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Abstract 

 

In this paper, the corrosion of steel pipelines transporting 

hydrocarbon products was studied. The study focuses on 

different types of corrosions. The impact of thermal stress 

has major effect on structural strength of pipeline causing 

cracks in presence of environmental conditions. There is 

need to discover corrosion resistant alloy to transport 

hydrocarbon with emphasis on third party monitoring and 

risk analysis.   
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1. Introduction 

 

Bulk volume of gas and liquid hydrocarbon 

can be transported in an efficient and safe 

way through pipelines. Corrosion of 

pipeline can result in some leaks and loss of 

revenue. The presence of H2S, CO2 and O2 

gases in water and hydrocarbon represents 

a corrosion risk for the metallic structures, 

and a prevention system must be 

considered (Sastri, 1998; Callister, 2000; 

Byars 1999). G. Z. Olivares and M.J.H. 

Gayosso, 2015 reported the corrosion of 

steel pipelines transporting condensed 

hydrocarbon products. Different activities 

of sampling and analysis were carried out 

to diagnose the failure causes and to 

establish a control system for the corrosion 

problem. They studied combination of three 

types of corrosion, including erosion 

corrosion, galvanic corrosion and 

microbiologically induced corrosion. Their 

study seriously omitted control groups in 

experiments. Corrosions were observed by 

them in characteristics sites of the pipeline, 

mainly in direction changes and welding 

joints (Figure 1). They concluded that 

corrosion products are mainly formed by 

sulfides and oxides. The impact of telluric 

current activity on the corrosion control 

systems for pipelines in northern regions 

was examined by Gummow and Eng, 2002. 

Sulfate reducing bacteria have been 

considered as the main agent for the 

microbiological induced corrosion 

occurring in hydrocarbon transport and 

distribution systems. Zheng, 2008 reported 

stress corrosion cracking of oil and gas 

pipelines in near neutral pH environment. 
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Figure 1: Sites of Corrosion 

    
 

Additionally, localized corrosion was observed in the inner steel wall and distributed along 

the pipeline, although a tendency was not detected by them (Figure 2 and 3). 

 

 

 

 

Figure 2: Scanning Electron Micrograph of corrosion site  

    
 

 

 

 

 

Figure 3: Corrosion at inner site 
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Figure: 4: Flow induced corrosion 

  
 

 

 

 

 

 

 

Table 1: Chemical analysis of transporting material  
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Figure 5: Concentration of corrosive gases in hydrocarbon composition 

 
 

Chemical Analysis 

 

Chemical analysis of the tube, elbow and 

welding joint, was carried out, using the 

Atomic Absorption Technique. This was 

done to determine the elements present in 

the metals (Table 1). The tube and elbow 

had similar chemical composition, 

indicating the same type of steel. However, 

the welding joint material presented some 

significant differences, mainly related to 

the content of Fe, C, Mn, Si and S. They 

reported that the welding joint material acts 

as an anode and the adjacent regions as a 

cathode.  

 

Uniform corrosion is observed (Figure 3) in 

inner wall of metal. Corrosion was 

generally observed at the elbows and “T” 

joints, where the fluid changes its flow 

direction. It is expected that during the 

hydrocarbon transport, heavier fluids are 

located at the bottom of the pipeline. For 

this specific case, water phase is in this 

position, generating aggressive conditions 

for the metal. Due to the morphology, 

location and distribution of this type of 

uniform corrosion, an erosion corrosion 

effect is considered. In this type of 

corrosion, the hydrocarbon flow is enough 

to remove corrosion products from the 

metal surface, decreasing their protective 

effect and increasing the corrosion rate. 

Corrosion processes due to fluids flow 

usually induce a localized impact pattern.  

 

Hydrocarbon Analysis 

 

The petrochemical fluid is mainly 

composed of light hydrocarbons, such as 

methane, ethane and propane. This is 

considered as a normal situation. However, 

there were some corrosive gases in the 

hydrocarbon composition. Contents of H2S, 

CO2 and O2 were reported, as shown in 

Figure 5 (Olivares and Gayosso, 2015). 

Considering their effect on the corrosion 

processes, these gases represent a 

continuous source of corrosive compounds 

for the aqueous phase. Once the products 

are consumed in the reaction, the gases 

dissolve in water to keep the corrosion 

process going on. 

 

According to the fluid characteristics, the 

parameters identified as the responsible for 

the corrosion process in 

the systems are: 
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1) Water content; 

2) Presence of dissolved corrosive gases; 

3) Presence of microorganisms, mainly 

    Sulfate reducing bacteria (SRB); 

 

Microbiological Analysis of Corrosion 

 

The presence of sulfate reducing bacteria 

(SRB) is identified inside the pipeline at the 

site of corrosion. Microbiological induced 

corrosion occurring in hydrocarbon 

transport and distribution systems is mainly 

reported by sulfate reducing bacteria 

(SRB). SRB presence can be determined 

using culture media. When SRB are present 

in the samples, they reduce the sulfate of 

the media to sulfide, which reacts with iron 

to produce a black precipitate of iron 

sulfide. This is an indicative of SRB 

presence in sample. While there is no 

presence of SRB, the culture media remains 

transparent with no change (ASTM D 

4412-84, 2002; Ghazy, et al., 2011;  

ASTM F488-95, 1995). 

