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Place Year Approx. Loss of Cause
Life
Feyzin, France 1966 18 LPG: BLEVE
Flixborough, U.K. 1974 51 UVCE of Cyclohexane

Mexico City, Mexico 1984 500 LPG: BLEVE

Bhopal, India 1984 2000 Release of MIC

Pasadena, USA 1989 23 UVCE of Isobutane
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MEXICO CITY, 19.11.1984, PASADENA, 23.10.1989,
MEXICO USA

k. MEXICO CITY, 15.11.1984,
MEXICO
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29 CFR 1910.1198 y2fwiliw! jLaS! axsn 46
Process Safety Management
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OSHA CFR PART 1910.119

= EMPPLOYEE PARTICIPATION

= PROCESS SAFTY INFORMATION
*  PROCESS HAZARD ANALYSIS

= OPERATION PROCEDURE

= TRAINING

= CONTRACTOR

= C_PRE-START OF SAFETY REWIEWD
= MECHANICAL INTEGRITY

= HOT WORK PERMIT

= EMERGENCY RESPONCE

= MANAGEMENT OF CHANGE

= INCIDENT INVESTIGATION
COMPLIANCE AUDIT

Glalia aals 5 Ao

API RP 750

= PROCESS SAFETY INFORMATION
= PROCESS HAZARD ANALYSIS

= MANAGEMENT OF CHANGE

= OPERATION PROCEDURE

= TRAINING

= SAFE WORK PRACTICES

= ASSURANCE OF QUALITY AND

MECHANICAL INTEGRITYOF CRITICAL

EQUIPMEN

= CPRE-START UP SAFETY REVIEW

= EMERGENCY RESPONSE AND
CONTROL

= INVESTIGATION OF PROCESS-
RELATED INCIDENTS

= AUDIT OF PROCESS HAZRDS
MANAGEMENT SYSTEMS

B b )k S jecpsl
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Changes in Safety Thinking
Traditional Loss Prevention
» Concerned about people  * More concern of about incidents

hurting themselves that arise from the technology

* Fix plant problems safely * Hazards are to be identified
when/if they arise and considered during design

« Formal and systematic
approaches adopted

* Trial and error

» say “Be Carefull”
Blame Operator

» Consider Man Machine
Interface

» Attention limited to
incidents that injure.

 Attention to incidents/near misses
that injure, damage plant and profit
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Incident Pyramid:

Serious/Disabling/Fatalities

Medical Aid Case

Property Loss/1st Aid
Treatment

Near Misses

Unsafe Behaviors/Conditions

A “proactive” approach focuses
on these categories, but be

careful — you may miss the really
serious ones! ek ISl 8 s S ucps]
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PSM Standard

Performance
NOT
Specification Standard
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POSITIVE VALUE FROM PROCESS SAFETY
MILLION $
=4
1

104

=

PRODUCTIVITY PRODUCTION MAINTENANCE CAPITAL REDUCED
INCREASES COSTS SAVED COSTS SAVED BUDGET SAVED  INSURANCE COSTS
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Since 2000, a new series of spectacular accidents
hit the process industry ....

2 s & [he accidents happen now in an
W environment that was thought
« under control » :

- Adapted legislation (Seveso)
- High standard of design
- Well established companies
- Good safety track record (LTI)
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Toulouse
215t September 2001

31 Fatalities,
2442 injuries

Created 50 m dia

crater more than
10 metre deep
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WHEN
1966
1974
1976
1979
1982
1984
1984
1986
1986
1986
1987
1987
1988
1988
1989
1992
1994
1998
2001
2001
2003
2004
2005
2005
2005

19 G O 51 W 5 il 295 o 9 &5 SS9

WHERE WHAT FATALITIES
Feyzin, France LPG Bleve 18
Flixborough, UK Cyclohexane 28

Seveso, Italy Dioxin 1

Bantry Bay, Ireland Crude ship 50
Ocean Ranger, Canada Platform 84
Mexico LPG Bleve 600+
Bhopal, India Methyl isocyanate 20000+

