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Health, Safety, and Environmental Policy
Ministry of Petroleum
Islamic Republic of Iran

The ministry of petroleum is committed to develop, implement, and maintain a
generative HSE management system as a core value in which all potential hazards
arc identified, assessed, eliminated or controlled. This will ensure the establishment
of a safe environment that protects the health and safety of its employees,
contractors, visitors, clients, and neighbors. In order to achicve this goal, the
accountability of all petroleum industry directors, supervisors, and staff is essential.

Our Goal:

No accidents, no harm to employees and the public, and no damage to the
environment

Qur Approach:
Moving towards sustainable development, increased productivity, and
human resources advancement by exceeding current standards

Our Commitments:

- Prioritizing health, safety, and environmental issues in the petroleum industry;

- Promoting a transparent and constructive communication system between
directors, staff and the society in general;

- Allocating required financial, human and organizational resources;

- Compliance with national and international rules and regulations;

- Optimizing use of energy and resources;

- Continuous evaluation and improvement of strategies, methods, and programs
in order to maintain a generative HSE management system;

- Transparent report writing;

- Continuous provision of essential training;

- ldentifying, assessing, eliminating and/or effective control of potential hazards
under normal, changing and critical conditions;

- Supporting research, consulting services, and ensuring that employees are
competent to fulfill their specified tasks;

- Regularly review performances, recognize excellence and pay tribute to those
who have effective role in the development and improvement of generative
HSE management system.

You and I are jointly and equally responsible for safeguarding human lives, the
environment and national resources. Therefore, I expect all colleagues to assist the
petroleum industry to reach its goals.

Minister of Petroleum
4.2.2005

Arthur P Little

A New Approach ...

Qutstanding performance and continuous improvement in all Health, Safety, and
Environmental programs will only be achieved by solid implementation of HSE
management system (HSE-MS). Promoting systematic prevention methods to eliminate
or reduce hazards in the workplace require understanding of a culture in which the
elements of the management system can flourish.

HSE management system in the Petroleum Ministry by collaborating with its subsidiary
companies and effective implementation of programs based on health, safety, and
environmental strategy of the Petroleum Ministry of the Islamic Republic of Iran for
moving towards sustainable development, is committed to develop, implement, and

maintain a generative HSE management system in all petroleum related industries in Iran.

TISE Department, Ministry of Petroleum

367 Taleghani Avenue

Tehran, Iran 1581745113

Tel: (+98-21) 883-9132, 884-7519, 615-2539, 615-3589, 615-4098
Fax: (+98-21) 883-9132, 884-7519

Website: www.mophse.com
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Contents

- HAZOP Approach

2. HAZOP Team Member

3. HAZOP Recorder

4. HAZOP Leader

d. Manager Commissioning a HAZOP Study
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HAZOP Approach — Introduction | I I I n

Purpose and Scope of this Training

B This guidance has been prepared to help you play a full part in a HAZOP study as a
Team Member, HAZOP Recorder or Leader. It also explains what deliverables you
can expect as a Manager commissioning a HAZOP study

B The course explains step by step how the technique works and gives guidance on
each role to achieve the best outcome working collaboratively

M Preparation is vital and suggestions are made to get you off to the best start

Main Phases of How to conduct Exercises in Play a full
the HAZOP a HAZOP the HAZOP partin a
Process Technique HAZOP study
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HAZOP Approach - What is a HAZOP?

A HAZOP is a group technique for identifying hazards and operability

problems. It can be applied to operating process plants and to plants in
various stages of design

Basic Principles

To obtain a full description of the process,
including the intended design conditions

To systematically examine every part of
the process, to discover how deviations
from the intention of the design can occur

To decide whether these deviations can
give rise to hazards and/or operability
problems

Arthur P Little
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HAZOP Approach - How Risk Identification Fits Overall Safety Management

Hazard identification is the first step in a systematic process which ai
improve the management of risk

ms to

— >

—>
Yes

No

L

Failure to thoroughly identify sources of risk is a widespread general concern
Management

in Risk
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HAZOP Approach - Ways to Identify Risk ”II n

Several of these identification methods are incorporated into Process
Hazards Assessment

B Use of a checklist
Probably the simplest method using a tabulated series of questions or
issues Exxon’s “Knowledge based HAZOP”

