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Federal States BAM/DepV
Approval Geosynthetic
\ ’ Requirements
Drainage Geocomposites in
Landfill Capping Sealing Systems

!

Recommendations of WG 6.1
GDA of the German Geotechnical
Society (DGGT e.V.)
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et e capping sealing systems” (2003)
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The geocomposite drain
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. The long-term-in plane water flow capacity
. The long-term shear strength

. Properties of the geotextile filter

. Friction and geomembrane protection

. Quality assurance
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. Discussion and remarks
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Vegetation Vegetation

Vegetation Layer Vegetation Layer

21.0m

/ / / i i
= Filter Geotextile
LA e 7 Drai
0 //;35%%;/;;7;;7 Drainage Gravel
Protection geotextile
Drainage Geocomposite
(BAM-approved)

HDPE Geomembrane
(BAM-approved)
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Influencing Factors for Drainage Layers

(decisive are slope toe areas!)

—

. Vegetation Layer

. Vegetation Layer (lower layer) which under consolidated, undrained conditions is
stable on top of the geosynthetic drainage layer

N

3. Soil with relatively high permeability against Nr. 2 (e.g. Sand) o ‘\‘“&‘
4. Geosynthetic drainage layer Q;I,‘

5. Geomembrane

6. Clay

7. Gravel

Tl
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Borrmann, SKZ 2007
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Design of Drainage Systems
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1. Filtration Efficiency

2. Drainage discharge of seepage water inside the core (flow rate)
3. Protection Efficiency, e.g. against geomembrane

Relevant for suitability (> 100 years). Retain Soil from Vegetation layer and
water shall be drained freely into drainage layer!
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Design of Drainage Systems
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1. Filtration Efficiency

1. Mechanical Filter Efficiency SDVWK

GUIDELINES

Opening size O :

90,w,selected *
(90% Soil retention capacity of the geotextile)

(0.8 to 1.0) » O

90,w,required

Thickness d:
=(25t050) O

90,w,required
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Design of Drainage Systems

1. Filtration Efficiency

2. Hydraulic Filter Efficiency

Permeability :
k, =50k

soil

7

i

-
]
-
N

SDVWK

GUIDELINES
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Grain-size | Scope in grain-size Criteria for a soll with high Dimensioning Dimensioning
region  distribution diagram single-grain mobility of mechanical of hydraulic mﬁ?
filtor effoctiveness filtor gw
effectiveness
— . GUIDELINES
a) Hydrostatic load
1. Grain fraction < 0.06 mm Oy <10 dy
A _— Cy=0Og/dg <15 - in addition, for soils with
""l == high single-grain mobility nkezk
- v E 2.002mm<d<0.1mmo>50% Ogow <ty
de < 0.06 mm : [ 4 - parmissible for soils with
: : ! 3. 1p<0.15=15% Iong-tarm stable cohesion
, | or alternatively Opow <2 0w
S - 1 clay fraction/silt fraction < 0.5 b) Hydrodynamic load
Mosh sie fwnl Opyw < dyg and
°n|'<°.3 mm
Susstn fen® e vl do 2 M v 1. Grain fraction < 0.08 mm and a) Hydrostatic load
o SRl [ g [mm ] | emdeldects O <50 V& and
| | : ! 0m.~<2'duo
= = | ‘ 1 12002mm<d<0.1mm:>50% - in addition, for solls with n-kyzk
d,s 2 0.06 mm ®| pototre sepion ’ O 238 1B l high single-grain mobility
- - ! i Oy < Ony
; : i £ b) Hydrodynamic load
e TR O 1560
Mear sza o) Ow..<dgo
SRSLERS S v b S AN ol &> (e 1. Grain fraction < 0,06 mm and Dimensioning as for soils in
“m “’l - | Sond | Cravat
c Y . PO ,,.,,cg.T..... saum Cy =g/ dyy < 15 grain-size region B, but with
- = d 4 T‘ M Bt ! additional tests to determine
| . :.:.‘:.. : ERH |t |2002mm<d<0.1mm>50% the suffusion stability n-ke2k
dys < 0.06 mm T . i of the soll
| [:] E { iIE i 3.1p<0.15=15% For critical suffusion stability
and - o e 7] § | O atomativaly see DVWK (1989) VI
e e e e clay fraction/sih fraction < 0.5 N
dy > 0.06 mm Wosh ale fum) —~l I====
=l Io~c~
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Design of Drainage Systems

