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Break in a liquid hydrocarbon pipeline 

7 August 2009 

Plaine-de-la-Crau  
(Bouches-du-Rhône) 
France 
 
 

THE FACILITIES INVOLVED 

The facility involved in this accident is a pipeline featuring the 
following primary characteristics : 

• nominal dimension = 40 inches (102 cm) ; 

• service pressure = 40 bar ; 

• year of operational start-up = 1972 ; 

• annual transport capacity = 35.8 million tonnes of product ; 

• length = 714 km. 

This pipeline was conveying oil products (crude) for the refineries at 
Cressier (Switzerland), Reichstett (France), Miro (Germany), for the 
petrochemical facility at Carling (France), and moving product to Fos-
sur-Mer (Provence / Alps-Riviera Coast) / Oberhoffen (Alsace). 

 
The company awarded this pipeline operating license was also 
responsible for 2 parallel facilities, namely : 

• a 24-inch line connecting Fos with Feyzin (length: 260 km) ; 

• a 34-inch line (length: 770 km), which was idle at the time 
of this accident. 

 
At the spot where the leak occurred, the pipeline crossed the La 
Crau Nature Reserve, one of the nationally registered "Natura 2000" 
sites home to several protected species. 

 

 

 

THE ACCIDENT, ITS CHRONOLOGY, EFFECTS AND CONSEQUENCES 

The accident :  

In order to better understand the chronology of the pertinent events, it is helpful to examine the longitudinal profile of the 
facility over its first 50 km, as this section features the various remote-controlled shutoff valves (denoted VL1 and VL2) : 
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Pipeline alignment through France (RR) 
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Chronology of pertinent events :  
 
7:32 am : A pressure drop was detected in the control room (pressure stall causing a loss from 38 to 2.5 bar). The 

pumps were shut down automatically. A technician left the premises to inspect valve positions on the line. 

7:35 am : The pipeline operator received a call from a warden stationed at the La Crau Nature Reserve to notify the 
operator of a leak. However, the information transmitted was insufficient to easily locate the exact spot where 
the leak had occurred. A rapid procedure for draining the pipeline was initiated. 
Since the pipeline had already been shut off, the internal pressure depended solely on the level of relief (i.e. 
hydrostatic pressure). 

 
7:50 am : The operator activated the facility's external emergency intervention plan. 

8:00 am :  Response teams were dispatched to the site (at marker PK 38). 

8:03 am : The valve VL2 in Saint-Rémy de Provence was closed. 
  The back-pumping operation began. 

8:24 am : The local fire department was notified. 

8:29 am : Valve VL1 was closed following confirmation by control room staff of the precise leak location. 

9:18 am :Fire-fighters and the gendarmerie arrived on the scene and a safety perimeter was set up. 

1:00 pm :A drainage ditch was dug to the west side of the leak to avoid the risk of horizontal propagation. France's 
Secretary of State for Ecology made a site visit at 4:30 pm. 

The rapid pipeline drainage procedure was completed at 3:40 am the following morning. The volume of hydrocarbons 
recovered by this method was estimated at 11,794 m³. The task of pumping hydrocarbons that had spilled into the soil 
began at noon. Many hydro scrapers were deployed for the purpose of recovering oil at the surface during the first 36 
hours after the incident. 

The emergency plan was lifted by the operator on 10 August at 9 am. 

Consequences of this accident :  

Environmental impact :  

5,400 m3 of crude oil were discharged over a 5-hectare land area amidst the nature reserve. The oil spill was measured 
by a certified land surveyor. 

 

A series of boreholes, consisting of core specimens and analyses of ground samples, were executed in order to assess 
in depth the impact of pollution over the designated zone. 

 
Discharge of hydrocarbons (RR) 

 Polluted zone (SDIS 13, Fire and Emergency Services) 
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Since the water table was located between 9 and 12 m belowground, a set of 72 piezometers were gradually installed 
during the month following the leak in order to monitor the impact of pollution on groundwater; also, a hydraulic barrier 
was erected to contain any eventual migration of this pollution outbreak. 

The analyses regularly conducted by the pipeline operator (at the request of administrative authorities) proved that no 
water extraction operation at a lower hydraulic level, whether for irrigation, animal drinking water or human consumption, 
had been adversely affected. 
 

RR 

Moreover, many studies were undertaken to characterise as accurately as possible the impact of this accident on local 
flora and fauna found within the nature reserve. Yet the consequences were difficult to evaluate beyond the polluted 
zone due to lack of a precise reference state, even inside a nature reserve. Flora on the "coussoul" steppe-like plains 
was destroyed over the 5-hectare area affected by the pollution. 

