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Chlorine pipeline explosion 

21 May, 2005 

Champagnier [Isère] 
France 
 

 

 

THE INSTALLATIONS IN QUESTION 

Sites:  

The plant, which is a part of the Pont-de-Claix chemical platform, manufactures chlorine and sodium. It also operates a 
chlorine transport line used to transfer a part of the manufactured chlorine to a user site mainly producing chloroprene by 
chlorinating butadiene.  

Both the manufacturer and user sites are classified “top-tier” Seveso sites and employ 280 and 250 persons 
respectively. 

Involved unit:  

The 3,600 m long 5.6 mm thick above-ground pipeline with an internal diameter of 8 inches (207 mm) is used to 
transport chlorine gas between the two above mentioned sites. The pipeline is mainly located on premises owned by the 
user except for a part running through a public traffic lane. 

It was built in 1961 and initially used to transport anhydrous hydrogen chloride (HCl) until 1975. Then from 1986, it 
transported deoxygenated and dried chlorine (Cl2). This pipeline was not in service between 1975 and 1986. 

The pipeline is steel coated and thermally insulated throughout its length, and fitted on its upper outer part with a skin 
effect electric tracing system comprising two independent loops of 1800 m, one on the manufacturer side and the other 
on the user side. When operational, the absolute pressure of chlorine gas in the pipeline is 5.3 bar (4.3 relative bar) for a 
skin temperature maintained between 25 and 30°C.  

This transport pipeline, which did not have a public interest clearance (Déclaration d’Intérêt Générale DIG), is governed 
by a prefectural order issued in 1986 under the classified facilities. 

 

THE ACCIDENT, ITS BEHAVIOUR, EFFECTS AND CONSEQUENCES 

Accident:  

On 21 May 2005 at about 10.50 am, there was a major 
explosion at the chlorine transport line at 150 m from the 
delivery point at the user site that was heard several 
kilometres in the vicinity. This was followed by the 
emission of a reddish cloud. 

Consequences:  

The accident claimed no victims. There was however 
substantial vegetation and material damage. Since the 
transfer of chlorine was suspended the previous day, 
the quantity of chlorine released into the atmosphere 
was estimated to be 475 kg. The chlorine transport line 
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was severed at its end at a length of 64 m into 3 
segments and fragments were projected mainly into: 

• The user site: 

�  a 20 to 30 kg fragment at 180 m 
from the severed zone of the 
chlorine transport line , 

� a 10 to 20 kg fragment at 150 m. 

• In the field where the chlorine transport line  is 
located : 

� a 30 to 40 kg fragment at 85 m, 
� a 10 to 20 kg fragment at 70 m. 

• On the road heading North: 

� a 10 to 20 kg fragment at 60 m. 

 

Near the rupture zone closest to the manufacturer site, the immediate environment was covered with a dark red powder 
mainly comprising ferric chloride (FeCl3) contained in the passivation film of the pipeline. 

The damage recorded (helical shaped fragment, pressure wave, etc.) confirms the explosion’s detonating nature. 

There was also substantial damage to the nearby facilities: 

� The damage on the siding and the rainwater gutters of a building in the user site can be attributed to the blast. One of 
the parts projected damaged a roof. 

� Four other pipelines (100 mm diameter) – two nitrogen (13 bar, 2 to 3,000 m3/h), one oxygen (10 bar) and one not in 
service (under nitrogen at atmospheric pressure) – installed on the same above-ground rack as the chlorine transport 
line, were also damaged (deformed, pierced, folded, etc.). However, no leaks were observed. 

� Electric, telephone and fire alarm cables that ran 
along the rack were also severed, thus cutting all 
communication links between the two control rooms of 
the manufacturer and user sites.  

Among the several observations made during the 
enquiry, one of them included the presence of 
considerable amounts of solid deposits in the exploded 
pipeline. 
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European scale of industrial accidents:  

By applying the rating rules of the 18 parameters of the scale made official in February 1994 by the Committee of 
Competent Authorities of the Member States that oversees the application of the ‘SEVESO’ directive, and considering 
the available information, the accident can be characterised by the following 4 indices:  

 

The parameters that comprise these indices and the corresponding rating method are available at the following address: 
http://www.aria.ecologie.gouv.fr. 

