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Geotextile tube dewatering:
Part 1 — design parameters

Geotexrile tubes are versatile products that
have been used in a wide range of applica-
rions. In general, applicarions fall inro rwo
broad categories. The first, which has been
the subject of numerous papers, is the use
of tubes as semi-permanent structures in
coastal and river environments. This ap-
plication is easiest to design and construct
when the fill material has a high percentage
of sand. The second general use of tubes is
in dewatering dredged marerials and sludges.
The design approach to these two applica-
vions differs gretly. Part 1 of this paper will
provide design concepts and present some
recent developments in tube dewatering
technology. Part 2 will provide filling and
deployment tips for a successful dewatering
project and examples.

Dewatering 1s a blend of geotechnical,
chemical, industrial and wastewarer engi-
neering principles. Successful dewatering
of sludge and waste in rubes requires famil-
iarity with dredges and pumps, properties
of high-moisture-content soils, and hy-
draulic properties of geotextiles. From a de-
sign perspective, the geotextile used in the

tube is probably the most straightforward
aspect of tube dewatering.

Geotextile tubes

Tubes used in dewatering are fabricared from
high strength, woven geotextiles. The
smallest tubes can fit in a roll-off box or
dumpster, while rubes as large as 60-ft. in
circumference by several hundred feer long
have also been used. The vast majority of
tubes for dewatering are polypropylene, hav-
ing wide-width tensile strengths greater than
400 Ibsfin. (70 kMN/m). Srandard dewarer-
ing tube fabrics have an Apparent Open-
ing Size (AOS) of U.S. No. 40 sieve (0425
mm). This comhbination of strength and
porosity results in an economical fabric suit-
able for a wide range of waste materials.

A geotextile having a high rensile
strength is usually required due to the
stresses placed on the fabric and seams dur-
ing filling. At the later stages of filling a
tube, pump discharge pressure can result in
excessive stress on the rube. Additionally,
hydrostatic pressure, clongation and long-
term durability are some of the factors that

Figure 1: Stress-strain curves for an 8-in.-wide geotextile sample.
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necessitate rensile serengths of at least 400
lbsfin. (70 kN/m). A rule of thumb has
been ro monitor pump discharge pressure
and not allow pressure in the tube to
exceed 5 psi. Experience has shown, how-
ever, that pressure gages are not a reliable
method of determining stress due, in part, to
the fact that slurries do not behave as
Newtonian fluids in a long, permeable tube.
Software exists which can provide the
theoretical ultimate tensile strength for a
tube of specified circumference and fill
height. For the reasons cived above, and
because tubes are often filled repeatedly,
computer-generared tensile strengths should
not be used to design a rube dewarering
project. Under the auspices of the Geosyn-
thetic Institute, two major tube manufac-
turers developed a minimum material spec-
ification for tubes. GRI Test method GT10
*Test Methods, Properties and Frequencies
for High Strength Geotextile Tubes used
as Coastal and Riverine Structures” lists
the minimum hydraulic and mechanical
properties for geotextile tubes. Class 2
tubes, for rypical conditions, have Mini-
mum Average Roll Value
(MARV) wide width tensile
strengths of 400 X 550 Ibs/in. (70

X 95 kN/m). Higher tensile
strength is required in the cit-
cumferential direcrion (fill ar

cross-machine) since that
is the principal stress direction
during filling.

Dredged material and sludge
often contain high percentages of
organics and fines (silts and clays).
This fraction of a high-moisture
content material will consolidate
over time as it dewaters. Ir is stan-
dard practice to fill a tube three
or four times to maximize the vol-
umetric capacity of a tube. This
cyclical stress can result in elon-
garion of the polypropylene yams,
fatigue and, eventually, cata-
strophic failure. Most tube fail-
ures can be prevented by careful
pumping procedures and obser-
vation. For example, tubes should



not be filled higher rthan a heighr-ro-widrh
rativ of 0.5, For a 30-[i.-circumlerence
tube, that height would be 6 fr.

