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ABSTRACT 
  
 Stainless steel is selected for use in the municipal waterworks industry because of its 
inherent corrosion resistance properties.   Designers oftentimes overlook the associated 
problems with coupling stainless steel with carbon steel metals.  When these materials are 
electrically connected and placed into aqueous environments (immersion service) accelerated 
corrosion of the anodic carbon steel metal is initiated.  This paper will review the galvanic (bi-
metallic) corrosion theory, present the results from a galvanic coupling study, and provide 
examples where bare stainless steel and coated carbon steel metals were coupled in water and 
wastewater structures. 
 
  
Keywords:   galvanic corrosion; galvanic coupling; dissimilar metal corrosion; bi-metallic 

corrosion; stainless steel; stainless steel coupling; protective coatings; water 
tanks; wastewater treatment; waterworks, immersion service  

 
   

CORROSION 
 

 Corrosion can be defined as the destructive attack of a metal by a chemical or 
electrochemical reaction with its environment. In order to have electrochemical corrosion, the 
following four elements are necessary: 
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- anode 
- cathode 
- metallic pathway (external connection) 
- electrolyte. 
 
Remove any of these and corrosion will cease.   
 

 
GALVANIC CORROSION 

 
Galvanic corrosion is one of the eight forms corrosion classified in corrosion 

engineering (1).  A galvanic cell is formed when two dissimilar metals are connected 
electrically while both are immersed in a solution electrolyte.  This connection can be created 
between the metals either by welding, bolting or other electrical contact.  Galvanic coupling 
creates an electrical potential difference between the two metals and produces electron flow 
between them.  This current, carried by ions, flows from the anode to the cathode in the electrolyte 
and will return to the cathode as electrons in the metallic pathway. This can lead to accelerated, 
pinpoint attack, especially when the stainless steel is uncoated (bare) and the carbon steel metal 
is topcoated with a protective coating.  Galvanic corrosion is the major suspect when attack at 
the junction between two dissimilar alloys is limited to only one of the two metals.   
 
Galvanic Series: 

Any metal or alloy has a unique corrosion potential when immersed in an electrolyte 
solution.  When two different metals are coupled together, the metal near the top of the 
galvanic series will be the anode and will ionize and go into the solution, or corrode, while the 
one closer to the bottom of the list will be the cathode and receive galvanic protection (2). 
Figure 1 (3) shows a simplified galvanic series (or electropotential series) in sea water.  A 
metal coupled to another relatively close to it in the series will corrode more slowly than when 
it is coupled with a metal farther down in the series.  Although the ranking was derived for sea 
water, it is very similar for neutral aqueous solutions, such as commonly found in water or 
wastewater treatment, and thus may be used to assess the general risk of galvanic corrosion in 
these liquids.   

 
Area Effect: 
 The intensity of corrosion on any metal will also depend upon the relative areas of 
cathode and anode.  If the area ratio of the uncoated stainless steel cathode relative to the 
coated carbon steel anode is considerable, it would promote accelerated corrosion at any breaks 
in the coating film. However, the same amount of current generated by the same cathode will 
be much more intense falling on a highly localized anodic site even if the two metals are 
separated by considerable distance.  In other words, bare stainless steel cathode coupled with 
coated carbon steel anode will hasten localized pinhole corrosion at any breaks in the coating 
film.  The anodic dissolution of the carbon steel is concentrated at coating defects because 
larger cathode area provides a greater surface for the reduction reaction, and the anodic 
dissolution current (rate) must increase to compensate.  This is sometimes known in applied 
corrosion engineering as the catchment area principle and has important implications in 
designing to minimize the risk of galvanic corrosion.   
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Figure 1 – Galvanic Series of Metals Exposed to Seawater.  Reprinted, by permission, from Robert Baboian, 
Corrosion Engineers Handbook, p. 127.  © 2002 by NACE International, Houston, TX. 

 
Distance Effect: 

Galvanic corrosion is usually accelerated nearest the junction of the coupling, with the 
attack decreasing with increasing distance from that point.  Although this distance is a function 
of many factors, including the area ratio, environment, and electrolyte, the authors have 
observed galvanic corrosion occurring as far as 50 feet away, or more, from the galvanic 
junction where bare stainless steel and coated carbon steel were coupled.   

