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Innovative aspects in landfill design 
Les Aspects innovateurs dans la conception de décharge 

Manoj Aravind & Sergei Terzaghi 
Sinclair Knight Merz, Australia 

ABSTRACT
A solid waste landfill facility is being developed within an existing limestone quarry, located approximately 4 kms east of Winton in 
Southland, New Zealand.  Sinclair Knight Merz (SKM) has been involved in the consenting, design of the landfill and project
management of the construction of the landfill.  This paper describes the innovative design approach adopted to address various
environmental and geotechnical issues associated with the development of the landfill. 
The quarry floor and part of the sidewalls are in karst limestone with inflow and outflow features.  The landfill base and sidewall 
liners were designed to dissipatete artesian pressures from outflow features by designing suitable drainage layers.  The underdrainage
for the concrete Leachate tank was designed to maintain a minimum head of water to retard any potential leaks from the tank through 
cracks in the concrete.  Under normal landfill operating conditions, the inflow gradient into the tank was greater than the outflow
head.  Testing of locally available residual clays indicated abnormal index properties and moisture contents.  Petrographic analysis 
and further tests indicated the presence of pockets of calcium smectites and chlorites in the clay.  The earthworks specification and
clay liner design was specifically aimed at addressing this issue during construction.  An unique design was adopted for the leachate 
collection layer by using coarse rounded gravel with a layer of biaxial geogrid on top to provide confinement during placing of
subsequent layers above.  This design was aimed at increasing the life of the leachate collection layer and to address problems caused
by the formation of biofilms. 

RÉSUMÉ
Un centre d’enfouissement technique est en cour de développement  dans une carrière à calcaire existante, située approximativement 4
kms à l'est de Winton dans Southland, Nouvelle Zélande. Sinclair Knight Mertz (SKM) a été impliqué dans le consentement, la
conception  et la gestion du projet de construction de la décharge. Cet article décrit l'approche innovatrice adoptée au niveau de la
conception pour aborder les diverses questions environnementales et géotechniques liées au développement de ce centre
d’enfouissement technique. 
Le sol de la carrière et une partie des parois latérales sont en pierre Karstique impliquant des possibilités d’infiltration et de
suintement. Les liners pour le sol et les parois latérales de la décharge ont été conçus pour dissiper les pressions artésiennes provenant
du suintement en concevant un système de  drainage approprié. 
Le système de drainage pour le réservoir béton de Lixiviat a été conçu pour maintenir une pression minimum de l'eau pour prévenir
contre les fuites potentielles du réservoir par des fissures dans le béton. Dans des conditions de fonctionnement normal du centre
d’enfouissement technique, la charge à l’entrée du réservoir était plus grande que la pression a la sortie.  
Des essais sur les argiles résiduels localement disponibles ont indiqué des index et le taux d'humidité anormaux. L'analyse
pétrographique et d'autres essais ont indiqué la présence des poches de smectites de calcium et des chlorites dans l'argile. Les
spécifications de terrassements et la conception du liner en argile ont été spécifiquement établies pour répondre à ces problèmes
pendant la construction. 
Une conception unique a été adoptée pour la couche de collection du lixiviat en employant du gravier arrondi brut avec une couche 
degeogrid biaxiale sur le dessus pour apporter du confinement  lors de l’installation des couches suivantes au-dessus. Cette conception
a pour but d’augmenter la durée de vie de la couche de collection de lixiviat et pour adresser les problèmes provoqués par la formation
des biofilms. 

1 INTRODUCTION 

Sinclair Knight Merz was involved in the design and 
construction review of a solid waste landfill facility within an 
existing quarry where quarrying of lime for agricultural and 
construction purposes is still continuing.  AB Lime currently 
owns and operates the limestone quarry located at Kings 
Bend, approximately 4 kilometres east of Winton, Southland, 
New Zealand. 

The first stage of Phase 1 of the proposed landfill 
development area is approximately 80m by 100m and located 
in the southern part of the existing limestone quarry.  This 
area has previously been quarried and ongoing quarrying 
activities occur north of the Phase 1 area. 
Geotechnical investigations were carried out to characterise 
the site and the potential clay borrow area.  Several laboratory 

tests were carried out to classify the material and determine 
its properties.  In addition to the testpits and boreholes, two 
trial pads were also constructed to simulate the compacted 
clay liner construction of the landfill base liner and sidewall 
liner. 

