
                  

Repair of a Pool Condenser 
Tubesheet Severely Damaged by 

Corrosion 
 

In a Stamicarbon urea plant an unexpected damage occurred in a Pool Condenser. The tubesheet 
was damaged at the low pressure steam side by erosion corrosion due to improper quality of the steam 

condensate. The damage was discovered in time and a failure leading to loss of containment (LOC) 
was prevented. A unique and delicate repair was carried out in cooperation with Schoeller 

Bleckmann Nitec from Austria to restore the integrity of the tubesheet. In this paper the root cause of 
the damage will be discussed, the challenges faced during the repair and preventive actions. 
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Introduction 
n a Stamicarbon urea plant unexpected 
damage occurred in the Pool Condenser. 
The carbon steel tubesheet was severely 

affected due to Flow Accelerated Corrosion 
(FAC).  
 
The Pool Condenser is a horizontal shell and 
tube heat exchanger. At the shell side the am-
monia and carbon dioxide reacts into ammonia 
carbamate and urea. The reaction heat is re-
moved by passing steam condensate through the 
U-bundle. The damage occurred in the tubesheet 
at the low pressure steam condensate side. Be-
cause of the FAC a large cavity in the tubesheet 
was created. The damage was observed by a 
sudden increase of the conductivity of the steam 
condensate circulating through the U-bundle. 

This indicated a leak and necessitated to stop the 
plant for inspection. 
 
In this paper the root cause of the damage and 
the repair philosophy are discussed as well as 
the counter measures to prevent this from hap-
ping again. 
 
 
Technical Details 
 
The Pool Condenser is a horizontal shell and 
tube heat exchanger equipped with a U-bundle, 
see figure 1. 
The U-tubes (X2CrNiMo25-22-2 or SS25-22-2) 
are connected to the tubesheet by a so-called 
internal bore weld (IBW). The tubesheet is 
made from 20Mn5V with a thickness of 425 
mm (16,73”)  + 22 mm (0.87”) SS25-22-2 weld 
overlay. 

 I
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Figure 1: Pool Condenser and LP Steam Drum 
 
The inner diameter of the holes in the carbon 
steel tubesheet is Ø 19 mm (0.74”). The IBW 
weld connection is schematically presented in 
figure 2. 
 

 
Figure 2: IBW connection of U-tube to the tubesheet; 
connected to the SS25-22-2 weld overlay (W.O.).  

Case history 
Due to a sudden increase in the conductivity of 
the steam condensate circulating through the U-
bundle of the Pool Condenser, a leak was sus-
pected and the urea plant was shut down for 
inspection. Upon opening the Pool Condenser at 
the LP steam side, the holes in the tubesheet 
were visibly enlarged up to Ø 22 mm (0.87”), 
see figure 3. 
 

A video endoscope inspection revealed cavities 
in the carbon steel part of the tubesheet just un-
derneath the weld overlay at the upper outlet 
side, see figure 4. Almost all tube holes at the 
outlet side were affected. The tube holes at the 
condensate inlet side (lower part of the 
tubesheet) were not affected at all.  
 

 
Figure 3: CS tubesheet from LP tube side; holes enlarged 
 
 

 
Figure 4: Cavity inside the holes near the weld overlay. 
 
 
Inspection of the shell side of the Pool Conden-
ser further revealed severe bending of the tube 
bundle, as well as bulging of the weld overlay in 
the top part of the tubesheet inwards, see figure 
5. 
 

U-tube 

IBW 

W.O.
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Figure 5: Bended U-bundle and stay rods 
 
At the bottom part of the U-bundle no bending 
was observed, however the upper part of the 
baffle plates were bended towards the tubesheet. 
These observations suggested that a large cavity 
was formed in the top half of the tubesheet 
(steam – condensate outlet) as is schematically 
presented in figure 6. 
 

 
Figure 6: Schematically presentation of the cavity in 
the tubesheet. 
 
Due to the synthesis pressure at shell side (P = 
145 Bar; 2103 PSI) the unsupported part of the 
weld overlay was pressed into the cavity. This 
pulled the top part of the U-bundle towards the 
tubesheet; also the baffle plates were bent. As a 
result of the bending, apparently a leak occurred 
either in the weld overlay or in one of the U-
tubes or IBW which necessitated the plant own-
er to shut down the plant. 
 
 
 
 
 

Root Cause Analysis 
 
Analysing the process data as well as the quality 
of the steam condensate used at the tube side of 
the Pool Condenser, the cavity in the tubesheet 
is a result of so-called Flow Accelerated Corro-
sion. Erosion corrosion as root cause of 
tubesheet damage is further supported by the 
fact that the LP Stream Drum connected to the 
Pool Condenser also suffered from severe wall 
thinning due to erosion corrosion.  
 
