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INTRODUCTION

The corrosion of the buried-metallic pipes in soil has long
been serious engineering problems [1,2]. A failure of water
supply buried-metallic pipes by disturbed soil is high all over
the world. In general, it has been assumed that the soil corrosion
of the buried-pipes by undisturbed soil is negligible as compared
by disturbed soil [3,4] and hence most buried-pipe corrosion
study is focused to estimate most effective parameters of the
disturbed soil samples for assessing their corrosivity to the
pipes. Metallic pipe corrosion in soils is primarily determined
by a combined effect of the most effective soil parameters like
conductivity or resistivity, pH, ions, moisture, redox potential
and so on. Therefore, a relative corrosion risk of the soil to the
buried-pipes can estimate by analyzing aforementioned
parameters.

Soil pH is generally one of the most effective soil
parameters for showing high corrosivity rate to the buried-
metallic pipes. It is assumed that the pH ranges from 5 to 8.5
is not usually considered to be a problem for the soil corrosion
to the buried-galvanized steel and cast iron pipes [1]. Acidic
soil having pH less than 5 represents serious corrosion risk to
the buried-metallic materials and soil pH around 7 is most
desirable to minimize the corrosion damage of buried-metallic
pipes. Similarly, there is good correlation between the soil
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resistivity and corrosivity of buried-metallic materials [1]. The
corrosion rate of the buried-metallic materials by soil is
generally high, if the soil shows low resistivity. On the other
hand, the moisture content in soil is one of the key parameters
for showing high corrosivity to the buried-metallic materials.
Dry soil shows very high resistivity and hence it was reported
less corrosive to the buried-metallic pipes [4-8]. It was reported
that the maximum penetration rates and pit depths of the
buried-wrought ferrous materials were observed with respect
to soil resistivity and pH. The pit depth and the corrosion
current were found to be decreased in orders of magnitude
with increasing the soil resistivity of 10,000 Ohm.cm or more
as compared with the soil with 1000 Ohm.cm resistivity or
less after exposure for more than 20 years, although such
behaviour was not clearly observed for two years or less time
exposed in soils [9]. On the other hand, it was reported that
the soil resistivity was decreased rapidly with increasing the
moisture content until the saturation point was reached
[4,7,8,10]. It was reported that the highest corrosion rate of
steel in soil was corresponded to soil moistures around 60-75
% saturation [11,12].

The oxidation-reduction potential (ORP) or redox poten-
tial of soils is also a significant parameter for the corrosion
study of the buried-pipes. A high oxidation-reduction potential
value of more than 100 mV (saturated hydrogen electrode)



generally indicates a high oxygen level in soil. A low oxidation-
reduction potential value of less than 100 mV (saturated hydro-
gen electrode) may indicates that soil condition is favourable
for anaerobic microbiological activity due to less oxygen
available in soil. Iron/steel pipes buried in an anaerobic soil
(low oxidation-reduction potential) will not rust, because the
soil does not contain any free oxygen, which is needed for the
formation of rust on the surface of iron and its alloys. Further-
more, the combination of anaerobic conditions and sulfur in
the form of sulfate or sulfide can lead to the soil corrosion.
Soil microbes can convert the sulfide that formed from sulfate
into sulfuric acid if condition becomes more oxidized [13].
The oxidation-reduction potential value also affects the types
of microbiologically induced corrosion (MIC) or bio-corrosion
that occurs in soil [14,15].

A chloride and sulfate contents in soil play a major role
in the corrosivity of buried-metallic materials [16]. The
chloride ions participate for pitting initiation on the surface
of stainless steel and hence it tends to increase the soil con-
ductivity. Sulfate is naturally occurring form of sulfur in soils
although it is less corrosive towards the underground pipes as
compared to the chlorides and it can be readily converted into
highly corrosive sulfides by anaerobic sulfate reducing bacteria
[17]. It is meaningful to mention here that the soils are generally
considered to be mildly corrosive if the sulfate and chloride
contents are below 200 ppm and 100 ppm, respectively, for
the soil with 5.0-8.5 pH and the resistivity greater than 3,000
Ohm.cm [1].

