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Summary 
 
Qatar Fertilizer Company S.A.Q, Qafco operates four ammonia-urea fertilizer 
trains. The earliest since 1972, the latest since 2004. The last three urea plants 
are Stamicarbon design. Until recently Qafco only had experience with leaking 
high pressure equipment in Urea plant number 2, where the root cause was clear 
from the beginning. In the older plants, there is a higher chance for condensate 
contamination than in the newer design plants. 
Using an improved design, Qafco 3 (1997) and 4 (2004) run the condensate, 
boiler feed water and steam system on a zero-solid principle, avoiding any 
contaminants in their systems. As such, it came as a surprise that the high 
pressure carbamate condenser in Urea 3 (1997) developed a leak just within an 
hour, caused the plant to stop.  
Plugging of the leaking and surrounding tubes proved not to be sufficient. A new 
leak was suspected, and a second shutdown of longer duration followed. 
The enclosed paper will discuss the events, repairs and improvements that 
Qafco implemented to be even better in control in the future. 
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1. Introduction 
 
Qatar Fertilizer Company S.A.Q. has been established since the late sixties. 
Presently Qafco is one of the biggest single site fertilizer production complexes in 
the world, producing around 3 million metric tons of urea fertilizer on a yearly 
basis. Qafco’s vision, “to be the largest quality urea producer”, therefore is 
focussed on further debottlenecking of the plants and making investments on 
product quality and quantity. 

Qafco operates four ammonia-urea fertilizer trains. The oldest is in 
operation since 1972 and designed to produce 1000MTPD prilled urea according 
to the Toyo technology. The second train, which came into production in 1986 
has also been designed to produce 1000MTPD prilled urea, but follows the 
Stamicarbon synthesis license. The latter Stamicarbon technology has also been 
used in production trains 3 and 4. These however solidify the urea into granules 
as per Yara/Uhde Fluid bed Granulation technology. Train 3 is designed to 
produce 2000MTPD and is in operation since 1997. Train 4 produces 3200MTPD 
urea since 2004 and utilizes Poolcondenser Stamicarbon technology. 

Figure 1: Simplified flow diagram showing the production of urea. 
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2. Process description 
 
The principle of producing urea according to Stamicarbon technology is given in 
figure 1. Carbon dioxide and ammonia are both being produced in an ammonia 
plant. Ammonia can be fed to the urea plant directly from the ammonia plants or 
from the storage tanks. Carbon dioxide and ammonia react exothermally in the 
High Pressure Carbamate Condenser (HPCC) to form ammonium carbamate. 
The heat of reaction is removed from the HP carbamate condenser by converting 
condensate into steam. The ammonium carbamate subsequently dissociates into 
urea and water endothermic in the urea reactor. Figure 2 shows the high 
pressure heart of a Stamicarbon urea plant, consisting of the reactor, high 
pressure carbamate condenser, high pressure scrubber and stripper. 
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Figure 2: Stamicarbon Urea technology: high pressure equipment.



Unconverted carbon dioxide and ammonia will be recycled to the HPCC, inert 
gases will be cleaned in the high pressure scrubber, before they will be released 
into the atmosphere. Liquid ammonia is being fed into the HPCC directly by a 
high pressure ammonia pump. The carbon dioxide is fed with a steam driven 
carbon dioxide compressor into the bottom of a high pressure stripper. The top of 
this stripper is supplied by the urea solution from the reactor. The stripper strips 
the urea solution from un-reacted carbamate gases. 

The clean urea-water solution flows to the rectification section in which 
remaining carbamate is removed from the urea. The 75% urea solution flows into 
an intermediate storage/buffer tank. Out of the tank it is processed further to 
remove the water. Less than 0.5% when being solidified in a prilling tower. When 
being granulated 4% water is allowed. 
 
