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ABSTRACT: In 1994, the landfill Sandhausen near Bremen was covered with a capping seal. The 
uninterrupted quality assurance of the components delivered and instalIed -geosynthetic clay liner and 
geosynthetic drainage system- requires a quality assurance schedule. The referring information intends to give 
a complete impression ofthe project with respect to its quality management. 

1 INTRODUCTION 

LandfilJ sealing systems demand an uninterrupted 
quality assurance of the components delivered and 
instalIed. 

A quality assurance schedule shall fix the specific 
elements of quality assurance in a way that the 
required quality characteristics are fulfilled. The 
quality assurance schedule should at least contain the 
following data: 
- the responsibility for the quality assurance, 
- the results of the qualification tests, 

the measures for the quality control, 
- the quality control monotoring and testing during 

and after the production of the landfill sealing 
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systems (internal monitoring tests of the manu
facturer, the client or third parties in charge, 
external test by third parties and control by 
responsible authorities) as weil as 

- the kind of documentation. 
The realization of these requirements is presented 

in this paper by describing the quality assurance 
measures for the landfill Sand hausen as an example. 

2 THE LANDFlLL SANDHAUSEN 

The landfill Sandhausen is situated in the rural 
district Osterholz, west of the Federal Highway 74 
leading from Bremen to Bremervärde. The landfill 

Fig. 1. 
Photograph of 

the landfill 
Sandhausen 

taken from the air 



is located in a fonner sand pit and has no artificial 
base seal. 

Mainly household and industrial waste, but also 
debris, with a total volume of 320 000 m3 were 
deposited on an area of approx. 36 000 m2. The 
surface ofthe landfiJl Sandhausen is characterized by 
its highesl point Iying nearly at the centre. From this 
point the site is descending to all sides with an 
mcJinat.ion of 5 %. Only at its edges Ihe landfilJ 
descends wilh a steeper inclination of (V:H =) I : 3 
ami a maximum slope length of30. m. 

Fig. 1 shows a photograph of Lhe landfill Sand
hausen taken from the air. 

3 THE ELEMENTS OF THE CAPPING SEAL 

The cover seal installed during the first stage of 
construction in 1994 (appr. 24000 m2) consists of 
(from top to bottom): 
- vegetation layer, 
- geosynthetic drainage system, 
- geosynthetic cJay liner (at the slopes: HDPE geo-

membrane), 
- gas drainage and levelling layer and 
- geotextile separation layer. 
Fig. 2 shows the structure ofthe landfill Sandhausen. 

3.1 Geotextile nonwoven separation layer 

A mechanically bonded nonwoven filter fabric 
Depotex® made of high density polyethylene 
(HDPE) with a mass per unit area of mA = 600 glm2 

was installed to separate the pro'filed waste from the 
material of the sand levelling layer. Depending on lhe 
cOl11position of the waste at the surfa.ce, a nonwoven 
separation layer with mA = 400 glm2 was installed in 
some areas. In both cases, the individual geotextile 
strips were instalied wilh an overlap of at least 
50 cm. 

3.2 Sand layer 

A sand levelling rayer with a thickness of 30 ± 2 CI11 
was instalIed both to create a stoneless, even support 
layer for the gcol11embrane and the geosynlhetic clay 
liner respectively and to provide a horizontal layer 
(having an increased gas permeability so that the 
development of extremely high gas pressures under 
the seaJing is prevented). A medium sand with 
portions of coarse sand having a coefficient of uni
formilY of Cu = 2.6 was used . 

3.3 Geosynthetic clay liner 

The geosynthetic clay liner (GeL) Bentofix® D 4000 
which was applied to fonn the main element of the 
capping seal of the landfill Sandhausen has the 
following structure: 
- nonwoven cover layer made of polypropylene 
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Fig. 2. Structure landfill Sandhausen 

(pP-white), mA = 300 g/m2, 
- encapsuJated oentollite layer: sodium bentonite 

powder, mA = 4600 g/m? and 
- carrier geotextile: composite material (HDPE) 

consisting of a nonwoven fabric (black) 
mA = 250 g/m2, alld a slit film woven (black), 
I11A = 100 g/m2. 

The mentioned masses per unil area are design 
varues. 

