | | -
200
9 2

\j

201
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ij' \_;.‘- recognlzed globally & locally

____________________________________________________________________________________

= DuPont Safety and Sustainability Award won by Engro Fertilizers in the
category of “Stakeholder Engagement for Sustainability” in 2013

= Engro Vopak completed 20 years of safe operations without any lost work
injury in 2017

= Engro Vopak secured 98% score in 2016 in THA (Terminal Health Audit)
which is currently highest score globally in the VOPAK World

Evolution of Process Safety at Engro
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Center for Chemical Process Safety

Learning from Incident at
Engro Polymer & Chemicals Ltd.

By

Mati-ur-Rabi Siddiqui
HSE Manager,
Engro Polymer & Chemical
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LEARNING FROM
AN INCIDENT

Presented by
Mati ur Rab Siddiqui

engro polymer & chemicals



PRESENTER
INTRODUCTION

Chemical Engineer by education
Over 6 years experience in Safety and Risk Management
Over all 21 years experience in Fertilizer /Petrochemicals

Exposure to all walks in Manufacturing
facilities

Developed various safety programs within
EPCL, Fatima Group( PFL) & SAFCO KSA for
both personnel and Process Safety




COMPANY
PROFILE

Established in 1997 as PVC manufacturing Plant

First & the Only fully integrated Chlor-Vinyl Chemical Complex in Pakistan

Caustic Sodium Hydrochlo Hydrogen
PVC 11 ) . .
19 Sada Hypachlori  rigAgid IR

KTA
te




ACCREDITATIONS

ISO-9001: Continual improvement of Quality Management

2018
system
ISO-14001: Environmental Management system 2018
OHSAS-18001: Occupational Health & Safety Management 2018
systems
PSM - Level 4.2 Personal Safety Management 2015
PSRM - Level 4.0 Process Safety & Risk Management 2015
WWF Green Office Compliant 2017
OHIH - Level 3.5 Occupational Health and Industrial Hygiene 2018
Lean Six Sigma Operational Excellence 2012
CCPS Membership 2010
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CASE STUDY: O

FURNACE FIRE




A

VCM PLANT IN
PAKISTAN

engropolymer & chemicals

+ VCM plant at this site is relocated plant from Formosa Plastics

Corporation, USA.
+ [tis Pakistan’s 1st VCM plant

¢+ VCM is raw material of PVC, which is a growing industry in this region




QA

P RO C E S S ’engro polymer & chemicals
DETAILS ¥

+ In VCM plant there are two identical cracking furnaces which are
operating in parallel

"""

* Dry purified EDC fed to Cracking Unit where it decomposes into VCM
and hydrochloric acid

# These furnaces were installed between 1984 and 1987 during EDC/VCM
plant debottlenecking project.

* In 2007 back integration project EDC/VCM, both furnaces were
relocated from Formosa Plastics Corp. USA.

BT
C2H4Clz — CzH3Cl + HCI AH = —30,500 1h mol
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A

T H E I N C I D E N T ’G”QVO polymer & Cmcas

+ On May 04, 2011, EDC Cracking Furnace B (HF-301 B) caught fire as a
result of EDC leakage from the first inlet bend on the convection section
tube bank of the furnace

+ Emergency response was very good and a major fire was controlled
within 15 minutes of the arrival of the fire squad at site and the VCM
plant was shutdown safely

# The fire lasted for more than 4 hours, despite the fact that the fuel
source had been cut.

+ The hydrocarbons is present in tubes, controlled burning took place and finally the
fire was completely extinguished

+ Luckily, no fatality/injury was observed however there was major
damage to the furnace




R

I M PAC T ‘engro polymer & chemicals
m Cultural Impact i

e Puts Question mark on overall HSE
system ( Plant MI) in the organization

Financial Impact

* An approximate loss of US $ 5 Million
* A production loss of nearly 45 days




A

FACTS AND
FINDINGS

Comprehensive history of furnace inspection done at FPC was not
available

Furnace B had completed over 130,000 hrs. and Furnace A had
completed 138,000 hrs.

+ Recommended life for tube replacement is 100,000 hrs.

engro polymer & chemicals

+ The inspection regime to ensure mechanical integrity of convection
tubes was inadequate.

The impact of chlorides attack on the furnace tube is expected to be
much higher in convection zone where temperatures are less and since
feed is introduced from top, there are chances of condensation resulting
in stress corrosion cracks in presence of HCI.




A

FACTS AND
FINDINGS

# There was no structural analysis done for the complete furnaces before
relocating them to Pakistan

engro polymer & chemicals

+ Stainless Steel 347 H has low resistance against Stress Corrosion
Cracking (SCC)
+ Furnace B compared to furnace A has some key differences:

+ During commissioning, two tubes leaked in hydro test and were blocked at
Furnace B on the convection section

¢ Furnace B had 32% more shutdowns and startups than A (25 vs 17)

# There had been 4 hot starts of Furnace B while A had none

# There had been 33% more incidents of emergency feed cut to Furnace B
*+ Furnace B had seen 4 instances of high moisture while Furnace A had 3




A

C O N C LU S I O N engro polymer & chemicals

+ Immediate cause - Stress Corrosion Cracking at bends
+ Root Cause - Gaps in Site Mechanical Integrity Program
including:
+ Inspection and monitoring regime
# Quality Assurance Regime during plant relocation

* Loop holes in Hazard Analysis & Risk Assessment
Program

Allin all a general gap observed in how things are perceived
while evaluating risks and decisions taken




RECOMMENDATIONS e

Revise emergency procedure in case of furnace convection tube and
radiant tube failure

Develop matrix for periodic inspection and testing of the deluge
system on quench. Review and upgrade metallurgy of the tubes for
the convection section to withstand the high chloride environment.

+ Provision of furnace trip logic on low 02.

+ Non destructive testing method to be evaluated for the radiant tubes.
Based on this testing, life expectancy should be established




A

RECOMMENDATIONS e

+ Develop protocol to control plant personnel movement on the
furnace platforms especially during checking of the damper
opening

+ Site reliability program to be structured in such a manner that
dedicated task force are assigned for specific equipment
reliability enhancement like; Furnaces, Incinerators, Oxy
Reactor, Electrolyzes.

+ Ensure availability of critical spares like radiant and convection
tubes on site.

+ Inspection section need to be reinforced for a few years so that
they are able to develop a base line MI picture of the plant

+ Develop training plan especially for Process and Inspection
groups on common failures on the VCM plant.




ST E P S TA KE N ‘engro polymer & chemicals

Emergency Handling

 Fire Emergency scenarios for all critical equipment were developed and made part of the
emergency drills.

 Periodic inspection and testing plan was developed and implemented for the deluge system on
quench.

Maintenance/Inspection

e Comprehensive inspection plan was developed after benchmarking with Oxy-Vinyl &
Petrochemia (LRUT & Destructive testing also made part of inspection with VT, DPT, RT ).

e Material is improved in top two rows ( 8 tubes & bends) of convection tubes and bends with
Alloy 800 for better resistant against SCC.

e Liaisons for Best Industrial Practices (AKCC, OxyVinyl, Ineos) on furnaces and other high risk
areas.

e Furnace-B All convection and radiant tube banks replaced.
e Later on Furnace-A both tube banks were also replaced.
e Run length regime for Furnaces is defined and implemented.




P

engropolymer & chemicals

STEPS TAKEN

Investment In People

e Process Hazard Analysis Training by DuPont for all levels
e SIL, LOPA & ALARP Training by foreign experts

e Fire Fighting & Rescue Training by Pakistan Navy School for
Nuclear, Biological & Chemical Disasters (NBCD)

Reliability Improvement

e Unit/Critical Equipment specific forums were developed for
reliability improvement.

 Plant reliabilities issues/ learnings are stewarded in
reliability forums.

e Inspection & Process Monitoring Plan was revised and
implemented.




“An incident is just the tip of
the iceberg, a sign of a much
larger problem below the
surface.”

engro polymer & chemicals
L
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Chemical Plant Safety — A Global Perspective

Gawie Venter
Process Safety Consultant
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VINYLS PSSR

Gawie Venter — 22 November 2018

PURPOSE (WHY)

To ensure that new or modified plants as well as plants on mayor
maintenance turnaround or shutdown can be safely commissioned

and operated.

PSSR (TOOL)

Pre-Start-up Safety Review is a tool that will confirm that the
construction, modification or maintenance actions are completed in
accordance with design specifications and that all safety (PSM
Standards), operating, maintenance, reliability and emergency
procedures are adequate and in place and understood by all
employees involved.



VINYLS PSSR

Gawie Venter — 22 November 2018

PSSR (FOR)

Required for following Part Existing Systems
® New Plants - Part of Business Track
® Modifications to Existing Plants - MOC Procedure

" After Mayor Plant Shutdown

Shutdown Plan (CFO)

PSSR (WHEN)

The PSSR is as a Ready for Commissioning (RFC) hold point
" New Plants - Prior to Commissioning
® Modifications to Existing Plants - Prior to Commissioning
" After Mayor Plant Shutdown - Prior to Start-up




VINYLS PSSR

Gawie Venter — 22 November 2018

TEAM (WHO)

A qualified team should be assembled to conduct each PSSR. This
team, at a minimum, should include individuals with design and
process safety expertise.

Internal participants

* Internal SHERQ representative

* Technical & Operations representative
®* Human resource (Training)

External participants
*DESCON — Risk Group

* EPCL — Technology Groups
*Technology Partners — USA



VINYLS PSSR

Gawie Venter — 22 November 2018

TEAM (WHO)

Roles and Responsibilities:

Line Management :

To ensure that no new projects, modifications or equipment on
mayor maintenance turnarounds are commissioned before a PSSR
has been carried out.

Project Manager :
To ensure that the PSSR takes place prior to Ready For
Commissioning (RFC)

The PSSR Team leader :
Consider the significance of review team findings recommending
whether start—up may safely proceed or not.



VINYLS PSSR

Gawie Venter — 22 November 2018

TEAM (WHO)

Roles and Responsibilities:
General Management

" |ssue a declaration of support for PSM that includes PSSR.

= Shall oversee the development and implementation of the
PSSR implementation plan based on the requirements as per
standard

= Shall sign the PSSR review report to authorise commissioning
or start-up activities, subject to completion of the review
recommendations and with due regard for QMS 360 and
specific pertinent site procedures.



