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     General 
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 Regardless of how much reuse, recycling, and energy recovery is achieved, some fraction 
of the MSW must be returned to the environment. 
 

 The only two locations for the ultimate disposal of wastes are (1) in the oceans and other 
large bodies of water or (2) on or in land. 
 

 With rare exceptions, most solid waste may no longer be legally dumped into oceans. 
 

• Dump – a hole where trash is dumped 

• Landfill – a structured place where trash is deposited  
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 A landfill is an engineered method for land disposal of solid or hazardous wastes in a 
manner that protects the environment. 
 

 Modern sanitary landfills are carefully engineered structures designed to isolate 
garbage from nearby water, soil, wildlife, and people.  
 

 Rubbish Pit       vs.        Landfill 



 Sanitary Landfill  

     M. Saidan 4 

How sanitary landfill is made? 
 
 The cavities are dug out of the ground and then the walls are sealed with layers of clay 

and coated with plastic to prevent groundwater contamination from wastewater that 
accumulates. 
 

 Today's landfills are designed to stay dry inside, except for liquids that ooze from some 
garbage, and rainwater that trickles through. As water trickles through a landfill, it 
dissolves chemicals and other particles, creating a liquid called "leachate."  

 

 Within the landfill biological, chemical, and physical processes occur that promote the 
degradation of wastes and result in the production of leachate (polluted water emanating 
from the base of the landfill) and gases. 
 

 In order to be designated a sanitary landfill, a disposal site must meet the following three 
general but basic conditions: 1) compaction of the wastes, 2) daily covering of the wastes 
(with soil or other material) to remove them from the influence of the outside 
environment, and 3) control and prevention of negative impacts on the public health and 
on the environment (e.g., odors, contaminated water supplies, etc.). 
 
 

 



Schematic diagram of basic aspects of a sanitary landfill 
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     Planning for Landfills 
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 Planning involves the collection of information on type, amount, generation rate, and 
characteristics of the wastes to be accepted for landfilling. Acquisition of this information is 
a prerequisite to rational design and efficient and effective development of a landfill. 
 

 A ten-year time frame is considered short-term planning. Thirty years seems to be an 
appropriate time frame, because after thirty years, it becomes difficult to anticipate solid 
waste generation and new disposal technology. 
 

 The first step in planning for a new landfill is to establish the requirements for the landfill 
site. The site must provide sufficient landfill capacity for the selected design period and 
support any ancillary solid waste functions, such as leachate treatment, landfill gas 
management, and special waste services (i.e., tires, bulky items, household hazardous 
wastes). 
 

 If possible, in-place density (the density once the refuse has been compacted in the 
ground) should be estimated. If an existing landfill is available, density can be easily 
determined by routinely conducting aerial surveys of the landfill and then calculating the 
volumes. This method includes the volume of cover material in the calculation. If dirt is 
used as daily and final cover, 20 to 50% of the volume of the landfill may be cover material. 
An in-place density of 1200 lb/yd3 (700 kg/m3) is typical. 



 Overall bulk density 
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Example  4-1,  page 106  



 Landfill capacity for a community 
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     Solution 
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Siting of Landfills 
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fatal flaw analysis 

 The site is too small. 
 The site is on a flood plain (the 100-yr flood plain area). 
 The site includes wetlands. 
 A seismic zone is within 200 ft of the site. 
 An endangered species habitat is on the site. 
 The site is too close to an airport (not within 5000 ft for propeller aircraft or 10,000 ft if 

turbine engine aircraft). 
 The site is in an area with high population density. 
 The site includes sacred lands. 
 The site includes a groundwater recharge area. 
 Unsuitable soil conditions (e.g., peat bogs) exist on the site. 

 Once the geographical boundary of the potential site has been determined, unsuitable 
locations should be identified. 



Land requirements for a landfill as a function 

of compaction 
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  Landfill Processes 
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1. Biological degradation 

2.  Leachate production 

3. Gas production 

 



     Biological Degradation 
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Phase I—Initial Adjustment Phase 
 
This phase is associated with initial placement of solid waste and accumulation of moisture 
within landfills. An acclimation period (or initial lag time) is observed until sufficient 
moisture develops and supports an active microbial community. Preliminary changes in 
environmental components occur in order to create favorable conditions for biochemical 
decomposition. 
 
