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1 INTRODUCTION 

Geosynthetic clay liners (GCL) are well established as 
impervious liners for many structures, for example as sealing of 
a landfill, detention ponds or waste water treatment ponds. In all 
cases the placement was done in the dry. After a first application 
of geosynthetic clay liners placed under water in France 1994 
(reach of Niffer), in Germany in 1997 for the first time 
geosynthetic clay liners were placed under water as the lining of 
a navigation canal (Oder-Havel-Canal) near Berlin [Fleischer 
1999, Fleischer 2001]. It was a real pilot project, since to date 
there was no experience and no standards or recommendations 
for GCL being placed under water. The liner had to be placed 
without interrupting shipping in the canal. The placing of the 
geosynthetic clay liner was carefully monitored. It could be 
concluded successfully in December 1997. The clay liner was 
permanently monitored after having finished the construction, to 
get long time experience with the new lining in waterways. 

2 STRUCTURE AND BOUNDARY CONDITIONS 

Figure 1 shows the cross section of the canal, lined by a GCL. It 
is a passing place for ships (passing place Eberswalde), 
established to improve the navigation. The passing place has 
been widened with a sheet pile bank on one side and a 1V:3H 
slope on the other side. The water table has a width of 48 m, the 
depth of the canal is 4 m. An impermeable lining became 
necessary, because the ground water table lies 3 m below the 
canal water table. The lining has to reduce or avoid the loss of 
canal water. The canal is situated in a cut, so the water table is 
below ground level. That means, there are no stability problems 
of lateral embankments to be expected even with the damage of 
the lining. That’s why this canal section was appropriate for the 
pilot project with a geosynthetic clay lining. 

The clay liner used, Bentofix BFG 5000 of manufacturer 
Naue Fasertechnik, consist of a base woven geotextile, a sodium 
bentonite fill of 4200 g/m2 and a cover nonwoven. To protect the 
clay liner a sand mat with 8000 g/m2 of sand between two non-
wovens was applied. A special placement method was devel-
oped. The GCL was placed together with the sand mat as a first 
ballast and protection. Both the GCL and the sand mat were un-

rolled together directly on the bottom of the canal. Special care 
had to be taken to the overlaps of the liners. The margin areas of 
the GCL were filled with bentonite during manufacturing to 
avoid any horizontal flow in the overlap. Onto the sand mat, rip-
rap with a range of stone size of 150 – 450 mm in a layer of 700 
mm thickness was dumped as protection against erosion. Be-
cause of the dynamic loads caused by the current and the ma-
noeuvring ships, a grouting of the rip-rap was carried out on a 6 
m wide strip aside the sheet pile wall. To ensure a tight connec-
tion of the canal lining and the sheet pile wall, an additional 
"sealing wedge" was installed. 

3 MONITORING OF THE SEALING 

3.1 Purpose 

Because of the lack of experience as to GCL as a canal lining 
being placed under water, the GCL in the Oder-Havel-Canal was 
permanently monitored also after having finished the 
construction. In waterways the geosynthetic clay liners are 
exposed to special hydraulic loading because of  the navigation – 
rapid drawdown of the water level, waves and current. Also 
there are very high hydraulic gradients acting. Since the 
thickness of the liner is only 10 mm, the gradient is more than 
400. Conventional linings, consisting of natural clay, have a 
thickness of 200 or 300 mm and up to 800 mm in old structures. 
Here substantially smaller gradients are effective (20 to 5). There 
is no experience in waterways with such high hydraulic 
gradients. Therefore long time experience has to be gathered. 

Different measuring methods are applied to check the func-
tion of geosynthetic clay liners in the first application in the 
Oder-Havel-Canal – observation of groundwater level, meas-
urement of soil temperature and also investigation of samples, 
recovered from the liner after some years of  service. 

3.2 Observation of the groundwater table 

On both banks of the passing place conventional groundwater 
monitoring wells were installed. Measurements were carried out 
regularly during the construction and after completion of the new 
lining till today. Figure 2 shows a typical ground water 
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hydrograph of a monitoring point located in the middle of the 
passing place behind the sheet pile wall. As expected a ground
water raise was detected during excavation, followed by a slow 
lowering after the liner had been installed. It is remarkable, that 
the groundwater level as before the construction, was reached 
only after about 6 month. It shows that groundwater processes 
are mostly long term processes. It depends on the subsoil and the 
ground water conditions. Till today the measurements show 
normal groundwater levels within the area around the newly 
lined passing place. 

