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Abstract

In every year several accident occur in process industries due to Failure of pipe lines,
equipment, system or existing process facility and it results hazardous chemical leak, fire,
explosion , rupture or damage to existing system. Such accident occurs in Process
industries due to availability of process related potential source of harm and this is known
as hazard. To identify process related hazard is challenging job for everyone and later
such hazard may lead to cause of accident. Result of accident is injury, fatality, property

damaged, damage to environment or combination of these together.

In industries, Hazard identification & Risk assessment, Checklist based inspection, Job
safety analysis like different techniques is used to identify hazard in which one Technique
Is Hazard and operability (HAZOP) study. HAZOP is very effective safety tool used to
identify process related hazard. This article is very helpful to learn the HAZOP study
procedure, identify process related hazard and ensuring their risk management to prevent
any possibility of failure of pipe lines, system or equipment or existing process facility.
This articles help to know the procedure to conduct effective study and prepare HAZOP

study report.
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Objective of HAZOP study:

= To check a design & system

= Identify Process hazard.

= Identify Causes of Deviation & evaluate to consequence of Deviation

= To decide whether and where to build

= To identify gap in existing facility that may cause of operational failure.
= To improve the safety of existing facilities

= Prevent to failure of Process facility, existing system and equipment.
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1. Introduction

In process Industries, Failure of system or existing facility cause huge losses to
organisation and such failure occur due to deviation of pressure, Temperature, flow like
parameter. Such deviation is known as hazard and different method used to identify
process related hazard in which one method is Hazard and operability (HAZOP) study. A
HAZOP study technique is used to identify process or operational hazards and operability
problems. In industries, every day several injury occur, huge loss of organisation due to
minor operational failure and such failure occurs due to not taking adequate control
measure to eliminate hazard or minimise process related risk As Low as Reasonable

Practicable .

Hazard and operability (HAZOP) study is detailed examination of existing process or
operation in order to identify and evaluate the potential sources of harm that may lead to
cause of equipment or system failure and it result injury, equipment damage, disaster or
any harm. A HAZOP study is performed by multidisciplinary team members including
operational managers, Engineers, Chemists, safety professional, Hygienist and other
experts to identify process related hazards, Process related risk and design flows. Concept
of HAZOP involve how plant might be deviate from the design intent and if process
related problem identify during study then team try to find out effective solution to prevent
deviation/ operational failure. Prime Objective of HAZOP study is to identify process
related deviation/problem. HAZOP is based on several expert views with different
background, work together or separate to identify problem and at ends of their work, they
combined result together to interact each other. Guide word is main component of HAZOP
study. For HAZOP study, firstly there is need to Team formation with expertise in their
field. The success or failure of the HAZOP study depends on several parameters:

= Accuracy of P & | diagram and other available data such as operational manual,

MSDS of chemical etc that will be used during study.

= Team member Competence, Experience & Skill

= Knowledge about Process or operation & process hazard

= Ability of team member thinking/brainstorming to evaluate deviations, causes and

Consequences
= Effective Report and risk communication.

= Effective implementation to recommendation as per HAZOP study report.
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2. Method of HAZOP study

Definition, Preparation, Examination, Report and follow are its main phase of HAZOP

study.

2.1 Phase in HAZOP Study

Phase I: Definition

In This phase, clearly define and mention Aim & objective of HAZOP study. Team
selection is carried out and one Team member will be act as leader. Role and
responsibility should be clearly define and assign to each team member. HAZOP team
including different person with a variety of expertise such as operations, Production,
maintenance, instrumentation, engineering/process design, Chemical engineer /
Chemist, Safety other specialists as needed. They should be good knowledge about

process and variation. Following are few examples of guide word and deviation:

Parameter Guide word Deviation
Pressure More, less More Pressure, Less Pressure
Temperature More, Less More Temperature, Less
Temperature
Flow More, Less, None, More Flow, Less Flow, No flow,
Reverse, other, also Reverse flow, other flow,

Contamination

Viscosity More, Less More Viscosity, Less Viscosity

Reaction More, Less, None Intense reaction, reaction

incomplete, No reaction

Corrosion Corrosion of tube Damage to tube

Phase Il: Preparation

In this Phase, HAZOP team prepare plan to conduct study. This typically includes piping
and instrument diagrams (P&ID) or process model and examine every section and
component of process to use guide word by HAZOP team. For each element, HAZOP team
identify operating parameter of system that may lead to deviate to system or existing
process facility such as Pressure, Temperature, Flow Rate etc. Target also define to
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complete study within certain time frame and team mutually agree and decide the way to
record collected data.

