Hazards related to Combustible Dust in the General Industry
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INTRODUCCTION 

Purpose of the Guide


This pocket guide is designed to
· help industries to identify the presence of combustible dust in their work areas
·  inform employees about the hazards associated with combustible dusts
· identify control measures related to equipment and electrical connections and control of ignition sources
· establish inspection, maintenance and cleaning schedules to reduce dust accumulation

The guide provides information on important concepts and definitions related to combustible dust. It also provides checklists to guide both employer and employee to identify improvement areas within the workplace, while considering all the elements for the control and prevention of potential combustible dust explosions

In the final section you will find the references used to prepare this guide that should be consulted for more information about the topics herein  discussed 

COMBUSTIBLE  DUSTS
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Combustible dusts are present in a great variety of industries. It is estimated there are about 13 million workers in the manufacturing industry and of these, thousands may be at risk of injury related to combustible dust.

In the last decade there have been several serious explosions and hundreds of smaller explosions, all related to the dangers of combustible dust. The most recent explosions which have been more damaging are

• Imperial Sugar (Georgia) - 14 dead and 36 wounded, destruction of the sugar refinery and an 8 million fine to the employer for safety violations.
• West Pharmaceutical (North Carolina) - 6 dead and 38 wounded. Almost total destruction of the facility caused by dust explosion processes of plastics and resins
• CTA Acoustics (Kentucky) - 7 dead and 37 injured by explosion of powder phenolic resin, in addition to partial destruction of the facility.
• Hayes Lemmerz International (Indiana) - manufacturing aluminum wheels. The explosion caused one dead and six injured and extensive damage in the building.
These figures demonstrate the seriousness of a fire or explosion event  in areas where combustible dusts are present
IMPORTANT CONCEPTS
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What is a combustible dust?

There are several definitions but all agree that it is a very small particulate that when dispersed in air has the ability to explode  under certain conditions. The NFPA 654 (2006) defines it as a combustible dust particulate solid that presents a risk of fire or explosion, regardless of size or shape, when suspended in air (or other oxidant) at various concentrations. This was the definition adopted by OSHA for its National Emphasis Program, launched in 2008. There is evidence that even when the particulate is not spherical, but behaves as such, it will present an explosion hazard. The following will be considered as solid particulate matter
• dust
• fibers
• fragments
• flakes

• chips, or
• mixtures of any of the above mentioned.
Which industries are at risk?
As mentioned, any organic solid particulate, or inorganic in the case of metals, has the potential to cause an explosion under the right conditions. Recognized as common sources of particulate material are industries handling, metal, plastic and / or resins, wood and wood products, food, also drug manufacturing, and manufacturing of agricultural products among others.
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How small is this particulate? 

When compared to known materials, it can be as or smaller than
• a grain of sugar or sand
• fine wood sawdust
• the flour used for baking bread
• metal powder after grinding or cutting
How much accumulation is necessary to become  dangerous?
As little as 1 / 32 "inch (less than the thickness of the coin) on horizontal surfaces can cause problems
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How is the solid particulate generated?

Is generated as a result of mechanical processes where solid matter is cut, sanded, polished, crushed, ground or otherwise manipulated to generate fine particulate solid
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How is fire produced? 

The fire is the reaction that occurs when you have a combustible material, in this case dust, oxygen and an ignition source, combined in suitable proportions to maintain the initial combustion.
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What is a Deflagration?

It occurs when the combustion or fire zone advances rapidly (0.5 to 1 m / sec), generating large amounts of heat. The gas expansion also creates a pressure wave. Both heat and pressure generated can cause serious damage to people and structures.






[image: image18.emf]How does a detonation occur? 

When the shock wave from the explosion travels faster than the speed of sound a detonation occurs. This can happen when the explosion occurs in enclosed areas such as pipes or buildings. Detonations are usually very destructive and difficult to control once begun.