Gravel Drainage Layer

Low Pore Volume
High flow resistance!
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2. Drainage discharge of seepage water inside the core (flow rate)
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Water retention in drainage gravel layer
0.30 Drainage discharge.:
Flat Area: 5% inclination 430 mm/d
El 1 | e o o|25 mm/d
5020 A
'E, ' ".‘-",." /, ’.k" 20 mm/d
-lac-e ,"'/..' 4’",‘ 10 mm/d maX.
< (010 e = drainage discharge
% ’.,v' ..’..l’ ‘—‘.‘"a
| T e ]
0 HE= t <t
0 10 20 30 40 45 m50 drainage discharge — ‘'Drain
Slope Length [m]
Water retention in drainage gravel according to LESAFFRE — Influence of slope
length at ki = 1x10- m/s (Source: GDA E2-20 (1997))
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Design of Drainage Systems

Water retention in drainage gravel layer

0.30 77
Flat Area: 5% inclination | <\t

— QQ"’
E " N
= i
2| 0,20 = ;
O o w
RS ‘ PRI
c 1% :
9 Jte ;
§ ’...,.-" ’.‘I,.-" i
2| 010 T ——
> ."" ,«"I‘ _,r""”- i
‘EU L - T ’_/-:'

".‘:j.:"’ - - - - _'—-"’_’- i

g k== |
0 10 20 30 40

Slope Length [m]

Water retention in drainage gravel according to LESAFFRE — Influence of slope
length at ki = 1x10- m/s (Source: GDA E2-20 (1997))
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Design of Drainage Systems
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2. Drainage discharge of seepage water inside the core (flow rate)

s

Open layer, nearly
no flow resistance
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Design of Drainage Systems
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2. Drainage discharge of seepage water inside the core (flow rate)

“Infinite wide rectangular tube™

s

L

- n .:’—A = .’
e wwww T 7T SEERERAY 3

»Alternate thickness of pores*
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Design of Drainage Systems

Boundary Conditions:
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* Long-term thickness (>100a) at inclination of 5% and

* 1 m vegetation layer (BAM) = 9.1 mm

* Bedding hard/soft (BAM)
* Drainage length L =170 m

 Drainage discharge: 35 mm/d (+40% compared to 25 mm/d)

"Infinite wide and
8 mm thick rectangular tube”

© 2011 NAUE GmbH & Co. KG - www.naue.co



Design of Drainage Systems ~
A N
5% Inclination
20
t=24h t=5h .
18 de= 35 mm/d = 1,46 mm/h d =0 2
E 16 CIA/L=1,21 mm/h CIA/L=1,21 mm/h _S
s 147 ~/ \ S
L | | g
D | .
£ 12 |  [t=32n
c I :
S 10 :
§ 8 prerrrrrerrrrrees max. hri = dpore = 8 mm I
e |
i ° s C
4 E g
2 / hE:i” \i §
0 B T T ' ! :
0 10 20 30 40
Time [h]
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Long-term Creep Tests
. For flat areas as e.g. Plateau (1:20)
Z pos only creep resultipg from compressive
@ . stress is relevant.
2 090
=
L [
ﬁ 0851 For slope sections (1:3), creep as a
> o080l result of combined compressive/shear
® —8—PK1,20 kPa t . ined
o - _e—PK2 20 kPA stress is examined.
0751 _=—PK1,50kPa S )
- —e—PK2, 50 kPa :
070} —A—o=20kPa, :=67kPa _ (Extrar_)olatlon of 104 h to long-term
| —v—=50kPa,t=167 kPa thickness (106 h/114 years)
107 10" 10" 10" 10° 10° 10* 10° 10°
Time (h)
Stress 20 kPa 50 kPa 20 kPa, 3:1 50 kPa, 3:1
Final thickness (114 years) 9.1 mm 8.3 mm 8.8 mm 6.9 mm
Based on initial thickness 83 % 79 % 80 % 66 %
Respective compressive stress 73 kPa 91 kPa 80 kPa 129 kPa

