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Are European landfills safe?

Les decharges publiques europ6ennes sont-elles sures?

J. Baumann & P. Jorgensen -  D anish G eote chnical Institute, D e nm ark 

J.OIsen -  D a nsk Bentonit A /S , D e nm ark

ABSTRACT: A proposal for an EU Directive concerning design of sanitary landfills prescribes an extra protection against percolation of 

leachate by means of a geological barrier of clay. The alternative to a geological barrier is for example a clay liner. New research results 

show that the clay till deposits are often very fractured, and therefore the permeability is considerably higher than assumed. At the same 

time the fractures imply that the clay has a very small effective porosity, which results in extremely high rates of flow through the clay. 

An artificially established "geologic^" barrier constructed as a - according to Danish Recommendation DS/R 466 - traditional liner of clay 

till normally allows between 5 and 30% of the quantity of leachate to percolate through the ground. Therefore, a geological barrier of clay 

till or an artificial liner established of clay till provide no extra protection against contamination of the environment A test was carried 

out on a high plasticity clay for the establishment of a liner, and it shows than in practice it is possible to establish a barrier with a 

permeability which does not exceed 5-10'12 m/s, which results in a 99,8% retention of leachate.

RESUME: Une proposition d ’une directive de l’Union Europdenne concemant la mise en place de ddcharges prescrit une protection 

suppl6mentaire contre des fuites de percolatifs 4 l’aide d’une barri&re g6ologique (de l’argile par exemple). Une autre solution que la barridre 

geologique naturelle serait une membrane d’argile. Les resultats de recherche rdcents montre que les argiles morainiques sont souvent 

fissures et que la perm6abilit6 par consequent est considerablement plus 61ev6 que presume jusqu’4 present Les fissures impliques de plus 

que les argiles ont une porosite effective tris basse ce qui produit des flux extremement £lev6s 4 travers les argiles. Une barri£re geologique 

artificielle etablie comme - selon les normes Danoises - une membrane traditionnelle de l’argile morainique, permet normalement une 

infiltration de la percolatif entre 5 et 30 %. Par consequent, une barriSre naturelle de l’argile morainique ou une membrane artificielle ne 

foumit aucune protection supp lem en ta l contre la pollution de l’environnement. Un essai a ete effectuer avec une argile hautement plastifiee 

utilis6e comme membrane et il a ete demontre qu’il est en effet possible d’etablir une membrane avec une permeabilite qui ne depasse

5 10 '2 m/s. Ceci produit une retention de la percolatif de 99.8%.

1 INTRODUCTION

A  proposal for an EU Directive concerning design of sanitary 

landfills prescribes an extra protection against percolation of 

leachate by means of a geological barrier of clay. The alternative 

to a geological barrier is for example a clay liner. The demand for 

extra protection is motivated by the lack of knowledge of the 

lifetime of an artificial liner, e.g. polymer liners. The long-range 

protection against percolation of leachate from sanitary landfills is 

therefore only based on the effect of the geological barrier.

In Northern Europe, North America and the northern part of Asia 

a geological barrier will normally be a natural clay till layer. New 

research results show that the clay till deposits are often very 

fractured, and therefore the permeability is considerably higher 

than assumed. At the same time the fractures imply that the clay 

has a very small effective porosity, which results in extremely high 

rates of flow through the clay.

An artificial "geological" barrier established as a liner of clay till 

will typically hold a permeability within the range of 10'’ and 1 0 10 

m/s, which normally implies a retentiveness of the leachate of 70 

to 95%. In other words a traditionally constructed single liner of 

clay till allows 5 to 30% of the leachate in the sanitary landfill to 

percolate to the groundwater.

Other types of clay contain more clay fraction particles, e.g. 

certain melt water clays and Tertiary, high plasticity clays. Using 

these types of clay for construction of a liner will imply a 

considerably lower permeability and thus a larger ability to retain 

leachate. The reason why the use of these high plasticity clays is 

not widespread, is among other things that:

these types of clay may be very difficult to handle owing 

to the risk of drying and swelling,

• they often contain layers or lenses of coarser material as 

silt or fine sand,

• the mentioned types of clay are often only located in 

limited areas and in small quantities.

In 1995 Dansk Bentonit A/S achieved the rights to a major deposit 

of clay at R0dby Havn in Lolland (R0dby Havn clay). The R0dby 

Havn clay consists of very homogeneous, high plasticity clay from 

the Holmehus formation in the Upper Palaeocene (Tertiary).