B A “What-if” study
Carried out using a brainstorming technique typically starting from hazards

known to the group leading on to other potential scenarios
Cited in OSHA 1910.119

m A Failure Mode and Effect Analysis (FMEA)
A component by component assessment of the ways of failure of each
item of equipment in a system and the effects on system operate that result

H A HAZOP study
A group review using structured questioning to focus on deviations from
design intent which may create hazard or operability problems

llrl'lur D I.i'l.'ue NPC/20365/127_Handbook_HAZOP.ppt 6
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HAZOP Approach - What Happens in a HAZOP? ”II n

In a HAZOP, the way the study team operates and the manner in which the
scope of work is defined are defining characteristics of the technique

B The HAZOP team
Comprises a leader who asks questions of the team, a recorder who
records the discussion and team members who represent of each of the key
disciplines involved in the facility such as:

— Process design
— Operations
— Safety and maintenance

B The plant to be studied
Is defined at the beginning of the HAZOP typically using a Piping and
Instrumentation Diagram to clarify the battery limits and interfaces.

B The team operates

A question and answer approach using guidewords to search for
deviations from design intent or failure modes of the plant

llrl']ur D I.i'l.'ue NPC/20365/127_Handbook_HAZOP.ppt 7
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HAZOP approach - What happens in a HAZOP? ”II n

The team for a HAZOP is selected from the available staff who will need to
be free of other duties for the period of the study

B The HAZOP team members represent the main disciplines concerned with the
design and normal operation of the system such as a process plant

M Specialists may be co-opted from time to time to strengthen the technical knowledge
of the team, for example particular aspects of equipment operation, maintenance or
utilities supply

B The team leader and recorder typically are independent of the plant but need to be
experienced in the HAZOP technique

B Team size is typically 5-8. Greater numbers reduce the pace and inhibit discussion
but with too few members, the team may lack perspective

Al‘ulll' D I.itue NPC/20365/127_Handbook HAZOP.ppt 8
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HAZOP Approach - What Happens in a HAZOP? ”II n

The method of working in a HAZOP is characterised by stepwise question
and answer between leader and team

B The team works through the system design in a diagrammatic form such as plant
P&IDs. Each section is examined critically to understand the design intent of the
facilities between nodes selected by the leader

B A series of questions is posed by the team leader and the team members respond
through joint discussion

— The leader’s questions are based on a systematic use of guidewords

— The aim of the questions is to find out how the facility could fail to operate as
intended by the designer

— For each deviation the team discusses if a hazard might arise

— The recorder notes the main points of discussion around each guideword and any
recommendations for change

llrl']ur D I.i'l.'ue NPC/20365/127_Handbook_HAZOP.ppt 9
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HAZOP Approach - Flow Diagram ”II n

HAZOP study does not just involve the team meetings themselves.
Preparation and completion activities are an essential part of the study

Phase 1 Phase 2 Phase 3
Manager Team member HAZOP recorder
HAZOP Leader HAZOP recorder HAZOP Leader
HAZOP leader Manager
A

Preparation for
the HAZOP

Arthur D Little NPC/20365/127_Handbook HAZOP.ppt 10
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Summary of Main Terms ”II n

The following Terms are used:

® HAZOP
Hazard and Operability Study of a complex system by a specialist team

B Hazard
An unwanted event in the system with the potential to cause injury or loss

B Risk
The combination of size of loss and likelihood of that loss if a hazard occurs

B Parameter
A physical property of a component of the system at risk

B Guideword
The word or phrase expressing a deviation of a parameter from design intent

B Leader
The HAZOP member who leads the discussion using parameter-guidewords

B Recorder
The HAZOP member who keeps a record of the discussions

Arthur D Little NPC/20365/127_Handbook HAZOP.ppt 11
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Contents ” II .