When structures or closed containers are affected due to the blast, it is said that an explosion has occurred. One factor that greatly affects the risk of dust explosion is how easily the material can agglomerate or form clumps. Agglomeration is usually seen in humid environments.
How is the primary explosion generated?
It is the result of creating a fire in a confined space, where the rapid change in temperature causes a rapid change in pressure, resulting in a shock or pressure wave.
In the case of combustible dusts, the explosion, requires the presence of all these factors to occur
1. Ignition sources
2. Fuel
3. Source of oxygen or oxidizing material
4. Dispersion

5. Containment or confinement
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What is Dispersion?

It is the effect of moving a cloud of dust from one place to another either by mechanical processes (transport, ventilation, vibration) or as the result of a primary explosion.
Secondary explosion
The combination of the fire elements within an enclosed structure provides the conditions for the flame to quickly spread, creating enough pressure to move any dust from work surfaces. This movement of dust is enough to create chain reactions that result in subsequent or secondary explosions.
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1. Dust accumulates on work surfaces

2. An event disperses dust  creating a cloud

3. The cloud ignites and explodes


Minimum Explosive Concentration

It is the minimum dust concentration needed to sustain the process of deflagration of a dust sample in a laboratory test.
Auto Ignition Temperature
It is the temperature at which dust combustion starts only due to the effect of temperature increase with no other source of ignition present. Auto-ignition temperature for the same material, may be different between a cloud and a thin layer of dust
Deflagration index (K st)
This value is used to estimate the dust behavior of a particular material during a deflagration. The higher the value of K st the more severe the explosion can be.
Here is a list of materials with the potential to generate combustible dusts
	Plastic

Vinyl acetylene
Poly vinyl acetate
Poly propylene
Molded Pulp
Poly Acrylamide
Poly ethylene
Co-polymer
Poli Acrylonitrile 
Epoxy or phenolic resin
Ethylene Co-polymer
Poly methyl acrylate
Polymer Emulsion
poly vinyl alcohol
Melamine and its resin
Poly vinyl butyral
Urea-formaldehyde
Poly vinyl chloride (PVC)
Terpene phenol resin
	Chemical Industry
Adipic acid
Sulfur
Sodium stearate
Ascorbic acid
Carboxymethylcellulose
Lactose
Calcium acetate
Dextrin
Methylcellulose
Anthraquinone
Calcium stearate
Paraformaldehyde
Sodium Ascorbate
Lead stearate
Metal
Aluminum
Iron Carbonyl
Zinc
Bronze
Magnesium


	Food
Garlic
Alfalfa
Cotton
Rice starch
Corn starch
Wheat starch
Sugar
Cocoa powder
Coffee
Coconut shell
Lemon peel
Onion powder
Spice powder
Potato starch
Sunflower
Gluten
Locust bean gum
Xanthan gum
Rice flour
Oatmeal
Peanut Flour
	Rye flour
Cornmeal
Potato flour
Wheat flour
Lemon
Malt
Apple
Peach
Mixed tobacco snuff
Potato
Parsley (dried)
Rice powder
Wheat grain dust
Walnut Powder
Soybean Powder
Beet
Linseed
Seeds of raw cassava
Sunflower Seeds
Semolina
Tomato
Carrot


	Agricultural products
Rice starch
Cellulose

Milk Powder
Corn Starch
Cork
Dry skim milk
Wheat starch
Egg white
Corn
Sugar
Soybean meal
Whey
Beet sugar

Wheat flour

Tapioca
Barley
Lactose
	Carbon Products

Activated carbon
Coca-cola
Carbon black
Bituminous coal
Petroleum coke
Pulp
Charcoal
Pine soot
Oil
Cellulose

Lignin

      Chemical  Dust



RISK FACTORS

What elements should I consider to prevent an explosion?

Two of the most contributing factors to a combustible dust explosion are 

(1) the accumulation of dust in the work areas and surfaces and 

(2)  the presence of ignition sources.
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To control these factors we must pay particular attention to housekeeping programs and to the control or prevention of sparks, flame or heat sources that can provide energy to start the fire that might produce the explosion.

It is important to identify whether any of the materials that your industry handles is classified as a combustible dust. That information could be found in the Material Data Sheets (MSDS) or technical papers provided by the manufacturer. NFPA 61 provides a list of organic materials that generate combustible dust and are typically present or produced in agricultural operations. Some common examples are sugar, starch, flour, grains, etc.

