Hazardous Area Classification / Flameproofing 

This Technical Measures Document refers to the classification of plant into hazardous areas, and the flameproofing measures that can be adopted for electrical apparatus.

Design of plant, pipework and general plant layout is considered in Technical Measures Documents on Plant Layout, Design Codes - Plant, Design Codes - Pipework, Plant Modification / Change Procedures, Maintenance Procedures.

The relevant Level 2 Criteria are 5.2.1.3c, 5.2.1.11(63)f, 5.2.1.13 and 5.2.4.2(93)a.

General Principles

The methodology for classification of hazardous areas is covered by appropriate British and European standards. All likely ignition sources must be considered, and only equipment designed to an appropriate standard should be employed in designated zones.

Catastrophic failures, such as vessel or line rupture are not considered by an area extent and classification study. These abnormal events should be considered by a Preliminary Hazard Analysis and a Hazard and Operability Study.

The most commonly used standards in the UK for determining area extent and classification are described in the BS EN 60079 series of standards, the Institute of Petroleum Model Code of Practice (Area Classification Code for Petroleum Installations, 1990) and in the publication by Cox, A.W., Lees, F.P. and Ang M.L, 'Classification of Hazardous Locations', 1993.

Zoning
A hazardous area may be defined as an 'Area in which an explosive atmosphere is, or may be expected to be, present in quantities such as to require special precautions for the construction, installation and use of electrical apparatus'.

Area classification is a method of analysing and classifying the environment where explosive gas atmospheres may occur so as to facilitate the proper selection an installation of apparatus to be used safely in that environment, taking into account gas groups and temperature classes.

Hazardous areas are classified into zones based on an assessment of the frequency of the occurrence and duration of an explosive gas atmosphere, as follows:

· Zone 0: An area in which an explosive gas atmosphere is present continuously or for long periods; 

· Zone 1: An area in which an explosive gas atmosphere is likely to occur in normal operation; 

· Zone 2: An area in which an explosive gas atmosphere is not likely to occur in normal operation and, if it occurs, will only exist for a short time. 

When the hazardous areas of a plant have been classified, the remainder will be defined as non-hazardous, sometimes referred to as ‘safe areas’.
An area extent and classification study involves due consideration of the following:

· The flammable materials that may be present; 

· The physical properties and characteristics of each of the flammable materials; 

· The source of potential releases; 

· Prevailing operating temperatures and pressures; 

· Presence, degree and availability of ventilation (forced and natural); 

· Dispersion of released vapours to below flammable limits; 

· The probability of each release scenario. 

These factors enable appropriate selection of a grouping, temperature class, zone type and zone extent.

This information may be summarised in Hazardous Area Classification data sheets, supported by appropriate reference drawings.

The zone so designated is a three-dimensional area of space, and thus will extend above and below the plant item under consideration (if appropriate), as well as horizontally.


Electrical Equipment Design Codes/Selection
The classification of hazardous areas where flammable gas or vapour risks may arise allows the selection and subsequent installation of electrical apparatus that is appropriate for use in such hazardous areas. Design codes related to classification of electrical apparatus are listed in the following table (derived from BS EN 60079-14 : 1997):

	Zone 0 
	Zone 1 
	Zone 2 

	Ex ia – Intrinsic safety (IEC 79-11) 
	Methods suitable for Zone 0 
	Methods suitable for Zone 0 or 1 

	Ex s – Special protection if specifically certified for Zone 0 
	Ex d – Flameproof enclosure (IEC 79-1) 
	Ex n – Type of protection N (IEC 79-15) 

	  
	Ex p – Pressurised or purging (IEC 79-2) 
	  

	  
	Ex q – Powder filling (IEC 79-5) 
	  

	  
	Ex o – Oil immersion (IEC 79-6) 
	  

	  
	Ex e – Increased safety (IEC 79-7) 
	  

	  
	Ex ib – Intrinsic safety (IEC 79-11) 
	  

	  
	Ex m – Encapsulation (IEC 79-18) 
	  

	  
	Ex s – Special protection 
	  


It should be noted that references in the table are to the equivalent IEC 79 standard as quoted in BS EN 60079-14 : 1997.

Selection of electrical equipment for hazardous areas requires the following information:

· classification of the hazardous area (as in zones shown in the table above); 

· temperature class or ignition temperature of the gas or vapour involved according to the table below: 

	Temperature Classification 
	Maximum Surface Temperature, °C 
	Ignition Temperature of gas or vapour, °C 

	T1 
	450 
	>450 

	T2 
	300 
	>300 

	T3 
	200 
	>200 

	T4 
	135 
	>135 

	T5 
	100 
	>100 

	T6 
	85 
	>85 


· where applicable, gas or vapour classification in relation to the group or sub-group of the electrical apparatus as in the table below. 