1. ‘ HAZOP Approach ‘
n HAZOP Team Member
3. HAZOP Recorder

4. HAZOP Leader

d. Manager Commissioning a HAZOP Study
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HAZOP Team Member - Before the HAZOP ”II n

Before the meetings start, as a team member you can expect to receive
some information about the study

Advantages

Activity

Memo

T SuiyPha

—Plant Visit:

y 8

B About a week before the meeting you receive a memorandum describing

— The date, time and place for the HAZOP
— HAZOP study process

— Study Plan

— Meeting Rules

The HAZOP team meets to visit the plant

For those who do not know the facility this allows a basic description of the process to
be provided and gives members a ‘mental model’ of the plant

Visit the control room as well as tour outside facilities

Plan of Nodes

The plan shows the sections of the plant

The way each section is broken into nodes for HAZOP study
Which day each node is expected to be examined

Details of the P&l Drawing related to the node

Arthur P Little
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HAZOP Team Member — Guidewords | I I I E

The leader will explain the guideword-parameter combinations he proposes
to use at the start of the meeting

B The table can be applied to the plant in any configuration for example,
commissioning, start-up, shut down, emergency shutdown or regeneration as well
as the normal process flow

B Other parameters such as viscosity can also be used

Arthur D Little NPC/20365/127_Handbook HAZOP.ppt 15
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HAZOP Team Member - How Guidewords Lead to Questions ”II E

The guideword-parameter combinations are applied to a section of plant
(called a node) selected by the HAZOP leader at the start of the study

B Deviations may have several causes each of which needs to be discussed

B Whether or not the team considers there is a hazard depends on the specifics of
the situation

AI‘H\II‘ D I.it“e NPC/20365/127_Handbook HAZOP.ppt 16



Cogoge otio o A,...,,iQwumlfslw}iz—”AZOPw'r“”II.

s

e s sl 3 3 45 (o 0 ) 0513 o515 ik 5 S5 0 a5 el oy s 5
D g o0 63 39 )G Gl ouly ol HAZO

Sl 5 s 550 a3l |y Sy o a5 wl anals goaste e Wi il M

B (K 992 g0 Curdg Sloogas 430 3925 5l 0 bl LT aes Lamsiies ass) M

Arthur D Little NPC/20365/127_Handbook_HAZOP.ppt 16



HAZOP Team Member - Guidewords for Special Situations ”II n

In addition to the parameter- guideword combinations, the HAZOP team can
also use special guidewords to consider specific failures

B Loss of containment
— Piping failures from corrosion induced leaks or mechanical impact
— Failures of flanges and fittings
— Leaks from valve stems or pump seals
— Heat exchanger tube rupture or shell failure
— Pressure vessel failure
— Releases from small bore fittings, instrument bridles, drains and vents
— Materials of construction, corrosion, embrittlement

B Ultilities failures
— Instrument Air or Nitrogen
— Power
— Cooling water or Steam failure
— Fuel Gas or Fuel Oil failures

B Environment impact
— Lightning, Wind or Flood
— Earthquake
— Noise

Arthur D Little NPC/20365/127_Handbook HAZOP.ppt 17
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HAZOP Team Member - Guidewords for Special Situations ”II n

Special guidewords can also be applied for activities or facilities which are
essential to the safe operation of the plant

These guidewords are not deviations from intent but act as reminders to consider plant hazards
under these conditions
B Testing
— Equipment such as alarms, trips PRV settings
— Product or intermediate sampling and analysis

B Maintenance
— Access and means of isolation
— Draining, Purging and drying
— Cooling or warming of equipment
— Availability of spares/replacement items
— Special activities (for example Hot Tapping)

B Electrical
— Area classification
— Isolation and earthing

B Instrumentation
— Suitability/reliability/sufficiency of sensors and transmitters
— Location, failure modes and effect on any voting logic
— Alarms, hierarchy and ability of operator to respond
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HAZOP Team Member - Guidewords for Special Situations ”II ﬂ

Most process plant operations will involve exposure of operators to toxic or
other hazards

These guidewords are also reminders used at the appropriate point in the HAZOP
when considering sections of plant where exposure may occur. Typical deviation is “no”
personnel protection

B Personnel protection

— Basic equipment, boots, hard hats, gloves goggles

— Escape masks, breathing apparatus (Toxics or confined entry)

— Permit to work and requirements (escape routes, ladders, ropes etc)

— Protective instruments (oxygen analysers, flammable/toxic gas detectors)
B Plant protection

— Fire and smoke detection

— Flammable or toxic gas detection

— Firewater systems, monitors, deluges and sprays

— Passive fire protection

— Chemicals storage and handling

— Fences and measures against intruders, saboteurs

— Housekeeping
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The HAZOP Recorder - What the Recorder Does ”II n

The recorder needs to be a professional and is an important participant in
the proceedings

B The recorder must maintain concentration to unravel the essential points made in
discussion by each participant

