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Abstract 

During the morning of March 27, 1998, Toulouse residents woke up to the smell of ammonia across 
many districts of the city. The urea plant involved received numerous phone calls with complaints. 
This Technical Paper (Part 1) explains why even large ammonia leaks can go unnoticed by the plant 
employees, also in case ammonia sensors are present. By making use of EFFECTS, Gexcon’s  state-of-
the-art software suite for consequence modelling, simulations were conducted to reconstruct the above 
incident. Plus valuable insight has been gained in the influence of several parameters on the dimensions 
and lay out of toxic and irritating ammonia cloud contours. Our next Technical Paper (Part 2) will discuss 
the proposed prevention and mitigation safeguards. 
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The Incident  

(UreaKnowHow.com Urea Incident 98-002) 
During the morning of March 27, 1998, Toulouse residents woke up to the smell of ammonia across 
many districts of the city. The 
likely hypotheses of this accident 
were only identified as of 10:30 
am: An ammonia leak had 
occurred between 4:50 and 6:25 
am on one of the liquid ammonia 
pipes running from the medium-
pressure storage zone (315 
tonnes distributed among 7 tanks 
pressurized at 12 bar) to the urea 
synthesis workshop. A press 
release was issued at 11 am. 
The exact origin of the leak, i.e. 
a safety rupture disc, could not 
be confirmed until 1:30 pm. The 
plant estimated having 
discharged into the environment 
on that day 1 tonne of ammonia 
during a 90-minute period via a 
100-m tall chimney. The actual 
quantity output, which amounted 
to 10 tonnes, would only be 
known several days later: This 
means an ammonia leak rate of 2 
kg/s. 
 

Figure 1: View on the Toulouse 
urea plant 

 

The Consequences 

Though many phone calls were received by the plant, fire stations, city hall and the local DRIRE 
Environmental Agency, no medical impact was reported on any city residents. Fire-fighters measured 
ammonia concentration values in Toulouse (north of the plant) at 3 to 5 ppm between 7:30 and 9 am. 
The local atmospheric pollution monitoring sensors recorded a maximum of 3 ppm. 
 

The Causes 

A break in the seal of a relief valve after its opening subsequent to disturbances created by 
malfunctioning check valves. The accident analysis revealed that this leak occurred at night while the 
unit was in stable operating mode, following a quarter-turn opening of its cross-section by a PSE156 
rupture disc (ref.: P. rupture 33,4 b), which served to protect a tubular exchanger subsequent to a 
pressure surge on the liquid NH3 circuit connecting the medium-pressure NH3 storage zones with a urea 
production plant. 

 
The actions taken 

The site operator conducted an in-depth technical analysis of the accident, and plant installations were 
subsequently modified (by eliminating the rupture disc, installing sensors and automated safety 
devices). A safety report was also produced for all of the site's ammonia circuits. The DRIRE 
Environmental Agency implemented a new internal organisation and emergency response plan. The 
local Prefecture decided that a crisis management cell was to be activated in the event of an accident 
receiving heavy media attention. 
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The Lessons Learned 

A rupture disc does not return to the closed position! One of the objectives in the risk analysis was to 
assess the operating principle of the various safety devices and the consequences likely to ensue. Such 
an analysis must lead to deriving a pertinent diagram of both fluid circulation and corresponding 
equipment, which in turn allows establishing measures for effective incident management. 
 
The fact that neighbouring residents noticed the effects of this incident before the site operator could 
grasp the magnitude attests to a unique difficulty that wound up slowing implementation of appropriate 
mitigation measures. As a corollary, such an anomaly is likely to exacerbate the seriousness of an event 
and increase the resources to be deployed; moreover, this ineffectual response could require introducing 
a special crisis management approach, complete with a rather sophisticated media handling strategy. 
 
The development of instrumentation and detection systems, along with a protocol for managing 
resultant information, constitute the key element when responding to such incidents. 
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Introduction 

Let’s try to simulate above Incident and investigate what are the main factors, which can cause such an 
incident and what are the prevention and mitigation measures. 
 
