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Ammonia discharge in a chemical plant 

24th October, 1991 

Bully-les-Mines / Mazingarbe 
(Pas-de-Calais) 
France 
 
 

THE FACILITIES INVOLVED 

The site: 

 

The Mazingarbe plant was responsible for manufacturing, nitrogen by-products and mainly fertilisers, using ammonia as 
the basic ingredient. The installation, included within a 180-ha chemical complex, employed some 200 persons. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The specific unit involved: 

 

The plant, built in 1980, contained 3 ammonium nitrate solution production lines along with an ancillary unit dedicated to 
granulating the ammonium nitrate solution. 

The actual ammonium nitrate solution fabrication process took place within a "neutraliser", which relied on the reaction of 
ammonia on nitric acid. 

The ammonium nitrate in warm solution then fed the granulation workshop. When working, the granulation unit released 
gaseous NH3 that is re-injected in 2 of the production lines of ammonium nitrate in warm solution. 

The equipment that produces NH3 in the ganulation workshop is a condenser (E202), whose liquid NH3 level was being 
regulated by an automatic valve, which in turn was controlled by a transmitting differential pressure sensor. The 
condenser was also equipped with a high level safety device. The differential pressure tap piping was steam traced in 
order to avoid condensation of NH3, particularly when exposed to low external temperatures. 

 

 

Ammonia (NH3) 

Risk control measures 
(independence, 
redundancy) 

Sensors 

Onsite works 

Ammonia 

Nitric acid 

� Consumption: 720 tonnes / day 

� Production capacity: 1,175 tonnes / day of HNO3 at 60% 
   100 tonnes / day of HNO3 at 70% 

Ammonium nitrate in 
concentrated solution � Production capacity: 1,600 tonnes / day 

� production capacity: 500 tonnes / day 

Technical ammonium nitrate ammonium nitrate fertilizers 
(at 27% or 33% of N) 

� Granulation capacity: 1,700 tonnes/day 
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Nitrate solution production line 

 

THE ACCIDENT, ITS CHRONOLOGY, EFFECTS AND CONSEQUENCES 

 

The accident: 
 
On the day of the accident, the 3 production lines of ammonium nitrate in warm solution were working at low regime. The 
granulation unit had been shut down for repairs since the previous day; the NH3 loop was working but the steam circuit 
was isolated. Among other things, this steam circuit makes it possible to trace the pressure tap pipes of the transmitting 
differential pressure sensor that controls the automatic valve regulating liquid NH3 supply of the ammonia condenser. 

 

The heating defect caused condensation, then the filling of these pressure tap pipes with liquid NH3 altered the 
measurement of this differential pressure tap sensor. The sensor displayed a zero pressure reading (i.e. equivalent to 
the low condenser level) and therefore triggered the opening of the liquid NH3 condenser supply valve. Moreover, the 
high level safety alarm on this device was activated by virtue of this same reading (in other words, due to an absence of 
redundancy) and, as such, the alarm also proved to be inoperable. 

 

Failing to be vaporised, the liquid NH3 overflowed via the gaseous NH3 outlet into the neutraliser in passing through an 
NH3 evaporator, whose high level safety alarm was equally defective. 

 

Around 6:30 pm, the excess NH3 in the ammonium nitrate solution production neutraliser was discharged into the 
atmosphere through the exhaust valves of the neutraliser and evaporator; nearly 5 tonnes of NH3 was released in just 15 
minutes via these exhausts located 8 and 10 m off the ground. 

Once disturbances had been noticed on the ammonium nitrate solution production line, the unit was shut down around 
6:30 pm in order to locate the source of these anomalies. The installation was placed back into service after manually 
blocking the condenser's liquid NH3 supply circuit and repairing this circuit's high level safety mechanism. 

On this Saturday afternoon, the ammonia release alarm set up outside the site was sounded from within by a control 
room technician working in an upstream nitric acid production unit. This individual, also a volunteer fire-fighter with the 
municipality, was alerted by the Vermelles Fire Department, whose crews had been dispatched to attend to distressed 
members of the community. 

towards the NH3 

evaporator 

 

"condenseur" = 

"condenser" 

"bac" = "tank" 

"ballon" = "cistern" 

"vapeur" = "vapour" 

"barom." = "barometer" 

"est" = "east" ; "ouest" = 

"west" 

"redissolution" = "re-

dissolution" 
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The ammonium nitrate line technicians were aware that NH3 had been released during the disturbances experienced, 
but they considered the atmosphere to be breathable (being "accustomed" to the smell?) and, for this reason, chose not 
to wear the self-breathing apparatus. They were unaware of eventual impacts occurring outside the facility. 

