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Special process techniques with project specified geosynthetics
for sludge lagoon covers
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ABSTRACT: The construction of a capping system on top of a sludge lagoon is a technically hard to please
task. The weak sediments and their low shear strength afford higly sophisticated and plant optimized solutions.
In the past the use of plant specified fabricated geosynthetics and a detailed planned construction work results
in cost and time effective solutions. Based on two topical projects the main characteristics for choosing the
reinforcement, the design and the work schedule will be presented.

1 INTRODUCTION

The design of the cover respectively the liner system
normally depends on the requirements of the customer
or the appropriate authority and the intended use after
capping. It may consist of a simple reinfocing geo-
textile and fill material or a multi layer combination
of geotextiles, high quality soils and a qualified liner
system with gas and water drainage.

The geotextile reinforcement stabilizes the soft sub-
soil and enables workers and construction machinery
to work carefully on the sludge lagoon. The sludge
maintains its geotechnical characteristics and has e.g.
not to be stabilised chemically or treated in any
other way.

2 TECHNICAL DESIGN

Design basis is an intensive soil investigation. There
may be a higher effort compared to normal sites. Often
sludge lagoons can only be walked on directly just at
extreme weather (frost or drought) or with boats and
pontoons.

The following data are necessary for design:

– Geotechnical parameters of sludge/fill material
– Stratification of the subsoil
– Dimensions of the sludge lagoon
– Water level
– Live load of contsruction machinery

According to the deposition history, dewatering
and weather conditions the hydraulic and mechanical
characteristics of the sludge may be subject to larger
differences in depth and across the area.

In large lagoons with inhomogenous sludge param-
eters in different areas you might use reinforcement
with varying and adapted design strength. In smaller
lagoons or lagoons where areas with different sludge
characteristics are not well known it is advisable to use
the most conservative design parameters for the whole
lagoon.

2.1 Dimensioning

At present there exists no geotechnical design analysis
that correctly describes the failure mode of a typical
sludge lagoon cover with geosynthetics. Nevertheless
in the past analytical designs with circular or polygo-
nal slip surfaces showed good results with sufficient
factors of safety (Fig. 1).

Sometimes analysis based on wedge or slice meth-
ods (e.g. Janbu) may be advantageous compared to
circle methods (e.g. Bishop, Krey) because of the
better considerations of the forces of the geotextile

Figure 1. Typical Bishop slip circle for sludge lagoons.
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reinforcement. Within the circle design methods the
reinforcement is taken into account as a moment that
is strongly influenced by the choice of the midpoint
and so by the length of the lever arm. This can lead
to inadequate consideration of the horizontal forces of
the geotextile.

Regarding the stability of the system the stratifica-
tion of the cover layers and their soil parameters have to
be checked carefully in each stage of filling. Especially
the first soil layers up to 0.6 to 1.0 m may become criti-
cal.At this stage the shear resistance of the weak sludge
as well as the counter pressure activated by surcharge
is negligible small to prevent ground failure. In this
situation the use of light machinery, e.g a lightweight
bulldozer like the so called pistenbully, with broad
chains and very small live load starting from 4.2 kN/m2

normally used in skiing areas, and additionally the fill-
ing of thin soil layers up to a maximum of 30 cm helps
to solve the problem.

2.2 Settlement

Settlement due to consolidation may be very important
in case of qualified sealing systems where the drainage
of the cover soil is of major importance and speci-
fied inclinations are required. Soil investigation should
contain consolidation tests to specify settlement during
and after construction period.

If there are no data available a settlement assump-
tion has to be done, based on experience in comparison
with similar soils. Based on this assumption multi-
plied by a factor of safety the required gradient of the
drainage layer should be constructed sufficiently. It
may be useful to install measuring points on the sur-
face of the sludge to allow control of settlement during
the filling process and verify the settlement prediction
thereby adjusting the gradient if necessary.

2.3 Choice of raw-materials and type of
reinforcement

There may be used woven fabric or geogrid or com-
binations like woven/geogrid or geogrid/non-woven.
The function of woven fabrics and geogrids is pri-
mary transferring tensile stresses, so in case of sludge
lagoons the load distribution across a larger area into
e.g. an anchor trench. Like non-wovens woven fab-
rics additionally may take the part of a filtration and
separation layer.

