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Irreversible sinking of the floating roof 

on a crude oil tank 

July 18, 2007 

Petit-Couronne [Seine-Maritime] 
France 
 

 

 

THE FACILITIES INVOLVED 

The site: 

Located within a port zone in the immediate vicinity of the town centre 
and around ten kilometres from the regional capital city of Rouen, the 
Petit-Couronne refinery began operations in 1929. Its annual capacity 
of 7 million tonnes of crude oil places this installation in the medium 
size range as far as European refineries are concerned. The activities 
performed onsite fall under the jurisdiction of two European directives: 
Seveso (specific to the prevention of accidental risks), and IPPC 
(integrated pollution prevention and control, chronic risks). 

This facility has been divided into two zones, separated by a 
departmental highway. The first zone combines the refining units, 
while the second accommodates the raw material (crude oil) storage 
depots, intermediate distillate cuts and finished products (gases, 
liquid hydrocarbons as a fuel product, petroleum cuts intended for the 
petrochemical industry). This storage zone, named "Parc de Milthuit", 
is composed of both aboveground installations (tanks and storage 
spheres) and underground capacities (LPG storage caverns). 

 

The involved unit: 

The responsible facility is an aboveground crude oil storage tank with a total geometric capacity of 60,000 m3. This 
cylindrically-shaped tank features the following dimensions: 

• Diameter = 70 metres, yielding a cross-section of 3,850 m2 

• Shell height = 17 metres 

• Tank contents stirred by means of 3 inclinable helical paddles 

• Description of the tank roof: a 480-tonnes double-pontoon 
floating roof equipped with a 4" stormwater discharge drain and 
a 4" diameter weir (overflowing directly inside the tank) designed 
with the objective of avoiding immersion due to overloading. The 
double-pontoon roof is composed of several concentric circular 
caissons, with only the outer caisson actually being 
compartmented. The roof joint is of the "primary and secondary 
sheet metal compression" type with a dipping cover plate. 

• Liquid level measurement using radar probes embedded in 
vertical tubes (guide tubes). 

• Tank fitted with 12 foam boxes, offering a capacity of 800 litres per minute. 

 

 

Atmospheric emissions 
Petroleum refining 
Fixed storage 
Hydrocarbons (crude oil) 
Floating roof 
Volatile organic compounds 
Rainwater network (stormwater 
drain) 
Organization 
Periodic inspections 
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THE ACCIDENT, ITS CHRONOLOGY, EFFECTS AND CONSEQUENCES 

The accident: 

Tank B962 was filled without any special difficulty over the period from June 30 to July 2, 2007. Its contents were 
intended to provide a charge to the refinery's atmospheric distillation unit beginning on July 24. During the early morning 
of July 2, the tank was declared to be immobile without the centralised supervision of installations able to monitor the 
liquid level, so as to detect anomalies or eventual leaks in either the tank or its ancillary piping. 

Several thunderstorms struck bringing heavy rainfall as of July 2. A 9.5-mm rain gauge reading was logged over a 24-
hour period on July 3. Sixty-minute readings of 11 mm and then 23 mm were recorded during the night of July 3rd to 4th. 
Several level alarms on this tank (for a high operating level) were activated beginning on July 2nd. These alarms were 
not perceived as a potential anomaly by control room technicians, who elected not to initiate a level verification 
procedure specifically regarding the tank roof. Only visual inspections at the base of the tank were undertaken, since the 
floating roof caissons were successfully controlled on March 6, 2007 within the scope of a tank preventive maintenance 
campaign. Nonetheless on July 18, the refinery's materials accounting office announced the presence of an anomaly in 
crude oil flow levels. In response, the site operator on July 19 conducted a visual verification of the roof and detected 
roof subsidence without being able to determine whether it had irreversibly sunk or become misaligned with respect to 
its bracing. 