Employees must also know the proper handling of any combustible dust present in the facility, so you must include the information of these materials in your Hazard Communication Program

There should be an inspection, maintenance and regular cleaning program that controls dust accumulation to prevent it from reaching dangerous concentrations.  Both equipments and working surfaces must be inspected to avoid dust accumulations.
Equipment and procedures used for cleaning purposes should not introduce risks elements such as dispersing dust while cleaning or non controlled ignition sources arising from equipment or vehicles.
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The electrical rating of the work area determines the necessary controls for electrical equipment, machinery and lighting where dust is present. The ignition source controls should consider all energy sources, be it electrical, thermal or static. Table 4.5.2 of NFPA 499 indicates those chemical materials that have been identified as combustible dusts and assigns classification according to the electrical requirements of the groups E, F, G of Class II.

How do you identify a combustible dust problem?
To identify whether your industry is at risk is necessary to analyze the work areas that present problems in terms of cleanliness (maintenance, ventilation systems, horizontal surfaces), of ignition sources (electrical, mechanical, thermal) and of administrative controls (training, procedures).
Here you will find a series of questions that will help you identify these risk areas. The questions are designed to help you identify, in general, if your facility may be at risk of fire or explosion due to the presence of combustible dust. At the end of each section of questions are suggested standards and / or reference standards that can help reduce the risk you've identified.
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Remember that these questions are only guidelines and in no way substitute a formal and detailed risk analysis to be carried out in the facilities where combustible dust is present. Remember also that you should consult the state plan, if applicable, to verify any other pertinent rule to your industry operations, especially with regard to electrical codes, and fire prevention and emergency plans. 
	Housekeeping 
	Yes
	No 

	Is there any solid particulate in the work area arising from processes, or raw materials?
	
	

	What kind of dust? Metallic
	
	

	Wood
	
	

	Resin or plastic
	
	

	Organic (food)
	
	

	Carbon Derived
	
	

	Chemical Materials
	
	

	Is there dust accumulation in the work areas? Such as conduits / pipes
	
	

	Ventilation systems
	
	

	Hoods
	
	

	Beams
	
	

	Work surfaces
	
	

	False Ceilings
	
	

	Equipment or machinery
	
	

	Others
	
	

	If dust accumulated, is the thickness more than 1/16"?.
	
	

	More of 1/8 "?
	
	

	Does the dust cloud or dust accumulation interferes with visibility in the area?
	
	

	Are there leaks in systems containing or transporting dust?
	
	

	Are the cleaning methods, dry methods (brush, brushes, compressed air) that can disperse dust in the area?
	
	


If you answered YES to any of these questions, you may be at risk of fire or explosion due to accumulation of dust in work areas. You must set up a cleaning program that includes frequent inspections in the workplace. The program should indicate a regular schedule for cleaning floors and horizontal surfaces and should include immediate corrective actions in case of excessive accumulation of material. Refer to standards 1910.22, 1910,176 OSHA, the NFPA 654 and any particular standard that applies to your industry.
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	Ignition Control Measures
	Yes 
	No 

	Do you know if your workspace has any electrical classification?
	
	

	Is there a program for the control of static electricity?
	
	

	Is the machinery that generates dust connected and grounded to minimize accumulation of static electric charge?
	
	

	Are dust transport and handling equipment properly grounded and bonded?
	
	

	Are the devices / electrical cleaning equipment approved for the hazard classification of Class II locations?
	
	

	Do you use forklifts or industrial trucks that are approved for use in Class II areas where combustible dust is present?
	
	

	The electrical equipment meets the requirements of NFPA 70 and NEC for Class II locations?
	
	

	Is there a hot work permit program for areas where combustible dusts are present? 
	
	

	The areas where smoking is prohibited are marked with signs indicating "No Smoking"? 
	
	

	Do equipments that produce heat or flames in the work areas (i.e.  boilers, furnaces, dryers), contain safety devices to control these sources of ignition?
	
