
  
 
  

Technical Paper May 2020 

 
 

  
 
1 

 
 

Process Safety Management in CFCL  
 

A step beyond conventional safety 
 
 

 

Author 

P.K. Tyagi, Anoop Sabharwal & Rohit Shukla 
 
 
Abstract 

 
This paper gives an insight into the benefits derived by Chambal Fertilisers and Chemicals Limited (CFCL) after the 
implementation of Process Safety Management (PSM) in the year 2009. 
 
Fertilizer plants are very complex and process hazard sensitive units involving operations of critical nature. At CFCL, 
with the philosophy of continuous running of plants for two consecutive years, it is important to avoid process incidents. 
This is where PSM steps in and assumes a significant role in ensuring safe ammonia and urea plant operations. It is a 
specialized techno-managerial tool promoted by OSHA, US Department of Labor and brings to the fore the hidden risks 
that comes through changes in the plant design, standard work procedure change, etc. The article highlights 14 key 
integrated elements of PSM used for identifying, controlling and preventing chemical process hazards. 
 

Keywords: PSM Elements, Process Safety Information, Management of Change, Standard Operating Procedure and 
Incident Investigation Report. 



Page 1 of 12 
 

Process Safety Management in CFCL - A step beyond conventional safety 

 

By P.K. Tyagi, Anoop Sabharwal & Rohit Shukla 

Abstract: 

This article gives an insight into the benefits derived by Chambal Fertilisers and Chemicals 

Limited (CFCL) after the implementation of Process Safety Management (PSM) in the year 

2009. 

Fertilizer plants are very complex and process hazard sensitive units involving operations of 

critical nature. At CFCL, with the philosophy of continuous running of plants for two 

consecutive years, it is important to avoid process incidents. This is where PSM steps in and 

assumes a significant role in ensuring safe ammonia and urea plant operations. It is a 

specialized techno-managerial tool promoted by OSHA, US Department of Labor and brings 

to the fore the hidden risks that comes through changes in the plant design, standard work 

procedure change, etc. The article highlights 14 key integrated elements of PSM used for 

identifying, controlling and preventing chemical process hazards. 

Keywords: PSM Elements, Process Safety Information, Management of Change, Standard 

Operating Procedure and Incident Investigation Report. 

Introduction: 

Chambal Fertilisers and Chemicals Limited (CFCL) is one of the largest private sector 

fertilizer producers in India. CFCL has two hi-tech nitrogenous fertilizer (urea) plants located 

at Gadepan in the Kota district of Rajasthan. The two plants produce about 2 million MT of 

urea per annum. The first plant was commissioned in 1993, and the second one in 1999. 

These plants deploy state-of-the-art technology from Denmark, Italy, United States and 

Japan. CFCL initiated the expansion of urea capacity with the announcement of third plant at 

Gadepan. With the commissioning of the third plant, annual urea production will touch 3.4 

MT, making Gadepan India’s largest single location producer of fertilizer. The additional 

capacity will be of great significance to India as it will result in reduction in urea imports.  

The needs for PSM: 

Every day many industries face the risk of incidents due to unexpected releases of toxic, 

reactive, or flammable liquids and gases in processes involving highly hazardous chemicals. 

Companies live with the potential for an accidental release and the disastrous consequences 

that come with it. As a result of this risk and to strengthen occupational safety and health, 

OSHA issued the Process Safety Management of Highly Hazardous Chemicals standard (29 

CFR 1910.119), which contains requirements for the management of hazards associated 

with processes using highly hazardous chemicals.The chemical involved in the accidents are 
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mainly chlorine, ammonia, LPG and other HAZCHEMs. In spite of the presence of barriers 

and controls between hazards and undesirable consequences, sources of harm and flaws 

continue to raise their ugly head and accidents occur as rightly depicted by the Swiss 

Cheese Model in figure 1. 

