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The « Perfect » PHA Study as Input for Process Safety Management
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Before starting the PHA (=core of process safety)

o Back to basics: the design is performed according to good practices and recognized industry standards

o A review of experience information feedback information is performed to include the lessons learned in the design

o Inherent Safe Design principles were applied as much as possible

During risk assessment (= verification step)

o All risks of all installations are assessed, and all risks comply with company acceptance criteria

✓ All hazards and risks are identified: there are no unknows!

✓ All possible causes leading to undesired events (loss of containment,…)  are identified

✓ All  possible scenarios and consequences are evaluated

✓ All impact on people , environment and assets are known

✓ All preventive and mitigating barriers are listed



Process Safety Improvement Plan
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Step 1

Identify

Step 3

Promotion

Step 2

Action plan

Step 4

Close the 
gap



Step 1: Creation of a Major Risk Register
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o Creation of central register with all major accident scenarios (Major 
Risk Register)

o The Major Risk Register includes all major accident scenarios with 
catastrophic and disastrous consequence potential in the 
TotalEnergies risk matrix

o The Major Risk Register is discussed periodically at board  level of the 
company to increase transparency

Remote

Extremely
unlikely

Very
unlikely 

Unlikely

Likely

Very SeriousSeriousModerate Catastrophic Disastrous

Catastrophic
• People : 2 - 5 fatalities
• Extensive pollution on ecosystems 

of recognized interest
• Assets : 10 - 100 M€

Disastrous
• People : > 5 fatalities
• Massive pollution with 

lasting consequences on 
vast ecosystems of interest

• Assets : > 100 M€

Action plan required



Step 1: Creation of a Major Risk Register
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o A benchmark study was performed (Q2 2018) of major accident scenarios 
reported by different sites for the same type of units in the Refining & 
Chemicals branch in TotalEnergies

o The table below gives a summary for some refinery and polymer units
Remote

Extremely
unlikely

Very
unlikely 

Unlikely

Likely

Very SeriousSeriousModerate Catastrophic Disastrous

G4 G5

Number of G4+G5 
scenarios

SITE 1 SITE 2 SITE 3 SITE 4 SITE 5 SITE 6 SITE 7 SITE 8

FCC 33 NA 0 44 396 ongoing 17 6

Distillation  21 139 130 72 109 ongoing 7 31

Naphtacracker 100 (2) 50 NA NA 659 NA NA NA

Reformer+DHT 57 0 0 62 20 56 24 19

HDS units
23

(4 units)
0

(3 units)
17

(2 units)
35

(2 units)
120

(2 units)
ongoing

14
(3 units)

34
(3 units)

HF alkylation unit 7 NA 120 43 NA 173 NA NA

Alkylation  NA NA NA NA 152 NA 16 0

Aromatics 38 0 0 2 124 ongoing 1 5

Visbreaker 0 0 0 17 0
ongoing

0 NA

ARDS-DHC-MHC-
unibon

87 4 NA NA NA NA NA NA

Atm storage 21 33 38 35 487 56 0 14

TOTAL 387 226 305 310 2067 285 79 109

Many scenarios related 
to environment

POL 1 POL 2 POL 3 POL 4 POL 5 POL 6 POL 7

PP NA 25
133

(3 units)
809

(7 units)
NA NA NA

LDPE NA NA NA NA NA
439

(2 units)
NA

HDPE
28

(3 units)
1

(1 unit)
21

(1 unit)
NA NA NA NA

PS NA 16 3 NA 4 23 3 

Very exhaustive (every 
manual valve is a possible 

cause)



Step 1: Creation of a Major Risk Register
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Some observations:

o Lack of consistency in the number and type of major accident 
scenarios reported by different sites for the same types of units:

✓ Some scenarios are missing

✓ Some causes were not treated

o The estimation of consequences is performed using varying 
approaches

✓ Based on experience of the PHA team

✓ Using different methodologies

Central
Hazardous

Event

Cause

1

Cause
2

Cause

3

Conseq

1

Conseq
2

Conseq

3

Barriers Barriers



Step 2: List of Generic Major Accident Scenarios for Typical Units
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• HAZOP
• HAZID
• CTA
• RBI
• ERA
• SCOP
• …

