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Purpose This Safety and Health Information Bulletinis not a
standard or regulation, and it creates no new legal
ThisSafety and Hed th Information Bulletin obligations. TheBulletinisadvisory in nature, informa-
(SHIB) highlights: tional in content, and isintended to assist employersin
providing a safe and healthful workplace. Pursuant to
e Hazardsassociated with combustible the Occupational Safety and Health Act, employers
dusts; must comply with hazard-specific safety and health

standards promulgated by OSHA or by a state with an
OSHA-approved state plan. In addition, pursuant to
Section 5(a)(1), the General Duty Clause of the Act,
employers must provide their employees with awork-

»  Work practicesand guidelinesthat
reducethepotential for acombustible

dust explosion, or that reduce the danger place free from recognized hazards likely to cause
toemployeesif such anexplosion death or serious physical harm. Employers can be cited
occurs, and, for violating the General Duty Clauseif thereisa
recognized hazard and they do not take reasonable
» Trainingto protect employeesfromthese steps to prevent or abate the hazard. However, failure
hazards. to implement any recommendationsin this Safety and
Health Information Bulletinisnot, initself, aviolation of
Background the General Duty Clause. Citations can only be based

on standards, regulations, and the General Duty Clause.
OrganicDust Fireand Explosion:

M assachusetts (3 killed, 9injured) resindust. A smal primary deflagration occurred within
theductwork, didodging dust that had settled onthe

In February 1999, adeadly fireand explosion exterior of the ducts. The ensuing dust cloud provided

occurred inafoundry in Massachusetts. The fuel for asecondary explosionwhich was powerful

Occupationa Safety HealthAdministration (OSHA)  enoughtolift theroof and causewall failures.

and stateand local officialsconducted ajoint Causal factorslistedinthejointinvestigation report

investigation of thisincident. Thejointinvestigation  included inadequaciesinthefollowing arees:
report® indicated that afireinitiated inashell

mol ding machinefrom an unknown sourceand then *  Housekeepingto control dust accumulations,
extended into the ventilation system ductsby *  Ventilationsystemdesign;
feeding on heavy depositsof phenol formaldehyde * Maintenanceof ovens; and,

*  Equipment safety devices.
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OrganicDust Fireand Explosion: North Carolina
(6killed, 38injured)

In January 2003, devastating firesand explosions
destroyed aNorth Carolinapharmaceutical plant that
manufactured rubber drug-delivery components. Six
employeeswerekilled and 38 people, including two
firefighters, wereinjured. TheU.S. Chemical Safety
and Hazard Investigation Board (CSB), an
independent Federal agency charged with investigating
chemical incidents, issued afind report? concluding
that an accumulation of acombustible polyethylene
dust abovethe suspended ceilingsfueled the
explosion. The CSB wasunableto determinewhat
ignited theinitia fireor how the dust wasdispersed to
createthe explosivecloud inthe hidden ceiling space.
Theexplosion severely damaged the plant and caused
minor damageto nearby businesses, ahome, and a
school. The causesof theincident cited by CSB
includedinadequeaciesin:

¢ Hazard assessment;
¢ Hazard communication; and

*  Enginearing management.

The CSB recommended the application of provisons
inNational Fire Protection Association standard
NFPA 654, Sandard for the Prevention of Fire
and Dust Explosions from the Manufacturing,
Processing, and Handling of Combustible
Particulate Solids, aswell astheformal adoption of
thisstandard by the State of North Carolina.

Organic Dust Fireand Explosion: Kentucky (7
killed, 37 injured)

In February 2003, aK entucky acousticsinsulation
manufacturing plant wasthesite of another fatal dust

exploson. TheCSB alsoinvestigated thisincident.
Their report® cited thelikely ignition scenario asa
small fireextending from an unattended ovenwhich
ignited adust cloud created by nearby linecleaning.
Thiswasfollowed by adeadly cascade of dust
explosionsthroughout theplant. The CSB identified
severa causesof ineffectivedust control and
exploson prevention/mitigationinvolving inadequacies
in

* Hazard assessment;

e Hazard communication;

e Maintenanceprocedures,

e Buildingdesgn; and,

* Investigation of previousfires.

Metal Dust Fireand Explosion: Indiana (1 killed,
linjured)

Finely dispersed airbornemetallic dust canaso be
explosivewhen confined inavesse or building. In
October 2003, an Indiana plant where auto wheels
were machined experienced anincident whichwas
alsoinvestigated by the CSB. A report hasnot yet
beenissued, however, aCSB newsrelease* told a
story smilar to the previoudy discussed organic dust
incidents: duminum dust wasinvolvedinaprimary
explosion near achip melting furnace, followed by a
secondary blast in dust collection equipment.