This paper presents the unique and innovative design 
aspects of this landfill, which separates the design of the 
King’s Bend landfill from other landfills being operated in 
New Zealand at the present time.  For instance, the design 
issues were influenced by the fact that the landfill floor and 
some sideslopes would be on karst limestone with known 
inflow and outflow features.  A concrete leachate tank was 
designed to maintain a minimum head of groundwater outside 
the tank to reduce the outflow gradient from the tank.  The 
clays sourced locally from borrow areas adjacent to the site 
contained pocket of smectite and chlorites, which influenced 

2211

Proceedings of the 16th International Conference on Soil Mechanics and Geotechnical Engineering

© 2005–2006 Millpress Science Publishers/IOS Press.

Published with Open Access under the Creative Commons BY-NC Licence by IOS Press.

doi:10.3233/978-1-61499-656-9-2211



the behaviour of the clay.  The leachate collection layer 
comprised coarse, rounded, river gravel with a layer of 
geogrid to provide adequate confinement to the gravel during 
placement of the waste. 

The design of the landfill was carried out in conjunction 
with consultations with the local community, the council 
bodies and the client.  The design was also peer reviewed by 
an independent consultant nominated by the local governing 
body. 

2 SITE GEOLOGY 

The hills surrounding the quarry area are characterised by dry 
gullies and undulating terrain, pockmarked with sinkhole 
features, characteristic to areas underlain by limestone.  South 
and west of the quarry are generally flat to gently undulating 
terrain (flood plain) dedicated mainly to grazing. 
In summary the ground conditions at the site can be described 
as follows (in order of increasing depth): 
� Colluvium/Residual Soil (overburden soil at the site).  

This forms the uppermost engineering geological unit in 
the Winton limestone hill and comprises brown, 
medium to high plasticity, silty clay and clayey silt of 
firm to stiff consistency.  The thickness of this layer is 
typically less than about 8 m. 

� Moderately Weathered to Fresh Limestone (Forest Hill 
Limestone Formation). Limestone underlies the 
colluvium and residual soil.  The weathered rock is 
yellowish brown, moderately to thickly bedded and 
moderately strong.  It is generally found up to 15m 
below the ground level in the alluvial flat and up to 55m 
from the ground level in the hill.  The fresh limestone is 
greenish grey, generally massive, moderately strong to 
strong.

The limestone displays distinctly variable permeability with 
depth below the ground surface.  Solution features and 
fractures become less prevalent with depth and are practically 
non-existent beneath the original groundwater table.  The lack 
of conduit features beneath the groundwater table indicates 
that the deeper limestone is non-karstic and groundwater flow 
is predominantly governed by porous media characteristics. 

The degree of karstification and sinkhole development 
decreases with depth because the ability of percolating 
rainwater to dissolve limestone is reduced with distance from 
the surface.  This is due to the water becoming saturated in 
calcium and bicarbonate, reducing its ability to dissolve 
limestone. 

Due to the morphological and hydrological features 
identified at the site, the nature of the karst terrain in terms of 
degree of karst development is considered juvenile.  The 
likelihood of intersecting large solution conduits at the base 
of the quarry is low.  Groundwater is encountered at or near 
the surface in the quarry floor (elevation of RL 74 m) and is 
deepest underneath the adjoining ridges where it can be up to 
60 m below ground level. 

Cut face of the limestone could expose inflow or outflow 
features formed by groundwater movement.  Inflow features 
are groundwater flow paths within the limestone formation 
resulting in groundwater flowing out of the cavity into the cut 
face of the rock.  In contrast, outflow features will carry 
external water into the limestone formation.  Typically for 
landfill applications, outflow features are plugged (to address 
contaminant transport issues) and inflow features drained into 
the groundwater drainage system. 

