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CHAPTER 12 LEACHATE CONTROL AND TREATMENT

As leachate forms and passes through the 
waste, organic and inorganic compounds 
become dissolved and suspended in the 
leachate. This process can be likened to the 
process of passing water through coffee 
grounds to make coffee. 

This is a wanted effect in order to unload 
the landfill from pollutants and to reduce the 
environmental impact and the costs associated 
with it. The dissolved and suspended 
constituents of leachate have the potential to 
cause soil, groundwater and surface water 
contamination if not treated properly. 

In addition to serving as a source of 
contamination, leachate typically has a strong 
odour (particularly young acetogenic leachate) 
and requires proper management. Appropriate 
leachate management measures include: 

• Adopting best practice landfill design.
• Minimization/control of polluted liquids 

entering the waste mass and adding to the 
landfill load.

• Installation and operation of an engineered 
leachate collection and extraction system.

• Installation and operation of a site-specific 
leachate treatment system, and/or shipment 
of leachate to an off-site treatment facility. 

The impetus for these controls is achieving 
minimal build-up of leachate and on the liner 
system. Minimising head on the liner system in 
term minimizes the potential for groundwater 
and surface water contamination.

12.2. DISCUSSION OF LEACHATE 
CONTROL MEASURES

12.2.1. Appropriate Landfill Siting

A key consideration for siting a new sanitary 
landfill is the presence of sources of water 
infiltration (other than precipitation). In 
general, a landfill should not be sited in or 
near a surface water body, or a surface water 
floodplain. Landfill sites should avoid wetlands 
(existing or old), seepage areas and locations 
with shallow ground water. These areas have 
the potential for increased infiltration of water 
and the subsequent production of greater 
quantities of leachate at a landfill site.

Other siting considerations include the native 
soil structure and type. In general, a landfill 
should be sited where low permeability clay-like 
soils exist to prevent infiltration of leachate 
to the surrounding groundwater. Sandy and 
loam-like (that is, highly permeable) soils should 
generally be avoided when siting a landfill, 
recognizing that more extensive engineering will 
be necessary in such situations. 

12.2.2. Screening for and Restricting 
Liquid Waste Acceptance

An initial step to reduce the generation of 
leachate pollution is to prevent organics and 
liquid wastes from entering the landfill through 
incoming waste loads. Ordinances to ban 
liquid wastes from landfills help in this process. 
Operationally, all landfill personnel should 
visually screen for liquid waste brought in by 
haulers and other customers for disposal. 
A close watch on waste loads should also 
be maintained at the tipping face. Vehicles 
entering landfill property may be chosen 
randomly for a formal screening of their waste 
loads. Loads containing containerized liquid 
wastes should be rejected for disposal.  

12.2.3. Landfill Operational Techniques

Some techniques used at the working face 
of the landfill reduce the amount of infiltration 
(that is, precipitation) into the landfill. A 
smaller working face favours the reduction of 
water infiltration and consequently leachate 
generation. Appropriately compacting and 
covering completed cells promotes reduced 
waste infiltration and increased run-off away 

from the active area, but reduce the positive 
effect of decontaminating the landfill via the 
leachate, especially for the inorganic water 
toxic compound NH4-N. Good compaction 
of waste and daily cover materials increases 
the amount of waste that can be stored on the 
landfill and therefore improves the economics. 
It also reduces waste settlement, thus, 
reducing the potential for depressions in the 
active area. 

Depressions can fill with water (ponding) and 
allow precipitation to infiltrate directly into the 
waste mass. When depressions and ponding 
occur, particularly in intermediate and final 
cap areas, the water should be appropriately 
drained and the depression should be filled.

12.2.4. Run-On and Run-Off Controls  
for Precipitation

Precipitation must be carefully managed at 
any landfill facility and surface water systems 
need to be able to cater for high rainfall 
events. Design and engineering elements can 
be implemented to promote run-off of this 
precipitation and to minimize water ponding 
and infiltration through the landfill surface. 

