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Introduction 

 

Why is it important to prevent corrosion?  It causes 

deterioration of the steel pipe and if not controlled 

can lead to unsafe conditions of the pipeline.  Our 

number one priority as pipeline operators is to put 

public safety first, so taking steps to protect our 

pipeline is of the utmost importance. Atmospheric 

corrosion mitigation for exposed steel station 

piping seems to be a battle that many of us in the 

gas industry deal with every day.  This paper will 

give some insight on what causes corrosion, 

understanding corrosion, and the atmosphere 

involved in the corrosion cell.  We will also discuss 

what steps can be taken to help mitigate corrosion 

on exposed station piping.  This is intended to be a 

basic understanding for the gas measurement 

personnel, to be better prepared for inspection and 

maintenance of the facility.   It is important to 

remember that all federal and state rules and 

regulations and all company policies and 

procedures must be followed.  Some of the 

information in this paper is my suggestion or 

recommendation based off my personal 

experiences.  Remember, when it comes to 

atmospheric corrosion mitigation of exposed steel 

piping, there could be more than one remedy. 

 

What is Corrosion 

 

Corrosion, in general, is the deterioration of a 

material due to its interaction with the  

 

 

 

 

 

 

 

 

 

 

 

 

 

environment.  When talking about steel, it is the 

oxidation of a metal due to its interaction with the  

electrolyte; meaning that unprotected steel exposed 

to an electrolyte will corrode over time.  Steel pipe 

and fittings are made up of an ore that has been 

mined and ran through the process of forming the 

steel pipe and fittings.  Once the steel pipe and 

fittings are introduced to the electrolyte (oxygen 

and moisture) its natural reaction is to deteriorate 

back to its original form, iron oxide or rust (Figure 

1).  Our objective is to mitigate this corrosion 

process before we have any metal loss. 

 

 
 

Figure 1: Iron Oxide Cycle  

 

Understanding Corrosion 

 

Corrosion is an electrochemical reaction between 

the steel pipe and the surrounding atmosphere.  

There are four elements that are needed for an 

electrochemical corrosion cell; cathode, anode, 



metallic path, and electrolyte (Figure 2).  The 

cathode is the location on the steel structure that is 

naturally protected (no corrosion occurs), and the 

anode is the location on the steel structure that is 

sacrificing (corroding) to protect the cathode.  The 

steel pipeline itself is the metallic path used for the 

transfer of electrons from the anode to the cathode, 

and the electrolyte allows the flow of ions.  When 

talking about exposed pipe, the atmosphere is your 

electrolyte, which is made up of oxygen and 

moisture.  Introducing the steel pipe to oxygen and 

moisture causes oxidation on the steel pipe.  The 

rate of this oxidation varies depending on the 

electrolyte matter, which can be solids, liquids, or 

gases, and the temperature.  Every electrolyte is 

made up of different matter, that can have varying 

effects on the exposed steel pipe. 

 

 
Figure 2: Electrochemical Cell 

 

Atmospheric Conditions 

  

When talking about corrosion and understanding 

what is needed to mitigate or stop corrosion, you 

need to know what environments you are working 

with and what matter the electrolyte is made up of.  

Matter is made up of a mixture of solids, liquids, 

and gases.  One of the most common solids 

associated with corrosion is salt which is 

commonly found near coastal areas.  Liquids can 

be in the form of rain, fog, or dew.  Gases that you 

need to be aware of contain nitrogen and sulfur 

oxides.  Temperature also influences the corrosion 

rate, but there are many factors to consider when 

talking about temperature.  Corrosion rate 

generally increase as the temperature rises, but if 

the heat is evaporating the moisture from the steel 

pipe it will help to slow down corrosion.  So, if you 

have a hot, humid climate you could have a higher 

rate of corrosion compared to a hot, arid climate.  

When dealing with exposed steel pipeline 

corrosion there are typically four types of 

atmospheric conditions; industrial, marine, rural, 

and tropical. 

