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A spate of chemical 
disasters around the 
world seems to be the 

norm these days. Is it the in-
crease in reporting, control or 
a worsening attitude toward 
safety? It may be any or all 
of these and more. Process 
safety management (PSM) 
came into the picture in the 
late 1980s and early 1990s, 
including OSHA’s PSM rule 
in 1992 (Table 1). A PSM sys-
tem contains elements for 
preventing or minimizing the 
consequences of catastrophic 
release of toxic, reactive, 
inflammable or explosive 
chemicals.

PSM at Essar Oil
In India, PSM is still in its developmental stag-

es. The major players providing guidance include 
American Petroleum Institute (API), Center for 
Chemical Process Safety (CCPS), American Insti-
tute of Chemical Engineers, DuPont, OSHA and 
U.K.’s Health and Safety Executive (HSE). In its 
journey toward world-class refining standards, 
Essar Oil Ltd. embraced international safety stan-
dards. Starting at a highly competitive production of 
3 lakh (300,000) barrels per day, management envi-
sioned the importance of PSM and emphasized its 
implementation at the refinery. Since its inception, 
PSM has been implemented as a comprehensive 
management program integrating technology, pro-
cedure and management practices.

Essar set up a PSM cell as part of the Health-
Safety-Environment-Fire Department and began 
integrating PSM elements in 2010. Implementa-
tion of these elements has been complete in the 
base units. With the refinery’s expanded produc-
tion nearing 4 lakh (400,000) barrels per day, PSM 
implementation and monitoring have received a 
renewed focus. Essar’s PSM framework encom-
passes 13 elements (Figure 1, p. 46): 

1) employee participation;
2) process safety information (PSI);
3) process hazard analysis (PHA);
4) operating procedures;

IN BRIEF
•Process safety management (PSM) fo-
cuses on proactively avoiding incidents 
in oil refineries, and fertilizer, pharma-
ceutical, explosives and chemical plants 
that handle hazardous chemicals.
•If released, these chemicals could 
have a major impact on workers, sur-
rounding communities or facilities. The 
consequences of these incidents have 
significant life-threatening, environmen-
tal, legal and financial implications.
•PSM provides a dynamic environment 
for continual improvement and increases 
the awareness of the safety impacts of 
technology, personnel and the manage-
ment of process hazards.

Gopal Jayaraman, Ph.D., heads the Health-Safety-Environment-Fire Depart-
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Gujarat, India. He holds a Ph.D. in Environment and Ecology with special focus 
in oil and gas industries. He has more than 40 years’ industrial experience in 
operations, project execution and safety in oil and gas industries and petrochemi-
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committee member of the Oil Industry Safety Directorate. During his career, 
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5) training;
6) contractor safety management;
7) prestart-up safety review (PSSR);
8) mechanical integrity;
9) hot work permit;
10) management of change (MOC);
11) incident investigation;
12) emergency planning and response;
13) compliance audits.
The primary intent of PSM implementation in 

the refinery has been the proactive identification, 
evaluation and prevention of loss of primary con-
tainment of toxic, reactive, flammable or explosive 
chemicals from a process. PSM provides a system-
atic approach toward achieving these outcomes, 
resting on the three pillars of integrity: operational 
integrity, plant integrity and design integrity. Im-
plementation has occurred in phases, starting with 
employee participation.
 
Employee Participation

Employee participation is a vital aspect of im-
plementing any management process. India’s Oil 
Industries Safety Directorate (OISD), OSHA and 
other regulatory bodies require employers to ensure 
employee participation in activities such as develop-
ing and conducting hazard assessments. 
At Essar, employees are engaged in 
various activities providing feedback to 
management procedures; in creation of 
standard operating procedures (SOPs); 
procedural revisions; MOC process; PHA 
[e.g., hazard and operability (HAZOP) 
studies, fault tree analyses (FTA), What If, 
5 Why]; and PSSR.

In addition, various awareness and 
training sessions are conducted to en-
hance employee awareness and share 
knowledge. These sessions provide in-
sight about actual work/practical issues 
that help improve systems. Employees 
are also integral in safety audits and 
task-based risk assessments/job safety 
analyses conducted in the field.

Any knowledge gained from internal/
external incidents is shared with all em-
ployees in a simplified form that explains 
the probable/root causes and shows in-
cident learnings. Various books, cards 
and leaflets have been circulated among 
employees to improve PSM understand-
ing and increase employee participation. 
Employees report process near-misses 
regularly, and their valued experience in 
the field helps strengthen the refinery’s 
systems.

