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Content of the presentation

Topics

« CEN TC189/WG7

* ISO/TR 18228-9 Design using geosynthetics — Part 9: Barriers
» Water stress and rainfall

* Failure in past designs

» Dykes/levees

* Underwater installation canals

» Hydropower dams

* GCLs - sustainable, ecological, economical, resilient

* Summary
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Content of the presentation

CEN TC189 WG7 proposed scope

Requirements related to the revised Construction Products Regulation
(CPR) common to Geosynthetics, including sustainability and
environmental topics, such as:

* Release of dangerous substances;
» Environmental performance;
» Circular Economy;

+ Potential release of microplastics during the different stages of the life
cycle of the product.
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Geosynthetic barrier design guide
ISO/TR 18228-9 Design using geosynthetics - Barriers
The reason Introduction to geosynthetic newcomers.
The Result: Show new technologies rather than using conservatism and past approaches.
The Solution: Educating and removing the fears or concerns about geosynthetic solutions
N
Selection Evaluation Invgstlgatl?n of Tistaltation
of of site specific  [=» considarastion
application design life parameters
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Selection Define long-term Select possible Specify
of and additional  |=»| entire barrier
GBR material durability values safety factors system
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Water is very valuable - today and tommorow

Water Stress by Country: 2040

ratio of withdrawals
to supply
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NOTE: Projections are based on a business-as-usual scenanio using SSP2 and RCPA.S
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Rainfall change 1955 - 1984 compared to 1985 - 2014

Change of rain intensity is the unpredictable.

https://www.
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% change in numbers of fixed-threshold
rainfall: 1985-2014 and 1955-1984

Daily rainfall thresholds

bt & Co. KG Kent von Maubeuge | Hydraulic Application | 14.05.2024

Copyright presenter / NGO-IGS Netherlands

p 12096315000054

=1524
mmy/day

3-6-2024



Unsecure levees

Flood Event in Germany
More than 100 dykes bursted and caused floods around River Mulde Aug. 2002

KG Kent von Maubeuge | Hydraulic Application | 14.05.2024
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Life-saving levees

Goondiwindi's levee, Australia, saves the town from flooding,
but surrounding areas are under water (2022)
As flood risks increase, it's time to recognize the importance but also the limits of levees
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Unsecure levees

Flood Event in Germany

Main causes of the levees bursting
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+  Many levees > 50 years old
« Animals forming burrows

- Longer, drier summers

- Cracking of levee

+  Root formation

- Designed to withstand water
pressure for a shorter period

« Heavier rainfalls

- Longer exposure to water
pressure

- Built too close to river

Secure new and higher levees

Meramec River flood event in in
Valley Park, MO, USA (2017)
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Secure new and higher levees

Meramec River flood event in in
Valley Park, MO, USA (2017)

.........

A giant artificial e

b
mban
the city, desig kment that surrounds

ned to keep water out.

https:/lyoutu.be/LTv6RkFnelM
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No or too low levees and more flood water due to higher levees upstream

Meramec River flood event in Eureka, MO, USA and the
consequences (2017)

https://youtu.be/LTV6RkFnelM
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It is not only the fault of climate change

2020 - 100 year flood (?)
2020 - 10 year flood (?)

Ludy 2009

ttp: away.wordpr r‘nm/7n12/02/06/Mo-types-of—leve=esp
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residual risk

Climate change

Yearly precipitation in Berlin, GER 1971 -2000
and future prediction

Yearly precipitation in Berlin
Changes vs the average from 1971 - 2000
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Yearly precipitation in Berlin (Changes vs the average from 1971 - 2000 (Eild: SenlUVK)
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https://lwww.berlin.de/sen/uvk/klimaschutz/anpassu ng-an-den-klim;w

Kent von Maubeuge | Hydraulic Application | 14.05.2024

14

Copyright presenter / NGO-IGS Netherlands

2091

3-6-2024



3-6-2024

Damage to levees

Mechanisms of damage to levee
Overtopping .

