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Objectives

A Review the basics of combustible dust
A Primary / secondary dust explosions
A Recent dust explosions

A Discuss OSHA enforcement activities
A Directives
A Applicable NFPA regulations
A Examples of citations issued
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From 1980 to 2005;

A 281 combustible dust fires and explosions
In general industry.

A 44 different states affected.
A 119 workers killed, 718 injured.

A Seven of the explosions were catastrophic,
Involving multiple fatalities and a significant
community economic impact.
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Dust Explosion Pentagon

Suspension

Ignition

Confinement




OSHA NEP:Definition

A A combustible dust Is:

ANRNA combusti ble particu
a fire or deflagration hazard when suspended
In air or some other oxidizing medium over a
range of concentrations, regardless of particle
SI ze oOor shape. o
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Combustible Dust

A Dusts specifically identified in the NEP:

A Metal dusts such as aluminum and
magnesium

A Wood dust
A Coal and other carbon dust
A Plastic dust and additives

A Other organic dusts such as sugar, paper,
soap & dried blood.
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Combustible Dust

A These very small particles become
alrborne and settle on surfaces and in
crevices throughout the manufacturing
area.

A Lighting, pipes, dust collectors, other
equipment.

A When disturbed, they can generate

potentially explosive dust clouds.
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Ignition Sources

Hot Surfaces

C———
Flame or glowing embe

Electrically produced sparks
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Sparks from metal to § -

metal contact Static electricity
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Process
Equipment

Dust Clouds Caused
by Elastic Rebound

Secondary Deflagration
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Secondary Deflagration
Causes Collapse and Residual Fires
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Where Is the Primary Explosion?

Initial
Internal
Deflagration

Process
Equipment




Explosible Range

Dust
Deposit

Explosible
Range
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MASS OF POWDER/DUST PER UNIT VOLUME [¢]m

Source: Dust Explosions in the Process Industries, Second Edition, Rolf K Eckhoff



Equipment Involved in Dust Explosions

US (19857 1995) UK (19797 1988)  Germany (19657 1980)

Material Number of % Number of % Number of %
Incidents Incidents Incidents
Dust Collectors 156 42 55 18 73 17
Grinders 35 9 51 17 56 13
Silos/Bunkers 27 7 19 6 1) 13
Conveying 32 9 33 11 43 10
Systems
Dryer/Oven 22 6 43 14 34
Mixers/Blenders >12 >3 7 2 20
Other or 84 23 95 31 114 27
Unknown
Total 372 100 303 100 426 100

Source: Guidelines for Safe Handling of Powders and Bulk Solids, CCPS, AICHE
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West Pharmaceuticals

A Kinston, NCT January 29, 2003

A Facility manufactured rubber drug delivery
components

A Such as syringe plungers and vial seals.

A EXxplosion & fire killed six workers and injured
38 others, including two firefighters.

A One student was injured when windows were
broken at a school 0.7 miles away.
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Exhaust airflow

Roof-mounted
comfort air handlers
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Supply airflow

Mixer pit

(Compounding area)

Ceiling space

Mixer pit

pressure pressure
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Supply air
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ceiling
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CSB Report 200307-1-NC
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Due to the amount of damage, investigators were not able to
establish what dispersed the dust or what ignited it.
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Cause of Primary Explosion?

A Not known for sure, but there are several
theories:

A Deflagration of vapors emitted by
decomposing rubber (overheated batch of
rubber + static spark).

A Ignition of dust by overheated electrical
pallast or fixture.

A Ignition of dust by an electrical spark
A Ignition of dust in a motor cooling duct.
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Imperial Sugar

A Port Wentworth, GAT February 7, 2008
A 14 people killed / 40+ injured

A EXplosion of sugar dust in a building used to store
refined sugar prior to packaging and two of three 100 -
foot tall silos adjacent to it.
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Imperial Sugar

A The Imperial Sugar manufacturing facility housed a refinery
that converts raw cane sugar into granulated sugar.

A A system of screw and belt conveyors, and bucket elevators
transported granulated sugar from the refinery to three 105 -
foot tall sugar storage silos.