In Nepal, the supply of drinking water from reservoirs to
consumers is mostly through the buried-galvanized steel and
cast iron pipes. A lot of incidents of losses and contamination
in city water occur by corrosion damages of these buried-pipes,
although local people are not well aware about the reason for
such corrosion. In recent years, there is only few research works
are recorded about the corrosion of water supply metallic pipes
by soils of Bhaktapur, Lalitpur, Kirtipur and Bharatpur areas
of Nepal [18-24]. In this context, main objectives of this work
are to establish the corrosive nature of soil samples collected
from centre parts of Kathmandu metropolis by estimating six
soil parameters of pH, moisture content, resistivity, oxidation-
reduction potential, chloride and sulfate contents and to corre-
late these parameters with the standard values established by
ASTM and NACE to evaluate the soil corrosivity to the metallic
pipes.

EXPERIMENTAL

Fifty six soil samples were collected from the densely
populated areas of Kathmandu metropolis from the depth of
one meter from the ground level in the months of September
to May. The soil sample was taken in an air tight poly vinyl
bag so that the moisture remained same till the time of moisture
analysis within 12 h in the laboratory.

The pH of 1:2 soil-water extract of each soil samples was
determined using a digital pH meter in accordance with the
ASTM G51-95 (2012) standards [25]. Soil moisture content
was determined using weight loss method in accordance with
the ASTM D4959-07 standards [26]. The soil resistivity was
estimated at ambient temperature of 25 ± 1 °C in the laboratory

using the square soil box method. The conductivity measure-
ment was carried out to determine the electrical conductivity
in accordance with the ASTM G187-05 standards [27] and
the soil resistivity was calculated from the conductivity value.

The oxidation-reduction potential (ORP) of the soil
samples was measured with the help of a digital potentiometer
in accordance with the ASTM G200-09 standards [28].
Platinum mesh and saturated calomel electrode (SCE) were
used as working and reference electrode, respectively. The
recorded oxidation-reduction potential values vs. saturated
calomel electrode was converted to reference value of the satu-
rated hydrogen electrode (SHE) at pH 7. Argentometric titration
was used to determine chloride in the sample using potassium
chromate as an indicator and gravimetric method was used to
estimate the amount of sulfate content in soil samples.

RESULTS AND DISCUSSION

Soil moisture: The moisture contents of all soil samples
collected from the present sampling sites of Kathmandu city
was found in the range of 9.7-58.0 % as shown in Fig. 1. Among
56 soil samples, 17 samples contained less than 20 % and 30
samples contained 20-40 % moisture content, while remaining
9 soil samples contained more than 40-60 % moisture content.
The results revealed that all the soil samples collected from
the present sampling sites are assumed to be mildly corrosive
(53.57 %), less corrosive (30.36 %) and moderately corrosive
(16.07 %) based on the soil moisture content.
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Fig. 1. Moisture content in the soil samples (LC = less corrosive; MiC =
mildly corrosive and MoC = moderately corrosive)

Soil pH: Soil samples collected from the study areas were
found to be strongly, slightly acidic, neutral or slightly alkaline
in nature having the pH values ranges from 3.0-8.2 as shown
in Fig. 2. The results revealed that 53 soil samples except 3
samples (i.e., sampling site No. 2, 23 and 43) are assumed to
be less and mildly corrosive for the underground metallic
pipes based on the soil pH value of 5.0 to 8.5 ranges. Three
soil samples collected from sample sites-2, 23 and 43 have
the pH value of 3.0, 3.5 and 4.3, respectively and hence these
soil samples are assumed to be corrosive for the water supply
galvanized steel and cast iron pipes based on the soil pH
result.
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Fig. 2. pH of the soil samples (LC = less corrosive; MiC = mildly corrosive
and C = corrosive)

