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ABSTRACT: Corsica is a very popular island located in the middle of the Mediterranean Sea. The rain occurs
mainly in the fall, and about 50 % of the tourists are coming during July and August. It is therefore essential 
to store drinking water in very large quantities (from 15 000 to 80 000 m3) during more than 6 months and to 
avoid loss by evaporation. This is necessary at the level of small towns or villages whose financial capacities 
are limited. Therefore, the OEHC (Office d'Equipement Hydraulique de la Corse) has developed original and 
relatively inexpensive techniques using geosynthetics. The first trial, built between 1980 and 1983, was an
earth reservoir storing 40 000 m3, waterproofed with a PVC geomembrane and covered with a concrete roof
installed on 88 concrete pillars. This solution is complicated to realize and remains too expensive. Therefore,
the OEHC has developed a solution using earth reservoirs waterproofed by homogeneous PVC geomembrane, 
and with a floating cover of reinforced PVC geomembrane. All geomembranes are approved for drinking wa-
ter storage. The first reservoir of this design, storing 45 000 m3, was built in 1994. After assessment of water 
quality and geomembrane aging, a new reservoir, storing 15 000 m3 was built in 2000. In 2008, the Cargese 
reservoir is built with a storage capacity of 80 000 m3. It is composed of two ponds, each having a capacity of 
40 000 m3. The size of each pond is 90x87x8.5 m. This paper presents those works and the results concerning
the long-term evolution of the PVC floating covers after 7 and 14 years. This type of solution is ten times less
expensive than reservoirs of the same capacity with a bottom lining system made of geomembrane and with a 
concrete cover. 
 

1 INTRODUCTION 

Due to tourism, Corsica sees a huge increase in pop-
ulation during the months of July and August and it 
is necessary to have enough water available during 
this period of the year. The average rain is about 900 
mm a year, but most of this rain occurs during the 
fall and to a lesser degree in February and March. To 
face the summer tourist multitude, it is therefore es-
sential to store drinking water locally in very large 
quantity (from 15 000 to 80 000 m3) during more 
than 6 months and to avoid loss by evaporation. This 
is necessary at the level of small towns or villages 
whose financial capacities are limited. Therefore, the 
OEHC (Office d'Equipement Hydraulique de la 
Corse) has developed original and relatively inex-
pensive techniques using geosynthetics. 

It was necessary to solve two problems: the de-
sign of the work and the choice of the products to be 
used. After six months of storage, the water quality 
must remain good and free of distinctive taste due to 

the long-term contact with the geomembrane. The 
geosynthetics have also to resist UV and wind ac-
tion. 

2 FIRST TRIAL: THE SALVI RESERVOIR: 
WATERPROOFED WITH A 
GEOMEMBRANE AND COVERED WITH A 
CONCRETE ROOF  

The first trial, built between 1980 and 1983, was an 
earth reservoir, waterproofed with a PVC geomem-
brane. This product was not UV resistant and it was 
covered with a concrete roof, installed on 88 con-
crete pillars. (One pillars line is even on the middle 
of each slope). Its characteristics are:  

External size: 91 x 91 m  
Pond size at the top: 90 x 90 m 
Slope: 2 (H)/1 (V) 
Pond depth: 7.0 m 
Maximal water height: 6.6 m 
Theoretical capacity: 40 000 m3 
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The concrete flat roofing is on three levels to im-
prove the site integration 

Even though it is cheaper than a fully concrete re-
servoir, this solution remains too expensive. (The 
cost was about 20 MF in 1994, corresponding to 
about 6.1 M€ 2009). 
 

 
 
 
 
 
 
 

Fig 1: The Salvi reservoir; view of the flat roofing with its 
three levels. 
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Fig 2: The Salvi reservoir and its pillar forest. 

 
Moreover, the junction between geomembrane 

and all those pillars is very complicated and gene-
rates not only expenses, but also leakages. 

3 THE SOLUTION "FULLY 
GEOSYNTHETICS" 

Table 1: Characteristics of PVC geomembrane ALKORPLAN 
35052 "drinking water grade", 1.5 and 2 mm thick. 

