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Overviewing of Landfill

» Landfill

: Historically, landfills have been the most economical a
environmentally expectable method for the disposal o
wastes

» Overview of landfill planning, design and operation
Landfill layout and design

Landfill operation and management

The reactions occurring in landfills

The management of landfill gases

The management of leachate
Environmental monitoring during landfilling
Landfill closure and post-closure care
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Overviewing of Landfill (cont.)

Waste Characterization

Site Characterization

Estimation of Cut, Fill, and Air Space

Landfill Layer
\
c — -Geosynthetic Liner ™~
5 S -Clay barrier
Traffic Flow 2% -Leachate Collection System
Control g ga_ -Leachate Detection System
(UNe) —
1

-Geosynthetic Cover
-Clay barrier
-Drainage System
-Vegetative Cover

The Procedure for Landfill

During Construction
During Operation

Storm Water
Control
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Overviewing of Landfill (cont.)

Site Characterization

Geographical Survey RECEES
Site Survey Soil Borings

Site Tour Groundwater Monitoring Well
Geological Data In-Situ Tests: SPT, CPT, PC
Hydraulic Data DMT, PMT, VT,BAT

Laboratory Testing

Strength Deformation Physical
Consolidation GSD

Triaxial Atterberg Limits
Direct Shear Specific Gravity
Torvane Permeability

Fall Cone Compaction
CBR

Groundwater Condition

v

¥ 3

Shear Strength Soil Layering

The Procedure of Site Characterization
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Overviewing of Landfill (cont

@ Landfill layout and design

Landscaping and cover / / Surface water
maintenance / Vi control
! v 7

yd

4 7
W 7
Gas conversion P

&
to electricity ~<X¢ / ‘\ /

Landfill gas management Landfill design

b i Final cover design

2] 5] g 77 Surface water drainage
) )
f, N (External and internal)
AP L oA o ;
: N/ Va > Reactions ‘ e S5 Site planning
Gas flaring 0 3] occurring in N
By landfill R

P > ' Z ) Gas collection
‘ \ system design
Liner design

Leachate
treatment Load
Weight inspection

Leachate

Gas well and saicsen \i\\ }‘L\‘K
% B CAARS
ambient air ﬁ % T
| .d,: <‘4L
\__ @ X1/ )

Ground Vadose Leachate management
water zone
Placement
Environmental monitoring Landfill operations

Layout for landfill operation and processes
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Overviewing of Landfill (cont.

@ Landfill operation and management

- Site preparation for landfilling

Leachate
collection pipe

i,
,"/"/\-/\"4 i[l

N ==

\\\' v, 7 X/,

\ N RN 7
v

-
——
—,

Vé 7",/

Monitoring facilities
— ey

Site excavation and installation of landfill liner/leachate collection pipe
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Overviewing of Landfill (cont.)

@ Landfill operation and management (cont.)

- The placement of solid waste

Gas collection trench \

Placement of wastes in landfill (cell method)
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Overviewing of Landfill (cont.

@ Landfill operation and management (cont.)

Postclosure of landfill

Landscaping Final cover
Gas collection \/c:sm /

Leachate
collection

Placement of wastes in landfill (cell method)
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Overviewing of Landfill (cont.)

@ Reactions occurring in landfill

Rainfall

Runoff i
Evaporation | ,ndfill gases (CH,, CO,, NH;, etc.)

IN LANDFILL

Percolation

Phy51cal reaction

Biological reaction '
g k Chemical reaction

Affect to waste characteristics in landfill

Leachate (Organic, Inorganic, Hazardous) 12

Concept and function of landfill system
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Overviewing of Landfill (cont.)

@ Reactions occurring in landfill (cont.)

Biological reaction

: The most important biological reactions occurring in
landfill are those involving the organic material in
wastes that lead to the evolution of landfill gases and
liquids

Chemical reaction
: Important chemical reactions that occur within the
landfill include dissolution and suspension, evaporation,
sorption, dehalogenation and decomposition, and
oxidation-reduction reactions of landfill materials

Physical reaction

: Important physical reactions are the diffusion and
emission of landfill gases, movement of leachate, and
settlement caused by consolidation and decomposition of
landfill materials
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Overviewing of Landfill (cont.)

