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Appendix C.19 

Photo 37:  During test series T1-6 

Photo 38:  During test series T1-6 
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Appendix C.20 

Photo 39:  During test series T1-6 

Photo 40:  Geotextile tube partly on bar after test series T1-9 
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Appendix C.21 

Photo 41:  Determine dimensions after test series T1-9 

Photo 42:  During test series P3-8 
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Appendix C.22 

Photo 43:  During test series P3-9 

Photo 44:  Sliding of geotextile tube during test series P3-9 
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Appendix C.23 

Photo 45:  Prepared geotextile tubes before test series P2-1 

Photo 46:  Movement of geotextile tube (left tube) after test seriesP2-4-2 
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Appendix C.24 

Photo 47:  During test series F5-5 

Photo 48:  During test series F5-5 
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Appendix C.25 

Photo 49:  Deformed geotextile tube after test series F5-6 

Photo 50:  Color injection test series F1. Injection at line 4, point 3 



Deltaflume – Geotextile tubes 
1200162

Appendix C.26 

Photo 51:  Color injection test series F1. Injection at line 4, point 3 

Photo 52:  Color injection test series F3. Injection at line1, point 3 
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Appendix C.27 

Photo 53:  Color injection test series F4. Injection at line3, point  5 

Photo 54:  Color injection test series F4. Injection at line3, point  5 









Delta flume

introduction

The Delta flume is a wave flume which is unique because of its dimensions. The flume has a length of
240 m, a width of 5 m and a depth of 7 m (a deepened section of 9.5 m is also available). A flume with
these dimensions allows for physical models on a scale which is near to prototype. This  means that
there are hardly any scale effects to take into account. The Delta flume is a state-of -the-art wave
flume capable of generating both regular (periodic) and irregular (random) waves. The wave generator
is equipped with online Active Reflection Compensation. This means that waves propagating towards
the wave board are measured and that the wave board compensates for these reflected waves. In this
way undesired waves do not re-reflect towards the structure and do not disturb the measurements.
Also wave board control for random second-order waves is operational to compensate for spurious
waves.

technical data

wave flume
Length: 240 m
Width: 5 m
Depth: 7 m

wave characteristics
Maximum height (regular): 2.5 m
Maximum sig.  height (random) (Hs): 1.6 m
Wave period: 1 - 12 s

wave generator
Piston type (translatory) wave board
Full stroke: 5 m
Second-order wave steering system
Active re-reflect ion compensation
Installed electric power for wave generation: 800
kW

features
Depth of deeper sections: 9.5 m
Wave-damping structures
Flexible water circulation system to fill or empty
separate sections of the flume

keywords:
Water Quality Modelling
Operational Management
Reservoir
Mitigative Measures

Measuring forces on a cylindrical structure in the Delta flume
Aerial photo of the Delta flume with on the left hand
side the construction building and on the right hand
side de the waveboard



facility

Deltares

wave computation and processing software Delft-
Auke/generate

The Delta flume is equipped with
Deltares’ second-order wave computation
software Delft-Auke/generate which has
been developed by Deltares. This
software takes the second order effects of
the first higher and first lower harmonics
of the wave field into account in the wave
board motion. It is designed to suppress
spurious waves in order to generate a
true-to-nature wave field in the flume with
little laboratory side effects. The software
is capable of generating regular waves as
well as irregular waves according to well-
known and user-defined spectral
distributions.

Besides the reduction of the generation of
spurious waves, it is very important to
suppress the re-reflection of waves at the
wave maker. To this end, the wave board
is equipped with three wave gauges,
which measure the wave height at the
paddle. The wave gauge signals are used
as input for the online active reflection
compensation algorithm, which identifies
any reflected waves and instantaneously
compensates the wave board motion to
absorb these waves.

special features / possibilities

The size of the flume is a special feature
in itself. The models are equally large
which brings some construction problems
along.
The models have to be constructed by
using specialized equipment. A wide
variety of special equipment is available
on the Delta flume, including a large
gantry crane. With this equipment it is for
example possible to construct a model
with a foreshore (both mobile and fixed)
over the flume bottom.

Special equipment is also required for the
measurements. This equipment is
available on the Delta flume. Some 100
channels with instruments can be
sampled in the standard configuration. If
necessary more channels can be added. .

