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seals the gravel pores creating the needed 
water tightness. This innovative mixture 
allows much better handling and ease of 
placement than clay. 

INTRODUCTION
 
The floods in 1993 and 1995 of the River 
Meuse, in Dutch known as the Maas, 
demonstrated that people living in the 
Province of Limburg, the Netherlands, were 
not as safe as assumed. To improve safe living 
conditions in the area, adhere to increasing 
ship dimensions and to answer the call for a 
more natural environment, Rijkswaterstaat, an 
agency of the Dutch Ministry of Infrastructure 
and Environment, launched the project 
Maaswerken. This project consisted of three 
parts: Maasroute, Zandmaas and Grensmaas.

The Maasroute is the route navigated by ships 
from Germany, France and Belgium, partly 
over the Meuse and partly over its parallel 
channels – the Juliana Canal and Lateral 
Canal – to access the Netherlands (Figure 1). 
This makes the Maasroute one of the most 
important inland shipping routes of Europe.

To allow larger vessels to sail through the 
Maasroute, it has to be deepened and 
widened in different areas. The sailing route 

and nature reserves. Part of the widening 
works included the construction of a new 
watertight layer for which the contractor 
decided on a bentonite geotextile mattress. 
However, the removal of the current clay 
layer – which had been placed in the 1930s 
to prevent leakage of the water to the 
surrounding (ground) water system – and 
the construction of the new bentonite 
mattress will lead to temporary water 
leakages. The contractor is obliged to avoid 
any negative impacts on the surroundings 
caused by leakages. To ensure a temporary 
seal after removal of the existing watertight 
clay layer as well as making a proper 
connection at both sides of the new 
bentonite mattress layer, the contractor will 
place a watertight mixture called LuXeal. 

The LuXeal comprises of 94% of well-
graded gravel (0-20mm) mixed with 6% 
of sodium enhanced bentonite grains 
(0.5-2mm). Once placed underwater, the 
bentonite swells and absorbs between 6 
to 12 times its dry weight of water, and 
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The Julianakanaal (Juliana Canal), located 
in the south of the Netherlands in the 
province of Limburg, is a 36km long canal 
providing a shipping route between the 
towns of Limmel (near Maastricht) and 
Maasbracht. Due to the growth in size of 
newly-built inland waterway vessels, the 
canal needs to be widened. This marine 
transportation route is essential for the 
connection of the south of the Netherlands 
with the hinterland as well as for the 
economic growth of the region. 

The contract ’Widening of the 
Julianakanaal’ was awarded to de Vries 
& van de Wiel, which is part of the 
DEME Group. The project is currently 
being executed. The contract specified 
that all works should be executed in 
submerged conditions as the inland 
waterway transport cannot be halted. 
The water level in the channel is roughly 
10m above the surrounding environment, 
which includes urban areas, agriculture 

Above: Challenging dredging works are being carried 

out to widen and deepen the Juliana Canal. To prevent 

water leakages towards the surrounding areas, the 

LuXeal gravel-bentonite mixture has been developed as 

part of the new watertight bed
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that needs adapting is partly in the River 
Meuse and partly in the Juliana Canal and 
Lateral Canal. This enables transport to move 
from roads to waterways, which benefits the 
environment as water transport has been 
demonstrated to be more environmentally 
friendly than road transport. The design 
and construct contract, ‘Widening of the 
Juliana Canal’ was awarded to de Vries & van 
de Wiel, a member of the DEME Group of 
companies.

The Juliana Canal is a 36km long shipping 
route adjacent to the Meuse between 
the towns of Limmel (near Maastricht) 

and Maasbracht. The water level drops 
approximately 25m along this part of the river 
called Grensmaas, requiring the water in the 
Juliana Canal to be well above (+10m) the 
surrounding ground levels. 

