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ABSTRACT: In Germany, a multltuae ot different landfill capping systems has been realized. Apart from very 
few exceptions, geosynthetics form part of the sealing systems in aU application cases. The present 
contribution shows examples of different constructions which were realized in Germany. 

1 INTRODUCTION 

A landfill capping system prevents or minimizes both 
the in-flow of surface water into the waste body and 
the uncontroUed escape oflandfill gas. 

The "TA SiedlungsabfaU" (1993) is obligatory for 
the construction and service of landfiUs in Germany. 
It dictates technical solutions, however, it explicitly 
allows at the same time the application of equivalent 
sealing systems. Furtheron it allows the establishing 
of interim solutions for abandoned landfill sites. 

A multitude of different landfill capping systems 
has been realized in Germany. The following 
presents a summarizing description of different 
construction types carried out in Germany. The 
selection of examples is a representative survey of 
construction methods which are currently applied in 
Germany. 

2 COMPONENTS OF A LANDFILL CAPPING 
SYSTEM 

2.1 Geosynthetic clay liners (GeLs) 

Since relatively large settlements of the waste body 
have to be expected, special attention has to be paid 
to the possible deformation capacity of the sealing 
system. Thanks to their relatively high deformability, 
geosynthetic clay liners (bentonite mats, GeLs) have 
allowed to realize new construction methods without 
losing their sealing properties (see also von 
Maubeuge & Ehrenberg 1996). 

With respect to their particular product properties 
geosynthetic clay liners can replace classic clay 
sealings. However, they are not able to take over the 
special functions of an HDPE geomembrane in the 
structure of a combinated sealing system. But 
geosynthetic day liners are competing with 
geomembranes, when the construction project allows 
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the alternative use of day sealings, geomembranes or 
geosynthetic clay liners. 

In nearly all slope applications mostly needle
punched geosynthetic day liners are used since here 
a shear strength transmission, apart from other 
factors, is frequently required for project-related 
reasons. 

Heerten (1994), among others, reports on the up
to-date gained experience with the use of needle
punched geosynthetic day liners consisting of two 
geotextiles with an encapsulated layer ofbentonite. 

2.2 Geomembranes 

Normally, only certified geomembranes of 2.5 rnm 
thickness are used for landfill sealing systems in 
Germany. At present the only existing certificates for 
landfill construction are issued by the Bundesanstalt 
für Materialjorschung und -prüfung (BAM Berlin) 
and they are only available for HDPE geomembranes 
(Müller & August 1996). 

2.3 Geosynthetic Drainage Systems (GDS) 

It is particularly difficult to install mineral drainage 
layers on steep slopes. Here, the installation of 
drainage layers made of synthetic materials (calIed 
geosynthetic drainage systems, GDS) is preferred. 

The long-term performance of a geosynthetic 
drainage system in contact to the surrounding 
surfaces has to be taken into account for its 
dimensioning. In order to provide the in-flow of 
water into the percolation layer on a long-term basis, 
the filter requirements for the filter layerls of the 
composite material have to be fulfilled in accordance 
with the referring regulations. The related 
information can be found in Saathoff (1996). 



2.4 Geotextile filter, separation and protection 
layers 

Particularly for geotextile filter layers in landfill 
capping systems a safe filtration effect even in 
deformed condition has to be proven, if necessary. A 
high thickness together with a high mass per unit 
area and a high elongation have, in all cases, a 
favourable effect on the mechanical filter effective
ness of elongated geotextiles. Mechanically bonded 
staple fibre nonwoven fabrics preserve their original 
pore portion in elongated condition. 

GeotextiLe protection layers protect tbe 
geomembrane against impermissible strains which 
are caused by the impact. of the drainage layer and/or 
the subgrade and which may entail perforations, 
/lotches and surface deformations. Such sl:rains occur 
both for 
- short times (resulting from the installation of the 

drainage layer and the vegetation layer) and for 
- long-term periods (resuJting from permanent 

loads). 

