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OVERVIEW & OUTCOME 
 
This work was completed within 24 hours. 
 
A gold mine stainless steel, copper sulphate clarifier overflow tank had 
leaked after only one year of use.  Analysis found that leaking was the 
result of microbially induced corrosion (MIC).  This corrosion damage 
formed localized pitting that had tunneled through the tank wall.  It was 
most likely that the bacteria had colonized after construction and prior to 
service, then continuing to grow during service.  
 
Removal and patching repair of the damaged sites would be sufficient to 
restore the tank.  The mine consulted with a corrosion expert familiar with 
this corrosion mode to resolve the issue and prevent repeat occurrence. 
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1.0 INTRODUCTION 
 
After less than one year of service, a Copper Sulphate Clarifier Overflow Tank at 
NoPeaking!! Gold Mine located in No Peaking!!!!! had leaked.  Their inspection had 
found the majority of the tank to be in pristine condition yet leaking to have occurred at 
localized corrosion pitting on the tank floor.  The tank shell comprised of 316L stainless 
steel. 
 
The pitted floor region was cut out and sent to Steel Image for analysis.  A reference, 
remote site of the floor was provided for comparison.  Steel Image was requested to 
determine the nature of leaking. 
 
2.0 EXAMINATION 
 
2.1 Visual / Macroscopic Examination 
 
Figure 1 displays the submitted samples whiles Figures 2, 3 and 4 display the corrosion 
pitting damage.  The damage was isolated to a 2x2 inch section.  What appeared to be 
fine surface pits were found to consist of an extensive network of sub-surface pitting and 
tunneling.  The localized damage was centered on the butt weld and extended into both 
plates.  On the samples provided, pitting had extended through the wall thickness at three 
locations, each providing leak paths (Figure 4).  Visually, the localized and tunneling 
nature of the pitting was consistent with microbially induced corrosion (MIC).   
 
No other sites on the provided samples exhibited any corrosion or pitting damage. 
 
Examination using a scanning electron microscope (SEM) found further indicators of 
microbially induced corrosion (MIC).  The stainless steel weld had experienced 
preferential chemical/acid attack of its austenite phase, leaving behind a ferrite skeleton 
(Figure 5).   
 

SUMMARY 
 

The copper sulphate clarifier overflow had suffered through-wall pitting corrosion due to 
microbially induced corrosion (MIC).  The stagnant, untreated water conditions provided 
the conditions for sulphate-reducing bacteria (SRB) to form, creating sulphuric acid 
which penetrated through the shell walls.   
 

It was likely that the microbiological colonies had likely been established during the 
stagnant conditions after construction and prior to service with damage continuing during 
service. 
 

Cutting out the damaged regions and patching would be sufficient to restore the tank to 
operation.  The most reliable method of preventing MIC is preventing the occurrence of 
stagnant, untreated water.   
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Energy dispersive spectroscopy (EDS) analysis found high levels of sulphur within the 
pitted areas (Figure 6).  Note that although molybdenum peak within the 316L stainless 
steel overlaps with sulphur, the increase in peak intensity compared to the base metal 
indicated high levels of sulphur.   Also, the tank had contained copper sulphate which 
could have been the sources of sulphur, after cleaning sulphur was only detected on the 
pitted surfaces indicating that the sulphur was within the corrosion/conversion product.  
Also no copper was detected.  Combined with the pitting morphology, this indicated that 
the bacteria responsible for the damage had been sulphate-reducing bacteria (SRB).  This 
form of bacteria converts sulphate into sulphuric acid causing localized corrosion pitting.  
It is one of the few damage modes that causes tunneling and can penetrate through thick 
stainless steel in less than a year. 
 
In cross-section, optical examination found the pitting to exhibit a bulbous morphology 
classic for MIC sulphate-reducing bacteria (Figures 7 and 8).  The acid produced by the 
bacteria had selectively attacked the austenite phase within the steel, leaving behind 
stands of ferrite. 
 
Chemical analysis of the plate and weld metal found them to conform to the AISI 316L 
compositional requirements (Table 1).  The microstructure of the weld and plates 
comprised predominantly of austenite as expected for this material type.  No detrimental 
phases, such as sensitization or sigma phase, were observed that would have decreased 
the corrosion resistance of the material.  Corrosion failure was not due to a material 
quality issue. 
 
