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Why are flood levee “upgrades” necessary?
Concept of the modern 3-zone levee
Prepare your flood levees for the worst-case 
scenario
Lets´ touch the topic sustainability
Just do it right
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Geosynthetics for a Sustainable,
Resilient Future in Flood Protection

Content of this presentation

Why are flood levee

“upgrades” necessary?

Concept of the modern 

3-zone levee

Prepare your flood levees 

for the worst-case scenario

Let´s touch the topic 

sustainability

Just do it right
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Temperature anomaly 1881 – 2022
compared to reference period 1961 - 1990

https://www.umweltbundesamt.de/en/monitoring-on-das/development
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Heavy precipitation events in Germany
2001 - 2022

https://www.umweltbundesamt.de/en/monitoring-on-das/development
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Rainfall change 1955 – 1984 compared to
1985 – 2014 (Southeastern U.S.)
Change of rain intensity is the unpredictable

https://www.mei.edu/publications/addressing-worldwide-flood-concerns-empowering-local-communities

https://www.sciencedirect.com/science/article/pii/S2212096315000054
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Increasing flood events

More than 100 levees bursted and caused floods around River Mulde, Germany, Aug. 2002



•Many levees > 50 years old
•Designed to withstand water 

pressure for a shorter period
•Now: Heavier rainfalls
•Results in longer exposure to water 

pressure
•Now: Longer, drier summers
•Results in cracking of levees
•Also, animals forming burrows
•Roots grow deeper
•And levees built too close to rivers
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Main causes of the levees bursting
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Goondiwindi's levee, Australia

… saves a small area from flooding, but surrounding areas are under
water (2022)

https://www.abc.net.au/news/2021-12-04/qld-goondiwindi-levee-saves-town-from-flooding/100674936/
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It is not only the fault of climate change

Reduction of floodplain areas

https://thewateraway.wordpress.com/2012/02/06/two-types-of-levees-and-that-other-kind-of-risk/
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Mechanisms of damage to levee

Overtopping - levees not high enough

Erosion - if flood flow is high and longer lasting

Seepage: Regressive erosion or internal erosion
(piping)

Seepage failure - if flood lasts longer and permeation
is high

https://www.pwri.go.jp/eng/about/pr/webmag/wm048/kenkyu.html



•(DVWK-Guideline „River levees“ 210/1986 or DIN 19712)
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Fundamentals in designing river levees

The 3-zone levee concept

 ① 
Impervious barrier

②

Permeable, stable 
supporting core

③
Very permeable passive wedge,

for long-term drainage
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Zone 1: The impervious barrier

Stops seepage, regressive erosion
and internal erosion (piping)

 Impervious barrier

① 

④ 

② 

③Multicomponent GCL

Compacted Clay Liner GCL

Geomembrane

X
X



•Check local guidelines (BRAD16, OBOR, etc.)
•Min. bentonite MPUA (why not > 6,000 g/m²?)
•Robust geotextile components
•100 years durability (LAGA requirements)
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Zone 1: The impervious barrier

And what should I spec?

 Impervious barrier

② GCL
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•Add a polymeric coating
•Prevent desiccation
•Minimize root penetration
•Improve hydraulic conductivity performance
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Zone 1: The impervious barrier

And why not upgrade the GCL spec?

 Impervious barrier

② 
③ 

GCL
Multicomponent GCL
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Upstream
protection

 

Upstream slope

① 

③ 

④ 

②  
control mat

Erosion control mat

Nonwoven geotextile

Geogrid/nonwoven

⑤ Geocontainer 

Reinforced erosion

To prevent upstream slope failure
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Upstream slope ⑤ Geocontainer 

Upstream protection (e.g. geocontainer)
 To prevent upstream slope failure
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Levee embankment

Avoid differential settlement on the levee crest

Regular geogrid High-strength geogrid Geogrid with integrated
nonwoven filter geotextile 
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Zone 2: Levee body

Stable levee body, preventing internal erosion or piping 

①

②

③

①
Soil encapsulation
with nonwoven
geotextiles

③
Soil encapsulation
with nonwoven
geocontainers

②
Soil reinforcement
with geogrids
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Zone 2: Crest

Worst case scenario: Overtopping

https://www.pwri.go.jp/eng/about/pr/webmag/wm048/kenkyu.html

a)
b)
c)
d)

Soil detachment
Rapid erosion gullies
Undercutting of the slope
Progressive failure from
the crest downward
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Zone 2: Crest
Crest reinforcement – Ensure a
horizontal level and stable driveway

Stable crest – Heavy duty emergency
road

Stable foundation – for flood defence
wall
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Zone 3: Very permeable passive wedge, for
long-term drainage
To prevent upstream slope failure

Passive wedge Traffic Drainage
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•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.
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The BRAD16 guideline (OBOR is similar)

Standard levee cross-section of a rehabilitated levee sealed with a GCL according to BRAD 16 (LfU, Potsdam)

Toe wedge

Relief wedge

Road

Passive wedge
(Gravel/sand)

Crest barrier

Existing clay core
 

Low permeable base layer

Sand and gravel

Geosynthetic
 Clay Liner 

(GCL)

Cover soil

Sand and silt
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The BRAD16 guideline (OBOR is similar)

≥ 3m
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Picture by © Frank Krüger , 2026
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But there are sometimes other damaging
effects that were not yet considered
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❶

Project size4.500m²

 ❻
Transportation on site

13
Compaction 2nd layer

❼
1st clay layer

❷

187 truck loads

14
Vibration compaction

❽
Watering

15
Desiccation

❸

Stress on the access roads

16
Cover soil placement

❾ ❿
Compaction of 1st layer Vibration compaction

❹

Large storage area

11
2nd clay layer

17
Cover soil movement

❺

insitu mixing

12
Watering
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Installation of a compacted clay liner
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Project size 4.500m² 

 Fast on site delivery

Cover soil placement

Only 1 truck load

Easy installation

Cover soil distribution

Easy unloading

Done

Self-sealing overlaps

Small storage area 
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Installation of a geosynthetic clay liner
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Comparison of energy demand [MJ/m²] – 36,000 m²
 

☺ ☹ 

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

Comparable results of cumulated
energy demand (CED)

CCL–Compacted Clay Liner

GCL – Geosynthetic Clay Liner
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Comparison of CO  emissions in a 36,000 m² levee project2

 

☺ ☹ 

Installation of a GCL results in 59 % less CO  emissions than a CCL!2

CCL–Compacted Clay Liner

GCL – Geosynthetic Clay Liner

Comparable results of emissions
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Bird´s view

GCL installation details
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GCL installation – pre-impregnated bentonite in side-overlaps

GCL installation details



3131· 2  International Symposium on Geosynthetics and Sustainability ·nd

 · Technical University (TU) Delft · The Netherlands · 18 March 2026 · 

Upstream GCL sealing trench

GCL installation details
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GCL installation details
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Less transportation vehicles

Less noise emission

Less impact to roads

GCL sustainable, ecological, economical, resilient
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The 3-zone levee concept
(DVWK-Guideline „River levees“ 210/1986 or DIN
19712)

 Impervious barrier
Permeable, stable 
supporting core

Very permeable passive wedge,
for long-term drainage

1
2 3
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kvmaubeuge@naue.com
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Kent P. von Maubeuge

Geosynthetics for a Sustainable, Resilient Future in Flood Protection
 Thank you very much for attending and listening
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End presentation by
Kent von Maubeuge 


