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Installation techniques of geosynthetic barriers into the coastal landfills

Kotake, N.
Takamatsu National College of Technology, Kagawa, Japan

Ishida, M.
Taiyo Kogyo Co. Ltd., Osaka, Japan

Katsumi, T.

Graduate School of Global Environmental Studies, Kyoto University, Kyoto, Japan

Keywords: coastal landfill, construction, geosynthetic barrier, geomembrane, installation

ABSTRACT: This paper presents the installation techniques of geosynthetic barriers into coastal landfills
that have been adopted in the recent construction projects in Japan. The installation procedures mainly con-
sist of enlargement works of geomembrane sheet units in the yard and on the sea, and submergence and
placement of the enlarged sheet units to the sea base. The paper also describes the structural features and re-
lated environmental conditions of coastal landfills. In addition some technical issues are discussed in relation
to development of new geomembranes to solve problems that are peculiar to coastal landfills.

1 INTRODUCTION

Coastal landfills have been constructed in metropoli-
tan areas in Japan due to the advantageous geologi-
cal and geographical conditions and the limitations
related to location for inland landfill sites. They
mostly locate on the thick alluvial marine clay layer
as a natural impermeable barrier, and their seawalls
with barrier systems enclose the site to limit conta-
minant migration.

As for the barrier systems that satisfy Japanese
technical regulation, a double geomembrane geosyn-
thetic barrier has been often adopted while vertical
barrier walls consisting of sheet piles or steel pipe
sheet piles with jointed sections are alternative
choices. Since the present regulation was enforced in
1998, several coastal landfills with geosynthetic bar-
riers were constructed and a couple of landfills are
currently under construction.

The barrier system in coastal landfill sites is re-
quired to maintain sufficient hydraulic barrier per-
formance when it is subjected to large deformation
associated with earthquake motions and settlements
of the soft foundation ground. In addition, the geo-
synthetic barriers installed behind the seawall struc-
tures directly suffer from water pressure due to
ocean waves propagating through the seawall. Also,
the difference of water levels between the sea and
the landfill site along with fluctuation of tidal level
causes the hydraulic pressure that applies to the geo-
synthetic barriers (WAVE 2008). Under such condi-

tions as described above the barrier systems are re-
quired to be structurally stable against uplifting
forces caused by ocean wave and tide.

This paper presents the installation techniques of
geosynthetic barriers into the coastal landfills that
have been adopted in the recent construction projects.
The structural features and related environmental
conditions are also described. In addition some tech-
nical issues are discussed in relation to development
of new geomembrane to solve problems peculiar to
coastal landfills.

2 GEOSYNTHETIC BARRIERS IN COASTAL
LANDFILLS

Structural features of geosynthetic barrier system in
coastal landfill are described here by introducing a
typical coastal landfill project in which a double
geomembrane was adopted.

2.1 A coastal landfill with double geomembrane

Figures 1 and 2 show the plan and the cross sec-
tion of the landfill site, respectively. The coastal
landfill site with the area of around 5 ha was planned
to construct at the depth of 12 to 13 m in a part on
the seaside of a new reclaimed land in the Inland Sea
of Japan. The industrial solid waste ash with the vo-
lume of 330,000m’ was planned to be disposed in 8
years. The caisson type seawalls were constructed
along the seaside and the sloping seawalls made of
steel slag were constructed as temporary seawalls for
the landfill inside the reclaimed area.
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The marine conditions for design were as follows:
the wave height Hp=5.6m and the period T=5.8sec;
and the tidal range of 3.6m between the tidal levels
of HW.L+3.8 and L.W.L.+0.2. The foundation
ground consisted of mostly alluvial sandy gravel
layer without any continuously distributed clay layer
beneath the site. Therefore, the regulation required
to install barrier systems in side and bottom of the
site. The design aspects are described elsewhere
(Kotake et al. 20006).

2.2 Configuration of barrier system

The configuration of the barrier system is shown in
Fig.3. Polyvinyl chloride (PVC) sheet of 3 mm
thickness was used for geomembrane, and polyester
nonwoven geotextile with mass per unit area of 550
g/m” was used for protection mats that sandwiched
the geomembrane. Granular geomaterials were used
for both intermediate and upper protection layers as
a whole to function as the overburden to resist the
uplift forces. The side and bottom barriers had basi-
cally similar configurations.

The fundamental configuration of the barrier sys-
tem as described above has been adopted in the suc-
ceeding coastal landfill projects.
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From the viewpoint that reliability of the barrier sys-
tem can be secured by using efficient and certain
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construction methods, it is more desirable to increase
the ratios of land works in the factory and the yard
while minimizing the works on the sea. Therefore,
the key process in the installation works is to enlarge
sheet units as wide and long as possible before pro-
ceeding to the working step on the sea. In considera-
tion of the above in the recent construction projects
the installation of geosynthetic barriers has
been conducted basically according to the following
procedures.