VINYLS PSSR

Gawie Venter — 22 November 2018

TEAM (WHO)

Roles and Responsibilities:
PSSR Team Leader

= Ensure that the requirements of the relevant PSSR checklist
are met for safe start-up.

= A PSM PSSR champion is required to coordinate the plan and
network with other PSM champion elements

= The PSM PSSR champion is required to update and revise
the facility procedure for this element.



VINYLS PSSR

Gawie Venter — 22 November 2018

PSSR (WHAT)

The pre-start-up safety review team shall ensure that all
relevant PSM elements have been appropriately addressed.
by reviewing the PSM elements against specific checklist

®* Process Safety Information

®* Process hazard analysis

* Operating procedures and safe work practices
®* Mechanical integrity

®* Management of change

®* Training

* Incident investigation:

* Emergency planning and response

* Auditing



VINYLS PSSR

Gawie Venter — 22 November 2018

PSSR (DOCUMENTATION)

PSSR documentation includes a checklist of items reviewed and
the resulting action plan for addressing short comings

A graded approach to conducting PSSR’s should be used. For
simple processes, it may be adequate to complete a form with
appropriate authorization blocks indicating that the plant is ready
for startup

This documentation, with the appropriate approvals, must be
maintained on file to indicate the equipment was constructed
according to the design specifications and was properly installed
and tested..

A system shall be established and controlled by the operations
manager to ensure review recommendations are resolved
(including documentation) before hazardous substances are
introduced to the facility.



VINYLS PSSR

Gawie Venter — 22 November 2018

PSSR Vinyls

Required for following Part Existing Systems
® Modifications to Existing Plants - MOC Procedure

" After Mayor Plant Shutdown - Shutdown Plan (CFO)

The PSSR is as a Ready for Commissioning (RFC) or Start-up

®"Modifications to Existing Plants - Prior to Commissioning
" After Mayor Plant Shutdown - Prior to Start-up



VINYLS PSSR

Gawie Venter — 22 November 2018

PSSR (MOC)

Modifications to Existing Plants:

=" The PSSR - After Punching - Before RFC of the Modification.

" Meeting will be arranged by TSG Project Manger

" Meeting will have a PSSR Team Leader (different Project Manager)
" Meeting will Consist of Operations, SHERQ and TSG members

" Meeting will Compete a PSSR Checklist.

® Meeting will agree on the categorization of outstanding actions
® Before RFC
® Before RFO
= After BO

" The Checklist will form part of Modification Pack — and actions will be
signed off on the checklist in the Modification pack.



VINYLS PSSR

Gawie Venter — 22 November 2018

PSSR (MOC)

Modifications to Existing Plants:

® The PSSR — Actions must be completed and signed off before
madification closure.

Findings and Categorization of Outstanding actions (as per PSSR
Checklist) — will support the General Manager’s decision to sign
RFC. The checklist can not authorize RFC - only supporting
documentation.



VINYLS PSSR

Gawie Venter — 22 November 2018

PSSR (Checklist will Audit)

Plant Design Integrity :
Plant is designed & constructed under sound engineering practices.
Occupational Safety :

Plant is save to move around in by employees and focus more on
mechanical and electrical risks.

Process Safety

Actions and interactions of the operation personnel with the plant,
does not pose additional risks.

Maintenance Safety

Actions and interactions of the maintenance personnel with the
plant, does not pose additional risks.

Incident Management
If aincident occur that it is effectively manage to reduce the impact

Commissioning Readiness —Additional activities associated with the safe
first time start-up of a plant are adhered too.




VINYLS PSSR

Gawie Venter — 22 November 2018

PSSR (Clearance for Operations - CLO)

After Shutdown of 48hr or when work was done specific
equipment.

=" The CLO — Before the close-out of Shutdown Actions:

" Meeting will be arranged by Shutdown Coordinator

" Meeting will have a Maintance Manager (not shutdown coordinator)
® Close-out per discipline - Mechanical, Electrical , Instrumentation)

" Meeting will consist of Operations, SHERQ and TSG members and
Maintenance Team Leaders

® Meeting will agree on the categorization of outstanding actions
® Before RFC
® Before RFO
= After BO

" The CLO - checklist will form part of Shutdown plan —Actions will be
signed off on the Shutdown plan.



VINYLS PSSR

Gawie Venter — 22 November 2018

PSSR (CLO)

Plant Shutdown: > 48Hr or specific equipment (Table)

Findings and Categorization of Outstanding actions (as per CLO
Checklist) — will support the General Manager’s decision to sign

RFO.

The checklist can not authorize RFO - only supporting
documentation.



VCM PSSR

Gawie Venter — 22 November 2018

CLO (Checklist will Audit)

Mechanical Work Integrity :

Specific Questionnaire. To be drafted by the Mechanical Team
Instrumentation Work Integrity :

Specific Questionnaire. To be drafted by the Instruments Team
Electrical Integrity

Specific Questionnaire. To be drafted by the Electrical Team
Vibration Integrity

Specific Questionnaire. To be drafted by the Machinery Team
Rotation Equipment Integrity

Specific Questionnaire. To be drafted by the Machinery Team

Not all discipline checklist are required for all specific equipment
maintenance activities

Discipline checklist will be rolled out separately
Develop a action plant for Vendor (Need to sign and receive training)



VINYLS PSSR

Gawie Venter — 22 November 2018

EQUIPMENT FOR CLO- EXAMPLES (MC, IC, EC)

= \VVCM:

Business assigned Mechanical, Instrumentation and Electrical
person must complete the CLO for the required equipment.

DC Reactor MC, IC,
Oxy Reactor MC

Fridge Compressor MC, EC, IC
Cracker Decoking MC, IC

Specific Work Radio Active Sources IC, APC
DCS Emergency Shutdown Modes IC
DCS Re-load or Download IC, APC




VINYLS PSSR

Gawie Venter — 22 November 2018

EQUIPMENT FOR CLO (MC, IC, EC)

= PVC:

Business assigned Mechanical, Instrumentation and Electrical
person must complete the CLO for the required equipment.

Autoclaves MC, IC, EC
Initiator Pumps MC, IC
Stirrers MC

VCR MC, IC
Specific Work Radio Active Sources MC, IC, APC
MCC Work EC

DCS Re-load or Download IC, APC
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Safety in Design During Engineering
by

Rasim Mahmood Qureshi
QAPCO [Qatar Petrochemical Company]

INSPIRING

PEOPLE

PRESERVING

P LA N E T %gro polymer & chemicals



SAFETY IN DESIGN
DURING
ENGINEERING PHASES



PROCESS SAFETY HISTORY

+ The Flixborough disaster was an explosion at a chemical
plant close to the village of Flixborough, UK, on 1 June
1974. It killed 28 people & injured 36

+» BHOPAL Incident where 20,000 people lost their lives and
Union carbide in the region went out of business, it
occurred in 1984. First Process Safety standard issued in
1983 by OSHA 29CRF1926.64

+» Piper Alpha 1988, 161 people lost their lives.

% 1989 Pasadena incident, 23 killed and over 400 injured due ==
to heavy HC leak during maintenance.

SAFETY IN DESIGN DURING ENGINEERING PHASES




PROCESS SAFETY HISTORY

+ 1992 OSHA again issued
Process Safety Standard 29
CFR 1910.119, adopted by
multinational oil companies
efc.

+» BP Texas incident in 2004
+»» Buncefield Accident in 2005

++ BP Mexico spill in 2010.

% In the early 1990 focus was on
Process Safety

¢ During the late 1990 and early
2000 trend indicates that the
focus shifted back to behavior
based safety and occupational
safety.

BP TEXAS
Refinery
incident

Buncefield
incident, UK

BP Deep Water Qil Spill Accident
Mexico
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DEFINITIONS

Safety is the condition of being safe; freedom from danger, risk, or injury

Occupational safety is a cross-disciplinary area concerned with protecting
the safety and welfare of people engaged in work or employment. The goal
of OS programs is to foster a safe work environment

Process Safety is a disciplined framework for managing the_integrity of
hazardous operating systems and processes by applying good design
principles, engineering and operating practices.

It deals with the prevention and control of incidents that have the potential to
release hazardous materials or energy.

Such incidents can cause_toxic effects, fire or explosion and could ultimately
result in serious injury or death(s), property damage, lost production and
environmental impact.

(2007, CCPS)
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http://en.wikipedia.org/wiki/Crossdisciplinarity
http://en.wikipedia.org/wiki/Safety
http://en.wikipedia.org/wiki/Quality_of_life
http://en.wikipedia.org/wiki/Employment

PROCESS SAFETY VS. OCCUPATIONAL SAFETY

MajorAccident ¢
Hazard

Slips, Trips
and falls

Very unlikely Possible
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STANDARDS /ACTS / LAWS

= OSHA 29 CFR 1910.119 (Process Safety Management)

= OSHA 29 CFR 1926.64 (PSM for construction industry)

= NFPA (National Fire Protection Association)

= API (American Petroleum Institute)

= EPA40 CFR 68 Sub-Part B (Risk Management Plan)

= CCPS (Center for Chemical Process Safety) USA

» OGP International association for Oil & Gas producers

» FHSA (Federal Hazardous Substance Labeling Act 1960- USA)
= HMTA (Hazardous Material Transportation Act 1977-USA)

= TSCA (Toxic Substance Control Act 1986 —USA)

» CERCLA (Comprehensive Env. Reso. Comp & Liability Act 1980)
= EPCRA (Emergency Planning & Community Right to Know Act)
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REFERENCES / PUBLICATIONS

= Chemical Process Safety by DANIEL CROWL

= Chemical Process Safety learning through accidents by ROY SANDERS
= (Case histories of accident in chemical industry

= Plant design for safety by TENVOR A.KLETZ

= What went wrong by TENVOR A.KLETZ

= Loss Prevention in the Process Industry by FRANK P.LEES

= Managining change in the chemical plants by ROY SANDERS

= Publication and safety bulletins by CCPS

= Publication from American Society of Safety Engineers

= European center for chemical process safety

= SFPE Handbook of Fire Protection Engineering

= [ees Loss Prevention in the Process Industry by SAM MANNAN
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PROCESS SAFETY MANAGEMENT ELEMENTS

CCPS four pillars of PSM include

Caynmit to process safety UnderCiand hazards and risk
Mz nage risk Learn from expCrience

Process safety culture

Compliance with standards

Process safety competency
Workforce involvement

Stakeholder outreach

Process knowledge management
Hazard identification and risk analysis

Operating procedures

© ©® N O ok~ D=

Safe work practices
10. Asset integrity and reliability

11. Contractor management

12.Training and performance assurance
13.Management of change
14.Operational readiness

15.Conduct of operations

16. Emergency management
17.Incident investigation
18.Measurement and metrics

19. Auditing

20.Management review and continuous

improvement
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SAFETY ENGINEERING MANTRA

WE GO OVER EVERY INCH
SO YOU CAN COVER
EVERY MILE.

