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1. Scope 

This procedure defines the techniques and methodology used for preparing conducting and 

documenting HAZOP and SIL study.  

 

Once the HAZOP and SIL study are complete a report will be generated to document the 

findings and conclusions. 

 

The focus for the HAZOP is:  

• deviation on pressure conditions (lower or higher than operating) 

• deviation on temperature conditions (lower or higher than operating); 

• deviation on flow conditions (lower or higher than operating, reverse); 

• deviation on liquid level (lower or higher than operating); 

• deviation on composition (i.e., change of composition or contaminants); 

After HAZOP is performed the SIL allocation study will be performed, Based on the assessment in 

the HAZOP for the requirement of a SIL allocation (LOPA). After SIL allocation is performed a 

complete report will be generated with findings and conclusions.  
 

HAZOP and SIL study can only be performed after approval of the following document 

• P&ID 

• Cause and effect chart 

• Control philosophy 

2. Team organisation and responsibility 

Vendor will arrange the HAZOP and SIL team consisting of the following persons 

• TEAM LEADER, (Technical project manager) responsible for the overall execution of the 

HAZOP and SIL study 

• CHAIRMAN (QA / QC Manager or Technical project manager) 

o Deciding the division of the Piping and Instrument Diagram (P&ID) into nodes 

suitable for reviewing one at a time for HAZOP 

o Leading the team of studies with appropriate guidewords. 

o Ensuring  that  the  procedure  is  followed  and  that  the  notes  and  results  of  

the  study  are properly recorded and distributed. 

o Resolving any conflict that may arise during the study. 

o Ensuring  that  the  team  works  forward  a  common  goal  by  utilizing  expertise  

of  all  team 

members. 

o Ensuring the progress of the study. 
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• SCRIBE, to record the result of the HAZOP and SIL 

The CONTRACTOR / COMPANY  is required to provide suitably qualified and experienced 

personnel who have a detailed knowledge of the way in which the design is intended to work 

to attend the HAZOP and SIL, with at least the one of each of the following disciplines: 

• Process engineer 

• Commissioning engineer 

• Operations representative 

The  HAZOP  study  Team  (excluding  the  Chairman  and  Secretary)  should  be  limited  to  

the  strict  necessary wherever possible (max 8 people). 

 

3. Overview HAZOP technique 

Hazard and Operability (HAZOP) study is performed to identify all the process deviations, from 

the design intent, and to identify and estimate the correspondent consequences on people, 

assets, and environment. 

 

The  HAZOP  technique  is  qualitative.  It  is  not  intended,  nor  is  it  necessary,  to  apply  

quantitative  probability numbers to the hazards that are identified. 

 

The technique is a highly disciplined procedure and is concerned only with the adequacy of a 

proposed design and not with the merits of alternative designs. 

 

Therefore, the emphasis in the HAZOP study is on identifying potential problems, not necessarily 

solving them. However, if obvious solutions are apparent, the team can propose these. 

 

The HAZOP technique is a guideword approach. The guidewords are used to provide structure 

to the technique. 

 

1.1 HAZOP Review session 

The HAZOP study is performed through a review session. The study session is the most essential 

step in the HAZOP Technique as this is where the group reviews and discussions are held.  

 

Before starting the HAZOP session, an short briefing  led by the HAZOP chairman shall be  done.  

This  preliminary  briefing  serves  to  highlight  the  battery  limit,  the  nodes,  possible  scenarios  

and golden rules  to be  applied  during the  HAZOP  session study  itself.  Chairman  will  briefly  

remind the scope  and technique of HAZOP to all participants. The routine of the study sessions 

is shown below. 