Related ExperienceintheGrain Handling
Industry

Inthelate 1970s aseries of devastating grain dust
explosionsingrain elevators|eft 59 peopledead and
49injured. Inresponseto these catastrophic events,
OSHA issued a“ Grain Elevator Industry Hazard




Alert” to provide employers, employees, and other
officidswithinformation on the safety and hedlth
hazards associated with the storage and di stribution of
gran.

In 1987, OSHA promulgated the Grain Handling
Facilitiesstandard (29 CFR 1910.272), which
remainsineffect. Thisstandard, other OSHA
standards such asEmergency Action Plans (29 CFR
1910.38), and updated industry consensus standards
all played animportant rolein reducing the occurrence
of explosionsinthisindustry, aswell asmitigating their
effects. Thelessonslearnedinthegrainindustry can
be applied to other industries producing, generating,

or using combustibledust.

Elements of a Dust Explosion

ElementsNeeded for aFire(thefamiliar “Fire
Triangl€’):

1. Combudtibledust (fud);
2. Ignitionsource (heat); and,
3. Oxygeninair (oxidizer).

Additional ElementsNeeded for aCombustible
Dust Explosion:

4. Dispersonof dust particlesin sufficient quantity
and concentration; and,
5. Confinement of thedust cloud.
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Theaddition of thelatter two elementstothefire
triangle createswhat isknown asthe* explosion
pentagon” (seeFigurel). If adust cloud (diffused
fudl) isignited within aconfined or semi-confined
vessdl, area, or building, it burnsvery rapidly and may
explode. The safety of employeesisthreatened by the
ensuingfires, additiona explosons, flying debris, and
collgpsing building components.

Aninitial (primary) explosion (seeFigure2) in
processing equipment or in an areawerefugitivedust
has accumul ated may shakeloose more accumul ated
dust, or damage acontainment system (such asaduct,
vessdl, or collector). Asaresult, if ignited, the
additional dust dispersed into theair may causeoneor
more secondary explosions(seeFigure2). Thesecan
befar more destructivethan aprimary explosion due
to theincreased quantity and concentration of
dispersed combustibledust.

Dust cloud formed

Primary Explosion
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If one of theelementsof the explosion pentagonis
missing, acatastrophic explos on can not occur.
Two of theelementsin the explosion pentagon are
difficult toeliminate: oxygen (withinair), and
confinement of thedust cloud (within processesor
buildings). However, theother three elements of
the pentagon can be controlled to asignificant
extent, and will bediscussed further inthis
document.

Facility Dust Hazard Assessment

A combustible dust explosion hazard may existina
variety of indudtries, including: food (e.g., candy,
starch, flour, feed), plastics, wood, rubber, furniture,
textiles, pesticides, pharmaceuticas, dyes, cod,
metals(e.g., duminum, chromium, iron, magnesium,
and zinc), and fossi| fuel power generation. Thevast
maority of natural and synthetic organic materias,
aswell assomemetals, can form combustibledust.
NFPA'sIndustrial Fire Hazards Handbook®
statesthat “ any industrial processthat reducesa
combustiblematerid and somenormaly
noncombustiblemateridstoafindy divided state
presentsapotentia for aseriousfireor exploson.”

Facility AnalyssComponents

Facilitiesshould carefully identify thefollowingin
order to assesstheir potentia for dust explosions:

* Materidsthat can becombustiblewhen
findy divided,

e Processeswhich use, consume, or produce
combustibledusts;

*  Openareaswhere combustible dusts may
buildup;

* Hidden areaswherecombustibledusts
may accumulate;

* Meansby whichdust may bedispersedin
theair; and

» Potential ignition sources.

Theapplicable Federa, state, and local lawsand
regulationsmust beidentified and followed. The
two predominant mode fire codeswhich have been
adopted by many jurisdictionsinthiscountry arethe

International Code Council’sInternational Fire Code®
and NFPA'sUniformFire Code®. Both of these model
codesreference many of the NFPA consensus standards
related to dust explosion prevention and mitigation which
arediscussed below. Inthe absence of alegal mandate
to comply with these consensus standards, they should
be considered avery useful source of guidanceonthis
topic.

Dust Combustibility

The primary factor in an assessment of thesehazardsis
whether thedustisinfact combustible. Any “materia
that will burninair” inasolid form canbeexplosive
wheninafindy divided form.* Combustibledustis
defined by NFPA 654 as. “ Any finely divided solid
materia that is420 micronsor smaller in diameter
(material passingaU.S. No. 40 Standard Sieve) and
presentsafire or explosion hazard when dispersed and
ignitedinair.” Thesamedefinitionisused for
combustible metal dustin NFPA 484, Sandard for
Combustible Metals, Metal Powders, and Metal
Dusts. One possible sourcefor informationon
combustibility istheMaterial Safety DataSheet (MSDYS)
for themateria. In some cases, additiona information
such astest resultswill beavailablefrom chemica
manufacturers.