 
3. High Pressure Carbamate Condenser 
 
Figure 3: High Pressure Carbamate Condenser (Qafco, Urea 3 plant). 
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ammonium carbamate is highly corrosive. The parts which are in contact with the 
ammonium carbamate are therefore produced from special urea-grade stainless 
steel. 
 The high pressure carbamate condenser of the urea 3 plant in Qafco is 
manufactured by Belelli, Italy and has been installed in 1997. It consists of 3260 
tubes. The tubes are mounted in the condenser with a 518 mm thick carbon steel 
tube sheet which is protected against the highly corrosive carbamate  by a 316L 
(BC01) urea grade stainless steel cladding. Other details on the tubes and shell 
side of the condenser can be seen in table 1. 
 
Table 1: Design specifications of the Qafco, Urea 3 High Pressure Carbamate 
Condenser. 
 
 Tube side Shell side 
Deign pressure 16.1 MPa 0.8 MPa 
Design temperature 220°C 165°C 
Minimum test pressure 24.6 MPa 1.2MPa 
Material SA213 (BC01) SA516 Gr70 
Thickness 2.5 mm 12 mm 
Outside diameter 25 mm - 
 
 
As can be seen in table 1, the HPCC was originally installed in 1997 with a tube 
thickness of 2.5 mm. Since installation a periodical inspection was done over an 
interval of three to four years. The latest inspection followed in 2004, which 
included a Eddy Current test focusing on average tube thickness. The average 
corrosion rate (10% of the tubes tested) was stated to “near zero” since 2001 
inspection. The average tube thickness was measured to be 2.35mm. Following 
the recommendations by Stamicarbon no Eddy Current testing was done 
specifically focusing on Stress Corrosion Cracking (SCC). 
 
Until recently Qafco only had experience in leaking high pressure urea plant 
equipment in Urea plant number 2. In 1993 the high pressure carbamate 
condenser developed a leak in the steam tube sheet boundary in the top of the 
condenser. In that case the root cause was clear from the beginning: chloride 
induced stress corrosion cracking. In the older design plants there is a higher 
chance for condensate contamination than in the newer design plants. 

On an improved design basis the plants in Qafco 3 (1997) and 4 (2004) 
run the condensate, boiler feed water and steam system on a zero-solid 
principle, avoiding any contaminants in their systems. The history of condensate 
and steam quality in the plants within Qafco 3 does not give any reason for 
concern. Neither do the inspection reports (internal and licensor’s). As such it 
came as a surprise that the high pressure carbamate condenser in Urea 3 (1997) 
developed a leak just within an hour, causing the plant to stop. 
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4. HPCC Leak January 2006 
 

Since the November 2004 overhaul shutdown the urea 3 plant began its most 
successful year ever. The year of 2005 resulted for the urea 3 plant in the highest 
production volumes ever, as during the year only 5 minor stops of less than 2 
hours occurred. These stops (related to steam and CO2 fluctuations) did not 
result in any major pressure, temperature or level fluctuations, neither on process 
nor on steam side. 
 On the 18th of January 2006 at 2 am in the night the (CO2 compressor 
steam) turbine condensate alarm appeared. Both turbine condensate and main 
condensate conductivity increased to beyond control within twenty minutes. The 
plant load was reduced to 75%. A tube leak in the high pressure carbamate 
condenser was suspected. It took twelve hours to identify with 100% certainty 
that the leak came from the HPCC. Already at 7 am in the morning it was 
necessary to stop the granulation downstream of the urea 3 plant, as the steam 
quality became too bad to control the vacuum sections further downstream. 

 
After emptying the high 
pressure system and cooling 
down the equipment the 
maintenance department 
opened the HPCC. When 
opening the process side the 
condensate poured out of one 
of the tubes, indicating indeed 
that a major leak had 
developed. (Figure 4). 
 
 
 

Figure 4: Condensate flow from bottom tube sheet showing a major leak. 
 
This tube was visually 
inspected by the use of a 
boroscope. Figure 5 shows a 
boroscopic picture of the hole in 
the tube (14 mm length and 5 
mm width) 
 
 
 
 
 
 
 

Figure 5: Picture (Boroscope) of the hole (left) in the leaking tube (right). 