Challenger Space shuttle 7

Chernobyl, USSR Nuclear powerplant 100+
Sandoz, Bale, Switzerland Warehouse 0

Texas City, USA HF 0
Grangemouth, UK HCK HP/LP interface 1
Piper Alpha Platform 167

Norco, USA Propane FCCU

Pasadena TX, USA Ethylene/isobutane
La Méde, France Gasoline/LPG FCCU
Milford Haven, UK FCCU feedstock
Longford, Australia LPG, brittle fracture
Toulouse, France Ammonium Nitrate
Petrobras Platform

Columbia Space shuttle 7
Skikda, Algeria LNG

Texas City, USGasoline ISOM 15
Buncefield, UK Gasoline

Bombay High, India Platform
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HSE,
EHS,
s H E Loss Prevention
Risk Management  Asset Management 1
B = e ; - |
Management g::"zz pitity . Main- &)
Environment EGAONY
Objecti Lcc, B
Quantitative Risk Analysis Reliability, Availability, - Social Responsibility
(QRA) Maintainability (RAM)
L Ap|
HAZOP RBI, RCM
EIA
‘ FMEA, What-If, etc CMMS
Mcdgl -Based,
Check List Equlpmom Cmicamy
Inherent Design Emergency Planning P&ID Review ating
~ Surery cenvereu engmeerng
Sefety * = Hazerd Contrel (Comtesy of Tove Fugineering)

Sl TR S S (= DRSS 5acps|

Process Safety: another definition

Process Safety is a s =
blend of engineering - - - s
and management skills m—n.,..,.\..'_
focused on preventing
catastrophic accidents,

particularly explosions,

fires and toxic releases

associated with the use

of chemicals and

petroleum products

(CCPs, 2010).
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PROCESS SAFETY

MANAGEMENT SYSTEM
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al Blocks
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RBPS Elements — Relationship to PSM
New Expanded Improved
Element Scope Practices
Process Safety Culture v
Compliance to Standards v
Process Safety Competency v
Workforce Involvement v v
Stakeholder Outreach v
Process Knowledge Management v v
Hazard Identification and Risk Analysis v v
Operating Procedures v
Safe Work Practices v
Asset Integrity and Reliability v v
Contractor Management v
Training and Performance v
Management of Change v v
Operational Readiness v v
Conduct of Operations v
Emergency Management v
Incident Investigation v
Measurement and Metrics v
Auditing v
Management Review and Continuous Improvement v
Slagla (LS 5 el 33 8 a1k S secpsl
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Table 1

Process Safety Culture

Cross-Reference of RBPS Program Elements
and OSHA PSM Elements

which affect its efficacy

G with (applies A system to identfy, develop, acquire,
Standards only to evalate, and maintain an
which processes and archive of uppmzﬂa internal and extemal
i should be and laws
induded in the OSHA Md’mmsdayandmmm
PSM program} with them &s appropriate. This element
interacts in some fashion with every
RBPS management system element.
Process Safety NA Developing and maintaining process
Competency salety competency encompasses three

interrelated actions: (1) continuous
improvement in knowledge and
compelency. (2) ensuring that
appropriate information is available 1o
people who need to knaw it, and (3)
congistently applying what has already
been leamed.

A system to enable the active
participation of company and conéractor
workers in the design, development.
Impiementation, and continuous

Stakeholder Outreach | NIA

ol (IS o el a8 LERBIOSKE Jocpg|

A procass for seeking out and engaging
Individuals or organizations that can be
affected by the facility in a dialogue
about process safety, establishing a
relationship with other neighbors, other
companies, and professional groups,
local, state, and federal arganzations;
and providing necessary information
about the company and faclity's
products, processes, plans, hazards,

Technical m!ormaﬁ describes the
hazards of the materials at the facility
and how the facilty was designed, buill,
and operated and Is recorded in written
. This element also involves
work activities associated with
compdiing, enmlngmg and making the
nformation avaiablo, Howover.

xnowledge nnpnen understanding, not
simply compiling data. Therefore, the:
Compefency element complements the:
Knowledge element.