Different dustsof thesamechemica materid will have
different ignitability and explogibility characteridtics,
depending upon many variablessuch asparticlesize,
shape, and moisture content. Additionally, these variables
can changewhilethematerial ispassing through process
equipment. For thisreason, published tablesof dust
explosibility datamay beof limited practica vaue. In
some cases, dustswill be combustibleevenif theparticle
szeislarger thanthat specifiedinthe NFPA definition,
especidly if thematerid isfibrous.’

Industria settingsmay contain high-energy ignition
sourcessuch aswelding torches. Inthesesituations, test
methodsfor dust ignition and explosion characteristics
fromASTM Internationa (originaly theAmerican
Society for Testing and Materials) would beof value. A
discussion of thesetest methodsisinreference 8, and
therelevant OSHA and other standardsarelistedinthe
“Sourcesof Additiona Information” section of this
document.



Electrical Classification

Thefacility analyssmust identify areasrequiring
specia eectricd equipment classfication duetothe
presence (or potentia presence) of combustibledust.
The OSHA Electrical standard (29 CFR Part 1910
Subpart S) containsgenera requirementsfor eectrical
ingtallationsin hazardousareas. Detailed requirements
for equipment and wiring methodsarein NFPA 70,
the National Electrical Code®. However, NFPA 70
doesnot define combustibledusts.

Further guidance on areaclassificationiscontainedin
NFPA 499, Recommended Practice for the
Classification of Combustible Dusts and of
Hazardous (classified) Locationsfor Electrical
Installationsin Chemical ProcessAreas. This
document usesthe samedefinition of combustible dust
asNFPA 484 and NFPA 654. The overall dust
hazard designation for electrical requirementsisClass
I1. Thisisfurther broken downinto Divisionswhich
represent the probability of dust being present at any
giventime. Additionally, each dust isassigned agroup
(E, F, or G), representing the dust types (metdl,
carbonaceous, and other, respectively) with different
properties. For instance, group E dustsareelectrically
conductiveand el ectric current can passthrough a
layer of such dust under favorable circumstances,
causing short circuitsor arcs.

Other Hazard AnalysisConsider ations

Theamount of dust accumulation necessary to cause
anexplosive concentration canvary greetly. Thisis
becausethere are so many variables—the particlesize
of thedust, themethod of dispersion, ventilation
systemmodes, air currents, physical barriers, andthe
volumeof theareain whichthedust cloud existsor
may exist. Asaresult, smplerulesof thumb regarding
accumulation (suchaswritinginthedust or visihbility in
adust cloud) can be subjectiveand mideading. The
hazard analysisshould betailored to the specific
circumstancesin each facility and thefull range of
variablesaffecting the hazard.

Many locationsneed to be consideredinan
assessment. Oneobvious placefor adust explosionto

initiateiswheredust isconcentrated. Inequipment
such asdust collectors, acombustible mixture could
be present whenever the equipment isoperating.
Other locationsto consider arethosewheredust can
settle, bothin occupied areasand in hidden concealed
gpaces. A thorough analysiswill consider dl possible
scenariosinwhich dust can bedisbursed, bothinthe
normal processand potential failuremodes.

After hazards have been assessed and hazardous
locationsareidentified, oneor moreof thefollowing
prevention, protection and/or mitigation methods may
beapplied. Thereferencesand information sourcesat
theend of thisdocument will assstinthedecison
processfor the methods suitable to specific work
sites. Additiona guidance and requirementsmay be
availablefromlocd or statefireand building code
officid saswell asOSHA Areaor Regional Offices.

Dust Control

NFPA 654, Sandard for the Prevention of Fire
and Dust Explosions from the Manufacturing,
Processing, and Handling of Combustible
Particulate Solids, contains comprehensive guidance
onthecontrol of duststo prevent explosions. The
following aresome of itsrecommendations:

* Minimizetheescape of dust from process
equipment or ventilation systems,

* Usedust callectionsystemsandfilters,

» Utilizesurfacesthat minimizedust
accumulation andfacilitatecleaning;

* Provideaccesstodl hidden areasto permit
ingpection;

* Inspect for dust residuesin open and hidden
aress, a regular intervals,

* Cleandustresduesat regular intervals,

» Usecleaning methodsthat do not generate
dust clouds, if ignition sourcesare present;

*  Only usevacuum cleanersapproved for dust
collection;

» Locaterelief vavesaway from dust hazard
areas, and

* Develop andimplement ahazardousdust
ingpection, testing, housekeeping, and control
program (preferably inwriting with established
frequency and methods).