Depending on the chemical characteristics of the
sludge different raw materials have been established.
Normally polypropylene (PP), polyesther (PET, PES),
polyethylene (HDPE) and polyvinylalcohol (PVA) can
be used in a normal pH-range from 4 to 9.5. In areas
with pH 2–4 or 10–13 only PP and PVA may be used, if
long term stability has to be considered in the design.

2.4 Laying of geotextiles

It may be differenciated between small and large
sludge lagoons. Small lagoons have an area up to
20,000–30,000 m2 or a maximum width of 150–200 m
independent of the length. These areas can be cov-
ered by one or more large panels, consisting of several
geotextiles sewed together.

An important point with panels is placement. First
there is a staging area needed for preparation and
sewing. Panels may be prefabricated in plant, but the
size is limited by the allowable weight of the rolled
panel during transport, i.e. loading, unloading and han-
dling on site. A maximum roll weight of about 1.5 t
allows good handling but should not be exceeded.
So a larger panel may consist of several prefabri-
cated smaller panels. These have to be sewed along
the lagoon to form the complete panel, i.e. there has
to be at least the width to place the roles and 1 m
at the side where the sewing will take place. The
unrolling of the smaller panels may be done by a cable
winch. Using other machinery you have to add some
place for driving the machinery, e.g. 3 m for an exca-
vator. Driving directly on the geotextiles should be
avoided.

The panel can be installed by winches or excavators.
Cable winches need very little place and provide the
possibiliy of a very continuous pulling in contrast to
the stepwise pulling of an excavator. The connection
between cable and panel can consist of loops and a
traverse. Furthermore it is important to pull the panel
as far as needed to even anchor it in the trenches at the
side of the lagoon.

The materials used are woven fabrics or combi-
nated products because they can easily be sewn and
provide good seam strength. The higher price of a pre-
fabricated panel will be more than compensated by
the faster installation, e.g. a panel of about 10,000 m2

can be installed in one day including adjusting. So the
covering can start the next day.

Large lagoons with length of more than 200 or
300 m should be covered by single sheets of geo-
textiles because the seam strength may become too
small to transfer the tensile forces between the
geotextiles.

The ability to walk on the sludge is of major
importance for installation. On some lagoons you
might be able to walk on. In this case the
geotextiles can be installed by men with the help
of winches. On other lagoons you can walk on just
after the installation of the first non-woven or geogrid.
So here the installation has to be done in advance
to the workers. The great benefit of a walkable lagoon
is the good control of the installation, positioning
and e.g. overlapping. Lagoons you can not walk
on have to be covered just by machine, additional
guidance by handheld ropes helps in positioning the
geotextiles.
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A special case is the installation under water where
it is useful to install prefab panels from pontoons and
cover them with soil in one step.

3 CASE EXAMPLES

3.1 Open pit mine “Grube Hoffnung”

The “pit hope” located in the southeast of Helmstedt
in the former German Democratic Republik was used
as a hazardous waste landfill after formerly being used
as clay mine. Geology showed a naturally clay sealed
pit that has been filled with ashes and sludges from
the coal refining industry (Fig. 2).

Since closure in the 1990s the pit filled with rain
water up to more than 2 m above sludge level. In 2002
the responsible authority decreed to cover the landfill
to avoid direct contact to the environment. The cover
fill surface level should have a maximum height of 5 m
including a clay barrier of 30 cm.

The sludge showed a thixotropic behaviour,
incrustations on the surface and a high pH-level due
to high salinity. Consolidation took place during time
only by self weight, so the undrained shear strength
in the water covered area was very small, just about
cu = 0.5 kN/m2 or even less.

Before remediation could start nearly 65,000 m3 of
wastewater had to be pumped and treated on site before
feeding the next receiving water course.