Hazard Icentification
and Risk Analysis

Process Hazard

Analysis.

A review process for lmnllymg hazargs
and evaluating the risk of processes—
theoughout the life cycle—io make
cenain that nsks to employees, the
public, o the environment are
consistently controied within the
organization’s fisk wlerance. These
studies typically address the three man
risk questions to the appropriate level of
detal commensurate with analysis

#ree main risk questions are: Hazard
, Conseq
{How bad could it be?), and Likethood

element.
manage and control the nieks (dentfiad.

Operating Procedures

Operating
Procedures/Safe Work
Practices

Writien insiructions listing the steps for &
given task that are to be done and the
manner in which they are 1o be
peﬁom-eiT?-anelashmludam
operate, and shut down

products, periodic cleaning of process

equipment. praparing equipment
cartain maintanance activities, and cther
activities routinely parformed by
‘operators. Opeminq nvocoduss

procedures. This aumam n:cuaa that
requirement that cenain sate
practices be in place Dt taes Tt specfy

Caln JalS 5 el il

. Sonfen! of Ggsg pracioes
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Work processes, wmch are often

with permits, that control
hazards and manage fisk associated
with nonroutine wark. This element
includes me OSHA PSM element Hot
Work Parm)

Mechanical Integrity

The systematic Implementation of
activities including inspections and tests
necessary to ensure that important

equipment wil be suitable for its
intended tion mugnnm its life,
written maintenance procacure:
maintenance personnel nmlnn
deficiency management, and the quality
assurance of equipment. |1 also helps
ensure ths dependability of critical
safety or utility systems.

Contractor

Contraciors

A system of controls to ensure that

contracied services support both safe

facility operasons and the company's
and conventional worker

monitoring of such contracted senvices.

Training and
Performance

Assurance

Training (applies onty
to the procass
operators)

Informative (ctassroom and computer
basad), as well a2 practical education in

meet some minmum initial parformance
to maintain their

o to qualify them for promotion to a

more demanding position

assurance is the means by which

workers demonstrate that they have

understood the training and can apply it

in practical situations and is an ongom

process. Although not formally part of
this element, the training of mntrawbﬁ

and maintenance pm is noveved

in the Contractor Management ai

Asset Integrity and ReSability dmnls

MOC

MOC

A review and authorization process for
evaualing proposed modifications to
facility design, operations, organization,
or activRtios—prior to :molemunmuion—o
make certain that n

hazards are mlmduuud and (hal lhe risk
of existing hazards to employees, the
public, or the environment is not
unknowingly increased.

ol IS 5 e

A b S ecpsl

rocesses are verified to be in a sal
condition for ra-start of a madified
process and the initial commissioning
and start-up of a new process. It
addresses siart-ups from all types of
shutdown conditions and considers the
flength of ime the process was in the
shutdown condition. in addition, this
element considers the type of work that
may have been conducted on the
process during the shutdowm period in
order 1o help guide the safe start-up,

Conduct of Operations.

NA

ment tasks in a deliberate and
structured manner. It is also sometimes
calied “operational discipline” or
“formality of operations,” and Il is dosely
tied to an organizaton’
Conduct o' operations lnsllvulionaﬁzm
the pursuit of excellenca in the
performance of every task and
minimizes variations in performance.
Workers at every level are expected to
perform their duties with alertness, due
thought, full knowledge, sound
judgment, and a proper sense of pride
and accountability.

Emergency
Management

Emergency Planning
and Response

Pranning for possible emergencies;
providing rescurces to exscute the plen;

The plan: waing or I

communicating
avent an incident does ocour.

