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Mining – Tradition and Future

Prof. Dr. Andreas Pinkwart, Minister for Economic Affairs, Innovation, Digitalization and Energy
of the State of North Rhine-Westphalia, Düsseldorf, Germany

Mining is no ‘old‘ industry and plays an important
role in securing the future supply of raw materials.
The digital transformation changes the entire process chain and can provide important contributions to increased productivity, workplace safety,
environmental protection, sustainability and social acceptance.
Mining • Raw material supply • Digitalization •
Tradition • Future • NRW

T

he domestic mining sector continues to make an
important contribution to safeguarding the supply of raw materials – in Germany and especially
in North Rhine-Westphalia. Mining goes far beyond
the extraction of coal: salts and brine, gravel and sand,
clay as well as limestone and other solid rocks are mined
here in large quantities. Centuries of mining tradition
go hand in hand with centuries of history in the construction of mining machinery. The extremely arduous
and dangerous work required constant innovation in
equipment and technology. Today, North Rhine-Westphalia’s mechanical and plant engineers and manufacturers are amongst the world market leaders.
Whilst the mining sector is often associated with
‘old’ industry and energy production, it also plays an
important role in the areas of high-tech and especially
renewable energy. On the one hand, modern electronics, which are used there and which make the digital
transformation of businesses, workplaces and just generally all walks of life possible in the first place, require
a multitude of raw materials that are extracted through
mining. On the other hand, it is actually these digital
changes on the mining sector which, along with mechanisation and automation, deliver an enormous innovation boost. Aspects of sustainability are becoming increasingly important.
The digital transformation of production processes
can help us to embark on a technology path which serves
to increase productivity and deliver the best possible improvements along the entire process chain. Moreover,
digital transformation can also make important contributions to better workplace health and safety, environmental protection and sustainability, thus making raw
material extraction more palatable to society.
A large part of the potential of digitalization lies in
the increasing autonomy of interconnected machines.
This makes it possible, for example, to design the mining process in such a way that people have to work less
frequently or not at all in highly dangerous areas. HowPinkwart:
Mining – Tradition and Future

ever, the often difficult and hazardous conditions in mining also
place high demands on the technology that is used. This is because,
in the field of raw material extraction in particular, this technology
is much more exposed to extreme
temperatures, dust, moisture and
vibrations than is the case of other
high-tech processes. Reliable functioning of the technology, notably sensors and communication
amongst process-chain elements,
but also fast and focussed processing of huge amounts of data, are
crucial to successful digital transformation of mining.
This digital transformation
also paves the way for predictive
maintenance, enabling machine
down times to be kept to a mini- © MWIDE NRWF- Wiedemeier
mum – even remotely over large
distances. Predictive maintenance
is a building block for more sustainability in production
and therefore also in mining. Thus, digitalization can
help make the exploitation of deposits more efficient,
conserve natural resources to the best possible extent
and reduce the ecological footprint often associated
with mining projects. These are key objectives, summed
up under the umbrella term, Mining 4.0. Like Industry
4.0 for the full spectrum of industrial production, Mining 4.0 is a synonym for all innovative activities on the
raw materials sector with a focus on automation, autonomy, networking and artificial intelligence.
Staying competitive today means investing in the
digital future. This includes the requisite technology,
workforce upskilling and network-enabled cooperation with other market players, start-ups and research
institutions. The machinery and plant manufacturers
who produce for the mining industry are well equipped
for this strategic role. At the same time, extensive research and development is still required in order to
make the best possible use of the opportunities provided by digitalization for the mining industry. As a state
government, we support the industry to the best of our
ability – with a view to enabling the mining sector in
North Rhine-Westphalia to continue its tradition well
into the future.
Andreas Pinkwart
GeoResources Journal 1 | 2019
www.georesources.net
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Look to the Future: Digitalisation
of the Raw Materials Industry
Peter v. Hartlieb, International Relations. NRW Energy Agency, Düsseldorf, Germany

I

n keeping with established mining tradition, we want to and
indeed must shape rather than
simply administer change. Innovation cycles are becoming shorter.
Digital technologies increasingly
determine the development of
the raw materials industry. We are
confronted with the term technology worldwide – in all branches
and sectors from the corporation
to authorities. As a consequence,
there will only be two types of
organisation in future: those operating on the basis of digital technology, and those whose economically independent future is more
and more threatened by digitallybased competitors. A concept,
which often crops up in this connection is “disruptive”. Disruptive
technologies is the name given to
innovations, which replace the
ongoing success of an already established technology, an existing
product or service or completely
wipes them from the market.
These developments exert a profound effect on what
we consider to be familiar traditional business models,
starting with the use of Apps right up to the intelligent application of data. So-called start-ups, which are
founded in conjunction with the digital revolution, are
agile and break with old traditions. Their aims are:
▶▶
▶▶
▶▶
▶▶
▶▶

To radically change the existing branch
Offer new products
Reach and support customers more easily
Reduce running costs
Expand quickly

And all this based for example on utilising central,
digital technologies and applications from fields such
as industrial and health protection, environmental protection, automation of mining processes with analytics,
data security and cloud-based. The rapidly growing significance of the Internet of Things (IoT) in mining has
led to a situation where everyday things have suddenly
become digital: from recording working hours and locaGeoResources Journal 1 | 2019
www.georesources.net

Digitalisation calls for the entire value-added
chain to be modernised. It requires adjustments
to operating procedures, technologies, business
models and the existing legal framework. There’s
a lot to be done!
Mining • Raw materials • Digitalisation •
Development

tion determination by way of supplying auxiliary materials such as electric power, compressed air and water,
infrastructure, vehicles and control systems right up to
the processing of the topic of energy efficiency.
It appears that digital innovations present a greater
challenge for companies that have developed over many
years than for creative newcomers. In view of longstanding investments in manpower, processes and technologies, digital innovation has to be borne by an intensive and agile modernisation of existing competences,
sequences and platforms. From the technology, which
forms the basis for current data processing, by way of
central business processes right up to what is in many
cases a business culture that took years to evolve: Whoever wishes to use digital services sensibly, must not just
confine himself to devising and applying a new App,
for simply to “force” new functions on existing operating processes, technologies or business models will not
function. It is particularly important to cater for close
interaction between science and practice so that innovation and novel thinking encounter still successful, established structures. The prerequisite for digitalisation
of the entire value-added chain is furthermore, a secure
legal basis, as the existing legal framework is interpreted
as an obstacle. In other words, experts are called upon.
Let’s get started.
Glückauf !
Yours,
Peter v. Hartlieb

Peter v. Hartlieb
is head of mining activities in the International
Relations Division of the NRW Energy Agency,
Düsseldorf, Germany.
Contact:
hartlieb@energieagentur.nrw

Hartlieb v.:
Look to the Future: Digitalisation of the Raw Materials Industry
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“Data Mining” for “Mining Data” or
“We’ve always done it like that” against
“Why not be different?”
Sebastian-Friedrich Kowitz, Talpasolutions GmbH, Essen, Germany

The digitalisation or automation of knowledge
represents a major challenge given the rough
conditions existing in mining and the construction industry. At the same time, it affords considerable potential for innovation.
Mining • Tunnelling • Digitalisation•
Data mining

M

ining and the construction industry need innovative solutions to increase productivity,
efficiency and safety in enterprises on the one
hand and for environmentally-friendly and sustainable
operations on the other. Most globally active companies
from these branches depend on a flexible application
of mobile and stationary machinery, often from various manufacturers and of different ages. A particular
challenge is posed by the tough conditions existing in
mining, tunnelling or on the construction site. In addition, the points of deployment change constantly as
operations progress.
In order to comply with the special requirements
and specifications of their customers, machine manufacturers have always further developed their mining
and construction machinery consistently. So far it has
been possible to secure improvements in performance
by scaling the size and automating part-processes. Today
the focus has expanded substantially.

New Digitalisation Technologies
Computer and storage capacities as well as sensor technology have bene further developed and become affordable. Operational data of machines and equipment can
be generated instantly in every single machine and system. Highly sensitive sensorics and interlinked systems
provide information relating to location, status and
utilisation of the machines, their aggregates and components in real time. They are augmented by contextual
data from the working environment. The underlying
data base can be of a historic nature or be in real time.
The data relate to individual machines or entire fleets.
They are derived from the complete life cycle starting
from planning by way of operation right up to the closure of a site or a mine. Exponentially improving IT and
communications technology, such as WLAN, 4G and
5G, permit fast data transfer. Cloud applications for
their part, facilitate the processing of operational data
in real time and their transformation into invaluable in-

formation. New technologies, generally known under the slogans Big
Data, Artificial Intelligence (AI),
Machine and Deep Learning, Virtual Reality, digital Twin etc. are
permanently available in the cloud
and can be exploited with relative
ease.

Looking to the Future
at the Automation of
Knowledge
These new technologies ensure
that relevant information can be
identified, stored and made available at any time and place. All this
information can be used to look
to the future and generate actionrelated recommendations for various users.
Digitalisation – this inflationary descriptive that is making the
rounds – nowadays signifies the
automation of knowledge, in contrast to the automation of technology: expert know-how can be reliably
depicted by Machine Learning. Networked machines
can communicate with each other via suitable protocols
and interfaces and collaborate. Decisions made by specialists and experts can ultimately be taken.

Threat or Chance?
Whether these new technologies represent a threat or
a chance depends on the perspective. The novel utilisation of digital operational data facilitates more intelligent machines and more efficient operations as well
as overall digital networking – in other words diverse
chances. However, their utilisation is no foregone conclusion and represents a challenge for those involved.
“New players” have to be integrated, new forms of cooperation established and new business models developed. Anyone who is not prepared to face these new requirements, justifiably regards digitalisation as a threat;
however, he who is willing to combine know-how of the
old and new variety, will be in a position to exploit the
chances despite the challenges.
As a consequence, the challenge facing machinery
and equipment manufacturers is to further develop

Kowitz:
“Data Mining” for “Mining Data” or “We’ve always done it like that” against “Why not be different?”

GeoResources Journal 1 | 2019
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their products, processes and structures – from the construction process of the machine right up to service –
and offer new, additional digitally-extended solutions
and products. The digital world is also penetrating the
hardware world at great pace: for example, spare parts
can be made quickly and at low cost by means of 3D
printers, and maintenance tasks are augmented by virtual services.
This transformation process does not simply affect
suppliers of machinery but the final customers as well.
If the customer digitalises his data and his processes, the
data flow at his interfaces in his production and work
process will be speeded up. Decisions have to and can be
made more quickly in order to increase efficiency and
productivity. Speed is intertwined with flexibility. The
customers must react faster to volatile market conditions – and will do so accordingly.

What does Digitalisation require?
The key issue is what advantage and added value do solutions provide the customer, namely:
▶▶ Improved communications
▶▶ Faster and more intelligent decisions
▶▶ Higher efficiency and safety for the workforce
The challenge in this case is to be found in mastering the
complexity and speed. Mine operators and clients must
be able to react and take decisions more rapidly, better,
more flexibly and in a holistic manner. This is generally
accomplished by means of standardised, automated solutions for man, machinery and processes, which have
been configurated for the final customers. Software and
plant development as well as hardware must thus be
geared to each other in a targeted manner.
These tasks lead to new business processes and models. Agile and interdisciplinary collaboration models
between mine and construction companies as well as

About talpasolutions GmbH
talpasolutions GmbH – a technology start-up
founded in 2016 with its heaquarters in Essen,
Germany – develops a web-based Big Data-analysis platform for mines and machine manufacturers. The aim is to use machine data to maximize
the business value of the clients’ companies. Developers, data specialists and mining engineers
evolve customized solutions.
https://talpasolutions.com

GeoResources Journal 1 | 2019
www.georesources.net

hardware and software developers are becoming increasingly commonplace: classical equipment planning
encounters the flexible project management methods
of dynamic software developers. High and long-term
investments in digital product development, production plants or IT hardware find themselves faced with
favourably-priced solutions from “as-a-service” offers.
“We`ve always done it like that” becomes “Why not
be different?” Mining, tunnelling and the entire construction industry are amidst a massive and fundamental transformation. Information and communications
technologies are merging with physical mechanics to
form new and holistic systemic solutions.

From Tradition to Innovation at the
bauma 2019
The bauma 2019 as the world´s largest construction
machinery fair is the ideal location to present new innovative solutions and products. Astonishing novelties
come up against the tried-and-tested, young start-ups
from the digital branch encounter tradition-steeped
producers and users of machinery and equipment or
convention and tradition confront innovation and disruption. The bauma 2019 will reflect the digitalisation
and innovation potential of supposedly old and conservative industries when the protagonists of traditional
and new know-how meet very much in keeping with
Data Mining, in other words, the acquisition of knowledge from the systematic processing of large amounts of
data, for Mining Data.
Glückauf !
Your
Sebastian-Friedrich Kowitz

Sebastian-Friedrich Kowitz
is CEO of the talpasolutions GmbH, Essen, Germany. He founded the company in 2016 based
on his university and extensive professional
experience as a mining engineer. He successfully
completed his studies at the Afnoth International
School in the Netherlands and at the RWTH
Aachen University in Germany to become a raw
materials engineer. During and after his studies he worked as project engineer and technical
consultant at the DMT GmbH & Co. KG, Essen,
Germany.
Contact:
sebastian@talpasolutions.com

Kowitz:
“Data Mining” for “Mining Data” or “We’ve always done it like that” against “Why not be different?”
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bauma –
Forum for Discussion on Future Mining
Klaus Stöckmann, Deputy CEO, VDMA Mining, Frankfurt, Germany

At the bauma the mining supply branch is presenting its capabilities and innovations to its
worldwide customers from the raw materials industry. In this way, it is facing the challenge of a
future-oriented, environmentally-friendly provision of raw materials.
bauma • Mining • Suppliers • Raw materials •
Future technology

F

airs are like magnifying glasses. They focus on a
branch of industry, on the exhibiting companies
and the novelties on display as well as the future
challenges faced by the branch. This is also the case at
the bauma. Furthermore, with almost 3,500 exhibitors
and more than 500,000 visitors, it represents a huge opportunity for the branch to get together.
For the VDMA Mining as representative of German
mining machinery manufacturers the bauma represents
an opportunity and commitment at one and the same
time to present the branch’s achievements to the public
and international mining.
At present, we often hear that mining in Germany
is over; the superficial fuss in the media in conjunction
with the termination of hard coal mining damages the
industry. However, Germany still remains engaged in
mining. After the coal era, there are still two thousand
mines in Germany. There is the well-founded knowhow from an experienced mining supply industry with
national and international clients. There are young and
optimistic start-ups especially in the field of digitalisation. The German mining machinery manufacturers are
engaged in this sector with the intention of convincing
their global customers from the raw materials industry,
who are expected at the bauma, of their capabilities and
innovative dynamism.

Premium Prices for premium Technology
– German Quality
The German mining machinery manufacturers must
constantly redevelop their competitive edge. “German
Quality” is intended to stand for the best available technology in 2035 as well and advance the marketing of machines, systems and the associated know-how. Towards
this end, the VDMA Mining and its members have
invested a great deal in the branch’s future especially in
the last few months with the aim of finding out what
we must adapt to in the years ahead and which topics
are and will become important for the branch. We are
aware just how diverse these challenges are thanks to
Stöckmann:
bauma – Forum for Discussion on Future Mining

contacting so many representatives
of the industry.
These topics start off for
instance with “greater internationality of all those involved”:
development of technology and
collaboration schemes will become
international, more global. Mining
companies have also cited the task
of mastering major technological
leaps and the transfer of technology within this framework as a future challenge.
The list continues with growing profitability requirements
from international mining investors – amidst increasing market
volatility. In addition, investors
will also perhaps call for new business models or business cases on
the part of operators.
In the years ahead, many surface mines will reach their limits,
such as for example, Chuquicamata in Chile or Grasberg in
Indonesia. The transformation to
underground mining is already underway or being planned.
In underground hard coal mining, work still mainly
progresses discontinuously via drill+blast. Solutions for
a continuous cutting process can offer an alternative
apart from improving working conditions and health
protection. This becomes all the more interesting as the
raw materials needed for the energy transition are more
likely to be found in hard rock.
Furthermore, the topic of preparation comes into
play. Deposits with lower ore contents require a higher amount of energy, technology and time in order to
produce concentrates. Alternative “green” preparation
technology with bacteria can open up new perspectives.
The question relating to the way machines will be
driven in future is also being discussed: Continuing
with diesel or is the future electric? A single powerful
and sustainable battery, which lasts for a shift and is
able to be charged in a straightforward and safe manner, must not necessarily be the only one available. The
answer could for instance, depend on the degree of autonomy of the process and whether a human being is
located in the immediate neighbourhood and whether
the ventilation can provide sufficient fresh air to lower
the toxic substances present at the operating point.
GeoResources Journal 1 | 2019
www.georesources.net
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Impression vom bauma Forum in 2016

The most serious Change: Data
Management and Digitalisation
Ultimately – and this should result in the most serious
changes – the degree of digitalisation and automation
will constantly increase: Autonomous machines and
fully automatic processes will become reality. This calls
for correspondingly equipped, intelligent machines,
which have to be networked with the mine’s digital infrastructure. This for its part, requires close cooperation
between producers and operators – not simply for setting up the interfaces, for which standard formats must
be found but also for service and maintenance as well as
training personnel. Last but not least, rules for dealing
with the data and their use must be worked out.
Companies will obtain new opportunities to market their products in an altered overall framework. Individual appliances can be integrated in complete systems
– providing there is corresponding standardisation of
the digitalisation of their machines and equipment. Optimal part-products from mining specialists can become
an element of a functional, networked overall system
and complement the advantages of the system’s individual components. In this way, consortia made up of
various mining machinery manufacturers can compete
on the market internationally. A VDMA Mining working group is involved in advancing data communication
among various machines.

Acceptance and Changes in Society
And there’s still more: the branch is awaiting numerous
non- technical challenges as well. The reputation of the

GeoResources Journal 1 | 2019
www.georesources.net

raw materials industry and how it is accepted are low in
many parts of society and the world in general. That has
a negative effect on skilled workers displaying an interest to be employed in the raw materials industry thus
reducing young people’s willingness to learn appropriate
skills. As far as the catchwords CSR (Corporate Social
Responsibility) or nature and environmental protects
are concerned, social aspects also come into play. Then
of course, there is nationalism or protectionism, which
threaten free trade and in turn, our industry.

bauma Forum in Hall C2
The VDMA Mining is tackling the cited topics with a
view to whether they are across the board and what it
can do as a federation to benefit its members. These issues will certainly also become food for thought at the
bauma, in small circles or in front of a large audience
at the bauma Forum in Hall C2. The bauma 2019 will
provide many exciting moments. We look forward to
meeting you there.
Klaus Stöckmann

Klaus Stöckmann
is Deputy CEO of the VDMA Mining, Frankfurt,
Germany, and is available at booth 2.214 in Hall
C2 during the bauma.
Contact:
klaus.stoeckmann@vdma.org

Stöckmann:
bauma – Forum for Discussion on Future Mining

Nezhinsky, Belarus

DEILMANN-HANIEL GmbH
44317 Dortmund/Germany
Tel +49 231 2891 395
Fax +49 231 2891 352

We sink shafts.
Any mineral. Any geology. Anywhere.
For more than 130 years we have safely and successfully sunk more than 500 shafts with
a depth of over 230,000 m.
We are a member of The Redpath Group, operating on all five continents and belonging
to the world market leaders in the field of mine contracting and construction.
We provide our customers with a complete range of services from design and engineering
to construction, maintenance, reconstruction and rehabilitation.

www.deilmann-haniel.com

Contact us with your shaft-related inquiries.
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Hermann Paus Maschinenfabrik GmbH
Tel.: +49 (0) 5903 707-0
Fax: +49 (0) 5903 707-333
www.paus.de

Paus MinCa 5.1E is specially designed for use in mining and tunnelling.
50 years of experience are available for your individual and eﬃcient solution.
Showing their advantages when conditions are most diﬃcult.
You can count on them.
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A Word on ...

Securing Raw Materials and technological
Development – sustainable and innovative

Dr. Martin Wedig, CEO of the German Federation of International Mining and Mineral Resources (FAB) in the VRB, Berlin, Germany

M

achinery and plant engineering has been instrumental
in making Germany great
and stands like no other branch of
industry for the two attributes, which
depict Germany to the world at large,
“solidity” and “prosperity”. German
machinery and plant engineering is
closely linked with mining. In the interim, both benefit from their internationality. For decades now, the bauma
has been the shop window of German
machinery and plant manufacturing
for the construction and mining industries. Consequently, it has become
one of the most important events for
mining. In the course of the years, the
number of visitors has increased constantly, thus underlining the esteem
accorded the bauma.

Need for Future
Raw Materials
The need for raw materials with a view to so-called future technologies is increasing. This applies in particular to metallic raw materials, such as iron ore, tungsten,
REE and lithium, whose consumption will at least double over the next decade. Owing to eco-political interests
for regenerative energies, there is for instance, an annual
growth in the demand for lithium of 9 % at present.

International Mining
Given increasing prices for raw materials, currently great
interest on the part of companies involved on the raw
materials sector can again being observed. This interest
also prevails for mining abroad, which has received new
motivation thanks to a series of start-ups. The, in some
cases, poor availability of raw materials, high prices and
the dominance of a handful of companies on international raw materials markets, invite German companies
to undertake fresh investments and establish their own
raw materials bases in other countries. Service providers
on the raw materials sector are also profiting increasingly from this development.

Communications Platform bauma

Raw materials • Globalisation • Sustainability •
International Mining • Services • Mining 4.0

mining delegations and companies in order to establish
contacts between various fair visitors and FAB members
quite apart from promoting an exchange of views and
cooperation at an international level for raw materials
projects and international mining.

Digitalisation and Mining 4.0
The technological aspect in particular will be addressed
at the 2019 bauma. In this connection, digitalisation or
its subfield, Industry 4.0 also plays a major role. For the
raw materials sector, Mining 4.0 signifies the further development of automation, mining, transport and preparation. In future, economic mining of raw materials will
only be achieved through automation, in other words:
providing highly productive, mechanised mining operations. Automation and extracting raw materials in a
manner that conserves resources and is sustainable with
a very high degree of selective production allow cost
savings for transport, preparation and the recycling of
waste. Towards this end, emphasis must be placed on
environmental protection and safety. All efforts on the
part of German mining companies are geared to making
mining more efficient, economic and of course, more
environmentally-friendly. The exhibitors – especially
mining machinery manufacturers – will present the international trade visitors at the bauma innovative developments for solving the challenges that have been cited.
We should like to wish you all a successful sojourn in
Munich and look forward to enjoying a conversation
with you.
All the best and Glückauf
Yours,
Martin Wedig

Dr. Martin Wedig

The German Federation of International Mining and
Mineral Resources (FAB) would like to act as a contact
point and partner for institutions in Germany, foreign
GeoResources Journal 1 | 2019
www.georesources.net

The safeguarding of future raw materials also
turns the focus on international mining and collaboration quite apart from relevant services. The
FAB with its members represents the raw materials project at the bauma.

can be located at Booth C2.214 in Hall C2 during
the bauma.
Contact: martin.wedig@v-r-b.de

Wedig:
Securing Raw Materials and technological Development – sustainable and innovative
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Innovative Waterstops for Underground
Concrete Structures
Franjo Kovac and Dipl.-Ing. Christian Henrichs, Besaplast Kunststoffe GmbH, Borken, Germany

Motivation
Underground concrete structures can be equipped as
watertight concrete structures or with sealing systems
with polymeric geosynthetic barriers (GBR‑P) to provide sufficient protection against moisture. The choice
and form of the system depends on the boundary conditions in the case of application, such as for instance, the
amount of water pressure, the composition of the water,
the determining codes of practice as well as the intended
use and service life of the structure.
Joint seals have been in use for decades both for
watertight concrete structures as well as sealing systems comprising polymeric geosynthetic barriers. They
include internal joint waterstops, external joint waterstops, connecting strips, special profiles and intersection
pieces. In this connection, disadvantages or problems
became evident such as:
▶▶ The installation of conventional internal waterstops
in watertight concrete structures is labour-intensive
and calls for adjustments or recesses in the reinforcement of the adjacent concrete parts (Fig. 1). This is
particularly disadvantageous when high amounts of
reinforcement are involved.
▶▶ Watertight concrete structures are restricted to water pressures of up to 25 m WC in tunnelling as positive verifications for the internal joint waterstops
found on the market are only available for up to this
amount of water pressure.
▶▶ External joint waterstops at tunnel block joints
produced by trenchless means (Fig. 2) are sealed
by means of labour-intensive overlapping without a
test channel. Furthermore, the anchors of the external joint waterstops in the roof area are positioned
vertically from above to below. In this area there is
the particular danger of air intrusions when placing
the inner shell concrete, which results in incomplete
inclusion of the external joint waterstops within the
inner shell concrete. This is why this situation is no
longer approved in accordance with DIN 18197 [2].
For decades now, there have been no decisive further
developments in spite of evident problems and disadvantages. Those in charge of construction for the most
part merely carried out minor modifications within the
scope of existing solutions. No fundamentally new ideas
were devised and put into practice. Now the Besaplast
Kovac and Henrichs:
Innovative Waterstops for Underground Concrete Structures

Current conventional joint sealings in underground watertight concrete structures or with
polymeric geosynthetic barriers – especially tunnels – possess disadvantages and thus pose problems. This motivated the Besaplast Kunststoffe
GmbH to devise innovative products and systems
to solve such problems. They are dealt with in this
article.
Geotechnics • Tunnelling • Engineering •
Sealing • Concrete • Innovation

Kunststoffe GmbH with its many years of experience
in producing joint waterstops for various fields of application has put on its thinking cap and come up with
a major potential for innovations and improvements.
But it did not stay at the concept alone. Thanks to the
company's own know-how and available infrastructure,
especially tool manufacturing, it developed new joint
waterstop solutions by dint of substantial application
of time and money. This article provides an overview of
these new developments and their potential.

Current Status
Numerous codes of practice contain specifications on
joint waterstops and joint sealing systems. The productoriented standards and regulations include:
▶▶ DIN 7865, Parts 1 to 3 for elastomer waterstops [3,
4, 5]
▶▶ DIN 18541, Parts 1 and 2 for joint waterstops made
of thermoplastic materials [6, 7]

Fig. 1: Conventional internal waterstop with the
necessary recess for the reinforcement
GeoResources Journal 1 | 2019
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Fig. 2: Sealing system with polymeric geosynthetic barriers (GBR-P) in a trenchless tunnel: system setup (otl) and
details of the joint seal with bulkhead thanks to external waterstop (otr) [1]

▶▶ TL/TP KDB for thermoplastic joint waterstops in
sealings for tunnelling with polymeric geosynthetic
barriers, which are not tackled in DIN 18541 [8]
▶▶ DIN 18197 [2]
System-oriented sealing solutions for certain fields of
application are dealt with in further codes of practice,
as e. g.:
▶▶ For watertight concrete structures:
▷▷ DAfStb guideline on watertight structures made
of concrete [9]
▷▷ VDZ leaflets H10 and H11 on watertight concrete structures and their joint seals [10, 11]
▶▶ For tunnel structures:
▷▷ Recommendations EAG-EDT issued by the
DGGT [1]
▷▷ ZTV-ING Part 5 Sections 1, 2 and 5 of the BASt
[12, 13 and 14]
▷▷ Ril 853 of the Deutsche Bahn AG [15]
In addition, pertinent technical literature is available,
e. g.:
▶▶ Joint seals for watertight structures made of concrete [16]
▶▶ White trough – straightforward and safe [17]
▶▶ Bulkhead waterstops for tunnels with a seal made of
polymeric geosynthetic barriers [18]

Product Developments
Concept
The Besaplast Kunststoffe GmbH devised ideas for
essentially modified joint waterstops in watertight
concrete structures. The disadvantages and problems
identified for current sealing systems can be avoided in
particular by means of different waterstop geometries
and positionings. The innovative proposed solutions
include the following improvements:
GeoResources Journal 1 | 2019
www.georesources.net

1: Extended circulation path
2: Sealing effect of the
pressing water given 		
wedge-shaped anchor
3: Expanding waterstop

Fig. 3: Waterstop with extended circulation paths
(labyrinth principle), wedge-shaped capping
web and expanding waterstops

▶▶ Form of the concreted parts of the joint waterstops
(Fig. 3):
▷▷ Application of the so-called labyrinth principle,
thus extending the water path thanks to modified
geometries
▷▷ Wedge-shaped anchor geometries in accordance
with the example of the V series of wedge-shaped
joint waterstops [19] involving an increase in
thickness towards the end of the anchor. This
causes the sealing effect of the joint waterstops to
be augmented owing to the increasing impact of
pressing water or cumulative deformations
▷▷ Integration of expanding seals at the anchor ends
▶▶ Prevention of damage thanks to improved positioning of the waterstops in order to cut down on the
amount of work as well as to facilitate concreting
and embed the joint waterstops more thoroughly in
the concrete
▶▶ Sealing block joints in tunnels with polymeric geosynthetic barriers with waterstops in the joints and
additional joint waterstops for bulkheads in order
to:
▷▷ Avoid scheduled and requirement-based grouting
Kovac and Henrichs:
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▷▷ Facilitate combined seals comprising independent watertight structure and self-contained sealing system with polymeric geosynthetic barriers
in the event of high water pressures

Overview of the new Product Series
The Besaplast Kunststoffe GmbH developed a new
series called DAT for water pressure-sustaining underground concrete structures. The following products,
whose materials can be adapted to the needs of a specific
project, are already available:
▶▶ For watertight concrete structures:
▷▷ Waterstop (DAT 230) positioned at the centre of
the joint (Fig. 4)
▶▶ For structures with polymeric geosynthetic barrier seal:
▷▷ Waterstop (DAT 290) set eccentrically in the
joint with additional pressure deformation chamber (Fig. 5), which can be combined to form a
block bulkhead in conjunction with a waterstop
arranged above the joint (Fig. 6).
▷▷ Waterstop arranged eccentrically in the joint with
factory-fitted extruded weld-on fittings for the
polymeric geosynthetic barriers (Fig. 7) (DAT
290 T)
▷▷ Factory-fitted vulcanised welding plates for the
horizontal construction joint possible (Fig. 8)
▶▶ For renovating tunnel from the inside:
▷▷ Gasket for the interior of the tunnel shell in accordance with the clamping principle (Fig. 9)
▶▶ Accessories, such as:
▷▷ Assembly and reinforcing rails
▷▷ End caps

1: Concrete,
inner shell in
the case of
tunnels
2: Rein-		
forcement
3: Pressing 		
water
4: Waterstop at
the centre of
the block
joint

Fig. 4: Waterstop at the centre of the block joint

1: Concrete, inner
shell in the case of
tunnels
2: Reinforcement
3: Pressing water
4: Waterstop set
eccentrically in
the block joint

Fig. 5: Waterstop set eccentrically in the block joint

Possible Fields of Application
The innovative product series affords the possibility of
avoiding disadvantages and problems posed by current
conventional sealing solutions.