It was required that the bentonite should have a 
montmorillonite content of 70 %, a swelling volume 
of25 Oll at 2 g/lOO mV 24h and -acc. to Enslin Neff
a water adsorption capacity of min 600 % per 24 h. 
A test carried out in accordance to DIN 18130 had 
to prove a permeability coefficient of k '" 5 • 
IO-n m/s (also in the overlap areas). The connection 
of the indivual components of the GCL was supplied 
by needle-punching over the entire area of the GCL, 
providing a peel strength of at least 60 NIl 0 cm in 
the peel test. 

To improve lhe sealing effect in the overlaps 
having a width of al least 30 cm, bentonite powder 
was spread onto the longitudinal edges of the cover 
layer of the geosynthetic clay liner in a width of 
50 cm al ready during production. At the transverse 
joints bentonite powder was manually spread 
belween the overlapping GCL strips; bentonite paste 
was additionally applied to the open front side. The 
individual GCLs had a width of4.7 m and a length 6f 
30 111 . 

Fig. 3 shows an example of the installation of a 
GeL. 

3.4 Geomembrane 

lnstead of the geosynthetic clay liner described in 
seetion 3.3,a gcomembrane Naue Seal® was 
installed into the slope areas. 

The selected 'HDPE geomembrane has a 
eertificate issued by the BUlldescll/sralt ftir 
Maceria/forschlmg ul/d -prfifimg (BAM Berlin) 
which allows its installation into a eombinated 
sealing system (e.g. for eapping seals). The surface 
ofthe geomembrane with a thickness ofmin 2.5 mm 
is rough on both sides to improve the frielion 



behaviour. A corresponding proof of stability for the 
inclined slope of (V:H =) 1 : 3 was supplied. The 
dimensions of an individual geomembrane strip 
amounted to 4.6 m • 100 m. 

3.5 Geosynthetic drainage system 

A geosynthetic drainage system Secudrän® having 
the following structure was installed to drain off 
rainwater which collects on top of the sealing 
element: 

nonwoven cover layer made from polypropylene 
(PP coloured), mA = 350 glm2, 
percolation layer made from extruded 
polyproRylene (convoluting fibre layer), mA = 
800 glm2 and 
nonwoven carrier layer made from polypropylene 
(PP coloured), mA = 350 glm2 

The mentioned masses per unit area are design 
values. 

The individual layers were connected during 
production by using the ultra high frequency welding 
method. The manufacturer proved that the material 
had a transmissivity of 0 = 1.3 • 10-2 m3/m1s at a 
normal stress of 20 kPa. The geosynthetic drainage 
system was instalied so that the percolation layer 
(the convoluting fibre layer) was butt-jointed and the 
nonwoven cover and carrier layers overlapped by 
approx. 10 cm (Fig. 4). The overlapping part of the 
nonwoven cover layer was additionally fixed by 
thermally bonding. The dimensions of an individual 
strip amounted to 2.0 m. 25 m. 

3.6 Vegetation layer 

A vegetation layer with a thickness ofO.8 m to 1.4 m 
was installed on top of the geosynthetic drainage 

Fig.3. 
Installing the GeL 

Fig. 4. Joint ofthe geosynthetic drainage system 

system to protect the sealing from desiccation and 
frost and to provide recultivation of the landftll 
surface. In order to achieve an additional drainage 
effect on top of the sealing, a locally available sand 
was used to form the 30 cm thick base of the 
vegetation layer. 
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4 CONSTRUCTION WORKS 

Construction works were started in April 1994 and 
most ofthe works were finished in November 1994. 

The cost amounted to approx. DM 105 (net) per 
square meter of the sealed surface, including some 
infra-structural installations. 

5 QUALITY ASSURANCE MEASURES 

Quality assurance in the applicatioD of geosynthetics 
aims at granting an expert selection and processing 
of the geosynthetics which fultil the technical and 
legal requirements. 

A preconditioD for a Teasonable quality assurance 
is a suffieiendy exact description of the quality 
assurance measures within the scope of the 
construction eontract. 

