
1 

 

Corrosion of water and sewer pipes 
 
   Steve Tan – former Executive Director of PVC4Pipes 
   Fabio Bernardi – Executive Director of PVC4Pipes 
 
 
 
 
 
 
 
1. INTRODUCTION 

 
Corrosion of water and sewer pipes is one of the major problems in the water 
distribution pipelines and in sewer networks, and, as a consequence, a major 
expense for water utilities 
 
‘It is estimated that an average of 700 water mains will break in cities and 
towns across North America in an average day. In the course of one year, 
250,000 main breaks will cost North America more than $1 billion.’ [1] 
 
Several different materials have been used through the years for both water 
and sewer networks. 
And now a number of pipe materials are still in use and these are principally 
cast iron, ductile iron, concrete, asbestos-cement, pre-stressed concrete, 
reinforced concrete, steel, stoneware, and, starting roughly from the second 
half of 20th century, plastics materials like GRP, PE (polyethylene) and PVC 
(Polyvinylchloride). 
But all metallic and concrete pipes suffer from corrosion and that is one of the 
main reasons, among the others, why plastics pipes utilisation has grown to 
such an extent.   
 
This paper will focus at why metal and concrete pipes corrode and the 
limitations of measures taken to protect them and compares this to the 
behaviour of PVC systems. 

In order to select a material for a water or sewer pipeplines there are several 
parameters that have to be taken into consideration. 
In any case it is possible to give a picture about the use of the various 
materials on the basis of the diameters. 

 
2. WATER PIPES 

 
For water distributions network diameter ranges go from 50 to 300 mm. for 
distribution mains and from 300 mm. up to quite larger diameters for trunk 
mains. 

  
So CI and DI are used for sizes 80 mm diameter and above. 
Steel and concrete used for pipes > 400mm dia. (Trunk mains) 
For sizes < 400mm dia. (distribution mains), plastic (PVC or PE) pipes may 
also be used. 
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More recently, PE systems are available for sizes up to 2000 mm and PVC up 
to 800 mm. 
The continuous research and development work carried out by the industry 
has now allowed the production of PVC-O (molecular oriented PVC pipes) up 
to 1200 mm.  
 
Metals and concrete pipes are subject to both internal and external corrosion 
and this phenomena is closely linked and made worse by anions in water.  
 
1.1 Metal water pipes – Internal corrosion 

 
Corrosion is the degradation of metal and is caused by oxidation or chemical 
action. If corrosion occurs in water distribution pipelines, valves and fixtures, it 
can cause the degradation of the quality of our drinking water. 

The presence of ions, particularly chloride and sulphate ions, can make 
corrosion worse and increase the likelihood for pitting corrosion of certain 
metals and alloys. 

The release of iron and sulphur bacteria, leads to more corrosion and can 
cause tainting of the water, affecting its taste, odour and colour. 
 
Iron corrosion in the presence of oxygen is a pure electrochemical process 
but, in the absence of oxygen, is it largely influenced by the action of bacteria 
[2]. 

 
Water flow has an influence on corrosion. The corrosion likelihood is 
influenced mainly by the frequency and the velocity (or, more precisely by the 
Reynold's Number) of water flow. 

Long stagnant periods facilitate the stabilization of local corrosion cells and the 
onset of pitting attack. In addition, very low flow rates can allow deposits to 
settle out in the system or may not dislodge existing deposits, thereby creating 
the likelihood of pitting corrosion under deposits. High local flow rates, 
depending on geometry, induce turbulent flow that can cause erosion 
corrosion by removing protective surface films. 

The build up of deposits (tuberculation) leads also to a loss of flow and greatly 
increased pumping costs. 
Deposits release into the supply by high flow rates/ flow reversal is the main 
cause of ‘dirty water’ complaints. 
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Figure 1 – Corrosion of CI water pipe 

 
The risks of internal corrosion, tuberculation and consequent loss of hydraulic 
capacity can be eliminated by the adoption of cement mortar linings for iron 
pipes. 
 
 

 
 
 
Figure 2 – Cement mortar lined DI pipes 
 
The cement, being alkaline, raises the pH at the iron surface and, as a result, 
effectively passivates it, inhibiting corrosion attack. 
But these cement linings may be damaged or may crack after which corrosion 
may be accelerated. 

 

1.2 Metal water pipes – External corrosion  
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Pipes laid in certain aggressive soil could fail because of external corrosion. 
This is due to corrosive soil conditions which are common; 75% of utilities in 
the US have corrosive soils. 
 
 

 
 
Figure 3 
 
 
The moisture content of the surrounding soil is a big factor affecting rate of 
corrosion.  
It is an electrochemical process: the presence of dissolved ions at the metal 
surface and the transfer of electrons from the metal surface to the aqueous 
solution in contact with it. 
 
In order to protect the external pipe surface from the corrosion it is necessary 
to interfere with one or more of this processes: to isolate the metal surface 
from the soil or to alter the electrochemical conditions at the metal surface.  
 
