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Abstract 

With the urbanization and industrialization, the generation of waste on global scale increased tremendously. Among the wastes 

generated by various human activities the lead is contribute by the Municipal Solid Waste. Thus the disposal and handling of these 

wastes became a tedious problem of human society. Primarily these wastes are disposed off in natural vaults, burned etc, until it 

became unmanageable by its volume. To break this bottleneck procedure, Bioreactor Landfills are developed. Unlike the 

conventional landfills these are the ones which aid the easy, fast and safe decomposition of waste materials through leachate 

recirculation. The leachate generated by the decomposition of the Municipal Solid Waste is collected at the bottom and are 

recirculated under pressure within the landfills, along with supplements of nitrogenous materials. This helps in the fast degradation 

and decomposition of MSW. This pressurized injection of the leachate causes increase in the pore pressure inside the landfills, 

leading to stability problems. Also the heterogeneity of waste materials also plays a key role in the stability analysis. As the leachate 

is injected under high pressure through horizontal trench system, the geometry of HTS and injection pressure affects the factor of 

safety. It is also reported that the gas generated during the waste degradation contribute to increase in pressure leading to failure 

of side slope. This paper discus about the various factors contributing to the stability of Bioreactor Landfills.      
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________________________________________________________________________________________________________ 

I. INTRODUCTION 

 

The generation of wastes increased tremendously with the rise in population. Thus, the generation of waste and proper disposal of 

waste in eco-friendly or environmentally sound manner became a vital problem and continuous concern in global, national and 

regional levels. 

Improper disposal of waste causes a lot of environmental and social problems to the living beings. Thus, the proper and planned 

disposal of the waste is important to maintain a healthy environment. Due to the rapid growth in economy due to industrialization 

and urbanisation, these problems are more of concern in developing countries than developed nations.  
[1]India’s urban population generate 130,000 tons per day (TPD) or 47.2 million tons per year (TPY) at a per capita waste 

generation rate of 500 grams/day. This implies the total MSW generated by urban India could be as much as 188,500 TPD or 68.8 

million TPY, which means the rate of generation of waste increases the manageable threshold.  
[6][14]Based on a Business As Usual (BAU) scenario of 91% landfilling, the study estimates that the waste generated by 2001 

would have occupied 240 sq.km or an area half the size of Mumbai; waste generated by 2011 would have occupied 380 sq.km or 

90% of Chennai, the fourth biggest Indian city area-wise; waste generated by 2021 would need 590 sq.km which is greater than 

the area of Hyderabad (583 sq.km), the largest Indian city, area-wise. The Position Paper on The Solid Waste Management Sector 

in India, published by Ministry of Finance in 2009, estimated that about1400 sq.km of land is required for solid waste disposal by 

the end of 2047 if MSW is not properly handled and is equal to the area of Hyderabad, Mumbai and Chennai put together. 

Managing MSW is one of the greatest challenges faced by the nations. Developing countries, like India, faces a lot of problems 

in managing and handling the MSW properly and safely due to the lack of technologies and regulations. The increase in solid waste 

generation rates and its heterogeneous nature raised numerous questions on the waste management strategies and their effects on 

environment and human health. The improper solid waste management deteriorates the health of public, and causes natural 

resources degradation and environmental pollution, which simultaneously leads to climate changes and causes impacts on the life 

of citizens. The different methods of Municipal waste management includes recycling, aerobic composting, open burning, 

landfilling etc. 
[2]Among all the waste management technique, the safest and newest that leads all techniques is Bioreactor Landfills. Bioreactor 

technology accelerates the biological decomposition of food, green waste, paper and other organic wastes in a landfill by promoting 

conditions necessary for the microorganisms that degrade the waste. The most important factor that helps in the promotion of waste 

decomposition is the moisture content of the solid waste. Liquids must be added to the waste mass to obtain optimal moisture 

content, which ranges from 35 to 45 percent water by weight. The various liquids that can be added to increase the moisture content 

of waste includes landfill leachate, water, storm water runoff, gas condensate, and wastewater treatment sludge. 
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 Background 

Bioreactor landfills are subjected to several potential failure modes and mechanisms. World has witnessed many failures of MSW 

dumps and landfills over the years. The analysis of these failures by researchers revealed that these failures are mainly due to lack 

of understanding of engineering behaviour of MSW landfills, effect of pore pressure generation due to leachate recirculation and 

gas generation. The threat to the landfill functioning is minimized by the evaluation of waste mass stability. Many researchers have 

concluded that most of the landfill failures are commonly related with the issue of MSW slope stability. 