@ The management of landfill gases

Landfill gas control systems are employed to prevent
unwanted movement of landfill gas laterally and vertically
into the atmosphere

The treatment for landfill gases
- Flaring of landfill gases
- Landfill gas energy recovery systems (Electricity)

- Gas purification and recovery
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Overviewing of Landfill (cont.

@ The management of landfill gases (cont.)

- Gas extraction/collection wells

Landfill gas header Landfill perimeter
/Extraction well /Radius of influence

Blower/flare

station %

» SESENDEK

Arrangement of vertical gas extraction well

Electricity
generation Gas Horizontal
facility flow gas collection trenches
‘%{ QOdor control wells
\ = Gas
monitoring

probe  Existing

Gas collection manifold

- e

Arrangement of horizontal gas collection well
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Overviewing of Landfill (cont.

® The management of landfill leachate

Quantity of leachates depends on;
rainfall and groundwater percolation through the wastes
biochemical processes in wastes’ cells
- inherent water content of the wastes

- the compaction of the wastes

Control of leachate in landfill : to prevent the potential
risks as subsidence of cells and environmental contaminant

Leachate control facilities (U.S. EPA)

- Synthetic flexible membrane liners (FMLs)
Bottom seals
- Artificial earthen liners (Geosynthetic clay liners, GCLs)

- Subsurface barriers
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Overviewing of Landfill (cont.

® The management of landfill leachate (cont.)
- Leachate collection systems

Leachate Sloped intercepting

collection pipe  leachate collection lines
(see detail
below)

Sloped terraces

ﬂ‘/"'/
NIRRT
[\

N 77

\/ '\“\\v\,\v\“\"\‘"s\\"\“\\' RN
Leachate Liner
movement

Pictorial view of leachate collection system

Perforated Protective

leachate soil layer _
/ collection pipe Geotextile

‘ filter
A S/ / / fabric
— —— R \ Sand
R drainage

\ layer
_ \ /ﬂﬁ b Geomembrane
Geotextile liner
filter \_/\ Extra geomembrane
fabric  \yashed gravel (optional)
(1V2—2in) Compacted clay

layer

Detail of typical leachate collection pipe
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Overviewing of Landfill (cont.)

® The management of landfill leachate (cont.)

- Leachate collection systems
Leachate collection systems are integrated all liner system

Composed of gravel and sand or geonet along with a sequence of
leachate collection conduits to drain the leachate to holing tanks for
treatment

Leachate collection pipes are installed in the layer

Leachate collection pipes
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Overviewing of Landfill (cont.)

® The management of landfill leachate (cont.)

- Leachate treatment systems

Gas Gas

Gas

Clarifier Recycle

Anaerobic contact process Upflow packed bed Expanded bed

Gas

1 Gas
* Gas To
u aerobic

treatment

Feed
UASB incorporating Baffled reactor Anaerobic contact coupled
separate settler with aerobic polishing

General anaerobic processes for leachate treatment
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Overviewing of Landfill (cont.

® The management of landfill leachate (cont.)

Solids separation, Primary Reactor
e.g., intermittent sedimentation (aeration tank)
sand filters Leachate :
or effluent Effluent
Leahato : an;rggbic
or effluent Aerated
from pond(s) BHRgoes
anaerobic Sludge
process drying [
Aerobic ponds beds
Activated sludge or tickling filter
General aerobic processes for leachate treatment
Chemicals Granular Cl,

medium Carbon
filtration adsorptien

Sludge

Influent Effluent
blanket —
clarifier +
Backwash
to clarifier

Waste sludge
to filter press

eneral chemical treatment for removal of heavy metals and selected organics i
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Overviewing of Landfill (cont.)

® Environmental monitoring during landfilling

Environmental monitoring should be conducted to ensure
contaminants, that may affect public health and surroundin
environment, are not released from the landfill

Monitoring categories
- Vadose zone monitoring for gases and liquids
- Groundwater monitoring

- Air quality monitoring
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Overviewing of Landfill (cont.)