 
Some background information 

Ammonia is a colourless, corrosive, alkaline gas that has a 
very pungent odour. The odour detection level ranges from 
already 5 to 53 ppm. In our next simulations we will calculate 
the cloud contours of two ammonia concentrations: 20ppm 
(warning level or typical complaint level) and 5ppm (low odour 
level) under the assumption that these levels will cause 
complaints. 
 
Of the incident the source of the leak is liquid ammonia, which 
was sent to a 100m high chimney or stack; thus the 
complaints must result from the gaseous ammonia emission 
at the top of this stack, so at an elevation of 100m. Refer to 
the picture on the right side as a typical example of such a 
stack in a urea plant (Figure 2). 
 
From Google maps, we conclude that the first residents live at 
a distance of some 500m from the plant, where the incident 
happened. 

Figure 2: A typical stack in a similar urea plant 
 
At the time of the incident highly unfavourable weather conditions (slight wind and temperature 
inversion) were present at the site. Temperature inversion is a reversal of the normal behaviour 
of temperature in the troposphere (the region of the atmosphere nearest Earth’s surface), in which a 
layer of cool air at the surface is overlain by a layer 
of warmer air (under normal conditions air 
temperature usually decreases with height). An 
inversion acts as a cap (mixing layer or height 
inversion layer) on the upward movement of air from 
the layers below. Any emission above the mixing 
layer will not reach ground level and will stay above 
the mixing layer. While an emission below the mixing 
layer will not rise further than the mixing layer as 
illustrated in the picture on the right side (Figure 3). 
 

Figure 3: View of a typical mixing layer 
 
Although the incident is described quite in detail, it has not been very easy to trace back exactly the 
local weather conditions during the incident more than 20 years ago. 
Therefore we did check various weather conditions in our simulations. The simulation assuming Monin 
Obukhov with an inverse Monin Obukhov length of 0,050692 1/m, a wind speed at 10m elevation of 0,5 
m/s, a “city centre with high and low rise buildings terrain” and a mixing layer elevation of 120m leads 
to an ammonia cloud as indicated in Figure 4 confirming the situation that the defined leak can lead to 
complaints from Toulouse residents. 
 
Ammonia leaks in urea plants mostly origin from flashing of ammonium carbamate which is present in 
many urea plant sections. When flashing occurs from process pressures to atmospheric pressures 
ammonium carbamate will dissociate into two ammonia and one carbon dioxide molecule as long as the 
temperature is above 60oC. As the process temperatures before flashing are typically quite high, at 
atmospheric pressures, the temperature is typically higher than 60oC. Thus as a first assumption 
ammonium carbamate whether in gaseous or liquid state in a urea plant can be considered as gaseous 
ammonia mixture with a concentration of some 45 vol% NH3. 
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Simulations done with the Gexcon’s EFFECTS software shows that an ammonia leak of some 2 kg/s can 
cause a 5 ppm ammonia level at a distance of some 7 km until 13,7 km from the plant. Refer to Figure 
4 below showing the cloud of the 20 and 5 ppm ammonia levels.  

 
Figure 4: 20ppm (pink) and 5ppm (blue) ammonia cloud contours for a 2 kg/s leak at 100m elevation, 
mixing layer elevation at 120m. 
 
Note that at the point of emission (0 on the x-axes) until a distance of some 7 km one does not smell 
any ammonia on ground level (ammonia concentration less than 5 ppm).  
 
Figure 5 below shows the 5 ppm cloud at ground level projected in google maps. The blue dot at the 
bottom in the middle shows the position of the stack and the grey oval shape shows the 5 ppm at ground 
level ammonia cloud.  
 
In real life the meteorology is not constant. Local circumstances like local relief or the presence of rivers 
(like the river Garonne in Toulouse) can cause locally variations in meteorological conditions. Besides 
that local obstacles can influence air flow profiles, which can create lei swivels leading to vertical mixing 
phenomena. This means that the indicated oval shape will in real life be more wide and may be also 
located more close to the position of the stack. 
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Figure 5: The ammonia emission source at the stack (blue cross) and the 5ppm ammonia cloud contour 
(dark grey) for a 2 kg/s leak at 100m elevation. 
 
