
                                          

Ammonia tank inspection findings 
and follow-up tank modifications at 
two 1967 ammonia tanks from OCI 

Nitrogen 
  

In 2015 OCI Nitrogen inspected two ammonia tanks located in Rotterdam, The Netherlands. Both 
tanks consist of a single inner steel tank with an outer concrete tank around it. An internal inspection 

was performed since at the same time the tanks also had to undergo various modifications to bring 
them to more modern standards. During the inspection, cracks were found in the bottom plate welds 

of the tanks. The cracks originated from original manufacturing defects. This paper will go into detail 
on the repair of the cracks, and all the other tank modifications that were done to these old tanks to 

bring these up to more modern standards.  
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Introduction 

ocated at Geleen in The Netherlands, OCI 
Nitrogen (former DSM Agro) operates 
two ammonia plants, each with a name-

plate capacity of 1360 MTPD (1500 STPD) of 
ammonia. One plant (AFA-2) was designed and 
constructed by Bechtel; the plant was commis-
sioned in 1971. The other plant (AFA-3) was 
designed and constructed by M.W. Kellogg 
based on Kellogg's reduced energy ammonia 
technology; the plant was commissioned in July 
1984. Current capacity of both plants is about 
1550 MTPD. 
 

In 2010 OCI Nitrogen acquired the ammonia 
terminal in Rotterdam that has two ammonia 
tanks each with a capacity of 15,500 metric 
tons. The terminal is used for import/export of 
ammonia in to the West European market and as 
a buffer for the Geleen plants operation. When 
there is a major turnaround, ammonia can be 
supplied to the Geleen site from the Rotterdam 
terminal via barges. Vice versa, when the 
Geleen site has an oversupply of ammonia and 
the site tanks are full, ammonia can be sent from 
Geleen to Rotterdam. The Geleen site is con-
nected to a harbor via a 4 km underground pipe-
line system so barges can be loaded and unload-
ed. In this way the Geleen and the Rotterdam 
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tanks are connected and form an integral part of 
the OCI Nitrogen ammonia business operations.  
 
This paper describes the findings from an inter-
nal inspection of the Rotterdam tanks. Also 
practical information is shared on how tank op-
eration and tank integrity has been improved at 
the OCI Rotterdam ammonia tanks by installing 
various tank modifications. 

OCI Rotterdam atmospheric 
ammonia storage tanks 

In Rotterdam, the Netherlands, OCI Nitrogen 
owns and operates two 15,500 metric tons am-
monia tanks. The tanks are comparable in con-
struction and size. The tanks were built by 
Graver in 1967. Each tank consists of an inner 
steel tank with a concrete wall around the tank 
(second containment).  
 
The volume of each tank is 22,500 m3 (5.94 mil-
lion US gallon), the diameter is 30.4 meter (101 
feet) and the cylindrical height is 32.0 meter 
(107 feet). The single wall steel tank is sur-
rounded by a second containment concrete tank 
with rain cover. The steel tank is insulated with 
foam glass on the outside. The reinforced con-
crete tank has a 350 mm (14 inch) thick wall 
and has a diameter of 34.4 meter (115 feet) . 
The annular space between the outside of the in-
sulation of the steel tank and the inside of the 
concrete tank is 1.55 meter (5.17 feet) wide.  
 
The steel bottom plates of the tank are 6.35 mm 
(0.25 inch) thick and there is no annular bottom 
plate ring. The wall has 13 courses of steel 
plates ranging in thickness from 29.2 mm (1.15 
inch) (bottom part) to 8.0 mm (0.3 inch) (top 
part). Each plate is 9.58 meter (32 feet) long and 
2.44 (8 feet) meter high. The first course is 2.74 
meter (9 feet) high. 
 
The ammonia is stored at boiling point (-33 °C, 
-28 °F) at atmospheric pressure. The steel tank 
roof is insulated with a polyurethane insulation 
and the wall with foam glass insulation. Also 

under the tank, bottom insulation material is 
present. To prevent frost heave, the tank founda-
tion is 1.5 meter (5 feet) above ground based on 
concrete piles.  
 
Figures 1 and 2 show photos of the tank. 

 
Figure 1. The OCI ammonia storage tanks in 
Rotterdam: Steel inner tank with concrete sec-
ond containment. 
 

Figure 2. Top view of the ammonia storage tank 
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Inspection 

In 2015 we inspected the first tank, TK1002. 
The type of inspection was “Out of Service In-
spection” (OSI). We choose OSI because of all 
the modifications in the tank. The inspection 
plan was defined by OCI and Lloyds Register 
(authority). The inspection of the tank bottom 
was part of the inspection plan and includes 
vacuum testing, floor scan and weld inspection 
(magnetic testing). During vacuum testing a 
leak was found in the welds of the bottom 
plates, see Figure 3. For the investigation we cut 
out a 30 cm (12 inch) diameter disc from the 
tank bottom. At the backside of the disc we saw 
the backing strip, see Figure 4. The crack was 
caused by bad welding of the backing strip and 
as a result high tension in the bottom plate weld.  
  

Figure 3. Leak in bottom plate weld 

Figure 4. Backing strip with weld 

 
To make sure the rest of the tank bottom has no 
other cracks we tested the bottom plate welds 
with Time of Flight Diffraction (ToFD) tech-
nique. The test indicated many cracks in the 
length of the welds. We cut three more discs out 
of the tank bottom and did a macroscopic inves-
tigation, see Figures 5 and 7. 
 

