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ATEX DIRECTIVE S : PRACTICAL CONCERNS
J. X BOUILLARD , F. M. B. MERCIER and L. PERRETTE

INERIS, BP-2 F 6059 Verneuil en Halae
FRANCE

1. ABSTRACT

The ATEX directives 94/9/(E & 99/92/(E requite the industy secto to identify ard
evaluaé hazard ard risks associate with combustio explosiors of dusts gas ard
mists They requile employes to asses the risks of explosios ard to provide
appropria¢ worke protection agains explosions Explosiors involved in runawg
reactiors or solven expansions (ex stean explosiony ar na strictly speakigy
coverel by the® pieces of regulation but depenl on generahealh & safey a work,
chemicd substances or maja hazad contrd (i.e. Sevesp regulations As a result
workers exposue to explosiors ard ther protection are only partially deat within the
"Explosion protection documerit (99/92/CE att 8).

Practich harmonizatia of regulation and associate governane aspea shoud
involve severd nationd bodies of competeh authorities with respectie fields of
applications Borderlines betwe@a the® fields remairs somewha fuzzy makirg it
prore to loopholes tha can hawe seriows impacs on workers New mitigating actin
is beirg developd by sorme EC members Fa example the Frend silo legislation
aiming & regroupilg the SEVESD Directive ard the Explosive Atmosphee directive
(ATEX 137 is beirg revisited Similarly, a new piee of legislation regroupimgy the
Chemicé Dangeros Agens Directive (CAD) ard the ATEX 137 directive coined as
the DSEAR legislation is being discussd in the UK.

2. INTRODUCTIO N

The ATEX directives 94/9/(E & 99/92/(E recenty requiral the industy secto to
identify ard evaluaé hazard associatg with combustio explosiors (dust gas ard
vapa combustion) Explosion phenomea involved in runawg reactiors or stean
expansios are indeal na covera by this new piee of regulation but depen on
generdhealh & safey a work or maja hazad contrd regulations As such workers
exposue to explosiors ard ther effecs is only partially deat within the "Explosin
protection documenit (99/92/CE att 8). Further statistic shav tha stean explosiors
accoun for more than 5% of accidenth explosiors tha is to sy as mud as dug
explosions Stean expansia accouns for abou 10% In comparisongeas or vapa
explosio accours for abou 60%

Unfortunately the use of wate in the proces industy is o comma tha we do na
terd to conside it as ahazard However the effect of stean explosiors al differ
from thoe of chemicé ones Stean explosiors are dependenon the confinemen
mock of water explosiors from enclosd pressurizé wate do na involve the sane



mechanisra as explosios causd by the pourig of a met in cold water
Consequenylthe catastroplu sequencecausimg the® evens are different

Few cass of explosian accidens are reviewal in this paper In particular the sudde
vaporization of wate during its conta¢ with a high temperatw reactionh aqueos
bath the stean explosion from a smole tube boiler, the stean explosio in an
MMWW (Molten Materid With Water) smal BLEVES from metallic bottles treatel
in incinerators The® cass are na coverel by the aboe directives In this senseit
is importart tha workers and/or ther compary représentastbe awae tha sud types
of explosia are na systematicayl addresse by the requirel documerd mandatd by
the regulations

By the sane token this article is mearn to wam workers/ enginees of the potentia
danges they may be facing on work sites More integratel ard harmonize
regulatiors are becomiy necessarylin this perspectivenew legislation developmen
trends are illustrated in the exampé of the Frend revisited silo storag regulation

3. EXPLOSIONS: BACKGROUND

Classicé explosiors are defined as rapd reactiors whee two compound (the

combustibé ard the comburant mix ard are subjet to ignition sources The type of

ignition source usualy considerd ar eithe therma& or electrostati sources The

mog importart explosion parametes are the expansia ratio ard the overpressure
The commony adoptel values of the pressuretemperatug or volume ratios vary

betwea 5 ard 8, while it can reat 170 for stean explosion Hene , the apparent

innocuots uke of wate in aproces may tum ou to be verty destructie in sorre cases
letting sometims operatos in a frantic moad when sud accidens happen An othe

misleadiry aspet of sone the acciders (see below) is the time delay it can take

betwea the contat of the wate ard the ha sour@ ard the pressue build-up ard

resultig outcome The wate need to be first heatel to produ@ enoudy vapa ard

pressure The kinetics of this proces is more insidiows as it will nat directly read to

the initiating evert as it is in the explosion of ATEX which take plae within a few

hundrel milliseconds

Similarly, we al note tha rapd chemic& runways with production of gasesleadirg
to pressue build-ups are na expresst coverel by the ATEX directives sine they
may na involve air as the comburant They may neverthelesbe the centr initiating
ever tha can trigge potentid operato fatalities

4 REVIEW OF SOME ACCIDENT S (BARPI)

4.1 Commaon domestt heater. Mooney report a stean explosion of a 19 liters
electricd ha wate heate due to the conjunctio of a defective pressure-temperatir
safey valve ard a corrodel drum Fortunate} thee was no otheg damag than a
blastel wall.