Exposed surfaces of the landfill (often with 
intermediate or final cover) should be sloped 
to drain excess surface water away from the 
waste mass. In addition, diversion ditches, 
trench drains, and localized soil berms may 
be constructed to guide excess water away 
from the landfill active area. Similarly, diversion 
ditches, trench drains, and soil berms also may 
be employed to divert precipitation that would 

otherwise run-on to the landfill site  
from higher elevations. Another step that  
may be appropriate (particularly at tropical 
sites with high rainfall) to control the amount 
of rain that infiltrates into the waste is to 
use temporary plastic tarpaulins or HDPE 
geomembrane covers. 

12.2.5. Liner and Leachate  
Collection Systems

Leachate must be managed so as to prevent 
contamination of soil, groundwater and 
surface water. Leachate management is best 
accomplished through the installation of a 
landfill liner (for example, compacted clay, 
geomembranes, or both) and the installation 
and operation of an engineered leachate 
collection/conveyance (removal) system which 
is presented at Figure 12.1 (page 52).

Landfill liners retard the movement of leachate 
into adjacent soils due to their low permeability. 
Landfill liners are usually comprised of either 
in-situ or re-compacted natural clay soils or 
geosynthetics (flexible membrane liners  
[FMLs]) or some combination of the two. 

Natural soil liners should be clay soils with a 
low coefficient of permeability and sufficient 
thickness to significantly retard leachate loss  
to groundwater. The most common material 
used for flexible membrane liners is High 
Density Polyethylene (HDPE), but other 
materials such as Linear Low-Density 
Polyethylene (LLDPE) and polyvinyl chloride 
(PVC) are sometimes used. 

12.1 INTRODUCTION

Leachate is the liquid generated from solid waste decomposition in a landfill or 
from handling of waste in waste treatment facilities. Leachate derives mainly from 
precipitation, surface run-on from adjacent areas, liquids disposed of in the waste 
mass and the decomposition of organic material in the waste itself.

Figure 12.1 Leachate collection and conveyance systems Copyright Wehrle

Figure 12.3 Physical–chemical treatment 
with chemicals (left) and ozone (right) 

Inflow

Figure 12.2 Landfill with lagoons systems (left) and after installation 
of a leachate treatment plant (right) Copyright Wehrle
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Other materials used in liner systems 
are Geosynthetic Clay Liners (GCLs) and 
geotextiles/geocomposites. The most common 
high-performance liner type usually comprises 
(top to bottom):

• Separation geotextile;
• Leachate drainage layer;
• Protection geotextile (if required);
• HDPE Geomembrane; and
• Compacted Clay Liner (CCL)/GCL.
The range of performance can vary greatly, but 
two key principles need to be recognized:
• Minimising the leachate head on the liner 

through active leachate extraction minimizes 
the risk of leakage.

• Any liner incorporating a geomembrane and 
CCL/GCL will be vastly superior in terms of 
containment to a clay liner alone.

To prevent lateral drainage of leachate above 
the liner system, a leachate collection and 
conveyance system should always be installed. 
Leachate collection systems comprise 
perforated piping installed above the liner 
and sometimes in other locations within the 
waste mass to enable the leachate to be 
drained and pumped to any one of a number 
of leachate treatment options. Both gravity flow 
and pumped systems are used but pumped 
systems are usually preferred as they enable 
liner penetrations to be avoided. A leachate 
buffer system has to be installed to cover 
 peaks from heavy precipitations and to  
balance and homogenize leachate in flow  
and level of pollution.

