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Does dust present explosion
hazard?

Y

Y

Dust is explosible |

1

Explosion prevention and

Avoid dust accumulation mitigation are necessary

Check available data | .

|Yes/No Classification testl >

il

Dust is not explosible,
i.e. there is no dust
explosion hazard

| Inerting of planq

i

outside process equipment.
Good housekeeping! Y
Obey rules for hot work etc.

Acquire technical information
about specific plant and explo-
sion hazard. Take appropriate
actions. If required, determine
ignitability and explosibility
parameters in professional
laboratory

Ignition temperatures

Control process and surface
temperatures to prevent ignition
of dust cloud and dust deposits

Minimum explosible dust
concentration

Y

Inform and motivate all
levels of employees.
Top management is

responsible!
Control concentration of
suspended dust whenever
feasible
[28 1] EX=L9 A &l & odd

Maximum oxygen concentration

to prevent ignition

Maximum explosion
pressure and explosion
rate

>

Explosion containment
Explosion venting
Explosion suppression
Explosion isolation
Partial inerting to reduce
pressure and violence

Minimum ignition energy

Y

Earth electrically
conducting plant
Consider use of antistatic
materials and clothing, where

appropriate
Hg =2 8
I 2SO e
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(B 1) 27 2oy ©4e 840 Y 9 88
Risk
Typical component Example test Example industrial
Parameter  units Description addressed methodology  applications (Figure 1)
Pl bar(g) Maximum explosion pressure in Consequence ASTM E1226-05 Containment, venting,
constant-volume explosion severity suppression, isolation,

partial inerting
(dP/dt)ma  bar/s Maximum rate of pressure rise in Consequence ASTM E1226-05  As per P

constant-volume explosion severity
Ksi barm/s  Volume-normalized (or standardized) Consequence ASTM E1226-05 As per P
maximum rate of pressure rise in severity

constant-volume explosion
MEC g/m’ Minimum explosible (or explosive) Likelihood of ASTM E1515-07 Control of dust

dust concentration occurrence concentrations
MIE m] Minimum ignition energy of dust Likelihood of ASTM E2019-03 Removal of ignition
cloud (electric spark) occurrence sources. Grounding
and bonding
MIT ‘C Minimum ignition temperature of Likelihood of ASTM E1491-06 Control of process and
dust cloud occurrence surface temperatures
(dust clouds)
LIT ‘C Minimum ignition temperature of Likelihood of ASTM E2021-06 Control of process and
dust layer or dust deposit occurrence surface temperatures
(dust layers)
MoC volumets Minimum (or limiting) oxygen Likelthood of ASTM WKI1680 Inerting (with inert gas)
(LOC) concentration in the atmosphere for  occurrence

flame propagation in dust cloud
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(B 2) Oyt MNETHOM EHE 2+ M8 2UY Ka &

(dP/di) max (bar/s) Volume (V) of apparatus (m’) K (bar m/s)
680 0.0012 73
612 0.0012 66
220 0.0012 23
413 0.009 86
320 0.020 87
365 0.020 100
10-20 0.026 3-6
60-80 0.026 20-25
272 0.028 83

50 0.33 34

72 0.95 71

20 0.95 20
136 3.12 200
110 6.7 209

55 13.4 131

Kst & 488 918 7499 A2 34 34 AN 2ashe 54 2
J o

A9 Zuby wlolelS e < 3>o)4 2old & gtk

(B 3) SME2Y Z2d Zn

Dust Particle size distribution Ks¢ (bar m/s)
Coarse 50 weight% <1 mm 9

0.3 weight% <75 pm
Fine 93 weight% <1 mm 130

35 weight% <125 pm
16 weight% <75 pm

<3 3>oA LERA Kst 3Fe ASTM E 1266-05¢] waka] 20-L F-3]8-7] 9
A ZA3E grolth vHE AA AFFAHNAHE HE& Lo 5ol YRES AHA

SHAARE & Z27]HEAA Qv 22 EXo] BAE 4 vk Kst 32 4
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(Fire triangle)
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ZAEE9| A|7|(Hierarchy of controls)

1.

