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Abstract In order to protect the human health as well as the environment from the
solid waste negative impacts, landfill sites should be subjected to adopt the criteria
that correspond to landfills international requirements. Fifteen criteria were approved
of in an arid area like Babylon Governorate, Iraq for landfill siting. As a result, ten
landfill sites were chosen in the governorate. A suitable design was suggested for
the selected landfill sites. This design consisted of the base liner system and the final
cover system. The results for the suggested landfill design (using the HELP model)
showed that there was no leachate percolation from waste mass into groundwater.

Keywords Landfill · Groundwater depth · Criteria · Design · Arid area

1 Introduction

Landfill is a significant part of an integrated solid waste management strategy [1].
Selecting a site for a landfill is considered as a complicated process, because this
process should take into consideration all the natural and artificial factors [2, 3]. The
GIS and multi-criteria decision-making (MCDM) methods were used for landfill
siting. To protect human health and the surrounding environment, a suitable design
for landfills should be considered to suit the study area conditions. A landfill design
consists of the base liner and final cover systems. The main objective of the current
study was to set the most suitable criteria for landfill sitting in arid areas that have a
shallow groundwater depth. The second purpose was to select an appropriate design
for the chosen landfill sites.
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Fig. 1 The Babylon Governorate, Iraq

2 Methodology

2.1 Study Area

Babylon Governorate was selected to be as a case study in arid areas that have shallow
groundwater depth. In Babylon, the groundwater depth in most of the area is between
0.4 and 4 m. The governorate is located in the middle part of Iraq (Fig. 1).

The temperatures range from more than 50 °C in the summer to around 0 °C
in the winter [4]. The average annual rainfall is 102 mm according to the Iraqi
Meteorological Organization and Seismology [5].

2.2 Site Selection Criteria for Landfills in Arid Areas

After analyzing the collected data about the study area (Babylon Governorate), 15
of the most appropriate criteria in arid areas were adopted. Then, each criterion was
divided into sub-criteria and they were given the ratings that deserved based on the
literature review and opinions of decision-makers. The selected criteria with their
weights and sub-criteria for each single criterion as well as their ratings in Babylon
governorate were explained by Chabuk et al. [6]. The straight rank sum (SRS) method
is one of the multi-criteria decision-making techniques and it was used to give the
weights for the criteria through ordering them according to their relative importance
in a descending order from the most to the least significant. The selected criteria and
their weights using the SRS method are displayed in Table 1.
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Table 1 The criterion weightings defined for the SRS method and normalized weights

Criterion Criteria
weights

Relative
weights

Criterion Criteria
weights

Relative
weights

Groundwater
depth

15 0.125 Agricultural land
use

7 0.058

Urban centers 14 0.117 Land use 6 0.050

Rivers 13 0.108 Archaeological
sites

5 0.042

Villages 12 0.100 Power lines 4 0.033

Elevation 11 0.092 Gas pipelines 3 0.025

Soils types 10 0.083 Oil pipelines 2 0.017

Slope 9 0.075 Railways 1 0.008

Roads 8 0.067 Sum 1

2.3 Suggested Landfill Design

For the selected landfill sites, a suitable proposed design in the arid areas (Babylon
Governorate, Iraq) was implemented based on the weather parameters. In the current
study, the design of this landfill includes the suggested soil layers for the liner system
and the final cover system. For the current design, the layers (from top to bottom)
and their specifications are summarized in Table 2 [6].

Table 2 Suggested layers data for the landfill design [6]

Layer Material Thickness (cm) Hydraulic conductivity (cm/s)

1 Topsoil layer (silty clayey
loam)

15 4.0E-5

2 Support vegetation layer
(moderate compacted loam)

45 1.0E-5

3 Geomembrane liner (HDPE) 0.5 2.0E-13

4 Top barrier layer (highly
compacted sandy clay)

45 1.0E-7

5 Foundation layer (coarse sand) 30 1.0E-2

6 Intermediate cover (moderate
compacted silty clayey loam)

30 1.0E-6

7 Compacted waste 200 1.0E-5

8 Protection layer (sand) 30 5.0E-3

9 Leachate collection system
(gravel)

30 3.0E-1

10 Geomembrane liner (HDPE) 0.15 2.0E-13

11 Bottom barrier layer (highly
compacted sandy clay)

60 1.0E-7
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Table 3 The areas and location of sites for landfills in Babylon Governorate districts [7]

Sites’ area Location Sites’ area Location

Site Area (km2) Site Area (km2)

Hillah-1 6.768 Latitude 32° 15′
46′′ N
Longitude 44°
28′ 55′′ E

Hashimiyah-2 1.374 Latitude 32° 24′
51′′ N
Longitude 44°
54′ 41′′ E

Hillah-2 8.204 Latitude 32° 13′
43′′ N
Longitude 44°
29′ 15′′ E

Mahawil-1 2.950 Latitude 32° 29′
59′′ N
Longitude 44°
41′ 2′′ E

Qasim-1 2.766 Latitude 32° 11′
43′′ N
Longitude 44°
32′ 26′′ E

Mahawil-2 2.218 Latitude 32° 38′
12′′ N
Longitude 44°
34′ 9′′ E

Qasim-2 2.055 Latitude 32° 14′
38′′ N
Longitude 44°
37′ 10′′ E

Musayiab-1 7.965 Latitude 32° 48′
39′′ N
Longitude 44°
8′ 59′′ E

Hashimiyah-1 1.288 Latitude 32° 15′
54′′ N
Longitude 44°
53′ 38′′ E

Musayiab-2 5.952 Latitude 33° 0′
14′′ N
Longitude 44°
6′ 46′′ E

The Hydrologic Evaluation of a Landfill Performance (HELP 3.95 D) model
was applied on the suggested design for landfills to check if there was any leachate
percolation into the groundwater. This model combines the weather parameters, the
soil, and the design data.

3 Results

3.1 Landfill Siting

For landfills siting, ten landfill candidate sites were selected in Babylon governorate
on the resulting final map using GIS and the SRS methods (Table 3).

3.2 Suggested Landfills Design

For the suggested design of landfills in an arid area using the HELP model, the
results of annual, average annual, and peak daily hydrologic performance for the
suggested design during the years from 2005 to 2016 showed that there was no water
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percolation into the groundwater through the layers of the base liner system that
was placed under the ground surface. The proposed design for the final cover system
showed a reduction in the surface runoff and an increase in actual evapotranspiration.

4 Discussion

The most important 15 criteria, that followed the scientific and environmental
requirements, were adopted to select ten landfill sites in the study area.

For the suggested layers of landfill design, the final cover system was implemented
based on storing ability of the water infiltrated from the landfill surface within the
upper layers of this system (have fine particles) and above the composite top liner.
This allows storing the water until it evaporates from the landfill surface and transpires
through vegetation due to the high temperature in arid areas without leakage into the
waste body. The layers of the base lines system were placed under the ground surface
to prevent groundwater contamination by the leachate percolated from the waste
zone. In the suggested design, the waste mass was placed above the ground surface
after compacting because the groundwater depth is shallow. This was performed to
provide the suitable depth for setting the layers of the base liner system beneath the
ground surface.

5 Conclusion

In the current study, the GIS and SRS methods were used to select candidate sites
for landfill in arid areas with shallow groundwater depth. Then, the suggested design
that included the final cover and base liner systems for the selected sites in Babylon
Governorate was adopted. The suggested design was checked using the HELP model
and the results showed there was no leachate percolation into the groundwater.
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