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Fire in the distilling unit of a refinery 

14 December 2019 

Gonfreville-L’Orcher (Seine-Maritime) 

France 
 

THE INSTALLATIONS CONCERNED 

Located in north-west France, the industrial platform includes a refinery and a 
petrochemical plant. It accounts for 12% of refining capacity in France and nearly 12 
million tonnes of processed crude oil and is the biggest French platform. The site is 
an upper-tier SEVESO establishment due to direct exceeding of thresholds in several 
sections of the nomenclature of classified facilities. The Le Havre industrial/port zone 
(17 SEVESO establishments) is covered by a Technological Risk Prevention Plan1 
(PPRT in french). 

The refinery features thirty or so different production units, including one atmospheric 
distillation unit separating crude oil arriving on the site in different fractions for subsequent processing 
and upgrading. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
A major maintenance shutdown was scheduled in the months preceding the accident. Some units had 
been restarted, including the distillation unit, and other units were still shut down. 

The operating teams work on a 5 x 8 basis (consecutive 8-hour shifts by 5 teams covering the same 
positions to ensure continuous functioning over 24 hrs, taking account of rest periods excl. weekends). 
They work in zones on the platform and are therefore likely to be required to simultaneously manage 
some units that are in operation, others being restarted, and further ones still that are shut down. The 
positions with a role at the distillation unit are:  

 the shift manager; 

 the deputy shift manager; 

 a console operator for the distillation unit and the diesel desulphurisation unit (shut down on the 
day of the accident); 

                                                           

1 Le Havre Industrial/Port Zone PPRT approved on 17/10/16 by the prefect of Seine-Maritime  
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 an emergency response operator for the distillation unit and the diesel desulphurisation unit 
(shut down on the day of the accident); 

 an external operator for the distillation unit.  

 

THE ACCIDENT, ITS CHRONOLOGY, EFFECTS AND CONSEQUENCES 

Chronology: 

 

The above chronology was put together based on information collected in the operator’s accident report, 
the SDIS 762 report and exchanges with DREAL Normandie (Normandy regional directorate for 
environment). 

 

                                                           

2 Seine-Maritime departmental firefighting and emergency response service 

Spread of fire

before 03.17: hydrocarbon 
leak near the distillation unit 
charge pump

before 03.36 : ignition of a 
pool of hydrocarbons (smoke 
visible on a camera 
monitoring a 500m zone)

03.39: local confirmation of a 
crude pump fire (approx. 
10m wide and 2.5m high)

03.58: an explosion and 
fireballs witnessed, 
worsening the fire. Flames 
reached approx. 50m high

04.20: fire contained

08.00: fire brought under 
control

11.30: main fire extinguished

16.30: flaming gas leak 
continued

18.00: final secondary fire 
extinguished. Cooling 
continued overnight

D+1, 16.00: final flames 
extinguished

Detection and reaction in control room

03.17: an explosimeter 
located at a height of approx. 
2.5m detected 5% of LFL 
(below the alarm threshold)

03.21: retransmission in the 
control room of a first gas 
detection threshold alarm  
(LFL > 20% and < 50%). The 
detector was positioned at a 
height of approx. 0.5m near a 
distillate tapping pump

between 03.21 and 03.36: 
LFL > 20% alarm appeared 6 
times, but not seen by 
console operator.

03.37: high and very high fire 
detection alarms on an 
accumulator drum not seen 
by console operator

03.38: "fire" alarm 
retransmitted in control 
room seen by console 
operator. They asked the 
external operator to head to 
the scene. 

03.39: the control room 
launched the unit's 
emergency shutdown and 
informed the site's 
emergency response teams

03.41: start-up of the first 
fixed fire safety facilities

03.47: the control room 
launched the emergency 
shutdown of the controller, 
causing power to be cut to all 
outlets

Emergency response

03.39: the control room 
informed the site's emergency 
response teams

03.45: startup of 2 motor 
pumps supplying systems with 
a total flow rate of 1,600m3/h.