If levees are not high enough

If flow is higher and lasts longer

If flood lasts longers and permeation is high

p le] 048/kenkyu.html
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Fund als in designing river levees

The 3 Zone Levee Concept
(DVWK-Guideline ,River dykes* 210/1986 or DIN 19712)
o e )

impervious Permeable Very permeable

supporting

Erosion control Clay or GCL

Estimated 100 year flood level

——— Dyke defence road
; Downstream

Upstream

Geogrid embankment reinforcement Nonwoven

geotextile filter

- Kentvon Maubeuge | Hydraulic Application | 14.05.2024
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Fundamentals in designing river |

Permeatlon Of DykeS soil El-tfl'] [:g[..] '['::r Clayey cover

1.000° 107 020 Dyke core
1000107 020 g o o
1,000 107 0.20 -

-

Y ]
Abb. 2: Stafiondrer Zustand
(Wasserseite: WSP links = 3328 mNN, Lufiserfe = 331,75 mNN)

https://lwww.researchgate.net/profile/Benedikt-
Haumer/publication/309231006_Vergleichende_Darstellung_der_Durchsickerungsprozesse
_an_Deichen_und_Dammen_Comparison_of_seepage_processes_in_dikes_and_dams/lin
ks/5806329e08ae5ad1881625e8/Vergleichende-Darstellung-der-
Durchsickerungsprozesse-an-Deichen-und-Daemmen-Comparison-of-seepage-processes-
in-dikes-and-dams.pdf
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Abb. Z: Stationdrer Zustand

I (Wassersefte: WSP links = 332,8 mNN, Lufiseife = 331,75 mNN)
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Fundamentals in designing river levees

The BRAD 16 Guideline

= GCLs in levee construction (rehabilitation and new construction) in the state of
Brandenburg, Germany but adapted in other German states and in the Netherlands. >

= Applies to design, tender, awarding as well as construction and quality assurance.

Brandenburgachs tichilinia
#ur din Arwandiung
Gecaynihatinoher

Tondiahiusgsbahnan
ani Derciteai
Passive wedge | | Crest barrier Geosynthetic et
(Gravel/sand) Clay Liner
(GCL)
\ 3 'ﬁ / Cover soil LU
o0 wedge m - LAY
<t/ il /’ / BAW

A2

- : Low permeable base Iayr
: f - ] Sand and gravel

Standard levee cross-section of a rehabilitated levee s i BRAD 16 (LfU, Potsdam)
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Anlage 1: Anforderur

Requirements for levee classes

The BRAD 16

A (needle punched)

B (needle-punched)

C (stitch-bonded)
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Bird’s view

Levee, Oder, Germany, Section 51

Kent von Maubeuge | Hydraulic Application | 14.05.2024
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GCL installation — pre-impregnated bentonite in side ove

ﬁ Kent von Maubeuge | Hydraulic Application | 14.05.2024
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Levee, Oder, Germany, Section 51
GCL anchor trench
ﬁ Kent von Maubeuge | Hydraulic Application | 14.05.2024
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Reason for relying on a GCL (in GCL they trust)

GCL advantages

B

mbH & Co. KG

Kent von Maubeuge | Hydraulic Application | 14.05.2024

Thinner equivalent sealing system
Less excavation on site required
Faster to install than clay
Manufacturing quality controlled

Higher resistance to settlement, desiccation,
frost/thaw cycles

High resilience and erosion stable

Slope stability

Long-term durable (confirmed by excavations)
Cost effective

23

Levee in the Netherlands

following basics of BRAD 16

Kent von Maubeuge | Hydraulic Application | 14.05.2024
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GCL underwater installation
How can a GCL be installed underwater?

» Installation of canal liners — without lowering existing water levels

» Enormous challenging - Low to no visibility, uplift-forces, flow velocities

| -

GCL requirements:

Empfablungan sur Aaussdung e Obeif|Schanlicktunpen
nL2his Und Baschidy ven Whsasiwisahon

* Low hydraulic conductivity

+ Easiness of installation and QA

+ Safe and reliable (in the area and for connections, overlaps)
* Robustness

» Economic and environmental friendly

mbH & Co. KG Kent von Maubeuge | Hydraulic Application | 14.05.2024
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GCL underwater installation
Specific requirements (Overlaps, connections, protection)
mbH & Co. KG Kent von Maubeuge | Hydraulic Application | 14.05.2024
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GCL underwater installation

GCL specific requirements

Nonwoven
(300g/m2)
Sand or Iron silicate =~~~ Na-Bentonite
granulate (8 kg/m?) Powder (5 kg/m?)
Nonwoven (600g/m?) Woven

« The sand layer acts as a ballast for sinking,
* is a confining pressure against swelling of the bentonite and
» acts as a protection layer against dropping our rock

ﬁ Kent von Maubeuge | Hydraulic Application | 14.05.2024
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GCL underwater installation

-

29

. Danube river concrete rehabilitation, Ellgau, Bavaria

With improved GPS installation
the location can be mapped.