It is concluded that the quality (pH, conductivity 
and oxygen content) of the steam condensate 
was not controlled properly over a prolonged 
period of time which eventually resulted in se-
vere damage of the tubesheet. Fortunately the 
plant was taken out of service in time (leak indi-
cation) to avoid a potential failure of the Pool 
Condenser.  
 
 
Game plan 
 
The severity of the damage of the tubesheet and 
U-bundle has required replacement of the Pool 
Condenser. A very short delivery time of 10 
month’s (ex-works) was agreed upon. Further-
more it was decided to investigate the possibil-
ity for a repair of the existing Pool Condenser to 
bridge the delivery time. 
Stamicarbon and Schoeller Bleckmann Nitec 
(SBN) as experienced manufacturer of critical 
high pressure urea equipment teamed up togeth-
er with the client and defined following game 
plan: 
 
 To investigate and assess the repair pos-

sibilities to allow safe operations of the 
damaged Pool Condenser for at least 15 
months. 

 To improve and control/monitor the 
steam condensate quality to minimize 
the risk for FAC. 
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 To implement some design improve-
ments in the new Pool Condenser to fur-
ther lower the risk of FAC. 

Repair 
 
A repair was only feasible in case the integrity 
of the bended weld overlay and the twisted in-
ternal bore weld connections were still accepta-
ble. Therefore the first step was to check the 
integrity of the weld overlay and the internal 
bore weld connections in the top part of the 
tubesheet. For this reason it was decided to re-
move completely the remaining carbon-steel in 
this area, to have full access to the weld overlay. 
After removing more than 400 mm (15.75”) of 
carbon steel, the weld overlay became visible 
(see figure 7 and 8). Inspection showed that the 
condition of the weld overlay was still sufficient 
for a repair of the tubesheet. The leak spot was 
identified in the weld overlay and repaired by 
welding and in general the weld overlay suf-
fered only from shallow radial cracks, which 
were ground out without weld repair. 
 
 

 
Figure 7: CS part of tubesheet removed, weld overlay 
become accessible for inspection 
 
 

 
Figure 8: Dye Penetrant inspection of weld overlay indi-
cating radial cracks at tube holes 
 
Despite the fact that all visible cracks and de-
fects were removed and repaired in the bent 
weld overlay layer, there was no guarantee that 
the weld overlay would be defect free. Unno-
ticed buried cracks could still be present which 
could start to a leak after start-up or during op-
erations. So the risk for carbamate corrosion of 
the repaired carbon steel tubesheet has to be 
managed and therefore following repair strategy 
was developed: 
 
 The repair should minimize the risk for a 

failure; failure either by erosion corro-
sion (FAC) by the steam as well as a 
carbamate leak (weld overlay). 

 The repaired Pool Condenser can only 
be operated having a proper condensate 
monitoring program (pH, oxygen con-
tent) and conductivity measurement to 
check for any carbamate leakages. 

 The repair has to restore the strength of 
the tubesheet to meet all code require-
ments (AD-2000). 

 The repair must be executable in reason-
able time. 

 
Repair method and execution  
 
For restoring the strength of the tubesheet it was 
decided to close the cut-out with the help of 10 
mm (0.39”) thin plates, welded layer by layer 
into the window (see figure 9). This quite thin 
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size was chosen to reduce welding distortion 
and to simplify handling on-site.  
 
 

 
Figure 9: Drawing of the repair 
 
 
Due to the pre-damage of the weld overlay, and 
therefore the possibility that a leak might occur 
again after the repair, a solution was necessary 
to protect the carbon steel in such a case. Only 
then, the repair could guarantee keeping the 
Pool Condenser in operation until the new one 
would arrive. Therefore the first layer plate was 
made of Safurex®. 
 
Since the weld overlay was deformed up to 50 
mm (1,96”), the Safurex® plate needed to com-
pensate this and had to have on one side the 
same shape as the deformed weld overlay. Un-
fortunately the deformation was very uneven 
and couldn’t be measured by common practice.  
 
For this reason a 3D-laser-scan of the deformed 
surface was made. Using a special software pro-
gram a 3D- point-cloud was created from the 
recorded signals. In a second step the data were 
converted into a 3D-CAD model. This model 
was used to mill the Safurex® plate, shown in 
figure 10. 
 
