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Abstract: The landfill design is necessary to be implemented in various regions to protect public human health and the factors of 
environment. The suggested design of landfill was performed in the arid areas, where that Babylon Governorate, Iraq was selected as a 
case study. Babylon Governorate is located in the middle of Iraq. The suggested design for the selected sites for landfill in the arid areas 
was consisted of the base liner and final cover systems. The HELP 3.95D model was applied on both systems to check if there is any 
leakage by leachate from the suggested soil layers of landfill base on the water balance in Babylon Governorate for the years 2005-2016. 
The suggested design of final cover system was implemented based on weather parameters in the arid areas through storing water that 
coming from the surface within upper layers that have fine particles and over the top barrier without leakage into the waste body, 
thereby preventing leachate generation. This is allowing to the stored water to evaporate from the surface of soil or transpire through 
vegetation due to the high temperature during the most months in the study area. The results showed there was no percolation of 
leachate through the base liner system. The design of final cover system was acted to reduce the runoff on the surface and increase the 
actual evaporation.  
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1. Introduction  

Landfill is considered a common systematic and 

economic technique to manage the MSW (municipal 

solid waste) disposal in most countries, especially 

developing countries even though when other methods 

are for waste management such as recycling, reuse, 

burning and burial are used [1-5]. MSW consists of 

organic, commercial, industrial, institutional and 

construction wastes [6].  

Inefficient management of landfills gives negative 

impacts on the human health and environmental factors 

when implemented the landfills in several countries 

such as pollution of groundwater and surface water by 
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leachate, gas emissions to atmosphere and other [5, 7, 

8]. The systematic design of landfill consists of two 

systems are the base liner system and the final cover 

system. 

The aim of using the base liner system in modern 

landfills is to control contamination resulting from 

landfill on environmental factors, where that the 

leachate generated from landfills represents the main 

threat to groundwater and soil. The main sources of 

leachate are rainfall and the water that comes from the 

waste itself. In modern landfills, the base liner system 

is constructed to form a barrier between the waste and 

the ground. In addition, this system works to drain the 

leachate to treatment facilities using the leachate 

collection system [9].  

The final cover system works to isolate the waste 
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mass from surrounding environment by putting the 

suitable layers of the final cover system for the landfill 

on the waste surface. The layers of the final cover 

system work to avert water infiltration into the waste 

body, consequently, reducing the generation of 

leachate downward in the landfill. Furthermore, the 

final cover system is contributed to reducing the 

surface erosion by improving the drainage into the 

layers of system regularly [10]. 

Selecting sites for landfill should adopt the most 

significant criteria for the study area. These criteria are 

different from area to another depending on the 

existing factors and conditions.  

Babylon Governorate locates in the arid-hot area, 

and its groundwater depth is shallow ranging from 

0.423 m to 15.97 m below the ground-level [11]. 

Therefore, the special conditions in Babylon 

Governorate should be taken into consideration when 

selecting the criteria for landfills siting, also when 

adopting the suitable suggested design for the base 

liner and the final cover systems in the landfill to 

protect human health and to conserve the environmental 

parameters from contamination (air, soil and water).  

The hydrologic evaluation of landfill performance 

(HELP 3.95D) model was applied to check the 

proposed design for the selected sites for landfills in the 

districts of Babylon governorate. The data of soil 

layers' design with the weather data parameters were 

combined in this model. The HELP model was applied 

to estimate the water balance for the base liner and the 

final cover systems in the landfill. In the HELP model, 

the amount of leachate percolated was calculated 

through the soil layers. In addition, the amount of 

runoff and actual evapotranspiration that result from 

rainfall was estimated when the suggested layers were 

used for the final cover system of landfill [12-14]. In 

the literature reviews, several previous studies used the 

different versions of the HELP model to estimate the 

leachate within the landfill sites (e.g., [4, 15-19]). 

The main objective of this study is to select an 

appropriate design for the base liner system and the 

final cover system for the selected sites in Babylon 

Governorate, which is located in the arid areas. The 

layers of the base liner system should be designed 

perfectly to prevent the groundwater pollution by 

leachate percolating in these sites because the 

groundwater depth in Babylon Governorate is very 

shallow. The suggested final cover system should be 

designed to achieve its main purposes through reducing 

the surface runoff, increasing the actual 

evapotranspiration and decreasing the water infiltration 

into the waste body which helping reduce the leachate 

generation. Then, apply a suitable model on the 

suggested design for the selected landfill sites in the 

governorate to check the suitability and efficiency of 

this design for the study areas. 

1.1 Previous Studies for Landfill Design  

In the literatures, many previous studies were issued 

concerning the environmental guidelines and 

recommendations for landfills' design in various 

countries and in different regions, including the base 

liner system and the final cover system. Table 1 is a 

summary of previous required designs for the base liner 

system for the landfills in different countries and 

regions, while Table 2 displays the summary of designs’ 

requirements and the characteristics of the layers for 

the final cover system for the landfills.  

1.2 Study Area (Babylon Governorate, Iraq) 

Babylon Governorate is situated in the middle of 

Iraq about 100 km to the south of Baghdad (the capital 

Iraqi), and it locates between latitudes 32˚5'41'' N and 

33˚7'36'' N, and longitudes 44˚2'43'' E and 45˚12'11'' E 

(Fig. 1). Babylon Governorate includes the Babil city 

which considered the most famous city of the ancient 

world and is part of “Cradle of Civilizations”. The 

Babil city was built 4,100 years ago; it represented the 

power center of an expansive and influential empire 

[26, 27]. Babylon Governorate has a strategic location 

through connecting the north and south governorates of 

Iraq [28].  
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Table 1  Summarize of previous designs for the base liner system for landfills. 

No. Items Thickness No. Items Thickness

Victoria, Australia [20] Devon, Gauteng, South Africa (Subtropical latitude) [21] 

1 Sub-base. 30 cm 1 Subgrade. - 

2 
Compacted clay layer with hydraulic 
conductivity of ≤ 1.0E-9 m/s. 

1 m 2 
Compacted clay layer with four lifts, and its 
hydraulic conductivity is ≤ 1.0E-9 m/s. 

60 cm 

3 A geomembrane liner (HDPE). ≥ 1.5 mm 3 A geomembrane liner (HDPE). ≥ 1.5 mm

4 Protection non-woven geotextiles.  4 
Protection layer (silty sand) or non-wave 
geotextile as a protection layer. 

10 cm 

5 
Drainage layer (gravel) with hydraulic 
conductivity of ≥ 1.0E-3 m/s, and leachate 
collection pipes with diameter of (15- 20) cm. 

30 cm 5 
Leachate collection layer with hydraulic 
conductivity of ≥1.0E-3 m/s, and leachate 
collection pipes.  

≥ 15 cm 

6 Non-woven geotextiles filter layer. - 6 Non-woven geotextiles filter layer. - 

Kuwait (Arabic Gulf (arid area)) [22] Makkah, Saudi Arabia (Hot desert climate) [23] 

1 
Subgrade (compacted native soil) with hydraulic 
conductivity of ≤ 1.0E-7 cm/s. 

- 1 
The base layer consists of compacted original 
material to depth of 1 m above the water table.

1 m 

2 
High compacted barrier layer with four lifts, and 
its hydraulic conductivity is 1.0E-6 cm/s. 

90 cm 2 The compacted cushion layer (clean sand). 30 cm 

3 
Drainage layer contains coarse material (gravel 
or sand)/leachate collection pipes. 

30 cm 3 Geomembrane liner (HDPE). 2.5 mm 

4 Non-wave geotextile filter layer.  
4 

Leachate collection system (gravel), and 
leachate collection pipes. 

30 cm 
5 Protective layer. 60 cm 

Ireland (Cold region) [24] British Columbia, Canada [25] (applying in arid & non-arid areas)

1 Subgrade. - 1 Subgrade (native soil or bedrock). - 

2 
Compacted clay layer with four lifts, and its 
hydraulic conductivity is ≤ 1.0E-9 m/s. 

≥ 1m 2 
Compacted barrier layer (silty clay) and its 
hydraulic conductivity is ≤ 1.0E-7 cm/s. 

75 cm 

3 Geomembrane liner (HDPE). > 2 mm 3 Geomembrane liner (HDPE). 1.5 mm 

4 
Leachate collection layer (gravel) with hydraulic 
conductivity of ≥ 1.0E-3 m/s, and leachate 
collection pipes with diameter of 20 cm. 

≥ 50 4 Non-wave geotextile protection layer. - 

5 Protection layer. - 
5 

Leachate collection layer (gravel), and 
leachate collection pipes. 

30 cm 

6 Non-wave geotextile filter layer. - 

 

Table 2  Summarize of previous designs for the final cover system for landfill. 

No. Items Thickness No. Items Thickness

Victoria, Australia [20] Devon, Gauteng, South Africa (subtropical latitude) [21] 

1 Foundation layer. 30 cm 1 Foundation and gas collection layer. 15 cm 

2 
High compacted clay layer (barrier soil) with 
hydraulic conductivity of ≤ 1.0E-9 m/s. 

< 60 cm 
2 Non-wave geotextile filter layer. - 

3 Compacted barrier layer with three lifts.  45 cm 

3 Sub-soil layer. 1m 
4 Topsoil layer. 20 cm 

4 Topsoil layer. 20 cm 

Kuwait (Arabic Gulf (arid area)) [22] Makkah, Saudi Arabia (Hot desert climate) [23] 

1 
Foundation and gas collection layer (compacted 
natural soil).  

30 cm 1 Foundation cover layer of sand. 30 cm 

2 
Compacted top barrier soil with three lifts, and 
its hydraulic conductivity is ≤ 1.0E-5 cm/s. 

60 cm 2 
The cushion layer of moderately compacted 
sand. 

30 cm 

3 Drainage layer. 30 cm 3 

The synthetic clay liner (GCL) consists of 
bentonite (six mm). The GCL layer is 
positioned between two strong and thin layers 
of the unwoven geotextile as a sandwich. 