	

	Are there methods of detection and / or fire extinction that may be caused by, sparks, temperature, or flame?
	
	

	Are there methods for the detection of smoke / particles?
	
	

	If there are devices to remove foreign materials such as magnets, are protected from causing ignition of combustible dust? 
	
	

	Are the construction materials of dust collection equipment and where dust is stored  fire resistant?
	
	

	Does the construction of these areas/ equipment, limit the spread of damage in case of fire /explosion?
	
	

	Are there controls to reduce the amount of oxygen in areas where dust is stored?
	
	

	Are there devices installed to prevent explosion such as ventilation, pressure containment and / or suppression?
	
	


	Measures to control auto-ignition-temperature 
	Yes  
	No 

	Are there ways to control the temperature in areas where combustible dust is generated?
	
	

	Are there ways to control the temperature where combustible dust accumulates?
	
	

	Are there moisture controls for combustible dust?
	
	


If you answered NO to any of the questions of these two sections, you can be at risk of fire or explosion due to the presence of ignition sources in work areas where combustible dust is present. You must establish a monitoring program of ignition sources, which considers the reduction or elimination of static charge, and ignition sources from equipment that produce flames, heat or sparks. You must also verify that vehicles, equipment or machinery that comes into classified areas is properly approved to operate in such area. Electrical facilities and fixtures of that area must meet the requirements of NFPA 499, National Electrical Code and NFPA 70. Check the OSHA standards 1910.176, 1910.307, and any particular standard that applies to your industry.
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	Protective measures
	
	

	Are dust collectors are located outside the buildings?
	
	

	The construction of dust collectors or storage site is combustible dust explosion-proof?
	
	

	Does the vent / grille / duct exhaust blast is directed into a safe location away from employees?
	
	

	Are dust collectors are designed so that the blast is released into places it does not affect other areas?
	
	

	Are there isolation devices to prevent the spread of the conflagration between devices connected by duct system?
	
	

	Are the ventilation equipment connected by ductwork are designed to prevent an explosion from spreading to other areas?

	
	

	Will dust collecting systems have spark detection systems and explosion suppression systems / explosions?

	
	

	Does the fuel dust powder is diluted with fuel, to reduce their flammability?
	
	


If you answered NO to any of these questions can be at risk of fire or explosion due to inadequate ventilation in work areas where combustible dusts are present. You must establish a ventilation system program that includes verifying the design and capacity of hoods, fans and dust collectors. Also verify, the materials of construction of these devices are adequate to resist fire / explosion.  Material handling and transportation equipment must have all safety devices to contain or safely release the effects of an explosion .
	Employee Safety
	Yes 
	No

	Do you investigate accidents? 
	
	

	Are small explosions/ fires investigated and documented? 
	
	

	Are the persons in the combustible dust explosion risk area authorized to be there? 
	
	

	Is there an action plan in case of emergencies? 
	
	

	Are the emergency exit routes adequately maintained? 
	
	

	Are employees trained in the emergency plan?
	
	

	Is there a hazard communication program at the facility? 
	
	

	Are employees trained in the hazard communication program (including combustible dust risks.) 
	
	

	Are employees trained before beginning work in areas where there is danger of a combustible dust explosion? 
	
	

	Are employees trained when they are reassigned to another area, if there are changes to processes or changes to the Hazard Communication program?
	
	

	Does the Hazard Communication Program include Material Safety Data Sheets (MSDS) on combustible dusts? 
	
	

	Are the safety data sheets of materials that could be classified as combustible dust under normal operation conditions available to employees?. 
	
	

	Do employees use all necessary protective equipment for the task including fire retardant clothing?
	
	


If you answered NO to any of these questions employees may be at risk of injury from fire or explosion caused by combustible dust.
You must ensure that these programs are implemented:
1) Hazard Communication
2) Emergency Action Plan and Fire Prevention and Protection Plan.
3) Personal Protective Equipment
4) Accident Investigation
You must also verify that all employees are properly trained in the details of these programs, and have written procedures associated with them.




