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Dust explosion accidents involving coal and wood dust:

Dust explosion trends in USA
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Dust explosion accidents involving coal and wood dust: China (1981-2011)
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Dust explosion accidents involving coal and wood dust: Germany
(1965-1980)

|

|

Type of dust Explosions Fatalities Injuries

Number [%] Number [%0] per Number [%] per

explosion explosion

Wood 113 31.6 12 11.7 |0.11 124 |25 1.10
Food and feed | 88 24.7 | 38 36.8 |0.43 127 |26 1.44
Metals 47 13.2 18 175 |0.38 91 18.5 1.94
Plastics 46 129 |18 175 |0.39 98 20 2.13
Coal /peat 33 9.2 I 6.8 0.21 39 38 1.18
Paper / 2.0 0 0.0 0.0 0 0 0.0
Others 23 6.4 10 9.7 0.43 13 2.5 0.56
All 357 100.0 | 103 100.0 492 |100.0




Dust explosions in Germany in various types of process

equipment
Total of 426 explosions | Wood/ | Coal/ Food | Plastics | Metals
Type of plant wood peat and
item Number % of total % of products feed
change
80/85
Silos/bunkers 86 20.2 0 35.9 23.1 22.9 2 2
Dust collecting systems 73 17.2 +2.9 18.0 5.1 9.5 13.5 45.6
Milling and crushing 56 13.0 -0.7 7.0 12.8 18.1 15.4 5.3
plants
Conveying systems 43 10.1 0 4.7 5.1 26.7 17.3 2.0
Dryers 34 8.0 +0.4 10.2 2.0 7.6 9.6 2.0
Furnaces 23 5.4 +0.1 10.9 18.0 2.0 0 0
Mixing plants 20 4.7 +0.2 0 5.1 2.0 17.3 3.5
Grinding and polishing 19 4.5 0 3.9 0 0 2 22.8
plants
Sieves/classifiers 12 2.8 -0.3 4.7 0 2.8 0 3.5
Unknown/others 60 14.1 -2.6 4.7 28.8 8.4 22.9 13.3
All 426 100.0 0| 100.0| 100.0| 100.0 100.0| 100.0
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Risk analysis of wood and coal handling facilities: introduction of SCRAM

Risk = Probability x Consequences

AProbability of an Explosion or event
Y Probability of explosive Atmosphere
Y Probability of Ignition

AConsequences of an Explosion to:
Y Personnel
Y Equipment




Process hazard analysis

Description of

Risk reduction

process

measures

Hazard identification

Probability

Consequences

Risk evaluation

Accept criteria

Tolerable risk?

No

Yes

"Risk picture” established

GEXCON



GEXCON
Examples of factors affecting risk

Maintenance routines
Surface oxidation

Structure of building
Particle size

Interconnected Process control
systems .

Inerting
Routines when fire Inspection

Housekeeping Chemical composition

Localisation of equipment
qauip Exposed personnel



nShort Cut risk analysis method (SCRAM)

AMethod for obtaining a quantitative estimate of the
risk using qualitative assessment of consequences
and probabillities

AQualitative description of consequences:
A Catastrophic, plant fully damaged
A Significant damage to several process units
A A process unit collapses
A Damage to process unit
A Marginal damage

AQualitative desciptions of probability
A Very unlikely
A Unlikely
A Somewhat likely
A Likely
A Very likely

GEXCON
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Structure risk analysis

A Good documentation/information on installation and all raw
materials/products that are handled.

ADr awings, flow charts, P&l Ds, process
A Procedures and routines

A Overview of safety equipment.
A Explosion protection
A Detectors/Alarm
A Ventilation
A Shut-down
A Other measures

11



Structure risk analysis

Aldentify hazards related to every single process unit
-Identify possible ignition sources and explosive atmospheres.

AAssess probability
-Ignition sources and explosive atmospheres that may arise

AAssess consequences in case an explosion would occur.

Aldentify possible secondary events.
AEvaluation of risk

Alf necessary suggest possible safety measures as e.g.:
-Process changes
-Explosion venting
-Routines, etc.

GEXCON
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Experience from earlier events

A Experience from incidents in own plant

A Information on accidents and incidents from
similar branch/statistics

l

l

Type of ignition Total of 426 explosions Wood/ | Coal/ Food | Plastics | Metals
source Number % of total % of wood peat and
change
go/g5 | productg feed
Mechanical sparks 112 26.2 - 2.8 26.6 5.1 22.8 21.2 56.1
Smouldering nests 48 11.3 +1.5 19.5 20.5 5.7 9.6 0
Mechanical heating, 38 9.0 0 9.4 51 12.4 9.6 3.5
Friction
Electrostatic 37 8.7 0 2.3 0 6.7 34.6 5.3
discharges
Fire 33 7.8 -0.6 14.8 12.8 4.8 2 2
Spontaneous ignition 21 4.9 +0.4 3.1 15.4 6.7 2 3.5
(self-ignition)
Hot surfaces 21 4.9 -0.4 5.5 10.3 2.8 3.9 3.5
Welding/cutting 21 4.9 +0.4 2.3 2.6 12.4 2 2
Electrical machinery 12 2.8 -0.3 0 2.6 5.7 2 0
Unknown/not 68 16.0 +1.7 16.5* 25.6* 20.0* 13.1* 24.1*
reported
Others 15 3.5 +0.1
All 426 | 100.0 0| 100.0| 100.0| 100.0 100.0 100.0

GEXCON
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Estimating probability

