
11/7/2012 

1 

Lecture 7 

Land Disposal 

2/50 

1. Introduction  

 Landfills are designed and constructed to contain 

discarded waste so as to minimize releases of 

contaminants to the environment.  

 They are a significant part of HW management because; 

 other HW management technologies such as source 

reduction, recycling, and waste minimization cannot totally 

eliminate the waste generated and 

 HW treatment technologies such as incineration and 

biological treatment produce residues. 
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1. Introduction  

 The generation of HW cannot be reduced to zero.  

 However, it is important to promote both minimization of 

the amount of HW generated at the source and 

treatment of the irreducible minimum.  

 For unavoidable HW and hazardous residue from waste 

treatment processes, it is necessary to design and 

construct safe land disposal facilities. 

 The goal must be a facility that minimizes releases of 

contaminants to an acceptable (or nondetectable) rate. 
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Land disposal vs. Storage 

 Land disposal facilities represent a HW management 

technique that constitutes a final placement of the waste.  

 In contrast, storage facilities represent a temporary 

management technique where the waste has not yet 

reached its final destination.  

 Storage facilities hold HW prior to its shipment for 

treatment such as incineration, physical-chemical 

treatment or reuse and recycling. 
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Land disposal vs. Storage 

 Design of secure land disposal facilities includes: 

 control of the top to minimize air emissions and 

infiltration of precipitation and  

 control of the bottom to maximize the collection of 

leachate and minimize contaminant transport through 

the bottom. 

 The same approach is employed for the design and 

construction of storage facilities. 
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2. Landfill Operations 

 HW has to be tracked by recording of the journey of HW 

from the time it is generated to its ultimate disposal site.  

 This tracking extends to the recording of HW's location 

within the disposal site.  

 Records are maintained including;  

 who provided the waste,  

 the nature of the waste, and  

 where and when the waste was landfilled. 
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2. Landfill Operations 

 Many wastes may react with each other, resulting in the 

potential for heat, combustion, and/or toxic fumes.  

 Tracking of the HW within the landfill is needed 

 to provide safe operating conditions 

 to support a safe long-term disposal to minimize or 

eliminate potentially harmful chemical reactions. 

 for future resource recovery and/or future recovery for 

alternative treatment 

 to identify the source of the leak if exists 
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2. Landfill Operations 

 HWs are disposed in bulk or containerized form. 

 Drummed wastes are typically aligned and covered with 

other wastes (contaminated soils or sludges), using care 

not to damage the drums.  

 Drums may be stacked or placed in single lifts. 

 In all cases the wastes are in solid, not liquid form. 
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2. Landfill Operations 

 A daily cover which is typically consists of 30 cm thick 

soil is placed at the end of each operational day.  

 The purpose is to minimize odor, airborne transport of 

contaminants and potential for direct contact and 

maximize aesthetics.  

 On the other hand, placement of uncontaminated clean 

soil on a daily basis in a HW landfill is both expensive 

and uses up valuable landfill space.  
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2. Landfill Operations 

 As a consequence of precipitation while a cell is being 

filled and of infiltration after a cell is closed, leachate is 

generated in landfills.  

 It is necessary to collect and treat the leachate as an 

integral part of a HW land disposal facility.  

 The unit processes utilized in leachate treatment are the 

same as for other liquid HW streams.  

 Typically, the leachate has a characteristic similar to that 

of hazardous and industrial wastes landfilled.  
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2. Landfill Operations 

 Long-term monitoring data are needed to provide 

effective environmental protection.  

 Land disposal facilities include groundwater and air 

quality monitoring along with monitoring of leachate 

quality and quantity .  

 Monitoring begins prior to landfill construction, and 

continues during its operation and long after its closure. 
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3. Site Selection 

 Site selection should incorporate considerations of ; 

 Geology (clay formation offers natural protection) 

 Seismology 

 Hydrogeology 

 Hydrology (sites with groundwater unsuitable for use) 

 Population density (proximily to human habitats) 

 Environmental receptors (breeding areas for birds etc.) 

 Transportation (road capacity, nearness to HW sources) 
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4. Liner and Leachate Collection 

Systems 

 The purpose of a liner is to provide a barrier to minimize 

migration of contaminants. 

 Because some leachate will inevitably be generated, 

leachate collection is reguired.  

 Therefore, the landfill bottom consists of; 

 alternating layers of materials to provide barriers to 

contaminants attempting to migrate from the landfill and 

 layers providing collection of these contaminants through 

collection systems 
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4. Liner and Leachate Collection 

Systems 

Figure 13-2 Schematic of liner and leachate collection systems for a 

HW disposal facility (LaGrega et al., 2001) 
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4. Liner and Leachate Collection 

Systems 

 Leachate results from precipitation infiltrating through 

landfill waste materials and any liquids squeezed out of 

wastes as a result of consolidation. 