- 

4 Topsoil layer (mixture of silt and natural gravel). 30 cm 4 
Topsoil layer with surface slope between 
3-5%. 

20 cm 
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(Table 2 continued) 

No. Items Thickness No. Items Thickness

Ireland (cold region) [24] British Columbia, Canada [25] (applying in arid & non-arid areas)

1 
Foundation and gas collection layer (optional) 
with hydraulic conductivity of ≥ 1.0E-3 m/s. 

≥ 30 cm 1 
Compacted barrier with hydraulic conductivity 
of ≤ 1.0E-7 cm/s. 

60 cm 

2 
Compacted barrier layer with three lifts (each lift 
of 20 cm), and hydraulic conductivity is ≤ 1.0E-9 
m/s. 

60 cm 2 A geomembrane liner (HDPE). 1.5 mm 

3 
Drainage layer (gravel) with hydraulic 
conductivity of ≥ 1.0E-3 m/s. 

50 cm 
3 
 

Non-wave geotextile filter layer. - 

4 Sub-soil layer. ≥ 1 m 
4 
 

Sub-soil (support vegetation) layer. 45 cm 

5 Topsoil layer of uniform soil. 15-30 cm 5 Topsoil layer. 15 cm 
 

 
Fig. 1  Babylon Governorate, Iraq. 
 

Babylon Governorate covers an area of 5,337 km2, 

including cities of Babylon Governorate. Babylon 

Governorate had a population of approximately 

2,220,000 inhabitants up to 2017 distributed 

throughout five major cities, referred to as districts or 

(Qadhaas) [29]. These districts are Al-Hillah, 

Al-Hashimiyah, Al-Musayiab, Al-Mahawil and 

Al-Qasim.  

1.3 Climate  

The climate of Iraq is divided mainly into three types. 

These are: continental, subtropical semi-arid and 

Mediterranean [30]. According to FAO [31], Iraq is 

divided into four zones of agro-ecological which are 

[32]:  

(a) The arid and semi-arid zones with a 

Mediterranean climate which covered mainly the 

governorates in northern parts of Iraq. 

(b) The desert zone is extended from north of 

Baghdad to the borders of Saudi Arabian and Jordan, 

where the climate in this zone is distinguished by 

extreme temperatures in summer and the annual 

rainfall is less than 200 mm.  

(c) Steppes zone is located between the 

Babylon Governorate

Al-Hashimiyah

Al-Hillah

Al-Mahwil

Al-Musayiab

Al-Qasim
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Mediterranean and desert zones, where that the annual 

rainfall in the cold winter is between 200-400 mm and 

the temperatures in summer are very hot. 

(d) The irrigation area zone is located between the 

rivers of Tigris and Euphrates and extended from the 

north of Baghdad to the south in Basra.  

The rainfall takes place during winter in most parts 

of Iraq (from December to February), while in 

mountains from November to April. The annual 

quantity of rainfall from the south and southwest to the 

north ranges from less than 100 mm to more than 1,000 

mm. The mean daily temperature is 16 °C and at night, 

the temperature drops to 2 °C. During the Summer, the 

climate is hot to so hot and dry (without rainfall), where 

the daily temperature during the hottest months July 

and August reaches over 43 °C in the shade and 

decreases to 26 °C at night [30].  

Babylon Governorate is located in the arid region in 

fertile land between the Tigris and Euphrates rivers [32, 

33]. The winter season is usually rainy and cold, with 

about 6.8 hours/day of sunshine. The mean daily 

temperature is 24 °C, though temperatures usually keep 

on above 0 °C. Temperatures can drop below freezing 

during some nights. The summer is very hot with a 

mean sunshine duration of about 12 hours/day and this 

season is usually dry with no rainfall. The temperature 

during the summer can rise more than 50 °C in shade. 

The mean temperature ranges during summer from 

40 °C during the day to 24 °C at night. The annual 

average wind speed in Babylon Governorate is 7.2 

km/h. The dominant wind direction in the governorate 

is northwest. For the years from 2005 to 2016, the 

mean annual rainfall was 102 mm. The average annual 

proportion of relative humidity was 45.8 [26, 28, 34, 

35].  

2. Methodology 

2.1 Selection Sites for Landfill 

2.1.1 Estimated Future Quantities of Solid Waste 

Generated 

The quantity of expected future solid waste in 

Babylon and its districts for the year 2030 are 

calculated based on the expected population for each 

specific year as well as the rate of increment for waste 

generation rate in Babylon Governorate and its 

districts. 

To calculate the population for each year from 2013 

until 2030 Eq. (1) is used [36]. 

PP= PF (1+r) n (1)

where, PP is the future population at the end of period; 

PF is the present population for year 2013; r is the 

annual growth rate of population (2.99%) and n is the 

number of years. 

The present generation rate of solid waste for each 

district is calculated through divided the quantity of 

solid waste for the year 2013 by the population of each 

district for the year 2013 as follows Eq. (2): 

SWGR (2013) = (SWQ (2013))/ (PP (2013)) (2)

where, SWGR is the present generation rate of solid 

waste for the year 2013 (kg/capita/day); SWQ is the 

quantity of solid waste for the year 2013 (kg) and PP is 

the Population of district for the year 2013. 

Generation rate of solid waste for each year is used 

to fulfill many factors such as improving living 

standards in the study area and increasing levels of 

commercial and industrial activities in urban areas.  

This attempt is depending on the fact that waste 

generation rates in 2005 and 2013 to calculate the 

annual IWGR (increment of waste generation rate) as 

follows Eq. (3):  

IWGR = 
( 	 	 )( )  (3)

where, IWGR is the annual increment of waste 

generation rate 1%; SWGR2013 is the generation rate of 

solid waste was 0.67 (kg/capita/day) of year 2013 [37, 

38]; SWGR2005 is the generation rate of solid waste was 

0.58 (kg/capita/day) of year 2005 [28] and n is the 

period (years).  

Equation (4) is used to calculate the generation rate 

of solid waste for year 2030 or specific year (GRSW).  

SWGR(t) = SWGR (2013) (1 + IWGR) n (4)

where, SWGR(t) is the solid waste generation rate for 
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each year (kg/capita/day); SWGR(2013) is the present 

generation rate of solid waste for year 2013 from Eq. (2) 

and IWGR is the rate of annual increment in waste 

generation per year from Eq. (3) (similar to equation 

that used by Ref. [39]); n is the number of years. 

The main equation to calculate the waste quantity 

(SWQ) produced for each year until the year 2030 is as 

follows:  

SWQ (for specific year) = 

((PP (2013) (1 + 0.0299) n) × 

(SWGR (2013) (1 + 0.01) n) × (365/1000)) 

(5)

The cumulative quantity of solid waste generated by 

2030 is calculated using Eq. (6). 

SWCQ(c) = SWQ(ct) + SWQ(ct-1) (6)

where, SWCQ(c) is the cumulative quantity of solid 

waste for the specific year (tonne); SWQ(ct) is the 

quantity of solid waste for the specific year (tonne) and 

SWQ(ct-1) is the cumulative quantity of solid waste for 

the last year before specific year (tonne). 

The quantity of solid waste in 2030, and the 

cumulative quantity of solid waste for the years 

(2020-2030) can be seen in Table 3. 

The volume of waste for the year 2030 and the 

volume of cumulative waste from 2020 to 2030 in these 

districts are shown in Table 4. These values are 

calculated based on the following information: 

 The information mentioned and summarized in 

Table 3.  

 These values of waste volume in 2030 are resulted 

by dividing the quantity solid waste in 2030 and the 

cumulative quantity of solid waste for the years 

(2020-2030) by the density of waste (700 kg m−3) 

[40-42].  

2.1.2 Siting Criteria 

The most important of 15 criteria were selected to 

obtain the best sites for landfill in the arid region 

(Babylon governorate, Iraq). The criteria and their 

categories that were adopted for the selected sites for 

landfill can be seen in Table 5. Geologically, clastic 

(fertile) materials known as alluvial deposits extend 

from the surface to a depth of more than 50 m, where 

no rocks are exposed in this area [43].  

In this study, based on reviews of literature in this 

field, opinions of experts and various existing required 

data about the study area, each criterion was classified 

into categories (sub-criteria), and each category was 
 

Table 3  Expected solid waste quantity in 2030, and the solid waste cumulative quantity for the years (2020-2030). 

District PP(2013)
a FP(2030)

b 
SWQc (2013) 
(Tonne)  

 SWGRd (2013) 
(kg/capita/day)  

SWQ (2030) 
(Tonne)  

SWCQe (c) (2020-2030) 
(Tonne)  

Al-Hillah  807,777 1,332,930 238,244 0.82 472,474 4,300,864 

Al-Qasim  184,605 304,621 38,913 0.57 76,374 695,219 

Al-Mahawil 336,148 554,685 49,377 0.4 96,389 877,419 

Al-Hashimiyah 270,020 445,566 51491 0.52 100,155 911,695 

Al-Musayiab 374,684 618,274 105,196 0.77 205,792 1,873,295 

Babylon Governorate 1,973,234 3,556,966 483,221 0.67 1,030,174 8,752,506 
a PP: present population; b FP: future population; c SWQ: solid waste quantity; d SWGR: generation rate of solid waste; e SWCQ: 
cumulative quantity of solid waste. 
 

Table 4  Expected solid waste volume in 2030 and cumulative solid waste volume from 2020 to 2030 in Babylon Governorate 
and its districts. 

District Volume of waste in 2030 (m3) Cumulative waste volume from 2020 to 2030 (m3) 

Al-Hillah  674,963 6,144,091 

Al-Qasim 109,106 993,170 

Al-Mahawil 137,699 1,253,456 

Al-Hashimiyah 143,079 1,302,421 

Al-Musayiab 293,989 2,676,136 

Babylon Governorate 1,471,677 12,503,580 
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Table 5  The criteria and their categories that was selected for landfills siting in Babylon Governorate [44]. 