 
Environment: 

The environment can also have a significant effect on galvanic corrosion rates.  
Electrolyte factors that have a major influence on galvanic corrosion are composition, pH and 
electrical conductivity, which effects both the intensity and distribution of corrosion. The 
severity of corrosion often increases with the increasing electrical conductivity of the 
electrolyte because high conductivity is often caused by the presence of aggressive ions, i.e., 
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chlorides, acids or alkalis.  The breakdown of passivity due to the presence of aggressive ions 
such as chlorides can also significantly increase galvanic corrosion rates.   

 
 

DISSIMILAR METALS STUDY 
 
Corrosion engineering literature indicates that galvanic corrosion can be avoided by 

isolating the metals.  However, isolating stainless steel and carbon steel materials in immersion 
service oftentimes is a practical impossibility in water and wastewater treatment design. 
Whether these metals are welded, bolted, or otherwise electrically connected the corrosion cell 
is initiated by way of the metallic pathway.  And, if the coupled stainless steel is left bare the 
ensuing corrosion of the carbon steel is accelerated.  Likewise, the larger the cathode compared 
to the anode the greater the galvanic current and, therefore, corrosion.  This corrosion is 
usually accelerated nearest the junction of the coupling, with the attack decreasing with the 
increasing distance from that point.   

 
Objective of Study: 
 

A simple laboratory experiment was conducted for a period of 6 months to investigate 
the appearance and practical effects of galvanic coupling of stainless steel and carbon steel 
metals.  Specifically, the experiment tested the effects of the: 

 

- Area Effect on large and small area ratios of coupled stainless and carbon metals 
- Distance Effect on large and small area ratios of coupled stainless and carbon 

metals 
 
Materials:  
 

Stainless Steel (SS) Panels− 
 Two Type 316L/316 panels measuring 6 in x 12 in x 0.125 in (152 mm x 305 mm x 
3.175 mm) were abrasive blast cleaned in accordance with SSPC-SP16 (4) using aluminum 
oxide and achieving a surface profile of 3.0 mils (75 microns).  One panel was immediately 
coated with an epoxy coating at 15 mils (381 microns) average dry film thickness (DFT) on all 
sides; the other stainless steel panel remained uncoated, or bare.  Electrical potentials (energy 
difference) were measured relative to a copper/copper sulfate half-cell reference electrode 
(CSE) following 24 hour immersion.  The bare stainless panel measured -17 mV relative to 
CSE; the coated stainless panel did not yield a measurement, which confirmed the epoxy 
coated panel contained no measurable breaks in the film.      
 
 Carbon Steel (CS) Panels− 
 Four ASTM A36 (5) carbon steel panels measuring 4 in x12 in x 0.125 in were abrasive 
blasted in accordance with SSPC-SP10/NACE No. 2 (6) using aluminum oxide and achieving 
a surface profile of 3.0 mils.  The panels were immediately coated with an epoxy coating at 15 
mils (381 microns) average DFT on all sides.  Following a 7 day cure, an artificial holiday 
measuring 1/16 in diameter was drilled through the coating on the front side of the CS panels 
(Figure 2).    
 

Epoxy Coating− 
A high-build, 80 percent solids, two-component, high-functionality, liquid amine epoxy was 
used as a representative high-performance protective coating.  The epoxy was applied in a 
single coat of 15 mils average DFT to all sides of the panels; the epoxy was also used as an 
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“edging” material on the panels.  This commercially available, high-performance protective 
coating is recommended for immersion service in both potable water storage and wastewater 
treatment environments.  The coated panels were low-voltage holiday tested in accordance 
with NACE SP0188 (7) prior to the creation of the artificial holidays and contact area at top of 
panels for the heavy duty alligator clips.  Electrical potentials (energy difference) were 
measured relative to a copper/copper sulfate half-cell reference electrode (CSE).  The steel 
panels all measured -680 mV relative to CSE.  
 

                            
Figure 2 – Epoxy coated carbon steel panel with artificial holiday, typical. 