 

 

Figure 5. Macroscopic photo of a crack in the 
weld in the bottom sample 
 
All the samples showed cracks in the welds. To 
ensure that the cracks were not caused by Stress 
Corrosion Cracking (SCC) we did a microscopic 
investigation on the samples to find the tip of 
the crack, see Figures 6 and 8. The microscopic 
results show that all of the cracks were due to 
fabrication defects. All of the cracks were 
caused by pores, slag inclusions, lack of fusion 
and insufficient weld penetration. Figures 5 and 
6 show a crack caused by lack of fusion. The 
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failure mode and the time based effect in growth 
was defined based on these microscopic labora-
tory tests. Based on these tests we concluded 
that the size of the cracks had not increased 
since 1967 and thus were fully contributable to 
original manufacturing defects. 
 

Figure 6. Tip of the crack in microscopic sam-
ple caused by lack of weld fusion 
 

Figure 7. Macroscopic photo of a crack and in-
clusions 

Figure 8. Microscopic photo showing lack of fu-
sion and pores (sample 35), lack of fusion (sam-
ple 36 and 37) 

The best method to continue with the tank oper-
ation is to leave the cracks to rest.  The cracks 
will not propagate or increase and thus will have 
no influence on the integrity of the tank bottom. 
Also the cracks are present in neutral locations 
without significant stress or strain loadings. 

Tank modifications 

To bring the tanks up to more operational  
standards (Dutch regulations on the storage and 
transport of ammonia, published in report PGS12) 
OCI modified the old tanks and brought the in-
tegrity to a higher level. 
 
The modifications that were done to the tanks 
are listed in below paragraph. 
 
OCI engineered and installed for each tank two 
big stainless steel square manholes (Figure 11) 
with stairs in the bottom of the annular space. 
Those two big 80 cm x 200 cm (31 inch x 78 
inch) manholes gave us safe access to the annu-
lar space. This access is thus from underneath, 
see Figures 9 and 10. All the contractors could 
work safe and the emergency exit was secured. 
These two big manholes remain in the annular 
space when the tank is in service. With these 
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two manholes OCI is able to inspect the annular 
space frequently in a safe way. Of course spe-
cial attention is given to the fact that these man-
holes need to be liquid tight. Both manholes are 
made out of stainless steel and sealed by an Eth-
ylene Propylene Diene Monomer (EPDM) gasket.  
 

 
Figure 9. Entrance to tank foundation 
 

 
Figure 10. Entrance to manhole 

 

 
Figure 11. Drawing of the square manhole to-
gether with access stairs 
 
OCI engineered and installed a stiffening clamp 
on the 14" discharge line between the inner tank 
and the concrete second containment wall, see 
Figure 12. If the tank instantly fails and vertical-
ly ruptures from bottom-up, the discharge line 
will stay in position and will not force valves 
and pipelines out of the annular space, which 
may have resulted in damage to the concrete 
secondary containment. Thus this modification 
will ensure that all of the ammonia stays in the 
annular space (second containment), a new 
“sliding vane pump” has also been installed to 
enable pumping ammonia out the second con-
tainment to the other tank, in the event of the 
tank failure. 
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Figure 12. The new clamp (the silver part on the 
left) on the tank discharge line 
 
OCI engineered new instrumentation on the roof 
and removed all the existing nozzles from the 
tank wall. This modification decreases any risk 
of leakage due to bad connections on the tank 
wall. The new instrumentation includes a re-
dundant level indicator, guided radar and servo 
level gauge, and an independent level switch. 
Also a temperature and pressure indicators are 
reinstalled on the roof. Figures 13 and 14 show-
ing the new Honeywell ENRAF servo level 
gauge. 

 
Figure 13. Servo level gauge 
 

  
Figure 14. Servo level gauge on roof 
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The insulation on the inner tank was more than 
40 years old and was in bad conditions. The in-
sulation came loose and much ice was growing 
between the tank and the insulation. Therefore 
OCI removed all the existing insulation on the 
tank wall. Then we sandblasted and coated the 
3400 m2  (36,584 ft2) surface on the inner tank. 
After coating, a new 10 cm (4 inches) foam 
glass insulation and a vapour barrier was in-
stalled on the tank wall, see Figure 15. 
 

 
Figure 15. Foam glass insulation on the steel 
tank in annular space 
 
OCI installed a lift to get safe access to the roof, 
see Figures 16 and 17. A fly-over from one tank 
to the other gives access to the other ammonia 
tank. The lift is specially engineered and fire 

safe. In case of an emergency, a chairlift is in-
stalled to leave the elevator safely.  
 

 
Figure 16. Entrance to the permanent lift. 
 

 
Figure 17. Lift installation on the tank wall 
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All of the existing valves were replaced with 
new ones that are fire safe, failsafe and made 
out of stainless steel. Due to the limited space, 
and the need to provide double isolation, a high 
performance butterfly valve was installed in the 
annular space combined with a gate valve.  
 

 
Figure 18. New valves and pressure relief 
valves with ammonia detectors on the tank roof 
 
An ammonia detection system (Honeywell) was 
installed around the tank and in the annular 
space. Every position where there is a potential 
probability of leakage (flanges, etc.) we in-
stalled this gas detection system. This detection 
system triggers the Emergency Shutdown De-
vices (ESD) and an automatic scrubber installa-
tion will be activated. Figure 18 shows NH3 de-
tection devices at the outlet of the pressure relief 
valves. 
 
Conclusion 
 
After seven months completion of all of these 
modifications both ammonia tanks are now 
equipped with significantly improved levels of 
safety.  Integrity for the OCI Terminal in Rot-
terdam is the most important motivation for our 
environment and future activities. Our terminal 
is reborn! 
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