2.5 Geogrids 

Solutions, which create a maximum landfill volume 
or which make it possible to build over weak 
subsoils, are more and more realized. In many cases, 
rigid oriented geogrids allow the realization of such 
solutions (Jas 1996). 

It is the main function of reinforcing geogrids to 
transfer tensile forces on a long-term basis. The 
capability of a reinforcing element to bear loads even 
at small deformations is a substantial part of the 
reinforcement function. 

The rigidity is expressed as secant modulus or 
tensile strenglh al 2 % elongation. 

Rigidity of the geogrid. long-term behaviour 
under constant load, rigidity of the joints for the 
transmission of loads into Ihe longitudinal ribs, 
robuslness during installation stress, cbemical and 
biological resislance are decisive for the selection of 
a suitable geogrid. In Germany, the suitability for 
reinforcing purposes is documented by a certificate 
issued by the Deutsches Institut für Bautechnik, 
DISt Berlin. 

3 LANDFIlLS WITH ONE SEALING 
ELEMENT 

3.1 Landfill Grabow 

One example for the realization of a landfill capping 
seal is the subsequent cover of the former landfill for 
household waste, landfill Grabow in the Landkreis 
Lüchow-Dannenberg. As nearly all inherited 
landfillsJ lhe Grabow I andfi 11 was originaHy 
constmcted without a base se.,1. In order 10 prevent 
a further leakage of harmful subslances, a capping 
seal was added in 1990 incorporating a geosynthetic 
clay liner. The following structure of a sealing 
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Fig. 1. Structure ofthe landfill Grabow 

system was chosen (Fig. 1): 
- 50 cm vegetation layer, 

nonwoven filter fabric Secutex®. 
- 30 cm nUneral drainage layer, 

geosynthetic cIay liner Bentofix® D, 
- 30 cm gas drainage and levelling layer and 
- waste. 

In January 1990, Ihe charged construction 
company installed the complete landfill sealing of 
30 000 m2 within only J 4 days. 

Since Ihis capping seal was one of the first 
projects where needle-punched geosynthetio clay 
liners were used as sealing elements, approximately 
3.5 years later the opportunity was taken -with 
approval and supporl of the owner- to cbeck tbe 
efficiency of the system by carrying out an 
excavation. 

The Institut für Grundbau, Bodenmechanik und 
EI/ergiewasserbau of the University of Hannover 
carried out various tests with the taken sampie ofthe 
geosynthel'ic c1ay liner. The water content of the 
bentonite fiLl was determined as being approx. 
170 %. With this water conlent the geosynthetlc clay 
liner has 10 be considered as being gas-proof. Jt was 
revealed t11at the geosynthetic clay Liner had an 
average penneability coefficient of 2.5 • JO-IO O1ls, 
the taken bentOJ1lte sampIes had an average 
permeabilily coefficient of 1.1 • 10-10 m/s. This 
shows that the granted properties (k < 5 • 10- 10 m/s) 
are still preserved after several years of service. 

The gran ted waler permeability was neither 
influenced by the fact that the origi.nal sodium 
bentonite had changed inlo a calcium bentonite 
(Saathoff & Heerten 1994). 

Tbe efficiency of Ihe nonwoven filter fabric as 
weil was completely preserved. 

A similar composition incorporating a geo
syni.hetic clay liner as the only sealing element is 
presenl'ly realized for -arnong others- the mono 
landfi.ll Nieder-Ofleiden. An expertise issued by the 
Deutsches II/stiwf für Bautechnik, Dmt Berlin, 
broughl up the approval for rcplacing tlle originally 
designed 50 cm thick mineral sealing layer by a 
geosynthetic clay liner. 
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3.2 Landfill Breinermoor 

In the second half of 1995, the Landkreis Leer had a 
temporary capping seal installed for its landfill 
Breinermoor which was opened in 1974. This kind 
of sealing was chosen because settlements of the 
waste body have still to be expected for some time. 
It is planned to realize a final sealing system in a 
second construction phase -possibly by incorporating 
the temporary sealing system- as soon as the 
settlements will have stopped. 