12.3. DISCUSSION OF LEACHATE 
TREATMENT

12.3.1. Basic Thoughts

The choice of a suitable leachate treatment 
system for a single landfill is a question which 
needs to be evaluated and answered upfront 
site-specifically based on the following:

• Size, lifetime and possible future extension of 
the landfill; 

• Type of waste to be disposed (humidity);
• Climate zone – expected precipitation and 

temperature regimes;
• State law and local law regulations;
• Direct discharge to a receiving body of water;
• Discharge to publicly owned sewage 

treatment works; 
• Future installation of advanced waste 

treatment processes like MBT;
• Organisational setup for operation of the 

landfill incl. leachate treatment; and
• Budget for investment and operational costs 

for at least three decades.
Figure 12.5 Reverse Osmosis (RO) technology: flow chart of a 2-pass unit
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Nowadays proven leachate treatment 
processes are available on the market out of 
worldwide experience since the 1990s. Each 
installation of a leachate treatment system 
requires a specific, detailed and customized 
view on the needs of each site.

12.3.2. Treatment Technologies

A first step to create a suitable leachate 
treatment system can be the installation 
of a leachate collection lagoon or tank as 
a buffer system, which can be realized on 
ground (see Figure 12.2, left). An alternative 
can be over-/underground tanks made 
out of concrete or various types of bolded 
tanks. The volume of a buffer tank system 
should be min. 5 x of expected average daily 
volume of leachate production – the more 
the better.

Find below an overview of available leachate 
treatment technologies.

Aerated Lagoons and Evaporation Ponds

By adding surface aerators into the lagoons/
tanks oxygen will be mixed to leachate 
to oxidize organic compounds (COD). As 
expected, the elimination of organic pollution 
from leachate is very limited (< 20%) and 
inorganic pollution such as ammonia 
will be kept untouched. On the surface 
of evaporation ponds often a silt layer 
generates that inhibits natural evaporation. 
These treatment technologies require 
long retention times, can cause a lot of 
additional issues like aerosols or odour etc. 
and consume a lot of space, which could 
otherwise improve the economics if used for 
landfilling instead.  

On-site Physical-Chemical Treatment

Various physical-chemical treatment 
technologies have been tested to treat 
leachate since the 1980s worldwide. 
Often good results had been achieved in 
laboratory tests. In most of these processes 
liquid chemicals are added to leachate to 
partly take out the organic pollution as a 
separate sludge, which has to be disposed 
externally. Others are trying to oxidize 
organic pollution to uncritical carbon dioxide 
(FENTON, AOP, Ozone, etc.), which requires 
high quantities of oxidizing agents and/or 
energy (see Figure 12.3). Also, here inorganic 
pollution of leachate like ammonia often 
remains untouched. 

Until now it has been shown in full scale 
installations that physical-chemical 
treatment processes require large amounts 
of consumables due to the very high 
concentrations in leachate in combination 
with its high buffer capacity. In addition, 
health and safety precautions for handling 
large amounts of chemicals are needed. 

Out of the reasons above stand-alone 
physical-chemical treatment of leachate has 
been shown to be economically challenging. 
Nevertheless, this process is sometimes 
combined with other processes as a post 
treatment process for very specific needs of 
single pollutants.

Thermal Treatment - Evaporation

Evaporation is always a “separation” process: 
raw leachate will be divided into vapour and 
remaining residues contain all the pollution 
from leachate, which needs to be disposed of 
in an uncritical place. 

Evaporation of water requires a large amount 
of thermal energy. Low level evaporation 
processes like passive evaporation in 
evaporation ponds or spraying uses energy 
from the sun for drying and is not suitable 
for humid climates (see Figure 12.4). More 
sophisticated and closed evaporation units 
are using external energy which might 
be available from landfill flares, from the 
degassing of landfills. 

All evaporation processes are faced with 
high operational costs, heavy odour and 
aerosols. Due to the generally high level of 
salts in leachate all equipment have to be 
prepared to these corrosive environment.