Characteristics Norms Units Nominal
Values

Density DIN 53479 g/cm3 1.24 ± 0.02
Thickness  mm Nominal thick-

ness  ± 5 %
Tensile strength DIN 53455 N/mm² L: ≥ 17

T: ≥ 17
Elongation at 
break 

DIN 53455 % L: ≥ 300
T: ≥ 300

Tear strength DIN 53363 N/mm ≥ 85
Hardness DIN 53505 Shore 

A; 10 s 
75 ± 2

Cold crack tem-
perature 

DIN 53372 ° C - 20 ° C, no 
cracks

Cold mandrel test DIN 53361 ° C - 20 ° C, no 
cracks

Dimensional sta-
bility (mean value) 

DIN 53377 
6 hours/80°C 

% L: 1.2 %
T: 0.5 %

 

3.1 General design 
The OEHC was therefore looking for a solution us-
ing only geomembranes. In 1993, the design of a so-
lution using cut-and-fill earthen reservoirs water-
proofed by a geomembrane and covered by a 
floating cover was developed with the assistance of 
Geosyntec. This was based on a design commonly 
used in North America (at this time, floating covers 
were rarely used in Europe), but it used a different 
material for the bottom lining and the floating cover.  

3.2 Geosynthetic materials 

3.2.1 Bottom lining 
At the request of OEHC, Alkor Draka (now Re-

nolit) has developed a PVC geomembrane approved 
for drinking water storage. The bottom lining system 
is a homogeneous geomembrane, 1.5 mm thick 
(Rogliano and Ersa reservoirs) and 2 mm thick 
(Cargese reservoir). It is laid on a nonwoven geotex-
tile 500 g/m² for Rogliano and Ersa reservoir and 
800 g/m² for the last one. The characteristics of this 
geomembrane are described in table1. 

3.2.2 Floating cover material 
The floating cover is made also of a PVC geo-

membrane, reinforced with a polyester grid 1.2 mm 
thick (Rogliano and Ersa reservoirs) and 1.5 mm 
thick (Cargese reservoir). The formula is designed to 
avoid any undesired water taste, even after 6 months 
of storage, and to ensure that the upper layer of the 
floating cover is UV resistant in the Mediterranean 
climatic conditions. The characteristics of this geo-
membrane are described in table2. 

The mechanical properties of reinforced PVC are 
on the same range of value than other materials used 
for floating covers. The UV resistance is good if the 
PVC is well formulated. The material is easy to be 
welded and repaired on site (duel track hot welding) 
Table 2: Characteristics of reinforced PVC geomembrane for 
floating cover ALKORPLAN 00312 "drinking water grade", 
1.2 and 1.5 mm thick. 

Characteristics Norms Units Nominal 
Values 

Unit Weight
1.2  mm 
1.5 mm

kg/cm²  
1.56 
1.95 

Tensile strength EN 12311-2 N/50 mm ≥ 1000 
Elongation at break 
Mean value  1.2 mm
Mean value  1.5 mm

EN 12311-2 % ≥ 15 
18 
19 

Tear strength
1.2 mm 
1.5 mm

EN 12310-2 N  
215 
240 

Hardness DIN 53505 Shore 
A; 10 s 

75 ± 2 

Low temperature 
folding

EN 495-5 ° C - 20 ° C, no 
cracks 

Dimensional sta-
bility

DIN 53377
6 hours/80°C

% ≤ 0.3 
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3.3 Earth works 

The reservoirs are cut-and-fill earthen reservoirs, 
with rectangular shape, and with internal slopes at 
2(H)/1(V). 

3.4 Supporting layer 

The supporting layer is made of a compacted silty 
layer, covered by a geotextile. A drainage network 
using perforated pipes is buried into this layer. 

3.5 Bottom lining  

The reservoir watertightness is achieved by a homo-
geneous PVC geomembrane as described in § 3.2.1. 
It is laid on a PP spunbonded needlepunched geotex-
tile 500 g/m² (Rogliano and Ersa reservoirs) and 800 
g/m² (Cargese reservoir). 

3.6 Floating cover 

3.6.1 General design 
For the floating cover, the solution used is a clas-

sical biaxial tensioned cover, with a peripheral ten-
sional fold assuring the rainwater collection, semi 
rigid floats on both sides of the fold and sands-filled 
tubes in the middle of the fold. The design includes 
two access hatches for inspection under the floating 
cover, and floating air vents regularly distributed on 
the cover. To drain the rainwater, one or several 
flexible pipes are connected to the floating cover in 
the middle of the tensioned fold. The flexible pipe is 
going through the stored water and the bottom lining 
to a discharge pipe. The rainwater is thus drained by 
gravity. The figure 3 shows the cross section of a re-
servoir with its floating cover when empty and when 
full. The figure 4 shows the typical design used in 
Corsica. 

