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Some Important New Requirements
The following containment barrier requirements must be included 

in an application for approval of a landfill site or cell –

(a) Design reports and drawings shall be certified by a registered,

professional civil engineer prior to submission to the competent

authority;

(b) Service life considerations shall be quantified taking into

account temperature effects on containment barriers;

(c) Total solute seepage (inorganic and organic) shall be

calculated in determining acceptable leakage rates and action

leakage rates;

(d) Alternative elements of proven equivalent performance may be

considered, such as the replacement of-

(i) granular filters or drains with geosynthetic filters or drains;

(ii) protective soil layers with geotextiles;

(iii) clay components with geomembranes or geosynthetic clay

liners;



Some Important New Requirements

(Cont.)
The following containment barrier requirements must be included 

in an application for approval of a landfill site or cell –

(e) All drainage layers shall contain drainage pipes of adequate

size, spacing and strength to ensure atmospheric pressure

within the drainage application for the service life of the

landfill;

(f) Alternative design layouts for slopes exceeding 1:4 (vertical:

horizontal) may be considered provided equivalent performance

is demonstrated;

(g) Construction Quality Assurance during construction;

(h) Geosynthetic materials shall comply with relevant South

African National Standard specifications, or any prescribed

management practice or standards which ensure equivalent

performance; and

(i) Consideration of the compatibility of liner material with the

waste stream, in particular noting the compatibility of natural

and modified clay soils exposed to waste containing salts.



What Is A Geosynthetic ?

“A Planar, Polymeric (Synthetic or 
Natural) Material,

Used In Contact With Soil / Rock . .

And / Or Any Other Geotechnical Material 
In Civil Engineering Applications.” 

International Geosynthetics Society

(IGS) ( www.geosyntheticssociety.org )

Geosynthetics Interest Group of South Africa

(GIGSA) ( www.gigsa.org ) 

http://www.geosyntheticssociety.org/
http://www.gigsa.org/
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The 6 Main Functions Of 

Geosynthetics

• Filtration

• Drainage

• Separation

• Reinforcement

• Barrier

• Erosion Control
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• Geosynthetic Clay Liners (GCLs)

• Geotextiles

• Geogrids

• Geopipes

• Geocells

• Geocontainers

Geosynthetics Include:

• Geomembranes

• Geocomposites



This Brings Us To

Geosynthetics used at 

Karwyderskraal landfill

Cell 4



• Geosynthetic Clay Liners (GCLs)

• Geotextiles

• Geogrids

• Geopipes

• Geocells

• Geocontainers

Geosynthetics used

• Geomembranes

• Geocomposites



Geomembranes
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Geotextiles in landfills
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•Liner Protection

•Separation



Primary 

Composite 

Liner

Max Outflow 300 mm/y

(1 x 10-8 m/s)



Liner protection with 

geotextiles
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Geotextile over 

the geomembrane
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Picture Courtesy of Golder Associates / WBHO / Aquatan



Considerations for liner 

protection geotextiles
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• Availability of sand

• Constructability of a sand layer, eg. on slopes

• Stresses imposed on liner, ie, confining pressure -

waste height, construction machinery, rock size 

and shape

• Interface Shear between different layers

• In plane flow capacity

• Type of geotextile – woven / nowoven

• Specification and Manufacturing Quality Control



Specification and 

Quality Control
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GRI GT 12



Karwyderskraal 3rd Party 

Conformance testing

ASTM D5514 – Large 

Scale Hydrostatic 

Puncture Testing of 

Geosynthetics apparatus

Strain analysis as per  

Hornsey & Wishaw 

method 

Tested to 500kPa 



Aggregate 

mould

Protection

geotextile 



Laser scanning of surface 

0,3mm Aluminium Strain distribution



Types of Geotextile
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1.Woven Geotextiles

• Woven Flat Tape
(Usually HIGH Tensile Modulus & Usually Made of PP)

Manufacturing Techniques

Woven

Slit Film

Geotextile
(Magnified x 100)

Compared to 

Needlepunched 

Nonwoven, 

Very Few Pores 

per m2

Drainage Grades

= ± 20-140L/m2/s

• Low Permittivity

• High Strength
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2. Nonwoven Geotextiles2. Nonwoven Geotextiles

•• ContinuousContinuous Filament, Needlepunched Filament, Needlepunched (PP or PET)(PP or PET)

Manufacturing TechniquesManufacturing Techniques

Non Non --Woven Woven 

Continuous Continuous 

Filament Filament 

Needle Needle 

PunchedPunched

GeotextileGeotextile
(Magnified x 100)(Magnified x 100)