B Respond attentively to the leader when he sums up discussion and proposes
recommendations

B Provide the administrative support for the team including follow-up questions and
clarifications

B Exercise discretion to prompt the leader where a possible oversight is spotted and to
participate in the discussions without undermining the leader’s efforts to pace the
work of the group

B Avoid interrupting the leader’s flow to seek minor clarifications of the record (raise
these later when the day’s work is to be reviewed)

Arthur D Little NPC/20365/127_Handbook HAZOP.ppt 21



Sy s 255 -NFDV HAZOP ||| [ I

DG O gmo e (RS S ygol b 3 30 g oogr 1Ay 038 SO (Sl (@l S Jodumo

5 oateie | L3l SG e by oud ke Sl (559,0 SIS B wled L 1) 095 35 505 b Gl S Jge W

led pey @y Sslane (lizan 1) 093 azxgi daolpring @il 5 el ot oz (> by W

S u—“’l-’ S Sbgy Sl )0 9 (6 X S p ik bawgi 1) o sl s5lo) Slaay Wb gy B

21y ey sl i aSo) e g osile 490 Ll 5l cdlas plaS WS lis,bls e 4 b ows 7,5 4 S5 cds ol
IVPENUA SORGILES FUNSPRVL S 31153 L SCSOU. )

(a5 zykae il 18

Arthur D Little NPC/20365/127_Handbook HAZOP.ppt 21




The HAZOP Recorder - What the Recorder Does

The discussion is recorded in a tabular fashion

Drawing number XXXXXX Revision xx
(Name of Section under review)

Title - Pipeline HAZOP illustration

110

Main
Transmission
Line

Line 18”
XX-10-xxx

Reverse Flow

110. 1.Upstream
pipe rupture

110.2. Shut down at
inlet metering
station

110.3. Compressor
failure

110.1 Potential for
ignition and fire with
radiation to adjacent
population. Depends
on size ofleak,
location, chance of
ignition and public
exposure

110.2......

110.3.......

110.1
Routing
studies,
Regular
patrol,
Emergency
response
team

R110.1
Recommend
installation of
non return valve
at station outlet
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The HAZOP Recorder - What the Recorder Does ”II n

A line of enquiry usually results in one of four types of conclusion

B A note (denoted N) simply recording how the system already operates or setting out
protective measures which are considered adequate

B A recommendation (denoted R) where the HAZOP team agree to suggest an
improvement aimed at improving safety or plant performance

B A question (denoted Q) where the team have insufficient information to respond
and require additional data from outside the meeting

B An answer (denoted A) which records the answer to a question in the record.
Where the answer is considered to imply a hazard, a further recommendation may
follow

B The record is numbered sequentially to aid subsequent action plans (e.g. N1, R2,
Q3, A4, etc)
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The HAZOP Recorder - What the Recorder Does

As well as the tabular section the recorder needs to complete the template
sections which explain the design intent of the node under review

B General description of section and individual node

Company JGC Corporation

Facility Sohar Refinery Project - 2800 Huels Selective Hydrogenation Process Unit

HAZOP Date 06 - 09 Oct 2003 Team members: see attached list
Team Leader/Assistant Mr. Stevens/Ms. Tan

Section ID Reaction Section

General Section

Feedstock comprising 4% C3 in C4 (n butane, iButane, butene and 0.17% butadiene is fed to a two stage reactor under hydrogen. The process conditions are

Description: very mild, temperature 80-100C . Butadiene is converted to butene and But-1-ene is isomerised to but-2-ene mainly in the second reactor. The catalyst is
nickel based. There is no presulphiding only a low temperature hydrogen strip below 100C. The reactors operate on 50% recycle
Drawing Number/Sheet Number|D-280-1225-102 Rev.1 29 AUG '03
/Rev.Number/Date|D-280-1225-103 Rev.1 29 AUG '03
D-280-1225-105 Rev.1 29 AUG '03
Design intent|Holds feed and provided water boot for any entrained material
BL Pressure = 17.3 barg
Water Wash Column Design Pressure = 29 barg
BFW supply pressure = 21 barg
Node Equipment|{Surge Drum V 2802
Feed Pump P2802 A/B
23 Node 2 Water General P-2802A/B seal ruptures Leak of HC to surroundings with potential |Hand switch HV-008 provided in the |280Q23.1 Clarify why the hand switch
Wash for ignition field HV-008 at is located in field and not in
Column (C- the control room.
2801) 280A23.1 ITT specify that all trips are
overhead activated by HS in field
line to FV-
010 280R23.1 Evaluate if better reliability is
obtained if HS-008 is provided in CR as
well as in field
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1. HAZOP Approach
2. HAZOP Team Member
3. HAZOP Recorder
o
d. ‘ Manager Commissioning a HAZOP Study ‘
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The HAZOP Leader - What the Leader Does