The composition ofthe temporary sealing (Fig. 2) 
incorporates a geosynthetic drainage system Secu
drän® and a geosynthetic clay liner Bentofix®. This 
geosynthetic clay liner was selected with regard to 
the expected settlements, since the homogeneous, 
shear force transferring needle-punched connection 
of carrier, sealing and cover layer grants the 
maintenance of a high sealing effect even under the 
expected deformation strains. 

An important criterion for selecting a 
geosynthetic drainage system instead of a gravel 
drainage layer was the weather-related pressure of 
time under which the construction company had to 
work be~ause the. "wet .season". was approachi.n~ 
The rapId and SImple mstallatton of Secudrim 
ensured that the construction works were finished in 
duetime. 

In order to increase the stability at the steep 
slopes a geosynthetic drainage system with a 
thermally treated and particularly rough surface of 
the nonwoven fabric was selected. 

3.3 Landfill Sandhausen 

The landfill Sandhausen near Bremen is a landfill 
which has no artificial base seal and which was 
located in a former sand pit. The capping seal which 
was constructed in the 1 st construction phase in 
1994 consists of(Fig. 3): 
- vegetation layer, 

geosynthetic drainage system Secudrän®, 
- geosynthetic clay liner Bentofix® D 4000 (at the 

slopes HOPE geomembrane-Naue Seal®), 
- gas drainage and levelling layer and 

geotextile separation layer Depotex® 
(see also Sasse & Saathoff 1996). 

3.4 Landfill Altenberge 

During the construction of the landfi1l Altenberge in 
1995, the use of a geosynthetic clay liner made it 
possible to do without reinforcing elements (Fig. 4) 
at the steep slopes (V:H = 1 : 2.7): 
- 110 cm vegetation layer, 

nonwoven filter fabric Secutex® (mA = 400 
g/m2), 

- 30 cm mineral drainage layer, 
geosynthetic clay liner Bentofix®, 

- gas drainage and levelling layer and 
- waste. 
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Fig. 2. Structure ofthe landfill Breinennoor 
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Fig. 3. Structure ofthe landfill Sandhausen 
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Fig. 4. Structure ofthe slope in the landfill AItenberge 

The realized solution was designed and specified 
since the originally designed composition 
incorporating a geomembrane and a nonwoven 
protection layer would have caused additional cost 
and did not provide sufficient stability without 
installing geogrids. 



3.5 Landfill Herzogenrath Straß 

Particularly in dimensioning a "geosynthetic" sealing 
system it has to be taken into account that the shear 
strengths (which inevitably will occur at sides and 
inclined bottoms) are transferred into the subbase. In 
order to prevent sliding surfaces !Tom developing 
within the sealing system and towards the subbase in 
contact the shear coefficients and the related 
displacements of all possible shear planes have to be 
adjusted to each others. 

The stability of the capping seal of the landfill 
Herzogenrath Straß was only made possible by the 
use of oriented geogrids. This capping seal with 
relatively steep slopes (26°) could be realized in 
1991. Fig. 5 shows the structure: 
- 30 cm vegetation layer, 

reinforcement layer oriented geogrid Tensar®. 
- geo.synthetic drainage system Secudrän®, 

Carbofol® CHD geomembrane, 
- nonwover.\ protection layer Secutex® (mA = 1000 

glrri2) and 
- deposited residuals. 

The depositing of sharp-edged materials (residues 
from gl ass production) made it necessary to install a 
specially dimensioned nonwoven protection layer 
underneath the geomembrane. The geosynthetic 
drainage system takes over the protection above the 
geomembrane. 