© 2011 NAUE GmbH & Co. KG - www.naue.com



Design of Drainage Systems
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Selected Procedure for assessing the long-term water flow capacity

_ 1. Determine Creep Curve for defined compressive stress or

E compressive/shear stress (Long-term test)
(S
© : hard/hard 3. Determine long-term water flow capacity for different
bedding conditions at relevant compressive stress
e, -~ soft/soft oder soft/hard
d1 14 ™ t
! »
=
S
' gy il adand, saadadl Adasaad o~ M_J b ’
[ 10" 10" 10 10" 10* 10° 10
/ Time (h) D14 _
i
\ .~ ’
\ £
\ £ :
ang-term \ © | hard/hard Pressure (kPa)
thickness N 4

(hard/hard) S \ / Compressive Stress at

— /” long-term thickness
B (hard/hard)

2. Determine relevant compressive stress level atP kP
long-term thickness (Short-term test) ressure ( a)

© 2011 NAUE GmbH & Co. KG - www.naue.com




Design of Drainage Systems

Water-flow capacity (I/ m - s)

i=0,05 i=0,1 i=0,3 i=1,0
hard/hard
20 kPa 0,18 0,29 Not relevant Not relevant
50 kPa 0,11 0,19 Not relevant Not relevant
20 kPa, 6,7 kPa | Not relevant Not relevant 0,51 1,12
50 kPa, 16,7 kPa| Not relevant Not relevant 0,18 0,42
soft/hard
20 kPa 0,12 0,19 Not relevant Not relevant
50 kPa 0,09 0,14 Not relevant Not relevant
20 kPa, 6,7 kPa | Not relevant Not relevant 0,35 0,78
50 kPa, 16,7 kPa| Not relevant Not relevant 0,17 0,39
soft/soft
20 kPa 0,06 0,1 Not relevant Not relevant
50 kPa 0,04 0,07 Not relevant Not relevant

20 kPa, 6,7 kPa

Not relevant

Not relevant

0,19

0,42

50 kPa, 16,7 kPa

0,05

0,12

© 2011 NAUE GmbH & Co. KG - www.naue.com
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Design of Drainage Systems

Long-term water drainage capacity

Drainage Length

=
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91z

(1,2-1,2

)/‘“ g
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BAM (2004)

Drainage discharge
(e.g. 25 mm/d)

Variation Creep Test Results

Inaccuracy in Overlaps, Joints & Connections

Extract from BAM (2004), Secudréan

Table 3.4: Drainage lengths still permissible (without consideration for collectors)

Bedding Plateau, i = 0.05, compressive stress | Slope, i = 0.3, compressive stress g

20 kPa 50 kPa 20 kPa 50 kPa W|th0lIt
hard/soft 288 m 216 m 840 m 408 m water retentlon'
soft/soft 34m 14m | 106 m .

© 2011 NAUE GmbH & Co. KG - www.naue.com
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How much does the drainage efficiency reduce under consideration of

influences from installation conditions?

l l
Design Equation: = Teme = Gex [FS,N -FS., - FS,, -FSBC) FS,,

d.nw: @acceptable seepage water inflow
dexp: Water flow capacity as determined in short-term test

D/ 0 Drainage 0 ap
FS,\ 1.0-1.5 Local deformations

FScr 1.2-14 Creep deformations

FScc 1.0-1.2 Reduction of drainage cross section due to Chemical influences
FSgc 1.2-1.5 Reduction of drainage cross section due to Biological influences
FSqy 100r2.0 ?jgi@;g%ﬁ;ﬁ? uncertainty for transfer of experimental data to

| (already considered in BAM-approval)

© 2011 NAUE GmbH & Co. KG - www.naue.com



Design of Drainage Systems
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Design Nomograph (GDA-recommendations)
on maximum drainage length, without using collectors,
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9.5

for Secudran® R201Z WD601Z R201Z
., » . . » .