The 475 kg of chlorine released represent 1.8 % of the corresponding Seveso threshold (25 t), i.e. level 3 of the 
“dangerous substance released” index (Q1 parameter). 

 

ORIGIN, CAUSES AND CIRCUMSTANCES OF THE ACCIDENT 

The explosion is due to the presence of a mixture of 
hydrogen  (fuel) and chlorine  (combustive-fuel), ignited 
by  prolonged increase in temperature  (ignition source). 
Detonation was amplified by the reflection of the pressure 
wave on the closed end valve. 

• The presence of chlorine is obvious due 
to the activity of the site. 

• The presence of hydrogen is due to 
complex physico-chemical phenomena: 

An incident in April 2001  (branch connection left open 
during rainy season while the chlorine transport line had 
been place in a trough during the replacement of an 
insulation valve of a pressure sensor) allowed humidity to 
enter and hydrate a part of the ferric chloride contained in 
the passivation film. This hydrated ferric chloride was 
deposited in its solid form in the operational pipeline 
between April 2001 and May 2005. 

On 18 May 2005, the transmission cable of the heating system temperature regulation sensor of the chlorine transport 
line was severed at the user site (while lifting the protective slabs), and the incident was neither reported nor the fault 
indication signal properly processed. Tests show that the cutting of the cable caused the electric tracing system to heat 
(folded back in absence of danger). 

On 20 May 2005, the shutdown of the first chlorination reactor at the user site caused the automatic chlorine supply 
valve to close. The excess pressure in the chlorine transport line subsequent to the valve’s closing resulted in the 
shutdown of the second reactor by the high temperature warning alarm. This reactor was re-started around 2:00 and it 
shut down around 8:45. 

Between 8:45 and 9:27, the pressure of chlorine in the pipeline recorded by the three sensors dropped from 4.2 to 3.5 
bar. Both the automatic and manual end valves were shut and the flow of chlorine was stopped at 9:45. Between 10:55 
and 11:25, the chlorine transport line was degassed to the treatment column designed for this purpose. The site that 
remained in an atmosphere of chlorine at a residual pressure of 0.25 bar was supposed to be safe during the 10 day 
shutdown for maintenance. 

From 18 to 21 May 2005 , since the temperature of the electric tracing system was not regulated the ferric chloride 
temperature in the pipeline increased to about 90°C . Investigations revealed that from 40°C onwards, t he deposit 
sampled from the pipeline mainly comprising ferric chloride hydrated by 6 water molecules (FeCl3, 6 H2O) started to 

Source : DRIRE Rhône-Alpes 
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liquefy. This resulted in a very corrosive acidic solution (hydrochloric acid formation - HCl) that reacted with the steel in 
the pipeline to form hydrogen (H2) as illustrated by the following chemical reactions: 

FeCl3 + 3 H2O ↔  Fe(OH)3 + 3 HCl 

Fe + 2 HCl � FeCl2 + H2 

• The absence of transfer of materials by the pipeline limited heat transfer and resulted in the 
accumulation of an explosive mixture Cl2 / H2 (20%) that required a very small amount of energy (about 12 micro joules) 
to ignite it. Maintaining a maximum temperature of (90°C) for 72 hours created  a possible ignition source of the accident. 

 

ACTIONS TAKEN  

After assessing the safety of the partially destroyed structure whose temperature remained especially high after the 
accident and implementing the initial emergency measures such as clogging the severed parts of the pipeline, detailed 
investigations were carried out at both the sites to study a host of hypothesises regarding the origin of the explosion: 
chlorine and CO mixture, mixture of chlorine and organic compounds, etc. 

At the start of July, the operator was required to clean the inside of the pipeline twice by shot-blasting with granite 
aggregates in a flow of dry nitrogen. The pipeline was inspected using endoscopy and radiography to assess the 
efficiency of the cleaning operations. The first cleaning operation resulted in the removal of about 3,000 kg of solid 
material mainly composed of ferric chloride, nitrate and iron sulphate. The second cleaning operation was made 
mandatory given the results of the endoscopy inspections and resulted in the removal of 4.4 kg of residual deposit. 
Since the precise mechanism behind the formation of these deposits (over and above the past deposits) is unknown, 
endoscopy inspections are regularly carried out at the 6th month, at the 12th and then annually. 

The operator replaced the last 400 meters of the pipeline damaged by the accident, with the new part of the pipeline 
subjected to several inspections especially a weld test and inspection. After assembly, the inside of the whole chlorine 
transport line was cleaned and dried. 