3.6 Landfill Eckendoifer Straße 

Fig. 6 shows the complete structure of the landfill 
Eckendorfer Straße: 
- vegetation layer, 

reinforcement layer oriented geogrid Tensar®, 
- geosynthetic drainage system Secudrän®, 
- HDPE geomembrane, 
- geosynthetic drainage system Secudrän® made 

fromHDPE, 
- levelling layer of sand and 
- waste. 
The particularities ofthis structure are: 
- extremely low height of the capping seal required 

due to local conditions, 
- oriented geogrid only required for load 

transference during installation phase and 
- use of a geosynthetic drainage system Secudrän® 

made of HDPE as gas drainage also beneath the 
sealing. 

3.7 Landfill Wietzejor drill mud 

In 1995, a capping sealing system was realized for 
the mud deposit site Wietze. Since the deposited drill 
mud had a soft consistency, at first a load bearing 
subgrade was produced by using a Kombigrid 
(composite material consisting of a mechanically 
bonded nonwoven filter fabric Secutex® and an 
oriented geogrid with fixed joints, Tensar®). 
Fig. 7 shows the complete structure (see also 
Sehrbrock 1996): 
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Fig. 6. Structure ofthe landfill Eckendorfer Straße 

Vegetation 

Vegetation Layer 

Nonwoven Filter Falbrilc-+~~~~~ 

Oriented r ... nn·l'In 
Non wo ven 

Fig. 7. Structure oflandfill Wietze for drill mud 

- 100 cm vegetation layer, 
geosynthetic clay liner Bentofix®, 

- 0 - 300 cm sand levelling layer, 
geotextile nonwoven filter fabric Secutex® with a 
woven fabric needle-punched on top of it, 

- 40 cm willow fascines (I = 2.0 m), 
- Kombigrid SS 20 - 201 GRK 3 and 
- deposited drill mud. 



4 LANDFILLS WITH COMBINED SEALING 
ELEMENTS 

4.1 Landfill Bamberg-Südwest 

In 1972, the fonner landfill for household and 
industrial waste in the Southwest of Bamberg was 
closed without further securing measures. Extensive 
investigations showed that environment and 
residents were considerably endangered. A 
residential area is situated directly at the edge of the 
landfill, with the gardens lying practically on the 
waste body. 

The rehabilitation concept induded measures to 
prevent the escape of contaminants into the 
groundwater and the surrounding. 

A qualified geosynthetic sealing system which had 
to meet the local requirements and which had to be 
as thin as possible was designed and realized (Appel 
& Rückert 1995). 

First, agas collection system was installed into 
the landfill. Additionally, degassing pipes were 
installed directly in front of the houses in order to 
prevent the uncontrolled escape of gas. Agas 
penneable levelling layer was installed onto the 
waste and levelled. 

The geosynthetic day liner Bentofix® was 
installed onto the prepared subgrade. A 2.5 mm 
thick, BAM-certificated geomembrane Naue Seal® 
P 25 GIG was installed on the plateau, the BAM
certificated geomembrane Naue Seal® P 25 RIR with 
rough surfaces on both sides was selected for the 
slope. 

This solution incorporating two sealing elements 
was the first alternative combinated sealing in 
Bavaria (Fig. 8). 

The geosynthetic drainage system Secudrän® was 
installed on top of the combinated sealing system to 
drain off surface water. In order to fulfill the long
term filter efficiency versus the vegetation layer this 
drainage system as well is furnished with a 
mechanically bonded nonwoven fabric. Thickness 
and opening size of the nonwoven fabric were 
chosen depending upon the grain size distribution of 
the vegetation layer. Apart from this filter function, 
the drainage system drains off surface water in the 
percolation layer and protects the geomembrane with 
its underlying nonwoven protection fabric. 

4.2 Landfill Neu Wulmsto1j' 

For decades, the landfill Neu Wulmstorf in the 
Southwest ofHamburg was used as a deposit site for 
unassorted household waste. The landfill with an 
area of approx. 320 000 m2 was dosed in 1986. 
Only in one partial area, the landfill has a mineral 
base seal consisting ofboulder day. 