The quality of applied geosynthetics is 
determined both by dIe qualily of the materials and 
the quality of the construction works. Quality 
assura1lce meaos the entir-ety of all measu~es taken 
that contribute 10 assure the quality of the 
construction product. A quality aSSU1'QlIce sysr.em 
correspondingly consists of elements which fix the 
organisation structures and responsibilities and 
whieh describe the procedures that shall ensure the 
quality of the product. When geosynthetics are 
installed these elements are frequendy described in 
an applieation related qualily assurallce schedule 
(ace. 10 DYN 55350). 

Apart from organisation structures and 
responsibilities, the quality assurance schedule also 
eontains infomlation on quality management and 
quaJity contro!. This QualiJy mQnagemelll (in EN 
ISO 9000-1 defined as: Quality contral accoTding 
operalional techniques and activities) comprises 
preventive and corrective measures which grant d1e 
use of suitable geosynthetics and an expert 
processing and realization of the works. Thc des
cription of repair works in case of defective 
pracessing is also part of this. Qua:lity comrol eom
prises the measures which control the fulfilling ofthe 
requirements to product and eonstruction works. 

The extent of the quality assurance measures 
-and of the quality control measures in particular- is 
depending on the function of the geosynthetic. 
Irrespective of the function to be fulfilled, however, 
a number of quality assurance measures is required 
in any case. The following sections are ooncentrated 
on these measures; they are purposively phrased like 
recommendatio1/S so that they can preserve theiT 
applicability beyond the measures taken for the 
landfiIl Sandhausen. 

Sinee the quality assurance also requires a 
documentation which has to differentiate the results 
from suitability tests, internal and external moni
toring of the production and interna! and externa! 
monitoring on site by providing documents of the 
local supervision of the construction works, this 
concept is also chosen for the following sections 
(Sasse et al. 1996). 

734 

Among others, von Maubeuge & Ehrenberg 
(1996) present information on quality assurance 
measures regarding the applieation of geosynthetic 
clay liners; Saathoff (1996) provides information 
regarding the use of geosynthetic drainage systems in 
the present proceedings. 

5.1 Suitability test 

Suitability tests are tests which shall prove the 
suitability of a geosnythetic material for the intended 
application and installation method. 

Apart from general data (material properties, 
mass per unit area, thickness, maximum tensile 
strength and elongation in machinc and cross 
direction; water permeability normal 10 the filter 
plane or efficient opening size, if required), further 
suitability tests are depending on the intended 
filllction. Certificates issued by supervising authori
lies may replace the suitability tests. 

In the present ease of the landfill Sandhausen, for 
instance, most of these requirements regarding the 
geomembrane were fulfilled by the certificate issued 
by BAM for the installed geomembrane Naue Seal® 
(compare section 3.4). 

To fulfil the suitability requirements it had to be 
proven that the geosyn(hetic clay liner, e.g" shall 
have a shear force transferring effect Ihrough all of 
its components and a unifonn thiekness. Required 
suitability tests for geosynthetic clay liners are, for 
instance, proofs of the water permeabilityboth in the 
overlap areas and under elongation, cheDlical 
resistance, inlluence of dry/wet and ITostlthaw 
cycles, impact resistance, erosion stability and proof 
ofstability. 

In case of the landfill Sandhausen it was part of 
the general suitability tests to establish a test field 
-including slope area- outside the actual sealing 
system before construction works started. The 
intended materials and construction equipment were 
used in this test field. The construction company 
proved with this measure that the materials fulfilled 
the requirements stipulated in the specifieations. 

5.2 Internal monitoring 0/ the production 

Interna! moniroring of the production is the general 
term for tests carried out by the manufacturer aiming 
at deternlining the fi.llfilling of the contractual 
requirements to the geosynthetic material during 
production (quality ofthe product). 

Internal monitoring of the production of 
geosynthetics has 10 be carried out inaccordance to 
DlN 18200. 

Only those manufacturers should be approved 
who are eertified ace. to EN ISO 9000 ff 

Kind and extent of the tests for the interna! 
monitoring are depending on the intended function. 
The use of a test scheme for production start (first 
roll) and for continued production (tests depending 
on produced quantities) is eommon practice. 



The results of the internal monitoring have to be 
supplied to the client with delivery to the site at the 
latest. Those papers have to reveal in particular the 
function specific characteristic values. It is differen
tiated: 
- The manufacturer confirms by means of an 

inhouse certijicate acc. to EN 10204 providing 
results from running inhouse tests (with products 
made of the same raw materials and produced by 
using the same methods as the delivered goods) 
that the delivery corresponds to the contractual 
agreements. 