 

 

CFCL is already an ISO: 9001, ISO: 14001 and OHSAS: 18001 certified company. However, 

the need for managing process safety risks was long felt. A proactive approach to avoid 

incidents involving hazardous chemicals and processes paved the way for PSM 

implementation. This ensured enhanced performance in dealing with process related 

hazards.  

Implementation of PSM: 

PSM implementation was not easy and challenges prior to PSM were: 

 Developing an understanding of the PSM standard. 

 Integration and merging existing EHS system with the PSM requirements.  

 Employees engagement and their active involvement  

 Limited experience with PSM amongst Fertilizer industries. 

 Lack of training and competency to run the newly adopted PSM system. 

 Data collection and compilation and aligning them with PSM requirements  

Figure: 1 Swiss Cheese Model 
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 Documenting basis for data collection. 

How PSM was implemented: 

A core team was formed with representatives from production, technical services, 

maintenance, safety and environment and quality control. CFCL took the services of M/s 

Prism Consultants for the implementation of PSM. 

PSM comprises of 14 key elements and for each element a senior was chosen as the 

element sponsor as shown in the block diagram (fig-2).  

 

Under the element sponsor, an interdepartmental team (fig-3) was formed and each team 

was allocated specific man days depending upon the complexity of the element  

PSM implementation process started in Jan’09, Pilot trial was done in June’09 and soon 

after implementation the very first compliance audit was conducted in Oct’09. 

Brief on PSM Elements: 

PSM has 14 key elements as described in brief: 

1) Process Safety Information (PSI): For effective process safety management 

program, complete and accurate written information concerning process chemicals, 

process technology, and process equipment is essential. The compiled information 

serves as a necessary resource to a variety of users including the team that will 

perform the process hazards analysis [2]  

PSM Element 
Sponsor

Safety

Manager

Safety 

Process 

Manager

Technical 
Services

Plant 
Manager

Operations 

Maintenance 

Manager

E & QC Maintenance

Figure: 2 PSM Implementation Team Block Diagram 
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2) Process Hazard Analysis (PHA): A PHA is an organized and systematic effort to 

identify and analyze the significance of potential hazards associated with the 

processing or handling of highly hazardous chemicals. [2] PHA provides information 

which will assist the company and employees in making decisions for improving 

safety and reducing the consequences of unwanted or unplanned releases of 

hazardous chemicals.  

3) Operating Procedures and Practices: Operating procedures describe tasks to be 

performed, data to be recorded, operating conditions to be maintained, samples to be 

collected, and safety and health precautions to be taken. The procedures need to be 

technically accurate, understandable to employees, and revised periodically to 

ensure that they reflect current operations [4]. 

4) Contractor Control: Contractors used to perform work in and around processes that 

involve highly hazardous chemicals, need to establish a screening process so that 

they hire and use work force who accomplish the desired job without compromising 

the safety and health of employees at a facility [4]. 

5) Mechanical Integrity: Equipments used to process, store, or handle highly 

hazardous chemicals needs to be designed, constructed, installed and maintained to 

minimize the risk of releases of such chemicals. [2] This requires that a mechanical 

integrity program be in place to assure the continued integrity of process equipment.  

6) Employee Training: All employees, including maintenance and contractor 

employees, involved with highly hazardous chemicals need to fully understand the 

safety and health hazards of the chemicals and processes they work with for the 

Figure: 3 PSM Element Sponsors at CFCL 
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protection of themselves, their fellow employees and the citizens of nearby 

communities.  

7) Employee Participation: The involvement of employees in the development and 

implementation of the process safety management program elements is essential to 

its success. The company needs to consult their employees and their representatives 

for hazard identification and impact assessment.  

8) Trade Secret: Company shall make all information necessary to those persons 

responsible for complying with the process safety information, those assisting in the 

development of the process hazard analysis, those responsible for developing the 

operating procedures, and those involved in incident investigations, emergency 

planning and response. 

9) Incident Investigation: Incident investigation is the process of identifying the 

underlying causes of incidents and implementing steps to prevent similar events from 

recurring. OSHA expects companies to investigate each incident which resulted in, or 

could reasonably have resulted in a catastrophic release of highly hazardous 

chemical in the workplace.  

