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T

he special theme of this issue is something that
now concerns many of us - ‘sustainability, environment and climate protection’. Current events
and recent happenings, such as the heat waves in Canada and California, the serious flooding in western and
southern Germany, Belgium and the Netherlands, the
heat and fires that affected southern Europe and Turkey, the torrential rainfall and landslides in Japan or the
El Niño effect, the unusual rise in temperatures in the
tropical Pacific region and other such developments,
have brought this issue to our attention like never before. Many of the articles in this edition of GeoResources Journal involve the technical aspects of sustainability,
the environment and climate protection and these are
topics that most of our readers now have to deal with as
part of professional working lives. In the field of politics
too climate change has now come to play a pivotal role,
as witnessed by the European Green Deal.

tion. On the other hand we now tend to spend much
more time on special broadcasts and reports on current
events, in which we get lots of information in a roundabout way that we are obliged to see, read and listen to
repeatedly. This can also have the effect of overloading us
with the same story such that we are unable to take any
more and so we simply block it out of our consciousness.

Looking beyond our own four Walls
The corona crisis, along with the news of a series of environmental disasters and the national and international
Earth Overload Day on 5th May and 29th July 2021, have
all given me cause to think. If everyone around the world
were to live as we do in Germany we would need three
Earths to cover our consumption of resources. This suggests that I as a German citizen should, on average, be

Shaping public Opinion
The mainstream media regularly insist that governments
and policymakers are responsible for the environment,
for the prevention of climate change and for dealing
with its consequences. Scientifically verified negative
scenarios are presented for public consumption – such
as the recently published Report of the Intergovernmental Panel on Climate Change [1]. In this extensive
document, which runs to 3,949 pages, the IPCC even
includes a special summary for policymakers (42 pages)
and key statements from this summary also intended for
the policymakers (2 pages), along with a technical summary (159 pages). As normal citizens we are usually only
aware of the fairly brief and indirect articles that appear
in television and radio news programmes, in the daily
press and on social media. We often do not have or do
not take the time to give these things proper consideraBrummermann:
No Time for Dithering
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cutting down on about two thirds of my consumption.
How is that supposed to work? This would far exceed the
current political targets laid down in Germany’s Climate
Change Bill. And when viewed in global terms mankind
now needs something like 1.75 Earths to survive.
With this in mind I have been watching myself and
my fellow human beings and I have read a number of
interesting articles and books – venturing a look at myself and beyond my own four walls. And I would like to
share some of these newly gained perspectives with you:
▶▶ Many of the things that I used to do before the corona crisis I did not miss doing during the lockdown.
Perhaps I do not really need them and can thereby
save on resources.
▶▶ The neurobiologist Gerald Hüther [2] invites
us to rediscover the pleasure of our own thought
processes and the desire for shared creativity.
Hüther explains that in terms of brain technology
creative solutions can only be found by simultaneously stimulating large and varied amounts of separately stored knowledge and memory content and
networking this together in a new way. He also believes that this is pivotal for human communities. In
order to realise potential and continue to develop,
he claims, human encounters and interaction are
crucial for the transfer of knowledge. However, one
should not be too overfocused on normal everyday
affairs to be creative and to be open and receptive to
other stimuli. Perhaps this is also the reason for the
positive effect of creative timeouts.
▶▶ The neuroscientist and psychotherapist Joachim
Bauer [3] explains very graphically that nature not
only provides human living space but also serves as
a vast medical and social resource. He also encourages us to deliberately let the power of nature work
its wonders. He would like to get everyone to change
their lifestyle for the good of the environment, to be
more climate and environment friendly and to engage
politically for the preservation of nature with all its
healing properties. He recommends adopting a dual
identity – a global one as citizens of the world with a
commitment to ecological change and a regional one
rooted in the immediate social environment with its
social and cultural impulses. Bauer closes his book
with a very striking message: personal attachments
are much more crucial for our actions than reports
that use catastrophic figures to describe the state of
our planet. Listening to daily news bulletins about
the IPCC report I can say that Bauer’s message acquired real practical relevance for me personally.
▶▶ Felix Harbart [4], writing in one of the daily
newspapers, ends a lead article entitled ‘Two crises,
one world’ with the phrase ‘Too early to despair – but
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too late to dither’. The two crises he is referring to are
the pandemic and the climate emergency.

Choosing the easy Way or ‘we are the
people’ and we can do it
Of course many technical developments are now doing
their bit to protect our climate and environment and
consequently to achieve our common objective. Some
of these interesting technologies are presented in the articles that follow. And better joined-up thinking when it
comes to specialist disciplines can provide even greater
potential for the creative development and shaping of
our living environment. While the political decisionmakers certainly have a crucial role to play, the call for
governments and states to take responsibility is not always expedient or sufficient.
At the end of the day ‘we are the people’, to coin a
slogan from the days before the fall of the Berlin Wall in
1989. As it was back then, we as one people have more
creative powers than many of us think. If we dare to readjust our lives, and instead of demanding more growth
at others’ cost we opt to settle for less, we might perhaps realise that there are lots of things that we would
not really miss. We could even find greater peace and
tranquillity, live a more conscious life, be more open to
new ideas, become more creative and save considerable
quantities of natural resources. Not only could we then
make individual activities and things technically more
efficient but we could also completely avoid all that is
unnecessary. Less can therefore really be more! So let us
stop dithering and get on with it. Let us embrace these
new ways of living and try them out. Creative development also produces contentment and a sense of wellbeing and drives out feelings of doubt and despair.
With my best wishes
Katrin Brummermann
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Remediation of contaminated Sediments in
Surface Waters using active Geocomposites
Dr.-Ing. Stefan Niewerth and Dipl.-Ing. Markus Wilke, Huesker Geosynthetics GmbH, Gescher, Germany

1 Introduction
Since the beginning of industrialisation, inland waters and oceans, especially ports, have been used as
transhipment points and routes for the transport of
raw materials, fuels, residues, and other goods. Surface
water also serves as cooling and process water. For this
reason, since the early 19th century manufacturing industry and, somewhat later, power plants have settled
along river courses. Until the middle of the last century,
there were no strict requirements for water protection
as there are today. The Water Resources Act [1] of the
Federal Republic of Germany came into force in 1960,
the Federal Immission Control Act [2] in 1973 and the
Federal Soil Protection Act [3] in 1999. The European
Directive 76/464/EEC [4] of 1976 addresses for the
first time at a European level pollution resulting from
the discharge of dangerous substances into the aquatic
environment. The Directive was last revised in 2006
and also includes an annex on pollutants of particular
concern for the control of water pollution. Since the
early 2000s, the remediation of contaminated sediments in Germany has been largely determined by the
EU Water Framework Directive [5]. For many decades,
the use of waterways was thus unregulated and uncontrolled from the point of view of water and soil protection in Germany and in most other industrial nations
as well.
Contamination of surface waters creates a need for
action and requires modern methods of remediation.
Dredging contaminated sediments is not always the optimal solution. In particular, the subsequent processes
of the dewatering and transport of the dewatered sediments to a landfill or (thermal) utilisation are energyand cost-intensive.
An alternative remediation process, which has been
tried and tested in particular in North America and
Scandinavia, but also in the Netherlands and Australia,
is the permanent chemical isolation of the pollutants
from surface waters. This remedial option is known as
sediment capping. It involves covering the bed of the
water body with a layer of bulk material in order to prevent the movement of the pollutants in the porewater
and to enable the natural degradation of pollutants under this isolation layer by natural biological and chemical processes. In a conventional sediment cap, a thick
layer of sand is placed on the polluted sediments to prevent transport of contaminants. Active geocomposites
consisting of geotextiles and adsorbers enable innovative active sediment covers with various advantages for

The innovative method of active sediment capping with active geocomposites enables environmentally protective, low-risk and efficient remediation of surface waters containing polluted sediments. This article
explains active geocomposites and compares the remediation method
of active sediment capping, which has already been proven in North
America and Scandinavia in particular, with conventional methods. The
practicality of the system is illustrated by the example of a remediation in
Sydney in Australia with significant contamination of the sediments with
PAHs and TPHs.
Geotechnics • Hydraulic engineering • Environmental protection •
Contaminated sites • Remediation • Geocomposites

Fig. 1: Remediation of contaminated sediments in surface waters using active
geocomposites

the protection of the environment and of resources for
installation and use of water bodies (Fig. 1).
This article explains the structure of active geocomposites and how they work, compares the innovative
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remediation method with conventional methods, and
shows an application example in Kendall Bay in Sydney,
Australia.

2 Active Geocomposites
The term “active geocomposite” describes the combination of at least two layers of geotextiles which sandwich
an active material between them (Fig. 1).

2.1 Geotextile Components
The lower carrier layer and the upper cover layer of
active geocomposites consist of either woven or nonwoven fabrics; they are joined together by mechanical bonding techniques (needle-punching or sewing).
Similar geosynthetic mats enclosing a granulate or powder in a uniform and mechanically stabilized manner
have been used in landfill construction since the mid1980s [6]. Such tried and tested geosynthetic clay liners
(GCLs) with swellable bentonite between the textiles
can replace considerably thicker conventional clay liners. In contrast to GCLs, active geocomposites have a
high permeability. They have a coefficient of permeability k ≥ 1 ∙ 10-5 m/s. This is important so that the contaminated medium – usually water or gas – can flow or
diffuse through the mat. This free flow ensures that the
natural water flow remains unaffected.
The geotextile components are helpful in the application of sediment remediation not only as carriers
of the active substances; they also have other beneficial
properties:
▶▶ Reinforcement: Use of the tensile strength of the
geotextile to improve the load-bearing capacity in
soft sediments
▶▶ Separation: Prevention of mixing of adjacent soil
types or fill materials
▶▶ Filtration: Retention of soil constituents and particles subject to hydraulic forces whilst allowing the
flow of fluids into or through the geotextile
The durability of the materials is also important. The
pollutants must be chemically isolated until they decompose naturally. This process can sometimes take several
decades, so the geotextiles must also have a similar life
expectancy. Oxidation tests can be used to simulate the
ageing of the geotextile components in order to make
statements about their service life in situ. A life expectancy of 100 years can be considered normal for quality manufactured geotextiles which have been correctly
installed and exposed to natural conditions with soil pH
values of 4 ≤ pH ≤ 9 and soil temperatures of ≤ 25 °C.

2.2 A
 ctive Substances and the Way in
which they function
In order to filter pollutants from sediments or the porewater, active substances are used to whose surface the
GeoResources Journal 3 | 2021
www.georesources.net

pollutants can adhere. This mechanism is termed adsorption, and the active substances are thus also called
adsorbents.
There must be sufficient knowledge about the contaminant to enable selection of the active substance. In
environmental chemistry, a distinction is usually made
between organic and inorganic pollutants. Organic pollutants consist of hydrocarbon compounds which form
chains or aromatics. Those frequently encountered
in sediments of surface waters are e. g. polycyclic aromatic hydrocarbons (PAH), polychlorinated biphenyls
(PCB), tributyltin (TBT) and dioxins/furans (PCDD/
PCDF).
Inorganic pollutants are salt-like molecular compounds. These are, for example, (semi-)metals such as
arsenic, mercury, nickel or lead. Even at low concentrations, some of these substances pose a risk to the environment and to human health. The substances accumulate over a long time in the tissues of living organisms
– the receptors. For this reason, they are also described
as cumulative toxins.
To immobilise the contaminants, suitable active
substances are used according to their properties. One
of the most common active substances for water treatment is activated carbon. Because of their mesoporous
structure, granule has a very large surface area. For example, 10 g of activated carbon, made from coconut
shells, has a surface area with a similar to a football field.
Basically, the larger the surface area is, the more pollutants can adhere to the adsorbent. Activated carbon has
proven particularly effective for organic pollutants. Due
to the very fine pore structure of activated carbon made
from coconut shells, it is suitable for organic pollutants
with rather smaller molecules, such as smaller PAHs or
PCBs. Coarser activated carbon made from hard coal,
on the other hand, is used for compounds with higher
molar masses such as long-chain PFAS; it is also used for
pesticides and herbicides.
In the case of contamination with non-aqueous
phase liquids (NAPL), such as oil, petrol, creosote, coal
tar, etc., organophilic bentonites are frequently used in
the sediment capping. These clay minerals are chemically treated to make them oleophilic and hydrophobic.
Instead of absorbing water, they swell when in contact
with NAPL. As a rule of thumb, 1 g of organophilic
clay adsorbs 0.5 g of NAPL. After complete saturation,
permeability is significantly reduced, which greatly decreases the migration of further NAPL through the active substance.
Inorganic pollutants are only slightly adsorbed by
organic active substances such as activated carbon. For
the adsorption of heavy metals, for example, active substances capable of cation exchange are suitable. Cationic adsorbers bind metals dissolved in water, such as
arsenic, lead or chromium, by releasing a cation and exchanging it for the metal. A natural molecular sieve for
heavy metals is, for example, the mineral zeolite. How
successful the removal of pollutants is depends on different parameters of the watercourse. For example, the
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pH value or the temperature frequently influence the
adsorption capacity.

3 Sediment Remediation
in Surface Waters
3.1 Overview of Remedial Options
An extensive investigation of the contaminated site is
necessary for successful sediment remediation. In particular, the contaminant concentration in the interface
between sediment and watercourse (watercourse bed in
Fig. 2) must be evaluated. To do this, samples of water
or sediment, but also samples from the tissue of aquatic
organisms – i. e. fish native to the water body – are taken. From the insights gained, a remediation strategy can
be developed from various possible remediation methods. Three different methods are considered below:
▶▶ Monitored Natural Recovery (MNR)
▶▶ Sediment removal by dredging
▶▶ Sediment capping
▷▷ with inert bulk materials
▷▷ actively with geocomposites
The type and concentration of the pollutants are particularly relevant for the choice of the remediation process. If
the measured concentration is below a permissible limit
value or if it is foreseeable that the limit value will be
reached within a definable period of time, natural processes are sufficient for natural recovery. Sediment capping can
be forced if the concentration at the bed of the water body
can be held below a specified limit value by the measure
until the pollutants are rendered harmless by natural processes. As a result of the degradation of the pollutants by
bacteria, the concentration decreases if new contaminants
can be excluded. If compliance with the limit value cannot
be ensured with sufficient certainty with a capping layer,
the sediments must be removed. A simple schematic of the
decision-making process is shown in Fig. 2.

3.2 Monitored Natural Recovery (MNR)
Most organic pollutants are slowly but steadily decomposed by natural physical, chemical, and biological
processes. In the Monitored Natural Recovery (MNR)
remediation concept, pollutant decomposition is left to
these natural processes. The pollutants are transformed,
immobilised, isolated, or destroyed. The contaminated
sediments are left in place and their concentrations
continuously monitored. The method is based on the
reduction of the bioavailability or the toxicity of chemicals after the accumulation of new, uncontaminated
sediments. The focus of this concept is on monitoring
the degradation of pollutants, whereby the concentration of the substances in the water and in the receptors
is continuously monitored. As long as a defined limit
value is not exceeded, no further active measures are
taken.

