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ABSTRACT 

The presence of a reliable leak detection system in lined High Pressure urea equipment is a 
must. Only an active leak detection system acts in a sufficient reliable way. Leak detection 
systems should be tested before installation, after a shut down and weekly during operation 
to ensure communication between the holes of each liner compartment. 
A leak detection system should be in operation at all times especially during stops, start-
ups and shutdowns in order to minimize the risks for blockages. 
Once a leak detection system is blocked, restoring communication will be difficult and 
depends strongly on the location of the blockage. In case of a liner leak the risk for any 
permanent blockage is present. 
A vacuum leak detection system is the only leak detection system that guarantees a reliable 
leak detection in all operating modes (stop, start and shut down) and in case blockage 
behind the liner has occurred. 
Never flush a leak detection system with water, condensate or steam. 
After a leak has occurred and/or in case of a blockage behind the liner it is recommended to 
apply our AMMO LASER Leak Detection System to assure that the maximum liner area is 
under direct leak detection. We can provide support how to revamp your existing leak 
detection system while reusing as much as possible elements of your existing leak detection 
system. 
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1. INTRODUCTION 

A leak detection system must be installed to safeguard loose lined High Pressure (HP) urea 
equipment. This is needed to avoid that a leakage through the protective high alloy liner will 
lead to a catastrophic incident. Because, in case of a liner leak, ammonium carbamate 
containing fluid will enter the space between liner and carbon steel pressure bearing vessel 
wall and will cause corrosion of the carbon steel and/or stainless steel resulting in a rupture 
of the vessel.  

Photo 1, rupture of a High Pressure scrubber due to a malfunctioning leak detection system 
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2. LEAK DETECTION SYSTEMS 

There are many different leak detection systems in use but with many systems there can be 
a question mark about the reliability 

An overview of the leak detection systems that are in use, for which we do not pretend to 
be complete, is listed below: 

 
 Checking for the smell of 

ammonia 
 

 Checking for fumes 
 

 Checking for bubbles in 
glasses filled with oil that 
are connected to the leak 
detection holes 
 

 Checking for pressure 
differential in an oil filled 
U-tube that are connected 
to the leak detection holes 
 

 Checking for a colour 
change is a glass filled with 
an ammonia reagent that 
are connected to the leak 
detection holes 
 

 Checking for a change in 
the conductivity in the leak 
detection.  
 

 

 

 

 

 

Photos 2 - 9, different leak detection systems 



  

 

 

    

 

 

 
 4 

In order to be able to detect a liner leak there should be an open connection between the 
gap behind the corrosion resistant loose liner and the atmosphere. This opening is created 
by small holes drilled through the pressure vessel wall, called leak detection holes. 
 
Throughout the years and because of incidents in the industry, the “leak detection system” 
has been improved. It was recognized that the liner welds and more specific those liner 
welds that connect the liner to the carbon steel, the so-called fixed liner welds are the most 
critical parts as regards for possible leakages. These fixed liner welds cannot be inspected 
by Non-Destructive Testing (NDT) techniques. For that reason, along these fixed liner welds 
a network of small longitudinal and lateral grooves or passageways are machined. These 
passageways finally are connected to preferably minimum two leak detection holes and that 
is done for each liner compartment.  

Photo 10, passageways behind liner 

A liner compartment is defined as being that part of a liner that is compromised between 
welds connecting the liner material to the carbon steel of the pressure vessel wall. In such 
a liner compartment other loose liner weld seams may be present. 

The machining of passageways along the fixed liner welds is certainly a clear improvement 
of the leak detection system, but there are more critical failure modes threatening the loose 
liner. For example, defects in trays support welds, nozzle welds, condensation corrosion, 
fatigue cracks, crevice corrosion, strain induced intergranular corrosion, stress corrosion 
cracking and erosion corrosion. These failure modes can also cause liner leaks and these 
leaks will be typically not closely located near a machined passageway. 