OWNER: 

 

 

 

BUSHEHR PETROCHEMICAL COMPANY 
MEG PLANT 

EPC CONTRACTOR: 

 HAZOP AND SIL STUDY PROCEDURE MC : 

 

 

Project Area Phase Unit Dis. Doc. Seq. Contract No : 52-98/445 

Owner Document Number: 
17811-48 

BU 20 VD 303 PR PRC 0047 
Rev.: Page 

01 6 of 30 

 

 

 

 

 

 
 

1.2 Select and Describe Node to be reviewed 

A node is a section of a process unit generally consisting of piping and vessels that allows the 

study team to assess equipment in an organized fashion. The Technical project manager shall 

describe the purpose and design of the particular node. At this point important criteria for the 

node shall be specified. From the description of the node purpose or intention, the relevant 

parameters to be reviewed for this node shall be determined. 

 

1.3 Select Parameters 

The  team  then  chose a  parameter  for  the  selected  node.  Several  relevant  parameters  

may  be chosen  by  the team to be explored for one node. However, only one parameter can 

be applied at one time for one deviation. The  following  Process  parameters  describe  the  

process  intention  of  vessels,  piping  or  other  equipment  in specific terms: 

• FLOW 

• PRESSURE 

• TEMPERATURE 

• LEVEL 

• COMPOSITION 

• OTHERS 
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1.4 Apply guidewords 

One guide word shall be applied to a relevant parameter to develop meaningful deviations. 

For one node and parameter, more than one  guide word may be available to determine  

more than one deviation. However,  only one guide word can be applied to one node’s 

parameter to generate one deviation. Therefore, many deviations may stem from one 

parameter of a node, and each node can have several parameters. 

The guide words are the tools that are used to systematically direct the HAZOP review session of 

the integrated study. They are words or phrases that, when considered together with a 

parameter, form a hypothetical deviation for the team to consider. The basic guide words and 

phrases are represented in the following Table 1: 
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1.5 Determine Deviations 

Deviations are departures from the design intention which are discovered by systematically 

applying the guide word/parameter combinations to study the process. 

At this stage of the HAZOP review session the team determines if the deviation is credible (i.e. 

there is a cause), and proceed to review the consequences. Causes are the reasons why 

deviations might occur. Once a deviation has been shown to have a conceivable or realistic 

cause, it can be treated as meaningful. 

Table 2 combines a sample of the guidewords and process or design parameters into a matrix 

of common deviations that will be considered during the HAZOP review session of the 

integrated study. As can be seen from the chart, some guide word/parameter deviations are 

not meaningful, such as “reverse temperature” or “as well as pressure.” The Team shall 

document which deviations were used and dismiss those which were considered 

 

1.6 Examine consequences 

Consequences are the results of the deviations should they occur. The potential consequences 

of each deviation will be discussed and assessed within the limits of the information available 

and the expertise of the team. The potential consequence threats will be assessed without 

considering operator or instrument intervention or any mitigation or safeguards. Consequences 

will focus on possible major effects in terms of personal safety, environment and 

production/equipment loss. 

 

A risk ranking will be assigned by the HAZOP Team considering the safeguards identified for 

each selected scenario, according to the likelihood of the initiating cause and the severity of 

the consequences, in order to prioritize the recommendation for implementation. 
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Safety (S) 

Includes Personal Safety - injury or fatality and Health - short term and long-term illness as a 

result of personal exposure to the event including exposure to land, air or water of harmful 

materials. 

 

Environment (E) 

Includes Fines, rehabilitation  and  clean-up  costs  both  short  and  long  term  for  affected  

plants  and  animals exposure to land, air and water. 

 

Economic (L) 

includes: 

• Equipment repair & replacement costs, Labour costs for design, procurement, installation 

• Lost production, product giveaway, product quality loss associated with asset damage 

• Fines and penalties because of the failure 

 

• Clean up costs 
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• Loss of inventory 

• Loss of contracts, purchase orders, business relationships 

• Loss of goodwill 

 

Risk ranking will be done according to the following Table 4. 

 

 
Risk level       Tolerability 

 

LOW   Implement measures to maintain risks at this 

level; improve through administrative measures 

 

As Low As Reasonably Practicable, ALARP  Risk must be reduced based on cost benefit 

 

HIGH   Risk must be reduced at any cost by applying 

engineering controls 
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1.7 Discuss Safeguards 

Safeguards are layers of protection / barriers that will prevent the failure scenario from 

occurring or mitigate the consequences if it occurs.  The team will identify safeguards that are 

effective in preventing or controlling the hazards. 