The Team Leader’s primary role is to facilitate the team discussion

B Keep the team focused:
— Concentrate on identifying hazards, not re-designing the plant
— Where the data is insufficient, record questions and move on

B Respond to team personalities:
— Be tolerant and maintain a positive atmosphere
— Restrain the extroverts
— Draw out the quiet thinkers

B Use own knowledge to:
— Encourage thoroughness
— Obtain consensus
— Phrase recommendations
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The HAZOP Leader - What the Leader Does ” II n

The HAZOP leader needs to define with the manager commissioning the
study the extent of the facilities to be studied before the HAZOP starts

B Technical drawings of the facility such as Piping and Instrumentation Diagrams
(P&ID) are typically used to define the plant within battery limits

B Supplementary materials are useful to clarify team discussions:
— Process flow sheets

— Equipment specifications and vendor detail drawings

— Piping class and relief valve specifications

— Plot layout and classification

— Operating manuals and emergency shut down procedures

B Working from incomplete or out-of-date documentation is a serious pitfall

B For a HAZOP on an existing facility “as built” P&ID are essential; if the plant is
under design a consistent set of the latest revisions is required
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The HAZOP Leader - What the Leader Does ” II n

The HAZOP Leader must supervise study preparation

- —
1.1
1.2

1.8 1.7 1.6 Manuals 1.5
Equipment Data sheets

PSV sizing sheets
Line specifications
# Plot Plan
Electrical Division Diagram
Shut Down Logic
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The HAZOP Leader - What the Leader Does ” II n

The HAZOP meeting develops a rhythm after the first day which often
includes some introductory discussion to orient the team

First Day

Typical Day

Special Topic Day
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The HAZOP Leader - What the Leader Does ” II n

Steps in a normal HAZOP day
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The HAZOP Leader - What the Leader Does ” II n

Details for study of a single plant section

If No select next guideword (2.5.1)

If No select next parameter (2.5.2)

Yes next plant section /
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The HAZOP Leader - What the Leader Does ” II n

The HAZOP is completed with some activities outside the HAZOP sessions

3.2 3.3 3.4 3.5
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The HAZOP Leader - How to Propose Recommendations ”II n

The recommendations made by the HAZOP team may improve safety by
reducing either the likelihood or consequence of the hazard

M There are a number of lines of approach:
— More resistant equipment or safer materials
— Standby equipment or instrumentation
— More frequent testing of equipment, instrumentation and protective systems
— Revised operating procedures or improved operator training

M At the end of the study, it is desirable for the team to rank its recommendations as
an guide for implementation

B Each recommendation needs to initiate action. Generally this is outside the remit of
the HAZOP team ( who may lack either budgets or authority to initiate mitigation
work). Nevertheless the organisation sponsoring the HAZOP should:

— Institute an action program for each recommendation
— Issue a close-out report to show how each issue has been resolved
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Contents ” II .

1. HAZOP Approach

2. HAZOP Team Member
3. HAZOP Recorder

4. HAZOP Leader

Manager Commissioning a HAZOP Study
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Manager - Benefits From Commissioning a HAZOP ”II E

The HAZOP approach is a very well established and respected technique
which has been successfully applied to many different types of system

B The method was developed in the Chemical Industry for examination of process
plant design and operation but has been widely applied elsewhere

B The method works with any diagrammatic representation of a system. In the original
application these were Piping & Instrumentation Diagrams but the method is equally
effective with information flow diagrams for software, one line diagrams for power
distribution or task diagrams for operating manuals

B Because the method is structured when properly conducted it provides
assurance of a comprehensive hazard identification

B The method uses a team which shares its professional experience. It is less
vulnerable to oversight than other methods where individuals work alone

M It readily forms part of an overall Risk Management approach incorporating hazard
identification, risk assessment and loss control
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Manager - The Difficulties with HAZOP ”II ﬂ