- The manufacturer confirms by means of an 
inhouse test certijicate acc. to EN 10204 provi
ding results from tests with the delivered goods 
that the delivery corresponds to the contractual 
agreements. 
For the landfill Sandhausen, a comprehensive 

programme was established for the geosynthetic clay 
liner. Internal monitoring tests for the initial products 
(geotextiles and bentonite) and for the geosynthetic 
clay liner were phrased. For the bentonite proofs of, 
e.g., the montmorillonite content, water adsorption 
capacity, water content and sweUing volume were 
fe{)uired; for the geosynthetic clay liner proofs of, 
e.g ., the mass per unit area, lhickness, maximum 
tensile strength in machine and cross direction, peel 
strength and water permeability were demanded. 

5.3 External nwnitoring 0/ the production 

External monitoring of the production is the general 
term for tests carried out by an independent third 
party airning at deterrnining the fulfilling of the 
contractual requirements to the geosynthetic material 
and the internal monitoring during production 
(quality ofthe product) . 

External monitoring of the production of 
geosynthetics is required for every product group 
acc. to DIN 18200. Product groups means -in this 
context- those products which are produced by using 
the same production method and the same raw 
materials or initial products. The extent of the tests 
which have to be carried out in fixed time intervals 
normally corresponds to that of the internal moni
toring. External monitoring has to be ruled by 
contract. It is carried out by an officially accepted 
test institute charged by the manufacturer. This 
external monitoring comprises the following details: 
- examination of the documents of internal 

monitoring, 
- testing of the test equipment with respect to its 

entirety and function, 
- control tests with officially taken sampies from 

the running production and 
- preparation of the monitoring reports. 

5.4 Internal monitoring on site 

Internal monitoring on site is the general term for 
tests carried out by the construction company aiming 
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at deterrnining the fulfilling of the contractual 
requirements to the construction product and the 
finished construction works. 

The internal monitoring on site is carried out by 
the construction company or expert institutes or 
expert civil engineers on its behalf (extended internal 
monitoring). 

The internal monitoring has to prove and 10 
document the expert installation of the geosynthetics 
and the fulfilling of the requirements. The following 
measures form part of this interna I monitoring: 
- In order to allow for a checking of the delivery 

notes regarding completeness of and corres
pondence with the delivery, the delivery notes 
have to contain at least the foUowing information: 
manufacturer, designation of product and product 
type, addressee or construction project, delivery 
date, volume/quantity of the delivery and, if 
necessary, instructions regarding the maximum 
storability without protecting the materials against 
light. 

- Checking of the product designation regarding 
completeness and correspondence: The products 
themselves have to be continuously marked with 
the product Ilame on the top side of both 
longitudinal edges in a distance of not more than 
5 m. The printing has 10 be clearly readable and 
waterproof and it has to appear on the side to be 
instaUed. 

- The roll label has to contain certain data: name of 
product and product type, roll number, main raw 
material of the product, main properties as, e.g., 
mass per unit area, density or tensile strength, 
dimensions, note ofrelease ofthe internal product 
monitoring and, if necessary, instructions 
regarding the maximum storability without pro
tecting the materials against light. If possible, the 
roll label should be fixed at the front side of the 
rolls. 

- It has to be checked whether transportation, 
deloading and storage of the products are expert 
work and whether the requirements are fulfilled. 

- Only rolls without any damage may be instaUed. 
- When installing the geosynthelics, not only the 

conditions set up in the construction contract and 
the Technical Regulations but. also the installation 
instructions of the manufacturer have 1'0 be 
followed. The installation instructions have to be 
available on site. 

- Within the scope of the internal monitoring of the 
installation, attention has to be paid to a proper 
and careful installation ofthe geosynthetics. It has 
to be checked in particular whether the basic rules 
for a proper storage and expert installation are 
followed. 