@ Landfill closure and post-closure care

A landfill, as a waste management unit, must continue to functio
effectively with environmental control unit of wastes for a long ti
the future

- Typical elements of landfill closure plan

Post-closure land use : designation and adoption

Final cover design : select the infiltration barrier final surface!sl
and vegetation

Surface water and drainage control : calculate stormwater quantiti
for runoff and select perimeter channel location and sizes to collect
runoff and to prevent runon

Control of landfill gases : select locations and frequency of gas
monitoring and set the operations schedule for gas extraction well
and flare

Control and treatment of leachate : set the operation schedule f
leachate removal and treatment

Environmental monitoring system : select sampling location
frequency of monitoring as well as constituents to be me
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Overviewing of Landfill (cont.)

@ Landfill closure and post-closure care (cont.)

Final cover design parameter

Design configuration
Final permeability
- Surface slope
Landscape design
- Method of repair as landfill settles

- Slope stability under static and dynamic loading
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AL Overviewing of Landfill (cont.)

@ Landfill closure and post-closure care (cont.)

» Surface water and drainage control systems

: The artificial and natural features must be effective in
controlling run-on and run-off of surface water as well as
preventing groundwater from penetrating the landfill liner

» Control of landfill gases

: Landfill gases, which have possibility of explosion and
subsidence must be controlled for as long as they are expected
to be generated after the landfill is closed

» Control and treatment of leachate

: Leachate collection and treatment facilities are designed and
built when the landfill first starts operation, and used after
closure to minimize the movement of leachate toward
groundwater and the release of dissolved constituents

» Environmental monitoring systems

: Environmental monitoring, which is the final part of a closure
plan, is necessary to ensure that the integrity of the landfill in
maintained with respect to the uncontrolled release of any
contaminants to the environment
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Construction Materials of the Landfill

* Earth materials: Clay, Gravel, Sand. Silt

* Geosynthetics???

» What are geosynthetics?

» Human-made materials made from various type of polymers
used to enhance, augment and make possible cost effective

» Application to geotechnical engineering as environment,
transportation, construction

» They are used to provide one or more of various function
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Geosynthetics (cont.)

» Various function of geosynthetics

5 principal functions of geosynthetics

Drainage Separator Surface erosion control

Filter Reinforcement Container Energy absorber
/Protection
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» Categories of geosynthetics

@ Geotextile : flexible, textile-like fabrics of controlled permeability
used to provide filtration, separation or reinforcement in soil, rock
and waste materials

@ Geomembrane : essentially impermeable polymeric sheets used as
barriers for liquid or solid waste containment

® Geogrids : stiff or flexible polymer grid-like sheets with large
apertures used primarily as reinforcement of unstable soil and
waste masses

@ Geonets : stiff polymer net-like sheets with in-plane openings used
primarily as a drainage material within landfills or in soil and rock
masses

® Geosynthetic clay liners (GCLs) : prefabricated bentonite clay
layers incorporated between geotextiles and/or geomembranes and
used as a barrier for liquid or solid waste containment

® Geopipes : perforated or solid wall polymeric pipes used for the
drainage of various liquids

@ Geocomposites : hybrid systems of any, or all of the above
geosynthetic types which can function as specifically designed for
use in soil, rock, waste and liquid related problems

27
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Geosynthetics (cont.

D Geotextile

Geotextiles form one of the two largest group of
geosynthetics, and have been steadily growing in use during
the past 30 years

These synthetic fibers are made into a flexible, porous fabric
by standard weaving machinery or are matted together in a
random, or nonwoven

Functional purpose : separation, reinforcement, filtration and
drainage
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Geosynthetics (cont.
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<Geotextile>

0081 1008 90 DUNAT

(o)

78KU_¥38

<A : woven monofilament, B : calendered woven monofilament,

C : woven multifilament, D : woven silt film,
E : nonwoven needle-punched, F : nonwoven heat-bonded>
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Geosynthetics (cont.)
® Geomembrane

Geomembranes represent the other largest group of geosynthetics a
in dollar volume their sales are probably larger than that of geotexti

“Impervious” thin sheets of rubber or plastic material used primarily! f
linings and covers of liquid- or solid-storage or disposal facilities

Manufactured from polymeric materials as PVC (Polyvinyl Chloride),
HDPE (High Density Polyethylene), CSPE (Chloro Sulfonated
Polyethylene), CPE (Chlorinated Polyethylene)

Functional purpose : barrier, storage

<HDPE geomembrane>

<Landfill preparation installed g




mmww UNIVERSITY OF SEOUL

Geosynthetics (cont.

