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1- Introduction

The proper site selection and evaluation of land-use suitability (the process of determining a particular parcel’s
capability for specific use) for waste disposal is one of the most basic requirements for urban development. The
environmental evaluation of the waste disposal site is a complex process conducted by considering several
factors or criteria simultaneously. Various criteria including geomorphological, geological, hydrological,
environmental, economic, and social ones are investigated, in proper evaluation, and effort is made to reduce the
anomalies by presenting the results to the experts and executors. This study aim is to assess the suitability of the
existing waste landfill and offer the most suitable areas in the Zanjan Plain, Iran (Fig. 1). In the Zanjan city, 313
tons of municipal solid waste with different compositions are daily entering the biological cycle concerning the
high population growth rate and physical development of the city (Zanjan Municipality, 2014). This amount is
(16.6%) higher than the average per capita of Iran. The waste disposal site in Zanjan is a subsurface and shallow
reservoir. Any seepage caused by natural processes (faults and fractures, infiltration of rainwater or snowmelt)
or artificial processes (the activities of humans) in the reservoir can result in significant damages. The chemical
and water microbial contamination resources, the decline of growth in the plants, introduction of toxic elements
into the soil, soil salinization, and the disruption in the life of aquatic and soil biota are some of the examples.
The epidemic of contagious deceases, soil erosion, desertification, the decline in the income of farmers due to
the reduced fertility of the plants, and finally, the migration and unemployment of the residents in the
contaminated areas are the side effects of contamination process.

2-Methodology

In this study, the DRASTIC method has been used to estimate the aquifer vulnerability, the double- ring
permeability method (ASTM, 2003) has been used to estimate the leachate infiltration, and geoelectrical surveys
have been used to measure the extension and depth of the leachate infiltration. In this study, the DRASTIC
method has been used to estimate the aquifer vulnerability, the double- ring permeability method (ASTM, 2003)
has been used to estimate the leachate infiltration, and geoelectrical surveys have been used to measure the
extension and depth of the leachate infiltration. Totally four main criteria of the DRASTIC model, infiltration
(precipitation), depth to the water table, slope, hydraulic conductivity (based on the coefficient of
transmissibility), and a chemical quality criterion of electrical conductivity were used to determine the aquifer
vulnerability. Based on the suggested DRASTIC model (Aller et al., 1985; Aller, 1987), the weights of five,
four, three, and one, were selected for the parameters of depth to the water table and chemical quality,
precipitation recharge, hydraulic conductivity, and slope, respectively. The coordinates of the model framework
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were defined between the longitude 48° 12" E- 48° 28" E and the latitudes of 36 © 39’ N - 38 © 55’, due to the lack
of sufficient data to cover the whole plain and to increase the accuracy of the DRASTIC model.
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Fig. 1. The geographical location of the landfill site, (a) The geographical location of the Zanjan Province in

Iran, (b) Zanjan Province and its plains in NW Iran, and (c) The geographical location of the landfill,
climatological stations, and monitoring wells.

In this study, the double-ring tests were carried out to estimate the leachate infiltration rate in three points with
undisturbed soil, assuming an equal velocity for contaminant and water movement. To determine the depth,
direction, and extension of the leachate plume, geoelectrical surveys were carried out all over the dumpsite
through Vertical Electrical Sounding (VES) method using the Schlumberger array with a maximum spread
length of 460 m along ten NW-SE lines. Among geoelectrical arrangements, the Schlumberger array was
preferred over other configurations because of its high-quality resolution in-depth, greater penetration depth,
simplicity, and rapidity for the field operation.

3-Results and discussion

The integrity of the criteria in the final map of the DRASTIC model indicates the medium range of aquifer
vulnerability in the waste disposal site. Very low, low, moderate, high, and very high groundwater vulnerability
zones cover around 18.53, 27.72, 18.83, 28.72, and 6.2% of the study area, respectively (Fig. 2). Based on the
results of permeability tests, the final infiltration velocity is low, showing the characteristic of a porous medium
with a medium sorting, in which the finer particles (silt and clay) are placed between the coarser particles of
gravel and sand. The geoelectrical surveys indicate that concerning the depth of 55 m for the leachate
concentration and the minimum depth of 86 m for the water table, the leachate plume has not significantly
damaged the aquifer. The plume pattern shows leachate migrates towards the northeast, backward to the nearest
village. Considering the calculated groundwater depth where low permeable media and arid climate (with low
precipitation and high evaporation) is available, it can be concluded that groundwater might not be

contaminated at least in the next five years.
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4-Conclusion