The safeguards can be classified as Independent Protection Layers (IPLs) and non-IPLs.  An IPL is 

a device, system or action that is capable of preventing a scenario from proceeding to its 

undesired consequence independent of the initiating event or the action of any other layer of 

protection associated with the scenario. An IPL may also include a Safety Instrumented 

Function (SIF).  Safeguards are identified in order to reduce the severity of the consequences, 

or in order to reduce the likelihood of the initiating cause of the scenario. The former are 

MITIGATIVE safeguards, the latter are PREVENTIVE safeguards. In the HAZOP study all safeguards 

shall be listed down without consideration to their IPL value. IPL calculations and filtration of 

safeguards shall be carried out in the LOPA analysis. 

1.8 Recommendations 

Recommendations shall be given in HAZOP analysis as needed, in order to improve safety and 

/ or Operability of the plant. Recommendations to be direct, clear, and based on reel need 

and added value. 

Recommendations can be divided in two categories: 

• “Provide an additional trip for Low Low Level….” or “PSV-xxx shall be sized for blocked 

outlet also…” are mandatory for the owner. 

• “Consider adding an independent Transmitter….” or “Evaluate to remove the 

demister….” are subject to further analysis by Discipline Leaders and may lead to a 

different solution from what has been recommended, as well as the implementation or 

non-implementation of the recommendation. 

It is not the HAZOP Team objective to find technical solutions to risk scenarios, but instead the 

focus shall be on recognize and circumstance the risk scenarios.  If the recommendation points 

are an easy and shared solution, then it can be detailed in the analysis. Alternatively, the 

recommendations should be more open in order to let the Discipline Leaders follow up with the 

best solution. 

1.9 Assumptions 

The following HAZOP premises will be applied by all teams in order to ensure a consistent 

approach: 
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• Mechanical protection devices (PSVs, rupture discs) are expected to work as intended. 

• No quantitative analysis will be performed during HAZOP meeting. 

• If there is more than one train (identical) or pass, only one will be reviewed, considering 

they are identical. 

• Check Valves will be accounted to with the same approach of ISO 23251, point 4.3.4.4.: 

“Experience has shown  that  when  inspected  and  maintained  to  ensure  reliability  

and  capability  to  limit  reverse  flow,  two back-flow-prevention devices in series are 

sufficient to eliminate Significant reverse flow. Check valves will be therefore considered 

as HAZOP safeguards as determined appropriate by the Team 

• No design work will be done. If a design violation is clear then it should be noted for the 

correction in the separate design activities. 

• Car sealed open / closed valves won’t be evaluated for being inadvertently closed / 

opened, because they are managed by administrative controls (ISO 23251, 4.2.1). Car 

sealed open valve for RV's are assumed to be controlled according to COMPANY 

standard operational procedure. 

• The following items will not be considered: 

o Simultaneous occurrence of two unrelated incidents (ISO 23251, 4.2.1) 

o Natural calamity (e.g. flood, earthquake) 

o Dropped objects on live line 

o Sabotage 

o Wrong design calculation (structures, equipment etc..) or disattended  

• The facility will be subject to overall fire/gas leak scenario (e.g. emergency isolation) but 

any catastrophic rupture  of  equipment  will  be  generally  not  considered  as  a  cause  

except  for  tube  rupture/seal  leak,  as determined appropriate by the Team; 

• Company Operator shall be always considered well/deam trained; 

• Equipment, piping and valves will be designed and installed as per installation code 

requirements; 

• Incorrect position (open/close) of manual valves: 

o Unit BL valves will be assumed open; 

o Manual  valves  normally  will  be  assumed  normally  not  operated;  therefore  

no  investigation  will  be performed; 

o Manual valves, manual drains and vents: if provided for maintenance only, no 

investigation will be performed.  In  case  of  functional  (operational)  purpose  

(i.e.  requiring  periodical  operation  or running unit) items will be analysed.  

