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landfill site, analytic network ; R . - .
process (ANP), geographic this study, a multi-criteria approach was employed using analytic network analysis

information system, Sari city. ~ (ANP) to identify the optimal waste landfill site. The evaluation process involved
considering 24 layers of information, including geology, engineering geology (such
as erosion, lithology, soil science, and seismicity), hydrology, hydrogeology
(including rivers, dams, and well depths), topography (elevation and slope), socio-
economic factors (distance from urban areas, villages, main roads, side roads, mines,
and airports), climate (rainfall), and environmental aspects (protected areas and land
use). Based on the findings, we selected five potential locations, with ‘Site 1° in the
southeast of Sari city receiving the highest average score and being recommended as
the most suitable landfill site.
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Introduction

Suitable sites for the location of municipal
solid waste (MSW) landfills are associated
with the land crisis problem, which requires
planning based on a set of environmental,
social and technical factors (Geneletti, 2010).
In the last few decades, among the methods
used for Ilandfill location, multi-criteria
decision-making methods have gained more
accuracy and ease of use due to their high
capability in modeling real-world problems.

As a decision-making support tool,
geographic information systems play an
important role in controlling and simulating
economic, environmental and political
constraints in locating the optimal waste burial
site. ArcGIS software is a successful and

essential tool for spatial studies, especially for
determining landfill sites (Zamorano et al.,
2008). The current landfill site of the city of
Sari is located in the southernmost point of the
provincial center in Guiche Waluyeh, a village
29 km southeast of Kiasar and 140 km from
Sari. The high annual transportation cost,
unhygienic  burial and  environmental
accidents for the residents and the pristine
nature of this area are the main problems of
this site.

In order to prevent the aforementioned
negative environmental consequences and
also to achieve goals such as protecting the
environment of the region (water, soil and air)
in the direction of sustainable development,
creating a suitable solution for recycling,
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landfilling engineering and sanitary waste and
optimal use of facilities and existing
potentials, the current research has presented a
multi-criteria approach for finding the landfill
of Sari city.
Materials and Methods

In this research, the various effective
parameters in locating the waste landfill,
according to the experts, include criteria and
sub-criteria  such as geological and
engineering geological factors (erosion,
lithology, soil science, seismicity, etc.),
hydrology and hydrogeology (distance from
the river, dam, check-dams, depth of
groundwater, etc.), topography (altitude and

slope), socio-economic (distance from urban
areas, village, main road, secondary road,
mine, airport), climate (rainfall) and
environmental factors (protected areas and
land use) were selected (Fig. 1). Their scoring
and weighting were done in the
SuperDecisions 2.8 software based on the
ANP method. These layers were converted
into raster layers in ArcGIS 10.5 software.
After applying the weight of each of these
layers, their final maps were obtained and
from the algebraic sum of these maps, the final
map was prepared to determine the most
suitable sites for sanitary landfill in Sari city.
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Fig. 1. Effective criteria and sub-criteria for landfill site selection

Results and Discussion

The parameters used in this study include 6
criteria and 24 sub-criteria. These parameters
and the way they were scored are briefly
described and their maps are finally described.
Hydrology and hydrogeology

These parameters include the distance of
the landfill from rivers, springs, wetlands,
shallow and deep-water wells, dams, and
groundwater levels from the landfill floor.

Distance from water wells: Most of the
wells in the study area are located in the plain.
Scores 1, 2, 3, 4, and 5 were considered for
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distances of 500 to 1000 m, 1000 to 1500 m,
1500 to 2000 m, 2000 to 2500, and values
greater than 2500 m, respectively. For
distances of 300 m, 300 to 600 m, 600 to 900
m, 900 to 1200 m, 1200 to 1500 m, and more
than 1500 m, scores O, 1, 2, 3, 4, and 5 are
assigned, respectively (Fig. 2a, b).

Distance from the river: According to
Guigin et al. (2009) and Sener et al. (2010),
river buffer zones are categorized as follows:
a score of O for the 500-meter restricted area,
1 for distances up to 1000 meters, 2 for
distances up to 1500 meters, 3 for distances up
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to 2000 meters, 4 for distances up to 2500
meters, and 5 for distances greater than 2500
meters. In Figure 2c, the zoning results are
presented based on the criteria mentioned.

Groundwater  depth:  Since  the
groundwater level in the study area is high, the
depth of the landfill and sub-base at least 10 m
to groundwater level was selected as the
restricted area. The zoning results based on the
mentioned criteria are presented in Figure 2d.
Topography

Elevation: There is a risk of contamination
due to leachate leakage in areas close to sea
level, so the most suitable sites for landfilling
municipal waste are areas above sea level. The
best areas for landfilling are those at
intermediate altitudes (Domesuka et al., 2016;
Fig. 2e).