To further develop and sustain PSM, 
management enlists employees to serve 
as volunteer PSM coordinators for their 
respective plants. Currently, the plant 
safety coordinators act as an interdepen-
dent body, highlighting process safety is-
sues while implementing PSM elements 
in the refinery units. 

Process Safety Information
The compilation and continual updating of PSI is 

key to ensuring the continued safety of any process 
industry, including a refinery. As required by stan-
dards (e.g., factory rules, OISD GDN-206, OSHA), 
employers must compile written PSI before con-
ducting a PHA as required by several standards. At 
Essar, compiled PSI is accessible to all employees 
through an online portal. 

The information is managed by technical ser-
vices personnel and monitored continuously for 
accurate information on process chemicals, tech-
nology and equipment (an OISD requirement). A 
coordinator streamlines the process and maintains 
the information.

The information shared includes:
•MSDS for all process chemicals involved;
•design and engineering package;
•block flow diagrams;
•process flow diagrams;
•process and instrumentation diagrams (P&IDs);
•critical operating parameters;
•cause-and-effect diagrams for process, fire and 

gas systems;
•equipment datasheets;
•alarms and trip settings;

Table 1

Major Chemical Industry Incidents  
Leading to PSM Regulations

Note. VCE = vapor cloud explosion; BLEVE = boiling liquid expanding vapor explosion; 
LPG = liquefied petroleum gas.

Year	   Location	   Event	   Result	  
1970	   Agha	  Jari,	  Iran	   Gas	  explosion	   29	  dead,	  10	  injured	  
1971	   Amsterdam,	  

Netherlands	  
Butadiene	  explosion	   8	  dead,	  21	  injured	  

1972	   Rio	  de	  Janeiro,	  
Brazil	  

Butane	  storage	  vessel	  BLEVE	   37	  dead,	  53+	  injured,	  
U.S.	  $13.4	  million	  	  

1973	   Potchefstroom,	  
South	  Africa	  

Ammonia	  release	  from	  storage	  
vessel	  

18	  dead,	  65	  injured	  

1974	   Flixborough,	  U.K.	   Cyclohexane	  VCE	  at	  
caprolactum	  plant	  

28	  dead,	  104	  injured,	  
U.S.	  $412.2	  million	  	  

1974	   Pitesti,	  Romania	   Ethylene	  VCE,	  ethylene	  plant	   ~100	  dead	  
1975	   Antwerp,	  Belgium	   Ethylene	  VCE,	  polyethelene	  

plant	  	  
6	  dead,	  13	  injured,	  U.S.	  
$57.8	  million	  	  

1976	   Seveso,	  Italy	   Tetrachlorodibenzo-‐p-‐dioxin	  
(TCDD)	  toxic	  release	  

~20,000	  people	  affected	  

1977	   Pasacabolo,	  
Columbia	  

Ammonia,	  etc.,	  toxic	  release,	  
VCE	  at	  fertilizer	  plant	  

30	  dead,	  22	  injured	  

1982	   Caracas,	  Venezuela	   Oil	  froth	  fire,	  storage	  tank	   150	  dead,	  500	  injured,	  
U.S.	  $58.9	  million	  	  

1984	   Bhopal,	  India	   Methyl	  isocyanate,	  storage	  tank	   ~3,000	  dead	  
1984	   Mexico	  City,	  

Mexico	  
LPG	  terminal,	  VCE-‐BLEVE	   650	  dead,	  6,400	  injured,	  

U.S.	  $22.5	  million	  
1984	   Romeoville,	  IL,	  U.S.	   Propane	  absorption	  column,	  

VCE-‐BLEVE	  
15	  dead,	  22	  injured,	  U.S.	  
$143.5	  million	  

1988	   Piper	  Alpha,	  North	  
Sea,	  U.K.	  

Offshore	  platform,	  explosion—
gas	  compression	  module	  

167	  dead,	  U.S.	  $1.7	  
billion	  	  

1989	   Pasadena,	  TX,	  U.S.	   Isobutane	  VCE,	  polyethylene	  
plant	  

23	  dead,	  ~130	  injured,	  	  
>	  U.S.	  $500	  million	  	  
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•electrical hazardous area classification drawings;
•chemical storage locations (e.g., plot plans);
•chemical database;
•data on safety relief devices.
The PSI system is one of the most effective sys-

tems implemented at Essar thanks to constant up-
dates and ongoing maintenance. It is accessible to 
all employees and is available anytime. MSDS and 
chemical wall charts are displayed in relevant loca-
tions in the field as well.

