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ABSTRACT: In 1993 the German Government introduced regulations in which the design of base seals 
alld capping systems are described. These guidelines are seen as the German State-of-the-art landfill 
tecbnology. In coordinatioll with agroup of technical experts (SVA) the Dffit set up a criteria catalogue. 
Trus presentatioD will give an inside view of the certification process based on the application of a GCL 
for approval for landfill dass I and Ir. 

1 INTRODUCTION 

This paper shall contribute to tbe presentation of the 
Gerwan guideliocs, standards and rutes to interested 
persons botb in Germany and abroad alld show the 
requirements which approved Geosynthetic Clay 
Liners (GCLs) must fulfill to achieve a certification 
for landfill caps. The foUowing explanations mainly 
consist of quotations taken from the "TA 
SiedlungsabfaU" [1993] and the Bundesrats
Drucksache 594/1992 (Documeot No. 594/1992 
issued by the German Bundesrat). In this context we 
would like to poiot out that alternative sealing 
systems are allowed if equivalency is proven alld a 
certification is awarded. 

2 GENERAL REMARKS REGARDING THE 
"TA SIEDLUNGSABFALL" 

Landfills are indispensable. Design, construction and 
operation of landfills have to exc1ude any 
impairments of the public welfare for long-term 
periods. They are constructed for eternity. Today's 
landfills may not become tomorrow's contaminated 
soils which would then have to be rehabilitated by 
the following generations. 

The "TA Siedlungsabfall" was settled in the 
German Bundeskabinett on August 27, 1992, and 
given to the German Bunderat for approval. The 
Bundesrat gave its approval to this administrative 
rule on February 12, 1993, provided that several 
changes were made. This approval was published 
as "Drucksache 594/1992 ". 

On June 1, 1993, the Bundesanzeiger (Federal 
Gazette) published the Third General 
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Administrative Rule to the Law on the Storage of 
Waste 

"Technische Anleitung zur Verwertung, 
Behandlung 

und sonstigen Entsorgung von 
Siedlungsabjällen" 

(Technical Instruction for the Recycling, 
Treatment and Other Kinds of Disposal of 
Household Waste) dated 14.5.1993, abbreviated 
"TA Siedlungsabfall " . 

The "TA SiedlungsabfaH" shaU grant by seUling 
the requirements al the federallevel tbat the public 
welfare is not impaired. 

The responsible authorities may permjt 
deviations from the requirements of this Icchnical 
instructiol1, provided that it is ens\lred in each 
individual case thaI other suitable measures do DOt 
impair the public welfare. The "TA 
Siedlungsabfall" thus serves as a basis for 
consideration and decision for the executive 
authorities. 

3 SELECTED TERMS TAKEN FROM THE "TA 
SIEDLUNGSABFALL" 

Landfill Class 1: Landfill for mineral substances, up 
to now often called "landfill for excavation material 
and debris" [TA Siedlungsabfall 1993, p. 23: landfill 
where wastes may be deposited which have a very 
sruall portioll of organic substances and in which 
only very few hazardous substances are released 
during the leaching test]. 



Landfill Class 11: Landfill for residuals, up to now 
often called "landfiJI for household waste" [TA 
Siedlungsabfall 1993, p. 23: landfiHs where wastes 
rnay be deposited which have a higher portion of 
organic substances compared to Ulose wastes 
permitted on landfl1ls of class I and in which also 
tb.e release of hazardous subslances is higher during 
tbe leacbillg test tban in LandflJl Class I; to 
compensate !.his the requirements on tlle landfill 
loeation and on the sealing of the landfiJJ are 
higher] . 

"LandfiU Class [ll" partly describes the landfill 
for special waste (validlty of ~TA AbfaU" , Part I 
"TA SondenibfalJ" [TA AbfaIJ 1991)). 
State of the art is the state of development of 
progressive methods according 10 whicb the 
practical. suitabiJity of a measure for a non· 
poHuting waste disposal seerns to be ensured. To 
determine the state of the art especially comparable 
suitable methods have to be considered which Ilave 
proven therr effectiveness during operation 
[TA Siedlungsabfall 1993, p. 20]. 

"Geological barrier" describes the natural 
availabJe subsoiJ up to the landfill subgrade 
formation level under and in the surrounding field 
of a landfilJ wh ich prevents - due to its properties 
at1d dimensions - the extet1SiOll of hazardous 
substances [TA Siedlungsabfalll993, p. 40]. 

