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Process & Plant Safety Guideline - Severity of Consequences
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• Severity assessment in PHAs deviating for comparable cases

• Severity of overpressure overestimated for small equipment

• For perfect application, repeated training and exercise are necessary

➔ Updating the work aid to improve user-friendliness and 

    appropriate risk evaluation

Experiences with the work aid of the past years



Severity Assessments of Process Deviations
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Modular Approach

Deviation from normal condition  

➔ Initiating Event

Impact on People Impact on Environment

Release of SubstanceRelease of Energy



Severity Assessments of Process Deviations
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Modular Approach
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New Severity of Consequences – Modular Approach
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How can we assess the Severity of a 

Scenario?

By Estimation of the released Energy

Low released energy

• only immediate 

surrounding is impacted 

➔ low Severity

High released energy

• large impacted area

➔ high Severity

Severity Assessments of Incidents – Release of Energy

𝐄 = 𝐦 ∙ 𝐜𝟐



Release of Energy

│ Harmonization of Severity Ranking

1. Overpressure Scenarios
→ Hazard Discussion "Pressure too high“, …

Apply new Approach of Severity Guideline

2. Explosions (and Fire) 
→ Hazard Discussion "Explosion“ 

Apply Explosion Safety Concept
 

3. Chemical Reactions 
→ Hazard Discussion "Temperature too high“, "Pressure too high“, "Runaway Reaction“,  

"Decomposition“, "Cooling failure" … 

 

Apply Chemical Safety Concept

𝐄 = 𝐦 ∙ 𝐜𝟐
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Release of Energy

│ Harmonization of Severity Ranking

We need to assess the released energy!

But safety technology should be simple!

KISS approach! 

(Keep It Short and Simple!)

We are using the approach of the European Pressure Equipment Directive 

2014/68/EU: Estimation of Stored Energy E by the Product of 

maximum allowable working Pressure PS and Volume V 

E = PS*V
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6 Examples of pressurized Equipment
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Pressure Equipment  Energy in bar*L

Balloon    0.16

Bicycle tire    6

Car tire    100

Flat bottom tank 90 m³  4,500

Tank 40 m³    240,000

High pressure pipeline 394 m³ 47,280,000

Evaluation of Energy Release and Consequences



Consequence of Gas Overpressure - Flat bottom tank
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E = 4,500 bar*L ➔ 1,500 kg                with velocity of 88 km/h

Source: Large Steel Tank Fails and Rockets to Height of 30 meters − Rupture Disc Installed Incorrectly - 

ScienceDirect

https://www.sciencedirect.com/science/article/pii/S2093791115001080?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S2093791115001080?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S2093791115001080?via%3Dihub


Consequence of Gas Overpressure - Tank
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Source: Analysis of causes of burst failure of a buffer tank - ScienceDirect

E = 240,000 bar*L ➔ 1,500 kg               with velocity of 644 km/h

https://www.sciencedirect.com/science/article/pii/S1350630721006646
https://www.sciencedirect.com/science/article/pii/S1350630721006646
https://www.sciencedirect.com/science/article/pii/S1350630721006646


Consequence of Gas Overpressure – High pressure pipeline
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Source: Pressure Testing - Pressure Vessel Failure during Pneumatic Test Nanjing Yuchuang Co, China (wermac.org)

E = 47,280,000 bar*L ➔ 1,500 kg                with velocity of 9039 km/h

https://www.wermac.org/misc/pressuretestingfailure1.html
https://www.wermac.org/misc/pressuretestingfailure1.html
https://www.wermac.org/misc/pressuretestingfailure1.html


Gases means gases, liquified gases, gases dissolved under pressure, vapors and includes liquids 

with vapor pressure @Tmax > 1.013+0.5 bar

A

B

C

D

Assessment of Severity of Energy Release
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caused by Overpressure by Gases



Liquids with vapor pressure @Tmax ≤ 1.013 bar are included

Assessment of Severity of Energy Release
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caused by Overpressure by Liquids

C

D



Severity Assessments of Process Deviations
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Modular Approach

Deviation from normal condition  

➔ Initiating Event

Impact on People Impact on Environment

Release of SubstanceRelease of Energy



New Severity of Consequences – Modular Approach
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Severity Assessments of Incidents – Release of Substances



Release of Substances

│ Harmonization of Severity Ranking

Influencing Factors for Impact to Persons

• Substance and its Characteristics: GHS Classification

• toxic 

• corrosive

• flammable

• …

• Released Amount

• Temperature 

• physical state (gaseous, liquid, solid)

• vapor pressure

• Type and Location of Release

• splash, droplet, spray, overhead, pool, …
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Modular Approach for Severity Assessment
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TABLE of common substances at 

Covestro with expert evaluation of 

severity

Input: Substance, released quantity 

(minor or significant), operational 

temperature, equipment with/without 

thermal insulation

1. Impact on People

 Severity Table for Exposure

 Severity Table for Burns

2. Impact on Environment

 Severity Table for 

 Environment

3. Impact on Explosion Safety

 Severity Table for 

 Explosion Safety 
(release of huge quantity of flammable 

substances above flashpoint is typically not 

covered by the zoning concept)

Release of Substances

A B C D E



Example case
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Scenario:

A completely liquid filled pipeline with Phenol (liquid) is blocked in by operational 

error, pipeline is heat traced and thermally insulated, operational temperature is 

90°C

Blocked in Volume of Pipeline: 40 L

Pressure Rating of Pipeline: PN10 (PS= 10 barg up to 100°C)

Consequences: Thermal expansion with exceeding the maximum allowable 

working pressure is possible. Subsequent release of substance and energy can 

occur.

Task: Assess the Severity of this Incident (Substance and Energy Release)

Release of Phenol (melt) due to thermal expansion



Example case – Release of Phenol due to thermal expansion

Substance Release

Severity Table for Exposure    ➔ 

(minor amount, max. 40 L)

Severity Table for Burns  ➔  

(90°C, insulation)

Severity Table for Environment ➔  

(minor amount, max. 40 L)

Severity Table for 

Explosion Safety                        ➔ 

(minor amount)

Release of Phenol (melt) due to thermal expansion
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Energy Release

E = PS*V = 10 bar*40 L = 400 bar*L 

(liquid state)          

            ➔ 

Total Assessment          ➔

(= highest rated severity)  

 

C

D

E

E

D

C



Systematical Process Hazard Analysis
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1. Assessment of Consequences 

of all possible initiating events

2. Evaluation of Severity of Energy 

and Substance Release 

according to the presented 

concept

3. Implementation of Safety 

Measures if the assessed Risk is 

not acceptable

➔ Critical Material and Energy 

Releases are extremely rare Events

Implementation of Safety Measures according to the assessed Risks

STOP
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1.89

2.88

6.10 6.160.22 0.27

Thank you for your attention! 

And thanks to all who have 

contributed!
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