Phase I11: Examination phase

In this Stage, HAZOP team Select the System and divide into different parts, define design
intent in each part. Team will identify probability of deviation to use guide word, deviation
Consequence and cause of deviation. All finding and data will be recorded and agreed
action will be noted. Team will select effective recommendation/ possible control measure
to avoid developing any deviation to protect to existing facility and system. A simple

format of HAZOP study is given below

Format for HAZOP study

Name of equipment:

Guide word Deviation cause consequence Action

Phase IV: Report & Follow up

In this stage, All HAZOP study examination related data should be recorded and Final
report will be prepared and Submit to Management or concern department to implement
action/recommendation as per study report. Team member should follow up regularly and
check that requested action/ recommendation is implemented or not. Plan and conduct
HAZOP study at regular interval to identify deviation and taking needful action for safety

of Process plant and existing facility for continual improvement.
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2.2 Phase of HAZOP Study

Phase I: Definition
= Define scope and objectives
= Team selection
= |dentify role & responsibilities

d

Phase Il: Preparation
= Plan the HAZOP study
= Collect to data
= Decide way to data recording with
Team.
= |dentify Target to complete study
= Plan the schedule for study

il

Phase I11: Examination Phase

Select to system and divide into parts

Select a part and define design intent

Identify deviation to use guide word of each element

Identify consequences of deviation

Identify Deviation cause

Identify whether a significant problem exists

Identify existing control measure and indicating mechanisms
Identify recommendation/ possible control measure to avoid
developing any parameter that may lead to cause of failure
Agreed action by Team members

Repeat to process to select parts, define intent, identify deviation to
use guideword, identify Consequences and deviation causes and
decide action for each element and then each parts by HAZOP

team.

Phase 1V: Report and follow-up
Record to HAZOP study examination with signature of Team
members
Re-study any parts of system whenever necessary.
Prepare Final HAZOP study report
Submit the HAZOP studies Report to Management or concern
depart. and request them to implement action as per study report.
Follow up and check time to time that requested action is
implemented or not.
Plan and conduct HAZOP study at regular interval of existing
system for continual improvement.
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2.3 HAZOP Study Report of Heat exchanger:

A Heat exchanger is considered for HAZOP

study. Flow, Pressure, Corrosion,

contaminants are consider parameter. More

Less, corrosion, Contaminant is considers

Vapor

Liguid:level

Steam

=

Liguid T

guide word. On based on this is study carried

and report prepared.

feed

Bottoms
product

Condensate

Fig. 2.3, Heat exchanger

goes in

Guide word Deviation Causes Consequences | Action
More Flow Cooling water | Process fluid | Provide
(More cooling valve failure Temperature | Temperature
water Flow) decrease Gauge & Low
temp. Alarm
Less Flow Blockage of Temperature Provide High
(Less cooling pipe remains Temperature
water Flow) constant of alarm
Process Fluid
More Pressure (More Failure of Brusting of Installing High
pressure on Tube | Process Fluid | Tube Pressure alarm
Side) Valve
corrosion Corrosion of Hardness of Crack of Tube | Inspection &
Tube Coolling water | and less Proper
Cooling maintenance
Contamination | Contamination of | Leakage of Contamination | Proper
Process Fluid Tube and of Process maintenance &
Line cooling water | Fluid Operator Alert
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3. Result & Discussion
In this Heat exchanger Fig. 2.3, more, less, Corrosion, contamination like guide word is

used to identify deviation, Deviation causes and consequences of deviation. In Heat
exchanger, more flow of fluid may be cause of Valve failure and it results decreases of
Fluid temperature, less flow of fluid may be blockage to pipe and it results Failure to pipe.
Similarly Corrosion may be cause of hardness to cooling water and damage to tube of heat
exchanger, Contaminates may be contaminate to fluid and it result leakage of tube. On
based on these, team ensure effective recommendation to prevent deviation and save to
equipment and system from any failure. Team imagine the probability of deviation and
imagine consequence of deviation. On based on this, they ensure remedial measure.
Pressure gauge, High temperature alarm, regular inspection and maintenance are few
actions are recommended to prevent catastrophic event. HAZOP team member recorded
their observation and team members take jointly decision of examination to finalise the
report.

4. Conclusion

HAZOP is very effective way to identify process related hazard and ensuring effective
control measure to protect to System or existing facility. Some time existing facility
parameter such as pressure, Temperature increase or decrease or deviate due to operability
problem and it results equipment damage, failure to system or any major accident. To
prevent similar accident, HAZOP study is carry out to examine the system, identify
deviation to use guideword, identify Cause of deviation, imagine to consequence of
deviation and based on observation, Team ensure recommendation to avoid any future

accident.
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