A It was then transported through conveyors and bucket
elevators to specialty sugar processing areas and granulated
sugar packaging machines.

A Sugar products were packaged in four-story packing buildings
that surrounded the silos, or loaded into railcars and tanker
trucks in the bulk sugar loading area.
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Imperial Sugar

A CSB believes the primary dust explosion was in the silo
tunnel, inside the enclosed (and unventilated) conveyor
system.

A Conveyor system was enclosed in 2007.

A lgnition source was mid-way along the steel belt, likely from an
overheated bearing.

A OSHA believes the primary explosion most likely occurred
Inside and near the base of the East Packaging/Production
Bucket Elevator, located at the east side of Silo #1 in the
"Si1lo Shaftin Jjust east of the
steel belt conveyor under Silo #1 and #2 feeds granulated
sugar into the base of the bucket elevator.
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Bosch Packing Building Bosch bucket

elevator

GAYA VAVAVAVAY = WAV VAV, WAV, 4| VAV, VAVAY

"_— ‘ !
\ ( v | Passenger
A | Elevator
Silo Operator Office Jr—
| L] [Maniift
2 \
P ‘
L——
2 Bulk sugar bucket

i \VAVAVAV AV
. elevator

West Bucket
Elevator

||\W4) Vi VAV, WAV,5)

(S AVII AV \VA %

Granulated sugar scréw

VYentilation
Conference

1958-2011

_/ florth Carolina
\4....,.,,..... CSB Report No. 200805-1-GA









-
.

) . <5
-,1. r . '>-ﬂ sl "tt. ":‘ w 'A‘.‘

Figure 9. Silo tunnel steel conveyor belt (removed after incident)
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Figure 19. Motor cooling fins and fan guard covered with sugar dust;

large piles of sugar cover the floor (Imperial Sugar photo)




Figure 8. Granulated sugar steel conveyor belts above the silos, circa
1990. Heavy dust accumulation on conduit and spilled sugar on

the floor (Imperial Sugar photo)



ADust Explosiono Accidents on
09/24/2010 0452110 2819 [Dust Explosion
02/12/2010 1054196 9224  Burn From Fire
12/29/2008 0950411 2048 [Grain Dust Explosion Burns and Injures Three Workers
07/28/2008 0453730 2436  [No Employees Injured in Dust Explosion
02/07/2008 0418400 2062  [Combustible Sugar Dust Explosion
06/14/2007 0551800 2499 [Fire
09/12/2006 0521700 4911 [Coal Dust Explosion
10/14/2005 0521100 2421 [Employee Is Killed in Wood Dust Explosion
06/10/2004 0453730 7389 [Three Employees Injured in Dust Explosion
02/18/2004 0950641 3398 [Employee Suffers Second and Third Degree Burns in Explosion
10/29/2003 0551800 3365  JAluminum Dust Explosion Injures Six Employees and Kills One
08/10/2003 0522500 2041  |[Explosion Kills Two Employees and Injures Three Others
07/09/2003 0524500 1795 |One Employee Dies Another Injured, in Dust Explosion
05/23/2003 0950621 2431 [Two Employees Burned in Dust Explosioin
01/29/2003 0453710 3061 [Six Employees Died From Combustible Dust Explosion
08/25/2002 0454716 2819 [Employee Is Killed in Aluminum Dust Explosion
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https://extranet.osha.gov/cgi-bin/sic/sicser2?2819
https://extranet.osha.gov/cgi-bin/sic/sicser2?9224
https://extranet.osha.gov/cgi-bin/sic/sicser2?2048
https://extranet.osha.gov/cgi-bin/sic/sicser2?2436
https://extranet.osha.gov/cgi-bin/sic/sicser2?2062
https://extranet.osha.gov/cgi-bin/sic/sicser2?2499
https://extranet.osha.gov/cgi-bin/sic/sicser2?4911
https://extranet.osha.gov/cgi-bin/sic/sicser2?2421
https://extranet.osha.gov/cgi-bin/sic/sicser2?7389
https://extranet.osha.gov/cgi-bin/sic/sicser2?3398
https://extranet.osha.gov/cgi-bin/sic/sicser2?3365
https://extranet.osha.gov/cgi-bin/sic/sicser2?2041
https://extranet.osha.gov/cgi-bin/sic/sicser2?1795
https://extranet.osha.gov/cgi-bin/sic/sicser2?2431
https://extranet.osha.gov/cgi-bin/sic/sicser2?3061
https://extranet.osha.gov/cgi-bin/sic/sicser2?2819