There are various issues or concern that have been expressed by the parties involved which are either operation oriented or 

design oriented. The various issues includes the liner system integrity, performance of LCRS, effect of daily cover material, final 

cover issues and the stability of landfill due to the impact of rainfall. The paper tries to evaluate or discuss the various problems or 

issues concerning the stability of the landfills. 

 Factors affecting the Stability of Bioreactor Landfills 

 Effect of Rainfall 
[5][9]Merry and Kavazanjian (2005) studied the failure of the Payatas Landfill, Indonesia that occurred on 10 July 2000, following 

10 days of extremely heavy rainfall. The preliminary study was conducted by the Merry et al. indicated that the increase in the 

pore pressure due to the landfill gas- pore water interaction in saturated or near saturated waste have played a key role in the failure.  

 
Fig. 1: Aerial view of Payatas Landfill with slope failure (after Merry and Kavazanjian, 2005) 

 Shear Strength parameters 
[13]Srivastava et al. (2011) examined the effect of leachate recirculation and extent of decomposition on the shear strength properties 

of bioreactor landfill. Degree of decomposition of the waste was found to have a significant influence on stability of a bioreactor 

landfill slope. The factor of safety of the landfill decreased due to the decrease in shear strength parameters such as cohesion and 

friction angle of the waste with the decomposition of the waste. This decrease in the shear strength of the waste reduces the effective 

stress, thus the instability of the waste body increases, causing the failure of the landfill. [7]Gabr et al. (2007) have concluded that 

the shear strength of waste mass changes with degree of degradation and addition of liquids. The friction angle of waste reduces 

with decomposition due to the increase in the plastic content with the decomposition of the waste.  

 Gas pressure 
[8][10]Gas pressure is of vital importance to the landfill stability as the gas pressure reduces the effective stress as pore pressure 

reduces in a fluid. Bioreactor landfill has accelerated decomposition of the waste that causes gas generation at higher rates (Fig.2). 

As gas pressure depends on gas production potential, it reduces with time due to decrease in gas generation potential of waste with 

advancement of time. The gas pressure build up is experienced the most at the bottom of the landfill. 
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Fig. 2: Generation of landfill gases (After Vazquez, 2008) 

 Pressurized Liquid Addition 

The rise in the pore water pressure in the landfills raised the concern of the failure of the slope. The positive pore pressure developed 

within the landfill reduces the effective stress and in turn, reduces the shear strength. The addition of leachate to waste in the 

bioreactor landfill increases the unit weight of MSW to higher values. Addition of liquids to promote moisture distribution increases 

pore water pressure and decreases effective stress which in turn reduces shear strength which affects slope stability. The effect was 

studied by coupling liquid addition and slope stability analysis. Pressurized liquids addition was simulated using buried horizontal 

trenches to estimate the pore water pressure. The pressurized liquid circulation has the possibility to influence slope stability when 

considering parameters such as badly functioning leachate collection and removal system, a seepage control approach using low 

permeability soil, a low permeability cover layer within the landfill, high liquids injection pressures.[16] 

 
Fig. 3: Sketch of the model Bioreactor Landfill (after Xu et al.,2012) 