Watertight Concrete Structures
In the case of watertight concrete structures, the longer
circulation paths and the wedge-shaped anchors facilitate higher water pressure loads. The current ongoing
pressure tests enable the conclusion to be drawn that
the limit of 25 m WC can be substantially exceeded.
Labour-intensive and statically unfavourable recesses in
the reinforcement can be excluded thanks to the modified geometry.

Tunnels with polymeric Geosynthetic
Barriers (GBR-P)
The application of eccentric waterstops installed directly in the joint caters for horizontally running anchors in
the entire surrounding block joint. As a result, complete
Kovac and Henrichs:
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1: Concrete 		
inner shell
2: Pressing water
3: Waterstop set
eccentrically
in the block
joint
4: Waterstop
as block
bulkhead

Fig. 6: Eccentric waterstop in the block joint
combined with bulkhead waterstop

enclosure of the waterstops is facilitated during the concreting of the roof area in particular and damage avoided. The block bulkhead, which is intended to prevent
water passing between the polymeric geosynthetic barrier and the inner shell thus penetrating further blocks
should leaks occur within the the polymeric geosynthetic barrier seal, is facilitated by combining the waterstop
installed in the block joint with a waterstop located exGeoResources Journal 1 | 2019
www.georesources.net
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ternally above the joint. In the event of especially high
water pressures, combined seals comprising two integral, independent systems, namely the watertight concrete structure and the polymeric geosynthetic barrier
seal are possible. The connecting of expansion joints to
construction joint seals is made easier by factory-fitted
vulcanised welding plates.

Subsequent Renovations of leaky Joints
Accessible joints can subsequently be sealed with gaskets
in keeping with the clamping principle. The prerequisite

1: Concrete inner shell
2: Eccentric waterstop in joint
3: Weld-on fittings for polymeric
geosynthetic barriers

Fig. 7: Eccentric waterstop in the block joint with
factory-fitted extruded weld-on fittings

being that the gasket remains accessible for securing the
clamping forces and can be checked and retightened.

Temporary Assembly Aids and other
Accessories
Among other things, assembly and reinforcement rails
are available for assembly, which prevent exposed profile
strip parts being damaged during the construction process. End caps cater for clean joint closures and prevent
pollution.

Conclusion and Outlook
The Besaplast Kunststoffe GmbH is convinced that
the presented innovative joint waterstop profiles can
greatly contribute towards improving sealing systems
in underground watertight concrete structures and in
trenchless tunnels with polymeric geosynthetic barrier
(GBR-P) seals. Results obtained in the interim from
ongoing pressure tests are most promising. Once these
tests have been completed, they will be documented
and made available. The development of the products
has progressed to such an extent that they can be applied practically. After concluding the necessary product and system verifications and once the products have
proved themselves in practice, these tried-and-tested
innovative solutions can be included in the pertinent
guidelines.
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a group of independent companies from the
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joints of all kinds. Many years of experience linked
with substantial know-how in the extrusion and
production of extrusion tools represent important
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new developments or extensions – in Germany
and abroad – and devises tailor-made, innovative
solutions in conjunction with its customers.
Further details: www.besaplast.de
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Virtual Trains on Rubber Tyres –
new flexible Transport System for autonomous
Operation in mixed Use Environments
Dr. Christoph Müller, Mobiletronics GmbH, Ladbergen, Deutschland

Virtual trains on rubber tyres are cost-effective
and flexible for applications in tunnelling and
mining. A solution is described which has successfully been in operation since 2016 at the Brenner
Base Tunnel in Austria. Extension to attain fully
autonomous safe operation would be possible at
reasonable expense.
Tunnelling • Mining • Transport • Innovation •
Virtual train • Automation

Fig. 1: Brenner Base Tunnel, Austria – Virturail train in TBM backup
Photos: C. Mueller, unless otherwise specified

1 Background
In the raw materials industries, transport tasks are mainly carried out by trucks, rail bound trains or conveyor
belts. All these transport systems have their traditional
justification for their particular purposes:
▶▶ Conveyor belts for high volume transport of bulk
material on more or less static routes
▶▶ Trucks for flexible transport on changing routes
▶▶ Trains for transport of diverse materials on static
routes
In train transport however, the physics of steel wheelrail contact limits the use of trains on steel rails to low
grades compared to standard rubber-tyred vehicles. In
addition, train traffic mostly needs a separate track, precluding the simultaneous use of standard vehicles on a
flat surface. This often requires interrupted transport
which involves switching the load from truck to train.
In Tunnel Boring Machine (TBM) operations so
called “Multi Service Vehicles” are used for supplying
pre-cast (concrete) elements, shotcrete and all other required materials. In such “dead end” applications, where
turning the vehicle at its destination is impossible, the
vehicle has to be equipped with two driver cabins at
each end. The vehicle length is limited due to the impossibility of steering the combination of multiple connected vehicles around narrow curves. Certain fully mechanical designs to solve these limitations have shown
that these designs always limit the length of the “train”.
Therefore, the ideal solution for cost-effective and
flexible transport of heterogeneous materials is a train
on rubber tyres consisting of multiple cars which keep
running on a single track. The solution presented in this
paper has been successfully in operation since 2016 at
the Ahrental construction site of the Brenner Base Tunnel in Austria operated by the joint venture of Strabag
SE/Salini Impregilo S.p.A. (Figs. 1+2).

2 What is Virturail?

Fig. 2: Brenner Base Tunnel, Austria – Virturail short train in the tunnel
GeoResources Journal 1 | 2019
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The Virturail (trade name VirtuRail®) system from Mobiletronics transforms the steel rails into a “virtual rail”
inside the train’s control computers: All wheels in the
entire train can be steered electro-hydraulically, which is

Müller:
Virtual Trains on Rubber Tyres – new flexible Transport System for autonomous Operation in mixed Use Environments
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the precondition for the computers to be able to retain
all axles on an identical track – as if they were running
on steel rails. Towards this end, the train is able to negotiate narrow curves. Furthermore, the rubber-tyred
surface contact makes it possible to drive up- and downhill on steep slopes in excess of 10 % gradient just like a
truck. This principle enables a train of connected cars
to run on a flat driving surface without the need for any
mechanic guidance e. g. steel rails.

3 Track-Follow Mode
The basic function of Virturail is to make the wheels on
all axles precisely follow the first axle in the train. This
is called “track-follow mode”. In manual operation, the
first axle is controlled by the driver manually using an
electronic joystick. In this way, the driver steers the leading axle just like on a traditional road vehicle. The steering commands determine the driving trajectory of the
leading axle and thereby also the “position of the tracks”
on the route which all following axles are driving on.
Therefore, all axles precisely follow the track of the
first axle without negotiating a narrower curve radius –
which would be the case with a traditional truck/trailer
combination. As all axles are on the same track, very
narrow curves can be negotiated. The minimum curve
radius is therefore determined by the maximum steering angle and the width/length of the longest vehicle in
train. The track-follow mode results in a driving behaviour substantially different from a truck-trailer combination. Operators must get used to the fact that driving the biggest possible curve radius with the front axle
(like they would do with a truck-trailer) is not necessary
and can be rather counterproductive. The drivers get
used to this behaviour very quickly when driving curves
in manual mode.

4 Functional Safety
Electronical steering of mobile machines and vehicles
(“steer-by-wire”) as well as electronically controlled
braking (“brake-by-wire”) is subject to strict safety regulations to exclude and prevent accidents. To be allowed
to market a machine in the EU, the producer has to assure “CE conformity” and product safety by following
the EC Machine Directive. This can be achieved by following the applicable harmonized standards and their
subordinated normative references. For underground
equipment this is the EN 1889-1 “Mobile machines
working underground – Safety – Part 1: Rubber tyred
vehicles” [1]. Parts of these regulations cover the electronic control of safety-relevant machine functions requiring in accordance with EN ISO 13849-1 [2] and a
validation of the entire mechatronic systems in accordance to EN ISO 13849-2 [3].
These standards set very high demands on the quality and documentation of all safety-relevant functions
on the machine: software design, implementation and
verification/validation must be carried out in accord-

19
ance with the so-called “V-Model” assuring the correct
implementation and validation of the functionality on
all levels of design, implementation and testing.
As every new version of safety software must be
passed through the full validation routines before being
released for operation, the amount of safety software is
kept at the lowest possible level covering the routines
needed for basic steering, braking, parking brake, speed
control and safety stop.
The system is set up in such a way that every car
in the train forms a single, intrinsically functional safe
unit. All functions are implemented on TÜV-certified
Safety Controller Hardware using certified software for
development of the safety functions (Fig. 3).
Such safety controller hardware is available on the
market as fail-safe devices. This means that the controller enters a safe state and all outputs attain a defined
safe level when the power is switched off or if any hardware failure is detected. However, on a vehicle driving
at over 7 m/s it is not simply enough to switch off an
output as the steering still has to function over the
distance needed for braking. Therefore, a “fail operational” setup is needed which assures full functionality of brake and steering when the controller enters the
fail-safe state.
Accordingly, two controllers are used per car which
permanently supervise each other. Both controllers are
connected to dedicated redundant sensors and actuators for the safety relevant functions. In case one controller detects an error and switches to fail-safe state,
the other controller takes over with no delay and safety
functionality is fully assured.
Following this principle that every car is an independent functionally safe unit a safe operation has been
assured over 200,000 km operational experience without any accident or even a safety-relevant incident.
The fail-safe controllers also control non-safe functions on the train. These controllers allow the upload
of new or changed non-safe functions to the controller without the necessity of revalidating the machine’s
safety functions. This interference-free design saves significant time in starting up and when later changes to
the non-safe parts are subsequently required.

Fig. 3: Intercontrol Digsy Fusion S Safety Controller
Photo: Intercontrol
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5 A
 utomatic, Infrastructure free
Guidance
On top of the safety layer, additional driver support
functions are implemented which make the driver feel
more like operating a locomotive than driving a rubbertyred vehicle. Certain driving situations require a very
high degree of precision, like in the first application enabling the 65 m long train negotiate a 30 m radius curve
or dock precisely into the TBM backup system so that
the fast unloading devices are able to grip the pre-cast

Fig. 4: Brenner Base Tunnel, Austria – short train with cable drum on the
loading area

Fig.5:

Brenner Base Tunnel, Austria – loading a
segment on a train

concrete elements loaded on the train with a lateral tolerance of only 2.5 cm from the optimal track.
To achieve these goals, driver assistance functions
were implemented which enable the driver simply to
select a particular route section inside the tunnel e. g.
“access tunnel downhill”, “curve inbound”, “exploration
tunnel” or “TBM docking”. The guidance computer
then automatically assigns the respective driving regime
by setting the maximum permitted speed which the
driver is not able to exceed. Also, the “position” of the
“virtual rail” inside the tunnel is assigned as to be e. g.
“1.8 m from the right tunnel wall” or “in the middle of
the tunnel”. The guidance system is equipped with Lidar
(Laser Scanners) and radar-based sensors on either end
of the trains. The signals from these and other sensors
are fusioned and used with very advanced mathematical
guidance algorithms to automatically steer the train, so
it precisely follows the preset speed and track.
During auto-steering mode, the driver always has
the possibility to manually take over the steering simply
by intuitively moving the joystick left or right. He can
return to auto-mode any time simply by pushing a related button on the joystick.
Most special situations such as constricted roadways
due to works in the existing tunnel, encountering other
trains or cars etc. are handled automatically by the driver
assistance system without the need of driver intervention. The system may, depending on the available space,
limit the driving speed to a level regarded safe for the
available space. When two trains meet in the comparatively narrow exploration tunnel, it was planned during
the design stage that the outbound train would stop allowing the inbound train to pass. In practice it has been
shown that both trains pass at slow speed using the automatic guidance functions.
This system also works reliably in special situations
such as under smoke or fog conditions using the complex sensor fusion algorithms of the Virturail software.
This was proven verified by several training with a special train for self-rescue and a fire brigade train used for
emergency operations.

6 Operational Experience

Fig. 6: Brenner Base Tunnel, Austria – long train in
loading position
GeoResources Journal 1 | 2019
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The Virturail system was first used on the Rowatrains
supplying the TBM excavating the exploration tunnel
for the Brenner Base Tunnel in Austria. The TBM is
operated from the Ahrental construction site run by a
joint venture comprising Strabag SE, Vienna, Austria/
Salini Impregilo S.p.A., Milano, Italy. The system has
been in operation since May 2016 on six trains, with
four used for supplying the TBM, one as a standby train
for self-rescue of the TBM crew and another deployed
as a fire brigade train.
Three trains of five cars with a total length of
about 65 m are used for the regular supply of pre-cast
(concrete) elements, shotcrete and other materials
(Figs. 4-7). One train of three cars is used for shotcrete
and other material supply as well as for special opera-
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tions such as extending the conveyor belt and medium
voltage cable. The trains in this application are powered
by diesel-hydraulic power; every second axle is powered,
the maximum service speed is 25 km/h.
The driving trajectory consists of a 2.5 km long
access tunnel on a decline of 11.6 % followed by a 90°
curve of 30 m radius and a straight section excavated
by drill and blast down to the TBM starting chamber.
From there the TBM excavated tunnel starts, which
reached the 13 km mark in February 2019. Inside the
TBM backup, the minimum lateral clearance is 18 cm
which requires very high driving precision of the automatic steering.
A special advantage of this application is the driving
area’s availability for standard trucks and vehicles; as a
result emergency services and the crews can access the
TBM and all intermediate workplaces by individual car
transport which saves time and resources compared to
the need for organized rail-bound transport.
Furthermore, the flexibility of driving on the loading area is highly appreciated on-site, since the mixed
traffic composed of trucks, cars and mobile machines is
not disturbed by steel rail installations. In the process,
Virturail trains enable narrow, shared traffic areas to be
used. And it saves all the costs for rail system maintenance, which is certainly also of significance.
On the other hand, it has to be mentioned, that such
highly automated equipment requires a higher degree
of maintenance compared to simple railroad cars. However, the operational advantages by far overcompensate
the higher maintenance effort, especially when the savings made on of track maintenance are considered. The
maintenance of the electronic systems is supported by
Mobiletronics via operational black boxes on board the
trains, which can be remotely accessed and an event reporting system, which reports all events and stops to a
central server at Mobiletronics. This server generates an
operational statistic for every week of operation, which
especially in the beginning was an essential guideline
for reactive and preventive on-site mechanical maintenance.
Since startup, the Virturail trains have completed
a total of more than 200,000 km of operation without
35 Jahre
any significant automation problems. The system
also
showed its reliability dint of continuously supplying the
TBM during the daily advance world record rate of advance of 61 m for 24 hours on May 17, 2017.
An unexpected result of the startup was that the
drivers subjectively felt safer than with the traditional
vehicles used initially, especially with respect to the
braking behaviour.

7 Autonomous Operation
Due to the good experience with the Virturail functional setup [4] and reliability, a showcase was performed
on Dec 03, 2018 demonstrating the fully autonomous
drive of one train all the way into the TBM backup
(Fig. 8).
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Fig. 7: Brenner Base Tunnel, Austria – long train in the tunnel

As the modular Virturail software designed for autonomous operation, only minor modifications were
needed for the trains on-board electronic systems in order to perform this showcase. The main change was the

Fig. 8: Virturail train passing by during autonomous
demonstration
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installation of section readers/transponders to identify
related landmarks in the tunnel at the places where the
operator during regular – drive-assisted – operation has
to switch over to the next route section. This successful
autonomous drive has shown that the system is able to
cope with all kinds of special situations without driver
interaction:
▶▶
▶▶
▶▶
▶▶

Opposing traffic
Driving around obstacles
Coexisting with manually operated cars
etc.

It must be emphasized that this autonomous operation
did not take place in a closed specially prepared area!
All tests for the autonomous drive as well as the showcase took place in the regular working environment of
the tunnelling construction site. In autonomous vehicle
terminology the demonstration was thus carried out in
a so-called “mixed use environment”, making this demonstration to be held in high regard also outside the tunnelling industry!

8 Applications and Outlook
Extending the Virturail application used in the Brenner Base Tunnel to a fully autonomous system working
safely in the tunnelling environment would not require
more than 3-4 months from the technical point of view.
The main task would be to install a central supervision
workplace to provide a central overview of the locations
and status of the trains together with live video and the
possibility for the remote operator to restart and manoeuvre manually in exceptional situations.
However, for future autonomous operation the
availability of a mechanic vehicle design originally intended for fully automatic operation with optimized
technical reliability of the underlying mechanical and
hydraulic systems would be appreciated. Furthermore,
fully electric operation will be needed due to higher demands on emissions and environmental compatibility.
This would also save significant costs for tunnel ventilation compared to diesel-powered machines. Also, the
operating costs can be reduced through higher energy
efficiency of the electric vehicles. In subsequent projects, Mobiletronics already has gained extensive experience in the integration of battery and hybrid powered
electric vehicles as well as integration and configuration
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of the high voltage electric components incl. motors
and frequency converters. The future Virturail trains
therefore will be modular products made of reliable
components designed for fully autonomous operation,
however with the option of manual operation from two
cabins or from a single cabin.
The field of application of Virturail is not limited
to TBM supply operations: the modular VirtuRail software allows it to be used in many other areas e. g. precise
track-follow applications in mobile machines for construction and agriculture, electronically steered axles for
trailers and special transport and many others. Initial related projects are already in progress.
Virturail trains can also be used in mining for raw
materials transport. In underground mines for example,
the use of rubber-tyred trains has the potential to replace
dedicated train transport levels, which will speed up the
mining operations as the separate transport level does
not need to be excavated before mass mining starts. Also
in surface mining, Virturail trains have the potential to
become an alternative to conveyor belt installations or
traditional truck transport. Other areas of interest cover
any transport applications on private premises e. g. container transport in ports.
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Major Contract for Shaft and Heavy-duty
Hoisting Systems for the Woodsmith Mine
Shafts in North Yorkshire in United Kingdom
Dipl.-Ing. Michael Flender, Siemag Tecberg GmbH, Haiger, Germany

Polyhalite in North Yorkshire
The Sirius Minerals PLC is constructing one of the
deepest underground mines in United Kingdom. The
Woodsmith Mine is located under the protected region
of the North York Moors National Park in the proximity of the English north-east coast, roughly 6 km southwest of Whitby (Fig. 1). The underground potash and
polyhalite reserves are found at a depth of roughly
1,500 m and extend several kilometres out under the
North Sea. Strict environmental considerations must
be taken into account in developing these reserves. For
instance, the Woodsmith Mine is to be connected to
Teesside harbour at Middlesbrough via a 37 km long
tunnel to provide a dedicated material transport system (MTS). Once the overall project is completed as
planned in 2021, the annual output of fertiliser bearing
the trade name POLY4 will amount to 13.4 million t.
The service and production shafts as well as the two
shafts for the MTS tunnel represent substantial underground facilities of the mine [1, 2, 3].

Contract

The Siemag Tecberg group received a major contract in September 2018 from the DMC Mining
Service (UK) Ltd., United Kingdom, to deliver a
total of 8 hoisting machines and 16 stage winches for application in several shafts at depths of
1,600 m and 370 m for the new Woodsmith Mine
and the Lockwood Beck Shaft in the North York
Moors National Park in the north-east of England.
Mining • Tunnelling • Shaft hoisting
technology • High performance mining •
Supplier • United Kingdom

of-the-art technologies, features relevant to safety and
the provision of sustainable project schedules.
The packages mainly stem from the Siemag Tecberg
headquarters in Haiger. These are rounded off by deliveries and services from subsidiaries Winder Controls
Europe Ltd., United Kingdom, and Siemag Tecberg
Inc., USA.
Further convincing arguments in favour of the corporate group were provided by unique reference pro-

The Siemag Tecberg group, Haiger, Germany, was commissioned to provide four tendered supply packages by
DMC Mining Service (UK) Ltd. (DMC) in September
2018. The contract involves the planning, production as
well as delivery of a total of 8 hoisting machines and 16
stage winches including the corresponding automation
and drive technology, braking systems with ultra-high
safety standards as well as supervisory and coordination
control units for the hoisting systems installed in the
shaft (Fig. 2).

Added Value through international
Networking and Expertise
Siemag Tecberg with its associated companies was in
a position to convince the client DMC as well as the
ultimate client Sirius Minerals PLC (Sirius), United
Kingdom, of the value of group-wide cooperation with
networked structures, interlinked production processes
and manufacturing methods at various locations, state-

Fig. 1: Overview of the mine project
Source: Sirius Minerals PLC
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System Integration and complete Solutions
from a single Source
In the interim, the scope of delivery has been extended
by 53 rope sheaves and additional equipment for automation technology stemming from the supplier. The
initial batch consisting of 5 hoisting machines, 4 stage
winches as well as 33 rope sheaves will be supplied in
late March, 2019, to the construction sites and will become operational after assembly. Further deliveries will
follow throughout 2019.

The Shaft Hoisting Systems for the
Production and Service Shafts

Fig. 2: Signing the contract
by John Luckock (Chief Operations Officer & Project Director
with DMC, Jürgen Peschke (CEO of the Siemag Tecberg group)
and Ian Bailey (Chairman Winder Controls, Great Britain, and
Siemag Tecberg Inc., USA) (from left to right)

jects throughout the world involving hoisting machines,
stage winches and braking systems, especially for different mines, including some for mining polyhalite, for
tunnelling projects, such as e. g. the Gotthard Base Tunnel, as well as regional service bases. The client DMC
ultimately decided to award the total package to Siemag
Tecberg. Due to the complexity and time critical aspects
of this technically demanding project it was deemed
best supplied by a single source with global experience
in supplying integrated heavy duty hoisting systems.

Table 1: Technical data of the shaft hoisting systems for the production and
service shafts
Designation

SBR Winch

Utility Winch

Sinking Hoist

single-rope drum

single-rope drum

single-rope drum

2×4

2×2

2×1

shaft boring machine
(SBR)

multi-deck shaft
working platform

kibble

triple-sheaved

rope deflection

rope deflection

2 × 10
diameter 1,575 mm,
one-piece

2×4
diameter 1,140 mm,
one-piece

2 × 2 diameter 3,680 mm,
two-piece
2 × 2 diameter 4.480 mm,
two-piece

Rope capacity

5,000 m

1,750 m

1,700 m

Single rope layer

525 kN

250 kN

360 kN

Rope speed

0.13 m/s

0.13 m/s

10.67 m/s

Type of machine

SDW / 2400 / PG

SDW / 1520 / PG

SDW / 4267 / G

Drum diameter

2.4 m

1.52 m

4.267 m

Type of hoisting
Number
Means of conveyance
Rope system
Number and type of
rope sheaves

Motor performance

90 kW

45 kW

2 × 1,800 kW

Number and type of
brake calipers

3 x BE 350

4 x BE 125

12 x BE 125
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The production and service shafts each possessing a
diameter of roughly 6.75 m with depths of down to
1,600 m are being sunk parallel to one another for time
considerations. Both shafts will be tackled by a Shaft
Boring Roadheader (SBR) made by Herrenknecht AG.
The SBR is equipped with a telescopic roadheader
boom and a rotating cutting drum, which excavates
the entire shaft cross-section in a single cycle. As the
SBR descends on ropes and winches installed on the
surface, permanent lining is inserted in sections from
an upper working deck. The project involves depths of
roughly 1,600 m, and so is a showcase project, posing
the highest demands on the shaft and heavy duty hoisting systems [4].
Altogether eight stage winches (SBR winches) are
to be supplied (Table 1). An SBR is driven in the shaft
by four synchronously operated SBR winches. Each
SBR winch can also be driven individually to balance
the rope load. The ropes are triple-sheaved to minimise
the resultant maximum operating load. The approx.
367.5 t heavy SBR is thus suspended in the shaft on a
total of 12 rope strands. The individual SBR winch for
its part has a service weight of roughly 67 t providing a
maximum rope tensile strength of 525 kN. The coiled
rope package weighs a further approx. 68 t with the rope
capacity amounting to 5,000 m.
Above the SBR there is a mobile shaft working platform for shaft development and assembling the shaft
fixtures. Towards this end, in each case, two so-called
utility winches are to be supplied. They are installed
directly on shaft beams above the two shafts. A sinking
hoist unit is to be supplied for transporting personnel in
the rope-guided kibble, mucking operation and material transport.

The Shaft Hoisting Systems for the
MTS Shaft and Tunnels
For environmental reasons the underground Material
Transport System (MTS) links the Woodsmith Mine
directly with the Teesside harbour at Middlesbrough.
The tunnel is to be driven from three points of attack
in parallel with several tunnel boring machines (TBMs)
made by Herrenknecht. One point is located directly at
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Table 2: Technical data of the shaft hoisting systems for the MTS shafts
Designation
Type of hoisting
Number

Stage Winch

Auxilary Hoist

Sinking Hoists

TBM Cage Hoists

single-rope drum

single-rope drum

double-drum

single-rope drum

2×2

2×1

2×1

2×1

multi-deck shaft working
platform

cage

cages, kibbles,
further equipment

cage

triple-sheaved

-

-

single-sheaved

2 × 4 diameter 2,800 mm,
one-piece
2 × 2 diameter 2,200 mm,
one-piece

2 × 1 diameter 1,920 mm,
one-piece

2 × 2 diameter 4,640 mm,
two-piece

2 × diameter 5,120 mm,
two-piece

Rope capacity

1,400 m

520 m

550 m

1,220 m

Single rope layer

352 kN

45 kN

263 kN

400 kN

Rope speed

0.51 m/s

2.54 m/s

7.62 m/s (engaged)
3.56 m/s (disengaged)

7.62 m/s

Means of conveyance
Rope system
Number and type of
rope sheaves

Drum diameter

3.072 m

1.92 m

4.64 m

5.76 m

Motor performance

250 kW

112 kW

2 × 875 kW

2 × 1,600 kW

Number and type of
brake calipers

3 x BE 250

2 x BE 100

4 x BE 250
2 x BE 65

14 x BE 125

the Wilton portal near the harbour and the other two
points of attack are found at the so-called MTS shafts
of the Woodsmith and Lockwood Beck sites. The two
MTS shafts possess a diameter of roughly 8 m and are
approx. 370 m deep.
The shaft hoisting supplier provides all hoisting
machines, stage winches and rope sheaves necessary for
sinking the MTS shafts and for the subsequent tunnelling phase involving mucking operation and material
transport. They include four stage winches, two doubledrum hoisting machines, two single drum heavy duty
hoisting machines and two single-drum hoisting machines as permanent auxiliary hoists (Table 2). During
the sinking phase for an MTS shaft, two synchronously
operated stage winches are used to operate a multi-deck
shaft working platform. The shafts are sunk by means of

Sirius Minerals PLC, United Kingdom

conventional drill+blast and lined parallel to the shaft
with the permanent shaft fixtures being assembled. The
double-drum hoisting machine is used to transport
material and muck while the shaft is sunk and the tunnel lined. The transportation of personnel to the shaft
working platform or to the shaft bottom is undertaken
by the auxiliary hoist. The tunnel boring operation us-
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The Siemag Tecberg Group
The SIEMAG TECBERG group with German roots, stretching back to the year 1871, is represented on all continents and is independent and owner-managed. With its roughly 350 members of staff it performs knowledge-based services to supply individual machines and systems for a total of five industrial applications:
▶▶
▶▶
▶▶
▶▶

Shaft hoisting technology for recovering raw materials as well as storing contaminated waste materials
Conveying and transporting heavy loads
Ventilation and cooling of underground mines
Technologies for the efficient application of energies

www.siemag-tecberg.com / www.siemag-tecberg-group.com

ing the TBMs takes place after the MTS shafts are excavated. Large components of the TBMs are lowered
down the shat with the stage winches and assembled
underground. The TBM cage hoist supplied by Siemag
Tecberg will be used to transport required material for
lining the tunnel and to transport conveyor components to the MTS tunnel level.