® Geogrid

Geogrids represent a rapidly growing segment within the geosynthetic:

Rather than being a woven, nonwoven or knit textile or textile-like fab
are plastics formed into a very open, gridlike configuration

Geogrids are either stretched in one or two directions for improved physi
properties or made on weaving machinery by unique methods

Functional purpose : reinforcement

Representative geogrid and insta
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@ Geonet

Geosynthetics (co

Geonets, called geospacers by some, constitute another specialized
segment within the geosynthetic area

They are usually formed by a continuous extrusion of parallel sets of
polymeric ribs at acute angles to one another

Functional purpose : drainage

Various types of geonet
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Geosynthetics (cont.)

® Geosynthetic clay liners (GCLs)

GCLs are rolls of factory fabricated thin layers of bentonite clay
sandwiched between two geotextiles or bonded to a
geomembrane

Structural integrity is maintained by needle punching, stitching
or physical bonding

They are seeing use as a composite component beneath a
geomembrane or by themselves as primary or secondary liners

Functional purpose : barrier, reinforcement
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<Bentonite>

Hydrophilic clay minerals

Tree-layer structure (2 Silica
sheet and 1 Alumina sheet)
with same as
Montmorillonite

Swelling properties when in
contact with moisture
because the binding force
between the layers is weak

Due to swelling properties,
the permeability decreases

Geosynthetics (cont.)

N
Si Si
Al Al
Si Si
o e @) |
Si Si
Al Al
Si Si

Structure of Momtmorillonite

9.6A—c0

n-H,O + cations i

interlayer regions
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Geosynthetics (cont.

TN

Landfill preparation installed GCLs
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Geosynthetics (cont.

® Geopipe

As known also buried plastic pipe

being used in all aspects of geotechnical, transportation and
environmental engineering with little design and testing
awareness

The critical nature of leachate collection pipes coupled with
high compressive loads makes geopipe a bona-fide member
of the geosynthetics

Functional purpose : drainage
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Geosynthetics (cont.)

Various geopipes

37
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@ Geocomposite

Geosynthetics (cont.)

A geocomposite consists of a combination of geotextile and
geogrid; or geogrid and geomembrane; or geotextile,
geogrid, and geomembrane; or any one of these three
materials with another material

This exciting area brings out the best creative efforts of the
engineer, manufacturer, and contractor

The application areas are numerous and growing steadily

Functional purpose : entire range of function as separation,
reinforcement, filtration, drainage, barrier
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Geosynthetics (cont.

GEOCOMPOSITES

Geocomposite with geotextile and geonet Geocomposite with geotextile and geogrid>
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Geo-others

UNMATCHED SAFETY
FACTORS

Providing immediate and
lasting protection

TWICEAS FAST!
High Water Retention

Capacity . accelerated
germination

HYDROMULCHED
EURO-MAT FGM-ET is
sprayedintothe 3D GEOMAT

to provide an immediate
’ erosion control

STRUCTURAL ~ A
INTEGRITY A N, o ¥
Designedwt durare X HIGHER DENSITY TURF
UV-stabilized, thermally »- - o D GEOMAT oo
fusednylon filaments; 3D N ; 99% EFFECTIVE thichor .
GEOMAT will not unrav ! o N cker turf establishment
Upon installation, the and enhanced root
crush or t GREEN ARMOR delivers development
ENVIRONMENTALLY SUPERIOR superior erosion control on
More aesthetically pleasing—vegetation filters slopes andin channels
pollutants and reduces runoff. promotes
groundwater recharge and provides wi
h

Geomat for sloped-surface erosion control

Geosynthetics (cont.)

Geocell for ground reinforcement

40
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Landfill Liners

(Bottom liners, Side Slope and Final Cover Liners)

U.S. EPA

Solid waste Non-wovens

Geocomposite, Geonet
______ Geotextile etc.

Leachate drainage RR&X]ild})

‘ layer ’ k<1X102cm/s

t22mm
HDPE
t=260cm
Compacted Clay k<1 X 107cm/s
Liner (CCL)

Bottom liners for municipal solid waste
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Hazardous waste

t>30cm
k<1X102cm/s

Non-wovens
Geonet, Geogrid etc.