 

Industrial atmospheres usually have higher 

levels of corrosive gases such as sulfur dioxide, 

nitrogen oxides, and carbon monoxide.  These 

gases, when combined with moisture, become very 

acidic and therefore more corrosive to steel.  You 

may also find soot in industrial atmospheres which 

has corrosive characteristics. This will hold 

moisture on the steel for longer periods of time 

making its corrosive effects more significant.  

 

Marine atmospheres usually have a high 

concentration of sea salts.  Some sea salt 

compounds are hygroscopic, meaning that it 

absorbs water and will hold moisture on the 

exposed piping longer.  Salts increase the rate of 

corrosion in two different ways.  First, it increases 

the ion concentrations in the solution which makes 

the electrolyte more conductive thus increasing the 

corrosion current.  Second, salts cause the 

corrosion products to dissolve in the electrolyte 

versus being deposited on the metal.    Some metals 

like aluminum alloys and stainless steels resist 

atmospheric corrosion because of the initial oxide 

layer formed on the surface.  Chlorides in the salt 

can be detrimental to aluminum alloys and 

stainless steel, so it is important to pay close 

attention when inspecting piping in marine 

atmospheres. 

 

Rural atmospheres include a lot of dust and gases, 

which can contain inorganic or organic chemicals.  

Farming chemicals are inorganic and some 

examples are fertilizers, herbicides, insecticides, 

and fungicides.  Manure and crop residue are 

examples of organic matter that can be found in 

rural atmospheres.  Structures in rural areas are 



subject to these conditions with little to no 

protection from wind and sunlight.  This can have 

negative impacts on their protective coatings and 

have the potential for a higher corrosion rate.   

 

Tropical atmospheres are not common in our part 

of the country.  Tropical atmospheres usually have 

high humidity and intense sunlight.  The exposed 

piping is usually at a higher temperature with more 

moisture present.  As said before, heat and 

moisture mixed together can cause the corrosion 

rate to increase. 

 

It is possible to have two or more atmospheres 

present at the same time.  Example; industries near 

the ocean could result in a combination of 

industrial and marine atmospheres.  It is important 

to be aware of the environment and what 

specifically is causing corrosion. 

 

Coatings  

 

We talked about what causes corrosion, so how do 

we stop it?  If we can take one of the four elements 

out of the electrochemical corrosion cell, corrosion 

will stop.  The cathode, anode, and metallic path 

are all part of the steel, so the electrolyte is our only 

option.  How do we eliminate the electrolyte?  We 

apply protective coatings.  There are many options 

when picking a protective coating.  Remember that 

all federal and state regulations and company 

policies and procedures must be followed when 

selecting a protective coating.  Make sure that the 

coating is compatible with your existing coatings, 

it is ultra-violet rated, and that it is rated for the 

atmosphere where it is being applied.  For the 

purpose of this paper, we will discuss paint as the  

main coating of exposed steel piping.  Other 

coatings are wraps and epoxies.  Remember that 

whatever coating you are using on exposed piping 

must be ultra-violet rated.  If you apply a wrap or 

epoxy that is not UV rated, then it will most likely 

need painting. 

Painting of exposed piping has long been a proven 

technique for corrosion control.  Pipe preparation 

is very crucial when choosing paint as the 

protective coating.  If you do not start with the 

proper surface preparation, the final product will 

most likely not hold up and the process will need 

repeated sooner than expected, incurring a higher 

cost.  It is very important to follow manufacturer’s 

preparation and application instructions.  Many 

paint manufacturers recommend following the 

surface preparation standards, when it comes to 

pipe preparation.  SSPC.SP6 (Steel Structure 

Painting Code) Commercial Blast and SSPC.SP7 

Brush off Blast are two of the most common used 

when preparing exposed pipe for painting. 

