1. Scope

      The purpose of this document is to establish the guidelines for preparation

            of “Hazard & Operability “(HAZOP) Review.
2. Input Document
Following input documents are required during HAZOP review:

(a) HAZOP review information package (Info Pack)

(b) “Approved for Design” Piping & Instrument Diagrams (P&IDs) (A1 size drawings)
(c) “Approved for Design” Plot Plans (A1 size drawings)
(d) PSFS if available at the time of HAZOP (for PDO projects only) (A1 size drawings)
(e) Soft files (preferably .pdf files) of the drawings / documents for HAZOP review for display on a projection screen at the HAZOP review venue.

3. HAZOP Review Info Pack

The HAZOP review Info Pack is basically a compilation of all the information needed to conduct a HAZOP review and provided at least a few days before hand to each of the participants of the HAZOP review. The following is the content of the HAZOP review Info Pack:

· The word document part of the HAZOP review Info Pack contains the following information sequentially:

· Summary : This gives a brief summary of the project being HAZOPed
· Abbreviations and Definitions: The abbreviations and definitions used

      in the word document.
· Introduction: This section provides the purpose of the document and

      the project background or brief overview of the project under

      consideration.
· Process Description: This section provides the narrative for the process

      including the unit operations involved and their sequence.

· Scope of HAZOP: This section lists out the drawings / documents that
      should be used for HAZOP review in a tabular form.

· Node Details: This section should provide a narrative of the P&ID

      ‘NODES’ to be used during HAZOP review. These nodes shall also be

       reflected as high-lighted portions in the P&IDs to be used for the

       HAZOP and part of the HAZOP review Info Pack. 
· Appendices may be provided listing further documents / drawings for
      reference for the HAZOP review. This is optional and on a case-to-

      case basis.

· For ease of distribution of the Info Pack, A3 size drawings of P&IDs, plot plans and any other drawings listed in ‘Scope of HAZOP’ should be attached to the main word document. The compiled Info Pack including the word document and the drawing attachments shall be made into a number of copies depending on the number of participants of the HAZOP review and then distributed to the individual participants. The preparation of HAZOP review Info Pack copies and their distribution shall be the responsibility of the project engineer for the project to be HAZOPed.
4. HAZOP Review

      4.1 Objectives and Scope
             In a very broad sense, HAZOP review is meant to identify any actions
             required to alleviate or remove any potential hazards or operability problems
             for the subject plant / unit. Proper recording and reporting of the HAZOP

             review discussion is considered an integral part of the objective of HAZOP

             review.

             The scope of the HAZOP review shall be clearly stated in the HAZOP review 
             Info Pack document. As a guideline, items such as positioning of safety
             showers, valve accessibility, handling of process and waste chemicals etc. are

             not included in a HAZOP review.

      4.2  Team Composition

             In order to carry out an effective HAZOP it is necessary to have a balanced

             multidiscipline team. Two types of capability are required to have an effective

             HAZOP review discussion:

· Detailed technical knowledge of the process e.g. chemistry of the process,

      process unit operations, process control and automation etc.

· Knowledge and experience of applying the highly structured, systematic

      HAZOP techniques. 
             The Team Leader (also sometimes known as Chairperson / Facilitator) of the
             HAZOP team should be selected for his / her ability to effectively lead the
             HAZOP review and have sufficient seniority to give the review
             recommendations the proper level of authority. Ideally the Team Leader
             should be someone independent of the project. 

             For proper recording of the HAZOP review discussion points a HAZOP

             secretary should be part of the HAZOP review team. The HAZOP secretary

             should be technically qualified to understand the HAZOP review discussion

  and also familiar with the HAZOP technique. Secretary should be preferably from Process Discipline.
             Other team members for the HAZOP review should be selected on the basis

             of the positive contribution they can make to the review through their

             specialist knowledge and ability. The participation of an Operations /

             Commissioning specialist for a similar plant / unit is strongly recommended.

             A typical team composition for a HAZOP review can be as follows:

             Full-time or Core Team:

· Team Leader
· Secretary

· Lead Process Engineer (preferably from both Contractor / Consultant and
      Client side)

· Control & Automation Engineer (preferably from both 

      Contractor / Consultant and Client side)

· Operations / Commissioning Team (includes Process and C&A engineer)
· Project Engineer (preferably from both Contractor / Consultant and Client

      side) 
Part-time Team

· Piping Engineer (contractor / consultant)
· Mechanical (Static / Rotary) Engineer (contractor / consultant)
· Electrical Engineer (contractor / consultant)
· Civil Engineer (contractor / consultant)
     4.3  Preparation

             The HAZOP review Info Pack is part of the preparation exercise prior to the
             actual HAZOP review discussion.