4.2 Industrial Boiler:
* In Frane (1984) the explosio of a water-tule boiler usel to produe 100 t/h of
stean a 82 ba ard 475 resultel from the rupture of its tubing Postmorten



analyss explaingl the incidert as a "conjunctian of generalizd corrosia to mary
tubes in the sane part followed by erosion ard inteng mechanich solicitatin
applied to the whole weakend tubing as a chan reaction following the break
throudh or the rupture of afirst tube". The boiler was severgl damagedpipes ard
refractories were projecte arourd & 100 m. A worke resultel injured by ore of
the® missiles

* In Frane (1994), the explosio of a smoke-tule boiler killed thre2 workess ard
injured two others the body of the boiler engineewas blastel & 150 m away with
debrs ard two othe peopé working in a neighborig plart were buried away by
its downfall Firebox ard burne were thrown a 166 m on ore side while the
main part of the boiler was stoppé by trees & 100 m on the opposié side Mary
part of the boiler, e.g a 150 L. ha wate tank were projectel & sone ters or
even hundred meters No overpress@ damag like glas or tile breakag was
reported

4.3 Maintenance default: repors the cag of workess tha adde& a spod in which a
stean valve comirg from a high pressue boiler began to leak Since the crew left for
the weekend stean condense inside wha behave like an enclosure On Monday
the tean began to weld withou draining the spool The welding arc heatel the molten
weld puddk up to 1540°C and locally, the spod to the temperatu of ha white steel
Weakend ha steé in conjunction with condensa flasheal to stean drowe a stean
explosian tha threv molten metd ard steam causimg seriots injuries to the welde
ard his helper

S.INERIS RECENTLY TREATED ACCIDENTS:
5.1 First Example Explosion in a metd etching tank

In this example arapid explosion occurrel afte havirg let the tark heatel during the
weekend The bah containel an aqueos solution of sat loadal with metallic
residues After evaporationthe bah temperatus reachd avery high value As the
operato introducel the make-yp wate to compensa for the evaporatd water a
strorg explosion occurrel three minutes after the introduction of the water The
explosion displace the 3 ton tank blastig away the 300 Kg cove latch ard
producirg a 5mete high colunm of hat liquid springirg from the tank . The operato
was partially burrt and log 30 % of his hearig due to the explosia pressue wave

A schemat drawirg explairs wha happend during this accident



Hot salty Makeup water( ambiant
concentrate temperature)

Figure 1: Schemat illustrating the explosia in the etchirg tark

A simulatel situation was mack usirg the calorimete C 80 which allows mixing a
given quantiy of wate with the sally solution usel in the proces . In atypicd run a
room temperaturewate is addel after 6 hours of sampé stabilization The resultirg
thermogram is shown in Figure 2 . It shows tha the mixing enthaly is abou 113 Jg .
Sudh liberatel enery coudd produ@ an equivalemh pressue of 60 ba with the
previousy mentionel consequences

Thermogram C 80
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Figure 2: Typicd Thermogran showirg the exotherm when addirg wate



The analyss of this acciden led to the recommendatiawhich consistd in replacimg
the obsole¢ temperatug contrd systen of the etchirg tark ard in providing physica
barries (equipmentglassesgloves to the operator

52 Secom Example Smoke Tube Boiler Explosion

Watea circuit can be se@ as ore of the weakes elemen of the boiler. Erosia in this
circuit can induce enoudp leaka@ to caug a stean explosion Yet damags resultirg
from stean explosia in smoke-tulke boilers are to be expectd greate than thos for
water-tule boilers sine smoke-tule boilers pars like tanks tubing ard firebox work
a high pressure

Among extern& aggressiondire is the mog frequen hazad ard the mog dangeros
in tem of BLEVE : fire provides an additiond sour@ of enery tha is susceptil® to
rise the thermodynamic stae of the fluid. The energ brough by fire to the containe
is immediatey usel to evaporad more liquid, ard o0 contributes to rise the pressue
inside the vapor-spaceMoreove the mechanichresistane of the vessé may drap
considerabt when exposd to fire. The vapor-spae walls are more likely to fail sine
the pat of the wall tark in contat with the vapa phag is more likely to suffer
plasticity due to the fad tha gas-solil hed transfe rates are significanty smalle then
solid-liquid ones Fire exposue alo induces therma stratification within the vessé
due to buoyancy This has been shown by Birk ard Cunninghan to be favorabég for
the resistane of vesses fitted with PRD. The uppe wate laye is the warmest It
controk the pressue in the vapa phag ard therefoe controk the PRD. Thus the PRD
release for an overpressu in the vapa tha correspond to a lower overal enery
levd compare with a situation whele the tark has a uniform temperaturelf an initial
crak in the shel stogs before the totd collap of the containey the liquid can play a
role in the destruction of the vessel In this case when stratified wate will be les
able to drive the tark to aBLEVE.

