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WHEN TRUST MATTERS ‘

DNV

Introduction to Quantitative Risk Assessment
(QRA) Course

DNV Energy Systems
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B LTIt HL

Hazard ldentification)

(

4= 24 (Frequency Analysis

)

A2 4 (Consequence Analysis

)

T A& 8L 2t} (Risk Management
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[ Design Safety Criteria ]

|
[ HAZID/OHRA ]

SIL
Classification

Control
[ ERP ] [ BRA }
[ SIL } AIMS
Verification

[ HAZOP ] [ ] [FMECA}

Fire/Expl

Fighting
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Familiarisation and
Data Collection (System
Description)

<&

Background
Data Collection
and Analysis

y

Hazard ID and
Accident Case
Development

Management Factors
Generic Failure Rates

y

A

Risk Calculation

Risk Criteria

and Assessment

A

Risk to workers

y

Risk to offsite population
Risk to assets

A 4

Iterative Calculation

Risk Mitigation

Business interruption risk

Risk to environment

y
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Report Production
and Results
Presentation

\ 4

Meteorology
Population
Ignition
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™ 2 A 1+t (Hazard Identification)

Cases can be grouped where they have the same or similar:

» Fluid composition = fb
* Fluid phase o — i

 Available inventory (including isolation and i f: ;E et = i
* Process/storage temperature, pressure, infl EE i
 Location I |

« Direction —1 < W
« Bunding (if any) and surface T““
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Total length =3 m

PSV

®

Detector

>

Total length =2 m

Total length =5 m

>

Blow Down Valve

! = =4 (Frequency Analysis)

Pump

Flow Control Valve

—@ Release frequency = Number of Equipment x Basic Frequency
1 process vessel + 1 pump + (2 + 3 + 5 m) Piping + 4 valves + 7 flanges

(4.3x10%+(1.4x 104)+(10m x 1.0 x 105)+(4 x 1.3 x 10%)+(7 x 1.2 x 105)
= 8.06 x 10 per year

Leak Hole Process Vessel Pump Piping Valve Flange

(per vessel-year) (per pump-year) (per meter-year) (per item-year) (per item-year)
10 - 50 mm 7.1x10% 6.5x 10 8.9x 106 4.9x10% 1.7 x10°%
50 - 150 mm 4.3x10* 1.4x104 1.0x 105 1.3x 105 1.2x10°%
> 150 mm / Rupture 4.7 x 105 8.8 x 105 1.2x 105 -

Source : UK HSE Release Frequency Database 2000
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Z1t24 (Consequence Analysis)

Discharge Modelling

\4

Dispersion Modelling I

Discharge Dispersion

\ 4

Flammable and

Toxic Effect Modelling

Ignition

. (Flammables) Impact
Impact Modelling
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* Fireballs/BLEVEsS
« Jet Fire

* Pool Fires
* Flash Fire
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Congested
Area of Plant

Flammable

Cloud ‘

Release
Point .
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HEE ALt & 22} (Risk Management)
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Unacceptable
Region

ALARP
Region

Broadly
Acceptable

Region

High Risk

Given immediate

attention and a response
developed commensurate
with the scale of the threat

Broadly acceptable
only if risk reduction
is impracticable or if
its cost is grossly
disproportionate to
the improvement
gained

Necessary to
maintain assurance
that risk remains
at this level
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Burning Velocity - the impact of fuel type

» Hydrogen has a much higher
burning velocity than hydrocarbons
(& Town Gas)

300

/ N\
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/ —Methane \
150 Ethane
/ —Propane \

Ethylene

100
//\ —Hydrogen
e 1 % \
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Concentration (% gas-in-air)

Burning velocity (cm/s)
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AL 200

* A Reum Ko, Head of Market & Risk Section, Energy Systems
 Safety Engineering, New Energy Engineering

« 21 years in DNV since 2005

* PM role for many risk management projects

 Mainly doing QRA/FERA/BRA

 Local Lead for Hydrogen & CCS

« QRA Project: Hanwha Total, GS Caltex, SK E&S, LG Chemical, Hyundai Engineering, Hanwha
E&C, SK ecoenginereing, Daewoo E&C, DL E&C, Lotte Ineos, Vopak Korea, Kogas Tech, etc.

* QRA Training: Public QRA Training Course, KOSHIPA, KOPIA, S-Oil, GS E&C, KNOC, SK
Energy, etc.

13 DNV ©

DNV



	9. 7021 QRA.pdf
	QRA Course Introduction.pdf