             Additionally it is the duty of the nominated participants for the HAZOP

             review to study the HAZOP Infopack in detail prior to appearing for the

             meeting. The Team Leader at his / her discretion may suggest changes in the
             HAZOP review Info Pack for better understanding of the scope of the
             HAZOP review.

             Part of the preparation involves organizing the venue, date, start-time and

            duration of the HAZOP review. This should consider ready and continuous

            availability of the nominated full-time members for the review and availability

            of part-time members as per a designated time schedule. This shall be the

            responsibility of the concerned project engineer. 

            The venue (meeting room) for the HAZOP should be spacious and well

            ventilated for all the participants to participate for long hours at a stretch.

            Meeting schedule should include planned periodic breaks with refreshments

            because of the intense nature of the HAZOP review discussions which
            requires tremendous powers of concentration to be exercised.
            Following accessories should be provided at the HAZOP review meeting room

            for smooth conductance of the HAZOP review:

· Wall projection equipment hooked to a computer. The projection

      equipment should be able to display the drawings / documents to be

      HAZOped on the wall. The HAZOP review worksheet should be available
      as an editable document and be displayed on the projection wall while
      editing.  
· Markers / High-Lighters for mark-up on drawings

· Pins/ tape for sticking A1 size drawings to the wall

· Laser Light for pointing to a certain section of the document being

      projected on the wall.

     4.4  Methodology

            The entire process plant /unit is sub-divided into manageable sections for ease

           of understanding which are called “nodes”. “Node” mark-up on P&IDs and its

           description should preferably be done during the preparation stage of the

           HAZOP review and be part of the HAZOP review Info Pack to save time
           during the HAZOP review discussion.  

           The next step involves using a fixed set of terms called “guide words” for each
           process parameter (e.g. flow, temperature, pressure etc.) in the selected node to

           identify the potential hazard or operability problem that could occur. The
           combination of the guide word and the process parameter provides a deviation

           in the process. For example, the guide word “no” combined with the process

           parameter “flow” results in the deviation “no flow”.

          The following steps are recommended for conducting the HAZOP review in a

          systematic manner:

·   List down the node number in the HAZOP worksheet and provide the

     following details for that node in the HAZOP worksheet (Refer Appendix A
     for typical format of HAZOP worksheet):
· Provide a brief description of the node in the HAZOP worksheet
· Provide process data such as operating pressure, operating temperature, design pressure, design temperature for the node

· Provide the P&ID tag number covering the selected node. If more than one P&ID is required to cover the node, provide the tag number of all P&IDs.

· Enter the first parameter in the column for parameter. It is recommended to start with “Flow”.

· Enter the “guide word” against the parameter in the next column. It is recommended to start with “No”.

· The deviation is “No Flow”

· Identify one cause for “No flow” based on the process as depicted in the P&ID
· Outline the consequences (both upstream and downstream)

· Identify the protection or safeguards available

· Provide the recommendations / actions to eliminate / mitigate the deviation

· Identify a second cause for “No Flow” and repeat the steps after the cause identification as above until the team agrees that no more reasonable causes of “No Flow” can be identified

· Repeat the entire procedure until all the deviations associated with the identified node have been considered.

· After completion of an identified and numbered node move to another node

      and repeat the entire procedure as described above.
· The team members will apply their knowledge and experience to each

      deviation to identify possible causes (within the scope of the HAZOP study) 

      to establish the credibility of the event. The associated consequences will be

      considered to determine whether they make a significant impact on the

      Hazards and Operability of the plant / unit. Usually there will be more than

      one cause for each deviation and the consequences may vary between

      causes. 
4.5 Typical Guideword / Parameter Table

	Guideword
	Parameter 

	No
	Flow

	Reverse
	

	More
	

	Less
	

	More 
	Pressure

	Less
	

	More
	Temperature

	Less
	

	More
	Level

	Less
	

	No
	

	More
	Phase

	Less
	

	More 
	Composition

	Less
	

	Other
	Start-up

	
	Shutdown

	
	Commissioning

	
	Relief and Blowdown

	
	Draining 

	
	Venting 

	
	Isolation

	
	Purging

	
	Sample Points

	
	Instruments

	
	Maintenance Access

	
	Materials of Construction

	
	Static Electricity


Note: An explanation of above guideword – parameter combination which forms a deviation is available in the process guide for HAZOP study.
4.6 Recommendations
The results of HAZOP review meeting could be the following:
· Suggested actions to prevent / mitigate a deviation.

· Request for further information

· Recommendations for a Quantitative Risk Assessment (QRA).

       Typically these will be produced after the study in the form of an action list as

       well as individual action response form for each of the action points noted in the

       HAZOP review meeting. For each action item, the responsible individuals and

       required completion dates are identified. This list will then be expedited for

       progress and followed up till the action items have been implemented and

       HAZOP close out report has been issued.  
Appendix A: Typical HAZOP Review Worksheet    