Fig. 2: Remediation procedure depending on pollutant concentration

The use of MNR in the remediation concept of an
aquatic contaminated site requires a thorough understanding of the pollutant sources, the exposure pathways
and the receptors – i. e. the entire ecosystem. An acceptable degree of certainty is required to ensure that contaminant concentrations will fall below the limit value
within a certain time frame. If the latter is not guaranteed, MNR is unsuitable as a stand-alone remediation
technology. The numerical modelling of the pollutant
concentrations in the sediment and in the tissue of living organisms are therefore important tools for defining
timely targets and for demonstrating the effectiveness of
MNR [7].

3.3 Sediment Removal
Removal of sediments is the only solution if concentrations of pollutants in water bodies are regularly unacceptably high. To eliminate the danger to the environment,
dredgers are used to clear the contaminated sediments
from the polluted water bed [8]. The dredged sediments
must then be dewatered and if necessary disposed. Dewatering can be achieved using mechanical processes,
for example in chamber filter presses, belt filter presses
or centrifuges. An alternative is the use of geotextile dewatering tubes. Here, the sludge is conditioned by adding a flocculant and pumped into large tubes in which
a static, gravimetric solid-liquid separation takes place
(Fig. 3). High-performance woven fabrics ensure that the
solids content of the sludge is retained while the water
is allowed to escape from the tube. After the dewatering
process, the sediments can either be landfilled, thermally
utilised or used elsewhere, e. g. as a recultivation layer [9].

Fig. 3: Schematic sequence of sediment removal and dewatering using
g
 eotextile tubes
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Fig. 4: Sand cover to isolate the contaminated sediments (right); comparison with stone wall (left)

3.4 Sediment Capping
3.4.1 With inert Bulk Materials
In the case of “conventional” sediment cover, a cap of
uncontaminated, inert material, usually sand, is applied
to the contaminated watercourse bed as an isolation layer. The sand, however, has only a low chemical isolating
capacity. In comparison with the thermal insulation of
a building envelope, the sand could be compared with
a thick stone wall of a historical building, as in Fig. 4.
The inert stone provides little thermal insulation, which
is why a thick stone wall is required. The same is true
for sand for the chemical isolating of pollutants. A thick
layer of sand is required to reduce the concentration of
pollutants in the porewater.
The diagram of the sediment cover in Fig. 4 shows
that the limit value is not set at the interface to the surface water, but already at a height of approx. 40 % of
the sand layer thickness. Various external influences in
the aquatic environment lead to uncertainties during
installation and throughout the life of a sediment cap
with bulk materials. For example turbulence caused
by shipping or currents may present problems. Benthic organisms, such as worms, also burrow into the
upper layers of a sand cover. This process is known as
bioturbation. Fig. 5 shows that an increase in layer
thickness is required to allow for the uncertainties. In

addition to the influences that a sediment cover experiences “from above”, clean and polluted sediments are
liable to be mixing at the interface between the polluted
watercourse bed and the sand layer. Mixing is caused,
for example, by groundwater inflow, gas formation in
the organic-rich sediments or consolidation of the soft
sediments. Mixing with polluted sediments also occurs
when the sand layer is installed.
As a consequence, only a small part of the sand layer
is required for the chemical isolation of the pollutants.
According to Reible and Eek (2016) in [10], the required total layer thickness of a backfilled sand cap is
significantly greater than required for the actual isolation layer. As part of the planning of a conventional
sediment capping, calculations must be carried out for
all forces acting externally. A comprehensive explanation of the calculation principles – which will not be
discussed further here – can be found, for example, in
[11]. According to [10], the thickness of the sand layer
hcap finally results from the sum of all the thicknesses hx
for the different external influences x:
hcap = h erosion + hbioburbation + hisolation +
+ hinstallation uncertainty + hmixing .................................... (1)
Uncertainties resulting from layer mixing, underwater
installation and turbulence apply not only to sand, but
also to other bulk materials. If a granular active substance, such as activated carbon, is to be bulkly installed,
appropriate safety factors must also be taken into account. Geotextiles prevent such effects by mechanically fixing the adsorbent. They also ensure a constant
layer thickness of the chemical isolation layer – even on
slopes.

3.4.2 Actively with Geocomposites

Fig. 5: Uncertainties in a conventional sediment
c apping [10]
GeoResources Journal 3 | 2021
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As with conventional capping, active sediment capping isolates the pollutants from the surface water. The
chemical isolation is mainly achieved by the adsorbent
in the active geocomposite and not by the thickness of
the layer. Because of the adsorption, the pollutant reduction is achieved with significantly less material and
thus a much thinner cover (Fig. 6) than with the conNiewerth and Wilke:
Remediation of contaminated Sediments in Surface Waters using active Geocomposites

ventional solution using sand. In terms of comparison
with thermal building insulation, the active substances
correspond to a modern insulation material. In both
cases, the high-performance materials have better isolating properties than the sand or rock alternatives. The use
of active substances thus leads to an optimisation of the
chemical isolation in relation to the amount of material
required. This is advantageous for resource efficiency,
but equally so for the functions of the watercourse, such
as the shipping-channel depth or the reservoir volume
during floods.
A thin layer (around 0.3 m) of sand is required on
top of the active geocomposite. It forms the new, uncontaminated bed of the watercourse and enables the
settlement of benthic organisms and micro-animals.
In addition, the sand layer provides protection against
dropped anchors and other external mechanical influences.
The geotextiles eliminate the uncertainties associated with a conventional capping layer of bulk
materials. The textiles ensure an even thickness of
the isolation layer, while at the same time preventing the mixing of contaminated sediments and active material or sand layer. The geotextiles not only
improve long-term chemical isolation by applying
the adsorbent at a constant thickness over the entire
surface, but also separate the different elements of
the sediment cap.
Depending on the project-specific circumstances
and the installation conditions, the installation of the
large mats may require technical support or divers. As
long as the pores of the active substances are unsaturated, the density of the geocomposites is lower than
that of water, and this causes them to be buoyant and
to float temporarily on the water surface. The installation procedure must therefore be adapted to the
project conditions, or technical aids must be used to
speed up the sinking process. The following project
example describes a possible solution.
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Fig. 6: Isolation of the contaminated sediments with active sediment capping

4 S
 ediment Remediation at Kendall Bay
in Sydney, Australia
Kendall Bay lies on the south bank of the Parramatta
River, about 10 km from the cultural centre of Sydney.
The river connects important industrial areas of the city
with the Pacific Ocean. A large Australian company operated a manufactured gaswork facility at the bay from
the 1880s to the 1980s, and this has now given way to
a modern housing estate. The Paramatta River was used
to bring coal and other production goods to the plant,
with transhipment taking place in the bay. The plant’s
long-term operation led to a high level of sediment pollution with PAHs and petroleum-derived hydrocarbons
(TPHs). In May 2004, the NSW Environmental Protection Authority (EPA) therefore declared the area as a
contaminated site in need of remediation.
For the remediation of the sediment, the EPA divided the entire bay into different areas depending on the
pollutant concentration. In the areas with the highest
concentration up to 120 mg/kg PAH, a combination of
two methods was chosen. In-situ soil stabilization was
carried out with cement and other additives. Above this,
the upper, contaminated soil layer was removed and replaced by an active sediment cap. This consists of an

Fig. 7: Bird’s eye view of Kendall Bay construction site
Source: HUESKER Australia
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Fig. 8: Installation of the active geocomposite using a
lowering frame
Source: HUESKER Australia

Source: HUESKER Australia

active geocomposite with a filling of 3.4 kg/m² of activated carbon covered by a layer of approximately 30 cm
of sand.
Work was carried out in 2020 immediately adjacent
to the shoreline under the protection of sheet-pile walls
and a suspended-sediment barrier, the latter a geotextile curtain often referred to as a “silt curtain” (Fig. 7).
This suspended-sediment barrier prevented the possible
spread of contaminated sediment plumes in the bay during construction.
The active geocomposites, firmly anchored at the
shoreline by armour stones, were rolled out from an
unrolling device on a floating pontoon. A lowering
frame was used to ensure controlled lowering and ballasting. This installation method involves a crane which
places a bottomless frame in a precise position on the
geocomposite and forces it under the water surface, as
shown in Fig. 8. A long-arm excavator is then used to
fill the frame with sand, which enables a simple and at
the same time controlled application of the thin sand
layer.
The rolls, 45 m long and 5.10 m wide, were installed
with an overlap of 0.50 m, as shown in Fig. 9. In this
way, a uniformly thick chemical isolation layer was ap-

Fig. 10: Pollutant concentration in fish tissue with different remediation
methods [12]
GeoResources Journal 3 | 2021
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Fig. 9: Installation of the active geocomposite with
overlaps

plied over the entire surface. In total, the work for the approximately 5,000 m² area was carried out in five weeks
from July to August 2020 equivalent to a work output of
1,000 m² of active cover layer per week. The companies
involved praised the simple, speedy installation.
The project impressively shows that contaminated
sediments do not always have to be removed and disposed of. The active sediment cover – here in combination with the in-situ stabilisation – keeps the pollutants
safely sealed until they are degraded by chemical and
biological processes.

5 Summary and Conclusion
Active sediment capping is a modern method for remediating contaminated sediments in surface waters
which is being successfully implemented in North
America and Scandinavia in particular, as well as in
individual cases in other countries around the world.
It has been proven to provide immediate protection
for both benthic and aquatic organisms against the
harmful substances. By preventing the entry of pollutants into the food chain, it contributes actively not
only to the protection of the environment, but also to
the protection of human beings. Measurements of the
concentration of pollutants in fish show that a reduction of the absorbed pollutants in the cell structure of
the animals occurs immediately after installation of the
sediment cap. In direct comparison with the dredging
of the sediments, temporary mobility of the pollutants
can occur as a result of the dredging work. A possible
consequence of this can be a short-term increase in the
concentration of the pollutants in the fish tissue, as can
be seen in Fig. 10 [12].
But the active sediment capping not only contributes to a short-term improvement of the situation, but
also has a sustainably high efficiency in the remediation
of polluted sediments in the long term. In addition to
a technically sound product selection, scrutinous determination of the relevant site information is essential.
Precise determination of the pollutants as well as their
concentrations and the groundwater inflow are of ut-

Niewerth and Wilke:
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most importance in planning a permanently successful
remediation.
The use of active sediment covers in the European
area is still complicated by the novelty of the process.
The lack of appropriate European guidelines and technical regulations makes planning and approval a challenge in individual cases. Likewise, the lack of experience
among construction companies and planners is a hurdle.
Help can be found in regional recommendations (such
as [13] for Norway) or in North America, where relevant
regulations are already in force [14]. Particularly in the
urbanisation of former industrial areas along coasts and
water courses, new and sustainable remediation concepts
for contaminated aquatic sites are also required. With its
sustainability and new technical approaches, active sediment capping represents such a concept.
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Sustainable Climate Protection
in Hydraulic Engineering with innovative
River Mattresses for Bank Protection
Dipl.-Ing. Michael Arndt and Francesco Masola, M.Sc., Secon Systems GmbH, Berlin, Germany
Innovative river mattresses are known to contribute to sustainable climate protection (up to –82 % CO2), to saving of natural resources and to
cost reduction (up to –73 % layer thickness) in hydraulic engineering. This
article presents the product development and the intended sustainable
impacts.
Geotechnics • Hydraulic engineering • Bank protection • Innovation
• Climate protection • CO2 reduction • Project management

Sustainable climate protection is of great importance
to our society and thus also in hydraulic engineering
in the design of bank-protection systems; it also poses
major challenges in hydraulic engineering. As a starting
point, three quotations are given here to illustrate the
relevance of bank-protection systems for the climate:
▶▶ The German Federal Waterways Engineering and
Research Institute and the German Federal Institute of Hydrology give the following information
on bio-engineering bank-protection systems on waterways:
“... Since the introduction of the European Water
Framework Directive and further national laws, ecological aspects must increasingly be taken into account
in all measures on waterways. The aim is to increase
the structural diversity of waterways in the interests of
ecological watercourse development and thus to promote near-natural riparian habitats for plants and
animals. In the long term, these measures can make
a positive contribution to watercourse quality and
climate change. At the same time, the stability of the
banks must as a rule be guaranteed. One way to combine these requirements is to remove or replace riprap
revetments with environmentally friendly bank protections. ...” [1]
▶▶ In 2017, the German Federal/State Working Group
on water published the following information on
the effects of climate change on water management:
„ ... Despite all the measures taken to protect the climate, greenhouse gas emissions continue to rise worldwide and lead to global warming. Even if the goals of
the Paris climate conference (COP 21) are achieved,
climate change cannot be stopped. ...” [2]
▶▶ Melcher et al. give the following information:
„ ... Riparian vegetation is important for the aquatic
ecology of our watercourses and is of particular significance due to the anticipated effects of climate change
on the thermal regime. Due to its shading effect, it can
reduce the increase of water temperature by up to 2 °C,
especially during hot spells. ...“[3]
GeoResources Journal 3 | 2021
www.georesources.net

For more than 100 years, river mattresses have been used
worldwide for bank and riverbed protection in inland
waterway construction, and the development of such
products goes back to the Italian Maccaferri Group.
River mattresses are flat-built, stone-filled gabion baskets made of semi-flexible steel wire mesh protected
against corrosion by a polymer coating. On account of
their dimensions, relatively thin and with areas of up to
3 m x 6 m, the term ‘mattresses’ has become common.
Because of their flexibility, river mattresses conform
well to irregular waterway banks and can be completely
vegetated. They thus fulfil the requirement for nearnatural riparian habitats. Depending on their type and
size, the plants contribute to a shading and a reduction
in the ambient temperature, and in addition their photosynthesis process additionally reduces CO2. Bankprotection systems with river mattresses also provide
long-term protection against burrowing animals [4].
In recent years, the Maccaferri Group has invested
considerable sums in the continuing development of its
river mattresses, with particular emphasis on the following goals:
▶▶ To improve the river-mattress system of bank protection by undertaking extensive investigations to
ensure sufficient stability at reduced layer thicknesses
▶▶ To achieve an additional contribution of river mattresses in reaching the climate targets mentioned
After investing around € 500,000 in research and development and successfully completing a 3-year series
of international studies, at the turn of 2020/2021 the
Maccaferri Group introduced the new generation of
river mattresses named ‘Reno mattress Plus with X-ties’
(RMP-X for short). This article presents the more than
one hundred years of development of river mattresses
for bank protection, using the products and systems of
the Maccaferri Group as an example. It also explains the
innovative changes in the latest generation of river mattresses, their impact on possible applications, and their
contribution to the achievement of environmental and
climate-protection objectives.

Historical Review of the Use
of River Mattresses
Fig. 1 gives an overview of the development of bankand riverbed-protection systems of Maccaferri from
1910 to the present day.

Arndt and Masola:
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Fig. 1: Development stages of the Maccaferri Group bank-protection systems from 1910 to 2020

About 10 years after the first Maccaferri gabion patent was granted around the turn of the last century, an
initial mattress design was developed around 1910 under the product name “Mantellata Volga” (Fig. 2 left). A
wire mesh of adequate length was anchored at the top of
the embankment, unrolled to the base of the embankment, and then filled with stone material in layers from
the bottom to the top. After reaching a specified fill
level, the wire mesh was folded over, starting from the
base and working towards the top of the embankment,
and behind the fill level reached – along the axis of the
embankment – it was connected to the mesh under the
stone fill using binding wire and folded back again to
allow filling with the second layer of stone material.
This process was repeated until the top of the slope was
reached. The result was a stone-filled wire-mesh structure with a base, a lid, and intermediate fixings in cross
direction to the slope. Its operating principle is already
in line with that of today’s river mattresses.
At the beginning of the 1960s, this complex process
was partially automated, and the “Reno Mattress” river
mattresses were developed and introduced, in which the
base and side walls consist of a pre-fabricated component (Fig. 2 right) [5] – as they do today. Single-layer
partition walls (diaphragms) were inserted and connected on site. After the stone infill had been placed,
a lid of wire mesh was finally applied. As early as the
1980s, this type of construction was subjected to extensive international long-term tests in order to derive the
basis for design methods [6, 7, 8, 9].