During the construction of the new widened 
channel (Figure 2), the existing watertight 
layer of 60cm of clay will be removed, after 
which a new state-of-the-art seal (bentonite 
mattress) will be applied. To ensure sufficient 
watertightness at the junction between the 
seal and the adjacent structures such as 
an undisturbed canal bed and sheet piles, 
a gravel-bentonite mixture (LuXeal) was 

developed. This mixture could also serve 
as a temporary watertight layer during the 
execution of the works in more sensitive areas 
of the canal. The mixture not only offers the 
required impermeability but is also easy to 
handle compared to clay. The efficacy of the 
LuXeal mixture has been verified both through 
laboratory tests and large scale tests on site by 
monitoring of the groundwater levels. To allow 
adequate monitoring of the underlying aquifer 
and of the watertight properties of LuXeal, 
piezometers were drilled approximately every 
hundred metres along the channel.
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Figure 2. Various widening works along the alignment of the Juliana Canal

Figure 1. Location of the Juliana Canal in the Netherlands
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top (Figure 3). This design is able to withstand 
the loads from inland waterway transport 
class CEMT Vb (Conférence Européene 
des Ministres des Transports) e.g. L: 190m, 
W:11.5m, D:3.5m as well as resist falling and 
dragging anchors. For the latter, research was 
carried out based on prototype and physical 
model testing (Crum et al. 2015). 

Construction methodology
In order to have a high degree of control on 
managing the allowed water leakage during 
execution, a construction train was formed 
to perform all required steps to remove and 
reinstall the watertight bottom protection. 
Figure 4 shows the construction train involving 
various equipment to execute the work. 

The construction train was comprised of:

1. Two backhoe dredgers with barges:
 a. Bulk dredging of old levy;
 b.  Levelling bottom to meet the  

placement tolerances of mattresses; 
 c.  Placement of the LuXeal watertight 

mixture

2. Mattedoor pontoon:
 a. Placement of the bentonite mattress;
 b. Placement of the gravel layer

3. Rock installation pontoon:
 a.  Placement of armour rock protection 

layer

Past and present usage of  
sand-bentonite mixture
For a long time, bentonite has been mixed 
with sand to obtain an impermeable material. 
The applications of this material vary widely 
between landfill liners, cut-off walls, buffers 
and backfills of radioactive waste disposal 
facilities and hydraulic barriers. The 
characteristics such as compressibility, 
permeability and strength of the sand-
bentonite mixture have been investigated 
during different research works (Ghazi, 2015), 
which delivered valuable information for the 
study presented here. However, the need for 

THE PROJECT 
Water leakage performance 
requirements
During the tender stage, Rijkswaterstaat 
provided historical data of groundwater 
levels of the surroundings of Juliana Canal. In 
order to estimate the impact of the works on 
groundwater levels a hydrogeological model 
was designed based on this data. The contractor 
had to define acceptable technical specifications 
to prove that it could meet the performance 
requirements listed within the contract (Table I).

Design of new watertight 
construction
To maintain the watertight function of 
the canal’s bottom and to protect it from 
exposure from passing vessels, de Vries & van 
de Wiel came up with a new and innovative 
concept. A bentonite mattress, placed directly 
underwater would ensure watertightness, 
while a gravel layer properly spreads the 
weight of the armour rock protection layer on 

Figure 3. Typical cross-section of the bottom construction in combination with a sheet pile

Specifications
Maintain the watertight function ( k < 5*10-8 m/s)

No negative effect on the present user functions is acceptable concerning groundwater levels 
and water quality.

During the construction activities, the discharge and storage capacity of the overground drain 
systems cannot exceed the point of negative impact on user functions in the vicinity.

The bottom of overground drain systems cannot burst open due to the construction activities.

The natural springs that form the local nature reserve adjacent to the Juliana Canal cannot be 
negatively impacted by the works.

The discharge of water leakage is limited to 1 m³/s due to protection of the nature reserve 
downstream the Grensmaas, a Natura 2000 area.

Table I: List of the most important performance requirements regarding water leakage during construction

Figure 4. Top: Mattress laying pontoon, Mattedoor; Bottom: Aerial view of construction train



compaction made the sand-bentonite mixture 
unsuitable for the application  in the Juliana 
Canal.

DEVELOPMENT OF THE GRAVEL-
BENTONITE WATERTIGHT LAYER
Requirements for the development of 
the watertight layer
The construction methodology required a 
watertight material to be used to ensure a 
watertight continuity on both sides of the 
bentonite mattresses (Figure 5).

The most common material used for 
watertight purposes is clay but the main 
disadvantage of the material lies in its 
plasticity. The handling of plastic material 
underwater is a challenge as it sticks to the 
backhoe bucket and has to be compacted to 
ensure a watertight connection towards the 
surrounding ground or soil or structures. 

As such, the project team began looking for 
alternative material and was convinced that 
a mixture of granular material with bentonite 
could offer a solution that was both easy 
to handle during placement and sufficiently 
watertight once it swells underwater. 