• Utilities  failure  will  be  analysed  localized  on  each  node  (e.g.  non  cooling  water  to  

heat  exchanger).  No 

general utilities (power, etc..) will be considered. This is included in the plant design; 

• Loss of production means gas to flare. 

 

  



OWNER: 

 

 

 

BUSHEHR PETROCHEMICAL COMPANY 
MEG PLANT 

EPC CONTRACTOR: 

 HAZOP AND SIL STUDY PROCEDURE MC : 

 

 

Project Area Phase Unit Dis. Doc. Seq. Contract No : 52-98/445 

Owner Document Number: 
17811-48 

BU 20 VD 303 PR PRC 0047 
Rev.: Page 

01 13 of 30 

 

 

 

 

 

2 HAZOP FOLLOW-UP AND CLOSE-OUT 

All HAZOP recommendations that are recorded on the HAZOP worksheet will be shared with all 

involved parties in the form of a HAZOP register  

 

in this register all outstanding HAZOP points are tracked in case of closure of the points 

COMPANY / CONTRACTOR need to provide VENDOR with signed version to add in the 

Databook for record.  

The following statuses are avaiable 

OPEN: The Recommendation have not yet received an answer; (action to VENDOR) 

ISSUED: The Recommendation has been answered, and the answer has been issued to 

COMPANY / CONTRACTOR for review and approval. (Action to COMPANY / CONTRACTOR) 

CLOSED  WITH  ACTION:  the  Recommendation  has  been  submitted  to  COMPANY  with  

marked  up  documents providing evidence of early implementation. The answer is considered 

satisfactory by COMPANY. An action is pending to verify actual implementation of the 

recommendation once the official issue of the marked up document has been verified by 

CONTRACTOR. 

CLOSED: the Recommendation has been submitted to COMPANY and the answer is 

considered satisfactory. In this  case,  No  action  is  pending  because  implementation  of  the  

recommendation  is  either  not  needed  or verified with officially issued documents. 

REJECTED:  the Recommendation have received an answer but said answer has not been 

considered completely satisfactory by COMPANY / CONTRACTPR (action to VENDOR). 
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3 Explanation of SIL methodology 

LOPA is the engineering method used to assess the process risk of a specific safety function on 

a process and process equipment taking into consideration IPLs and other conditions which 

may reduce the frequency of the hazardous event. The objectives of this analysis are to assess 

protective functions and IPLs that will be relied on to prevent or mitigate the loss of 

containment and reduce the risk to an acceptable level. 

Figure below shows the general steps the team should to complete a LOPA study 

 

3.1 Hazard event identification 

The  first  step  for  LOPA  consists  of  identifying  hazardous  scenarios  that  may  lead  to  loss  

of  containment  of combustible, flammable or toxic materials. The hazardous scenarios 

identified during the HAZOP session will be considered for conducting LOPA. 

LOPA study will evaluate the scenario consequence to produce protection for all cases and to 

determine whether a SIF is required. 
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If the safeguards identified by the HAZOP team to mitigate the hazardous event will be 

estimated inadequate by the  LOPA  team,  recommendations  will  also  be  made  to  further  

reduce  the  risk  by  applying  additional independent protection layers including a safety 

instrumented function. 

3.2 Hazard consequence risk analysis 

The Risk Target Frequency for each of the severity levels of concern is provided in Table 1 Once 

the potential severity of  the  hazard  scenario  is  defined,  a  Risk  Target  Frequency  for  the 

scenario shall be assigned. The Target Frequency shall be assigned to each scenario as 

applicable for safety, environmental and commercial severity levels. 

 

Risk ranking performed during HAZOP session could be reviewed if deemed inadequate by the 

LOPA Team 
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3.3 Initiating event identification 

The initiating event causes that could lead to hazardous event scenarios are identified in the 

HAZOP Study. The LOPA Team will quantify the Initiating Event Frequency (IEF), in failures per 

year, for each initiating event cause. Table 2  provides  default  values  for  the  IEF  of  common  

industry  initiating causes. 

 

Other values based on operating history can be considered based on LOPA Team discretion. 