Membrane Technology (Reverse 
Osmosis, Nanofiltration)

Membrane technology improved a lot since 
the 1980s in water science, water supply 
and waste water treatment. Similar to the 
evaporation process, membrane processes, 
like reverse osmosis (RO) or nanofiltration 
(NF), are also always a “separation” 
process: raw leachate will be divided into 
water to be discharged and to concentrate 
with remaining residues containing all the 
pollution from leachate, which needs to be 
disposed of in an uncritical place (see  
Figure 12.5). 

Due to high retention rates for pollutants, 
using a defined barrier of a membrane with 
minimized pore sizes like reverse osmosis 
(RO), this technology was adapted to 
leachate treatment already in the 1980s with 
the first installations in a so called “plate 
disc” configuration. Overall improvements 
and developments of membrane technology 
in desalination over the past led to cheaper, 

Figure 12.4 Evaporation technologies: 
passive (top) and thermal (bottom) Copyright Wehrle
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comparatively more advantageous and modern spiral wounded 
membrane systems using standardized technical equipment. 
Depending on the requirements for effluent, several steps can be 
combined up to a 3-pass RO unit, where leachate “gets filtered 
three times” before final discharging.

Due to modular configuration suitable RO technology is available 
in standardized container sizes from various suppliers and can be 
adapted to each landfill site in the world easily and quick. Often it 
is common practise that remaining concentrate will be fed back 
to landfill due to missing or expensive disposal alternatives.  
An adequate engineering design for recirculation and reinfiltration 
of the concentrate should be done and must be site-specific. 

RO technology can be an effective stand-alone installation 
for suitable leachate treatment and to meet highest effluent 
requirements (see Figure 12.6). 

An interesting option in membrane technology application is 
Nanofiltration (NF) units – using a type of membrane which allow 
monovalent ions (e.g. salts) to pass through while achieving 
high retention rates for organic pollution but slightly lower than 
reverse osmosis membranes. However, in this case, and unlike 
RO technology, NF units are not commonly used in a stand-alone 
model and need to be combined with other treatment steps. 
NF units are used principally as a polishing step for biological or 
physicochemical treatment step.

GAC (Granular Activated Carbon)

The use of activated carbon is well known in environmental 
protection worldwide – even though not available in every 
country. With an adsorption process driven by diffusion, activated 
carbon can adsorb liquid or gaseous molecules on a very large 
solid surface offering a broad range of pore sizes. 

For leachate treatment granular activated carbon (GAC) with 
irregular shaped particle sizes from 0.2 to 5 mm has shown 
best technical and economic performance – used in fixed bed 
pressure vessels constructed in steel or plastic, ensuring enough 
contact time to achieve high loadings of organic adsorption on 
the carbon (see Figure 12.7). 

After achieving maximum adsorption rates the carbon needs 
to be changed. Depending on each country and its regulations 
and logistics either used carbon will be disposed externally or 
reactivated in special furnaces at 800°C – a service which gets 
offered by global suppliers of carbon.

Only in combination with a MBR upfront, the use of granular 
active carbon is effective and economical – supported by 
the solid free effluent of the MBR. The MBR “eliminates” all 
biodegradable pollution from leachate while the GAC polishes the 
effluent from MBR by adsorption of non-biodegradable organics 
down to the local discharge requirements. 

Biological treatment SBR (Sequence Batch Reactor) 

To fulfil discharge requirements for organic pollution (COD/
BOD) and water toxic ammonia (NH4-N), a biological treatment 
process can be a sustainable solution. For nitrogen elimination, 
a biological process (with nitrification / denitrification) is also 
a suitable process. Biological treatment of leachate is always 
“eliminating” pollutants as much as possible. The biodegradable 
pollutants are effectively removed from the leachate. However, 
additional treatment is required for non-biodegradable COD 

(recalcitrant COD compounds) such as using 
activated carbon and/or nanofiltration, as 
well as handling of biological sludge that is 
produced in an excessive amount and needs 
to be disposed of in an uncritical place.