Water flux calculations
The contract stipulates that a watertightness 
and thus a hydraulic conductivity of 5*10-8 m/s 
should be maintained after completion of the 
works. The original canal bed consisted of a 
0.6m clay layer with a maximum permeability 
of 5*10-8 m/s. This permeability allowed a 
certain water flux through the bed. Thus, the 

contractor has to fulfil an equivalent water flux 
after completion of the works. The following 
calculations were executed for a specific 
section of the canal which is partly presented 
in Figure 5.

The Darcy law was used to assess the 
discharge flowing through the original canal 

Dike (removed)

Shipping lane

LuXeal

LuXeal

Bentoniet mat

Dam

Figure 5. A typical cross-section of the canal
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IADC YOUNG AUTHOR AWARD 
PRESENTED AT WODCON XXI IN 
MIAMI, FLORIDA, US, IN JUNE 2016
 
One of the highlights of WODCON XXI was the presentation 

of the International Association of Dredging Companies 

(IADC) Young Author Award. The award was given to 

François De Keuleneer for his paper, “LuXeal – The Easy 

to Handle Aquitard”. The paper discusses an innovative 

product – a new bentonite mixture called LuXeal, which will 

be utilised as a watertight mattress layer for the widening 

works at the Juliana Canal in the Netherlands. 

The award winner says that he had been working on 

the product for about a year before the conference and 

in fact, is still busy with it. On receiving the IADC Young 

Author Award, he states: “I did not realise that an award 

could be given to me so I was very surprised. It is a great 

acknowledgement not only for me but for the efforts the 

whole team is putting in the project.”

The Award

The annual Young Author Award is given to stimulate the 

promotion of new ideas and to encourage young people 

working in the dredging industry and related fields. Each 

year at selected conferences, the IADC grants awards 

for the best papers written by authors younger than 35 

years of age. The Conference Paper Committee is asked to 

recommend a prize-winner whose paper makes a significant 

contribution to the literature on dredging and related fields. 

Winners receive an award statue and a prize of €1,000. 

Furthermore, the winner’s paper will be published in 

IADC’s quarterly dredging magazine, Terra et Aqua.

François De Keuleneer (right) receives the IADC 

Young Author Award from René Kolman, secretary 

general of IADC.

Discharge calculation data for slope 1

K1 (m/s) 5.00E-08

H1 (m) 6.73

x1 (m) 15.84

alpha1 (º) 23.02

L1 (m) 0.60

Q1 (m²/s) 4.83E-06

Discharge calculation data for slope 2

K2 (m/s) 5.00E-08

H2 (m) 6.10

x2 (m) 11.98

alpha2 (º) 26.98

L2 (m) 0.60

Q2 (m²/s) 3.42E-06

Discharge calculation data in between 
the slopes

K3 (m/s) 5.00E-08

H3 (m) 6.42

x3 (m) 35.61

L3 (m) 0.60

Q3 (m²/s) 1.90E-05

Table II: Calculation parameters and results for the 

existing canal bed



  (7) 

The hydraulic conductivity of the bentonite 
mattress (KBM) presented in Table III is 
discussable. This value results from a test
following the American Society of the 
International Association for Testing 
and Materials, ASTM D5887 – 09 norm: 
“Standard Test Method for Measurement of 
Index Flux Through Saturated Geosynthetic 
Clay Liner Specimens Using a Flexible Wall 
Permeameter” in which is stated: 

“Flux for in-service conditions depends on 
a number of factors, including confining 
pressure, type of hydration fluid, degree 
of hydration, degree of saturation, type of 
permeating fluid, and hydraulic gradient. 
Correlation between flux values obtained 
with this test method and flux through GCLs 
subjected to in-service conditions has not 
been fully investigated.” 

This hydraulic conductivity is thus to be treated 
with due care. Ongoing research is being done 
for a correction factor. The uncertainties lying 
with the interpretability of the tests will be 
discussed in following sections.

In order to estimate the potential impact of 
the temporary water leakage of the Juliana 
Canal works on the groundwater system, 
detailed numerical groundwater models were 
constructed. The models were used in the 
design phase, during execution and as a  
post-evaluation tool for the project. 

Area of application of the LuXeal 
mixture
The watertight mixture will be mainly used in 
two different ways: 

1. As a watertight joint between  
the bentonite mattresses and adjacent 
soil / structure
As explained in the previous section regarding 
the requirements for the development of the 
watertight layer, the mixture is an easy to 
handle watertight seal to be placed between 
the bentonite mattress layer and adjacent canal 
bed or other structures such as sheet piles.