The application of a paint to the metal surface constitutes a barrier that 
physically separates the metal surface from the surrounding corrosive media.  
 
Of course the damage of such coating, mainly during the laying operations, 
exposes the metal substrate reintroducing the risk of corrosion attack 
 
Another way is to wrap the DI water pipes in polythene to afford them some 
corrosion protection. 
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Figure 4 – Polyethylene wrapped DI pipe 
 
In this case the lack of oxygen slows corrosion rate. 
It is a standard adopted in many countries (C105/A21.5 in US, BS6706 in UK), 
but not approved by NACE in US. 
 
But a long term corrosion protection system could be compromised if the wrap 
is damaged during installation. This could cause entrapment of soil between 
the PE wrap and the pipe surface. If the wrap is applied leaving large gaps 
groundwater can flow through these gaps. 
 
An alternative system is the application of a metallic zinc coating system on 
the external surface. 
 
CI is normally protected by a coating of tar or bitumen paint. If this protective 
layer is damaged corrosion hotspots could start to develop. 
 
In order to prevent corrosion of metal pipes by altering the electrochemical 
conditions, Cathodic Protection (CP), both internal or external, may be used. 
This could be achieved either by imposing a direct current electric potential to 
the pipe (ICCP) or placing a sacrificial galvanic anodes on existing cast and 
ductile iron water mains. 
 
The first solution is the preferred one when galvanic anodes cannot 
economically deliver enough current to provide protection. 
In the second case, the higher energy level of the anode allows current to 
discharge to the pipe, causing the anode to corrode instead of the pipe. 
 
But both of these systems require costly installation and maintenance. 
There is a need to maintain electrical continuity across any flexibly jointed 
pipes. This is often broken when repairs or connections are made. 
Impressed current systems require the application of a continuous electrical 
current, which is costly and may be unreliable. 
Galvanic anodes have to be replaced periodically otherwise pipe corrosion 
rates accelerate dramatically. 
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In some particular cases, it may happen that the application of Cathodic 
Protection for the external surfaces of the pipeline can impose a high electrical 
potential difference across the insulating joints, giving rise to the internal 
corrosion of the pipeline. 

The same phenomenon may also happen when this kind of interference is due 
to other sources such as, for example, d.c. stray current interference. 

1.3 Cement water pipes – Internal corrosion 

Pre-stressed concrete water pipes tend to be quite resistant to corrosion by 
the water they carry due to the fact that the levels of chemicals added during 
the water treatment process are relatively low. 
 
However, they are still prone to corrosion of the steel pre-stressing wires if the 
concrete cracks due to ground movement or other external loads or when the 
pipe is pressurized. 
 
1.4 Cement water pipes – External corrosion 
 
More important, in case of cement water pipes, is the external corrosion that is 
closely dependant on the characteristic of the soils that surround the pipes.  
 
Soils consist of a large number of mixtures such as aluminium-iron-silicate and 
hydroxides, oxides, silicic acid, calcium and magnesium carbonate, chlorides 
and sulphate and a large part of these substances is dissolved in the moisture 
in the soil. 
 
They can act aggressively on buried piping materials depending on the 
quantity and concentration of the mixtures in natural soil or groundwater. 
Moreover any crack in the concrete may expose the pre-stressing wires to 
these substances and corrosion of these can reduce the structural capacity of 
the pipes. 
 
The degree of the reaction supporting this process, which is mainly dependent 
on the soil water content, also depends on the temperature and duration of 
exposure. 

 

The materials that chemically attack concrete or cement-bound materials can 
be divided into two groups: 

– Materials which dissolve the hardened cement (dissolving attack). 
– Materials that cause a swelling (expansion attack). 

Dissolving chemical attack is caused by acids, particularly positive-ion salts, 
strong bases, organic fats and oils and, to a lesser extent, by soft water. 
 
Typical of the dissolving attack is the "concrete washing board" appearance on 
the concrete surface. 
The degree of corrosion depends on the soil properties. 
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  Figure 5  

3. SEWER PIPES   
A large variety of materials are available for sewer pipelines such as DI, 
concrete, clay, bricks in the past and now plastics material like PE, PP and 
PVC. 
 
Unlike potable water pipeline, sewer systems are gravity systems with sizes up 
even to 3000 mm. and plastic systems may cover the whole diameter range..  
PVC is widely used in this application for sizes < 1000 mm. and has an 
optimum ring stiffness to exhibit long term performance as a ‘flexible type 
pipes’. 
 
But also in sewer applications corrosion, both internal and external, is still an 
issue. 
 
3.1 Sewer pipes – Internal Corrosion 
 
In sewer pipes, corrosion is a more complex phenomena than for water pipes, 
due to the fact that it could be both aerobic and anaerobic depending on the 
amount of oxygen available. 
 