Layer Criteria  Categories  Score  Reference Figure  
1 G.W. depth (m) 0.423-15.972 - [11] (Fig. 2a) 

2 Urban centers (km) 

< 5 km 0  

[45] (Fig. 2b) 
5-10 10 
10-15 7 
> 15 km 4 

3 River (km) 
< 1  0 

[45] (Fig. 2c) 
> 1 10 

4 Villages (km) 
< 1  0 

[45] (Fig. 2d) 
> 1 10 

5 Soils types 

Periodically flooded soils (A7) 10 

[46] (Fig. 2e) 

Haur soils (B8) 9 
Basin depression soils (C6) 9 
River basin soils, poorly drained phase (D5') 8 
River basin soils, silted phase (E5) 7 
Silted haur and marsh soils (F9) 6 
River levee soils (G4) 5 
Active dune land (H11) 4 
Sand dune land (I18) 3 
Mixed gypsiferous desert land (J17) 2 
Gypsiferous gravel soils (K1) 1 

6 Roads (km) 

0-0.5 0 

[45] (Fig. 2f) 
0.5-1 7 
1-2 10 
2-3 5 
> 3 3 

7 Elevation (a.m.s.l.) 11-72  [45] (Fig. 2g) 

8 Slope (degree) 
0-5° 10 

[45] (Fig. 2h) 
> 5° 5 

9 Land use 

Industrial areas 0 

 (Fig. 2i) 

Urban Centers 0 
Villages 0 
Rivers 0 
Archaeological sites 0 
Agricultural lands 0 
University 0 
Treatment plant 0 
Agricultural airport 0 
Orchards 5 
Unused lands 10 

10 Agricultural land use 
Agricultural lands 0 

[47] (Fig. 2j) Orchards 5 
Unused lands 10 

11 Archaeological sites (km) 
0-1 0 

[48] (Fig. 2k) 1-3 5 
> 3 10 

12 Power lines (m) 
≤ 30 0 

[45] (Fig. 2l) 
> 30 10 

13 Oil pipelines (m) 
≤ 75 0 

[49] (Fig. 2m) 
> 75 10 

14 Gas pipelines (m) 
≤ 250 0 

[49] (Fig. 2n) 
> 250 10 

15 Railways (km) 
0-0.5 0 

[45] (Fig. 2o) 
> 0.5 10 
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Fig. 2  Raster maps for Babylon Governorate are: (a): Ground water depth; (b): Urban center; (c): Rivers; (d): Villages; (e): 
Soil types; (f): Roads; (g): Elevation; (h): Slope; (i): Land use; (j): Agricultural land use; (k): Archaeological site; (l): Power 
lines; (m): Oil pipelines; (n): Gas pipelines; (o): Railways.  
 

Treatment plant (0)
Urban centers (0)
Agricultural  airport (0)
Archaeological sites (0)
Agricultural lands (0)
University (0)
Orchards (5)
 Unused lands (10)

Land use
Rivers (0)
Industrial areas (0)
Villages (0)
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given a suitability grading value. To prepare each 

criterion and sub-criteria, several steps should be 

performed in GIS software [44]. 

2.1.3 Selecting the Candidate Sites for Landfill 

In Babylon Governorate, GIS software (10.5) and 

MCDM (multi-criteria decision making) methods 

(AHP (analytical hierarchy process), SRS (straight 

rank sum) and RSW (ratio scale weighting) were used 

to select the best candidate sites for landfill. The 

MCDM methods were applied to give the relative 

weights for criteria. The maps layers of 15 criteria were 

prepared in the GIS software. Finally, ten candidate 

sites were obtained on the final map(s) within the most 

suitable area category two for each district in Babylon 

Governorate [44, 50-54] (Table 6). On the satellite 

images of the Babylon Governorate, the selected 

candidate sites were checked (Fig. 3). The soil 

investigations for the new selected sites for landfill 

were conducted by the Iraqi Ministry of Housing & 

Construction—National Center for Construction 

Laboratories and Research Babylon, Iraq in 2016 [55] 

to check the soil characteristics at each site and the 

depth of water table. According to Chabuk et al. [56], 

the results showed the data that entered in the maps of 

criteria were close with field tests. 

2.2 Landfills Site Layout  

The suggested landfill site should be divided into 

several zones, where each zone is sufficient to receive 

the waste quantity for a period of one year. In current 

study, the planned lifespan for the selected sites for 

landfill is 10 years. For each selected site, area is 

divided into 10 zones, where each zone is dedicated for 

the period of one year. The area of each zone is divided 

into number of cells to receive the waste quantity (for 

one month) based on the supposed lifespan for one 

zone (Fig. 4) [16]. Eq. (5) was used to calculate the 

SWQ for each year until the year 2030 [57].  

For calculating the area of each zone (km), the waste 

quantity (kg) for a particular year is divided by the sum 

of multiplying the solid waste density (700 kg/m3) by 

the waste height (2 m). 
 

Table 6  The required area, and the areas and location of candidate sites for landfills in the districts of Babylon Governorate 
and the available area for design [44]. 

District Requited area (km2) 
Area of candidate sites 

Location 
Available area for 
design (km2) Site Area (km2) 

Al-Hillah  3.4 
Hi-1 6.768 

Latitude 32°15'46" N 
Longitude 44°28'55" E 

2.5 × 1.5 
(3.75) 

Hi-2 8.204 
Latitude 32°13'43" N 
Longitude 44°29'15" E 

2.5 × 1.5 
(3.75) 

Al-Qasim 0.55 
Q-1 2.766 

Latitude 32°11'43" N 
Longitude 44°32'26" E 

0.8 × 0.8 
(0.64) 

Q-2 2.055 
Latitude 32°14'38" N 
Longitude 44°37'10" E 

0.8 × 0.8 
(0.64) 

Al-Hashimiyah 0.72 
Hs-1 1.288 

Latitude 32°15'54" N 
Longitude 44°53'38" E 

1 × 0.8 
(0.8) 

Hs-2 1.374 
Latitude 32°24'43" N 
Longitude 44°55'43" E 

1 × 0.8 
(0.8) 

Al-Mahawil 0.7 
Ma-1 2.950 

Latitude 32°29'59" N 
Longitude 44°41'2" E 

1 × 0.8 
(0.8) 

Ma-2 2.218 
Latitude 32°38'12" N 
Longitude 44°34'9" E 

1× 0.8 
(0.8) 

Al-Musayiab 1.4 
Mu-1 7.965 

Latitude 32°48'39" N 
Longitude 44°8'59" E 

2 × 1  
(2) 

Mu-2 5.952 
Latitude 33°0'14" N 
Longitude 44°6'46" E 

2 × 1  
(2) 
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2.3 Suggested Landfill Design 

The main goal of landfill design in the arid area 

(Babylon Governorate, Iraq) is to reduce the effects of 

solid waste on human health and surrounding 

environment. The suggested design of landfill includes 

the soil layers for base liner system and final cover 

system. These layers are as follows:  

2.3.1 Base Liner System 

The main aim of construction the base liner system is 

to prevent groundwater contamination by the leachate 

[20]. The suggested soil layers for the base liner system 

in the arid area (Babylon governorate, Iraq) from the 

bottom to the top are as follows: 

(a) Sub-base layer 

The compacted layer of sub-base is necessary to 

provide a stable and smooth ground surface for the 

bottom barrier layer constructed on it without affecting 

the bottom barrier layer by differential settlement. This 

layer should be compacted and placed directly over the 

compacted natural soil. The thickness of the sub-base 

layer is 20 cm [58] or 30 cm [59-61]. The sub-base 

layer is compacted with maximum modified proctor’s 

density of 90-95% using two lifts or 80-90% if using 

sandy materials [59]. In the current design, the 

thickness of the sub-base layer is between 20-30 cm.  

(b) Bottom barrier layer (liner system) 

The main objective of using bottom barrier layer in a 

landfill is to inhibit groundwater pollution by leachate. 

This layer is used to filter the leachate within it and to 

prevent the leachate percolation through it, and flow 

laterally [24, 59, 62]. 

The barrier layer of a landfill consists of the 

following common types [13, 63]. The barrier layer 

contains composite soils’ materials with low 

permeability such as sandy clay and silty clay. The 

geomembrane liner is placed over composite barrier 

layer in this type. For bottom barrier layer, the final 

surface should be smooth to provide quick lateral 

drainage for leachate over the liner [20]. 

In current suggested design, the composite bottom 

barrier layer (high compacted sandy clay) is preferred 

to use with hydraulic conductivity of 1.0E-7 cm/s. The 

thickness of this layer is 60 cm with compacted lifts 

(each lift is 15 cm). On the surface of each lift, should 

be made scratches to increase cohesion and bonding 

between each two lifts.  

(c) Geomembrane layer  

The geomembrane liner is used (together with the 

bottom barrier layer) to reduce the flow of pollutants' 

quantity percolation through it that affecting the 

groundwater [63]. The geomembrane liner life should 

be 100 years depending on expected operating years, 

weather parameters (especially temperature) and a 

thickness of ≤ 1.5 mm [25, 59].  

The suggested geomembrane’s liner should take into 

consideration many factors, including susceptibility to 

deterioration or chemical attack, deformation, its 

thermal stability, elasticity and tensile strength, shear 

resistance, puncture and tear resistance, local 

environmental conditions, and slope stability [20]. 

A geomembrane on a slope should be fixed by 

anchor trenches to prevent it from slipping down inside 

the side slopes during construction [20, 59]. The width 

of the anchor trench should be 50 cm [60] or 60-90 cm 

[59], and its depth is 60 cm [59].  

In this design, the type of geomembrane liner placed 

within the base liner system includes a flexible 

membrane liner of HDPE (high-density polyethylene) 

with a thickness of 1.5 mm, and its hydraulic 

conductivity is 2.0E-13 cm/s.  

(d) Leachate collection system  

The leachate collection system is used to remove the 

percolated leachate from the waste zone. The leachate 

is resulted from rainfall that infiltrated through the 

layers of the final cover system then into the waste 

zone, as well as leachate from waste itself. The 

percolated leachate that is rising above bottom barrier 

layer is transported to the leachate collection pond or 

treatment facility by collection pipes of leachate [8, 24, 

25]. This system consists of the drainage blanket layer 

(gravel) and leachate collection pipes. In this suggested 
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design, the general requirements design for leachate 

collection system is as follows: 

The drainage blanket layer contains of gravel 

material with thickness of 30 cm [23, 25, 58, 62]. To 

avoid chemical attack, the drainage layer should not be 

containing limestone or other calcareous material [20]. 

The hydraulic conductivity of the drainage blanket 

layer is 1.0E-3 m/s [8, 24, 25, 58]. To avoid clogging 

and capillary action that can hold water in the drainage 

layer and to provide space into the drainage layer to 

drain leachate freely, coarse material is used [20].  