Since the 1990s, the Maccaferri has automated its
production of river mattresses with double partition
walls (diaphragms) at its factories around the world.
The manufacturing principle is simple, and the effect is
considerable: the wire mesh manufactured in a continuous production process is stopped by time-controlled
mandrels on the outlet section before reaching the
winding device, which is used for material on rolls. The
machine continues to produce and pushes more mesh
downstream; this forms a wave which is then pressed
into a double-layer diaphragm by means of a pressing device. The mandrels are retracted again, the mesh
continues to run for a defined distance of around 1.0 m
until the mandrels again rise to create the next wave and
thus form another future partition. This production
principle ensures a construction in which the base and
diaphragm are made of one continuous material, thus
eliminating any bending or sagging of a diaphragm fixed
only to the side walls when installed. This effect explains
the significantly better performance parameters when
compared to the 1960s construction design [10].
The recently launched new generation of river mattresses named Reno Mattress Plus with X-ties (RMPX) was developed with the clear objective of making
a technical and conceptual contribution to achieving
the climate targets and also to opening up new areas of
application for which river mattresses could not yet be
used. As a result, significant natural resources, cost and
emission reductions can be achieved. These benefits are
explained in more detail in the following chapters.

Fig. 2: Historical bank-protection systems in Emilia-Romagna, Italy: on the left, Mantellata Volga in the late
1920s, on the right, mattresses in the early 1960s
Arndt and Masola:
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Fig. 3: Innovative Reno Mattress Plus river mattresses with diaphragms, three-dimensional X-ties and
Polimac coating

Innovative Changes and their Effects
What exactly is the innovation? Two significant changes characterise the new generation of river mattresses
(Fig. 3):

▶▶ The three-dimensional anchoring system between
the base and the top mesh in the form of so-called
X-ties to improve the structural stability
▶▶ The new Polimac polymer coating with significantly
more robust performance parameters to optimise
long-term corrosion protection
What impact do these innovations have on the performance of the river mattresses achievable in the test
procedure, on their potential applications, and on the
achievable savings potential?

Performance Improvements

Fig. 4: Colorado test campaign 2018-2020 to determine the limit shear forces
in the tipping-trough test: Photos of the tipping troughs (top) and
shear forces for varying thicknesses of the river mattresses (bottom)
GeoResources Journal 3 | 2021
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In the overflow test [11, 12, 13], the results of the RMP-X
in direct comparison to the predecessor products show an
improvement by a factor of 2 at all three tested construction heights of 0.17, 0.23 and 0.30 m, and an increase of
well over 100 % in the application-relevant shear strength
compared to mattresses with simple partitions, which are
still offered in many markets (Fig. 4). However, the Maccaferri Group used systems with single diaphragms only
until the 1980s, and has offered systems with double-layered diaphragms since the 1990s. As Fig. 4 shows, at 52 %
the new RMP-X product generation offers an additional
performance improvement of more than half compared
to mattresses with double-layer diaphragms.
The improved corrosion protection, the Polimac
coating, has no effect on the shear strengths achievable
in the tipping-trough tests, nor on the potential for
savings in natural resources, installation costs or CO2.
The requirement on the coating in areas such as UV
resistance, properties at extremely low temperatures,
or chemical resistance are significantly exceeded by the
new formulation, but were also achieved by the coatings
previously used. The most exciting and important performance improvement is the verifiable tenfold increase
in resistance to abrasion in the abrasion test according
to DIN EN 60229 shown in Fig. 5.
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Potential Applications
The significance of the test results for future areas of application can be very easily illustrated by the limit load
values at different construction heights: The maximum
load which the 0.30 m high mattress with a single-layer
diaphragm can withstand is exceeded by the maximum
load capacity of the mattress with a double diaphragm
and a height of only 0.17 m. The same applies to the
maximum value of the 0.30 m high mattress with a double-layer diaphragm, which is exceeded by the limit load
value of the new RMP-X with a height of only 0.17 m.
Consequently, the 0.30 m high design of the RMP-X
achieves shear strengths of almost 650 Pa in the limit
range, which were previously considered unattainable
for this type of bank protection. This has two effects on
the possible applications:
▶▶ Projects which were designed on the basis of the
limit load values of previous products available to
date can now be implemented with significantly reduced layer thickness.
▶▶ Projects for which river mattresses could not be used
until now due to the excessive shear forces can now
also be realised with river mattresses. If such new applications are to be developed in high-shear areas,
all general boundary conditions must be taken into
account. Forces which can affect the stone filling
and cause the infill material to “roll” are successfully
dissipated by the positional stabilisation of the fill
as a result of the stiffening of the lid via by the new
X-ties. The significantly higher abrasion resistance
of the polymer coating (Fig. 6) has a positive effect
on the higher stresses associated with the flow rates.

Fig. 5: Abrasion tests according to DIN EN 60229
with a tenfold increase in abrasion resistance
of the new Polimac coating compared to PVC
coating: upper photo – during test; lower
photo – test results

Potential Savings
It is obvious that reduced layer thicknesses combined
with superior performance parameters lead to savings,
since less fill material is used (Fig. 6). Less material required also means less transport of steel and stone to
the construction site and shorter construction times
due to faster filling and installation. It also leads to a
lower weight per mattress unit – an aspect that can play
a significant role in underwater installation with a lifting frame or an installation fork – as well as an overall
more effective, shorter use of construction equipment
and installation personnel. In addition to lower costs
for material and labour, this also results in a significant
reduction in CO2 compared to conventional river mattresses. However, if the new generation is compared
with rip-rap bank-protection systems, the savings potential becomes even mor impressive at 73 % for the
layer thickness (Fig. 6) and 82 % for CO2 (Fig. 7).
In terms of its construction, design and corrosion
technology, the new generation of RMP-X river mattresses obviously has the potential to ensure significantly
leaner and long-term ecologically sustainable bank- and
riverbed-protection systems for the entire design life of

Fig.6:

Potential savings on stone fill at various shear forces

Fig.7:

Potential CO2 savings at various shear forces
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Fig. 8: Bank protection with a combination of river mattresses and gabions: installation on the left, start of vegetation in the middle,
standing timber on the right

Fig. 9: Bank protection with a combination of river mattresses and gabions: installation on the left, vegetation established on the right

hydraulic structures, and to achieve significant natural
resources, cost and CO2 savings.

Protection of Flora and Fauna /
Environmental Safety
Observations on the up to 100-year-old bank- and
riverbed-protection systems with river mattresses dem-

Fig. 10: Underwater colonisation by serpent stars on a
river mattress in South Africa
GeoResources Journal 3 | 2021
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onstrate that flora and fauna take possession of the
stone-filled steel mesh constructions after comparatively short periods of time (Figs. 8 and 9). This applies
in particular to the rapid development of vegetation on
the slopes and in the water-transition zone, whereby, in
the absence of management, even larger woody plants
establish themselves in the mesh, which over the years is
integrated into the wood of the trunks and not simply
splayed apart.
The ingress of fine material caused by the current,
rain events or wind forms the organic basis for the settlement of many plant species. This naturally occurring
process can be accelerated by using a hydroseed mixture
with local grasses and herbs. Smaller animal species and
amphibians find a safe retreat and shelter from predators
in the narrow voids of the stone fill. The same applies to
the areas covered by water, where smaller aquatic organisms and aquatic plants quickly establish themselves on
the mesh and stone surfaces and in the protective spaces
in between (Fig. 10).
The verification that the system components do not
have any adverse effects on the environment was successfully proven within the framework of a national German environmental safety certificate in accordance with
M GeoK E [14] and the international test procedure for
the Environmental Product Declaration EPD [15].
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Support for the Design and the efficient
Project Management with BIM
The design of bank-protection systems with the innovative river mattresses is supported by a special software
tool available free of charge (Fig. 11 top) with all currently relevant parameters [16].
Construction projects in hydraulic engineering are
increasingly being handled using Building Information
Modelling (BIM). BIM enables the development of a
three-dimensional model (Fig. 11, centre and bottom)
and supports the planning, tendering and award processes as well as the execution and the processes in the
subsequent use phase. The Maccaferri Group provides
planning elements for the designer that can be used directly for BIM [17]. The BIM objects include detailed
geometric and physical product information for the
specification, the determination of quantities, and the
drawing up of bills of quantities. They are suitable for
integration into Autodesk Revit, or in ICF format into
other BIM systems. Relevant product-related data can
also be imported into the FE program Plaxis and used
efficiently for additional calculations. The BIM objects were validated by the British Board of Agrement
(BBA).

Summary and Outlook
The entire waterway network in Germany has a length
of approximately 7,200 km. The majority of riverbank
protection systems – based on predominantly positive
historical experience – makes use of riprap. This riprap
riverbank protection is regularly repaired and sections
are renewed.
The results of the 3-year series of investigations into
the innovative RMP-X generation of river mattresses described above suggest that large parts of the protection
measures can alternatively also be carried out with river
mattresses, with massive savings potential in the area of
initial costs, material transport, and resource consumption; they also offer effective protection against burrowing animals. This is in line with the requirement for
public projects to be procured taking account of environmental and climate-protection perspectives [18].
The new Reno Mattress Plus with X-ties enables a
CO2 saving of 82 % and a layer-thickness reduction of

Fig. 11: Design of a bank-protection system using
the software Macra Studio 1.5 (top) and 3D
presentation of the river mattresses with BIM
planning elements (centre: cross-section of a
mattress width, bottom: waterway course over
a longer section)

73 % compared to systems using riprap, and thus protects our climate and our natural resources. The fact that
it can be completely vegetated means that it blends in
perfectly to the natural appearance of existing banks of
rivers or canals.
When preparing new projects, designers can access
140 years of experience in hydraulic engineering, free
up-to-date design software, and planning elements from
the freely accessible BIM store.
Thanks to the proven significant reductions in CO2,
the considerably reduced consumption of resources,
and the near-natural green shoreline appearance, the

MINIMAL INVASIVE
MAXIMAL EFFECTIVE
Flexible hose profile for joint sealing
The B-JOINT® can be processed in any
length and is used for joint widths of
20 to 30 mm. Watch the video to see
for yourself how simple application of
B-JOINT®.
WE WILL BE HAPPY TO ADVISE YOU!
MANUFACTURER OF INJECTION EQUIPMENT
DESOI GmbH | 36148 Kalbach / Rhön | GERMANY | Phone: +49 6655 9636-0 | info @ desoi.de

WWW.B-JOINT.DE

Special Topic

20

Geotechnics
use of these innovative river mattresses can provide a
significant contribution to active and sustainable environmental and climate protection.
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Exprotec – FairCap acquires two
Providers of Underground and industrial
electrical Equipment from Bartec
FairCap GmbH, Munich, Germany

FairCap has successfully completed the acquisition of two manufacturing plants from Bartec
Group. The acquired sites formed the “Mining”
business division of the Bartec Group.
Mining • Underground • Supplier •
Mergers and acquisiton

The plants in Menden (Sauerland, Asset Deal) and
Tychy (Poland, Share Deal) are active in the development, production, trade and servicing of electrical safety
switchgear, as well as in machining technology. In the
future, both plants will operate independently under
the names Exprotec GmbH and Exprotec Sp.z o.o.. In
total, around 80 people are employed at the two sites.
Andreas Scheid, managing director of the Exprotec
unit in Menden, says: “I firmly believe in the successful future of Exprotec as an independent, medium-sized
company. The full order book and the strong sales pipeline make me very confident for the years ahead. Together with our highly qualified team in Menden, we
want to expand the business with our regular customers,
strengthen the service segment and develop new areas
of business.”
Jacek Kalinowski, future managing director of the
Exprotec unit in Tychy, adds: “We want to further expand the business with our customers in Poland as well
as in neighboring countries and achieve an increasing
end market diversification. We look forward to shaping the future successfully and sustainably with the new
owner FairCap.”
Jasper Delekat, Managing Partner of FairCap, adds:
“This acquisition is another example of our focus on the
acquisition of non-core business units that have been

separated from corporations and require operational
support in transforming them into independent, medium-sized companies. Exprotec is a solid company with a
first-class customer base and highly motivated employees. We look forward to working with the management
to ensure a smooth transition over the next few months
and to position the company as an independent business. In line with the FairCap philosophy, we will design and implement a long-term sustainability concept
together with the management team.”

About FairCap
FairCap GmbH is an entrepreneurial investment
company that acquires medium-sized companies
in special situations (e.g., carve-out, succession)
and transforms them holistically into sustainable,
healthy organizations. In contrast to typical private equity funds, FairCap is a long-term holding
company (“evergreen structure”), which is therefore not subject to a fund term and can hold investments over the long term. Sustainability is a
core element of FairCap’s investment philosophy.
Internet: https://www.fair-cap.com/

EXPROTEC GmbH and EXPROTEC Sp.z o.o.
are active in the development, production, trade
and servicing of electrical safety switchgear, as well
as in machining technology, in particuar in the
mining area.
Contact:
andreas.scheid@exprotec.eu
www.exprotec.eu

FairCap GmbH:
Exprotec – FairCap acquires two Providers of Underground and industrial electrical E quipment from Bartec
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Rockfall Protection on Traffic Routes
Dipl. Geol. Eberhard Gröner, Geobrugg Geohazard Solutions, Romanshorn, Switzerland

Many traffic routes in the area of the Alps and in the mountain regions
of central European require reliable and economical rockfall protection.
Flexible systems with nets made of high-tensile steel wire have demonstrated their effectiveness in many projects in recent years.
Geotechnics • Traffic routes • Natural hazards • Environment •
Rockfall protection • Safety

History of Rockfall Protection
When the traffic routes were constructed, the planners
were usually aware of dangers such as these. For example, attempts were made to protect against rockfall
with soil embankments and stone walls (Fig. 2) or with
underpinnings. Nowadays, protective measures such as

Whether digital or real – mobility is a basic need in
every area of life. Thus the importance of roads and railway lines continues to grow even in these days of digital
highways. Yet many transport routes have a tradition
which goes back many centuries. They are located in
valleys and cuttings to enable them to overcome mountains and mountain ranges (Fig. 1). Unsurprisingly, the
planning and the maintenance of these transport routes
are complex. Protection against rockfall is an important
part of this task in alpine regions, and no less so in the
mountains of central Europe. Even if for decades there
appeared to be no danger from falling rocks, or if the
danger had not been recognised: weathering processes,
the influence of water, freeze-thaw cycles and root-burst
can all represent a significant risk. Such areas therefore
need to be examined, and the risk of rockfall assessed.