2. As a temporary watertight layer
Some areas along the canal are more sensitive 
to leakage resulting from the deepening and 

widening works. The working method implies 
that a section of the canal bed stays open 
between the excavation and the placement of 
the bentonite mattresses. To limit this leakage 
to a minimum in these sensitive areas, the 
contractor will use the LuXeal to temporarily 
limit the amount of water percolating to the 
underlying aquifer until the full watertight 
design is installed. The ease of placement of 
the LuXeal will allow the contractor to place 
it very rapidly after dredging respecting the 
required tolerance (10cm). This technique 
will allow the contractor to work pro-actively 
based on the model and monitoring results.

TYPE OF MATERIAL AND 
LABORATORY TESTS
Granular material
The watertightness of a sand-bentonite 
mixture satisfies the above requirements but 
the placement of such a mixture could lead 
to problems. This material would require 
compaction and would remain sensitive 
to erosion as the mixture has to withstand 
propeller wash, the return flow from passing 
vessels and currents induced by the use of the 
locks in the canal.   

Replacing sand with gravel had the potential 
of tackling the erosion and compaction 
problems. This kind of mixture was rarely 
encountered in literature and the contractor 
therefore decided to test its efficacy as a 
watertight layer. The gravel was chosen 
as it was product from a quarry in the 
neighbourhood of the project and the 
overall mixture was less expensive compared 
with known alternatives such as clay, sand-
bentonite mixture and concrete.  

The gravel has a granulometry ranging between 
2 and 20mm (Figure 6) and a density of 1.31 
t/m³. The internal stability of the gravel was 
studied to check whether it was auto-stable 
in combination with the bentonite grains. This 
requirement was not fulfilled and therefore 
the contractor had two options: modify the 
grading of the granular mixture to obtain an 
auto-stable composition or ensure the layer 
underlying the LuXeal to be auto-stable. 

The material found at the excavation front 
(design dredging depth) is mainly an  
auto-stable silty gravel. Therefore, to avoid 
all bentonite to be washed out of the 

bed (Table II) which contained a clay layer of 
0.6m thickness:

(1)
 
Where Q is the discharge rate in [m²/s], K0 is 
the hydraulic conductivity of the layer in [m/s], 
H0 is the water head above the bottom of the 
concerned layer [m], x0 is the horizontal section 
of the cut [m], L is the thickness of the layer [m] 
and α is the angle of the slope in degrees.

A total discharge rate for the existing channel 
can then obtained: 
 
 Q

tot
=Q

1
+Q

2
+Q

3[ m
2

s ]  (2)

 
   (3)

After completion of the works, the width 
of the channel will be increased. The canal 
leakage will therefore be enhanced by a factor 
related to the new width (Wn) and the former 
width (Wf) which is considered to be between 
the slopes of the existing canal.

   (4)

 
  (5)

The desired permeability of the LuXeal 
(KLX) can now be determined for the new 
design as the permeability of the bentonite 
mattress (KBM) and the dimensions of both the 
bentonite mattress and the LuXeal layer are 
known. QLX is the equivalent maximum water 
flux through the LuXeal layer (Table III). 

 

(6)

 

Calculation data for the LuXeal permeability

LLX (m) 0.50

XLX (m) 0.50

KBM (m/s) 1.19E-11

XBM (m) 15.37

LBM (m) 7.00E-03

Table III: Calculation parameters for the LuXeal layer

LuXeal - The Easy to Handle Watertight Mixture  17



an independent third party, the preliminary 
results. Both certified and academic 
laboratories were unable to execute such tests 
with an existing set-up. The University of Liège 
proposed to develop a new test apparatus 
starting from the French norm NF X30-441 
to fit the LuXeal material requirements 
(granulometry of the gravel and low hydraulic 
conductivity).

The university’s first test cell again showed 
limitations due to the impossibility of 
accurately fixing the geotextile. The fine 
particles of the underlying silty gravel and the 
bentonite itself were very rapidly washed out, 
by-passing the geotextile on the side. The 
bentonite could therefore not fully swell and 
very high hydraulic conductivity (above 10-5 
m/s) were obtained. 

contractor’s laboratory to gain insight into the 
potential of the mixture. Even though the test 
cell presented some limitations it allowed the 
contractor to execute preliminary tests.