In 1995, the construction of a capping sealing 
system was started to prevent further leakage of 
contaminants into the subgrade. 

Unlike the originial design incorporating mineral 
sealing and drainage layers, the dient decided to 

819 

Vegetation 

Vegetation Layer 

Geosyn. Drainage Sys ~~;;lllil Geomembrane 
GeL" 

Gas Drainage & Levelllng Layer ;~~~~~ 
Waste ~ 

Fig. 8. Structure Landfill Bamberg-Südwest 
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Fig. 9. Structure landfill Neu Wulmstorf 

install the following capping sealing system both for 
technical and economical reasons (Fig. 9): 
- 100 cm vegetation layer, 

geosynthetic drainage system Secudrän®, 
- HDPE geomembrane, 

geosynthetic clay liner Bentofix®, 
- gas drainage and levelling layer, 
- in partial areas nonwoven separation layer 

Depotex® and 
- waste. 

Timm & Albers (1996) further report on this 
alternative combinated sealing system. 

4.3 Landfill Neustadt-Hohenacker 

Geotextile filters under mineral layers can be 
provided with an insulated conductor. This product 
Depotex® EL or Secutex® EL developed by Naue 
Fasertechnik allows for a nondestructive 
measurement ofthe thickness ofminerallayers. 

The disadvantages ofusual measurings are: 
- the sealing layer is destroyed, 
- the production of measuring pits is costly, 
- insufficient number of measurings, 
- work is interrupted (e.g. desiccation) which 

results in a loss of quality and disuse of 



construction equipment, 
- measurements are time intensive requiring a lot of 

personneI, 
- the problem of possible settlements during clay 

installation at the landfill surface is not considered 
which results in 

- increased costs for material. 
Depotex® EL and Secutex® EL work with 

induced electromagnetism. A high frequency current 
which produces an electromagnetic altemating 
current field is conducted through an insulated 
electric conductor in the geotextile. The altemating 
current field is located by one or more search coils 
and feeded into an amplifier which is connected to a 
measuring instrument. The position of the lead is 
determined by calculating the differences of the 
currents in the horizontal double coils in the receiver. 

Secutex® EL was, for instance, installed in the 
landfill Neustadt-Hohenacker to ease, apart from 
other functions, the measurement of the layer 
thickness ofthe mineral seal (Fig. 10): 
- 200 - 400 cm vegetation layer, 

nonwoven filter fabric Secutex®, 
- 25 cm mineral drainage layer, 

nonwoven protection layer Secutex® (mA = 1200 
glm2), 

- HDPE geomembrane, 
- 50 cm mineral sealing layer, 

Secutex® EL as nonwoven filter fabric and for 
easing the measuring ofthe layer thickness, 

- gas drainage and leveIling layer and 
- waste. 

5 REHABILITATION OF HISTORICAL 
LANDFILL SITES 

5.1 Rehabilitation 0/ the historical landfill 
site 1ndustrial Zone Wardamm 

In 1995, a 74000 m2 mineral capping seal reinforced 
by geogrids was constructed for the rehabilitation of 
a historical landfill site in the industrial zone 
Wardamm in Bremen. 

If necessary, the geogrid bridges irregular 
settlements of the inhomogeneous subgrade which 
have to be expected. Cracks in the mineral sealing 
layer are thus minimized on a long-term basis 
(Fig. I J): 
- 70 - 230 cm vegetation layer, 
- 30 cm mineral sealing layer, 

reinforcement layer oriented geogrid Tensar®, 
- sand levelling layer and 
- inherited deposits. 