 Mode of application of Injection pressure 

Most of the studies have been done using continuous mode of applying the injection pressure, i.e. the pressurised liquid addition 

is done throughout the day without any break. However, this scenario is not practical as the working hours of the landfill extend 

beyond the daily work hours. Thus, the operational strategy adopted by the workers is intermittent liquid addition, in which high 

pressure liquid addition is followed by rest hours of no liquid addition into the waste mass. But, the pressure at which the liquid 

injected in this intermittent liquid addition is very high as compared to the continuous mode of liquid addition. 
[16]Xu et al. (2012) conducted numerical studies to determine the effect of intermittent application of liquids into the landfill. In 

their study, the liquid is added at a high pressure of 390 kPa for 2 hours and followed by a rest period of 2 hours. However, as 

more waste get saturated around the injection trench, the resistance to the flow of the liquids into the waste increases, which results 

in the building up of the pore pressure and thus the decrease of the FOS with time. The result showed that the intermittent mode 

of liquid addition has high potential to decrease the FOS. Thus, operating the landfill with intermittent application of liquids can 

cause landfill instability issues if the base period of the liquid addition is not adjusted. 
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Fig. 4: FOS during baseline (49 kPa) and high pressure (390 kPa) continuous injection (After Xu et al., 2012) 

 Effect of the Geometry of the Horizontal Trench system 
[13][16]Xu et al. (2012) studied the effect of the stability of the Bioreactor landfill under pressurised liquid injection with one injection 

trench which is placed at asset back distance of 30m from side slope and 30m above the LCRS system. However, in the actual 

condition, the landfill requires more number of injection trench at various spaces to provide moisture distribution throughout the 

landfill waste masses. 
[13]Giri et al. (2014) conducted study on bioreactor landfill slope stability with leachate redistribution using horizontal trench 

(HT) system. HT system placed near side slope of landfill is found to be more critical for slope failure than that located far away 

from side slope. Numerical two phase modelling, HTAW nature of waste, unsaturated hydraulic properties and geometric 

configurations of HT systems were simulated for study of stability of landfill using FLAC computer programming. Four HT system 

configurations with different setback distance varying from 15-30 m from the side slope was modelled to study moisture 

distribution, leachate saturation, formation and dissipation of excess pore pressures and slope stability. 

 
Fig. 5: Simplified Bioreactor Landfill configuration showing HT system (after Giri and Reddy, 2014) 

HT system close to the side slope has a wetted area of 43% of total landfill area and therefore distributes leachate more effectively 

in both lateral and vertical direction as compared to that located far away which has a wetted area of 2.5%. Also HT systems close 

to the side slope develops high pore water pressures during short injection period of 15 days and hence this setup leads to the 

collapse of landfill slope within short period. But as the lateral distance from side slope increased longer injection duration is 

needed to produce high enough pore fluid pressures that would end in slope failure. Highest pore water pressure just before failure 

was found to be more in case of HT system placed far away from the side slope compared to the HT system placed near to the side 

slope. 

 Heterogeneous and Anisotropic Properties of MSW 
[12]Reddy et al. (2014) studied the impact of heterogeneous and anisotropic nature of municipal solid waste on leachate circulation 

and slopes stability of bioreactor landfills. Homogeneous and anisotropic waste (HAW) nature has steady flow condition due to 

invariable hydraulic conductivity and therefore lowers pore water pressures. The critical surface is much deeper and base failure 

is observed in case of HAW. Heterogeneous and anisotropic nature of MSW (HTAW) lowers the wetted area and causes non 

steady state flow condition. Due to comparatively lesser hydraulic conductivity at deep layers, the leachate migrates in the 
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horizontal direction and intercept the side slope which can lead to high pore pressures near side slope. The capillary pressure was 

highest in the beginning and reduces continually as the leachate degree of saturation increases. 

II. CONCLUSIONS 

The paper includes on the various problems associated with the operation of Bioreactor Landfill and the various factors affecting 

the stability of the Bioreactor Landfill. The Bioreactor Landfill possess threat to its stability due to the injection of the pressurised 

liquids. The injection of the pressurised liquid can raise the pore pressure causing the instability. The generation of the Gas pressure 

inside the Bioreactor Landfill due to the higher rate of decomposition of the Waste mass raise the pore pressure inside the Bioreactor 

Landfill considerably. Further, the effect of the gas pressure on the pore pressure also needs to be considered for the stability 

analysis. The heterogeneity and the anisotropy of the MSW need to be considered for obtaining the accurate results for the stability 

analysis. Thus, by incorporating these factors in the stability analysis help to obtain a reliable and accurate results. 
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