Huge stormwater retention dam

Project
+ Old dam destroyed during flood event in 2002 (overflowing)

« Firstimmediate repair with a smaller dam, to be increased in
height later

* Height: 28 m, Length: ca. 180 m,

» Slopes: upstream (V:H) 1:2,5
downstream (V:H) 1:2 to 1:2,8

* Lower dam approx. 16 m high with clay core
Top dam approx. 12 m with GCL

« Water storage capacity >1 mio m?

0. KG Kent von Maubeuge | Hydraulic Application | 14.05.2024

Repair of a clay liner sealed dam, Glashutte, Germany

Berlin A13
k

A4
- Gorlitz

A4
-
Chemnitz

30
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Huge stormwater retention dam
Repair of a clay liner sealed dam, Glashutte, Germany
GCL Requirements o
Property | Value | Unit |
© Cover PP or PE nonwoven mass per unit area (MPUA) 300 g/m?
@® Carrier PP or PE woven MPUA 110 g/m?
© Sodium bentonite powder MPUA > 9,000 g/m?
© Sodium bentonite moisture content at delivery approx. 10 %
GCL total MPUA 10,400 g/m?
GCL thickness 9 mm
GCL tensile strength (machine and cross-machine direction) 12 kN/m
GCL CBR (plunger puncture) strength 2,000 N
Permittivity <5-10° 1/s
Permeability 2-10" m/s
Bentonite impregnated length overlaps for self-sealing 0.5 m
Roll weight <1 t
31
ﬁKG Kent von Maubeuge | Hydraulic Application | 14.05.2024
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Huge stormwater retention dam

Repair of a clay liner sealed dam, Glashutte, Germany ..

But why two GCLs with a geosynthetic in between?

Cover soil 2 80cm +18.40 m

(well graded gravel/sand -

and top soil) +16,03 m
. S

Compacted clay

2.3
e Detail A

g Drain. mat  eaeceecemes
Collection section

GCL ———

Cover soil 280cm 5
(bottom 60cm 0 — 32mm) \
GCL S S .

\\

R DA N\
TP =TT R THE

Connection of clay into
the rock

32
mbH & Co. KG Kent von Maubeuge | Hydraulic Application | 14.05.2024 _
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Huge stormwater retention dam

Repair of a clay liner sealed dam, Glashutte, Germany

Detail A — Collection and control section

O A A A S

J A g g et bbb ] ] pottom 6oem 0 ~32mm) ¢

J A A A J | | _|[ zeeem@-32mm) 1] || |

8 O ) A Y =+ 8 4l eeL 13

JJ_I__'CIa'y Ialyerl L I = g;ushed gravel 56— 7|1 g::ali_n. mat j'—i

| mm 3

JlJl_l‘ Connecting both GCL iﬂr- Drain pipe Lf =
layers into the cla; !

o ) (Y cg,re (ca. 3m) Y T

a1

logpy Coviaver S

T 0

o O 1

i 5 1 5 B

KG Kent von Maubeuge | Hydraulic Application | 14.05.2024
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esy of Prof. F. Sing§5
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Huge stormwater retention dam

Repair of a clay liner sealed dam, Glashutte, Germany

construction site

Kent von Maubeuge | Hydraulic Application | 14.05.2024
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Huge stormwater retention dam

Repair of a clay liner sealed dam, Glashutte, Germany

- e esy of Prof. F. Sénggg
i e GmbH & Co. KG Kent von Maubeuge | Hydraulic Application | 14.05.2024

Hohenwarte II pump storage station

Geosynthetic Clay Liner as Primary Lining System

Permeation starting on the downstream toe

mbH & Co. KG Kent von Maubeuge | Hydraulic Application | 14.05.2024

36
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Hohenwarte II pump storage station

Dam in operation from 1965 (construction begin 1956)

Permeation starting on the downstream toe

Schnitt A-A
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Hohenwarte II pump storage station
Dam in operation from 1965 (construction begin 1956)
5 "
1] -
Critical value

o RN "N N
:a'? * Increase of permeation in the dam
Em downstream area
§15 » constant increase since 1998
]
B2 | | + Annual permeation increase of about 3I/s

i . ‘ | i
! {0
J._. “U .|I |I. i ||||1 _.
197811983, 1598 2003 2003 2013,
= = = esy of Prof. F. Singeg
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Hohenwarte II pump storage station

