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Process Safety Incidents  

• There have been many significant incidents 
in process industries  . . . 

Toulouse

Longford

Texas City 



� 10t of  flashing hydrocarbon released 

� Blast killed two, injured 8, one immobilised

� Crater 1.5m dia by 1m deep

Longford 1998



Toulouse 2001

30 killed, 4000 injured, 3500 

houses seriously damaged



Texas City 2005

Fifteen people killed, 
180 injured, financial 
losses exceeding $2bn. 



And our industry as well . . . 



Lorena 2004

Austria ‘08

Zambia ‘05



Process Safety Failures
• There are many similar system failures noticed 

after major incidents -

Longford Inadequate risk assessments, using 
wrong metrics, confusing alarms, operator lack of 
understanding  . . .

Texas City Process safety inadequate, wrong 

metrics, deficiencies systemic (not isolated)  . .

AND

Inappropriate focus on lagging indicators eg LTI rates
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How can a site/business manage occupational safety 
well but drop the ball on operational safety?



What Happened at Longford?

• And what relevance did Longford have 

to the Periodic Hazard Study process 

developed in Orica?



Connections to Longford



Std carbon steel channel rated to -29 C nominal, brittle at -48 C 

but still took static stress.   Hot oil entering shell resulted in 

thermal stress causing crack to propagate from welding flaw.

Why Did GP 905 Fail?  

ongford?

Flaw



Royal Commission

A Royal Commission was set up to investigate the incident

Found that the accident was caused by:

� failure to isolate cold flow when the pumps could not 
be restarted

because...
� the dangers  were not recognised

because...
� they were not trained in these hazards, and
� no relevant procedures existed 



Contributing Factors

� The Royal Commission found the following 

contributing factors:

Failure to carry out a HAZOP of GP1

Inappropriate supervision of  operating practices

Inappropriate design of absorber temperature 

overrides 

Ineffective isolations



Introduction of MHF Legislation

• Post Longford, the state of Victoria introduced  MHF 
(Major Hazard Facilities) Regulations 

• MHF not unlike PSM, Seveso II (COMAH in UK)

• Intended to regulate safety at plants that contain 
major chemical hazards. 

• Posed "non-prescriptive" regime on sites, operators, 
requiring them to demonstrate control of major 
chemical hazards via the use of a Safety 
Management System and a Safety Case.

• Part of Safety Case was 5 year review of hazard 
studies



The Periodic Hazard Study  

Process in Orica

• Orica follows a defined SHE Management Process, 
with Policy, Standards and Procedures supported up 
by a structured audit process. 

• Identified improvement actions make up the annual 
Letter of Assurance, which is reviewed by the Board 
and changes to policy made as required. 

• The key requirements of the periodic hazard study 
procedure are stated in one of Orica’s 117 Model 
Procedures. PHS is considered a core procedure.

• The PHS procedure applies to all Orica sites
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Core Critical Procedures in 

Orica
• Permits to Work

• Change Notices

• Emergency Planning

• Vehicles on Site- including Forklifts

• Job Safety & Environment Risk Analysis (JSERA)

• Hazard Studies for New Projects

• Periodic Hazard Studies for Existing Plants 

• Incident Management



What are Periodic Hazard 

Studies?

• Orica and predecessor  ICI have long history with 
hazard studies

• Follow a 6 stage process that evolved in the late 
1960’s.

• A systematic questioning of design basis to discover 
if deviations from design can give rise to hazardous 
excursions

• Process now well entrenched for new projects, 
supported by cadre of trained hazard study leaders 



What are Periodic Hazard 

Studies?

• The periodic hazard study process is similar but  
different

• It’s the application of a structured hazard 
identification and risk assessment technique for 
existing plants and processes. 

• Outcomes are

- an understanding of the areas of deficiency
related to the plant's risk related systems,

- the generation of associated projects to close
such gaps and,

- a set of key risk related scenarios and their
associated critical controls.



Periodic 
Hazard Study 

Carried out at fixed intervals to ensure that 

existing plant and equipment are properly 

assessed and understood.Complex process 

covering existing high risk elements.

Take 5
Personal risk assessment. 

Done before starting a known 
task and is aimed at checking 

the current personal risk.

Hazard Study

Generally related to new Plant and 

Equipment.  Carried out in several 

stages as Plant progresses from 

design to commissioning.Complex 

process covering planned high risk 

elements.

Job Safety & 

Environment Risk 

Analysis (JSERA)

Aimed at new tasks and procedures. 

Relatively straightforward ie. single task, 

with local or immediate risk.
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What are PHS’s?

• Risk profile of the site, captured within the key  
scenarios, is progressively monitored until an acceptable 
level of risk reduction is achieved.  