Table 1: Chemical Analysis Results 

Location 
Composition (wt%) 

C Mn P S Si Cu Cr Ni Mo 

316L 
0.03 
max 

2.00 
max 

0.045 
max 

0.03 
max 

1.00 
max 

- 
16.0-
18.0 

10.0-
14.0 

2.0-3.0 

Tank Plate 0.020 1.63 0.04 <0.005 0.50 0.08 17.02 10.26 2.01 

Tank Weld 0.016 1.70 0.04 0.005 0.40 0.09 17.40 11.16 2.25 
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3.0 CONCLUSIONS 
 
The corrosion damage sustained by the tank flaw had been the result of microbially 
induced corrosion (MIC).  In particular, the bacteria had been sulphate-reducing bacteria 
(SRB).  This bacteria converted sulphate into sulphuric acid which locally corroded the 
metal beneath it.  This form of corrosion is one of the few mechanisms that can cause 
failure of stainless steel in less than one year. 
 
Sulphate reducing bacteria (SRB) prefers forming in stagnant, warm and near neutral pH 
waters that are rich in nutrients (C, N, P, sulphates, trace metals).  Once formed, the 
bacteria generates sulphuric acid, corroding the steel beneath the bacteria tubercles.  MIC 
is one of the few corrosion mechanisms that causes isolated pitting that can breach 
stainless steel material within less than a year. 
 
MIC commonly initiates during shutdown conditions or, in this case, prior to service.  
Discussion with the client included that the roofless tank had been constructed six months 
prior to being put into service.  Although it could not be proven, the stagnant, untreated 
and warm water conditions from the rainy climate would be ideal for first forming 
sulphate reducing bacteria on the floor panels.  Once formed, this bacteria is quite robust 
and can a wide pH range.  Note that the copper sulphate within the tank would also 
provide the sulphates needed for the bacteria to convert to sulphuric acid. 
 
Cutting out the damaged regions and patching would be sufficient to repair the tank.   
 
The most reliable method of preventing MIC is preventing the occurrence of stagnant, 
untreated water.  If stagnant water is accumulated, chemical treatment prior to service 
may be required.  If further MIC failures were to occur, it is recommended that an 
appropriate corrosion expert be consulted to develop strategies to mitigate MIC damage. 
 
No quality issues with the weld or plates were observed.  Corrosion was not due to a 
material quality issue. 
 
 



It broke.  Understand why.  Solve the problem. 
understand@steelimage.com, (289) 895-8363 

 

Failure Analysis of Mine Clarifier Overflow Tank  Page 4 of 11  

 
Figure 1: Photographs displaying the sample submitted for analysis. 

a) Sample  #1 
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Figure 2: Photographs displaying the corrosion damage sustained on the internal, 

top surface of the floor panels. 
 

a) External Surface 

b) Internal Surface 

c) Internal Surface 
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Figure 3: Photographs displaying the damage at the weld and the neighboring plate.  

The pitting/tunneling damage extended well beyond the weld heat affected 
zone.  The nature of pitting was consistent with microbially induced 
corrosion (MIC). 

Internal, Top Surface 
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Figure 4: Photographs of the penetration sites on the external surface of the floor 

panel.  Internal corrosion pitting having breached through the weld 
thickness provided the leak path. 

External  Surface 
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Figure 5: SEM images displaying the corrosion damage to have preferentially attacked 

the austenite phase within the steel, leaving behind a ferrite skeleton.  This 
corrosion morphology was consistent with microbially induced corrosion 
(MIC).  SE1, 20kV. 

 

a) Internal Surface b) Internal Surface, 10x 

c) Weld Pitting, 50x d) Weld Pitting, 200x 

e) Weld Pitting, 5000x f) Weld Corrosion, 5000x 

Ferrite skeleton 
Ferrite skeleton 
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Figure 6: EDS spectra obtained from damaged, pitted regions of the (c) weld and (d) 

plate.  Even after cleaning, high levels of sulphur were detected within the 
pits.  The presence of sulphur strongly supported that the bacteria 
responsible for the damage had been sulphate-reducing bacteria (SRB).  
SE1, 15kV.  

a) Weld Damage, 500x 

c) Weld Pit, EDS 

Sulphur 

b) Plate Damage, 100x 

d) Plate Pit, EDS 

Sulphur 
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Figure 7: Micrographs displaying the corrosion damage within the weld consistent 

with MIC damage.  The MIC corrosion had preferentially attacked the 
austensite, leaving behind a skeleton of ferrite.  (b,c) As-polished 
condition, (a,d) electrolytically etched using 10% oxalic acid. 

a) Weld, 5x 

b) Weld, ~66x 

c) Weld, 200x d) Weld, 400x, etched 
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Figure 8: Micrographs displaying the MIC damage within the plate material.  As in 

the weld, the MIC corrosion had preferentially attacked the austenite, 
leaving behind stringers of ferrite.  As-polished condition. 

a) Weld, 5x 

b) Base Metal, Adj Weld, 100x c) Base Metal, Adj Weld, 400x 

d) Base Metal, Remote Weld, 100x e) Base Metal, Remote Weld, 400x 

Ferrite skeleton 
(preferential 

austenite attack) 

Ferrite skeleton 
(preferential 

austenite attack) 