Lastly, a risk analysis using the safety review method on the diagrams brought forth reliable solutions to avoid such an 
accident from reoccurring and led to several improvements: 

� Replacement of heater cables with self regulating cables (temperature attained can be regulated) fitted with an 
independent high temperature safety device 

� Addition of extra skin temperature sensors along the chlorine transport line   

� Installation of an emergency stop function with decompression of the chlorine transport line (closing valves at the ends 
and opening the degassing valve to the chlorine gas treatment system) 

� Modification of the degassing valve safety position: it will be opened upon loss of fluid or will have an emergency air 
network. 

Besides these above mentioned measures, the danger study is updated and completed by analysing the best 
technological solutions to transport chlorine. 

Further to these operations carried out between June and August 2004, the conditional re-start of activity was authorised 
by the prefectural order dated 09/08/2005 based on the DRIRE report dated 28 July 2005 and after the approval of the 
Isère regional hygiene committee that had an exceptional meeting for this purpose on 8 August 2005. 
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LESSONS LEARNT  

Subsequent to this accident, the Eurochlor recommendations were reviewed to adapt the safety conditions of a pipe to 
the time period during which the transfer operations are stopped: 

� short term stoppage (few hours): always avoid contact with humidity. 

� prolonged stoppage or operation: it is recommended to purge the collector to limit the quantity of residual chlorine 
followed by flushing with an inert gas. It is also recommended to stop tracing to avoid any supply of energy. 

For "long" pipes, these recommendations figure in the GEST 7325. 

Before taking into account the technical knowledge gained on the operation of facilities using chlorine, the organisational 
and human factors involved in this accident must be underlined, especially in terms of:  

� Repair-work whose impact could still be felt after several years 

� Removal of facilities from service during shutdown for maintenance 

� Treatment of failures and alarms. 

As part of the feedback for chlorine transport pipelines, this accident brings to light three critical points: 

� Monitoring temperature even during shutdown periods 

� Protection of structures against humidity 

� Inspection of pipeline surfaces especially to check for formation of deposits. 

Several technical recommendations have been proposed by experts following this accident: 

�When the chlorine pipeline is removed from service, it must not 
be kept under chlorine but purged before being isolated or stored 
under a low flow of nitrogen. It is also advisable to stop all tracing 
systems to avoid input of energy; 

� Avoid bringing the structure in contact with water 

� Monitor the condition of the inner walls of the pipeline: presence 
of hydrate is a potential and permanent source of hydrogen and is 
thus risky given the very low ignition energy of the chlorine – 
hydrogen mixture (around 12 micro joules as per stoichiometrical 
studies). The absence of hydrate must be regularly checked for as 
the formation of ferric chloride protects the steel (passivation) only 
if FeCl3 does not lead to the formation of hydrates whose fusion 
may occur in a wide range of temperatures starting from –55°C 
(see FeCl3 and H2O solid and liquid phase diagram) resulting in a 
corrosive liquid that rapidly eats away the steel by releasing 
hydrogen. 

� It is important to have dry chlorine and maintain activity in the 
structure to avoid any accumulation of dangerous substances. 

Given the extensive use of chlorine, this accident feedback must 
be used not only for pipelines but also for all types of sites and 
facilities (reactors, bottles, etc.) that are likely to work with chlorine 
and be accidentally exposed to humidity. For these facilities, the 
appearance of a dangerous phenomenon like the ones given below depends mainly on the following factors: 

- FeCl3 formation on the container walls 
- Ratio of the surface covered by FeCl3 and the container volume 
- Humidity level inside the container 
- Treatment procedures applied to any likely cleaning operations of the hydrated FeCl3 with an alkaline 

solution 
- Fusion of ferric chloride hydrate that may occur in a wide range of temperatures (from –55°C) and 

result in acid attack with the formation of hydrogen 
- Hydrogen and chlorine concentration ratio influencing combustion conditions and speed 
- Renewal rate of gas phase of the container 
- Mixture initiation energy coming from varied sources such as turbulent gas flow in the pipeline, impact 

on the walls, etc. 
- Container drag factor likely to influence the combustion speed 

Source : Kirk-Othmer encyclopedia of chemical technology ; vol 6 ; 
2004 (fifth edition) 