Selected possible repair solutions

Sections of repair

74 _,___-_._.\

KG Kent von Maubeuge | Hydraulic Application | 14.05.2024

Local repair was not an option

New clay liner — time intense, costs
Asphalt concrete — connections, technology
Briposan — not enough experience
Geomembrane — connections, stiffness

Geosynthetic clay liner — cost efficient,
positive experience in Glashutte, self-sealing
potential

39
Hohenwarte II pump storage station
Proposed design solution
Sections of repair
GCL SE2BmNN
Storage target Geosynthetic drainage mat ¥y
551NN \
L. 4
i ST
Clay core Sﬁa.tl%mNN Lt H -
4 T b 3 a| %x{ e I-( —
3 | |3 Lo &
& & all & _
™ o ‘i:.n | o :‘?c LR 4
3 3 | L& SN
a & o all & \
a ‘;:Ia 0 L) :“, s S &
3 G| & o 8 g
& ledlell & &
° ° e\n‘;\l-oglohmoﬁao'
Existing clay core: 3| % 1, &3 £
& & é & ::é- D‘ a i & a
KG Kent von Maubeuge | Hydraulic Application | 14.05.2024
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Hohenwarte II pump storage station

O
2}

© Cover PP or PE nonwoven mass per unit area (MPUA)
@ Carrier PP or PE woven MPUA

© Sodium bentonite powder MPUA

© Sodium bentonite moisture content at delivery

GCL total MPUA

GCL thickness

GCL tensile strength (machine and cross-machine direction)
Permeability

Bentonite impregnated length overlaps for self-sealing
Roll length

System friction angle (EC7, section 2.4.5

Acceptable mean flow rate per unit area through the GCL

bt & Co. KG Kent von Maubeuge | Hydraulic Application | 14.05.2024

Specified GCL properties and requirements

Property | Value | Unit _

300 g/m?
110 g/m?
> 9,000 g/m?
approx. 10 %
10,300 g/m?
12 mm
12 kN/m
<1-10™M m/s
0.5 m
27 m
26 °

0.25 ml/s per m?

‘

41

Hohenwarte II pump storage station

Repair and GCL installation phase

GCL installation wit 0.5m overlaps

Placement of geosynthetic drainage mat

bt & Co. KG Kent von Maubeuge | Hydraulic Application | 14.05.2024

GCL anchoring in the clay core

42
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Hohenwarte II pump storage station

Bird’s view of construction site

Sequence of construction

©Prof. F. Si == csy of Prof. F. Sangg,
Kent von Maubeuge | Hydraulic Application | 14.05.2024
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Hohenwarte II pump storage station

Entire view of construction site

Bird's view

Kent von Maubeuge | Hydraulic Application | 14.05.2024

44
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Hohenwarte II pump storage station

Post installation permeation measurements

35 i |
o | 1 |

Signal\ralue
measuring weir

_25

£

E Permeation through 15,200 m?

g of GCL — approx. 2 tea spoons

2 of water per second (approx.

§ . - | - 8m water head)

I il

'l llmtlilm Iw{ll‘ ‘N

L N A
iﬂ? |10 01 04 o7 10

2014 |2015 2016
| 45
mt von Maubeuge | Hydraulic Application | 14.05.2024 -
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Geosynthetic clay liners

Sustainable, ecological, economical, resilient

P iy
. mn. =

Less noise emission

Less impact to roads
46
KG Kent von Maubeuge | Hydraulic Application | 14.05.2024
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Stormwater retention pond
= = = Geosynthetic Clay Liner
or

777777 Compacted clay

Anchor trench

{0om Cover soil with vegetation
Wem Protection layer
Liner

Pond bed:

Hem  Protection layer
Liner

Kent von Maubeuge | Hydraulic Application | 14.05.2024
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10em Cover soil with vegetation

Soil classificationin waste groups and approx. Deposit pricing

Market prices for landfill storage
[Bauindustrieverband Niedersachsen / Bremen, 2014]

S ——— Ca. 1,75 to/cbm
— 5,00- 6.00 Euro/cbm 5,00 6,00 Euro/cbm
AP 2020 g BSUAGAZINL | 900~ 1100 Ewokom  800-11,00 o

ca. 40 €/to
ca. 50 €/to
ca. 65 €/to

19,00 - 22,00 Eurofto 733,25 — 38,50 Euro/cbm ™ N

22,00 - 26,00 Eurofto  *~. 38,50 — 45,50 Euro/cbm._.-

— 28,00 — 32,00 Eurolto 49,00 56,00 Euro/ebm

38,00 — 50,00 Eurofto 66,50 — 84,50 Euro/cbm

For the following example 35 €/m® were
estimated (likely now 75 — 80 €/m?3)

