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In addition to our usual technical topics, the focus in this issue of GeoResources Journal is particularly on “people”. We hope that you will find
inspiration in the articles and can develop ideas for your own activities.
Editorial • People • Sustainability • Idea

A

s always in GeoResources Journal we are dealing with geotechnical engineering, tunnelling,
mining and raw materials. But in this issue we
want to focus not just on these very relevant topics but
also on people in general. You may be wondering what
prompted us to do this and what it is all about. We think
it worthwhile to remind ourselves from time to time of
the overriding purpose of the particular professional
work that we do. Whether we work for a construction
company, a mine operator, a manufacturing supplier, a
firm of consulting engineers, a university, an administrative institution or any other institution, our work is
aimed at serving people.
The purpose of our work is not only our own personal livelihood, our own career, our own interests, and
our personal material prosperity. If our work is to serve
people, then that must involve more than simply not
doing what we do at the expense of others. Whether we
can always meet this high standard remains to be seen.
Our world is multi-facetted, and we cannot always see
through all the correlations and cross-connections. But
if we set ourselves the goal of serving people, then we
have taken an important step on the path to:

▶▶ Greater protection of the climate, the environment, and nature all over the world
▶▶ Consistent conservation of resource everywhere
▶▶ Improved occupational safety
▶▶ Better protection against natural hazards
▶▶ Equality of opportunity and education for everybody, everywhere
▶▶ Sufficient income for all people to support themselves, and jobs matching them and their personalities
Then, at least for me personally, prosperity takes on
a new meaning. It is then not just about maintaining
prosperity in my own country and about maintaining
material prosperity alone. Then, for example, it is not
enough if I separate waste in my own daily life but proGeoResources Journal 1 | 2022
www.georesources.net

duce far too much waste overall, or drive an electric car
but make many unnecessary journeys. And I could continue this list endlessly. The importance of sustainable
ways of doing business and of a better ecological balance and more social justice in this world for everybody
have become much more important to me in recent
years as a result of such considerations and of current
developments which I experience myself or learn about
in the media. This leads me to ask myself the question,
“what can I do about this”? And I ponder intensively
about the changes I could make in myself and the way
I behave.
Recently, the author of an article in one of the latest
issues told me that he had been offered a considerably
better-paid job some years ago. But he declined the offer because he would have spent his working hours doing things which did not really interest him or give him
pleasure; he would not have derived any satisfaction
and the work would not have been good for others. The
additional income was not essential for his livelihood,
and the work he would have done would not have been
conducive to this. When young people feel that you,
like this author, are enthusiastic about your work and
have a positive vision, this has a contagious effect and
promotes the personal exchange of experiences, skills
and ideas across generations, disciplines and countries,
reduces the shortage of young people coming into work,
and contributes to more positive living conditions for
everybody, now and in future.
I have been really pleased with the favourable response to our special theme “Focus on people”. Different authors, male and female, have addressed aspects of
climate protection, occupational safety, training and
further education, gender equality, recruiting young talent, protection and sustainability of resources, and of
the way in which inter-communication and teamwork
helps all of us look beyond our own horizons. I hope
that the articles may provide inspiration for your own
activities and send you my very best regards
Katrin Brummermann

GeoResources Editors
Contact:
kb@georesources.net or mk@georesources.net

Brummermann:
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STEM Career Opportunities for a Climate
and Environment compatible Society
Prof. Dr. Klaus-Dieter Barbknecht, TU Bergakademie Freiberg, Freiberg, Germany

©2022 with express permission from Adobe

D

ear Readers,
a healthy environment and sustainable industries are crucial conditions for the future of
mankind on this planet. Yet without energy, building
materials and natural resources we can never hope to
achieve the urgently needed climate targets or bring
about the energy and raw materials transition.
If we all in general, and the younger generation in
particular, focus increasingly on the challenges of the future and on living conditions on planet Earth, and if we
take responsibility for what is happening, then that is
certainly a good thing. Now it is up to all of us not only
to change our own behaviour but also to make the most
of the growing commitment being shown by school
students for the planet and to continue to promote this
in order to develop a sustainable society. Germany’s
technical universities have now set up forward-looking,
solution-oriented study programmes that will produce
sought-after economists, natural science researchers and
engineers with real vision who can actively shape the
future for all of us. Without geoscientists, miners and
geological engineers, materials experts, computer scientists and business engineers it will never be possible
to make the transition to a sustainable and ecological
market economy.
For it is the STEM professionals of today and tomorrow who will be investigating the basic principles of
materials and resources, developing innovative technologies and more efficient processes and applying the rules
thus learnt in an economically expedient way. These
trained specialists are an important part of the solution.
That is why the transformation to a modern ecofriendly and environmentally compatible society based
Barbknecht:
STEM Career Opportunities for a Climate and Environment compatible Society