 Leachate percolates downward to the base of the landfill 

beeause of gravitational forces. 

 Accompanying seepage forces may cause the leachate 

to carry suspended solids and dissolved constituents. 

 At the base of the landfill, leachate passes through a 

filter zone (a geotextile and/or gravel) through which 

particulates are filtered out. 
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4. Liner and Leachate Collection 

Systems 

 In the primary leachate collection zone, leachate is free 

to flow to the piping system for removal for treatment .  

 One of the major concerns with the leachate collection 

system is clogging.  

 Clogging can occur from the migration of fines into the 

system or from chemical and biological processes.  

 Microorganisms can establish biofilms in piping, resulting 

in a reduced capacity to discharge leachate.  

 Chemical processes such as precipitation can also 

contribute to clogging of the system. 
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4. Liner and Leachate Collection 

Systems 

 The primary barrier layer underlines the entirety of the 

primary leachate collection zone.  

 It must be a synthetic material known as geomembrane.  

 The secondary leaehate collection zone functions much 

the same as the primary leachate collection system and 

underlies the primary barrier layer.  

 This second system was originally known as the leak 

detection system.  

 The secondary leachate collection system handles a 

considerably reduced quantity of leachate.  
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4. Liner and Leachate Collection 

Systems 

 Below the secondary leachate collection system, there is 

another geomembrane, the secondary barrier layer.  

 It serves as a hydraulic barrier preventing downward flow 

of contaminants and allows the secondary collection 

system to collect the leachate.  

 Underlying the entire system of primary and secondary 

leachate collection and geomembrane barriers is a third 

barrier, a layer normally composed of compacted clay. 

 There are many different arrangements for the liner and 

leachate collection system. 
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5. Cover Systems 

 A significant source of leachate generation at landfills is 

the infiltration of water through the top of the landfiIl, by 

either direct precipitation or stormwater run-on. 

 The final cover design considers health and safety, 

aesthetics, and site usage after closure. 

 Because the final cover is expected to remain in service 

for as long as the waste is present, a careful design 

evaluates potential failure mechanisms both immediately 

after construction and throughout the service life (30 

years or more) 
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Functions of final cover 

 Controls water movement to minimize leachate generation. 

 Controls animals and vectors (disease). 

 Protects the public from results of direct contact with HW 

 Controls gas movement to avoid a decline in air quality. 

 Minimizes fire potential to avoid air emissions and damage. 

 Ensures the structural stability of the landfill  

 Controls surface water runoff. 

 Resists erosion. 

 Controls blowing debris. 

 Minimizes noxious odors. 

 Provides a more sightly appearance 
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5. Cover Systems 

Figure 13-2 Schematic of hazardous waste landfill cover 

(LaGrega et al., 2001) 
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5. Cover Systems 

 The uppermost layer, a vegetation support layer, typically 

consists of an organic sandy loam (topsoil) material used 

to support vegetation.  

 Vegetation provides several important functions in the 

performance of the landfill cover: 

 Reduces erosion. 

 Reduces precipitation infiltration. 

 Enhances evapotranspiration, returning moisture that has 

been absorbed into the topsoil layer to the atmosphere to 

further reduce deeper infiltration. 
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5. Cover Systems 

 A geotextile filter may be placed beneath the top soil and 

above the underlying lateral drainage layer.  

 Geotextile serves to maintain separation between layers 

and to act as a filter to minimize migration of materials.  

 Beneath the lateral drainage layer is barrier layers. 

 They may be composed of geomembranes, geosynthetic 

clay liners or compacted clays.  

 Underlying the barrier layer may be a gas collection layer 

used to collect generated gases migrating from the 

landfill for subsequent venting to the atmosphere.  
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5. Cover Systems 

 The gas collection layer is typically composed of porous 

sands and gravels and may include gas collection piping. 

 HW landfills contain significantly less organic matter than 

MSW landfills, thereby making it impractical to collect 

gases for power generation. 

 The lowermost layer in a landfill cover is a subgrade 

layer to accommodate uneven/unstable landfill surfaces.  

 This layer also aids construction of a cover with 

appropriate contours needed to enhance lateral drainage 

and minimize hydraulic head. 
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Cover systems performance 

 Erosion is a common problem in cover systems, special 

attention should be given to cover slopes and selection 

of the soil to be used in the uppermost layer.  