 

 

 
 
Figure 3 Shape of the floating cover and of the tensioned fold; 
reservoir empty (upper sketch) and full (lower sketch) 
 

 

 
 
Figure 4 typical design of the floating covers in Corsica (Car-
gese reservoir, pond 1) 

3.6.2 Ballasting 
Ballasting in the middle of the fold creates a 

small tension in the floating cover, stabilizing it. The 
mass of the sand filled tubes (made up of the same 
geomembrane that is used for the floating cover) 
vary from 10 to 16 kg/m, depending on the pond size 
and the floating cover thickness.. 

3.6.3 Venting 
During the water storage, there will be a small re-

lease of the air, which was initially dissolved in the 
water. The air comes up under the floating cover and 
it is necessary to drain it with vents regularly spaced. 

To avoid that these vents could be a way for the 
water to escape, they have been constructed with a 
small vertical pipe placed on a float. 

 

 
Figure 5: vent 

3.6.4 Hatches 
To allow access inside the reservoir, two access 

hatches, 0.80 x 0.80 m or Ø 0.80 m, have been in-
stalled on each floating cover. They have been 
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placed on floats large enough to be stable with three 
or four people on top. 

These floats include a circular pipe connection to 
allow the inflation with air of the floating cover 
when the reservoir is empty. This inflation of the 
floating cover will be carried out to clean the bottom 
of the reservoir. However, it as never been used at 
this time. 

 
Figure 6: Access hatch 0.80 x 0.80m and inflating connector 

3.7 Anchoring 

Both bottom lining and floating cover are anchored 
on the slope top to a concrete beam with a stainless 
steel plate 6 x 50 mm and stainless steel bolts Ø 10 
mm each 0.20 m. 

Air vents are installed trough the anchoring every 
8 meters, in order to evacuate the air trapped be-
tween bottom lining and floating cover. (See figure 7 
and 8) 

 

 
Figure 7: view of the top anchoring (for bottom lining and 
floating cover) 

 
Figure 8:  view of air vent trough anchoring 

4 THE ROGLIANO RESERVOIR (45 000 m3, 
1994) 

This is the first work built in Corsica, according to 
this design. The characteristics of this reservoir are 
described in table 3.  

Two access hatches 0.80 x 0.80 m and eight vents 
are installed on this floating cover. 

The weight of the ballasting in the middle of fold 
is about 16 kg/m. 
 
Table 3 : Characteristics of the Rogliano reservoir 

Capacity 45 000 m3

Geomembrane area 10 500 m² 
Floating cover area 5 000 m²
Size(on the top) 120 m x 80 m 
Depth 7.0 m 
Slopes 2 horizontal / 1 vertical 
Waterproofing       
geomembrane

Homogeneous PVC geomembrane, 
1.5 mm thick 

Floating cover Reinforced PVC geomembrane,  
1.2 mm thick, light grey color 

4.1 Aging assessment of the floating cover 

Several samples have been taken of the floating cov-
er on the top of the slopes, in 2000 and 2007, to con-
trol its aging due to UV exposure. The plasticizer 
content measured in 2007 is summarized on the pic-
ture of figure.9. (The initial plasticizer content is 
about 33 %).  

 
Figure 9: The Rogliano Reservoir with the plasticizer content 
at several spots measured in 2007, after 13 years. 
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The aging of this type of PVC geomembranes is 
under continuous verification by the geomembrane 
producer, in the field and in laboratory. The main re-
sults of those studies were published by Fayoux 
(1990, 1993, 2000, 2004 and 2006) and Careira 
(2008). On sites established in hot countries, we see 
that PVC geomembranes remain efficient with a re-
sidual plasticizer contain of 20 %. 

Based on the field observations and the analyses 
carried out in 2000 and 2007, the expected lifetime 
is over 20 years. 

4.2 Wind effect 

The Rogliano reservoir is in the northern extremity 
of Corsica (Cap Corse) where the wind is very 
strong, and blowing sometime at speeds over 150 
km/h, but this had no effect on the floating cover. 

5 THE ERSA RESERVOIR (15 000 m3, 2000) 

Considering the satisfying results, a new reservoir 
has been built, in 2000, at Ersa, close to the first one. 

On this reservoir, two access hatches 0.80x0.80 m 
and eight vents are installed on the floating cover. 

The weight of the ballasting in the middle of fold 
is about 10 kg/m. 
 
Table 4 : Characteristics of the ERSA reservoir 

Capacity 15 000 m3 
Geomembrane area 5 000 m²  
Floating cover area 5 000 m² 
Size(on the top) 65 m x 65 m 
Depth 7.2 m  
Slopes 2 horizontal / 1 vertical
Waterproofing       
geomembrane 

Homogeneous PVC geomembrane, 
1.5 mm thick 

Floating cover Reinforced PVC geomembrane,  
1.2 mm thick; green color

 

 
Figure 10: The Ersa reservoir filled. You see the 2 access 
hatches and the 6 vents. 