STEM professions are in fact vital for the world of
tomorrow. Professionals are playing a key role in
shaping the transition in energy and raw materials
and the ongoing climate action and in so doing
are bringing about positive social change – all issues of interest when it comes to choosing a career.
Future • People • STEM • Skills shortage • Raw
materials • Climate protection • Sustainability

on economic well-being is also a core subject at TU
Bergakademie Freiberg (Freiberg University of Mining
and Technology). Here the research scientists are able
to focus on the entire value creation chain and are in a

Prof. Dr. Klaus-Dieter
Barbknecht
Photo: TU Bergakademie
Freiberg / D. Müller

Seminar being held in the Virtual Mining Lab at the
TU Bergakademie Freiberg
Students use virtual reality goggles to test technology in virtual space
and to go on virtual excursions below ground.
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Photo: TU Bergakademie Freiberg / C. Mokry

Our world needs innovative minds if it is to confront the global challenges of our modern society with intelligent and sustainable solutions and
make our planet a viable place in which to live in
the years ahead.
We undertake research into digital technologies for the responsible management of raw materials and resources and we are striving to develop innovative materials and the energy system of
the future. We are also working on strategies for
climate and environmental protection and for a
sustainable resource economy.
Come and study at Freiberg University of Mining and Technology (TU Bergakademie Freiberg)
and join us in making the world safer, smarter and
more sustainable.
More information:
▶▶ international@tu-freiberg.de
▶▶ https://tu-freiberg.de/en/international/study-start-ws20

position to engage in research and teaching across the
disciplines on all aspects of the modern circular economy – beginning with the provision of raw materials
and the use of eco-friendly and sustainable methods for
the extraction and processing of resources. They are developing ideas for the needs of a sustainable industrial
society with a view to achieving better living conditions
for all mankind – and this means modern production
methods and low-emission industrial processes, efficient recycling strategies, the sustainable supply of energy and the raw materials and construction materials
of the future. This is the kind of knowledge and learning
that is being imparted to students at Freiberg University
of Mining and Technology, which was founded in 1765
and is Germany’s oldest higher education establishment
of its kind.
In order to supply the need for STEM professionals we all need to pull in the same direction – colleges
and universities, industry, professional associations and
networks, technical-scientific societies, policy makers,
schools and each and every STEM specialist in his or
her personal environment. Working together we can
show how diverse and exciting it is, and how important
for a climate-friendly and environmentally compatible
society, to have technical, natural science and engineering vocations and the commitment and creative drive
of our young people. By acting in concert we can better demonstrate the kind of opportunities that STEM
studies can offer for a fulfilling career – be it in research
and development, in design and testing or in production and technology. I want to encourage our school
students to opt for a STEM degree course, or for an
equivalent training course, to acquire the knowledge inherent in our ‘old’ established professions, to bring fresh
new ideas to the table, to work together cooperatively
with people from other specialist disciplines and in this
way to change the world in which we live in a positive
and sustainable way.
With my best regards
Prof. Dr Klaus-Dieter Barbknecht

Photo: TU Bergakademie Freiberg / C. Mokry

Study, research and live to the full: the campus at TU Bergakademie
Freiberg combines a modern infrastructure for research and teaching with good accommodation facilities and all kinds of opportunities for student involvement.
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Prof. Dr Klaus-Dieter Barbknecht
is the Rector of TU Bergakademie Freiberg, Freiberg,
Germany.
Contact: sekretariat-rektor@zuv.tu-freiberg.de
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Operation, Inspection and Maintenance
of flexible Safety Structures against
natural Hazards
Dipl.-Geol. Eberbhard Gröner and Michael Leidenberger, Geobrugg AG, Romanshorn, Switzerland
The technical training course for operation, inspection and maintenance enables planners and
owners to better assess flexible safety structures
against natural hazards. Participants are trained to
protect people effectively and efficiently.
Geotechnics • Natural hazards • People • Safety •
Further education • Sustainability