The above-mentioned leak detectors are mostly hooked up to passive systems. That means 
that the detection of a leak will only be possible when the leak reaches the detector. Since 
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in most cases the leak(s) is very small, many hours will elapse before the leak will be noticed. 
During that time deposits will build up in the gap between the loose liner and the pressure 
vessel wall or in the leak detection holes. Because of that one can therefore without any 
doubt assume that in the event of a liner leak, blockages will be formed that will hinder leak 
detection and or even prevent leak detection in the future. 

Photo 11, blockage behind a liner 
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In the late 1980’s, after there had been liner leaks reported with serious consequences 
(ruptures) this problem was recognized and most licensors decided to improve the leak 
detection system further.  

To increase the safety of the HP urea equipment, a quick detection of a liner leak is essential. 
The response time, the time between the elapsing of a leak and its detection, should be 
drastically reduced. Since the pressure difference in case of a small leak is almost negligible 
one can only reduce the response time by flushing the leak detection system with help of an 
inert gas (pressurised system) or to create a vacuum in the gap between the loose liner and 
the pressure vessel wall (vacuum system). Both systems are called active leak detection 
systems. 

 

Figure 12, pressurized Leak Detection System   Figure 13, vacuum Leak Detection System 

The outlet of these active systems is connected to a detector. Since always ammonia will be 
part of the leaking fluid, the sensors are in most cases based on detecting ammonia.  

When using a pressurised system, one circulates an inert gas behind the liner at a limited 
pressure and the gas will preferentially flow through the passageways along the fixed liner 
welds.  
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Please realise that each liner compartment with two leak detection holes will have two 
parallel gas flows. Plus, in case one passageway is blocked, one is not able to know that this 
has happened.  

Figure 14, liner area under direct detection with a pressurised leak detection system 
 (normal and in case one passage way is blocked) 

One must also realize that in that case only a limited part of the liner area (where there is 
a flow) is under direct detection (refer to Figure 14). 

This also means that all liner compartments should be connected in series and never in 
parallel; otherwise, an open connection of all liner compartments cannot be checked and 
thus assured. 

In case of a vacuum leak detection system, vacuum is maintained behind the complete liner 
area and thus the complete liner area is under direct detection. Not only failures in the fixed 
liner welds but all possible failures modes of the loose liner will be detected directly. 

After performing a comprehensive risk analysis of both the pressurized as well as the 
vacuum leak detection system many arguments conclude that a vacuum system is more 
reliable. Refer to: https://ureaknowhow.com/wp-content/uploads/2022/04/RR-LDS-V7.pdf 

Based on this risk analysis, we have developed the AMMO LASER Leak Detection System: A 
vacuum leak detection system, where continuously all liner compartments are in connection 
with a continuously running vacuum pump and which is designed to assure a maximum 
reliability. Refer to: https://ureaknowhow.com/ureaknowhow-com-leak-detection-system/ 
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Figure 15, AMMO LASER Leak Detection System  

To summarise, the use of a vacuum leak detection system is preferred over a pressurized 
system for the following major reasons: 
 The response time in case of a leak is minimum 
 The complete liner area is under direct detection 
 There is no risk of the liner being pushed inwards because of pressure behind the liner. 
 A vacuum system can be kept in operation in all operating phases without the risk of 

buckling the liner. 
 In case of a blockage behind the liner only a vacuum leak detection system can assure 

a reliable leak detection. 
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Figure 16, in case of no communication between the two lek detection holes,  
a vacuum leak detection system assures a maximum liner area under direct detection  

  

It is thus a very important pre-condition in any leak detection system to have communication 
between the leak detection holes of each liner compartment. Is this communication 
interrupted the working of a pressurized leak detection system is negatively affected. In that 
case with a vacuum leak detection system one can still pull vacuum from both leak detection 
holes realising a reliable leak detection. 

Before installing a leak detection system, one must first ensure that there is communication 
between the leak detection holes in all liner compartments. Further one should check 
periodically for blockage of the system; it is advised to perform such a check every week. 
Typically, active leak detection systems are designed so that these checks can be performed 
in a simple way, either by checking the flow meters or by opening one by one the 
atmospheric ball valves of each leak detection circuit and checking the impact on the vacuum 
pressure. 
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3. REASONS FOR BLOCKAGES 

There are numerous reasons that a blockage can occur; it can happen in every stage of the 
life of a HP Equipment and this risk starts already during the fabrication stage. 