Risk Studies

• HSE
• Process
• Internal
• External
• …

Experience
Feedback

Information

• Process
• HSE
• Maintenance
• Inspection
• …

Expert
Knowledge

Technical
expertise

Review by 
operations

HSE 
expertise

List of Major Accident 
Scenarios with 
Typical Barriers

Inputs Observation 1: Lack of consistency in the number and type of major 
accident scenarios reported by different sites for the same types of units 



Step 2: List of Generic Major Accident Scenarios for Typical Units
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o Priority was given to process units with high HAZARD potential 

✓ HF Alkylation:  isobutane and butene feedstock with as a catalyst 
toxic HF to produce gasoline component iso-octane: unit with LPG 
and light products

✓ Fluid Catalytic Cracker :  feedstock is cracked at high temperature 
with catalist into light products

✓ Poly-propylene unit: feedstock is propylene

✓ Naphtha-Cracker:  naphtha, butane or ethane as feedstock , 
products are LPG and light products

o The analysis includes

✓ Identification of process causes.

✓ Non-process causes are integrated only if specific to the unit 
(product characteristics, process parameters…).

✓ Typical barriers for prevention, mitigation and protection are listed.

✓ Frequency estimation was done in a second step to prioritize
scenarios and barriers

Observation 1: Lack of consistency in the 
number and type of major accident 
scenarios reported by different sites for the 
same types of units 



Step 2: List of Generic Major Accident Scenarios for Typical Units
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o Estimation of Consequences 

✓ Internal tools and guidelines are being developed to assure consistency in the estimation of consequences 
related to the release of flammable and/or toxic substances

✓ A task force involving representatives of all branches in TotalEnergies is in charge of developing these guidelines 
& tools to increase consistency of results

✓ The guidelines and tools include all phases of a consequence calculation

• Definition of source terms

• Dispersion of vapors/gases

• Estimation of physical effects (pressure, heat radiation)

• Impact of physical effects on people, assets, environment

Leak

LPG

Undesired event : major leak

Wrong
manipulation

(operator error)
Leak

Jet Fire

People

Assets

Environment

Prevention 
barriers

Mitigation 
barriers

Protection 
barriers

Impact

Observation 2: The estimation of consequences 
is performed using varying approaches



Step 2: List of Generic Major Accident Scenarios for Typical Units
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Case study: Generic Scenarios for FCC Units

o The frequency was estimated based on simplified part counts based on 
typical P&ID

o Focus on “first priority” scenario according to TotalEnergies (without any 
barrier installed)

o In total 47 priority generic scenarios were identified for an FCC unit
Remote

Extremely
unlikely

Very
unlikely 

Unlikely

Likely

Very SeriousSeriousModerate Catastrophic Disastrous

Node 2: 11 scenarios

Node 1: 1 scenario
Node 3: 2 scenarios

Node 4:6 scenarios

Node 7,8,9,10: 6 scenarios

Node 5,6: 21 scenarios



Step 2: List of Generic Major Accident Scenarios for Typical Units
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Example of a scenario sheet for the FCC unit



Step 2: List of Generic Major Accident Scenarios for Typical Units
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o Total, La Mède, France (9/11/1992)
o Major VCE
o 6 Fatalities



Step 2: List of Generic Major Accident Scenarios for Typical Units
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o Dynamic Approach !
o Including recent events to complete the list with generic 

scenarios ! 

2.6 bar

2.3 bar

air 

reverse

air reverse

Failure of 

column wall

Blower running

Torch oil

temperature goes

out of range (525 

°C)



Step 2: List of Generic Major Accident Scenarios for Typical Units
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o Case study: Generic Scenarios for a Polypropylene Unit (PP).

o In total 15 priority generic scenarios were identified

Nr Central Hazardous Event

1
Medium leak in raw materials pipeline (ethylene, 
propylene, hydrogen)

2
Pipe rupture of raw materials pipeline (ethylene, 
propylene, hydrogen)

3 …

4 ...