As a preventive measure, the operator placed a high-powered fire protection vehicle adjacent to the suspect tank basin 
throughout the period of product pumping and crude oil transfer into a neighbouring tank. These steps actually took 
several weeks to complete (nearly 3 months in all). Despite the presence of functional foam boxes on the tank shell, the 
operator did not adopt any special measure to prevent crude oil from evaporating from the upper part of the tank 
contents, instead assuming that the application of a foaming solution might be the source of vapour ignition (out of fear 
of a static electricity phenomenon). 

 

Consequences of this accident: 

Despite requests voiced in unison by both the classified facilities inspection authorities and the Prefecture's civil 
protection agency, the operator, in recognition of a lack of regulatory threshold values for brief exposure periods of the 
general public to hydrocarbons (particularly benzene), did not notify the town's Mayor of the incident nor of appropriate 
precautionary measures that the local population should implement. 

High hydrocarbon concentrations (reaching 25 mg/m3 as an hourly average on July 8) were recorded between July 4 
and August 31 on an air quality monitoring sensor set up in Petit-Couronne at a site 1.2 km from the suspect tank. An 
hourly average benzene value of 25 µg/m3 was also recorded on this same sensor. Benzene values of 4.5 and 6.5 
µg/m3 of air over a 14-day period were logged respectively for the date ranges of June 30-July 12 and July 13-27 on a 
second sensor positioned approximately 2 km from the problem spot. Responsibility for installing and maintaining these 
sensors as well as interpreting their results was commissioned to an air quality control association, whose credentials 
included a certification awarded relative to the 1996 Air Quality Law. The annual average benzene level ultimately 
amounted to 2.1 µg/m3 of air in 2007 vs. 1.6 in 2006 on the second sensor (the air quality threshold value on the 
benzene parameter had been set at 8 µg/m3 as an annual average for all of 2007). 

Several complaints were registered between July 22 and August 19 by the monitoring association, stemming from 
residents of towns located along the predominant downwind paths from the refinery. 

The operator evaluated the quantities of volatile organic compounds accidentally emitted into the atmosphere to be 
3,185 tonnes, of which 55 tonnes were accounted for by benzene. 

 

The European scale of industrial accidents: 

By applying the rating rules applicable to the 18 parameters of the scale officially adopted in February 1994 by the 
Member States' Competent Authority Committee for implementing the 'SEVESO' directive on handling hazardous 
substances, and in light of the information available, this accident can be characterised by the four following indices: 
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The quantity of benzene released into the atmosphere was assessed at 55 tonnes, i.e. 28% of the upper-tier Seveso 
threshold for a toxic gas, as set in the directive at 200 tonnes. Consequently, the "hazardous materials released" index 
climbed to a level 4 (parameter Q1). 

The amount of the economic impacts was not made available. The operator was however able to evaluate the loss of 
operating margin at $5 million. 

The parameters composing these indices and their corresponding rating protocol are available from the following 
Website: http://www.aria.developpement-durable.gouv.fr 

 

THE ORIGIN, CAUSES AND CIRCUMSTANCES SURROUNDING THE ACCIDENT 

The inside of the B962 tank had not been inspected since 1993. 
Sediments had accumulated on the side opposite the paddle 
stirrers, without any of the visual inspections during periodic 
preventive verifications of the roof allowing for sediment 
detection. This height turned out to be above the height of the 
props (1.80 m) on which the roof rests when the tank is empty. 

Repeated bending stresses on the caisson seal welds each 
time the roof lies on sediments had caused the localised break 
of several welds, as well as the filling of some caissons with 
crude oil. 

This hypothesis ("V"-shaped convex folding of the roof) was 
confirmed in observations recorded by the operator on the roof 
state, its shell, waveguide tubes and plates used to obstruct 
tube crossing. 

When the roof was in the upper position, the precipitation 
events occurring at the beginning of July led to a sizable 
quantity of water accumulating both above the floating roof (at 
a height corresponding to 4 overflows) and in the tank. 
Perforated and isolated from the network of potentially oily 
water by means of a manual shutoff valve at the tank base 
placed in a closed position, the stormwater discharge drain 
could not function properly and contributed to sinking the roof. 