Conclusion
The North Yorkshire polyhalite project is a major project in European underground mining, with significant
economic benefits for the UK. It opens up the world’s
biggest polyhalite reserve via a 37 km long access tunnel to minimise impact on the landscape of the national
park. It is planned to produce the fertiliser POLY4 at
the Woodsmith Mine as from 2021.
The cited tasks accorded the hoisting machines,
rope sheaves and complex superordinated electric and
automated techniques pose extremely high demands
on the availability and reliability of the shaft hoisting
systems for a total of four shafts during the various operational phases of shaft sinking and lining the tunnel.
In order to comply with these high demands, tried-andtested shaft and heavy-duty hoisting systems with their
own automation technology from the Siemag Tecberg
group are utilised.
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The Influence of Rock thermal Conductivity
and Groundwater Flow on the Freezing Process
in a Freeze Shaft –
Results of transient numerical Simulations
Anne Schulz, M. Sc., and Univ.-Prof. Dr. rer.nat. Nina Kukowski, Institute of Geosciences,
Faculty for Chemistry and Earth Sciences, Friedrich Schiller University, Jena, Germany
Dr. rer. nat. Stephan Großwig, GESO GmbH & Co. Projekt KG, Jena, Germany
Dipl.-Math. Roland Hendel, formerly Institute of Geosciences, Friedrich Schiller University, Jena, Germany

Introduction
Ground freezing is based on the principle of artificial
heat extraction. The resultant ice formation binds the
solid particles thus augmenting the strength of the
frozen rock body and leading to nearly impermeable
flow conditions [1]. Due to the temporary freezing of a
mostly unconsolidated and potentially unstable subsurface, a freezing-body takes over the function of a static
load-bearing element, preventing water access. Ground
freezing therefore not only contributes to technical
ground improvement, but also to the primary protection of the respective project. Since the refrigerant
medium circulates in a closed cycle, thus not coming
into contact with the underground, ground freezing is
a reversible process with practically no environmental
impact [1].
For this purpose, one or several boreholes are usually
drilled parallel to each other. In these boreholes, freezing pipes are installed, which consist of two concentric
tubes lying inside each other with the outer one being
closed [2]. Within these freezing pipes a refrigerant medium circulates in a closed cycle, which is injected into
the inner tube and then rises in the gap between the two
pipes. The coolant extracts heat from the surrounding
rock and groundwater. As a result, pore water contained
in the rock freezes [3], leading to a radially growing
frost body developing around the freezing pipes, which
finally coalesces to form a continuous, stable and mostly
water-impermeable frost body. Regarding the refrigerant media, a distinction is made between two different
methods: brine (between –20 and –40 °C) and liquid
nitrogen freezing (–196 °C) [4] The time needed to
reach the required dimensions of the frost body depends on the coolant [1].
However, the time for freezing is also influenced by
the presence of groundwater flow, as the incoming water
carries thermal energy which can act against the formation of a freezing wall and may change freezing paths
[5]. If the groundwater flow velocity is sufficiently high,
a state of dynamic thermal equilibrium can be reached,
during which freezing stops. Previously, it has been sug-

Artificial ground freezing (AGF) using brine or liquid nitrogen allows the construction of tunnels or
shafts, stabilisation of landslides and containment
of hazardous waste in aquiferous loose rocks. The
ground is stabilised and sealed by the freezing of
pore water. Transient numerical simulations are
used to model the temperature field as a function
of time. This paper reports on a numerical study
that relates to a real ground freezing project for
the sinking of two freeze shafts for potash mining
in Russia. The focus is on the influences of thermal
conductivity and groundwater flow velocity.
Mining • Shaft sinking • Freezing method •
Simulation • Case study • Russia

gested that the space between two freeze pipes will not
freeze if the groundwater flow velocity exceeds 1-2 m/d
in highly permeable or fractured media [5].
Furthermore, varying rock-physical properties largely influence the development of a frost body. Thus, the
freezing process may proceed at different rates in different geological layers. The physical parameters exhibiting the greatest influence include, for example, thermal
conductivity.
In order to be able to facilitate primary protection
of the building through the frost body and to act as
economically as possible, it is essential to be capable of
predicting the freezing process and extent of the frozen
area, which requires knowledge of possible thermal influences and rock-physical properties.
Consequently, several attempts to undertake numerical simulations including coupled heat and fluid transport have been undertaken [e. g. 6]. Only a few of these
models have been validated with experimental data and
comparisons with real ground freezing processes have
rarely been considered. This is mainly because only a few
artificial ground freezing (AGF) projects are monitored
by in-situ temperature measurements [5].
Thus, the results of thermally and hydraulically coupled transient pseudo three-dimensional numerical finite element simulations including the phase transition
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Fig. 1: Location of the ground freezing project

from water to ice are presented. The purpose of these
simulations was to study the influence of varying thermal conductivity and groundwater flow velocity on the
development of a frost body. Data to evaluate the results
of the simulations came from a real freezing body project for sinking two freeze shafts in Russia.

Project Overview and Data
The geometry as well as petrophysical and hydraulic
properties were taken from a project that includes two
shafts that were sunk by the company Deilmann-Haniel Schachtostroj for the development of one of the
largest continuous and richest potash deposits in the
world [7, 8]. This deposit is located west of the Ural
Mountains in the Perm region on the upper reaches of
the river Kama in Berezniki, Russia (Fig. 1). As here
the freezing process was supervised through fibre-optic continuous temperature measurements in several
drill holes, the results of numerous model runs can be
directly compared to temperature changes observed
through monitoring.

Geology
The mining-target part of this deposit is located at a
depth of between 290 and 400 m and consists of 2 to
15 potash layers with a maximum thickness of 8 m [7,
8]. To explore the geological conditions in the mining
area two exploratory wells were sunk, which revealed
five main geological units [6]:
▶▶ Quaternary deposits and “coloured layers”, mainly
composed of sandstone formations (down to depth
of 65 m)
GeoResources Journal 1 | 2019
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▶▶ Terrigenous carbonate layers, with pronounced
water-bearing interbedded strata of limestone,
marl and anhydrite formations (down to depth of
170 m)
▶▶ Interbedded strata of dolomite, limestone and limestone-marl formations, which are characterised by
high-salinity groundwater thus known as salt-marl
layers (down to 240 m depth)
▶▶ Interbedded strata of marl and rock salt formations
(down to depth of 245 m)
▶▶ Potash deposit (from depth of 245 m)
Aquifers in the investigation area are known for their
elevated salt content. By means of freezing tests, temperatures were determined at which the phase transition from water to ice occurs and assigned to the respective groundwater histories [7]. The rock was classified as
usually stable, however, there are sections of weak soft
rock and karst phenomena.

Temperature Monitoring
To develop this deposit, two shafts with a depth of
about 465 and 422 m and a clear diameter of 8 m
each were commissioned. The shafts were stabilised
to a depth of about 245 m using the freezing process
[6]. The freezing circle diameter is 17 m in both shafts
(Fig. 2). 45 freeze boreholes arranged in a circle were
drilled around the shafts to a depth of 245 m, thus, positioning them 1.19 m apart [6]. In these freezing wells,
a –35 °C cold brine circulates as a refrigerant. In addition, four wells were established for long-term fibre-optic temperature measurements to monitor the freezing
progress with a high local and temperature resolution.
The freezing progress was recorded with a measuring
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interval of 0.5 m over depth during the period from
the beginning of icing to defrosting. The accuracy of
temperature measurement is ±1 K. Three monitoring
sites (46, 47, 48) are arranged along a line, so that they
intersect the freezing circle. One is inside and two are
outside the freezing circle. The fourth measuring point
(49) is located about 140 ° offset, also outside the freezing circle (Fig. 2).

Numerical Simulation Method
Numerical simulations were performed employing
Pflotran [9], a massively parallel multi-phase, multicomponent, surface-subsurface flow, geomechanics and
reactive transport code. This code simulates groundwater flow by the numerical solution of the fluid mass
conservation equation and energy transport by the numerical solution of the energy equilibrium equation. By
using the thermal-hydrologic module, the phase transition from water to ice could be simulated.

Results
Model Setup: Grid, initial and boundary
Conditions, Parametrisation
The simulation runs over a period of 81 days from the
start of the cooling process at shaft two. The finite element mesh represents a pseudo-three-dimensional
horizontal section through the freeze shaft at a depth
of 71.5 m. Thus, the entire model area, according to the
geological profile, consists of limestone. Due to saline
groundwater within the rock, the freezing point is reduced to –7 °C [6].
An irregular grid was created for modelling, covering an area of 70 by 70 m2. This means that the freeze
shaft with a diameter of 17 m as well as the additional
environment, the temperature of which can be influenced by ground freezing, are included in the model.
The grid, which consists of 22,860 elements, has a spatial resolution of about 0.5 m. The following initial and
boundary conditions are used:
▶▶ 5.5 °C initial temperature for the entire model area
▶▶ Initially hydrostatic pressure for the entire model
area
▶▶ –35 °C cooling temperature at the freeze wells
▶▶ Left boundary of the model area consists of source
points with model-dependent mass production.
▶▶ Right boundary of the model area consists of sink
points with model-dependent mass loss.
▶▶ For the upper and lower boundary of the model area
no flow was defined.
In order to be able to identify the influence of thermal
conductivity and groundwater flow velocity on the temperature field, a systematic parameter variation was carried out. Only one of the parameters in each model was
changed. Thermal conductivity was varied from 0.62 to

Fig. 2: Geometry of shaft 2 with the four temperature measuring sites
(46, 47, 48, 49)
Table 1:

Model parameters

Simulation

Thermal
conductivity
[W/m . K]

Groundwater
flow velocity
[m/s]

Modell-1

0.62

0

Modell-2

2.03

0

Modell-3

3.44

0

Modell-4

4.85

0

Modell-5

6.26

0

Modell-6

1.7

0.75 · 10-6

Modell-7

1.7

0.5 · 10-6

Modell-8

1.7

0.25 · 10-6

Modell-9

1.7

1 · 10-7

6.26 W/m.K [10], which corresponds to the properties
of limestone. Five models were run, each using thermal
conductivity increased by 25 % relative to the value assumed for the previous run (Table 1). Fluid velocity
varies between 10-5 and 10-7 m/s [11] under natural
conditions. Due to increasing duration of a simulation
with increasing fluid velocity, four models using flow
rates between 10-7 and 7.5 .10-7 m/s were run (Table 1).
All other parameters needed for modelling, including
heat capacity, density, porosity, permeability and flow
direction, were determined in a previous parameter
study [12] and kept constant during the simulation series reported here.
In order to be able to determine all parameters relevant for modelling and at the same time obtain results
that come as close as possible to the real measured temperatures, numerous models were developed. To be able
to specify the best result, a quality factor was introduced
for each model, reflecting the average deviation of the
modelled data from the real measured values.
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Fig. 3: Measured temperatures at the four measuring points by DTS method

Distributed Temperature Sensing (DTS)
Temperature Measuring
Fig. 3 shows temperatures measured at a depth of
71.5 m in the four measuring wells from the beginning of the ground freezing until 81 days after. At all
four measuring points, a lowering of the temperatures
is observed. A much faster cooling process is evident at

sites 46 and 47, which can be explained by the shorter
distance to the freezer wells. Sites 48 and 49 are further
away, but at an equal distance, from the freezer wells,
causing temperatures to decrease more slowly. It is noticeable that despite the same distance involved, the
environment around site 48 cools more rapidly than at
site 49. The extreme maxima and minima measured at
site 47 and at site 46 in the period from day 27 to day

Fig. 4: Temperature development at the four measuring points for varying thermal conductivity
GeoResources Journal 1 | 2019
www.georesources.net

Schulz, Kukowski, Großwig and Hendel:
The Influence of Rock thermal Conductivity and Groundwater Flow on the Freezing Process in a Freeze Shaft – numerical Simulations

Mining

31

Fig. 5: Temperature development for the respective model at the four measuring points with varying thermal conductivity

32 can be explained by repair works carried out during
frost progress.

Varying thermal Conductivity in the
Simulation Runs
Thermal conductivity describes how fast heat transfer
takes place in the case of a temperature gradient. In the
case of a ground freezing procedure, thermal conductivity of the rock thus influences the speed at which the
environment around the freezing pipes cools down. To
illustrate the effect of the successive increase in thermal
conductivity in the different simulations graphically, the
modelled temperature is provided at the four measuring
points and plotted as a function of time. Fig. 4 shows
the temperature development for the respective site of
the five thermal conductivity variations in one graph.
It can be seen that increasing thermal conductivity results in lower temperatures at the four measuring points,
which in turn means that cooling is faster through the
freezing holes.
With every increase in thermal conductivity, the effects become smaller. It is also noticeable that in models
2, 3, 4 and 5, temperatures at measuring points 46 and
47 do not decrease continuously. This can be explained
by the latent heat phenomenon. When the freezing
point is reached, water contained in the pore space solidifies into ice, thereby restructuring the molecular assemblies into hexagonal ice crystals. Since this process
is an exothermic reaction, latent heat is released. This
can significantly delay the freezing process within the
rock. Because the freezing point is reduced to –7 °C
within the study area due to salty groundwater, the irregular temperature decrease starts from –7 °C. Since
the phase transition does not take place abruptly at a

certain temperature, but within a temperature interval,
thermal energy is released again and again in the form
of latent heat.
Plotting temperature evolution at the four measuring points for each simulation (Fig. 5) reveals that not
only the environment of the four measuring points
cools faster with increasing thermal conductivity, but
also that the position of the four graphs changes with
respect to one another. As the spacing between the
graphs of measurement sites 49 and 48 increases with
increasing thermal conductivity, the graphs of measurement sites 46 and 47 approach and even begin to intersect. The point of intersection occurs sooner with rising
thermal conductivity. In addition, the illustration shows
that the latent heat is released within a temperature interval ranging from –7 °C to about 11 °C.

Variation of Groundwater Flow Velocity in
the Simulation
Groundwater movement leads to potential additional
heat energy that can enter the system and thus may delay icing. Plotting temperature at the four measuring
points as a function of time for model runs with different fluid velocity (Fig. 6) reveals that simulated temperatures increase with increasing fluid velocity only at
site 49. At sites 47 and 48, with increasing fluid velocity,
the environment cools down more quickly. At site 46 no
effects can be seen.
Fig. 7 also shows the temperature evolution at the
four measuring points for each simulation. Temperatures obtained at sites 48 and 49 approach each other
with increasing fluid velocity until they intersect and
the site with the previously lower temperature is now
the higher one. However, temperatures at sites 46 and
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Fig. 6: Temperature development at the four measuring points for varying fluid velocity

Fig. 7: Temperature development for the respective model at the four measuring points with varying fluid velocity

47 more or less evolve parallel to each other, despite
latent heat being released in the temperature range between –7 and –11 °C also in these model runs.

Discussion
Variation thermal Conductivity in the
Simulation
The simulation results presented clearly show that the
two parameters tested here exert a very strong influence on the development of the temperature field.
Thermal conductivity influences just how fast the environment of an icing project cools down. The higher
GeoResources Journal 1 | 2019
www.georesources.net

the thermal conductivity of the surrounding rock is,
the faster the freezing body can grow to its desired dimensions. This is also evident from the representations
of the temperature field of models 1 (Fig. 8, otl) and
5 (Fig. 8, otr).
Due to a lack of groundwater flow, the temperatures in both models spread radially in a symmetrical
manner, but in model 5, they spread much faster than
in model 1. Thermal conductivity also influences the
phase transition. As thermal conductivity increases, the
time required for reaching the phase-transition stage
and the duration of the phase-transition decrease, as is
visible in Fig. 5 [13]. In addition, by displaying the fluid
velocities (Fig. 9), the already frozen area can be identi-
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Fig. 8: Temperature field of model 1 with a thermal conductivity of 0.62 W/m . K (otl) and model 5 with a thermal
conductivity of 6.26 W/m . K (otr)

Fig. 9: Fluid velocity field of model 1 with a thermal conductivity of 0.62 W/m . K (otl) and model 5 with a thermal
conductivity of 6.26 W/m . K (otr)

fied. In areas where no flow has taken place, the rock is
already frozen. Even though no flow was indicated in
the model, there is minimal fluid movement in the nonfrozen areas. As a result, it becomes clear that in model
5 (Fig. 9, otr) a larger area is frozen due to the increased
thermal conductivity.
In areas with the highest ice content, fluid pressure
is also maximal, creating a pressure gradient to those areas where no ice has yet formed [14]. Due to increased
fluid pressure, water is displaced from the pores and creates a minimal fluid flow within frozen areas.

Variation Groundwater Flow Velocity in the
Simulation
Fluid velocity also influences heat propagation and
thus, the distortion of the isolines. Through fluid flow
and associated heat input, temperature changes can no
longer expand radially in a symmetrical manner. This
asymmetry is obvious in the temperature field of models
6 (Fig. 10, otl) and 9 (Fig. 10, otr). On the flow-facing
side (left), the cooling effect is significantly inhibited.
On the downstream side (right), on the other hand, a
“temperature flag” is created. The asymmetry is much

more pronounced in model 6 due to the increased flow
velocity. Fig. 10 also explains why in the parameter
study only at site 49 higher temperatures (Fig. 6) were
simulated with decreasing fluid velocity only at site 49.
Whereas sites 47 and 48 are located in the downstream
region and thus are cooled to a greater extent, site 49 lies
in the flow-facing region and is thus exposed directly to
the heat input by a groundwater flow. Site 46 is located
within the freezing circle and therefore is not affected
by groundwater movement.
The frozen area, on the contrary, is only slightly
asymmetrical (Fig. 11). This illustration shows flow
from left to right. It also shows that the formation of
ice causes the flow to be diverted outwards and slowed
down on the upstream and downstream side. Although
the centre of the freezing shaft is not frozen, groundwater does not seem to move at the centre of the model as
a consequence of the formation of the ice ring.

Comparison with previous numerical
Studies
While our simulation results on the one hand, confirm
previous similar results [6], they enable much more in-
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Fig. 10: Temperature field of model 6 with a fluid velocity of 10-7 m/s (otl) and model 9 with a fluid velocity of 0.75
x 10-6 m/s (otr)

Fig. 11: Fluid velocity field of model 6 with a fluid velocity of 10-7 m/s (otl) and model 9 with a fluid velocity of
0.75 . 10-6 m/s (otr)

sight into the evolution of the freezing process on the
other hand, as they are founded on careful parameter
tests. Furthermore, the systematic variation of potentially important parameters [12], e. g. thermal conductivity and groundwater flow direction and velocity as
shown here, additionally reveals how they control the
freezing process and therefore underline the importance
of a very good knowledge of the geological setting of a
mining site which should include geophysical profiling.

Conclusion/Outlook
Our thermo-hydraulically coupled simulations revealed
the following effects which we studied by varying two
model parameters that obviously affect the freezing process in a crucial manner:
▶▶ Thermal conductivity controls how fast the model
area cools down.
▶▶ Thermal conductivity also influences the time period during which latent heat is released.
GeoResources Journal 1 | 2019
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▶▶ Fluid (i. e. groundwater) flow leads to faster cooling
at the downstream side and slower cooling at the
flow-facing side.
▶▶ Fluid (i. e. groundwater) flow affects speed of frost
formation and the shape of the frost body.
By means of systematic parameter variation, the modelled temperatures at the four measuring points could
be adjusted to measured values. The average deviation
of the best model from the real measurements is about
1.12 K.
Since there was no information regarding the petrophysical and hydrological properties of our test case, we
regard our results as a very good approximation. Nevertheless, parameter variation can lead to numerous other
models that produce similarly good results. This shows
how important it is to carefully undertake e. g. sampling and measuring rock-physical properties of core
samples obtained from reconnaissance wells or installing groundwater gauges for long-term monitoring for
safety, energy saving and highly efficient construction
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[5]. This includes the measurement of geophysical and
hydrological parameters, as well as boundary conditions
such as brine temperatures.
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Challenges and Opportunities in Underground
Coal Mines of the Salt Range in Pakistan
Visiting Assistant Professor Shakeel Ahmad, Assistant Professor Muhammad Usman Khan and
Assistant Professor Muhammad Zaka Emad, University of Engineering & Technology, Lahore, Pakistan

1 Introduction
Coal is excavated with improper working conditions,
practices and tools in the Salt Range, Pakistan (Fig. 1).
Underground coal mining operations are labour-intensive and miners work in a poor environment with unsafe mining practices. Miners operate in narrow spaces
where sometimes they have to be sitting or lying in order
to excavate coal. There is no mechanization in the mining industry and manual tools like pick saws are used
for coal excavation. There are no proper worker transportation systems in place. All these factors reduce the
productivity of mine workers. Improper support design
and a lack of gas detectors sometimes result in fatal accidents. Miners are not used to following safety procedures and practices as existing rules and regulations are
not strictly implemented on-site. Proper mine working
conditions and safer mining practices are purposely neglected in order to generate more revenue. As a result,
there are low mining production rates with a relatively
higher number of accidents in the underground coal
mining sector of Pakistan.
In other mining countries however, thin seams of
coal have been mined out using mechanized equipment.
The operations were less labour-intensive and achieved
higher production rates with safer mining practices.
Mining machines like shearers, ploughs and augers have
successfully extracted coal from thin seam underground
mines. In the United States of America and United
Kingdom for example, shearers have been employed in
underground thin-seam coal mines. Up to 2.86 million
tons (Mt) of coal were produced annually from mine
faces of thin seams (1.3 - 2 m) in the United States of
America using mechanized equipment [1]. Similarly,
ploughs have been used in Germany to excavate coal
from thin seams (0.8 - 2 m). The implementation of
mechanized equipment resulted in better economic
outcomes for mining companies [1]. Another example is China where coal has been excavated from thin
seams using shearer, plough and auger in the past. At
Panxi Coal Mine for example, an auger system was applied and successfully extracted coal from seams 0.65 m
thick. There are several benefits associated with mechanization, some of which are more efficient operations,
safer mining practices and higher advance rates [2].
Unsafe mining practices, low production rates, high
labour-intensive operations, poor working conditions
and systems at coal mine sites in the Salt Range present
a need to find improvement potential in mining prac-

This paper presents current mining practices in
underground mines with thin coal seams and low
production rates in the Salt Range region of Pakistan. Mine workers are not properly trained and
work in a poor and unsafe working environment.
Improvement potential is discussed.
Mining • Coal • Pakistan • Productivity • HSE •
Mechanization • Education

tices. This can be done with suitable mine working conditions for the work force, introduction of some sort of
mechanized mining equipment, and strict implementation of rules and regulations at coal mines in the Salt
Range area.

2 C
 urrent State of Coal Mining
in the Salt Range
The Salt Range is a series of mountains located in the
upper parts of Punjab province in Pakistan (Fig. 1).
The Salt Range is a hub of many mineral commodities
including coal, rock salt, fire clay, limestone, gypsum,
sandstone and shale etc.
Coal is found in the form of thin seams in various
parts of the Salt Range. Salt Range coal deposits extend
up to an area of around 260 km2 [5]. The main coal
fields are present in Chakwal, Khushab, Jhelum and Mianwali districts. The coal reserves extend up to 235 Mt
with 50 Mt measured, 16.5 Mt indicated and 2.5 Mt inferred. Coal is volatile bituminous with B and C ranks
due to relatively high ash and sulphur contents. Coal

Fig. 1: Salt Range Region in Pakistan according to [3] and [4]
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Table 1:

Coal reserves in various regions of the Salt
Range [6]

Location in the
Salt Range

Area

Coal reserves
[Mt]

East

Dalwal Plateau

16.2

East

Dandot, Pidh and Manhiala

16.5

East

Ara Basharat

7.6

Center

Padhrar and Munarah

7.7

Center

Pail

21.3

reserves in various regions of the Salt Range are shown
in Table 1 [6].
Coal within the Salt Range is mostly available in
Patala Formation. Patala Formation varies from 5 to
90 m in different regions and contains dark grey shale,
quartzose sandstone, siltstone, marl and limestone.
Coal is found along with carbonaceous shale as a single inconsistent bed [6]. Average coal seam thickness is
0.75 m ranging from 0.3 to 1.5 m in most parts of the
Salt Range [5]. The thickness of coal seams is inconsistent and can change abruptly. Similarly there are small
faults that lead to the loss of coal seams. The average
depths of coal mines vary from 105 to 140 m depending
on seam depth. Coal seams are relatively flat and may
contain water-bearing strata. Mine gases are occasionally encountered in some mines which also cause excavation problems.
The majority of the underground coal mines in the
Salt Range are small-scale operations with production
ranging from a few to 100 tons per day (tpd). Coal excavated from these mines is used as an energy source for
local industries like brick kilns [7]. Annual coal production in Punjab is shown in Fig. 2. Coal is excavated
with narrow working heights (0.75 to 0.9 m) due to
thin seams. According to mine operators, it is not feasible to excavate coal with large working face heights.
Black shale or sandstone overlying and underlying the
coal seam is extracted by a few centimetres in order to

Fig. 2: Annual coal production in Punjab Coal Mines [8]
GeoResources Journal 1 | 2019
www.georesources.net

create enough working space for workers to continue
production. Sometimes it is not possible for miners to
stand; instead they must sit or lie down and excavate
using manual cutting tools. No mechanized mining
equipment is employed inside these mines owing to
high capital costs and inconsistent behaviour of seam
thickness that can vary from 0.3 to 0.7 m and may extend up to 1.5 m at some locations. Apparently, a high
degree of mechanization seems difficult to implement
in thin-seam coal mines of Pakistan. One of the reasons
is the low quality of coal where return on the investment might be less due to huge capital costs involved
in mechanization. Some mines have employed drum
hoists on inclines for haulage of coal. However, small
coal and clay/shale cutting machines can be deployed
for harder strata.

2.1 Mine Ventilation
In most cases, underground coal mines are developed
with a vertical shaft of around 2.4 m diameter and an incline drift with a height of 2.1 m and width of 2.4 m. The
dipping angle of incline drifts ranges between 20 to 35°.
Shaft and incline drift are interconnected to develop a
natural ventilation circuit for mine workers. No surface
fans are installed at mines and artificial ventilation is
missing most of the time. Sometimes small booster fans
are installed inside these mines that provide relatively
cold or high velocity air to the face workers. The lack
of proper air quantity at working faces is one of the factors that can attribute to the reduced efficiency of mine
workers. In addition to air quantity, the mines are dusty
due to extremely poor housekeeping. This is a safety
hazard and has an adverse effect on the health of miners.

2.2 Roof and Floor Support System
Relatively harder limestone and sandstone beds overlying coal seams are considered as a competent material. The mine operator considers limestone of Chorgali

Fig. 3: 3-piece timber set in an underground mine [9]
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formation and black shale roof on top of coal as weak
strata. Tri-door (3-piece timber set) is normally used for
rock support in galleries. The top piece is known as the
cap and side pieces are termed posts. The cap and posts
are fixed in place by proper sizing and small wooden
wedges. A typical 3-piece timber set is shown in Fig. 3.
Spacing between support system varies from 0.6 to
0.9 m depending upon the strength of the strata. Both
Acacia Nilotica and Eucalyptus woods are applied as
supporting material [9]. Eucalyptus wood is more readily available and is cheaper than Acacia. The support once
installed in a mine is not monitored at all and stress conditions in mines cause major cracks in installed wooden
supports. Wood with cracks is normally not replaced in
time, thus leading to the defective support system and
eventually loss of ground control (Fig. 4). Many roof
failure related accidents in past years have been reported
due to inappropriate support systems [9].
The support selection and installation are based on
non-standard rules of thumb instead of a proper design.
The same support criteria are deemed effective and are
used at all the mines. Similarly, no proper system has
been installed at mines to scale down loose rock from
unsupported areas of mines. Falling rocks from the roof
sometimes result in fatal accidents and injuries. The advantage of wood is that it makes a cracking noise before
failing completely. This is considered as an alarm for
ground fall and a new timber piece is installed right next
to the failing one. Sometime laggings are also installed
between two tri-doors to support the loose rock pieces
in between two tri-doors.

2.3 Mine Workers
There are no permanent mine workers working at mine
sites but usually seasonal workers who are engaged randomly throughout the calendar year. Most of the mine
workers are not local but come from other remote regions of the county. Mine workers lack relevant mining knowledge, experience, training, and education.
The system of contract working makes it even harder
to have permanent staff throughout the calendar year.
With contractual working, sometimes mine operators
and managers do not have direct communication with
workers but with contractors. It is hard to train and
guide labour on-site due to the communication gap and
limited authority of mine managers over mine workers.
Workers are paid according to the tons of coal that they
excavate out of a mine. In their desire to maximize coal
excavation, workers sometimes neglect safety principles.
Due to wage differences, mine workers prefer to excavate coal and are less inclined to work in development
headings and other areas of mines. Coal is excavated using manual tools like the pick saw and there is a lack of
mechanization at mine sites. There are no training programs in place for mine workers and these programs are
difficult to implement due to the seasonal nature of the
work force. Even if the mine management trains their
workers about safety and other safe mining practices,
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Fig. 4: Cracked wood piece – possible cause of
accidents

there is a chance that these mine workers may quit after
some time and new workers may replace those already
trained and join the mine’s workforce without prior notice.

2.4 Transport System
Coal mines in the Salt Range lack appropriate systems
for the transportation of personnel, material and equipment underground. A track mounted trolley system
is mostly used for the transportation of coal from the
mine to the surface. A typical incline portal and railrope for the transport system is shown in Fig. 5. The
system is not designed for transporting material, mine

Fig. 5: Rail-mounted trolley track system for coal
transportation

Ahmad, Khan and Emad:
Challenges and Opportunities in Underground Coal Mines of the Salt Range in Pakistan

GeoResources Journal 1 | 2019
www.georesources.net

40

Mining
workers, and other mining equipment. The workers
have to walk down to the working face. The height of
incline drift is sometimes less than 1.2 m and workers
have to bend while walking down to or up from the incline drift. The loose rock material at the roof of incline
drift is mostly left in place and is not scaled down periodically for safe and secure working inside a mine. The
fall of loose material can also hinder the movement of
the trolley over tracks where material can fall out and
roll downwards resulting in accidents to mine workers
working down the drift.

2.5 Communication System
Mostly a wireless system is used for communication,
which does not cover the entire area of underground
mines. Similarly, signals and alarm systems at the mine
site lack systematic maintenance. There seems an improvement potential by deploying instruments and devices which ensures communication coverage to remote
areas of the mine. The communication system should
function in case of roof falls and at regions where persons might be trapped. The workers responsible for
responding to the signals on the surface sometimes neglect to observe the signals which can be critical in case
of accidents where delays can result in the loss of life.

2.6 Safety
A critical feature of underground coal mining in Punjab
is the lack of safety procedures and practices. Health and
safety is not a priority of mine operators and workers.
The desire to maximize production sometime hinders
safe mining practices. Workers ignore safety procedures
in an effort to maximize coal production. Poor working
conditions and absence of safety practices result in fatal
accidents. The numbers of fatal and serious accidents in
previous years in coal mines of the Salt Range are shown
in Fig. 6.

