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⑪ Rupture of a silo causing a release on a propane tank 

ARIA 35027 - 19/08/2008 - 45 - SAINT-HILAIRE-SUR-PUISEAUX 

46.21 - Retail of cereal, unmanufactured tobacco, seeds and cattle feed 

2,100 tonnes of wheat and 1,000 tonnes of maize spilled over to the ground at around 1.30 following 
the rupture of the walls of a 14,900 m³ “sheeting pile” silo built in 1989 and comprising 6 square 
storage bins (4 x 3 000 m³ + 2 x 1 400 m³) as well as two 66 m³ grain loading hoppers. A 95 m³ 
propane tank situated at about 15 m from the silo and supplying the grain dryer was partially buried 
due to the spilling of the grains causing a pipeline to break and LPG to leak. The emergency services 
set up a safety perimeter (150 x 300 m) and stopped the leak by closing the valve located just before 

the rupture area. The owner of the tank secured the container by emptying it and burning the gas using the flare network. The 
operation started at 6.00 pm and ended the following day at 5.00 am. No casualties were reported. An emergency prefectoral 
order recommended measures to secure the site and mainly stop all activity, shut down and monitor the premises, empty the 
cereal silo and inspect its condition. The re-commissioning of the silo was subject to a prefectoral decision.  
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⑫ Rupture of a crude oil storage tank 

ARIA 32675 - 12/01/2007 - 33 - AMBES 

46.71 – Fuel wholesale and related activities 

The bottom of a 13,500 m³ containing 12,000 m³ of light crude oil tank ripped open at 8:00 am 
within an oil depot. The earthen dikes surrounding the retention basin withstood the wave effect; 
2,000 m³ of oil still overflowed however the dikes. For the most part, this volume remained onsite 
and in the gutters, although 50 m³ reached the channels of the neighbouring swampland polluting 
2 km of ditch network and reaching the superficial water table and 50 m³ did flow into the 
GARONNE. The tidal action contributed to polluting up to 40 km of banks on the GIRONDE, 
DORDOGNE and GARONNE Rivers. The operator triggered the internal emergency plan and 

covered the retention basin with foam in order to prevent against the risk of inflammation and limit hydrocarbon and hydrogen 
sulphide (H2S) vapour dispersion. The authorities evacuated all 12 employees of neighbouring companies, established a 
safety perimeter, halted river navigation and traffic on the road and railway in the area, informed local populations and the 
nearby power plant, and measured the air quality. The products spilled into the gutters and retention basin were channelled 
towards the facility's sedimentation basin and then transferred into empty reservoirs: in all, 6,000 m³ had to be pumped out. 
The operator undertook pollution cleanup efforts (manual collection, dams, pumping, absorbent materials, use of dispersants, 
etc.) under the supervision of experts. Environmental associations and hunters don’t notice significant impact on fauna. The 
products and wastes were disposed of in specific installations. Groundwater was also controlled. A total of 13,000 m³ of fire 
protection water charged with emulsifier (COD: 2.7 g/l) was stored prior to undergoing an activated sludge type of treatment 
onsite by means of extended aeration. Operation loss is estimated at more than 50 M euros. A slight leak on the tank had 
been detected the previous day at 5:00 pm. The operator rescheduled at the following day in the morning the drainage into 
another tank due to the risks incurred by the operators and subcontracted personnel by having to block the tank's floating roof 
at night. Water was injected at the bottom of the tank for the night. A control of the tank bottom in 2006 (on 100% of the 
bottom and 10 % of welding) mentioned the presence of corrosion on the tank bottom as well as losses of thickness reaching 
80%. As a consequence, repair work had been performed and then verified. Moreover, the inspection report noted that no 
procedure had been outlined for managing the type of emergency situation that appeared the day before the tank failed. This 
accident raises a number of questions about prevention means (conception: bottom, settlement; controls of the tank: 
frequency, modalities …), measures to take when a leak is detected (emergency procedure, emergency storage, drainage …) 
and protection devices against wave effects. A legal investigation was carried out. 
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 ⑬  Massive release of fuel in an estuary 

ARIA 34351 - 16/03/2008 - 44 - DONGES 

19.20 – Crude oil refining 

While loading 31,000 m3 of bunker fuel in a ship, a leak in a refinery transfer hose resulted in a major 
oil spill in the Loire estuary. 