IMPORTANT CONSIDERATIONS
The design for explosion protection must incorporate at least one of these methods:
· Reduction in the oxidant concentration
· Dilution with non-combustible dust
· -Deflagration Control by ventilation, pressure containment, suppression or devices for flame suppression and containment

· Any part of the structure that is designed to relieve( pressure during an explosion should be located and constructed so that it poses no accident risk while in use
· The most common explosion control mechanisms are:
· Confinement or containment,
· Inerting
· Isolation, suppression or deflagration release
· Processing Equipment that generates combustible dust must be connected to a dust collection system. This system usually consists of a structure that conveys the dust through pipelines from the point where it is generated to the final collection point known as a dust collector. Dust can be transported through the system via mechanical energy (conveyor), or pneumatic (air). The NFPA 654, includes as collection and material handling equipment, systems for material transfer, pipelines, power machinery equipment, separators, conveyors, mixers, dryers and more.

· Dust collectors must be equipped with safety devices that prevent or minimize the risk of an explosion during normal operation, as established by NFPA 654

· Filter systems for dust collectors cannot be replaced by alternative type systems unless a complete fire risk assessment is performed and it has been properly documented and approved by management.
· It is recommended that whenever possible, locate bucket elevators outside the building. 
· For systems that handle metal particulate is necessary to classify the material as:
· water, compatible
· non- compatible with water, and 
· water-reactive, 
to determine the fire protection system appropriate to the material properties.

· Walls and  internal partitions construction in areas where combustible dust is present, usually require a minimum fire resistance protection of at least 1hr.
· If the material transfer equipment is used for various products you must verify the compatibility between products prior to using the equipment.
· It is of upmost importance to always keep the horizontal surfaces and work area clean of material accumulation.
· In the event that some areas are difficult to reach or cannot be easily cleaned, the recommendation is to completely seal them off.
· The initial and refresher training to employees should include the area hazards, process description, procedures, equipment, fire and explosion protection systems, maintenance requirements, cleaning and emergency response plans.
· -The equipment maintenance includes frequent inspections to detect and remove product accumulation in critical areas. 
APPENDIX A – OSHA STANDARDS
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What standards or guidelines are available?
OSHA (Occupational Safety and Health Administration)

Currently there is under approval process an OSHA standard that would cover industrial operations where combustible dusts are present. Although there is still no comprehensive standard for all operations that handle combustible dusts, several OSHA standards indicate certain key provisions for the control of risks associated with the handling of combustible dust in industrial operations. The standards discussed in this section are mandatory according to the type of industry applicable to your particular operation.
1910.22 - General Requirements (see Housekeeping)
1910.22 (a) (1) All places of employment, passageways, storage areas and service should be kept clean, in order and hygienic.
1910.22 (a) (2) the floor of each work area must be kept clean and kept dry as much as possible.
Since these are general requirements, they apply to all general industry operations covered by the Code of Federal Regulations (CFR) 29.1910

1910.38 - Emergency Action Plans
1910.39 - Fire Prevention Plans
1910.157 - Portable Fire Extinguishers
1910.165 - Employee alarm systems
These standards require employers to establish emergency action plans, including fire’ indicate the minimum necessary procedures to respond to emergencies, the equipment requirements for fire prevention and training requirements for personnel.
1910.94 – Ventilation
Related to abrasive blasting systems,  the standard indicates that if flammable or explosive mixtures of dust are present, the work area must be constructed to provide secure mechanisms to release pressure in case of explosion. It incorporates by reference the NFPA 68 the requirements for the area construction and for security mechanisms.
1910.119 - Process Safety Management (PSM)

The purpose of this standard is to prevent or reduce the catastrophic consequences that arise from the handling of highly hazardous materials processes. The applicability of the standard depends on the type of material and the amount of material used in the process. Refer to Appendix A for a list of materials covered under the standard.