3.1 Enlargement works in the yard

1) Geomembrane sheet and upper and lower protec-
tion mats are assembled and combined by using
adhesive or welding in the factory, and rolls of the
treble sheets of ordinarily 2m in width are carried
to the processing yard. Such a processing yard
may be conveniently set up on land adjacent to the
quaywall nearby or inside the planned site. Oth-
erwise the barge having sufficient space can be
used for processing.

2) A very large unit is made of the rolls at the yard
by welding the sheet edges (Fig.4). The suitable
size of the large unit processed in the yard may be
determined based on the available machinery and
equipments, the area and location of yard and the
divided size for the succeeding enlargement
works on the sea inside the landfill site.

3) The edges of the treble sheet are seamed in the
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order of the lower mat, the geomembrane sheet
and the upper mat. The edges of the geomembrane
sheets are seamed by using self-propelled dual-
truck thermal welding machines with a lap width
of 100mm. The entire length of the seam is in-
spected by pressurizing test on the channel be-
tween the two parallel welds and by decompres-
sion test at the joint of working sections.

3.2 Enlargement works on the sea

1) The completed part of the unit is equipped with
buoys, and directly drawn out to the sea by using
winches that are arranged in front of the yard
(Fig.5). Afterwards the large sheets are towed and
collected in sequence.

2) Each edge of the adjacent two floating sheet units
is carried up to the deck of smaller barges and
seamed by lap welding to become a more en-
larged sheet until it becomes sufficiently large for
submerging works (Fig.6). The procedures on the
barge is similar to the one conducted in the
processing yard.

3.3 Submergence and placement

1) The upper edge of the enlarged sheet for a side
slope is pulled up and fixed at the top of the slope.
The floating sheet is subsequently submerged to
the sea base by cutting the buoys successively
while keeping the sheet in tension.

2) Large sandbags filled with geomaterials are
placed immediately to avoid the sheet from float-
ing up due to the effects of wave and tide (Fig.7).
The sheet placement is completed by discharging
geomaterials for protection layers (Fig.8).

3) After the placement of lower geomembrane and
intermediate protection layer, the performance of
the barrier system is examined by monitoring the
water level measured by water pressure gauges.
Then, the similar procedures as above are re-
peated for the placement of upper geomembrane
and upper protection layer.

\

Fig.4 Enlargement work in the yard

Fig.6 Enlarged sheet units floating on the sea

Fig.8 Discharging granular geomaterials
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4 DEVELOPMENT OF NEW GEOMEMBRANES

4.1 Materials for geomembrane

With respect to the materials for geomembranes
various kinds of materials have been used in Japan.
Recent tendency is that polyethylene (HDPE,
LLDPE) and thermoplastic olefin (TPO) have been
used in most of the inland landfills. On the other
hand, in coastal landfills there are a lot of use results
of polyvinyl chloride (PVC) so far. This may partly
attribute to the workability of submergence works in
the above-mentioned installation techniques. The
specific gravity of PVC that is approximately 1.3 is
larger than that of seawater while those of polyethy-
lene and olefin are generally smaller than unity.

Recently to try to improve durability the geo-
membrane of Linear Low Density Polyethylene
(LLDPE) having specific gravity of 1.15 to 1.25 by
devising the mixing portion was developed, and has
been used in practice. Figure 9 shows relationships
between tensile stress and elongation obtained from
the tensile tests on LLDPE and PVC specimens of
dumbbell shape No.3 at an elongation rate of 50
mm/min (JIS K6251). It is seen the tensile properties
of LLDPE are much superior to those of PVC.
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Fig. 9 Relationships between tensile stress and elon-
gation of LLDPE and PVC geomembranes

4.2 Surface treatment for higher interface friction

It is considered that the side barrier behind the
seawall suffers from shear force caused by the self-
weight of the mass of geomaterials in the slope dur-
ing the periods from construction to completion of
landfill. In this respect, interactive shear strength and
displacement between geosynthetics and geomate-
rials are important factors to assess the stability of
barrier systems. (Kotake et al. 2005).

The stability of the slope against sliding can be
improved effectively by increasing the interface
shear strength between geomembrane and non-
woven geotextile that is usually the weakest among
the interfaces of component layers. Also, the side
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barrier with a steeper slope gradient can resultantly
increase the disposal capacity. Considering such re-
quirements a textured geomembrane sheet to mobil-
ize higher interface friction was developed by the
surface treatment of spraying highly adhesive ther-
moplastic resin, and has used in practice (Fig.10).

It was reported from the test results of large direct
shear tests in which specimens of 345mm x 490 mm
were used that the interface friction coefficient be-
tween the LLDPE geomembrane and the polyester
nonwoven geotextile without surface treatment
#=0.23 was increased more than twice to u=0.52
due to the textured surface (Akai et al. 2005) .
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Fig.10 Textured LLDPE geomembrane

5 CONCLUDING REMARKS

This paper presented the installation techniques of
geosynthetic barriers into the coastal landfills that
have been basically adopted in the recent construc-
tion projects. It can be noted that distinctive efforts
in installation techniques and development of new
materials have been made to correspond severe ma-
rine conditions in construction and satisfy required
barrier performance.
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