The OSHA ventilation standard, 29 CFR 1920.94,
containsventilation requirementsfor certaintypesof
operations(such asabrasives, blasting, grinding, or
buffing) whichinvolvedusts, including combustible
dusts. Additionally, 29 CFR 1910.22(a)(1) requires
employersto keep work placesand other areasclean,
whichincludestheremova of dust accumulations.

Ignition Control

NFPA 654, Sandard for the Prevention of Fire
and Dust Explosions from the Manufacturing,
Processing, and Handling of Combustible
Particulate Solids, a so containscomprehensive
guidance onthe control of ignition sourcesto prevent
explosons. Thefollowingaresomeof its
recommendations.

» Useappropriateeectrica equipment and
wiring methods,

»  Control static dectricity, including bonding of
equipment to ground,;

» Control smoking, open flames, and sparks;

»  Control mechanica sparksandfriction;

» Useseparator devicestoremoveforeign
meateriascapableof igniting combustiblesfrom
processmaterials,

»  Separate heated surfacesfrom dusts;

*  Separateheating systemsfrom dusts;

»  Proper useandtypeof industria trucks;

» Proper useof cartridgeactivated tools; and

* Adequatdly maintain all the above equipment.

Theuseof proper electrical equipment in hazardous
locationsiscrucid to diminatingacommonignition
source. The classification of areasrequiring special
electrica equipment isdiscussed inthe Facility Dust
Hazard A ssessment section above. Oncethese areas
have beenidentified, specia Class!l wiring methods
and equipment (such as* dust ignition-proof” and
“dust-tight™) must be used asrequired by 29 CFR
1910.307 and asdetailed in NFPA 70 Article 500. It
isimportant not to confuse Class|1 equipment with
Class| explosion-proof equipment, asClassl|
addresses dust hazards, while Class| addressesgas,
vapor and liquid hazards.

Theuseof industrial trucksisregulated by OSHA's
Powered Industria Trucksstandard (29 CFR
1910.178). Hazardous atmospheresincluding dust
concentrations are addressed paragraph (c) of this
standard.

Where coal-handling operationsmay producea
combustibleatmaospherefrom flammabledust,
employerscovered by the Electric Power Generation,
Transmission, and Digtribution standard must diminate
or safely control ignition sources. See29 CFR
1910.269(v)(11)(xii).

Damage Control

NFPA 654, Sandard for the Prevention of Fire
and Dust Explosions from the Manufacturing,
Processing, and Handling of Combustible
Particulate Solids, contains comprehensive guidance
to minimizethe danger and damagefrom an explosion.
Thefollowing are some suggested protection methods:

»  Separation of thehazard (isolatewith

distance);

»  Segregation of thehazard (isolatewitha
barrier);

» Deflagration venting of abuilding, room, or
areg;

* Pressurerdief venting for equipment;

*  Provision of spark/ember detectionand
extinguishing sysems,

» Explosion protection systems(alsorefer to
NFPA 69, Sandard on Explosion
Prevention Systems);

*  Sprinkler systems; and

» Theuseof other speciaized suppression
systems.

Training
Employees
Workersarethefirst line of defensein preventing and
mitigating firesand explosions. If the peopleclosest

to the source of the hazard aretrained to recognize
and prevent hazards associ ated with combustible dust



intheplant, they can beinstrumental inrecognizing
unsafe conditions, taking preventative action, and/or
aerting management. While OSHA standardsrequire
training for certain employees, al employeesshould be
trained in safework practices applicabletotheir job
tasks, aswell asontheoveral plant programsfor dust
control and ignition source control. They should be
trained beforethey start work, periodically to refresh
their knowledge, when reassigned, and when hazards
or processes change.

Employerswith hazardouschemicas(including
combustible dusts) intheir workplacesarerequired to
comply with 29 CFR 1910.1200, the Hazard
Communication standard. Thisincludeshavinglabels
on containersof hazardouschemicals, usng materia
safety datasheets, and providing employeetraining.

Management

A qualified team of managersshould beresponsible
for conducting afacility analysis(or for having one
doneby qualified outside persons) prior to the
introduction of ahazard and for developinga
prevention and protection schemetailored to their
operation. Supervisorsand managersshould beaware
of and support the plant dust and ignition control
programs. Their training shouldincludeidentifying how
they can encouragethereporting of unsafe practices
and facilitate abatement actions.
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Sour ces of Additional I nformation

Note: This SHIB wasdevel oped using thelatest
information and requirementsfromthereferences
below. Editionsarenot listed here, sinceusersof this
document should refer to the most current editions.
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