Different sorts of bentonite were tested in 
different proportions. From the tests, the 
granular type led to the lowest permeability 
and was thus adopted. Different bentonite 
qualities were also tested. The optimal 
quality-price bentonite fitting the project 
requirements is a natrium enhanced bentonite 
characterised by a swelling capacity of 1250% 
of its dry weight, which is fully in agreement 
with findings in relevant literature.

Constant head permeability test
To ensure reliability of the preliminary tests, 
the contractor searched for a certified or 
academic laboratory that could confirm, as 

LuXeal during the test and to represent real 
conditions, the contractor decided to test the 
LuXeal with an underlying silty gravel layer 
dredged in the canal (with a permeability of 
+/- 2*10-6 m/s). 

Further developments are ongoing to obtain an 
auto-stable mixture in case a very permeable 
coarse granular layer is to be covered. 

Various bentonite sorts and related 
characteristics
A wide range of bentonite can be found on 
the market. It varies both in quality, namely in 
its swelling capacity, and in its form, ranging 
from powder to grains to pellets. Different 
bentonite sorts and quality have been tested in 
different proportions.

By adding a relatively low percentage of 
bentonite (5-20%) to the gravel, the pellets, 
which are10mm long, have the disadvantage 
of concentrating large amount of bentonite 
unevenly in the gravel porous matrix. A 
heterogeneous mixture with well-sealed parts 
and other unsealed parts is thus created. 
The water, consequently, could make its way 
through the preferred, more permeable paths.

The advantage of the powder also has 
disadvantages. Its fast swelling capacity leads 
the mixture to reach its final permeability 
more quickly, but the bentonite could swell 
when mixed with wet gravel. When the 
bentonite is already partly swollen, the 
mixture is more difficult to handle and part 
of the swollen bentonite would be lost in 
surrounding water during placement.

Granular bentonite thus seemed to be the 
most appropriate form of bentonite. The 
grains are large enough not to swell in contact 
with wet gravel and small enough to mix 
homogeneously with the gravel and clog 
most of the pores once swollen. Various grain 
sizes have been tested (from 0.5 to 4mm) in 
different proportion (5 to 20% in weight). The 
retained grading is 0.5-1.8mm.

In-house laboratory tests to 
determine the bentonite type
A literature review of known permeability 
tests failed to offer a valid test procedure 
for bentonite-gravel mixture. A first small 
scale permeability test was built within the 
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Figure 7. Example of a permeability test executed in the contractor’s lab. (To be treated as a preliminary result)

4m Water Column
90/10 + Meuse Gravel

90/10 + Meuse Gravel

Figure 6. Particle size distribution of the LuXeal gravel
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To tackle these issues, the contractor decided, 
together with the University, to design 
and build a new permeameter made-to-
measure for these tests (Figure 7). The main 
improvement was the ability to wedge the 
geotextile between two flanges and force all 
the water to flow through it. From literature 
ASTM D2434 – 68, “Standard Test Method 
of Permeability of Granular Soils (Constant 
Head)”, a cell diameter of 8 to 12 times the 
largest particle size was recommended to 

minimise the wall effects during the tests. The 
largest gravel particle size in the mixture is in 
the range of 20mm. In line with the above 
stated recommendation, a 190mm inner 
diameter was retained for the new cell. The 
main parameters of the tests are summarised 
in Table IV.

To avoid the fine fraction (< 2.0mm) to be 
washed out during the test, a geotextile was 
set above the gravel drainage layer

Inner Diameter (m) 0.19

Silty gravel thickness (m) 0.09

LuXeal thickness (m) 0.26

Geotextile BONAR HF 
180

Drainage gravel thickness (m) 0.05

Silty gravel hydraulic 
conductivity (m/s)

1.18E-06

Weight % of bentonite 6

Water head applied on the 
sample (m)

9

Table IV: Parameters of test of largest gravel particles

 
(Figure 8a and 8b). A woven geotextile with 
relatively small openings (O90 = 180 µm) 
was the good combination to keep the fine 
fraction of the silty gravel in place while 
allowing the bentonite to flow through it, 
thus preventing clogging of the geotextile. 
To ensure the geotextile had not been 
clogged during the test, the hydraulic 
conductivity of the silty gravel and the 
geotextile were tested after retrieving the 
LuXeal layer. The hydraulic conductivity then 
reached similar values (2 x 10-6 m/s) as the 
one encountered before placing and testing 
the LuXeal.