3 LANDFILL DESIGN APPROACH 

The landfill will be constructed progressively over its life.  It 
is expected that the design and construction techniques will 
evolve and improve to best achieve the following objectives:  
� Design to address site specific issues relating to the site 

geology and geotechnical properties of the materials on 
site;

� Realise synergies between quarry operation and landfill 
operation such as provision of overburden for 
earthworks, shared office and weighbridge facilities, 
common stormwater pond usage and landfill gas usage; 

� Develop the landfill in a series of phases with each 
phase providing for between 5 to 10 years of waste 
disposal.  This will allow progressive use of the landfill 
area, such that some parts of the site are capped, or 
being capped, an area is being prepared to receive waste, 
a small area is being actively filled and the remainder is 
left undisturbed or has temporary cap.  This method of 
progressive restoration is aimed to minimise leachate 
production, segregate clean surface water run-off and 
allows effective planning for and the use of materials for 
liner, cover and cap; 

� The total landfill area is about 37 ha with a void volume 
of 20 Million m3.  The final contours of the completed 
landfill have been designed to blend in with the 
surrounding landform.  After the final cap is placed it is 
intended to return the land to pasture. 

4 DESIGN OF GROUNDWATER DRAINAGE LAYER 

There are no apparent solution cavities within the floor, and it 
is unlikely that any will develop, as the floor will always be in 
an upflow zone with carbonate rich groundwater.  However, 
such defects do occur in the sidewalls, as historical 
groundwater levels fluctuated under climatic control. 

During the landfill sidewall liner construction, inflow 
cavities were connected to a drainage layer, which discharge 
into the underdrainage system.  Outflow cavities were not 
encountered in the first stage of the landfill development, but 
will be plugged with clay or grout prior to construction of the 
liner, where encountered in future phases. 

The groundwater drainage layer comprises a 300 mm 
thick gravel layer designed to drain to the northwestern 
portion of the landfill.  A separation layer of geofabric was 
placed between the subsurface drainage layer and the 
overlying compacted clay liner.  The gravel was smooth, 
rounded, river gravel with 100% passing the 53 mm sieve and 
less than 10% passing the 2.36 mm sieve. 

The groundwater drainage layer is designed and 
constructed to intercept any groundwater rising up underneath 
the liner and drain it away to the surface water system.  The 
drainage system will prevent any uplift on the liner and 
intercept any leachate should any leakage through the liner 
occur.  Regular drainage groundwater quality testing is being 
undertaken to determine if the landfill liner is leaking. A 
purpose built sampling chamber has been installed to allow 
the sampling of the groundwater discharge enroute to the 
stormwater pond, which allows the operator to direct the 
water to the stormwater pond or the leachate tank depending 
on the results of the testing.  Should the testing of ground 
water indicate that the groundwater drainage layer is 
collecting leachate, the operator can easily use the valve 
system in the sampling chamber to direct the discharge to the 
leachate tank until remedial measures are adopted. 

The groundwater drainage system discharges into a 
stormwater pond via a 1200 mm diameter concrete pipe and is 
designed to store a 1 in 100 year event.  The water from the 
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stormwater is being used in the lime production process, 
especially during the summer months when the demand for
lime is high and there is shortage of water. The Landfill base
liner profile which shows the groundwater drainage layer is
presented in Figure 1. 

5 DESIGN OF LEACHATE TANK 

The leachate tank was constructed using precast concrete
panels with a special epoxy mix to reduce the permeability of
the concrete and is situated immediately downgradient of the
toe of the landfill.  The tank is 4 m deep with plan dimensions 
of 15 m x 15 m.  The leachate tank base slab was constructed 
using a similar concrete mix on site following the erection of
the side panels. The Smectite minerals are likely to be Calcium Smectite due

to the high lime content. The Linear Shrinkage in these soils
was generally between 15% and 29%.  The permeability of
this soil was generally between 1 x 10-10 m/s and 2 x 10-10

m/s.  The low permeability is attributed to the presence of
Smectites.  Construction issues associated with the presence
of Smectite are summarised in the Table below.

The leachate tank is supported by 9 bored, 300 mm 
diameter concrete piles designed to resist uplift of the tank.
The uplift force on the leachate tank could be as high as 4 m 
head of water. All the piles are socketed into limestone rock.

An underdrainage system comprising of a compacted
gravel mattress was included as part of the leachate tank
design to monitor and detect any leakage through the leachate
tank. The leachate tank underdrainage system discharges into
a manhole, which is designed to maintain a minimum head of 
water under the leachate tank to retard any potential leaks
from the tank through cracks in the concrete.  Under normal 
landfill operating conditions, the inflow gradient into the tank
was greater than the outflow head.  Groundwater from this
manhole is subjected to periodic testing to ensure that there is
no leakage of leachate from the tank.  The leachate tank
design is presented in Figure 2, which shows the plan and a
typical section through the leachate tank.