As the hole and leak were so clear it 
was decided to drill out the tube in order 
to visually inspect the damage on the 
carbon steel tube sheet. Figure 6 shows 
a schematic drawing of the findings of 
the boroscopic and internal inspection 
of the tube sheet. In the lower part of 
figure 6 it can be seen how the 
corrosive carbamate affected the tube 
sheet and potentially the direct 
neighbouring tube. The leak was 
located approximately 40 mm above the 
overlay weld. Along the crevices parallel 
to the tubes, the carbamate reached the 
steam/condensate upwards (460 mm). 
An open connection to the steam side 
remained. 
Apart from plugging the leaking tube, it 
was decided to plug its direct 
neighbouring tubes as well as the 
neighbouring tubes of the tube to which 
the carbamate had been spraying 
(upper part of figure 6). By this the 
maximum strength integrity could be 
ensured. 
 
 

Figure 6: Schematic visualization of the leaking tube, the affected tube sheet and 
surrounding tubes. 
 
On the 22nd of January the urea 3 plant reached production again, after a total 
down time of nearly four days, losing a budgeted 8850 MT of urea production. 
 As the location of the leak (within the bottom tube sheet) was considered 
to be unique, (as per licenser Stamicarbon a leak in the bottom tube sheet never 
happens). The hole in the tube was of significant size, but the tube sheet was not 
drastically affected and the previous inspection reports showed reliability, the 
leak was considered to be a tube material defect. 
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5. HPCC Leak February 2006 
 
After start-up of the plant the conductivity did not reach its base level (10-12 
µS/cm) directly, but remained at the value of 20 µS/cm. A full cleaning of the 
steam/condensate system was not done, so it was decided to drain and make-up 
with fresh condensate. Experience from the past indicated that it could last 
several days before everything would be normalized. 

Unfortunately, the conductivity kept increasing and reached 50 µS/cm 
within 6 days. As can be seen in figure 7, several steps were taken in order to 
identify the conductivity increase which again occurred. 
 

 
Figure 7: Troubleshooting chart. Condensate conductivity as a function of time.  
 
Production start (reactor overflow) did not directly affect the conductivity in the 
condensate. On the contrary, when increasing plant load (read increasing 
operation pressure) the conductivity decreased shortly. Overall the conductivity 
kept on increasing. The turbine condensate increased from 8 µS/cm to 16 µS/cm. 
The plant was kept under control by steadily increasing steam venting up to 20 
MT/hr (only short improvements), making up with fresh condensate and using the 
contaminated condensate further down stream first. 
 As the laboratory analysis of the high pressure carbamate condenser blow 
down and steam vent did not confirm the high conductivity with respect to 
ammonia and carbon dioxide in the condensate, more checks followed. The on-
line analyzers were recalibrated, and the main closed cooling water condensers 
were isolated. When doing the latter, the situation improved, but likely more 
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ammonia was evaporated. Other components were analyzed, including iron 
(corrosion product) sodium (closed cooling water component) and chloride 
(contaminant).  
 
Table 2: Laboratory analysis of the steam and condensates. 
 HPCC blow down HPCC top 
Fe <0.1 ppm  
CO2 < 50 ppm  
NH3 3-10 ppm 1-100 ppm (fluctuating) 
Cl 0.18 ppm  
Na 3.5 ppm  
 
As both sodium and chloride were high (but still below the Stamicarbon chloride 
recommendation (<0.2 ppm)), ammonia was present and the conductivity did not 
improve by all the measures taken, it was decided to stop the plant again for a 
full inspection on the HPCC. On the 11th of February the plant was stopped and 
handed over to maintenance and Stamicarbon for inspection on the 13th of 
February. 
 By pressure testing (2 bar) 6 wet tubes were found, indicating more leaks. 
Eddy Current (EC) testing of these tubes indicated cracks at the same elevation 
as the leaking tubes (January shut down). It was decided to inspect 100% of the 
tubes by EC-testing, using two different methods. With a dual cross-wound probe 
the first meter of the tubes was checked. By this technique cracks (and their 
locations) can be found which are deeper than 25% of the wall thickness.  A 
rotating pencil probe was used for 100% of the tubes near the tube-to-tube sheet 
weld. Using this technique, outside cracks can be found with a depth of more 
than 40% at this specific location. 

