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Abstract

Nowadays, water management through the use otnamentional water resources h

gained attention as a means of reducing pressure on local natural water resources
the most widely used neconventional water resources is treated wastewater, or effl
which has been the subject of numerous studies, and whose benefits are rec
worldwide. In the process of effluent utilization, the location of the wastewater trea
plant is of great importance. To determine the most suitable sites for Vé@ARRuction,
largescale zoning of suitable and restricted areas based on various effective cri
essential. In this study, after examining the criteria required for zoning, suitabl
restricted areas for WWTP construction in Isfahan were identified by defining the
important siting criteria in GIS software. For this purpose, nine constraint criteria
used, including slope, rivers, the -g8ar floodplain, faults, power transmission lin
transportation networks, protected areas, urbarranad residential areas, and populati
centers. The results showed that 612.90 km? (39.13%) of the total study area was
for WWTP construction, whereas 953.55 kmz2 (60.89%) was restricted. The resuli
indicated the significant influence of population centers and urban and rural resi
areas on the spatial suitability pattern. The highest percentages of restricted lan
associated with population density (45.67%), urban areas (34.65%), and pop
centers (29.09%). In contrast, thewest shares of restricted land were associated
minor roads (0.25%), protected areas (0.65%), and power transmission lines (0.91¢
final spatial suitability map showed that one of the existing WWTPs is located wit
restricted area.
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1. Introduction transportation networks, 7) protected areas, 8)
Nowadays, sustainable water management andurban and rural residential areas, and 9)
the utilization of unconventional water resources, Population density or land use. Spatial data layers
particularly treated wastewater, have become Were collected from relevant organizations and
essential strategies to mitigate water scarcity Processed in GIS in vector or raster formats.

(Buonocore et al., 20)8ldentifying the optimal Since a direct slope layer was unavailable, it

location for wastewater treatment pldnis a Was generated using the regi
critical step in maximizing the efficiency of hetwork. Buffer zones were established for each

effluent reuse and minimizing environmental, restriction criterion based on Iranian standards
social,and economic costs. Proper siting requires and previous studies. For instance, buffers for
a comprehensive evaluation of various spatial fivers, protected areas, urban residential areas,
criteria to separate suitable (feasible) areas fromand population centers were set at 500, 1000,
unsuitable (restricted) zones. Despite the 2500, and 1500 meters, respectively. Buffers for
importance of WWTP siting, the rapid expansion freeways, main roads, and secondary roads were
of urban areas and population growth frequently defined as 76, 45, and 35 meters, while power
lead to spatial conflicts between residential zones transmission lines had a %0eter buffer. All

and existing facilities. input layers were transformed into raster formats

Many studies foWWTP sitingused different and recl assified using the 7
criteria such as slope, distance from rivenlfs GIS based on the defined allowable limits.
power transmission |ines protected areas Flna"y, the reclassified |ayerS were combined
transport networkurban areaspopulation density Using the AANDo Il ogical oper
(Neshastegaret al 2011 Falah et al., 2013 Calculator. In this process, only cells with a value
Mansouri et al., 2013 Ghalenoei 2023 of 1 in all layers remained as suitable areas

Awawdehet al.,2024 Thangaraset al.,2025.

In the current research, given that zoning for 3. Discussion and results
treatment plant construction is highly region By applying the acceptable buffer zones for each
specific, nine main influential criteria were criterion in GIS, the suitable and restricted areas
identified. By employing the map overlay method for constructing a WWTP were determined.
in GIS software, feasible améstrictedzones for Based on the calculations performed on the
establishing WWTPs in Isfahana major classified raster layersthe total study area
metropolis in the countryere determined. Then, encompasses approximately 1566 2kmthe
the locations of existing WWTPs within these restricted area comprises 953.55 %k(60.89%),
zones were evaluated. The resulting zones can bavhile the suitable area covers only 612.902°km
utilized in future studies to pinpoint optimized (39.13%). The suitable and restricted area were
locations. Notably, unlike some previous studies, presented in Fig. 1. The significant percentage of
the present research incorporates most of theunsuitable areas indicates that a large portion of
necessary criteria for WWTP siting into the the land lacks the necessary conditions\VilBVTP
zoning process, based on the framework outlined
in Publication No. 1233.

545026 561026 577026

2. Methodology
In this research, land suitability analysis was
conducted using GIS software based on the
Boolean method. Boolean logic is a widely used
technique for determining feasible and restricted
areas in the site selection process of infrastructure
facilities (Cheng and Thompson, 2016 It
operates on binary logic, meaning each spatial
layer is divided into two categories: feasible
(value 1) and restricted (value 0) based on
predefined criteria.