Despite its strengths there are a number of characteristics which can
become a problem in certain circumstances

B HAZOP is expensive. It takes time and requires the undisturbed concentration
of key personnel involved in plant operation. These people are often in
demand for other tasks

B The HAZOP approach requires completeness of system description. This means the
diagrams and other documentation must be fully available to the team and up to
date. If they are not the process is greatly devalued

m HAZORP is effective only where the participants are experienced and work openly
and in harmony. It is unsatisfactory if the team includes:

— Trainees with little idea of the plant or its basis of operation
— Contracts people or lawyers using the process in relation to a dispute
— An inexperienced leader unable to guide the group effectively

B HAZOP is not a substitute for design review. It works to examine a given design but
often goes astray when the team tries to redesign the plant
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Manager - The Difficulties with HAZOP ”II ﬂ

HAZOP is not an approach which you can ‘outsource’ entirely .The quality
of the internal resources you devote is a critical factor for success

B Some managers imagine they can ‘get a consultant in’ to do a HAZOP. This is not
the case

M The leader and recorder may be from an outside firm (if, for example, you lack
sufficient in-house experience of HAZOP) but the main resource must come from
your own staff with first hand experience of the system under review

m HAZOP requires your experts to participate. The leader may bring experience but it
is not his job to provide all the answers and recommendations. A team comprising
trainees is unlikely to conduct a thorough or worthwhile HAZOP

B HAZOP requires open flow of information. If there are issues of confidentiality these
should be settled by appropriate agreement before the team meeting

B HAZOP requires an honest admission of the potential for loss. In some legal
environments, counsel may advise, for example, that the possibility of fatal injury
should not be admitted. HAZOP cannot proceed on this basis
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Manager - The Difficulties with HAZOP ”II E

The fact of completing a HAZOP in itself does little to improve safety or
performance

B Some managers imagine they can ‘tick the box - HAZOP completed’ and in this
way satisfy code or regulatory requirements. This is not the case

B Essential to the HAZOP is the follow-up. Each of the recommendations made by the
team requires action. This means:

— The action must be allocated to someone or some group with the resources to
take it forward. For example, few HAZOP recommendations are likely to be
implemented solely within the existing budget of the operations manager

— A reqister of risks and control actions is useful as a way of monitoring progress.
This register starts with the HAZOP recommendations and shows who has been
allocated the action, when it is due, and records for audit any added risk controls
which have been implemented
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Manager - The Difficulties with HAZOP ”II ﬂ

The best results are not always achieved by HAZOP. Other approaches to
hazard identification may be just as effective in given circumstances

M Design Review is the process of P&ID review and consideration of alternative
designs is an important but separate activity

B The simplest method of hazard identification uses a checklist of hazards typically in
the form of a tabulated series of questions or issues. This approach can work for
simple or familiar situations if the checklist is comprehensive

B Workshop approaches to hazard identification typically use a brainstorming
technique starting from hazards known to participants. This works well if there is
good facilitation, it is shorter than a HAZOP but is less systematic

B A Failure Mode and Effect Analysis (FMEA) provides an item by item listing of the
ways in which each item in a system can fail, the likelihood and the effect if it does
fail. The approach works well for electro-mechanical systems

The manager contemplating commissioning a HAZOP should consider if one of these
alternatives is more appropriate to the issue at hand
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Manager - When are HAZOP Studies Best Carried Out? ”II n

HAZOP is a technique best applied infrequently to a system, at major points
in the facility lifecycle

B Because it is expensive, HAZOP offers value when focussed on crucial points in a
project life-cycle:

— When the design is fixed and P&IDs are ready for ‘approval for construction’
— Prior to major plant modification when the design is fixed but not approved
— At major plant turnaround to support investment and engineering planning

m HAZOP may also be appropriate at other times, for example, decommissioning
when special procedures or special risks are experienced.The HAZOP procedure is
flexible and can be adapted to project phases

M There is little value in commissioning another HAZOP on a plant a few years after
one was completed especially if there has been little change in operating procedures
or plant configuration

M |t is especially demoralising if a HAZOP is repeated when there has been little or no
follow-up to the recommendations in the earlier study
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Manager - When are HAZOP studies best carried out? ”II E