At the location of 60 tubes 
(with >50% cracks) a 
measurement was carried 
out for determination of 
missing carbon steel in 
supporting tube sheet. 
 The result of this 
inspection is that 128 tubes 
(slightly more than 5% of 
the total) have been 
plugged as is shown in 
figure 8. 

 
 
 
 
 
Figure 8: Visualization of the amount and location of the plugged tubes in the 
HPCC, Urea 3, Qafco 



From the 128 
plugged tubes two 
tubes have been 
pulled for further 
analysis (in-house 
and at 
Stamicarbon). In 
figure 8 a crack in 
one of the pulled 
tubes is seen. 
 
 
 
 
 
 
 
 

Figure 8: Picture of the crack (10 cm from bottom) in a pulled tube. 
 
After plugging the tubes, the HPCC was pressurized from the shell side at 2 bar 
with nitrogen and a soap test was carried out. After passing this test successfully 
an ammonia leak test was carried out. Due to the size of the system (160 m3) the 
recommended method by ammonia supply from cylinders was not suitable and a 
direct ammonia supply from the low pressure ammonia system was used. The 
system was pressurized to 3 bar (nitrogen and ammonia).  
 Unfortunately 4 plugs from the 158 showed ammonia penetration. Further 
evaluation indicated that the plugs were made from defective stainless steel. 
These plugs were repaired by grinding and plugging with a smaller plug. After 
these repairs and closing all equipment, the plant was handed over to production 
for tri-sodium phosphate treatment (TSP). 
 Preliminary results show that stress corrosion cracking is the root cause 
for the leaks in the tubes. It was recommended by the licenser Stamicarbon to 
treat the HPCC with a 1% TSP solution. Stress corrosion cracking in stainless 
steel normally results from the combination of the presence of chloride, an 
elevated temperature, a low pH and the presence of oxygen. TSP inhibits 
chloride attack and buffers the pH to above 9, both improving the situation to 
avoid SCC. The 1% TSP solution was applied to the shell side of the HPCC, 
following the guidelines of the supplier for more than 1 day, heating and cooling 
the HPCC cyclically. 

The 23rd of February the urea 3 plant reached production again, with a 
total down time of over eleven days, losing a budgeted 26300 MT of urea 
production. 



6. Conclusion and recommendations 
 
From the unexpected loss of 35150 MT of budgeted production volume it can be 
concluded that problems with high pressure equipment are not easy to deal with. 
Apart from troubleshooting and finding the correct location to inspect, the findings 
do have a big impact with respect to the future reliability of the urea 3 plant.  
 The main conclusion of these major leaks and magnitude of affected tubes 
in the HPCC is that replacement of the present HPCC will be scheduled for the 
near-future. 

In addition, it should be concluded that the improved inspection methods 
during scheduled overhauls should be adapted and not only the focus should be 
on general corrosion, but more specific stress corrosion. 

As the cause is chloride induced stress corrosion cracking more focus will 
be put during operation on monitoring the condensate quality. Although it was 
shown that even during the problem the chloride content never exceeded the 
licenser’s recommendation, Qafco changed their analytical method to a more 
accurate chloride determination down to 20 ppb accuracy. 

Even although the recommendations above are implemented, no 
guarantees can be given on the life-time of this type of high pressure carbamate 
condenser. As the cracks were found within the tube sheet (bottom) and at tube-
sheet steam boundary a design improvement is recommended. As a potential 
increase of chloride locally can be expected within the crevices in the tube sheet, 
these crevices should be avoided (which is the case for the new design Pool 
condensers by Stamicarbon). Another further improvement could be the selection 
of SCC-proof material for the improved design or for similar design.  
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