Fig. 6: Number of coal mine accidents in the Salt Range [10]
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It is evident that the number of fatal accidents is
more than the number of accidents involving serious injuries. In the United States of America, there were 8 coal
fatalities [10] during production of 728 million short
tons of coal [11] in 2016, whereas in the Pakistan Salt
Range, for a production of less than one million metric
tons of coal, the number of fatal accidents was 23 [12]
in the same year.
The major reason for accidents in the Salt Range
is roof collapse or falling walls which accounts for
60 % of overall coal mine accidents [12]. This is due
to the fact that no attention is paid to proper support
systems and regular maintenance inside mines where
the prime aim is maximization of coal production.
Similarly, no attention is paid to the loose rock present in the roof or side walls. This practice results in
fatal accidents and serious injuries. The second main
reason for accidents is electrocution which resulted in
13 % of the accidents in previous years [12]. The lack
of training to work with electricity and faulty connections results in fatal accidents and serious injuries in
coal mines. Around 10 % of accidents occurred due
to gas suffocation or explosion [12]. There are many
reasons for gas related accidents. The workers are not
equipped with gas detectors at all times and ventilation does not dilute air sufficiently to remove the risk
of suffocation or gas escape from strata. Furthermore,
workers are not trained enough to use devices such as
gas detectors.

3 Improvement Potential
Mining companies in the Salt Range are looking for
ways to enhance coal production. It is however, difficult
when production is maximized without improving the
underground mine working environment. The target
can be achieved through better working conditions
underground. Regular safety training and drill sessions
for mine workers in the domain of mine safety maintenance, and technological transfer can result in safer
operations with improved coal production.
Suitable working spaces where workers have more
room to work can increase the productivity of labour.
Due to low working face heights, the workers have to
stay crouching down and excavate. Bending most of the
times inside mine and cutting coal in a cramped posture
cannot be categorized as an optimal excavation strategy.
An ergonomic study followed by remedial measures
may improve the situation. Alternatively, an increase
in height and more space for workers can bring a positive change in productivity. Feasibility of mining methods can be tested with changes in profile or geometry
of mine working areas. An associated operation which
can help to increase productivity is ventilation. If mine
workers are not provided with proper fresh air that they
require during work, it is difficult to get maximum output. An uninterrupted supply of air at the working face
can improve productivity. Proper ventilation can also
reduce the risk of explosion, spontaneous combustion
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and suffocation which normally results in deaths or injuries every year.
Mine sites lack training programs for the mine
workers. There are few rescue training programs in
place, however, miners work without proper safety gear,
as they are not used to wearing PPE and other safety
equipment. Training programs based on actual case histories and involving accident-related aspects like dealing with electricity cables underground can reduce the
number of fatal and serious accidents. By implementing
such training programs there is reduced risk of production interruption and compensation that operators have
to pay due to accidents. For continuity in production
and safer operations, training programs should be made
mandatory. Safety drill programs can be introduced in
order to train the mine workers to deal with emergency
situations. In addition, awareness campaigns and drills
may help to reduce the number of accidents.
Apparently, mine management seems willing to
adopt new mining techniques. However, overall unfavourable mining conditions like thin seams, inadequately trained workers and a seasonal workforce make the
task of mechanization very difficult. Even though there
is very little room for proper mechanization, low-scale
and adaptable tools can still be employed, at least on an
experimental basis in the industry to determine their
real-time applicability and economics. Multinational
equipment manufacturing companies can be invited
to suggest and produce equipment suitable for existing
mining situations as globally existing equipment might
not be applicable in terms of technical and economic
aspects. New methods and use of mechanization can
enhance coal production and safety.
Regular and periodical maintenance inside the
mines is necessary in assuring continuation of production and to avoid accidents. Periodical inspections and
monitoring programs are missing at mine sites. Devices
and cables underground should be regularly inspected
and should not be neglected if not functioning properly. Similarly, scaling of any loose material especially
at the roof should be completed periodically. There is
no system of regular monitoring of cracking timber
supports. Observation and maintenance of timber supports already installed should be organized. If needed,
wood support systems should be replaced to avoid accidents.
Several types of systems exist in worldwide mining
industry for the transportation of workers, material
and equipment. The transportation in incline drifts is
carried out using either wheel mounted vehicles or railtrack trolleys designed for workers transportation in
mines around the world. Unfortunately, the system is
missing in underground coal mines of the Salt Range. In
addition to the trolleys used for the coal transportation,
systems for equipment and personnel transportation
can be introduced at mine sites. This can be achieved
by manufacturing new tools or by amending the existing system according to requirements. Similarly, better
communication systems which cover the major parts of
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the mining areas are important and should be installed
and maintained properly.

4 Conclusions
There is an improvement and growth potential in underground coal mining sector in the Pakistan Salt
Range. Detailed studies can be carried out to uncover
further prevailing situations in underground coal
mines. Suitable recommendations can be made with detailed studies in areas such as working conditions, safety,
training of workers, transportation and communication
systems. Based on the conditions on-site and improvement potential, excavation techniques, and tools can be
developed and tested on-site in order to check their feasibility. Better working conditions, training programs
and safer working practices with some sort of mechanization can enhance production in underground coal
mines of Salt Range without compromising the safety
of mine workers.
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Revaluation of Lithium Resources accelerates
Electromobility and corporate Growth
Dr. Ernst Bernhard Teigler, DMT GmbH & Co. KG, Essen, Germany
Dirk Harbecke, Rock Tech Lithium Inc., Vancouver, Canada

Electric mobility is a rapidly growing future market –
with several associated problems ranging from battery
storage capacity to the variety of vehicles. In principle,
almost all countries in the world have agreed to reduce
CO2 emissions massively. Future mobility concepts are
based on a major shift from the use of internal combustion engines (ICE) to various forms of electric drives. A
mix of (at least locally) emission-free drives, car-sharing
concepts together with renewed emphasis on bicycle
and pedestrian traffic will prevail, particularly in growing cities.
This radical change largely depends on opportunities for energy storage or in other words – no electric
mobility without accumulators. And here, too, technology has changed: the growing use of lithium-ion batteries over the past decade has led to an increasing demand
for aptly named “battery minerals”. These minerals contain cobalt and lithium, which together with graphite
are needed to build battery cells, and are now highly
sought after as resources all over the world.

The rapid Growth of Battery Minerals
Demand
The market share of batteries containing lithium has increased markedly in recent years because of their extensive use in portable electronic devices and growing use
in electric tools, electric vehicles and grid and distributed energy storage systems (Fig. 1). The Republic of
Korea, China and Japan jointly account for 85 to 90 %

No electric mobility without accumulators! As a
result, the market for batteries containing lithium
is increasing significantly. Reappraisal of known
lithium deposits – such as in the Georgia Lake Project in Canada – can help cover this need.
Mining•Exploration•Electromobility•Resources •
Education • Geosciences • Canada

of global lithium-ion battery production. In 2011, the
Republic of Korea became the global leader in lithiumion battery manufacturing, overtaking Japan, the leading lithium-ion battery producer since 1991.
As a result of the continued increasing market share
of lithium-ion batteries, several other countries have
entered the battery manufacturing industry. Germany,
Switzerland and the United States have recently established operations with more sure to follow. The world
produced 28 GWh of lithium-ion battery cells in 2012.
While current global production stands at around
35 GWh, a new era of lithium-ion battery “megafac
tories” is upon us and is set to increase the consumption
of lithium significantly.
Lithium production has greatly increased since
the end of World War II. The metal is, generally, produced through electrolysis from a mixture of fused 55 %
lithium chloride and 45 % potassium chloride at about
450 °C. Since 2015, most of the world’s lithium production has originated from South America, where lithiumcontaining brine is extracted from underground pools

Fig. 1: Global lithium usage by product in 2011 (otl) and 2015 (otr) [1]
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and concentrated by solar evaporation, where water
evaporates thus enriching Li in the brine (Fig. 2). Each
batch takes from 18 to 24 months from extraction to
the final brine. The other possible source of lithium are

Fig. 2: Lithium – world production and top 5 mine reserves in 2016
[2, based on USGS]

Fig. 3: Pegmatite - right and wall rock - left
In the area of the hammer the spodumene minerals have the size of an arm.

Fig. 4: Cleared outcrop of one 3 m thick spodumene-bearing pegmatite,
exposed over a length of 200 m
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lithium pegmatites – signifying hard rock mining. Here
Australia is the largest producer: “According to the United States Geological Survey’s 2018 Mineral Commodity
Summaries, (…) it produced 18,700 Mt of lithium last
year, up 3,700 Mt from the previous year.” [3] Development of a new hard rock mining and processing site
from green fields may take five to ten years. Until now
markets remain highly volatile, as price slides in 2018
show [4], but medium-term demand will be based on
the sales figures for electric cars.
Analysts expect that more than 25 % of newly sold
cars will be electrified in 2025, with demand for batteries, and therefore battery metals such as lithium,
expanding rapidly. “Benchmark Minerals Intelligence,
a research and data firm, projects demand to rise from
about 220,000 t of lithium-carbonate equivalent last year
to more than 900,000 t in 2025 and around 2 Mt by the
early 2030s.” [5] “That surging demand is transforming
the lithium-ion battery business, with more power packs
expected to be installed in EVs this year than in consumer
electronics, according to Bloomberg NEF” [6].

From Resources to Reserves: The Georgia
Lake Project
Owing to the new economic scenario, known deposits
are under reappraisal and companies are looking for
minerals that were once uneconomic to mine due to a
lack of demand. Economic reassessment therefore is an
important part of the global search for battery minerals. In the northern hemisphere, Canada has been home
to hard rock mining of minerals for hundreds of years.
A good example is the Thunder Bay Mining district in
north western Ontario, close to Lake Superior. Mineral
deposits of spodumene-bearing pegmatites (lithium
ore) in that area (Figs. 3+4) were discovered and partially prospected back in 1955, but have not been mined
until now. Rock Tech Lithium Inc., a junior exploration
company based in Vancouver, Canada, carried out an initial evaluation according to Canadian National Instrument NI43-101 in 2012 and has been working increasingly on the property since 2016. German engineering
company DMT was commissioned with reassessing the
lithium content, with the aim of using historic drilling
results to pinpoint additionally indicated lithium deposits and verify anomalies previously identified. Based
on the cumulative findings, a new drilling concept was
developed in 2017 in order to update the full geological model of the deposits. From the data obtained, a
Preliminary Economic Assessment (PEA) has been prepared, which demonstrates the recoverability and economic viability of the deposits.
The project aims to mine lithium-rich pegmatite
and produce spodumene concentrate for further processing, e. g. production of Li-carbonate. Spodumene is
a lithium-bearing mineral, typically possessing concentrations of 3.7 % Li or 8 % of Li2O. Because of the large
diameter of Li-atoms it is not compatible to be included
in many rock-forming minerals and thus Li is enriched
Teigler and Harbecke:
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in some late-stage products of granitic melts. These
form in many cases pegmatites, which are essentially
granites with coarse to very coarse grain sizes. These
pegmatites intrude into the surrounding host rocks
and/or the granite body. In most cases they form veins
and/or irregular bodies. The Georgia Lake pegmatite
bodies mostly form well-defined veins.

The Findings at Georgia Lake
Geologically, the area of interest is underlain by metasediments and meta-volcanics of the Archean age. The
rocks trend east-northeast to west-southwest, in steeply
dipping beds along the south flank of a regional syncline. The meta-sediments were invaded by large masses
of Algoman granitic rocks and by numerous sills and
dykes of genetically-related porphyry, pegmatite and
aplite (Fig. 5). The meta-sediments are overlain by
a thin cover of younger Sibley sediments, which were
subsequently intruded by diabase dykes and sills of the
Proterozoic age.
The Georgia Lake pegmatites contain lithium- and
rare metal-bearing spodumene at many places in the
area. In addition to spodumene, historic work also identified beryl, columbite, molybdenite, amblygonite, apatite, and bityite, enhancing the lithium and rare metals
potential of the area.
In August 2018, Rock Tech Inc. released an updated
NI 43-101 compliant resource estimate that included
the following resources compiled in Table 1. The new
estimate represented a significant increase (40 %) as well
as an upgrade of the known resources. In addition, early
metallurgical and hydrometallurgical tests showed that
spodumene concentrate could be produced from high
and low grade ore with recovery rates exceeding 75 %
using heavy liquid separation and 81 % using floatation.
Hydrometallurgical tests showed that Li2CO3 can be
produced with a purity of 99.96 % without any specialised treatment, while 99.98 % purity can be achieved
with bicarbonate scrubbing.
In 2018, DMT finished exploration, hydrogeological and geotechnical surveys and an analysis of
economic viability (Fig. 6), leading to a Preliminary
Economic Assessment (PEA) according to NI 43-101
[7]. It demonstrates the deposits’ economic potential.
The key economic criteria and indicators are given in
Table 2. This is not only good news for future development on this site – but also for additional lithium resources in other “under-explored” areas of the licence.
Table 1:

Type of
resources

Updated NI 43-101 resource estimate

Tonnage
[Mt]

Li2O
[%]

Cut off Li2O
[%]

Measured

1.89

1.04

0.65

Indicated

4.68

1.00

0.65

Inferred

6.72

1.16

0.65

13.29

1.09

0.65

Total

Fig. 5: Two pegmatite dykes

Fig. 6: Drill core from the spodumene pegmatite at 140 m depth with white
feldspar and parallel orientated lithium bearing spodumene minerals

With today’s technologies, expert knowledge and
increasing prospective economic efficiency, it is quite
possible that other known lithium pegmatites could
also be productive.

The future of Engineering is Networking
The Georgia Lake project also shows an interesting
development: Rock Tech Lithium Inc. (Rock Tech) is
a junior exploration company, dually listed on the Toronto and Frankfurt stock exchanges. Activities focus
on developing properties towards production of battery
metals for electric cars. Nickel, cobalt and lithium are
part of these battery metals. DMT is a global consortium, providing interdisciplinary services in the markets of plant and process engineering, infrastructure
and civil engineering, and natural resources. DMT
GmbH & Co. KG (DMT) occupies 30 offices worldwide and belongs to the German certification agency
TÜV Nord Group. To date, DMT has completed several thousand projects in over 150 countries. One of these
projects is the exploration and analysis of the lithium
deposits at Georgia Lake, for which Rock Tech has contracted DMT [8].
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Table 2:

Key economic criteria and indicators

Georgia Lake Project

Unit

Value

LoM

Years

11

Production (diluted)

Mio t

9.6

▶▶ Open pit

Mio t

2.7

▶▶ Stripping ratio

t:t

6:1

▶▶ Underground

Mio t

6.9

Mio t/a

0.87

Average feed grade (diluted)

Annual mine production

%

0.87

Plant recovery

%

78.00

Spodumene concentrate grade

%

6.20

Total spodumene concentrate

000 t

1,056

000 t/a

96

▶▶ Mining

Mio CAD

224.3

▶▶ Processing

Mio CAD

140.4

▶▶ G&A

Mio CAD

27.4

▶▶ Other costs

Mio CAD

27.3

Total OPEX

Mio CAD

419.4

▶▶ Initial capital

Mio CAD

65.3

▶▶ Working capital

Mio CAD

3.0

▶▶ Total pre-production costs

Mio CAD

68.3

▶▶ Sustaining capital

Mio CAD

62.0

▶▶ Closure costs

Mio CAD

3.0

Total CAPEX

Mio CAD

133.3

%

1.50

USD/t

827

Annual spodumene concentrate
LoM OPEX

CAPEX

Government royalty rate (% of Revenue-OPEX)
Average LoM spodumene concentrate price

Such a constellation might signal a new development for Germany: A company with a base and significant shareholding in Germany, listed in Toronto
and Frankfurt, teams up with a German technology
provider for the development of a lithium project located in Canada. Other constellations like Canadian
and Australian junior exploration companies exploring
in Germany or Central Europe but assigning technology providers from abroad are more common. This is
partly caused by the lack of junior mining-related entrepreneurial spirit in Europe and the associated perceived
loss and lack of expertise in exploration and mining of
metals in Central Europe. There is a dearth of junior exploration companies based in Germany and continental Central Europe. The underlying future demand for
special or battery metals, which will also be generated
by German-based high-tech companies as well as the automotive industry, could certainly serve as a motivating
factor for future developments.

Our Future needs Curiosity at all Levels
From a scientific point of view, Germany urgently needs
a high interest in the so-called MINT subjects (STEM:
Science, Technology, Engineering and Mathematics in
GeoResources Journal 1 | 2019
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English-speaking countries), especially in the future.
From kindergarten to university, a society is dependent on scientific interest. In recent years, this has been
recognized as a need: “We cannot leave the future of
MINT subjects and MINT careers to chance, but need to
start early in order to get young people interested,” Angela
Merkel said at the 4th National MINT (STEM) Forum
in 2016 [9, 10]. A total of 250,000 pupils have taken
part in the “Jugend forscht” [11] youth science competition over the past five years. For younger children,
there are also private initiatives, such as “Science Lab”
[12], which offer projects and workshops that focus
on children’s natural curiosity about the world around
them. But overall attention is focused very strongly,
perhaps too strongly, on the field of computer sciences.
Data may be “the new oil”, but if we want to replace the
old oil, we will also need lithium (for example). The upcoming changes in the energy sector in particular are a
good reason not to neglect geosciences in the education
of future generations.
It is correct that classic economic geology for metals
has almost disappeared from curricula of many universities. This is enigmatic, because public opinion expects
availability of metals and other natural resources with or
without mining together with adaption of new, cleaner
technologies by industry without much delay. Public
awareness of these issues is rather low – or even biased.
Knowledge about raw materials and markets, security
of supply and innovative developments for the future is
falling behind much more frequently discussed topics
such as sustainability, environmental pollution and social risks. This is demonstrated, for example, by the discussion about so-called “conflict minerals” such as cobalt, which is found and mined in crisis regions like the
Democratic Republic of the Congo. Of course, in such
cases it is essential to pay strict attention to compliance
with environmental and safety guidelines and to health
and social criteria. But wherever mining is carried out:
you have to face up to your responsibility – it is the only
way to achieve long-term acceptance.

Social Licence to operate:
First Nations Support
In addition, social compatibility is an important factor
for success in the 21st century, especially regarding the
extraction of natural resources [13]. Having recognised
this, Rock Tech secured a joint memorandum of understanding (MoU) after several months of consultation
with three First Nations in the vicinity of the Georgia
Lake property: Bingwi Neyasshi Anishinaabek, Biinjitiwaabik Zaaging Anishinaabek, and Animbiigoo
Zaagi’igan Anishinaabek. The MoU outlines the framework upon which the Georgia Lake project, which lies
in the First Nations’ traditional territories, will be developed, ensuring that development is conducted in a
manner that provides mutual benefits to all parties. The
MoU establishes the foundation upon which future
agreements will be developed and provides for greater
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certainty, definition of benefits to the parties and mitigates any adverse impacts of project development.
All in all, we will only master future challenges if
we focus on cooperation, education, sustainability and
acceptance. Because progress is a path that can only be
taken together.
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Mining 4.0 and Big Data – Use of Machine Data
to optimise the Operation of Mines
Mirko Liebetrau, Talpasolutions GmbH, Essen, Germany
Alexey Shalashinski, Indurad GmbH, Aachen, Germany

1 Introduction
In most cases extensive mine workings and large fleets
of vehicles pose trivial but nonetheless enormous challenges to mine operators. Thus, it is only possible to a
limited extent to localise the individual large pieces of
equipment in a consistent manner and appraise their
state by manual means. A manually established document for mine management is rarely up-to-date or
consistent over a lengthy period and is usually prone
to errors. Close to real-time logging, transmission and
analysis of mine data facilitate a precise and detailed
monitoring of vehicle activities. Regardless of the type
of vehicles, engine hours, downtimes, failures and cyclic work processes can be analysed and reproduced
in a completely undistorted manner. Kowitz [1] established the following requirements for developing
Mining 4.0:
▶▶ Automated data transfer
▶▶ Consistent data preparation
▶▶ Overall status analysis of processes
His then working hypothesis of the “Patterns in Exceptions” has substantiated itself in the interim. Deviations
in the sensor data, which occur with a certain regularity
or can be correlated with other anomalous sensor data
developments, represent the key to the application of
predictive analysis methods. Findings from pilot projects in various mining operations and types of vehicles,
now point to the huge added value of a different characteristic: cyclical data patterns of work processes.

Fig. 1: Deploying machines in underground oil shale mining in Estonia
Source: Talpasolutions
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Managing mines with large fleets of vehicles poses major challenges to the operators. Close to realtime logging, transmission and targeted interpretations of machine data enable the potential for
increasing efficiency to be identified. This article
takes the example of a bolt-drilling jumbo in an oil
shale mine in Estonia to show the necessary infrastructure for data acquisition and analysis and the
advantage of such studies.
Mining • Big Data • Operational optimisation •
Machine data • Case study • Estonia

This article deals with the necessary infrastructure,
which facilitates such a data flow and its evaluation as
well as the subsequent processes for analysing the data
and presenting the recognitions thus gained. Then this
article briefly explains the operative added value of collating and analysing machine data through examining a
selected case example. The case example originates from
a joint project by Talpasolutions GmbH, Essen, Germany, and Indurad GmbH, Aachen, Germany, in Estonian
oil shale mining (Fig. 1). In the project so far, the machine data of a bolt-drilling jumbo has been collected
and analysed.

2 M
 ining Data or automatic
Data Transfer
By and large, three critical components must be assured
for automatic data transfer:
▶▶ A network access
▶▶ A digital interface connecting with the machine
▶▶ A “data pipeline” for the actual data transfer
In the cited case of application, a WLAN Hotspot was
made available in the underground maintenance area
by the mine operator. The machine data was thus transferred cyclically, generally during the maintenance and
fitting break between shifts. Owing to the classic room
and pillar system, which also foresaw development of
the maintenance area, the possibility of illuminating
the difficult areas with the aid of WLAN directional
antennas was also given. Towards this end, two WLAN
directional antennas were installed at the face close to
the roof and directed towards each other at an angle of
90°. This setup facilitated connectivity of the machine
interfaces in the roadway leading to the maintenance
area and at the vehicle parking area.
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The use of a so-called industrial computer (IPC)
enables a reliable physical data interface to the vehicle to
be created. In the case under consideration hardware solutions optimised for mining conditions of the Indurad
GmbH [2] were utilised. In this application scenario the
necessary hardware could still be installed in the production halls of the Nordmeyer Smag Mining & Drilling
Technologies GmbH [3], Braunschweig, Germany. This
fortunate factor also enabled additional sensorics, such
as e. g. a speed sensor, to be retrofitted. Project findings
have revealed that retrofitting sensorics is not actually essential if the machine possesses a control system/CANBus System. In the case under review it was decided to
add a speed sensor in order to attain higher analytical accuracy in conjunction with its underground positioning.
The data interface, a so-called iRPUC (Radar Processing Unit Compact) was connected to the bolt-drilling
jumbo’s (SMAG FA523V) internal 24-V power supply.
In addition to several CAN-Bus compatible connections, an important component of the hardware unity is
also an SSD hard drive for the intermediate storage of
the acquired machine data. The applied iRPUC unit is
of course WLAN-compatible to facilitate data transfer.
In order to be able to replicate underground positioning, two iRTT-AU (Radar Transponder Technology
Antenna Units) were additionally installed at the front
and rear of the machine. In conjunction with GeoTags,
so-called iRTT-CE (Client Equipment, Fig. 2), which
were installed at strategic points in the mine workings,
facilitated vehicle positioning.
In order to assure that data security was as high as
possible, a data server was set up in the client’s intranet
(Fig. 3). Towards this end, an IRPUD (Radar Processing Unit Demonstration) was applied, which also possesses an SSD hard drive for intermediate storage of
the data and is linked to the client’s intranet via a LAN
cable. With this buffering system, any data loss resulting from lengthy internet failures is avoided and in addition, external access to the machine by means of the
internet connection is precluded, and furthermore the
machine is able to communicate with the client’s intranet without accessing the internet directly. The initial
link of the data pipeline consists of two separate VPN
connections, one within the Intranet (machine to data
server) and an additional one in order to transfer the
data from the client’s intranet to the external analysis
platform (data server to online platform).
A further special feature resulted from the necessity
also to make use of manually collated data as comparative values. For this purpose, an automated application
was also devised, which facilitated the importing of
manually compiled data. Towards this end, the client
transmits his shift reports in an Excel-based format previously agreed upon. These reports can then be loaded
via a Web Interface, and the values contained automatically extracted and presented as desired. This allows the
client to identify deviations from the working reports
derived from sensor data and the manual shift reports
and clarify his internal processes.
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Fig. 2: Example of installing an iRTT-CE on the roof
above the roadway leading to an extraction
field
Source: Indurad

3 Consistent Data Preparation
Contrary to widespread prevailing opinion, work with
big data and data processing by no means starts at that
moment when the first algorithm is preoccupied with
the data set. The first major challenge for data preparation starts with the automatic identification of the type
of data and flexible storage in a suitable data bank format. In this connection, apart from the processability of
the enormous volume of data, an adequate high-performance readout of the data from the data bank must be
possible so that the data is rapidly available once again
so that they can be evaluated. In the cited case of application, the data is generated by the machine in binary
format in keeping with the J1939 standard and transferred via the interface and the underground HotSpot.
During the initial processing phase the binary code is
translated into a readable format. The advantage of this
procedure signifies among other things that the data is
initially highly compressed in raw format. Conversion
takes place in the analysis platform of the Talpasolutions GmbH (Fig. 3) and extracts roughly 1 GB from
a data set, which previously was just 20 MB in size. The
data converted in this way is then categorised in accordance with their origin and significance so that evaluation can commence.
The hosting of this data, i. e. storage and making
accessible, calls for steadily augmented storage space
and enormous computing capacities. As an alternative
to establishing large server farms, which are always restricted in terms of capacity by the existing hardware, it
is possible to use cloud services. Numerous specialised
companies already make computing capacities and storage space available, which can be ordered and expanded
with a mouse click.
Consequently, the actual analysis of the data takes
place using specially developed algorithms and auto-
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Fig. 3: Presentation of the data flow from the machine via the analysis platform right up to presentation of the acquired recognitions on
the user’s terminal
Source: Talpasolutions

mated statistical processing of the now accessible and
structured digital information. It has become evident
that first and foremost the evaluation of the relevance of
individual sensor values and the interrelationships existing among the various values represent a huge amount
of work. For this purpose, profound technical understanding of the analysed unit is required apart from detailed knowledge of the processes involved.

4 Overall Status Analysis of Processes
The challenge of data analysis and gaining invaluable
findings from the accumulated data initially constitutes
transferring understanding of the process to the data set.
The individual sensor signals already provide details of
the individual machine components and their statuses.
Just how efficiently a work process is operated, however,
can only be presented through the joint evaluation of
various sensor values in the form of data models. The
cited project deals with a bolt-drilling jumbo, whose
function and work cycle are numbered among the most
complex mechanical work processes in underground
mining.
By and large, the operation or the fundamental purpose of work of a bolt-drilling jumbo can be presented
in two essential working steps: drilling and bolting.
Monitoring of these two activities also provides initial
findings on the effectivity of the deployment – at least
related to the working instructions and the goal of the
machine operator, who performs piecework in this cited
case. The added value of a profound data analysis, however, cannot be attributed to the quantitative assessment
of work performance but rather to the qualitative evaluation of the efficiency of the deployed operational asGeoResources Journal 1 | 2019
www.georesources.net

sets. Only with the aid of an overall analysis of the work
processes is it then possible to identify inefficiencies and
define steps for optimisation.
The project’s objective was to analyse the location
and the deployment efficiency of the integrated vehicles. On the basis of the operating modes of the vehicles
first of all four categories are established:
▶▶ Idle time, in other words the time during which the
machine is switched on, without any identifiable activities taking place
▶▶ Machine off-time, in other words the time during
which neither the diesel engine nor the hydraulic
system is switched on
▶▶ Travelling time, in other words the time during
which the machine shuttles between the point of
deployment and the maintenance area
▶▶ Working time, which is to be defined subsequently
more precisely (Fig. 4)
Two time series are displayed above in Fig. 4. The upper one splits the selected independent shift into the
four described operating modes. The lower one then
indicates the location, at which the different operating
modes are executed. Based on these two presentations,
it is possible to establish numerous regularities. Thus, a
shift begins and finishes as a rule with a “travel event”,
as the machine first has to be driven to its deployment
point. Furthermore, a lengthy period of “idle time” is
customary at the start of the shift, as the machine must
be equipped with rock bolts, drill heads and other appliances. Numerous other recognitions can be derived,
which largely result from comparing the different shifts.
As a result of the specific conditions in the client’s work-
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ing environment, these recognitions are not all generally
relevant and of significance for this article.
The essential conclusion is, however, that even a
rough distribution of the machine activities provides
enormous added value with regard to the actual deployment of the equipment. Even this relatively shallow
depth of analysis permits numerous points of application to be defined for optimising operation of the machine. In the cited deployment example currently the
operation of the machine in the extraction area is being evaluated to attain higher performance, rather than
shuttling it back into the maintenance area after each
shift.
As attention and special interest in this project is directed at the actual working time of the vehicle, this operating mode was further differentiated, towards which
end a detailed data analysis was required. The operation
of the drill boom is first made possible by switching on
the hydraulic system so that relevant signals could first
be defined by the operating times of the hydraulic drive.
In the next step the periods, in which the hydraulic drive
was switched on and no “travel event” occurs between
installing the bolts, described as a “bolting cycle”, were
considered. More than 30 different sensor values provide information on the actual execution of this work,
such as the hole setup, drilling and actual bolting. The
machine’s work cycle is thus complete. However, this
work process also relates to manual activities as well as

the reloading of rock bolts and replacing the drill bit.
Outage times during a “bolting cycle” were therefore allocated to the work process as a “transitional delay”.
The table and the bar diagram in the lower sector
of Fig. 4 show the result of this data evaluation. The
duration of work is displayed first in the four operating
modes (bar diagram). The table shows exactly which
working steps of the bolt-drilling jumbo account for the
time expended. It was quickly revealed that drilling requires the most time and the hole setup requires considerably less amount of time. Bolting as such and manual
ancillary services usually required less than 10 % of the
machine’s total operating time. These recognitions can
now simply be transferred to daily operation quite apart
from supplying invaluable information relating to the
capabilities of various machines.
The presented results are only superficial as they display the potential to increase efficiency by means of small
modifications in operation. The profundity of these recognitions can thus still be greatly augmented through
an increasing data set and deeper data analysis. Products
from various manufacturers can be compared and the next
decision relating to a purchase substantially influenced.
Furthermore, conclusions, e. g. about the geology, based
on the duration of drilling, the amount of contact pressure needed and consideration of other factors, become
possible. The results and analytical background presented
in this article as examples represent a mere intermediate

Fig. 4: Key elements of the machine overview from the web application for individual 8-hour shifts
The presentation of the extraction areas displays a “pop-up”, which appears when individual extraction areas (KPs) are selected.
Source: Talpasolutions
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5 Conclusion

Fig. 5: Deployment of the SMAG bolt-drilling jumbo
in Estonian oil shale mining
Source: Talpasolutions

stage en route to an overall fleet analysis for machinery
pools of different types of machine from different manufacturers. Further data input on machines that have already been integrated and on additional equipment will
enable shift operations to be optimised in the future for
the cited case example and arrive at the targeted production rate with less material consumption within a shorter
period of time. The presented system supports all members of staff involved and the various operating levels in
their daily work to achieve this objective.