In order to test the suitability of the clay as a material for 

construction of liners in sanitary landfills, a clay liner of approxi

mately 200 m2 was established at a test site near the city of 

Roskilde. The Danish Geotechnical Institute was in charge of the 

project and has supervised the test site. H. Hockerup Roskilde A/S 

acted as contractor.

2 FRACTURED CLAY TILL

In traditional risk analyses layers of clay till were considered a 

barrier against percolation of contaminated chemicals to drains and 

to the groundwater. Generally, clay deposits show a low permea

bility compared to sandy deposits. Furthermore, chemical matters 

can be retained in the clay by sorption - a chemical linkage on the 

surface of clay minerals and organic matters. Recent research 

results show that clay till often has deep fractures which influence 

both flow and transportation of contamination, J0rgensen & 

Fredericia (1992).

So far it has been difficult to locate reliable information on the 

physical flows in fractured clay till. Therefore, a considerable 

uncertainty has prevailed when describing the transportation of 

contamination and the extent of contamination in clay till. The 

presence of the fractures implies that calculations based on the 

hydraulic characteristics of the massive clay till underestimate the 

rate of flow and hereby especially the risk of percolation.

The Danish Geotechnical Institute has examined the flow and 

transportation of substances in large intact columns of clay till. 

Measurements of the permeability in the columns of clay till reach 

figures of much larger dimensions than typically measured in 

smaller clay till samples. The values are within the range of 10'5 

and 10'7 m/s. The highest values - the quickest flow - is measured
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near the surface in a depth of 1 to 1.5 m, J0rgensen & Foged 

(1994).

The high values are owing to the fact that in practice the flow is 

only observed in fractures and macropores. The matrix of the clay 

is almost by-passed. When the flow is concentrated in the fractures 

the effective porosity becomes smaller and the flow rate much 

higher.

The calculations show that if a volume of precipitation of 40 

mm is infiltrated during a period of 24 hours, the average flow 

rate through the clay till will be 0.6 m/h. If the flow was effected 

through the total pore volume of the clay the corresponding flow 

rate should only be 5 mm/h. The flow rate of 0.6 m/h through the 

clay till is substantially higher than the flow rate through sand as 

the fractures and macropores solely dominate the infiltration.

Transportation of pesticides through columns of clay till was also 

tested. Percolation of pesticides is delayed compared to the 

transportation of water, however not as much as expected for 

transportation through clay. The surprisingly high leaching of 

contaminents is caused by a less effective sorption due to high 

flow rates in the fractures and consequently non-equilibrium 

sorption of contaminants.

The conclusion of the study at the Danish Geotechnical Institute 

is that the transport of water and contaminants in clay till is 

restricted to the fractures and macropores, whereas the transport 

does not take place through the clay matrix at all.

This implies that even thick layers of clay till may not act as a 

barrier to protect the groundwater.

3 R0DBY HAVN CLAY USED AS A CLAY LINER

In 1996 Dansk Bentonit A/S established a test site using R0dby 

Havn clay for liner material in a landfill.

3.1 Objective

The objective of the test site was:

• to test and document the properties of the R0dby Havn 

clay for construction of liners for sanitary landfills,

• to determine the necessary minimum thickness of the clay 

liner in practice,

• to document the reached permeability of the liner, if 

possible.

The main objective of the test was to clarify whether the R0dby 

Havn clay is a technically favourable alternative to the ordinary 

clay liners constructed by use of clay till.

TTie test site was an 13 • 19 m2 area. Clay materials were com

pacted in two layers at the site, which represents a bottom liner as 

well as a normally inclining side liner. Along the other three sides 

of the bottom liner 0.7 m high berms of clay were established in 

order to make it possible to keep the test site filled up with water.

The total thickness of the liner varied in the various parts of the 

test site in order to determine the minimum thickness of the layer 

to ensure an efficient construction of the liner. Moreover, the test 

site was established by use of drain layers and arrangements for 

retention of leachate.

Furthermore, an additional drain layer of gravel with drain lines 

and an underlying seamless polymer liner were placed below the 

clay liner. In this way it is possible to catch the water which may 

percolate through the clay liner.

3.2 Establishment

Half of the area was excavated to approximately 1.5 m below the 

ground. The excavation plane was profiled by a 1.5% inclination 

towards the middle to the location of a deep, longitudinal drain, 

which has an inclination of 1.5%. The other half of the area was 

profiled as a slope with an inclination of 17°.