 
Experimental Program: 
 

Two 5-gallon buckets were filled with 4 gal. (15 L) of household tap water (electrolyte) 
and placed adjacent to each another.  The electrolyte solution measured a specific conductance 
(conductivity) of 1507 micro Siemens per cm using a water conductivity meter and 749 ppm 
total dissolved solids (TDS) using a TDS meter. The two buckets—Buckets A and B—shared 
the electrolyte solution by means of ½ inch diameter by 50 feet clear PVC hose (salt bridge). 
The electrolyte solution was dyed blue with food-grade coloring and siphoned from Bucket A 
to B using a vacuum pump to ensure a complete salt bridge with no “air locks” in the hose. 

 
Two panels of type 316L/316 SS were selected as cathodes for this study based on the 

authors’ experience of routinely encountering this alloy in water/wastewater treatment design.  
One of the SS panels remained bare while the other SS panel received a liquid epoxy coating.   
Four carbon steel CS panels were selected as the anodes.  Each of the CS panels received a 
liquid epoxy coating.  The Panel Matrix can be found in Table 1. 

 
Panel 1 SS was electrically connected to Panel 1A CS using a 14 AWG copper wire 

(metallic pathway) and immersed into Bucket A.  Panels 1 and 1A were also electrically 
connected to Panel 1B CS via 50 feet (15 m) of 14 AWG copper wire and immersed into 
Bucket B (Figures 3, 4).  Panels 1/1A were separated by a linear distance of 50 feet via salt 
bridge and metallic pathway despite the being placed within 3 feet in proximity.   

1/16 in dia. artificial holiday 
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Similarly, Panel 2 SS was connected to Panel 2A CS using a 14 AWG copper wire and 
immersed into Bucket A.  Panels 2 and 2A were also electrically connected to Panel 1B CS via 
50 feet (15 m) of 14 AWG copper wire and immersed into Bucket B (Figures 3, 4).   
 

Panel 3 CS control was placed into Bucket A and Panel 4 CS control placed into 
Bucket B to serve as control panels, respectively.  These panels were not in electrical contact 
with any of the other panels but shared the common electrolyte solution (Figure 3).   

 
 

Table 1 – Dissimilar Metals Testing Panels 
Panel   Description Dimensions, in  Surface  Area*, in2  Holiday, in2  

1 Stainless Steel, Bare 6 x 12 x 0.125  144 n/a 
1A Carbon Steel 4 x 12 x 0.125  96 .003  
1B Carbon Steel 4 x 12 x 0.125  96 .003  
2 Stainless Steel, Coated 6 x 12 x 0.125  144 n/a  

2A Carbon Steel 4 x 12 x 0.125  96 .003 
2B Carbon Steel 4 x 12 x 0.125  96 .003  
3C Carbon Steel, Control 4 x 12 x 0.125  96 .003 
4C Carbon Steel, Control 4 x 12 x 0.125  96 .003  

*Includes front and back, excludes edges. 
 
 

 
Figure 3 – Dissimilar Metals Testing Illustration. 
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Figure 4 – Dissimilar Metals Testing Apparatus: Bucket A (left) connected to Bucket B (right) via ½ inch hose. 

 
Results and Analysis: 

 

Panels 1/1A/1B− 
The electrical potentials of the coupled Panels 1/1A/1B was determined to be -100 mV 

at Day 1 and -130 mV following 6 months of exposure, relative to a CSE.  Further, Panel 1 SS, 
bare had an area ratio of 23,000:1 as compared to the total area of the holidays in Panels 1A 
and 1B. This large area ratio and proximity to Panel 1 resulted in significant corrosion and pit 
nucleation at the artificial holiday (Figure 5).  Referred to colloquially as a corrosion tubercle, 
this rust nodule is actually an insoluble porous cap of hydrated ferric oxide, or Fe2O3H2O (2).  
Panel 1B exhibited a corrosion tubercle considerably smaller than Panel 1A after 6 months of 
galvanic coupling (Figure 5).   

  
The corrosion tubercles were removed with an X-ACTO® utility knife and rinsed with 

solvent.   The epoxy coating surrounding the artificial holidays appeared intact on both panels.  
However, the coating was hollow due to pitting of the steel beneath the film on Panel 1A.   
Removing the epoxy coating with the utility knife revealed a hemispherical shaped pit 
measuring approximately 0.31 inches (8 mm) in diameter at the pit mouth and a depth that 
perforated the panel, 0.125 inches (Figure 6). The pit contained a jet-black semisolid material, 
likely ferrous oxide, or Fe3O4 (2).   