 

Emission sources in urea plants 

Urea plants have continuous (absorbers, scrubbers, stacks) and discontinuous emission points (safety 
valves, rupture discs). Further unplanned ammonia leaks can and do occur in urea plants and can have 
various causes such as flange leakages, internal and external corrosion failures, fatigue failures, etc. 
This means that ammonia emissions can occur at various elevations and can range from small to large 
leak rates.  
 
Continuous and discontinuous emission points in urea plants originate from absorbers / scrubbers, safety 
valves / rupture discs and atmospheric storage tanks / drain system. Absorbers / scrubbers typically 
have their dedicated stacks. Safety valves / rupture discs are either connected to a stack or are send 
directly to safe location and atmospheric storage tanks / drain system are typically connected to a stack.  
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Depending on the lay out of the urea plant, stacks will have different heights (typically in the range of 
30-100m) and safe locations can be defined at different elevations. 
The above incident had an ammonia leak rate of some 2 kg/s (or 7200 kg/hr).  
The complete blow off of a synthesis safety valve can lead to an ammonia leak rate of 30 kg/s ammonia, 
while a leaking synthesis safety valve can lead to an ammonia leak of for example 0,2 kg/s (or 720 
kg/hr). 
Absorbers / scrubbers lead to a continuous ammonia leak rate of some 0,002 kg/s (or 7,2 kg/hr) as a 
typical design figure while at high plant loads it can be 0,02 kg/s (or 72 kg/hr). 
Atmospheric storage / drain systems can lead to ammonia leak rates of in the range of 0,002 kg/s (or 
7,2 kg/hr) and 0,02 kg/s (or 72 kg/hr). 
 
Let’s investigate the influence of several parameters on the dimension of the ammonia cloud. And if an 
ammonia leak can remain unnoticed and at the same time can cause numerous complaints. 
 
The pictures below are three examples of a urea plant. The pictures illustrate that the battery limits of 
a typical urea plant are some 50m wide as a maximum figure. 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 6: Typical lay outs of 
urea plants 
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What is the influence of the elevation of the emission point ? 

With the Gexcon’s EFFECTS simulation software we have simulated the cloud formation of a pure 
gaseous ammonia leak of 2 kg/s under F1.5 standard stable weather conditions and city centre with 
high and low rise buildings terrain conditions at the following elevations: 20m, 30m, 50m and 70m. The 
software shows mixing layer at an elevation of 75m. 
We have simulated the cloud contours of two ammonia concentrations: Figure 7: 20ppm (warning level 
or typical complaint level) and Figure 8: 5ppm (low odour level). The blue square represents the urea 
plant battery limits. 

 
Figure 7: 20ppm ammonia cloud contours for a 2 kg/s leak at various elevations (red 20m, lila 30m, dark 
green 50m and light green 70m), mixing layer elevation at 75m. 
 
From Figure 7 above one can conclude that ammonia emissions at an elevation up to 20-30m can easily 
cause complaints outside the plant battery limit dimensions.  
The 20ppm ammonia cloud contour for ammonia emissions at higher elevations do not touch the ground 
level under the assumed weather and terrain conditions. 
 

Figure 8: 5ppm ammonia cloud contours for a 2 kg/s leak at various elevations (red 20m, lila 30m, dark 
green 50m and light green 70m), mixing layer elevation at 75m. 
 
From Figure 8 above one can conclude that at an elevation up to 50m the 5ppm could contours touches 
the ground level at some 1km from the emission source and thus could still cause complaints. 
From this figure one can also conclude that that an ammonia emissions from an elevation of 30m or 
higher cannot be noticed by for example ammonia chemical point sensors (low detection limit 5 ppm) 
within the typical urea plant battery limits. 
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What is the influence of the leak rate ? 

With the Gexcon’s EFFECTS simulation software we have also simulated the cloud formation of a pure 
gaseous ammonia leak of 2 kg/s, 0,2 kg/s, 0.02 kg/s and 0,002 kg/s  under F1.5 standard stable 
weather conditions and city centre with high and low rise buildings terrain conditions. The software 
shows mixing layer at an elevation of 75m. 
The figures below show the influence of the leak rate on the 20 and 5ppm ammonia cloud contours. 