# oA (engineered

1

3
o

A (inherent safety), &

safety), Z2}2 oA (procedural safety)?l A 7}A]

oF A (engineered safety)< AA1e] ©@AGA ¢

s
554

af

Fdo] o &4 AdH] 7}=(equipment guard)Z} o]l
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FHETE 2 B #H A
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ACTIVITIES

v

Identify all hazards and causes of these materials,
actions, and conditions

IDENTIFY HAZARDS

A4

v

Assess hazards, their causes and effects, and how
these interact with the design

UNDERSTAND HAZARDS

v

v

Avoid or eliminate
hazard by design

AVOID HAZARDS

Minimize, substitute or
moderate to reduce the
severity of the hazard

INHERENT SAFETY
PRINCIPLES

4

REDUCE SEVERITY

Simplify the process or
plant to reduce the
likelihood of the hazard
occurring

v

REDUCE LIKELIHOOD

v

v

Use distance, or use sections of the plant itself as
barriers to segregate/protect people and emergency
systems from effects of hazards

SEGREGATE

v

v

Use safeguards that do
not need initiation, and
hence have high
availability

ADD-ON

APPLY PASSIVE
SAFEGUARDS

SAFETY

Use active systems,
but note these depend
on timely hazard
detection and initiation

v

APPLY ACTIVE
SAFEGUARDS

v

A 4

Operator and maintenance procedures should be the
last resort, especially for control and mitigation, where
the chance of error or failure is high

APPLY PROCEDURAL
SAFEGUARDS

v

v

Use findings of the hazard assessment to estimate the
risks, and target and implement inherent/segregation/
add-on/procedural safeguards until risks are tolerable

APPLY RESIDUAL RISK
REDUCTION MEASURES

[38 7] £4EXof gt MAH
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Principle Degcription

Minimization ~ Use smaller quantities of hazardous materials when the use of such materials cannot be avoided or
eliminated. Perform a hazardous procedure as few times as possible when the procedure is unavoidable.
Substitution Replace a substance with a less hazardous material or processing route with one that does not
involve hazardous material. Replace a hazardous procedure with one that is less hazardous.
Moderation Use hazardous materials in their least hazardous forms or identify processing options that
involve less severe processing conditions.
Simplification ~ Design processes, processing equipment, and procedures to eliminate opportunities for errors by
eliminating excessive use of add-on safety features and protective devices.

O & A3 Minimization)
- B8 Ao HA

- B 2135 AA

O A (substitution

)
- 08 skt FAdEAE dAARE A S deA 4T
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Explosion prevention

Preventing explosible dust clouds

Preventing ignition sources

Explosion mitigation

Process design to prevent undesired
generation of dust clouds and
particle size reduction and
segregation

Inherent Safety—Minimization,
Substitution, Moderation,
Simplification

Keeping dust concentration
outside explosible range

Inherent Safely—Minimization

Inerting of dust cloud by
adding inert dust
Inherent Safety—Moderation

Intrinsic inerting of dust cloud
by combustion gases
Engineered Safety-Active

Inerting of dust cloud by
N, CO, and rare gases
Engineered Safety-Active

Smouldering combustion

in dust, dust fires
Procedural Safety—may also
involve aspects of Inherent
Safely or Engineered Safety

Other types of open flames

(e.g., hot work)

Procedural Safety—may also
involve aspects of Inherent

Safety or Engineered Safety

Hot surfaces (electrically or
mechanically heated)
Procedural Safety—may also
involve aspects of Inhereni
Safety or Engineered Safeiy

Heat from mechanical impact
(metal sparks and hot-spots)
Procedural Safety—may also
involve aspects of Inherent
Safety or Engineered Safety

Electric sparks and arcs and
clectrostatic discharges
Procedural Safety—may also
involve aspects of Inherent
Safety or Engineered Safety

Good housekeeping (dust removal/cleaning)

Mitigation with respect to secondary
dust explosions; prevention with respect
to primary dust explosions

Inherent Safety-Minimization

Explosion-pressure resistant construction
Inherent Safety-Stmplification

Explosion isolation (sectioning)

Inherent Safely-Moderation (e.g., unit
segregation, product choke, efc.) if not
using mechanical devices. If mechanical
devices are used to isolate plant sections,
classification would be Engineered
Safety-Passive in the case of physical
barriers, or Engineered Safety-Active in
the case of isolation valves.

Explosion venting
Engineered Safeiy—Passive

Automatic explosion suppression
Engineered Safely-Active

Partial inerting of dust cloud by inert gas
Engineered Sajeiy-Active
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