-
w

Long-term thickness (mm) after 114 years
@
Long-term thickness (mm) after 114 years
-

2y
»

s

: AN ,

N
= P — \
—2 - 3
o 2 ﬂo:ﬂ x \‘ .
15 20 25 30 k-3 40 45 50 ss &
Cover load [kPa)
Remarks: - only for bedding hard/soft

—— 1 - Platess 1:20[10 menidl]

— 2 - glope 1:3 [10;mmid)
w— 3 - Plateau 1:20[25 memvd)
— 4 - glope 123 [25:mmid]

200 403 680
Maximum drainage length (m])

=00

- @z determined via creep curves for bedding hard/hard, percentage reduction from Inltial values for hard/soft

(see section 9.2, BAM-expert report, file number IV.32/1317/04)

- using factor of safety according to Naue Fasertechnik / BBG: FS = 125 FS = 10; FS =105 FS =13 total FS= 17
- using seepage water discharge and factors of safety according 10GDA-E2-20 (1997): 10 mend FS,, = 2.0, bel 25 mewd FS,, = 1.0

© 2011 NAUE GmbH & Co. KG - www.naue.com



Design of Drainage Systems

3. Protection Efficiency, e.g. against geomembrane

Compression test DIN EN 13719 (BAM Method)
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— .Y . [] . 1 .E; . T]t . 71()(: : .%35? ...................... e
Test load i

L
L=
v= Unit weight of waste
h = Height of waste

nt = Safety factor time (1000 h =1; 100 h = 1.5)

1°C =Safety factor temperature (40°C =1; 21°C = 1.5)

N A b T A 1t * 8 A 3
A o )i%’v,:‘y-{*“'
R N
4 o AR T Y StSeored B | | D
R S e

r-=n

ARATRTRRRTRATITTITTES

il

Sand
Geotextile layer

Drainage layer

Geotextil protection
Geomembrane

thin organpipe sheet

Mineral layer or foam

Steel plate

© 2011 NAUE GmbH & Co. KG - www.naue.com



Design of Drainage Systems

3. Protection Efficiency, e.g. against geomembrane

\| }/ limit of deformation Arch Strain:

© 2011 NAUE GmbH & Co. KG - www.naue.com
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Economic & Ecologic Advantages of Drainage Geocomposite
.
50 cm Gravel / Sand :
100 Trucks (24t) 2.500 m?
i
i




Economic & Ecologic Advantages of Drainage Geocomposites
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Geocomposite Drain:

1 Truck 2.500 m?

© 2011 NAUE GmbH & Co. KG - www.naue.com



Installation

Secudran® - Uberlappung

abgeloster = 30cm

O 2 LAY B
P RO Caze Nl
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zurlickgeklappter
_— Deckvliesstoff
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RSV ZPR RS 1)




Installation
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Landfill Friedlander Berg, Germany
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Installation
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Installation

HEMEE RRR R

Sl
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Conclusions
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Under consideration, that as drainage layer a drainage
geocomposite with high robustness for a design life > 100
years (BAM-Approval) is designed, installed, covered and
inspected appropriately, an extraordinary high servicability of
the drainage layer can be expected.

Field tests and excavations provide valuable information

Additional mineral drainage layers are not required!

Decisive for the Stability of the system is the Design of the
Vegetation Layer and the toe of the slope.
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Effective drainage

Maximum sealing performance

Long-term solution

Safe slope performance

Complete geosynthetic range
from one manufacturer

Robust - durable - safe

NAUE GmbH & Co. KG
Gewerbestrasse 2

32339 Espelkamp-Fiestel - Germany
Phone +49 5743 41-0

Fax +49 5743 41-240

E-Mail info@naue.com
www.naue.com




