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ABSTRACT : An important effort has been made in Portugal during the last few years in order to change the waste management pol
icy. Open dumps have been progressively closed whereas several new sanitary landfills have been constructed. In this process, geo
synthetics played an important role. However, the construction of appropriate liner systems for the new municipal solid waste land
fills, and particularly the application of geosynthetics, required new geotechnical approaches in design and construction, which were, 
until recently, uncommon in Portugal. This paper focuses its attention on the preliminary experience collected from the use of geo
synthetics and geomembranes in the construction of different Portuguese MSW landfills in recent years. The main design and con
struction requirements adopted, the legislation followed, the Construction Quality Assurance Plan prepared by National Laboratory of 
Civil Engineering (LNEC) and, finally, the main construction problems detected are reported in this paper.

RÉSUMÉ: Un important effort a été fait au Portugal au cours des dernières années afin de changer la politique de gestion des déchets. 
Des décharges à ciel ouvert ont été progressivement fermées, alors que dans le même temps de nouveaux centre de stockages de 
déchets ont été construit. Dans ces ouvrages les géotextiles jouent un rôle très important mais nécessitent le recours à de nouvelles 
approches au niveau du projet et de la construction. Cette communication a pour objectif de présenter l’expérience portugaise dans la 
construction de nouveaux centres de stockage de déchets pour satisfaire les nonnes européennes. Sont ainsi présentés les directives 
suivies pour le projet et la construction, le plan de qualité suivi pour la construction et quelques uns des problèmes qui ont été 
rencontrés au cours de la construction.

1 INTRODUCTION

6

In Portugal, about 3x10  tons of Municipal Solid Waste (MSW) 
is produced per year. Until 1995, 60% were placed in open 
dumps without any treatment, 14% were placed in controlled re
fuse pits and only 27 % had an adequate final destination being 
distributed by 5 composting plants and 13 MSW landfills 
(QUERCUS, 1995). Regarding this situation and with the 
growth in the concern for environment issues, an important ef
fort has been made in Portugal to change the waste management 
policy. In 1996, a MSW Strategic Plan was approved in which, 
the main guidelines of the waste management policy were 
drawn. It comprises an integrated approach that includes the re
cycling, composting, incineration and landfilling. Before the 
year 2000 , the first priority was the closure of three hundred 
open dumps and the construction of forty new landfills, which 
must guarantee the protection of the environment and public 
health, in agreement with the European legislation.

2 PORTUGUESE LEGISLATION ON MSW

In Portugal, the bases of the waste management have been es
tablished by a law (Decreto-Lei n°488/85), which stated that the 
Municipal Councils should organise and keep an updated file on 
the quantity, nature, and final destination of the gathered waste 
(LNÉC/DGQA, 1992). Later on, a decree (Portaria n°768/88) 
ruled on the execution of those inventories, through the creation 
of the MSW Registration Form, in which a detailed description 
of the waste must be given.

Ministerial Decision, in 1996, presented a MSW Strategic 
Plan, in accordance to the Directive 75/442/EEC. In this plan, 
the main guidelines of the new waste management policy were 
drawn. The first objective was the closure and restoration of ex
isting dumping sites and replacement by appropriate final desti
nation systems: composting, incineration or landfilling. The sec

ond objective was to stimulate waste prevention via recycling 
and recovery of waste.

In Portugal the creation of Municipal Associations was 
stimulated in order to undertake the responsibility of MSW at lo
cal level. Each one of them should proceed to the closure of the 
existent open dumps and the construction of new waste landfills, 
method chosen by most of the municipalities, for economical 
reasons. These new MSW landfills should comply the require
ments of the Directive 1999/31/EEC on the landfill of waste, 
concerning: location; water control and leachate management, 
protection of soil, ground water and surface water, gas control, 
nuisance and hazards and stability and barriers. In Portugal, be
cause of the limited experience in designing and operating mod
em waste landfills, it was decided to follow prescriptive engi
neering design specifications. This approach had two benefits:

- For the regulator, minimising the complexity of approval by 
providing a process, which essentially allows a “check list" 
comparison to be made between the proposed engineering design 
and the prescribed design requirements;

- For the proponent, facilitating the receipt of regulatory ap
proval because the regulator can easily determine if the propo
nent’s applications comply with the prescriptive specifications. 
On the other hand, by its simplicity, this approach may create a 
situation where for one landfill, the design may be overly con
servative while for a second landfill the design may not guaran
tee that the long term potential impact of the landfill will be 
negligible.