Motivation
Protection against natural hazards using flexible safety
structures consisting of high-strength nets and meshes,
wire ropes, braking elements, steel supports, and base
plates has increased steadily since the 1980s. These systems have shown that they provide efficient protection
against rockfall, mudslides, hill-slope debris flows, snow
slides, and avalanches in the endangered area as well as
slope and rockface stabilisation. The basis for this is a
good understanding of the actions involved, and of the
possibilities for design which have been developed in
full-scale trials.
From the point of view of clients and subsidising
authorities, it is essential that the safety structures are in
perfect condition so that they are able to protect against
natural hazards in the event of an incident. It is important
to construct appropriate, efficient and, as far as possible,
durable safety structures, to monitor them professionally and efficiently, to maintain them and, if necessary,
to renew them. The German standard DIN 1076 on the
inspection and testing of engineering structures in connection with roads does not cover important aspects of
the monitoring of special flexible safety structures against
natural hazards. For this reason the so-called “Sachkundelehrgang – Betrieb, Inspektion, Unterhalt (SL-BIU)”
(in English: Expertise Course – Operation, Inspection
and Maintenance (EC-OIM)) was developed – in discussion with the Swiss federal authorities, with authorities at State level in Germany, and with others. Although
the course is offered by the system provider, it provides

practical cross-system knowledge from the perspective of
the system developer (see also Figures with impressions
of the course). Since flexible safety structures and their
monitoring are not covered to any extent in the classical
geotechnical curriculum, further training focussing on
this specific topic is important for the protection of people and infrastructures.

Safety through Know-how
Geobrugg began developing flexible safety structures
against natural hazards some 70 years ago. Since then, a
range of products has been developed to protect against
rockfall, mudslides, hillslope debris flows, avalanches,
and slope instabilities. The products have been tested in

Gröner and Leidenberger:
Operation, Inspection, and Maintenance of flexible Safety Structures against natural Hazards
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the safety structures of about 50 years. With the knowledge they acquire, the course participants are also able
to assess the condition and effectiveness of older and
untested flexible securing structures and, if necessary,
develop measures necessary to maintain or restore their
functionality.
In addition to teaching basic theory, practical
training at the open-air test facility of Geobrugg AG
in Walenstadt/Switzerland is the main feature of the
course. Laboratory tests and the evaluation of the test
results are covered in the QA laboratory in Romanshorn/Switzerland.

Topics covered in the Expertise Course
▶▶ Overview of the functions of individual components and their effect in the overall system
▶▶ Evaluation of the protective effect of the safety
structures against natural hazards
▶▶ Assessment of older, untested safety structures and
third-party structures, and evaluation of their protective function with today’s knowledge
▶▶ Analogue and digital inspection methods
▶▶ Modern methods of obtaining information about
the structure outwith scheduled inspection dates
▶▶ Additional follow-up offers for course participants:
▷▷ Access to the online area for EC-OIM inspectors
with course materials, evaluation aids, means of
assessment, old manuals, and specialist articles
▷▷ Exclusive webinars for EC-OIM certificate holders, such as training or advanced courses
full-scale field tests and have proven their reliability in
countless installations worldwide. In addition to compliance with certifications, the systems can be designed
and dimensioned for non-scheduled loading situations.
Design concepts have been developed for this in a large
number of research projects.
However, the decisive factor for the functionality
and effectiveness of these safety structures over a longer
period of time is their condition. To assess this, they
need to be inspected regularly. Different countries have
requirements for this.

For more Safety and Efficiency in Dealing
with Safety Structures
The EC-OIM course is aimed at experts in natural hazards from the fields of engineering, geology, planning and
construction, as well as employees of construction companies working in the natural-hazard sector. Experience
in project planning and the implementation of flexible
safety structures against natural hazards is an advantage.
The course on operation, inspection and maintenance enables the assessment of flexible safety structures from the point of view of system developers and
manufacturers. It imparts basic knowledge about the
individual components, their function, and the interaction as an overall system. The focus is on a service life of
GeoResources Journal 1 | 2022
www.georesources.net

Conclusion and Outlook
Course participants requested us to continue this course
as part of our expert training at Geobrugg. Participants’
statements included “Very good professional event with
ideal supervisor/participant ratio. Very broad expertise.
Transparent and honest!” and “All our questions were
answered! Frank discussion and good exchange platform”.
Due to the many requests received from abroad, we are
currently planning to make the course international
under the English title “Expertise Course – Operation,
Inspection and Maintenance EC-OIM”.