At 4.10 pm, a person on a barge observed the presence of hydrocarbons on the water surface and 
sounded the alert. At around 4.45 pm, a roundsman identified and isolated the leak at 500 m 
upstream to where the hydrocarbons were detected. 

The internal contingency plan was triggered at 5.00 pm and the inspection authorities of classified 
facilities were informed. A recovery ship was stationed at the mouth of the river while two trawlers recovered hydrocarbon 
pellets from the river.  

The public ban on access to several beaches and fishing in the river that was in place subsequent to the spill was gradually 
lifted between the 4 and 18 of April. Over 750 people were involved for three and a half months in cleaning up the 90 km of 
polluted banks (6,170 tonnes of waste recovered and stored onsite before disposal). The operator bore the cost of 50 M 
euros to cover for the damage incurred, clean up and compensate effected businesses.  

Investigations revealed that the leak was detected only after 5 hours leading to 478 tonnes of fuel being spilled of which 180 
tonnes flowed into the Loire estuary. 

A 16 cm² longitudinal breach caused by corrosion localised under the insulator was observed upon examination of the hose. 
The corrosion resulted from a water leak in the vertical pipe. Water seeped beneath the insulator, caused corrosion and 
subsequently caused the fuel pipe to rupture. Despite several defects detected the previous month on the same rack, the 
operator failed to revise this inspection programme to take into account the specific risks presented by this line given its 
proximity with the river banks. The effected fuel line was completely stopped and the inspections on the entire rack revealed 
several corrosion points on other lines that required repair.  

The operator was required to implement several additional initiatives and measures: 
- Extending inspection operations to other pipes in the site along with measurement of thickness at sensitive points (supports, 
spurs, etc.) 
- Moving the layout of the service water mark so that it is not in a vertical position with respect to the insulated pipe 
- Using a leak detection system along with a remote alarm in the control room to constantly monitor pipes located near the 
river 
- Modifying the ground below the rack to channel any accidental spill to an adapted recovery network 
- Installing a device to monitor the quantity of products leaving the tank and entering the corresponding transfer hose 

It was also planned to consolidate the available emergency measures in the event of accidental pollution of the Loire river. 
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The effects of time on  industrial facilities 
 
 

Whether the focus lies on tanks, pipes or other equipment and regardless of their level of utilization, it is indeed likely that all 
facilities over the course of time lose some of their initial characteristics in terms of operations and safety. The sizeable loss of 
confinement at Donges (ARIA database reference 34351) and Ambes (ARIA 32675) are just two recent examples from a long 
list of incidents. 

Depending on the type and context of installation use, ageing appears in a number of ways. The most frequently observed sign 
of the tangible effect of time is material degradation, in one of its multiple forms. This loss of integrity causes the perforation of 
equipment, which can be of significant concern and cause leaks in the surrounding environment (ARIA 21233, 31370, 34990, 
34351) or the accidental introduction of substances capable of disturbing processes (ARIA 10285). Such degradation can also 
lead to weakening potentially critical structural elements, such as anchorages or supports (ARIA 22730, 25215), the abrupt 
tearing of containers (ARIA 15725, 30934, 32675), dropping of components (ARIA 21709, 24894), and even the collapse of 
large-scale facilities like silos or furnaces (ARIA 23368, 26362, 27721, 35027). The other symptom found during this 
examination is the malfunction of electrical equipment (ARIA 5009), processes (ARIA 10317, 29802, 30417), treatment units, 
protection or facility intervention plans. 

A site containing older installations is thus more prone to experiencing a sequence of accidental or high-risk situations (ARIA 
18302, 24636, 34351, 35146) and extreme (or even critical) operating conditions, capable of triggering spectacular accidents 
such as Bhopal in India (ARIA 7022). Should it not be the root cause of an accident, deteriorated equipment can still 
considerably exacerbate the eventual effects of an accident (ARIA 22231). 