AProbability of EXPLOSION

A Grade
|
[l
1
[\
V

Description
Very unlikely
Unlikely
Somewhat likely
Likely

Very likely

Definition

<1/10000 year
>1/10000,<1/100 year
>1/100 year, <1/10 year
>1/10 year, <1 year

> 1 priyear

GEXCON
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Estimating consequences

Grade Description
Al Personnel
Equipment
Al Personnel
Equipment
Al Personnel
Equipment
A v Personnel
Equipment
AvV Personnel

Equipment

Definition
No injury

Marginal damage of process unit and because of
production stoppage (<

Limited injury
Damage to process unit ($ 10,000 -0 400, 000)
Personnel injury

Process unit collapse and possible damage to
corresponding uniad,s0OqQ@, 4@®), 000

Serious injuries, possible loss of life

Significant damage to several process units
($2,000,000-0 10, 000, 000)

Loss of one or several lives
Pl ant fully damaged (> 0 10, 00
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Risk matrix
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Probability
Risk level  Acceptance criteria Need for risk reducing measures (RRM)
A Very high Unacceptable RRM must be implemented
B  High Unacceptable RRM must be implemented
C  Medium Medium RRM should be implemented
D Low Acceptable RRM can be implemented
E  Verylow Acceptable RRM are not required

The employer sets the acceptance criteria himself

GEXCON
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Example: spray dryer-installation for milk powder
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Description GEXCON

ASpray dryer: height 15 m, height cylindrical part 6.3 m, cone
60°, pneumatic hammer, temperature in: 200 ° C, temperature
out: 90 ° C

A1 fluidized bed (after dryer/cooler), 3 cyclones, 1 filter
Alnstallation is located inside building

ANo special preventive or consequence reducing measures
AExplosion properties milk powder:

Explosion property Value
Maximum explosion pressure P, (bar) 6-7
Dust explosion constant K, (bar.m/s) 80-130
Minimum ignition energy (MIE) (mlJ) > 50
Minimum ignition temperature (MIT) (°C) [ 450-600
Lower explosion limit (LEL) (g¢/m’) 60-150

18



. e GEXCON
Hazard identification spray dryer

Algnition source: exothermal reactions: A 60 mm layer of milk
powder may arise. Storage of milk powder at a temperature of
more than 8017 90 °C during a period exceeding 20 hours may
lead to self-ignition and fire

A Other ignition sources: mechanical sparks due to the rotating
spraying wheel

AExplosive atmosphere only present in cone of dryer
AConcentration in dryer in general < LEL
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. GEXCON
Consequences explosion in spray dryer

A Although explosions are only possible in the lower part of the
dryer (cone) the dryer will not be able to withstand pressures
generated by an explosion

AThe explosion can propagate further into the installation (both
In the direction of the fluidized bed and cyclones/filter)
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Risk analysis GEXCON

A Probability
Al gnition source in dryer is estimat
year, < 1/10 year: grade lII)
AExplosive mixture in dryer is estin

year: grade V)

Probability explosion in dryer is estimated to be somewhat
likely (>1/100 year, < 1/10 year: grade llI)

A Consequence:
A Equipment: collapse of dryer: damage $400,000 - $2,000,000: grade I

‘ C in the risk matrix

A Personnel: will not always be present: probability grade I, but the
consequence may be seérious injuries or even loss of life: IV

‘ C in the risk matrix

21



Risk analysis GEXCON

A Secondary effects:

A Probability that explosion will propagate further down into the installation is
estimated to be unlikely: Il

A Consequence:

A Equipment: Consequences will be significant: damage to several process
units ($ 2,000,000 - $ 10,000,000): IV

‘ C in risk matrix

A Personnel: will not always be present: probability I, but the consequence
may be loss of one or several lives: V

‘ B in risk matrix
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Risk analysis

Pl;lo:iiss Probability Probability of ignition Probability
of f
. Electric and o
flammable Equip .me'” Hot electrostatic | Mechanical s an 2 .
Spray atmosphere iiiii;ﬁ:;j surfaces sparks and sparks z?’ZidL{i’;llZi CXPIOSIOH
discharges
dryer
\'% I I I I III I
EXPOSURE TO EXPLOSION
PRIMARY EXPLOSION
Probability (injury/damage) Consequence Risk
Personnel Equipment Personnel Equipment Personnel Equipment
II I v I C C
SECONDARY INCIDENTS (inclusive explosions)
Personnel Equipment Personnel Equipment Personnel Equipment
II II \'% v C
Comments:

GEXCON
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Risk evaluation GEXCON

ARisk matrix shows that risk reducing measures shall be
Implemented

APossible risk reducing measures include:
A Preventive:
CO-monitoring
A Protective:
Explosion suppression in combination with explosion isolation

Explosion venting with vent duct in combination with explosion
Isolation (dryer is inside building)
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Estimating consequences and design of mitigation =~ GEXCON
measures: modelling in FLACS-DustEx

A Starting point: FLACS (FLame ACceleration Simulator) 7
a well established CFD-tool for gas explosions

A Particle-laden flow: Dense gas approach, assuming no-slip
conditions + Inherent limitations

A Combustion: Empirical input from standardized tests in 20-
litre explosion vessels T not straightforward!

A Turbulent combustion: Adopted empirical correlations for
premixed combustion in gaseous mixtures T ongoing
activities for validating and improving the concept!
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Example of FLACS-DustEx study:

biomass dust explosion in a silo




Short review coal and wood dust explosion ~GEXCON

tests in coal mill

A Effect of dust cloud location/size

A Effect of dust reactivity

A Effect of dust type
A Effect of venting parameters
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GEXCON
Effect of dust cloud location: only in milling part (coal

dust)