At the bottom of the excavation a 0.5 mm thick polymer liner 

was placed. The purpose of the polymer liner, which is a seamless 

construction, is - through the deep drain - to catch the water which 

may percolate through the clay liner. Between the polymer liner 

and the clay liner a 0.3 m thick drain layer of gravel was placed.

The actual clay liner was constructed in varying thickness at the 

test site. At the slope the thickness of the liner is approximately

0.2 m. One fourth of the bottom liner was constructed in one layer 

with a designed thickness of 0.15 m, whereas for the remaining 

part of the bottom liner the designed thickness was 0.3 m con

structed in two layers of 0.15 m each.

The clay was placed by use of an excavator and compacted by 

approximately 10 passings using a 11 tonnes vibration roller. The 

roller could only just be operated on top of the slope, but only 

approximately 5 passings were executed.

Along the other three sides of the bottom liner approximately 1 

m wide and 0.7 m high almost vertical berms were established. 

The berms were made of the same type of clay as used for the 

bottom liner. The berms were constructed as 0.2 m thick horizon

tal layers. The compaction of the berms was executed by use of a 

1.6 tonnes vibration roller.

Above the clay liner a geotextile was placed and on top of that 

a drain layer of gravel with a longitudinal drain line along the 

berm. Above the bottom liner the thickness of the drain layer 

varies from 0.3 to 0.6 m as an almost horizontal surface of the 

drain layer was wanted. At the slope a 0.2 m drain layer of gravel 

without geotextile was placed.

4 INSPECTION

Inspection of the construction and functioning of the clay liner was 

performed by:

• levelling to the surface of the liner and establishment of 

8 levelled measuring points,

• execution of geoelectric profiling for evaluation of the 

homogeneity of the liner,

• test excavation of the clay liner and extraction of intact 

tube samples, measurements of the thickness of the liner 

and a visual evaluation of the homogeneity of the com

pacted clay,

• determination of the properties of the R0dby Havn clay 

by performance of laboratory testing on samples extracted 

from the clay pit,

• determination of the water content and density of 

extracted samples from the compacted liner,

• execution of vane tests for determination of the 

undrained shear strength,

• establishment of stand pipes and water saturation of the 

upper drain layer including recording of the water 

consumption, precipitation and estimated evaporation for 

an evaluation of the permeability of the liner,

• extraction of intact samples and measurement of the vane 

shear strength after a period of two months water satura

tion,

• measurement of the permeability by performance of CRS 

(constant rate of strain) consolidation tests on a sample 
extracted from the clay liner.

4.1 Levelling

After compaction of the clay liner contouring was executed to the 

top side of the liner. Furthermore, 8 levelled measuring points 

were established on the clay surface in order to be able to repeat 

the levelling after completion of the saturation test.

10 stand pipes were established in connection with the saturation 

tests. The bottom of the stand pipes was placed at the top side of 

the clay liner. The top of four of the stand pipes was levelled 

before supply of water to the upper drain layer and after a period 

of two months water saturation of the drain layer.

4.2 Geoelectric profiling

In order to find a non-destructive method for determination of the 

homogeneity of the clay liner two sets of geoelectric profiling 

were performed in lines only 1 m apart. The two sets of measure

ments were executed with a very short individual distance between 

the electrodes corresponding to a maximum penetration depth of

10 and 25 cm, respectively. The layers in a depth of 3 to 5 cm and
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Table 1. Samples from the clay pit.

Lab w„., wL wp Ip Clay

no % % % % content

%

1A 48,9 173,3 45,5 127,8 78,6

2A 45,3 175,7 44,1 131,6 81,0

13 45,5 179,0 45,3 133,7 77,4

Table 4. Vane shear strengths, cu, measured in the clay liner.

Location Depth, m cu, kN/m2 Comments

VI 0,2 248 The tests were 

performed im

mediately after 

compaction of 

the clay liner

V2 0,2 248

V3 0,2 233

V4 0,2 306

V5 0,2 306

V6 0,2 262

V7 0,2 292

V8 0,15 160*

V9 0,1 52 The tests were 

performed after 

a period of two 

months water 

saturation of the 

upper drain 

layer

0,2 81

V10 0,1 50

0,15 95

0,2 180

10 to 15 cm, respectively, had the greatest influence on the result 

of the two sets of measurements.