 

 
Figure 10: Adapter piece made of two Safurex® plates, 
contour fits to the deformed weld overlay of the tubesheet 
 
 
Still it was necessary to solve two more prob-
lems. First, even when seal welding the 
Safurex® plate behind the deformed weld over-
lay, in case of a leak the carbamate would flow 
through the drilled holes into the carbon steel 
part. Second, building up a tubesheet of thin 
layers doesn’t take care of the shear forces oc-
curring when it is bended by the pressure on the 
shell side. This is comparable to a leaf spring, 
which will deform much more compared to a 
solid beam of the same thickness. 
Both problems have been solved by installing 
sleeves made of high strength duplex material. 
The sleeves have been mechanically expanded 
to seal the holes in the Safurex® plate to protect 
the carbon steel layers in case of a leak like 
shown in figure 11. Additionally the sleeves 
block any movement between the layers and 
therefore absorb the shear forces in the 
tubesheet. 
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Figure 11: Difference of flow of carbamate in case of a 
leak with and without sleeves  
For designing the repair details like exact di-
mensions and material the use of Finite Ele-
ments (FE) analysis was essential. Because of 
the sheer amount of holes multiplied by the con-
siderable number of layers the FE model was 
computationally very intensive. Several 
measures were necessary to decrease computing 
time. A screenshot of the FE model can be seen 
in figure 12. 
 

 
Figure 12: Finite Element Model with applied loads 
 
Basis of the evaluation of the model was the 
stress classification according AD2000. In this 
approach stresses are classified and compared to 
the allowable stresses given in the code. The 
stresses in the layer plates, the sleeves and also 
in the existing parts of the tubesheet were calcu-
lated and have been evaluated (see figure 13). 
After optimizing the design and several recalcu-
lations finally the results were fully in compli-
ance with all code requirements. 
 

 
Figure 13: Calculated deformation of the repaired 
tubesheet 
 
For the client it was naturally outmost important 
to restart the production as soon as possible. 

During the complete repair, from design until 
hydrostatic pressure test, everything was fo-
cused on the shortest possible lead time. 
 
Finally it took only four months from the day 
SBN was informed until the hydrostatic pressure 
test was concluded successfully. For a more 
detailed timeline see figure 14. 
 
 
 
 
 
 
   
 
 
 
 
 
Figure 14: Timeline of repair 
 
 
The Repair execution sequence follows: 
 
The opening of the cut-out in the tubesheet was 
done by the client already during design phase 
of the repair solution.  
 
The first operation of SBN on-site was done to 
repair the weld-overlay, prepare the window in 
the tubesheet for welding the plates and take 
final measurements (3D-laser-scan) of the de-
formed weld overlay.  
 
After that, some weeks was needed to manufac-
ture the necessary material for the repair like 
Safurex® and carbon steel plates, sleeves and 
auxiliary devices. 
 
After shipping these to the site the build-up of 
the tubesheet started. Most critical was to work 
extremely accurate. All layer plates, including 
the first Safurex® plate, have already been 
drilled before shipment to the construction site. 
Therefore every single layer plate needed to be 
welded into exactly the same position (see fig-

             4 months        Total repair time 

3 weeks            Concept Client/Stamicarbon/SBN 

             5 weeks                Design and calculation 

                      7 weeks                          Manufacturing  

    Repair on site          1w                                    4 weeks 

144 2017AMMONIA TECHNICAL MANUAL



ure 15). If there would have been non-uniform 
welding distortion it would have been impossi-
ble to push afterwards the sleeves through all 
the layers. Additionally the tolerances between 
sleeves and drilled plates needed to be quite 
small to allow the sleeves to effectively stop 
shear forces.   
 
All the work on-site has been performed in 
twelve hour shifts, two shifts a day to keep the 
repair time as short as possible. 
 
 

        
Figure 15: Inserted layer plate with centering pins 
 
 
After welding the layer plates in duplex sleeves 
were inserted in the tube holes and hydraulically 
expanded. Duplex steel sleeves aren’t prone to 
erosion corrosion. That means even if the client 
wouldn’t be able to eliminate the root cause of 
the erosion problem the sleeves would ensure no 
further damage of the carbon steel. 
 
There was no practical experience using hydrau-
lic expanded sleeves in a layered tubesheet. The 
layered plates had to be drilled already in the 
workshop because tubesheet drilling is not pos-
sible on site, not in an acceptable time frame. 
Due to the inevitable weld distortion the tube 
holes are not perfectly aligned, there is a misa-
lignment between each layer. Therefore a test-
tubesheet was manufactured in the SBN work-
shop to proof the weld procedure and the hy-

draulic expansion. Afterwards push-out tests of 
the sleeves have been performed (see figure 16). 
 

 
Figure 16: Test-tubesheet with 5 installed sleeves includ-
ing frame for push-out tests 
 
Based on the experience of the tests the sleeves 
have been installed on-site. 
 