This article explains the approach and the working
steps, which are necessary to collate and consistently
evaluate machine data in underground mining. A positive conclusion can be drawn for the described case
example in Estonian oil shale mining. The project
implementation within only two and a half months,
involving installation of the hardware and integrating
the vehicles (Fig. 5) deserves particular mention. The
functioning system will in future permit substantially
faster integration of the same type of machine within
a few hours. The inclusion of the bolt-drilling jumbo
facilitates data evaluation and detailed analysis of a
complex work process. Apart from the relatively banal
findings relating to the operating modes and location,
a number of further aspects were determined, which
display the optimisation process far beyond the efficiency of machine deployment. The full potential of
such analyses will, however, first be realised in the case
under discussion in late 2019 as a result of the further
gradual inclusion of machines for overall operational
control. Until then the operator of the Estonian mine,
will, however, have substantially optimised the deployment of his bolt-drilling jumbo fleet through detailed
consideration and evaluation of a solitary vehicle.
Monitoring the activities of vehicles, their productivity
and indicative recording of the mechanical statuses of
mobile resources will soon gain access to many other
raw material operations and decisively increase the efficiency of mining raw materials.
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A simple Means of overcoming Obstacles
when transporting Bulk Materials
Regina Schnathmann, Beumer Group, Beckum, Germany

In mining bulk materials must be transported
economically, safely and in an environmentallyfriendly manner, e. g. from the quarry to their destination often over rough or inhabited terrain. Belt
conveyors can be applied for this purpose. Based
on cases of application in China, Belgium and
Indonesia, it is demonstrated how the Beumer
Group plans and produces such belt conveyor systems for specific projects from start to finish prior
to providing support to users.
Mining • Conveying technology • Bulk material •
Efficiency • Operation • Environment • Safety

2009, the company has used a 12.7 km long Beumer
Group overland conveyor, to transport limestone from
the quarry to the intermediate bin. The troughed belt
conveyor runs through hilly terrain and over rivers and
unstable ground (Figs. 1-4). In 2016, in a second project, the system provider installed two more overland
conveyors, in this case with an overall length of 13.7 km.
These overland conveyors transport the limestone to the
cement plant. In contrast to the first order, the task now
was to build the conveyor through a populated area. No
material was to be lost during the process and in addition, dust was not allowed to escape. It was not permitted to exceed the prescribed level for noise emissions.

In the mining industry, modern cropping technologies
require systems capable of transporting bulk materials
efficiently from the quarry to their destination, through
rough terrain and populated areas. Beumer Group supplies customised systems such as open troughed belt
conveyors and closed pipe conveyors for the mining and
cement industries world-wide.

Sichuan Project in China facing different
Requirements
The cement plant of the manufacturer Sichuan Yadong Cement Co., Ltd. is located in the Chinese province of Sichuan, near Pengzhou, some 8,000 km from
the Beumer headquarters in Beckum, Germany. Since

Fig. 1: Sichuan project with an approximately 13 km long overland conveyor

Fig. 2: Sichuan project: Technically best possible adaptation of the conveyor route to the
topography
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Fig. 3: Sichuan project: Troughed belt
conveyor through rough terrain
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tive forces of the belt during the development phase of
the system. This is the prerequisite for the safe dimensioning of the curves. The engineers select the type of
drive technology and conveyor belts needed on the
basis of these calculations. This ensures longevity of the
entire system.

Flémalle Project in Belgium with high
Demands on environmental Protection

Fig. 4: Sichuan project: View of the enclosed
conveyor flight in the area of a bridge

Project-specific System Planning
Requirements can vary greatly, even for one and the
same customer. However, the system provider can optimally adapt the closed pipe conveyors and the open
troughed belt conveyors optimally to cope with the
respective situation. Open troughed belt conveyors are
particularly suitable for high throughputs. Conveying
capacities of up to 10,000 t/h are customary. In order
to reduce the noise emissions, as required at Sichuan
Yadong Cement, special idlers and low-noise bearings
are installed, and the correct conveying speed for the application is selected.
An essential feature of the technology is that it facilitates horizontal and vertical curves (Fig. 3). Angles
of inclination of up to 15 ° are possible, depending on
the characteristics of the material to be transported
and the topography, with lengths of more than twelve
kilometres. Thanks to the ability to negotiate curves,
considerably fewer and in some cases no transfer towers are required. This results in substantial cost savings
for the customer and the system transports the material
continuously even over challenging ascending and descending sections.
Using their own calculation programmes, a team of
experts calculates precisely the static and dynamic trac-

Fig. 5: Flémalle project: Mounting the suspended elements of
the conveyor to the steel structure with exact assembly
manoeuvres
GeoResources Journal 1 | 2019
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Beumer Group has also installed a pipe conveyor in the
Belgian town of Flémalle. It transports large quantities
of fly ash from a former coal-fired power plant to the
River Maas, about two kilometres away, for shipment.
The conveyor had to be adapted to the sections of very
steep mountains (Figs. 5-8), but just like the Sichuan
Yadong Cement project, the route runs over public motorways, railways and residential areas. In order to ensure construction of the plant was approved at all, it was
essential that the closed transport system would protect
the environment from the dry and dusty material. The
fly ash had to be prevented from escaping or falling to
the ground, even the smallest quantities. Noise emission
also played an important role. In order to minimise the
noise to an extremely low level, the experts developed
special sound-absorbing elements and used them for example, to encase the pipe conveyor bridges In addition,
special idlers and low-noise bearings were installed.

Holistic Planning according to TVO
To ensure that the customers remain competitive over
a very long period of time, the Beumer Group always
dimensions its plants and systems as well as the associated production processes with a view to their long-term
benefits. It is important that the user considers more
than the overall costs when making investment decisions. Thus, Beumer Group is committed to evaluating
its products comprehensively with regard to economy,
ecology and social responsibility. Usually, the total cost
of ownership (TCO) is the primary focus of business ac-

Fig. 6: Flémalle project: Pipe conveyor passing over inclines and
gradients in the area of steep rocks
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Fig. 7: Flémalle project: The assembly work was demanding for
Beumer Group.

tivities, thus defining sustainability solely from an economic perspective. A total value of ownership (TVO)
approach incorporates ecological and social aspects
as well. This means, the conveying system is appraised
overall not only from its cost side. For example, the energy and resource consumption in the production cycle
and in operating the machine has to be continuously reduced to a minimum, quite apart from emissions.

The Energy Issue : Belt Conveyor or
Trucks?
A comparison with trucks, which are still frequently
used for transporting bulk materials over long distances,
shows exactly what this means. Depending on the nature of the terrain, trucks can rapidly reach their limits:
they require well-developed roads and fuel, for example
and the costs of construction, maintenance and possible
extensions are significant. The ecological aspect needs
to be considered as well: new roads and access roads
have a serious impact on the landscape. And then there
is fuel consumption. The emissions caused by truck traffic are high, both with regard to toxic substances and
noise and dust.
Beumer Group provides their belt conveyors with
environmentally safe electric drives and low-energy
belts. Therefore, especially in these current times of climate change and increasing greenhouse gas emissions
they are considered a preferred option. The installed
motors are for the most part adjustable, which permits
the loads to be distributed optimally on the drive units
under various operating conditions. If the belt conveying system conveys downhill, the system works in generative operation. The generated electric energy is fed
back into the public network by a regenerative feedback
unit. In this way, owners can further reduce the operational costs of the entire system.
Belt conveyor or trucks? For Sichuan Yadong Cement this question was already posed during the first
project, which involved the transport of limestone from
the quarry to the intermediate bin. Depending on the
Schnathmann:
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Fig. 8: Flémalle project: Continuous monitoring
of the assembly work by drones

project, the belt conveying systems require up to 90 %
less primary energy than comparable truck transports,
as the concrete project-related comparison showed.
Trucks operated with diesel fuel require a specific primary energy of 11.4 kWh for each tonne of transported
material. The belt conveying system which was built later on, for its part required only 1.44 kWh. If, as in this
case, 7.5 million tonnes of raw material are transported
annually, the use of belt conveyors means a total saving
of 74 million kWh per year. This corresponds to a yearly
energy consumption of more than 20,000 single-family houses. This can be also observed from a monetary
viewpoint: solely by saving diesel fuel, the company’s
operational costs are reduced by more than 5.5 million
euros per year.

Indonesian Project with challenging
Route
TVO also means transport route optimization. This can
become very challenging when dimensioning the belt
conveying system, depending on the terrain conditions.
The Beumer Group team was asked for example to design and supply an overland conveyor in Indonesia to
transport clinker from the quarry to the cement plant.
The line ran through the rain forest, and the topography
made it very challenging. The team developed and compared different route options. The very long land corridor in particular required highly complex planning.
The team has to assess and evaluate the project properly before making a concrete offer. There is usually very
little time to do this, certainly not enough to send out
an entire expedition crew. An effective alternative is aerial photographs that are evaluated with the right software on the basis of topographical data. This means that
drones are becoming an increasingly important tool.

Drones – useful Helpers in the Air
Using unmanned aerial vehicles on sites or quarries
might sound futuristic. But they are already part of the
GeoResources Journal 1 | 2019
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Beumer Group’s everyday work routine when planning,
executing and documenting construction projects. And
the significance of these aerial vehicles is increasing. The
technology is becoming more and more sophisticated
and easier to operate. They can be used quickly, without
much preparation, in difficult-to-access areas and on
building sites, without obstructing traffic or hindering
operation. A drone for example was used for the project
in Flémalle, Belgium enabling the entire progress of the
construction process to be monitored.
Beumer Group has been using drone technology for
about three years now. There are two different designs.
The functionality and features of copters are similar to
those of helicopters. Their rotors keep them hovering in
the air. Fixed-wing aircrafts, on the other hand, are more
like aeroplanes. They also have a higher range. Once in
operation, they are constantly moving. Copters are particularly suitable for narrow take-off and landing areas
or when they have to perform at low speed. They mainly
fly over medium-sized and small building sites. In addition, they are used for quarry faces in quarries and
construction inspections such as lower sides of bridges.
Beumer Group opted for a copter that the team uses to
work on specific projects.
The employees can plan the route from their computer. They calculate the exact flight path by using the
specialised software. Then, the drone flies its pre-determined route. Smartphones and tablets can also be used
to control the drone.
The recorded aerial photos are corrected with regard
to their perspective and evaluated photogrammetrically.
The software calculates a point cloud in order to generate 3D models from the two-dimensional views, i. e.
digital terrain models.

Operational Support
With Beumer Group, the customer receives everything from one single source, starting with the query
to technical dimensioning and the installation on-site.
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If desired, the system supplier continues to support the
operator with its comprehensive range of services, after
the conveying system is in operation, to ensure high
levels of machine availability during the entire running
time. This is backed by the Beumer customer support
with more than 1,000 employees world-wide. They are
matched individually to the respective needs of the customer, including service intervals and response times as
agreed by contract. In the event of a system standstill,
qualified technicians arrive quickly on-site to prevent
long downtimes. Customer support offers around-theclock telephone support every day of the year, helping
to further reduce downtime to a minimum. The technicians perform remote analyses, provide corrective measures and offer quick and reliable solutions to correct
malfunctions.

Conclusion
The mining industry uses open troughed belt conveyors
and closed pipe conveyors for transporting bulk material. Such complex systems holistically planned according to TVO have proven their worth in different applications described in this article. The systems operate
quietly and only minimal amounts of dust or exhaust
gases are emitted. Compared to trucks they are often
more energy-efficient and can be adjusted to the structure of the premises. They are also able to handle steep
sloping routes, rivers or road crossings safely. The system provider determines the optimum conveying route,
then takes over project planning and installation, and
supports maintenance and services during the operation
phase if desired.

Regina Schnathmann
is Director Marketing, BEUMER Maschinenfabrik
GmbH & Co. KG, Beckum, Germany.
Contact:
beumer@beumergroup.com
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Inline Analyses of Material Flows
by Means of Machine Learning
in the Raw Materials Industry

Tobias Wendel, M.Sc., Advanced Mining Technologies (AMT) Institute, RWTH Aachen University, Aachen, Germany
Dr.-Ing. Tobias Vraetz, IHC Mining & Tunnelling, Kinderdijk, The Netherlands
Dr.-Ing. Ralph Baltes, Univ.-Prof. Dr.-Ing. Karl Nienhaus and Univ.-Prof. Dr.-Ing. Elisabeth Clausen, Advanced Mining Technologies
(AMT) Institute, RWTH Aachen University, Aachen, Germany

Introduction
The increasing development of technologies and the
ever-higher degree of automation have inspired the extraction of complex deposits in recent decades. In this
connection, the focus has increasingly been on the transportation of greater amounts of bulk materials prompted by technical optimisations. An as great a number of
process details as possible represents the prerequisite
for increasing degrees of automation, including the
composition and nature of a material flow, from which
sensorially determinable data are derived. Knowledge
of the transported raw material facilitates an increase in
exploiting resources, as the transported material can be
conducted to targeted preparation processes. The development of new technical solutions and methods contributes towards an ecological and economic sustainable
supply of raw materials and energy [1, 2].
The Advanced Mining Technologies (AMT) Institute of the RWTH Aachen University has applied
LWIR cameras (LWIR = Long Wavelength Infrared)
and AE technology (AE = Acoustic Emission) for
process automation and control in various projects.
Both methods are non-destructive measuring methods,
which are made use of in mining for process automation
and monitoring [2]. The advantages of LWIR and AE
are their resistance and robustness against mechanical
impacts and harsh environments.
Based on methods for image processing and signal
evaluation as well as the associated establishing of characteristic parameters various inline analysis methods for

Material flow analyses can contribute towards
increasing the efficiency of transporting bulk materials in the raw materials industry. This report
deals with the analysis and measuring methods in
general and explains successful examples of application processed by means of AMT in the raw
materials industry.
Mining • Raw materials • Bulk materials •
Transport • Research • Material flow analysis

material flows, in other words process-related analyses,
were developed at the AMT. This made it possible for
instance, to feed water to a mass flow automatically, detection and separation resulting in hot material as well
as the identification of different types of soil within a
continuously transported material flow [2].

Principles of Infrared Thermography
Infrared thermography visualises infrared radiation that
is invisible to the human eye. In this way, additional information can be generated and complex issues or processes presented more simply [1].
Every body with a temperature exceeding absolute
zero emits energy in the form of electromagnetic radiation. Infrared radiation is classified as belonging to
the electromagnetic spectrum and is located between
visible light and the microwave range (Fig. 1). In this
connection, a body’s detected radiation depends on its

Fig. 1: Electromagnetic spectrum [2]
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Fig. 2: Short-wave radiation reflected by a molecule (otl),
long-wave radiation passing the molecule (otr)

temperature, the material as well as its surface composition and the direction of radiation [3, 4].
Infrared cameras detect the emitted infrared radiation of a body and visualise this as a grey scale or false
colour image. Infrared thermography (IR) has continued to develop further in the course of recent decades.
This development is mainly attributable to technical
progress in microsystem technology, IR detectors and
computer technology.
Longwave infrared cameras frequently operate in
the longwave frequency range between 8 and 14 μm
and use the so-called atmospheric window when doing
so. Longwave infrared radiation is able to penetrate the
atmosphere in this window. Fig. 2 displays that radiation with a wavelength of λ1 < d is reflected by the air
molecule d, whereby the radiation passes the molecule
with a wavelength of λ2 > d. Consequently, LWIR is
suitable for the tricky environment conditions in the
raw materials industry. Therefore, the spectral range
of the atmospheric window is very well applicable for
passive infrared measurements. A further advantage of
the longwave infrared range compared to visible light is
that it is less affected by aerosols. As a result, longwave
infrared cameras are suitable for the realisation of automation solutions [5, 6, 7].

Principles of Acoustic Emission
AE technology has its origins in the non-destructive
testing of components, such as e. g. bridges and pressure
vessels. Physical processes such as plastic deformation,
fatigue, crack development, friction or external mechanical loads, can cause AE activity [8]. Initiated by
the research results of tensile tests by Kaiser [9], the
technology was used for years in many cases of application as a tool to obtain process information. Versatile

fields of application are to be found in electrical and
mechanical engineering, material sciences as well as
medical technology. At the AMT, methods for bearing
diagnosis, investigating the fatigue behaviour of components, evaluating cutting processes as well as methods
for characterising material flow presented in this article,
have been studied [10].
The application of AE technology as an analytical
tool is also not particularly new in the production of
raw materials. Towards this end, however, mostly granular distributions of comparatively homogenous material
flows have been examined [11]. The method devised at
the AMT for characterising material flow is based on
continuous transport of materials and the analysis of
continuous AE signals. In this process, local deformations and cracks are produced by continuous impacts –
in this case at the baffle plates of the belt transfer points.
These mechanisms result in a release of energy at the
point of initiation. The released energy is expressed by
elastic surface waves, which spread through the solid
body and which can be registered by corresponding sensor systems.
At the AMT, various methods to evaluate AE signals were created for different cases of application
(Fig. 3). Apart from evaluation by comparing parameters calculated at intervals, first and foremost, methods for signal form-based event detection, counting as
well as evaluation of transient events (AE bursts) have
established and proved themselves. AE bursts are characterised by a defined starting and end point according
to DIN 1330-9 [12]. Apart from applying a static limit
value, in the past more complex algorithms, which improve the reliability and accuracy of detection, could
be developed and verified. These methods exploit the
characteristic course of a transient event for detection.
The evaluation of singular events takes place by statistical analysis and subsequent comparison of starting and
end points. All information from a raw signal forms a
basis for classification methods by means of machine
learning.

Principles of Machine Learning
In literature, frequently a distinction is drawn between
supervised and unsupervised machine learning [13].
Classification is a part-discipline of unsupervised ma-

Fig. 3: Process of AE data analysis
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Fig. 4: Procedure of machine learning[14]

chine learning, in the case of which various combinations of characterisations and labels are brought together in classes. Discrete and/or continuous characteristics
in this case form the amount of input data. The labels
correspond to the numerical or categorical attributes of
the pertinent result values. Within a so-called training
phase, a specific algorithm determines the functional
interrelationship between the characteristics of the input data and the corresponding, known event values
(Fig. 4). The result of the calculation is a mathematical
prediction model. This model describes the functional
connection between characteristics and labels. To create the model, representative, model-building data are
selected. These model-building data are partitioned into
training and validation data. Based on the training data,
in the case of which the characteristics of corresponding labels of individual classes are known, a prediction
model is established. Subsequently, the validation data
are fed into the resultant model in order to examine it.
The prediction result is also known in the case of the
previously partitioned validation data. Evaluation of the
prediction model is undertaken by the subsequent comparison of correlation between the prediction and actual result. In order to augment accuracy of the prediction, the partitioning process for building the model is
repeated several times. Partition of the model-building
data subsequently varies within the repetitions. With
the help of the representative prediction model the total amount of data can ultimately be analysed. In this
connection, the characteristics of data, whose labels are
unknown, are fed into the prediction model. The model
determines the corresponding labels based on the training phase and in this way facilitates corresponding classification [15].

Examples of Applications of Material
Flow Analyses in the Raw Materials
Industry
Material flow analyses are of relevance in the raw materials industry in various contexts. In this respect, both the
amount of the material flow as well as its composition or
state can be of interest. The different radiation of various materials or their states in the infrared range enable
conclusions to be drawn relating to the composition or
mixing ratio of a material flow [5].

Moisture Analysis of Power Station Ash for
consistent Quality
Within the scope of a project, the moisture content of a
material flow was analysed. The objective of the project
was to establish the moisture content of a power station
ash so that ash of the same quality could be supplied for
further processing. The ash was mixed with water via a
disc pelletiser. The mix is passed on to a belt conveyor
system for further transportation. A LWIR camera in
keeping with Fig. 5 is mounted in the belt conveyor’s
direction of travel. Fig. 6 shows infrared images of the
mix with varying moisture contents. The picture on the
left displays the moist mix and the one on the right the
dry mix.
During the analysis characteristic values for the
given states are generated with the aid of image evaluation algorithms. Thanks to the algorithms, a vector
is created in multidimensional space, which describes
the characteristics of the material flow. Thanks to algorithms of machine learning (here k-Nearest-Neighbour)
the created vector is allocated to a defined mix class (too
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chine learning it was possible to produce predictions
based on training data with regard to the extracted
types of soil based on the IR data [17] as well as on the
AE data [18]. The accuracy of the prediction model
amounted to just over 80 % within the framework of
this initial feasibility study. A future combination of
the analyses from both sensor systems further increases
the probability of the proper allocation of individual
types of soil.

Identifying flinty and flint-free Material
Flows in a Limestone Quarry

Fig. 5: Schematic setup [8]

Another trial was undertaken in a limestone quarry in
keeping with the same principle as in surface mining
in order to identify flinty and flint-free material flows.
Towards this end, a total of four AE measurement systems and an IR measuring point were installed within
the transport system. For this purpose, a LWIR camera
was mounted above a conveyor belt. The AE sensors
were applied at different belt transfer points. Based on
the evaluation of the generated data as well as the subsequent processing in training and prediction models, it
was possible to attain accuracy in excess of 90 % depending on the classification model.

Fig. 6: Infrared image of the mix – too moist (otl) and too dry (otr)

dry, desired moisture content, too moist) with a certain
probability [16].

Temperature Analysis to avoid
Power Station Ashes catching Fire
A further example of application of analysis by means
of a LWIR camera is the detection of increased temperatures within a material flow. As a result of different
temperatures of the same material a difference in the
radiation intensity occurs, which can be registered by
means of the LWIR camera. The hot material can be reliably detected via corresponding image processing and
analysis, an emergency programme introduced and fires
avoided [16].

Establishing Types of Soil in Surface Mining
Based on the findings in analysing different moisture
contents of power station ashes, the method was extended to investigate various types of soil at an opencast mine. In addition to analysis with a LWIR camera, at the same time AE data were obtained at various
measurement points. In order to detect the material
flow of the various types of soil in an optimum fashion, the LWIR camera was mounted centrally above
the conveyor belt. The AE measurement systems were
set up at positions, where the material flow experiences free fall and encounters a baffle plate (here: belt
transfer points). Based on a measurement protocol the
types of soil were identified clearly and allotted to defined time periods. By merging different characteristic
values by means of algorithms and methods from maGeoResources Journal 1 | 2019
www.georesources.net

Further Cases of Application
In future, further cases of application will be evaluated
as the focus of research work at the AMT. To be exact,
further investigations will concentrate on distinguishing gypsum and anhydrite material flows within a research project of industrial joint research in the time
ahead. Furthermore, within the scope of the currently
ongoing EU research project BlueNodules [19], a concept for characterising manganese nodules subject to
water and pressure based on AE will be developed.
The main objective at the AMT is the implementation of a reliable, fast and favourably priced method
for material flow characterisation in preparation and
processing plants in the raw materials sector. The aim
in the medium term is to implement the method in robust sensor systems. In the long term, it is intended to
integrate a real time system for inline analysis of material flows by means of AE and LWIR in mining. Fig. 7
documents the sub-processes as well as the potential
result of timely characterisation using a measurement
system of this kind.

Conclusion and Outlook
A qualitative real time analysis for material flows in the
raw materials industry offers the potential to enhance
efficiency for subsequent process stages for preparing or
mixing different product qualities according to needs.
The technologies presented here AE (Acoustic Emission) analysis and Infrared (IR) analysis have revealed
their effectiveness in lab tests as well as in field demonstrations.
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Fig. 7: Process flow chart and and application of material flow characterisation

In the case of the presented methods time-interval
based and/or discrete characteristic values are formed in
accordance with the corresponding sensor data. In this
connection, the parameters of individual classes of material flow compositions are allocated by manual means.
These values with the appropriate classes are split up into
data sets for training a learning algorithm and verifying
the training model. Both quantities of data are in this
case non-overlapping. Subsequently a mathematical data
model is compiled based on the training data, which is
checked by means of the verification data. The learning
process then results in a data model becoming available,
which is capable of interpreting new sensor data and independently assigning them to material flow classes.
The methodology of characterising a material flow
based on AE has already been applied and filed for patent in various regions [20]. In future, the aim will be to
investigate performance capability with respect to longterm behaviour in lengthy test series in industrial environments. Towards this end, the methodology will be
further developed and tested at the RWTH Aachen’s
Advanced Mining Technologies Institute within the
framework of research, development and technology
transfer projects in conjunction with partners from industry.

References
[1] Vollmer, M.; Möllemann, K.: Infrared Thermal Imaging.
Fundamentals, Research and Applcations. Wiley-VCH,
Weinheim, 2013.
[2] Eichentopf, B.; Baltes, R.; Fietz, N.; Nienhaus, K.: Potential Use Cases of LWIR Cameras for Automation
and Process Monitoring. 30th Confernce on Condition
Monitoring and Diagnostic Engineering Management,
United Kingdom, 2017.

[3] Nienhaus, K.; Warcholik, M.; Büschgens, C.; Müller, D.:
Belt Positioning and Skewing Revention in Lignite
Mining Using Long-Wavelength Infrared Cameras. 12th
international Symposium on Continous Surface Mining
(ISCSM), Aachen, 2014.
[4] Schuster, N.; Kolobrodov, V. G.: Infrarotthermographie.
Wiley-VCH, Weinheim, 2004.
[5] Bartnitzki, T.: Forschung für den Bergbau 4.0. Bergbau,
Energie und Rohstoffe 2015. S. 234-240.
[6] Nienhaus, K.; Pretz, T.; Wotruba, H.: Sensor Technologies: Impulses for the Raw Materials Industry. Shaker,
Aachen, 2014.
[7] Fouad, N.; Richter, T.: Leitfaden Thermographie im
Bauwesen. Theorie, Anwendungsgebiete, praktische
Umsetzung. Frauenhofer, Stuttgart, 2008.
[8] Seruby, C. B.: An Introduction to Acoustic Emission.
Journal of Physics, 1987.
[9] Kaiser, J.: Untersuchungen über das Auftreten von Geräuschen bei Zugversuchen. Dissertation, München,
1950.
[10] Vraetz, T.; Boos, F. D.; Röllinger, D.; Bernet, C.;
Büschgens, C.; Baltes, R.; Nienhaus, K.: Potentials
and applications of the acoustic emission technology
in mining and heavy machinery. In: Tagungsband zum
AKIDA 2016. Aachen, 2016, pp. 119-130. – Veröffentlicht auf dem Publikationsserver der RWTH Aachen
University.
[11] Tudeshki, H.; Hertel, H.: Acoustic based granulometric
analysis. In: Tagungsband Sensor-Based Sorting 2012,
Aachen, GDMB Heft 128, ISBN:978-3-940276-44-5.
[12] DIN EN 1330-9:2009-09: Zerstörungsfreie Prüfung –
Terminologie – Teil 9: Begriffe der Schallemissionsprüfung; Dreisprachige Fassung EN 1330-9:2009. Berlin,
2009.
[13] Bishop, C. M.: Pattern Recognition and Machine
Learning, Springer-Verlag New York Inc., 2006.

Wendel, Vraetz, Baltes, Nienhaus and Clausen:
Inline Analyses of Material Flows by Means of Machine Learning in the Raw Materials Industry

GeoResources Journal 1 | 2019
www.georesources.net

62

Mining/Raw Materials
[14] Brink, H.; Richards, J. W.; Fetherlof, M.: Real-World
Machine Learning. Manning, 2016. – ISBN 978–
1617291920
[15] Duda, R. O.; Hart, P. E.; Stork, D. G.: Pattern Classification Wiley John + Sons, 2000
[16] Eichentopf, B.; Wendel, T.; Baltes R.; Nienhaus,
K.: Applikationsbeispiele von LWIR Kameras zur
Prozessüberwachung und Automatisierung. AKIDA,
Aachen, 2016.
[17] Wendel, T.: Stoffstromanalyse zweier Mischböden unter
Zuhilfenahme von Infrarotthermographie. Masterarbeit, Aachen, 2017.

[18] Vraetz, T.: Entwicklung und Anwendung eines innovativen
Konzepts zur Inline-Charakterisierung von Stoffgemischen
in kontinuierlichen Massenströmen mittels der Acoustic
Emission Technologie. Dissertation, Aachen, 2018.
[19] Europäische Union: Breakthrough Solutions for the
Sustainable Harvesting and Processing of Deep Sea
Polymetallic Nodules (Blue Nodules) - Projektnummer:
688975 (Horizon 2020). 2016.
[20] Nienhaus, K.; Wotruba, H.; Vraetz, T.; Baltes, R.; Boos,
F. D.; Neubert, K.; Knapp, H.: Verfahren und Anordnung zur Analyse eines Stoffstroms. Patentveröffentlichungsnummer: PCT/-DE2015/100504, 2015.

Tobias Wendel,
M. Sc.

Dr.-Ing.
Tobias Vraetz

is research associate at
the Advanced Mining
Technologies (AMT)
Institute, RWTH Aachen
University, Aachen,
Germany.

is project manager
for innovation at IHC
Mining & Tunnelling,
Kinderdijk,
The Netherlands.

Contact: twendel@amt.rwth-aachen.de

Contact: t.vraetz@royalihc.com

Dr.-Ing.
Ralph Baltes

Univ.-Prof. Dr.-Ing.
Karl Nienhaus

is academic senior
lecturer at the
Advanced Mining
Technologies (AMT)
Institute, RWTH Aachen
University, Aachen,
Germany.

is incumbent of a
foundation
professorship at the
Advanced Mining
Technologies (AMT)
Institute, RWTH Aachen
University, Aachen,
Germany.

