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Extended abstract

Introduction

Waste management resulting from human activities, particularly in urban
areas, is one of the most sensitive and critical responsibilities of
municipalities. The selection of waste disposal sites involves considering
various factors, among which environmental aspects and the prevention of
leachate infiltration into aquifers and groundwater are paramount. In this
context, municipal waste management systems are required to utilize
landfills, a standard and conventional approach to waste disposal (ANZECC,
1994; Tchobanoglous and Kreith, 2002). These structures play a vital role in
optimizing waste management and mitigating the environmental impacts of
municipal waste. During the transfer of leachate from old ponds to new ones,
the transfer method significantly influences the outcome. To prevent leachate
leakage, the use of pipes, geomembrane layers, and landfill insulation is
recommended (Anouzla & Souabi, 2024). However, the use of open
structures or channels that are not properly isolated can contribute to the
vertical and lateral spread of leachate in the subsurface. Research indicates
that the depth of the pollution plume in a landfill is primarily determined by
soil texture and the presence of permeable strata (Karimi et al., 2021).
Additionally, investigating seasonal streams is critical due to their high
potential for leachate infiltration.
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To evaluate the potential for leachate infiltration and determine the shape of the pollution plume,
cost-effective and efficient approaches, such as geophysical techniques, are necessary. Two-
dimensional non-destructive electrical resistivity tomography surveys are particularly effective.
Geological and subsurface evaluations of waste sites using geophysical methods have been
extensively studied due to their accuracy and cost-effectiveness (Yannah et al., 2019; Ayolabi et al.,
2015; Karsli et al., 2024; De Carlo et al., 2023; Karimi et al., 2021; Anouzla & Souabi, 2024;
Nguyen et al., 2018).

In these methods, leachate infiltration is identified by the significant electrical resistivity differences
between the leachate and the surrounding environment (Gazoty et al., 2012; Ugbor et al., 2021;
Belghazal et al., 2013; Bellezoni et al., 2014; Abdulrahman et al., 2016; Helene et al., 2020; Juarez
et al., 2023). Based on this understanding, the current study aims to investigate the vertical and
lateral spread of leachate at the leachate transfer channel and seasonal streams within the landfill site
of Hamadan City.

Material and Methods

Study Area

The studied area is located in the northern part of Hamedan city, between coordinates 34.959240° to
34.972384° N latitude and 48.611835° to 48.630663° E longitude, covering an approximate area of
238 hectares. Geologically, the area lies within the Sanandaj-Sirjan zone and comprises marly
limestone formations, weathered sandstones, and clay. Geotechnical investigations conducted in the
area reveal that the lithological composition includes sandy silt layers with gravel extending to a
depth of 20 meters (Ghaem Sazeh Sanjesh Ekbatan Consultant Engineering, 2017).

Vertical electrical sounding in the studied area has identified clay layers (up to a depth of
approximately 2.6 meters), clayey marl (reaching depths of around 15 meters), mudstone and marly
limestone (up to about 60 meters), as well as mudstone and silt with limestone (extending to a depth
of about 160 meters). These findings indicate low permeability, limiting the infiltration and
expansion of leachate (Karimi et al., 2021; Helali et al., 2020).

Methods

Electrical resistivity tomography (ERT) data were collected using an RMT5 device with a
transmitter length of 120 m and an electrode spacing of 2 m for three profiles. The distance of profile
1 from the location of the old leachate evaporation pond is 240 m, while the distance of the other two
profiles from this pond is approximately 540 m.

Electrical resistivity surveying is based on the distribution of potentials in a homogeneous medium.
One pair of electrodes (A and B) is used to introduce the current into the ground, while another pair
(M and N) is employed to measure the potential difference of hemispheric equipotential surfaces
where the ground surface intersects them. The apparent resistivity value is then calculated using the
following equation (1):

AV
PK @

In Equation (1), AV is expressed in millivolts (mV), I in milliamperes (mA), and K in meters (m).
Accordingly, the apparent resistivity (pa) is expressed in ohm-meters (Qm).

In this study, a Wenner electrode array was used for two-dimensional electrical resistivity
tomography (ERT) to determine the distribution of apparent resistivity values. More theoretical
details are provided in the works of Karimi et al. (2021) and Loke (2006).

After data collection and the removal of outliers, the raw apparent resistivity data were entered into
the Res2Dinv software to generate the initial pseudo-sections of resistivity. During the modeling of
the collected profiles, the inverse solution was implemented using the Quasi-Newton technique with
identical horizontal and vertical filters.