Kent von Maubeuge | Hydraulic Application | 14.05.2024
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The more soil you excavate, the more might have to go to a landfill

00y

Soils with | AT
chemicals : Grass soil Sand Clay ~silt

it i vy el
Landfilling of 1,500m?® - 35 €/m® = 52,500 € Storage till re-use of 1,50
clay: 75,000 € for a 3,000 m? pond Total extra-costs with clay: 3

,- KG Kent von Maubeuge | Hydraulic Application | 14.05.2024

49
GCL and sustainability
How much water is needed for a compacted clay liner?
nunr-m-.“_l_ m-'"-» Vlucdumm o ¥
;
E
1
s L3
Area: 40,000m? - Clay thickness: 0.5m
Need to add approx. 1,500,000 | of water
Average Daily Water Usage Per Person
600
z _ What is the minimum America 580 |/day
2‘ Z H quantity of water needed? 300
é T Coh TH 400 Africa 5-10 |/day
] ! 20 litres per person per
= \ "\, day (205 personfyear!) £
'MI’ L0 kL] @ !D. n 4 &.ﬂk:u% 200
WMo ng wator coieal (%) = 100 IIIII
= : 0 5 Illlln------_
. KG Kent von Maubeuge | Hydraulic Application | 14.05.2024 i EEE f“ ,jf’
50
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Fact 17: Transportation benefits GCLs

Example:

4,500m2 sealing with Bentofix® GCL

Equals:

1 truck

Co. KG Kent von Maubeuge | Hydraulic Application | 14.05.2024

4,500m? sealing with compacted clay
(500mm thick)

Equals:

187 trucks
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Installation of a compacted clay liner

Project size 4.500m?

Transportation on site 1st clay layer Watering

13 14

Compaction 2nd | Desiccation

ration compaction
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Stress on the access roads

Compaction of 1st layer Vibration compaction

Large storage area in situ mixing

11 12
Watering

2nd clay layer

16
Cover soil placemel

ovement
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Installation of a compacted clay liner

1 five mafis
site (Figg- 6],
that ralls cannot
snce stacked an
1 e stackesd higher

Comparable Results of Cumulated Energy Demand (CED)

Barrier with GBR-C/GCL

B Hentonite removal,
ransport

0 Manufacturing
PP granulate

B Manifacturing GIL

B Trans) Lo
construction site

Soil extraction
I Soil transpart
B Sod compaction

B Tnstallation

o8 mye©
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Installation of a GCL results in 42 % less energy demand than a CCL!

Comparison of energy demand [MJ/m2] - 36,000 m2

Barrier with CCL

pmm————

R
Caz23 wpm
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Comparable R Its of Emissions based on the CED

Comparison of CO2 emissions in a 36,000 m2 large landfill cap

Barrier with GBR-C/GCL Barrier with CCL

| Bentonite removal,
Eransport

1 Manufacturing
PP granulate

B Manufacturing GIL

B Trans

:umuwc'gix site
| Soil extraction
0 Sail transport
B 5o compaction

B Installation

am———— pm—————
Crorym© Cotgm

of a GCL results in 59 % less CO, emi
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Infographic - GCL vs CCL

14 Important facts why a Bentofix® geosynthetic clay liner (GCL) outperforms a compacted clay liner (CCL)

Typically regulations or recommendations suggest 0.5m thick clay liners
as a sealing element (with a permeability of e.g. k < 5 - 10° m/s). According
to Darcy’s law the permeation rate at a 0.3m water head would 6.91
m3/ha/day. A Bentofix® GCL with k <5 - 10" m/s would have - under same
conditions - a permeation rate of only 1.34 m3/ha/day.

Will P. Gates et al. (2009) calculated the time in years it takes for 10cm of
fluid to permeate through the system:
CCL (100cm) GCL (1 cm thick)
Deionised water 9.5 years 41 years
0.1 mol NaCL 2years 10 years

While the permeation rate of a compacted clay liner (0.5m thick, k< 1-10-
2 m/s, 0.3m water head) calculates theoretically to 1.38 m3/ha/day, a GCL
(1cm thick, k <5 - 10" m/s, 0.3m water head) calculates theoretically to
1.34 m3/ha/day). However, field excavations after installation on a clay
liner (Rogowski, 1986)) show much higher values, e.g. 12.07 m3/ha/day,
which were confirmed by Daniels (1994).