The leachate collection pipes comprise the slotted 

bottom pipes of leachate collection (main drainpipes 

and lateral pipes) and the main header pipe. The 

diameter of the main drainpipes is between 15-20 cm, 

where the diameter of main drainpipes is ≥ 15 cm [58, 

62] or 20 cm [24] or 30 cm [64]. The lateral spacing for 

the main drainpipes is ≥ 25 m [58]. The longitudinal 

slope of main drainpipes toward the main header pipe 

or sump should be ≥ 1% [24] or ≥ 2% [58].  

The vertical and inclined pipes are installed over the 

leachate collection pipes [65]. The inclined pipes are 

distributed on inside slope of the perimeter berm. The 

vertical and inclined pipes are used as vents for 

releasing the gases into atmosphere [65]. 

The lateral pipes connecting with the main 

drainpipes, and the interval space between each lateral 

pipe is 2 m [59]. The slope of lateral pipes in the 

transverse direction toward the main drain pipes should 

be ≥ 2% [24] or ≥ 3% [58].  

The main header pipe is to be placed around the site 

cells and linked with the main drainpipes. The main 

header pipe acts to remove the leachate to the sump by 

gravitational force [24, 65]. The inspection shafts 

(cleaning points) should be placed along the main 

header pipe (outside the zone of waste), at the main 

drainpipes and lateral pipes ends and at the connecting 

points of the main drainpipes with the main header pipe 

[63].  

The sump usually situates at the low points in cells 

of landfill, where that it is located either outside or 

inside the landfill site [24, 65]. To remove and lift 

leachate from the sump to the required head, an 

operating pump should be used [24]. Then, the 

collected leachate should be removed by pumping to 

the leachate collection pond or to the leachate treatment 

facility directly or the leachate can be stored in the 

leachate storage tank and sent it to waste-water 

treatment plants (when the amount of leachate 

generated is low) [8]. After treating the leachate in the 

treatment facilities, the treated leachate can be sent 

back into the landfill to promote the waste 

decomposition [66]. The sketch of layout for the 

leachate collection system in landfills can be seen in 

Fig. 5. 

(e) Protection layer 

The protection layer should be placed over the 

drainage layer to ensure the long-term operation of the 

drainage layer since it prevents waste particles from 

moving into the drainage layer, does not destroy the 

drainage pipes and prevent clogging the drainage layer 

[8, 24]. To prevent the retention of leachate in the mass 

of waste, the hydraulic conductivity of the protective 

layer should be more than 1.0E-5 cm/s [8]. The 

suggested thickness of the protection layer is among 30 

cm, 50 cm [8] and 30 cm [59].  

A non-wave geotextile filter layer can be used and 

placed over the drainage layer instead of the protection 

layer [20, 58]. This layer performs same function of sand 

materials as a protection layer to the drainage layer. 

In the current design, the protection layer consists of 

sand and its hydraulic conductivity is equal to 5.0E-3 

cm/s. The thickness of this layer is 30 cm.  

2.3.2 Waste Zone 

In this study, the waste is suggested to place over the 

ground surface because the groundwater depth in 

Babylon Governorate, Iraq is shallow. In the selected 

sites for landfill, the suggested height of the waste is 2 

m [42, 67] after compacting it in situ to the density of 

700 kg/m3 [40-42].  
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Fig. 5  The suggested sketch for the leachate collection system layout in the landfills.  
 

In the site, the waste is spread and compacted in thin 

lifts of 0.5 m [25]. The compacting equipment passes 

(normally 3-5 times) over the waste to achieve the 

required compaction [25]. A soil of 15 cm thick should 

be used daily to cover the waste mass to minimize the 

environmental risk that resulted from landfill on human 

health. Fig. 6 shows the suggested soils layers for base 

liner system.  

2.3.3 Final Cover System  

The final cover system of landfill is used when a 

volume of waste in landfill reaches to maximum 

capacity. The main aims of placing the final cover 

system on a landfill are: (i) To prevent humans and 

environment from exposure to municipal solid waste; 

(ii) To reduce odors, noise, diseases, etc.; (iii) To 

decrease infiltration of precipitation into the waste 

body, consequently, prevent the leachate generation; 

(iv) Controlling surface erosion by promote drainage; 

(v) The surface becomes more stabilized for the 

completed part of the landfill; (vi) Ensuring 

maintenance of the cover to prevent accommodate 

settling and subsidence; (vii) Controlling the gas 

emission from landfill [8, 22, 58].  

The first scenario “Evapotranspiration soil cover 

(ET), (capillary barriers type)” was applied, using the 

available local soil materials in the suggested layers of 

the final cover system. This type of cover system is 

mostly applied recently for landfills in arid areas in the 

USA and other developed countries [10, 68]. The 

second scenario of the modified cover design of 

“RCRA Subtitle D”, is also applied in arid areas, and 

which is considered the cheapest system according to 

Ref. [10]. The suggested designs for the layers (from 

bottom to top) and their specifications for the final 

cover system using the “evapotranspiration soil cover 

(ET), (capillary barriers type)”, and the modified 

design of “RCRA Subtitle D” can be seen in Table 7 

[15]. For the final cover, the positive features for 

certain layers from the modified cover design of 

“RCRA Subtitle D” (first scenario) and 

“evapotranspiration (ET), capillary barriers” (second 

scenario) according to Chabuk et al. (2018) [15] were 

taken for the “Recommended design” (third scenario) 

for the landfill in the arid area (Babylon governorate, 

Iraq). 

In the “Recommended design” (third scenario) [15], 

for the layers of the final cover system, the support 

vegetation layer consists of the fine particles (moderate 

compacted loam). The fine particles in this layer enable 

it to store the infiltrated water from the surface until it 

evaporates from the topsoil layer depending on the high 

temperature during most of the months in the arid area 

[68]. The top barrier layer and the geomembrane liner 

are placed beneath the support vegetation layer. These  
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Fig. 6  The sketch of the suggested soils layers for base liner system. 
 

Table 7  Suggested layer data for the landfill design, using the first and second scenario [15]. 

Layer Material Thickness Hydraulic conductivity  

First scenario “evapotranspiration soil cover (ET), (capillary barriers type)” 

1 Intermediate cover (moderately compacted silty clay loam) 30 cm 1.0E-6 cm/s 

2 Coarse-particle soil (coarse sand). 30 cm 1.0E-2 cm/s 

3 Fine-particle soil layer (moderately compacted loam). 75 cm 1.0E-5 cm/s 

4 Topsoil layer (silty clayey loam) 15 cm 4.0E-5 cm/s 

Second scenario “RCRA Subtitle D” (modified design) 

1 Intermediate cover (moderately compacted silty clay loam) 30 cm 1.0E-6 cm/s 

2 foundation layer (coarse sand) 30 cm 1.0E-2 cm/s 

3 Top barrier layer (highly compacted sandy clay) 45 cm 1.0E-7 cm/s 

4 Topsoil layer (silty clay loam) 15 cm 4.0E-5 cm/s 
 

layers work together to prevent water percolation 

through the waste body and reduce the leachate 

generation. The top barrier layer contains the high 

compacted sandy clay that is available locally in 

Babylon governorate and generally in Iraq.  

To reduce the risk of sliding and erosion in the 

landfill, the side slope of final cover at landfill site 

should be 33.3% (3H:1V) [25, 65] or > 40% (2.5H: 1V) 

[24]. 

To prevent erosion and/or pooling and to enhance 

water runoff on the surface of a landfill, the slope of the 

top surface (plateau) for the final cover of a landfill 

should be 3.3% (30H:1V) [24] or 3.3-5% (30-20H:1V) 

[23] or 10% (10H:1V) [25].  

For the third scenario “Recommended design” for 

the final cover system of landfills design in arid area 

like Babylon governorate, the layers (from bottom to 

top) and there are as follows:  

(a) Cover of intermediate soil  

In this study, the intermediate cover of 30 cm thick 

consists of moderately compacted silty clay loam, and 

its hydraulic conductivity is 1.0E-6 cm/s. In the current 

design, the intermediate soil layer of 30 cm is 

suggested for covering the waste mass when it reaches 

the peak height that is required in the design or during 

the rainfall season. Intermediate soil cover is placed 

over the waste body and should be monitored for a 

certain period before setting the top barrier layer and 

other layers of the final cover system over intermediate 

cover. This is to avoid settlement and change in the 

volume of layers of the final cover system when 

organic material within the waste mass is decomposed 

[8, 23, 25, 60]. 

(b) Foundation layer 

The foundation layer acts as a cushion for layers of 

the final cover system [23]. This layer consists of 

coarse sand with thickness of 30 cm, and its hydraulic 

conductivity is ≥ 1.0E-2 cm/s. The gas collection 

system is installed within the foundation layer [23].  

(c) Top barrier layer (final cover system)  

The composite top barrier consists of high 

compacted sandy clay, and it is placed over the 

layer Items 

1 Compacted waste 2 m  

2 Protective layer 30 cm 

3 Drainage gravel layer 30 cm 

4 Collection drainpipes, Dia. (15-20 cm)  

5 Geomembrane liner (HDPE) 0.15 cm 

6 Bottom barrier layer 60 cm 

 

G.S. 

3 
5 

6 

4 

1 

2 
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foundation layer. The thickness of this layer is between 

45-60 cm. The hydraulic conductivity should be ≤ 

1.0E-7 cm/s.  

Before placing the other layers over it, this layer 

should be monitored to treat the displacement and the 

spaces that left on the layer surface when the waste 

materials degrade. 

The composite top barrier layer should have a fixed 

thickness of 45 or 60 cm over a precise period [8]. In 

Babylon Governorate, the waste contains a high 

percentage of organic material more than 55% [37, 38]. 

The organic usually decomposes with time, and this 

may be caused settlement for the surface layer and 

being irregular (not horizontal). In this situation, 

similar soil materials of high compacted sandy clay are 

added for this layer when the displacement at the 

surface of top barrier layer stops during a specific 

period or during the landfill span life to keep the 

surface smooth as possible as. Therefore, the final 

thickness of top barrier layer should be 45 or 60 cm.  

