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The groundwater quality changes of the Bijar-Divandere Plain located in
Kurdistan Province, for scaling and corrosion, by using the information
during the years 2009 to 2018 and for each year, two months of June and
October were selected as high and low groundwater conditions in the GIS
environment, respectively. Moreover, by evaluating various indicators to
determine corrosion and scaling, valid indicators such as Langelier, Ryznar,
and Pocorius for industrial use, scaling and corrosion analysis wewassed. The
results of mentioned indicators in general showed that the groundwater of the
western and eastern parts of the plain was prone to corrosion and to scaling
respectively. The Ryznar index also showed that the water quality of the
center part of the plain is a neutral condition. It is recommended to use
aeration to remove iron and manganese, cathodic protection, priming, glazing,
and painting of the desired facilities in the western parts of the Bijar-
Divandere plain to prevent water corrosion. Moreover, for the central parts to
the east of the plain with water sedimentation properties and adverse effects
on agriculture, industry, and health of the region, the use of scaling inhibitors
such as the use of phosphate compounds and less extraction of water
resources are recommended.

© Authors, Published by Environment and Water Engineering journal. This is an open-access
paper distributed under the CC BY (license http://creativecommons.org/licenses/by/4.0/).
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Introduction

lines. This phenomenon has financial and

Due to population growth, increasing welfare,
development of industries, and agriculture along
with climate change, groundwater resources are
always changing quantitatively and qualitatively.
Therefore, it seems necessary to study the
guantitative and qualitative changes of
groundwater to manage. Moreover, the
phenomena of corrosion and scaling are caused
by groundwater in irrigation and water supply
facilities and water transmission and distribution
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economic damage and many adverse health
effects as well. As a result of corrosion, some
heavy elements such as lead and arsenic will
enter to drink water, which can make many
health problems. Also, due to the deposition
process, various problems such as accumulation
of salts and sediment in the walls of facilities,
and main and distribution pipes will occur, which
results in reducing the life of pipes, increasing
hydraulic pressure drop, and reducing water flow
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and efficiency of all valves and fittings available
in the water supply systems. This research aimed
to investigate the groundwater quality changes of
the Bijar-Divandere Plain for scaling and
corrosion, using the Geographic Information
System.

Material and Methods

The present study was conducted in the Bijar-
Divandere plain located in Kurdistan province.
This province is located in the northwest of Iran

(Fig. 1).

=

Fig. 1 Location of the region under study in the
country, province, city, and plain

According to  Demarten’s  classification,
Kurdistan province is divided into four types of
semi-arid, Mediterranean, humid, and very
humid climates. According to this classification,
the study area has a semi-arid climate. About
1.7% of the total area of the country is in this
province. The type of land and structure of the
study area is composed of sedimentary rocks,
especially clayey, calcareous and sandy mixtures,
which are related to the changes of the third
geological period. The city of Bijar is located 47°
36’ east of Greenwich and 35° 52' north of the
equator. The average altitude of this city was
1948 m above sea level. This area has a cold and
dry climate so the temperature difference
between the coldest and hottest days of the year
reaches 79 °C. The minimum temperature in the
region was related to February at 38 °C below
zero and the maximum was related to July and
August at 41°C above zero. The average annual
rainfall in the region is 344 mm, which is a good
rainfall compared to the annual rainfall of the
whole country. In the case of the study area,
moving to the west increases the amount of
rainfall, and moving to the east reduces the
amount of rainfall. The lowest rainfall is related
to the middle and upper eastern areas, equal to
250 mm and the highest rainfall is related to the
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western highlands and is equal to 400 mm. Most
of the rainfall is in the highlands and a small
amount of it is in the plains. In the present
investigation to study the groundwater quality
changes for scaling and corrosion, using the
information in the years 2009 to 2018 and for
each year two months of June and October were
selected as high and low groundwater conditions
using the Geographic Information System (GIS)
respectively. Moreover, by evaluating various
Indicators to determine corrosion and scaling,
valid indicators such as Langelier, Ryznar, and
Pocorius for industrial use and scaling and
corrosion analysis were used. If the value of the
Langelier index value was higher than zero, the
water will be scaling and if the index value was
below zero, the water will be corrosive.
According to the Ryznar index, if the calculated
value was greater than 6, it is considered to be
corrosive water and if it was less than 6, it is
considered scaling water. If the Pocorius value
was less than 6, the water tends to be
sedimentary, and if the calculated value for the
Pocorius index was greater than 6, the water
tends to be corrosive. Based on the obtained
information and to prepare groundwater zoning
maps of the Bijar-Divandarren plain, the
geographic information system of geostatistical
interpolation (kriging was used about the desired
quality parameters).

In this regard, after preparing the desired raster
layers for effective parameters, the desired
zoning maps were extracted and prepared. The
numbers of observation wells in the study area
were 15 wells. In this study, the values of the
indices for each well were calculated and then
the required zoning was done using ArcGIS
software. In addition, for each method in each
year for the two months of June and October, as
high and low groundwater level months, using
GIS, classification maps were prepared
respectively.

Results

According to the Langelier index, the whole
plain was composed of groundwater with two
corrosive qualities in the western part and scaling
quality in the eastern part. According to the
studied indices, a neutral, balanced, or stabilized
state was not observed in the groundwater
quality. The results of the above-mentioned
indicators in  general showed that the
groundwater in the western areas of the plain was
prone to corrosion and the eastern areas were
prone to scaling. The results of the Ryznar index
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showed that the water quality of the center part
of plain was as neutral condition. According to
the Procopius index, in June, the qualitative
zoning maps of the plain were divided in two
groups of sediment deposition in the northeast
and corrosive in most other areas.

All the studied indicators have shown the same
results for the groundwater quality of the Bijar-
Divandere plain. The results indicated that the
groundwater of the western part of the plain was
corrosive and from the center to the east of the
plain, low scaling, low or balanced corrosion,
and somewhat neutral and part of the east and
northeast of the plain was sedimentary.

Conclusions

According to the results obtained in this study, it
can be concluded that:

1. In the western parts of the Bijar-Divandarreh
plain with corrosive properties to prevent this
phenomenon, the use of aeration to remove iron
and manganese, cathodic protection, coating,
glazing, and painting of facilities, the use of
corrosion-resistant pipes such as polyethylene
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pipes and water pH adjustment using lime were
recommended.

2. For the central parts to the east of the plain
with water deposition properties and adverse
effects on agriculture, industry, and the health of
the locals, the use of sediment inhibitors such as
phosphate compounds and less harvesting of
water sources was recommended.

3. The Ryznar index has shown that the water
quality of a part in the center of the plain was
neutral. Moreover, if additional tests were
performed and the issue was proven, therefore no
need to use inhibitors to control scaling and
corrosion.

Data Availability
The data used in this research are presented in
the paper.
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