04.03: call to fire-fighters for 
information without 
requesting emergency support

between 03.46 and 04.19: 
launch of mobile emergency 
response resources

04.19: after noting the lack of 
pressure in the fire safety 
systems, start-up of an 
additional pump

between 04.20 and 05.35: 
ramping up of mobile 
resources to contain the fire to 
the zone

09.07: aerial reconnaissance of 
the industrial site by fire-
fighters using a helicopter and 
a drone

between 10.35 and 13.09: 7 
samples of ambient air taken 
by fire-fighters  downwind 
from the zone affected by the 
fire (CO, O2, H2S, NO2 and SO2)

between 13.30 and 14.00: 2 
other samples taken with a 
canister as close as possible to 
the fire

Management of alerts 
and communication

03.59: operator's on-call staff 
alerted

04.00: triggering of IOP by 
operator without requesting 
emergency support

04.03: call to SDIS 76 for 
information without 
requesting emergency 
support

04.06: authorities informed 
of triggering of internal 
emergency plan

04.35: emergency situation 
response unit (CASU in 
french) called out by 
authorities

approx. 08.00: the prefecture 
recommends locking down 
the local population and 
employees of neighbouring 
businesses (no triggering of 
special emegency response 
plan)

approx. 10.25: based on non-
detection by the atmospheric 
measurement systems put in 
place around the site, 
confinement 
recommendations lifted

14.25: internal emergency 
plan suspended the following 
day
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Consequences on the platform: 

No deaths and no direct injuries were caused by the fire and/or 
explosions. Support measures were put in place by the 
operator for its employees. Two of them were recorded as 
victims of an occupational accident due to the psychological 
impact of the event. 57 people on the platform who had a role 
in managing the accident were monitored (Biological Exposure 
Indices) to assess their exposure to any hazardous substances 
emitted during the fire.  

The fire was contained to an approx. 50m x 50m zone near 
the atmospheric distillation tower, furnace, distillation column 
overhead accumulator drum, and a 20,000m³ petrol storage 
tank. Multiple items of equipment in this zone, on 3 levels, 
sustained damage due to flames, heat radiation, or 
explosions: cooling tower battery, lines, pumps, and analyser 
shelter. Between 300 and 600m³ of flammable substances 
were involved in the zone on fire. DREAL asked the operator 
to arrange for a third-party expert investigation to be carried 
out, to analyse the feasibility of and conditions for the 

recommissioning of 21 items of pressurised equipment (PE) potentially to be kept by the operator in the 
course of the restoration of its facilities. After taking account of the third-party expert’s advice, the 
operator kept these 21 items of PE. 

Pending restarting of the unit (mid-June 2021), the platform had to be operated by importing distillates 
to supply some of its conversion units with the aim of producing petrol and diesel. The imported charges 
did not make it possible to operate the units optimally, particularly due to the absence of a kerosene 
charge for desulphurisation on the market, to produce jet fuel.  

 

Consequences outside the platform: 

No deaths and no direct injuries caused by the fire and/or explosions. 

A diffuse plume of smoke was visible and an odour of hydrocarbons could be smelt in neighbouring 
towns (up to 8km). No soot was observed in the surrounding area. The atmospheric readings taken by 
SDIS 76 around the site (H2S, SO2, NO2 and COV) during the fire did not demonstrate exceeding of 
reference air pollution quantitative values. The readings were then analysed by Atmo Normandie3. 
INERIS4’s CASU was contacted by the authorities at 7.35 a.m. Odours could be smelt during and after 
the fire due to use of the platform's safety flares. Subsequently, olfactory readings taken on the platform 
with Atmo Normandie demonstrated no modification of the platform’s olfactive profile compared to the 
equivalent 2015 figures. 

The water used on the fire was collected inside the platform and processed at the facilities. Four dams, 
and sewer cleaning trucks remained on site for more than a month after the fire by the canal adjoining 
the platform to pump off any foam liquid and iridescent residue after processing. No instances of 
regulatory non-compliance were observed whether in terms of enhanced self-monitoring results, 
unannounced checks carried out by DREAL Normandie on water discharged into the environment and 
water used on the fire stored before processing, and finally OFB5 checks in the natural environment. 

On the day of the incident, sample wipes were put in place near the facility. Nevertheless, due to a 
lack of usable comparison with other samples before the incident, their analysis was inconclusive.  
 