150+POINT
INSPECTION
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SAFETY ENGINEERING MANTRA

SAFETY ENGINEERING
COVERS EVERY RISK
SO YOU CAN OPERATE
RISK FREE
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Process Safety |_ | F E CYC |_ E

Safety In
Design

Process Safety

Safety In
Design

Safety In
Design

SAFETY IN DESIGN DURING ENGINEERING PHASE.



LIFE CYCLE

/Safetyln
Design

Safety In
Design

Safety In
Design




INTERACTIONS

Process
Engineering

Civil, Structure > ‘ Automation
& Architecture \
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Piping

Plot Plan, Layout
Drawings, Plant

HSE

HSE Plan,
Project Risk

INTERACTIONS

Model, Fire Matrix, HSEMS,
Water/Deluge Safety Incident
drawings data

Process

Process design
Basis, Hazardous
aterials & Inventory
List, MSDS,

Equipment
Schedule, Data
sheets for Noise

Safety Criticalit t%ressgﬁ%%t'%}
for Mechanical IYiAZOP

Equipment,

Control Narrative,
Shutdown key, F&G
drawings, ESD
Philosophy, SIL,
SIS &HIPPS

Arrest Controls,
Proofing/Fire Walls,
Grading, Drainage
and Dyking.

Electrical

Electrical
Hazardous Area
Classification
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ELEMENTS OF SAFETY IN DESIGN

1. Technical Safety

2. Functional Safety

3. Fire Engineering

4. Human Factor Engineering

5. Environmental Engineering
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ELEMENTS OF SAFETY IN DESIGN

1. Technical Safety

vV V V V V V V V V V V¥V

Technical safety philosophy (design basis)

Process Hazard Analysis (HAZID/ENVID/OHID)

Layout safety review / Facility sitting

Safety engineering equipment schedule

Consequence analysis / Frequency analysis

COMAH (Control of Major Accident Hazards)

QRA (Quantitative Risk Assessment) / Bow-Tie analysis

HSECES (HSE Critical Equipment and Systems) analysis

EERA (Escape, Evacuation & Rescue Analysis) / Building risk assessment
HAZOP (Hazard and Operability) / Hazardous area classification

Traffic study (Ignition sources) / Process safety training

143
SAFETY IN DESIGN DURING ENGINEERING PHASES




ELEMENTS OF SAFETY IN DESIGN

2. Functional Safety

Fire & Gas detection philosophy

LOPA (Layers of Protection Analysis)
SIL (Safety Integrity Level) assessment
SIL (Safety Integrity Level) validation
Fire & Gas mapping

vV V V V V V¥V

HSE critical equipment performance standards
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ELEMENTS OF SAFETY IN DESIGN

3. Fire Engineering

Fire protection philosophy

FHA (Fire Hazard Analysis)

FERA (Fire & Explosion Risk Assessment)
Fire zoning study

Fire protection equipment mapping

Fire water demand study

Fire water hydraulics analysis

Fire envelope drawing / Fire proofing study
Foam system requirement analysis / drawings

Deluge system requirement analysis / drawings

vV V V V V V V V V V VY

Fire equipment data Sheets / drawings
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ELEMENTS OF SAFETY IN DESIGN

4. Human Factor Engineering

Human factors philosophy

Human factors risk assessment
Layout and spacing design review
Accessibility design review

lllumination analysis

vV V V V V V

3D model reviews for ergonomics
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ELEMENTS OF SAFETY IN DESIGN

5. Environmental Engineering

Environment Base Line Study (EBS)

Gas dispersion modeling
EIA (Environment Impact Assessment)
Waste management study

Fugitive emission analysis

vV V V V V V

Noise study and abatement analysis
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ENGINEERING PHASES

Technical safety philosophy (design basis)

Process Hazard Analysis (HAZID/ENVID/OHID) Y Y Y
Layout safety review / Facility sitting Y Y -
Safety engineering equipment schedule : Y Y
Consequence analysis / Frequency analysis - Y Y
COMAH (Control of Major Accident Hazards) - Y Y
QRA (Quantitative Risk Assessment) / Bow-Tie analysis = Y Y
HSECES (HSE Critical Equipment and Systems) analysis - - Y
EERA (Escape, Evacuation & Rescue Analysis) - Y Y
Building risk assessment - Y -
HAZOP (Hazard and Operability) Y Y
Traffic study (Ignition sources) - - Y

Hazardous area classification - Y Y




ENGINEERING PHASES

Fire & Gas detection philosophy

LOPA (Layers of Protection Analysis) - Y Y
SIL (Safety Integrity Level) assessment - Y Y
SIL (Safety Integrity Level) validation - - Y
Fire & Gas mapping - - Y
HSE critical equipment performance standards - - Y
Shutdown philosophy - Y Y
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ENGINEERING PHASES

Fire protection philosophy

FHA (Fire Hazard Analysis) - Y Y
FERA (Fire & Explosion Risk Assessment) - Y Y
Fire zoning study - Y Y
Fire protection equipment mapping : Y Y
Fire water demand study - Y Y
Fire water hydraulics analysis - - Y
Fire envelope drawing - Y Y
Fire proofing study - Y Y
Foam system requirement analysis / drawings - - Y
Deluge system requirement analysis / drawings - - Y
Fire equipment data Sheets / drawings - - Y
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ENGINEERING PHASES

Human factors philosophy

Human factors risk assessment - Y Y
Layout and spacing design review Y Y Y
Accessibility design review - Y Y
lllumination analysis - - Y
3D model reviews for ergonomics - Y Y
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ENGINEERING PHASES

Environment Base Line Study (EBS)

Gas dispersion modeling Y Y
EIA (Environment Impact Assessment) Y Y Y
Waste management study - Y Y
Fugitive emission analysis = - Y
Noise study and abatement analysis - Y Y
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SAFETY IN DESIGN PROCESSES

A systematic approach to address the inputs and outputs of a system
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RESOURCES & LIMITATIONS

O 0000000 0Oo

Newly emerging field

Limited experienced resources available

No one stop solution available in the market

Safety engineering software’s available but expensive

Not all the companies have access to all the software

Community of Practice for safety engineering not yet a strong forum
Safety engineering standards vary widely from company to company

Not all companies have access to available safety engineering standards

Very few safety engineering analysis requested in project SOW documents
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Learning from Incident at ORPIC

by
Sohail Rabbani
ORPIC [Oman Refinery Company]
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We put health, safety and the environment first

We work together with integrity, commitment and

engagement
We serve Oman and customers with pride MSc (SHE), CFSE, CSP, CMIOSH
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— The Company \‘)_JjQi
- OrpiC

QATAR

UAE Sohar ‘
Muscat
SAUDI ARABIA

To be a globally competitive, downstream

GMAH business that Oman is proud of.

To sustainably maximize value for our stakeholders,

'lrEM E” Salalah as their partner of choice.

We put health, safety and the environment first
We work together with integrity, commitment & engagement
We empower our people to maximize their potential

We serve Oman & customers with pride

Health, Safety Profitability Brand
& Environment People & Growth Reputation
Strategic Pillars
Busi Excell Methods & Mindsets to maximize Value
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PSM Implementation — Orpic Approach : q
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PSM Implementation — Orpic Approach

QL0
Or'pjl%

Process Safety
Leadership

Process Safety
Management

Process Safety
Knowledge &
expertise

Process Safety
Culture

Clearly define
expectations &
accountability

oEffective Leadership from Management & BoD
eExpectations and Verifiable objectives are set.

*An Integrated and comprehensive PSM system
established and implemented.

eContinuous identification, reduction / management
of Process Safety risks.

eAppropriate level of process safety knowledge and
expertise.

eCompetence assurance system for the organization
and its contractors. That includes incident
investigation and process hazard analysis
techniques, and awareness training.

*Positive, trusting, and open process safety culture
developed.

*Proper reporting of Unsafe acts and conditions, and
their use to improve the way things are done.

eCompensation of managers and supervisors linked
to Process safety performance indicators and
objectives.

eDevelopment of an assessment tool to Emphasize
and strengthen ownership of the area managers.

(=120 SIVEEAT, |

GAP ASSESMENT

Target m Score




PSM Implementation — Orpic Approach

Support the Line
Management

eading &
Lagging Process
Safety Indicators

Process safety
auditing

Board
monitoring

J Industry leader

oSufficient support for line management regarding
Process Safety.

eEffective performance monitoring through an
integrated set of leading and lagging performance
Process Safety indicators.

eEffective implementation of auditing for process
safety performance.

ePeriodic auditing through independent team.

eTimely verification of remedial measures completed.

*An Independent observer to monitor the
implementation of the recommendations and the
ongoing process safety performance.

eUse of experience to transform the company into a
recognized industry leader in process safety
management.

QL0
Or'pjl%

OrRrNWkUN

GAP ASSESMENT

Target M Score




-PSM Implementation \)—qul
Orpic

Area PS&RI
Committees

PSM Work e . -
Processes

& ' Tier 1 Incident ' Pk Target
1 Process Safety Securities overrid <10
" Procedures ' Tier 2 Incident l Toess afetySecres verce
) lNo. of Temporary MOC overdue <5
o Tier 3 Incident
T . e Y%age of Pressure Relief Valve tested against planned |  100%
P rocess Safety & Tier 3 Performance Indicators I

'%age RCA (Tier-18& 2) completed 100%

%age H & HH Recommendations completion (Action
Tracking)

CO m pete n Cy Safe Operating Limit Excursions . T
Improvement Development SiageSOPs ptated vl

l
|
o ope f l
Reliability Staff jsmatione |
l
J ourn ey ( PS R IJ ) Activation of SIL Loops / ESD l""ﬂe Hot work Permit Compliance : 100%
' |
l
I
l
|
l

295%

290%

l%age PSSR compliance 295%

Failure on Demand (ESD/SIL Loops)

l%age MOC compliance 295%

. Pressure Relief Valve failed during testing "“’5‘* Override Compliance 205%
Risk Based Operatlng § .