 

General Principles for Material Selection 

and Corrosion Protection  

as per Norsk Standard, 1994. 

 

Material selection  

Material selection should be optimized, 

considering investment and operational 

costs, such that Life Cycle Costs (LCC) is 

minimized while providing acceptable 

safety and reliability. The following key 

factors apply to materials selection:  

• Primary consideration should be given to 

materials with good market availability and 

documented fabrication and service 

performance.  

• The number of different material types 

should be minimized considering costs, 

interchangeability and availability of 

relevant spare parts.  

• Design life.  

• Operating conditions.  

• Experience with materials and corrosion 

protection methods from conditions with 

similar corrosivity.  

• System availability requirements.  

• Philosophy applied for maintenance and 

degree of system redundancy. 

• Weight reduction.  

• Inspection and corrosion monitoring 

possibilities.  

• Effect of external and internal 

environment, including compatibility of 

different materials.  

• Evaluation of failure probabilities, failure 

modes, criticalities and consequences.  

Attention shall be paid to any adverse 

effects material selection may have on 

human health, environment, ecosystem, 

safety and material assets.  

• Environmental issues related to corrosion 

inhibition and other chemical treatments.  

 

Corrosion allowance For carbon steel 

piping, a corrosion allowance of 3 mm 

should be used, unless higher corrosion 

allowances are required.  

 

For submarine pipeline systems a total 

corrosion allowance of 10 mm is 

recommended as a general upper limit for 

use of carbon steel. Carbon steel can be 

used in pipelines where calculated inhibited 

annual corrosion rate is less than 10 mm 

divided by design life. Otherwise corrosion 

resistant alloys, solid or clad or 

alternatively flexible pipe, should be used. 

For pipelines with dry gas or dry oil, no 

corrosion allowance is required. Corrosion 

during installation and testing prior to start-

up should be considered.  

 

Corrosivity evaluations in hydrocarbon 

systems  

Evaluation of corrosivity should include:  

• CO2-content.  

• H2S-content.  

• Oxygen content and content of other 

oxidizing agents.  

• Operating temperature and pressure.  

• Acidity, pH.  

• Halogenide concentration.  

• Velocity flow regime.  

A gas system is defined wet when the 

relative humidity exceeds 50 %.  
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External Corrosion Protection  

 

The external atmospheric environment 

should be considered wet with the 

condensed liquid saturated with chloride 

salts. Material selection and surface 

protection should be such that general 

corrosion is cost effectively prevented and 

chloride stress corrosion cracking, pitting 

and crevice corrosion are prevented. 

Carbon steel should always have surface 

protection to the external environment. 

Additional corrosion allowance or other 

means of protection are required for 

installations in the splash/ humid zone.  

 

Corrosion resistant alloys should not be 

coated, except under insulation or pipe 

clamps or when submerged in seawater. 

Submerged small bore stainless steel piping 

should not be coated. Corrosion allowance 

sizing for carbon steel in the splash zone 

should follow the below guidelines: • 

Structures with thin film coating: Min. 5 

mm. o For design lives > 17,5 years. o 

Corrosion allowance = (Design life - 5 

years) x 0,4 mm/year. • Risers: Min. 2 mm 

in combination with min. 12 mm 

vulcanized chloroprene rubber. At elevated 

temperature the corrosion allowance should 

be increased by 1 mm pr. 10 degrees C 

increase in temperature above 20 °C. 

 

Coating system selections for pipelines, 

structures and topside equipment shall take 

due consideration to structural design, 

operating conditions and conditions during 

storage and installation. The coating 

systems selection and requirements to 

application are covered by NORSOK 

Standard M-CR-501 for structures and 

topside equipment. The following 

areas/conditions should be subjected to 

special evaluation:  

• Coatings for areas in the splash zone.  

• Use of thermally sprayed aluminium 

coating for elimination of maintenance 

coating.  

• Coatings for passive fire protection.  

• Coatings for bolts and nuts, flanges, 

machined surfaces of valves, etc. For such 

applications wax coatings should be 

considered. Cathodic protection shall be 

used for all submerged, metallic materials, 

except for materials which are immune to 

seawater corrosion. Surface coating shall in 

addition be used for components with 

complex geometry and where found to give 

cost effective design.  

 

Recommendations 

 

The cause for the failure observed in the 

system is a combined effect of different 

corrosion types and therefore several 

actions must be considered: 

1) To remove the oxygen in the system and 

form a film in the metal surface; 

2) Heat treatment for stress relieve, after 

heat treatment in joints, bends; 

3)  Management of constant flow in the 

pipelines. 

4) To carry out a fluid quality control 

program and its interaction with pipeline 

material; 

5) Monitoring the welding procedures, to 

eliminate any discontinuity in the inner 

pipeline wall; 

6) To eliminate the water content, as it 

represents one of the main corrosive agents. 

A modification on the separation 

equipment should be considered, e.g. 

coating 

7) To consider a biocide injection program 

to cure microbiological corrosion. 

 

Conclusions  

 

Corrosion resistant alloy should be 

developed for hydrocarbon transportation 

through pipelines. Some aspects in 

technology and in management should be 

improved, such as quality of manufacture 

and construction of pipeline and third party 

monitoring. The analysis of long-distance 

oil and gas pipeline failures are important 

for the industry and can be the basis of risk 

analysis, disaster management, integrity 
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assessment, and management improvement 

for pipeline operators.  
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