Contact: rbaltes@amt.rwth-aachen.de

Contact: knienhaus@amt.rwth-aachen.de

Univ.-Prof. Dr.-Ing.
Elisabeth Clausen
heads the Advanced
Mining Technologies
(AMT) Institute, RWTH
Aachen University,
Aachen, Germany.

Contact: eclausen@amt.rwth-aachen.de

GeoResources Journal 1 | 2019
www.georesources.net

Wendel, Vraetz, Baltes, Nienhaus and Clausen:
Inline Analyses of Material Flows by Means of Machine Learning in the Raw Materials Industry

Aachen International Mining Symposia (AIMS 2019)
Content

Features

Modern mining needs to be proﬁtable, it should operate with
environmental integrity, be considerate of social concerns

• Well established Mining Conference (since 30 years)
• Speakers from over 30 countries

and be supported by effective government systems. At the
same time, mining companies face operational challenges.
Such challenges will only be solved through very important

• Key subtheme sessions
• Exhibition by industry
• Poster exhibition

changes, in the way the mining sector engages with society,
uses energy, protects the environment, educates professio-

• Conference language: English
• Dinner party in the historical setting of Aachen

nals and pursues innovations. Mines of the future will need
to be different to those of today.

• Sponsoring opportunities
• New: Use the conference app for networking, during and
up to 6 months after the conference

Topics
Science
Technology
Innovation
Responsibility

Key Note Sprecher
Sven Petersen, GEOMAR Helmholtz Centre, Germany
Christian Hagelüken, Umicore AG & Co KG, Germany
Bernhard Dold, Luleå University of Technology, Sweden

• Conference language English

Register now!

www.aims.rwth-aachen.de
Get in touch:

Iris Schümmer & Mitra Rüland
Institute of Mineral Resources Engineering / RWTH Aachen
Wüllnerstraße 2
52062 Aachen / Germany
aims@mre.rwth-aachen.de
Tel. 0241 80-95673

Delivering the Support You Need

Reliable Ground Support

You can count on our System Solutions
Customized for your challenging tunneling projects!

Visit us at
Bauma 2019
Hall C2 / Booth 143

www.dsiunderground.com

Supplement
Resources, Mining, Tunnelling, Geotechnics – Equipment and Services

Market Place 2.0
GeoResources Verlag 		

www.georesources.net

WaTa

®

Explosion protection

Supporting and sealing

Protection against rockfall

THE ART OF
SAFE AND ECONOMICAL SUPPORT
M I N I N G . T U N N E L I N G . I N D U S T R Y.

Dr. Klaus Schulte GmbH
Chemisch Technische Fabrikation

Imprint

GeoResources Market Place
2. Year. Supplement. Mining, Tunnelling,
Geotechnics. Equipment and Services.
Date of publication: 24.03.2019
Frequency of publication: on demand
Purchase Price:
Online and printed issues are free of
charge.
Editorship:
Dipl.-Ing. Manfred König
mobile: +49 172 244 16 16
email: mk@georesources.net
Dr.-Ing. M.A. Katrin Brummermann
mobile: +49 151 70 888 162
email: kb@georesources.net
Media and Advertising:
email:
advertising@georesources.net
mobile: +49 1523 70 39 111

Production/Layout/DTP:
Herbert Stimper
email: hs@georesources.net
Gudrun Klick
email: info@gudrun-klick.de
www.grafiklick.de
GeoResources Supplement
www.georesources.net

Kleyer Weg 40, 44149 Dortmund, Germany
Phone: +49 231 9650660 . www.doks-schulte.de

Printing house:
Kiess und Makossa Mediengruppe GmbH,
Gelsenkirchen, Germany
Published by:
GeoResources Portal Manfred König
Oleanderweg 12,
47228 Duisburg
mobile: +49 172 244 1616
phone: +49 2841 60 789 67
email: press@georesources.net
Copyright:
All rights reserved ©GeoResources Portal, Duisburg, www.georesources.net
No part of this journal may be reproduced in any form by photostatic copy,
microfilm or another process without
the permission of the copyright owner
or utilized in a form resulting from machines or data processing systems. Science and non-commercial instruction
represent exceptions. Notification of
use is appreciated. The contents of the
submitted manuscripts remain the property of the authors (writers) providing

they were submitted free of charge. The
writer is responsible for the content of signed contributions and supplied photos
and diagrams.

Cover Photo:
The cover photo
displays workings
at the Konrad
Mine. As part of
the transition to
set up a repository for radioactive
waste, the workings are expanded and excavated. The
lining concept calls for a slotted outer
shell made of shotcrete with an anchoring system, permitting convergences.
The reinforced shotcrete inner shell will
be produced at a later stage.

GeoResources Market Place 2.0

3

GeoResources Market Place 2.0
Katrin Brummermann and Manfred König, GeoResources Editors, Germany

Dear visitors of GeoResources Portal
and readers of GeoResources Journal,
The GeoResources Market Place 2.0 backs up the GeoResources Online Portal with its topical news, jobs,
info about events etc. as well as the GeoResources Journal with its online and print issues.
We should like to support you in finding suitable
clients, service providers, suppliers or cooperation partners thanks to the Market Place.
In the Market Place you can become acquainted
with the products and services of companies and institutions, which are involved in the spheres of mining,
tunnelling, geotechnics and equipment.
▶▶ A matrix provides an overview of the companies
and institutions as well as their products and services.
▶▶ A list of the companies contains contact details.
▶▶ Company portraits feature further information on
the firms concerned.
The GeoResources Market Place 2.0 expanded and it is
to be further expanded in future.
Please accompany us en route to the next issue and
the next generation. Provide us with suggestions, telling

us what you expect from the Market Place or how you
imagine it should be. We would be delighted to respond
to your questions and continue any ongoing dialogue.
With best wishes for your endeavours and good luck
Your GeoResources Team

Contact

Press information:
press@georesources.net
Editorial office:
mk@georesources.net and
kb@georesources.net
Media-Management:
advertising@georesources.net
Layout:
hs@georesources.net

Content
Page 2

Imprint

Matrix
Page 4

Table I: Branches and Services, Part I

Page 6

Table I: Branches and Services, Part II

Page 8

Table II: Branches and Products, Part I

Page 10 Table II: Branches and Products, Part II

Company List
pp.

12, 15, 18, 21, 23, 26, 28, 30, 34, 36, 38, 40, 42

Company Portraits

Page 20 Deilmann-Haniel GmbH
Page 22 DMT GmbH & Co. KG
Page 24 GAB GmbH
Page 25 GeoResources Verlag
Page 27 GMS German Mining Solution GmbH
Page 29 HUESKER Synthetic GmbH
Page 31 Komatsu Germany GmbH –
Mining Division

Page 13 ATEGLOB S.L.

Page 33 Korfmann Lufttechnik GmbH

Page 14 Bartec Sicherheits-Schaltanlagen GmbH

Page 35 NILOS GmbH & Co. KG

Page 16 BEUMER Group GmbH & Co. KG

Page 37 SACHTLEBEN Mining Services GmbH

Page 17 BGE TECHNOLOGY GmbH

Page 39 SMT Scharf GmbH

Page 19 CFT GmbH Compact Filter Technic

Page 41 Tüschen & Zimmermann GmbH & Co. KG
GeoResources Supplement
www.georesources.net

4

GeoResources Market Place 2.0

GeoResources Market Place 2.0

AKE | SKABE GmbH
ATEGLOB S.L.
B+S Engineering GmbH

Bartec Sicherheits-Schaltanlagen GmbH
BAUER Maschinen GmbH
BBM Bergbau GmbH
BBM Bergbau Maas GmbH
BeMo Tunnelling GmbH
BETE Deutschland GmbH
BEUMER Group GmbH & Co. KG
BGE TECHNOLOGY GmbH
Bittner-Miningconsult GmbH
Bo-Ra-tec GmbH
Brenk Systemplanung GmbH
CBM - Gesellschaft für Consulting, Business und Management mbH
CCConsulting
CDM Smith Consult GmbH
CFT GmbH Compact Filter Technic
Coal Control Gesellschaft für Automation mbH
CST GmbH
De Causmaecker GmbH
Deilmann-Haniel GmbH
DFT GmbH Deichmann Filtertechnik
DMT GmbH & Co. KG
DOHMEN, HERZOG & Partner GmbH
DSI - DYWIDAG-Systems International
DSI Underground GmbH
EK Abdichtungstechnik GmbH
EK Bauwerkabdichtung von Glasenapp GmbH
Elkuch Bator AG
Fachbereich Bauingenieurwesen/h_da Hochschule Darmstadt
Feldhaus Bergbau GmbH & Co. KG
G quadrat Geokunststoffgesellschaft mbH
GAB GmbH
Geobrugg AG
GeoResources
GHH Fahrzeuge GmbH
GIS Engineering GmbH
GMS German Mining Solution GmbH
Götz Bartkowiak
GSE Lining Technology GmbH / ein Unternehmen der Solma • Gruppe
Halbach & Braun Maschinenfabrik GmbH & Co
Hauhinco Maschinenfabrik GmbH & Co. KG
HAZEMAG & EPR GmbH
Hermann Paus Maschinenfabrik GmbH
Herrenknecht AG
HOSCH-Foerdertechnik Recklinghausen GmbH
HUESKER Synthetic GmbH

GeoResources Supplement
www.georesources.net

•
•

•

•

•

•
•

•
•
•
•
•
•
•
•
•
•
•
•

•
•
•
•

• • •
• •

•

•

• • • •

• • • • •
• •
•
• •

• •

• •
• •
•
• • •
•
•
•
•
• • • • •
• • • • •
• • • • •
•
• • • • •
• •

•

•
•

•
•

•
•
• •
• •

•

•

• • • • •

• •
•
•
•
• •
• • •

•

•
•

•

•
• • •

• •
•
• • • •
•
•
• •
•
• • • • • • • • • •
•
•
•
• • •
•

• •
• •
• •
• • • • • •

•
•
•
• •
• • • •
• •
•
•
• •
• • • • • • • •

•

•

•

• • •

•
•

• • • • •
• •
•

•

•

•

•
•
•

• •
• • •
• • • • •

• • • • • •
•

•

•

•
• •
•

• •

• •

• • • •

•
• •

• •

• • •

•

• • • • •

•

• •

• •
• •
• •

•
•

•
• •
•

•
• • •

•
•
•

• •

• •

•

•

•

•
• •

•

• • •
•
•

•

•

•

•
• •
•

• • •
• • •

• •
•
• •
• •

•

•

• • •

• •

• •

•

personnel services

•

• •

•

•

• • • •

• • •

•
•

• • • • •
•
•
• • •
• •
•

•

•
•

•

• •

• • • • • • • •
• • • • • • • •

•

•
•

•

•

•
• •
• •

• •

•

recruitment

process controlling

association work

services for public private partnership projects

hiring out, leasing (equipment)

restructuring, rehabilitation

maintenance and repair

construction supervision

drilling work

blasting operations

•
•
•
•
• • •
• •
• • • • •

• •

• • • • • • • • • • • • • • •
• •
•

• • •

•

sealing work

•
•
• • •
• •
• • • • •
• • •
• • •

• •

•

•

injection work

• •

•

• • •
•
•
•
• • • • • •
• • • •
•
• • •
• •
•
• • •
•
•
• • • • • • • •

• • • •
•
• •
•
•
• •
• •
•

dinting work / salvage work

•

• •
• •

road heading

shaft sinking

specialist mining contracting

materials handling, haulage

repair of settlements

ground improvement

reinforcement and anchoring works

earth and underground works

excavation support

construction

geotechnical certificates and reports

measurement, testing, monitoring

borehole measuring

exploration drilling

seismic survey

•

•

•
•
•
•
•
•
•
•

• • • • • • • • • •
• • • •
•
•

subsoil survey and investigation

• •

exploration

HSE management

• •
• •
•

safety and health coordination

•
•
• •

object/strucural planning/calculation/dimensioning

design

planning

engineering

•
• •

•
•
•
•
•
• •
•
• •
•
•
• • • •
•

• • •

•

• •
• •

•
• •

automation

project, process, data management

• •

• •
•

•
•
•
•
•

data collection and communication

public relations work

•

•
• • • • • • • • • • • • • • •
•
•
•
• • •
• •
• • • • •
• •
•
• • •
•
•
•
•
•
•
•
• •

consulting

• • • • •
• •

•

• •
•
• •
• •
• •
• •
• •
• •
•
•
•

training

research

education, further education

soil mechanics

oem-supplier

repository mining

hydraulic engineering

remediation

Services

environment protection

abandoned mining

quarrying

underground mining

surface mining

geothermal energy

landfill construction

foundation

geotechnics

• •
•

B+W Gesellschaft für Innovative Produkte mbH
BabEng GmbH

tunnelling

mining

Table I:
Branches and Services,
Part I

special civil engineering

Branches
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IMM Maidl & Maidl Consulting engineers GmbH & Co. KG
Implenia Construction GmbH
indurad GmbH
K-UTEC AG Salt Technologies
Kiwa GmbH TBU
Komatsu Germany GmbH - Mining Division
Korfmann Lufttechnik GmbH
Krummenauer Anlagenbau GmbH
Kulassek Mining Consulting
Maccaferri Deutschland GmbH
Meese GmbH
Mine Master Ltd.
MobileTronics GmbH
MU Leoben, Lehrstuhl für Subsurface Engineering - Geotechnik und Unterirdisches Bauen
MU Leoben, ZAB Zentrum am Berg - Untertage Forschungs-, Entwicklungs-, Trainings- und Prüfzentrum

Muenster University of Applied Sciences
NAUE
NILOS GmbH & Co. KG
PORR Deutschland GmbH, Tunnelbau
Pressagency Fecht
PROGEO Monitoring GmbH
RAG Mining Solutions GmbH
Rosinke Berlin GmbH
Ruhr-Universität Bochum
RWTH Aachen University - Geotechnik im Bauwesen
SaarMontan Berg- und Tunnelbau GmbH & Co. KG
SACHTLEBEN Mining Services GmbH
Sänger+Lanninger GmbH Service
sat. Services GmbH
Schauenburg Tunnel-Ventilation GmbH
SIEMAG TECBERG GmbH
SMT Scharf GmbH
Staudt Planungsgesellschaft mbH
Systemair GmbH
Tensar International GmbH
TERRA MONTAN GmbH
THIELE GmbH & Co. KG
THYSSEN SCHACHTBAU HOLDING GMBH
thyssenkrupp Industrial Solutions AG
TPH Bausysteme GmbH
Trumer Schutzbauten GmbH
TU Bergakademie Freiberg
Tüschen & Zimmermann GmbH & Co. KG
Unit for Mining, Environmental and European Law at RWTH Aachen University
URETEK Deutschland GmbH
WAGENER Schwelm GmbH & Co.
WEBAC-Chemie GmbH
Wengeler & Kalthoff Hammerwerke GmbH & Co. KG
ZAI Ziegler und Aulbach Ingenieurgesellschaft mbH

GeoResources Supplement
www.georesources.net
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•
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• • •
•
•
•

•
•

• • • • •
•
• • •
•
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• • •
•

•
• • • •

•
•
•

• •

personnel services

recruitment

process controlling

association work

services for public private partnership projects

hiring out, leasing (equipment)

maintenance and repair

construction supervision

drilling work

restructuring, rehabilitation

• •

•
• •
• • •
• •

• • • • •
• • •
•

blasting operations

sealing work

injection work

dinting work / salvage work

road heading

shaft sinking

specialist mining contracting

materials handling, haulage

repair of settlements

ground improvement

reinforcement and anchoring works

earth and underground works

excavation support

construction

geotechnical certificates and reports

measurement, testing, monitoring

borehole measuring

exploration drilling

seismic survey

subsoil survey and investigation

exploration

HSE management

safety and health coordination

object/strucural planning/calculation/dimensioning

design

• • •

•

•

•

•
•
•
• • • • • • •
• •
•
•
• • •
•

•

• •

•
•

• • •

• • • • • •
• •
• •
•
•
•
•

•

•

• • •

•
•

• • •
•

• • •

•

• •
• • •
•
• •
• • • •

• • • •

•
•
•

• • • • • • • • • • • • •
•
• •
•
• •
•
•
•
•
• • •
•
• •

•

• •

•

•
• •

• •

•
• •

• •

• •

•

•

• •

•

• •
• • • • • • • • • • • • • • •
• •
•

• • • • • • • • • • • • • • • •
• • •
•
•
• •

• •

•

•

•

•

• • • • • •
•
• •

•

•
•
•

• •

•

• •

•

• •

• •
•

• • • • •

•

•

• •
• • • • • •

•

•
•

• •

• • • • • •
•
•

• •
•
• • • •
• • •
•

•

•
• •

• • •

• • •

• • • •
• •

•
•

•
•

•
•
•
•

• •
• • • •
•
•
• • • • •
•

• • • •
• •

• • • •
•
•
•
•
•

•

•

•
•
•

•
•
•
•
•
• •

• • • • •
• • • • •
• • • •
•
•
•

• •

automation

project, process, data management

data collection and communication

public relations work

consulting

training

research

education, further education

soil mechanics

•
•
•
•
• • •

• •
•
• • • •
•
•
• •
• •
• • •
•
•

•
• • • • •
• • •
•
• • • • •

oem-supplier

• • •
• • •
•
•
•
•
• •
• • • •
• • •
•
•
•
•

•
• •
• • • •
•
• •

•

•
• •

• •
•

•
•
•

repository mining

hydraulic engineering

remediation

environment protection

abandoned mining

underground mining

quarrying

• • •
•
•

•

•
• •

• • •

surface mining

geothermal energy

•

•

• •
• • • •
• • •
•
•
•
•
• •
• • •
•
• •
• •
• •
• • •
• •
• • •
• • •
•
• •
• • • • •
•
• • •
•
• • • • •
• • •
•
•

landfill construction

foundation

geotechnics

• •
• •
•
•
• •
•
•
•
• •
• •
• •
• •
• •
• •
• •
• •
• •
•
• •
•
•
•
• •
•

planning

IHC Mining & Tunnelling

Services

engineering

IBS Industriemaschinen-Bergbau-Service GmbH

tunnelling

mining

Table I:
Branches and Services,
Part II

special civil engineering

Branches
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Table II:
Branches and Products,
Part I

ATEGLOB S.L.
AKE | SKABE GmbH

B+S Engineering GmbH

BabEng GmbH

Bartec Sicherheits-Schaltanlagen GmbH

BBM Bergbau GmbH
BAUER Maschinen GmbH

BeMo Tunnelling GmbH
BBM Bergbau Maas GmbH

BETE Deutschland GmbH

BGE TECHNOLOGY GmbH
BEUMER Group GmbH & Co. KG

Bo-Ra-tec GmbH
Bittner-Miningconsult GmbH

Brenk Systemplanung GmbH

CBM - Gesellschaft für Consulting, Business und Management mbH

CDM Smith Consult GmbH
CCConsulting

Coal Control Gesellschaft für Automation mbH
CFT GmbH Compact Filter Technic

CST GmbH

De Causmaecker GmbH

DFT GmbH Deichmann Filtertechnik
Deilmann-Haniel GmbH

DMT GmbH & Co. KG

DOHMEN, HERZOG & Partner GmbH

DSI Underground GmbH
DSI - DYWIDAG-Systems International

EK Bauwerkabdichtung von Glasenapp GmbH
EK Abdichtungstechnik GmbH

Fachbereich Bauingenieurwesen/h_da Hochschule Darmstadt
Elkuch Bator AG

G quadrat Geokunststoffgesellschaft mbH
Feldhaus Bergbau GmbH & Co. KG

GAB GmbH

GeoResources
Geobrugg AG

GIS Engineering GmbH
GHH Fahrzeuge GmbH

Götz Bartkowiak
GMS German Mining Solution GmbH

Halbach & Braun Maschinenfabrik GmbH & Co
GSE Lining Technology GmbH / ein Unternehmen der Solma • Gruppe

HAZEMAG & EPR GmbH
Hauhinco Maschinenfabrik GmbH & Co. KG

Herrenknecht AG
Hermann Paus Maschinenfabrik GmbH

HOSCH-Foerdertechnik Recklinghausen GmbH

HUESKER Synthetic GmbH

GeoResources Supplement
www.georesources.net
B+W Gesellschaft für Innovative Produkte mbH
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sprayed concrete ground support system
grouting equipment
reinforcement / safety elements
anchoring equipment / roof bolting
shield support
working/anchoring/ support setting platform
scaffolds/ frameworks
freezing facilities
formwork technology
coal ploughs
shearer loaders
other winning machines
open-cast winning machines
crushing, screening machines
shaft hoisting facilities
mine locomotives
rails, switches and crossings
floor-mounted railway systems
monorail hanging railways
monorails, mounting systems
belt conveyer systems
conveyer belts, tension roller, pulleys
chain conveyor
chains
pump conveyance
pneumatic conveyance
drive technology, brakes
gearboxes, transmission
pumps
piping
construction material supply
construction material, construction products
sealing technique
transportation facilities
lifting facilities
hydraulic system, control, valves
dewatering, groundwater control
mine ventilation
tunnel ventilation
de-dusting technology
gas extraction
gas sensors, CO, CO2, CH4, NOx etc.
measuring, testing, imaging technology
virtual construction/building information modelling (BIM)
mining 4.0
control and automation engineering
information technology (IT)
software
geo-information systems (GIS)
traffic management and information systems
lighting technology
energy supply
fire fighting equipment
geosynthetics
rockfall protection
association work
mine air heating / air cooling systems
collision avoidance
monitoring systems

mining
tunnelling
geotechnics
foundation
special civil engineering
landfill construction
geothermal energy
surface mining
underground mining
quarrying
abandoned mining
environment protection
remediation
hydraulic engineering
repository mining
oem-supplier
soil mechanics
shaft boring machines
shaft sinking facilities
tunnel excavators
roadheading machines
tunnel boring machines (TBM)
continuous miner
hydraulic excavators
mining shovels
drill rigs (jumbo)
drilling tools
drilling machines
explosives/igniters
special-purpose vehicles
drilling platforms
side-tipping loader / overhead loaders
loaders (LHD)
trucks/dumper
front loading apron
shaft lining / shaft support system
roadway supports
longwall support system
tunnel support system
tubbing / segmental liner
steel support system
concrete support system
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IBS Industriemaschinen-Bergbau-Service GmbH
IHC Mining & Tunnelling
IMM Maidl & Maidl Consulting engineers GmbH & Co. KG
Implenia Construction GmbH
indurad GmbH
K-UTEC AG Salt Technologies
Kiwa GmbH TBU
Komatsu Germany GmbH - Mining Division
Korfmann Lufttechnik GmbH
Krummenauer Anlagenbau GmbH
Kulassek Mining Consulting
Maccaferri Deutschland GmbH
Meese GmbH
Mine Master Ltd.
MobileTronics GmbH
MU Leoben, Lehrstuhl für Subsurface Engineering - Geotechnik und Unterirdisches Bauen
MU Leoben, ZAB Zentrum am Berg - Untertage Forschungs-, Entwicklungs-, Trainings- und Prüfzentrum

Muenster University of Applied Sciences
NAUE
NILOS GmbH & Co. KG
PORR Deutschland GmbH, Tunnelbau
Pressagency Fecht
PROGEO Monitoring GmbH
RAG Mining Solutions GmbH
Rosinke Berlin GmbH
Ruhr-Universität Bochum
RWTH Aachen University - Geotechnik im Bauwesen
SaarMontan Berg- und Tunnelbau GmbH & Co. KG
SACHTLEBEN Mining Services GmbH
Sänger+Lanninger GmbH Service
sat. Services GmbH
Schauenburg Tunnel-Ventilation GmbH
SIEMAG TECBERG GmbH
SMT Scharf GmbH
Staudt Planungsgesellschaft mbH
Systemair GmbH
Tensar International GmbH
TERRA MONTAN GmbH
THIELE GmbH & Co. KG
THYSSEN SCHACHTBAU HOLDING GMBH
thyssenkrupp Industrial Solutions AG
TPH Bausysteme GmbH
Trumer Schutzbauten GmbH
TU Bergakademie Freiberg
Tüschen & Zimmermann GmbH & Co. KG
Unit for Mining, Environmental and European Law at RWTH Aachen University
URETEK Deutschland GmbH
WAGENER Schwelm GmbH & Co.
WEBAC-Chemie GmbH
Wengeler & Kalthoff Hammerwerke GmbH & Co. KG
ZAI Ziegler und Aulbach Ingenieurgesellschaft mbH

GeoResources Supplement
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grouting equipment
sprayed concrete ground support system
grouting equipment
reinforcement / safety elements
anchoring equipment / roof bolting
shield support
working/anchoring/ support setting platform
scaffolds/ frameworks
freezing facilities
formwork technology
coal ploughs
shearer loaders
other winning machines
open-cast winning machines
crushing, screening machines
shaft hoisting facilities
mine locomotives
rails, switches and crossings
floor-mounted railway systems
monorail hanging railways
monorails, mounting systems
belt conveyer systems
conveyer belts, tension roller, pulleys
chain conveyor
chains
pump conveyance
pneumatic conveyance
drive technology, brakes
gearboxes, transmission
pumps
piping
construction material supply
construction material, construction products
sealing technique
transportation facilities
lifting facilities
hydraulic system, control, valves
dewatering, groundwater control
mine ventilation
tunnel ventilation
de-dusting technology
gas extraction
gas sensors, CO, CO2, CH4, NOx etc.
measuring, testing, imaging technology
virtual construction/building information modelling (BIM)
mining 4.0
control and automation engineering
information technology (IT)
software
geo-information systems (GIS)
traffic management and information systems
lighting technology
energy supply
fire fighting equipment
geosynthetics
rockfall protection
association work
mine air heating / air cooling systems
collision avoidance
monitoring systems

Table II:
Branches and Products,
Part II

Products

mining
tunnelling
geotechnics
foundation
special civil engineering
landfill construction
geothermal energy
surface mining
underground mining
quarrying
abandoned mining
environment protection
remediation
hydraulic engineering
repository mining
oem-supplier
soil mechanics
shaft boring machines
shaft sinking facilities
tunnel excavators
roadheading machines
tunnel boring machines (TBM)
continuous miner
hydraulic excavators
mining shovels
drill rigs (jumbo)
drilling tools
drilling machines
explosives/igniters
special-purpose vehicles
drilling platforms
side-tipping loader / overhead loaders
loaders (LHD)
trucks/dumper
front loading apron
shaft lining / shaft support system
roadway supports
longwall support system
tunnel support system
tubbing / segmental liner
steel support system
concrete support system

Branches

11

•

•

•

•

•
•

••
•
•

••
•

•••

•

• •
•

•
•

•

••

•
••

••••••
•

•••••
•
•• •

•••
••

•

•

•• •
•
•
•
•••• •
•
••• •
•• ••
• •
• • •
• • • •
••
•
•
••• •
• ••
•
••
••
•
•
•
••
•
•••
••
•
•••
••• •• •••••
••
••
• •
•••••••••••••••
•
•
• •
••• •• •••• •••
•••••
•••• •
•
••• • ••••••• • •
•
•
•
•
•••
•
•
•
•••••
•
••• •
••••
••
•••••
•
•

•

••

•

••

•

•

•

••

• •

• •••

••
•

••

•

••
•

•

•

•

•

•
•

•••

••

•
•

••••

••••• •

• •
•
•••
••

•

• •••••
•

•

•

•
•

•

•

•

••
•

•

•••••

•

•

•••

•
•

•
••

••••

•

•
••

• •

••
•

••
•

• •••
• •

•

•
••

•

•

•
•

•
••

•

•

••

•••
••

•

•
•

•

•
••

••

•

GeoResources Supplement
www.georesources.net

12

GeoResources Market Place 2.0

AKE | SKABE GmbH
Alfred-Bozi-Straße 19
33602 Bielefeld
Germany

phone:
email:
internet:

+49 52197108410
info@akegroup.de
www.akegroup.de

phone:
email:
internet:

+34 985080233
info@ateglob.com
www.ateglob.com

phone:
email:
internet:

+49 5971 79113-0
info@bs-eng.de
www.bs-eng.de

ATEGLOB S.L.
Polig. Industrial Riano II, Parc. 52
33920 Langreo
Asturias - Spain

B+S Engineering GmbH
Kanalstrasse 63
48432 Rheine
Germany

B+W Gesellschaft für Innovative Produkte mbH
Boschstraße 12a
46244 Bottrop
Germany

phone:
email:
internet:

+49 2045 412120
info@buwip.de
www.buwip.de

phone:
email:
internet:

+49 451 4866780
contact@babeng.com
www.babeng.com

BabEng GmbH
Einsiedelstr. 28
23554 Lübeck
Germany

Bartec Sicherheits-Schaltanlagen GmbH
Holzener Strasse 35-37
58708 Menden
Germany

phone:
email:
internet:

+49 2373 684-0
info@me.bartec.de
www.bartec-mining.com

phone:
email:
internet:
bauma:

+49 8252 97-0
stefan.schwank@bauer.de
www.bauer.de
open air: Booth FN.520

phone:
email:
internet:

+49 208 459 59-0
info@operta-bbm.de
www.operta-bbm.de

BAUER Maschinen GmbH
Bauer-Str. 1
86529 Schrobenhausen
Germany

BBM Bergbau GmbH
Dieter-aus-dem-Siepen-Platz 1
45468 Mülheim an der Ruhr
Germany

GeoResources Market Place 2.0
www.georesources.net
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ATEGLOB S.L.
ATEGLOB - TECHNICAL APPLICATION // INTERNATIONAL SUPPLIER
ATEGLOB is specialized in waterproofing, consolidation of fractured ground, stabilization
and superficial treatments (cementitious and
chemicals), with application services ready to
respond to ensuing problems.
Years of experience in sectors such as mining and civil works, and satisfied clients on
FIVE CONTINENTS, reflect our endeavers and
are our endorsement.