 
The pit and pit mouth appeared shiny in the anolyte zone where metallic iron goes into 

solution as ferrous iron, or Fe++.   Just beyond this boundary was an observable dark ring and 
stain, likely a Fe2O3/Fe3O4-type of passive film structure (8) following stripping of the epoxy 
coating (Figure 6). This passive film-ring measured 0.039-0.156 inches (1-4 mm) wide and 
with an outer diameter of approximately 0.787-0.984 inches (20-25 mm). 
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Figure 5 – Panel 1A (left) removed from Bucket A and Panel 1B (right) removed from Bucket B immediately following 
6 months galvanic coupling.   
 

 

 
Figure 6 – Panel 1A before removal of the corrosion tubercle (left), following removal of corrosion revealing pit 
(middle) and following removal of epoxy coating (right), N.T.S.  
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Similarly, Panel 1B revealed a hemispherical shaped pit measuring approximately 
0.079 inches (2 mm) in diameter and 0.079 inches (2 mm) deep. The dark Fe2O3/Fe3O4 stain 
was considerably smaller, measuring only approximately 0.197-0.236 inches (5-6 mm) in 
diameter (Figure 7).  

 

 
Figure 7 – Panel 1B following removal of corrosion revealing pit(left) and following removal of epoxy coating (right), 
N.T.S.  

 
Panels 2/2A/2B− 
Panel 2 SS, coated was free of any exposed area (pinholes) as confirmed via 

discontinuity testing described above.  Also, the electrical potentials of the coupled Panels 
2/2A/2B was determined to be -680 mV at Day 1, which is suggests no cathodic polarization.  
However, the potentials measured -580 mV following 6 months of exposure relative to a CSE; 
this -100 mV polarized potential indicates the electrolyte breached the epoxy coating on Panel 
2 during the testing period. 

 
Panel 2A CS was immersed adjacent to Panel 2 in Bucket A.  Despite Panel 2 being 

isolated, theoretically, from the electrolyte via the epoxy barrier coating, the Panel 2A still 
experienced some pinpoint corrosion and pitting (Figure 8).  The dark Fe2O3/Fe3O4 stain 
measured approximately 0.275 inches (7 mm) in diameter (Figure 9). Comparatively, the 
corrosion staining found on Panel 2A was significantly smaller than that found on Panel 1B.     

 
Similarly, Panel 2B was also found with slight pinpoint corrosion despite the placement 

in Bucket B—a 50 ft distance from the epoxy coated Panel 2 SS (Figure 8).  The dark 
Fe2O3/Fe3O4 stain measured approximately 0.197-0.24 inches (5-6 mm) in diameter (Figure 9). 
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Figure 8 – Panel 2 SS (left), Panel 2A CS (middle) Panel 2B CS (right) following testing.  

 

 
Figure 9 – Panel 2A CS (left) and Panel 2B CS (right) following removal of epoxy coating at the corrosion sites.  
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Panels 3 & 4 (Controls)− 
Control Panel 3 CS was immersed into Bucket A, but isolated electrically from the 

other panels (Figure 3).  The amount of visible corrosion product that emanated from the 
artificial holiday was minor in comparison to the other panels in Bucket A.  The epoxy coating 
was chipped away to reveal the dark Fe2O3/Fe3O4 stain, which measured approximately 0.118-
0.157 inches (3-4 mm) in diameter (Figure 10); no pitting was measurable.  

 
Similarly, Control Panel 4 CS was immersed into Bucket B, but isolated electrically 

from the other panels (Figure 3).  The amount of visible corrosion product that emanated from 
the artificial holiday was minor in comparison to the other panels in Bucket A.  The epoxy 
coating was chipped away to reveal the dark Fe2O3/Fe3O4 stain, which measured approximately 
0.118-0.157 inches (4-5 mm) in diameter (Figure 10); no pitting was measurable.  

 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 10 – Control Panels 3 and 4 immediately following test (left) and following removal of epoxy coating (right),     
NTS.   