( e.g. “( e.g. “bidim”, “Polyfelt” etc.) bidim”, “Polyfelt” etc.) •  Mechanically Bonded•  Mechanically Bonded
(Usually (Usually LOW LOW Tensile Modulus)Tensile Modulus)

80% 80% 

PorousPorous
Drainage 

Grades

= 280 - 230 

l /m2/s)
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Characteristics Of

Needlepunched Nonwoven

Geotextiles

• Isotropic (Nearly Equally Strong In All Directions)

Woven 

Geotextiles 

Are 

Anisotropic
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Manufacture of

Needlepunched Nonwoven Geotextiles



Needlepunching



Needlepunched

Finished Geotextile



Separation geotextiles



Separation geotextiles



Considerations  for 

separation geotextiles

• Strength properties

• Elongation

• Permeability

• Pore size

• Specification and MQC



Specification and 

Quality Control
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GRI GT 13



Geopipes
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Geocells
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Geocells filled with 

concrete
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Picture Courtesy of Engineered Linings

Geocells filled with

soilcrete



Other Geosynthetics in 

Landfills



Geosynthetic Clay Liner (GCL)

as geosynthetic alternative to 

Compacted Clay Liner (CCL)



Primary 

Composite 

Liner

Max Outflow 300 mm/y

(1 x 10-8 m/s)



What Is a

Geosynthetic Clay Liner ?

International Geosynthetics Society

(IGS) Definition

( www.geosyntheticssociety.org ) 

“An assembled structure of geosynthetic 
materials and low hydraulic conductivity earth 
material (clay), 
in the form of a manufactured sheet, 
used in civil engineering applications..” 

(Recommended Descriptions of Geosynthetics Functions, 

Geosynthetics Terminology, Mathematical and Graphical Symbols

5th Edition September 2009)

http://www.geosyntheticssociety.org/


Nonwoven 

Geotextile Cover 

Fabric

3.6 to 5.0 kg/ m2

Bentonite 

Powder

(Depending on 

Grade)

Woven Carrier 

Fabric

(Can include  

Nonwoven as Well) 
Thermal Locking® Heat Treatment Provides Rough, High-Friction 

Surface,  and Enhances Peel Strength

Barbed Needles 

Cycle Through 

Composite,

Result:

± 2.5 Million Fibre

Bridges / m2

Lock Cover to 

Carrier



Needle

punched

fibres

Bentonite

Woven



HYDRATED VS UNHYDRATED GCL 

(UNCONFINED)



SELF-HEALING ABILITIES



Considerations 

for GCL’s
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• Availability and Quality of clay

• Constructability of Compacted Clay Liner (CCL), 

eg. on steep slopes and  over drainage layers

• Simple installation

• Airspace considerations

• Quality control - On-site vs factory controlled 

• Interface Shear 

• Internal shear – different grades

• Chemical compatibility

• Specification and MQC



Specification and 

Quality Control
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GRI GCL 3





By Far the best results are still achieved by a combination of all three. CCL, GCL 

HDPE





Versatility of a GCL. Non technical 

installation can easily be done and 

monitored.



Geogrids

• Verneer reinforcing

➢ Unidirectional grids

• Basal reinforcing

➢ Bidirectional grids



Composite grids



Composite grids



Open grids



Open grids



Geospacers

• Cuspated sheets

• Geonets



Primary 

Composite 

Liner

Secondary 

Composite 

Liner

Max Outflow = 30 mm/y (1 x 109 m/s)





Geocomposites

• Findrains

• Wickdrains / band drains



Findrains

Cut-off drain

AS NARROW AS POSSIBLE

100mm PERFORATED PIPE

GEOPIPE 

BIDIM NONWOVEN  

GEOTEXTILE

DRAINAGE CORE

FLOWNET 

DIRECTION OF FLOW

MATERIAL EXCAVATED 

FROM TRENCH

TOP SOIL
SLOPE

SLOPE CUT-OFF DRAIN USING 

EXCAVATED MATERIAL



Many Different Kinds Of Premanufactured Band Drains
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Erosion Control

• Jute nets

• Erosion control blankets

• Silt fences
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Jute / Sisal nets
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Biodegradeble

blankets
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Silt fence
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Benefits of Using 

Geosynthetics

• Savings in Materials

• Labour-Saving or Intensive

• Savings In Plant

• Simpler Construction

• Savings In Maintenance

• Environmental Savings