 
 
 

                                                           

3 http://www.atmonormandie.fr//Publications/Publications-telechargeables/Pics-de-pollution-
incidents/Incendie-a-la-Raffinerie-TOTAL-14-decembre-2019 
4 The French National Institute for Industrial Environment and Risks’ Emergency Situation Response Unit 
5 French biodiversity agency 

© SDIS 76 

© SDIS 76 
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European industrial accident scale: 

To objectively characterise the effects or consequences of the events recorded in the ARIA database, 
BARPI uses rules to rate the 18 parameters of the scale officialised in February 1994 by the Committee 
of Competent Authorities of the Member States for application of the SEVESO directive. 

The parameters of these 4 indices and their rating method are available at the address: 
http://www.aria.developpement-durable.gouv.fr. 

Taking account of the information available on the date of creation of this report, this accident is 
classified as follows: 
 
Dangerous materials released 
 

Human and social consequences 
 

Environmental consequences 
 

Economic consequences 

 

 
Dangerous materials released (Q1): the rating is based on the upper thresholds of Directive 2012/18/EU 
of 04/07/12 also known as the “SEVESO” directive. Substances used in the distillation unit affected by 
the fire are listed in the “P5a FLAMMABLE LIQUIDS” hazard category in accordance with regulation 
(EC) 1272/2008. In the knowledge that the upper threshold for this hazard category is 50t and that 
approx. 400t of flammable liquids were involved in the fire, the incident was rated level 5 (1 to 10 times 
the threshold). 

Human and social consequences: nobody died or required hospitalisation, so the incident was rated 
level 0 (sick leave following psychological trauma is not currently taken into account by the European 
scale). 

Environmental consequences: based on the analysis results and criteria of the scale, the incident was 
rated level 0. 

Economic consequences (€16): based solely on estimated operating losses of approximately €171 
million, the incident was rated level 5 (€50 million ≤ €16 < €200 million). For information, total estimated 
property damage at the establishment was approximately €85 million. 

 

THE ORIGIN, CAUSES AND CIRCUMSTANCES SURROUNDING THIS ACCIDENT 

For each of the parts detailed below, BARPI presents, in the form of a graphical model, its analysis of 
disturbance (or primary causes) and root causes of the accident. At the end of this part, an overall 
graphical model of the accident is provided.  

Disturbances refer to the direct failures that contributed to the event. Such disturbances are observable. 
This level of causality is often of a technical or individual nature. The root causes are located upstream 
from the apparent causes and are malfunctions in the socio-technical system where the accident took 
place. They generally refer to human factors and organisational and managerial aspects. This 
methodology provides an overview of the chain of causation. 
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Origin and causes of the initial leak: 

The succession of alarms specified in the chronology of the event indicates that a leak occurred before 
3.17 a.m. (initial detection by an explosimeter). Following investigations carried out by the operator after 
the fire, the leaky equipment was located (statements from people involved in the event, leakage rate 
estimation calculation, flow tests, combustion tests, line rinsing). A breach, which does not appear to 
have been caused by the fire, was found in a 3-inch diameter, 4.6mm-thick petrol line. The breach is 
located by the hollow pipe support for a flowmeter pressure tapping line. This hollow support, generally 
known as a “dummy pipe” or “trunnion”, is L-shaped. Its horizontal part houses the flowmeter, and its 
vertical part is welded to the petrol line.  
 

 

 

The practice in place at the time of construction of the unit in the 1970s 
consisted in blanking the outward-opening part of the support with rock 
wool. This facilitated accumulation of humidity in the pipe. Said 
humidity stagnated there due to the lack of ventilation and caused 
corrosion, both on the lower part of the support and on the petrol line, 
in the zone where the hollow pipe is welded to this line.  

Corrosion of the support had been observed in 2016 and a 
replacement request had been issued in 2017. The corrosion on the 
lower part of the support is visible from the outside. Regarding potential 
corrosion of the line, in the zone where the hollow pipe is welded, 
corrosion cannot be identified visually. 

The works were scheduled during the major shutdown in 2019. It was 
not replaced, due to a succession of errors both in terms of documentary data on this line and its support 
(which was confused with the adjoining support) and the works process (misidentification of scope, lack 
of approval of the works to be carried out, unclear documentation drawn up during preparation of the 
shutdown, no identification that the work had not been carried out during the acceptance phase).  