The results of the permeability test (Figure 
9) showed a relatively rapid swelling of the 
bentonite to obtain a constant hydraulic 
conductivity after 24 hours. The decrease 
in permeability from 2 x 10-6m/s to 1.3 x 
10-7 m/s was significant and confirmed the 
efficacy of the LuXeal as a watertight layer. 
A second and a third test were executed and 
resulted in similar hydraulic conductivities 
(2.7 x 10-7 m/s and 7.0 x 10-8 m/s).

Large Scale Permeability Test
The contractor had the opportunity to 
execute a large scale test with the gravel-
bentonite mixture. An open portion of the 
to-be-widened canal was opened – the 
impermeable clay layer was removed 
inducing leakage towards the underlying 
aquifer. A 20cm LuXeal layer was placed 
on the opened canal bed to seal it off. The 
percentage of bentonite was increased to 
8% of the mixture’s weight (air-dried weight 
with 2 to 4% water content) to cope with 
heterogeneities arising from large scale 
mixing. Shortly after placement of the LuXeal, 

Left, Figure 8a: Permeameter designed and built made-to-measure. The data acquisition system continuously records 

the discharge through a weighing scale. Right, Figure 8b: Schematic overview of the applied layers in the test (not  

to scale).
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Figure 9. Permeability test results



The development of the new test apparatus  
has allowed the contractor to further 
investigate different improvements in the 
material’s hydraulic conductivity and  

a decrease in the groundwater levels was 
observed indicating the positive effect of the 
mixture acting as watertight layer.

A few days after placement of the LuXeal, it 
was covered with bentonite mattresses. The 
effect of the LuXeal was observed during 
a period of four days. The groundwater 
levels almost instantly started to decrease 
(Figure 10). Even though, the in-situ absolute 
permeability of the gravel-bentonite layer 
was very difficult to evaluate, the results 
are positive. The contractor sampled the 
placed LuXeal hoping to learn more about 
its behaviour after being in place during a 
certain period.

DISCUSSION 
 
The contractor faced some issues in the 
development of the gravel-bentonite mixture. 
These problems were mainly due to the lack 
of knowledge regarding this kind of material 
and the non-existence of standardised test 
procedures. 

The results of the laboratory tests confirmed 
the watertightness of the LuXeal. The 
hydraulic conductivity of the gravel-bentonite 
mixture obtained through the tests met 
the requirements stated in the water flux 
calculations. Although the efficacy of the 
mixture is questionable when placed on very 
coarse and permeable substrate, it offers 
a very interesting alternative to clay when 
placed on relatively permeable bed (hydraulic 
conductivity in the range of 10-6 m/s). 

Applied in the field, the LuXeal 
demonstrated its efficacy in terms of 
placement ease, conductivity requirements 
and costs savings. The in-situ LuXeal will 
be sampled in the near future to learn 
more regarding material behaviour and 
characteristics after a certain period (weeks). 
Ongoing research will soon allow the 
determination of a correction factor for 
the hydraulic conductivity of the bentonite 
mattress. Moreover, the LuXeal laboratory 
tests resulted in an average hydraulic 
conductivity of a factor of 10 lower than 
the requirements. To remain conservative, 
the contractor also increased the bentonite 
percentage to a minimum of 8%.

CONCLUSIONS 
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Figure 10. Groundwater level variation during LuXeal test; the red arrow indicates when the LuXeal was placed

stability aiming to obtain an auto-stable, 
impermeable (hydraulic conductivity in the 
range of 5 x 10-8 m/s) and easy to place 
material.

Given that mixing bentonite with sand 
is common practice, the contractor 
was inspired to investigate whether 
bentonite mixed with gravel could meet its 
requirements: a watertight mixture that does 
not need compaction after placement. The 
contractor’s goal, to develop an innovative 
alternative to clay, was achieved. This 
very easy to place and inexpensive gravel-
bentonite mixture, named LuXeal, confirmed 
its ability to become watertight once placed 
underwater. Its non-cohesiveness allows 
LuXeal to be placed very efficiently in tricky 

locations such as against sheet piles. Its 
hydraulic conductivity in the range of 10-7 
m/s is sufficient for the actual requirements 
and the contractor is convinced this 
permeability can be further improved. To 
achieve lower hydraulic conductivities, 
further developments such as different 
granular distribution and the potential 
addition of polymers are being considered. 

Convinced about the benefits of the 
developed product, the contractor filed a 
patent application for this technology.
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