3.1.1 Design
The geotextile part of design and engineering, done
by HPC Harress Pickel Consult, Merseburg, consisted
of a 250 g/m2 non-woven and a PP-geogrid of short
term tensile strength of Pult = 60 kN/m respectively
80 kN/m. In the northern stiffer part as single layer
and in the southern weaker part as double crosswise
geogrid reinforcement (Fig. 3).Additionally the south-
ern part was divided by dams made from dumped
concrete debris into four smaller lagoons (Fig. 8).

Figure 2. Open pit mine “Grube Hoffnung”.

3.1.2 Construction
After profiling steep slopes down to an inclination of
1v:3h the installation of the non-woven and the geogrid
started in the stiffer northern part, anchoring them in
embankments at the side of the lagoon (Figs. 4, 5). In
this part the non-woven could be placed by hand and
the help of cross beams.

Figure 3. Laying pattern of crosswise geogrid
reinforcement.

Figure 4. Profiling the slopes to 1v:3h.

Figure 5. Anchoring of geogrids in the embankments.
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Figure 6. Ground failure at the border of the lagoon due to
excavator works.

Figure 7. Pistenbully at work (Picture HPC).

The non-woven stabilized the sludge so far that it was
possible to work on it safely although local vibrations
could provoke liquefaction in the sludge.

Due to the round shaped geometry of the lagoon
there had to be multiple overlaps installed to guaran-
tee complete cover and anchorage in several areas. The
work, done for the first time by Jaeger Umwelttech-
nik (Berneburg), required special measures especially
after a ground failure due to the load of machinery
(Fig. 6).

The cover using high-class sub-base gravel was
done by a pistenbully (light-weight bulldozer). The
material was pushed from the side to the middle with
small height up to 30 cm (Fig. 7).

The southern part of the lagoon, that was covered
by water for a long time, showed a substantial weaker
consistency. The vane shear test showed not usable
results with shear strength less than cu = 0,5 kN/m2.

After building seperation dams with concrete debris
with size up to 1 m the installation of the geotextiles
could start. During the cold winter period the frozen
sludge surface enabled an easier installation. The sub-
base gravel could only be moved in by a first thin layer
of about 10 cm. 3 to 5 overruns of the pistenbully were

Figure 8. Construction of seperation dams through weak
sludge (Picture HPC).

Figure 9. Profiling the final cover layer (Picture HPC).

enough for sludge liquifaction. After a second layer
of 20 cm the following layers could be built in with
normal height of 30 to 60 cm.

In late summer 2006 the pit was filled up to 5 m
above original sludge level with sub-base course and
fill material. Finally a 30 cm clay liner was built in,
compacted dynamically by a 16 t sheepsfoot roller. At
least about 200,000 m3 of fill material were built in and
80,000 m3 of water were pumped and treated (Fig. 9).
The project was finished in 2007 after 1.5 years of
construction time.

3.2 Drilling mud lagoon Victorbur

In the north western part of Germany close to the city of
Aurich the drilling mud lagoon Victorbur has the size
of approximately 10,000 m2. At the base it is sealed by
a HDPE flexible membrane layer (FML). The respon-
sible authority ordered the surface cover with FML,
gas drainage and recultivation soil layer.

The period for design and construction from sum-
mer to autumn 2006 was very short, so a time and cost
saving solution had to be found.

The lagoon could be divided into two sections. The
southeastern “dry surface” and the northern part, cov-
ered by water (Figs. 10, 11). The highly basic drilling
mud showed a very soft to liquid consistency. In some
parts the surface was covered by a crust men could
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Figure 10. Southeastern Part (Photo EN-PRO-TEC).

Figure 11. Northern Part (Photo EN-PRO-TEC).

walk on, but at least 60 cm below surface the SPT
showed values between N = 0.5 to 3, or even less.

The geotechnical data base of the mud was rather
small and no time for additional investigation, so the
design based on the SPT results and the review of the
designer from EN-PRO-TEC, Nordhorn.

Due to the rather small size of the lagoon a panel
design was chosen (Fig. 12). The required seam
strength of the panel and the high pH-value pH = 10.6
required to use a biaxial PVA-geogrid combined with a
300 g/m2 PP-non-woven. The use of a PP-geogrid was
not taken into account due to the worse seam strength.
The higher price of the PVA material in contrast to
PP was more than compensated by the highly reduced
amount of work as with single layer installation.