	Group 
	Representative Gas 

	I 
	Methane 

	IIA 
	Propene 

	IIB 
	Ethylene 

	IIC 
	Hydrogen 



For particular gases, the group classification provided in Annex A of BS EN 50014 : 1998 should be used. This is based upon the comparison of the Maximum Experimental Safe Gaps (MESG) for flameproof enclosures or Maximum Ignition Currents (MIC) for intrinsically safe equipment with Group I methane. The sub-groups in Group II are derived as shown in the table below:

	Sub Division 
	MESG 
	MIC Ratio 

	A 
	> 0.9 mm 
	> 0.8 

	B 
	0.5 - 0.9 mm 
	0.45 - 0.8 

	C 
	< 0.5 mm 
	< 0.45 



If several different flammable materials may be present within a particular area, the material that gives the highest classification dictates the overall area classification. Consideration should be shown for flammable material that may be generated due to interaction between chemical species.


Ignition Sources Identification and Elimination
Ignition sources may be:

· Flames; 

· Direct fired space and process heating; 

· Fires involving waste materials allowed to accumulate; 

· Use of cigarettes/matches etc; 

· Internal combustion engines; 

· Cutting and welding flames; 

· Large scale fires started elsewhere on site 

· Hot surfaces; 

· Heated process vessels such as dryers and furnaces; 

· Hot process vessels; 

· Space heating equipment; 

· Mechanical machinery; 

· Electrical equipment and lights 

· Spontaneous heating; 

· Friction heating or sparks; 

· Impact sparks; 

· Electric sparks; 

· Electrostatic discharge sparks: 

· Lightning strikes. 

Sources of ignition should be eliminated from all hazardous areas by:

· Avoidance of the use of direct fired heating; 

· Prohibition of smoking/use of matches; 

· Control of the use of internal combustion engines (see Technical Measures Document on Permit to Work Systems); 

· Control of cutting and welding activity through a Permit to Work system; 

· Elimination of surfaces above autoignition temperatures of flammable materials being handled/stored (see above); 

· Using electrical equipment classified for the zone in which it is located (see above); 

· Control of maintenance activities that may cause sparks/hot surfaces through a Permit to Work System; 

· Earthing of all plant/ equipment (see Technical Measures Document on Earthing) 

· Provision of lightning protection. 

Lightning Protection
Protection against lightning involves installation of a surge protection device between each non-earth bonded core of the cable and the local structure. Further guidance can be found in BS 6651 : 1992 Code of practice for protection of structures against lightning.

Dust Explosions
Hazardous area classification for flammable dusts may be undertaken in the same manner as that for flammable gases and vapours. Zoning as described above may be applied, replacing 'gas atmosphere' with 'dust/air mixtures'.

Classification of dusts relating to autoignition and minimum ignition current is undertaken similarly to gases/vapours, but involves additional complications.

The explosibility of dusts is dependent upon a number of factors:

· chemical composition; 

· particle size; 

· moisture content; 

· oxygen concentration; 

· inert dust admixture. 

In general, dusts with a particle size greater than 500 µm are unlikely to cause an explosion, and particle sizes below 50-74 µm do not result in a reduction of explosibility as size reduces. For this reason, most tests are carried out on 75 µm samples as the worst case.

Ignition due to a hot surface is particularly likely to occur. The minimum surface temperature which can cause ignition is about 100-200°C in most cases.

BS EN 50014 to BS EN 50019 describe the types of equipment that may be appropriate. For group I substances the maximum surface temperature allowed is 150°C where dust (coal dust) may form a layer.

Factors for assessor to consider
· Identification of Hazardous Areas 

· Effectiveness of management and control of hazardous areas, with respect to elimination of ignition sources; 

· Demonstration that by design, operation and location extent of hazardous areas has been minimised; 

· Completeness of existing area extent and classification studies; 

· All flammable substances present have been considered during area classification, including raw materials, intermediates and by products, final product and effluents; 

· The appropriateness of the standards adopted for area classification; 

· Reference to impact upon area extent and classification due to plant modification (see Technical Measures Document on Plant Modification / Change Procedures); 

· Control measures in hazardous areas required during maintenance; 

· Procedures for change/temporary works (see technical Measures Document on Plant Modification / Change Procedures). 

Status of Guidance
Existing codes of practice provide comprehensive information with respect to best practice for hazardous area classification. The standards detailing selection of appropriate electrical apparatus have been updated to take into consideration ventilation effects.