1910.132 - Personal Protective Equipment
The facility must have implemented the program including a risk analysis of each task for the selection of the equipment. Clothing and accessories for use in areas where combustible dust is present must include fire-resistant clothing and electrically rated footwear.
1910.176 - Material Handling and Storage
This standard generally covers the basic requirements for proper handling of materials. Section 1910.176 c) specifies that storage areas be kept free of accumulation of material that may cause danger of falling, tripping, fire, explosion or pests.
1910.178 - Industrial Forklifts
Table N-1 of the standard defines what kind of truck is suitable for use in handling and transportation of combustible dusts for Class II, Groups E, F, G. The type of forklift is identified by letters indicating which fuel or energy is used to operate the motor, and the equipment  safety devices.
The 11 categories of trucks are:
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• Diesel (D, DS, DY)
• Gasoline (G, GS)
• Propane Gas (LP, LPS)
• Electric (E, ES, EE, EX)
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For areas Class II, Groups E and F where combustible dust is present, the only trucks approved are those designated as EE or EX. For the Group G the approved designation will be only GS, LPS, DS, DY, ES, EE, or EX. All these designations provide mechanisms to prevent that electrical or combustion systems of the equipment enter unwanted ignition sources in areas where dust are present.
1910.263 - Bakery Equipment 
Section 1910.263 (k) identifies the electrical safety requirements for equipment used to pulverize sugar and / or spices and section 1910.263 (l) establishes requirements for equipment / mechanisms to release pressure in case of explosion.
1910.265 - Sawmills Operations 
The standard applies to sawmill operations such as, logging, handling, cutting, sanding, handling and storage of timber or related products. Establishes requirements to prevent fire or explosion of dust collection equipment, electrical protection for certain equipment and also minimum cleaning frequency requirements of the work area 
1910.272 - Grain Handling Facilities 
This was the first standard written specifically to control risks associated with grain handling, classified as combustible dust. It is aimed primarily at grain handling operations for the food industry and specifies the procedures, equipment requirements and safe work practices for that type of operation. Typically, the silos are[image: image23.jpg]


 considered confined spaces and therefore must also refer to Standard 1910.146 - Confined Spaces for safety considerations when working in silos or similar spaces.
1910.307 - Hazardous Locations 
This standard defines  the requirements for electrical equipment and wiring to be used in electrically classified areas based on the properties of flammable liquids, solids or gases, combustible dusts and / or flammable fibers present in that area.  It references the NFPA 70 standard. 
1910.1200 - Hazard Communication 
This standard requires besides the identification of health hazards, the physical hazards present in the work area including but not limited combustible dusts. Each employer is responsible for obtaining the information about the safe handling of these materials and providing such information to  their employees through signs, labels, notices. The employer must provide training related to the handling and proper use of the material as well as ways to protect employeesfrom the hazards associated with particular material 
APENDDIX B –NFPA STANDARDS
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NFPA (National Fire Protection Agency)

There are several standards from this agency that provide guidelines to control those factors that can contribute to generate a fire or explosion while handling combustible dusts. Except in cases which are incorporated by reference in specific OSHA standards, NFPA standards are not mandatory. Nevertheless they provide specific and detailed information for preventing fires or explosions when handling combustible dusts 
NFPA 654 (2006) – Standard for the Prevention of Fire and Explosions from the Manufacturing, Processing and Handling of Combustible Particulate Solid 
It is the most comprehensive standard for the control of fires caused by combustible dust.  Provides methods for identifying risks and practical control measures for work areas, based on three principles 
· Preventing  the formation of a hazardous atmosphere 
· Preventing ignition of hazardous atmosphere 
· Limit the consequences of the explosion to an acceptable level (mitigation or control)
Among the requirements of NFPA 654 are prescriptive provisions (mandatory) for compliance and enforcement options based on performance. 
 Prescriptive provisions include: 
· Design of systems and facilities 
· Protection of process equipment 
· Control of fugitive dust and cleaning 
· Ignition Sources of 
· Provisions for fire protection 
· Training and operations, maintenance and emergencies procedures 
· Inspection and maintenance
Performance-based options require specialized and documented engineering analysis that considers: 
· The safety of the occupants, and 
· Designs that treat  fire and explosion specific scenarios 
The NFPA 654 establishes the basic requirements for protection equipment and technology. The design for explosion protection must incorporate at least one of these methods: 
· Reduction in the concentration of oxidants, which can be oxygen, air or materials that promote combustion by oxygen contribution
· ( Dilution with non-combustible dust, to limit the burning characteristics of the material. Not Recommended  
·  -Deflagration Control by means of: 
· Ventilation - allows to focus the force of the explosion to a point in the facility where the pressure generated by the explosion causes the least harm to people and / or structures 
· Pressure containment - the enclosure, tank or structure should be able to contain at least 2/3 of the force and pressure generated in the explosion. The degree of damage will be used to determine whether to allow the container / structure to be reused.
· Suppression - uses safety devices, flame detectors and other protective equipment to prevent the spread of the initial flame 
· Devices for flame suppression and containment – it is the combination of a filter and flame suppressing device (flame arrester) to contain the initial flame and reduce the effects of the explosion. 
Other standard provisions are retroactive to facilities constructed, replaced or modified before 8-18-2006. The retrospective review requirements include elements for 
· Management of Change
· Housekeeping

