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Foreword 

This document (EN 12502-5:2004) has been prepared by Technical Committee CEN/TC 262 “Metallic and 
other inorganic coatings”, the secretariat of which is held by BSI. 

This European Standard shall be given the status of a national standard, either by publication of an identical 
text or by endorsement, at the latest by June 2005, and conflicting national standards shall be withdrawn at 
the latest by June 2005. 

This standard is in five parts: 

Part 1: General 

Part 2: Influencing factors for copper and copper alloys 

Part 3: Influencing factors for hot dip galvanised ferrous materials  

Part 4: Influencing factors for stainless steels 

Part 5: Influencing factors for cast iron, unalloyed and low alloyed steels 

Together these five parts constitute a package of interrelated European Standards with a common date of 
withdrawal (dow) of 2005-06. 

According to the CEN/CENELEC Internal Regulations, the national standards organizations of the following 
countries are bound to implement this European Standard: Austria, Belgium, Cyprus, Czech Republic, 
Denmark, Estonia, Finland, France, Germany, Greece, Hungary, Iceland, Ireland, Italy, Latvia, Lithuania, 
Luxembourg, Malta, Netherlands, Norway, Poland, Portugal, Slovakia, Slovenia, Spain, Sweden, Switzerland 
and United Kingdom. 
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Introduction 

This document mainly results from investigations into and experiences gained of the corrosion of unalloyed 
and low alloyed ferrous materials (steels and cast irons) in contact with supply waters and raw waters in once-
through flow systems. 

The corrosion likelihood of unalloyed and low alloy ferrous materials (steels and cast irons) in contact with 
water depends on the layers built up from corrosion products that might or might not be protective. 

When layers are present that are not protective, tuberculation can appear on the walls of the components and 
can lead to corrosion effects such as: sludge in water, colouring (red or black water), reduction of free section 
of pipes or even wall perforation.  

As a result of the complex interactions between the various influencing factors, the extent of corrosion can 
only be expressed in terms of likelihood. This document is a guidance document and does not set explicit 
rules for the use of unalloyed and low alloy ferrous materials in water systems. It can be used to minimize the 
likelihood of corrosion damages occurring by: 

 assisting in designing, installing and operating systems from an anti-corrosion point of view; 

 evaluating the need for additional corrosion protection methods for a new or existing system; 

 assisting in failure analysis, when failures occur in order to prevent repeat failures occurring. 

However, a corrosion expert, or at least a person with technical training and experience in the corrosion field 
is required to give an accurate assessment of corrosion likelihood or failure analysis. 
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1 Scope 

This document reviews the influencing factors for the corrosion likelihood of bare unalloyed or low alloyed 
ferrous materials (mild steels and cast irons) used as tubes, tanks and equipment in water distribution and 
storage systems, except for water intended for human consumption.  

NOTE See EN 12502-1. 

2 Normative references 

The following referenced documents are indispensable for the application of this document. For dated 
references, only the edition cited applies. For undated references, the latest edition of the referenced 
document (including any amendments) applies. 

EN 12502-1:2004, Protection of metallic materials against corrosion — Guidance on the assessment of 
corrosion likelihood in water distribution and storage systems — Part 1: General. 

EN ISO 8044:1999, Corrosion of metals and alloys — Basic terms and definitions (ISO 8044:1999). 

3 Terms, definitions, and symbols 

3.1 Terms and definitions 

For the purposes of this document, the terms and definitions given in EN ISO 8044:1999 and EN 12502-
1:2004 apply. 

3.2 Symbols 

c(O2)   concentration of oxygen in mmol/l 

c(HCO3
-)  concentration of hydrogen carbonate ions in mmol/l 

c(Ca2+)  concentration of calcium ions in mmol/l 

4 Types of corrosion 

4.1 General 

The most common types of corrosion are described in EN 12502-1:2004, Clause 4.  

The types of corrosion considered for steels and cast irons are the following: 

 uniform corrosion; 

 pitting corrosion; 

 selective corrosion; 

 bimetallic corrosion; 

 erosion corrosion. 
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For each type of corrosion, the following influencing factors (described in EN 12502-1:2004, Table 1 and 
Clause 5) are considered: 

 characteristics of the metallic material; 

 characteristics of the water; 

 design and construction; 

 pressure testing and commissioning; 

 operating conditions. 