However, the rational  for  any  deviation  from  the  values  in  Table  2  (e.g.  use of operating  

history)  shall  be documented in the LOPA study Report. 
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3.4 Independent protection layers (IPL) evaluation 

An assessment  of  each  safeguard  identified  during  the  HAZOP  will  be  undertaken  by  the  

LOPA  Team  to determine the amount of risk reduction provided by each safeguard, its 

dependability and its independence from other safeguards. Those identified as IPLs shall be 

then quantified during the LOPA. Risk reduction factors are 

shown in Table 7 below 

Only  those  protection  systems  that  meet  the  following  criteria  shall  be  classified  as  

independent  protection layers, and therefore used in SIL studies. These criteria are: 

• Specificity: the IPLs must be able to prevent or mitigate the consequences of the 

hazardous event; 

•  Independence: the IPLs must be independent of all the other protection layers such 

that the performance of the IPL is not affected by another protection layer or the 

conditions that could potentially cause another protection layer to fail. 

• Dependability: the protection provided by the IPL must dependably reduce the 

identified risk by a known and specific amount. 

• Auditable: the IPL must be such that it can be inspected, maintained and tested at 

regular intervals. 
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3.5 Risk reduction calculation 

Once all IPLs have been identified, the Mitigated Event Frequency (MEF) for the identified 

hazardous event shall be quantified by multiplying the IEF, the product of all enabling and 

conditional modifiers and the product of the 

PFD of all IPLs identified. 

 

The  required  Risk  Reduction  Factor  (RRF)  shall  be  calculated  by  dividing  the  MEF  by  the  

TEF  previously identified. 
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3.6 SIL allocation 

A SIL shall be assigned to each Safety Instrumented Function (SIF) under investigation based on  

SIL categories, in terms of RRF, Average Probability of Failure on Demand (PFDavg), as shown in 

the following 

 
3.7 Assumptions 

All the assumptions listed in the HAZOP Procedure (Ref. [17]) and those discussed and agreed 
by the HAZOP team during the session, must be considered applicable to SIL Allocation study. 

The following SIL Allocation premises will be applied by all teams in order to ensure a 
consistent approach: 

• OPA shall be performed only if trip action is provided in the relevant HAZOP worksheet; 

• relief valves can be considered as IPLs if the relief system  has been sized for all 
reasonably foreseeable failures  of  the  process  and  process  controls  and  completely  
mitigates  the  hazard  scenario  under 
consideration 

• when two independent (diverse) relief devices are present, each 100% sized for the 
hazard scenario, then 
credit should be taken for an additional layer of protection; 

• failure mode of the final element is to the safe state; 

• the following conditions must be met before operator response to alarm will be claimed 
as an IPL: 

o alarm is independent of the cause and any BPCS control loop claimed as a 
protection layer; 

o operator  is  always  present  and  available  at  the  alarm  point  (e.g.,  control  
room  is  continuously manned); 
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o alarm gives clear indication of the hazard and will be given high priority on control 
room console; 

o operator has a minimum of 20 minutes of time to diagnose and take appropriate 
corrective action; 

o operator  is  trained  in  the  response  associated  with  the  alarm  state  and  the  
response  steps  are 
identified in the Safe Operating Limits of the operating manual; 

o Risk reduction for “operator response to alarms” was only counted as a single 
protection layer accounting for 
a factor of 10; 

• human error shall be considered once only for routine operations (no multiple errors shall 
be considered). 

Any  other  assumption  that  should  be  discussed  and  agreed  by  the  LOPA  Team  during  
the  session,  shall  be explicitly documented and recorded in the SIL Allocation Report. 
 

3.8 Reporting 

The  LOPA  Worksheets  shall  be  prepared  daily  for  recording  the  study  proceedings  in  
accordance  with  the chairman’s instructions.  
 

The  LOPA  worksheets  shall  be agreed  by  the  SIL  Allocation  Team  as  the worksheets  
are  completed  during  the session. 
 

A copy of the LOPA worksheets shall be included in the SIL Allocation Report as attachment. 

 