4 REQUIREMENTS ON SEALING SYSTEMS 
IN THE "TA SIEDLUNGSABFALL" 

4.1 Principal Requirements 

When the "TA Siedlungs abfall" becomes effective a11 
landftlls in seIVice are considered as inherited 

5 r----mW.i-
levuths 

[ntM]ssrruI'IAs
schicht 

1I1ntf"lllrchi 
Iletltllt,sst!'lltht 

IUlllleithSSthltht 
Illf. 
'iudr:'n!l(hltht 

Ibflll 

b) DeporuetJuse 0: 

BtMUtbs 

".ultiYhrlln!Js
sthltbt 

Entxhserungs-
Id\!tht 

ScJtUUUI,-U 
lcMtt td'ff4(u,tw. s.llu. 

"intrillsch~ 
Dithtungssthltht 

Ausgleltllsschltht 
19' , 
'indrinsthlcht 

IIlIftll 

Fig. I. Cross section of landfill caps according to 
TA-Siedlungsabfall (1993)] 

landfills. In principle, future landfills have to be 
designed so that stlitable sealing systems create 
several baITiers which are mainly efficient 
independent on one another and according to tbe 
state of the art the release and extension of 
hazardous substances is prevented. When designing 
a landFlII Ule lowest possible efforts necessary for 
subsequent maintenance measures have to be aimed 
at. 

Ln the disposal area the laudfiH has 10 be 
equipped with landfill sealillg systems. Accordiug 
to the "TA Siedjungsabfall" landfllI sealing systems 
have to be desigoed and constructed according 10 
chapter 10.4.1.3 and 10.4. L.4 of tbe "TA 
Siedlungsabfall " or wilh equivalent systems. 

For landfill coustruction in Germany 
certifications presently only exist for HDPE 
geomembranes with a minimum tb.ickness of 
2.5 mm which are only issued by BAM (Federal 
Institute for Material Testing and Research). 

As already mentioned tbe use of alternative 
seal ing systems or further developed systems 
compared to the described solutions is possible and 
perrniued according LO tbe "TA S ied I ungs ab faU " 
[TA SiedlungsabfaJl 1993 , particularly p. 41 , 43 , 
45] and also 10 [Bundesrat 1993, particularly p. 85 , 
88, 90, 91, 94 to 96J . According to [BundesraL 
1993] , !.he rigid commitment to combinated seals 
with geomembranes hinders or even prevents the 
further technical development of alternative 
systems and tllUs the l.Iecessary developrnent of the 
state of the art in landfill technology. 

In order to assess the "equivalency" a catalogue 
of criteria is needed which bas - according 10 
[Bundesrat 1993) - LO be complled by Ule 
UmwelLbundesamt (Environment Agency) in 
coordjnation with the Federal States. These criteria 
also have to be used for assessing the combinated 
seal with geomembranes [Bundesrat 1993, p . 85 
and 91]. 

According to the Bundesminister für Umwelt, 
Naturschutz und Reaktorsicherheit (Federal 
Ministry for Environment, Environmental 
Peotection and Safety of Nuclear Reactors) the 
Deutsche Institut FOe Bautecbnik, DfBt Berlin 
(Germat1 Institute for Construction Technique) is 
responsible for Lhe assessmenl of equivalency. 

The equivalency requirements are, as (ar as 
possible, deduced from the quantlfiable propenies 
of tl,e recommended stale-of-lhe-an sealing 
systems (Fig. 1). These properties are defined 
indepcndently from tb.e raw material , in order to be 
able 10 use thern for all possible alternative 
products. Having a specific system material
speci fic requirements are necessary. 

In coordjnatioJl WiU, a group of technical experts 
(SVA) Lhe DrBt set up a cr iteria catalogue of 14 
chapters with up 10 12 detailed quesrions, each 
focussing a special item 10 determine the 
equivalency for capping systems Lt1 Landfill Class I 
and 11: 

A Sealing against Precipitation 
B Sealing at Settlements 

796 



C Sealing against Landfill Gas 
D Slope Stability 
E Microorg., Roots, Rodents Resistance 
F Erosion Stability 
G Precipitation Resistance 
H DrylWet Resistance 
I Freeze/Thaw Resistance 
J Landfill Gas Resistance 
K Temperature Resistance 
L UV Resistance 
M Ease of Installation 
N Quality ControllAssurance 

To be accepted as an approved GCL all 
requirements out of the criteria catalogue (A-N) 
have to be fulfilled and some have been published 
in earlier publications by Heerten et aL (1994) and 
von Maubeuge (1995). Jtems of these were sllear 
strength, equivalency to eompaeted elay liners, 
effective gas aud liquid barrier, hardly any effecls 
out of freeze/thaw and dry/wet eycles. frletion 
behaviour, intimate contact between GCL and 
geomembrane. 

The most interesting subjects being discussed on 
GCLs and subjects which are considered as most 
important for the design with GCLs are 
permeability, shear resistance and manufacturing 
quality contro!. 