The control plan for this line, due to its diameter and this hollow support, recommends that gamma 
radiography be used (thickness measurement). However, the operator could not find the result of this 
line’s gamma radiographical thickness measurements.  

The model below illustrates the disturbances and root causes that created the hazardous petrol leak 
phenomenon.
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Circumstances contributing to the spread of the fire: 

Late detection of the leak by the control room team: 

An alarm linked to an explosivity detector was retransmitted 6 times in the control room between 3.21 
and 3.36 a.m. A high then a very high equipment fire detection alarm were retransmitted at 3.37 a.m. 
None of these alarms were seen by the console operator. The team operating the zone of the platform 
in which the distillation unit is located was responsible for several units, some of which were shut down. 
The consoles allow operators to select which alarms they want to have on the screen: only the alarms 
for the distillation unit process, only the ones for the diesel desulphurisation unit process, or only the 
ones linked to “fire and gas” detection. Different alarm views can be shown on several screens. The 
console operator selected to display the alarms for the distillation unit process on the screen, as the 
other units were shut down. They were unaware that displaying the distillation unit process alarms on 
the screen masked the display of the “fire and gas” alarms. In addition to the screens, there are “flashing 
beacons” in the control room to alert personnel. These “beacons” and their colour differ depending on 
whether they are for a “process” or “fire and gas” alarm and based on the activated threshold (1st or 2nd). 
In all the platform’s other control rooms, 1st and 2nd level “fire and gas” alarms activate a dedicated red 
“flashing beacon”. The distillation unit control room is the only one which, for 1st level alarms, activates 
a yellow “flashing beacon”, without any difference between “process” or “fire and gas” causes. 

Masking of alarms on consoles linked to selected filters is not covered in initial console operator training. 
This information can be provided during mentoring and acquired based on staff experience and on-the-
job learning. 

The “fire” alarm retransmitted at 3.38 a.m. in the control room was seen by the console operator, without 
them changing their screen layout. This alarm had been programmed by design as a “process” alarm in 
the digital control-command system’s architecture and not as a “fire and gas” alarm on the security 
controller. 

The model, below, illustrates the disturbances and root causes that resulted in the “fire and gas” alarms 
linked to the petrol leak and its ignition not being acknowledged. 
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Lack of coordination between the emergency response team and the operating team: 

The source of ignition of the petrol leak has not been precisely identified (the operator thinks that it may 
have been caused by electrical systems). Though the actions taken by the site’s emergency response 
team managed to contain the fire to a 50m x 50m zone, lessons were learnt by the operator particularly 
regarding the coordination required between this emergency response team and the operating team in 
the control room to optimally use its firefighting systems’ available resources. 

At the same time as the emergency response team was called by the operating shift manager, the 
control room activated the unit’s fixed open sprinklers. The emergency response team, which was 
informed neither orally nor via retransmission to its control station, of the activation of the fixed systems, 
got ready to use 2 trucks, one for cooling, the other to form a foam blanket. It started up 2 pumps to 
provide the firefighting systems with a total flow rate of 1,600m3/h. This flow rate is insufficient for the 
total needs of both the fixed and mobile systems. It took 35 minutes for the emergency response team 
to adapt their strategy and start up a 3rd pump.  

During this period of time, the heat radiation from the fire caused a breach in a crude oil pump discharge 
line. The intensity of the fire increased, and an explosion occurred. 

The operator’s internal emergency plan does not specify the flow rates used by the fixed systems. The 
pressure of the distillation unit fire-fighting systems is not available at the emergency response team’s 
command post and the pumps feeding the systems do not automatically start up in case of insufficient 
pressure. 

 

 

The accident’s overall graphical model, illustrating the different causes linked to the origin of the leak, 
its late detection, and the disrupted emergency response, is available below: 
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ACTIONS TAKEN 

Administrative investigation: 

A prefectural order covering emergency measures was signed on the day of the accident. Its main aim 
was to advise the operator on the measures to take to secure the site, manage water and waste from 
the incident, and carry out environmental monitoring. 

