


Preliminary Hazard Analysis-1 

Overview 

Customarily performed during the process 

plant’s conceptual design or siting phase or 

during early development to determine ant 

hazards that exist 

Two principle advantage 

It can identify potential hazards at a time when they can 

be corrected at minimal cost  

It can help the development team identify and/or 

develop operating guidelines that can be used 

throughout the life of the process 



Preliminary Hazard Analysis-2 

Analysis procedure 
Preparing for the review 

Gather available information about the subject plant 

Performing the review 
Identifies major hazards and accident situations that 
could result in an undesired consequence 

Considering factors for performing the PHA 
Hazardous plant equipment and materials 

Safety-related interfaces between plant equipment items 
and materials 

Environmental factors that may influence the plant 
equipment and materials 

Operating, testing, maintenance and emergency 
procedures 

Facility support 

Safety-related equipment 



Preliminary Hazard Analysis-3 

Hazard category 

PHA team assigns each potential accident 

situation to one of the following hazard 

categories based on the significance of the 

causes and effects of the accident 

Hazard Category Ⅰ - Negligible 

Hazard Category Ⅱ - Marginal 

Hazard Category Ⅲ - Critical 

Hazard Category Ⅳ - Catastrophic 



 











What-If Analysis-1 

Purpose 
Identify hazards, hazardous situations or specific 
accident events that could produce an 
undesirable consequence 

Types of results 
A list of questions and answers about the process 

A tabular listing of hazardous situations, their 
consequence, safeguards and possible options 
for risk reduction 

Resource requirements 
Experiences manager or engineer with knowledge 
of process 



What-If Analysis-2 
Overview 

Creative, brainstorming examination of a process or 
operation 

Review the subject process or activity in meetings that 
revolve around potential safety issues identified by the 
analysts 

Can be used to examine virtually any aspect of facility 
design and operation(e.g. building, power system, raw 
materials, product, storage, operating procedure, plant 
security, management practice and so forth) 

Address potential accident situation implied by the 
questions and issues posed by the team 

“What if the raw material is the wrong concentration?” 

“If the concentration of acid were doubled, the reaction could 
not be controlled and a rapid exothermic would result 





Analysis procedure 

Preparing for the review 

Information needed for a What-If analysis includes 

process description, drawing and operating procedures 

Prepare some preliminary What-If questions to “seed” 

the analysis meeting 

Performing the review 

Two way that the meeting can be conducted 

One way preferred by some is to first list on a chart pad or 

marking board all of the safety issues and question, then 

begin considering them 

Another way is to consider each question and issue one at 

a time, with the team determining the significance of each 

situation 







HAZOP (Hazard and Operability 

Analysis) 

Purpose 

Review a process or operation in a systematic 

fashion to determine whether process deviations 

can be lead to undesirable consequence 

Types of results 

Identification of hazards and operating problem 

and recommendation 

Resource requirements 

P&ID, equivalent drawing other detailed process 

information 



Overview 

Identification and Evaluation of Safety Hazards 

and Operability Problems 

Guide-Word" Approach 

Apply Guide Word to Process Parameters to Create 

Deviations 

Identification of Hazards, Operating Problems and 

Recommendations 

Causes, Effects, and Safeguards 





"Guide-Word" Approach 

Apply Guide Words to Process Parameters to 

Create Deviations 

Guide Words + Parameter     = Deviation 

No                +        Flow          =  No Flow 

More            +        Pressure     = High Pressure 

As Well As  +        One Phase  = Two Phase 

Other Than   +       Operation    = Maintenance 

 







Analysis procedure-1 

Preparing for the review 

Define the purpose, objective and scope of the study 

Select the team 

Ensure the availability of an adequately sized and skilled 

HAZOP team 

Consist of a leader, a scribe and two other individuals who 

have an understanding of the design and operation of the 

subject process 

Obtain the necessary data 

Consist of various drawings in the form of P&IDs, 

flowsheets and plant layout schematics 

Arrange the necessary meetings 



Analysis procedure-2 
Performing the review 

Applies all of the relevant guide words to each process section 
or step, and they record  following result 

The deviation with its causes, consequences, safeguards and 
action 

The need for more complete information to evaluate the deviation 

To ensure effective meeting, the team leaders must keep 
several factors in mind 

Do not compete with the members 

Take care to listen to all of the members 

During meeting, do not permit anyone to be put on the defensive 

To minimize inappropriate problem solving, the leader can 

Complete the study of one process deviation and associated 
suggested actions before proceeding to the next deviation 

Ensure all hazards associated with a process section before 
considering suggested actions for improving safety 















FMEA(Failure Mode and Effect 

Analysis) 

Purpose 
Identify single equipment and system failure 
mode and each failure mode’s potential effect on 
the system or plant 

Types of results 
Generates a qualitative, systematic reference list 
of equipment, failure modes and effects 

Resource requirements 
A system or plant equipment list or P&ID, 
knowledge of equipment function and failure 
modes, knowledge of system or plant function 
and response to equipment failures 



Overview 

Evaluates the ways equipment can fail(or be 

improperly operated) and the effects these failure 

can have on a process 

Describe potential consequences and relate them 

only to equipment failure 

Identification of single equipment and system 

failure modes and potential effects 

Qualitative and systematic reference list of 

equipment, failure modes, and effects 





Analysis procedure 
Defining the study problem 

Identifies the specific items to be included in the FMEA 
and the conditions under which they are analyzed 