4.2 Permeabilty requirements 

To finaJise a I'ealistic long-term permeability 
(kLougl~J value tbe statistieally detemlined lab 
values ~KL b) ofthe permeability ofthe GCL have to 
be reduee~ with a safety fuetor. Such safety faetors 
can be: 

Damage during installation, Al 
- Influences out of settlement for needle

punched GCLs, A2 
- Physical and chemical aging, A3 and A4 
- Overlap area, AS 

kLongterm = kLab · Al· A2 . A3 . A4 . A5 (1) 

The safety factor for different products can 
vary. Figure 3 shows the GCL requirements and 
the material behaviour for the anticipated service 
life and gives an indication that this product fulfills 
the requirements and the anticipated penneability 
value of the produet is lower than the lifetime 
requirement. 

_0.-. 

,,,' -- '[ 

1>0. 

Fig. 2. k-value behaviour (project lifetime requirements 
must fulfill the anticipated product pernleability value) 
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4.3 Shear Resistance 

Similar to chapter 4.2 .1 'Permeability of GeLs' the 
internal shear strength of GCLs 'tST has to be 
redueed by safety factors such as: 

- creep Al 
- damage during installation A2 
- connections and overlaps A3 
- physical and chemical aging A4 
- additional safety factory 

'tST 
'tLT = -------

Al· A2· A3· A4. Y 

4.4 Manufacturing Quality Control 

(2) 

A manufacturing requirement for the GCL is the 
quality control assurance (QC/QA) whichis adjusted 
to each product. lL contains the manufacturing 
process as weil as the installation Rrocedure. Here.in 
included are also projecl speclfic requirements. 
Properties of the quality control assurnnce process 
are manufaeturing quality control and manufaeturing 
quality assuraoce as weil as quality contral by the 
approving authoriLy. A basic requirement herefo[e is 
that Ule components ofthe sealing system are c[early 
stated and that they can be tested. Corresponding 
requirements and responsibilities are ruled product 
specific in certifications. 

Some of these requirements can be kept 
confidentially (CF). Basis tests are: 

- Synthetic Resin 
Melt Flow Index QC 
Density QA 

- Fibers, Yarns, Slit Film 
Denier QC 
Tensile Strength QC 
Elongation QC 
orT QC 
Additives CF 

- Geotextiles 
Mass per Unit Area QC/QA 

Available and Required Shear Slrenglh Properties 

.......... ...,,~ ...... --"j 
~."""."oi" ....... li: 

""' 
Fig. 3. Internal shear behaviour at various project stages 
indicating that the project lifetime requirements must be 
fulfilled by the anticipated shear value 



Tensile Btrength 
Elongation 

- Bentonite 
Type of Mineral 
Additives 
CEC 
Water Content 
Water Absorption 
Swell Index 
Montmorillonite Content 

- GeL 
Mass per unit area 
Tensile Strength 
Elongation 
Permittivity 
Peel Value 

QC/QA 
QC/QA 

QC 
CF 
CF 
QC/QA 
QC/QA 
QC/QA 
QC/QA 

QC/QA 
QC/QA 
QC/QA 
QC/QA 
QC/QA 

The test frequency is basically given, but has to 
be adjusted to the specific style of the GCL in 
coordination with the certificaLion authority. 

The QA is carried out twice a year by an 
independent lab according 10 DlN 18200 and the 
lab has to be itseLf approved. 

An ISO 9001 approval should also be apart of 
the basic requirements in future. 

5 CONCLUSION 

The "TA iedlungsabfaU" lays down particular 
technicru and organizational requiremeots - a/?art 
from rules for existing disposal facilities (inhented 
facilities) for the transition period during which the 
waste disposal facilities have 10 be constructed by 
observing easonable dates of complelion (trlUlsition 
mIes). For tbe territorial authorities responsible for 
disposals, the "TA Siedlungsabfall" will bring up 
enormous investment costs for tbe construction of 
new composting facilities (approximately 3 billion 
deutschmarks), inc.lnerators for household waste 
(approximately 10 billion deutschmarks) aod 
operational costs (approximately 3-4 billion 
deutschmarls per year). Compared 10 these 
additional costs there are savings in the annual costs 
for the depositing of remnining waste. According to 
the foreword by the Federal Govemment il can be 
justified to completely distribute the expected 
additional costs among tbe consumers. Witl! respecl 
to the following generations, however, il can be 
stated: 

"Landfills are indispensable and constructed Jor 
etemity". 

Thus only a GeL which fu lfi lls the llighest 
requirements can be accepted . The certification for 
GCLs shall give a basis fo( consideration and 
decision to the executive authorities. 

In near future GCLs will be seen more often as 
alternative sealing barriers in landfilJs due to their 
advantages and cost savings. 
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