Common Smectite Effect Control Measure on Site

Low permeability Use in clay liner with 
required compaction 

High potential for swelling and
shrinking with change in
moisture content

Surcharge the clay liner 
such that it can’t swell.
Control the moisture during
and immediately after liner
construction

Potential to compress over time Determine optimum
compaction from trial pad
testing

The peak and residual friction 
angle decreases with increasing
plasticity. Interparticle
frictional resistance account for
majority of the strength of the
soil

Determine appropriate
value from trial pad testing 

6 DESIGN OF CLAY LINER 

6.1 Material:
The residual soil overlying the limestone in the Winton area is 
generally brown, medium to high plasticity, silty clay and
clayey silt of firm to stiff consistency and was considered
suitable for landfill liner construction.  As part of the
geotechnical investigations, several borrow areas were
investigated and the clay samples subjected to laboratory
testing.  Atterberg limits tests were carried out on 34 samples
of which 9 samples indicated high Liquid Limit (98%
to160%) and high Plasticity Indices (68% to 122%), the 
remaining test results were consistent with medium plasticity
clays.

Empirically, Calcium Smectites have a lower cation exchange
capacity and swelling potential than Sodium Smectites. The
shrink-swell potential of the high plasticity clay is unlikely to
be an issue during liner construction.  The leachate drainage
layer and the 1 m thick select fill over the liner will ensure a
minimum 24 kPa confining pressure on the liner. This,
combined with the surcharge from the landfill will be
adequate to reduce swelling. The clay liner will be placed at
4% wet of optimum and the presence of groundwater in the 
under-drainage will ensure that the clay is less likely to dry
and shrink. 

The samples with high Liquid Limits and Plasticity
Indices were isolated and subjected to X-Ray analysis and
testing for Allophanes and carbonate content.  These tests
indicated that the clay samples obtained from potential 
borrow contain pockets of smectite and chlorite rich minerals
in the natural alluvial deposit, which are responsible for the
isolated anomalies in test results with unusually high
Plasticity Indices and Natural Moisture Contents.

6.2 Trial Pad Construction:
The borrow area for the trial pad was approximately 600 m2

with an average depth of about 0.3 m. The clay material was
thoroughly blended and mixed to produce a uniform soil 
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material.  The Atterberg Limits test on the blended clay 
material indicated Plasticity Indices of 25% to 26% and 
moisture content of 28% (~4% wet of optimum). 
Two trial pads were constructed to assess the compaction 
characteristics and the as-built permeability of the compacted 
clay liner.  One of the trial pads simulated the base liner and 
was constructed on a flat bench, whilst the other was 
constructed on a 1(V):2(H) slope by winching a 10 tonne 
roller using a dozer from the top of the embankment to 
simulate the construction of the side slopes.  The following 
visual observations were made during the construction of the 
trial pad: 
a) A loose lift thickness of 200 mm appeared suitable for 

the 5 tonne smooth drum roller for the Base Pad Trial 
Pad and also for the 10 tonne roller for the sideslopes; 

b) The 10 tonne pad foot roller is not suitable for the 
baseliner due to the characteristics of the clay material 
(high plasticity and wet of optimum resulted in 
undulating clay surface); 

c) Beyond 8 passes the roller produced an undulating 
surface with the compacted surface becoming undulated; 

d) Thorough mixing and blending of clays essential to 
overcome the effect of mineral pockets in the borrow 
area; 

e) Tube samples were recovered from  the compacted clay 
layers and subjected to laboratory testing.  The 
compacted permeability of the blended clay is typically 2 
x 10-10 m/s to 3 x 10-10 m/s; 

f) The undrained shear strength of the compacted clay is 
generally greater than 60 kPa; 

g) The specified compaction was achieved on the side 
slopes with 6 passes of the 10 tonne roller.  The clay on 
the side slopes was placed and compacted in 300 mm 
loose lift thickness; 

h) In situ testing was undertaken at both trial pads using a 
nuclear densometer. 