10) Management of Change: In this process safety management standard, change 

includes all modifications to equipment, procedures, raw materials and processing 

conditions other than "replacement in kind." These changes need to be properly 

managed by identifying and reviewing them prior to implementation of the change 

11) Pre-start up safety review: Company shall perform a pre-startup safety review for 

new facilities and for modified facilities when the modification is significant enough to 

require a change in the process safety information. The pre-startup safety review 

shall confirm that prior to the introduction of highly hazardous chemicals to a process 

construction and equipment is in accordance with design specifications among 

others. 

12) Hot Work Permit: Company shall issue a hot work permit for hot work operations 

conducted on or near a covered process. The permit shall be kept on file until 

completion of the hot work operations. 

13)  Emergency Response Planning: The Company must address what actions 

employees are to take when there is an unwanted release of highly hazardous 

chemicals. In emergency preparedness, industries must have an emergency action 

plan to facilitate prompt evacuation of employees when an unwanted release of 

highly hazardous chemical occurs. 

14)  Compliance Audits: Industries need to certify that they have evaluated compliance 

with the provisions of this section at least every three years to verify that the 

procedures and practices developed under the standard are adequate and are being 

followed and deficiencies are corrected. 



Page 6 of 12 
 

Benefits CFCL realized with the launch of PSM: 

We will outline major benefits CFCL derived with the implementation of PSM against each of 

its elements: 

Process Safety Information (PSI): 

PSI, being the core element of PSM, helped in compiling data which otherwise was known to 

the immediate personnel working with it. With PSI, we are abreast of the process hazards 

hidden with the Ammonia Urea complex process and utilities involved thereof. We have two 

plants and both plants (including utilities and product packaging plants) have their own PSI 

manual containing the information pertaining to the process technology, reactions and 

chemicals intrinsic to that plant. Figure 4 illustrates in brief the detailed information contained 

in the CFCL PSI manual. 

CFCL PSI manual is knowledge resource for trainees and lateral entries. PSI ensured quick 

and easy access and retrieval of all the information. After PSM implementation, whenever 

any change is done like process modification, technology up gradation, etc. same is updated 

into the PSI manual and controlled by the PSM Coordinator of CFCL. 

 

 

 

Toxicity
Permissible exposure 
limits
Physical data,
Reactivity data,
Corrosivity data, and
Thermal and chemical 
stability data

A block flow diagram,

Process chemistry,

Maximum intended 
inventory,

Safe upper and lower 
limits for temperatures, 
pressures, flows or 
compositions, and

An evaluation of the 
consequences of 
deviations

Materials of construction,

Piping and instrument 
diagrams (P&IDs),
Electrical classification,

Relief & Ventilation system 
design,
Material and energy 
balances  and

Safety systems (e.g., 
interlocks, detection, or 
suppression systems).

Figure: 4 Information on the hazards, the technology of the process & on the 

equipments being used at CFCL compiled in PSI manual. 
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Operating Procedures and Practices:  

CFCL has carefully developed written operating procedures for smooth running and safe 

shutdown of the plant consistent with the process safety information. The procedures 

covered are:  

 Normal Standard Operating Procedure (SOP) for normal and smooth running of the plant 

 Temporary Operating Procedure (TOP) for machinery change over, etc. 

 Emergency Operating Procedure (EOP) for startup and shutdown activities 

These are developed in check list form describing each activity step wise in detail along with 

the responsibility of ensuring its completion on the right column. The operating procedures 

are discussed and reviewed at plant level itself for being accurate and up to date. Even 

normal plant routine activities have been included in the temporary operating procedures. 

TOPs are extensively followed during changeovers of turbines to pumps, changeovers of 

lube oil filters and coolers and many more routine plant activities to contain inadvertent 

human errors.  With operating procedures at hand, CFCL has been able to prevent process 

incidents. Even if they occur, they are chronologically and rationally dealt with through 

incident investigations. 