4.3 Excavations, sampling and vane tests

Three samples, lab nos 1A, 2A and 13, were extracted from the 

clay pit for performance of hydrometer tests for determination of 

the grain size distribution, natural water content, wMt and Atterberg 

limits, wL and wp. Proctor tests were carried out for determination 

of the compaction properties of the clay. The results appear from 

Table 1.

Shortly after the establishment of the clay liner excavations were 

executed at 6 locations for evaluation of the homogeneity of the 

liner. After a period of two months water saturation in the upper 

drain layer, samples of the clay liner were extracted at 5 locations 

for determination of the water content and the density.

Laboratory tests were performed on the extracted samples of the 

compacted clay liner for determination of the water content, w, 

void ratio, e, degree of .saturation, Sr, density, p, and dry density, 

pd. Results from these classification tests appear from Table 2 and 

Table 3.

Table 2. Samples from the clay liner before saturation

Location w

%
P ,

g/cm
Pi , 

g/cm
s r
%

G6 51,6 1,70 1,12 99,1

G5 49,9 1,72 1,14 99,0

G1
54,7 1,64 1,06 95,2

51,7 1,67 1,10 95,7

G2
53,4 1,62 1,06 92,3

49,9 1,69 1,13 96,6

G3
52,8 1,69 1,11 99,0

52,8 1,66 1,09 96,0

G4
54,5 1,65 1,07 95,9

54,1 1,66 1,08 97,2

Table 3. Samples after 2 months saturation test

Location Depth

cm

w

%
Pd

g/cm3
s r
%

G7

1 100,5

5 86,3 0,803 98,5

8 59,6 1,018 97,3

11 57,2

G8

- 45,3

- 47,0 1,175 97,5

. 42,8

G9 . 66,3 0,943 95.9

G10 - 61,9 0.989 96,5

G il

- 16,6

- 38,0 1,305 95,5

Immediately after compaction of the clay liner measurements were 

performed in 8 points for determination of the vane shear strength 

of the compacted clay. Furthermore, after a period of two months 

water saturation vane tests were performed in two points The 

results of the performed vane tests appear from Table 4.

4.4 Water saturation o f the upper drain layer

In order to reduce evaporation the upper drain layer was covered 

with plastic, and water was supplied so that the water level almost 

corresponded to the top side of the drain gravel. The water was 

kept at a constant level by use of a floating arrangement with 

automatic water supply. Tap water was applied. The natural 

precipitation, the amount of supplied water, and the water level in 

the drain well and 10 stand pipes were recorded.

Furthermore, the evaporation from the sanitary landfill was 

estimated on the basis of information on the potential evaporation 

at a nearby research station. In spite of plastic covering some 

evaporation took place as the water level was so high that a free 

water surface of approximately 1/5 of the bottom liner area was 
observed.

At no time during performance of the test percolation of water 

to the bottom drain (below the clay liner) was observed.

4.5 Permeability test in the laboratory

A CRS (constant rate of strain) consolidation test was performed 

on one sample extracted from the clay liner for determination of 

the swell properties and the coefficient of permeability, k.

The test was performed on a sample with a diameter of 30 ram 

and a height of 20 mm. In the beginning of the test the swell 

pressure was estimated by allowing the sample to absorb water 

without swelling. Subsequently, the sample was exposed to size 

constant compression at a constant deformation rate. Based on 

measurements of the total stress and the pore pressure, the relation 

between the effective stress and the vertical deformation (compres

sion curve) was determined. On the basis of the development of 

the pore pressure during performance of the test the coefficient of 

compression, cv, and the coefficient of permeability, k, were 

determined according to Swedish Standard SS 027126, CRS 

Oedometer Test on Cohesive Soil.

5. EVALUATION

5.1 Characteristics o f the clay

The initial laboratory tests on samples from the clay pit showed, 

cf Table 1, that this type of clay is characterised as an extremely 

high plasticity clay with a plasticity index of 130%, a clay content 

of 80% and a natural water content of 45%.
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Figure 1. Dry density vs. water content in the clay liner.

The results of proctor tests show that a high energy level is 

required (corresponding to modified proctor energy) when 

compacting the clay at a natural water content in order to obtain 

a homogeneous liner with a saturation degree of 96 to 100%. 

Using compaction energies corresponding to standard proctor, the 

water content of the clay must be increased to 50 or 55% to obtain 

a satisfactory compaction. This will normally correspond to half 

the vane shear strength in the liner, implying handling problems 
in the field, cf Figure 2.