▶▶ Technical Advice
▶▶ Chemical Resins (Waterproofing /
Ground consolidation)
▶▶ Special Treatments (Oxidation / Antitemperature)
▶▶ Special Chemical Cements (waterproofing)
▶▶ Providing: Injection Equipment and
Accessories

We offer integral collaboration, from ADVICE to the APPLICATION, by way of planning,

Membership:

VDMA Mining
FAB
Netzwerk Bergbauw.





development or design of special executions.
Our approach is based on:

▶▶ Study of the problem

▶▶ Presentation of proposals
▶▶ Provision of products and appropriate
systems
▶▶ Application of the product
▶▶ Checking the final results
All under our QUALITY COMMITMENT:
"Every day we look for excellence in all our
processes to meet, and if possible, exceed the
expectations of our customers".
We do not simply present standardized solutions: We seek the best solution, adapted to
the current circumstances and problem in
hand together with our clients. Towards this
end we have a team committed to providing
an effective and satisfactory response to the
needs of our customers.

Address:

Polig. Industrial Riano II,
Parc. 52

Zip, City

33920 Langreo

Country:

Asturias - Spain

Phone:

+34 985080233

Email:

info@ateglob.com

Internet:

www.ateglob.com

baumabooth:

Branches: mining; tunnelling; special civil engineering; underground mining; abandoned mining
Products: drilling tools; drilling machines; tunnel support system; grouting equipment; formwork technology; pumps
Services:

:

training; consulting; engineering; planning; design; reinforcement and anchoring works; injection work; sealing work

GeoResources Market Place 2.0
www.georesources.net
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Bartec Sicherheits-Schaltanlagen
GmbH
BARTEC protects People, the Environment and Assets, especially in harsh
and dangerous Surroundings.
The BARTEC Sicherheits-Schaltanlagen
GmbH based in Menden, Germany, belongs
to the BARTEC Group, the world-renowned
provider of explosion-protected installations and equipment. BARTEC devices and
installations are used wherever dangerous
substances such as flammable gases and
dust are present.
The BARTEC Group`s business unit mining
(BU Mining) includes three more companies besides the BARTEC Sicherheits-Schaltanlagen GmbH. BARTEC`s mining business
is directly represented in Germany, Poland,
Slovenia and the Russian Federation and
operates its own production plants in the
first three mentioned countries.
BARTEC`s BU Mining successfully makes
its products and solutions available on the

European, Turkish, South American, Indian
and CIS markets. In addition, its companies
are geared to new markets.
BARTEC know-how is to be found in its
main product areas such as switchgears,
motors, transformers, frequency converters
and automation. Apart from companies engaged in coal, diamond and potash mining,
well-known machine manufacturers also
rely on BARTEC equipment. Experienced
engineers and designers cooperate closely
with customers to provide the optimum solution for each application.
INDIVIDUAL SOLUTIONS
ARE OUR STANDARD

Membership:

VDMA Mining
FAB
Netzwerk Bergbauw.

Address:

Holzener Strasse 35-37

Zip, City

58708 Menden

Country:

Germany

Phone:

+49 2373 684-0

Email:

info@me.bartec.de

Internet:

www.bartec-mining.com





baumabooth:

Branches: mining; underground mining
Products: control and automation engineering; information technology (IT); software; lighting technology; energy supply
Services:

automation; engineering; design

Electrical engineering
for mining
Firedamp protected component
and system solutions
BARTEC is the competent and reliable
partner for the mines throughout the
world and as well for mining machinery
manufacturers with customized
solutions.
- System engineering

GeoResources Market Place 2.0
www.georesources.net

- Automation

- Motors

- Components

- Power Distribution
Centre / Transformer

- Switchgear

bartec.de

- Converter

GeoResources Market Place 2.0
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BBM Bergbau Maas GmbH
Rheinlandstr. 1-3
47445 Moers
Germany

phone:
email:
internet:

+49 2841 940-0
info-bbm@maasbau.de
www.maasbau.de

phone:
email:
internet:

+43 512 3311-0
office@bemo.net
www.bemo.net

phone:
email:
internet:

+49 234 396 107 0
info@bete-deutschland.de
www.bete-staubschutz.de

BeMo Tunnelling GmbH
Bernhard-Hoefel-Str. 11
6020 Innsbruck
Austria

BETE Deutschland GmbH
Dr.-C.-Otto Strasse 190
44879 Bochum
Germany

BEUMER Group GmbH & Co. KG
Oelder Str. 40
59269 Beckum
Germany

phone:
email:
internet:
bauma:

+49 2521 240
beumer@beumergroup.com
www.beumergroup.com
Hall/Booth B2.413

phone:
email:
internet:

+49 5171 431521
info@bge-technology.de
www.bge-technology.de

BGE TECHNOLOGY GmbH
Eschenstraße 55
31224 Peine
Germany

Bittner-Miningconsult GmbH
Steinstraße 10
52459 Inden-Schophoven
Germany

phone:
email:
internet:

+49 173 9816138
info@bittner-miningconsult.de
www.bittner-miningconsult.de

phone:
email:
internet:

+49 3643 7736920
thomas.richter@boratec.net
www.boratec.net

Bo-Ra-tec GmbH
Damaschkestraße 19a
99425 Weimar
Germany

Brenk Systemplanung GmbH
Heider-Hof-Weg 23
52080 Aachen
Germany

:

phone:
email:
internet:

+49 2405 4651-11
mail@brenk.com
www.brenk.com

GeoResources Market Place 2.0
www.georesources.net
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BEUMER Group GmbH & Co. KG
We seek long-term Success, not short-term Profit.
BEUMER Group, based in Beckum/Germany
with group companies around the globe,
develops customised system solutions that
provide increased efficiency in the bulk material and mining industry. The international
leader in the manufacture of intralogistics
for conveying and loading employs about
4,500 people attaining an annual turnover
of about 900 million €.
BEUMER Group’s product portfolio on the
conveying technology sector includes overland conveyors and pipe conveyors for transporting various bulk materials also over long
distances and often through rough terrain.
Depending on the type of conveyor and the
properties of the material to be conveyed,
angles of inclination of up to 15 degrees can

be achieved. The throughput capacity of
BEUMER Group conveying systems is up to
10,000 tonnes per hour.
For storage yards for special material
blending the BEUMER Group installs stackers
and bridge reclaimers. These stack the bulk
material and guarantee a maximum blending effect. Customers can also homogenise
large quantities of various bulk materials efficiently and thus ensure the uniformity of the
raw materials used.
To ensure efficient loading, BEUMER Group
also supplies ship loaders. They consist of a
fixed boom with an extendable telescopic
belt conveyor thus allowing ships to be filled
safely and efficiently.

VDMA Mining
FAB
Netzwerk Bergbauw.

Membership:

Address:

Oelder Str. 40

Zip, City

59269 Beckum

Country:

Germany

Phone:

+49 2521 240

Email:

info@beumer.com

Internet:

www.beumer.com

baumabooth:

Hall/Booth B2.413

Branches: mining; surface mining; quarrying; soil mechanics
Products: belt conveyer systems; conveyer belts, tension roller, pulleys; chain conveyor; transportation facilities
Services:

engineering; planning; design; object/strucural planning/calculation/dimensioning; construction; materials handling, haulage;
construction supervision

Visit us!
bauma, Munich, Germany
April 08 – 14, 2019
Hall B2, stand 413

SOME THINK RAW MATERIAL
TRANSPORT REQUIRES A
COMPLEX INFRASTRUCTURE.
WE THINK DIFFERENT.
Mined raw materials travel along extensive transport routes. Overland and pipe conveyors
are an energy efficient, reliable and environmentally friendly way of transporting the
commodities over long distances to the plant or storage area. We customise the curved
belt conveyors to overcome any challenging topographical circumstances. This minimises
the transfer points and the number of systems and reduces investment, operational and
maintenance costs. For more information visit www.beumergroup.com
GeoResources Market Place 2.0
www.georesources.net
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<<company>>
BGE
TECHNOLOGY GmbH
BGE TECHNOLOGY GmbH –
<<statement>>
Comprehensive experience and extensive know-how under a new name
As part of reorganisation in the field of ra<<description>>
dioactive waste disposal in Germany, the
Bundesgesellschaft für Endlagerung mbH
(BGE) was created in 2017.
Consequently, DBE TECHNOLOGY GmbH,
a subsidiary of the former German Organisation for the Construction and Operation
of Repositories mbH (DBE), was renamed
BGE TECHNOLOGY GmbH. At the same
time, the company´s successful concept will
continue unchanged.
Thus, BGE TECHNOLOGY GmbH will still
provide its know-how for national and international projects for the disposal of radioactive and toxic substances. In this way,
experience and knowledge gained from
operation and research, are made available
to the market. This includes services for

mining and landfill technologies, such as
backfilling technologies and the construction of seals.
Other competences include the evaluation of geoscientific survey data, the
develop
ment of building materials and
quality assurance programmes, performing injection work, and the development of
special purpose technology, such as waste
emplacement and retrieval technology.
Numerical simulations are carried out for
geotechnical and safety engineering issues
as well as operational planning for waste
disposal facilities.
The implementation of work according to
DIN ISO 9001 emphasizes that BGE TECHNOLOGY GmbH is always focused on customer satisfaction.

Membership:

VDMA Mining
FAB
Netzwerk Bergbauw.

<<vdma>>

<<fab>>

<<nrw>>


Address:

<<address1>>
Eschenstraße
<<address2>>55

Zip, City

31224
Peine <<city>>
<<zipcode>>

Country:

Germany
<<country>>

Phone:

05171
431521
<<phone>>

Email:

info@bge-technology.de
<<companyemail>>

Internet:

www.bge-technology.de
<<internet>>

baumabooth:

<<baumabooth>>

Branches:
tunnelling; special civil engineering; underground mining; abandoned mining; environment protection;
Branches: mining;
<<Branches>>
hydraulic engineering; repository mining
Products:
Services: <<Products>>
research; training; consulting; project, process, data management; engineering; planning; exploration; exploration drilling; bore-

measuring; measurement, testing, monitoring; geotechnical certificates and reports; construction; excavation support; speciaServices: hole
<<Services>>
list mining contracting; shaft sinking; injection work; sealing work; drilling work; construction supervision; ground improvement

:

GeoResources Market Place 2.0
www.georesources.net
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CBM - Gesellschaft für Consulting, Business
und Management mbH
Horngasse 3
52064 Aachen
Germany

phone:
email:
internet:

+49 241 89498853
weyer@cbm-ac.de
www.cbm-ac.de

phone:
email:

+49 5921 330560
claus.chur@t-online.de

phone:
email:
internet:

+49 23468775-0
info@cdmsmith.com
www.cdmsmith.com

CCConsulting
Suddenweg 28
48531 Nordhorn
Germany

CDM Smith Consult GmbH
Am Umweltpark 3-5
44793 Bochum
Germany

CFT GmbH Compact Filter Technic
Beisenstraße 39-41
45964 Gladbeck
Germany

phone:
email:
internet:
bauma:

+49 2043 4811-0
mail@cft-gmbh.de
www.cft-gmbh.de
Hall/Booth C3.235; open air: 23C.14

Coal Control Gesellschaft für Automation mbH
Reisholzstr. 15
40721 Hilden
Germany

phone:
email:
internet:
bauma:

+49 2103 951882
info@coal-control.de
www.coal-control.de
Hall/Booth B2.415

phone:
email:
internet:

+49 2043 4811-0
mail@cst-gmbh.org
www.cst-gmbh.org

phone:
email:
internet:

+49 69 66682 12
info@houseofconsultants.de
www.houseofconsultants.de

phone:
email:
internet:

+49231 2891-396 /-395
info@deilmann-haniel.com
www.deilmann-haniel.com

CST GmbH
Beisenstraße 39-41
45964 Gladbeck
Germany

De Causmaecker GmbH
Bessie-Coleman-Strasse 7
HOLM
60549 Frankfurt
Deutschland

Deilmann-Haniel GmbH
Haustenbecke 1
44319 Dortmund
Germany

GeoResources Market Place 2.0
www.georesources.net
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<<company>>
CFT
GmbH Compact Filter Technic
<<statement>>
Breathe
the Difference
When it comes to dedusting and ventilation
<<description>>
or the heating and cooling of air, the German
company CFT GmbH Compact Filter Technic presents itself as an innovative solution
provider for all its customers´ needs. At the
heart of the business are customer-orientated
products and services for mining, tunnelling,
tunnel refurbishment as well as for other specific industrial applications all "Made in Germany". The portfolio includes dry dedusters,
wet scrubbers, fans, air heating and cooling
systems, ducts, methane drainage systems
as well as complex turnkey solutions. CFT
products are also available in explosion-proof
design. Furthermore, there are numerous international product approval certificates including those for Russia, Kazakhstan, Ukraine,
the EU, USA, China etc. As an innovative sys-

tem supplier, CFT can offer the full range of
services from engineering and project planning right up to on-site assembly and service.
Regardless of how complex the project is,
experienced specialists will take on the task.
CFT is a member of the CFH Group. The synergies within this global framework enable CFT
to develop technology further and expand its
product range in line with the demands of international markets. Our Core Competencies:
High-performance technology
▶▶ Guaranteed separation rates up to
99.999%
▶▶ Durable product quality made in Germany
▶▶ Highest customization
▶▶ Individual customer service

▶▶ Dependable project realisation

Membership:

VDMA Mining
FAB
Netzwerk Bergbauw.

Address:

<<address1>>
Beisenstraße
<<address2>>39-41

Zip, City

45964
Gladbeck
<<zipcode>>
<<city>>

Country:

Deutschland
<<country>>

Phone:

+49
2043 4811-0
<<phone>>

Email:

mail@cft-gmbh.de
<<companyemail>>

Internet:

www.cft-gmbh.de
<<internet>>

baumabooth:

Hall/Booth C3.235
<<baumabooth>>
open air: 23C.14

<<vdma>>

<<fab>>

<<nrw>>


Branches: mining;
Branches:
<<Branches>>
tunnelling; surface mining; underground mining
Products: <<Products>>
Products:
mine ventilation; tunnel ventilation; de-dusting technology; gas extraction; mine air heating / air cooling systems
Services: <<Services>>
Services:
training; engineering; planning; design; measurement, testing, monitoring; maintenance and repair; hiring out, leasing (equipment)

BREATHE THE NEXT GENERATION
The New CFT Dry Deduster Type CFD

VISIT US!

Hall C3 no. 235
Courtyard Booth no. 23C.14

Remarks: <<remarks>>

Optimised design
Lower operating costs

New safety features and smart technology
Sustainability for low environmental impact

Sub-Exhibitors:
:

www.cft-gmbh.de

GeoResources Market Place 2.0
www.georesources.net
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Deilmann-Haniel GmbH
ANY MINERAL. ANY GEOLOGY. ANYWHERE
DEILMANN-HANIEL: More than 130 years of experience in
successful shaft sinking
Carl Deilmann established Deilmann in 1888 in Dortmund, Germany. Its main business over decades was shaft
sinking and mine development for coal mines in Germany.
Deilmann sank two freeze shafts in the 1920’s in Solikamsk,
Russia, for a potash mine.
Deilmann-Haniel, the company name since 1968, has
functioned as a motor of development in the industry:
▶▶ Development of composite lining without contact
between inner lining and rock mass around the shaft
▶▶ First Tunnel Boring Machine (TBM) in coal mining
in 1971
▶▶ First shaft boring machine in coal mining in 1971
▶▶ Use of the raise boring technique in coal mining in
the 1970’s
In 2006 the company was taken over by its new owner and
today is part of the ATON Group. ATON Group also owns the

Canadian Redpath Group, the world leading mine contractor.
Today, Deilmann-Haniel is well established in Germany
with shaft works for repository mines and potash shafts.
In Russia, the company sank two potash shafts between
2012-2016 by means of the freezing method. In 2018 the
future of shaft sinking started in Belarus with shaft boring
for two freeze shafts. Two shaft boring roadheaders are used
for full-face sinking the 700 m deep shafts for a green field
potash mine. Deilmann-Haniel is a specialist for difficult
ground conditions such as drift sand and high water inflow.
Ground freezing is also executed in conjunction with tunnelling. The last project involved freezing cross-cuts in a
tunnel under the Suez Channel in Egypt.
Today, Deilmann-Haniel with its subsidaries has around
700 people on its payroll and can look to the future with
confidence and optimism. Health and safety has highest
priority in all our daily work.
Glückauf from Dortmund

Membership:

VDMA Mining
FAB
Netzwerk Bergbauw.

Address:

Haustenbecke 1

Zip, City

44319 Dortmund

Country:

Germany

Phone:

+49 231 2891396 / 395

Email:

info@deilmann-haniel.com

Internet:

www.deilmann-haniel.com





baumabooth:

Branches: mining
Services:

engineering; planning; shaft sinking; road heading

Nezhinsky, Belarus

DEILMANN-HANIEL GmbH
44317 Dortmund/Germany
Tel +49 231 2891 395
Fax +49 231 2891 352

We sink shafts.
Any mineral. Any geology. Anywhere.
For more than 130 years we have safely and successfully sunk more than 500 shafts with
a depth of over 230,000 m.
We are a member of The Redpath Group, operating on all five continents and belonging
to the world market leaders in the field of mine contracting and construction.
We provide our customers with a complete range of services from design and engineering
to construction, maintenance, reconstruction and rehabilitation.

www.deilmann-haniel.com

GeoResources Market Place 2.0
www.georesources.net

Contact us with your shaft-related inquiries.
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DFT GmbH Deichmann Filtertechnik
Heinrich-Hertz-Str.3
36179 Bebra
Germany

phone:
email:
internet:
bauma:

+49 6622 504-0
info@deichmann-filter.de
www.deichmann-filter.de
Hall/Booth C3.235

phone:
email:
internet:

+49 201 172-01
engineering@dmt-group.com
www.dmt-group.com

DMT GmbH & Co. KG
Am TÜV 1
45307 Essen
Germany

DOHMEN, HERZOG & Partner GmbH
Soerser Weg 9
52070 Aachen
Germany

phone:
email:
internet:

+49 241 990000-0
info@dhp-gmbh.de
www.dhp-gmbh.de

DSI – DYWIDAG-Systems International
Neuhofweg 5
85716 Unterschleissheim
Germany

phone:
email:
internet:

+49 89 309050-200
info@dywidag-systems.com
www.dywidag-systems.com

phone:
email:
internet:
bauma:

+49 89 309050 200
marketing@dsiunderground.com
www.dsiunderground.com
Hall/Booth C2.143

DSI Underground GmbH
Destouchesstrasse 68
80796 Munich
Germany

EK Abdichtungstechnik GmbH
Stresemannstraße 68
10963 Berlin
Germany

phone:
email:
internet:

+49 30 39740-639
berlin@ek-abdichtung.de
www.ek-abdichtung.de

EK Bauwerkabdichtung von Glasenapp GmbH
Salmdorfer Str. 1
85540 Haarn bei München
Deutschland

phone:
email:
internet:

+49 89 16 991-0
zentrale@ek-abdichtung.de
www.ek-abdichtung.de

phone:
email:
internet:

+41 62 956 2050
elkuch-bator@elkuch.com
elkuch.com/de/elkuch-bator.htm

Elkuch Bator AG
Hofmattstrasse 14
3360 Herzogenbuchsee
Switzerland

:

GeoResources Market Place 2.0
www.georesources.net
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DMT GmbH & Co. KG
Membership:

Engineering Performance as a Service.
Managers tend to say; There are no Problems,
only Solutions. At the same time, you must be
aware of all the problems prior to coming up
with good solutions.
DMT GmbH & Co. KG is an independent engineering service with 30 branches worldwide. We
are the leader in the engineering sector of the
TÜV NORD GROUP involved in the markets plant
and process technology, infrastructure and civil
engineering as well as raw materials. Our aim is
to achieve sustainable added-value for our customers. They profit from our international experience, accumulated know-how dating back all
of 280 years and from the innovative skills of our
more than 1,000 members of staff.
Our service package: Industrial Engineering
embraces all tasks concerned with plant engineering, from consulting by way of planning
and construction right up to process engineer-

ing and optimising operational equipment.
We assure safety and quality for plants and
products, properties and processes through
consulting and independent audits in Plant and
Product Safety. Our Geo Engineering services include all geological and hydrogeological fields
of activity, which contribute towards a successful and sustainable solution of infrastructural
tasks. With regard to Exploration, we investigate
and evaluate the potential of deposits on land,
at sea and in the air – whether for oil and gas,
geothermics or any other raw material.
In Mining Consulting & Engineering, we provide you with support for financing, development, extraction, preparation, decommissioning as well as subsequent use of all kinds of
raw materials projects thus guaranteeing investment and planning security.
We call that ENGINEERING PERFORMANCE.

VDMA Mining
FAB
Netzwerk Bergbauw.





Address:

Am TÜV 1

Zip, City

45307 Essen

Country:

Germany

Phone:

+49 201 172 01

Email:

engineering@dmt-group.com

Internet:

www.dmt-group.com

baumabooth:

Branches: mining; tunnelling; geotechnics; foundation; special civil engineering; landfill construction; geothermal energy; surface mining; under-

ground mining; quarrying; abandoned mining; environment protection; remediation; hydraulic engineering; repository mining; soil
mechanics
Products: sealing technique; dewatering, groundwater control; gas extraction; measuring, testing, imaging technology; virtual construction/building
information modelling (BAM); mining 4.0; control and automation engineering; information technology (IT); software; geo-information
systems (GIS); rockfall protection; association work; monitoring systems
Services: education, further education; research; training; consulting; public relations work; data collection and communication; project, process,
data management; automation; engineering; planning; design; object/strucural planning/calculation/dimensioning; safety and health
coordination; HSE management; exploration; subsoil survey and investigation; seismic survey; exploration drilling; borehole measuring;
measurement, testing, monitoring; geotechnical certificates and reports; construction; excavation support; earth and underground works;
specialist mining contracting; shaft sinking; road heading; injection work; sealing work; drilling work; construction supervision; maintenance and repair; restructuring, rehabilitation; services for public private partnership projects ; association work; process controlling;
ground improvement; repair of settlements

GeoResources Market Place 2.0
www.georesources.net
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Fachbereich Bauingenieurwesen/h_da Hochschule Darmstadt
Haardtring 100, 64295 Darmstadt
64295 Darmstadt
Deutschland

phone:
email:
internet:

+49 6151 1638140
sekretariat.fbb@h-da.de
www.h-da.de/

Feldhaus Bergbau GmbH & Co. KG
Auf dem Loh 3
57392 Schmallenberg
Germany

phone:
email:
internet:

+49 2972 305-116
bergbau@feldhaus.com
www.feldhaus.com

G quadrat Geokunststoffgesellschaft mbH
Adolf-Dembach-Straße 4a
47829 Krefeld
Germany

phone:
email:
internet:

+49 2151 788830
info@gquadrat.de
www.gquadrat.de

phone:
email:
internet:

+49 203 482 90 160
info@gab-gmbh.com
www.gab-gmbh.com

phone:
email:
internet:

+41 71 466 81 55
info@geobrugg.com
www.geobrugg.com

phone:
email:
internet:
bauma:

+49 2841 60 789 67
info@georesources.net
www.georesources.net
GeoResources available at C2.225

phone:
email:
internet:

+49 209 38907 0
info@ghh-fahrzeuge.de
www.ghh-fahrzeuge.de

phone:
email:
internet:

+49 209 999-7002

GAB GmbH
Heisingstr. 46
47137 Duisburg
Germany

Geobrugg AG
Aachstrasse 11
8590 Romanshorn
Switzerland

GeoResources
Oleanderweg 12
47228 Duisburg
Germany

Portal for Mining, Tunnelling, Geotechnics and Equipment

GHH Fahrzeuge GmbH
Emscherstr. 53
45891 Gelsenkirchen
Germany

GIS Engineering GmbH
Vogelsangstr. 5
45899 Gelsenkirchen
Germany

www.gis-engineering.de

GeoResources Market Place 2.0
www.georesources.net
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GAB GmbH
VDMA Mining
FAB
Netzwerk Bergbauw.

Membership:
The GAB GmbH, Duisburg, provides tailormade project and personnel solutions for
the mining, tunnelling, industrial and power plant branches among others.
From classical temporary employment
by way of works contracts right up to specialized customized solutions, we help our
clients enhance the efficiency of their businesses. We provide you with a wide range
of swift and individual services for solving
your particular tasks.
The GAB possesses a permit to operate in
external plants or installations in accordance with § 15 StrlSchV (Radiation Protection Act). As a result, our workforce can be
deployed in nuclear plants or permanent
waste disposal sites.

A huge potential of members of staff, executives, specialists, technical personnel
on the commercial and industrial sectors
is available backed up by a store of expert
knowledge with many years of experience.
Our objective is to fulfil your requirements: on schedule and in a qualitatively
high, flexible, effective and favourably
priced manner.
Thanks to our personnel service, you can
react flexibly in future to market conditions
such as new market potentials or economic
swings, without being forced to constantly
adapt your regular workforce. Accordingly,
long-term planning within your company is
facilitated.

Address:

Heisingstr. 46

Zip, City

47137 Duisburg

Country:

Germany

Phone:

+49 203 482 90 160

Email:

info@gab-gmbh.com

Internet:

www.gab-gmbh.com

baumabooth:

-





Branches: mining; tunnelling; geotechnics; special civil engineering; surface mining; underground mining; quarrying; abandoned mining;
repository mining

Services:

education, further education; training; consulting; project, process, data management; safety and health coordination; HSE
management; construction; earth and underground works; reinforcement and anchoring works; materials handling, haulage;
construction supervision; maintenance and repair; recruitment; personnel services

Project- and Personnel Solutions for

Achtung ist diese
Anzeige richtig

Mining

Tunnelling
Industry
Power Plants
GeoResources Market Place 2.0
www.georesources.net

+49 203 48 29 0160 www.gab-gmbh.com
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<<company>>Verlag
GeoResources

Portal for Mining, Tunnelling, Geotechnics and Equipment

<<statement>>
We
place the underground in the foreground!
GeoResources Verlag provides an internet
<<description>>
portal on the topics of mining, energy, raw
materials, geotechnics, tunnelling as well as
equipment and supplies technical visitors
from all over the world with information on
all aspects of the above mentioned fields.
GeoResources Verlag wishes to set up links
between classical readers of printed articles
and the computer generation and between
professional and social aspects. In a somewhat unconventional manner, GeoResources combines the portal and the journal as
well as geotechnics and mining.
The online portal www.georesources.net
includes news, an event calendar, company
information and the professional journal
GeoResources. The quarterly GeoResources
Branches:
Branches:
Products:
Services:
Services:

Journal contains detailed and user-orientated articles and papers on major building
sites and focuses on raw materials production worldwide as well as on R&D and the
relevant universities. The GeoResources
Journal is available as a free download in
English and German. More than 240,000
professionals from over 190 countries visit
the website every month (as of Feb. 2019).
There is also a printed version of the journal
available as well as various specialist books.
GeoResources provides specialists scope
to write, readers material to read and companies an excellent platform to advertise
their products and services. To sum it up,
you are welcome as specialist author, reader and advertising client.

VDMA Mining
FAB
Netzwerk Bergbauw.

Address:

<<address1>>
Oleanderweg
<<address2>>12

Zip, City

47228
Duisburg
<<zipcode>>
<<city>>

Country:

Germany
<<country>>

Phone:

+49
2841 60 789 67
<<phone>>

Email:

info@georesources.net
<<companyemail>>

Internet:

www.georesources.net
<<internet>>

baumabooth:

Copies of GeoResources
<<baumabooth>>
available at C2.225

<<vdma>>

<<fab>>

<<nrw>>


<<Branches>>
mining; tunnelling; geotechnics; foundation; special civil engineering; landfill construction; geothermal energy; surface mining;
underground
<<Products>>mining; quarrying; abandoned mining; environment protection; remediation; hydraulic engineering
education,
further education; research; public relations work; data collection and communication
<<Services>>
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Remarks: <<remarks>>
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GMS German Mining Solution GmbH
Rheinlandstr. 1-3
47445 Moers
Germany

phone:
email:
internet:
bauma:

+49 2841 940-8030

phone:
email:
internet:

+49 173 6326314

michael.kulassek@german-mining-solution.com

www.german-mining-solution.com
Hall/Booth C2.224/225

Götz Bartkowiak
Bellenbergsteig 37
45239 Essen
Germany

goetz.bartkowiak@greenvalleycoal.com

www.greenvalleycoal.com

GSE Lining Technology GmbH
ein Unternehmen der Solmax Gruppe
Normannenweg 28
20537 Hamburg
Germany

phone:
email:
internet:

+49 40 767 420
europe@gseworld.de
gseworld.com & www.solmax.com

Halbach & Braun Maschinenfabrik GmbH & Co
Am Stahlwerk 11
45527 Hattingen
Germany

phone:
email:
internet:

+49 2324 9082 0
info@halbach-braun.de
www.halbach-braun.de

Hauhinco Maschinenfabrik GmbH & Co. KG
Beisenbruchstr. 10
45549 Sprockhövel
Germany

phone:
email:
internet:
bauma:

+49 2324 705-0
info@hauhinco.de
www.hauhinco.de
Hall/Stand C2.337

phone:
email:
internet:
bauma:

+49 2594 77 0
info@hazemag.de
www.hazemag.com
Hall/Booth B2.427

HAZEMAG & EPR GmbH
Brokweg 75
48249 Dülmen
Germany

Hermann Paus Maschinenfabrik GmbH
Siemensstr. 1-9
48488 Emsbueren
Germany

phone:
email:
internet:
bauma:

+49 5903 7070
info@paus.de
www.paus.de
Hall/Booth C2.339; open air: FM.713/9

phone:
email:
internet:
bauma:

+49 7824-302-0
pr@herrenknecht.com
www.herrenknecht.com
Hall/Booth C3.547

Herrenknecht AG
Schlehenweg 2
77963 Schwanau-Allmannsweier
Germany

GeoResources Market Place 2.0
www.georesources.net
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<<company>>
GMS
German Mining Solution GmbH
<<statement>>
GMS
– your Reliable Partner for Worldwide Mining and Tunnelling.
▶▶ mining engineering
<<description>>
▶▶ mechanical engineering
▶▶ skilled workers
▶▶ underground and surface mining
▶▶ Coal, potash, salt and iron

Our team consists of mining and mechanical engineers, designers and technical
draftsmen, special miners for development,
reconstruction, shafts, blasting, large device driver and mechanics with a lengthy
mining experience.

