Performance of Sludge-Filled Geotextile Tubes to Overcome Muddy Coastal Abrasion
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Geotextile tubes were widely used as a solution
in overcoming coastal abrasion problems on sandy
and muddy coasts. On sandy beaches the main
concern is to prevent further erosion, while on
muddy coasts the main concern is rehabilitation of
mangroves and conservation (Lee et. al., 2014).
Indonesia however has over 99 km of coastline
with combination of sandy, muddy, rock coastline
and almost all of them have a risk of coastal
destruction due to abrasion. Geotextile tubes are
proven as an effective low-crested breakwater
structure to maintain coastal line from abrasion
and restore the coastline that has been lost due to
abrasion.

Frequently encountered constraints when
constructing geotextile tube is the filling material
for the tube. Sand is proven to be a good geotextile
tube filling material as it fastens the filling process
because it can settle quickly and has less
dimension reduction due to settlement. However,
for muddy coast, there are constraints on the
supply of sand that must be transported from
outside the region. One solution to deal with sand
shortage is using in-situ mud through sludge
dewatering technology.

A test project had been conducted to test the
performance of sludge-filled geotextile tubes in
overcoming abrasion on muddy coast along the
North Coast of Java in late December 2022. The
test area was located in Mundu, Cirebon Region,
West Java Province in Indonesia. Three units of
Gl-Tubes (double layered nonwoven geotextile
tubes) with designed height 1.2 m and length of 20
m were installed in a single line. These
sludge-filled GI-Tubes were installed at about 100
m from the coast and parallel to the coastline.

The main idea was that the GI-Tube will be a
low-crested breakwater structure to prevent further
abrasion as it will break and absorb wave energy
before reaching the coast. On the other hand,
Gl-Tube structure encourages sedimentation and
functions as a protector for young mangroves
before their roots are strong enough to withstand
the waves.

The sludge sample was tested in the lab for
different consistencies: 20%, 50%, and 75% of
sludge vs water ratio. Those three different
consistencies were tested with anionic polymer
R-1001 0.2% with different dosage: 50 ppm, 100
ppm, 150 ppm, and 200 ppm. After conducting a
jar test, the optimum recommended polymer
dosage for the sludge dewatering process was
determined to be 175 parts per million (ppm) for
20% sludge.

Geotextile material used as Gl-Tubes are a
double-layered non-woven geotextile. The small
pore size of non-woven geotextile material helps to
retain mud inside Gl-Tube but still allowed water to
flow out of the tube to fasten the settling process.
The double-layered non-woven geotextile, with an
outer layer that collects mud from the surrounding
area of the GI-Tube, provides dual protection. The
outer mud layer acts as a shield, protecting the
tube material from direct exposure to UV radiation
which can degrade the structural integrity over time.
Additionally, the double-layered design
strengthens the overall structural integrity of the
Gl-Tube, ensuring it can withstand the forces of
waves and currents in the coastal environment.

The final height of the GI-Tube after installation
is 1.3 m. Five months after installation, there was a
reduction in height of 0.4 m. Monitoring in August
2024 showed the sludge inside GI-Tube remained
solid and well consolidated. Sedimentation was
observed behind the GI-Tube structures, with a
visible addition to the mangrove line more than 30
m from its original position.

The combination of the double-layered
geotextile and the consolidated sludge resulted in
a highly effective low-crested breakwater structure.
The double-layered non-woven geotextile used in
the GI-Tubes is essential to the success of this
approach. The use of locally sourced sludge as a
filler for the geotextile tubes was proven to be an
effective solution to overcome abrasion along
muddy coasts.