6.3 Liner Construction:

The compacted clay liner will be in direct contact with the 
underdrainage system and is likely to be saturated most of the 
times.  During construction, the High Density Polyethylene 
(HDPE) liner was placed immediately after smooth rolling the 
compacted clay surface to minimise the risk of surface cracks 
developing on the liner.  A 300 mm thick sacrificial layer of 
clay was placed in some locations to minimise the risk of the 
clay surface drying and cracking. 

The clay liner was placed at OMC or up to 4% wet of 
optimum, which is close to the natural moisture content of the 
in situ soil.  The liner construction was supervised full time 
on site and strict QA procedures were developed to control 
the construction and subsequent protection of the liner. 
During the liner construction, density testing was undertaken 
using a nuclear densometer and undisturbed tube samples 
were recovered for laboratory testing to assess permeability 
and density.  A rigorous QA testing regime was adopted in 
accordance with the specification to ensure high construction 
quality. 

7 DESIGN OF LEACHATE COLLECTION LAYER 

The leachate collection system is designed to direct the 
leachate flow to the leachate collection tank and in the 
direction of flow, the maximum drainage path is no greater 
than 20 m to reach a collection pipe.  The leachate collection 
layer is a 300 mm thick layer of medium to coarse, rounded,  

river gravel as shown in Figure 1.  The leachate collection 
pipes are 150 mm perforated pipes discharging to the 150 mm 
solid pipe, laid to a minimum 2% fall.  The drainage pipes 
were placed over the geofabric protection layer and the gravel 
surface levelled by blading with a dozer.  A biaxial geogrid 
was placed over the leachate drainage layer prior to placing 
select waste.  For future stages, a 300 mm diameter leachate 
collection pipe was provided through the first stage of the 
landfill development. 

The leachate collection layer comprises medium to coarse 
river gravel, well rounded to sub rounded and washed prior to 
being placed in the landfill.  This is consistent with current 
thinking that coarse sand and fine gravel type materials can 
potentially clog due to formation of biofilm over a period of 
time. Published information suggests that particle size smaller 
than 20 mm equivalent diameter has the potential to clog due 
to formation of biofilm.  Excavations in old landfills have 
shown that geofabric material placed above the leachate 
collection layer will clog over a period of time, thus reducing 
the efficiency of the leachate collection layer. 

During the design phase it was envisaged that dump 
trucks would be driving over the leachate collection layer 
initially to place waste.  A layer of biaxial geogrid was design 
to provide a confining effect for the leachate collection layer 
gravel material and also reduce the potential for rutting from 
the dump trucks.  The biaxial geogrid layer had opening size 
of about 30 mm and is compatible with the size of the gravel 
used in this layer. 

A metre thick layer of select waste, comprising domestic 
waste, was placed over the leachate collection layer to 
provide confining pressure against swelling of the compacted 
clay liner and also as protection layer for the synthetic liner. 

8 CONCLUSION 

This paper presents the unique and innovative design aspects 
of this landfill, which separates the design of the King’s Bend 
landfill from other landfills being operated in New Zealand at 
the present time. 

The landfill base and sidewall liners were designed to 
mitigate artesian pressures from outflow features by 
designing suitable designed drainage layers. This drainage 
layer will also be utilised to detect any leakage through the 
liner.  The leachate from the landfill is collected in a specially 
designed concrete tank, which comprised an underdrainage 
system designed to maintain a minimum head of water to 
retard any potential leaks from the tank through cracks in the 
concrete. Under normal landfill operating conditions, the 
inflow gradient into the tank was greater than the outflow 
head.

Testing of locally available residual clays indicated the 
presence of pockets of calcium smectites and chlorites, which 
resulted in abnormal index properties and moisture contents.  
The physical attributes of the clay mineralogy were used to 
the advantage of the designer by better understanding of its 
behaviour through trial pad testing.  The earthworks 
specification and clay liner design was specifically aimed at 
addressing this issue during construction. 

The design adopted for the leachate collection layer 
comprised the use of medium to coarse rounded gravel with a 
layer of biaxial geogrid on top to provide confinement during 
placing of subsequent layers above.  This design was aimed to 
increase the life of the leachate collection layer and address 
problems caused by the formation of biofilms. 
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