i,

Figure 3. proj:e”c-t.éi. piece of a smole tube boiler after a stean explosio



6 OTHER CASES
6.1 Third example MMWW (Molten Material with Water): BLRB explosiors

In the pape industry blad liquors containirg spei pulping chemicas are burrt in a
recovey boiler to captue the heatirg value to produ@ stean for the plant A pod of
molten smet a a temperatug of abou 980 C is presehin the bottan of the boiler.
When wate is introducel from extern& hoses or from leakirg hed exchangers
violent explosiors occur A typicd BLRB (Bladk Liquor Recovey Boiler) unit after

explosim is shown in Figure 4

Figure 4. spo of aBLRB after explocn

In the UK, in the steé industry 175 torns of molten from a furnae were run into a
torped ladle A substantibwate lesk was observe comirg from the furnace The
watea ran down the casthous floor ard enterd the torpea ladle The explosion
ejectel 90 tons of metal Eleven workers were killed ard 8 injured The wate lesk

was probaby due to hed exchangetube bark failures



6.2 Fourth Example: Explosionrs in Incinerator s

Figure 5. Side view of an incinerat

Wastes are pilled up ard fed throuch ahoppe (A). As they read the furnae interior,
they are mechanicall pushe onto a mobile grid (B). This grid (sliding or rotary)
convey a slow sped the bulk of combustig wase (abou 50 cm thick) from ore
side to the othe of the furnace Furnae temperatug is abod 1000°C Hot primary
fresh air (from 100 to 150°C) is fed undernedt the grid ard passe throudh the layer
of combustilg waste Secondar fresh air is fed directly to the side of the furnace This
secondar arr is dedicatd to bum out ary remainirg combustibé gase containel
within fumes The furnae chambe is constitutel with hed resistah material This
materid provides inertia to the furnae throudh hea retrocession Mog of the
combustim takes place as waste are travelling alorg the first haf of the grid. Ashes
fall down throudh the grid ard are collectel into a sé of hoppes (C). Large size non
combustibé materiab (metals clinker...) fall a the erd of the grid into a wate
flooded conveya (D) tha cook down remainirg materials

Fumes are extractel throudh large hed exchangechambes (E) which walls are made
up with wate filled pipes (boiler circuit). Hed is recoverd as fumes are coolel down
from abou 10 to 200°C As afinal stage (F) fumes are chemicaly ard mechanicajt
treatel prior to be releasd to the air.

Comman type of explosiors in incineratos are due to the ladk of quality contrd of
wastes fed into the unit. Far exampé the use of fertilisers fed into incineratos may
produ@ explosive combustio leadirg to serios damag of the unit ard injuries to
the operatiyg staff Anothe type of explosimn cen be attributel to liquid/aerosol
metallic bottles run throudh the® units Resultig missiles effecs can promoe
erosio of the hed exchangetubes locatel in the boiler section The burstirg of these
pipes may lead to stean explosio of the boiler sectio whele casirg dooss hawe bea



torn ard flung away

From the accidentology of the® units it appeas tha erosion/corrosion of hed
exchangetubes is a recurrirg even for sud explosions It is therefoe importart to
understad particulate erosio for sut processes A gred effort has been mack by
Bouillard ard his co workers for the lag 10 yeas to understad the unde lying
mechanist phenomea of particulaé erosion

7. Legislation in Europe and in France

7.1 Transposeal Legislation in France

The analyss of explosion accidens may fall unde severé legislations A summay
table of Europea ard Frent Legislatiors is shown in Figures 8 ard 9. The® figures
display the man Europea pieces of legislation for ATEX, pressue vesselschemicé
agents transpor of dangeros good ard ther correspondercwith the transpose
Frend texts

From the inspectim of the® regulations the reade can note tha the® texis do na
cove directy the explosion scenaris discussd above becaus the® types of
explosion are na depictel as the classich explosiors defined in the ATEX Directives
nor are they specificaly referrel to by the chemich agent or the dangeros
substancedirectives