X \ Fire Water Capacity Available 100%

Inspections | . /_\ Window No. of Repeated Incidents '%agePSCompetenqassmnt >05%

( R B I ) ‘&i-ﬁ\* (XOW) l%age SCE PM Compliance 100%

High Potential Near misses

Alarm
- Management

lAIann Count / Panel / hr 6

s




PSM Key Performance Indicators
— 2LQ
Orpic

PROCESS SAFETY INCIDENTS

10

> Insufficient SOPs, or its awareness/implementation

> Improper implementation of MoC

Insufficient Risk Assessment

Overriding of Barriers without adequate mitigation




Challenges

T No significant
improvement

after initial sur

ge

Way
Forward

Process Safety
Culture

Process Safety
Culture

N ,_

QL0
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Weak ‘
Process \ J—
| —

Safety | =
Culture




Process Safety Culture

Process
Hazard
Analysis

Operating
Procedures

Qi
Or'pjl?:

Process Safety Comp)iance
Information Audits

anity Emergency Re.
o™ Pone,

a7

& “‘,’M\rmwmun/,,mo'
Q - 3

Barrier
Management

Technical
Authority
Framework

Major incident or
other consequences

Incident
Reporting &
Investigation

Hot Work
Permit



Process Safety Culture

Process Safety Year 2018

Developing Competence, Compliance & Culture

* Process Safety Barrier Surveys (KPI)

. » Leadership Process Safety Walks
* Process Safety Audits (KPI)

» Process Safety Workshops to
involve users and to get their

ownership j

Compliance

* Rewards & Recognition

Culture

Competence

Corporate KPIs

10% linked to Process Safety Lagging Indicators

Function KPIs

10% linked to Process Safety Leading Indicators

Personal KPIs

5% linked to Process Safety Barrier Surveys (12 surveys / employee)




Process Safety Culture = Process Safety Rules Ofp'C
~

e To create and develop healthy Process
Safety Culture, Company Rules and Values
play an important role. y

~

e These rules define Process Safety Values,
that should be complied at all times, to
ensure safe operation.

J




Always take mitigating measuresfor
overrides or if Process Safety Barriers
are not functioning.

Process
Safety Rules

Follow Startup and Shutdown
procedures and sign off every step.

Verify Positive Isolation and

work.

pressure/gas free before starting the

)
CLOSED v
LEAK TEST v
!

Assure mechanical completion and
tightness.

Walk the Line, Field check for correct
lineup.

No Change without MOC.

No hose connections (utilities,
flushing) without Risk Assessment /
MOC / Procedure & backpressure
protection.

Always use 2 barriers for vents and
drains of chemicals and
hydrocarbons.

Never leave draining unattended.




Core Principals for Process Safety Culture L] j ql

- Orpic



- | |
Progress So far in 2018 R Orplc

il

2015 2016 2017 2018

o - N ® & O o N

mTier-1 mTier-2

Some Useful Basics:

® Keep it Simple — focus on the basics

o Consider your Customers. Use Change Management Practices.

o Involve workforce in Procedure development /updates. Create ownership
o Develop Barrier Thinking Mindset.

o Knowledge and competency development.

o Visible leadership and visible leaders

o Action Management — close the loop

o Work on development of PS Culture by using 10 core principals
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First Time In Pakistan

REGIONAL

( é An AIChE Techno IgyAII

Center for Chemlcal Process Safe’ry
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Process Safety Undergraduate

Education in Pakistan
by

Dr. Junaid Akhlas

Assistant Professor
Department of Polymer & Petrochemical Engineering
NED Department of Engineering & Technology, Karachi
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NED UNIVERSITY OF ENGINEERING & TECHNOLOGY

Undergraduate Education on
Process Safety
in Pakistan

Dr. Junaid Akhlas
Assistant Professor
Department of Polymer & Petrochemical Engineering

NED University of Engineering & Technology, Karachi



Overview

O

= Current Status
> Institutes
» Salient Course Features
> Benchmarking
> Gap Analysis
= Process Safety Education Plan
» Outcome Based Education

> Industrial Contribution to Academia

NED University of Engineering & Technology, Karachi
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Institutes

O

= Institutes offering Process Safety Education
at Undergraduate Level
in Chemical & Process Engineering

» NED University of Engineering & Technology, Karachi
» Dawood University of Engineering & Technology, Karachi

» Ghulam Ishaq Khan Institute of Engineering Sciences and
Technology, Swabi

» University of Engineering & Technology, Lahore

NED University of Engineering & Technology, Karachi 179




Salient Course Features

O

Understand and appreciate the

=  Objectives

> Importance of safety and the occupational health related to
chemical industries

> Plant safety by risks identification, control, and
management

> Significance of reduced and controlled impact on the
environment

> International standards




Salient Course Features

=  Plant Safety

=  Process Plant Hazards

= Toxicology

= Accident Analysis and Prevention

= Accident Investigation and Case Histories
= Regulations for Industrial Safety (OSHA)
= Safety Management

= Hazard and Risk Assessment (HAZOP)

= Ergonomics

NED University of Engineering & Technology, Karachi 181



Benchmarking

O

= According to HEC NCRC for Chemical Engineering,
a Process Safety Management course must include

> Plant Safety

Accident Analysis and Prevention
Regulations and Standards

Safety Management

Hazard and Risk Assessment
Safety Equipment

Environmental Impacts

vV YV VYV YV V V V

Quality Standards
NED University of Engineering & Technology, Karachi
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Benchmarking

O

= According to HEC NCRC for Chemical Engineering,
a Risk Management and Safety course must include

> Risk and Hazard Identification

Fire and Explosion Modeling
Human Factors in Risk Analysis
Risk of Chemical Reactions
Emergency Planning and Responses

Storage and Transportation of Hazardous Materials

vV V YV V V V

Introduction to International Safety Standards

NED University of Engineering & Technology, Karachi 183




Benchmarking

O

= According to AIChE — CCPS

Process Safety and its Importance
Hazard identification

Hazard Modeling

Risk Modeling

Risk Mitigation

Inherently Safe Design

Mechanical Integrity

vV VvV VYV YV V V V VY

Emergency Response Planning




Gap Analysis

=  One compulsory course dedicated to Process Safety

=  One optional course dedicated to Process Safety & Risk
Management

= HEISs offering Process Safety courses may modify their course
contents to include or enhance the following topics:

> Risk and Hazard Assessment
(Risk Modeling, Hazard Modeling, Fire and Explosion Modeling)

> Emergency Response Planning
» Mechanical Integrity

» Environmental Impacts

NED University of Engineering & Technology, Karachi 185



Process Safety Education Plan

=  QOutcome Based Education

Indirect
Assessment

f

L

)

L
d \

Implementation plan
(if any)

Alumni

Survey

Employer
Survey Form
/_
N

Summary
Report

|

Form

N

|

Identification of Action
(if any)

\[ Review by

’L Committee
/

]7

N

Departmental OBE team, BoS

Review Committee:
Chairman, |1AB,

NED University of Engineering & Technology, Karachi
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Process Safety Education Plan

Industrial Contribution to Academia

>

YV VYV VY VY

O

Process Safety Management Systems
Risk Management Systems

Incident Reports and Case Studies

Engineering Practices for Safe Operations

HAZOP Analyses
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AIChE / CCPS Undergraduate Process
Safety Education Initiative

” Shakeel H. Kadri

Executive Director,
CCPS, AIChE
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Process Safety — Start Them Young

Shakeel Kadri
Executive Director, CCPS
22 November 2018

| Presentation at the 15t Pakistan CCPS Regional Meeting
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Process
Safety
Awareness

Flixborough [1974]

“The Global Community Committed to Process Safety”
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Process Safety Awareness

Bhopal [1984], Piper Alpha [1988]

“The Global Community Committed to Process Safety”
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Process Safety Education [1970’s]

“The Global Community Committed to Process Safety”
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Process Safety Education
1980’s and 1990’s

An AIChE Technology Alliance

PS

AIChE Alliance

Center for Chemical Process Safety




* A few universities started offering the program

Annual graduations of ChEs

The question is: How are they going to
get Process Safety Education?

Process Safety Course requirement non-mandatory



* Knowledge

— Information what is known; provides the means to
catalog, store, and retrieve information so that it can
be accessed on request

* Competency

— Ability of a person to do a job properly. It is the
strategy a professional would apply in practice to
apply his/her knowledge if given the opportunity.
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An AIChE Technology Alliance

Center for Chemical Process Safety




Key Overarching Lessons & Actions

¢ Lack of process safety knowledge
»* Lack of process safety competency

[ Include process safety in
undergraduate ChE program

“The Global Community Committed to Process Safety”



* In 2010, CSB asked AICHE [parent of CCPS] to include
process safety in ChE curriculum

* AICHE worked with the US Accreditation Board for
Engineering and Technology [ABET] and the ChE
curriculum was updated in 2012 to include process
safety

* |n 2015, CCPS launched an initiative to develop /
implement the Undergraduate Process Safety
Education program to accommodate the ABET
requirements
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AIChE  VISION for Process Safety
The Global Home of Chemical Engineers i n c h E Ed u cat i O n

In 8-10 years, all graduating BS ChE’s anywhere
in the world will have learned the process
safety basics necessary to have a successful and
safe career, on a sustainable basis.

DOING An AIChE Technology Alliance
A WORLD
OF GOOD

Center for Chemical Process Safe




The Background AIChE :

The Global Home of Chemical Engineers

In 2014, CCPS Advisory Board recognized a major industry challenge.