Fig. 2: Earth embankment for rockfall protection
with large space requirement near Bergün in
Switzerland

Fig. 1: Rockfall-protection system in a narrow gorge
in Germany near Freiburg im Breisgau

Fig. 3: Wooden-sleeper wall with low energy-absorption capacity and relatively short service life
near Zernez in the Engadine, Switzerland
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these are usually uneconomical and unsuitable because
they are expensive to construct and require significant
space. Simpler constructions such as wooden sleeper
walls (Fig. 3) were sometimes built to reduce the risk.
However, these absorb very little energy and have a limited service life, which is why they do not usually fulfil
safety requirements. Additionally, such structures are
neither tested nor approved and do not therefore offer
reliable protection. [1]
For these reasons, in the 1970s the focus shifted to
snow nets, which were already known at that time as a
protection against avalanches in the endangered areas.
It was found that the principle of flexible snow nets is
very well suited to preventing rockfall. Special rockfallprotection systems were developed on this basis.

Testing and Approval
Due to the increasing demands placed on protection systems in the Alpine region, first field tests with rockfallprotection barriers were carried out in the USA in 1989
in cooperation with Geobrugg AG from Romanshorn,
Switzerland. At that time, there were no standardised
test methods or requirements for such barriers. These
field tests were the foundation for the development of
ever more powerful systems that can absorb more energy and at the same time function more reliably.
In the 1990s, extensive further development was
carried out in Switzerland using inclined tests. Howev-

23
Further areas of application for nets
made of high-tensile steel wire
▶▶ Slope and rock stabilisation
▶▶ Protection against mudslides and hill-slope
debris flow
▶▶ Avalanche prevention
▶▶ Protection against falling trees or ice
▶▶ Impact and blast protection
▶▶ Protection measures on race and test tracks
▶▶ Safety measures in tunnels

er, it quickly became apparent that the tests could only
be reliably reproduced if the test stone fell vertically.
In 2001, this led to the world’s first guideline on the
type-testing of rockfall protection nets being enacted
in Switzerland [2]. This guideline allows only the vertical test, with the greatest possible residual safety of the
tested systems (Fig. 4). This was used to define the test
conditions and requirements for the rockfall-protection
systems in order to ensure their functionality and enable
comparability of the systems. In 2008, ETAG 027 (European Technical Approval Guideline) was introduced
as the corresponding basis for the European Union [3,
4, 5]. In 2018, this was transferred to EAD-340059-000106 (European Assessment Document) with similar
requirements and now serves as a reliable basis for plan-
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THE ECONOMICAL SOLUTION
TO DEBRIS FLOW

Fig. 4: Test of the world’s strongest barrier with
10,000 kJ absorption capacity in Walenstadt,
Switzerland
Gröner:
Rockfall Protection on Traffic Routes
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This means that systems are available which lead to a
higher level of safety depending on the situation and the
required protection goal.
But all this performance does not mean that cost effectiveness can be ignored. Systems which are easy and
quick to install, while at the same time offering maintenance and upkeep benefits, have a clear advantage. In
addition, the expected service life plays a major role. The
need for protection and cost effectiveness must therefore be taken into consideration for every project.

Conclusion

Fig. 5: Geobrugg rockfall-protection system with ring nets near Reutte,
Austria

ning. Approved systems are now available in the energy
range from 100 to 10,000 kJ.

Over the past three decades, Geobrugg AG has used its
experience to implement numerous effective solutions
for protection against rockfall. Due to the wide range of
energies from 100 to 10,000 kJ and the extensive testing
undertaken, there are countless projects (Figs. 1 and 5)
in which the systems have proven their effectiveness and
economic efficiency.
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What makes flexible rockfall-protection
Systems so effective?
Flexible rockfall-protection systems are constructed
from steel supports, stranded-wire ropes, braking elements, and ring- or rhomboid-shaped nets as a protective surface (Fig. 5). When a stone breaks out of a rock
face or a slope, for example above a traffic route, and falls
down the rock face and embankment at up to 25 m/s
(100 km/h), extreme kinetic energies are generated. To
reduce these high energies, the protection system “plays
for time”: The braking elements respond when a certain
force is reached, thus reducing the anchoring forces and
prolonging the braking process. This creates a more favourable geometry able to absorb the loads, which in
turn leads to a deflection of the protective surface – the
so-called braking distance. This braking distance of the
systems can be decisive in the planning and implementation of the protective measure. Depending on the energy class, it lies between 2.3 and approx. 9 m.
According to the current standard, a barrier with
three panels must pass centric impact tests into the centre panel. In addition, the latest developments meet the
following criteria:
▶▶ 100 % nominal energy (MEL) into a single-field
barrier as proof of the functional suitability of single- and dual-field systems and the peripheral fields
for loads with nominal energy
▶▶ 100 % nominal energy (MEL) asymmetrically in
the centre field at ¾ of the construction height and
close to the support as proof of the functional suitability of the protective surface
▶▶ 100 % nominal energy (MEL) next to the cable
separation
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Application of BIM Models for the Restoration
and Renovation of Railway Tunnels
Dipl.-Ing. Heiner Fromm, CDM Smith Consult GmbH, Bickenbach, Germany
Prof. Dr.-Ing. Jürgen Schmitt, University of Applied Sciences Darmstadt, Germany
Lukas Schilder, B.-Eng., CDM Smith Consult GmbH, Bickenbach, Germany
Dipl.-Wirt.-Ing. Stephan Nink, DB Netz AG, Frankfurt am Main, Germany

1 Introduction
Many of the tunnels that form part of the track infrastructure operated by Deutsche Bahn date back to the
early years of the German railway system and were constructed more than 150 years ago. Some of these structures are now in urgent need of restoration and renovation. Digitisation now plays an increasingly important
role in the construction work required for the renovation of railway tunnels and operations associated with
route alignment and cross-sectional geometry, for example, can be optimised in the early stages of the project
to take account of key factors such as scheduling, cost
efficiency and sustainability. The existing structure and
its foundation soils first have to be replicated in the BIM
model in order to fully exploit the potential that BIM
(Building Information Modeling) can offer to rail-tunnel restoration and renovation projects. Unfortunately
this technique has not really been fully applied over the
years and the experience that has been acquired in this
area is therefore extremely limited.
A study was therefore undertaken to determine
how the plans for a new tunnel could be modelled and
integrated into an existing track structure as part of a
BIM planning project for the restoration and renovation of railway tunnels. In order to ensure that the 3D
modelling work employed for the study was developed
using realistic parameters it was decided to apply data
obtained from the Horchheimer Tunnel as the basis
for the 3D model. This paper presents the findings that
were obtained as part of the 3D modelling study.

2 Renovation of existing Rail Tunnels
The renovation of long-standing railway tunnels is a task
that calls for a great deal of expertise. It also requires a
real understanding of historical tunnel construction
techniques so that just a few exploratory drillings will
be sufficient to be able to recreate the existing structure.
Fig. 1 shows by way of example the exploration boreholes and the structure of the transverse profile that was
developed from them.
Renovating a tunnel requires an internal shell to be
constructed within the existing cavity. The technical
specifications for the regenerated tunnel are now essentially the same as those that apply in the case of a completely new tunnel, which means that in the course of
the renovation work the clearance zone generally has to

The paper presents the findings obtained from a
study into the use of 3D BIM technology for the
restoration and renovation of railway tunnels.
Tunnelling • BIM • Restoration • Renovation •
Railway

Fig. 1:

Transverse profile showing existing structure with exploratory borings [1]

comply with current regulations and the existing cavity
has to be widened accordingly.
The excavation is undertaken in a longitudinal direction working section by section radially around the
profile. The waste should ideally be removed in separate
stages beginning with the track ballast and inner shell
with backfill and ending with the contaminated sealant material (if present) and in situ rock. During the
construction phase the exposed rock face is normally
secured using the kind of support system frequently employed in the tunnelling industry, i. e. systematic rockbolting and shotcrete. The new cast-in-situ concrete
lining is then installed to provide a larger clearance area
and a greater track spacing.

3 Data Basis and Software
As a first step the model was built up in such a way that
the new tunnel structure could be planned within the
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Fig. 2: Geological cross section at the north portal [1]

existing tunnel using conventional alignment software.
In this way it was possible, within the model parameters,
to develop and calculate the optimum balance between
the excavation cubage of the tunnel roof and floor, the
filling of the existing cavities and any particular waste
disposal costs, and the occupational safety measures associated with the breakout of tar oil-based sealant material.
The details of the tunnel structure and strata makeup processed for the study were determined using:
▶▶ 3D laser scans obtained by overflying the area
▶▶ 3D laser scans of the tunnel face
▶▶ Core drillings and groundwater measuring points
sited above ground
▶▶ Short-length core drillings arranged radially around
the inside of the tunnel
▶▶ Probings and exploratory digs in and around the
track area of the tunnel
▶▶ GPR in the tunnel floor and roof zone
Civil 3D and HoleBASE SI software was used for the
modelling of the individual elements. Civil 3D is a
structural design software that supports BIM working
methods and offers particular advantages for infrastructure projects. HoleBASE SI is an add-on for Civil 3D
that provides a drilling databank based on the results
obtained from the soil investigations and laboratory
tests, this serving to develop the 3D model of the existing structure and its foundations.

4 T
 unnel Structure and
geological Situation
The 576 m-long Horchheimer Tunnel, which came
into service in 1902, is located between track points
0.484 km and 1.060 km on track no. 3031 between
the Koblenz Pfaffendorf junction and the Koblenz
Horchheimer Brücke junction. Under the terms of the
safety obligations laid down in the General Railway Act
(AEG) § 4 the German Federal Railways are required
to maintain the railway infrastructure in good working
order. Regular structural surveys of the Horchheimer
Tunnel reported a general deterioration in the integrity
of the structure and as a result of these findings a general
GeoResources Journal 3 | 2021
www.georesources.net

renovation was deemed necessary. The relevant planning approval process was completed in May 2021 and
the main construction work has commenced in August
of this year.
The track gradient rises in a north to south direction from about 78.8 to 80.4 m above sea level and the
incline is generally in the region of 2.6 ‰. The tunnel measures about 8.4 m in width and stands around
6.2 m above rail level. There is no invert. Since the line
was electrified in 1962 the tunnel has operated on a
single-track basis with the rail track centrally positioned.
The tunnel is lined with stone masonry over its entire length. In some areas the abutments have been repaired with clinker brickwork. No inner lining was constructed in the abutment zone in those areas that were
considered to be more stable. The interspace between
the masonry and the rock was backfilled with quarry
stone. This backfill is missing in many of the roof areas,
thereby creating a series of cavities that are referred-to
below as ‘roof galleries’ (Fig. 1).
The plan is to completely renovate the existing tunnel. As the highest point is at present within the tunnel
and the minimum radius of 300 m is not met it will be
necessary to adjust the axis and the gradient inside the
tunnel and in the upstream sections of cutting.
The project zone forms part of the Rhenish Slate
Mountains whose sediments were deposited in a marginal sea. In the northern and southern parts of the
region were areas of dry land through which river systems transported the sediments into the Moselle-Lahn
trough. This comprised a monotonous alternation of
mudstones and siltstones along with quartzitic sandstones. The Lower Devonian rock is a joint aquifer in
which the groundwater flows exclusively along the parting planes and in the faults. The rise in the terrain over
a relatively short distance can result in comparatively
large hydraulic gradients.
Close by are also to be found Quaternary sediments composed of Rhine sands and gravels (the socalled Middle Terraces), while talus deposits from the
weathering products of the Lower Devonian layers are
also present in some areas. These run horizontally above
the tunnel in a series of furrowed Quaternary terraces
(Fig. 2).
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5 3D model
5.1 Creation of component Models
5.1.1 Soil Model
The tunnel runs through a Devonian interbedded sequence of mudstone and sandstone. The soil model was
based on a point cloud of the terrain (Fig. 3) that was
used to generate a digital model of the ground surface. A
3D solid was then developed from the model. A similar
method was used for the modelling of the individual soil
layers. The bedding boundaries and sequences were first
broadly identified using geological data obtained from
official geological records and the findings were then
substantiated using the results of the core drilling programme. This resulted in digital terrain models of the
horizon bases. 3D solid bodies were then constructed
and subsequently merged with the ground surface. The
result was a spatial representation of the foundation soil
with all four existing strata layers. The soil model, which
is visualised from a north-west direction, is shown in
Fig. 4 and comprises interbedded layers of claystone
and sandstone (red-green) and the Quaternary furrows
(beige, blue and green).

Fig. 3: Point cloud of terrain around the south portal [2]

5.1.2 Model of the existing Tunnel
The existing tunnel was generated using the available
point cloud obtained from the laser scan of the tunnel
face. The dimensions of the individual components, i. e.
masonry/brickwork, backfill, cavities and track ballast,
were modelled on the information obtained from the
radial core drillings and various exploratory digs in the
tunnel.
To this effect a series of transverse profiles were established at 15 m intervals along the tunnel axis to recreate the lining and inner structure of the tunnel. These
profiles (Fig. 5) served to depict:
▶▶
▶▶
▶▶
▶▶

The tunnel inner lining (red)
The backfill (orange)
The track ballast (light green)
The roof galleries (blue-green).

Fig. 4: Soil model [2]

Fig. 5: Model of existing tunnel [2]
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Using the transverse profiles, and again in accordance
with the scheme as set out above, solid bodies were then
generated to represent the original tunnel in three dimensions.

5.1.3 Model of the new Tunnel Design
For the purpose of the task at hand the model for the
new tunnel design is only geometrically relevant in
terms of the volume of excavated material. For this reason the modelling exercise only focused on the breakout
contour and the inner and outer linings were not replicated. The first step in the modelling process involved
the marking out of the planned new tunnel axis. The
breakout contour of the new standard profile was then
applied to this at regular intervals.
In this particular case a circular profile was chosen for the new tunnel structure. However, the design
methods presented here can also readily be used to create other shapes, e. g. elliptical profiles.

5.2 Merging of the Component Models
After modelling the three component models these
were merged together to create an overall model so that
the resulting solid bodies could be used to determine
the volume of material to be excavated. To this end the
model of the existing tunnel was first cut from the soil
model. The model was then re-inserted into the existing cavity so that the cropped cavity was filled with the
master model. The roof gallery zone was at the same
time modelled as a cavity. The model for the new tunnel
design was then merged with the two existing unified
models to produce a solid body that represented the entire volume of material to be excavated (Fig. 6).

5.3 Evaluation of the Overall Model
It was then possible to evaluate the amount of material
to be excavated using the solid body that represented

Fig. 6: Overall model of planned breakout volume
generated by merging the component
models [2]
GeoResources Journal 3 | 2021
www.georesources.net

the intersection of all the models. The individual components of the breakout body can be selected in isolation so that the volume of each element (inner lining,
backfill, ballast and rock) can be displayed separately.
The volumes of excavation material determined in this
way were then checked for plausibility. To this end the
cubic volumes of the much simplified geometric models
were first numerically and analytically calculated and
compared. Following confirmation of the simple models the results of the detailed model were then compared
with the available analytical mass calculations of the existing conceptual design [3]. The findings confirmed a
very good degree of correlation.