 
It is the authors’ opinion that the amount of pinpoint corrosion seen at the artificial 

holiday on Panels 3 & 4 is typical for this exposure duration.    
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Conclusions:   
This study demonstrates that the area ratio of the uncoated stainless steel cathode 

relative to the coated carbon steel anode is a significant factor in the corrosion rate at any 
holidays in the coating film of the anode.  The current generated by the stainless steel cathode 
is much more intense falling on a highly localized carbon steel anodic site even if the two 
metals are separated by considerable distance—approximately 50 feet in our case.    This study 
also demonstrates the typical corrosion nodule formation and subsequent passive-film staining 
as a result of galvanic corrosion.    

 
The application of a protective coating to the stainless steel panel greatly reduced the 

galvanic corrosion at the pinholes of the carbon steel panels.  However, all protective coatings 
are semi-permeable, and eventual water migration through the protective coating applied to the 
stainless steel panel will initiate a galvanic cell, albeit significantly reduced compared to bare 
stainless coupling.  Therefore, as demonstrated, the application of a protective coating to 
stainless steel can reduce, but perhaps not eliminate, the effects of galvanic corrosion.            

  
 

 
GALVANIC COUPLING EXAMPLES 

 
The following case histories are examples where bare stainless steel and coated carbon 

steel metals were coupled in water and wastewater structures resulting in accelerated corrosion 
of the anodic carbon steel metal. 
 

 
Case No. 1: 2 MG Elevated Water Tank 

 
 Background:  A two-million gallon elevated potable water storage tank was lined with 
two coats of a 67 % volume by solids polyamide epoxy, total dry film thickness (DFT) of 7-11 
mils, and placed into service.   
 

Problem:  At the two year anniversary inspection a number of corrosion sites were 
observed throughout the belly of the tank, from the compression ring down and up the outside 
surfaces of the dry riser tube.  The size, depth, and frequency of the pitting were atypical of 
pitting corrosion of carbon steel after only two years of service in a potable water storage tank.   
 

Further analysis found that the corrosion sites were typified as random blister-like areas 
ranging from ¼ - 1 inch diameter with rusting emanating from the center of the blister.  After 
removal of the blister caps, the corrosion sites revealed hemispherical shaped pits, many of 
which measured approximately 1/8 - 5/32 inch deep using a pit gauge. Many of the corrosion 
sites contained a semi-solid black material, which measured a 5 pH.  The blister caps at these 
sites were also examined and revealed a black scale with yellowish streaks on the back of the 
blister caps.   

 
Causation:  Holidays or pinholes in the barrier coating system are usually the common 

sources for the initiation of corrosion in water tanks.  The causes for holidays are numerous 
and are generally the result of an application deficiency rather than to a defective coating 
formulation.  Once the electrolyte breaches the barrier coating a corrosion cell is initiated.  
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However, this mode of corrosion is atypical for carbon steel potable water tanks, especially 
considering only 2 years of immersion service.   
 

A field investigation by the author discovered a bare stainless steel ladder bolted to the 
carbon steel dry riser pipe.  The stainless steel was uncoated, causing a large area ratio of bare 
stainless to coated carbon steel metal.  Although the greatest frequency was occurring adjacent 
to the dissimilar metal coupling junction, there was a great number of random pitting along the 
tank belly and up the side wall—as far as approximately 30-50 feet from the stainless ladder.    
 

Remediation:  The stainless steel ladder was abrasive blasted in accordance with SSPC-
SP16, 3.0 mil anchor profile using aluminum oxide media, and topcoated with a 100% volume 
solids amine epoxy @ 14-16 mils DFT.  The carbon steel surfaces were abrasive brush-off 
blasted in accordance with SSPC-SP7.  Any areas of pinpoint corrosion were blasted down to 
bare steel in accordance with a SSPC-SP10/NACE No. 2 and filled with a 100% volume solids 
epoxy pit filler.  The entire carbon steel surfaces received a coat of the 100% volume solids 
epoxy @ 14-16 mils DFT.   

  

 
Figure 11 – Corrosion sites found inside interior surfaces of tank, typical.   
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Figure 12 – Close up of corrosion site, typical. 
 