On September 24, 2010 at approximately
11:40 am, 4 employees were seriously burned
at the manufacturing company when a dust
explosion occurred. The employees were
performing hot work on a conveyor belt
located over 3 charcoal briquette silos thought
to have been emptied and washed down
before hot work began. All 4 employees were
hospitalized for their injuries.

On February 12 at 18:25 Winston Dillard Fire District and
Douglas County Fire District #2 engines responded to a
fire in the Fractionator at Plywood Plant #2. The
Fractionator wood bin deluge water system was not
operational. Firefighters staged a hose to the door of the
bin and 3 were engulfed by a fireball from a wood dust
explosion. One firefighter outside the bin helping
advance hose was not wearing an SCBA and received
first and second degree burns around the face.

forth Carolina
53rd Industrial
1958-2011 Yentilation DE-1-2 46
\ Conference




How iIs OSHA handling combustible
dust hazards?

7.y UNITED STATES
/ DEPARTMENT OF LABOR
Occupational Safety & Health Administration
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OSHA INSTRUCTION

DIRECTIVE NUMBER: CPL 03-00-008 EFFECTIVE DATE: 3/11/08
SUBJECT: Combustible Dust National Emphasis Program (Reissued)

This instruction contains policies and procedures for inspecting workplaces
that create or handle combustible dusts. In some circumstances these dusts
may cause a deflagration, other fires, or an explosion. These dusts include,

but are not limited to:

Metal dust such as aluminum and magnesium.
Wood dust

Coal and other carbon dusts.

Plastic dust and additives

Biosolids

Other organic dust such as sugar, flour, paper, soap, and dried
blood.

s Certain textile materials




\What does the NEP Cover?

A Inspection Scheduling
A Based on SIC/NAICS code

A Inspection Resources
A CSHO Safety & Health

A Inspection & Citation Procedures

A Hazard recognition (History of fires, dust
accumulation)

A Sampling methods
A Typical citations
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GS Health Assignment Information Sheet

Assignment Run Date:

01/20/2010

Company Name:

Ul

Address:

NAICS/ SIC:

Predecessor Name:

[nspection History(3 yrs):

None

Codes:

la: More Frequent and/or High Consequence Combustible
Dust Explosions/Fire
2: On Safety Assignment List
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GS Health Assignment Information Sheet

Assignment Run Date: 01/20/2010
Company Name:
Ul:

Address:

NAICS/ SIC:
Predecessor Name:

Inspection History(3 yrs): None
Codes: 1b: may have Potential for Combustible Dust
Explosions/Fires

3: Health Hazards NAICS

*UI Name and/or Ul address due to no trade name and/or no physical address.
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Figure 3. Types of Industries Inspected by Number



Ccomopustible Dust?

A OSHA inspectors will rely on various
sources to determine If the dust Is
combustible.
AMSDSOs, empl oyerodos testi ni_

A Sample may be sent to Salt Lake City for analysis if
necessary (~ $750)

Thie material is a clasa II Dust. This
alsoc meang the material ia explosive. The
Explosion Severity was 0.57.

Results of the sieve size analysis were:
< 20 mesh 88 %

40 mesh 82 %

200 mesh 20 %

Moisture 1.3 %

<
<
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Compressed Air
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20%
Electrical (Haz ) Fir;
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Figure 7. Percent Combustible Dust Related Violations Distributions




Preventing Secondary Explosions

Ignition

Suspension

Confinement
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Housekeeping/Dust Layer

Al/ 80 requirement 1 n

A NFPA 654 (Annex D) guidance
All 320 over 5% of the D
A Thickness of a paper clip




From NFPA 654 Annex D
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