Le Coussoul (steppe) - RR 
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Economic consequences :  

Subsequent to the pipeline shutdown, a supply interruption in crude oil threatened shortages at several refineries: 
Cressier (Switzerland), Reichstett (Alsace), Karlsruhe (Germany), and Feyzin (France). 

To prevent against complete supply blockage, it was anticipated to use the adjacent 24-inch pipeline until reaching St 
Quentin Fallavier, at which point the flow would have connected back to the 40-inch line after repair and inspection. 

This solution, while not supplying the refineries under normal conditions (with a capacity deficit reaching 2,000 m3/hr), 
was still able to avoid total shutdown of the refining units. The Cressier refinery in Switzerland nonetheless was forced to 
close due to a lack of product for refining. 

One year after the accident, the pipeline operating company announced a cumulative expenditure of €50 million related 
to consequences of this leak, with tens of millions devoted to environmental restoration. 

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 information available, this accident can be characterised by the four following indices : 

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

The "Environmental consequences" index was assigned a "3" score since 5 hectares of a nature reserve were polluted 
('Parameter H3'). 

The "Economic consequences" index was scored at a "5" due to the cost involved in site rehabilitation work, which 
amounted overall to some €10 million ('Parameter €18'). 

The "Dangerous materials released" index was not rated given that crude oil is not included on the list of products in 
Appendix 1 of the Seveso Directive. 

 

THE ORIGIN, CAUSES AND CIRCUMSTANCES SURROUNDING THIS ACCIDENT 

A "button-hole" opening 15 cm wide and 1.8 m long on a longitudinal weld was the source of this leak. Several 
hypotheses were forwarded to explain such a pipeline break. 

 

Roof effect :  

Similarities were observed with a previous accident that the Saint-Rémy de Provence site operator had already 
encountered in 1980 (ARIA 14766), relating to the presence of a tube exposed to the roof effect, with onset of cracking 
and a break caused by fatigue. 

The 40-inch pipeline was composed of 5,190 tubes built by the same manufacturer and capable of exhibiting the same 
defect. These tubes were located along the southern part of the facility alignment, yet were not necessarily contiguous. 
Following a measurement campaign using an instrumented scraper, the roof effects associated with these tubes turned 
out to lie between 0 and 4 mm. 

 

 

 
"Button-hole" opening of the 40-inch pipeline (RR) 
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Diagram of the roof effect – RR 
 
A specialised laboratory had modelled the behaviour of tubes displaying a roof effect of no more than 3.5 mm, which 
were dependent on loading variations caused by pressure variations over time. Tube sections featuring a roof effect 
above 3.5 mm were singled out for onsite inspection. On the basis of these studies, a strength test designed for 150% of 
the maximum service pressure was scheduled to be conducted at the beginning of 2011. 

The most recent tube inspection had been performed in 2003; five tubes underwent inspection, including the one that 
eventually burst. These inspections confirmed the presence of roof effects, yet they only varied slightly and moreover no 
cracks were detected when applying ultrasound techniques. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Delamination : 

Following the accident, a delamination defect was exposed at the level of the longitudinal weld of another tube 
displaying the roof effect and positioned not far from the tube that burst. The facility operator compared this observation 
with the results of the 2003 inspection of the broken tube. 

According to the 2003 inspection report, at the time of the ultrasound examination, no clue suggesting root cracking on 
the longitudinal weld could be identified, though delamination zones were still apparent. 

The operator submitted these findings to a specialised body for interpretation. 

The initial conclusions drawn from this independent expert after analysis of the 2003 inspection report indicated: "The 
presence of extensive delaminated surface areas on the tube sheet metal at the level of the longitudinal welded joint, 
precisely in the zone where the break occurred. On its own, this defect is not necessarily deleterious to pipeline 
operations, yet given its location, 2 major disadvantages arise: 

• impossibility of evaluating the integrity of the weld root, 

• when combined with a fatigue crack, this defect is of the type to considerably shorten the tube life cycle 
when exposed to cyclic loadings (e.g. increasing propagation speed of a fatigue crack in comparison with 
the theoretical model output)." 

As a result, delamination might have concealed internal cracks that had formed from the tube interior. 

At the request of the facility operator, a laboratory specialised in metallurgy analysed how this lamination could have 
affected the fatigue phenomenon. This expert organisation concluded the absence of any direct correlation between the 
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presence of delamination and accelerated crack development. Delamination basically played the role of a mask, 
interfering with the detection of a crack from the external or internal skin. 

Characteristics of the steel used to manufacture th e tube :  

The testing campaign conducted by the specialised laboratory demonstrated that the mechanical characteristics of the 
broken tube were variable and, in some instances, dropped below the acceptable minimum threshold specified in 
manufacturing standards, especially regarding some of the resiliency values (characteristic of the steel, representing its 
capacity to resist crack propagation). 