  
 Figure 13 – Removal of blister cap revealing pit, typical.   
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Figure 14 – A bare stainless steel ladder was bolted to the carbon steel dry riser pipe.   
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Case No. 2: Wastewater Clarifier 
 
   Background:  A high rate, solids contact industrial wastewater clarifier located in the 
Caribbean was shop primed and field finished with an 80% volume solids cycloalipahtic 
epoxy, total film thickness of 12-16 mils DFT.  Upon final curing of the epoxy lining the 
clarifier was hydrostatically tested and partially drained to half capacity.   
 

Problem:  After several weeks widespread pinpoint corrosion was observed below the 
temporary water level. The frequency of the pinpoint corrosion was atypical for coated carbon 
steel immersion service in non-potable water (hydrostatic test).   

 
Causation:  A field investigation found that the shop applied primer had exceeded the 

maximum recoat window and was scarified by the field applicator prior to the application of 
the second field coat.  The field applicator unwittingly used coarse abrasive—20/65 mesh silica 
sand—for the brush-off blasting instead of a fine abrasive, which resulted in fracturing of the 
primer coat down to bare metal.  The field finish was invariably thin in these areas and allowed 
the water to reach the carbon steel substrate.  The vast amount of bare stainless steel coupled to 
the carbon steel caused accelerated corrosion.   
 

 
Figure 15 – Bare stainless steel piping coupled with coated carbon steel, typical throughout tank.   
 
 Remediation:  The stainless steel components were abrasive blasted in accordance with 
SSPC-SP16, 3.0 mil anchor profile using aluminum oxide media and topcoated with an 80% 
volume solids, cycloaliphatic amine epoxy @ 8-10 mils DFT.  The carbon steel surfaces were 
uniformly abrasive brush-off blasted in accordance with SSPC-SP7/NACE No. 4 with fine 
abrasive.  Any areas of pinpoint corrosion were blasted down to bare steel in accordance with a 
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SSPC-SP10/NACE No. 2.  The entire carbon steel surfaces received two coats of the 80% 
volume solids epoxy for a total thickness of 14-16 mils DFT.   
 

 
Figure 16 – Close of bare stainless steel piping welded to the carbon steel tank, typical throughout.   
 

 
Figure 17 – Typical pinpoint corrosion nodules that formed on the coated carbon steel.   
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Case No. 3: 1 MG Water Tank with Mixer 
   

Background:  An existing 1 MG multi column (legged) elevated carbon steel water tank 
located in the South East United States was retrofitted with a stainless steel mixing system that 
was bolted to the inlet/outlet pipe flange in the wet riser and extended up approximately ¾ of 
the height of the tank.  The carbon steel tank surfaces were lined with a 3 coat system 
consisting of a zinc-rich, moisture-cured polyurethane primer followed by two coats of a 70% 
solids epoxy.   

 
Problem:  Within 6-12 months the owner found considerable pinpoint corrosion and 

pitting of carbon steel.   
 
 

 
Figure 18 – Stainless steel mixing system bolted to the carbon steel inlet/outlet piping.   
 
Causation:  The stainless steel was causing a large area ratio of bare stainless to coated 

carbon steel metal.  Although the greatest frequency was occurring adjacent to the dissimilar 
metal coupling junction, there was a great number of random pitting along the wet riser and 
tank belly and side wall. 

 
Remediation:  The stainless steel mixing system was abrasive blasted in accordance 

with SSPC-SP16, 3.0 mil anchor profile using aluminum oxide media, and topcoated with two 
coats of a 70% volume solids amine epoxy @ 10-12 mils DFT.  The carbon steel surfaces were 
spot abrasive brush-off blasted in accordance with SSPC-SP7.  Any areas of pinpoint corrosion 
were blasted down to bare steel in accordance with a SSPC-SP10/NACE No. 2 and coated with 
two coats of the 70% volume solids epoxy @ 10-12 mils DFT.   
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Case No. 4:  Activated Sludge Sewage Treatment Plant 
 

Background:  A 52,000 gallon per day package wastewater treatment plant located in 
the Southern United States was factory built with ¼ inch structural carbon steel (A-36) plate 
for the sidewalls, bottoms and partitions joined together by welding.  Piping, brackets, and 
other miscellaneous materials were constructed from 316 stainless steel.  All submerged or 
intermittently submerged surfaces were coated with a single-component, moisture-cured 
polyurethane primer containing micaceous iron oxide and zinc particles, followed by two coats 
of a hydrocarbon-modified moisture-cured aromatic polyurethane.  The total minimum dry 
film thickness was specified at 15 mils DFT.   