The on-call engineer was notified around 6:30 pm, while the plant manager was ultimately informed of the incident at 
7:30 pm. 

 

Consequences of this accident: 
 

Atmospheric conditions did not favour cloud dispersion (a stable wind blowing intermittently at 4 m/s, over the south-
western sector); 4 individuals were reported in a state of distress 1,100 m downwind of the production line. One of them, 
who was asthmatic, had to be hospitalised, yet was allowed to return home that same evening. 

 

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. 

 

Nearly 5 tonnes of NH3 were released, accounting for 2.5% of the SEVESO threshold for this substance. As such, the 
index relative to hazardous materials released was scored a "3". 

Four members of the public were slightly incapacitated, one of whom required hospitalisation for less than 24 hours; the 
index of human and social consequences was therefore rated a "2". 

Since no pollution was detected that had any correspondence with criteria included on the environmental consequences 
scale, the relevant index received a "0" rating. 

With no information available on eventual economic consequences stemming from the accident, the corresponding 
index could not be evaluated. 

 

THE ORIGIN, CAUSES AND CIRCUMSTANCES SURROUNDING THIS ACCIDENT 

 

This incident was most directly caused by having isolated the steam circuit from the effective operations of some of the 
facility's safety devices (sensors). 

The lack of independence and redundancy on the high level safety set-up prevented the timely detection of this specific 
malfunction, which in turn would have enabled halting the sequence of events that led to the accidental discharge. 

 

ACTIONS TAKEN 

 

The site operator installed a second safety device (alerting very high levels / temperature readings), independent of the 
first one (high level / pressure sensor). The very high safety level was designed to control closing of the liquid NH3 
supply valve. 

 

The operator incorporated feedback generated from this accident into the safety report covering the entire set of 
ammonium production facilities; this report was to be submitted on 1st January, 1994. 
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LESSONS LEARNT 

 

This accident underscored the need for independence between resources allocated to process regulation and those 
allocated to safety, as regards detectors as well as the processes and actuators. 

During safety analyses, special attention must be paid to the potential for circumventing barriers, whether deliberately or 
not, as was the case herein. The technicians failed to recognise that shutting off steam would have caused the sensor to 
malfunction (due to a poor understanding of the automated mechanism? lack of training? incomplete instructions 
provided for carrying out onsite works?). 

Lastly, from an organisational standpoint, this accident demonstrates the importance of a rigorous management 
approach, especially during plant shutdowns or work phases requiring preliminary analyses, consignments, procedures, 
special guidelines, and possibly additional supervision. The present case was exacerbated by the fact of performing 
works on a Saturday, without an onsite supervisor, while the upstream units in the process were still operating. 

 

 

 
Evaluation criteria for a risk mitigation measure (barrier) 

 
Reminder: The performance of a safety barrier must be evaluated in its specific use context. 
 
Independence 

• with respect to the accident scenario, 
• between each safety barrier. 

 
Efficiency 

• capability of fulfilling the safety function for which the barrier was adopted, in its specific use context 
and during a given operating period (%), 

• adapted design (design calculations, standards, feedback, testing), 
• ability to overcome an identified set of constraints, 
• positioning, 
• accessibility. 

 
Implementation kinetics 
 

Caution: Implementation kinetics differ from barrier response time in that they include the time required for the 
danger flux to reach or affect the sensor (whether technical or human). Such kinetics are to be compared with 
the kinetics of the observed phenomenon that the barrier is intended to mitigate. 
 
Response time 
Time interval between the moment when the barrier is activated and the moment when the operation has been 
fully completed (detection + processing + execution of safety action). The response time is derived from 
manufacturers' data, qualitative evaluations, feedback, test results and drills. 
 
Level of confidence (risk reduction factor) 

• Maintenance / Training / Practice 
• Testing / Drills 
• Positive safety features 
• Tolerance of equipment anomalies (e.g. redundancies) 
• Ease of diagnosis (human barrier) 
• Complexity of the scheduled set of tasks (human barrier) / Complexity of the technical component 
• Possibility of circumventing a barrier (+ management of this step) 