6 P
 roject Conclusions and
future Prospects
The merged model, as derived from component models, has been presented in this paper as an example of
how this methodology is developed and represents the
current state of the art in science and technology. However it should be mentioned at this point that the software in question was in some ways ‘misappropriated’. It
is to be expected that even better and more refined software solutions will be available in the future. In practice, the accuracy of the models can also be improved
by employing a higher exploration density. One aspect
of particular note is that the complexity of the models
and the large volumes of data involved call for increased
computing power and performance. With even more
complex models and far-reaching project settings likely
to arise in the years ahead conventional end devices will
no longer be capable of processing within a reasonable
computing time the huge volumes of data generated by
the modelling processes.
Digital planning will henceforth have an increasingly prominent role to play. The method presented here in
relation to tunnel construction projects provides a very
strong base for using and developing the opportunities
that digitisation can offer when it comes to building
within the existing structural fabric. New inner and outer tunnel shells, for example, can be modelled in three
dimensions and then merged with the model of the
existing structure. This means that the design specifications laid down in the relevant guidelines, such as the
maximum values of the inner shell thickness in accordance with Deutsche Bahn regulation Ril 853.4004 [4],
can also be incorporated into the model. When carrying
out tunnel renovation projects various planning options
(track radii, gradients and transverse profiles) can therefore be analysed and optimised in the early phases of the
operation to take account of factors such as the breakout cubage, the filling of overbreak zones with shotcrete
and the associated CO2 footprint. By applying defined
attributes in the BIM model the cubage data can also be
used early in the project to predict and optimise other
project-relevant parameters such as cost, time, sustainability and various waste disposal and health and safety
issues.
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For the sake of completeness it should be noted that
the model example presented here was used for the further development of the BIM method as a good data
basis was available. The actual project to restore the
Horchheimer Tunnel is already well advanced and is
not being planned according to the BIM method.
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Fire-retardant TenCate Polyfelt® non-woven
Geotextile for several Tunnels in Croatia
TenCate Geosynthetics, Croatia

TenCate Geosynthetics supplied a fire-retardant
polypropylene non-woven for three new tunnels
along the access road to the Peljesac bridge in
Croatia which will be one of the largest bridges in
Europe in the future.
Tunnelling • Sealing • Geosynthetics •
Geotextile • Croatia • Customer-specific
product

The TenCate Polyfelt® P006A non-woven, which is
treated with fire retardant additives, is an integral part
of the tunnel sealing systems (Fig. 1) and thus essential
for the success of this major project involving one of Europe’s future largest bridges. The non-woven geotextile
was manufactured and installed according to the project
requirements.
TenCate Geosynthetics is actively involved in what
is currently one of Europe´s most important road construction projects. On the Croatian Adriatic coast,
one of the largest bridges in Europe is currently being
constructed on behalf of the state enterprise, Hravtske
Ceste. The bridge, which will be finished in 2022, will
boast a length of nearly 2.5 kilometers and a height of
55 meters. The special fire-retardant TenCate Polyfelt®
P006 non-woven from TenCate Geoynthetics has been
used in three tunnels along the access road which is
30 kilometers long.

Specific Customer Requirements
In order to meet the high technical requirements for
tunnel construction, the protective non-woven geotextile was equipped with fire retardant additives. At the
same time, TenCate Polyfelt® P006A offers a high protection effectiveness to prevent mechanical damage to
the geomembranes during construction works and the
operation of the tunnel.
Thanks to the decades of experience of TenCate
Geosynthetics in the field of non-woven geotextile
production and the experience from previous tunnel
construction projects, it took only ten days from the
conception stage to the actual production at the site in
Linz in Austria.
Fig. 1: “With our specific solution, customer understanding and excellent
references in Croatian tunnel construction, we were able to prevail
against the competition.“

Challenging Road Construction Project
in the Face of strong Competition

Vlatka Marinkovic, Area Sales Representative Croatia, Serbia, Montenegro

The access road to the four-lane Peljesac bridge, which
will connect the Croatian mainland with the Peljesac
peninsula, presents numerous challenges for the main
contractor and the specialized subcontractor, Gefyra,
who installed the sealing system.
Over a distance of ten kilometers, three tunnels will
be built with lengths of between 600 and 1,300 meters
as well as three bridges and two viaducts. The geology
and the choice of the road alignment posed a major
challenge when designing and constructing the road.
GeoResources Journal 3 | 2021
www.georesources.net
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Pipe Jacking under special Conditions:
Crossing below a Set of Railtracks and
above an Underground Railway Tunnel
MBA Dipl.-Ing. (FH) Dennis Edelhoff, BUNG-PEB Tunnelbau-Ingenieure GmbH, Dortmund, Germany

1 Motivation
The planning and execution of civil engineering projects
often involve tunnelling below sensitive infrastructure
for the trenchless laying of cables and pipelines, especially
in densely populated urban areas like the Ruhr area. Operational constraints, such as fixed shaft sites and restrictions to the hydraulic gradient of drainage systems which
are needed in order to maintain the discharge flow, mean
that these routes often cannot be adapted to correspond
to local circumstances. In the planning and constructing
of crossings of this kind ground deformations inherent
in the system both during and after the actual excavation
phase are of particular interest for assesing the tolerance
level of the overlying structures. Situations may also
arise, although much less frequently, in which the tunnelling operation has to pass above an existing structure
or installation. As well as the possibility of an accident
occurring the main problem here concerns the reduction
in superimposed load (excavation loading) that usually
occurs when a certain volume of material is removed, an
action that can result in the deformation of the structure
and subsequently in actual physical damage.
The following article presents a tunnelling project
that was carried out in 2021 by the Emschergenossenschaft and includes:
▶▶ The requirements and specifications associated with
the planning and engineering work needed to tunnel below railway infrastructure, with a special focus on the trenchless boring technique used to pass
above underground rail tunnels
▶▶ Preliminary assessment of the likely impact on the
existing infrastructure
▶▶ The findings obtained from the tunnelling operation

The renaturation of the river Emscher included a pipe jacking operation
that had to cross under a sensitive set of railtracks and then immediately
afterwards pass above an underground rail tunnel pipe. The team involved in planning and executing the project had to overcome particular
challenges to ensure that the existing infrastructure was well protected
throughout the operation.
Tunnelling • Pipe jacking • Safety • Monitoring • Track crossing •
Traffic infrastructure

Fig. 1: Microtunnel route
Source: Emschergenossenschaft

this including the building of a DN 2000/OD 2500
conduit using trenchless boring technology (Fig. 1).
A Herrenknecht AVND tunnelling system (Automatic Tunnelling Machine wet/compressed air) was
used to construct the new section of sewer pipe, which
measured a total of 450 m in length with a 2 ‰ gradient. The tunnel route runs straight for the first 205 m
and then adopts a curved line (radius of R = 480 m) until it reaches the reception shaft.
As Fig. 2 shows, the tunnel first undercut the Berne
at a minimum depth of cover of 2.5 m and then passed
below two embanked Deutsche Bahn railtracks, namely
section 2650 from Cologne Messe/Deutz to Hamm
and section 2277 from Oberhausen main station to
Essen-Altenessen, crossing these at an angle of 69° and
with a minimum depth of cover of 11.70 m. Immedi-

2 Initial Situation and Project Overview
The river Emscher and its tributary streams currently
constitute an open system of wastewater channels. The
recent decline in mining subsidence movements means
that these waterways can now be transferred into underground sewer tunnels forming a closed pipe system, this
to be done as part of the renaturation project being carried out by the Emschergenossenschaft. The main focus
of the planning work in the catchment area of the upper
and middle reaches of the Berne, which is a tributary
of the Emscher, involves the construction of a drainage
tunnel from the 5.370 km point to the 7.915 km point,

Fig. 2: Crossing points
Source: BUNG-PEB Tunnelbau-Ingenieure GmbH, background image  Google Maps

Edelhoff:
Pipe Jacking under special Conditions: Crossing below a Set of Railtracks and above an Underground Railway Tunnel

GeoResources Journal 3 | 2021
www.georesources.net

32	Tunnelling

Fig. 3: Track crossing zone showing survey prisms
Source: BUNG-PEB Tunnelbau-Ingenieure GmbH

ately after crossing beneath the railway infrastructure, at
another 30 m further on, the tunnel passed about 1.5 m
above the two tunnel pipes of the underground lines
U 11 and U 17 operated by Ruhrbahn. Here the west
pipe (track 1) was 1.48 m below the tunnel level and the
east pipe (track 2) was 1.46 m below. The tunnel crossed
the two pipes at an angle of 40°, requiring a direct crossing distance of some 32 m.
The tunnelling operation had to run continuously
because a speed restriction area had been set up along
the affected section of rail track and an operational
shutdown had been introduced along the underground
system beneath the tunnelling machine. When the tunnel reached the rail infrastructure zone a 5-day time
window was allotted for crossing the surface railtracks
and the underground railway tunnels.

3 F ormal and technical Requirements laid
down by DB Netz, the German Federal
Rail Authority and Ruhrbahn GmbH
As the curved layout of the line, the oblique angle of
the routing (glancing intersection with the railtracks)
and the undercutting of track switches meant that the
tunnel crossing deviated from the regulations of the rail
infrastructure provider DB Netz AG, and as the work
was to be carried out without any interruption to rail
services, DB Netz AG issued an intragroup authorisation (UiG) and the German Federal Rail Authority
(EBA) prepared an individual approval (ZiE) for the
tunnelling operation to proceed beneath the railway infrastructure. Various project-specific arrangements were
made requiring a series of quality assurance measures to
be put in place (e. g. incident management, operating
procedures, proof of support slurry specifications and
application of observation and monitoring methods,
24 h deployment of construction site supervisors, etc.)
to ensure the same level of safety and route availability as
a rule-compliant execution. One of the key elements of
the operation involved the metrological monitoring of
the trackage, this being required for the early detection
of possible ground deformation and, more particularly,
incompatible subsidence and distortion of the tracks, so
GeoResources Journal 3 | 2021
www.georesources.net

that appropriate countermeasures could be taken in the
form of line closures, track tamping and the adjustment
of the tunnelling parameters. Taking into account the
reduced-speed section (La 120) a measurement interval
of 15 minutes was set up for the undercrossing phase using an automatic tachymeter measuring system whose
readings could be followed in real time using an online
platform. Fig. 3 shows the track superstructure and survey prisms on the concrete sleepers. An automatic SMS/
email notification system was also set up to react to a
predefined set of warning and critical status indicators.
Another important aspect of the operation involved
the requirement for a structural inspection of the stability checks to be drawn up by the contractor company,
these relating to the stability of the working face, soil
outbursts, ground breakup and the steel concrete pipes.
This inspection had to be carried out by a geotechnical
testing engineer (specialising in tunnel construction)
who is recognised by the EBA.
The same requirements were adapted and implemented by Ruhrbahn for the crossing above the underground railway lines. Static investigations of the
compatibility of the crossover were also arranged, followed-up by a structural inspection.
The static and structural implications of the project
and the compatibility of the tunnelling section above
the existing underground rail tunnel, along with the
machine and process-technical aspects of the operation,
including the proposed casualty scenario, were expertly assessed in their entirety by tunnelling consultants
BUNG-PEB Tunnelbau-Ingenieure, who were commissioned to head the investigation by the Emschergenossenschaft acting in accordance with Ruhrbahn specifications.
The supplementary requirements resulting from the
aforementioned investigations and from the superordinated expert assessment also included an adapted failure
strategy, an operational rest period and a metrological
monitoring regime.

4 G
 eology, existing Structures and
Geometry of the Crossing Zone
In 2018 the subsoil zone through which the proposed
tunnel would cross below the surface railtracks and
above the underground rail tunnel pipes was explored
by means of three boreholes drilled using a ram core
tube and twin core tube. By drilling to a depth of around
15 m, which was some 3.5 m below the pipe bed of the
new conduit, sufficient information could be obtained
from the zones lying both above and below the new pipe
route.
The exploratory drillings identified near-surface infills of up to 5 m in thickness with underlying Upper
Cretaceous marl. The latter consisted of valley infills of
varying composition, including brown silt with sand and
gravel contents and weathered marl fragments. Groundwater was found to be present to about 7 m above the
pipe bed. A permeability coefficient k of < 10–6 m/s was
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estimated for the transmissivity of the strata within the
proposed tunnel site.
The findings from the exploration work indicated
that from a tunnelling and machine or process technology point of view high demands would be imposed on
preventing binding and sticking (which would especially affect the excavation chamber and cutting wheel) and
on the separation system, due to an increased tendency
for dispersion.

4.1 Railway Infrastructure
The tracks of the railway lines 2650 and 2277 lie on a
ballasted and embanked roadbed at minimum of 11.7 m
above the proposed tunnel pipe. The danger line for unexploded ordnance is specified at > 8 m beneath the top
edge of the railtrack. For the railway embankment the
existing height corresponds to the ground elevation as it
was after 1945, with the result that no systematic munitions search was needed in this area. The locally permitted maximum speed of trains travelling through this area
is specified at 160 km/h. For the duration of the tunnelling operation a reduced-speed of 120 km/h was imposed along this part of the line for a period of 11 days.

Fig. 4: Tunnelling machine in section 34 [1]

4.2 Underground Rail Tunnel
The tunnel pipes for the underground railway were constructed between 1990 and 1998 and came into service
in May 2001. They belonged to 34 as part of the 8th sector
of the Rhine-Ruhr suburban railway system construction
system Essen, which measured 2.5 km in length and was
a continuation of the northern section of the line into
Altenessen. The tunnels were constructed as a shield drive
using a mix/hydroshield TBM machine (Fig. 4). This
particular section connected to section number 32/33
where an earth pressure balance TBM was deployed. [1]
The tunnel pipes (Fig. 5) have an internal diameter
of 7.60 m and an outer diameter of 8.40 m with a segment thickness of 40 cm. Each ring measures 1.50 m in
width and is designed with 7+1 ring segments using a
tongue-and-groove jointing system. The system comprised left-hand, right-hand and parallel rings with a
maximum conicity of 6 cm.
The segments were fitted with a half-brick offset (rotation) in order to avoid cross-joints that would be detrimental to sealing and stability. After the rings are closed
the stability of the system is created by the normal ring
forces present in the longitudinal joints and the contact
closure in the annular joint as the tunnel advances. After
the grout in the ring gap sets the longitudinal prestress
created in the tunnel remains well implanted due to the
frictional connection with the surrounding ground.
The tightness of the multi-jointed system was assured by fitting circumferential seals to each segment
and keeping them compressed during the installation
and maintenance phases.
The ring joints were coupled together by means of
a tongue-and-groove system. This was used in order to

Fig. 5: Segment pipes in section 34 [1]

limit any overlapping of the rings, which would cause relative displacement between neighbouring units, and to
increase the rigidity of the tunnel pipes. The maximum
of movement within the coupling system, as required to
compensate for installation tolerances, was generally in
the range of 3 to 6 mm. Kaubit sealing tape was systematically inlaid to complete the actual coupling process.
In passing over the existing underground railway
tunnels the new microtunnel first crossed the east pipe
(line 1) at station 14.5+45 before passing above the
west pipe (line 2) at station 14.5+50. The crossing angle
of about 40° meant always impinging on two existing
segment rings at a time and these could potentially react
sensitively to the alleviation of load. Related to the axis
height of the two segment pipes, a crossing distance of
about 32 m (eight pipe sections) had to be realized by
pipe jacking. The geometric constraints are illustrated
in Fig. 6.
A two-day temporary halt to rail operations was arranged during the crossover phase.