 
Problem:  Approximately a year and a half after the plant was put into service the 

owner noticed areas of pinpoint corrosion and several relatively large pits in the carbon steel.  
The corrosion was occurring in the welds, on the steel shell away from welds, and near the 
junction of two metals.   

 
Causation:  The dry film thickness of the protective coating system was then measured 

and found to range from 4 mils up to approximately 12 mils DFT.  This low film thickness, 
along with the large area ratio of the bare stainless steel coupled with the carbon steel was 
accelerating the corrosion.   

 

 
Figure 19 – Bare stainless steel piping and support brackets bolted to coated carbon steel tank wall.   
 
Remediation:  The stainless steel members were abrasive blasted in accordance with 

SSPC-SP16, 3.0 mil anchor profile using aluminum oxide media, and topcoated with the 
specified, three-coat coating system to achieve a minimum 15 mils DFT.  The carbon steel 
surfaces were dry abrasive brush-off blasted in accordance with SSPC-SP10/NACE No. 2 to 
remove the nonconforming coating system and recoated with the specified system.   
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Case No. 5:  Wastewater Primary Clarifier 
 

Background:   Secondary clarifiers at a wastewater treatment plant in Western Canada 
were experiencing excessive corrosion. The clarifiers are approximately   40 m diameter by 6m 
high and specified/constructed of cast-in-place concrete walls and floors and galvanized-
carbon steel components, presumably hot-dip galvanized (HDG). The clarifiers have been in 
operation for nearly 15 years. It is reported the apparent rate of corrosion is not linear; rather, 
corrosion appears to be progressing in an accelerated fashion over the course of the last 1-5 
years. The pH of the wastewater is reportedly close to neutral and little or no concrete 
corrosion has been observed in the clarifiers. Several design/process alternations over the last 
several years has resulted in the installation of miscellaneous stainless steel components (e.g., 
bolts, nuts, tie-rods, louvers/gates, diffuser plates). Presently, most of the HDG coating 
partially or completely gone and significant corrosion is occurring to the carbon steel metals. 

 
 Causation:  The cause for accelerated corrosion to the HDG coating and carbon steel 
components appear to be the result of dissimilar metal corrosion caused by stainless steel. The 
uncoated stainless steels coupled to these anodic metals have accelerated the rate of 
consumption of the zinc galvanizing and severe corrosion and pitting to the carbon steel metal. 
This deduction is based on observations of bare stainless steel coupled to the HDG-CS metals 
and heavily corroded and pitted existing galvanized-carbon steel below the waterline.   

 

 
Figure 20 – Typical corrosion on the HDG angle bars adjacent to stainless steel tie-rods and bolts. 
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Figure 21 – External surface of diffuser tub coupled with stainless steel louver gate and accompanying stainless steel 
bolts. 
 

Remediation:   A recommendation was made to abrasive blast the stainless steel 
components  in accordance with SSPC-SP16, 3.0 mil anchor profile using aluminum oxide 
media, and topcoated with a 80% volume solids amine epoxy @ 14-16 mils DFT.  The carbon 
steel surfaces were recommended to be abrasive blasted in accordance with a SSPC-
SP10/NACE No. 2.  Any pits were to be filled with a 100% volume solids epoxy pit filler.  The 
entire carbon steel surfaces received a coat of the 80% volume solids epoxy @ 14-16 mils 
DFT.   
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Case No. 6:  Concrete Water Reservoir 
 

Background:   A 8 MG below grade, concrete potable water storage reservoir located in 
the Western United States was experiencing accelerated corrosion to the exterior surfaces of 
the ductile iron (DI) influent pipe and fittings (Figures 22, 23).  A contract was issued by the 
owner to replace a portion (approximately half) of the DI pipe and fittings.   

 

 
Figure 22 – Accelerated corrosion of the ductile iron pipe surfaces prior to contract.   