5.2 Conditions o f compaction

Figure 1 shows the relation between the water content and the dry 

density of samples extracted from the compacted liner. Samples 

extracted immediately after compaction were marked with an "X", 

whereas samples extracted after a period of two months water 

saturation of the upper drain layer were marked with a 

Actually some of the samples marked with a are dried out, 

becuse they are located at the slope of the liner only covered by 

gravel and not saturated with water. In the same figure the curve 

for 100% water saturation (Sw = 1) is shown. It appears that the 

applied equipment has compacted the clay corresponding to a 

degree of saturation of 96 to 100%, which is the highest obtainable 

degree.

From Figure 1 it also appears that when the clay liner is 

subsequently exposed to swelling or drying, only the total volume 

of the clay is affected, whereas the degree of saturation is 

unaltered. This implies that the clay swells when exposed to water 

and shrinks when exposed to drying. When the clay is not exposed 

to drying to an extent where it shrinks and fractures, drying of the 

liner will not influence the permeability (or the ability to retain the 

leachate).

5.3 Control by use o f geoelectric profiling

The smallest resistance was generally located in the area near the 

bottom liner, whereas the highest resistance was in the area near 

the inclined side liner. The reason for this high resistance is 

probably a combination of a less efficient compaction of the clay 

and a smaller thickness of the liner. However, the main reason is 

believed to be less efficient compaction. The less efficient 

compaction of the clay at the slope was owing partly to a smaller 

number of passings, partly to a less efficient effect of the roller 

due to the inclination.

Owing to the very homogeneous composition of the R0dby Havn 

clay geoelectric profiling with a very short distance between the 

electrodes is considered a useful (but hardly economic) indirect, 

survey method of the degree of compaction of the liner.

5.4 Strength properties

When compacting the clay at the natural water content of approxi

mately 45%, a vane shear strength in the liner of 200 to 300 

kN/m2 was generally measured.

In Figure 2 the results of the performed vane tests are compared 

to the measured water content. It appears that there is an almost 

rectilinear coherence between the water content, w, in the com

pacted clay (provided that the clay is exposed to maximum 

compaction) and the logarithm for the vane shear strength, cu. In 

the present case the coherence is expressed by the equation c„ = 
e-(6.4 w-8,35) where w is stated as a pure number. The

uncertainty of the equation is estimated to be +/-30%.

The coherence implies that the vane shear strength is almost 

diminished by 50% every time the water content is increased by 

10%. If the clay is subject to constant water supply (e.g. pools of
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Figure 2. Undrained shear strength vs. water content in the liner

water owing to insufficient draining conditions) during execution, 

where the clay surface is unloaded, the clay has swelled and the 

shear strength is considerably reduced. It is therefore important to 

cover the liner with drain gravel as quickly as possible after 

compaction as even a small load as a drain layer of gravel reduces 

the swelling considerably, cf the vane tests performed after water 

saturation. In the upper 10 cm of the liner a vane shear strength of 

50 kN/m2 was measured after two months water saturation with a

0.3 m drain layer of gravel as the only load.

5.5 Swelling o f the liner

As the water saturation test is not completed contouring to the 

surface of the clay liner was not executed after water saturation. 

Raising of the four stand pipes during the first two months of the 

water saturation tests is between 1.3 and 2.1 cm. The raise was 

less pronounced at the stand pipes located in the deep part of the 

test site. To this must be added that in the period from completion 

of the establishment of the liner to the placing of the upper drain 

gravel and activation of the water supply some precipitation was 

observed. This caused a swelling of the lower parts of the liner 

before the stand pipes were established and the actual water 

saturation test was performed. Therefore, the measured swelling is 

less pronounced in the lowest part (where the liner had swelled the 

most) and is thus only an indication of the total swelling.

Based on the measured water content profiles after a period of two 

months water saturation and an initial water content of 45% when 

establishing the liner swelling of the surface of the bottom liner of 

approximately 3.4 cm of the 30 cm thick clay layer was estimated.

On the basis of the performed consolidation tests a coefficient of 

consolidation, cv, of 10'8 m2/s was assessed. This corresponds to a 

time of consolidation for the actual liner of approximately 4 

months, and therefore swelling of the clay should be completed 

after approximately 4 months. Roughly, this implies that the 

estimated swelling of the surface of the liner after two months 

water saturation was approximately 70% of the total swell at the 

selected loading (a linear relation between swelling and the square 

root of time). The total, expected swell of the surface of the liner 

should with this loading come to approximately 5 cm.