Incident Investigation

Incident Investigation

A process for reporting, tracking, and
investigating incidents and near misses.
Itincludes the formal process for
investigating incidents, including
staffing, performing, documenting, and
tracking investigations of process safety
incidents ma the tronding cﬂhcld.ﬂl
and incident dat:

identify roummg incidents. Tms process
also manages the resoiution and
documentation of recommendations

generatad by the invastigations.

Glaglia GaalS 5 dal |

A b S acpsl
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| R8PS Element

Meaning

I Measurement and
Metrics

m;jltlr}g

and efficiancy indi o
monkor the near-real-time effectiveness
of the PSM program and its constituent
@ements and work activities, It also

L to be
how often fo collect data, and what to do
with the Information

C Audits

Management Review
and Continuous
Improvemant

of whather 0
systams are parforming as intandad. it
complomants other elaments such as
Manapament Review and Metrics, The
elemant providas a system for scheduling,
staffing, affectively perorming, and
documenting pencdic evaluations of &l
PSM program elements, as well as
providng systems for managing the
resolution of findings 2nd corrective
actions generated by the audits

NA

The routine evaluation of whether

0 systems are p ing as
intended and are producing the desired
resulls as efficently as possible. It is the
ongoing ‘due diigence” review by
management that fills the gap between
day-to-day work activises and formal
periodic audits. Management reviews
have many of the characteristics of a
first-party audit

REFERENCES

Center for Chemical Process Safety, Guidelines for Risk Based Process Safety,

American Institute of C

hemical Engineers, New York, 2007 (CCPS, 2007¢)
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Diagrammatic Definition of Start-up Terms

Ready for commissioning Initial Specification Plant
Start-up Product Acceptance
Construction = Commissioning » | < Start-up, | Operation
|
“Tirue L e
Pre-commissioning Mock operation Trouble
—— shooting
Mechanical ~ Construction Design rate
Completion  Completion Performance
Test
Clalin (1S 5 e 258 Atk S jecps]
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CASE STUDY

EXPLOSIVES MANUFACTURING INCIDENT [ RegiSausesor | Eeeunes
(4 Deats, 6 INJURIES) Wiiten gperating | Personnel primarily relied on experience to perform their jobs.
procedures were Procedures and other safety information were ot available in
inadequate or ot the language spoken by most workers. Operators routinely made
SIERRA CHEMICAL COMPANY . ) . .
MUSTANG, NEVADA available to workers. changes in the steps they took in mamufacturing explostves. This

JANUARY 7, 1998

» KEY ISSUES: There were no written nrocedures for Booster Room 2.

4.7.3 Language Barriers

o PROCESS SAFETY
MANAGEMENT

« WORKER TRAINING

o PROCESS HAZARD
ANALYSIS

o LANGUAGE BARRIERS

or during subsequent operation.

5l 28 sl sk S acps]

resulted in the use of inconsistent and hazardous work practices.

Spanish was the only language understood by the majority of the operating staff at the Kean
Canyon plant. The generic OSHA training program used at the facility included a few Spanish-
language videotapes, but Material Safety Data Sheets (MSDSs) for the chemicals used on-site
were not written in Spanish. The production supervisor and three of the production workers
spoke and read both English and Spanish. When safety traming was provided for the workers, 1t
was conducted in English and translated into Spanish by one of the employees who spoke both
languages. This was normally the production supervisor. Tests were written i English, and the
supervisor translated the questions and the workers” answers. The translation process allowed
opportunities for changes in meaning based upon the quality of the translation. There were no
policies or procedures at the facility written in Spanish that could be referenced during training
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Fatigue Risk Management Systems BaCkgfound
for Personnel in the Refining and
Petrochemical Industries
» BP Texas City Incident, March 2005
ANSIAPI RECOMMENDED PRACTICE 755 : IMWWCMHWM
FIRST EDITION, APRIL 2010 . me: lm enem m’gmww has mm'e'maj m
contribute o a lack of attentiveness, and slowness fo dentfy and
respond o process upsefs.
n Recommendation: °.. AP/ and the United Stee! Workers union
Work together o develop fatigue prevention guidelnes that would, af
& minimum, mit hours and days of work and address shit work™
| o u ANSI Committee first met, July, 2008
AMERICAN PETROLEUN IweTITUTE v Stand Ipubllslnd, Apf“, Mo
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Hours of Service (HoS)