Induced facility ageing, whose mechanisms are often well-known, is capable of accelerating as a result of design and 
dimensioning flaws or construction defects; other factors include underestimating the effect of stresses in cases of inadequate 
monitoring or maintenance. Corrosion mechanisms are primarily determined by the environment, operating conditions and 
actual installation layout. Maritime settings (ARIA 21233, 34351, 34990), dampness (ARIA 35286) or acidic environments (ARIA 
14666, 21709) are especially prone to this phenomenon. Similarly, a change in surfacing or medium (ARIA 31370, 35286, 
35293), individual contact points (ARIA 23175), interface between different metals (ARIA 23898), etc. all tend to cause 
corrosion. Moreover, high temperatures (ARIA 33330), erosion (ARIA 6544, 21196, 34990), stress-induced fatigue phenomena 
(ARIA 2903, 6077, 14666, 21196), poor implementation practices (ARIA 29590), temperature variations (ARIA 15586, 22249) or 
vibrations (ARIA 25215, 35423) are also likely to exacerbate the effects of ageing. 

Whether owing to poor judgment, negligence or other reasons, accident occurrence patterns relate to a broad array of events in 
which the symptoms of facility ageing have not been detected in a timely manner or anticipated (ARIA 21380, 21524, 30360, 
30417), on some occasions in spite of many "warnings" (ARIA 34351). Verification campaigns might also prove inappropriate 
(ARIA 27721) or simply incapable of correctly measuring the speed of structural alterations (ARIA 34249, 34620), due either to 
defective equipment or interpretation error (ARIA 34990, 35293). In a number of instances, the implementation of facility 
renovation programmes, established subsequent to observations or inspections, is scheduled too late (ARIA 26362, 35214) or 
only insufficient temporary repairs are performed (ARIA 15725, 30117). 

Awareness of the full extent of degradation possibilities is needed, along with an identification of factors capable of speeding the 
deterioration process. A group of points merits special recognition; these would include: protective surfacing, structures, welds, 
supports, joints, and tank bottoms. Control and maintenance efforts within relatively inaccessible or visually imperceptible 
zones, placed beneath heat insulation or undergrounded, i.e. areas subject to accelerated degradation, must not be overlooked 
due to either their complexity or the stresses they induce; a set of enhanced and increasingly reliable control methods are now 
available and inspection hatches can, under certain circumstances, be fitted.  

Even though effective prevention techniques have been adopted, large-scale industrial platforms remain highly exposed to risks 
as a result of the large number of devices or piping involved. Preventive steps need to be well planned and organized. It is 
highly advisable for prevention to be placed squarely into a comprehensive management approach towards handling potential 
accident occurrence by incorporating early detection steps (visible equipment, frequent inspection visits, use of detectors, 
cameras, alarms, etc.), coupled with steps aimed at limiting potential effects (retention, a catchment system for effluents 
originating at the site surface, water curtains, etc.) intervention, evaluation of possible impacts and their mitigation. 

Besides the property damage and operating losses generated by an eventual accident, structural ageing represents a sizeable 
cost for industry: it is estimated that 5 tonnes of steel are lost every second throughout the world as a result of corrosion, for an 
annual amount equal to 2% of the world's gross output. Taking preventive action serves to extend installation life cycle and, 
above all, limit the occurrence of accidents with potentially catastrophic consequences. Given that Europe's industrial 
infrastructure is ageing within a number of major business sectors, placing emphasis on problems associated with ageing, while 
far from being a new approach, can still prove decisive today. 
 

 
 
 
 

The accidents whose references are not underlined may be consulted at:  

www.aria.developpement-durable.gouv.fr 
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ARIA 7022 - 02/12/1984 - INDIA- BHOPAL 
20.20 – Manufacture of pesticides and other agrochemicals 
In 1969, an American company set up a production unit manufacturing a powerful pesticide called Sevin 
in Bhopal. The unit included three 60 m³ tanks (50 tonnes) of liquid methyl isocyanate (MIC) (E610, E611 
and E619), each connected to various safety systems: cooling facility, wet scrubber, flare and water spray 
system. The Indian government had granted approval for the production of 5,000 tonnes of Sevin per 