(d) Geomembrane liner layer (final cover system)  

The geomembrane layer (HDPE) to be placed on the 

top barrier layer with thickness of 0.5 cm [40], and its 

hydraulic conductivity is 2.0E-13 cm/s. The 

geomembrane is used to conserve water saturation 

limit in the top barrier layer and protect it from cracks 

that resulted from high temperature in the arid areas 

[58]. The geomembrane supports the top barrier layer 

through preventing water infiltration into the waste 

from the surface of landfill and minimizing the leachate 

generation as well as controlling the gas emission. 

(e) The top layer (final cover system) 

The top layers are used so that vegetation can grow 

and reduce potential of surface erosion. The top layers 

include two parts. These are the support vegetation 

layer and the topsoil layer.  

The support vegetation layer acts as a rooting layer 

for the vegetation on the surface of top soil layer. The 

roots of the vegetation should not extend too deeply, 

and without woody plants because this would allow 

damage to the final cover and thus pollutants can be 

transferred to the surrounding environment. The fine 

particles in this layer enable it to store water that 

infiltrated from the surface until evaporation [8, 24, 25, 

58].  

In the suggested design, the support vegetation layer 

consists of moderate compacted loam, and its hydraulic 

conductivity is 1.0E-5 cm/s. The thickness of the 

support vegetation layer is between 45-60 cm.  

The topsoil layer contains silty clayey loam 

materials that available locally in Babylon governorate. 

The hydraulic conductivity of topsoil layer is 4.0E-5 

cm/s, and its thickness is 15 cm.  

The side slope of final cover of the landfill site 

should be 30.3% (3H:1V) while the slope of the top 

surface for the final cover of the landfill is 3.3% 

(30H:1V). The layers of the final cover system can be 

seen in Fig. 7.  

2.4 Bearing Capacity and Deformation in the Layers of 

Landfill  

According to the Iraqi Ministry of Housing & 

Construction [55], the bearing capacity for the soils of 

the selected sites is 50 KN/m2. Consequently, 

according to Laue et al. [69], this value should be taken 

into consideration when constructing the required 

infrastructure or other facilities above a site’s surface 

during, or at the end of, a landfill’s lifespan for a newly 

selected site in the future to avoid deformation in the 

bottom barrier layer. 

In the current design, the cumulative load results 

from using a 2 m height of compacted waste, the layers 

of the final cover system, together with daily coverings 

of soil with many lifts (daily additive) of 15 cm. 

According to Laue et al. [69], the cumulative loads of 

compressive stress that result from the layers on top of 

the ground surface can cause deformation in the bottom 

barrier layer. Thus, the overloads that come from the 

layers of the final cover system, and the waste will lead 

to increased deformation in the bottom barrier layer, 

and this will increase the subsidence for the cover 

layers that are set over it. This can then cause cracks in  
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Fig. 7  Sketch of the suggested soil layers for the final cover system. 
 

Table 8  Densities of different materials used in the landfill design [70]. 

No. Material 
Density (ρ) (kg/m3) 

Max. Min. 

1 Compacted waste. 700 700 

2 Silty clayey loam (daily cover). 2,170 1,553 

3 Silty clayey loam (topsoil layer). 2,085 1,475 

4 Sand (protection layer). 2,290 1,619 

5 Course sand (foundation layer). 2,371 1,378 

6 Gravel (driange layer). 2,499 2,002 

7 Moderately compacted loam (supported vegetation layer).  2,300 1,625 

8 Moderately compacted silty clayey loam (intermediate layer).  2,170 1,553 

9 Sandy clay (barrier soil layer).  2,355 1,602 
 

the top barrier layer. For different materials, the 

densities which were used in the suggested design 

layers for landfill can be seen in Table 8 [70]. 

The primary settlement in the bottom barrier layer 

under the stress of compacted solid waste (700 kg/m3) 

with a height of 2 m was calculated as follows [71]: 

(1) Calculating the change or increase in effective 

vertical stress (Δσo'). 

Δσo'2m = compacted waste stress + daily cover 

stress + intermediate cover stress + foundation layer 

stress + top barrier layer stress + supported vegetation 

layer stress + topsoil layer stress  

Δσo'2m = 0.7 × 9.81 × 2 + 2.17 × 9.81 × 0.15 × 3 

+ 2.17 × 9.81 × 0.3 + 2.29 × 9.81 × 0.3 + 2.355 × 9.81 × 

0.45 + 2.3 × 9.81 × 0.45 + 2.085 × 9.81 × 0.15  

Δσo'2m = 60 kpa 

Using factor of safety 1.3 

Δσo'2m = 78 kpa 

(2) Calculating the effective vertical stress (σo') in 

the middle of layer after excavation before loading. 

σo' = course sand stress + gravel stress + bottom 

barrier layer stress 

σo' = 2.371× 9.81 × 0.3 + 2.499 × 9.81 × 0.3 + 	 
× 2.335 × 9.81 × 0.6  

σo' = 21 kpa 

(3) Calculating the primary settlement in the bottom 

barrier layer. 

 Assumed initial void ratio = 0.41 [72]. 

 Assumed primary compression index = 0.15 [73]. 

 The thickness above the bottom barrier layer = 60 

cm.  

Sc 2m = 	 	× 	 × log ` 	∆	 ``  

Sc: Primary settlement (mm); H: The layer thickness 

to be evaluated after excavation; Cc: Primary 

compression index; e0: Initial void ratio; σo': Effective 

vertical stress at the middle of layer after excavation 

before loading and Δσo': Change or increase in 

effective vertical stress because of the loading. 

layer Items 

1 Topsoil layer 15 cm 

2 The support vegetation layer 45-60 cm 

3 Geomembrane (HDPE) 0.5 cm 

4 Top barrier layer 45-60 cm  

5 Foundation layer 30 cm 

6 Intermediate cove 30 cm 

7 Compacted waste 2 m 

 G.S. 
7 

1 

5 
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Sc 2m = 
.	 . 	× 0.6	 × log 	 	

 ᵙ 4.0 cm 

Therefore, the primary settlement in the bottom 

barrier layer under the stress of compacted solid waste 

and other layers over it including the layers of the final 

cover system was equal to 4 cm. 

2.5 Perimeter Berm 

The perimeter berm forms the upslope boundaries 

around the landfill site as a natural barrier for the site to 

prevent storm-water from entering the site and to 

reduce soil erosion. In addition, the embankment of the 

perimeter berm is used for the passage of vehicles to 

the site [21, 60].  

According to Ref. [59], the height of the berm 

should be 3-4 m, and a berm with a slope of 3H:1V is 

considered safe and stable against collapse. Ref. [60] 

found the minimum height of the berm should be 2 m, 

but the typical height of berms ranges between 2.5 and 

3.5 m. The required crest width for the berm is 2 m. The 

inside and outside slopes of the berm are 3H:1V and 

2H:1V, respectively. Ref. [21] suggested the typical 

height of the berm is 2 m, and the wide crest of the 

berm is 1 m with a slope of 3H:1V. The height of the 

berm can be raised to an additional height level with a 

slope of (3H:1V) when the waste that is deposited in 

the cells of a landfill and behind the berm reach the 

allowable maximum height of the berm [63]. The 

berm’s layers profile has a similar composition to that 

of the base liner layers of the landfill (beneath the 

surface) with a slope of (3H:1V), or it is constructed 

from sandy soil [59].  

On the berm, the anchor trench and the drainage 

ditch are constructed in a continuous line around the 

outside edge of the perimeter berm. In addition, the 

internal roads are constructed on the edge of the outside 

perimeter berm for the landfill [20, 59, 61]. 

2.6 Management of Stormwater 

Storm-water management at the landfill site contains 

run-on and run-off, and this should be taken into 

consideration to prevent contact of surface water with 

the waste mass to reduce leachate generation in the 

landfill [60, 75]. 

For the water run-on control system on a site, the 

drainage ditch should be constructed around the 

outside perimeter (at one edge) of the landfill to 

prevent rainfall water entering the site by means of 

collecting the storm-water from neighboring areas of 

the landfill [74-76]. The berms and outside drainage 

ditch are necessary to prevent storm-water from 

entering the landfill site facility and to reduce the 

quantity of leachate in situ. The shape and dimension of 

the ditch are constructed based on the amount of 

rainfall in the study area. Then, the collected water is 

sent to a storm water management pond [74, 75].  

The run-off control system should have diversion 

ditches constructed on the surface and sides of the final 

cover for each cell in the landfill. The landfill surface 

and its sides should be given a suitable slope so that the 

top view of the landfill surface appears like ripples. The 

diversion ditches are used to divert the storm-water 

run-off to the lower drainage ditch. A lower drainage 

ditch is constructed around the landfill perimeter to 

collect water and gives an appropriate slope. The 

collected water (uncontaminated) should be sent to the 

storm-water management pond to allow sediment to 

settle by gravity before discharging it to the land 

surrounding the landfill or using it for other purposes 

[60, 77].  

Diverting the storm-water runoff of leads to a 

reduction the amount of water entering the landfill 

from the surface and prevents it from coming into 

contact with the waste mass. This process acts to 

decrease leachate generation in the landfill, thus 

preventing groundwater pollution by the leachate [74, 

77].  

Any storm-water that infiltrates from the surface of 

the final cover, as well as any leachate that has 

percolated through the landfill layers, can be removed 

using the leachate collection pipes. Then, the collected 

leachate is sent to a leachate storage pond or other 
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treatment facilities [75].  

2.7 Dust  

On a landfill site, dust is generated from the different 

operations within the site, especially during the dry 

season (when there is no rainfall). The sources of dust 

are unpaved road surfaces, the stockpile of soils and the 

dust that is released by the movement of various 

machines on site [25, 78].  

For controlling dust emissions at a landfill site, many 

suggested steps can be adopted [21, 25, 78]. One 

recommendation is to cover the surface of internal 

roads at landfill sites with gravel material from the 

scales to the working area or pavement and add a thin 

layer of asphalt. On a landfill site, some waste 

materials can be used on the top surface of the waste 

mass to minimize the level of dust (e.g. construction 

concrete rubble, rubber, wood pieces and other 

materials that have a low content of fine particles). The 

maximum speed for the trucks inside the site should be 

determined, especially on unpaved roads, to reduce the 

quantity of dust raised. All roads inside the site 

(especially the unpaved roads) should be wetted by 

adding water in regular quantities to reduce the amount 

of dust released into the air during the dry periods. 