· Electrostatic ignition sources
· Cartridge - actuated tools
· Open flames( and sparks
· Training and planning
· Inspection and Maintenance
There are other NFPA standards related to industries or specific operations, such as:

NFPA 61 (2008) - Facilities Agricultural and Food Processing
This standard is applicable to any facility which receives, handles, processes, dries, mix, use, grind, pack, store or ship dry bulk agricultural material. It also applies to structures, buildings, structures or activities such as modification, renovation, repair, additions, and demolitions. It establishes requirements for ventilation, explosion prevention, pressure release, equipment (dryers, ovens, conveyor belts, etc.), dust control, fire protection systems and provides supplementary material on ignition controls and administrative controls.
NFPA 69 –(2008) Explosion Prevention System 

The purpose of this standard is to provide effective systems to control the explosion potential in structures to safeguard life and property. It requires a documented risk analysis to determine the necessary safety protections. The suggested methods fall into two broad groups

· Methods to prevent the combustion aimed to reduce the concentration of oxidant or combustible present
· Methods that prevent or limit the damage,( including
· Systems for the detection of pre-deflagration and ignition control
· Suppresion of deflagration
· Isolation methods 
· Pressure  containment of  the explosion 

NFPA 484 (2009)– Combustible Metals
This standard provides criteria for determining the flammability or explosiveness of the metallic materials, which includes alkali metals, aluminum, magnesium, titanium and others. Establishes requirements for fire prevention and protection relating to equipment and dust collection operation, and controls necessary to control / eliminate sources of static electricity. Establishes guidelines for personal protective equipment and safe recycling of these metals.
NFPA 499 (2008) - Classification of Dusts Fuels and Hazardous Locations
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This standard discusses the electrical classification criteria for work areas where flammable or combustible materials are present including vapors, dusts and fibers. The general criteria for classification are:
Class (I, II, III) - defines the type of material
• Class I - vapors from flammable and / or combustible liquids or gases 
• Class II - combustible dusts
• Class III - fibers

Group (AG) - indicates the type of dust or material
• Group A-C - designed for vapors of flammable and / or combustible liquids or gases 
• Group E-G - designed for dusts, specifically:

-Group E - metal dust-conducts electricity
-Group F - coal dust can conduct electricity
-Group G - wood, food, agricultural products, chemicals or manufacturing. Do not conduct electricity

División (1,2) – indicates the amount of material present

•
División 1 – there is enough dust present under normal operating conditions as to produce an explosive or ignitable mixture,   or,

•
An abnormal operation, mechanical or electrical fault causes the explosive mixture, or
•
There is enough electrically conductve dust present as to produce the explosive mixture
According to NFPA 499 dust accumulation greater than 1/8" under normal operating conditions the classifies the area as Division 1
• Division 2 – there is not enough amount of dust to create the explosive mixture under normal operating conditions, but material is suspended in air because of faulty equipment or material handling operation, and
• The accumulation of dust on or near electrical equipment prevents dissipation of heat generated by the equipment, or there are faults in electrical equipment
• There is no Division 2 for the dusts in Group E 