3. Result and Discussion

In this study, three ERT profiles were analyzed to investigate leachate contamination and resistivity
variations. The findings are summarized as follows:

Profile 1

This profile was oriented in the north-south direction, perpendicular to the leachate flow (Fig. 1).
High-resistivity layers (177-5600 Q-m) identified at the start of the profile (up to 42 meters) have
inhibited leachate infiltration. However, between 42 and 90 meters, low-resistivity layers (17-177 Q-
m) indicate significant leachate contamination extending to a depth of 18 meters. This contamination
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is likely attributed to the leachate transfer channel, which has created an extensive contamination
plume. Toward the end of the profile, high-resistivity layers (=560 Q-m) are observed, corresponding
to impermeable carbonate and metamorphic (especially schist) rocks. Overall, the leachate
infiltration pattern in this profile is heterogeneous due to the coexistence of old and new landfill
deposits. It is recommended that concrete or pipe channels be utilized to mitigate further
contamination.
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Fig 1. Measured apparent resistivity pseudo section (upper), calculated apparent resistivity
pseudo section after removing noises (middle), and inverse model resistivity section (lower)
along profile number 1 (black lines specifying the plume of pollution caused by leachate)

Profile 2

This profile, also aligned in the north-south direction, terminates at a seasonal stream (Fig. 2). From
the start of the profile to 78 meters, topsoil and clay layers with low resistivity (<34 Q-m) are
dominant. Beyond this point, resistivity values further decrease (<139 Q-m) due to leachate
infiltration from the stream. The leachate penetration depth is estimated at up to 11 meters, with a
contamination plume width of approximately 30 meters. The presence of clay and mudstone bedrock
in this area restricts deeper infiltration. However, the seasonal stream has facilitated lateral
contamination spread. A comparative analysis of Profiles 1 and 2 suggests that the leachate transfer
channel has a more pronounced impact on contamination than the seasonal stream, owing to its
proximity to the leachate pond and the underlying structural differences.
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Fig. 2. Measured apparent resistivity pseudo section (upper), calculated apparent resistivity
pseudo section after removing noises (middle), and inverse model resistivity section (lower)
along profile number 2
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Profile 3

Situated south of the seasonal stream and directly connected to Profile 2, this profile also follows a
north-south orientation (Fig. 3). From 0 to 20 meters, a low-resistivity zone (<260 Q-m) indicates
leachate infiltration, with the leachate-saturated zone extending to a depth of approximately 1.5
meters (resistivity <14.4 Q-m). Underlying layers with resistivity values exceeding 1105 Q-m
effectively prevent further infiltration. Although leachate infiltration is observed at the beginning of
this profile, the infiltration pattern is uniform and similar to that of Profile 2.

PsZ 49 20 Frofiled o %0 m
Lo R —— I
410 -
717
102
133
164
195
Measured Apparent Resistity Pseudosection
Psz oo 20 640 %0 m
= e e e — L ———

Calculated Apparent Resistivity Pseudosection
Depth Reration 3 RMS error = 332 %

182

Inverse Model Resistivity Section

39 14

[ [ () N [ () [ [ N N .
2 260 1105 469 19949 84752
Resistity in ohm.m Unit electrode spacing 2.00 m

1

Fig. 3. Measured apparent resistivity pseudo section (upper), calculated apparent resistivity
pseudo section after removing noises (middle), and inverse model resistivity section (lower)
along profile number 3

Conclusion

The findings from this research on the Hamadan Landfill indicate that the leachate transfer channel
and the presence of seasonal streams have significantly influenced the vertical and lateral expansion
patterns of leachate. Based on the profiles presented, leachate infiltration and the spread of the
pollution plume ranged from 13 to 18 meters vertically and from 30 to 50 meters laterally, which
aligns with the findings of research conducted by Helali et al. (2020) and Karimi et al (2021).

To prevent further infiltration of the pollution plume at this landfill, it is recommended to use solid
concrete channels or pipes to transfer leachate from the old pond to the new one. Additionally, to
manage leachate transfer in seasonal streams, it is necessary to first prevent the entry of leachate into
these pathways, and subsequently, to inhibit the seepage of leachate from these pathways
downstream of the landfill by creating obstructions.

Furthermore, this study demonstrated the effectiveness of the electrical resistivity tomography
technique in tracking and modeling the expansion of leachate infiltration from both artificial
channels and natural streams at the landfill site. Given the importance of leachate and its
environmental impact, it is proposed that municipal waste management organizations throughout the
country incorporate the aforementioned technique into their control and management strategies for
leachate in landfills, reducing costs associated with geomembranes in their research agendas.
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Fig. 1. The study area and its location in Hamadan province
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Figure 3. The studied area along with the location of special resistance tomography soundings, leachate
ponds, leachate transfer channel, and seasonal waterway. (ERT 1, ERT2, and ERT3 define profiles 1, 2,

and 3, respectively)
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