5 Trenchless Tunnelling Method
A Herrenknecht AVN-D-2000 AB microtunnelling
machine was used for the installation of the DN 2000/
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OD 2500 reinforced concrete pipes. This is a full-face
fluid-supported tunnelling system (similar to the mix/
hydroshield or SLS system according to the DAUB
classification [2]) in which jacking is carried out by prepressing the pipes with simultaneous, full-surface soil excavation at the working face by means of a cutting wheel.
The excavated material is removed hydraulically via a
suspension chamber located immediately behind the
cutterhead. The pump unit and circuit pipes required to
circulate the suspension are set up on the surface, in the
launch shaft and in the main pipe string (Figs. 7 and 8).
In a separation plant above ground the support/pumping slurry is separated from the excavated soil and returned back into the circuit. Automatic adjustment of
the pressure of the support/pumping slurry – a clay or
bentonite suspension – helps to eliminate most of the
pressure rises and falls. This is particulary possible if the
support pressure is controlled in hydro-mode via a com-

pressed air cushion as in the case of the present jacking,
so that pressure peaks are avoided and rapid adjustments
are possible in the case of a heterogenous working face.
Because of the possible variations in support slurry,
the different boring head/cutter wheel designs and the
partly accessible excavation chamber and tunnel face
zone (this will depend on the machine diameter, with access generally possible above DN 1600) under the protection of the shield body, this kind of pipe jacking system
with slurry transport and flushing can generally operate
in both loose and hard ground, such as sandstone, siltstone and mudstone, as well as both above and below the
water table (Fig. 9). Its ideal conditions would probably
comprise silty sand, fine and coarse sand and gravel sand.
In zones presenting loosely packed, non-cohesive
material and loose stones of a soft and cohesive consistency it is possible in some circumstances that larger
stones and rocks cannot be extracted because they are
not fully embedded in the subsoil matrix nor can they be
pushed aside into adjacent areas. In such cases additional measures have to be taken, such as manual fragmentation. This requires personnel to be transferred via an air
lock into the extraction chamber, an operation which
is possible with the machine technology used here. An
access door is provided in the roof of the machine for
this very purpose so that personnel can gain access to
the tunnel face and cutterhead. For the practical implementation, it must be stated that such entry scenarios
have a major time impact due to the very confined space
conditions as a result of reduced efficiency of the activities in the excavation chamber as well as entry and exit
times. From a work safety point of view deployments of
this kind should also be avoided unless they are absolutely essential for project operations.
See [4] for further details on trenchless tunnelling
technology and related projects.

Fig. 7: Feed pump in pipe string

Fig. 8: Machine pipe with a view to the cutterhead drive

Fig. 6: Crossover situation at the underground rail tunnels
Source: Epping Rohrvortrieb GmbH

Source: BUNG-PEB Tunnelbau-Ingenieure GmbH
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Edelhoff:
Pipe Jacking under special Conditions: Crossing below a Set of Railtracks and above an Underground Railway Tunnel

Tunnelling

35

6 A
 nalysis and Investigation of the
Ability of existing Structure to
tolerate Microtunnel Crossings
6.1 S tatic-structural and Process related
Aspects
The constructional inspection of the pipe jacking operation prior to construction showed that the dimensions
of the jacking pipes were adequate and that there was
sufficient tunnel face stability as well as sufficient safety
against break up of soil and blow outs. From the working face verifications, a wide support pressure range for
the crossings of the rail tracks and the underground
tubes emerges, which means that fundamentally a ‘forgiving’ subsoil-overburden relation can be assumed.

6.1.1 Under-crossing the Railtracks
Within the framework of an empirical subsidence prediction according to O‘Reilly & New [5] maximum
subsidence values of 1.08 cm were determined along with
a width of subsidence trough of 36 m. For the metrological monitoring of the railway tracks, and based on the
relevant guidelines and in collaboration with the track
operators representing DB Netz AG, warning level values
(action level) of 5 mm and threshold values of 20 mm
(discontinue tunnelling) were defined for the distortion
rates. Train speeds, right down to total line closure, were
to be adjusted by the track operators as a function of the
distortion values (intermediate values of 5 to 20 mm). A
manual tamping crew and a tamping machine were to be
kept on standby during the thrust phase.

6.1.2 C
 rossing over the Underground
Rail Tunnels
As part of the proposed microtunnel crossing a static
assessment of the existing underground railway tunnel
pipes was carried out in 2018 in order to establish the
impact of the pipe jacking operation on the integrity
and distortion status of the existing structures. For this
purpose the standard cross section of the existing tunnel
pipes was modelled in simplified terms and investigated
using the parameters taken from the as-built statics from
1991 and the key influence factors described therein. The
original static calculation of the standard cross section in
the area of lot 34 was based on an isolated system with
a single ring and a coupled system with two rings. The
relevant values for the assessment were based on existing
building with lateral loading on the tunnel pipes and with
a minimum groundwater level at the coupled system.
This inventory includes a comparative evaluation of
the deformation and distortion levels in which an ‘as-is
state’ is compared with a state presenting the expected
reduced loading from the microtunnel. To this end an
investigation was carried out into a system composed
of two circular rings with an offset arrangement which
sought to allow for a compound effect between the seg-

1
2
3
4
5
6
7

Baffle
Bulkhead
Pump medium filling excavation chamber
Pump medium pressure chamber
Communicating pipes
Discharge pipe excavation chamber (discharge pipe I)
Discharge pipe pressure chamber (discharge pipe II)

8
Feed pipe II (pressure chamber)
9
Feed pipe I (excavation chamber)
10 Compressed-air feed line
11 Vent pipe excavation chamber
12	Compressed-air cushion pressure
chamber
13 Cone crusher with discharge ports

Fig. 9: Schematic layout of the tunnelling machine [3]
Source: Herrenknecht AG

ment rings. The crown area was kept ballast-free as in
the original as-built statics.
The ‘reduced loading’ state that was considered for
comparing the deformation values provides for a reduced
effect in the roof area, which results from the difference
of the reduced soil self-weight in the cavity zone being
formed. The load relief factor was applied centrally to
the roof over a width of 2.80 m. To be on the safe side a
crossing angle of 90° was factored into the computation.
The results of the investigations indicate a minimum
reduction in deformation levels in the roof zone, which
was rated as acceptable for the existing pipes.
In consideration of the absolute deformation calculations, which included a value of 15 mm in the roof
zone, warning and alarm values were drawn up for the
metrological monitoring regime.
The structural engineering inspection conducted
by a test engineer commissioned by the Emschergenossenschaft confirmed the stability of the tunnel pipes
together with significantly lower deformations than
expected.
The assessment of the stability of the underground
rail tunnels could also follow the simplified verification
and structural review as the relevant and significant
parameters had been adopted from the as-built statics
and the concept of reduced loading in the roof zone was
deemed conclusive.
The report at [6] gives an account of a successful
pipe jacking project carried out under similar operating
conditions in which the impact of the crossing was numerically analysed and the predicted deformation levels
of 1 to 2 m (diameter convergence) did actually arise in
the course of the tunnelling operation.
In addition to the various tests and investigations
a number of supplementary analyses were carried out
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Fig. 10: System view of the ring geometry [1]

prior to the start of the tunnelling operation, and these
are outlined below.

6.2 S ealing System for the Segment Pipes
for the Underground Railway
The serviceability of the tunnel pipes depends not only on
their static and structural ability to tolerate the predicted
distortion levels but also on the functional capacity of the
sealing profiles. This in turn is decisively influenced by the
gap and offset dimensions, which are dependent on the
manufacturing and assembly tolerances as well as on the
deformations. In this respect the popossible deformations
can be compared with the working capacity of the sealing
profiles. The ring design of the tunnel pipes used in this
particular case is depicted in Fig. 10.
For the existing tunnel pipes the sealing profile
‘M 383 64’ (type ‘Sheffield’) supplied by Phoenix (today
Sealable Solutions GmbH) was used. While the relevant
specification sheet could no longer be obtained from the
manufacturer, it was possible to use as a reference the data
for ‘Lesotho’ sealing gaskets, which are identical in design.
The assessment of the working capacity of the sealing gasket with regard to gap and offset dimensions is
based on the sealing diagram included in the specification sheet. According to this with a maximum offset
dimension of 20 mm in combination with a gap dimen-

Fig. 11: Leaktightness, gap and offset measurements [8]
GeoResources Journal 3 | 2021
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sion of max. 6 mm in the sealing level, a water pressure
of 2 bar can still be handled. Fig. 11 presents an extract
from the specification sheet showing the geometric dependencies. Offset measurements taken in the underground railway tunnels U11/U17 in 2018 identified alternating values (offsets) for the segments of maximum
6 to 7 mm in the tunnel roof in the crossing area. There
are no available findings for the existing gap widths. Further information regarding damage to segment tunnels
as a result of offsets is given in [7].
Given the slight amount of additional deformations
of ±15 mm resulting from the microtunnel it can be assumed that the segment system will continue to remain
watertight. However, if larger and unfavourable deformations occur, leakages in the joints cannot be ruled out. It is
recommended that contingency measures be put in place
for such an eventuality. On the one hand, these include
the installation of a pumping system of sufficient capacity
to draw off any water that might be collected in the sump
pit of the tunnel pipes. On the other hand any inflow of
water, which could also involve the flushing out of fine
particles, must be stopped as quickly as possible. Since
the seals are located on the outer surface of the segments
(Figs. 10 and 11) airside sealing measures are inefficient
as the defective areas are usually not reached. For this
purpose, injection campaigns with foaming PU resins for
fast and large-volume sealing as well as permanently elastic acrylate gels, taking into account permissible drilling
attachment points without damaging the reinforcement,
are target-oriented. Here it was recommended that this
operation is planned by a specialist company which is experienced in using the drilling and injection equipment
and climbing aids required. It was also important to ensure that the personnel and equipment needed remained
on standby for the duration of the tunnel crossing and
until it was confirmed that all displacement has ceased.

6.3 Assessment of the Emergency Concept
In order to manage any process-relevant issues arising
during the tunnelling operation the contracting company drew up an accident and risk analysis covering events
such as component failure, high propulsion forces and
the clearance of obstacles. For the crossings, the specific
additions ‘Entry of water into the underground rail tunnels due to leaking joints as a result of the tunnelling
operation’ and ‘Emergency situation/stucking of the
tunnelling machine within the influence zone of the DB
tracks or underground railway lines’ were added.
For a stuck tunnelling unit above the underground
tubes/below the road above ground, a resilient incident
management is not possible without further detailed
analysis in cooperation with all parties involved. In the
event of an incident, aspects such as structural engineering, traffic law and rail management aspects must be assessed. An accident of this kind would not generally pose
a risk to the underground rail system or street traffic, and
would not be particularly time-critical, as long as the
support measures remain in place and the load-bearing
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capacity of the machine and pipes is not compromised.
With incidents of this kind it is therefore vital to be able
to react according to the situation and to develop a response plan that fits in with the resulting circumstances.
Water ingress due to leaking segment joints, on
the contrary, can, depending on the pressure level and
volume, become critical for underground railway operations and – if fine material enters – for the structural
integrity of the system. In the sense of risk-preventive
planning, a failure strategy was planned in detail with
the corresponding provision of resources during the
tunnelling operation.

6.4 A
 ssessment of possible Vibration
Effects due to Tunnelling Activities
The vibration effects on the underground rail tunnels as
produced by the microtunnel passing by in close proximity had not been investigated in advance and were
investigated additionally by BUNG-PEB.
A mechanised boring machine generates groundborne waves in the surrounding soil and these can produce vibration that will affect buildings and other structures. Starting from a harmonic excitation by a point
source, these space waves propagate starting from the
cutting wheel, whereby the oscillation velocity is geometrically and materially damped with increasing distance.
The lowest level of vibration is likely to occur in
clayey and in clayey-sandy soils, while moderate levels
usually arise in limestone formations and the highest
in solid rock. In particular, the excavation process of
bedded boulders and the ‘hammering’ load on the excavation tools in mixed-face situations can be assesed as
vibration-intensive.
There are only a few project references in the technical literature that can serve as sources for evaluating the
vibration emissions of tunnelling and microtunnelling
machines. Hiller and Crabb [9] present a comprehensive overview of the vibration generated by mechanised construction works. In their paper they also take
into account mechanised tunnelling, whereby their investigation of ground-borne vibration is mainly used to
draw a comparison with other construction activities.
New [10] reports on vibration in the area around
a tunnelling machine and in the machine itself. In this
case the analysis was based on a tunnelling project in the
UK that used slurry support in sand formations with
embedded boulders. The drivage was 2.44 m in diameter and the depth of cover was less than 6 m. Maximum
vibration speeds of 3.6 mm/s were identified in direct
proximity to the tunnel face.
According to Hiller and Crabb [9] for mechanical drivages it can be assumed that the emitted vibration
speed as a function of the distance to the tunnel face is as
given in Fig. 12. For the drivage of the section referenced
here, which used a mix/hydroshield system, the graph
line ‘full-face minitunnel TBM’ for clay as well as sand
and clay soil is suitable. In this case vibration speeds of
around 0.55 mm/s can be expected at a distance of 10 m

Fig. 12: Vibration speeds due to TBM drivage (acc. to [9])

from the tunnel face. At distances of less than 10 m from
the face much higher, though not precisely definable values can occur. No consideration is taken of the effect of
large stones and boulders in the drivage cross section.
The impact of vibration on structural integrity can
be assessed by reference to DIN 4150-3 [11]. Here, for
the avoidance of damage, the lowest reference values at
frequencies of 1 to 10 Hz are given as maximum vibration speeds for residential buildings of Vmax = 5 mm/s
and for listed buildings of Vmax = 3 mm/s. The above
value of Vmax = 0.55 mm/s at a distance of 10 m from the
face gives, after extrapolation by the factor 10 (selected),
the magnitude according to [11] of about 3.6 mm/s directly at the tunnel face and can be regarded as plausible
for the crossing situation as long as no stones or boulders are present in the drivage cross section.
For the existing tunnel pipes this indicated that no
negative effects were to be expected when compared
with the vibration generated by underground rail operations and the reference values given in DIN 4150-3
(Vmax < 80 mm/s, short-lived vibration at right angles to
the outer surface of the segment). This also applies when
using as a basis the least favourable situation according
to [9], namely 1.8 mm/s for a full-face tunnel boring
machine operating in rock.

7 T
 unnel Progress and Deformation
Measurements
The microtunnel operation commenced in April 2021
working out from the launch shaft on Lierfeldstrasse
(Fig. 13). The DB tracks and underground rail tunnels
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and over the underground rail tunnels was specified as
five days and this deadline was successfully met.
The measurement and survey equipment set up in
and around the railway infrastructure detected only
minor deformation values in relation to the tunnelling
work, which did not lead to any impairment of rail traffic. The predicted maximum deformation values were
never reached. Analogous findings were obtained from
the metrological monitoring of the underground tubes.
Here the maximum distortion values amounted to 1 mm.
The segment pipes remained totally watertight.