Soil resistivity: The resistivity of all soil samples analyzed
in this study was found in the range of 1150-27780 Ohm.cm
(Fig. 3). Among these 56 soil samples, 29 soil samples have the
soil resistivity between 5000 and 20000 Ohm.cm, while 25 soil
samples have less than 5000 Ohm.cm resistivity as shown in
Fig. 3. On the other hand, 2 soil samples (i.e., sampling site No.
36 and 37) are considered to be less corrosive, because they
have the resistivity more than 20000 Ohm.cm. These results
revealed that about 52 % of the soil samples collected from the
central parts of Kathmandu metropolis are considered to be mildly
and moderately corrosive, while about 44 % of the soil samples
are considered to be corrosive to the buried-metallic pipes based
on the soil resistivity value according to the ASTM classifications
as summarized in Table-1 [29,30].
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Fig. 3. Resistivity of the soil samples (LC = less corrosive; MiC = mildly
corrosive; MoC = moderately corrosive and C = corrosive)

TABLE-1 
RATING OF SOIL CORROSIVITY TOWARDS THE BURIED-

METALLIC PIPES BASED ON THE SOIL RESISTIVITY, 
CHLORIDE AND SULFATE CONTENTS IN SOIL [Ref. 29,30] 

Soil parameter Soil corrosivity  
Soil resistivity (Ohm.cm) 

> 20,000 
10,000-20,000 
5,000-10,000 
< 5,000 

 
Less corrosive (LC) 
Mildly corrosive (MiC) 
Moderately corrosive (MoC) 
Corrosive (C) 

Chloride content (ppm): < 100 
Sulfate content (ppm): < 200 

Mildly corrosive (MiC) 
Mildly corrosive (MiC) 

 

Oxidation-reduction potential of soil: It was found that
the oxidation-reduction potential of all soil samples analyzed
in this study was found in the range of +158 to +537 mV vs.
saturated hydrogen electrode as shown in Fig. 4. Among these
56 soil samples, 50 samples have oxidation-reduction potential
value in the range of +200 to +400 mV vs. saturated hydrogen
electrode and they are considered to be mildly corrosive
towards the galvanized-steel and cast iron pipes. Three samples
are considered to be corrosive in nature having the oxidation-
reduction potential < +200 mV vs. saturated hydrogen elec-
trode. These assessment of the corrosiveness of soil are drawn
on the basis of the standard methods [31,32] as given in Table-
2.
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Fig. 4. Oxidation-reduction potential of the soil samples (LC = less corro-
sive; MiC = mildly corrosive and C = corrosive)

TABLE-2 
RATING OF SOIL CORROSIVITY TOWARDS THE  

BURIED-METALLIC PIPES BASED ON THE OXIDATION- 
REDUCTION PPOTENTIAL OF SOIL [Ref. 31,32] 

Oxidation-reduction potential (mV 
vs. saturated hydrogen electrode) 

Soil corrosivity 

> 400 
201-400 
100-200 

< 100 

Less corrosive (LC) 
Mildly corrosive (MiC) 
Moderately corrosive (MoC) 
Severely corrosive (C) 

 
Chloride content in soil: The chloride content in all soil

samples was found in the range of 13-199 ppm as shown in
Fig. 5. Among these 56 soil samples analyzed in this study, 23
samples have less than 50 ppm, while 21 samples have in the
range of 50-100 ppm and remaining 12 samples have 100-
200 ppm of chloride content. These results revealed that about
79 % soil samples are considered to be mildly and less corrosive
towards the buried-galvanized and cast iron pipes used in the
study areas. Such rating of soil corrosivity to buried-galvanized
steel and cast iron is based on the ASTM classifications [29,30].