• Intended to review the cumulative effects of facility
mods, changes to legislation, statutory requirements and
organisation, and the learnings from incidents.

• For established facilities which have not previously
undergone a structured hazard study process, more
extensive Periodic Hazard Studies need to be
undertaken.

• This is particularly relevant to new acquisitions, ones that
have not normally been through the full

Orica 6 stage hazard study process.



What are PHS’s?

• They are required to be conducted within a 5 year cycle on 
potentially hazardous manufacturing, warehouse or 
storage facilities.

• They may recommend additional specific Hazard Studies
or other actions to ensure that the facility can continue to
meet SH&E requirements.

• And finally  . . output from Periodic Hazard Studies will 
generate a register of major hazards which can be used to 
assist with the Safety Report/Case for a Major Hazard 
Facility.



Implementation of PHS
• The implementation followed a series of steps :

1. Sites requiring a Safety Case in Australia were 
identified and initiated the PHS progress

2. Other sites that met the criteria globally (ie 
potentially hazardous facilities including plants, 
warehouses and storage facilities) were priortised and 

put on the program.

• Priortisation based on several criteria eg

Inventory size, siting and layout

Complexity of site operations

Need for a customized Basis of Safety

Level of site personnel expertise and experience

Strengthening requirement of hazard studies





PHS Implementation 

• In parallel the electronic SH&E Risk Register was 
developed as an enabler

• Established as a hazard focused register of process 
technology related risks

• Serves as a risk assessment tool for generating the 
risk profiles required

• Aso functions as a Study Authorisation and Action
Management System to ensure that the outcomes
are properly tracked and managed.



Hazard Studies



Implementation of PHS

• PHS’s are carried out every five years on hazardous
facilities including plants, warehouses & storage facilities.

• They are led by an Orica-accredited Hazard Study Leader.

• PHS’s are performed by a team of suitably qualified and
experienced people

• The facility manager/delegate updates the facility's hazard
scenario database. This is known as the SH&E Risk
Register within Orica Mining Services and is fully
transparent within the organisation. It is a Lotus Notes
application.

• Actions from PHS reviews are prioritised by the facility
manager, included in the site SH&E Improvement Plan and

for MHF sites in the Orica SHERMIS dB.



Periodic Hazard Studies



PLANT LIFE 

CYCLE

Periodic Hazard Studies

Risk Assessments

Job Safety Risk Analysis

Job Cycle Checks

SHUTDOWN & 

DEMOLITION

   ON-LINE

OPERATION

    PROJECT
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 & STARTUP

     PLANT
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• PHS1
– A Gap Analysis of 

hazard related 
systems

• PHS2
– A scenario based risk 

assessment (HIRAC)

• PHS3
– A HAZOP of existing 

operations

– “Focused” on area of 
concern

3 Stages of PHS

Periodic

Hazard Study 2

Periodic

HAZOP (PHS3)

Periodic

Hazard Study 1

SHE Plan



Periodic Hazard Study 1

• PHS 1 consists of a series of steps.

Set the team  

Collect information  

Populate the Risk Register

Complete the Gap Analysis

Agree the Key Gaps

Prepare/review the draft PHS1 report 

Develop/agree actions arising. 

Develop a further PHS strategy & 
Resource Plan, including potential costs.



Selecting the Team



Collecting Information



Agreeing Gaps



Periodic Hazard Study 2
• PHS 2 follows a different process

• Team much the same

• Need strength on the team around developing 
“what if?” questions

• First step is to develop a platform

of scenarios

• Can use Guide Words

• Can also use previous HAZANs, QRAs, SRAs,
instrumented system hazard studies, HAZOP’s,
incident investigations and incident reports.



List of Scenarios

No Activity Details
No. of 

Persons Exposed

HAZID Outline– 

What can happen and how?

Potential

Consequence

Indicative

Likelihood

What can happen and how?

1.0 External Fire or Explosion

1.1 grass fire transformer arc, lightning, smoking, sparks 

from passing railcar, vehicle incidents 

creates grass fire and impacts on 

magazine, production area, mainenace 

area fuel and oxidiser storage mobile site 

transport of anfo.

1.2 truck based fire e.g. tire flaming truck ladened with explosives on 

enters site leading to detonation.

1.3 burning ground leads to grass fire; spontaneous 

combustion leading to un supervised burn; 

detonation during what should have been a 

trash burn leads to fatality; embers from 

previous burns detonates explosive 

contaminated trash leads to fatality.