According to the operator, this assessment of the exceptional nature of the break was reinforced when using the 
instrumented scraper for crack detection in April 2010. During this application, no other tube could be found to exhibit 
any trace of significant crack onset. The tube that burst thus appeared to be a singular occurrence within the pipeline. 

 

ACTIONS TAKEN 

Subsequent to the accident, the primary problems encountered pertained to pollution of the soil, subsoil and water table, 
as well as the environmental impact on the nature reserve and the need to place the pipeline back into operation given 
the tremendous economic burden its immobilisation had caused. 

A - Soil and subsoil pollution :  

The main set of actions undertaken consisted of : 

• maintaining safety measures to cope with the elevated risk of fire and explosion ; 

• mitigating the event's impact and pollution clean-up efforts on the nature reserve's flora and fauna (given this 
site's extreme sensitivity) ; 

• limiting the impact of pollution on this sector's very sensitive water table (including drinking water supply 
extraction sites at Port Saint Louis on the Rhone River and Fos-sur-Mer only a few kilometres away, plus 
agricultural pumping activity at a distance of just a few hundred metres) ; 

• rapidly initiating pollution clean-up work and investigations in order to estimate impacts on the nature reserve. 

Water table restoration : 

As of 19 December 2009, a specialised firm was called onsite to initially skim surface hydrocarbons from 3 wells 
separated by some 50 metres and lying near the pipe corridor (first zone of the water table to be reached by the 
spreading of this pollution). In all, 43 additional wells were bored in a pattern that allowed meshing the impacted zone; 
this network was then completed by a drawdown system (hydraulic barrier). The water suctioned from these wells was 
channelled to a treatment plant set up onsite, where pollution removal proceeded by means of activated carbon filtration. 
Following analysis, the treated water could be re-injected into the water table at an upstream location. 

In August 2010, 200 litres of hydrocarbons were still being extracted each week from the water table by skimming. 

Removal of polluted ground : 

The protocol adopted to remove polluted ground required agreements between the nature reserve land managers and 
the various clean-up specialists so as to protect against any further damage to the site and limit the impacts of clean-up 
measures. 

A number of problems were identified after several days on the job : 

• land surfaces that remained "contaminated" due to the crossing of lorries and site vehicles and equipment 
; 

• polluted dust being transported by wind during lorry loading/unloading. 

As of the end of 2010, results indicated that more than 73,000 tonnes of polluted ground had been excavated and 
transported since 21 August, 2009 to a treatment facility located in a neighbouring department. This debris stemmed 
from stripping soil from the polluted zone over a depth of roughly 40 cm outside the pipe corridor. 

Out of the 73,000 tonnes of ground processed : 

• 23,500 tonnes were routed to a site for storing Class 1 hazardous waste ; 

• 49,500 tonnes were transported to a biological treatment plant and then reused at the storage depot site as 
capping material. 

By the end of 2010, experts estimated that between 600 and 1,600 m3 of hydrocarbons were still present in the soil 
based on the various material evaluations performed with their corresponding levels of uncertainty. 

 

B - Service restart of the facility :  

To effectively restart operations of the 40-inch pipeline and thus avoid shortages of finished products within the service 
zones, the operator designed a multi-phased programme : 

• The first phase called for restarting pipeline operations with a scaled down activity. Towards this end, the 19 
tubes identified as the most critical as regards exposure to roof effects were inspected: 16 of them were 
reinforced by means of an epoxy sleeve, while the other 3 (including the one that burst) were replaced ; 
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• The second phase consisted of developing and then implementing an instrumented scraper in order to 
accurately measure the roof effects ; 

• The third phase then entailed rehabilitating the 34-inch pipeline over the southern part to allow switching the 
material transport route ; 

• The fourth phase involved switching the contents of the 40-inch pipeline for transport via the 34-inch line over 
the southern part of the alignment, while inerting the 40-inch line ; 

• The fifth and final phase consisted of removing the tubes identified during the second phase and devising a 
plan for repairing all tubes displaying a roof effect superior or equal to 3.5 mm, as well as tubes with a 
delamination defect and effect of roof above 3, 0 mm, to the extent that it is resolved continue to use the work 
of 40 inches. 

Once the set of repairs had been completed on the 40-inch line, the operator conducted hydraulic resistance tests 
on the various pipe sections. This testing campaign began on 30 November, 2009 in the Provence-Alps-Riviera 
Coast region and was concluded before Christmas in the Franche-Comte region. 