Sulfate content in soil: It is reported that soils containing
less than 200 ppm of sulphate was considered as mildly
corrosive [29,30]. In present study, 54 % of the analyzed soil
samples (i.e., 30 samples) are considered to be mildly corrosive,
because they contained less than 200 ppm sulfate. Remaining
36 % soil samples (i.e., 20 samples) except 3 samples (i.e.,
sampling site No. 11, 20 and 23) contained the sulfate in the
range of 200-400 ppm (Fig. 6) are considered to be moderately
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Fig. 5. Chloride content in the soil samples (MiC= mildly corrosive and
MoC= moderately corrosive)

corrosive. Consequently, most of the soil samples are consi-
dered to be mildly and moderately corrosive for the buried-
metallic pipes based on the sulfate content in soil samples used
in this study.
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Fig. 6. Sulfate content in the soil samples (MiC= mildly corrosive; MoC=
moderately corrosive and C= corrosive)

Correlation between soil resistivity with moisture,
chloride and sulfate: The effects of moisture content, chloride
and sulfate ions in the soil resistivity were analyzed. A clear
correlation between the soil resistivity with moisture, chloride
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and sulfate contents in soil samples collected from the study
area of Kathmandu metropolis is clearly seen from Fig. 7.
Fig. 7(a) shows that the soil resistivity is significantly decreased
with increasing the moisture content less than 20 %, while a
slight decrease in soil resistivity with increasing the moisture
content of 20 to 40 % is clearly observed. However, it became
almost steady state between 40 to 60 % moisture content in soil
samples. In fact, the differences in variation rate of the soil
resistivity (the slope of the curve) for different moisture content
is very high in less than 20 % and is very low between 40-60 %.

In general, moisture content in soil has a profound effect
on the soil resistivity. Dry or sandy soil has generally high
resistivity. The sandy soil that easily drains water away is
typically non-corrosive, while clayey soil that hold more
amounts of water shows low resistivity and hence more
corrosive towards the buried-metallic materials like galvanized
steel and cast iron pipes. It was observed a good correlation
between the soil corrosivity towards the buried-metallic
materials and the nature of decreasing the soil resistivity with
increasing the moisture content in it was reported firstly in
1950s [6-9]. Similarly, a good correlation between the soil
resistivity with chloride, sulfate as well as the sum of both
chloride and sulfate ions is shown in Figs. 7(b), 7(c) and 7(d),
respectively. The soil resistivity is significantly increased with
decreasing the amount of 100 ppm chloride and 200 ppm
sulfate in soil samples, even though the resistivity of the soil
samples becomes almost steady state in the range of 100 to
200 ppm chloride and 200 to 500 ppm of sulfate content. These
result revealed that moisture, chloride and sulfate contents in
soil contributed to decrease the soil resistivity or to increase
the soil corrosivity to the buried-galvanized steel and cast iron
pipes in the study areas of Kathmandu.

Conclusion

The corrosive nature of the 56 soil samples collected from
central parts Kathmandu metropolis of Nepal to the buried-
metallic pipes like galvanized-steel and cast iron pipes was
studied and the following conclusions are drawn on the basis
of the above results and discussion.

• Eighty four percent of the soil samples contained less
than 40 % moisture, which is assumed to be mildly corrosive
and less corrosive nature to the buried-pipes.

• Almost all soils except 5 samples have pH within the
limits of 6.0-8.0 for showing mildly corrosive and less
corrosive to the buried-pipes.

• A high soil resistivity of 5,000 Ohm.cm or more was
found for 31 soil samples supports the moderately corrosive
to less corrosive nature of soils to the buried-pipes on the basis
of the soil resistivity.

• Most of the soil samples except 3 have the oxidation-
reduction potential of above +200 mV (saturated hydrogen
electrode), which shows mildly corrosive and less corrosive
nature to the buried-galva-nized steel and cast iron pipes.

• More than 50 % of the analyzed soil samples contained
< 100 ppm chloride, < 200 ppm sulphate and > 5,000 Ohm.cm
soil resistivity and hence they are considered to be mildly
corrosive and less corrosive nature to the buried-galvanized
steel and cast iron pipes.

• The soil resistivity was generally decreased with increa-
sing the moisture, chloride and sulfate contents and a good
correlation between the soil resistivity with these three para-
meters is clearly observed.

It can be concluded that the results presented in this study
can enable more accurate prediction of failures of such buried-
metallic pipes used in Kathmandu valley to supply drinking
water from reservoir to the consumers.
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