4.2 Uniform corrosion 

4.2.1 General 

Uniform corrosion of steel and cast iron is associated with the transfer of iron (II) ions into the water (metal 
loss). These ions dissolved in the water can react with oxygen to form less soluble iron (II)-(III)-hydroxy 
compounds leading to turbidity and sludge formation. These corrosion effects usually do not lead to corrosion 
damages. 

Under flowing conditions with waters containing sufficient amounts of calcium carbonate, protective layers 
consisting of calcium carbonate and hydrated iron oxides can be formed if the intensity of localized corrosion 
is low enough. With similar waters under stagnant conditions, localized corrosion always occurs. 

4.2.2 Influence of the characteristics of the metallic material 

The chemical composition and microstructure of these materials as well as the cold deformation have virtually 
no influence on uniform corrosion. 

4.2.3 Influence of the characteristics of the water 

In oxygen containing waters, corrosion damage because of uniform corrosion only occurs when protective 
layers cannot form. The precondition for the formation of a protective layer is a water composition with: 

c(O2)  > 3 mg/l   and 

pH  > 7,0  and 

c(HCO3
-)  > 2 mmol/l and 

c(Ca2+)  > 1 mmol/l  

The type and concentration of natural components (e.g. phosphates, aluminosilicates) dissolved in the water 
can play an important part in the formation of protective layers. 

In the absence of protective layers, the corrosion rate is determined by the concentration of oxidizing agents 
and/or acidic agents, e.g. carbon dioxide. 

The uniform corrosion rate is very low if: 

c(O2)  < 0,1 mg/l and  

pH  > 8,5 
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4.2.4 Influence of design and construction 

In water lines designed for water under mainly stagnant conditions, e.g. sprinkler systems, the oxygen 
concentration rapidly drops under 1 mg/l as a consequence of corrosion. At the same time the pH value 
increases above 8. The rate of uniform corrosion is insignificant under these conditions. 

However, if fresh oxygenated water is brought into the system during testing, then blockage of sprinkler heads 
with corrosion debris can result.  

4.2.5 Influence of pressure testing and commissioning  

Pressure testing and commissioning have no influence on uniform corrosion. 

4.2.6 Influence of operating conditions 

Significant variations of operating conditions can modify uniform corrosion. If no protective scale is formed the 
rate of uniform corrosion increases with increasing flow rate and/or temperature. For the effect of stagnant 
conditions, see 4.2.4. 

4.3 Pitting corrosion 

4.3.1 General 

Pitting corrosion is the most frequent corrosion effect on steels and cast irons in water distribution and storage 
systems. It develops from galvanic cells depending on surface conditions of materials, water parameters and 
service conditions. Anodic areas always form in metallic regions, when the entry of oxygen is hindered by 
geometrical factors, e.g. in crevices. The bare metallic areas with non-restricted oxygen access form the 
cathodic area. The corrosion manifests itself in either shallow or steep-sided pits. 

Pitting corrosion can be enhanced by microbial activity, which can take place in anaerobic conditions, 
especially under debris. 

Generally, corrosion rates are high and can rapidly lead to wall perforation of the system. 

The outer manifestation of corrosion is the formation of tubercles under which anodic areas are to be found, 
cathodic areas being characterized by relatively thin surface layers. 

4.3.2 Influence of the characteristics of the metallic material 

Pitting corrosion is influenced by the fact that steels and cast irons are iron-carbon alloys with additional 
elements, intentionally present or as impurities. 

For materials with compositions given in EN 545, the influence of alloying elements is usually less important 
than that of other heterogeneities. 

The surface quality influences the formation of galvanic cells. Anodic areas are favoured by deposits of all 
types, e.g. oxide scales, residues of oil and paint, corrosion products.  
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4.3.3 Influence of the characteristics of the water 

The likelihood of pitting corrosion decreases with increasing concentration of hydrogen carbonate ions 
because they are part of a buffering system that is able to neutralize the acidity caused by hydrolysis of the 
iron ions within the pit. 

The likelihood of pitting corrosion increases with increasing concentrations of chloride, sulfate and nitrate ions 
because they replace hydrogen carbonate ions and are not able to buffer the acidity formed within in the pit. 

Surface waters that contain higher amounts of organic matter increase the likelihood of microbially enhanced 
pitting corrosion. 

4.3.4 Influence of design and construction 

Stagnant conditions, which favour the onset of pitting corrosion, predominantly occur in dead legs in iron and 
steel pipes. 