2.8 Leachate Storage Ponds  

The main technologies for leachate treatment in a 

landfill are physical, chemical and biological processes. 

The biological method is the most popular process for 

treating leachate in landfills in arid or semi-arid regions. 

The methods for the biological treatment of leachate 

include anaerobic and aerobic processes [66]. A pond 

of leachate retention should have a suitable capacity to 

receive the collected leachate from the landfill [23]. 

Evaporation is considered one of the simplest 

methods to treat leachate within lined ponds. The liner 

system in the ponds is like the liner system within the 

base liner system in landfills and includes a 

geomembrane liner and a bottom barrier layer to inhibit 

groundwater pollution by the leachate [79]. The 

leachate is collected from the waste and transferred 

through the leachate collection pipes to the leachate 

collection pond. Floating aerators are utilized in the 

leachate collection pond. These are used to prevent the 

anaerobic process in the ponds and minimize odors. 

The sludge must be removed from the bottom of the 

pond periodically and deposited either in the landfill 

cell(s) or transported to a site that must be approved by 

the responsible authorities [79]. 

In an arid climate, during the summer months, the 

leachate will be lost through evaporation from the 

leachate collection pond due to the increase in 

temperature (no rainfall). The leachate collection pond 

is distinguished by a large surface area and shallow 

depth. Therefore, during the summer months in an arid 

or semi-arid climate, a closed system to treat the 

leachate should be adopted [20]. To avoid the impact of 

adverse odor that results from the anaerobic process 

during the winter months, surface aerators should be 

installed. These are used to oxygenate the leachate 

depending on the size of the leachate collection pond 

and the amount of leachate in the pond [20]. 

2.9 Treatment Methods for Collected Leachates 

The common methods to treat the leachate in the 

leachate collection ponds are anaerobic, aerobic and 

semi-aerobic: 

2.9.1 Anaerobic Method 

The anaerobic method is used to remove the heavy 

metals in rainfall from the leachate and transform them 

into carbonates [66]. In the anaerobic process, excess 

sludge is produced, requiring little management, and 

the compounds of complex organics are transformed 

into CH4 and CO2 [66, 80]. The products of anaerobic 

decomposition usually have a high concentration of 

BOD, as well as inflammable gases such as methane 

(CH4). In addition, malodorous gases like sulfurous 

oxides (SOx), hydrogen sulphide (H2S) and nitrous 

oxides (NOx) are produced [81].  

2.9.2 Aerobic Process  

In the aerobic method, oxygen is required to 
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transform organic nitrogen into ammonia (by 

oxidation). Then, the activity of nitrite-oxidizing 

bacteria converts ammonia into nitrate nitrogen (NO3-N) 

(stabilized state). Generally, solid waste decomposition 

using an aerobic process is faster than decomposition 

by an anaerobic process. The outputs of the aerobic 

decomposition process consist of simple materials 

(without odors) (e.g. water, CO2 and HNO3) [81]. 

2.9.3 Semi-aerobic Method  

The semi-aerobic method is used in landfill to 

increase the microbial activity level when oxygen is 

present to increase the rate of waste decomposition and 

stabilize waste settlement faster. The semi-aerobic 

process intends to improve the leachate quality and 

significantly minimize the emission of gases such as 

methane and hydrogen sulphide [81].  

In the early 1970s, the semi-aerobic process was 

developed by Fukuoka City and Fukuoka University in 

Japan (as a joint project). In 1975, the first test for the 

semi-aerobic method was conducted at Shin-Kamata 

landfill in Fukuoka, Japan, and it showed good results 

[81].  

The collected leachate is removed to the leachate 

collection pond quickly using perforated pipes. The 

main drain pipes and the main header pipe for 

collecting the leachate are always open to the air from 

the outlet to the pond. Usually, one third of the section 

of these pipes is filled with leachate, and the rest of the 

section is left for airflow. In addition, the vertical gas 

ventilation pipes are installed at every intersection of 

the main collection pipe with the lateral pipes and also 

at the ends of the lateral pipes and the main collection 

pipes. This allows fresh air to enter the waste layer and 

provide aerobic conditions, increasing the microbial 

activity and helping to accelerate waste decomposition 

[81]. The temperature inside the landfill (resulting from 

microbial activity due to the semi-aerobic method) is 

higher than the air temperature outside the landfill. The 

different temperature between inside and outside the 

landfill allows air to enter the waste mass through main 

drainpipes and the main header pipe [81]. 

2.10 Gas Vent System  

The gas vent pipes are installed in a landfill over the 

main collection pipe at every intersection (manhole), 

with the lateral pipes also over the two lateral pipes in 

the manhole (at the sump). Each main collection pipe is 

connected by a series of lateral pipes on both sides [23, 

82]. The gas vent pipes are perforated and preferably 

made from HDPE with a diameter of 15 cm. The vent 

pipes are placed in a cylindrical cage with a diameter of 

75 cm made from strong mesh wire and surrounded by 

gravel or boulders, which is packed into the cylinder 

[23].  

The gas vent system is used to reduce the negative 

effects of gases on human health and the surrounding 

environment. In addition, it contributes to stabilizing 

the waste mass through increasing the process of 

decomposition of organic materials within it [23]. 

Preventing the ingress of water into the gas pipes vents 

should be taken into consideration in the design of the 

gas vents system [24]. The gas vents system that is 

installed on leachate collection pipes should be 

connected to the passive flare system when the quality 

of gas is very low or connected with the gas collection 

and control system if it contains high concentrations of 

gases [83].  

2.11 Gas Management System  

Waste biodegradation produces gas within the 

landfill. In the landfill site, the collected gas should 

either be treated and utilized to produce energy or 

vented to a flare system if the quality of gas is 

insufficient to generate energy [84]. Designers usually 

recommend installing barriers with low-permeability 

in the liner base system and final cover for landfills to 

minimize the gas emissions from the landfill or within 

the landfill layers [58]. Gas can be collected from a 

landfill by installing an extraction gas system within 

the waste zone or the gas collection layer. There are 

two types of gas extraction system: a passive gas 

drainage system (for small sites) and an active 

extraction system (for large sites) [58]. 
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In active systems, the gas is extracted by vacuum and 

pumped to a place where energy can be recovered, or it 

can be burned off as a flare. In active gas systems, the 

gas collection and control system units are the 

extraction wells (vertical and horizontal), wellheads, 

the lateral and header pipes, the condensate system, the 

blower system and flares system [82]. In passive gas 

systems, the gas is transferred under different 

atmospheric pressure. The gas can be vented to the 

passive flare or by using the gas treatment system [82]. 

When using the passive venting system, untreated gas 

should be prevented from entering the atmosphere [58].  

2.12 General Landfill Facilities  

The landfill design should include the facilities 

which are necessary for solid waste management inside 

the sites of landfill and to provide comfortable 

conditions to staff in the sites. The facilities that should 

be considered in the landfill are [21, 23, 64]: 

 Main access road to the landfill and internal roads 

in site. 

 Perimeter fence (e.g. wire fence) with main gate to 

be used to prevent persons, which do not have 

authorization to come inside a site of landfill to pick 

waste and to prohibit entry of animals.  

 Scale bridge should be constructed to weigh 

trucks to provide the accurate electronically data for the 

quantity of waste that is received in the sites of the 

landfill.  

 Administration building is constructed for the 

operation personnel of the landfill.  

 Workshop to be used for service and maintenance.  

 Guard house for controlling the site.  

 Garages is built for accommodating machineries 

and equipment. 

 Others (e.g. vehicles cleaning, parking areas, 

weather station and so on). 

2.13 The HELP 3.95 D Model  

For checking the suggested design of landfill for 

selected new sites in the arid areas (Babylon 

Governorate, as a case study), the model of hydrologic 

evaluation of landfill performance (HELP 3.95 D) was 

used. The HELP model is the most widely applied 

throughout the world for the last 30 years, where it is 

used to analysis the hydrological water balance in 

landfills. In addition, this model is applied to estimate 

the leachate quantity through the bottom barrier layer 

as well as the amount of water infiltrated through the 

final cover layers for landfills [12]. The HELP model 

was presented in 1982 by Paul Schroeder through the 

U.S. Army Corps of Engineers at the Waterways 

Experiment Station, Vicksburg, Mississippi, and the 

US Environmental Protection Agency. The latest 

version of the HELP 3.95 D was developed by Berger 

and Schroeder [13].  

The HELP model is known as a “quasi-two 

dimensional” model because this model deals with 

many hydrologic processes that have one dimensional, 

in two directions. For Example, in the HELP model, 

the vertical flow (evapotranspiration and infiltration) 

and the lateral flow (surface runoff, lateral drainage) 

are calculated, but no calculated as a two-dimensional 

flow [12].  

Weather parameters as well as soil and design data 

were entered into the HELP model to calculate the 

amounts of potential and actual evapotranspiration, 

runoff, lateral drainage of leachate and percolation 

leachate through the barrier liners in the landfill with 

high ability [4, 14].  

2.13.1 Leachate  

A water balance process is the most prevalent 

method for building the perfect model to calculate the 

rate of leachate in landfills. This process is based on 

estimating the amount of inflows and outflows of water 

in soil layers in a specific area [85].  

Leachate is defined as the amount of contaminant 

liquids resulted from different processes (e.g. chemical, 

physical, and microbial). The leachate at a landfill is 

percolated from the waste zone through the layers of 

soil, thereby this causes soil and groundwater pollution 

[67]. The amount of leachate that is formed in a landfill 
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is affected by many factors [59]. The first factor 

includes precipitation (P) that represents the water 

flows in soil layers. The factors of runoff (R) and 

evapotranspiration (ET) are defined as the water 

movement outside soil layers. The WC is water content 

of the deposited waste as well the factor of the change 

in water storage through the soil (ΔS) [85]. The 

quantity of leachate generated can be estimated using 

the following Eq. (7) [86].  