Classical biological processes like 
Conventional Activated Sludge processes 
(CAS) require large areas and substantial 
civil works (see Figure 12.8). Therefore, more 
compact biological processes where applied 
for the use in leachate treatment, for example 
the Sequence Batch Reactor process (SBR): 

After adding leachate to the biological tank, 
several biological elimination steps (aerated, 

anoxic, settlement) take place in one single 
reactor – with moderate elimination rates 
in realistic plant sizes: organic elimination 
increases up to 60%, nitrogen elimination up 
to 80%. The discontinuous process of the 
SBR system has a limited flexibility for varying 
leachate loadings like a landfill is faced all 
over years due to precipitation. It is sensitive 
to temperature effects (winter, summer) and 
requires more or less constant concentrations 
of leachate in the inlet, which ends up in the 
need of very large buffer tanks upfront  
(typ. > 10 days daily leachate volume).  

Due to the method of separation of treated 
leachate and biomass in a normal settlement 
step, SBR effluent contains small amounts of 
solids or biomass. This might cause further 
problems in post treatment, which might be 
needed to fulfil discharge regulations (e.g. for 
separation of salts). 

Figure 12.8 Biological “elimination” technologies: SBR process 

Figure 12.7 Granular activated Carbon (left) – stand-alone unit (center) – in combination with MBR (right) 

Figure 12.6 Stand-alone RO: plate disc (top) – 
spiral wounded (middle)– containerized (bottom) Copyright AST
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CHAPTER 13

ODOUR 
CONTROL

12.4. CONCLUSION

Prevention of leachate migration and contamination of ground and surface water 
can be accomplished through implementing effective operational practices and 
engineering controls at the landfill facility. Operational practices to divert local 
precipitation and surface water run-on to the waste mass are an effective means to 
reduce the quantities of leachate generated. 

Depending on the local requirements a single process might not achieve the requested 
results to cover all local environmental, economic and social needs. Whereas the 
dimensioning of a leachate treatment plant mainly depends on the actual load and 
quantity of the leachate, the determination of the appropriate process or process 
combination is above all a matter of observing the respective limit values. The 
processes available may hence be classified according to the discharge limits fixed.

Biological Treatment MBR  
(Membrane BioReactor): 

Further improvement of biological 
treatment technology was achieved by 
combining the advantage of a biological 
treatment system with the advantages 
of membrane technology. A MBR 
consists of a bioreactor system and 
an ultrafiltration stage, being a highly 
loaded activated sludge process at the 
same time (see Figure 12.9). Instead of a 
settlement process like in CAS or SBR, 
biomass in a MBR will be separated from 
treated leachate with a membrane.

MBRs achieve highest pollutant reduction 
compared to other aerobic systems and 
require far less space and footprint using 
tubular side-stream or out-in submerged 
ultrafiltration membranes. Organic 
pollution will be eliminated up to a level 
above 80 %. Elimination rates for water 
toxic Ammonia of > 99.9 % are proven 
and shown in leachate installations 
worldwide on 5 continents. If needed 
the leachate treatment plants can be 
designed to eliminate also total nitrogen 
up to 99.9%. Effluent of a MBR is free 
of solids and ideally suited for further 
treatment steps.

MBRs are robust and handle variations 
of flow and concentration in leachate 
by dynamic and automated operation, 
modular design and configuration.  
Out of the reasons above MBR systems 
are nowadays – besides stand-alone 
reverse osmosis units – the most 
implemented leachate treatment  
process worldwide (see Figure 12.10). 

However, non-biodegradable COD 
(recalcitrant COD compounds) require 
additional treatment, such as using 
activated carbon and/or nanofiltration, 
as well as handling of the MBR biological 
sludge that is produced in excessive 
amount and needs to be dewatered and 
disposed of in an uncritical place.

Figure 12.9 Biological “elimination” technologies: MBR systems

Figure 12.10 MBR (left) - containerized MBR systems (right)
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