Regarding the issue of the corrosion found on the petrol line welded to the hollow support, an additional 
prefectural order regarding legislation of classified facilities advised, before restarting the distillation unit 
(scheduled in May-June 2021): 

 producing records of all hollow supports (“trunnion”) on all refinery equipment, at least within 
the scope of group-1 fluids in accordance with article R. 557-9-9 of the French Environmental 
Code, whether they are covered by pressurised equipment regulations or not; 

 putting in place appropriate checks on supports and equipment to which they are attached, 
perpendicular to said supports; 

 any repair or replacement works on equipment requiring such measures. 

The operator recorded 488 pipe supports, 46 of which were not correctly designated. Furthermore, a 
hundred or so new types of supports (clamp supports and clamp base supports) were found. The 
operator checked all these supports. Based on the results of the checks, works were carried out in cases 
where: 

 there was no damage to the line and the pipe support was in good condition: blocking of the 
vent hole (done or during next shutdown) to prevent the presence of humidity and acceleration 
of corrosion; 

 there was no damage to the line and the pipe support was damaged: welding of a new pipe 
support to the cut surface if residual thickness sufficient for welding. Otherwise, replacement of 
the support based on the original standard by adding a shaped cover to the elbow or a pipe 
cover before welding the new dummy pipe; 

 the line was damaged and could not be kept in service: replacement of a liner or elbow with a 
new support. 

 

LESSONS LEARNT 

Following an accident that occurred at the distillation unit, the operator took several measures in 
response to the root causes identified on the 3 themes (leak prevention, “fire and gas” alarm 
acknowledgement, and emergency response in case of fire). The action plan is backed up by a 
prefectural order to ensure the actions taken are rolled out across the entire refinery.  

 leak prevention: 
o visual inspection of the line’s 488 line pipe supports to check the symbols included in the 

isometric drawings; 
 33 supports were incorrectly designated; 
 14 were not identified because: 

 6 of them did not have a line support function (support actually used to hold in 
place measuring devices); 

 2 linked to inappropriate interpretations; 
 6 identified but only as a support even though they doubled up to bear 

mechanical loads on both sides of the line on a vertical axis 
o repair and/or replacement of pipe supports including upgrading of the manufacturing standard 

to provide additional protection against corrosion: 
 467 pipe supports were reused to block the vent hole back up (or during the next major 

unit shutdown); 
 19 pipe supports were repaired and upgraded using solid cross-sections; 
 2 pipe supports had covers added, which were fully welded to the line where the pipe 

support is attached. 
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 acknowledging “fire and gas” alarms: 
o combining existing flashing lights only for “process” alarms; 
o connecting all the unit’s “fire and gas” detectors to the dedicated “fire and gas” programmable 

safety controller 
o modifying the unit’s “fire and gas” detection systems: 

 switching from 20 to 27 detectors; 
 setting of the explosimeters’ detection threshold to 40% of Lower Explosive Limit (LEL) 

instead of 50%;  
 resulting modification of test procedures and control room console screen display; 
 linking of certain flame detectors with cameras including retransmission of images on 

a dedicated screen in the control room. 
o the following were added to the “fire and gas” system managed by a programmable safety 

controller: 
 4 new detectors; 
 a flashing beacon that is activated in case of exceeding of the 1st and the 2nd detection 

thresholds; 
 a dedicated screen on which 1st and 2nd level alarms are displayed; 
 a glass panel featuring 3 warning lights used to distinguish between alarms to detect 

toxic gases, hydrocarbon gases (explosimeters) and fires, with separate information 
for the six units of the South sector of the refinery. 

o providing specific training for all D11 unit console operators and shift managers to teach them 
about the modifications made; 

o following up this training as part of continuous operator training to regularly update expertise. 
 

 emergency response in case of fire: 
o addition of 5 new pressure sensors to the 2 already in place on the fire safety systems to 

monitor the pressure of the systems from the emergency response team’s control station; 
o addition of an internal emergency plan to sequence the start-up of fire safety pumps in key 

scenarios; 
o setup of an electronic spreadsheet to compare the available flow rate provided by the pumps 

and the water consumption of the fixed and mobile systems engaged. 

 