Non-wovens
Geocomposite, Geonet
t>2.5mm t>30cm Geotextile etc.
HDPE k<1X102cm/s

A A

t22.5mm
HDPE

t>2100cm
(ol e - RO E\VAl k<1X107cm/s
Liner (CCL)

Bottom liners for hazardous waste
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Permeability Coefficient> 1/30000m’/s
Geocomposite, Geotextile etc.

t>2mm
HDPE

Permeability Coefficient> 1/30000m’/s
Geocomposite, Geotextile etc.

Geo-synthetic clay liner—____J
(bentonite)

Side slope liners for municipal solid waste




mmwm UNIVERSITY OF SEOUL

Permeability Coefficient> 1/30000m’/s
Geocomposite, Geotextile etc.

t>2.5mm
HDPE

Permeability Coefficient> 1/30000m’/s
Geocomposite, Geotextile etc.

Geo-synthetic clay liner __3
(bentonite)

Side slope for hazardous waste
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Ministry of Environment in Korea

Solid waste

Solid waste
Non-wovens

Geocomposite,
Leachate drainage X9 Leachate drainage REXEU Geonet,
layer k<1X10-2cm/s layer k<1Xx102cm/s Geotextile etc.

t>50cm t>2mm
k<1X107cm/s “— HDPE

Compacted clay t>100cm
liner k<1X107cm/s

Compacted clay

Groundwater
Groundwater fhgrl::gi ipe
—drainage Foundation ) PP

: Gravels, pipe AAAA

Bottom liners for municipal solid waste
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Hazardous waste

Leachate drainage

layer
() o

Hazardous waste
t>30cm

k<1X102cm/s

Leachate drainage
layer

Compacted clay
liner

t>150cm

k<1X107cm/s Compacted clay

liner

Groundwater
drainage
: Gravels, pipe

Foundation

XX XX

Foundation

XX XX

Bottom liners for hazardous waste

Non-wovens
Geocomposite,
Geonet,
Geotextile etc.

t>30cm
k<1X102cm/s

t>2.5mm
HDPE

t>100cm
k<1X107cm/s

Groundwater
— drainage
: Gravels, pipe

46



mmwm UNIVERSITY OF SEOUL

Permeability Coefficient> 1/30000m’/s
Geocomposite, Geotextile etc. _|_)

Geo-synthetic clay liner
(bentonite)

Side slope for hazardous waste
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Final Cover Systems

t>60cm
Filtration
: Non-wovens,
Protection layer t>30ecm Geonet, Geogrid etc.
t>60cm
t230cm
. . Drainage layer k<1x102cm/s
Filtration
: Non-wovens,
Geonet, Geogrid etc. Drainage layer t>30cm | t=0.5mm
k<1x10-2cm/s t>60cm HDPE
Barrier layer k<1x10%cm/s
t=0.5mm
HDPE Barrier layer t260cm
k<1x10%cm/s
Gas collection layer  E¥¥{il5]
Waste Waste

Typical landfill final cover configurations in the U.S.
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Ministry of Environment in Korea

t>60cm

Drainage layer t230cm
k<1x102cm/s

Barrier layer t>45cm
(STy[-EECLREEWA TN k<1x106cm/s

Gas collection layer t>30cm

Waste

t>60cm
A t>30cm
Drainage layer ke1x102em/s
Barrier layer t>30cm
-6
(Compacted clay liner) k<1x10%cm/s
t>30cm

Gas collection layer

Waste

Typical landfill final cover configurations in Korea
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Bioreactor landfill

: rapid decomposition of waste and speeds stabilization of
landfill with leachate circulation

Impermeable
cap

Leachate |
application] ~----~-=2
—]

NN ‘

__________

np
Gas collection . sy "
system N s |
S Gas
> flare
\\
\‘\ P | -

LCR © o o o ) o
Geomembrane

......

Groundwater
monitoring well

A Schematic of a bioreactor landfill




mmww UNIVERSITY OF SEOUL

(cont.)