In a phased approach to HAZOP, the technique is adapted to different
objectives and the scope of technical definition available at the time

Project Conceptual Front-end
?tuqy ) design P engineering design Construction Commissioning and operation
iming
HAZOP P&ID
Eec;hn}cal and upgrades
efinition
available HAZOP O&M
Manual
Cost benefit of
HAZOP P&ID proposals f°';
improvemen
Checks Operating beforg turnaround
HAZOP at and maintenance
PFD level ) Manuals before
Checks design pre commissioning
before approval for
construction
Study Assists definition
Objective of alternative design

and control concepts
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Manager - Ranking the HAZOP Recommendations ”II E

Those sponsoring a HAZOP study should take into account the large
amount of work involved in implementing the main findings

B The following graph illustrates the relationship between numbers of
recommendations and study duration in past work
Recommendations per team day
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Manager - Ranking the HAZOP Recommendations ”II ﬂ

Each hazard identified during the HAZOP can be assessed according to the
frequency and consequence should the risk occur

The assessment can be done off line . .

as an extra to the HAZOP proceedings The output can be put into a matrix of
Frequency and

Consequence

where each range is quantified

Range of Loss per event How often events occur

Arthur P Little
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Manager - Ranking the HAZOP Recommendations ”II E

The assessment done after the HAZOP is preliminary and the approach can
be supplemented later by more sophisticated quantified risk analysis

Event Trees Pc

P1
Fault Trees _| |

i Database records
I | Quantitative Models
Ranking Matrices @ [ | |

Using ranges

between High and 43 43
Low extremes é C) <> @

Loss probability distribution

Judgement

High
Medium
Low

Triangular Distribution

Uniform distribution /\ Low High

Low

High

Low High
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Manager - Ranking the HAZOP Recommendations ”II E

A better assessment can be obtained using matrices to indicate ranges of
frequency, probability and consequence

Risk Stage 1 Stage 2 Stage 3
- Typical size X Frequency of X Probability of
of Loss Failure Loss

1. < $50K 1.| <Oncein 5 yr. 1.{<1in 100

2. $50K to $ 250 K 2.| Oncein 3 -5 yr. 2./1in100to 1in 10

3. $250 K - 1 million 3.| Oncein1- 3yr. 3./11in10to1in 3

4.1 %1 -10 million 4.| One failure a year 4.10.3-0.6

5.| > $10 million 5.| Several failures a year 5./>0.6
The "top event" which could Probability which could be
be derived using a Fault Tree derived using an event tree
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Manager - Ranking the HAZOP Recommendations

Forms are used for tabulating recommendations according to risk aversion

Safety Related Reccommendations

No.

Issue

Recommendation

Before Recommendation

After Recommendation

Sevwerity

Likelihood

Risk Rank

Risk Matrix

Sevwerity

Likelihood

Risk Rank

Risk Matrix

d RM

105

33

R952.5: Connect PSVs to Blow
down and increase reliability of
LT. Use one LT from control of Lv
1203 and a second independent
LT for LAL. Consider variance
alarm to give further warning of
irregularity

20

Intolerable

Minor

16

122

33

R1040.2: Install silencers on
PSVs or ear protection required
for operators working near PSVs

15

Significant

Minor

125

33

R 1061.2 If vent close to platform
then install noise suppression to
PSV.

15

Significant

Minor

23

29

R214.1: Consider if emergency
blowdown system is desirable

12

Moderate

Minor

107

29

R954 1:Install check valve on
inlet to column or MOV or Blow
Down protection for the column

12

Moderate

Minor

109

29

R954.3: Agip to discuss
alternatives available for shut
down systems in an emergency

12

Moderate

Minor

34

R65.2 To avoid problem when
have two PSVs offset one PSV by
.5 bar,

Moderate

Negligible
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Manager - Ranking the HAZOP recommendations