Along with the repair all necessary non-
destructive tests (NDT) have been performed in 
coordination with the local vessel authority rep-
resentative. Beside standard tests for the weld-
ing seams, several ammonia leak test have been 
done to find cracks in the weld overlay and to 
prove the quality of the repair and finally after 
pressure test - which was the most critical mo-
ment. Due to the welding distortion it was clear 
that there will be small gaps between each layer. 
During pressure test these gaps are closed and 
the weld overlay, supported by the layered 
tubesheet against the shell side pressure, would 
move. The risk was that due to this movement in 
the already extremely pre-stressed weld overlay 
new cracks might occur again. 
 
But finally the successful pressure test proved 
the quality of the accurate welding and the com-
prehensive design and logistic effort (see figure 
17). 
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Figure 17: Measurement of tubesheet deflection during 
hydrostatic test 
 
After hydrostatic test, the plant was started up 
again within a few days by the client. One addi-
tional safety measure was to install the low 
pressure channel 180° rotated. By doing so the 
flow of condensate and steam through the U-
tubes has been reversed. Like shown in figure 
18, the LP channel is separated by a partition 
plate into an inlet and outlet chamber. Due to 
the original symmetric design it was possible to 
rotate it without need of re-machining. Only the 
piping of the condensate inlet and the rupture 
disc needed to be relocated.   
    

 
Figure 18: Installing the LP channel 180° rotated. 
 

Besides the repair following other measures 
were taken to operate this repaired Pool Con-
denser safety until it is replaced: 
 
 Improve the quality of the steam con-

densate and monitor continuously pa-
rameters such as conductivity, oxygen 
and pH. 

 Conductivity measurement is also used 
to detect any leakage of the repaired but 
pre-stressed weld overlay. 

 Take care to start-up the repaired Pool 
Condenser without large temperature 
and pressure cycles. 

 
Short delivery Pool Condenser  
 
A new Pool Condenser was ordered by the cli-
ent already when the repair of the old one start-
ed since it was clear that the repair was only 
temporary. Especially every shut-down would 
stress the repaired but pre-damaged weld over-
lay. Therefore it was inevitable that it has to be 
replaced as soon as possible. 
 
The new Pool Condenser design foresees a 
tubesheet made of material 16Mo3 (SA 366 F1). 
This material is more resistant to erosion corro-
sion (FAC). Additionally the design allows 
again easy rotation of condensate inlet and 
steam outlet to divide the erosion attack if nec-
essary.  
 
SBN managed to manufacture and deliver the 
new Pool Condenser (see figure 19) on-site 
within 12 months from the day of order. Stand-
ard delivery time of such equipment is normally 
about 18 months. 
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Figure 19: Manufacturing of new Pool Condenser 
 
One reason for making this possible was of 
course the availability of all the design and en-
gineering details in the SBN archive. Addition-
ally due to combined resource planning and 
logistic effort of SBN together with sub-
suppliers it was possible to achieve this lead 
time. 
 
 
Design new Pool Condensers 
 
As a result of the root cause analysis the design 
of the tubesheet is modified for all new Stami-
carbon Pool Condensers. Despite the fact that 
the material of construction of the tubesheet 
changed into a more resistant 16Mo3, the holes 
will be protected against erosion-corrosion with 
help of duplex sleeves, see figure 20. These 
sleeves are only required in the outlet area of the 
tubesheet. The inlet area will not be equipped 
with these duplex sleeves. Fixation of the du-
plex sleeves is foreseen with help of mechani-
cally tube expanding which are performed local-
ly at the transition of stainless steel overlay and 
carbon steel tubesheet. 
 
 
 

 
 
Figure 20: Duplex sleeve configuration in outlet part of 
carbon steel tubesheet 
 
 
Conclusions 
 
The root cause of the damaged tubesheet of the 
Pool Condenser is improper quality of the steam 
condensate through the U-bundle, resulting in 
Flow Accelerated Corrosion of the carbon steel 
tubesheet just underneath the stainless steel 
weld overlay.  
 
Fortunately the plant was taken out of operation 
in time to avoid a failure of the tubesheet.  
 
The severe damage and loss of material made a 
repair seemingly impossible and a very long 
production downtime inevitable. 
 
Due to combined efforts of SBN, Stamicarbon 
and the client it was possible to put the plant 
back into operation within months. 
 
An adequate and safe continued operation was 
only possible by assessing the root cause of the 
mishap and all risks involved in the repair 
method. 
 
Comprehensive experience with manufacturing 
technologies, state of the art design knowledge 
and reliable partners and sub-suppliers made it 
possible to execute such a complicated and deli-
cate repair in a very short time. 
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