Codes of Practice Relating to Hazardous Area Classification / Flameproofing
· HS(G)140 Safe use and handling of flammable liquids, HSE, 1996.
Appendix 3 describes the requirements for hazardous area classification. The use of BS 5345 and the Institute of Petroleum Code ‘Area Classification Code for Petroleum Installations: Model Code of practice in the Petroleum Industry’ Part 15 are recommended. The guidance also recommends that zones are recorded in a plan to prevent sources of ignition being brought in.
        

· HS(G)166 Formula for health and safety : guidance for small and medium sized firms in the chemical industry, HSE, 1997.
The guidance describes the requirements for hazardous area classification. The use of BS 5345, BS 6467 and BS EN 60529 are recommended. The guidance also provides recommendations for flammable dusts but notes that no area classification system is available.
        

· HS(G)51 Storage of flammable liquids in containers, HSE, 1998.
Appendix 3 describes the requirements for hazardous area classification. The use of BS EN 60079-10 and the Institute of Petroleum Code ‘Area Classification Code for Petroleum Installations: Model Code of practice in the Petroleum Industry’ Part 15 are recommended. The guidance also recommends that zones are recorded in a plan to prevent sources of ignition being brought in.
        

· HS(G)103 Safe handling of combustible dusts : precautions against explosions, HSE, 1994.
        

· IGE/SR/25 (Hazardous Area Classification ). In preparation. Institution of Gas Engineers.
        

· LPGA CoP 1 Bulk LPG storage at fixed installations. Part 1 : Design, installation and operation of vessels located above ground, LP Gas Association, 1998.
Supersedes HS(G)34 Storage of LPG at fixed installations, HSE, 1987.
        

· HS(G)176 The storage of flammable liquids in tanks, HSE, 1998.
Supersedes HS(G)50 The storage of flammable liquids in fixed tanks (up to 10000 cu. m in total capacity), 1990 and HS(G)52 The storage of flammable liquids in fixed tanks (exceeding 10000 cu. m in total capacity), 1991;
Paragraphs 35 to 39 describe the requirements for hazardous area classification. The use of BS EN 60079-10 : 1996 and the Institute of Petroleum Code ‘Area Classification Code for Petroleum Installations: Model Code of practice in the Petroleum Industry’ Part 15 are recommended. The guidance also recommends that zones are recorded in a plan to prevent sources of ignition being brought in.
        

· HS(G)178 The spraying of flammable liquids, HSE, 1998.
Paragraphs 36 to 41 describe the requirements for hazardous area classification. The use of BS EN 60079-10, BS 5345, BS 5501 and the Institute of Petroleum Code ‘Area Classification Code for Petroleum Installations: Model Code of practice in the Petroleum Industry’ Part 15 are recommended.
        

· HS(G)186 The bulk transfer of dangerous liquids and gases between ship and shore, HSE, 1999.
Appendix 2 describes the requirements for hazardous area classification. The use of BS EN 60079-10 and the Institute of Petroleum Code ‘Area Classification Code for Petroleum Installations: Model Code of practice in the Petroleum Industry’ Part 15 are recommended.
        

· HS(G)71 Chemical warehousing: the storage of packaged dangerous substances, HSE, 1998.
Paragraph 122 describes the requirements for hazardous area classification. The use of BS EN 60079-10 and the Institute of Petroleum Code ‘Area Classification Code for Petroleum Installations: Model Code of practice in the Petroleum Industry’ Part 15 are recommended.
        

· HS(G)22 Electrical apparatus for use in potentially explosive atmospheres, HSE, 1984.
Now superseded.
        

· BS 4683 : Part 1: 1971 Specification for electrical apparatus for explosive atmospheres – Part 1: Classification of maximum surface temperatures, British Standards Institution, 1971.
        

· BS 5345 Selection, installation and maintenance of electrical apparatus for use in potentially explosive atmospheres (other than mining applications or explosives processing and manufacture), British Standards Institution.
Has been superseded by BS EN 60079-14 : 1997 and will be withdrawn on 1 December 1999.
Part 1 : 1989 General recommendations;
Part 3 : 1979 Installation and maintenance requirements for electrical apparatus with type of protection ‘d’. Flameproof enclosure;
Part 4 : 1977 Installation and maintenance requirements for electrical apparatus with type of protection ‘i’. Intrinsically safe electrical apparatus and systems;
Part 5 : 1983 Installation and maintenance requirements for electrical apparatus protected by pressurization ‘p’ and by continuous dilution, and for pressurized rooms. Intrinsically safe electrical apparatus and systems;
Part 6 : 1978 Recommendations for type of protection ‘e’. Increased safety;
Part 7 : 1979 Installation and maintenance requirements for electrical apparatus with type of protection N;
Part 8 : 1980 Installation and maintenance requirements for electrical apparatus with type of protection ‘s’. Special protection.
        