It is unfortunaé tha the requirel documen (Directive ATEX 99 ) relative to the
worker prevention ard protection of explosions written by the employe does nat
cove the early describd types of explosion It is ore of the concers of this piee of
legislation The ATEX 99 directive has bea conceptuall constructd ard base on
the premi® tha a1 explosiom requires three simultaneos necessar
phenomenologida ingredients 1) The presene of combustible 2) The presene of
comburanhard 3) the presene of an ignition source Unfortunately the® ingrediens
are nat the prerequisite for the stean explosiors as discussd above ard hene will
not be describd in the ATEX documentthoudh sud adocumenhis mear to proted
workers lives. Fram the workers poirt of view, it does na matteg wha mechanim
goven the explosions rathe it is ther effecs on human lives tha count It is the
reasm why legislatiors shout be combinel or regroupé into nev ones with adequag
prope guidelines 0 tha al aspea of explosio are treatel simultaneoust SO as to
proted workers healh ard safey ard his environment



rigure 8: Correspondence between European and the National French Legislation for Equipment Producers
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72 Particular Cas of the revised French ATEX Legislation Implementation:
The New Silo Storage Legislation

Following the BLAYE explosio in Fran@ on Augug 20, 1997 two Frend Silo
regulatiors issu@ throudh the Décres 198 ard 2000 are beirg applied to the
classifiel SEVESD sites A new nationa piece of legislation is beirg drafted tha will
be taking into accouh & leas three bast regulations the SEVES directives (
Décre n° 77-1133 du 21 Septembreloi n° 76-663) the ATEX directives ( Arrété du
8 Juillet 2003 ard the lightening Frend regulatiors (Arréte du 28 Janvie 1993).

Figure 11 View of the cereh stirg site of Blaye after the accidet

This new regulation aims a protectirg the population (internd ard extern&to the site
ard the nearly environmeh from accidens stemmig from large scak storag of
grains cereals foodstufs ard all othe producs susceptit# of yielding combustibé
dusts classifiel unde the item 218 of the SEVES Directive (Frent
Nomenclature). The employe mug fil e a safey repot in which he mug shav tha he
has carried out arisk analyss tha takes into accoum the probabiliy of occurrencethe
kinetics ard gravity of potentid accidents  Furthermorg he mug shaw tha he



implemens adequat preventim barries in orde to redu@ the probabiliy of thee
accidents The employe mug nominaé a site silo ard safey specialis who is in
charge of the site safey ard in particula the safey report The site staf mug be
adequatsl trained with the use of safey training packags tha hawe to be regulary
adaptd ard validatel by the employer

In terns of technich mears of prevention the revisal legislation demand the
following requirements
* Loadig ard unloadig are® mug be locatal outsice the silo; Theg ares
mug be equippe with adug extraction system
» Sef heatirg of organc materias shoutl be propeny controlled
* Regula installation cleanirg shout be performa in ordeg to redue the
possibilities of dug cloud explosion Permanendug collectian systens can
be usel to this effect
* Prope land plannirg is requirel on site Nearly constructio of buildings
roads or rails shoutl be mack outsice agiven perimete from the silo.
» Silo cells shoutl allow inerting capabilities in ca® of the developmenaf a
fire.

In terms of protection subunits shoutl be decoupledadequad ventirg and/or pressue
relief systens shoutl be implementedoperatio buildings (i.e. contrd roomg shout
be explosia resistahard prope fire detectim ard extinguishirg capabilities shoudl
exig ard be in working order

As can be seenwe obsere the developmenof a specifc ATEX regulation applied to
silo stora@ of potentially explosibé materials This regulation is a st forward
going beyord the ATEX directive in the seng tha it applies to maja accidens
legislaticn (SEVESD Directives) It is ore illustration where the ATEX ard
SEVESD Directives are combinel into anew piee of legislation This text will terd
to fill in the commony acknowledgé loophok application of the ATEX directive
This directive beirg often though as one mainly concernd by the day-to-dg locd
explosian prevention ard protectian in the work placee withou dired implicatiors on
major accidents

In this new Frent piece of legislation ATEX directives are to be fully integratel to
the SEVESO directives

8. Conclusiors

As new regulatiors develop they are increasingl becomiy more harmonised
designé to integrae all aspeat of explosia regulations At the presehtime pag
accidens hawe shown tha seemingl innocuos wateg base processe can hawe
indeal sevee explosia impacs on site workers ard shoud therefoe nat be ignored

At an Europea level ATEX 99 directive requiremerg are beirg incorporate in othe
regulatiors sud as the occupationb healh ard safey (Directive 89/39) for the
elaboratiom of the unique documeh . At the nationa Frend level the ATEX 99
requiremert are slowly comirg forward into new pieces of legislatian sud as the silo
storag regulation. In the sane vein, the British DSEAR regulation regroupirg the



Chemicd Dangeros Agenst Directives (CAD) ard the Explosive Atmosphee
Directive ( ATEX 99 has bean designe to accomplié similar goals We undoubted}
assi$ & nev trends ard a willingnes to combine integraé ard harmonig
regulatiors in orde to simplify the legislation body so as to converg toward a sane
purpose
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