HAZARD IDENTIFICATION SUMMARY SHEET

Hazard Category Guide Words Apply to Each Hazardous Activity



• corrosion/erosion

• fatigue, thermal 
cycling,vibration incorrect 
maintenance procedure*

• operated outside design

• puncture, mechanical failure*

• maloperation of openings*

• burst containment, missiles

• friction, static, sparks

• impact

• flares, furnaces, welding

• heat, hot spots

• autoignition

• lightning

• contamination

EXTERNAL FIRE / EXPLOSION

(flammables, combustibles, wastes, pyrophorics,

dusts, unstable compounds)

Ignition / InitiationRelease Mechanism (LOC)

* vents, stacks, drains, reliefs, maintenance,construction material, gasket, pump 

seals, weld failure, sampling points, purging, blowdown,spillages, operator error

O/L S/U

S/D L/D



Scenarios Reviewed in Depth

• Initial steps are to 

-Develop the causal contributors 

-Develop the potential consequences. (Potential
consequences can be SHE related, property
damage, business losses, external impacts or
regulatory action. ).

-Develop the control measures, both preventative
and mitigating

- Placed in a HIRAC



HIRAC



• Process HIRAC
– Typical process HAZID & risk 

assessment with Controls

• Equipment HIRAC
– Equipment based human 

interaction risk assessment

• PHS2
– A comprehensive Regulatory  

risk assessment (e.g. MHF)

• JRA (JSA/JSERA)
– Activity & sequence based 

risk assessments

• ERA
– Environment pathways & 

impacts (potentially offsitel)

Types of HIRAC’s 

Process HIRAC

Equipment HIRAC

PHS2 (MHF)

Job Risk Analysis

Environment Risk



Note: Risk Assessments for each site are available in the specific Risk Registers

a typical Site can be 

divided into plant areas.



Risk Level Significance

• Next step in the scenario-driven process is to determine 

the significance of the risk level, given the controls in 

place.

• Each scenario has a number of potential outcomes 

which are related to the impact, and how close the 

person or persons are to the event. 

• Both Consequence and Likelihood need to be 

considered in order to assess the actual Risk from the 

impact.



Risk Level Significance

• "Likelihood" is estimated from multiplying the 

initiating frequency by the probability of the 

consequences being realised,

Initiation

Frequency

P.A.
X

Probability of

Consequence

being Realised

Likelihood

P.A. =

And : Probability of Consequence being 

realised = {Failure of Prevention and 

Mitigation Probability} X {Occupancy}



Risk Assessment 

using MP-SG-030

Assessing Risk



RISK ASSESSMENT MATRIX
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I
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Establishing Critical Controls

• An important outcome of the HIRAC process &
the key to effective process safety is the
determination of critical controls.

• The "bottom line” is how well we nurture and test
these controls to ensure they will be effective if
they are ever called upon.

• If they are not in place, their criticality
understood, their effectiveness ensured, their
failures reported and acted upon, we can never
say with assurance that the system of
‘practicable preventability’ is well embedded in
our process safety management program.







Periodic Hazard Study 3
• PHS 3 is essentially a HAZOP Study that 

has been determined as being required by 
the PHS 1 and PHS 2 processes.  

• A very focused HAZOP Study.  

• Done on areas that have been identified 
by PHS2 as requiring immediate attention.

• Guide Words and knowledge based 
Checklists can be used 





Capture the Actions and Manage Them



How Are We Doing?

• It’s a journey  . . .

• If you think Safety is expensive  . . .

• Some good results from the AN side . . 

“What we’ve learnt is that process safety risk 
management is never done, it’s an ongoing 
commitment from all people on site and has 
become a part of what we do every day.”



Site Comments  . . .

• “A big step forward made in the past 18 months 
has been integrating risk assessments into our 
day-to-day activities eg 
- When a modification to the start-up procedure was 
proposed, the relevant scenario was reviewed and 
updated to ensure that the risk remained acceptable.

- When the control room is moved, we will use data from 
the scenarios to ensure the location and design of the 
building provides the best protection.

- We have changed the trip testing on some AN pumps to 
better protect them.

- The need to install a de-superheater on steam to the AN 
Plant has been confirmed.”



Further Site Comments  . . .

• “During an incident investigation to a compressor 

failure, a risk assessment was developed to see 

what controls were required to prevent this type 

of incident resulting in serious consequences, 

such as multiple medical treatment cases.

• This year’s team training will focus specifically on 

operating procedures that are critical controls.

• An audit program has been introduced to ensure 

critical controls are in place and effective.



The Journey  . . . 

• “We have a long way to go yet though – in fact 
we will never be “finished”. 

• The risk assessments are an evergreen tool. 

• As we learn more about our plant through 
technology, research, and our own and others’ 
incidents, we constantly refine our scenarios and 
critical controls. 

• Everyone on site realizes the benefit of 
minimizing the risk of disastrous high 
consequence events.”



Notable Quotes . . .

• Kletz – if you think safety  . . .

• Buchan  . . .