Phase II—Transition Phase 
 
In the transition phase, the field capacity is often exceeded, and a transformation from an 
aerobic to an anaerobic environment occurs, as evidenced by the depletion of oxygen 
trapped within the landfill media. A trend toward reducing conditions is established in 
accordance with shifting of electron acceptors from oxygen to nitrates and sulfates and the 
displacement of oxygen by carbon dioxide. By the end of this phase, measurable 
concentrations of chemical oxygen demand (COD) and volatile organic acids (VOAs) can be 
detected in the leachate. 



     M. Saidan 14 

Phase III—Acid Formation Phase 
 
The continuous hydrolysis (solubilization) of solid waste, followed by (or concomitant with) the 
microbial conversion of biodegradable organic content, results in the production of 
intermediate volatile organic acids at high concentrations throughout this phase. A decrease in 
pH values is often observed, accompanied by metal species mobilization. Viable biomass 
growth associated with the acid formers (acidogenic bacteria), and rapid consumption of 
substrate and nutrients are the predominant features of this phase. 
 
Phase IV—Methane Fermentation Phase 
 
During Phase IV, intermediate acids are consumed by methane-forming consortia 
(methanogenic bacteria) and converted into methane and carbon dioxide. Sulfate and nitrate 
are reduced to sulfides and ammonia, respectively. The pH value is elevated, being controlled 
by the bicarbonate buffering system and, consequently, supports the growth of methanogenic 
bacteria. Heavy metals are removed from the leachate by complexation and precipitation. 
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Phase V—Maturation Phase 
 
During the final state of landfill stabilization, nutrients and available substrate become 
limiting, and the biological activity shifts to relative dormancy. Gas production dramatically 
drops, and leachate strength stays steady at much lower concentrations. Reappearance of 
oxygen and oxidized species may be observed slowly. However, the slow degradation of 
resistant organic fractions may continue with the production of humic-like substances. 
 
The progress toward final stabilization of landfill solid waste is subject to the physical, 
chemical, and biological factors within the landfill environment, the age and characteristics of 
landfilled waste, the operational and management controls applied, as well as the site-specific 
external conditions. 
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Leachate Production 
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Leachate Quantity 
 

 The total quantity produced can be 
estimated either by using empirical 
data or a water balance technique 
that sets up a mass balance among 
precipitation, evapotranspiration, 
surface runoff, and soil moisture 
storage. 
 

 The field capacity is the maximum 
moisture the soil (or any other 
material such as refuse) can retain 
without a continuous downward 
percolation due to gravity. 
 

 Field capacity is the ability to retain 
moisture. 
 
 



Mass balance of moisture in a landfill 
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     Example 
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Leachate Quality 
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The quality of leachate directly affects viable leachate treatment alternatives. Because 
leachate quality varies from site to site and over time, neither biological treatment nor 
physical/chemical treatment processes separately are able to achieve high treatment 
efficiencies. A combination of both types of treatment is one of the more effective 
process trains for the treatment of leachate. 



  Gas production 
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 Proper landfill management can enhance both yield and quality of gas. 
 

 Recovery and energy equipment sizing, project economics, and potential energy uses 
depend on the peak and cumulative landfill-gas yield. 
 

 The composition of the gas (percent methane, moisture content) is also important to 
energy producers and users. 
 

 Mathematical and computer models for predicting gas yields are based on population, 
per capita generation, waste composition and moisture content, percent actually 
landfilled, and expected methane or landfill-gas yield per unit dry weight of 
biodegradable waste. 
 

 Four parameters must be known if gas production is to be estimated with any accuracy: 
gas yield per unit weight of waste, the lag time prior to gas production, the shape of the 
lifetime gas production curve, and the duration of gas production. 
 



  In theory 
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 The biological decomposition of one ton of MSW produces 15,600 ft3 (442 m3) of 
landfill gas containing 55% methane (CH4) and a heat value of 530 Btu/ft3 (19,730 
kJ/m3).  
 

 Since only part of the waste converts to CH4 due to moisture limitation, inaccessible 
waste (plastic bags), and non-biodegradable fractions, the actual average methane yield 
is closer to 3,900 ft3/ton (100 m3/tonne) of MSW.  
 

 Theoretical landfill gas production potential for the United States is estimated at 1.4 
trillion ft3/y (33X1012 m3/y). However, a more conservative estimate would put the 
figure at roughly 500 billion ft3/y (14 billion m3/y) with an annual oil equivalent energy 
potential of 5.6 million tons/y. 



 Gas production pattern over time. 
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http://www.epa.gov/ttn/catc/products.html#software 
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  Case Study 
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