The quantities of crude oil trapped inside the caissons and 
water accumulated on the roof caused the tank to lose its 
flotation capacity subsequent to the unequal charge distribution 
and eventually to its irreversible sinking. 

 

ACTIONS TAKEN 

The classified facilities inspection authorities were informed of the incident by the operator on July 19, 2008 at 6:27 pm. 
On July 20, inspectors showed up onsite unannounced in order to collect accurate information on accident chronology 
and gain familiarity with the intervention strategy implemented in case of fire. 

A management meeting was held on July 25, 2007 at the request of the Prefecture's civil protection agency to discuss 
how to coordinate the allocation of emergency resources (also in attendance at this meeting were representatives from 
the departmental fire services unit). 

Experts from the petroleum group responsible for refinery operations in 2007 underscored the fact that the foaming 
solution (water/emulsifier mix) application rates recommended differed by a factor of 3 from those stipulated for fire 
outbreak in the safety reports. Moreover, the site was not equipped with an adequate water supply (insufficient fire 
mains flow rate) to allow implementing the expert group recommendations as regards water usage rate. 

The operator transferred via a gravity system the tank contents into other refinery tanks until a time when the liquid level 
neared that of the roof, which had stabilised at 2.8 m. 

A high-pressure cut-out of the roof shell and then water injection in the tank were carried out to allow pumping out the 
remaining hydrocarbons. These efforts would continue until mid-November and entailed extracting the full liquid contents 
in the tank plus the deposited sediments. 

Follow-up inspections were conducted during both 2008 and 2009 to ensure that operator practices with respect to tank 
interior verifications and the reliability system in place for overseeing and managing immobile tanks had indeed been 
improved. 
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LESSONS LEARNT 

1 - Monitoring of the sediment level at the tank bottom (evaluations or appropriately-spaced inspections) constitutes an 
essential element to ensuring roof horizontality when in the lower position and, afterwards, its continued structural 
integrity. 

2 - Closure of the stormwater valve located downstream of the drain is capable of causing an excess load on the roof. 
The hydrocarbon content of stormwater in the drain provides an indicator of deterioration in the drain seal, or even in 
roof caissons. 

3 - Even though no fire broke out in Petit-Couronne despite meteorological conditions that could have increased the 
chances (high temperatures coupled with the risk of summer lightning), accident statistics reveal that operating 
conditions (malfunction of the flare at MILFORD HAVEN in 1983, vehicle traffic adjacent to the tank at SKIKDA in 2005), 
natural triggering events (lightning at BERRE in 1994) or inappropriate intervention measures (foam projection by a hose 
gun generating triboelectric phenomena, followed by electrostatic discharges, in the central part of the roof at ESSEX in 
1991) can all lead to igniting hydrocarbon vapours as a result of a defect in the floating roof. 

On the other hand, spillways laid out on the tank shell made it feasible in KARLSRUHE during June and July 1999 to 
smoothly introduce a foam carpet without igniting the vapours. This operation entailed spreading foam from the tank 
walls instead of projecting it by hoses from the ground. 

4 - According to the overall risk management approach addressed in the safety report, prevention plan or emergency 
action plan, the phenomena corresponding to hazardous substance emissions into the atmosphere must not be 
overshadowed by the potential for fire or explosion, in noting that the effects, conditions, precautions, means of 
intervention and consequences are all fundamentally different in nature. As such, the cases of floating roof locking or 
sinking are not so infrequent as to be ignored. 

5 - The safety reports must pay special attention to the following: 

- the possible health consequences for the general public, especially as regards the reference toxicological values 
available for toxic substance exposure via a sufficient inhalation period, 

- an evaluation of "explosive atmosphere" zones and measures adopted to prevent their ignition, 

- potential mitigation and intervention steps in the event of roof immersion, 

- foreseeable emergency measures (confinement, discharge, etc.). 