. Today, 72% of chemical engineering graduates

= = === —a

enter the workforce with limited Process Safety education®

_— — 77

*Percentage of student members having taken no SAChE modules

DOING
A WORLD
OF GOOD




Program Overview AIChE = | |5

The Global Home of Chemical Engineers

The Undergraduate Process Safety Learning Initiative includes 3 major elements:

Modernizing
] & Developing
Collaboration Curriculum Results

* Community
* Industry
* Academia

* Decreased incidents
£ : e Enhanced public
ngaging .
& Educating perception
Students * Improved skilled
hires
e Direct cost benefits

Educating
Faculty



Industry & University AIChE - | |3
Collaboration
Accelerating the Program

Less than 100% new hires with Reduction in

catastrophic
process
safety
incidents

28% students have taken rigorous process
SAChE modules safety training

Prior to Launch By 2024



AIChE
The Global Home of Chemical Enginees P rocess Safety c u rri C u I u m

Identifying &
Minimizing Process
Safety Hazards

An Introduction to
Managing Process
Safety Hazards

The Importance of
Process Safety

Understand Hazards and Process Safety at a
Risk Personal Level

Fire Hazards

Hazard Recognition

Hazard
Assessment/Source
Models - 2

Toxicological Hazards

Explosmn Hazards

Management of hazarg
and risk - Emergenc

Relief [ER] ‘ b«

Management of hazards
and risk — Hazard ID
Techniques

Management of hazards
and risk - Background

other than ER

Safe Design & Operation @ ‘ T _
I Equipment Hazards W maaspheri Assessment/Atmospheric Material Hazards
sIOT Dispersion - 2
Inherent Safer Design ' :
T — ) Lantitfive Methods Risk Based Process Nitrogen Hazards
they work d Hazard Assessment Safety Management Dust Explosions
Equipment Hazards | LoPa Commit to Proc Safety Biological Hazard

Damage Mechanism
Reactor Pressure Relief
Facility Siting

Understand Hazards & Risk | Toxicity & Flammability

Adv Dispersion & : Hazards of Common
Consequence Modeling Manage Risk Chemicals

Adv Proc Haz Analysis Learn from Experience

Additional detailed courses build on concepts presented in Level 2 courses




AIChE New SACHE Module

Level 1, Course 3: Unit 1 - Inherently Safer Design
Help | Abbesvistions | Glossary | Resources | Exit

ALIE Avarce

Topics Narrative Transcript

SECTION 1: An Introduction to Inher.
SECTION 2: The Higrarchy of Design
SECTION 3: Approaches for Achievin
Inherently Safer Design and the Prac...
Cost of Change

Unit 1 Summary

Unit 1 Quiz

The Global Community Committed to Process Safety




Faculty Workshops
Educating the Educators

2016 Faculty Workshops
Dow - Freeport, TX June 20 — 23, 2016
Archer Daniels Midland - Decatur, IL, July 25-28, 2016
Cargill - Blair, NE, August, 15— 18, 2016
Chevron - Richmond, CA, August 21 -24, 2016




DOING
A WORLD
OF GOOD

UPSLI Update 2018 AIChE -

The Global Home of Chemical Engineers

New SACHE Modules
* Eight new SACHE modules are in process of

getting completed

Faculty Workshops Students PS Boot Camps

1. LyondellBasell 1. University of Michigan

2. Dow 2. Colorado School of Mines

3. Chevron 3. North Carolina State University
4. BASF 4. Mississippi State University

5. Chemours 5. University of Tennessee-Knoxville
6. Covestro - AIChE Annual Meeting 6. Ohio State University




DOING
A WORLD
OF GOOD

The Impact AlIChE

The Global Home of Chemical Engineers

26,700

STUDENTS
using SAChE modules
since 2015

389 416

NEW FACULTY MEMBERS UNIVERSITIES PARTICIPATING
educated on process safety in Undergraduate Process
since campaign launch Safety Learning Initiative
curriculum

85,000+

SAFETY CERTIFICATES
awarded to students
since 2015




17 Faculty Workshops

since 2015

2016

Archer Daniels Midland — Decatur, IL
Cargill — Blair, NE

Chevron — Richmond, CA

Annual Meeting — San Francisco, CA

2017

Dow — Freeport, TX

WACKER — Charleston, TN

Archer Daniels Midland — Decatur, IL
Chevron — Richmond, CA

Reliance Industries — India

Annual Meeting — Minneapolis, MN

2018

LyondellBasell — Houston, TX
Dow — Freeport, TX

Chevron — Richmond, CA
Chemours — Fayetteville, NC
BASF — Wyandotte, MlI
Covestro — Pittsburgh, PA

DOING
BREEES A WORLD
OF GOOD

The Global Home of Chemical Engineers

L SP% DIUAS ¥ l

2019 Planning Underway

LyondellBasell - Jan 6 - 9

The Dow Chemical Company - June 10- 13
BASF - July 22 - 25

Bayer U.S Crop Science - July 29th — August 1st
ExxonMobil - August 12-15

Chemours TBD




Student Bootcamps

INTRODUCTION

T0 PROCESS SAFETY FOR
UNDERGRADUATES
D ENGINEERS

2016 Student Bootcamps

UC Berkeley — April 2-3
Georgia Institute of Technology — Sept. 10-11
University of lllinois-Urbana (mini regional) — Sept. 10-11




Impact of Student Bootcamps  AlIChE -

2016

« UC Berkeley

* Georgia Institute of Technology
e University of lllinois-Urbana

2017

e Virginia Tech

* University of Delaware

* Louisiana State University
* University of Texas, Austin

2018

* University of Michigan

* Colorado School of Mines

* North Carolina State University

* Mississippi State University

e University of Tennessee-Knoxville
* Ohio State University

DOING
A WORLD
OF GOOD

The Global Home of Chemical Engineers

Average of 30 students/bootcamp

“The course helped emphasize the
importance of process safety as lives
are on the line. Keep up the work!”

— Undergraduate Student,
Colorado School of Mines



DOING

The Support AIChE = ||

A WORLD
The Global Home of Chemical Engineers

The AIChE Foundation has raised $11MM towards the Doing a World of Good campaign.

Benefactors
$750,000 and up
Chevron

@ ‘ lyondellbasell 0O-BASF
® ‘ | I m 1] We create chemistry

Underwriters Patrons

$500,000 - $749,999 $250,000 - $499,999 /\

> \DV, i covestro -
& cremours: AbVANSIX

EASTMIAN ECOLAB 0};!,!?,!){(}'3’

MAJOR CONTRIBUTORS

Partners - $100,000-$249,999 Supporters - $50,000-$99,999
Albemarle ExxonMobil Corporation Air Liquide Intercontinental Terminals
Archer Daniels Midland FMC Corporation Arkema Inc. Company LLC

Company Mitsui & Co. (U.S.A.), Inc. Bouchard Transportation LANXESS
Bayer U.S. — Crop Science Olin Cargill Novus International, Inc.
Cabot Corporation PolyOne Honeywell Praxair
Evonik Trinseo LLC
ExxonMobil Corporation WACKER Chemical

Corporation

For a complete list of donors, visit www.DoingaWorldofGood.org



http://www.doingaworldofgood.org/

Process Safety — Start Them Young

Thank You!

“The Global Community Committed to Process Safety”
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Safety Equipment Philosophy in Oil & Gas Sector

Rehan Sajjad
BYCO Petroleum

INSPIRING

PEOPLE

PRESERVING

P LA N E T %gro polymer & chemicals



SAFETY CRITICAL
EQUIPMENT

Rehan Sajjad Mughal
BYCO Petroleum Pakistan LTD.



Rehan Sajjad Mughal

O Chemical Engineering from...............



“Safety is the control of hazards in order
to achieve an acceptable level of risk”

Process Safety Behavioral Safety

e Encircles e Encircles
Processes, Behaviors,
Equipment & Mindsets,
Instrumentation Practices &

Culture



KEY Challenges in Modern Process &
Manufacturing Industries are

Limited
Budget

Limited Skill Sustainability
Manpower



Best utilization of limited resources can be
done by identifying and prioritizing critical
assefts

Normal B Business
ASSETS Critical

Safety
Critical



“Devices, equipment or systems whose
failure could result in catastrophic
consequence’

For example:

‘_,p)‘)‘?\:’"

Maijor Loss of Explosion, Environment
Containment Fire & Fatality Damage




HIGH HAZARD PROCESS

“YAny activity using hazardous
substances that, when they are
released, ignited, or intentionally

combined, have significant potentiai

for catastrophic consequence”



LOW HAZARD OPERATION

“Any activity without potential for a
catastrophic consequence”



HHP, LHO hence SCD can be
segregated based on following

standard

NFPA
NFPA 30 OSHA

EPA



Refers to NFPA & EPA for detailed
guidelines



“High HAZARD PROCESS is all those
Hazardous Chemicals with quantity
greater than their threshold limit as
identified by OSHA / EPA / regulated
chemicals list



Chemicadl EPA Quantity (Ib) for
Name HHP
H2S 10,000
HCL 5000
Caustic 10,000
Sulfuric Acid 10,000
Chlorine 2500
MEA 10,000




“OSHA/ EPA list of Hozardous
Chemicals threshold limit does not
cover all Hydrocartbbons at an OIL

& Gas Industry



“High HAZARD PROCESS is one which
involves a flammable gas or liquid with
a flashpoint below 100 °F (37.8 °C) in
one location, in a quantity of 10,000
pounds (4535.9 kg)or more”

AND

“All processes handling, storing or
processing combustible liquids af
temperature higher than their flash

point, in a quantity of 10,000 pounds
(4535.9 kg)or more”



Chemical | Flash Category
Name |Point °F

Cl-C4 -156 HHP
Naphtha -8 HHP
Gasoline -45 HHP
Kerosene 107 Depends on Process
Temperature

Jet fuel (A/A-1) | 100 - 150 Depends on Process
Temperature

Light Gas Oil 176 Depends on Process
Temperature

HSD >130 Depends on Process
Temperature

Crude Oil ) Depends on Process

Temperature










MAJOR

AREA PROCESSES HHP  LHO | JUSTIFICATION
Tank J HHP - General Set
Rule
Crude Storage
Tank Tank inlet and J Wetted Part of
(Capacity outlet lines HHP
HHP based on
Feed to Plant| + Threshold
Quantity

All process equipment associated to Crude Tank i.e. Relief
devices, Level Indicators, ESD system and secondary
containment will be considered Safety crifical equipment




Coffee Break

engropolymer & chemicals



Chemical Plant Safety in Japan

Yoshio Shiga

Mitsubishi Corporation

INSPIRING

PEOPLE

PRESERVING

P LA N E T %gro polymer & chemicals



Disabling injury frequency rate

1.4

1.2

o
[0

o
o

o
I

Disabling injury frequency rate in Japan

2010

2011

2012

2013

2014

2015

2016

2017

Disabling Number of Lost work Injury

injury ~  Working hours (a million)
frequency rate

-e-manufacturing
company

-e-chemical company

=#=]C|A contractor

=#=]CIA member
company



Leak from broken value

Filter




W/O Learning - Dangerous
W/O Thinking - Waste

Sharing Experience/Notice/Thinking



Liquid blow-down

Flammable liquid

Inert Gas

+ Flow meter
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Outline of the Accident at the Fukushima
Daiichi Nuclear Power Station

Reactor building

Spent fuel pool

Cool down

Cool the reactor coolant and
spent fuel pool water to
maintain a low temperature,

Loss of power to the pumps
order lo cool reactor and spe
fuel pool resulted in the loss of
cooling function.