 

Commercial Blast SSPC-SP6 (SSI-Sa2), or 

NACE #3 Definition: 

All oil, grease, dirt, rust scale and foreign matter 

are completely removed from the surface and all 

rust, mill scale and old paint are completely 

removed by abrasive blasting except for slight 

shadows, streaks or discolorations caused by rust 

stain, mill scale oxides or slight, tight resides of 

paint or coating that remain. If the surface is pitted, 

slight residue of rust or paint may be found in the 

bottom of pits; at least two-thirds of each square 

inch of surface area shall be free of all visible 

residues and the remainder shall be limited to the 

light residues mentioned above. 

 

Brush Off Blast SSPC-SP7 (SSI-Sa1), or NACE 

#4 Definition: 

A method in which all oil, grease, dirt, rust scale, 

loose mill scale, loose rust and loose paint or 

coatings are removed completely. Tight mill scale 

and tightly-adhered rust, paint and coatings are 

permitted to remain. However, all mill scale and 

rust must have been exposed to the abrasive blast 

pattern sufficiently to expose numerous flecks of 

the underlying metal fairly uniformly distributed 

over the entire surface. 



First, the pipe surface needs to be prepared, then 

the primer/paint can be applied.  Bare steel primers 

should be of a different color than the prepared 

steel and should be applied the same day the pipe 

was sand blasted.  Some examples include, Zinc 

Epoxy Primer or Inorganic Zink Silicate 

Coating/Primer.  Some apply an intermediate coat 

such as Recoatable Epoxy Primer.  A common 

finish coat is a High Solids Polyurethane.  For 

existing painted piping that does not require the 

removal of all existing coatings, just the primer and 

finish coat need to be applied.  If coating over an 

FBE (Fusion Bonded Epoxy) coating, just the 

finish coat may be needed.  Most paints and 

primers usually require mixing two components 

together before applying to the pipe and are applied 

at a 3 to 5 mils dry thickness for each coat.  

Temperature, wind speed, humidity, and dew point 

must be considered as well when applying 

coatings.  Pilot heaters, stainless steel, galvanized 

metal, name plates, and indexes are examples of 

things that should not be coated over.  Remember 

that this is just my suggestion and your company 

policy and procedures along with the 

manufacture’s application instructions must be 

followed. 

with the manufacture’s application instructions 

must be followed.  

 

Inspection 

 

49 CFR 192.481 states that: (a) Each operator must 

inspect each pipeline or portion of pipeline that is 

exposed to the atmosphere for evidence of 

atmospheric corrosion, as follows:  Onshore; at 

least once every 3 calendar years, but with intervals 

not exceeding 39 months.  Offshore; at least once 

each calendar year, but with intervals not 

exceeding 15 months.  (b) During inspections the 

operator must give particular attention to pipe at 

soil-to-air interfaces, under thermal insulation, 

under disbonded coatings, at pipe supports, in 

splash zones, at deck penetrations, and in spans 

over water.  (c) If atmospheric corrosion is found 

during an inspection, the operator must provide 

protection against the corrosion as required by 

192.479.  Remember that your state or company 

policies and procedures may call for more frequent 

inspections and must be followed.  More Federal 

Regulations to consider are below but are not 

limited to.   

 

49 CFR 192.479 Atmospheric Corrosion Control: 

General 

 

49 CFR 192.481 Atmospheric Corrosion Control: 

Monitoring   

 

49 CFR 192.613 Continuing Surveillance  

 

49 CFR 193.2627 Atmospheric Corrosion Control  

 

49 CFR 193.2637 Remedial Measures 

 

Summary 

 

Integrity of the pipeline is of the utmost 

importance.  Understanding corrosion and its 

effects can help identify areas that need special 

attention during design, installation, and inspection 

of exposed steel station piping.  Safety, cost, and 

time all comes down to the way we as operators 

maintain and care for our facilities.  Remember that 

all proper paper work and documentation must be 

completed when installing, inspecting, and 

repairing any exposed piping.   
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Example pictures 

 

 
 

Rural Atmosphere  

 

 
 

Corrosion Due to Poor Coating  

 
 

Industrial Atmosphere before Mitigation 

 

 
 

SSPC.SP6 Commercial Blast 

 

 
 

Industrial Atmosphere Recoated 
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