year. To keep pace with competition in the insecticide market and overcome a budgetary deficit of 4 million $/year, the parent 
company decided to stop the local production of Sevin, lay off numerous supervisory-level staff members (especially 
maintenance) and run the site at low cost... The accident took place on the night of 2-3 December 1984. After cleaning the 
pipes, water entered the tank E610 and triggered several chain reactions causing an increase in temperature (200°C) and 
pressure (13.79 bar). In 2 hours, the safety valve let out 23 to 42 tonnes of MIC and other toxic gases according to sources. 
Several safety systems failed: cooling facility stopped (06/84), wet scrubber out of order (23/10/84), flare out of service (a few 
days before the accident), temperature, pressure and liquid level indicators in the tank faulty, water curtain not powerful enough. 
The toxic emission took a heavy tool on the population. According to sources, 1,754 to 2,500 people lost their lives and 170,000 
to 600,000 were poisoned. More than 4,000 animals (cattle, dogs, cats, birds) died as well. The chronic pollution caused by the 
toxic release had long term consequences on the population. The list of victims had grown in numbers by end of 1998.  16,000 
people were reported dead and 15 to 20 people died each month following the accident. The Indian court ordered the company 
to pay 470 million dollars. In 1991, the Bhopal court summoned the chairman of the company to appear in court for 
manslaughter in a criminal case. In 2004, the Indian Supreme Court ordered the central bank to release, at the earliest, the 
amount paid by the company in 1989 and compensate the victims. The European Parliament asked India to ensure that site 
decontamination and clean-up are undertaken at the earliest. 
 
ARIA 15725 - 04/23/1999 - SEINE MARITIME (76) - ROUEN 
24.1J - Production of fertilizer and nitrogen compounds 
An older lead-lined steel tank (diameter: 8 m, height: 9 m, bottom thickness: 8 mm, shell thickness: 5-7 mm) containing 450 m³ 
of phosphoric acid burst at a chemical facility. The acid wave destroyed the reinforced concrete retention basin (with a 
combined core and wall thickness of between 10 and 15 cm). An in-house inspection had detected considerable corrosion on a 
generator and led to requesting a thickness verification. The maintenance team proceeded by locally reinforcing the tank (6-mm 
polyester layer, etc.) without actually performing the requested controls. The proper works sequencing procedure was not 
respected and consideration was not given to the fact that this site had been programmed to shut down over the near term. The 
strength loss subsequently detected, related to a localized leak in the lead lining, affected 4/5th of total tank height. No serious 
environmental impact was observed. An emergency order was issued, and all site personnel were reminded of applicable 
procedures and informed of the inspectors' guidelines. 
 
ARIA 23368 - 20/10/2002 - 02 - JUSSY 
01.11 – Cultivation of cereals (except rise), pulses and oilseeds 
The concrete wall of one of the vertical storage bins cracked throughout its length of 25 m in the silo of an agricultural 
cooperative built in 1963 during the first out of the three construction lots of the facility. About 100 tonnes of maize spilled over 
and destroyed a wall allowing access to the control facilities at ground level, below the drain cones that form the foot of the bins. 
The site was immediately secured, a safety perimeter was set up, delivery from farmers was stopped, the 12 bins built during 
the 1st lot were gradually emptied and the power and gas supply to the dryer was cut off. The inspection authorities of classified 
facilities recommended the prefect to issue of an emergency site shutdown order that was signed and dated 31 October 2002 
requiring an expert evaluation of the facilities. While waiting for the findings of the expert evaluation commissioned, the operator 
decided to stop operating the bins of the 1st and 3rd lot built in 1982 and suspended the operation of bins built in as part of the 
2nd lot. Poor ageing of the reinforced concrete along with the corrosion of the reinforced steel is the reason behind the accident. 
 