In accordance with the designing engineer the panel
had to be anchored in- and outside of the lagoon. The
inner anchot trench was designed to withstand pullout
forces of the panel, whereas the outer anchor trench
guarantees that no sludge can squeeze out between
reinforcement and the basic FML at the edge. This
solution was very well appreciated by the responsible
authority that forbade any pollution of the surrounding
moreland (Fig. 13).

Figure 12. Plan view of lagoon and panel.

Figure 13. Detail of anchor trenches.

Figure 14. Preparation of the panel on site.

The panel was produced in three steps. At first
the non-woven was sewed on the geogrid creating the
combined product type Comtrac®.

In the second step two adjacent sheets were seamed
together in plant in accordance to the installation
plan. These sheets (width = 10 m, weight = 850 kg)
were coiled in the right direction so they could be
unwound correctly on site, the plant seam on the right
hand side, the left hand side near to the lagoon ready
for the seam to be done using hand sewing machines
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Figure 15. Installation of the panel.

Figure 16. Filling the inner anchor trench.

(Fig. 14). The seam was tested in the laboratory with
Fult = 57 kN/m providing enough strength even for the
first seam to carry the load of the whole panel during
installation.

The total weight of the panel was about 10,200 kg.
11 prefab sheets were seamed together by hand with a
double seam on site. The total seam length was about
2200 m done by two workers on two days. The sewing
workers were supported by three helpers who held the
sheets in position.

Before installation the lagoon surface was lev-
elled and the anchor trenches inside the lagoon were
prepared and partially supported by additional sand
fillings. Normally these “sludge locks” are built by
first installing the reinforcement on the even ground
and secondly pressing soil and geotextile into the soft
sludge. But in this case the building contractor Knoll
(Haren-Ems) chose the inverted way to protect the
sealing layer from additional surload or shear stress.

The anchor trenches were excavated by a
long-bow excavator. The sustaining sand improved the
drainage of the sludge filling the trench with leachate
water. Even sand profiled areas with supposed stable
conditions showed flowing conditions.

The installation of the panel was done within four
hours in the morning using two movable cable winches
and two excavators at the side of the lagoon. In the
afternoon the panel was aligned laterally so the filling
of the inner anchor trench could start the next morn-
ing. The outer trench was excavated and refilled after
partially covering the panel inside the lagoon.

After filling the outer anchor trench the panel was
fixed and could not be removed by wind. The filling
was done by a long-bow excavator at the side and a
lightweight bulldozer pushing and spreading the sand
on top of the panel.

The sandy bearing layer with a maximum grain size
of 1.5 mm was installed with a nominal gradient and
an additional gradient to compensate settlement. The
cover system had a height of 1.4 m above the equal-
izing bearing layer on top of the sludge surface. After
installation of a HDPE-membrane layer, a geosyn-
thetic drainage layer and the cover soil the construction
could be finished in autumn 2006.

4 CONCLUSION

This paper provides recommendations for design and
construction of sludge lagoon covers. Boundary con-
ditions are declared for the influence of the choice
of material and installation pattern. Anchorage of the
reinforcement can be performed in- and/or outside the
lagoon according to the place available and the danger
of squeezing out of the sludge. Different raw materials
allow the use of geotextiles in nearly every chemical
environment. Geocompounds or wovens have a rein-
forcing and seperating function and are predestinated
for sewing larger panels. Geogrids in combination with
non-wovens or wovens can be used for all size of
lagoons.

Small lagoons or parts of larger but narrow lagoons
should be covered by large panels shortening the
installation period essentially. Large lagoons should
be covered by single but longer geotextiles.

A lot of projects worldwide show that each sludge
lagoon is unique. Each project had its own specifics
regarding geology, products and construction. Fur-
thermore the experience is that most of the building
contractors are doing the job for the first time and
even though they are guided as good as possible dur-
ing design and construction, there always is a process
of learning by doing, changing and optimizing the
original design.
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