Defining the problem involved 
Establishing an appropriate level of resolution for the study 

Determines the extent of detail included in the FMEA 

Defining the boundary conditions for the analysis 

Identifying the physical system boundaries including the 
interfaces with other processes and utility system 

Establishing the system analytical boundaries including 
the failure modes, operating consequences, cause or 
existing safeguard and the initial operating condition or 
position of equipment 

Collecting up-to-date reference information that 
identifies the equipment and its functional relationship to 
the plant/system 



Performing the review 
Performed in a deliberate, systematic manner to reduce 
the possibility of omission and to enhance the 
completeness of the FMEA 

Following items should be standard entries in an FMEA 
table 

Equipment identification 

Equipment number or identifier from system drawing 
such as P&ID are usually available 

Equipment description 

Include the equipment type, operating configuration 
and other service characteristics that may influence 
the failure modes and effects 

Should list all of the failure modes for each component 
that are consistent with the equipment description 

Considering all conceivable malfunctions that alter the 
equipment’s normal operating state 



Effects 

Describe both the immediate effects of a failure at the 

failure location and the anticipated effects of the failure on 

other equipment for each identified failure mode 

Safeguard 

Describe any safety features or procedures associated 

with the system that can reduce the likelihood of a 

specific failure occurring or that can mitigate the 

consequence of the failure for each identified failure mode 

Action 

Should list any suggested corrective actions for reducing 

the likelihood of effects associated with the failure mode 











Fault Tree Analysis 

Purpose 
Identify of equipment failure and human errors 
that can result in an accident 

Type of Results 
System failure logic model that use Boolean logic 
gate (AND, OR) to describe how equipment failure 
and human errors can combine to cause a main 
system failure 

Resource requirements 
Detailed understanding of how the plant or 
system function, detailed process drawing and 
procedure, knowledge of component failure 
modes and their effects 



Overview 

Deductive technique that uses Boolean logic 

symbols( I.e. AND gate, OR gate) to break down 

the cause of a top event basic equipment failure 

and human errors 

Top event are specific hazardous situation that 

are typically identified through the use of a more 

broad-brush HE technique(e.g. What-If, HAZOP) 

Use a minimal cut set(MCS) that is a smallest 

combination of component failure which, if they 

all occur or exist simultaneously, will cause the 

top event to occur 

 





Analysis procedure-1 
Defining the problem 

To define the problem you must select 
The top event 

Boundary conditions for the analysis 

Level of resolution 

Physical system boundaries 

Initial condition 

Other assumption 

Top event 

One of the most important aspects of the first step 

The accident(or undesired event) that is the subject of 
the Fault Tree analysis 

Physical system boundaries 

Equipment and equipment’s interface with other 
processes 



Analysis procedure-2 

Constructing the Fault Tree 

Begins at the top event and proceeds, level by level until 

all fault events have been traced to their basic 

contributing cause 

Uses deductive cause and effect reasoning to determine 

the immediate, necessary and sufficient causes that 

result in the top event 





Example 









Event Tree Analysis 

Purpose 
Identify the various accident that can occur in a 
complex process 

Types of results 
Event tree models and the safety system 
successes or failure that lead to each defined 
outcome 

Resource requirements 
Knowledge of potential initiating events and 
knowledge of safety system function or 
emergency procedures that potential mitigate the 
effect of each initiating event 



Overview 

Evaluate the potential for an accident that is the 

result of a general type of equipment failure or 

process upset 

Inductive reasoning process where the analyst 

begins with an initiating event and develops the 

possible sequences of events that lead to 

potential accident 

Emphasize the initial cause of potential accident 

and works from the initiating event to the event’s 

final effects 



Analysis procedure 

Identifying the initial event of interest 

Identifying the safety functions designed to 

mitigate the initiating event 

Constructing the event tree 

Describing the resulting accident sequence 

outcomes 

Determining the accident sequence minimal cut 

set 

Documenting the result 





Cause-Consequence Analysis 

Purpose 
Identify the basic cause and consequence of 
potential accident 

Types of results 
Generating diagrams portraying accident 
sequence and qualitative description of potential 
accident outcomes 

Resource requirements 
Knowledge of component failure or process 

Knowledge of safety systems or emergency 
procedures 

Knowledge of the potential impacts of all these 
failure 



Overview 

Combines the inductive reasoning features of 

Event Tree Analysis with the deductive reasoning 

feature of Fault Tree Analysis 

The result is a technique that relates specific 

accident consequences to their many possible 

causes 

Advantage of this technique 

Uses a graphical method that can proceed in both 

direction; forward, toward the consequence of the event 

and backward, toward the basic causes of an event 



Analysis procedure 
Selecting  an event or type of accident situation to 
be evaluated 

Top event(as in a Fault Tree Analysis) 

Initiating event(as in an Event Tree Analysis) 

Identifying the safety functions 

Developing the accident paths resulting from the 
events 

Developing the initiating event and the safety 
function failure event to determine their basic 
cause 

Evaluating the accident sequence minimal cut 
sets 

Documenting the result 






