 Since clay shrinking and swelling is related to changes in 

moisture content, longterm performance monitoring may 

include such measures.  

 Another major factor affecting the long-term performance 

of the cover system is settlement.  

 Movements and distortions of the constructed cover 

system reduce its effectiveness. 
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Cover systems performance 

 Mechanisms of landfill material settlement are 

mechanical compression, degradation and raveling. 

 Mechanical compression is due to the crushing, 

rearranging, bending and distortion of the waste 

materials by the weight of the overlying materials.  

 Degradation, is due to the decomposition of the HWs by 

biological or physicochemical processes (e.g. oxidation).  

 Raveling is the movement of finer materials from the 

material matrix into larger voids within the matrix and can 

occur anytime throughout the long-term life of the landfill.  
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Surface water controls 

 Construction of a HW disposal facility alters the natural 

hydrology of the site.  

 Prior to construction, surface water flows onto the site.  

 It moves first as overland flow and ultimately through 

streams and larger surface water bodies. 

 HW disposal facilities must use surface water controls.  

 The flowing surface water must be controlled to preclude 

erosion and transport of sediment. 
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Surface water controls 

 Surface water diversion, collection technologies are used 

to minimize surface water entering active areas of site.  

 They include dikes and berms, ditches, benches and 

drainage ways, terraces, benches, chutes & downpipes.  

 Surface water can also be controlled by grading and 

revegetation.  

 Areas need to be revegetated to enhance evapotrans-

piration and to minimize erosion and sediment transport. 
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Surface water controls 

Figure 13-8 Landfill section showing surface water control 

(LaGrega et al., 2001) 
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Surface water controls 
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6. Materials 

Geomembrane 

 An engineered polymeric material (a geosynthetic) that is 

fabricated to be virtually impermeable.  

 It can be made of butyl rubber, chlorinated polyethylene, 

chlorosulfonated polyethylene, ethylene-propylene 

rubber, high-density and low-density polyethylene and 

polyvinyl chloride (PVC).  

 A number of different polymers with a wide range of 

chemical formulations are employed to manufacture 

geomembranes. 
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6. Materials 
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6. Materials 
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6. Materials 

Geotextile 

 It is a geosynthetic which is fabricated to be permeable 

and has two categories of hydraulic properties. 

Filtration: removal of suspended solids from flowing liquid. 

Drainage: transportation of liquids across the plane of fabric. 

 Can be classified as woven or nonwoven.  

 Woven geotextiles tend to be stronger in tension and 

have been used for reinforcement and for silt fences. 

 Nonwoven geotextiles have been used for filtration, for 

separation & as a protective layer over  geomembranes. 
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6. Materials 

Compacted Clay 

 Widely used as a barrier layer in liner & cover systems. 

 These soils typically consist of natural clays, silty clays, 

sandy clays and clayey silts.  

 The hydraulic conductivity of a clay barrier layer depends 

on the type of clay as characterized by the clay 

mineralogy, grain size distribution, and plasticity limits.  

 Permeation of compacted clay with concentrated 

organics, acids and bases may cause dramatic increases 

in hydraulic conductivity. 
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6. Materials 

Geosynthetic Clay Liners (GCLs) 

 A product combining geosynthetics with bentonite.  

 Examples of GCLs are those with bentonite bound 

between two geotextiles and bentonite adhesively bound 

onto a geomembrane.  

 While quite thin (4 to 5 mm), the hydraulic conductivity is 

quite low (< 5x10-9 cm/s) because of the bentonite. 

 GCLs are preferred over compacted clay for landfill final 

cover systems assuming slope stability is adequate. 
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Geotextile
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7. Transport Through Barriers 

 The two mechanisms of contaminant transport through 

barriers are hydraulic gradients (advection) & molecular 

diffusion in response to chemical concentration gradients 

 Geomembranes are not absolutely impermeabile.  

 Imperfections (pinholes, improperly sealed seams and 

puncture tears as a result of construction) are inevitable.  

 By using multiple barrier layers and lower hydraulic 

conductivity liner systems, molecular diffusion became 

the controlling mechanism for contaminant transport. 
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7. Transport Through Barriers 

 Molecular diffusion occurs two ways:  

 Iiquid phase diffusion through a saturated barrier layer or  

 gas phase diffusion after partitioning from the liquid phase. 

 For liners constructed of thin geomembranes, the 

contaminant migration rate due to molecular diffusion is 

surprisingly high. 

 Some organic contaminants of low molecular weight 

(volatile organics) can diffuse through a geosynthetic 

liner at significantly high rates. 
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Transport through geomembranes 

 Geomembranes are not porous media materials and 

cannot be permeated by liquids in the traditional sense.  