Crevices formed by hidden recesses, lap joints, badly executed joints and other geometrical factors can 
induce anodic spots of corrosion elements. 

The introduction of organic materials, e.g. oil, grease, which can be a source of nutrient for micro-organisms, 
favour the occurrence of microbial corrosion. 

In sprinkler systems a very high risk of pitting corrosion exists in the tubes coming from storage vessels with 
pressurized air, because of the high oxygen content of this water. 

4.3.5 Influence of pressure testing and commissioning  

If pressure testing is not done according to the recommendations given in EN 12502-1:2004, 5.5, leaving 
residual water in the system after draining, the likelihood of pitting corrosion is increased. 

Foreign substances, e.g. any debris or sand, can induce anodic spots of corrosion cells. 

4.3.6 Influence of operating conditions 

Pitting corrosion is favoured in stagnant waters with periodical renewal of the water. Under these conditions 
the settlement of deposits and the development of colonies of micro-organisms occur, most commonly in 
horizontal parts of pipes on the bottom. 

Pipes that are drained and refilled periodically have a higher risk of pitting corrosion than lines that are 
permanently filled. The conditions in the unavoidable residual water are very critical for pitting corrosion. 

Temperatures in the range of 25 °C to 50 °C favour microbial growth. Generally, a temperature above 60 °C 
reduces the likelihood of microbially influenced corrosion.  

4.4 Selective corrosion 

4.4.1 General 

Low alloyed steel and cast iron normally do not suffer from selective corrosion excepting few cases of: 

 graphitic corrosion on old pipes made of grey cast iron; 

 "grooving corrosion“ specifically seen on some weldings for carbon steel tubes. 

Even in these cases, the long-term integrity of the system is seldom impaired. 
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4.4.2 Influence of the characteristics of the metallic material 

Graphitic corrosion is associated with the presence of graphite flakes in grey cast iron. The ferric matrix 
corrodes in such a manner that the surface has the appearance of graphite. Selective leaching takes place 
because graphite is cathodic to iron. The iron is dissolved, leaving a porous mass consisting of graphite, voids 
and rust, which preserve the original contour of the component fairly well. This form of corrosion occurs 
preferably at anodic spots when corrosion rates are low. If the metal corrodes more rapidly, the entire surface, 
including graphite, is removed, and a more or less uniform corrosion occurs. The amount of graphite residue 
retained on a corroding surface depends partly on the morphology of the graphite and partly on the corrosivity 
of the medium. 

A particular susceptibility is observed with electrically resistant welded pipes, which are not diameter reduced 
by drawing. “Grooving corrosion” occurs within a restricted area of the seam and relates to a preferential 
corrosion of certain sulfur-containing phases in the weld metal redistributed along the weld during the electric 
resistance welding process. After stabilization of local anodes, very rapid corrosion can occur because of 
formation of acids at the anode by hydrolysis of soluble corrosion products. To avoid this effect, steel qualities 
with limited sulfur content are to be used. In addition, a stabilizing thermal treatment is useful. 

4.4.3 Influence of the characteristics of the water 

The risk of graphitic corrosion increases with increasing contents of acids (e.g. carbon dioxide). For "grooving 
corrosion“, all factors that favour pitting corrosion (see 4.3.3) are important because it occurs only in anodic 
areas. 

4.4.4 Influence of design and construction 

Design and construction are not known to influence selective corrosion. 

4.4.5 Influence of pressure testing and commissioning  

Pressure testing and commissioning are not known to influence selective corrosion. 

4.4.6 Influence of operating conditions 

The influence of temperature and its variations on selective corrosion is not known. Stagnation increases the 
likelihood of selective corrosion. 

4.5 Bimetallic corrosion 

4.5.1 General 

In the case of components made of unalloyed or low alloyed steels or cast iron, bimetallic corrosion can be a 
result of mixed installation involving these components and materials that have a more positive free corrosion 
potential (e.g. stainless steel, copper and copper alloys). In such cases, the ferrous components become 
anodically polarized. As a result, the likelihood of pitting corrosion is increased. 

4.5.2 Influence of the characteristics of the metallic material  

The characteristics of the metallic materials do not have any known effect on bimetallic corrosion. 