During the machining of the passageways 

The size of the passageways is limited; limited from strength point of view of the carbon 
steel wall with respect to its depth but also with respect to the width. Is a passageway too 
wide the internal pressure will press the liner into the passageway causing a more narrow 
passageway and possibly even a blockage. In view of this, one must realize that these 
passageways are for the most part grinded by hand, see photo 10. Also burrs that are caused 
by the machining the passage ways will hinder the entrance of fluid in the passage ways. 

During painting 

Another reason can occur during the painting of the equipment. When equipment is painted 
sandblasting is applied. When the leak detection holes are not adequately protected with 
steel threaded plugs, the product used to sandblast can enter via the leak detection holes 
and create a blockage. On some occasions plastic plugs are used but these can be pressed 
into the leak detection holes by the force during the sandblasting. 

During shipment 

In case of an overseas shipment the leak detection system can be contaminated. Due to 
changing temperatures ingress of seawater into the leak detection system can occur, causing 
corrosion of the carbon steel and thus a possible blockage.  

During vessel storage at site 

Keep the leak detection holes plugged during shipping as well as during vessel storage, 
maintain the nitrogen blanketing to avoid any rust formation.  

Often, while stored it is good practice to install the leak detection tubing already to a certain 
extent. In case this is done, one should 
store the equipment under a shelter to 
avoid ingress and keep the ends of the leak 
detection tubing plugged until final 
installation. 

            

 

 

 

Photo 16, plugged leak detection hole 
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Keep the leak detection holes 
closed, if possible, to avoid any 
contamination.  

 

Photo 17, example of contamination 

It is recommended that the tubing system will be flushed with dry air or nitrogen before first 
usage to avoid contamination of the manifolds and headers. Never use water or any other 
liquids. 

It is also very important that all leak detection holes are connected in the right way to the 
leak detection tubing. Document all connections properly by photographs before 
commissioning the equipment. After the equipment is insulated a check of the connections 
in erected condition will be very difficult and time consuming. 

During erection of the equipment 

An important step to assure the reliability of a leak detection system is the installation phase 
of the leak detection system. Not only the locations of the various components of the leak 
detection system in the plant are important but also the connecting tubing is important. It 
is important that the tubing is correctly connected, but it is also essential that the tubing is 
either installed under the equipment insulation or sufficiently traced. A minimum 
temperature of 600C should be ensured so that no solidification of ammonium carbamate in 
the tubing 
can occur. An 
example of 
wrong 
installation of 
tubing is 
shown in 
Photo 18.     

 

 

 

    

Photo 18, 
wrongly 

installed leak 
detection 

system tubing 
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4. LEAK DETECTION SYSTEM IN OPERATION 

Keep the leak detection system running also when the plant is shutdown. Be aware that 
there is an increased risk for leaks when the plant stops, starts and during a shutdown. In 
case of titanium lined equipment, the highest risk for leakages is during start-up and in case 
using austenitic stainless steel the risk is when shutting down. At these moments the stress 
level in the liner will be the highest. In case one uses an austenite-ferrite material as liner 
higher stresses during start-up and shutdown will not be substantial. To be sure that no 
blockage in your leak detection system occurs, it is important to keep the leak detection 
system in operation continuously as it lowers the risk of blockages developing in case of a 
leak. 

Once connected and in operation, one should weekly check the leak detection system for 
any blockage. Blockage in the leak detection system may be the result of: 
 A leak in the liner 
 Atmospheric conditions 
 Maintenance activities 

Maintenance activities are always a big risk with respect to the reliability of leak detection 
systems. In case of lined manway covers and opening these manway covers, one must 
disconnect the leak detection tubing to allow removal of the covers. It is common that when 
reinstalling this leak detection tubing, the tubing is damaged or blocked due to bending and 
even worse this leak detection tubing is not connected at all anymore. Also, the reinstallation 
of the insulation 
and its cover 
sheets is often 
done poorly.  