In areas where combustible dust is handled, processed, or stored under conditions ensuring that there will be no leakage of material, that ventilation systems and cleaning in the area prevents the accumulation of dust classification of the area is not necessary. For further details on this subject refer to NFPA 499, Section 5.4
NFPA 70 (2004) - National Electrical Code, Article 500, 502, 504
Article 500 specifies important definitions and general requirements of voltage wiring and electrical equipment to be used in Class I, II or III locations. Article 502 discusses the requirements for electrical and electronic equipment to be used in areas classified as Class II. Article 504 defines the requirements for wiring and installation of intrinsically safe electrical equipment.
NFPA 664 (2007) - Processing and Woodworking[image: image26.jpg]



The scope of this standard includes facilities that process or manufacture wood and / or wood products, creating fragments, wood particles or wood dust.
It applies to plants with more than 5,000 square feet of physical area and to facilities with dust collection equipment whose flow is greater than 1500 cfm (cubic feet / minute). If the facility falls outside this range the standard requires for specific controls and a hazards analysis of the facility.
The fire prevention plan should consider the worst case scenario to prevent the fire from spreading and causing injuries, fatalities and / or catastrophic failures of structures. Factors such as forklifts classification, light rating, hot surfaces, equipment that generates heat, dust collection equipment should be considered to avoid introducing unwanted sources of ignition in the work areas.

Those facilities which were built before the standard and do not meet the standard design requirements, shall ensure that the facility meets the electrical requirements of the National Electrical Code (NEC). It should also establish a hot work permits program. 
For more information on any particular operation please refer to the following additional standards
NFPA 68 (2007) - Explosion Venting
NFPA 85 (2007) - Hazards of Combustion and Boiler Systems
NFPA 120 (2010) - Coal Mine
NFPA 495 (2010) - Explosive Materials
NFPA 655 (2007) - Sulfur Fires and Explosions
NFPA 1124 (2006) - Fireworks and Fireworks

REFERENCES

Occupational Safety and Health Administration, www.osha.gov, 29 CFR 1910

National Fire Protection Agency, http://www.nfpa.org
US Chemical Safety Board, http://www.csb.gov
Federal Register Doc E9-25075, Request for data on Combustible Dust

Federal Register 74:54333-54347, Combustible Dust, Advanced Notice of Proposed Rulemaking
HR 5222 “Worker Protection Against Combustible Dust Explosions and Fires Act of 2008”

SHIB 07-31-2005 Combustible Dust on Industry: Preventing and Mitigating the Effects of Fire and Explosions

CSB Report No 2008-05-I-GA, Investigation Report on Sugar Dust Explosion and Fire

Colonna G.R.,NFPA Combustible dust Hazards Codes and Standards, from the FPRF Combustible Dust Symposium
Zalosh R, , Combustible Dust Fire and Explosion Protection, Fire Safety seminar presentation

Maxwell M.A., What you need to know about dust explosions, EHS Today, December 2009
This document was developed by The University of Puerto Rico  under grant# 19480-09-60 -F-72 and is intended to assist employers, workers, and others as they strive to improve workplace health and safety. While we attempt to thoroughly address hazards related to handling of combustible dusts, it is not possible to include discussion of everything necessary to ensure a healthy and safe working environment in a document of this nature. Thus, this information must be understood as a tool for addressing workplace hazards, rather than an exhaustive statement of an employer's legal obligations, which are defined by statute, regulations, and standards. Likewise, to the extent that this information references practices or procedures that may enhance health or safety, but which are not required by a statute, regulation, or standard, it cannot, and does not, create additional legal obligations. Finally, over time, OSHA rules and interpretations may be modified in light of new technology, information, or circumstances; to keep apprised of such developments, or to review information on a wide range of occupational safety and health topics, you can visit OSHA's website at www.osha.gov.
For more information about this topic please contact the Division of Continued Education at 764-0000, ext. 7493
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Secondary Explosion Mechanism 



1. Dust accumulates on work surfaces

2. An event disperses dust  creating a cloud

3. The cloud ignites and explodes
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