 

C - Restoration of the directly impacted site :  

Over the observed 5-hectare zone, backfilling over a depth of approximately 0.40 m was performed using local materials 
transferred from a nearby quarry in conformance with the soil's original structure. The surface layer was reconstituted by 
means of directly transferring some of the "coussoul" steppe material extracted on zones not yet quarried. A scientific 
monitoring campaign had been scheduled to observe the re-composition of this material. These works were completed 
on 15 April, 2011. 

Aerial view - March 2011 - RR 

Restored and compacted zone - RR 
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Spreading of the surface layer - RR 

 

D - Administrative monitoring :  

A series of emergency prefectural decrees were adopted beginning on 13 August, 2009 to impose upon the operator a 
set of conditions required to manage the consequences of this accident. Successive administrative orders prescribed the 
following: 

• suspension of the pipeline transport activity ; 

• submission of an accident report within 10 days ; 

• transmission of the list of tubes exhibiting the same defects as the one that burst ; 

• commissioning of a third-party expert at the expense of the facility operator ; 

• maintenance of safety features at the accident site to protect human life, property and the environment ; 

• study of the causes and measures to be adopted to avoid repeat of this type of accident ; 

• a technical and economic study of all hypotheses for transporting the product ; 

• conditions for pollution clean-up and rehabilitation of the affected site ; 

• impact studies of this pollution on the environment during both the accident and clean-up work ; 

In order to practically address the various environmental problems, several committees were created, i.e. : 

• an environmental monitoring committee presided by the Arles Deputy Prefect, who held regular briefings on 
the state of progress of clean-up operations, in addition to overseeing water table monitoring and 
communicating with all individual and collective parties involved ; 

• executive technical committees for each of the identified problems, assigned to develop action protocols for : 

- cataloguing impacts on flora and fauna, and defining working procedures within the nature reserve ; 

- establishing the set of rehabilitation conditions applicable to the affected site ; 

- managing stormwater and surveying, then cleaning, the water table ; 

- removing pollution from soils and managing land areas. 

 

LESSONS LEARNT 

Several lessons have been drawn from this accident: 

 
Ageing of installations :  

Confronted with the succession of accidents that occurred towards the beginning of 2009 in both the chemical and oil 
industries, as well as in the pipeline transport of hazardous materials, a forum was organised on the theme of industrial 
safety and environmental protection challenges in September 2009 between the Secretary of State for Ecology and the 
principal leaders of these sectors. These influential industrialists formulated a series of proposals aimed at improving the 
safety of their equipment by, among other things, reinforcing controls on installation ageing and maintenance, while 
making the commitment to pay closer attention to ecologically sensitive zones in an effort to enhance efforts to protect 
vulnerable species or zones. 

 In August 2010, one year after the accident, the Secretary of State for Ecology provided an assessment of the 
measures adopted over the previous year to improve pipeline safety. The action plan intended to limit the risks tied to 
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equipment ageing, launched on 13 January 2010, called for increasing inspection frequency and better identification of 
natural areas. All pipelines displaying a roof effect, which was the defect found on the damaged oil pipeline, were 
required to undergo an inspection by 2012. 

 

Installation inspection and monitoring :  

Beyond the problem associated with works conducted adjacent to facilities, the La Crau accident provides an effective 
illustration that an abrupt break may also occur under other circumstances. In this instance, the inspection methods 
introduced were apparently insufficient to detect in a timely manner the defects capable of arising during operations. 

Moreover, the tube had been exposed to a delamination flaw, which, even if it does not undermine the tube's mechanical 
strength, can still create difficulties in the process of locating other more significant defects. During ultrasound 
inspections, the signal emitted when the scraper made its pass actually corresponded to the initial delamination flaw 
intercepted by the ultrasound beam. A weak, yet representative, signal of an unacceptable defect may be concealed by 
a stronger signal that may correspond to an acceptable flaw. 

 

Site clean-up :  

Time is a determinant factor in the effort to mitigate environmental impacts given that hydrocarbons infiltrate into the soil, 
since increased land area contamination requires additional treatment and in turn threatens the water table. 

To follow up on the La Crau Plain accident and under the banner of experimentation, in August 2010, the Secretary of 
State initiated a project intended to create adjacent to the affected zone a reserve of natural assets that enable 
compensating for the negative impacts on biodiversity. 

This mitigation operation, coordinated by a specialised firm, consisted of restoring the habitats of rare and threatened 
species by transforming an industrial orchard into pastureland. This experiment, designed to last 3 years, comprised 4 
sites located within different ecological settings. 

 

-------------------------------------- 

Accident statistics have been recorded from many cases of leaks on pipelines transporting hazardous substances : 

 

ARIA 168 - Accident at Rosteig (France), 28 July 1989 

ARIA 14768 - Accident at Grenoble (France), 18 January 1984 

ARIA 35176 - Accident at Appomattox, Virginia (United States), 14 September 2008 

 

 