ARIA 24894 - 05/06/2003 - 11 - PORT-LA-NOUVELLE 
20.20 - Manufacture of pesticides and other agrochemicals 
In an agrochemical plant, there was an explosion in silo no. 3 in the sulphur handling workshop that 
housed equipment for mixing, mechanical grinding, storing and packaging 5 tonnes of chemicals. During 
the explosion, all units of the facility were operational except silo no. 3. The effects of the explosion 
spread upwards to the top of the lift connecting the 3 silos, as well as to silos 1 and 2. The resulting 

overpressure was released by the vents of the silos. During the explosion, the maintenance manager was at the foot of the lift 
whose vent channelled a significant portion of the explosion to the outside. No casualties were reported and the material 
damage was limited to the facility: 3 to 4 tonnes of ground sulphur stored in the silos and a few parts of the roof were destroyed. 
Material damage was estimated at 100 K euros and operating losses at 113 K euros. The obsolescence of the upper portion of 
silo 3 (made of steel in a corroded state while silo 3 and the other silos were in stainless steel) may have caused the explosion. 
One or several rusted metal plates sticking out from the wall may have ignited the falling microionised sulphur particles. 
Technical improvements were made in the facilities: maintaining the ground sulphur storage silos in an inert stage outside 
operating times, use of equipment adapted to product handled, replacement of defective silo and overhaul of facilities. 
 

ARIA 25215 - 24/06/2002 - 67 - STRASBOURG 
52.10 – Warehousing and storage 
Two overhead fuel oil pipelines implanted under the deck of a highway bridge transferring products 
between two oil depots owned by the same company subsided and showed a 2m deflection. At the time 
of the incident, the pipes were empty but were used just 30 min ago. The operator who was informed by 
witnesses working near a barge observed that there was no leak and installed an oil boom as a 

preventive measure. The oil boom blocked the access to the dock. Securing the pipes required the bridge traffic to be stopped 
for 3 hours and deviation to be set up. Moreover two cranes with telescopic jib were also need and the movement of boats in the 
oil harbour had to be stopped for the entire night. The reason behind the incident may have been the obsolescence of 
anchorage of pipes in the deck of the highway bridge compounded by the vibrations of the bridge resulting from heavy road 
traffic. 
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ARIA 34990 - 18/06/2008 - 971 - BAIE-MAHAULT 
52.10 - Warehousing and storage 
In an oil depot, after unloading a ship, the security agent observed a leak under a fuel pipe connecting 
the wharf to the depot. The agent installed a recipient to collect the drips and informed the operations 
manager who in turn informed the head of the depot. Less than 5 litres of fuel had leaked to the ground. 
The head of the depot observed the leak and decided to install a water pipeline. He informed his 

superiors and the inspection authorities for classified facilities who visited the site the following day and observed several areas 
showing significant corrosion especially near each of the supports along the pipeline. Since the pressure in the pipeline was low 
during the leak, there was no significant impact on the ground. 
The initial coating of the pipe was not adapted to the corrosive nature of the marine environment, temperature, high relative 
humidity, friction and drippings from the mooring ropes of ships. Moreover, according to the operator, the maintenance schedule 
of pipes was drafted following the recommendations of a specialised body that carried out thickness inspections in 2007 and 
that stated that the anomalies on account of corrosion were acceptable given the operating conditions of 10 bars. The facility 
overhaul procedure was underway but the leak occurred before the action plan could be fully implemented. On 19/06/08, the 
pipeline was inspected by a company expert whose observations contributed to defining the operating conditions in degraded 
mode for all forthcoming unloading operations. The three other pipelines connecting the depot to the wharf were inspected a few 
days later (thickness measurement at areas showing external and internal corrosion detected during the 2007 inspection by the 
specialised body). An operations schedule was drafted based on these measurements: repair of pipelines and supports, 
installation of collars in sensitive areas, resistance tests, replacement of sections, application of bituminous coating, application 
of a coating using basic metal deposits obtained by welding, specific protection under mooring ropes, excavation of soil under 
the pipes running along the banks, etc. The operator decided to reduce the pressure in the pipeline in question to maximum 3 
bars and reinforce surveillance until the operating conditions were back to normal. The operating procedures were accordingly 
modified. 
 