 

 

 

 

 

 

 

 

Photo 19, poorly performed insulation job 
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Points of attention when operating a leak detection system 

 Always check for communication before taking the leak detection system in operation 
 

 Never flush the leak detection system with water, condensate or steam. The presence of 
water in the gap between the loose liner and the strength bearing carbon steel wall of 
high-pressure vessels can however have a negative effect on the equipment from several 
points of view: 

 
 Presence of water in combination with oxygen in the gap between the liner and 

carbon steel vessel wall will cause corrosion of carbon steel resulting in formation of 
voluminous corrosion products. The volume of iron oxides is some 7 to 9 times higher 
than iron. This voluminous corrosion product may block the gap between liner and 
vessel wall and the leak detection holes.  

 
 In case the condensate or steam is contaminated with chlorides, even traces of 

chlorides can cause serious trans-granular stress corrosion cracking in austenitic 
stainless steel liner materials like AISI 316L urea grade or X2CrNiMoN 25-22-2. Liner 
material made from duplex stainless steels are much less vulnerable for chloride 
stress corrosion cracking.  
 

 If the steam or condensate is alkalized by means of non-volatile alkalizing agents like 
caustic soda (NaOH). Presence of caustic soda may cause intergranular stress 
corrosion cracking in the strength bearing carbon steel vessel wall of the high-
pressure equipment especially fine grain steels are sensitive for these cracks. 
Intergranular stress corrosion is also likely to occur if the steam or condensate is 
alkalized with tri-sodium phosphate (Na3PO4) which is contaminated with NaOH. 
 

 Carbonate/bicarbonate 
originating from a leak 
can also cause 
intergranular stress 
corrosion cracking in 
carbon steel. These 
cracks occur behind the 
liner so one is typically 
not aware of these 
critical failure modes!  

 

Photo 20, cracks in carbon steel 
pressure vessel wall behind the 

loose liner    
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One should be aware that when commissioning the leak detection system for the first time, 
there is a realistic chance that in the first period of starting up a high content of ammonia 
will be noticed. The reason for this higher amount of ammonia may be leftovers of ammonia 
in the gaps between liner and carbon steel pressure vessel wall due to a performed ammonia 
leak test when final testing the equipment during fabrication.  

Practice shows that it appears almost impossible to remove this ammonia completely despite 
repeatedly purging the leak detection system, ammonia will remain.  

However, in time, the ammonia level must decrease.  

This also illustrates that 
in a pressurized leak 
detection system the 
inert gas preferentially 
flows through the 
passageways and mainly 
the liner areas close to 
the passageways are 
under direct detection. 

 

 

Figure 21, remaining NH3 
behind the loose liner 
during a first start up 

 

Anyhow it is good practice never to react on peak indications of ammonia levels that occur 
in the leak detection system. Always watch for trends in ammonia levels over time and then 
react.  

 

5. STEPS TO CHECK THE LEAK DETECTION SYSTEM FOR COMMUNICATION AND LOCATE 
THE BLOACKAGE 

In case of a blockage, it is important to find out which part of the leak detection system is 
blocked. Blockage of the system can happen behind the liner, in the leak detection holes or 
in the tubing of the leak detection system. 

At first, establish in which leak detection circuit the blockage occurs. With today’s active leak 
detection systems this is rather easy as most leak detection systems are divided in separate 
parallel leak detection circuits consisting of one or more liner compartments in series and 
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since there is one inlet and one outlet in each leak detection circuit the verification is rather 
simple.  

Checking the communication of the leak detection holes of a liner compartment can be done 
in two ways, either by flow or, and that is the preferred method, with help of vacuum. 

Checking with help of flow means that one must put pressure behind the liner and that in 
turn can lead to bulging of the liner. For that reason, this preferably should be done with 
the equipment in operation. If the equipment is not under pressure, one should allow a 
maximum pressure of max 500 mm water column. In an older reactor with a thinner liner 
because it is recommended to calculate with help of the actual liner thickness the maximum 
allowable pressure in the gap between liner and pressure vessel wall. 

Checking can be done by connecting one leak detection hole with the flow supply and closing 
all other leak detection holes (in case of more than two leak detection holes per liner 
compartment exist) of that liner compartment with help of a plug. Start the flow supply and 
remove one of the plugs and check for flow. Repeat this sequence so that all plugged holes 
have been opened (and checked) and closed again. Repeat this in the same compartment 
but now connect the flow supply to another leak detection hole. 