L = P – ET – R + WC – ΔS (7)

where, L is the amount of leachate; P is precipitation; 

ET is evapotranspiration; R is water runoff; WC is 

water content of the deposited waste; ΔS is water 

storage in the soil. 

2.13.2 Input Required Data in the HELP Model 

The required input data in the HELP model can be 

divided into three main groups. These groups are daily 

weather data for complete calendar of selected years, 

the needed data for estimating the evapotranspiration 

value as well as soil layers’ data for landfill design. In 

this study, all data that input in this model were in 

metric units [13]. In the current study, daily depths of 

precipitation, daily averages of temperature and daily 

sum of solar radiation for 12 consecutive years 

(2005-2016) [35] were entered into the HELP model as 

text files (Table 9).  

The required input data to calculate the potential and 

actual evapotranspiration, runoff curve number and the 

data of soil and solid waste in the HELP model can be 

seen in Table 10. 
 

Table 9  Average annual data of weather parameters for the years (2005-2016) in Babylon Governorate. 

Parameters 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 
Daily depth rainfall 
(mm) 

73.2 170.3 41 51.8 52.4 87.3 41.7 128.8 182.9 125 133.4 135.4 

Daily mean 
temperature (°C) 

23.1 23.5 23.5 23.6 23.9 23.6 23.2 24.1 23.3 24.2 24.6 24.5 

Daily sum solar 
radiation (MJ/m2) 

5,630 5,638 5,636 5,673 5,643 5,628 5,628 5,702 5,647 5,639 5,736 5,729 

 

Table 10  The required data to calculate potential and actual evapotranspiration, runoff curve number and soil and solid 
waste data in the HELP model. 

No.  Parameters Required data Reference

Potential and actual evapotranspiration 

1 Geographic latitude  32.5  

2 The depth of the evaporative zone 50 cm Field tests

3 
The start and end days of the growing season over the 12 
years  

10th January-15th December (350 days) [35] 

4 Leaf area index (LAI) 1 [13] 
5 The annual average wind speed at 2 m above the ground 7.2 km/h [34] 

6 The average values of relative humidity for the four quarters
64.2% (first quarter), 39.03% (second quarter), 
34.24% (third quarter), 60.95% (fourth quarter) 

[34] 

Runoff curve number = 87.83% 

1 Soil texture type  Top soil (silty clay loam)  

2 Maximum leaf area index Fair grass [13] 

3 Slope of surface 3%  

4 The length of slope 100 m  

The data of soil and solid waste 

1 Soil texture - [13] 

2 Layer type 
Vertical percolation (VPL), lateral drainage (LDL), 
Barrier soil liners (BSL), geomembrane liner (GL)  

[85] 

3 Layer thickness cm [13] 

4 Saturated hydraulic conductivity cm/s [13] 

5 Moisture content, wilting point, porosity and field capacity vol./vol. [13] 
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2.13.3 Checking Suggested Landfill Design Using 

the HELP Model 

In HELP model, the base liner system components 

for suggested landfill design (from the bottom to the 

top layers) consist of bottom barrier layer, 

geomembrane, leachate collection system and 

protection layer. The components of suggested layers 

for the final cover system (from the bottom toward the 

top layers) are: intermediate cover layer, foundation 

layer, top barrier layer, geomembrane, support 

vegetation layer and topsoil layer. Table 11 shows the 

characteristics of proposed soil layers that entered into 

the HELP model. The sketch for suggested landfill 

design that entered in the model can be seen in Fig. 8. 
 

Table 11  Characteristics of suggested soil layers data in the HELP model [15]. 

No. Type Material 
Thickness 
(cm) 

Porosity 
(vol./vol.)

Field capacity 
(vol./vol.) 

Wilting point 
(vol./vol.) 

Initial water 
content (vol./vol.) 

Hydraulic 
conductivity (cm/sec)

1 VPLa 
Top soil layer (silty 
clay loam) 

15 0.471 0.342 0.210 0.214 4.0E-5 

2 VPL 
Support vegetation 
layer (MCb loam) 

45 0.419 0.307 0.180 0.234 1.0E-5 

3 
GMc 

(FMLd) 
Geomembrane liner 
(HDPEe) 

0.5 Drainage slope 3%; Drainage length 100 m 2.0E-13 

4 BSLf 
Top barrier (HC g 
sandy clay) 

45 0.40 0.366 0.288 0.40 1.0E-7 

5 VPL 
Foundation layer 
(coarse sand) 

30 0.417 0.045 0.018 0.045 1.0E-2 

6 VPL 
Intermediate cover 
(MC silty clay loam) 

30 0.445 0.393 0.277 0.393 1.0E-6 

7 VPL 
Compacted waste 
(700 kg/m3)  

200 
 

0.61 0.161 0.077 0.161 1.0E-5 

8 VPL 
Protective layer 
(sand)  

30 0.437 0.062 0.024 0.062 5.0E-3 

9 LDLh 
Drainage blanket 
layer (gravel) 

30 0.397 0.032 0.013 0.032 3.0E-1 

10 
GM 
(FML) 

Geomembrane liner 
(HDPE) 

0.15 Drainage slope 3%; Drainage length 100 m 2.0E-13 

11 BSL 
Bottom barrier (HC 
sandy clay) 

60 0.40 0.366 0.288 0.40 1.0E-7 

a VPL: vertical percolation layer; b MC: moderate compacted; c GM: geomembrane; d FML: flexible membrane liner; e HDPE: high 
density polyethylene; f BSL: composite barrier soil; g HC: high compacted; h LDL: lateral drainage layer.  

 
Fig. 8  Sketch of the suggested soil layer for landfill entered in the HELP model [15].  

Layer Items 

1 Topsoil layer (silty clayey loam) 15 cm 

2 The support vegetation layer (moderately compacted loam) 45 cm 

3 Geomembrane liner (HDPE) 0.5 cm 

4 Top barrier layer (high compacted sandy clay) 45 cm  

5 Foundation layer (coarse sand) 30 cm. 

6 Intermediate cove (moderately compacted silty clayey loam) 30 cm.

7 Compacted waste 2 m. 

8 Protective layer (sand) 30 cm 

9 Drainage blanket layer (gravel) 30 cm 

10 Collection drainpipes 

11 Geomembrane liner (HDPE) 0.15 cm 

12 Bottom barrier (high compacted sandy clay) 60 cm 

 

2 
1 
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3. Results 

To check the suggested soil layers that were used for 

landfill design in Babylon governorate (in the arid area), 

the HELP model was used for this purpose. For the 

suggested landfill design, hydrological parameters and 

required information for soil layers were given as an 

input into the HELP model. Then, the extension files 

for these parameters were created within the model. 

The results of proposed design for the selected landfills 

in Babylon governorate are as follow: 

3.1 Annual Readings Results for the Suggested Landfill 

Design 

Annual results’ readings for the suggested landfill 

design for selected years (2005-2016) were calculated 

in the HELP model as follows:  

 The amount of collected water from drainage 

layer (9) was zero.  

 The average water head values over the 

geomembrane surface for layers 3 and 10 were equal to 

zero. 

 The values of water leakage through the 

composite barrier soil (layers 4 and 11) were zero. 

The annual readings results for the suggested landfill 

design showed that there was no water percolation 

through the suggested soil layers of the base liner 

system (under the ground surface). 

In the HELP model, within the final cover system of 

landfill, the values of water above geomembrane (layer 

3) for the years from 2013 to 2016 were 99.2, 99.8, 

99.6 and 99.3 mm respectively. The water amount that 

infiltrated through the top barrier (layer 4) had same 

values of 0.03 mm for the years from 2013 to 2016. 

These values came from the cumulative amount of 

rainfall that fell in Babylon Governorate starting from 

the year 2012 to 2016.  

In the HELP model, the annual distribution of the 

weather parameters for the years from 2005 to 2016 on 

the selected sites was computed. The amount of rainfall 

equals the runoff, actual evapotranspiration and change 

in soil water content.  

In this model, the first value of rainfall in 2005 (40 

mm) was added to the initial water content in the soil 

layers of 987.84 mm. Therefore, the value of soil water 

content at the starting of year 2005 was 1,027.84 mm. 

The amount of soil water storage for all layers at the 

end of each year was computed in the HELP model 

based on the values of the hydrological parameters in 

the study area, where these values contributed to the 

water storage change in total soil layers. For instance, 

the value of soil water storage at the start of the year 

2016 was 1,076.62 mm. The value of soil water storage 

change in 2016 was -10.15 mm. This value led to 

change the value of soil water storage for all layers at 

the end of year 2016 to be 1,066.47 mm. The value of 

38.63 mm resulted from the different between final and 

initial of soil water storage at the end year of 2016 

(1,066.47 mm) and year of 2005 (1,027.84 mm). The 

results of annual readings for the hydrological water 

balance in the selected sites for landfill in Babylon 

Governorate for each year from 2005 to 2016 that were 

computed in the current model, can be seen in Table 

12. 

The values of soil water content at the end of each 

year from 2005 to 2016 are shown in Fig. 9. The soil 

water content at starting year of 2005 was 1,027.84 

mm.  

3.2 Results of Maximum Daily Readings for the 

Suggested Landfill Design 

The maximum daily values were calculated in the 

HELP model for the water behavior in the suggested 

soil layers and for the different hydrological 

parameters through the selected years from 2005 to 

2016. The maximum daily reading during the selected 

period (2005-2016) for the water leakage through the 

top barrier soil (layer 4) was 1.4 × 10-4 mm, and 156.6 

mm for average water level above the geomembrane 

surface (layer 3). All maximum daily readings for the 

drainage water collected from drainage (layer 9), 

average water level over the geomembrane surface 
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Table 13  Average monthly data (mm) for the years (2005-2016). 

Items Jan. Feb. Mar. Apr. May Jun. 

Water percolation through layer (4) (× 103) 0.7 0.9 1.1 1.0 0.9 0.9 

Averages water head on top of layer (3)  2.5 3.3 3.8 3.6 3.3 3.3 

Items Jul. Aug. Sep. Oct. Nov. Dec. 

Water percolation through layer (4) (× 103) 0.9 0.9 0.9 0.9 0.9 0.9 

Averages water head on top of layer (3)  3.3 3.3 3.3 3.3 3.3 3.3 
 
Table 14  Initial and final water storage in all soil layers in the starting year of 2005 and at the end year of 2016, as well as 
volumetric change. 