3=

!

Primary containment vessel

Residual heat removal
system pump

Suppression pool

— Containment 1

Prevent radicactive materials
from being released oulside the
reaclor building.

A hydrogen explosion blew off
the top side of the reactor build-
ing and damaged the fuel rods,
resuiting in a partial loss of the
conlainment function.

Seawater pump

Y

A

AN

-‘~E- Ocean

S

Shutdown b2 ]

Shut down the reactor by inserting
all control rods to prevent neutrons

from causing nuclear fission,



First Time In Pakistan

REGIONAL

( é An AIChE Techno IgyAII

Center for Chemlcal Process Safe’ry

MEETING
v

DA

engropolymer & chemicals
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OSHA Process Safety Management
(PSM) Model implementation -
Success Story

by

Ahsan Sarfraz

Fatima Group

INSPIRING

PEOPLE

PRESERVING

P LA N E T %gro polymer & chemicals



Achieving Excellence in Process Safety Management (PSM)
At Fatima Fertilizer Complex--- “A Success Story”’

Muhammd Ahsan Sarfraz — HSE Manager
Fatima Fertilizer Company Limited, Pakistan

eeeeeeeeeeeeeeeeeeeeeee
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Fatima Group and Fatima Fertilizer Overview o

Determination
™

Value

Factors Driving PSM In FFCL

Process
Safety

PSM Elements and Rating Scale

Corporate
Responsibility

Loss -~
byvoidance

Gap Analysis and Implementation Strategy
Outcomes and Performance Measures
Challenges Ahead

Questions




Fatima Group (FG) - A Journey of Success Since 1936

Reliance Weaving Pakistan Mining

Ml ls Limited lpfag!:mé Company Limited mafe‘mrg

A Fatima Group Company

A Fatlma Group Company

PAKISTAN
RELIANCE MINING

FAZAL CLOTH WEAVING COMPANY
MILLS LIMITED MILLS LIMITED LIMITED

1936 1989
YEAR FATIMA RELIANCE FATIMA
ESTABLISHED SUGAR MILLS COMMODITIES ENERGY
LIMITED Pvt. LIMITED LIMITED
Fatima Su Rellance Commodities Fatima Energy

Mills Limi gd Fiwoantae Limited

A Fatima Group Company

L i m i t =
A Fatima Group Company

* Annual Turnover : 764 Million USD
* More than 6,300 Permanent Employees



Factors Driving PSM in FFCL

» Fatima Group HSE Vision and Committed Leadership.

» Recognized Industry Trend

» Human, Economic, Environmental Loss Prevention

»  Series of LTI and Operational Upsets in 2012.

»» Company Reputation and Recognition

» Purely Self Initiative without any Legal Obligation



Benchmark Rating Scale and PSM Model

» 22 elements PSM Model was implemented (in house)

» DuPont was selected as an external consultant and facilitator

in the process.

Management
of change -
personnel
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Fundamental systems
in place

Awareness of role,
systems and
expectations

Skills & systems fully
in place and practiced

Excellence in all
results

World Class
Performance




PSM 22 Element Classification- FFL Philosophy

o Management Commitment

MoC - Personnel

Policies & Principles Contractor Safety Management

Procedures and Perf. Standards

Goals, Objectives and Plans

Integrated Organizat. Structure Quality Assurance

Line Management .
. . Pre-start-up Safety Reviews
Responsib. & Accountability

Safety Personnel Mechanical Integrity

Motivation & Awareness MoC - Facilities

Training & Development Process Safety Information

Effective Communication MoC — Technology

Audits & Observations Risk Assessment and PHA

Incident Investigation & Reporting Emergency Preparedness




Initial Gap Analysis

» Absence Of HSE Goals & Objectives And Reward / Reprimand System.
» High Number Of Injuries, High TRIR And Process Fires.

» High Rate Of Loss Of Containments And Process Releases.

» Less Significance And Importance Of Safe Practices.

» Inadequate Contractors Safety Management System.

» Weak Emergency Response And Lack Of Trust Between Site

And Local Community.

» Low Employees Morale.

» HSE Department In Policing Role.



Implementation Strategy

In order to transform site safety culture, following strategy was devised.

< Deployment of Highly experienced HSE leadership with execution team.

Gap Analysis to assess the Process Safety Culture & Organizational
Reliability.

Bench Marking with OSHA PSM standard and Roadmap development.

Adapting Change Management strategy; lIdentifying and involving
Change activators (Mngt & Staff) and neutralizing resistors by What is in

it for me.




Implementation Strategy

Conversion of PSM literature into crisp/presentable format in local
languages.

Periodic Campaigns, Quizzes and Competitions to reinvigorate PSM
drive.

PSM Validation of all employees and contactors engagement programs.

e

Inception of extensive in-house PSM Audit Program for progress review




Internal Audits Rating

06 extensive internal audits were performed by team to raise the bar during 05 years time.
Detailed action plan was developed and stewarded as the result of each audit in true
spirits.

Building Skills in
Awareness Place

Fundamentals

Program
Developed g

Excellence

Basic Instincts World Class




External Audits Rating

» 02 external audits were performed by DuPont.

» FFL Site declared at Excellence level in this Shortest Time Span of 05 Years.

World Class Final DuPont Benchmarking
Initial
Assessment
Excellence

3.6

3 Skill

Awareness

{8 Fundamentals

Five-level scale of PSM
Elements by DuPont




Outcomes / Achievements

FFCL believes that robust PSM implementation equates to enhanced safety, reliability &
productivity and same is evident as:

» No Fatality / LTI after implementation.

»Lowest TRIR, above 46.3million Safe Man-Hours.

» Decreased number of Fires, Process Releases and Injuries
» Improved service and capacity factors of plants.

» High Morale of Employees.

» Improved Emergency Response.
» Reduced risk to nearby communities and Increased reputation & community

engagement.



TRIR Trend
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SAFE MILLION MAN-HOURS

Indication of successful HSE performance. No Recordable injury since June- 2012.

Highest Man Hours in the industry.

50

No. of Man-
Hours (Millions)
N w S
o o o

[T
o

Till 315t October, 2018

i

21

30.13
22.1

14.32
6.39

32.25

Y-2012 Y-2013 Y-2014 Y-2015

Y-2016 Y-2017 Y-2018



Fatalities & Lost Time Injures

: | FATALITIES TREND

3 - 3

2 -

1 _

0 [ 0 | O | 0 | O | O | O 1

Y-2011 Y-2012 Y-2013 Y-2014 Y-2015 Y-2016 Y-2017

0.12 -
0.1
0.08 -
0.06 - ——Employees —=—Contractors —+—Combine
0.04
0.02

IaY
0

Y-2014

N
0

Y-2015

faY
0

Y-2016

e T T

Y-2011 Y-2012

N O

Y-2013 Y-2017



Decreasing Injuries Trend (Company & Contractor Employees)

60 -

50 - =¢-Total Injuries -M-Recordable Injuries

40 - 38

No. of Injuries

14

—# 3

Y-2012 Y-2013 Y-2014 Y-2015 Y-2016 Y-2017



Challenges Ahead

Sustainability and Strive for Excellence.

)]

» Inter-dependent Culture.

» Increasing Safe Million Man-Hours and Complacency.

» Contractor Safety Excellence.

» Off The Job Safety Improvement.

» Occupational Health & Industrial Hygiene Program Compliance.

» Environmental Management System Benchmarking.

‘Still A Long Way To Go...’



Thank You !

Questions
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Distributionn of
Souvenirs

>

engropolymer & chemicals



( E An AIChE Technology Allaince
Center for Chemical Process Safety

Hats off to the
EPCL team for
putting it together

v

engropolymer & chemicals



An AIChE Technology Allaince

Center for Chemical Process Safety




Process Safety Metrics — API-754
Implementation

” Shakeel H. Kadri

Executive Director,
CCPS, AIChE

INSPIRING

PEOPLE

PRESERVING

PLANET

engro polymer & chemicals



hemical Process Safety

Leadership message on
Process Safety Metrics

Shakeel Kadri
Executive Director, CCPS
22 November 2018

Presentation at the 1st Pakistan CCPS Regional Meeting

The Global Community Committed to Process Safety



Center for Chemical Process Safety

“Process Safety Metrics: API-RP-754
Implementation”
Workshop facilitator:

Shakeel Kadri

October 10t 2018 (0800 Hrs. to 1500 Hrs)
Le Méridien Al Khobar, Saudi Arabia

The Host and sponsor for this CCPS |
workshop is Saudi Aramco, with support 'E'I.-!-'lr'_2|-11I|~'~'~II ghol)
from other CCPS member companies e

The Global Community Committed to Process Safety


https://www.aiche.org/ccps/company/saudi-aramco

( E An AIChE Technology Alliance

Center for Chemical Process Safety

Overview — Process Safety Metrics

7:4510 10:00 |Process Safety Metrics Journey [CCPS]

Why API| RP-754?