· BS 5501 Electrical apparatus for potentially explosive atmospheres, British Standards Institution.
Part 1 : 1977 General requirements;
Part 2 : 1977 Oil immersion ‘o’;
Part 3 : 1977 Pressurisation ‘p’. (Withdrawn. Replaced by BS EN 50016 : 1996);
Part 4 : 1977 Powder filling ‘q’;
Part 5 : 1977 Flameproof ‘d’;
Part 6 : 1977 Increased safety ‘e’;
Part 7 : 1977 Intrinsic Safety ‘ia’;
Part 8 : 1988 Encapsulation ‘m’;
Part 9 : 1982 Intrinsic Safety ‘ib’.
        

· BS EN 1127-1 : 1998 Explosive atmospheres – Explosion prevention and protection – Part 1: Basic concepts and methodology, British Standards Institution.
Paragraph 6.4.8. provides guidance on hazards due to lightning.
        

· BS EN 60079-14 : 1997 (IEC 60079-14 : 1996) Electrical apparatus for explosive gas atmospheres – Part 14: Electrical installations in hazardous areas (other than mines), British Standards Institution, 1997.
        

· BS EN 60079-10 : 1996, (IEC 60079-14 : 1995) Electrical apparatus for explosive gas atmospheres – Part 10: Classification of hazardous areas, British Standards Institution, 1996.
        

· BS EN 60079-17 : 1997 (IEC 60079-17 : 1996) Electrical apparatus for explosive gas atmospheres – Part 17: Inspection and maintenance of electrical installations in hazardous areas (other than mines), British Standards Institution.
        

· BS 5908 : 1990 Code of practice for fire precautions in the chemical and allied industries, British Standards Institution.
General. Section 10, Paragraph 56.5 provides guidance on grades of release.
        

· BS 5958 : 1991 Code of Practice for the control of undesirable static electricity, British Standards Institution.
Part 1 : 1991 General considerations;
Part 2 : 1991 Recommendations for particular industrial situations.
        

· BS 6467 Electrical apparatus with protection by enclosure for use in the presence of combustible dusts, British Standards Institution.
Part 1: 1985 Specification for apparatus. (Withdrawn on 1 September 1999. Superseded by BS EN 50281-1-1 : 1999);
Part 2: 1986 Guide to selection, installation and maintenance. (Withdrawn on 1 September 1999. Superseded by BS EN 50281-2-1 : 1999).
        

· BS 6651 : 1992 Code of practice for protection of structures against lightning, British Standards Institution.
Section 9 provides guidance on lightning protection of structures with inherent explosive risks.
        

· BS 7430 : 1998 Code of practice for earthing, British Standards Institution.
Lightning protection. Section 23 provides guidance on lightning protection.
        

· LPGA CoP 7 Storage of full and empty LPG cylinders and cartridges, LP Gas Association, 1998.
        

· Model Code of Safe Practice in the Petroleum Industry, Institute of Petroleum.
Part 1 : Electrical Safety Code, 6th Edition 1991 (7th Edition in preparation);
Part 15 : Area Classification Code for Petroleum Installations, 1st Edition 1990 (2nd Edition in preparation).
        

· Guidance Notes on the Installation of Industrial Gas Turbines, Associated Gas Compressors and Supplementary Firing Burners. IM/24 1st Edition June 1989, British Gas.
        

· British Gas Engineering Standard Code of Practice for Hazardous Area Classification for Natural Gas, BGC/PS/SHA1 1986, British Gas.
        

· Recommendations for Storage, Use and Filling of Liquefied Petroleum Gas in Containers. LPG 6 October 1989. The Loss Prevention Council.
        

· PrEN 1831-1 RIC Engines – Safety – Group 2 Engines – Flammable Gas and Vapour.
        

· BS EN 50014 to BS EN 50020 Electrical Apparatus for Potentially Explosive Atmospheres. British Standards Institution.
        

· Recommendations for the Protection of Diesel Engines for Use in Zone 2 Hazardous Areas, Publication No. 107, The Engineering Equipment and Materials Users Association, 1992.
        

· PM58, Diesel-engined Lift Trucks in Hazardous Areas, HSE. (Not in current HSE list). Replaced by HS(G)113.
        

· ICI Electrical Installations Code (ROSPA 1972). 