The landfill site suitability in the Zanjan Plain has been evaluated based on its vulnerability to pollution, the
rate of the soil infiltration, and the leachate plume's position. The aquifer vulnerability results show that the
landfill is situated in a moderate vulnerability class. The deepwater table level increases the leachate travel
time and self-purification of the unsaturated zone. The vulnerable criterion in the waste disposal site is the low
slope of the topography that provides sufficient time for the leachate's seepage. While the slope is an
inappropriate criterion from the hydrogeological view, the low slope reduces the inflow of surface runoff into
the rivers from a hydrological point of view. However, the presence of clay and silt particles leads to a
reduction in the leachate plume's infiltration velocity. The electrical sounding shows that a minimum distance
of 31m is available between the leachate plume and the groundwater table. The best sections for waste
disposal are located in the western and northwestern boundaries of the plain, while the most inappropriate
locations are in the plain's eastern and central parts.
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Fig. 2. The final raster maps showing the rate of the aquifer vulnerability based on the simplified DRASTIC
method, (a) The depth to groundwater map, (b) The topography map, (c) The electrical conductivity map, (d)
The rainfall map, (e) The transmissivity map, and (f) The final suitability map (the landfill site location is
shown by the red rectangle; light curves show a low degree of the suitability (high vulnerability and dark
curves show a high degree of the suitability).
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Fig. 1. The geographical location of the landfill site, (a) The geographical location of the Zanjan Province in Iran, (b) Zanjan Province and its
plains in NW Iran, and (c) The geographical location of the landfill, climatological stations, and monitoring wells.
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Table 1. The weight of the DRASTC parameters (Aller et al., 1987).

Parmeter Weight
Depthto groundwater 5
Recharge 4
Aquifer media 1
Soil media 2
Topography 1
Impact of vadose zone 5
Hydraulic conductivity 3

Civita and De-Regibus, ) ISIS Js. «(Civita, 1994) SINTACS
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Table 2. The location of the climatological stations and thier average monthly rainfall in April.

Station Longitude Latitude Rainfall (mm)
Soltaniyeh E 48° 47' 24" N 36°26' 15" 55.8
Khair Abad E 48°45' 43" N 36° 31’ 53" 53.9

Zanjan E 48°31' 18" N 36° 39’ 35" 55.8

Airport E 48°22' 16" N 36°46' 17" 52.9

Nikpay E48°11'09” | N 36°50'57" 50.5
FilekHase E 48°21' 11" N 37°04' 15" 48
A&”ﬁ:ﬁ?ﬁ” E48°22700" | N 36°58'00” 52.3
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Fig. 2. The final raster map showing the rate of the aquifer vulnerability based on the simplified DRASTIC method, (a) The depth to
groundwater map, (b) The topography map, (c) The electrical conductivity map, (d) The rainfall map, (e) The trasinsmissivity map, (f) The
final suitability map (the landfill site location is shown by the red rectangle. Light curves show alow degree of the suitability (high

vulnerability and dark curves show a high degree of the suitability.
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Table 3. Averaged double ring permeability test results in the landfill site.

Time Cum_mulgtive _Time Change in Cummulative S Cumulative . Infiltration
. Infiltration interva | the depth N Infiltration per . 3 Discharge
(min) (mm) I (min) (mm) Infiltration per area(mm/mm?) dlscharge(mm / rate(mmd/min) rate
area(mm/mm?) min) (mm/min)
0.5 0 0 - - - - - -
1.33 1 0.83 1 706 706 531 851.2 12
2.33 3 1 2 2119 1413 909 935 12
5 4 1.17 1 2826 706 565 603 0.85
10 6 5 2 4239 1413 423 282.6 0.4
18.53 11 14.53 5 7777 2532 419 243 0.34
40 13 21.47 2 9184 1413 229 65.8 0.09
95 16 455 4 11304 2826 118 62.1 0.08
140 18 45 2 12017 1413 90 314 0.04
184 20 44 2 14030 1413 77 32.11 0.04
226 23 42 2 16249 1413 72 33.6 0.04
250 24 24 1 16956 706 67 29.4 0.039
265 285 155 15 20135 1059 75 68.3 0.039
280 29 15 0.5 20488 353 73 23.5 0.033
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Fig. 3. An Aerial photograph showing the position of geoelectrical profiles (Base map from Google Earth). Tthe yellow circles show the
center of the profile, the red lines show the profile length, and the red polygon shows the landfill site.
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Table 4. The geographical coordination and elevation of the geoelectrical profile centers.

rer?fkl)tr Longitude Latitude Elevation(m)
1 48°20'04" 36°39'27" 1690
2 48°20'06" 36°39'28" 1689
3 48°20'07" 36°39'31" 1686
4 48°20'09" 36°39'32" 1681
5 48°20'11" 36°39'33" 1677
6 48°20'12" 36°39'34" 1676
7 48°20'48" 36°39'47" 1673
8 48°20'54" 36°39'27"" 1670
9 48°21'24" 36°39'45" 1659
10 48°2022" 36°39'59" 1663
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Fig. 4. A cross-section showing the specific resistivity distribution at the landfill site. The hoirzontal axis shows the length of the survey, the
vertical axis (right) shows the electrical resistivity values (ohm.m), and the vertical axis (left) shows the elevation of the profile centers.
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Fig 5. A cross-section showing the chargeability distribution at the landfill site. The horizontal axis shows the length of the survey, the
vertical axis (right) shows the chargeability values (Mv%YV), and the vertical axis (left) shows the elevation of the profile center.
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