Strain gages have been used to detet-
mine the stress and strain that the tube ex-
periences as it is filled. Installing strain
gages in the field is not typically econom-
ical. Recently, a simple technique devel-
oped by the author has been used to de-
termine the percent elongation of the fabric
in high stress areas. Figure 1 (previous
page) is a typical stress — strain curve for a
high strength woven tabric. In this case,
when the elongation exceeds 11%, the fab-
ric fails. If the published MARY elongation
for the tube fabric is known, a line of known
length can be painted on the tube at crit-
ical locations prior to filling. When the
line stretches to nearly the elongation num-
her, then the tube is close to failure. This
information can be extremely valuable in
preventing tube rupture.

Fill materials

The list of materials that have been dewa-
tered within geotextile tubes continues to
prow. Dairy and hog waste, fine-grained in-
organic industrial sludge, wasrewarer rreat-
ment plant sludpe, contaminated dredged
material, and the list goes on. Unfortu-
nately, there is still no simple way to assess
the waste material and choose the optimal
fabric, optimal pumping system, and optimal
tube size for the job. The first parameter
that comes to mind is grain size, however
it was quickly learned that grain size and
geotextile AOS have very little to do with
successful retention of material within a
tube (Galfney et al. 1999).

There are many variables thar go into
the design of a tube dewatering project.
Figure 2 illustrates three principal aspects of
a fill material that relare ro successtul tube
dewatering. Particle or grain size, the co-
hesion (viscosity or thickness) of the slurry,
and the amount of organic conrent,

It is not immediately intuitive thar 10—
20-pm particles could be hydraulically
pumped into a tube having an AOS of 60
(0.25 mm) and eftectively retained. This
was the scenario for a project to dewater
calcium carbonare sludge. It is important
to remember that the AOS rest is conducted
dry, while a tube is filled wet. This is a pro-
found difference, as surface rension seems

waste materials.

Figure 2: S5chematic 3-D representation of various sludge and
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to play a role in the retention of particles
and the formation of a filter cake. A filter
cake eannot form if thete s not enough vis-
cosity (or percent solids). Imagine drop-
ping a few 10-pm particles into a five-
gallon bucket of water, then pouring the
bucket into a geotextile bag. You would
expect that the solids would pass through
the pores of the fabric. Increase the per-
cent solids in the bucket to 5 or 10 percent,
and not only will most of the solids be
retained, but free water will pass though the
filter cake and pares of the fabric.

In Figure 2, an example of a low viscos-
ity, large grain size material would be beach
sand. Sand dewaters rapidly and is effec-
tively retained in a wide range of geo-
rexriles. Dredged marerial can he sandy, or
can have high percentages of silts and clays.
If fine-grained dredged marterial is low in
organic content, it may perform better in a
tube at higher percent solids, Highly
organic dredged material may be highly vis-
cous, even gelatinous, resulting in a very low
permeability filter cake. The amount of or-
ganics can also impact the rate of dewater-
ing. For example, wastewater sludge is highly
organic and line-grained, and may reguire
chemical additives to release its water.

There are several rests available ro eval-
uate the potential success of a material in

high viscosity
cohesive

a tube. The “hanging bag" test is predom-
inantly a qualitative test; however certain
dewarering rare and effluenr qualiry infor-
mation can be obtained. In the hanging
bag test, representative dredged marerial is
poured into a bag fabricated from tube ma-
terial. This test is often sufficient to tell
wherther polymers are needed, how clean
the effluent will be, and generally how long
the material will take to dewarcr.

If more information is required, testing
must be conducted in the lab. Research
conducred at Lehigh University includes
the use of vacuum filtration and pressure
filtration devices (Gatfney and Moo-Young
2000). These tests can determine the co-
efficient of consolidation and anticipated
dewarering rime. The resules of pressure fil-
tration testing were correlated to actual con-
ditions in the field. It was found that the
rate of consolidation predicted by a Teza-
ghi analysis is accelerated by a factor of three
for highly organic, fine-grained dredged ma-
terial when dewatered in tubes. Additional
filtration research carried out at Lehigh
University (Tucker 2000) included a com-
parison of Apparent Opening Size with the
Pure Size Disuibution of the fabric deter-
mined by the bubble point method. This
work found that fines which pass through
the fabric are significantly smaller than the
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