An appraisal of the floating cover aging was also 
carried out in 2007. The evolution of the plasticizer 
content is similar to the evolution of the Rogliano 
floating cover. 

6 THE CARGESE RESERVOIR (80 000 m3, 
2008/2009) 

The popular city of Cargese needs about 2500 
m3/day during the summer (estimate for 2016). The 
water is pumped out of the aquifer of the Chiuni 
River. The maximal pumping capacity is 1250 
m3/day, and it was already insufficient for the needs 
of 2007. The chosen solution combines pumping out 
of the aquifer and storage in a large reservoir. Dur-
ing the winter, the reservoir that has a capacity of 
80 000 m³ is filled by pumping out of the Chiuni 
aquifer with a flow rate of 800 m3/day. During the 
summer the pumping is increased to 1250 m3/day. If 
more is needed, it is retrieved from the reservoir. If 
the need is less, the reservoir is filled. 

6.1 Reservoir Characteristics 

The Cargese reservoir has a capacity of 80 000 m3. It 
includes two identical ponds, with a capacity of 
40 000 m3 each. The use of two ponds allows more 
flexibility in management and maintenance. The 
pond characteristics are described in table 5. 

 
Table 5 : Characteristics of each pond of the Cargese reservoir 
(total capacity 80 000 m3) 

Capacity 40 000 m3

Geomembrane area 8 500 m² 
Floating cover area 8 5 000 m²
Size(on the top) 90 m x 87 m
Depth 8.5 m 
Slopes 2 horizontal / 1 vertical 
Waterproofing       
geomembrane

Homogeneous PVC geomembrane, 
2.0 mm thick 

Floating cover Reinforced PVC geomembrane,  
1.5 mm thick; green color 

 
The thickness of the geomembrane and of the 

floating cover has been increased in order to im-
prove the lifetime. 

 
Figure 11. Plan of the Cargese reservoir 

 
Each pond has two circular access hatches 

∅ 0.8m, 9 vents, and two rainwater drains. 
The weight of the ballasting in the middle of fold 

is about 10 kg/m. 
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The study and design was carried out in 2007, the 
work began during January 2008, the first pond was 
filled in June 2008 and the second in February 2009. 

 

 
Figure 12: The Cargese reservoir. View of pond 1 with its two 
access  hatches and  9 vents. 

 

 
Figure 13. The Cargese reservoir. The Pond 1 (in the back-
ground of this picture) is half-full, and the pond 2 (in the front) 
is empty. 

7 WATER MANAGEMENT 

The storage duration is about six month in Rogliano 
and Ersa reservoirs and three to four months in the 
Cargese reservoir. Before input, the water is treated 
with chlorine to meet the needs of the chlorine in-
stantaneous demand, (about 0.2 to 0.3 mg/l for the 
local data). At this point, there will be no free chlo-
rine remaining in the stored water, and this treatment 
is without impact on the geomembrane cover ma-
terial performance.  

At this time, the treatment before water supply 
consist of: 
• Filtration 
• Ozone treatment: 0.4 mg/l; contact 5 minutes; 
• And after, to protect the water during supply, 

chlorine 3 mg/l 
It could be possible to reduce this treatment, but 

the water quality evolution during storage is not well 
known at present. A study will start next year, mea-
suring regularly the temperature each 0.5 m on a 
vertical line, (to be compared with theoretical model 
developed by OEHC) and taking at the same time 
water samples for microbiological analysis. The 

sampling frequency is once a month until first of 
May and twice a month during the hot period. 

The final treatment could be adapted after taking 
into account the results of this study. 

8 CONCLUSION 
The storage of drinking water using cut-and-fill ear-
then reservoirs waterproofed by a PVC geomem-
brane and covered by a PVC floating cover is fast to 
realize, efficient and very economical compared to 
reservoirs built out of concrete. It is about ten times 
less expensive than a composite solution like the 
Salvi reservoir, whose floor is waterproofed by a 
geomembrane and which is covered by a concrete 
roof. (The ratio with a fully concrete work would 
even be much higher) 

The expected lifetime of the PVC floating cover 
(more over 20 years based on an appraisal after 13 
years) is acceptable, taking into account the cost and 
the ease of renewal. 

The PVC products used here are also able to store 
the water during six month, without imparting any 
unpleasant taste to the water, 

This solution is therefore very attractive for large 
drinking water storage, and particularly in areas with 
high summer tourism attendance. 
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