Hours of Service (con't)
Extended shifts shall occur only to avoid unplanned open shifts or safety critical tasks

Operational Situation 12-Hour Shift| 10-Hour Shift | 8-Hour Shift Operational Situation 12-Hour | 10-Hour Shift 8-Hour Shift
Maximum Consecutive Shifts (Day or Shift
Night) In a Workset Unscheduled maximum shift | 18 hours 16 hours 16 hours
a) Normal Operations 7 shifts 9 shifts 10 shifts Time off after shift
b) Outages 14 shifts 14 shifts 19 shifts 10- 16 hour shift NIA NIA 8 hours
12 - 16 hour shift WA 8 hours NIA
Minimum time off after a workset 14~ 16 hour shift 8 hours 8 hours NiA
a) Normal Operations 36hours | 36 hours 36 hours >16- 18 hour shift 10 hours NiA NiA
Workset of 4 or more night shifts | 48 hours 48 hours 48 hours Maximum Dally Shift Length 18 hours 16 hours 16 hours
=1 for 14 hour shift ded shift
‘After 84 hours or more regardless | 48 hours 48 hours 48 hours !;;‘T:e": :::J':{h;'lm Extended 1 .m:ﬂ M::,,m,w :"n:n-cu:u:u:‘:lﬂ
of day or night - 3 or more 12 hour -2 1f greater than12
‘shifts, follow 12 hour hours In duration
b) Qutages 36 hours 36 hours 36 hours nomial oparations | 1122, follow 12 hour

quidslines dove

normal operations
above

» Incident/Near Miss Investigation

2 Investigations of incidents should consider role of fatigue

1 Fatigue-related information collected should include:

» time of incident

= shift pattern incl. number of consecutive shifts worked

» number of hours awake

* number of hours sleptin last 24 hours for individuals involved
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Typical use of flexible hoses for N2 (10 bar) purging,

Physical evidence

» Coupling still on the purge, the
flexible teared apart

» The purge valve was open (and » The valve at the other side of the
closed during the emergency flexible (N2 collector) was closed
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One of the principal functions of operators on process
plants is the detection of faults. The detection of faults
by the process operator in the control room has aready
been discussed. Other faults, particularly leaks, are
detected by operators during routine pafrols.

In one study of the detection of nearly 400 abnormal
occurrences, analysis showed that some 40% were

20.6 Plant Patrols

detected by routine patrols and another 5% by people
who were In the plant area.
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A Gas Compressor Is Protected from Dirt, but the Plant
Catches Fire

Just before a plant startup, the operations team wondered if the piping upstream of a flam-
mable gas compressor may not have been cleaned sufficiently to prevent dirt from entering
the precision machinery. Concerned employees had a temporary filter installed in the suc-
tion line. The operations team was correct; there was a sufficient amount of foreign mate-
rial in the upstream piping to plug up the filter. [8]

Unfortunately the temporary filter was placed berween the compressor and a low suc-
tion pressure trip. The compressor suction pressure was reduced to a vacuum and air
intruded into the system. The air reacted within the system. A decomposition occurred fur-
ther downstream and a major fire caused many months delay in the startup of this unir.
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In the conduct of business,

SAFETY IS NOT OPTIONAL.

It is the core of a real business.

In the conduct of civilization,
SAFETY IS NOT OPTIONAL.
It is a necessary human value.
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