3 DESIGN CONSIDERATIONS: the role of geosynthetics

Current legislation and guidelines such as the Directive 
1999/31/EEC require a high level of environmental protection 
from leachates and gas of MSW landfills. To achieve this objec
tive, the MSW landfill base and sides shall consist of a mineral 
layer with a permeability of k< l,0x l0'9 m/s and a thickness > 1 

m. Where the geological barrier does not naturally meet the
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above conditions, it can be completed artificially and reinforced 
by other means, with a layer thickness no less than 0,5 m. In ad
dition to the geological barrier described above, an artificial 
sealing liner is required as well as a drainage layer with a thick
ness >0,5m, to ensure that leachate accumulation at the base of 
the landfill is kept to a minimum. Regarding to the surface seal
ing, a gas drainage layer, an impermeable mineral layer, a drain
age layer (> 0,5 m) and a topsoil cover (> 1 m) are required.

Nowadays, we have a great variety of technical options for 
basal lining systems of MSW landfills: with natural soils, geo
synthetics, or combination of both (depending on the waste type, 
geotechnical conditions, etc). But while geosynthetics present 
some advantages in comparison with traditional materials, they 
are nowadays more currently used. They allow to increase the 
storage capacity of the landfills, they are more homogeneous, 
easier to handle and to install and their construction quality con
trol is easier to perform. However, the application of geosyn
thetics requires a new geotechnical approach for design and a 
new earthworks concept.

Portugal does not have any national specification for the de
sign and application of geosynthetics in sanitary landfills. Be
cause of the lack of Portuguese standards, the European stan
dards being still under way of harmonization, and the 
geosynthetics marketed in Portugal having different proven
iences, the design attempt by function was difficulty accepted. 
That is to say to specify a minimum value, for example of the 
shear strength, it is necessary to indicate according to which 
standard. Then how to evaluate the suitability of a geosynthetic 
whose characteristic has been evaluated by a different standard 
of the one adopted in the design specifications?

So as a general trend, a multilayer landfill liner design, com- 
sisting of mineral and geosynthetic materials was used. A high- 
density polyethylene (HDPE) geomembrane, with a minimum 
thickness of 2 mm, was required. Typically, geomembranes were 
associated to either a low permeability subgrade (k < 10 '9 m/s), 
with a lm thickness, or to a geosynthetic clay liner (GCL). Since 
the geomembranes are rather thin and sensitive to mechanical 
damage, in each case, a protective coverage formed by a geotex
tile and a sand layer was used. To prevent any build up of 
leachate pressure head above the sealing layers, a drainage blan
ket with about 0,5 m of an aggregate (<|> = 20 to 50 mm) was in
corporate in the basal lining system. Finally, a geotextile filter 
was usually placed between the drainage blanket and the waste 
to maintain the long-term performance of the drainage system.

Legend:

•  - MSW landfills 

controlled by LNEC

Figure 1 -  Location o f  the MSW landfills (adapted from PERSU, 1997)

Figure 2 -  Example o f  an inadequate storage o f  GCL

namely by assessing the non-destructive tests results per
formed by the installer (air pressure and vacuum tests);

- Analysis of the destructive tests results performed by the in
staller (peel and shear tests), complemented by the execution 
of the same tests by LNEC (both in laboratory and in situ);

- Examination of documents from the internal control per
formed by construction supervisor (analysis of the daily, 
weekly, final and acceptance reports produced during the 
geosynthetics installation).

4 CONSTRUCTION QUALITY ASSURANCE PLAN

The National Civil Engineering Laboratory (LNEC), for munici
pal solid waste landfills, established a Construction Quality As
surance (CQA) plan. Its goal was to assure that these landfills 
were constructed as specified in the design.

For geosynthetics, the CQA plan specified the following:
- Responsibilities of the parties involved;
- Inspection activities (observations and tests) to verify if they 
fulfilled the design criteria and specification;

- Sampling procedures (in view of location, size, frequency, 
acceptance criteria);

- Documentation required (to provide by manufacturers, in
spection data sheets, daily, weekly, final and acceptance re
ports).

The majority of the CQA was associated with HDPE geo
membranes. LNEC assistance attended to the quality of the ma
terials used and the quality of the construction works. From that 
point of view, the work carried out comprised:

- Supervision of transport, marking, delivery and storage of 
geosynthetics;

- Preliminary visual observations completed by tests to detect 
any defect that could endanger the performance of the mate
rials;

- In situ verification of the geomembrane seams quality,

5 CASE HISTORIES OF MSW LANDFILLS IN PORTUGAL

Between 1997 and 1999 about 40 MSW landfills were built in 
Portugal.

The Ministry of Environment, through the Instituto dos 
Residuos (Waste Institute) requested the collaboration of the 
LNEC, as expert authority, to examine the design and construc
tion quality of the biggest MSW landfills (Figure 1). During the 
construction, several interesting and sometimes unexpected 
problems, especially related with the installation of geosynthet
ics, have been observed Some of these problems described be
low, show the inexperience of the installers as well as the super
visors.