 However they contain interstitial spaces between the 

large polymer molecules.  

 Small molecules/gases can diffuse within these spaces. 

 Flow through geomembranes is on a molecular level. 

 Thus, even a perfectly constructed geomembrane (free 

of defects or holes) permits dissolved constituents of the 

contained fluids and gases to escape. 
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Transport through geomembranes 

 Transport of contaminants through geomembrane is on a 

molecular basis by the diffusion process.  

 Liquids do not migrate through geomembrane by itself. 

 Transport involves three steps: 

 The solution or adsorption of the permeant into the 

upstream surface of the geomembrane (partitioning of 

molecule from leachate to gas). 

 Diffusion of the contaminant through the geomembrane. 

 Volatilization or desorption of the contaminant at the 

downstream surface of the geomembrane. 
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Transport through compacted clay 

 The rate of advective flow 

through clay liners depends 

on hydraulic conductivity, 

gradient & liner dimensions. 

 A simplified analysis of the 

contaminant loading in the 

steady state can be made 

using Darcy’s law.  

Figure 13-12 Schematic of advective flow 

and transport (LaGrega et al., 2001) 
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Transport through compacted clay 

 The hydraulic head is equal 

to the height of free leachate 

above the liner plus the 

thickness of the clay liner.  

 Solution is an application of 

Darcy’s law to yield flow rate. 

 The advective transport rate 

can be determined as the 

product of the contaminant 

concentration and flow rate. 

Figure 13-12 Schematic of advective flow 

and transport (LaGrega et al., 2001) 
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Transport through minerally enhanced 

barriers 

 Bentonite has been found to reduce the rate of 

contaminant migration by lowering the hydraulic 

conductivity and increasing the retardation factor. 

 Retardation factor reaches a maximum value at a bentonite 

content between 5% and 10% by weight.  

 A bentonite content of 5 to 10% typicaIly results in the 

minimum hydraulic conductivity in admixed soil liners. 

 A barrier consisting of soil-bentonite and high-carbon fly ash is 

effective in reducing diffusive transport. 
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8. Landfill Stability 

 The landfill cover system fails where total and differential 

settlements exceed its tolerance.  

 In this case, geotextiles or geogrids may be use to span 

expected zones of subsidence.  

 Cover systems are quite thick to provide adequate 

protection to barrier layers from environmental stresses.  

 Cover system may also fail as a result of erosion.  

 A cover is designed to enhance runoff and must be able 

to withstand erosional forces associated with this runoff.  
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8. Landfill Stability 

 Landfills must be stable during construction, operations, 

and for many years following closure.  

 Some settlement is inevitable, however, if waste stays 

within the containment system or if there are no mass 

movements down slope, landfill is considered stable. 

 The sliding of cover soils on the geomembrane barrier 

layer represents one potential for failure surface. 

 Stability of the cover must be considered due to sliding of 

vegetative & drainage layers over geomembrane barrier. 
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8. Landfill Stability 

Figure 13-18 Schematic of landfill stability (LaGrega et al., 2001) 

Driving forces are from the gravitational pull on the landfill materials and 

resisting forces are from the strength of the waste and the underlying soil. 
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9. Surface Impoundments 

and Deep Well Injection 

 HW placed in landfill facilities is considered managed. 

 HW placed in surface impoundments is placed there for 

treatment or storage on its way to treatment and/or 

ultimate waste management.  

 Land-based storage facilities include surface impound-

ments such as pits, ponds and lagoons. 

 HW’s been & continues to be disposed of in deep wells. 

 A suitable site for deep well injection has overlying and 

underlying confining strata sufficiently thick and laterally 

extensive to confine the waste to the injection interval. 
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9. Surface Impoundments 

and Deep Well Injection 

 Fate of contaminants in deep wells is not clear. 

 Combination of favorable chemical reactions and dilution 

afford protection to groundwater & surface water supplies 

 Injected wastes are supposed to undergo chemical 

reactions both between waste constituents and between 

waste constituents and formation materials.  

 Reactions include carbonate dissolution in limestone and 

dolomite, sand dissolution, clay dissolution, hydrolysis 

and coprecipitation. 
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10. Closure and Postclosure Care 

 Closure of a HW facility should minimize or eliminate the 

escape of HW, hazardous constituents, leachate, 

contaminated runoff or HW decomposition products to 

the ground or surface waters or to the atmosphere. 

 The environmental protection should be accomplished 

with minimal need for further maintenance.  

 A major consideration is maintenance of cover integrity.  

 Monitoring of groundwater, subsurface environment and 

surrounding air is also necessary. 