Placement of antifer cubes in a breakwater model in the Delta flume

Model of a breakwater in the Delta flume
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projects

Typical projects are hard to mention for
the Delta flume. The size and available
wave conditions make it possible to test
almost every structure on a near-to-
prototype scale.
A few example projects are presented
hereafter.

breakwaters

Several breakwaters have been tested in
the Delta flume. See photographs for
examples with tetrapods and antifer
cubes The stability of the armour layer
and the overtopping discharge are typical
measurements in such tests.

scour, bed protection

Erosion of sediments is a phenomenon
which is difficult to investigate on a
smaller scale. Problems regarding grain
size are difficult to solve in a small scale
model.The Delta flume makes it possible
to solve some of those problems because
for instance the grain size can be one that
is really found in nature.
An example of such a project is the dune
erosion investigation which took place in
2005 and 2006. A cross shore profile was
built at a scale of 1:6, for which a total
volume of 3000m3 sand was placed in the
flume.

Typical breakwater model with tetrapods, measurements carried out:
stability, overtopping discharge and overtopping events, waves

Series of waves during dune erosion tests

Wave impact during dune erosion test
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placed block revetments

A typically Dutch structure is a placed
block revetment. With the help of the
Delta flume the rules of thumb used until
the flume went operational were replaced
by a sound scientific argumentation.
Recent investigations include grouted
revetments which have been tested at a
scale of 1:1.5.

special projects

The Delta flume is a versatile facility
which can be put to use in numerous
projects. Some have been mentioned
before, but there are always special
projects for which the flume can be
useful. These projects range from testing
underwater vehicles in combination with
turbulent conditions to testing and
calibrating field equipment.

Wave impact at a placed block revetment

Testing and calibrating a wave gauge

Determination of overtopping guidelinesMeasurement of erosion resistance of grass on a dike











GEOLON® GEOLON® GEOLON®

PE 180L PE 525L PE 1000L
CONSTRUCTIE STANDAARD
Constructietype weefsel weefsel weefsel
Garentype kettingrichting monofil. monofil. monofil.
Garentype inslagrichting bandje monofil. monofil.
Kleur zwart zwart zwart

MECHANISCHE EIGENSCHAPPEN
Kettingrichting:
Nominale treksterkte kN/m 40 40 37 EN-ISO 10319
Rek bij nominale treksterkte % 24 25 32 EN-ISO 10319

Inslagrichting:
Nominale treksterkte kN/m 50 35 32 EN-ISO 10319
Rek bij nominale treksterkte % 24 25 25 EN-ISO 10319

Statische doorponssterkte (CBR):
Doorponskracht kN 5 5 3,5 EN-ISO 12236
Verplaatsing bij doorponsen mm 50 50 45 EN-ISO 12236
Kegelvalproef mm 9 12 12 EN 918
Nominale treksterkte lussen kN 1,5 1,5 1,5 Ten Cate Nicolon

HYDRAULISCHE EN FILTER EIGENSCHAPPEN
Waterdoorlatendheid
bij h = 100 mm liter/m2s 40 500 500 NEN 5167
Waterkolom bij v = 10 mm/s mm 10 7 7 NEN 5167
Permittiviteit s 1/s 1 1,5 1,5 NEN 5167
Water permeability m/s 0,025 0,300 0,350 EN-ISO 11058

Poriegrootte O90 micron 180 525 1000 NEN 5168

Karakteristieke openingsmaat O90 micron 170 350 600 EN-ISO 12956

DUURZAAMHEID
U.V.-bestendigheid:
Xenon test (50 MJ/m2) U.T.S. >90% >90% >90% ENV 12224
Classificatie klasse D D D ISO 4892-2
Thermo-oxidatieve
bestendigheid klasse B B B NEN 5132

FYSIEKE EIGENSCHAPPEN
Gewicht per eenheid (berekend) g/m2 250 195 200 EN 965

Dikte (2kN/m² druk) mm 0,6 0,7 0,8 EN 964-1
Lussenrooster m 0,5 x 0,5 0,5 x 0,5 1,0 x 0,5
Rolbreedte m 5,05 5,05 5,05
Rollengte m 200 200 200
Roldiameter m 0,45 0,36 0,36
Rolgewicht kg 265 210 215

Ten Cate Nicolon code 392 373 447

De technische gegevens werden verkregen door interne en externe testprocedures.
Bovengenoemde geotextielen kunnen geassembleerd worden tot geprefabriceerde panelen.

® GEOLON®  is een geregistreerd handelsmerk van Ten Cate Nicolon bv
© Copyright Ten Cate Nicolon bv, mei 2004. Eerdere uitgaven zijn niet meer geldig.
Wijzigingen voorbehouden.

Postbus 236, 7600 AE Almelo, Nederland  - www.tencate-nicolon.com
Tel: +31 546 544811     Fax: +31 546 544490

PRODUCT GEGEVENS

GEOLON®
Geweven polyethyleen filter met lussen

Ten Cate Nicolon bv

http://www.tencate-nicolon.com

