API RP-754 Key Concepts

API RP 754 - Lagging and Leading Indicators

* Tier 1 Process Safety Events

API RP 754 - Lagging and Leading Indicators
10:15t0 11:30 [+  Tier 2 Severity System

Tier 1 and Tier 2 Data Capture and Data Analysis
CCPS Incident Evaluation App

API RP-754 Tier 3 Indicators, data capture / analysis

API RP-754 Tier 4 Indicatorsi data caiture / analisis

Metrics sharing from Regional companies

12:30 t0 15:00 |+  Saudi Aramco

+ SABIC

» Saudi Chevron Phillips

» _Air Products

Process Safety Leading Indicators Benchmarking Project [CCPS]

Metrics driven improvement initiatives
Communicating Process Safety Metrics

Copyright © 2015 Center for Chemical Process Safety of the American Institute of Chemical Engineers



Attendees who complete this workshop will be able to:

* Understand their status relative to the history of Process
Safety performance measurement

* Alignment of CCPS and API-754 Metrics

 Competently use API RP 754: Process Safety Performance
Indicators for the Refining and Petrochemical Industries —
2"d edition

e Use the CCPS Process Safety Event Evaluation App

e Establish Tier 1 — 3 event data collection requirements

* Select effective leading indicators (Tiers 3 & 4)

THIS IS A WORKSHOP - IT SHOULD BE A DIALOG

The Global Community Committed to Process Safety



Perform basic data analyses for Tier 1 — 4 indicators

Test individual Tiers 3 & 4 indicators for their “leading value”
ldentify promising areas for improvement initiatives

View examples of improvement initiatives developed by
industry leaders

Effectively communicate Process Safety indicator results

Understand and overcome barriers to indicator program
implementation

Provide ample opportunities to address particpants
guestions and perform benchmarking

THIS IS A WORKSHOP - IT SHOULD BE A DIALOG

The Global Community Committed to Process Safety



Center for Chemical Process Safety

The key process safety
objective is to identify

E B failures, gaps or
| I B : — conditions and to correct

them before they

contribute to a major
"'"."."'”."l"' procesls :afety incidjent.
What Gets Measured Gets Done.

And What Gets Done, Gets IMPROVED!

Copyright © 2016
Center for Chemical Process Safety

of the American Institute of Chemical Engineers The GIObaI Community COMMittEd tO PI'OCESS Safety



( E An AIChE Technology Alliance

Center for Chemical Process Safety

“You Don’t Improve What You Don’t Measure” Pracess afety

Leading and Lagging Metrics

e Common Industry-Wide Lagging Metric

* Near-Miss or Other Lagging Metrics

* Leading Metrics

 Pamphlet with Recommendations in these three
areas COMPLETED December 2007!

Process Safety Metrics Guideline Book Completed

Guidelines for

Process
Safety
Metrics

If you are not managing process safety well, you are probably
not managing other things well.

Copyright © 2016
Center for Chemical Process Safety

of the American Institute of Chemical Engineers 1€ Global Community Committed to Process Safety



An AIChE Technology Alliance

PS

Center for Chemical Process Safety

Industrial dos Indicadores Pré-ativos de
Seguranca de Processo
Fevereiro de 2013

Centro para Seguranca de Processos Quimicos

UEzE
GUERHE TR

Llil PETROBRAS

CCPS
T REE

FATRIURAT RIEENE

— RERELTAITHERL —
2011 4F 1 ABATAR

-
JF#R8: Process Safety Leading and Lagging Metrics
You Dot .
e
- L

http://www.aiche.org/sites/default/files

/docs . . .
— . . http://www.aiche.org/sites/default/fil
/pages/metrics%20spanish%20updated es/docs/pages/proiect 233 leading i

-pdf Py 5 RS ndicator white paper- edited - 2-

21-13 r1_portugues.pdf
Japanese

http://www.aiche.org/sites/default/files/d

Portuguese

Chinese

http://www.aiche.org/sites/defa

ocs/pages/
CCPS ProcessSafety Lagging Japanes ult/files/docs/pages/PSMetricsS
implifiedChinesev5.pdf

e_2011 2-24.pdf

Copyright © 2016

ofthe American sttt of Chermn The Global Community Committed to Process Safety

of the American Institute of Chemical Engineers



( E An AIChE Technology Alliance

Center for Chemical Process Safety

* Baker Panel Report : RECOMMENDATION #7 — LEADING AND LAGGING
PERFORMANCE INDICATORS FOR PROCESS SAFETY

BP should develop, implement, maintain, and periodically update an integrated set of
leading and lagging performance indicators for more effectively monitoring the process
safety performance of the U.S. refineries by BP’s refining line management, executive
management (including the Group Chief Executive), and Board of Directors. In addition, BP
should work with the U.S. Chemical Safety and Hazard Investigation Board and with industry,
labor organizations, other governmental agencies, and other organizations to develop a
consensus set of leading and lagging indicators for process safety performance for use in the
refining and chemical processing industries.

 CSB Report: 13.0 RECOMMENDATIONS - {American Petroleum Institute (API) and
United Steelworkers International Union (USW).}

a. ...create performance indicators for process safety in the refinery and petrochemical
industries. Ensure that the standard identifies leading and lagging indicators for nationwide
public reporting as well as indicators for use at individual facilities. Include methods for the
development and use of the performance indicators.

b .....In the development of each standard, ensure that the committees include
representation of diverse sectors such as industry, labor, government, public interest and
environmental organizations and experts from relevant scientific organizations and
disciplines.

The Global Community Committed to Process Safety



( é An AIChE Technology Alliance A P l

Center for Chemical Process Safety t h e

* Proven successful indicators of
Process Safety performance apart
from Personnel Safety

* Adopted by major industry
associations across the globe: API,
AFPM, ACC, UKPIA, IOGP (via OGP
456), IPIECA and ICCA among

Tier 2

LOPC Events of
others Lesser Consequence
* Provides for benchmarking on a
Tier 3

consistent basis
Challenges to Safety Systems

Tier 4

Operating Discipline & Management System
Performance Indicators

Workshop attendees develop competence in application of RP 754

The Global Community Committed to Process Safety



( E An AIChE Technology Alliance

Center for Chemical Process Safety

11:59 PM

Process Safety Report

A ALCHE achadiogy ABisnce Was there a release from the
process?
Yes
Center for Chemical Process Safety

Center for Chemical Process Safety
Was the release unplanned or

PROCESS SAFETY L uncontrolled?
INCIDENT f . Evaluate Process Safety Incident Yes - unplanned and/or uncontrolled
EVALUATIONTOOL &

Were there any injuries as a

: s result of the release?
Calculate Severity Weighting

Yes

Chemicals List Did the release resultin a
fatality?

Yes
Saved Reports

Result: This is a Tier 1 process safety event.

Release Calculator
() SAVE As PDF

Setting

About

“The Global Community Committed to Process Safety”



( E An AIChE Technology Alliance

Center for Chem|cc1| Process Sc:fety

Tier 1 Threshold quantities, toxics

Threshold Release | Material Hazard Typical Materials Outdoor Indoor Threshold
Category Classification Threshold
T1-1 TIH Zone A MIC, Phosgene, Florine, HCN > 5kg (11 1b) > 0.5 kg (1.1 Ib)
T1-2 TIH Zone B H,S, Cl,, SO, BF, >25kg (551b) | = 2.5kg (5.5 Ib)
T1-3 TIH Zone C HF, HCI, SO, > 100 kg (2201b) | = 10kg (22 Ib)
T1-4 TIH Zone D NH;, CO, Ethylene Oxide > 200 kg (4401b) | = 20kg (44 Ib)
Inhalation Toxicity: Packing Group and Hazard Zones
Hazard Zone Inhalation Toxicity 10,000 Division 6.1 Liquids Division 2.3 Gasses
A LCxgp less than or equal to 200 ppm Hazard Zone D
B LCgq greater than 200 ppm and less than or equal to 1000 ppm Pa g Hazard Zone ©
C LCsp greater than 1000 ppm and less than or equal to 3000 ppm = Hazard Zone B
D LCsp greater than 3000 ppm or less than or equal to 5000 ppm % P ‘ﬂf )’
& 100 A2 :r@°Q
) s ’h}“ A
A @“Qa‘b -
10 //, ‘ eff'c‘%:@ Hazard Zone A
Thg table gb_ove and graph to the rlg_ht (_Appendlx F) 7 7
define toxicity zones for gases and liquids. S AT A i Ilm UL

Volatility mi/m?

The Global Community Committed to Process Safety
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Center for Chemical Process Safety

Consequence Categories

to a third party

containment

Severit
P ointsy Safety / Human Direct Cost from | Material Release Community Impact Offsite Environmental
Health® Fire or within any 1-Hour Impact®
Explosion Period?

Injury requiring Results in Release volume is Officially declared shelter- Results in $100,000 to <

treatment beyond first $100,000 to 1xto<3xTier1TQ in-place, evacuation, or $1,000,000 Acute

aid to any worker. <$1,000,000 outside secondary other public protective Environmental Cost

(Meets the definition of Direct Cost containment measures (road closure)

a US OSHA recordable Damage that last < 3 hours

injury)

Days Away From Work Results in Release volume is Officially declared shelter- Results in $1,000,000 to <

injury to any worker $1,000,000 to 3xto <9x Tier 1 TQ in-place, evacuation, or $10,000,000 Acute
or <$10,000,000 outside secondary other public protective Environmental Cost, or

injury requiring Direct Cost containment measures (road closure) Small-scale injury or death

treatment beyond first Damage that last > 3 hours but < 24 of aquatic or land-based

aid to a third party hours wildlife

A fatality to a worker Results in Release volume is Officially declared Results in $10,000,000 to <
or $10,000,000 to 9x to < 27x Tier 1 evacuation > 24 hours but < | $100,000,000 Acute

A hospital admission of a | <$100,000,000 TQ outside 48 hours Environmental Cost, or

third party Direct Cost secondary Medium-scale injury or

Damage containment death of aquatic or land-
based wildlife

Multiple worker Results in Release volume Officially declared Acute Environmental Cost

fatalities or multiple = $100,000,000 exceeds 27x Tier 1 evacuation exceeding 48 equals or exceeds

hospital admissions of Direct Cost TQ outside hours $100,000,000, or

third parties or a fatality Damage secondary Large-scale injury or death

of aquatic or land-based
wildlife

The Global Community Committed to Process Safety




An AIChE Technology Alliance

Center for Chemical Process Safety

Company Point of Release for Tier 1 & 2 PSEs

B Piping System, Large Bore
M Piping System, Small Bore
B Atmospheric tank
H Other
M Furnace / Fired Heater
o Flare [ Relief System
W Pressure Vessel
¥ Pump
Heat Exchanger
I Compressor

