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Challenges and Lessons Learned in
Corrosion Management for Urea
Solution Storage Tank Bottom Plate




Urea solution, a corrosive medium stored at temperatures around 90°C, poses significant challenges for tank materials. In this paper, we
explore the case of an austenitic stainless steel tank that suffered corrosion and cracking in bottom plate due to impurities in the sand
beneath it and chloride contamination. The original tank bottom plates experienced chloride stress corrosion cracking from the soil side,
necessitating replacement.

The upgraded solution involved installing Duplex Stainless Steel (DSS) bottom plates, known for their superior resistance to chloride
pitting attack. However, after 10 years in service, the new DSS bottom plate corroded and leaked. Upon inspection and removal of parts
of the tank foundation, it revealed not only corrosion attack on the Duplex stainless but also severe corrosion of the old austenitic
stainless steel bottom plate left over.

This paper discusses several critical aspects:

Soil Purity Recommendations: We emphasize the importance of assessing soil purity during tank installation. Contaminants in the soil
can accelerate corrosion processes, impacting the tank's longevity.

Best Practices for Tank Bottom Plate Replacement: Proper procedures during tank bottom plate replacement are crucial. Ensuring
thorough soil removal and addressing potential contamination are essential steps.

Crevice Corrosion in Duplex Stainless Steel: We highlight the significance of crevice corrosion in Duplex SS, especially in chloride-
contaminated environments. Understanding this mechanism is vital for preventing future failures.

Temporary Repairs and Inspection Methods: When leaks occur, temporary repair actions are necessary to maintain tank integrity. We
discuss effective inspection methods and strategies for continued operation until a planned turnaround allows for complete bottom
plate replacement.



Urea is produced by reacting ammonia with carbon dioxide under a pressure of 150-220 bar, in a reactor at temperatures in the range
of 170-200 °C.

* The reaction consists of two steps; first, the formation of ammonium carbamate (NH,COONH,) followed by its decomposition into urea
CO (NH,),
NH3 + CO2 —— Carbamate —— Urea+ H20

* Ammonium carbamate, which is present both in the reactor and the decomposition stages, is highly corrosive and active corrosion rate
of 316L can be as high as 50 mm/year. Corrosivity of carbamate increases with temperature and is also affected by the
ammonia/carbon dioxide ratio. Very few materials have adequate resistance to corrosion in such environment.

* Specific Austenitic stainless steel urea grades (SS 316L UG; 25Cr-22Ni-2Mo / 310LMo) and super duplex stainless steel (patented alloys)
with restricted manufacturing quality control were developed in recent years. In addition to the use of Titanium and Zirconium in some
if the urea striper tubes.

* On other hand, Urea solution is mildly corrosive and requires handling in relative high temperature in austenitic stainless material (SS
304L/316L)

Example of carbamate corrosion
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2012 bottom plate replacement
Tank placed in service. *New Bottom plate Duplex SS installed
e Bottom plate material SS 304 *Old SS 304 plate maintained under the new bottom
P plate after cutting 500 mm from the annular plate Bottom plate leak
*Sand not replaced *Leak observed from underneath bottom plate

*Heavy corrosion observed in the bottom side
of DSS and old SS 304 plate

2008 Inspection

*Multiple Cracks observed in bottom plate
caused by Chloride SCC
*Sand sample contained ~700 ppm chloride




Stress corrosion cracks (SCC) were seen in all the lap joint welds between annular plate and sketch plate. Many of these cracks were
extending to the parent metal on either side. Also weld defect such as pin hole, porosity observed in the welds.

* The tank was inspected by vacuum box and confirmed leaking. The repair was done using patch plate covering the defected welds.
The location of the patches provided is shown in the sketch below.

* Sample was collected from the crack location the Lab results confirmed that the cracks were caused by chloride stress corrosion
cracking.

* Sand sample collected and showed chloride content of > 600 ppm.