Process Hazard Analysis
Any process industry classified as major accident 

hazard under the Factories Act (e.g., the refinery) 
must develop and implement systems to handle 
emergencies that may arise out of the various haz-
ards it contains. For this to be effective, a site must 
conduct a PHA on the installation. This is both a 
requirement of OISD GDN-206 and OSHA’s PSM 
standard.

The Essar Refinery conducted extensive PHA in 
the form of HAZOPs covering the existing base re-
finery units in 2008-09, then the expansion units 
in 2011. Resulting documents are available within 
the PSI portal. In addition, every change initiated 
in the refinery follows the MOC procedure that en-
compasses PHA for ensuring that the change does 
not introduce new, uncontrollable hazards to the 
operation.

For this process, PHA checklists are used. For 
a lower-level analysis, the hazard identification 

(HAZID) checklist is used; for higher-level efforts, 
HAZOP studies are used. All recommendations of 
any PHA are immediately reported to the techni-
cal services group for implementation and comple-
tion. These are tracked through the safety portal for 
refinery-wide PHA. The refinery is currently revali-
dating its PHA by conducting new HAZOPs of the 
refinery units (as required in OISD GDN-206 and 
OSHA’s standard).

In addition, the refinery has conducted a quanti-
tative risk assessment study for the whole refinery 
(base and expansion). It was determined this would 
help the site develop emergency mitigation and re-
sponse plans based on risk scenarios. Study recom-
mendations have been implemented in the refinery, 
and the entire report is accessible in the PSI portal.

The analyses are performed by multidisciplinary 
teams consisting of experienced employees. Team 
members are trained in the various analysis meth-
ods used, and they receive a booklet to augment 
their knowledge. 

A safety integrity level study was conducted in 
2011-12 to determine the refinery’s safety instru-
mented functions’ reliability to operate on demand. 
The intent was to raise the safety integrity levels 
for safety instrumentation to a minimum of level 2. 
To that end, various recommendations were made 
and are being implemented.

 
Operating Procedures

As with any industry, processes followed must 
be uniform and not vary from person to person. 
Essar has developed and regularly updates/revises 
various procedures. They are divided into manage-
ment procedures (applicable to the whole refin-
ery), SOPs (applicable to specific refinery units), 
and standard maintenance practices. Employees 
can access procedures through a common portal 
that contains all departmental SOPs, management 
targets, records and management procedures. Pro-
cedures have been standardized and all employees 
attend familiarization sessions on every revision or 
procedure change.

Every critical activity in the field is studied me-
ticulously and SOPs are tailored to fit the respec-
tive plant and activity. Training is provided to all 
field employees, and a competency test (known 
as Saksham and managed through various web-
based portals) is conducted, as are interviews with 
the respective area managers before deploying of-
ficers in the field.

Training
Based on OSHA standards and OISD STD-154, 

training guidelines have been created for manda-
tory training. Every person (visitors, employees, 
contractors) receives a safety induction before en-
tering the refinery complex. Employees complete 
mandatory OISD STD-154 5-day training consist-
ing of various modules that cover topics such as 
PSM, incident reporting and investigation, toxic 
gas awareness, work permits and hazardous area 
classification.

In addition, a minimum 10% of all plant employ-

Figure 1
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ees complete a 15-day rotational training program, 
during which they receive additional information 
on MOC, mechanical integrity and asset reliabil-
ity, PHA and PSSR. Employees who have already 
completed the 5-day program attend a 2-day re-
fresher course.

Since the entire refinery complex is covered un-
der a work permit system, the safety group con-
ducts a separate 1-day training course on this topic 
to prepare personnel as the issuer/receiver/autho-
rizing party. The health group conducts a 2-day 
basic first-aid course as well. 

Training is a management priority. Much spe-
cialized, job-specific and personal development 
training is conducted throughout the year by the 
Essar Learning Center. Furthermore, process-re-
lated or operational training is delivered to all new 
employees as well as to their reporting depart-
ments prior to deployment. Validation testing is 
conducted through an online portal.