The following points may be considered as being 
basic rule.s for a proper storage and installation: 
- Storage with protection against light and, if 

necessary. moisture. 
- lnstaJled geosynthetics may only be exposed to 

UV-radiation and influence corresponding to their 
weather resistance. If a longer exposure to UV
radiation is inevitable, the geosynthetics have to 



be covered with a protective sheeting. 
- Installation without folds and distortions but with 

a elose contact to the support over the entire 
area. 

- For composite materials it has to be observed that 
the top side is plaeed e<>rrectly. 

- Geosynthelics may not be traflieked by 
eonstruction equipmenl or other heavy vehicles 
without being appropriately protected. 

- Attention has to be paid. to an expert realization 
of the joint areas (sufficient overlap, expert 
sewing or wclding). In landfi11 construction, 
geomembranes may only be instalIed and we1ded 
by BAM-eertified installation eompanies. 
Before, e.g., a geotext.ile was installed in the 

landfill Sandhausen il had to be checked by taking 
3 sam pies of 1.5 m~ each and by supplying the proof 
to the elienl lhat for 5 000 m2 each the required 
thiokness and mass per unit area were fulfilled . 
Depending on applioation and funotion, additional 
tests to determine the required properties of the 
geosyntheties have to be carried out. 

5.5 Local supervision 0/ construction works 

The local supervision of construction works is 
carried out by the owner or his representative (firm 
of consulting engineers). It comprises: Supervision 
of the construction works regarding eorrespondence 
with the documents approved for the realizalion. fhe 
construetion contract and the generally accepted 
technioal regulations (or the state-of-the-art) and 
referring rules and guidelines. 

The local supervision of construction works has 
to control the regular execution of the internal 
monitoring as weil. Results have to be recorded 
(welding records, construction diary, stock sehcdules 
ete.). 

For the landfill Sandhausen, e.g., it was set up in 
the quality assurance schedule that Ihe supervisor 
had to control the deloading of a geosynthetic clay 
liner to the respect that only the use of beils or 
spreader bars was allowed. A further exarnple is thc 
facl. 1hat -apart from the geomembrane- the 
geosynthetic clay liner as well was installed in 
aeeordance with an installation schedule. 

5.6 External mOl/itoring on sile 

External monitoring on si te consists of tests carried 
out by independent Ulird parties aiming at deter
mining the fulfilling of the contractual requirements 
t0 the construction product and the finished con
stTUction works. 

Monitoring by an external monitoring e<>mpany 
should be particularly taken into account in cases 
where the use of geosynthetics both during in
stallation alld testing as weil as for the eViilution of 
the obtained test results requires special expert 
knowledge. Tltis is, e.g., required when geo
membranes are instalied and connected. In landfill 
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construction in GermallY, il is obligatory 10 call an 
additional external monitoring oompany. 

The tasks of extern al monitoring on sile are more 
or less the same than those of internal monitoring 
(control of the marking and delivelY notes as well as 
of storage and installation of the geosynthetics). In 
landflll construction it is common practiee that the 
external monitoring company carries out additional 
laboratory tests with sampies of the delivered 
geosynthetics. In cases where special e<>nnection 
technlques are used (e.g. welding of geomembranes) 
corresponding e<>ntrol tests have to be oarried out. 

As so on as the results from intemal and extern al 
monitoring are available, the installed geosynthetics 
may be covered. These works. however, also require 
intensive supervising since the risk that the geo
synthetics may be damaged is very high. 

6 FINAL REMARKS 

Successful realization of a qualily assurance system 
for construction projects requires e<>operation 
between all participating parties in due time. Tbis 
means that owner, planning engineers, extcrnal 
monitoring e<>mpany and the responsible authorities 
agree upon the extent of the quality assurance and 
control measures to be carried out. TI is highly 
recommended that the quality assurance schedule 
resulting from these prelirninary works becomes 
already part of the specifications. The reason is that 
the bidders are informed ofthe required ex:tent of the 
quality assurance measures (and are able to inelude 
them into their prices) and tllal subsequent claims 
arising from. e.g., additonal tests or -wh ich is even 
more serious in practice- from delays in completion 
of the work caused by these additional tests are 
ornitted. A quality assurance schedule enclosed to 
the tender documents or correspondingly precise 
requirements in the Additional Technical Contraet 
Conditions offer a reliable base for the calculation to 
the bidder and avoid according speculations which 
may lead to a distortion of eompetition. 
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