5 …

6 …

7 ...

8 …

9 …

10 …
11 …
12 ...
13 …
14 ...

15 ……



Step 2: List of Generic Major Accident Scenarios for Typical Units

EPSC 3rd Process Safety Congress. Maastricht. December 2023. PSR/HSE/RM/SPI© . All rights reserved. Slide 16.

o Phillips Petroleum, Pasadena, Texas (23 October 1989)
o Major VCE
o 23 Fatalities



Step 2: List of Generic Major Accident Scenarios for Typical Units
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o Case study: HF Alkylation Unit

o In total 17 priority generic scenarios were 
identified

HF Unloading

1
Loss of containment of HF during unloading operation (rupture of
hose/unloading line).

2

Loss containment following loss of cooling of the reaction (with
continued feed of olefinic C4). All causes for loss of cooling water need to
be considered (trip of pump, valves closed, plugging,….). Possibility to
have HF in cooling water circuit with rapid corrosion of other exchangers
with risk of loss of containment.

3 ...

4 ...

5 ...

6 ...

7 ...

8 ...
9 ...

10 ...
11 ...
12 ...

13 ...

14 ...

15 ...
16 ...
17 ...



Step 2: List of Generic Major Accident Scenarios for Typical Units
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o Philadelphia Energy 
Solutions (PES) 
Refinery, Philadelphia 
(US)

o 21 June 2019

o 750 M$ property 
damage

o Release of about 2000 
kg of highly toxic 
hydrofluoric acid (HF) 
and about 300.000 kg 
of hydrocarbons



Step 2: List of Generic Major Accident Scenarios for Typical Units
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Generic Bow Tie Diagrams

o Developed per equipment type by a team of subject matter experts

o In line with available design specifications and allows to communicate more easily about major accident scenarios

o Allows to compare available design with “optimum” design meeting design specifications

o Possibility to remove non-existing hardware barriers and organizational barriers to verify the impact on risk profile

o Drives consistency and quality in risk assessment since use of common starting point



Step 2: List of Generic Major Accident Scenarios for Typical Units
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Step 2: List of Generic Major Accident Scenarios for Typical Units
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Step 3: Promotion. Get Everybody On Board !
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1. Promotion by Major Risk Division of Corporate HSE

o Promotion of guidelines within process safety network 

o Yearly corporate process safety network meeting for all branches

o Training to process safety experts and operational personnel

o Promotion on TotalEnergies intranet

o Review in 3-yearly mandatory corporate audits

2. Technology experts of branches promote safe operation within industrial sites:

o Giving training to operation people with chapters dedicated to

✓ The specific risks of a given unit

✓ Emergency procedures

o 6 monthly network meeting for the process engineers, HSE is present



Step 4: Closing the Gaps
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o Provide feedback on guidelines to improve development of generic list for other typical units

o Perform gap analysis based on guidelines

o Assure incorporation of the generic list of major scenarios in the 5 yearly PHA review  and close the gap

o Yearly update of the Major Risk Register for all industrial sites by the Major Risk Division of Corporate HSE

o Assistance to industrial sites

✓ To perform the gap analysis 

✓ To assure that the 5-yearly PHA study update includes the list of major accident scenarios



Conclusions
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One step closer to the “perfect” Technological Risk Study by

o Development of a generic list of major accident scenarios for typical process units, involving experts covering all 
disciplines in TotalEnergies:

✓ Provides a list of credible major accident scenarios based on expert knowledge: best information as we know it 
today

✓ Provides guidelines for the consequence estimation based on expert knowledge and REX: best knowledge of 
today

✓ Provides typical barriers that are installed in similar units

o A centralized Major Risk Register is monitoring the yearly improvement

o The Major Risk Register and associated action plans are discussed up to board level of the company
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