Contractor Safety Management
Contractor safety management is an essential 

part of handling various resources, as most work 
in the refinery is performed by contractors. The 
contractor safety management procedure is based 
on OISD GDN-207, which covers items such as 
tendering, preselection, bidding, selection, evalu-
ation, performance monitoring, penalization and 
contractor review. 

The refinery uses an open tender selection pro-
cess for annual rate contractors. Contractors are 
evaluated based on past performance. They are then 
selected through a competitive bidding process and 
provided with a personalized-standard contract.

The contract work order includes details on the 
company HSEF policy, procedures and safety re-
quirements, as well as the job-specific work re-
quirements. Contract employees attend safety 
induction training before entering the refinery 
complex. All contractor supervisors and safety 
officers must attend a 2-day safety training pro-
gram (OISD-based) and be validated before job 
deployment. One-time-order contractors receive 
in-the-field training and job induction to assist in 
any emergency operations in which they may be 
involved. All contractors are informed of all haz-
ards existing in the area of their work, and in the 
refinery in general.

All contractors are continuously monitored. They 
are briefed on all relevant safe work practices and 
procedures for implementation. Any violations are 
penalized based on the procedure for disciplinary 
action. All work in the refinery starts after the su-
pervisor and engineer in charge deliver a job-relat-
ed toolbox talk. Each contractor maintains records 
of these training events.

All contractors are encouraged to report and cor-
rect unsafe conditions/actions, and contractors who 
report near-misses are recognized and awarded. All 
contractors are also informed of any incidents that 
occur, with emphasis on applying lessons learned. 
Contractor workers who are involved in incidents 
are treated immediately and are involved in the in-

cident investigation. Again, all incident findings/les-
sons learned are shared with contractors. 

Management ensures that all contractors’ prob-
lems are heard and solved as completely as possible 
through the relevant engineers in charge. In addi-
tion, management holds monthly safety committee 
meetings with all contractors. Contractors are also 
encouraged to hold separate safety meetings, and 
job-specific contractor development training pro-
grams are conducted as well. 

Each contractor submits monthly safety perfor-
mance reports to the HSEF Department for con-
tinuous monitoring and development. HSEF and 
reporting staff conduct periodic contactor safety 
audits as well. As more manpower is used, contrac-
tor safety invites more attention and requires more 
focus. Essar has a constant focus on the contractor 
workforce and strives to ensure its welfare. 

Prestart-up Safety Review
PSSR is conducted before any new unit or modi-

fied sections of a unit are commissioned. To con-
duct the review, the refinery has developed a series 
of robust checklists based on OSHA’s PSM stan-
dard, HSE guidelines, and OISD GDN-145 and 
GDN-206. PSSR helps verify that: 

•construction and equipment are in accordance 
with design specifications;

•safety, operating, maintenance and emergency 
procedures are in place and are adequate;

•where applicable, an MOC procedure has been 
followed and all HAZOP recommendations have 
been implemented before start-up;

•employee training has been completed.
To assess these elements, checklists are used 

after multilevel checks are performed by the con-
struction team. A multidisciplinary team (consist-
ing of experienced personnel) checks and forms a 
list of items to be cleared before the section/unit 
is commissioned. These punch points (deviations 
identified) are prioritized and rectified within an 
agreed-upon timeframe. An online system is used 
to track the completion of these issues.

Mechanical Integrity
In every major process incident studied in the 

past decades, system integrity has been challenged. 
As noted, the three integrity pillars of PSM are: 

•operation integrity: training, safe work prac-
tices, SOPs; 

•plant integrity: hardware design, mainte-
nance, construction, reliability;

•design integrity: process design, PSI, engi-
neering, material of construction.

OSHA’s PSM standard and OISD GDN-206 
require a mechanical integrity program to ensure 
that equipment is designed, installed and operated 
as intended without chances of failure. To meet 
this requirement, the refinery implemented a me-
chanical integrity and asset reliability program. It 
encompasses the following equipment:

•pressure vessels and storage tanks;
•piping systems (including components);
•relief and vent systems and devices;

As more 
manpower
is used,
contractor 
safety
invites more
attention 
and requires 
more focus.
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•emergency shutdown systems;
•safety instrumentation and controls (including 

monitoring devices, alarms, interlocks);
•rotary equipment (e.g., pumps, compressors);
•heaters, furnaces, boilers;
•electrical systems;
•fire protection systems.
Given the rising cost of process incidents due to 

lack of integrity control, focus has turned to prevent-
ing catastrophic failure; improving reliability of criti-
cal equipment; and avoiding business loss. Based 
on program requirements, the following activities 
are key: equipment selection (scope); inspection, 
testing and preventive maintenance; written proce-
dures; training; equipment deficiency management; 
quality assurance; and continuous improvement.