Instrumentation

T 1 &2 Causal Factors

B Equipment Reliability
¥ Fixed Equipment Inspection
¥ Human Factors
m Design
u Safe Work Practices
¥ Procedures
" Operating Limits
= Knowledge and Skills
Other

Mode of Operation in Steady State

Company T1&2 by Mode of Operation

= Normal

m Steady State

# Insufficient Information
™ Start-up

= Routine Maintenance
u Loading/unloading

W Upset

® Planned Shutdown

= Turnaround

™ Emergency Shutdown
= Temporary

# Changing lineups

m Steady State

® Loading/unloading

m Changing lineups

® Equip Commissioning/ putting in
service after maint

W Draining

=0 " dq

w Sampling

» Equipment Prep/taking out of
service for Maint
Switching equip (pumps, filers/etc)

™ Tank Gauging

The Global Community Committed to Process Safety
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Center for Chemical Process Safety

T1 & T2 by Point of Release T1 & T2 Piping System Events
by Sub-system

B Piping System

™ Piping Leak
B Atmospheric Tank = Val
alve
= Pum)
" p  Flange/Gasket Leak
= Other
® Hose Leak

® Heat Exchanger

® Open ended line
= Flare/Relief System

¥ Tubing Leak
= Pressure Vessel Fitting Leak
= Fitting Leal
= Furnace ¥ Dead Le;
eal g

T1 & T2 Data
T1 & T2 Valve Events D r i I I d Own T1 & T2 Piping System Events

by Type by Causal Factor

™ Fixed Equipment Inspection

= Equipment Reliabili
m Valve body leak quipme iability

M Design
M Valve Leak thru mH Fact.
uman Factors
" Valve Packing leak ® Safe Work Practices
M Valve left open m Other

= Procedures

The Global Community Committed to Process Safety
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Center for Chemical Process Safety

Tier 3 at the company and site

# of Tier 3s

40

35

30

25

u # of Tier 3s 20

15

2011

levels

2013 2014 2015 2016

Company Tier 3 Rate Trend

W Tier 3 Rate

2011 2012 2013

2015 2016

The Global Community Committed to Process Safety

Site A # of Tier 3s
/
m # of Tier 3s
2011 2012 2013 2014 2015 2016
Site A Tier 3 Rate Trend
e
5
45 /
4
35
-
3
S
25 H Tier 3 Rate
g
2
e
15
7
e
05

2014 2015 2016
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PS

Center for Chemical Process Safety

# of Past-due action items

18 1

16 1

14 -

12 4

10 - M Total Past-Due

M Approved extensions

1015 2015 3QI5 4Ql5 1Q16 2Q16 3Q16 4Ql6 1Q17 2Q17  3Q17
3 0 0 3 3 3

Lower 0

Higher

Medium

The Global Community Committed to Process Safety



Process Safety
Leading Indicator Metrics

Industry Survey
on Leading Metrics

A CCPS Project




%F’S Free Publication

Center for Chemical Process Safety

Corvier for Chascct Process Soly

Process Safety

Published in 2013 - Available for download at:
http://www.aiche.org/sites/default/files/docs/pages/leading-indicator-survey 0.pdf

“The Global Community Committed to Process Safety”




An AIChE Technology Alliance

PS # of Companies using a Specific Indicator

Center for Chemical Process Safety 23. Number of past due and/or having approved..
22. Number of past due and/or having approved..
21. Number of inspections of safety critical items..
20. Number of outstanding incident investigation..
19. Activation of Pressure Relief Device (PRD)..

18. Demands on Safety Systems

. 17. Training for Process Safety Management..
All 25 leading
) ) 16. Procedures Current & Accurate
indicators were used o
15. Activation of a Safety Instrumented System
by one or more of the
. 14. Safe Operating Limit Excursions
responding 43
. 13. Number of past d d/or havi d..
companies. umber of past due and/or having approve
12. Activation of Mechanical Shutdown System
12 or more Ieading 11. Primary Containment Inspection or Testing..
indicators were used 10. Training Competency Assessment Green — Tier 4
by 20 or more of the 9. Percentage of audited MOCs that satisfied all.. Red - Tier 3
43 companies, (45%) 8. Percentage Overtime
7. Failpredndedi eovene e proee thavesisdite RVSFKIRRS.
The red box on the 6. Percentage of audited changes that used the..
chart h|gh||ghts the 12 5. Procedures Clear, Concise & Include Required..
leading indicators used 4. Fatigue Risk Education
by the 20 or more 3. Length of time plant is in production with items..
CompanieS 2. Number of Extended Shifts
Copyright © 2016 1. Percentage of start-ups following plant..l |

Center for Chemical Process Safety 0 5 10 15 20 25 30 35

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

Barriers to Implementing Process
Safety Indicator Programs

Management s visible
responses to problems
identified by the metrics
are as important
— if not more important—
than the metrics
themselves.

The Global Community Committed to Process Safety



( E An AIChE Technology Alliance

Center for Chemical Process Safety

» Senior Management Commitment/support is essential for
the implementation and sustainability of a successful
metrics program.

» There can be differences in understanding metrics
definitions across the company, e.g., different
geographies, acquisitions

» Resources are needed in order to report metrics in a
timely manner.

o Maintaining trained resources who understood the definitions
and how to extract the data from the computer tracking system
presented a challenge due to transfers, turnovers and
retirements.

Copyright © 2016
Center for Chemical Process Safety
of the American Institute of Chemical Engineers

“The Global Community Committed to Process Safety”
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Center for Chemical Process Safety

Communicating Process Safety
Indicators

Best Practices in Reporting Process Safety Indicators

Communicating process safety results is a critical
element for a process safety improvement strategy.

The Global Community Committed to Process Safety
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Process Safety KPIs

An AIChE Technology Alliance

PS

Center for Chemical Process Safety

Tier 1 Process Safety
Events [KPls]

0 (16)

Tier 2
Process Safety
Events [KPlIs]

Tier 2

Tier 3 - All other
Process Safety
Events

0 (11)

Tier 3
74 (1254)

Tier 4 -
Management
System
Performance

Tier 4 - Operating Discipline & Management

systems performance indicators |
Actions from OPHRs, MOCs, MI, Audits, DNMs % e

Center for Chemical Process Safety
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PS

Center for Chemical Process Safety

Quarterly Process Safety Event Performance

25 45
40 39.5
38.5 - 40
36.25
20
- 35
- 30
28.75
15
L‘a 25.5 - 25
%
o
© ‘ 4
= - 20
10 |
17
6.25
- 15
2.25 11.75
- 10
5 | 10.75
7 7 7 5
5 3 P 4 l
0 1 1 1 T T T T 1 1 1 T T T T - 0
1Q10 2Q10 3Q10 4Q10 1Q11 2Q11 3Ql11 4Q11 1Q12 2Q12 3Q12 4Q12 1Q13 2Qi13 3Qi13 4Qi13
BN Tier 1 B Tier 2 =—&—12Mo.Avg. T14+T2 =—f—12 Mo. Sev. Wght Avg
-

Cummulative Total of Severity Weight

nology Alliance

Center for Chemical Process Safety
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PS

Center for Chemical

Process Safety

Leading Indicators 12 Months Trend

Overdue OPHR Action Items

Overdue Safety Critical Inspection

G-’OQ 0"’ éo Qﬁ 3@ QQ é\’b v.Q é‘bﬁ 3\) 3\" VQQ C’GQ
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—— Global Long Open MOC —+—Global B

400 200 100
350 %
300 Ay 150 — - 80
250 w 100 /W/ - 60
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50
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=—4#—0verdue Relief Device Inspections
—4+—O0Overdue OPHR —#—HIGH Priority —B—0verdue CSS Revalidation
% Plants with L2 Audit Findings Expired Temp / Long Open MOC
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(72) Process Safety Related Fire Events (72) Process Safety Fire Events

* (5) Tier 1 Process Safety Fire Events omers DY TYPE
— Massiac contractor burn (LTI) 14%
— Gent Compressor Qil Fire
— Tangshan Expander Oil Fire
— Hsin Chu TW NF3 Bundle Fire (LTI)
— Wison ASU Compressor Building Fire

* (3) Tier 2 Process Safety Fire Events
— Insulation Fire CO2 Tank, Poland G

— Silane Fire, Shiwha, Korea 3%
— T2 VSA 02 blower fire, Merak, Indonesia

. (64) Tier 3 Events

29) Stack Fires — venting to safe locations
9) O2 Fires

8) Hot Work related
3) Qil Fires
3)
12

Fire silane
6%

Insulation Stack Fires
40%

Hot Work
12%

Silane Fires
) Others not classified

ol
(
(
ol
(
(

» 25% of fire related KPI events resulted in LTI
» Stack fires Corrective Action Team working to reduce occurrence (low risk) |

» Oxygen fires and Machinery fires identified for improvement efforts I:S
o

Center for Chemical Process Safety
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Incident  Work permit
Investigation 2%
4%
ORI

Training
23%

FY10-13 Process Safety KPI
PSM Elements

(*) Note: events
classified as “MI”
Work permit 4% include both
issues covered
and not covered
by AP’s formal MI
Pgms

Training
24%

FY13 Process Safety
KPI PSM Elements

PSM Element colors are the same for both pie charts %

PS

Center for Chemical Process Safety
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Rupture/Collapse
2%

Unsafe Design
2%
Others
Shutdown/Trip 4%
2%

Contamination/Wrong
Product

2% Overfill

3%
Pressure Release
3%

Reaction, Fire

6% Liquid/Chem Leak

20%

> Loss of Primary Containment (LOPC) accounted for 60% of Process Safety Events in FY13
vs. 66% in FY12
> Unsafe condition / early hazard identification lowered to 21% in FY13 vs. 24% in [ &

An AIChE Technology Alliance

PS

Center for Chemical Process Safety
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Q&A
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msaadkhan@engro.com

+92-331 2641490
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