Mechanical Integrity (MI): 

CFCL has well documented procedures to ensure the integrity of the process equipment 

being used to manufacture Ammonia and Urea and related utilities. Based on the procedure, 

equipments preventive and predictive maintenance plan is developed and religiously 

followed, this covers all the rotary & static equipments. If an incident occurs by the failure of 

this critical PSM element, recurrence is prevented by applying suitable administrative or 

engineering control. 

MI for example contains a list of all the storage tanks and their indented inventory, isolation 

valves in the plant and their stem greasing status. The list of isolation valves and their 

greasing status is included purposely. During one of the startup of Ammonia plant, a critical 

isolation valve could not be operated as the valve stem dried out due to dust adhesion and 

rust formation on the valve stem. We did not apply excess force as it could have broken the 

stem of the valve. The valve was later on opened with the help of maintenance department. 

But it delayed start up process. If PSM was in place at the time of this incident then it could 

have been avoided. 

There are many flexible hose connections in the ammonia plant in fuel, oil and ammonia 

transfer circuits. Leakages from these vulnerable hoses can lead to plant shutdown and 

process incidents. CFCL has a maintenance strategy for periodic checking/replacement of 

these hoses. This has resulted in preventing many incidents. 
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Process Hazard Analysis (PHA):  

CFCL revamped the capacities in both the plants in 2009 by installing some equipments and 

carrying out various modifications in the design features of the plants. PHA is very useful in 

finding out hazards which creep in with every change and modifications in the design intent 

of the plant. We have standard HAZOP procedure for identifying hazards. The procedure 

entails a risk ranking matrix for rating the identified risk, based on its likelihood and severity 

of the consequences that would follow. Based on the risk rating/ranking (High, Medium, Low 

and Very low), appropriate engineering control or administrative control or both type of 

control measures are suggested. CFCL developed PHA template as shown in the figure 5. 

 

 

 

 

 

 

 

 

 

 

 

 

Pre-Startup Safety Review (PSSR) 

During plant shutdown a number of modifications are carried out. PSSR identifies gaps left 

out inadvertently in these modifications. Every modification is checked before plant startup in 

the PSSR by a joint team of production/safety/maintenance/technical services to verify that 

the job is done correctly. 

During one of the PSSR of a modification done in the plant, pump trial run was being taken. 

Despite following the pump startup checklist, it was not developing pressure. We reviewed 

and repeated the whole process but to no avail. We then thoroughly examined each aspect, 

like motor rotation, isolation valve opening, pump priming, etc. and found that the check 

Process Unit  : Name of the plant or unit 

Facility              : Describe the section/related equipment 

Session  : Mention the date 

Node  : Specific section of the system in which the design/process intent is     

being evaluated 

Design intent of node : To mention the service of the chosen node with details of operating    
parameters 

Guide 

Words 

Process 

Parameter 
Deviation Causes Consequences 

Existing 

Safeguards 
Risk* Remarks 

      S L R  

* S- Severity, L- Likelihood and R- Risk Ranking 

Recommendations:  

Figure: 5 PHA Template at CFCL 
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valve in the discharge piping was installed in the wrong direction (i.e. against the flow 

direction). Had this not been detected and corrected timely through PSSR, it certainly would 

have led to a plant shutdown. 

This is how all mechanical, instrumentation, electrical and safety related technical aspects 

are covered through PSSR.  

Management of Change (MOC) 

Modifications done in a plant should be thoroughly examined and implemented considering 

technical feasibility and safety aspects. This is done sequentially by a joint team. PSM 

mandates the use of MOC procedure for bringing any change in the design intent of the 

plant, unit, equipment, associated pipeline, etc.  CFCL use the MOC route for making any 

changes in the existing design features. The number of safe MOC’s executed by CFCL over 

the years after PSM implementation is as shown in figure 6. 