5.2 1ndustrial Park Gladbeck-Brauck 

Many former, extensive cokery sites and mine banks 
in the German Ruhrgebiet are contaminated and 
cannot be used without any additional measures. 
There are instable shafts, buildings with a poor 
substance or contaminated parts, contaminations of 
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Fig. 10. Structure landfill Neustadt-Hohenacker 
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Fig. 11. Structure rehabilitation of historical landfill site 
Industrial Zone Wardamm 

different origin, unknown foundations, cellars, 
cavities, pipes and canals and inhomogeneous 
building grounds oflow bearing capacity. 

Apart from measures against groundwater flows, 
measures against the in-flow of surface water are 
inevitable for a long-term rehabilitation. A stable 
sub grade is required to allow for the construction of 
new industrial buildings and to simultaneously 
minimize the elongations in the sealing system. 

In order to achieve -without further disturbing the 
sub grade- a regularization of the foundation 
conditions, the company Deutsche Montan 
Technologie (DMT Essen) developed a sandwich 
system reinforced by geosynthetics, the so-called 
DMT-GEOsafe System (Fig. 12): 
- foundations or fill, 

upper base course, partly reinforced with Tensar®, 
- reinforcernent Jayer oriented geogrid Tensar®, 

geosynthetic drainage system Secudrän®. 
- HDPE geomembrane Naue SeaJ®, 
- in so me parts nonwoven protection layer Secu-

tex® (mA = 1200 g1m2), 



- lower base course reinforced with Tensar®, 
incorporating the gas collection system 

- levelling layer and 
- former sub grade. 

After the Landesbaubehörde Nordrhein-
Wesifalen had examined a test field, the system was 
certified for this individual case and in 1993, it was 
successfully instaUed into the former mine Graf 
Moltke in Gladbeck-Brauck (Genske & Thamm 
1994 and Mehrhoff 1996). In the meantime, the area 
was overbuilt with buildings of not more than two 
storeys which form the new industrial park. 

6 CONCLUSIONS 

The previous practice in Gemlany clearly shows that 
particularly for capping sealing systems the solution 
dictated by the TA-Siedlungsabfall (1993) is not 
frequently chosen. In many ca ses, the following 
components are applied : 
- erosion protecLion measures with geotextiles, 

geotexLile filters versus vegetation layers, 
- geogrids for transferring tensile forces, 
- geosynthetic drainage systems for the drainage of 

surface water, 
- geosynthetic clay liners as sealing layers, 
- protection layers on top of geomembranes, 
- geomembranes as sealing layers, 
- protection layers under geomembranes, 
- combillations of geomembranes and geosynthetic 

clay liners as sealing systems, 
- geogrids to minimize the development of cracks 

in mineral seals, 
geosynthetic drainage systems to drain off gas, 

- geotextile filters under mineral seals and 
- geotextile separation layers between gas drainage 

and waste. 
To sum up it can be said that German practice 

reveals different trends most of which are already 
standard construction methods in the USA: 
- Since settlements of landfil1 capping sealing 

systems have to be expected, the deformation 
behaviour of the selected sealing system is a 
dedsive factor. 
Mineral sealing and drainage layers are more and 
more replaced by geosynthetics. 

- Solutions using only geosynthetics are more and 
more realized. 

- A capping sealing system incorporating a 
combination of geomembrane and geosynthetic 
clay liner is highly effident and thus makes more 
and more part of the plannings (Müller & August 
1996). 
As a consequence, the structure of the landfill 

Neu Wulmstorf (comp. section 4.2) in particular has 
to be considered as being trend-setting. 

Fig. 13 shows a possible standard method for 
future capping sealing systems in slope areas for 
landfills which are called Landfill CI ass II in 
Germany (Iandfills for household waste, which will in 
future be landfills for residuals). 

In the field of historical landfill sites as weil, 
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Fig. 13. Possible standard for future capping sealing 
systems, here slope 

geosynthetics are taking over the above mentioned 
functions. In addition to these, geogrids are 
increasingly used for transferring tensile forces and 
load distribution respectively in landfills with 
subgrades of low load-bearing capacity and for the 
recycling of shut areas. 
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