Figure 9: 20ppm ammonia cloud contours for an ammonia leak at an elevation of 20m at various leak 
rates (pink 2 kg/s, blue 0,2 kg/s, red 0,02 kg/s and green 0,002 kg/s. 
 

 
Figure 10: 5ppm ammonia cloud contours for an ammonia leak at an elevation of 20m at various leak 
rates (blue 0,2 kg/s, red 0,02 kg/s and green 0,002 kg/s. Zoomed in close at emission point. 
 
Figures 9 and 10 show that ammonia leaks of some 0,2 kg/s and larger can lead to complaints from 
residents. 
Also Figure 10 also shows that an ammonia leak of 0,2 kg/s may not be noticed by ammonia sensors 
inside the battery limits of a typical urea plant. 
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Conclusions 

From the above simulations, one can conclude following: 
 
1) Under certain weather conditions, certain continuous and discontinuous ammonia 

emission points in a urea plant can lead to complaints from residents around the plant 
site even at large distances (tens of kilometres). 
 

2) It is very well possible that these ammonia emission clouds are not detected by means of 
ammonia sensors located within the plant battery limits. 

Part 2 of this Technical Paper will elaborate in detail possible prevention and mitigation safeguards. 
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Attachment 1: Explanation Cloud Contours 
 
Note that in case a cloud contour touches ground level, the concentrations increase due to piling up of 
ammonia at ground level. Refer to the two figures below. 

 
Figure 11: Cloud contours of a 2 kg/s ammonia emission from an elevation of 45m (red Dutch LBW, green 
Dutch AGW, Dutch VRW (21 ppm) and blue 5 ppm. The 5ppm contour touches the ground at some 0.8 
km and 15.8 km distance from the emission point. 

 
Figure 12: Maximum ammonia concentration at ground level: Between 0.8 km and 15.6 km distance from 
the emission point the ammonia concentration at ground level is higher than 5 ppm. 
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About GEXCON 

Gexcon is a world-leading company in the field of safety and risk management and advanced dispersion, 
explosion and fire modelling. Our experience arises from detailed knowledge of explosion phenomena 
built up through more than 40 years of conducting extensive research projects, carrying out safety 
assessments, performing accident investigations and conducting physical testing. We also have been 
involved in the investigation of many high-profile accidents. Through our experience and expertise, we 
can provide you with reliable solutions to your process safety needs. 
https://www.gexcon.com 
  
 
FLACS EFFECTS 

EFFECTS is an advanced, accurate and easy-to-use empirical consequence analysis software tool. A 
loss-of-containment scenario in the (petro-)chemical industry can be devastating, for both property and 
human life. EFFECTS is easy-to-use, affordable software that helps safety professionals calculate and 
analyse the effects of these scenarios and develop the right prevention or containment protocols. In just 
a few easy clicks, you can determine the precise consequences of any scenario, and share your findings 
with all relevant stakeholders. 
https://www.gexcon.com/products-services/effects/ 
 

FLACS CFD 

A powerful industry-leading computational fluid dynamics (CFD) software to simulate the dispersion of 
hazardous materials, fire, and explosion with results that you can trust. Designed for ease of use and 
multiple environments, FLACS-CFD represents more than 40 years of extensive and unrivalled modelling 
and validation work based on real-life testing. FLACS-CFD is a suite of 3D computational fluid dynamic 
tools with a series of standard modules designed to meet specific requirements. With continuous 
development and investment, FLACS-CFD helps raise the true level of safety for complex industrial 
environments. 3D geometry effects (e.g. confinement and congestion) can be crucial in determining 
ventilation and dispersion patterns and consequences of fires and explosions. 
https://www.gexcon.com/products-services/flacs-software/ 
  
 
Ask for a FLACS-EFFECTS Viewer by leaving your Email-address at EFFECTS Software (gexcon.com) and 
comment that you would like to receive the UreaKnowHow.com project files. 
  
With this viewer one is able to look in detail at the simulations in this paper: 
• Incident 98-002 2kgps influence of elevation public.effx 
• Incident 98-002 20m influence leak rates public.effx 
  
 
 