With vacuum this test is less complicated, closing all other leak detection holes with help of 
a plug except one. Connect this hole to a vacuum pump. Pull vacuum and remove the 
installed plugs one by one and see if you lose vacuum. Is this the case there is 
communication. Repeat this test but connect the vacuum pump to another leak detection 
hole. In this way one can map the communication of a liner compartment.  

A targeted search to locate a blockage behind the liner is not an easy task. 

To determine the exact location of a leak itself is relatively easy. A reliable way is using 
ammonia as tracer. Searching with helium gas is not recommended since the presence of 
moisture will block the helium gas. When one knows the exact location of the leak it does 
not automatically mean that the location of the blockage is known. On the other hand, in 
case there has been a leak in the liner, it is most likely that the blockage will be under and 
in any case in the vicinity of this leak. 

If no leak in the liner is found, determining the location of the blockage is almost impossible 
and a trial-and-error method must be used, where the following considerations can be made. 

If there was no leak in the liner, the biggest chance is that a blockage did occur in the leak 
detection hole through the vessel wall or in the tubing. Ingress of dust/foreign particles / 
moist air resulting in corrosion of carbon steel shell which will lead to blockage.  
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But also, the tubing can be blocked. This is relatively easy to determine by disconnecting 
this tubing from the equipment and checking each section of the tubing with help of vacuum.
     

 

 

 

 

 

 

 

Photo 22, blocked leak 
detection hole 

In all other cases the blockage will be behind the loose liner in the gap between the loose 
liner and carbon steel pressure vessel wall. 

 

6. STEPS TO OPEN UP A BLOCKED LINER COMPARTMENT  

A blockage in or near the leak detection hole 

 Use a flat bottom drill and drill open the leak detection hole. But that might be a tricky 
operation; when one drills too deep the liner will be touched and will be locally thinner. 
That in turn increases the risk for a leak in the future. 

 
 Hammer with a steel pin through the leak 

detection hole against the liner. 
 
 Try to deblock the hole using pressurized gas. 

This method however should only be used 
with the equipment in operation and never 
surpass the existing internal pressure! 

         Photo 23,  
cross section of a blocked ed leak detection hole 

(blockage was in black area) 
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 Machine a window in the liner at the location of the leak detection hole so that a visual 
inspection can be executed, see photo 11. 

As explained earlier we never advise to flush with steam or condensate. 

 

A blockage behind the liner 

A blockage behind the liner obstructing the communication between the leak detection holes 
is a critical problem. 

One option is relining of the concerned liner compartment or part of the liner in case the 
location of the blockage is known. 

Another and our recommended solution is to apply or change the leak detection system into 
a vacuum system where each leak detection hole in the respective liner compartment is 
connected to the vacuum pump. In this way one realises that the maximum liner area is 
under direct leak detection. Our AMMO LASER Leak Detection System is very suitable for 
such a situation. 

As explained earlier we never advise to flush with steam or condensate. 
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7. CONCLUSIONS 

The presence of a reliable leak detection system in lined High Pressure urea equipment is a 
must. Only an active leak detection system acts in a sufficient reliable way. Leak detection 
systems should be tested before installation, after a shut down and weekly during operation 
to ensure communication between the holes of each liner compartment. 
 
A leak detection system should be always in operation especially during stops, start-ups and 
shutdowns in order to minimize the risks for blockages. 
 
Once a leak detection system is blocked, restoring communication will be difficult and 
depends strongly on the location of the blockage. In case of a liner leak the risk for any 
permanent blockage is present. 
 
A vacuum leak detection system is the only leak detection system that guarantees a reliable 
leak detection in all operating modes (stop, start and shut down) and in case blockage 
behind the liner has occurred. 
 
Never flush a leak detection system with water, condensate or steam. 
 
After a leak has occurred and/or in case of a blockage behind the liner it is recommended to 
apply our AMMO LASER Leak Detection System to assure that the maximum liner area is 
under direct leak detection. We can provide support how to revamp your existing leak 
detection system while reusing as much as possible elements of your existing leak detection 
system. 

 