Slope: The slope map was extracted from
the topographic map and classified into 6
classes. According to the classification of
Guigin et al. (2009) and Kontos et al. (2005),
the highest and zero scores are assigned to
areas with slopes of 0-10% and > 40%,
respectively. Thus, scores 1, 2, and 3 are
assigned to areas with slopes of 10 to 15%, 15
to 20%, and 20 to 40%, respectively (Fig. 2f).
Geology and Engineering Geology

A landfill site should be located on low
permeability geological layers to prevent
leachate from migrating into the underground
aquifer.

Lithology: Score 5 was assigned to shale,
marl, clay, and shale and marl sequences,
score 4 to clay tuff, fine-grained clay and loess
zones, score 3 to igneous and metamorphic
rocks with low fracture, alternation of marl
with weak rocks (conglomerate, sandstone,
limestone), alternation of marl, sandstone, and
shale, score 2 to evaporative rocks, score 1 to
dolomite, sandstone, limestone, conglomerate,
igneous, and metamorphic rocks with low
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strength and fracture, and score O to coast,
river alluvium, old and new alluvium. The
zoning results are presented in Figure 2g based
on the mentioned criteria.

Soil science: The soils of the study area
were classified as follows: Alfisols (0),
Mollisols (1), Coastal sands (2), Inceptisols
(3), Rock outcrops/Entisols (4), and Rock
outcrops/Inceptisols (5). The zoning results
based on these criteria are presented in Figure
2h.

Distance from major faults: The main
faults of the area are classified according to
World Bank (1999), and the area of 500 m
from the fault is considered a restricted area.
The classification of distance from the main
faults is shown in Figure 2i.

Socio-economic considerations

Economic considerations are one of the
important criteria that always play a pivotal
role in identifying landfill sites. Access routes
must be chosen in a way that is economically
justifiable. Public acceptance should be
considered regarding social criteria, and
places that face strong opposition should be
avoided (Abdoli and Samiei Zafarghandi,
2010).

Distance from urban areas: Score 1 is
assigned to distances over 15 km, score 2 to 2-
5 km, score 3 to 5-8 km, score 4 to 8-10 km,
and score 4 to 10-15 km (Fig. 2j).

Distance from the road: Based on Guigin
et al. (2009), landfill is not suitable for up to
100 m. According to the width of the main and
secondary roads and the restricted area, the
most suitable distances for construction are
150 and 120 m, respectively (Fig. 2k, 2I).
Roads, after correction in Google Earth, were
entered into the ArcGIS software. Again,
according to Guigin et al. (2009) and Article
17 of the Road and Railway Reform, for main
roads, a distance of at least 100 m was
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considered as a restricted area, a distance of
150 m was considered very appropriate. Also,
side roads up to 100 m were considered a
restricted area, and those up to 120 m were
considered the most appropriate distance for
landfilling.

Distance from the airport: In this
research, the distance classification from the
airport is presented in Figure 3m. According
to this classification, score 0 was assigned to
distance 0-3 km, score 1 to 3-4 km, score 2 to
4-5 km, score 3 to 5-6 km, score 4 to 6-7 km,
score 5 to more than 7 km (Fig. 2m).
Environmental conditions

According to the landfill construction
guidelines in the health, safety, and
environment system, the landfill should not be
built in densely populated areas.

Landuse: According to the large area of
agricultural lands and forests in the study area,
score 0 was assigned to the urban areas as
restricted areas, score 5 to pastures, score 4 to
dry agricultural lands, score 3 to degraded
forests, score 2 to dunes, and score 1 to
agricultural lands and forests (Fig. 2n).

Protected areas: According to the
standards, scores 0 and 5 were assigned to
protected and non-protected areas,
respectively (Fig. 20).
Determining the area
landfilling

In order to find a suitable site for
landfilling waste in Sari city, the area of the
required locations must first be calculated. To
determine the area, first, the population
growth rate was calculated as 0.8%,
considering that the population was 296,417 in

required for
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1990 and 309,820 in 1395. Then, according to
the growth rate, the population in 1396 was
estimated to be 312,298 people. The per capita
daily production of waste and its density based
on the information obtained from the Sari
Waste Management Organization is 0.92 kg
and 200 kg/m3. Therefore, the per capita daily
and annual production of the population in
1396 is equal to 287314.6 and 104869836.3
kg.