Aerobic corrosion is predominantly electrochemical meanwhile anaerobic 
corrosion is largely biologically influenced, and the process is in most cases 
linked to the activity of bacteria above all the sulphate-reducing bacteria 
(SRB).[2] 
 
Both metal and concrete pipes are prone to suffer this bacteria dependent 
corrosion.  
 
3.2 Internal corrosion – metal pipes 

 
SRB gain their biochemical energy for growth by reducing sulphate to sulphide 
by a process known as ‘sulphate respiration’. 
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The first step is a corrosion of iron (a similar process to the corrosion by 
oxygen) in contact with water and the result is the production of molecular 
hydrogen and this hydrogen is used to reduce sulphate to sulphide. 
 
Another class of bacteria known as sulphur-oxidizing bacteria (SOB) are able 

to oxidize sulphides produced by SRB or sulphur (as a product caused by 

chemical oxidation) to sulfuric acid. 

So this corrosion mechanism in sewer pipes involves three steps 
First an aerobic (electrochemical type) corrosion by anions that is what 
happens also for water pipes. 
Than a subsequent anaerobic (biological) corrosion by sulphate reducing 
bacteria, particularly as a result of stagnant or slow moving fluids. 
In the last step hydrogen sulphide gas from stale sewage is biochemically 
oxidized in the presence of moisture to form sulfuric acid. 
 
 
 

 
 
Figure 6 – Hole in steel pipe caused by MIC from Sulphate-reducing 
bacteria  
 
3.3 Internal corrosion – concrete pipes 
 
In case of concrete pipes the sulphuric acid that has been microbially 
produced attacks the calcium present in concrete to form gypsum. 
Initially, this is present as a white, mushy substance. 
 
Gypsum then reacts with calcium aluminate in the cement to form Ettringite 
(3CaO � Al2O3 �3CaSO4 � 32H2O) which has a larger volume and causes the 
formation of massive cracks and spalling of adjacent concrete and aggregate 
particles. 
 
Loss of material is estimated at between 1mm and 12mm per year depending 
on local conditions [3] 



9 

 

 
 
 

 
 
Figure 7 – Corrosion of cement sewer pipes 
 
3.3 Sewer pipes – external corrosion 

 
External corrosion of both metal and concrete sewer pipes is similar to that of 
water pipes discussed earlier. 
 
The exception may be if exfiltration occurs via leaking joints, allowing sewage 
to build up on the outside of the pipe. 
 
Then corrosion can occur by the same mechanisms as take place inside the 
metal or concrete sewer pipe. 
 
4. PVCPIPES 

 
Many studies have been made of the lifetime expectancy of PVC water pipes – 
see Folkman [4] for a recent review. 
 
These results are based on ‘dig-up’ studies of pipes in use and installed by 
contractors. 
 
After they had being dug-up after many years of utilisation, pipes have been 
extensively tested for mechanical properties to ascertain whether there had 
been any deterioration during the use. 
Dig-up reports have much more value compared with the laboratory simulating 
real world situation. 
 
None has found evidence of either internal or external corrosion of PVC water 
pipes, even in pipes which have been in service for nearly 50 years. 
 
Chemical aging (change in the chemical structure of the polymer) tests were 
also performed [5] and the conclusion was that “Chemical ageing at 15°C 
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seems not to have a significant influence on the quality of PVC water 
distribution pipes.” 
 
Service lives of 100+ years are predicted for PVC-U water pipes, provided that 
they are correctly manufactured, installed and commissioned. 
 
Study by TNO in 2005 [6] showed that in pipes up to 25 years of service, there 
were signs of operation such as scratches and some abrasion, but their 
integrity was intact and there was no loss of pipe wall thickness. 
 
Study by Whittle and Tennankoon [7] on sewer pipes up to 29 years old 

concluded that the pipes showed, inter alia, no signs of corrosion or erosion, 

nor changes in the wall thickness, and that service lives of 100 years could be 

anticipated. 

 

 

Figure 8 – Sulphide staining – Uniform wall thickness and no evidence of 

corrosion  

 

 
 
 
Figure 9 – External appearance after washing – After 20 years in 
service 
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Figure 10 – Internal appearance after washing – After 20 years in 
service 
 

The effect of sulphuric-acid on PVC sewer pipes was studied too, and the 
conclusion is that there is no basis for concern [9]. 

 
PVC is very resistant to these acids. As stated in ISO/TR 10358, PVC resists 
both of these chemicals in a temperature range of 20-60 °C. 

 
5. CONCLUSION 

 
A wide variety of materials may be used for both water and sewage pipes. 
 
From the perspective of corrosion, metal and concrete systems suffer from 
corrosion, both internally and externally, via a number of different mechanisms. 
 
These will have an adverse effect on their performance in service and their 
long-term durability. 
 
PVC piping systems are not subject to these mechanisms and do not corrode. 
As a result, performance in service and long term durability are excellent, and 
this is one of the reasons why potable water transport and sewage are the two 
areas, among the others, where PVC gives the best results. 
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