The refinery has devised a risk assessment ap-
proach to identify critical equipment. This critical-
ity index categorizes equipment as supercritical, 
critical or noncritical. The index is a function of the 
criticality and priority scores:

criticality index = criticality score x priority score
The criticality score depends on the effect of the 

equipment’s failure on production (P); quality (Q); 
safety (S); service level (SL); and redundancy (RF): 
presence of spares. Thus, the criticality score = [(P 
+ Q + SL) x RF + H)] x S (where H is operational 
severity, based on design limits).

The priority score is dependent on the failure fre-
quency (FF) and the average downtime (DT): pri-
ority score = FF + DT.

Criticality Score
Supercritical > 71
Critical 41-70
Semicritical 11-40
Noncritical 0-10
Based on this matrix, all refinery equipment has 

been categorized for criticality determination. For 
electrical equipment and instruments, equipment 
has been categorized based on its type. 

Next, inspection, testing and preventive mainte-
nance (ITPM) plans are developed after identifying 
maintenance tasks needed to ensure the integrity of 
supercritical equipment. Each piece of equipment 
has its own plan, which involves these steps:

1) Gather equipment information (e.g., manu-
facturer data, international standards): a) gask 
selection: inspection (e.g., corrosion survey); b) 
testing (e.g., vibration testing); and c) preventive 
maintenance (e.g., lubrication, tightness checking).

2) Determine frequency for ITPM tasks.
3) Develop SOPs for tasks and recording.
4) Determine responsibility.
Proper training ensures that tasks are performed 

by only qualified personnel appropriately and con-
sistently. Based on the results of the ITPM plan, 
deficiencies are noted and subsequent monitor-
ing/relevant maintenance repair/replacement is 
performed. In addition, administrative procedures 
have been developed for using a commercial soft-
ware, maintenance planning, task scheduling and 
more. Use of this software allows for vendor and 

quality control, and monitoring of equipment 
availability and failure patterns. 

The root-cause analysis portal created for ana-
lyzing and investigating integrity problems in the 
refinery has been a success with an internally de-
veloped FTA module. Inspection frequencies for 
all critical/super-critical equipment are based on 
statutory norms (e.g., Gujarat Factory Rules, static 
and mobile pressure vessels rules, Indian boiler 
rules) and past experience, incident findings/les-
sons learned and manufacturer recommendations.

Relief Device management
Relief device management at Essar addresses the 

necessity to ensure that:
•pressure relief devices are adequately inspect-

ed, tested and maintained;
•isolation is properly managed;
•changes in their setting are critically reviewed 

and approved;
•basis for their sizing is evaluated and docu-

mented.
Relief device isolation is closely monitored in 

the refinery, and systems are in place to follow the 
MOC process to facilitate any changes in sizing, 
service, settings or related areas. Device inspection 
is based on API 520 and OISD STD-132. Every 6 
months, relief devices (e.g., pressure safety valve, 
pressure vacuum relief valves) are visually inspect-
ed using checklists based on the standards.

trip interlocks & safety Device Bypass
One critical aspect of PSM is to monitor the by-

passing of any safety device in the refinery. Bypass-
ing may be initiated based on various process and 
operational requirements, such as when process 
parameters have changed from the initial param-
eters for which the plant was designed. 

The refinery has a safety device and trip inter-
lock bypass procedure in place and monitors the 
bypassed safety systems weekly. Senior manage-
ment is informed about any interlocks that have 
not been taken in-line shortly. This ensures that 
proper risk assessments are conducted to evaluate 
the pros and cons of the bypass and to derive suit-
able solutions.

Hot Work Permits
The refinery’s work permit system is based on 

OISD STD-105 as made mandatory by Rule 171 
of the Petroleum Rules (Ministry of Commerce, 
2002). Under this system, employees must obtain 
permits to conduct hot work anywhere inside the 
refinery complex. Due to the potential for flam-
mable/explosive materials, the primary focus is 
on ignition control. As per OSHA’s PSM rule, hot 
work permits document fire prevention and pro-
tection measures undertaken before a hot-work 
job begins. Every such job is treated as critical in 
the refinery and task-based risk assessments with 
relevant higher-level authorizations are required. 
All permit records are duly maintained as well. In 
addition, a hot work permit registration portal is 
used to monitor jobs in progress.
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Management of Change
Due to Essar’s continuous growth and the 

need for improvement, various changes are 
required in the plant’s existing design. To 
ensure that any such changes do not intro-
duce new hazards without control or over-
ride existing controls, Essar has created and 
implemented MOC procedures based on 
OISD GDN-178, OISD STD-206, OSHA’s 
PSM standard and CCPS guidelines. 