Data from excavations from several landfills indicate that the installation
performance (poor, good or excellent) influences the performance of clay
liners. To achieve the regulated permeability value k = 1 - 10° m/s the
0.5m thickness should be increased to approx. 0.8m to ensure the
required regulated k value (assumption: good installation).

A perfectly installed clay liner (0.5m thick, k < 1 10° m/s) in a landfill cap
in a research project worked very well for the first 4 years, with low
permeation rates but in the following 4 years the permeation rates were
always in the range 50 - 200mm per year (Melchior, 2010). A Bentofix®
GCL in a 20 year period was always lower than 7mm per year and in a 5
year average less than 20mm/year (Miiller-Kirchenbauer, 2016).
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Infographic - GCL vs CCL

14 Important facts why a Bentofix® geosynthetic clay liner (GCL) outperforms a compacted clay liner (CCL)

With enough confining stress (e.g. 1m cover soil) a CCL and a GCL can self-

self once desiccated if enough water makes it to the lining system.
However, a 0.5m thick clay liner would need 21 liters of water, while a GCL
only needs 1.5 liters of water per m2,

CCL has an average tensile strain at failure of 0.31%. Settlements in
landfill caps can be much more. Heerten and Koerner (2008) have
reported deformations varies from 1.8% to 27.4% in the CCL after seven
years of monitoring of a 25-hectar landfill cap. This is far more than 0.31%.
Needle-punched Bentofix® GCLs can have high tensile strain and
withstand differential settlements (depending on product type 15% -
CCLs are placed and compacted in shifts on site, to achieve the required
thickness. Due to the varying nature of clay and affecting parameters (e.g.
compaction, moisture content, desiccation, etc.) it is difficult to achieve a
uniform clay quality. Quality control on site requires to damage the CCL
and the repair could cause leakage. GCLs are factory produced under
controlled conditions and are installed without compaction or added
On earth we only have a limited amount of fresh water. Compacted clay
liners need to be installed at an optimum moisture content and therefore
need to be treated with fresh water on site. For a 40,000m? area approx.
2,340m* fresh water is needed. Unnecessary wasted fresh water. A
Bentofix® GCL is installed in dry state and needs no moistening with fresh
water, as the bentonite hydrates with the surrounding soil moisture or
Transportation with trucks has an influence on the long-term
performance of roads and generates environmental and noise pollution.
With one truck load approx. 4.500m? GCL can be delivered on site. To
deliver the same amount of compacted clay in 0.5m thickness 187 truck
loads of clay are necessary.

Infographic - GCL vs CCL

14 Important facts why a Bentofix® geosynthetic clay liner (GCL) outperforms a compacted clay liner (CCL)

It is known that sodium bentonite can undergo an ionic exchange and
that under certain con ( I ng stress) the permeability
of the GCL can slightly increase. However, with a higher bentonite mass
per unit area and confining stress the increase of the permeability can
reduced.

Compacted clay liners are often 500mm thick. A geosynthetic clay liner
(GCL) with approx. 10mm thickness offers economical and ecological
advantages. It requires less excavation and therefore likely less material
to deposit in a landfill, both saving enormous costs in excavation and
transportation, with less impact for the environment. For a 3,000m?
stormwater retention pond the savings where just on waste depost
approx. 28 500€,

Transportation of clay (0.5m thick) to the construction site (35km) and the
installation for a landfill cap (including cover soil placement) considering
the whole life cycle of the clay (mining and processing of raw materials,
production, distribution and transport, usage, consumption und disposal)
has a energy demand of 122.3 M)/m?, while a GCL only consumes 70.8
MJ/m2 (transportation 580km).

Transportation of clay (0.5m thick) to the construction site (35km) and the
installation for a landfill cap(including cover soil placement) considering
the whole life cycle of the clay (mining and processing of raw materials,
production, distribution and transport, usage, consumption und disposal)
has a CO, output of 9.9 kg/m?, while a GCL only generates 4.0 kg/m?
(transportation 580km).

There are other project-dependent advantages in favor of the bentonite
mat, such as diffusion, freeze-thaw cycles, replastification, self-sealing
overlaps, etc.
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Geotechnics with gelosyntheﬁs ’

Thank you very much for attending and listening

Kent P. von Maubeuge

kvm@naue.com

INl Naue

_ T
e 59
024 Naue GmbH & Co. KG Kent von Maubeuge | Hydraulic Application | 14.05.2024

59

Copyright presenter / NGO-IGS Netherlands

3-6-2024

30