Layer Initial water storage (mm) Final water storage (mm) Volumetric change (vol./vol.) 

1 32.15 51.76 0.1308 

2 94.09 112.98 0.042 

3 0.0 0.0 0 

4 180 180.0 0 

5 13.5 13.5 0 

6 117.9 117.9 0 

7 322 322.13 0.0001 

8 18.6 18.6 0 

9 9.6 9.6 0 

10 0.0 0.0 0 

11 240 240.0 0 
 

In the HELP model, the average annual values 

during the years 2005-2016 for the amounts of runoff, 

actual evapotranspiration and change in water storage 

in the soils were 10.74 mm (10.54%), 87.97 mm (86.30%) 

and 3.22 mm (3.16%) respectively.  

3.5 Water Storage Behavior for the Suggested Soil 

Layers in Landfills  

The values of initial soil water storage in the starting 

year of 2005 and final soil water storage at the end of 

the year 2016 for all suggested layers for landfill with 

volumetric change between initial and final water 

storage were calculated in the HELP model.  

4. Discussion  

This study dealt with the suggested design for 

landfill in arid areas and Babylon governorate in Iraq 

was selected as a case study. The groundwater depth in 

Babylon Governorate is shallow. So, this problem was 

taken into consideration when selecting the sites and 

designing the landfills. The most important criteria 

were selected to determine the best sites for landfill. 

These criteria can be applied in arid areas with shallow 

groundwater depths.  

The suggested design of landfill comprises the soil 

layers of the base liner system and the final cover 

system. The base liner system consists of the composite 

bottom barrier layer of high compacted sandy clay with 

hydraulic conductivity of 1.0E-7 cm/s rather than clay 

liner, to avoid cracks in this layer [58]. For the 

composite bottom layer, the mixture proportions of 

Green clay (70%) and Red clay (80%) with sand   

gave hydraulic conductivity of 1.0E-11 cm/s.    

These types of clay (Green and Red) are available in 

Iraq [18].  

The geomembrane liner was placed over the barrier 

layer to increase the efficiency of the bottom layer by 

reducing the migration of pollutants toward the 

groundwater. The leachate collection system consists 

of drainage layer of gravel with thickness of 30 cm. 

This system is used to remove the leachate by 

collection pipes. The protection layer consists of sand, 
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and its hydraulic conductivity is 5.0E-3 cm/s. The 

thickness of this layer is 30 cm. This layer is used to 

inhibit fine waste particles from transferring into the 

drainage layer and prevent clogging it [8, 24].  

In the current design, the final cover system 

“Recommended design” was adopted. This was 

achieved by combining the positive properties for 

certain soil layers from “RCRA Subtitle D” 

“Evapotranspiration (ET), (capillary barriers type)”. 

The principle of the “Recommended design” for the 

final cover system layers in landfill in this study 

depend on the effects weather parameters in the arid 

areas. The purpose of using the final cover is to prevent 

infiltrated water from the surface to enter the waste 

body. Consequently, the amount of leachate generated 

toward the lower layers in landfill will be minimized 

[15].  

The intermediate soil should be used to cover the 

waste body as an essential layer for a specific period to 

reduce the risks on the environment and human health 

from the negative impacts. Furthermore, the soil cover 

is necessary to be used during the period of 

decomposition of the organic materials within the 

waste zone to fill the subsidence areas on the    

surface, as well as to avoid the cracks in the top barrier 

layer.  

The foundation layer represents a cushion for the 

engineering system of final cover layers against 

damage, and it acts as a filter for fine particles. This 

layer consists of coarse sand with thickness of 30 cm, 

and its hydraulic conductivity is 1.0E-2 cm/s. The gas 

collection system is installed within the foundation 

layer over the waste zone.  

The composite top barrier and the geomembrane 

liner (HDPE) is to prevent water that infiltrated from 

the surface to flow through into the waste body until it 

evaporates due to the high temperature during the most 

months in the arid area. Therefore, these layers act to 

decrease the amount of leachate percolation from the 

waste zone toward the lower layers of the base liner 

system.  

The clay layer (low-permeability) that is used as a 

barrier layer in landfill is difficult to implement and 

maintain. The clay layer is exposed to cracking due to 

the decomposition of the organic materials within the 

waste body (under clay layer) causing differential 

settlement at the layer surface that cover the waste. In 

addition, the clay layer is exposed to drying due to 

expected high evaporation rates from soil surface of 

landfill [58]. The purpose of mixing soils’ materials in 

the barrier layer is to reduce potential of swell and 

shrinkage, and improving of shear strength of the 

cohesive clayey soils. Mixing of these soils with 

granular materials (e.g. sand) is one of the methods of 

improving the soil properties [18, 88]. Therefore, in the 

current design, the composite barrier was used within 

the final cover system to avoid the cracks in this layer. 

Ref. [18] found that the sandy clay is suitable to be 

used as a top barrier for the cover system in the landfill. 

The mixture proportions of 30-50% Green clay with 

sand and 40-60% of Red clay with sand gave a 

hydraulic conductivity of 1.0E-9 to 1.0E-10 m/sec. To 

protect the barrier layer from cracks that can result 

from high temperature and conserve the water 

saturation level in the layer, the waterproof or 

geomembrane liner should be used to cover the barrier 

layer [58].  

The materials to support the vegetation layer (45-60 

cm) and the topsoil layer (15 cm) will reduce the 

potential of surface erosion of landfill by runoff. This is 

achieved through storing the infiltrated water until it 

evaporates. The materials of these layers are available 

locally in Babylon Governorate. The support 

vegetation consists of moderate compacted loam with 

hydraulic conductivity of 1.0E-5 cm/s. The topsoil 

layer contains silty clayey loam materials with 

hydraulic conductivity of 4.0E-5 cm/s.  

The suggested design of landfill for selected new 

sites for in the arid areas (Babylon Governorate) was 

checked using the model of HELP 3.95 D. In the 

suggested design, the soil layers and weather 

parameters for the years from 2005 to 2016 were 
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entered into the HELP model. This model was used to 

calculate the amount of runoff, and actual 

evapotranspiration, lateral drainage of leachate and 

leachate percolation through the barrier layer in the 

landfill [14]. The HELP model usually gives 

overestimation for the quantity of the leachate more 

than the resultant actual leachate [4]. For the current 

landfill design, the HELP model was given an amount 

of leachate that is considered more safety for the 

designers when selecting the required thickness of 

layers and the type of soil materials, which used in 

these layers.  

The results which were calculated by the HELP 

model for the studied period showed that the largest 

amount of water comes from precipitation. It was water 

evaporation is higher than the runoff (see Table 12). 

There was no water percolation through the suggested 

soil layers of the base liner system (under the ground 

surface). For the proposed design for the final cover 

system, the results showed that some amount of rainfall 

was infiltrated into the topsoil layer and the support 

vegetation layer, and it stopped above the top barrier 

layer. The water infiltrated was stored within the 

support vegetation layer and above the top barrier 

layers. In the HELP model, the amount of runoff on the 

surface during the years (2005-2016) was little. There 

was no water percolation from the geomembrane layer 

and the top barrier layer within the final cover system 

through the years from 2005 to 2012. This is due to the 

fact that the hydrological the water balance in the 

suggested design of the landfill is affected by weather 

parameters of the study area. For the years from 2013 

to 2016, there was so little amount of water leakage 

from the top barrier layer within the final cover system. 

This is due to the high amount of precipitation that fell 

in Babylon Governorate during these years that led to 

cumulative water storage in the soil layers. The amount 

of water that came from the surface percolated just into 

the waste zone, without any leakage through the layers 

of the base liner system (under the waste zone). In the 

HELP model, change in soil water storage at the end of 

the year 2016 for the suggested landfill design was 

(-10.15 mm). This means that the hydrological water 

balance in the studied area for the years (2005-2016) 

was negative.  

For the suggested design of landfill, in the HELP 

model, the average annual amount of precipitation was 

101.93 mm. This value was distributed into actual 

evapotranspiration of 87.97 mm (86.30%) which 

represent a high value due to high temperature in the 

study area compared with the little amount of runoff of 

10.74 mm (10.54%). Although, the average water level 

over the geomembrane liner was 33.16 mm, and the 

mean amount of water infiltrated through the top 

barrier was just 0.01 mm, but there was no leachate 

percolation through the bottom barrier layer.  

In the HELP model, the maximum daily values for 

precipitation and runoff (respectively) were 98.6 mm 

and 65.5 mm during the years from 2005 to 2016. 

These values were recorded in November 2013. The 

maximum daily value of water level above the 

geomembrane liner was 156.6 mm, and the amount of 

water percolated through the top barrier layer was 

1.4E-4 mm (so little) into the waste body. In addition, 

the results showed that there was no leachate 

percolation beneath the waste zone through the layers 

of the base liner system.  

For all layers, the difference between the initial 

water storage at the start of the year 2005 (102.784 cm) 

and the final soil storage at the end of the year 2016 

(106.647 cm) was 3.863 cm. In the suggested landfill 

design, the increase of the final water storage at the end 

year of 2016 was as a result of infiltrated surface water 

through the topsoil layer (1), the support vegetation 

layer (2) as well as from the little amount of water 

percolation through the waste body (layer 7). It should 

be mentioned however that there was no leachate 

percolation from any layers of the landfill positioned 

beneath the ground surface. 

5. Conclusions 

In the current study, the suggested design of landfill 
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for arid areas included the base liner and final cover 

systems. The results showed there was no water 

percolation through the bottom barrier layer during the 

years (2005-2016) using the HELP model.  

The suggested layers for the final cover system 

“Recommended design” were built through the 

combination of certain positive features from “RCRA 

Subtitle D” “Evapotranspiration soil cover (ET), 

(capillary barriers type)”. This design “Recommended 

design” is suitable to be implemented in arid areas 

based on the properties of weather parameters that are 

available in these areas (high temperature, and a low 

rainfall amount but with high intensity in short 

duration). 

Generally, the suggested design of landfill has 

achieved its main objective in Babylon Governorate, 

and this design can be applied in similar arid areas in 

Iraq. 
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