* It was recommended back then to replace the bottom plates with upgraded material (i.e. duplex stainless steel UNS 31803) the
replacement was executed in 2012.




Bottom plate was replaced in 2012 with upgraded material (duplex stainless steel UNS 31803)




Urea solution and ammonia smell was noticed from the bottom of the
tanks from south side. Location of the leak is shown in the drawing below.

After removing the wrapping around the foundation below the bottom
plate. Broken pieces of the foundation covered with white deposit
observed.

The white deposit was found inside the dyke.
The solution was coming from under the bottom plate

The tank equipped with Release Prevention Barrier (RPB) including HDPE
liner and drain nozzles from foundation which helped in containing the
leak in the tank dyke without environmental impact

" o~ SS 304 Shell

SS 304 bottom
DSS bottom Plate Sand Plate

HDPE Liner

Gravel



Partial removal of the concrete ring, controlled manual excavating under the tank bottom plate.

Old bottom SS plate corroded and leak Cleaning showed high corrosion to old SS 304 Leak from deep pits
observed between the two plates plate; And pitting attack in the DSS plate
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Intermetallic phases formation

Intermetallic phases formation

Reference: APl 938 C, Use of DSS in oil refinery Industry




* The bottom plate is attacked by corrosion from the bottom side

* The area of the annular plate where the old SS 304 plate was removed in 2012 has
no signs of corrosion

* Removed part of the old SS 304 during the patch plate repair showed sever
corrosion attack allowing the sand and underneath moisture to divert into the gap
between DSS and SS 304 plate

* Sand was not replaced and analysis done in 2008 showed Cl content of 700 ppm

* DSS can be subjected to chloride attack in case of Crevice and under high
concentration of chloride and high temperature conditions. the parameters are
allocated on the enclosed curve

* While there is no crevice, even at the high temperature (90 C) and high chloride
content, pitting attack for DSS is not foreseen. Please see the solid line for 2205 in
the enclosed graph. In addition to the findings where the annular plates (away from
the crevice area) is not corroded.

* Reducing the chloride content to level lower than 100 ppm should protect DSS from
being vulnerable to pitting corrosion even in crevice conditions (taking in
consideration that actual chloride content can be much higher than measured
values outside the crevice).
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Duplex Bottom plate
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After Excavation, no corrosion
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Urea deposit
observed from

Patch plate provided to the bottom plate

Exposed bottom plate after sand removal

Leak within this area. Bottom plate to be exposed
by removing the sand to assess the condition

Leak is suspected in this area. Sand removal might
be required after assessment

erved during tank filling







APl Std. 653 / 650 / 651 / 575: Captured Guidelines

* Suitable noncorrosive material cushion such as sand, gravel, Tanks with CP installed under bottom plate

or concrete shall be used between the old bottom and the * Consideration shall be given to removal of the entire bottom and

new bottom. unused dead shell to prevent shielding of CP current to the new
 Voids in the foundation below the old bottom shall be filled bottom.

with sand, crushed limestone, grout, or concrete.  Removal of the old bottom is also important in preventing galvanic
* Installation of a new tank bottom, after removal of the corrosion (refer to API 651).

existing tank bottom, shall meet all requirements of API 650. * Consideration shall be given to installing under-bottom leak

detection at this time (such as an RPB) to contain and channel any
bottom leak to a location where it can readily be observed from
outside of the tank API Std. 653

API Std. 653

* Chlorides will affect the resistivity of soil, and act as a
depolarizing agent which will increase the current
requirement for CP of steel.

When new tank bottom plate installed through slots, perimeter layer

of clean sand fill, metal grating, or a concrete pad should be installed

under and at least 3 in. (76 mm) beyond the projection of the new

e Pitting corrosion on steel can begin at chloride levels of 10 bottom so that the shell is supported on the foundation through the
ppm new bottom

here is currently no industry consensus on an acceptable
range for chloride levels, therefore the tank owner/operator
should specify the acceptable chloride level.

API RP 651 APIRP 575
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