Benefits of anaerobic bioreactor landfill

- Leachate storage within the waste mass

+ Increase rate of landfill settlement

* More rapid waste stabilization than conventional landfills
* Increase methane generation rate (200~250% increase typically)
- Lower post-closure costs

e Leachate/Liquids Addition
e Gas Collection

Liquids Storage

Gas

Energy
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(cont

Benefits of aerobic bioreactor landfill

* More rapid waste and leachate stabilization
- Increased rate of landfill settlement
- Reduction of methane generation by 50~90%

- Capability of reducing leachate volume by up to 100%
due to evaporation

* Potential for landfill mining
- Reduction of environmental liabilities

[ Leachate/Liquids Addition
[——1Air Injection

Liquids Storage




World Largest?:
Sudokown Landfill

Corporation
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Sudokwon Landfill Corporation
in Korea

Location : Incheon, South Korea

Size : 20 million square meter (World’s largest sanitary landfill)

Type of garbage : Municipal solid waste (2000 ton/day)

Transform wastes into energy by utilizing combustibles, sludge \an
biogas

Build the solar and wind generation plants

Using landfill gases, 50MW power plant generates 30 million USD
worth of electricity

This landfill will be turned into the world’s best ecological t
- called DREAM PARK




\ % ) ’ Sudokwon Landfill Site At A GLANCE

We are transforming the landfil site into Dream Park, where & more harmonious relationship between
people and nature is realized through many projects such as the eco-friendly golf course of
Dream Park CC, which was bulkt on the landfill, and other waste-to-resources faciities.

a'$

o ((, LandiliSites
- F\Q Itobe constructed)
GhGnT—

* SLC Tour Program rures fve times cislly snd yesr-raurd jexcept national halidiays) and requires ressrvation Srough wiww.ske.co ke Tet +62-32-560-8411
Tour FR Leachane " Lancatid Imograted "
¥ - N D D D ED

O PR Center O LFG Power Plant O lnk d Weighbridge
© Landfill Site 1 (Dream Park CC) As the largest landfil gas (LFG) power plant inthe  To en landfil site, gwbage trucks first pass
As an eca-Fierdly gof course with 38 holes bul an - warkl, # calects gases crealed in the bndfl stes and  through this fsaiity, which aulomaticaly dassies and

the completed Landil Site 1, Draam Park CC has gerenes secricity weighs the incoming waste.
hested many intematorsd compaitions. © Landiit Site 3 0 Waste-to-Energy Town
© Leachate Treatment Facility Landfl Site 3 began burying waste n 2018 Faciiles cormering waste 10 resouross e chstered

The kachate generated in the landfill sites are In this complex for moee eficienl management

@ Waste-to-Energy Town / & ~ ) | Landfill Site 1 [Dream Park CC|

Resource Circulation ___
Technology Research Center

,/

Gyeongin Ara Waterway

—

’

Raimadimss_v_,_,/

Airport Railroad Express,

$FT 0

<Establishment plan of Dream Park>
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Sudokwon Landfill Corporation in Korea (cont.)

- Green Bio-Town
Supporting Center
Horse riding Course
Swimming Pool
Wetland Ecology

.« 15t Landfill site : Sport Park
Public Golf Course
Sports Complex
Trekking Course

« 2nd | andfill site : Environmental Events Complex Park
Arboretum
Flower Garden
Botanic Garden

. 3rd Landfill site : Environment Center
Waste Resource Energy Town
Bio-Energy Town
Environmental Cultural Complex
« 4t [andfill site : Nature Observation Complex

Anamdo Island Cistern(Ornithological Ecological Park)
Nature Observation Zone
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Sudokwon Landfill Corporation in Korea (cont.)

- The Clean Development Mechanism (CDM)

CDM is an arrangement under the Kyoto Protocol allowing
industrialized countries with a greenhouse gas reduction
commitment

Sudokwon landfill site will receive the Certified Emission
Reduction (CER) credit as a side CDM project

Sudokwon Landfill Site 50MW Power Plan

<Landfill gas CDM project overview>
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Sudokwon Landfill Corporation in Korea (cont.)

- Facilities of landfill leachate

. operating for the leachate
treatment 6,700ton/day

- Facilities of solidification for
organic sludge

. operating for the solidification of
organic sludge 600ton/day

_ - Facilities of extraction and
management system for the la
gases

<Facilities in the Sudokwon landfill site>
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Sudokwon Landfill Corporation in Korea (cont.)

- Sudokwon landfill site is changing for building up the
ecological tourism of reports and education

< The DREAM PARK in Sudokwon landfill site >
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waste-bin race in Germany
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