As mentioned the calculations of swelling were based on an 

initial water content of 45% corresponding to the natural water 

content for the clay. In the period after establishment of the liner 

until placing of the drain layer of gravel and supply of water, 

some precipitation was observed (not measured) onto the unloaded 

liner, which caused local swelling owing to the lack of drainage. 

The water content in the liner was hereby increased to an average 

of 52.5%, and the surface of the clay swelled correspondingly. 

Based on this situation a subsequent swelling of the clay surface 

could be estimated at approximately 2.3 cm for the first two 

months water saturation. This figure may be compared to the
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measured raise of 1.3 to 2.1 cm at the stand pipes being estab

lished as measurement points too.

The swell of the clay surface of 2.3 cm during the first two 

months corresponds to swelling of approximately 1.6 cm within 

the first month after water saturation of the drain gravel. As 

mentioned the supplied water volume was recorded. Unfortunately, 

the precipitation and the evaporation each forms a relatively large 

part of the total water balance which increases the uncertainty of 

the statement of the water consumption. However, during the first 

month of water saturation the estimated water consumption in the 

form of precipitation and the estimated evaporation from the basin 

counterbalance each other so that the supply of tap water indicates 

the actual consumption of water, which makes 1.26 m3. As no 

water percolated through the liner this water volume must have 

been absorbed by the clay in connection with swelling. This 

corresponds to a general swell of the clay surface of 1.2 cm which 

corresponds fairly to the above-mentioned calculation of 1.6 cm.

5.6 Permeability o f the clay liner

No percolation of water through the clay liner to the lower drain 

was observed. This corresponds to the above-mentioned observa

tions where the total amount of supplied water was expected to be 

absorbed by the clay during swelling.

The consolidation test shows a coefficient of permeability of 5

• 10'12 m/s (1,6 • 1CT1 m/year). This corresponds to a theoretical 

percolation through the liner at the test site of approximately 5 1 

of water over a period of two months.

In Table 5 a comparison between the theoretically estimated 

percolation of leachate for a traditional liner of clay till and liners 

made of R0dby Havn clay appears.

Table 5. Comparison of liners.

The calculations are based on an average coefficient of permeabil

ity for the clay till liner of 5 • 10'10 m/s, a leachate level of 0.5 m 

above the liner surface and an annual volume leachate of 200 mm.

Even though a coefficient of permeability for the clay till liner 

very optimistically is estimated at 10 '° m/s, this liner (with a 

recorded thickness of 0.5 m) allows a percolation of leachate 

which is 3.5 times larger than the volume percolating through a 

R0dby Havn clay liner, which is only 5 cm thick.

6. CONCLUSION

The R0dby Havn clay which is a very homogeneous and a very

high plasticity clay is most suitable for construction of liners in

sanitary landfills, if

• compaction is effected at a natural water content level 

without any supply of water,

• compaction is effected by use of a high level of energy 

corresponding to for example 10 passes with a heavy, 

smooth wheeled vibration roller,

• the clay liner is established with an extra large inclination 

to ensure quick drainage of the rainwater so that the 

unloaded surface of the liner is never covered with water,

• the surface of the liner is covered immediately to prevent 

drying and swelling.

The advantages of the R0dby Havn clay are:

• a more safe liner with a smaller thickness is obtained 

compared to the traditional liner made of clay till,

• R0dby Havn clay does not contain stones, and therefore 

a real composite liner can be established, where a poly

mer liner is placed directly on top of a R0dby Havn clay 

liner without drain layers in between,

• the deposits of R0dby Havn clay are very homogeneous 

compared to deposits of clay till and melt water clay, and 

for this reason R0dby Havn clay requires less control at 
construction of the liner,

• the R0dby Havn clay is very easy to handle for the 

contractor when no water is supplied during the period of 
compaction.

The test using R0dby Havn clay as a liner material has demon

strated that you can construct a safe landfill according to the EU

Directive, if a geological barrier is made of a low permeabel, high

plasticity clay-type as e.g. the R0dby Havn clay.
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Type of clay Clay

till

R0dby Havn clay

Thickness of liner (m) 0,5 0,5 0,1 0,05

Percolation of 

leachate (mm/year)

32 0,32 1,0 1,8

Retention of leachate (%) 84 99,8 99,5 99,0
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