At Essar, change management starts 
with idea conceptualization, which is then 
posted to the online MOC portal for evalua-
tion. Proposed changes may aim to prevent 
incidents, improve facility use and optimi-
zation, reduce downtime or reduce risk to 
personnel. The proposal is evaluated, then 
a process scheme is created, which is then 
studied in detail for determining any pro-
cess hazards through checklists, HAZID 
and HAZOP as required. 

For a proper scheme to result, PSI should be ac-
curate and updated, as it drastically reduces the 
chances of errors. PHA recommendations are in-
corporated into the process scheme’s design be-
fore implementation. In-field implementation may 
then begin, and the project team monitor for de-
viations from design.

The MOC process does not end at the imple-
mentation stage. It may require that PSI (e.g., 
P&IDs, cause-and-effect diagrams) be updated 
or that personnel be retrained. In addition, any 
changes must be extensively communicated. Once 
field implementation is complete, the PSSR pro-
cess is followed. Punch points are resolved as soon 
as possible before proceeding to commissioning.

All changes are monitored and recorded for 
knowledge and monitoring. For changes that are 
not permanent, slightly different approval practices 
are used, but the process structure remains the same 
(approval-PHA-design-implementation-PSSR). 
Typically, temporary changes are valid for 90 days. 
When necessary to implement a change in an emer-

gency, refinery staff generates a field plant change 
notification and conducts a PHA before implemen-
tation. The MOC process can then be completed 
within the next week.

Incident Investigation
The incident investigation system is one of the 

refinery’s most robust systems. The incident re-
porting and investigation system was developed 
based on various statutory requirements includ-
ing Gujarat Factory Rules (1963; specifically Rule 
68J(4), 103, Chapter IX, Schedule XIX); Indian 
Factories Act (1948), sections 88, 88A; Indian Pe-
troleum Rules (2002), Chapter XI; workers’ com-
pensation laws; and CCPS and HSE guidelines.

All incidents are reported and rigorously inves-
tigated in accordance with established procedures. 
As suggested in OISD STD-206, investigations are 
reported within 24 hours of the event. Multidisci-
plinary teams then conduct an investigation within a 
scheduled timeframe depending on incident sever-
ity. The team uses a matrix to categorize the incident 
based on how it will affect people, environment, 

Under the refinery’s 
work permit system, 
employees must 
obtain permits (top) 
to conduct hot work 
anywhere inside the 
refinery complex. 

To ensure that 
changes do not 
introduce new 
hazards without 
control or override 
existing controls, 
Essar has created 
and implemented 
MOC procedures 
(bottom).
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assets and reputation. Should any containment be 
lost, a spill release matrix is used to categorize inci-
dent severity based on API 754. 

A portal provides a systematic platform for con-
ducting investigations; it tracks the actions based 
on recommendations and documents actions.

Each investigation is performed using a PHA 
method (e.g., FTA). All investigation reports are 
circulated among employees to share knowledge 
and develop incident learnings. Findings are also 
explained to contractors as part of the safety time-
out conducted at the beginning of each month. 

All incident reports generated are maintained 
in a database to provide insights into any patterns 
that might develop. Each year, overall data are an-
alyzed to identify key focus areas for improvement.

Emergency Planning & Response
The site has implemented an emergency response 

and disaster management plan. All personnel (visi-
tors, employees, contractors) are instructed in the 
required responses and warning systems during the 
safety induction. Separate training is also provided. 

The refinery has incorporated many statutory rules 
and guidelines in these plans, including Factories 
Act (1948), Schedule 1, Section 41B; Petroleum and 
Natural Gas Regulatory Board Emergency Response 
Regulations (2010); OISD GDN-168; Manufacture, 
Storage and Import of Hazardous Chemicals Rules 
(1989), Rule 14; and NFPA 1600.

The refinery classifies on-site emergencies into 
four types for monitoring: 1) spill/leak; 2) fire; 3) in-
jury; and 4) traffic. The event’s severity determines 
the level and action required.