8 Summary and Outlook

Fig. 13: Launch shaft with thrust rams
Source: BUNG-PEB Tunnelbau-Ingenieure GmbH

were crossed during May 2021 after a tunnelling distance
of about 350 and 400 m respectively. At the end of May
the new tunnel reached the seal block that was positioned in front of the reception shaft (Fig. 14) at a tunnel distance of 440 m. The shaft was flooded for the runin operation. The AVND unit with its pipe string was
pushed so far into the reception shaft that the sealing
system, comprising two fillable fabric hoses, was pressed
tight against the reinforced concrete pipe, thereby creating an effective seal against the natural groundwater.
In the following step, the annular gap was filled and
completed within three days. All in all, it was possible
to meet the time requirements for crossing the railway
tracks and the underground tunnels within a total of five
days. The timeframe for crossing beneath the DB tracks

The excavation of the DN 2000 microtunnel was successfully completed in compliance with all the requirements,
which comprised both the DB Netz AG intragroup authorisations (UiG) and individual approvals (ZiE) and
the addenda introduced by Ruhrbahn. The concept with
the corresponding measuring points, the selected measuring interval and the online evaluation proved to be
effective. The tunnelling method used proved to be appropriate under the given circumstances and in situ soil
conditions and in terms of the existing infrastructure
constraints. The resulting deformations were below the
predicted values for the DB railtracks and significantly
below the predicted values for the underground rail tunnels. Critical tunnelling situations which would have required intervention in the railway operations or a water
inteake/injection campaign in the segment tunnels did
not occur during the entire microtunnelling phase.
The Berne microtunnel clearly demonstrates that
even sensitive infrastructure can be tunnelled above
and below without any damage to existing structures.
As well as the undertaking described here there are numerous other examples of tunnels being driven below
Deutsche Bahn railtracks, such as the pipe jacking operation for the Leither Bach Qmax link project that was
also part of the Emscher renovation scheme [12]. With
the crossing of the underground tunnels, another reference for quality-assured pipe jacking was gained with
the microtunnel project explained in this article.
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Fig. 14: Salvage operation for machine pipe
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New Profile Shape for Segment Ring Sealings
Sealable Solutions GmbH, Waltershausen, Germany

Prevention against Concrete Spalling
The design of segments tends to become thinner and
thinner due to cost, handling and environmental aspects. As a result the contact area between the segment
has to be increased as much as possible, which will lead
in turn reducing the distance for the gasket to the edge
of the segment. Consequently, this means that the space
available for the gasket is becoming smaller. The gasket is
pushed to the outside edge of the segments. If sufficient
and necessary concrete cover is not possible, spalling
of the concrete can occur during gasket compression,
prompting water to find its way below the gasket and
ultimately causing leakage.

A new patented profile prevents against concrete spalling on segments.
Tunnelling • Segment • Sealing • Profile

What is new about the patented Profile?
Since spalling occurs largely as an extension of the anchoring foot position, it is important to shift this force and
redirect it further from the outer edge into the concrete
(Fig. 1). In order to achieve an even better distribution,
Sealable redesigned the gasket shape as well on the flank.
It is no longer straight, no longer angular, but rounded.
The tensile and compressive stresses in the concrete are
shifted inwards, through the combination of embedded
anchoring feet and rounded flanks, away from the outer
edge of the segment.This solution offers the advantage
that the gasket can be replaced more easily if damaged. On
the one hand, the cutting process is simplified for smaller

Fig. 1: Conventional and new patented profile

groove bases by simultaneously removing the anchoring
feet, and on the other hand, possible breakouts in the
concrete that occasionally occur during replacement can
be covered completely and offer no direct lateral attack
for leakage under the gasket. The patent is applied to anchored profiles with a groove base width of ≥ 33 mm. The
first reference project is the Swinemünde Road Tunnel.

SEALABLE Solutions GmbH
Contact: info@seal-able.com
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Natural Resource Conservation and Product
Sustainability: Steel-cord Conveyor Belt
Regeneration with Retrofit 360°
Carsten Möbius, Product Management, Nilos GmbH & Co. KG, Hilden, Germany
The full remoulding of steel-cord conveyor belts represents a sustainable
and cost-saving alternative to new procurement. The following paper
explains the method used and the advantages and drawbacks of this
technology.
Mining • Conveyor systems • Conveyor belts • Retrofit •
Sustainability

The new challenges that many companies are currently
facing have arisen right in the middle of one of the most
difficult periods that industry has experienced in recent
decades with the outbreak of the covid 19 pandemic.
Broken raw-material chains and a reliance on Asiatic
markets, for example, have revealed a global vulnerability on an unprecedented scale. In Europe we have had to
relearn the lesson that even cheap products cannot be
available indefinitely. The normal needs-based focus for
raw-materials procurement has quickly developed into a
cost trap. Those responsible for capital investment and
the plant maintenance have suddenly been made aware
of the momentous upheaval that can affect the typical
request rationale of price, delivery time and availability

Fig. 1: Price trends for containerised freight on
specific routes since March 2020
Source: Statista

when demand can no longer be met due to idle production plant and interrupted logistics worldwide.

Cost Explosion
in Raw Materials and Logistics
Skyrocketing raw-material prices have meant that a
steel-cord conveyor belt can now easily cost twice as
much as it did two years ago. What is more, logistics
are proving to be particularly challenging for just about
every product (Figs. 1 and 2). The reasons for this are
many and varied: many transport containers are tied up
on freighters or even at ports without carrying materials via the normal handling and trans-shipment process.
A number of countries have altered and adapted their
import regulations and this has resulted in significantly
more shipping documentation, which in turn has made
everything much more labour and cost intensive. Missing or deficient documentation too often means that
shipments are held at customs offices and so incur additional storage charges. The call for natural resource
conservation, greater energy efficiency and more effective product sustainability, which has been growing
louder every day, is therefore developing into a matter
of increasingly critical necessity.
Since the 1950s the heavy-duty mining activities of
the mineral-producing industry have required many miles
of conveyor systems with steel-cord belts in order to transport the increasing tonnages of valuable material such as
gold, silver and copper ores, as well as coal and other raw
materials too, without which our world simply could not
function. These belts have a natural lifespan. When their
useful life comes to an end they may be properly disposed
of as waste or, more often than not, are simply allowed to
rot away over a protracted period of time (Fig. 3) as this is
the cheapest option. In some cases old conveyor belts are
also buried in the ground as part of routine earthmoving
operations. Another possible solution for discarded conveyor belts is to transfer them to a single storage site where
they simply disappear from the system. If one factors in
the current production capacities of the various manufacturers it is hard to know where to begin when it comes to
estimating the cost that this dumping operation or devaluation process represents for mine operators – and more
importantly for the environment.

Sustainability of Elastomers
Fig. 2: Price trends for basic materials for belt
conveyor components since June 2020
Source: Kiweb.de
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In the world of elastomers efforts have been under way
for many years to find ways in which vulcanised materi-
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als can be recycled via an efficient returns system without thereby compromising any of the original physical
properties. At best this has proved to be a difficult process. As it does not appear to be possible to develop a
cost-efficient reversal process for the vulcanisation of an
elastomer, efforts have now started to focus on ways in
which spent products, such as old tyres, can be broken
down into their individual components and then recycled by a carbonisation process or alternatively used as
fuel for the furnaces of cement works in order to provide
an inexpensive source of energy. While the waste gases
emitted by these furnaces are usually passed through
filtration systems, this process hardly fits in with the
concept of an environmentally friendly and sustainable
use of the product in question. With conveyor belts being much larger than vehicle tyres the disposal options
here are extremely limited, as an automated separation
system for the various components would necessarily be
difficult and complex to create (Fig. 4).
The production process for steel-cord belts involves
enveloping the steel strands in a core layer of rubber.
This core layer, which is also known as the adhesion rubber, not only creates a bond between the individual steel
cords but also attaches the cords to the elastomer top
and bottom covers. The combination of tension cords
and adhesion rubber forms the belt carcass. The adhesion rubber therefore performs a completely different
function from the covers, whose role is to protect the
carcass from mechanical and chemical stresses. Because
of the need to fit belt joints at some future date the entire conveyor belt is heated up to a certain point using
a vulcanisation process, which protects the carcass from
any possible reversion. The RETROFIT 360° process
uses this factor to good effect.

New for old –
prolonging the Product Life Cycle
Worn and split steel-cord belts can be ‘remoulded’ to create a high-quality product. However, the Retrofit 360°
process is ‘tyre remoulding’ in name only. The operation
described here transforms used belt material into a conveyor belt that is as good as new. The result is a belt that
in terms of quality is not inferior in any way to a brand
new product and in some cases can even be provided with
more suitable physical properties than the original item –
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Fig. 3: Discarded belts are simply buried during
earthmoving operations in order to avoid an
expensive disposal process

Fig. 4: Life cycle of a conveyor belt

and all this in a significantly more cost-effective package.
A cursory examination of the old conveyor belt
is first carried out at the operating site and a sample
of the discarded belt is taken for analysis. This sample then undergoes tensile testing in accordance with
DIN EN ISO 7623 in order to identify the core layer-tocoating bond present in the original belt carcass, which
will ensure that the used belt is suitable for further vulcanisation. Additional tests are conducted in order to
determine the condition of the individual components.

Testing with Insight – Damage Analysis
After arriving on site the old conveyor belt is first subjected to an in-depth analysis of its overall condition
(Fig. 5). The belt is scanned over its entire length us-

Fig. 5: Damage classification enables a prior evaluation to be made of the material requirements for the regeneration process
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Fig. 6: A special stripper device is used to peel away
the rubber covers

Fig. 7: Belt surface after the rubber cover has been
stripped away

ing a special winding process based on the System Cord
Control technology developed by the Hilden-Germany-based company Coal Control Gesellschaft für Automation mbH. This helps to establish the condition of
the steel cords in the original carcass. Various thickness
measurements of the belt and covers are taken along the
entire length of the belt. Unlike other more conventional methods this operation does not assume that the
bottom cover will have less wear or even no wear at all.
Instead, a precise profile is built up of the entire belt using ultrasound measurements.
During and after these analysis procedures the belt
damage characteristics are sorted into groups and then
the damage and wear patterns for the rubber covers and
steel-cord carcass are used to determine the next course
of action, which is decided upon in consultation with
the client. Excessive damage to the steel cords, for example, can be a factor that renders any retrofit impracticable for reasons of cost efficiency. However, if the belt
carcass is largely intact the worn covers can be stripped
off using a machine specially developed for this purpose
(Figs. 6 and 7).

Renewal on Demand –
customised Belt Covers
Once the carcass has been exposed a new layer of highgrade rubber can be attached to create a new cover. The
type of cover material used is individually tailored to
the application and its physical characteristics can be
configured accordingly. Individual areas of damage on
GeoResources Journal 3 | 2021
www.georesources.net

the carcass can also be repaired and restored and this
technique can even be used to repair quite extensive
longitudinal belt rips. In certain cases it is actually possible to re-engineer a belt that is completely ripped.
After the new covers have been applied the belt is vulcanised in a conventional curing press, a process that
creates a new belt with a 360° covering around the
steel-cord carcass.
Because of rising and volatile transport costs both
to and from overseas destinations any direct cost comparison with a brand new belt can only be made on a
like-for-like basis when both a newly purchased belt
and a Retrofit 360° processed item are dispatched as
finished products to the end user. However, as the old
belt first has to be shipped to the factory for the retrofit procedure any specific cost calculation must also be
based on the current logistics market. While the process
described here certainly has enormous long-term potential, this will depend on having the necessary capacity in
place. If recent experience is anything to go by the supply chains that use this model should be made as short
and as stable as possible.
As a forward-looking awareness of the need for
targeted resource conservation and product sustainability in every area of life is now developing all over
the globe, the range of services becoming available now
extends far beyond that of the retrofit process. There is
now much more to it than just shipping worn conveyor
belts to the factory for processing, and then returning
them to the user in an as-new condition. For interested
customers Nilos now provides an international service
whereby following an on-site analysis the company’s
know-how and technology is brought to bear by way of
advice and assistance leading to the construction of the
client’s own Retrofit 360° plant. This creates a closedloop process for product sustainability based on global
usability.

Carsten Möbius
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in conveyor belt production at various levels for the
last 30 years, during which
time he has done much to
advance belt technology
and the development of
customised solutions. In
applications engineering
he has provided numerous
customers with advice and assistance on equipment
care and maintenance and in the product management field has worked to combine technology with
training. He is currently a member of the product
management team at NILOS GmbH & Co. KG.
Contact:
carsten.moebius@nilos.de

Möbius:
Natural Resource Conservation and Product Sustainability: Steel-cord Conveyor Belt Regeneration with Retrofit 360°

43

Increasing social Acceptance in the
Management of Tailings Storage Facilities (TSF)
Prof. Dr. Tobias Rudolph and Prof. Dr. Peter Goerke-Mallet, Research Center of Post-Mining,
Technische Hochschule Georg Agricola - University (THGA), Bochum, Germany

Introduction
Mining means primary production and the extraction
of natural resources and so stands right at the beginning
of the value chains. Given the predicted growth in the
global population from the current 7.7 billion to something like 10 billion by the year 2050 we can assume a
similar increase in the demand for raw materials [1].
However, technological progress and social changes will
almost certainly alter the make-up of the raw-materials
mix. Moreover, commodity consumers are becoming
increasingly out of touch with the mining lifecycle
(Fig. 1) and their understanding of the technical and
scientific processes involved is waning.
At the same time the legislators and non-governmental organisations involved in the current process
of social change are now re-thinking their approach
to climate and Earth-system protection [2], while at
the same time many societies are promoting and introducing circular-economy systems. All this is starting to
overshadow the raw-materials extraction process, even
though this remains just as important as before [3, 4].
Ongoing digitisation and the increasing social penetration of modern communication methods, such as social
media, and the resulting in processes acceleration, are
also factors to be considered.
The mental disconnect between raw-materials extraction and consumer behaviour, and the growing focus on climate and environmental protection, mean that
our society now only tends to see the negative impact
that mining has on man and the environment and has
adopted a highly emotional response to it. It is therefore difficult for mining companies to communicate in a
fact-based and effective manner and to ensure transparency for the operational decisions that they have to take.
Another problem that affects communication and
discussion with the public is that because of its finite
nature the exploitation of a deposit cannot be directly
connected with the concept of sustainability. While
this can succeed in conjunction with the fairly comprehensive extraction of the deposit and an environmentally compatible mining process, in reality, linking the
United Nations Sustainable Development Goals with
mining activities poses significant operational and communicative challenges for mining companies.
However, open and transparent social communication is essential for the acceptance of the mining industry with its location-based and long-term mode of
operation and its significant demand for skilled workers

Ensuring social acceptance for mining projects, and especially when it
comes to settling ponds for mine tailings, is a huge challenge. Modern
geomonitoring integrates data obtained from orbiting satellites, from
overflying aircraft and from the surface of the ground, as well as from below it, to create a transparent and space and time-referenced process understanding. Geomonitoring technology is therefore an important tool
for risk management and communication over the course of the mining
lifecycle.
Mining • Geotechnics • Tailings • Operator responsibility •
Acceptance • Geomonitoring • Risk management

Fig. 1: Representation of the mining lifecycle

of all kinds. For this to succeed, mine operators need to
take account of, and react to, economic, ecological and
social changes. This kind of approach is also adopted in
the Science Policy Report of the Academia Brasileira
de Ciencias and Leopoldina, and other partners, which
in the wake of recent accidents, particularly at tailings
storage facilities (such as the Brumadinho dam disaster
in Brazil in 2019), are calling for a collective paradigm
shift on the part of legislators, mining companies, the
scientific community and the public [5].