 
The exterior surfaces of the remaining (existing) DI pipe and fittings were specified to 

be prepared in accordance with NAPF 500-03 and receive two coats of a 70 or 80% volume 
solids, NSF Standard 61 certified epoxy at 10-14 mils DFT.   The painting contractor elected to 
use the 80% solids phenalkamine epoxy by “Manufacturer A” for the existing DI pipe and 
fittings and the 70%  solids polyamidoamine epoxy by “Manufacturer B” since the new DI 
pipe and fittings were supplied with this as the prime coat.  The new DI pipe and fittings were 
uniformly abrasive brush-off blasted with a fine abrasive media and topcoated with a field 
topcoat at 5-7 mils DFT.   The completed coatings were cured 7 days in a ventilated, controlled 
environment prior immersion service.      

 
At the one year anniversary inspection, accelerated pinpoint corrosion was observed on 

both the existing and newly installed DI pipe and fittings (Figures 24, 25).    
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Figure 23 – Close up of existing ductile iron pipe surfaces prior to contract.  Note : stainless steel anchor bolts on pipe 
support.  
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 24 – Existing DI pipe (left) and New DI pipe (right) at the 1 year inspection.   
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Figure 25 – New DI pipe at the 1 year inspection.   

 
Causation:  The cause for accelerated corrosion to the ductile iron pipe (and carbon steel 
brackets) appeared to be the result of dissimilar metal corrosion. The uncoated stainless steel, 
e.g., valve stem, ladder safety climb, anchor/flange bolts, coupled with the ferrous metals have 
accelerated the corrosion of the anodic ferrous metals (i.e., DIP, carbon steel). This deduction 
is based on the following observations:  
 

•  Heavily corroded and pitted existing DIP  
•  The nature of the corrosion tubercles on the existing and new coated DIP  
• Corrosion tubercles forming on the carbon steel pipe brackets and valve stem 

brackets  
•  Similar corrosion occurring with two different coatings  

 
The bare stainless steel components are believed to be electrically connected via direct contact 
with rebar and moisture in concrete, thereby establishing the “metallic pathway”.    Insufficient 
film thickness or pinholes in the coating are the root cause of the corrosion of the ferrous metals—
the electrolyte (water) is contacting these metals. However, the surface-area ratio of the coupled 
bare stainless steel to carbon steel, via pinholes or thin spots, is accelerating the corrosion.  
 

Remediation:   A recommendation was made to abrasive blast the stainless steel 
components  in accordance with SSPC-SP16, 3.0 mil anchor profile using aluminum oxide 
media, and topcoated with a 80% volume solids amine epoxy @ 14-16 mils DFT.  The carbon 
steel surfaces were recommended to be abrasive blasted in accordance with a SSPC-
SP10/NACE No. 2.  Any pits were to be filled with a 100% volume solids epoxy pit filler.  The 
entire carbon steel surfaces received a coat of the 80% volume solids epoxy @ 14-16 mils 
DFT.   
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Figure 26 – Stainless steel valve stem.   

 
 
 

 
Figure 27 – Stainless steel flange anchor bolts. 
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SUMMARY 
 

Holidays or pinholes in the barrier coating system are usually the common sources for 
the initiation of corrosion.  The causes for holidays are numerous and are generally the result of 
some type of application deficiency rather than to a defective coating formulation.  Once the 
electrolyte breaches the barrier coating a corrosion cell is initiated.  However, this pinpoint 
corrosion usually causes only rust bleed and minor metal loss.  In contrast, if carbon steel is 
galvanically coupled with stainless steel, the pinpoint corrosion is more intense.  Carbon steel 
pitting is especially intense if the stainless steel is bare.   

 
The best prevention for galvanic corrosion is to eliminate the galvanic couple by 

design, if possible.  If this is not practical, the next best choice is to apply a protective coating 
to the stainless steel components in order to reduce the effects of the area ratio.  This will 
greatly reduce, but not eliminate the effects of galvanic coupling.  This is best accomplished 
using 15 mils DFT of an epoxy protective coating.  Never, under any circumstances, should the 
anode alone be topcoated—this will result in catastrophic corrosion of the carbon steel.     
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