4.5.3 Influence of the characteristics of the water 

The influence of the water composition on bimetallic corrosion is similar to the influence on the cathodic 
reaction of pitting corrosion (see 4.3.3). An increase in electrical conductivity normally increases the likelihood 
of bimetallic corrosion. However, the presence of calcium hydrogen carbonate, which also increases the 
conductivity, decreases the bimetallic corrosion likelihood by enabling the precipitation of inhibiting calcium 
carbonate layers on the more noble material.  
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4.5.4 Influence of design and construction 

Influencing factors of the design on bimetallic corrosion are the anode-to-cathode area ratio and the geometry. 

Mixed installation with copper-zinc alloys (brass) is less critical than mixed installation with copper-tin alloys 
(gun-metal), because the zinc content of the brass leads to the formation of less conductive zinc carbonate 
layers that increase the polarization resistance. Mixed installation with stainless steels can lead to bimetallic 
corrosion, especially if the cathode/anode area is high. However, this does not lead to such a severe 
acceleration as could be expected by the difference of free corrosion potential, as the cathodic polarization 
resistance of stainless steel is normally rather high.  

A special influence is observed in mixed installations with copper compounds. Components made of copper or 
copper alloys or components brazed with large amounts of copper filler metal can transfer copper ions into the 
water. These ions increase the likelihood of pitting corrosion of products of ferrous materials by precipitation of 
copper on the metal surface to form spots of metallic copper with very high cathodic activity. 

Components of copper and copper alloys installed upstream of components made of ferrous materials 
increase the likelihood of this type of bimetallic corrosion. This is also valid when these components are 
installed downstream of the ferrous materials in systems without no-return device, because of recirculation 
and convection of water.  

The normal use of valves and other items made of copper alloys in a water distribution system is not critical in 
this context because of their relatively low surface area. 

4.5.5 Influence of pressure testing and commissioning  

Pressure testing and commissioning are not known to influence bimetallic corrosion. 

4.5.6 Influence of operating conditions 

Operating conditions influence bimetallic corrosion in the same way as they influence pitting corrosion (see 
4.3.6). 

4.6 Erosion corrosion 

4.6.1 General 

Corrosion damage because of erosion corrosion in ferrous materials in these systems is rare. It sometimes 
occurs because of the turbulence in cast iron pumps.  

Erosion corrosion is a result of exceeding a critical degree of turbulence. It leads to non-uniform corrosion 
sometimes showing characteristic horseshoe shaped grooves in the direction of flow. When active, the 
surface in the groove displays a brightly polished appearance. The attack predominantly takes place where 
the water flow is disturbed. 

4.6.2 Influence of the characteristics of the metallic material 

Physical and chemical characteristics and the surface conditions of metallic materials are not known to have a 
significant influence on erosion corrosion. 

4.6.3 Influence of the characteristics of the water 

The likelihood of erosion corrosion is influenced by the stability of the surface layer. Especially, surface layers 
which are formed in weakly buffered acidic waters and in waters with very low oxygen contents are weak and 
not protective. 

The presence of gas bubbles or solid particles increases the likelihood of erosion corrosion. 
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4.6.4 Influence of design and construction 

Erosion corrosion can only occur where design and construction result in continuously locally increased 
turbulent flow condition. 

4.6.5 Influence of pressure testing and commissioning  

Pressure testing and commissioning are not known to influence erosion corrosion. 

4.6.6 Influence of operating conditions 

The likelihood of erosion corrosion increases with increasing flow velocity. 

5 Assessment of corrosion likelihood 

In order to assess the corrosion likelihood of unalloyed and low alloyed ferrous materials (steels and cast 
irons) in a water distribution and storage system, all the influencing factors, listed in EN 12502-1:2004, Table 1, 
and their possible interactions should be taken into consideration. This assessment has to be carried out 
separately for all types of corrosion relevant to the specific corrosion system. Because of the complexity of the 
influencing factors and of their interaction, in most cases only a qualitative assessment is possible. 

 

©
 N

B
N

 - L
icentie alleengebruik: SA

 E
uraqua E

urope, 7201700213



EN 12502-5:2004 (E) 

12 

Bibliography 

[1] EN 545, Ductile iron pipes, fittings and accessories and their joints for water pipelines — 
Requirements and test methods. 

©
 N

B
N

 - L
icentie alleengebruik: SA

 E
uraqua E

urope, 7201700213



 

©
 N

B
N

 - L
icentie alleengebruik: SA

 E
uraqua E

urope, 7201700213