SLO - a Social Licence to operate
The term ‘social license to operate’ relates to the new
social awareness in respect of the mining industry. This
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concept developed about 20 years ago as part of the discussion on sustainability and reflects the reputation of
a company and its social acceptance. It is to be defined
from both an internal and an external perspective.
In actual fact Georg Agricola wrote about the social
responsibility of industry operators hundreds of years
ago in his authoritative text on the mining and metallurgical industry ‘De re metallica’ [6]. In his first book
entitled ‘Vom berg- und hüttenmännischen Beruf und
seinem Nutzen (The Mining and Metallurgical Profession and its Uses)’ Agricola examined arguments relating to critical public opinion. His analysis of mining-induced damage to the environment and the benefits that
mining activities bring to society can be understood as
the beginnings of risk management theory.
For a mining company operator responsibility
from an internal point of view means the technical
and legal operating licence covering the entire mining lifecycle. The company acquires this licence after
going through a process that includes approvals, environmental impact studies, geomonitoring plans and
risk management systems. From a business viewpoint
securing and reinforcing operator responsibility creates a positive environment in which the company’s
strategy and its net value added can be put to good
effect [7]. Companies that are socially accepted often
succeed in achieving their sustainability goals. They
are able to deal very proactively with all the economic,
ecological and social consequences of their commercial operations and with the credibility of their business endeavours [8].
From the external perspective of the public and
stakeholders it is all about the social operating licence.
This perception is characterised by various facets, such
as reliability, values, trust, communication, network
building, transparency and the development of knowledge and understanding.
In terms of sustainability and the preservation of the
natural living conditions, in the context of forces, forms
and values, these two ways of looking at the concept of
operator responsibility can be represented in two processes that have been fundamental to the mining industry (Fig. 2) [2]:

improvement in natural living conditions and results in
greater social sustainability (green line in Fig. 2).
The issues that surround the social acceptance of
mining companies are based on the assumption that
the general public (e. g. local residents) and stakeholders from the mining environment are increasingly included in the making of decisions that impact them
directly [9]. Voluntary initiatives on the part of the
mine operator that go beyond his statutory responsibilities are a key element when it comes to attaining
social acceptance. Despite the high awareness of social
acceptance within mining companies there is still no
consensus on the means to be deployed and their effectiveness [9]. The success of a social acceptance drive
therefore depends essentially on developing and maintaining sustainable relationships with the stakeholders,
in other words taking a participatory approach. This
tactic therefore represents a core element in the communication process.
The social licence to operate comprises the integration of the company into the surrounding structures
[10]. A management tool or management strategy has
now evolved from this that is essentially aimed at the
stakeholders and the socio-political structures. Every
company that in its local environment has an impact on
social matters with a human and/or environmental factor, and consequently is under observation, ultimately
requires this kind of strategy. These new game plans,
backed-up as they are by digitisation and the methods of
Industry 4.0, enable new corporate cultures. This leads
to broad-based transparency, an almost unlimited access to information and inter-company cooperation of
the kind that can be implemented both top-down and
bottom-up within the group structure [11].
The ongoing debate about the social acceptance of
companies and their actions is also being conducted
from the perspective of sustainability [12]. Even the
United Nations Organisation, with its 17 sustainable development goals (17 SDGs), has intensified and
broadened the discussions surrounding the sustainable
management of operational processes [13]. Economic
ethics have meant that mining operators now also have
to face up to these goals and enter into a discussion with

▶▶ Process 1 (dotted red line in Fig. 2): Historically
speaking the object of the earliest and simplest form
of mining was to alleviate existential distress and
preserve the basis of life.
▶▶ Process 2 (black dashed line in Fig. 2): In a further development of the industry-dominated mining lifecycle all is based on a position of power and
the planned entrepreneurial actions of the mining
companies, which manifest themselves in the special
characteristics of the mining industry, such as location factors, company history and corporate strategy.
Only with the incorporation of the modern concepts
that underlie the social licence to operate do we see any
real involvement of the affected parties. This leads to an
GeoResources Journal 3 | 2021
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Fig. 2: Schematic depiction of the main interactions
affecting mining processes in respect of forces,
forms and values of relevance to sustainability
[acc. to 2]
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Fig. 3: Process stages in the environmental impact assessment showing the geomonitoring phases
(direct involvement = red arrow, indirect involvement = light red arrow)

the public, with individuals and with the relevant stakeholders [1, 14].
Mining processes, such as the construction and
operation of mineral preparation plants and tailings
ponds, constitute an intrusion into the landscape and
the natural environment and often cause irreversible
changes. In this context the Geological Society of London, in its geoscientific interpretation of the 17 sustainable development goals, has laid down the following objectives for the mining industry and for tailings storage
facilities [15]:
1
2
7
8
11
12
13

No poverty
Zero hunger
Affordable and clean energy
Decent work and economic growth
Sustainable cities and communities
Sustainable consumption and production
Measures to ensure climate protection

Since, as has already been mentioned, mining cannot
strictly speaking be a sustainable operation because of
the finite nature of any natural deposit, a conflict of
objective can be seen to exist when it comes to the 12th
sustainability goal. This conflict cannot be resolved on
an abstract level, while remaining within the context of
the sustainability goals, as is the case with the 12th of
the UN targets. The environmental impact assessment
(EIA) of mining activities and the sustainability factor, for example, can be taken into account right at the
beginning of the approval process (Fig. 3) [16]. Important factors here are compliance with standards when it
comes to operational, safety-relevant and communicative processes, a continuous analysis of the impact of the
raw-material extraction operation and the limitation of
negative effects. In addition, a participation process has
to be established so that the regional population can be
involved in terms of information and cost [5]. Here new
opportunities can be provided in the form of integrated
geomonitoring tools.

In this connection Pateiro Fernandez speaks about
adopting a location-based approach for developing the
sustainability paradigm, by which he means the specific
reaction to existing framework conditions [17]. Here
the aim is to minimise the negative impact on society
and the environment while at the same time maximising the social and economic factors. The participation
process, which is an integral part of the sustainability
concept, will therefore serve to raise the level of social
acceptance for mining-related measures.

Geomonitoring
Geomonitoring is a valuable scientific and technological tool for monitoring the lifecycle of a mining installation. In order to achieve the level of social acceptance referred-to above and to meet the risk-mitigation
criteria it is important to develop and implement an
integrated and continuous geomonitoring regime for
mining operations (Fig. 3). A wide range of different
methods can be adopted here depending on the issues
being addressed (Fig. 4). The results of the geomonitor-

Fig. 4: Depiction of the scope and complexity of current geomonitoring tools

Rudolph and Goerke-Mallet:
Increasing social Acceptance in the Management of Tailings Storage Facilities (TSF)

(bold print = geomonitoring tools for TSF)

GeoResources Journal 3 | 2021
www.georesources.net

Special Topic

46

Geotechnics/Mining
ing operation are to be treated and assessed on an integral basis [18].
When carrying out geomonitoring activities at tailings storage facilities it is not enough just to rely on data
from Earth observation satellites such as Sentinel-1,
whose mission forms part of the EU Copernicus Programme for mapping ground movements. Additional
methods have to be employed, such as site visits, inspections and the setting-up of in situ sensors (bold print in
Fig. 4).
When dealing with safety-relevant issues – of the
kind that generally tend to arise during the lifecycle of a
mining installation – risk management is of crucial importance. In order to be able to provide a reliable assessment of the risks arising from the operation of tailings
storage facilities, and make appropriate adjustments to
the operating regime, it is crucial to have in place as extensive as possible a (geo-)data, information and knowledge management system with 4D cover. This is directly
linked to the geomonitoring of the entire mine site and
its environment [19].
The results of a research project aimed at the detection of small-scale ground movements in an urban and
non-urban environment can also be used to assist in the
operation of tailings storage facilities (Fig. 5). In this
case radar remote sensing, which is used for the detection of ground motion, is fed with a wide array of additional spatio-temporal information in order to identify
any significant filtered ground movement. This digital
operation, which is controlled and monitored by expert
personnel, allows the basic geomonitoring measures,
with all their periodic visits and inspections, to be reduced to an event-related level. At the same time the full
integration of additional 4D datasets (such as meteorological data) (Fig. 5, stage 4 and stage 5) in the time series

analysis of the radar data means that any changes can be
identified at an early stage so that appropriate countermeasures and safeguards can implemented in good time.
This can potentially help avoid or reduce future damage.
By this means any problems likely to impact on the
integrity of the site can be recognised quickly and an
understanding built up of the scientific and technical
interrelationships involved, which is also validated by
means of observations and measurements. The mining
company can then use this process knowledge for internal and external communication so that the public and
any relevant stakeholders can be included in his planning considerations right from the start [21]. While a
holistic approach may initially hold up the project management and external project communication work, it
will eventually promote a more resilient and sustained
acceptance of the mining project.

Interpretation
Any mining process can only justifiably be referred-to
as sustainable when the deposits in question are being
exploited in line with appropriate sustainability targets.
Geomonitoring takes broad-based account of these sustainability goals while at the same time limiting the environmental impact of the extraction process (Fig. 6).
By providing for the complete digital integration of all
the methods available, that is to say aerial (e. g. by satellite, overflying and drones), ground surface (site visits
and in-situ sensors) and subsoil (e. g. borehole geophysics and mine survey measurements), it is possible to provide a transparent process understanding of significant
events in space and time. This process understanding
forms the basis for communication and hence for the
development of the social licence to operate.

Fig. 5: Solution-oriented application of radar remote sensing incorporating additional information for the detection of small-scale
ground movements (research project for the Ruhr basin)
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Conclusions
The various endeavours associated with the social licence to operate now have a primary role to play in the
mining lifecycle and activities of this kind are very much
in the public focus. At the same time current technological developments in our society (including digitisation
and the widespread and rapid diffusion of social media), as well as the transition to a circular economy, have
brought about a change of attitude that has seen a decline in the level of acceptance for, and the understanding of, the mining industry. This all generally ties in with
a heightened need for information. In order to minimise the gradual loss of acceptance, and even to begin to
reverse this process, greater provision has to be made for
openness and for participation in the decision-making
process by introducing, where possible, a transparent
project management system along with a comprehensive set of integrated geomonitoring measures and target-oriented external project communication arrangements. The various technical geomonitoring tools that
have become available can now provide the public with
a real insight into the workings of the mining industry
and the kind of operations involved. Furthermore, risk
management methods mean that changes can be identified at an early stage so that countermeasures and safeguards can be implemented in good time. Incorporating
a geomonitoring regime directly into the lifecycle of the
mine is therefore the key to activating the social licence
to operate required by those with responsibility for the
management of tailings storage facilities.

Special Topic

The social acceptance of sustainable mining projects
must cover the entire lifecycle of the mining installation
from the initial planning concept right through to the
closure phase and must in addition take account of the
economic, ecological and social aspects of the overall
operation. A development of this kind can only then
be considered as sustainable when the activities being
engaged in are fact-based and when sufficient transparency is provided through communication with all
the parties involved. Given the specific physical and
chronological parameters of the mining process and its
dynamic mode of operation the need to maintain credibility and reliability in the eyes of the public at all times
poses an enormous challenge for the mine operators. A
continuous geomonitoring regime can provide an effective answer to this problem (Fig. 7).
Fig. 6: Geomonitoring as a basis for communication
and the social licence to operate

Fig. 7: Geomonitoring as part of the mining lifecycle
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NEXT – New Exploration Technologies
Project fulfils Expectations
Juha Kaija and Vesa Nykänen, Geological Survey of Finland
Torsten Gorka, DMT GmbH & Co. KG, Essen, Germany

European Union Horizon 2020 project NEXT was
created to develop new geomodels, novel sensitive exploration technologies and data analysis
methods which together are fast, cost-effective,
environmentally safe and, potentially more acceptable to local actors and communities.
Mining • Exploration • Innovation • Research •
European Union

Great technical Achievements for
Exploration of critical Raw Materials
“We had seven work packages and 10 objectives to start
with in this project. Results show that cooperations between partners have been fruitful and we have achieved
excellent results in all work packages”, says Project Manager Juha Kaija from GTK.
The project has been also noticed by European
Commission’s Innovation Radar. Independent experts
of the Innovation Radar ranked the product of the
NEXT project, the Novel electromagnetic (EM) survey
system on UAV for mineral exploration, as a top innovation with high market potential in the near future.
“This survey system is a remarkable result of NEXT.
The Finnish SME Radai Oy started the development of
it within the NEXT project and it has already proven to
be highly versatile. Now they are developing the system
further for commercial use”, Nykänen explains.
The other remarkable achievement of NEXT is
SOM (Self-Organizing Maps) Software Tools. The aim
in the Project was to develop a new modern software
and tools for data processing and integration. A new
open-source software tool GisSOM for geoscientific
data integration with combination of artificial neural
works and self-organizing maps is available in GitHub.
“GTK and BEAK worked together to create data
fusion tools. GTK is responsible for open-source SOM
software tool and BEAK is more involved to develop it
for commercial use”, Nykänen explains.

two comparable case studies were conducted to find
out the attitudes to the new sensitive versus the conventional exploration to achieve an understanding of the
importance of sensitive exploration technologies to social licencing. One of the outcomes was the NEXT SLE
Toolkit. It presents the advances in mineral exploration
and the outcomes of the research on the SLE thematic
in an easy-to-grasp language. The toolkit brings recommendations, which are foremost addressed to mineral
exploration and mining companies, about why, how,
when and where to communicate with local communities during the mineral exploration stages.

Help for Clustering
Clustering was one of the objectives of NEXT. For this
a new open-access module “Projects Map” through the
EU Horizon 2020 Collaboration Network of CORDIS

High scientific Impact
“The large number of publications in the project is particularly gratifying. There are more than 40 scientific
articles already published or submitted in the NEXT
project”, tells Nykänen. All the publications will be released on open access.
Social License to Explore (SLE) is important element of nowadays exploration activities. In the NEXT
Kaija, Nykänen and Gorka:
NEXT – New Exploration Technologies Project fulfils Expectations
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Conclusion
“NEXT project has been a success and it has fulfilled
expectations. NEXT results have been already used by
mineral exploration companies with a great success”,
says Scientific Coordinator Vesa Nykänen from the
Geological Survey of Finland (GTK).

NEXT Consortium

(The Community Research and Development Information Service) allowing to explore synergies, to optimize
clustering and strategy thinking in the European “jungle”,
was developed conjointly by the Publications Office of
the European Union and Université de Lorraine teams:
https://cordis.europa.eu/datalab/p2co.php?lv=en

The NEXT consortium was coordinated by the Geological Survey of Finland (GTK) and consisted of 16
partners from research institutes, academia, service
providers and mining industry from the six EU member states Finland, Sweden, Germany, France, Malta
and Spain. The NEXT project has been funded by the
European Union’s Horizon 2020 research and innovation programme under grant agreement ID 776804 –
H2020-SC5-2017. The information and views set out
in this article are those of the authors
Contact:
Project Manager Juha Kaija: juha.kaija@gtk.fi
Scientific Coordinator Vesa Nykänen: vesa.nykanen@gtk.fi
Torsten Gorka, DMT: info@new-exploration.tech
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