Using equation 1, the amount of waste
produced in 1396 will be 393261.25 cm?® and
using equation 2, the amount of waste
produced in the next 20 years, V2o, will be
equal to 8490510.38 cm?. If the height of the
landfill, r, site is considered to be 4 m, the area
required is 212 hectares.

V= R/(D)(1- P/100)Cy (1)
Voo=Vx((1+1)2-1)/r )

where, V is the volume required to bury the
waste per person per year in cm®, R is the
weight of the waste produced per person per
year in kg, D is the average density of the
waste in kg per cm? P is the percentage
volume reduction of the waste due to
compaction and Cy is the volume of cover soil
required in cm?,
Introduction of suitable sites

According to what has been said, areas
with a score of 5 and an area of more than 212
hectares are selected as the best sites for waste
landfill, which include 5 locations in the
southeast of Sari city. By averaging the scores,
their prioritization is shown in Table 1 and
Figure 3.
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Fig. 2. Weighted maps. a) Distance from drinkable and deep wells. b) Distance from non-drinkable and shallow
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Fig. 2. Continued.

Conclusion

According to the suitable area obtained for
waste landfilling for the next 20 years and
removing the prohibited areas, 5 suitable areas
for waste landfilling were obtained and the
areas were prioritized from the average of the
5 selected sites. These sites are located in the
far east and southeast of the city, where the site
1 has the highest average score and is located
in the southeast of Sari city. Although this area
has good features, it is not suitable in terms of
height. It is also in a relatively suitable area in
terms of the height and density of the sub-
fault. Site 2 also has good characteristics such
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S 31 Legen
77 distance from protected areas
-ll
5 i ‘

0 5 10 20 30
) Kilometers.

as access to main and secondary roads, some
parts of the region have unfavorable
characteristics such as a slope of more than
40%, high density of secondary faults and a
large part of the region has unsuitable
lithology. Site 3 has some characteristics such
as slope and suitable land use, but it is
unsuitable in terms of soil science and access
to main and secondary roads. In terms of
lithology, site 4 gets a low score because it is
located in an inappropriate area of the spring
and has a high density of sub-faults and a high
altitude. Site 5, having the lowest average
score, is located in an inappropriate range in
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terms of major and minor roads, soil science
and petrology. The prioritization of the

selected areas for waste landfill is shown in
Table 1 and Figure 3.

Table 1. Prioritization of selected locations for waste landfill

Sites Score (average) Avrea (hectares) Geographic location
Site 1 4.251 257 36°08'N, 53° 45" E
Site 2 4.245 1008 36°09'N, 53° 43" E
Site 3 4.236 4907 36°15'N,53° 53" E
Site 4 4.189 758 36°09'N, 53° 46" E
Site 5 4.152 509 36°22°N, 53° 51" E
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Table 2. Final weights obtained from weighted supermatrix

Score Sub-criteria Score Sub-criteria
0.024 Distance from village 0.064 Land use

0.041 Distance from spring 0.12 Protected areas

0.042 Distance from shallow well 0.040 Height

0.041 Distance from deep well 0.080 Slope

0.036 Distance from check-dam 0.064 Precipitation

0.043 Distance from dam 0.015 Soil science

0.081 Underground water depth 0.030 Lithology

0.052 Distance from river 0.015 Erosion

0.005 Distance from airport 0.022 Seismicity

0.005 Distance from mine 0.081 Distance from main fault
0.015 Distance from main road 0.025 Distance from secondary fault
0.011 Distance from subway 0.033 Distance from urban area
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Fig. 3. Weighted maps. a) Distance from drinkable and deep wells. b) Distance from Non-drinkable and shallow
wells. ¢) Distance from the river. d) Groundwater depth. e) Altitude. f) Slope. g) Lithology. h) Soil type. i)
Distance from major faults. j) Distance from urban areas. k) Distance from main roads. I) Distance from minor
roads. m) Distance from airport. n) Landuse. o) Distance from environmental protected areas
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Table 3. Prioritization of selected locations for waste disposal

Sites Score (average) Area (hectares) Geographic location
Site 1 4.251 257 36°08'N, 53° 45" E
Site 2 4.245 1008 36°09'N, 53° 43" E
Site 3 4.236 4907 36°15'N, 53° 53" E
Site 4 4.189 758 36°09'N, 53° 46" E
Site 5 4.152 509 36°22'N, 53° 51" E
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Fig. 4. The location of suitable landfill sites for Sari city
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