 

 

Training:  

A lot of emphasis has been given by CFCL on this element. The company has carefully 

developed extensive training programs for all employees.  PSM refresher trainings are 

conducted every quarter to bring all employees under its purview. The training lays 

emphasis on safety and health hazards of the process, emergency operations including 

shutdown, and other safe work practices that applies to the specific job. 
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Figure: 6 MOC’s executed by CFCL 
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Incident Investigation:  

Process incidents happen mainly due to technology malfunction, equipment failures and 

human errors. The incident investigation thoroughly investigates all these factors along with 

other probable reasons. An RCA is carried out for each incident. Our RCA report touches 

upon important aspects as shown diagrammatically in figure 7.  

 

 

After PSM was made effective in CFCL, management decided to initiate and find root cause 

(RCA) of an incident which results into production loss and/or energy loss. CFCL gradually 

expanded its scope and from mid FY 2016-17 onwards we started doing RCA of every 

unusual occurrence (major or minor). This has increased the number of RCA’s and helped in 

preventing major incidents. The year wise trending is shown is figure 8. 

To pinpoint the actual factor responsible for the incident, CFCL introduced MTO (Man, 

Technology and Organization) as an integral analysis part of its RCA.  

 

How did it 
happen?

Why did it 
happen?

Incident 
Inference

Recomme
ndation to 

avoid 
recurrence

What was 
the incident

0

10

20

30

40

50

60

70

80

2008-09 2009-10 2010-11 2011-12 2012-13 2013-14 2014-15 2015-16 2016-17 2017-18

11
17 13 11 13 10 11 10

30

74

No of Incident Investigation Reports
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Figure: 7 RCA procedure followed at CFCL 
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We would like to share an interesting incident when one of the online pH analyzer was 

showing normal values on the control panel but our quality control laboratory was reporting it 

lower. The pH analyzer was thoroughly flushed and laboratory reviewed its analysis but the 

difference still existed. During RCA, we found that the tie in of the impulse tubing of the pH 

analyzer was at the dead end (away from sample point location) and therefore was showing 

incorrect pH values on the control panel. RCA recommended changing the pH analyzer 

tapping close to the sample point location for accurate measurements. After this both the 

online analyzer and the laboratory showed same pH values. 

Employee Participation: 

CFCL addresses the above element seeking employees’ inputs on all the PSM elements. 

This was brought on the digital platform with the introduction of web based portal developed 

in-house. The portal is named as “PSM Intranet”. The PSM is now an integral part of the 

integrated management system. 

As part of PSM, the review of P& ID’s is carried out on a regular basis. During one such 

review a pipeline was found missing in the P & ID but was installed and under operation. The 

P & ID was then corrected and this pipeline was included in the inspection plan.  

Compliance Audits (CA): 

CFCL ensures PSM’s effectiveness through external audits conducted once in three years 

and internal audits conducted every six months.  

A modification was done in the plant which included an additional fuel control valve in 

parallel. During normal run, one fuel valve was to remain in line and the other valve in 

tandem. In one of the audit observation, it was found that both the control valves were in 

line. If someone had operated both control valves simultaneously, then the PSV at 

downstream which was not designed for handling fuel rate in such quantum, would have 

popped and resulted in a process upset. Later on, after audit one control valve was isolated 

and necessary LOTO was done. 

As part of PSM compliance, PSV adequacy of the Gadepan-I & Gadepan-2 plant was done 

through an external agency and based on their recommendations the PSV’s were upgraded 

to revamped capacity.  

Over a period of time, we strengthened our PSM procedures and gradually improved. This 

improvement is shown in the figure 9 below. We started our PSM journey with rating of 2 and 

achieved a rating of 4 in the year 2016. 
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Conclusion: 

A good safety culture is always enhanced over time. PSM is the backbone for achieving 

operational excellence in a chemical process industry like CFCL. We have been able to 

prevent many process incidents by following PSM. The cost of an incident is always greater 

that the cost of preventing it. This has added another dimension to our safety culture and is 

now part of the overall integrated management system - A step beyond conventional safety. 
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