Nine spatial criteria were selected for the
macrezoning of WWTPs: 1) point elevation

3625096
3625096

3609096

\:l study area
- restricted areas

1=}
b=z}
(=}
[}
=1}
wn
™

network (slope), 2) rivers, 3) 2kear flood zones, 545026 561026 571026 (] suitable areas
4) faults, 5) power transmission lines, 6) ) S
Fig. 1. Final suitability map from the Boolean
! wastewater Treatment Plar(&/WTPs) overlay method
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establishment due to spatial constraints and wasadequacy and availability of data. Neglecting any
thus eliminated in the initial zoning stage. of these factors can lead to serious and
Analyzing the impact of various criteria irreversible damage to a city. Key criteria include
demonstrated that freeways, main and secondaryland use, topography, geology, distance from
roads, faults, power transmission lines, and residential areas, and accessibility to
protected areas created a very high percentage ofransportation networks, which are commonly
spatial suitability. Over 98.5% of the lands considered as major factors in most studies.
affected by these criteria fell into the suitable In this study, spatial data layers including
category. Conversely, populatizalated criteria  rivers, faults, the 2year flood zoning, road
imposed the highest level of restriction on the networks, urban and rural residential areas,
region. Limitations associated with population population centers, power transmission lines,
density (45.67%), urban residential areas protected areas, and digital elevation data were
(34.65%), and population centers (29.09%) analyzed to identify permissible locations for
played the most significant role in reducing WWTP construction. All selected criteria were
spatial suitability. Other criteria, such as implemented in GIS as constraint layers. The
secondary roads (0.25%), protected areasresults showed that out of the total study area of
(0.65%), and power transmission lines (0.91%), 1,566 kmz  around Isfahan, 39.13%
had a much smaller share in creating restrictions. (approximately 612.90 km?2) is suitable and

Furthermore, overlaying the current locations 60.89% (approximately 953.55 km?2) is
of existing WWTPs on the spatial suitability map unsuitable. The analysis of criteria influence
revealed that the South Isfahan WWTP is revealed that populatierelated constraints,
currently located in an unsuitable zone based onparticularly urban and rural residential areas and
the siting criteria and allowed buffers defined in population centers, had the greatest impact on
this study. Two other existing WWTPs are reducing spatial suitability, while other factors
currently on the border of suitable and unsuitable such as minor roads, protected areas, power
zones, which may soon fall into the unsuitable transmission lines, major roads, highways, and
area due to the rapid expansion of settlements  faults had a smaller contribution.

Furthermore, the evaluation of existing

4. Conclusions WWTP locations showed that one facility (South
Land suitability analysis using GIS software and Isfahan WWTP) is located within unsuitable
the Boolean method, as one of the most commonzones, while other plants are situated at the
site selection approacheS, was conducted tobOUndary between suitable and unsuitable areas.
delineate suitable zones for WWTP construction This situation is associated with negative
in Isfahan. The Boolean method applies binary environmental impacts, including odor emissions
classification to raster layers, converting each and spatial incompatibility with surrounding
|ayer based on predefined criteria into two settlements. These findingS hlghllght the need to
categories, where unsuitable areas are coded agevise siting policies, improve buffer zone
zero and suitable areas as one. Finally, all spatiaimanagement, and utilize Glised tools for
layers were combined using the Boolean AND sustainable urban wastewater infrastructure
operator and different buffer zones to produce the Planning in Isfahan. The identified suitable zones
final suitability map. This map classifies the study can serve as a basis for future studies aimed at
area into two categories, suitable and unsuitable,0ptimizing centralized and decentralized WWTP
and identifies candidate locations within the locations,  considering  construction  costs,
suitable class. treatment processes, raw wastewater transfer

In this approach, the correct selection of costs, and treated effluent reuse options.
parameters and criteria influencing WWTP siting Additionally, it is recommended that future
plays a decisive role in reducing spatial conflicts research apply fuzzy logic and muititeria
and environmental impacts. These criteria should decisionmaking approaches to provide a more
be defined based on the study objectives, scale detailed evaluation and ranking of suitable areas,
required level of accuracy, local conditions, the €nabling continuous modeling of spatial potential
degree of influence of each factor, and the Variations across buffer distances.
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Table 1. Criteria used for wastewater treatment plant siting in various studies
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1 Land use Z7Z 7Z 72 Z 272 Z Z Z Z zZ Z
2  Topography condition 22272 2222222227222
3 Buffer distance from residential areas (urbanandi12 2 2 22 2 2 Z2 2 2 Z Z
4  Geology (rock and soil characteristics) z2zz zzzz Z 7
5 Transportation network zzz z1z z2222z2z
6 Elevation difference relative to the city zz z z z zz
7 Vegetation cover zz z
8 River buffer zone zzz zzz z zz
9 Groundwater buffer zone z z z
10 Buffer distance from wells and ganats z z z
11 Protected areas buffer zone z z z
12 Population density z z z z
13 Buffer distance from power transmission lines zzz z z
14 Wastewater reuse z z z zz
15 Wind direction z z z z
16 Fault buffer zone z z z
17 Seasonal stream (wadi) buffer zone z
18 Flood protection z
19 Distance from existing wastewater treatment plant z
20 Type of treatment process z z zZz
21 Distance from main sewer network pipelines z z
22 Elevation relative to sewer network outlet z
23 Ecological factors z
24 Land cost, construction cost, and land accessibilityZ z z z
25 Receiving waters z z z
26 Social factors z z
27 Water resources z z
28 Construction of residual sludge conveyance netwcZ z
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Fig. 1. Location of the study area in Isfahan, Iran
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b) Location of the study area

Fig. 2. a) Topographic map of Isfahan city and b) Study area including Isfahan city and surrounding lands
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Table 3. Cells, area, and proportion of suitable and restricted zones in the spatial suitability map

Class zone Class zone

Number of cells

Area (km?) Share (%)

0 Restricted
1 Suitable

953.55 60.89
612.90 39.13
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