3.3 Measurement of soil temperature 

The measurement of the soil temperature is one successful 
method to prove already very little rates of discharge from the 
canal to the ground in consequence of a leakage in the lining. 
The temperature of the ground water near the soil surface and 
canal water is depending on the air temperature according to the 
seasons. With increasing depth, the low heat conductivity of the 
soil causes an increasing phase shift compared to the variation of 
the water temperature near the surface. Moreover, the amplitude 
of the temperature variation decreases with increasing depth. 
Thus there is a difference in temperature of soil and canal water. 
Surface water leaking into deeper soil strata causes a heat 
transport and thus a change of temperature in the area in which 
flow occurs. The soil temperature adapts to the temperature of 
the leakage water. Anomalies of temperatures encountered in the 
soil can therefore indicate leakage water from the canal due to 
leaks in the lining. Two systems were chosen to carry out 
temperature measurements: Temperature gauges in different 
depths in vertical steel pipes [Dornstädter 1997] and continuous 
measurement by horizontal glass fibre cables [Supplementary 
Technical Contract Conditions 2000].  
      Measurement of soil temperature was carried out three times 
(February 1998, February 1999 and July 2000) after the end of 
construction in December 1997. Figure 3 shows the result of the 
measurement in February 1999.This measurement took place 14 
month after conclusion of the placement of the GCL. There is 
printed a temperature-depth-profile at the south side of the pass-
ing place (500 m) about 3 m behind the edge of the bank. The 
soil temperature was measured each meter of depth and each 20 
m in the direction of the canal. It was a winter measurement. The 
temperature of the canal water was 2 ... 3°C. In the upper three 
meters under the surface the soil temperature depends on the 
season and is consequently low. With increasing depth the tem-
perature increases to the temperature of the groundwater. The 
groundwater is nearly independent of the season and has a tem-
perature of about 10 ... 12 °C the whole year long. The figure 
shows a very regular temperature distribution in the soil. There 
are no anomalies that might indicate a major leakage in the liner. 
But there is clearly visible an anomaly at the end of the newly 
lined part of the canal. It is located directly at the joint of the old 
clay liner and the new GCL. Here water from the canal trickles 
into the underground. But the water amount is very small, since 
in the conventional groundwater monitoring point situated 
nearby, no increased groundwater level could be observed. Any 
joint of different lining systems is always problematical. The 
measurement in summer 2000 showed, that no self healing took 
place as expected firstly. The leakage will be repaired, when the 
following canal section will be lined. Within the area of the GCL 
also later measurements showed no anomalies. All measure-
ments of soil temperature gave no evidence for a leakage in the 
geosynthetic clay liner. 

3.4 Investigation  of recovered GCL samples 

Additionally to the indirect methods to check the function of the 
lining, in summer 2001 some samples of the geosynthetic clay 
liner were recovered. Two spots in the zone of fluctuating water 
level of the bank were selected, one just above and one just 
under the still water level. Here the revetment is strongly loaded 

by waves and undergoes a frequent change of water level draw 
down and wave run up. To recover the GCL, the rip-rap had to 
be picked up carefully. Then the sand mat and the GCL had to be 
cut out. The uncovered liner was visually in a good condition. 
But above the water line there were local indentations visible 
due to the dropping of armour stones on the liner. Here the 
thickness of the bentonite fill was only half of the normal 
thickness of 1 cm. The samples were tested in the geotechnical 
laboratory, namely the coefficients of permeability were 
determined. Also chemical investigations were undertaken to 
determine the ion composition in bentonite of the clay liner. 

Figure 4 shows the coefficients of permeability of 10 differ-
ent samples – four samples recovered from the underwater area 
and six samples from the area over water. The coefficients of 
permeability were determined related to the original thickness of 
the liners (10 mm). In this way the amount of water percolating 
through the liner is compared, not the coefficient of permeability 
of the sealing material. That has the benefit, that any increasing 
permeability of the liner caused by changes in the sealing mate-
rial or by reduction of the layer thickness and correspondingly 
by the increase of the hydraulic gradient can be accounted for. 
The samples from under water show rather constant results. The 
permeability is a bit enlarged compared to the original values. 
But the limiting value stated in the German regulations [Aufleger 
1998] for samples taken from the placed lining is not reached. 
The results of the samples recovered from the area over water 
differ more. Most values are within the limits. Only one value is 
far above the limit. The probable reason for such a raised value 
is the placement of the top layer by dumping the armour stones 
from an excavator. Tests showed, that damage of the GCL con-
cerning the permeability has to be expected when certain height 
is exceeded. The geotextile is not damaged, but the bentonite is 
displaced locally. For that reason new regulations for the place-
ment of rip-rap have been worked out. 

The results of the chemical investigation show, that in the 
underwater area the exchange of ions is already far developed. 
Here 75 ... 77%  calcium ions and only 10 ... 15% sodium ions 
are verified. In the area over water the exchange of ions has 
begun, but it is not so far developed (32...37% sodium ions, 40 
...56% calcium ions). This result was expected, because the 
bentonite in the underwater area is permanently exposed to the 
necessary ions in the canal water. As a result of the 
transformation of a sodium bentonite into a calcium bentonite an 
increasing hydraulic conductivity by a factor up to 10 (mean 
value 5) can be expected. The coefficients of permeability 
determined at the samples correspond well with the results of the 
degree of ion exchange. 

4 SUMMARY  

The placed in the passing place (turnout) Eberswalde was 
exposed to the loads of a navigable waterway for 3 years. The 
observation of the groundwater level and measurements of the 
soil temperature gave no indications of leakages of the lining. 
The samples recovered from the liner were visually in a flawless 
condition. Most of the coefficients of permeability determined in 
laboratory tests are within the tolerance. A small increase of the 
permeability is mostly caused by the exchange of ions in the 
bentonite. Only one value is too much high. Such local spots 
with increased permeability caused by a reduced bentonite layer 
thickness are a result of dropping armour stones on the GCL. 
Dropping stones through a certain water depth cause no harm. 
From these local deficiencies there is no significant influence on 
the effectiveness of the lining. In new construction projects this 
will be avoided because of the new regulations. To summarize, it 
can be confirmed that the GCL being placed under water for the 
first time in Germany, is functioning fully as an impervious 
canal lining. 
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Fig. 3: result of the measurement of soil temperature  (February 1999)
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