5.1 Handling and storage influence

In most of the landfills, the place for the storage of the geosyn
thetics was inadequate as well as the equipments used for their 
transport also (Figure 2 and 3), being very difficult to convince 
the supervisor of the implications on the quality of some materi
als (Figure 4).
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Figure 4 -  Damages in GCL
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Figure 7 -  Example o f  a geomembrane failure
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Figure 5 -  Results o f  shear tests carried out at different temperatures

5.2 Seaming problems

Before the seaming works, seaming devices were checked and 
adjusted seaming’s temperature, rate, etc. The extrusion fillet 
seaming was the method adopted for seaming polyethylene 
geomembrane patches in poorly accessible areas. The experience 
of the installer, the temperature of the extrudate and seaming rate 
play important roles in obtaining an acceptable bond, the poly
mer used for the extrudate being also very important. Some 
problems (low seam strength) happened due to the use of an ex
trudate fillet of a different polyethylene type from the one of the 
geomembrane.

5.3 Destructive seams tests: temperature influence

A problem related with temperature fluctuations has arisen. 
During winter, at in situ laboratory destructive seam tests carried 
out at lower temperature than those indicated in the standard, 
gave higher peel and shear load values than those obtained in 
compliance with the standard range temperatures (figure 5). So, 
field tests performed at low temperatures (< 18°Q may give er
roneous results, once they may show that welds strength is satis
factory when it is not.

5.4 Temporary anchorage problems

A significant problem appeared due to slipping of the geomem
branes on the side slopes. In spite of a proper anchor trench de-

Figure 8 -  Example o f  geomembrane damage caused by bones

sign, geomembranes slipped down forming big waves on the 
slope bottom because of an inadequate temporary anchor trench 
weight (figure 6).

5.5 Internal stability problems

Usually, MSW landfills were designed aiming at achieving the 
steepest slopes possible to increase the storage volume.

The existence of some failures (Figure 7) shows that the 
problem of internal stability and its boundary conditions is still 
not fully understood by some consulting engineer. The stability 
of slopes has to be checked specially for failure mechanism of 
which sliding plane lies completely or partially within the con
tact plane of geosynthetics.

5.6 Bones damage

In one of the MSW landfills where a geomembrane leakage de
tection system was installed, a peculiar problem has been ob
served. For general surprise, more than half detected damages 
were due to small bones brought by seagulls. These bones, re
mained between the GCL and the geomembrane, produced holes 
(Figure 8) in the geomembrane (detected after the installation of 
the protective layer of the geomembrane).

The leakage detection system was useful because it empha-
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Figure 9 -  Damage in geotextiles due to ultraviolet degradation

sized the importance of carrying out visual inspection before in
stalling the geomembrane. It also made possible to detect small 
imperceptible tears (for instance made with a cutter during air 
pressure tests) that can become the geomembrane liner inopera
tive.

Sharp stones, unacceptable stone size, incorrect techniques of 
spreading gravel, cause the most of damages of geomembrane. A 
leakage detection system is very useful to control the integrity of 
geomembranes after the installation of drainage layer, but due to 
its cost, it was only used on one landfill.

5.7 Effects o f sun exposure on geosynthetics

Last but not less important is the susceptibility of some geosyn
thetics to ultraviolet degradation, particularly some geotextiles. 
Therefore, if the layer of material placed above the deployed 
geomembrane is a geotextile, backfilling or covering should be 
done within the time frame stipulated for the type of chosen 
geotextile. Typical time frames for geotextiles are within 14 days 
for polypropylene and 28 days for polyester. Some examples of 
ultraviolet degradation in geotextiles are shown in figure 9.

The effects of sun exposure on geomembranes are not well 
known yet. However, there are several evidences showing that 
the sun exposure can affect its strength. In order to evaluate this 
influence and taking into account the Portuguese weather condi
tions, a research program is under way. For each MSW landfill 
where LNEC has given technical support, a sample of geomem
brane (with and without protection of a geotextile) with a fusion 
seam is exposed in situ to weather conditions for several years. 
Subsequently, five specimens will be removed from the samples 
every year and will be submitted to destructive tests. Until now, 
it is not possible to draw any conclusion since the work is at the 
beginning.

6 CONCLUSIONS

The problems associated with MSW in Portugal can be summa
rized as follow:

- Since the last few years the whole subject has been put in 
top priority;

- There was a limited experience in the design and operation 
of modem landfills and there was a lapse of time in implementa
tion of the EU Directives;

- As the 40 new landfills were built at the same time, the 
same mistakes were made in all of them. There was not time to 
learn with the mistakes made in the first ones.
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