ARIA 35146 - 06/09/2008 - 76 - NOTRE-DAME-DE-GRAVENCHON 
20.11 – Production of industrial gases 
Around 1.25 pm, a technician detected a strong smell of gas that he identified as propylene and noticed a 
cloud of fog at the centre of steam cracker without being able to precisely pinpoint the site of the leak. He 
then went to the control room and sounded the alert. The detection alarms of several gas indicators of the 
zone were activated on the safety panel. The safety panel operator called the fire department at 1.28 pm 

and triggered the internal emergency plan at 1.33 pm. The technicians present outside were evacuated and water spraying 
systems were gradually deployed between 1.28 pm and 2.20 pm to create a water screen around the gas cloud and cool down 
the potential ignition points. The inspection authorities for classified facilities were informed via the alert system at around 2.30 
pm. Around 2.45 pm, a vertical stream of gas was observed in a pipe wrap at about 8 m from the ground. Around 3.35 pm, a 
breach was identified on a 500 m long, 4" (101.6 mm) diameter carbon steel pipe carrying liquefied butane and operating under 
a pressure of 18 to 20 bar. At 3.40 pm, the contents of the line started to be released into the flare network and at just a little 
before 3.50 pm, the circuit was isolated and the leak reduced. The internal emergency plan was lifted at 4.00 pm. The operator 
published a press release. The total duration of the leak was estimated to have lasted for a little less than 2 hours and 30 
minutes. The operator confirmed that the concentration of the gas had attained only 20% of the LEL. 
At the time of the accident, the line in question was filled with liquefied gas but isolated at its ends by valves in closed position. 
The tube ruptured due to thermal expansion of the liquid at a pressure lower than the set pressure of the valve on the line (48 
bar of relative pressure). The examination of the pipe in question revealed an approximately 50 mm X 20 mm longitudinal 
opening in the upper generator with a diameter of about 30 mm. A significant loss of thickness was observed in the rupture 
zone. The non-insulated tube showed a generalised corrosion on the entire section. Another rack housing a refrigerated 
ethylene pipe overhung the wrap containing the defective pipe. The corrosion resulted from the water droplets trickling down 
from the melting ice surrounding the ethylene pipe situated above the defective pipe. 
The investigations carried out by the inspection authorities for classified facilities confirmed the smooth functioning of all gas 
indicators (from the ones closest to the point of leak to the ones furthest away) gradually reacted between 1.28 pm and 1.30 pm. 
From a regulatory standpoint, the operator indicated that the pipe was only inspected regularly but not overhauled. The next 
inspection was planned for 2009. 
The steam cracker operated for few days until its programmed shutdown for six weeks. 

 
ARIA 35286 - 09/10/2008 - 38 - LE PONT-DE-CLAIX 
49.50 – Pipeline transport 
Around 11.30 am, the railway department reported a hydrogen chloride gas leak from a pipeline (MOP 8 
bars, NPS 350) connecting two chemical plants due to the emission of fumarole. The surveillance and 
contingency plan relating to the structure was triggered. The pipeline was depressurised and 
subsequently drained by the employees. 

The leak was caused due to localised external corrosion below the bridge over a stream. During repair operations, paint was 
directly applied to an iron oxide build-up without polishing the surface. Successive floods and the humidity below the bridge 
contributed to the corrosion. Water seeped in between the paint and pipe causing deposit corrosion. A specialised company 
temporarily fitted a watertight collar and a supporting prop onto the structure. The accredited inspection department of the 
company using the pipeline carried out an inspection on the 9 and 10 of October to ensure the absence of any area conducive 
to deposit corrosion (humidity, presence of water, retouching). The inspection led to the detection of a high-risk area, more 
specifically a pipeline passage on the same stream at about 50 m upstream to the previous zone showing corrosion. No 
additional faults were detected after further checks. The replacement of the pipeline section (20m) was planned during the next 
shutdown. Following the incident, the operator drafted a press release that was posted online on the company website. 
 
 

Additional references (detailed sheets): 
ARIA 7022: The Bhopal tragedy, 2-3/12/1984, Bhopal, India 
ARIA 21233: Hydrocarbon leak on a pipeline, 18/09/2001, Lucciana (2B) 
ARIA 23182: Rupture of a grain storage cell, 20/09/2002, Vailly-sur-Aisne (02) 
ARIA 23368: Rupture of a grain storage cell, 20/10/2002, Jussy (02) 
ARIA 30934: Rupture of a crude oil storage tank, 25/10/2008, Kallo, Belgium 
 