Typical tabulation ranking recommendations by benefit — cost ratio

HAZOP Incident Description Safety Benefit Property and BI | Performance Total Benefit Costof . Beneﬁt.Cost
Issue Benefit Benefit Implementation Ratio .
Total Saving
34 PSV mechanical arrangements L. 4,154,048 | L. 131,622,814 L O L. 135,776,862 | L. 11,180,340 12.14 L. 124,596,522
40 Protection against seal failure L0 L. 13,012,141 L0 L. 13,012,141 | L.2,236,068 5.82 L. 10,776,073
23 Materials selection L0 L. 13,012,141 L0 L. 13,012,141 | L.2,236,068 5.82 L. 10,776,073
Making OM a better basis for safe
8 operation L. 9,675,780 L. 1,366,002 L0 L. 11,041,782 | L.2,236,068 4.94 L. 8,805,714
30 Positive isolation of utilities L. 8,308,096 L. 1,301,214 L0 L. 9,609,310 L. 2,236,068 4.30 L. 7,373,242
33 Discharge from PSV L. 1,287,542 | L. 192,668,726 L O L. 193,956,268 | L. 50,000,000 3.88 L. 143,956,268
38 Autostart provisions L0 L. 7,742,209 L. 520,670 L. 8,262,880 L. 2,236,068 3.70 L. 6,026,812
50 Improvements to pilot light LO L. 8,105,184 LO L. 8,105,184 L.2,236,068 3.62 L. 5,869,116
31 PSV design case and setting LO L. 38,225,538 LO L. 38,225,538 | L. 11,180,340 3.42 L.27,045,198
27 Emmision reduction LO L. 6,743,572 L. 497,491 L. 7,241,063 L.2,236,068 3.24 L. 5,004,995
29 Emergency blowdown systems L. 12,351 L. 36,173,495 L0 L. 36,185,846 | L. 11,180,340 3.24 L. 25,005,506
Improvement to reliability of
10 equipment L0 L. 33,430,800 L0 L. 33,430,800 | L. 11,180,340 2.99 L. 22,250,460
17 Problems with small bore tubing L0 L. 6,376,541 L0 L. 6,376,541 L. 2,236,068 2.85 L. 4,140,473
Protection against tube rupture in
53 heat exchangers L0 L. 6,374,621 L0 L. 6,374,621 L.2,236,068 2.85 L.4,138,553
69 Inappropriate failure modes L0 L. 5,207,846 L0 L. 5,207,846 L.2,236,068 2.33 L.2,971,778
Isolation oflarge,toxic or flammable
28 inventories L0 L. 3,970,606 LO L. 3,970,606 L. 2,236,068 1.78 L. 1,734,538
Improvements to maintenance of
11 plant items ofequipment L0 L. 3,296,096 L. 47,513 L. 3,343,610 L. 2,236,068 1.50 L. 1,107,542
51 Tube rupture:Fin Fans L0 L. 3,291,840 L0 L. 3,291,840 L. 2,236,068 1.47 L. 1,055,772
36 Protection against low flow L0 L. 13,575,320 L0 L. 13,575,320 | L. 11,180,340 1.21 L. 2,394,980
41 Additional trip protection L0 L. 13,012,141 L0 L. 13,012,141 | L. 11,180,340 1.16 L. 1,831,801
42 Protection against other relases L0 L. 13,012,141 L0 L. 13,012,141 | L. 11,180,340 1.16 L. 1,831,801
Totals L. 23,437,816 L. 551,520,991] L.1,065,674] L. 576,024,481 L. 157,331,263 L. 418,693,218
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Manager - Implementing the HAZOP Recommendations

A Risk Register assists the monitoring of progress to implementation

ID Number Issue
23 33 Date 22-Apr-99
Issue Discharge from PSV
Cause PSV on debutaniser not connected to blowdown. If failure of level control liquid could be released
6 HAZOP items eg 952.5
Consequence Potential for ignition of falling liquid and development of large fire
Recommendation Connect PSV on debutaniser to flare This is considered an intolerable risk
Implementation Action Summary
Asigned to Date Due
Date Done
Verified by Date Verified

Assessment Notes Frequency 1 in 100 years - requires loss oflevel control
Probability low -operator likely to detect problem
Consequence could be catastrophic in crowded process area

Frequency | Probability |Consequence | Frequency | Probability |Consequence| Plant Benefit

Before/After Implement Industry Benefit

540767503.4

Human Safety 1287541.675

Property Loss 96823465.62 40665855561
Business Interruption 95845260.38 40255009359
Catalyst life 0 0
Energy 0 0
Product Losses 0 0
Plant Utilisation 0 0
Plant Maintenance 0 0

Publicity
Environmental Impact

Cost of implementation
3 50000000

Total Benefit
193956267.7

Benefit/Cost
3.88

Total Saving
143956267.7
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