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Gas collection and utilization sv<tem
* Gas collection system contains EuE.
e Gas extraction wells/trenches
* Pipelines
* Compressor or blowing station

* Leads gas to flare or generator for
electricity production

* Instrumentation and electrical

-~ Completed landfill

e q u i p m e n t Impermeable landfill cover ,//>(_:/or cell unit
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* Will be less in the future — WHY??

Imparmeable tandfill liner
(not present in older fandfills)

FIGURE 14.9 Landfill gas recovery system using vertical wclls,
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Planring. efa landfill..

Land use plans and regulations
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Distance form close-by
» residential areas
* water resources
* recreation areas

Haul distance

Size of available land area

Soil conditions and topography

Geologic and hydrogeologic conditions

Surface-water conditions

Screening of potential sites using several

criteria in screening

Composite Site Suitability Map

<

Reguiatory Limitations

Soils

Topography

Surface Water Resources

Hydrogeologic Setting

Land Use

Environmentally Sensitive Areas

Distance to Waste Sources

@

U.8.G.S. Topographic Map

AN 111

FIGURE 144 Overlay maps of various site crite-
ria used in the screening of potential landfill sites.
{From Barlaz et al., 1989.)
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Gas formation.in-anaerobic processes
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pH

Leachate characteristics

* Bacteria activated [ significant
amounts of acids and CO,

°
pH <5 Time —»-
i FIGURE 14.6 Generalized phases in the generation of landfill gases (I—Initial Adjustment, II—Transition
° H e avy m et a IS Sol u b | | |1Ze Phase, IIl—Acid Phase, IV—Methane Fermentation, and V—Maturation Phase). (Adapted from Farquhar and

Rovers, 1973; Parker, 1983; Pohland, 1987; and Pohland, 1991.)

* Essential nutrients into the leachate
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Gas formation...

* Phase IV — methane fermentation phase

* Bacteria transforms acetic acid and hydrogen gas
into methane and carbon dioxide
I CH,+CO,
* pH will riseto 6,8 — 8
 BOD, COD and conductivity are reduced in the leachate
* Heavy metal concentration reduced in the leachate

* Phase V — maturation phase

* Readily available organic matter has been converted into CH, and CO, Moisture sinks through the
waste

* Some organic matter is converted
* Some CH, and CO, are formed

e Total reaction
* Organic matter + H,O + nutrients [

new cells + resistant organic matter + CH, + CO,+ NH, + H,S + heat
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Formation of leachate

* Amount of leachate varies and depends on eg. season and weather
¢ Average amount is 7 — 16 m3 /ha*d
* In aclosed, well covered landfill 3-4 m3/ha*d
* Volume can be reduced by
* Plants growing on closed parts of a landfill
*  Willow 20-30%, grass 5-20%
* Watering the surface of the landfill (evaporation)

* The leachate contains
* Biodegradable components
* More nitrogen and less phosphorus than municipal waste waters
» Dissolved metals and salts (especially from ash)
* Cd, Co, Cr, Cu, Fe, Ni, Mn, Pb, Zn —also As
* Concentrations often lower than allowed for drinking water
* Organic compounds
* Chlorinated hydrocarbons, toluene, xylene, phenol, PCB
* Concentrations are not high

2292016 Waste management and recycling - Landfill



Le a C IBla&Q leachate depends on B g

the phase of the biological processes

ﬁr

Leachate can also be circulated

Kaatopalkkaveslen laatu

in the waste layers [J nutrients and

humidity to the microbes

Landfill gas to

recovery system _Leachate
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Active bioreactor cell recirculated

to landfill
Valhe |
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Working face — T

.............. v — 4
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FIGURE 14,3 Biorcactor landfill with leachate recirculation and landfill gas recovery. (Adapted from Solid
and Hazardous Waste Education Center, University of Wisconsin—Madison, 2000.)
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Construction of a landfill before filling it
The landfill has to be specially founded
* Road construction
e Land construction and quarrying
* Re-inforcement of the bottom soil

* Waterproofing the bottom and walls
* the landfill 1s segregated from the bottom soil with
chemically and physically durable liner
* prevents the ground water pollution

* Collection system for leachate and surface water
* no water runs off uncontrolled

e Gas collection system
* no gaseous emissions should be released

» Buildings (office, storage, reception..)
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Solid waste cells
Final cover (sloped)

Fi I I i n gFiIIing system depends on topography

* Waste is placed onto the landfill in SIS
cells

* Waste is crushed and compacted

* Cells are covered daily with soil

Original ground
surface

©
FIGURE 14.2 Commonly used landfilling methods: (a) excavated cell/trench; (b) area; (c) canyon/depression.

Area to be filled
during indicated phase Filled area

Plan
Phase 3 Phase 6

Section 1-1 Section 2-2
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Waste layers in a landfill

* Bottom layers are built

» Leachate collection pipes are installed

b)

* Waste is added as cells and layers of
cells

 Daily layers are covered with soil

* Gas collection pipes are installed,
surrounded with gravel

c)

* Final top layer is built
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e <
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with gravel
(see Fig. 14.11)
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Topsoil
Surface runoff Drainage layer
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Compacted
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s
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FIGURE 141 Cutaway views of a sanitary landfill: (a) after
geomembrane liner has been installed over compacted clay layer and
before drainage and soil protective layers have been installed; (b)
after two lifts of solid waste have been compieted; and (¢) completed
landfili with final cover instatled.
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 Natural bottom soil forms sturdy base
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Landfill bottom

22.9.2016

Traffic layer

Filter layer
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Artificial liner
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Drainage
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Waste fill

L, =
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(see detall
below)
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FIGURE 14.23 Leachate collection system with graded terraces: (a) pictorial view; (
ical leachate collection pipe.
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Required bottom layers

* Bottom layers
* Base soil has to be bearing

* Water permeability and thickness of bottom layers
* Hazardous waste
¢ K<1,0%10° m/s, layer 25 m
e Regular waste
e K<1,0¥10° m/s, layer 21 m
* Permanent waste
¢ K<1,0%107 m/s, layer 21 m
* Minimum compacted layer
* hazardous waste 1 m
* regular waste 0,5 m

* |f K-values are higher than given LI thicker compacted layer required
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An example of bottom liners and leachate
tubes EE %
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