•Level 1: Emergency can be effectively contained 
within the site or location, and it poses no off-site 
impact.

•Level 2: The event’s impact may spread beyond 
the site or location and additional resources are re-
quired to contain it.

•Level 3: Catastrophic, off-site impact is prob-
able, and external aid is required to contain the 
situation.

Essar conducts periodic mock drills. To develop 
these scenarios, the operations department works 
with the fire department. The mock drills are evalu-
ated by a team of experienced professionals and 
their recommendations are shared with all in the 
area following the drill.

Scenarios identified in the quantitative risk as-
sessment study are also included, and resulting 
actions are tracked in the safety portal. Should an 
emergency occur, the fire team provides a backup 
to the area owner. The refinery also has a separate 
200-member auxiliary fire squad that activates in 
the case of a prolonged or critical emergency. The 
refinery follows OISD STD-116 and 118 for all fire-
fighting/prevention guidelines. 

Compliance Audits
Based on OISD, OSHA and similar rules and 

regulations, the refinery conducts regular com-
pliance audits to monitor implementation and to 
identify any examples of changes made to existing 
standards or international best practices. Internal 
safety audits are usually conducted by refinery 
personnel or staff from another Essar Group com-
pany. External safety audits are performed by repu-
table third parties. All audit recommendations are 
tracked in the safety portal.

In addition, gap analyses are performed for every 
element implemented to verify that the procedures 
and practices developed under the standards are 
adequate and being followed.

Trade Secrets
In accordance with industry norms, Essar has a 

data protection policy that is monitored through 
a control of documents procedure. This policy en-
sures the following: 

•Latest versions of relevant documents are ac-
cessible to concerned personnel for their use.

•Documents are approved for their adequacy 
before use. They are reviewed periodically and re-
vised if necessary.

•Changes and current revision status of docu-
ments are identified.

All investigation
reports are

circulated among 
employees to

share knowledge 
and develop

incident learnings.
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•Documents originated externally are identified 
and their distribution is controlled.

•Obsolete documents are stored for version his-
tory, and those required for legal or other purpose 
are identified and preserved.

These documents are maintained through the 
Essar Refinery Integrated Management System, 
and all relevant copies are stored on company 
servers. Since this is a web-based system, the doc-
uments can only be accessed by authorized per-
sonnel. When access to a soft copy is not practically 
possible, any printouts or copies issued to users for 
official use are treated as controlled copy. Further-
more, access restrictions do not allow for external 
electronic transfer of the documents. 

Management Review
All management programs are effective only 

with regular, periodic management review of ex-
isting practices. Senior managers receive weekly 
updates on any critical process safety issues (e.g., 
safety devices/interlocks bypassed). The top man-
agement team, consisting of all area managers, 
department heads and the refinery director, meets 
the first week of every month. In addition, process 
safety key performance indicators have been draft-
ed in accordance with API 754 and CCPS’s leading 
and lagging metrics for monitoring the refinery’s 
PSM performance. This information is presented 
in monthly meetings and is incorporated into the 
management performance report.

Any incident reported is considered to be a pro-
cess safety event and is categorized as Tier 1 or Tier 
2 based on event characteristics:

1) Threshold quantity. The amount of material 
released should exceed this stated amount for the 
concerned chemical. Manufacturing, Storage and 
Import of Hazardous Chemicals rules also have a set 
threshold limit for most chemicals. API and CCPS 
guidelines cover these and are more stringent.

2) Acute release. The release within 1 hour 
should be above threshold quantity. For example, 
if a hazardous release exceeds threshold quantities 
but over a period of many days, instead of 1 hour, it 
will not be considered a process safety event.

Conclusion
Essar has come a long way in PSM implemen-

tation in recent years. In keeping with its goals 
for continual improvement, management has 
sustained and developed the PSM system. As of 
Oct. 1, 2013, the refinery has recorded 2,008 lost-
time-incident-free days and 1,593 major fire-free 
days. Incident prevention depends on the actions 
of people, applying lessons learned from incidents 
and periodical review of systems and procedures. 
All involved must agree that it is critical to produce 
chemicals safely without harming human life or 
environment. Investment in safety should be treat-
ed as an opportunity cost. PSM is the fulcrum of 
the safety integrity of any process plant; if practiced 
with sincerity, many major incidents can be pre-
vented or minimized.  PS
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