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Determining the Areas Prone to Treated Wastewater Replacement through
Hierarchical Analytical Method (AHP) in Mashhad Plain

Masoud Mohammadi! ,Hadi Dehghan™?

Abstract

In this study, GIS software was used to locate prone to treated wastewater replacement. For this
purpose, parameters of water quality, being close to the wastewater treatment plant, groundwater
level, and topographic conditions have been used in different regions. Then, the information layers
related to these parameters were weighted through the AHP method. Eventually, by integrating and
assembling the layers, a priority map of areas prone to wastewater replacement was drawn. The
results of AHP analyzes indicated that according to the water experts, the drop in water level and the
quality of groundwater in Mashhad Plain have the highest weighting factor and the distance from the
wastewater treatment plant and the height differences in various regions relative to thewastewater
treatment plant (topography) were the least weighted coefficient. Also, the areas with the highest
drop, the best water quality, the lowest distance and the lower height relative to wastewater treatment
plant had the highest weight coefficient. Furthermore, areas with the lowest drop, the worst water
quality, the highest distance and height relative to the wastewater treatment plant had the lowest
weight coefficient. The areas identified as the first priority indicated the highest water level drop and
their water quality was better than other areas of the plain. Therefore, by replacing the agricultural
wells of these areas with the treated wastewater and removing these wells from operation circuit, the
amount of water withdrawal is reduced and the stored water potential can be used in the future. By
direct replacement of the wells with wastewater and excluding these agricultural wells from operation
circuit, one hundred percent of replaced water can be stored in the groundwater tables with higher
quality and it is possible to use them in the future.

Keywords: AHP, GIS Software, Mashhad, Reduction of Groundwater Level, Wastewater
Treatment Plant, Water Quality
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replacement. For this purpose, parameters of water quality, being close to
the wastewater treatment plant, groundwater level, and topographic
conditions have been used in different regions. Then, the information
layers related to these parameters were weighted through the AHP
method. Eventually, by integrating and assembling the layers, a priority
map of areas prone to wastewater replacement was drawn. The results of
AHP analyzes indicated that according to the water experts, the drop in
water level and the quality of groundwater in Mashhad Plain have the
highest weighting factor and the distance from the wastewater treatment
plant and the height differences in various regions relative to
thewastewater treatment plant (topography) were the least weighted
coefficient. Also, the areas with the highest drop, the best water quality,
the lowest distance and the lower height relative to wastewater treatment
plant had the highest weight coefficient. Furthermore, areas with the
lowest drop, the worst water quality, the highest distance and height
relative to the wastewater treatment plant had the lowest weight
coefficient. The areas identified as the first priority indicated the highest
water level drop and their water quality was better than other areas of the
plain. Therefore, by replacing the agricultural wells of these areas with the
treated wastewater and removing these wells from operation circuit, the
amount of water withdrawal is reduced and the stored water potential can
be used in the future. By direct replacement of the wells with wastewater
and excluding these agricultural wells from operation circuit, one hundred
percent of replaced water can be stored in the groundwater tables with
higher quality and it is possible to use them in the future.

1. Introduction

Decreasing groundwater level and its overuse owing to recent droughts and increasing population has
forced humans to use other sources of water. Nowadays, wastewater treatment plants as a new and
permanent source have drawn the attention of experts to compensate for groundwater sources directly
and indirectly. Treatment basically means when the wastewater is reused. One of the main strategies to
combat water scarcity is the use of water chains in accordance to the change in its quality in different
sectors of consumption, so reuse of wastewater is inevitable. Methods of using wastewater are extensive
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and sensitive, including its replacement with agricultural water rights (surface and underground),
artificial nutrition, industry, fish farming, green space, etc. Owing to the scarcity of water resources,
especially in arid and semi-arid areas such as Iran, the reuse of treated wastewater in irrigation of green
space and agriculture and other uses, is considered as one of the main goals. Increasing population
growth and industrial development are among the factors resulted in increased water consumption and
wastewater production in the societies. Owing to the limited water resources available, the use of treated
wastewater can protect water resources and partially compensate for water scarcity. The present study
aims to prioritize areas prone to treated wastewater replacement in terms of quality, proximity to
treatment plants, groundwater level drop and topographic status in different areas using the Analytic
Hierarchy Process (AHP).

2. Materials and Methods

Mashhad plain with an area of 9909 square kilometers is located in the north of Khorasan Razavi
province. This area is located in Karakum catchment area and includes 22.5% of Karakum catchment
area in Iran. It is a mountainous area, 35% of which is plain and the rest includes highlands and hills.
The maximum height of the catchment at the peak of Binalood is 3249 m and its minimum height at the
exit site is 880 m and its average height is 1800 m above sea level. In general, the general climate of
the area is semi-arid and the average annual long-term rainfall (30-year, 1980-1981 to 2000-2011) in
the study area of Mashhad is about 255.1 mm per year. The temperature rises from 9.1to 17.1 ° C, as
opposed to rainfall from west to east.In the present study, the results of chemical analysis of 95 deep
wells have been used. The data used in the present study were prepared from Iran Water Resources
Management Company. The Analytic Hierarchy Process (AHP) is one of the most powerful and
convenient methods for solving multi-criteria decision making problems and is used in situations where
conflicting decision criteria make it difficult to choose between the option.AHP is a way of prioritizing
(determining the degree of importance) scientifically to make decisions. In this study, Mashhad plain
was divided into five areas and then using four topographic criteria of the area (wastewater should be
pumped or will be transferred by gravity), distance from the treatment plant, water table drop rate and
groundwater quality, these five areas were prioritized to replace the treated wastewater. In this regard,
40 AHP questionnaires were formed in the form of pairwise comparison tables and distributed among
water experts, and they were asked to score them and determine importance of the criteria by pairwise
comparison.

3. Results
AHP results revealed that based on the opinions of water experts and specialists, water level drop and

groundwater quality in Mashhad plain had the highest weight coefficient and distance from the
treatment plant and the differences between heights of different areas and the treatment plant
(topography) had the lowest weight factor. Also, the areas that had the highest drop, the best water
quality, the shortest distance and the lowest height to the treatment plant had the highest weight factor
and consequently the areas that had the lowest drop, the worst water quality, the longest distance and
the highest height to the treatment plant had the lowest weight factor.The areas identified as the first
priority had the highest water level drop and in terms of water quality, had better quality than other
plain areas. Since the highest weight coefficient was related to water level drop and groundwater quality
and also its highest value was related to the areas that had the highest drop and best water quality in
AHP method, they were selected as treated wastewater replacement areas as the first priority.

4.  Discussion and Conclusion

The results of a study conducted by KheirkhahZarkesh et al. (2008) also showed that the hierarchical
analysis method can be used as a powerful and flexible tool to reduce the complexities in identifying
appropriate axes and arranging the evaluation criteria based on their importance in the structure of the
decision tree. By direct replacement and removal of agricultural wells, 100% of the replaced water with
better quality will be stored in the groundwater aquifer and can be used in the future. Based on the
positive results of this study, the following recommendations are presented:

Masoud Mohammadi ,Hadi Dehghan ...... Determining the Areas Prone to Treated Wastewater
Replacement through Hierarchical Analytical Method (AHP) in Mashhad Plain




Iranian Journal of Irrigation and Water Engineering _ 392

1- This study method can be used to prioritize wastewater replacement areas for artificial feeding and
also to prioritize wastewater replacement areas and remove wells in operation in other plains of the
country.

2-It is also recommended to avoid excessive cost of entering drinking water to the city of Mashhad and
discharging the wastewater in the Kashafrud River by utilizing these results.
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