Membership:

VDMA Mining
FAB
Netzwerk Bergbauw.

Address:

<<address1>>
Rheinlandstr.
<<address2>>1-3

<<vdma>>

<<fab>>

<<nrw>>


▶▶ own roadheader and multifunction
machine
▶▶ own equipment for concrete and injection work
▶▶ own drilling and bolting equipment

If you wish, we are self-sufficient with our
own engineering and our own equipment.

Zip, City

47445
Moers <<city>>
<<zipcode>>

We promise quality, pragmatism and flexibility.

Country:

Germany
<<country>>

Phone:

+49
2841 940-8030
<<phone>>

One contact, complex solutions without interface problems – because we understand
your problems.

GMS - We help you solve your problems.

Email:

michael.kulassek@german<<companyemail>>
mining-solution.com

Internet:

german-mining-solution.com
<<internet>>

baumabooth:

Hall/Booth
C2.224/225
<<baumabooth>>

Branches:
mining; tunnelling; geotechnics; surface mining; underground mining; abandoned mining
Branches: tunnel
<<Branches>>
Products:
excavator; roadheading machines; loaders (LHD); front loading apron; gearboxes, transmission; pumps; software; rockfall protection; mining shovels;
Services:
education, further education; consulting; public relations work; engineering; planning; design; measurement, testing, monitoring; excavation support;
Products: <<Products>>
earth and underground works; reinforcement and anchoring works; materials handling, haulage; specialist mining contracting; road heading; dinting
work / salvage work; injection work; sealing work; blasting operations; drilling work; construction supervision; maintenance and repair; hiring out,
Services: <<Services>>
leasing (equipment); services for public private partnership projects ; process controlling; personnel services

Remarks: <<remarks>>

:

GeoResources Market Place 2.0
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HOSCH-Foerdertechnik Recklinghausen GmbH
Am Stadion 36
45659 Recklinghausen
Germany

phone:
email:
internet:

+49 2361 5898-0
mail@hosch.de
www.hosch-international.com

phone:
email:
internet:

+49 2542 701-0
info@huesker.de
www.huesker.de

HUESKER Synthetic GmbH
Fabrikstrasse 13-15
48712 Gescher
Germany

IBS Industriemaschinen-Bergbau-Service GmbH
Industriestrasse 15
97653 Bischofsheim / Rhoen
Germany

phone:
email:
internet:

+49 9772 91110
ibs.sales@schmittwerke.com
www.schmittwerke.com

phone:
email:
internet:

+31 88 015 25 35
mining@royalihc.com
www.royalihc.com

IHC Mining & Tunnelling
Smitweg 6
2961 AW Kinderdijk
The Netherlands

IMM Maidl & Maidl Consulting engineers GmbH & Co. KG
Universitätstraße 142
Entwicklungszentrum an der RuhrUniversität Bochum
44799 Bochum
Germany

phone:
email:
internet:

+49 234 97077-0
info@imm-bochum.de
www.imm-bochum.de

Implenia Construction GmbH
Infrastructure Tunnelling
Landsberger Str. 290a
80687 München
Germany

phone:
email:
internet:

+49 89 748 17 0

phone:
email:
internet:
bauma:

+49 241 538070-0
automation@indurad.com
www.indurad.com
Hall/Booth C2.225

phone:
email:
internet:

+49 2571-987211
infokiwagreven@kiwa.de
www.kiwa.de

tunnelling.construction@implenia.com

www.implenia.com

indurad GmbH
Belvedereallee 5
52070 Aachen
Germany

Kiwa GmbH TBU
Gutenbergstraße 29
48268 Greven
Germany

GeoResources Market Place 2.0
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HUESKER Synthetic GmbH
Geosynthetic Ingenuity in Mining –
Highly Engineered Geosynthetic Solutions from Pit to Port
The HUESKER Group is one of the world’s
leading manufacturers of geosynthetics
and technical textiles.
The HUESKER Group is headquartered in
Gescher (Westphalia), Germany. As a globally active company, the Group has ten
subsidiaries and cooperates closely with
trading and distribution partners in over 60
countries.
HUESKER has been shaping international
markets as a pioneer of textile weaving for
over 150 years. The HUESKER Group substitutes conventional construction with
sustainable and intelligent solutions from
the field of modern and high-performance
technical textiles.

With its products and services HUESKER
provides solutions in the areas of:
▶▶ Earthworks and Foundations
▶▶ Roads and Pavements
▶▶ Environmental Engineering
▶▶ Hydraulic Engineering
▶▶ Mining
as well as applications in Industry and Agriculture.
First class engineering services, high competence in manufacturing, the coating as
well as tailoring of technical textiles and an
innovative spirit are the key to HUESKER’s
success.
If a project is challenging, HUESKER will
find a solution.

Membership:

VDMA Mining
FAB
Netzwerk Bergbauw.

Address:

Fabrikstrasse 13-15

Zip, City

48712 Gescher

Country:

Germany

Phone:

+49 2542 701-0

Email:

info@HUESKER.de

Internet:

www.HUESKER.com

baumabooth:

-

Branches:

mining; tunnelling; geotechnics; foundation; special civil engineering; landfill construction; surface mining; underground mining; quarrying; abandoned mining; environment protection; remediation; hydraulic engineering; repository mining

Products:

longwall support system; tunnel support system; tubbing / segmental liner; reinforcement / safety elements; sealing technique; dewatering, groundwater control; geosynthetics; rockfall protection

Services:

consulting; engineering; planning; design; reinforcement and anchoring works; sealing work

HUESKER’s reinforcement, containment,
dewatering and filtration solutions offer
opportunities to reduce construction time,
reduce construction and operational risk
and provide Geosynthetic solutions which
contribute to the economic, social and
environmental sustainability of mining
projects and operations.

:

www.HUESKER.com





Geosynthetic Ingenuity in Mining
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Komatsu Germany GmbH - Mining Division
Forststraße 29
40597 Düsseldorf
Germany

phone:
email:
internet:
bauma:

+49 211 71090
info@komatsu-mining.de
www.komatsu-mining.de
Hall C6; open air: FM713/1

Korfmann Lufttechnik GmbH
Hörder Str. 286
58454 Witten
Germany

phone:
email:
internet:
bauma:

+49 2302 17 02 - 0
info@korfmann.com
www.korfmann.com
Hall/Booth C3.336

Krummenauer Anlagenbau GmbH
Wellesweilerstr. 95
6538 Neunkirchen
Germany

phone:
email:
internet:

+49 682 11050
Anlagenbau@krummenauer.de
www.krummenauer.de

phone:
email:
internet:

+49 172 5771085
info@kulassek.com
www.kulassek.com

Kulassek Mining Consulting
Hegede 4a
33617 Bielefeld
Germany

K-UTEC AG Salt Technologies
Am Petersenschacht 7
99706 Sondershausen
Germany

phone:
email:
internet:

+49 3632 610-100
info@k-utec.de
www.k-utec.de

Maccaferri Deutschland GmbH
Kurfürstendamm 226
10719 Berlin
Germany

phone:
email:
internet:

+49 30 880079-79
info@de.maccaferri.com
www.macaferri.com/de

phone:
email:
internet:

+49 2202 8627150
info@meese-ideas.de
www.meese-ideas.de

phone:
email:
internet:

+48 76 8783511
info@minemaster.eu
www.minemaster.eu

Meese GmbH
Irlenfelder Weg 49
51467 Bergisch Gladbach
Germany

Mine Master Ltd.
Wilków, ul. Dworcowa 27
59-500 Zlotoryja
Poland

GeoResources Market Place 2.0
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Komatsu Germany GmbH –
<<company>>
Mining Division
<<statement>> Technologies and Service Solutions
State-of-the-art
Komatsu Germany combines the power of
<<description>>
the Mining Division in Düsseldorf (KGM),
the Construction Division in Hanover (KGC)
and the knowledge of 1,500 specialists.
We offer state-of-the-art technologies to
our customers. Komatsu Germany´s mining division produces five different types of
mining excavators with machine weights of
250 metric tonnes up to 760 metric tonnes.
Depending on the model, the bucket size
varies from 16m³ to 42m³, the latter applying to our flagship, the PC8000.
A customer can choose between a diesel
or electro drive as well as between a backhoe or a front shovel attachment.

About 900 people are currently employed
by KGM. Global and close customer contact,
sustainability, environmental management
in collaboration with innovation and creativity represent KGM´s success factors.
Within KGM you will find an open and cooperative working environment with many
diverse and challenging activities. We offer
attractive career opportunities in many different kinds of departments as well as commercial and technical apprenticeships.
Our overall commitment is to provide best
quality and innovative solutions combined
with individual services.

Membership:

VDMA Mining
FAB
Netzwerk Bergbauw.

<<vdma>>

<<fab>>

<<nrw>>


Address:

<<address1>>
Forststraße
29
<<address2>>

Zip, City

40597
Düsseldorf
<<zipcode>>
<<city>>

Country:

Germany
<<country>>

Phone:

+49
211 71090
<<phone>>

Email:

info@komatsu-mining.de
<<companyemail>>

Internet:

www.komatsu-mining.de
<<internet>>

baumabooth:

Hall C6
<<baumabooth>>
open air: FM713/1

Branches: mining;
Branches:
<<Branches>>
surface mining; quarrying
Products: open-cast
Products:
<<Products>>
winning machines; hydraulic excavators; mining shovels
Services: training
Services:
<<Services>>

VISIT US AT BAUMA
Remarks: <<remarks>>

OUTSIDE: FM713/1
HALL: C6

:

APRIL 8-14
MUNICH

GeoResources Market Place 2.0
www.georesources.net
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Korfmann Lufttechnik GmbH
<<company>>
Membership:

Korfmann – Breathe the Difference
<<statement>>
Korfmann Maschinenfabrik was founded
<<description>>
in 1880 in Witten – the cradle of Ruhr mining industry. Aside from ventilation systems
originally focused on mining, loading and
underground salvage work, the company
has been operating since 2001 under the
name Korfmann Lufttechnik GmbH specializing in the planning, design, manufacture
and installation of fans and ventilation systems for underground use.
But there´s more: Korfmann Lufttechnik
GmbH develops individually customized
ventilation systems, for instance for fire brigades, wind tunnels or numerous tunnelling machines. The company offers exceptional solutions as well for the increasingly
important issues of energy and sound insuBranches:
Branches:
Products:
Products:

lation, which are optionally available upon
request. The company`s long-standing experience and expertise is in high demand
and required in the most diverse areas of
application: whether machine driving for
tunnel construction, drilling and blasting in
mining or refurbishing of tunnel facilities by
thrust ventilation are concerned, the services and solutions of Korfmann Lufttechnik
GmbH will ensure a fresh breeze and guarantee a smooth project flow.
We will gladly support you with engineering services for planning and conceptual
design of project-ventilation, with complete ventilation plant engineering works
including peripheral plants and of course
on-the-spot commissioning.

VDMA Mining
Mining
VDMA
FAB
FAB
Netzwerk Bergbauw.
Bergbauw.
Netzwerk


<<vdma>>

<<fab>>

<<nrw>>

Address:

<<address1>>
Hörder Str. 286
<<address2>>

Zip, City

58454 Witten <<city>>
<<zipcode>>

Country:

Germany
<<country>>

Phone:

+49 2302 17 02 - 0
<<phone>>

Email:

info@korfmann.com
<<companyemail>>

Internet:

www.korfmann.com
<<internet>>

baumabooth:

Hall/Booth C3.336
<<baumabooth>>

mining; tunnelling; underground mining; repository mining
<<Branches>>
mine ventilation; tunnel ventilation; gas sensors, CO, CO2, CH4, NOX etc.; measuring, testing, imaging technology;
<<Products>>
mine air heating / air cooling systems

Services:
Services: <<Services>>
consulting; engineering; planning; design; maintenance and repair; hiring out, leasing (equipment)

Remarks: <<remarks>>

BREATHE THE DIFFERENCE
Korfmann Lufttechnik GmbH
Hörder Straße 286
D-58454 Witten
Telefon: +49 (0)2302 1702-0
E-Mail: info@korfmann.com
Internet: www.korfmann.com

:

GeoResources Market Place 2.0
www.georesources.net
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MobileTronics GmbH
Goethestrasse 52
49549 Ladbergen
Germany

phone:
email:
internet:
bauma:

+49 5485 830146
BeAhead@mobiletronics.net
www.mobiletronics.net
Hall/Booth C2.225

Montanuniversität Leoben, Lehrstuhl für Subsurface
Engineering - Geotechnik und Unterirdisches Bauen
Erzherzog Johann Strasse 3
Roseggerstrasse 11a
8700 Leoben
Austria

phone:
email:
internet:

+43 6642 101607
robert.galler@unileoben.ac.at
www.subsurface.at und zab.at

Montanuniversität Leoben, ZAB Zentrum am Berg - Untertage
Forschungs-, Entwicklungs-, Trainings- und Prüfzentrum
Erzherzog Johann Strasse 3
Erzberg 1, 8790 Eisenerz
8700 Leoben
Austria

phone:
email:
internet:

+43 6642 101607
subsurface@unileoben.ac.at
www.zab.at und subsurface.at

Muenster University of Applied Sciences
IWARU
Corrensstraße 25
48149 Muenster
Germany

phone:
email:
internet:

+49 251 8365200
heimbecher@fh-muenster.de
www.fh-muenster.de

phone:
email:
internet:

+49 574 3410
info@naue.com
www.naue.com

phone:
email:
internet:
bauma:

+49 2103 9510
info@nilos.de
www.nilos.de
Hall/Booth B2.415

NAUE
Gewerbestr. 2
32339 Espelkamp
Germany

NILOS GmbH & Co. KG
Reisholzstr. 15
40721 Hilden
Germany

PORR Deutschland GmbH, Tunnelbau
Franz-Rennefeld-Weg 4
40472 Duesseldorf
Germany

phone:
email:
internet:

+49 89 71001-0
tunnel@a-porr.de
www.porr-deutschland.de

phone:
email:
internet:

+49 209 26575
nikofecht@erzfreunde.de
www.torial.com/nikolaus.fecht

Pressagency Fecht
Husemannstraße 29
45879 Gelsenkirchen
Germany

GeoResources Market Place 2.0
www.georesources.net

GeoResources Market Place 2.0

35

NILOS
<<company>>
GmbH & Co. KG
Membership:

Your
<<statement>>
competent Partner all over the World for all Conveyor Belt Issues.
<<description>>
Since
1926, NILOS has been engaged in
the field of Conveyor Belt Equipment.
Your advantage is that we can offer
everything for running a belt from one
source.

Our programme comprises rubber
products, vulcanizing presses, belt conveyors as well as accessories for working with conveyor belts.

VDMA Mining
FAB
Netzwerk Bergbauw.

<<vdma>>

<<fab>>

<<nrw>>


We share our know-how by offering
training for your personnel with respect to handling, operating vulcanizers and conveyor belts.

Address:

<<address1>>
Reisholzstr.
15
<<address2>>

We are your competent partner
around the world and around the conveyor belt.

Zip, City

40721
Hilden <<city>>
<<zipcode>>

Country:

Germany
<<country>>

Phone:

499510
<<phone>>

Email:

info@nilos.de
<<companyemail>>

Internet:

www.nilos.de
<<internet>>

baumabooth:

Hall/Booth
B2.415
<<baumabooth>>

Our experience and global orientation are further aspects recommending
NILOS as your business partner. If required, our well-trained team will support you worldwide in building, installing and operating belt conveyors.

Branches:
Branches: mining
<<Branches>>
Products:
Products: belt
<<Products>>
conveyer systems; conveyer belts, tension roller, pulleys; mining 4.0; monitoring systems
Services:
Services: education,
<<Services>>
further education; training; engineering; planning; maintenance and repair

Roller bearing seals
www.nilos-ring.de

Remarks: <<remarks>>

Gaskets
www.kroll-ziller.de

Conveyor belt Equipment
Service and installation
www.nilos.de

Monitoring
Automation engineering
www.coal-control.de

Vulcanizing presses
Special machines
www.wagener-schwelm.de
:

YOUR
PROFESSIONALS

made in Germany
Reisholzstr. 15
40721 Hilden

VISIT US!
MUNICH, GERMANY
APRIL 08.-14.2019
HALL B2, STAND 415
GeoResources Market Place 2.0
www.georesources.net
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PROGEO Monitoring GmbH
Hauptstraße 2
14979 Großbeeren
Germany

phone:
email:
internet:

+49 33701 22-0
progeo@progeo.com
www.progeo.com

RAG Mining Solutions GmbH
Shamrockring 1
44623 Herne
Germany

phone:
email:
internet:

+49 2323 155-301
info@ragms.com
www.ragms.com

phone:
email:
internet:

+49 30 7551680-0
berlin@rosinke-berlin.de
www.rosinke-berlin.de

phone:
email:
internet:

+49 171 5527435
bi-gbf@rub.de
www.gbf.ruhr-uni-bochum.de

Rosinke Berlin GmbH
Chausseestraße 92
10115 Berlin
Germany

Ruhr-Universität Bochum
Chair for Foundation Engineering,
Soil- and Rock Mechanics
Universitätsstraße 150
44780 Bochum
Germany

RWTH Aachen University – Geotechnik im Bauwesen
Mies-van-der-Rohe-Str. 1
52074 Aachen
Germany

phone:
email:
internet:

+49 241 8025248
mail@geotechnik.rwth-aachen.de
www.geotechnik.rwth-aachen.de

SaarMontan Berg- und Tunnelbau GmbH & Co. KG
Grube 1
66125 Saarbrücken
Germany

phone:
email:
internet:

+49 681 4051261
info@saarmontan,de
www.saarmontan.de

SACHTLEBEN Mining Services GmbH
Ippichen 5
D-77709 Wolfach
Germany

phone:
email:
internet:

+49 7834 86705-7
info@sachtleben-ms.de
www.sachtleben-ms.de

Sänger+Lanninger GmbH Service
Pestalozzistraße 24a
44149 Dortmund
Germany

GeoResources Market Place 2.0
www.georesources.net

phone:
email:
internet:

+49 231 652307
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SACHTLEBEN
<<company>>
Mining Services GmbH
Customer
<<statement>>
Satisfaction is our Benchmark.
Based
in Germany´s Black Forest region,
<<description>>
SACHTLEBEN Mining Services is an owneroperated technical service provider whose
Underground Mining and Rock Slope Stabilization divisions have more than 30 years
of practical experience. Originally a part of
Sachtleben Bergbau GmbH, these two divisions were relaunched via a management
buyout in 2009 and have been growing on
their own ever since.
The focus of our Underground Mining
division is the contracting of development
and preparatory work for metal ores and
industrial minerals deposits as well as actual raw material extraction. We specialize
in the application of complex rock support
systems using fibre-reinforced shotcrete
and various anchoring systems. We operate

and optimize complete mining operations
for our clients thanks to high performance
technology and a modern machinery fleet
based on contract pricing. We also supply
qualified and certified personnel along with
essential equipment at hourly rates. The
Rock Slope Stabilization division supplies
our clients with active and passive protection systems for exposed traffic routes using rockfall protection fences, protective
nets, rock clearance work as well as blasting
operations. We also use helicopter logistical
support on a regular basis for work in alpine
areas. The staff at Sachtleben Mining Services GmbH is also at your service to assist
with engineering consultation services for
rock stabilization and mining projects.

Membership:

VDMA Mining
FAB
Netzwerk Bergbauw.

<<vdma>>

<<fab>>

<<nrw>>


Address:

<<address1>>
Ippichen
5
<<address2>>

Zip, City

D-77709
Wolfach
<<zipcode>>
<<city>>

Country:

Germany
<<country>>

Phone:

+49
7834 86705-7
<<phone>>

Email:

info@sachtleben-ms.de
<<companyemail>>

Internet:

www.sachtleben-ms.de
<<internet>>

baumabooth:

-<<baumabooth>>

Branches: mining; geotechnics; special civil engineering; underground mining; abandoned mining; remediation; repository mining
Branches: <<Branches>>
Products: rockfall protection
Products: <<Products>>
Services: consulting; project, process, data management; engineering; planning; design; construction; excavation support; earth and unworks; reinforcement and anchoring works; materials handling, haulage; specialist mining contracting; injection work;
Services: derground
<<Services>>
blasting operations; drilling work; restructuring, rehabilitation; personnel services

Remarks: <<remarks>>

:
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sat. Services GmbH
Poststrasse 33
20354 Hamburg
Germany

phone:
email:
internet:

+49 40 35085-976
info@sat-services.eu
www.sat-services.eu

Schauenburg Tunnel-Ventilation GmbH
Weseler Str. 42 a
45478 Muelheim an der Ruhr
Germany

phone:
email:
internet:
bauma:

+49 208 8827611
neumann@tunnel-ventilation.de
www.tunnel-ventilation.de
Hall/Booth C3.435

phone:
email:
internet:

+49 2773 9161-0
info@siemag-tecberg.com
www.siemag-tecberg.com

phone:
email:
internet:
bauma:

+49 2381 96001
info@smtscharf.com
www.smtscharf.com
Hall/Booth C2.225

SIEMAG TECBERG GmbH
Kalteiche-Ring 28-32
35708 Haiger
Germany

SMT Scharf GmbH
Roemerstrasse 104
59075 Hamm
Germany

Staudt Planungsgesellschaft mbH
Wiethasestrasse 5
50933 Cologne
Germany

phone:
email:

+49 221 460080

phone:
email:
internet:

+49 7930 9272-0
info@systemair.de
systemair.com/de/Deutschland/

phone:
email:
internet:

+49 228 91392-0
info@tensar.de
www.tensar.de

phone:
email:
internet:

+49 3681 7106-0
info@terra-montan.de
www.terra-montan.de

Staudt_Planungsges.mbH@t-online.de

Systemair GmbH
Seehöfer Straße 45
97944 Boxberg-Windischbuch
Germany

Tensar International GmbH
Brühler Straße 7
53119 Bonn
Germany

TERRA MONTAN GmbH
Dombergweg 1
98527 Suhl
Germany

GeoResources Market Place 2.0
www.georesources.net
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<<company>>
SMT
Scharf GmbH
Solutions for Mining Transport – Innovative and reliable rail-bound
<<statement>>
Transport Systems and rubber-tyred Vehicles
For more than 75 years, the SMT Scharf
<<description>>
Group has planned, developed, built and
serviced transport systems for mining and
tunnelling. SMT Scharf provides its customers with reliable service through its own
companies in six countries and several
global trade agencies.
The SMT Scharf Group leads the world
in technology for rail-bound overhead
monorail and floor-mounted rail systems
for underground mining. The Scharf brand
is renowned for high machine quality and
reliability. Our solutions are the first to be
resorted to when it is essential that high
standards in particularly tricky geological
environments must be adhered to.

To augment our core activities in the railbound segment for complex underground
requirements, we have enlarged our portfolio to include the complete product line of
rubber-tyred vehicles from RDH.
For more than four decades, we have devised and produced on the mine-mobility
sector, electrically driven transport systems
for mining and tunnelling throughout the
world. Reliable transport solutions for mining and tunnelling, overhead monorail and
floor-mounted rail systems with dieselhydraulic drive, battery-electric or electric
drive by means of conductor rail or ropehauled.

Membership:

VDMA Mining
FAB
Netzwerk Bergbauw.

Address:

<<address1>>
Roemerstrasse
<<address2>> 104

Zip, City

59075
Hamm <<city>>
<<zipcode>>

Country:

Germany
<<country>>

Phone:

+49
2381 96001
<<phone>>

Email:

info@smtscharf.com
<<companyemail>>

Internet:

smtscharf.com
<<internet>>

baumabooth:

Hall/Booth
C2.225
<<baumabooth>>

<<vdma>>

<<fab>>

<<nrw>>


Branches: mining;
Branches:
<<Branches>>
tunnelling; underground mining
Products: drill
Products:
<<Products>>
rigs (jumbo); special-purpose vehicles; loaders (LHD); trucks/dumper; mine locomotives; rails, switches and crossings; floormounted railway systems; monorail hanging railways; monorails, mounting systems; transportation facilities; lifting facilities;

DIESEL
BATTERY
:

CONDUCTOR RAIL

DUORAIL

MONORAIL

RELIABLE TRANSPORT SYSTEMS
Remarks: <<remarks>>
FOR
MINING & TUNNELLING

RUBBER TYRED

4.0; monitoring systems
Services: mining
<<Services>>
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THIELE GmbH & Co. KG
Werkstr. 3
58640 Iserlohn
Germany

phone:
email:
internet:
bauma:

+49 2371 947 0
mining@thiele.de
www.thiele.de
Hall/Booth B2.103

THYSSEN SCHACHTBAU HOLDING GMBH
Sandstr. 107-135
45473 Mülheim an der Ruhr
Germany

phone:
email:
internet:

+49 208 3002-0
meier.jeanette@ts-gruppe.com
www.thyssen-schachtbau.de

thyssenkrupp Industrial Solutions AG
thyssenkrupp Allee 1
45143 Essen
Germany

phone:
email:
internet:
bauma:

+49 201 844-0

phone:
email:
internet:
bauma:

+49 40 52906678-0
info@tph-bausysteme.com
www.tph-bausysteme.com
Hall/Booth C3.436

thyssenkrupp-industrial-solutions.com

Hall/Booth B2.203

TPH Bausysteme GmbH
Nordportbogen 8
22848 Norderstedt
Germany

Trumer Schutzbauten GmbH
Weissenbach 106
5431 Kuchl
Austria

phone:
email:
internet:

+43 6244 20325
office@trumer.cc
www.trumer.cc

phone:
email:
internet:

+ 49 3731 39-0
presse@zuv.tu-freiberg.de
www.tu-freiberg.de

TU Bergakademie Freiberg
Akademiestrasse 6
9599 Freiberg
Germany

Tüschen & Zimmermann GmbH & Co. KG
Winterberger Strasse 82
57368 Lennestadt-Saalhausen
Germany

phone:
email:
internet:
bauma:

+49 2723 91450
info@tueschen-zimmermann.de
www.tueschen-zimmermann.de
Hall/Booth C2.224/225

Unit for Mining, Environmental and European Law at RWTH
Aachen University
Wüllnerstraße 2
52062 Aachen
Germany
GeoResources Market Place 2.0
www.georesources.net

phone:
email:
internet:

+49 241 80 95691
bur@bur.rwth-aachen.de
www.bur.rwth-aachen.de
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<<company>>
Tüschen & Zimmermann GmbH & Co. KG
We are the Problem Solvers
<<statement>>
for Drive Technology Applications in Hard Coal Mining
<<description>>
Since 1963, TZ´s

main applications
have been drives for chain and
belt conveyors, crushers and other
underground machines. These include positive and non-positive
clutches as well as controlled braking and holding systems based on
disc brakes in the range from 2kW
to 1,800kW.
Of course, all our brakes and
clutches comply with the requirements of the current ATEX standard.
We also have brakes in our product
range that meet the requirements
of functional safety.

Branches:
Branches:
Products:
Products:
Services:

All our efforts aim at offering the
most optimal and efficient solutions concerning your application
fields. In this respect, we benefit
from our product line based on the
modular design principle, as well as
from our decades of experience relating to special-purpose solutions
for machinery projects.

Membership:

VDMA Mining
FAB
Netzwerk Bergbauw.

<<vdma>>

<<fab>>

<<nrw>>


Address:

<<address1>>
Winterberger Strasse 82
<<address2>>

Zip, City

57368 Lennestadt-Saalhausen
<<zipcode>>
<<city>>

Country:

Germany
<<country>>

Phone:

+49 2723 91450
<<phone>>

Email:

info@tueschen-zimmer<<companyemail>>
mann.de

Internet:

tueschen-zimmermann.de
<<internet>>

baumabooth:

Hall/Booth C2.224/225
<<baumabooth>>

<<Branches>>
underground mining
<<Products>>
drive technology, brakes
<<Services>>

Remarks: <<remarks>>

C OUP L I NG- B RA K E - S YST E M S
B RA K E - DI S C S
F L A NGE S
FA I L - S AV E - B RA K E S
Tüschen & Zimmermann Transport- & Fördertechnik
Winterberger Straße 82
D-57368 Lennestadt-Saalhausen

:

Tel.: ++49 (0)2723-9145 0

GeoResources Market Place 2.0
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URETEK Deutschland GmbH
Weseler Str. 110
45478 Mülheim an der Ruhr
Germany

phone:
email:
internet:

+49 208 3773-250
info@uretek.de
www.uretek.de

WAGENER Schwelm GmbH & Co.
Reisholzstr. 15
40721 Hilden
Germany

phone:
email:
internet:
bauma:

+49 2103 951220
info@wagener-schwelm.de
www.wagener-schwelm.de
Hall/Stand B2.415

phone:
email:
internet:
bauma:

+49 40 670570
info@webac.de
www.webac-grouts.com
Hall/Booth C3.127

WEBAC-Chemie GmbH
Fahrenberg 22
22885 Barsbuettel
Germany

Wengeler & Kalthoff Hammerwerke GmbH & Co. KG
Wittener Str. 164
58456 Witten
Germany

phone:
email:
internet:

+49 2324 9347-0
info@we-ka.de
www.wengeler-kalthoff.com

ZAI Ziegler und Aulbach Ingenieurgesellschaft mbH
Schloss-Rahe-Str. 15
52072 Aachen
Germany

GeoResources Market Place 2.0
www.georesources.net

phone:
email:
internet:

+49 241 9367-1800
info@zai-ingenieure.de
www.zai-ingenieure.de

WIR STABILISIEREN

Tensar® TriAx® Geogitter
Schnelle Erhöhung der Belastbarkeit von wenig tragfähigem Untergrund
Zeit- und Kostenersparnis durch schnelle und einfache Verlegung
Reduzierung der Tragschichtdicke um bis zu 50%
Vergleichmäßigung von Setzungen

Tensar International GmbH
Brühler Str. 7, 53119 Bonn
Tel: +49 (0)228 91392-0
Fax: +49 (0)228 91392-11
info@tensar.de | www.tensar.de

bluebay2014-istock

Portal for Mining, Tunnelling, Geotechnics and Equipment

The Link ...