Reference
Gröner, E.; Leidenberger, M. (2022): Betrieb, Inspektion und Unterhalt flexibler Sicherungsbauwerke gegen
Naturgefahren. GeoResources Zeitschrift (1-2022),
S. 13–14. Online: https://www.georesources.net/
download/GeoResources-Zeitschrift-1-2022.pdf

Michael Leidenberger
is the contact for further information on the EC-OIM
(Operation, Inspection, Maintenance) course.
Contact:
michael.leidenberger@geobrugg.com

Gröner and Leidenberger:
Operation, Inspection, and Maintenance of flexible Safety Structures against natural Hazards
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Flood Events – How geosynthetic System
Solutions can accelerate Reconstruction and
contribute to safe technical Precautions
Huesker Synthetic GmbH, Gescher, Germany

With the increase of extreme weather events, such as
those recently recorded in parts of Germany (North
Rhine-Westphalia and Rhineland-Palatinate) and
neighbouring European countries, rapid and safe reconstruction measures are required so that local residents
and businesses are not restricted in the long term by
infrastructural issues. In such exceptional situations, it
becomes clear how important it is on the construction
side for all parties involved – clients, engineering offices,
suppliers and construction companies – to cooperate so
that they can push ahead with reconstruction by adopting safe solutions.

Construction methods using geosynthetics include interesting opportunities for sustainable reconstruction after flood events – even on very soft
soils. A geosynthetic-reinforced earth construction allowed a very fast
building of a bridge after extreme weather in North Rhine-Westphalia
and Rhineland-Palatinate last year.
Geotechnics • Hydraulic engineering • Flood • Geosynthetics •
Sustainability • Bridge building

Cleaning up and Reconstruction with
Geosynthetics
During infrastructure reconstruction, geosynthetics
can be used in many places to ensure rapid construction progress. For example, urgently needed temporary
utility roads, construction roads and working platforms
can be quickly and safely constructed with geogrids or
reinforcing wovens, even on very soft soils. Temporary
storage of waste and contaminated sludge is also possible with geosynthetic contaminant barriers, filters and
sludge dewatering tubes to provide the best possible
protection of the environment from the effects of contaminants.

Construction of the Swistbach Bridge in
Heimerzheim in Record Time
The construction of the new Swistbach bridge in
Heimerzheim (30 km from Cologne), which carries
the L 182 highway over the stream Swistbach and thus
connects the greater Euskirchen, Swisttal and Bornheim
areas, is one of these successful reconstruction projects
(Fig. 1). Due to the destruction of the old bridge by
the flood, a completely new structure was necessary
(Fig. 2). After a record construction time of just three
months, the new bridge was re-opened to traffic in December 2021. The new Swistbach bridge has not only
been designed for long-term stability, it has also grown
by 4.22 m with a total span of 24.30 m between the
abutments. This effectively increases the width of the
riverbed by 4 m and makes it better able to cope with
heavy rainfall events.
This solution was made possible by the Heitkamp
Group’s innovative fast construction system, a joint
development with Huesker: the ‘Heitkamp Schnell-

Fig. 1: Bridge construction in record time: The Swistbach Bridge shortly
before its opening in December 2021
Source: Heitkamp Group

Fig. 2: The Swistbach bridge was completely destroyed by the floods.
Source: Heitkamp Group

Huesker Synthetic GmbH:
Flood Events – How geosynthetic System Solutions can accelerate Reconstruction and contribute to safe technical Precautions
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was accompanied by experts from the federal and state
governments and the patented ‘Heitkamp Schnellbaubruecke’ system used here was finally recognised as a
standard construction method in Germany.

Sustainable and CO2-saving Construction
of technical protective Structures

Fig. 3: The two bridge abutments will be constructed using the geogridreinforced earth method.
Source: Heitkamp Group

bruecke’ system. The load-bearing abutments are constructed using composite flexible geogrids and locally
available soils (Fig. 3). These form the long-term safe
load-bearing heavy-duty elements.
The use of geosynthetic-reinforced earth allows very
fast construction of bridge abutments. Unlike in Germany, reinforced-earth structures have been among the
standard construction methods used for the majority
of infrastructure projects in the Netherlands for a very
long time.
By using geogrids and earth construction, the construction time for the bridge abutments was reduced
from three months to ten days. And the fact that fewer
materials and less transport were required enabled a reduction in CO2 emissions. The excellent cooperation
between the two companies contributed to the rapid
construction success. Huesker, for example, was able to
provide the design calculations for the abutments, alkali-resistant Fortrac geogrids, and nonwovens in a very
short time thanks to its many years of experience. This
was preceded in 2019 by a pilot project implemented
by the Heitkamp Group, a new bridge replacement
construction over the A 3 motorway near Emmerich. It

GeoResources Journal 1 | 2022
www.georesources.net

Today, modern structures have to do much more than
be economical and quick to implement. In addition
to high safety requirements, other factors such as sustainability play a significant role: What materials are
(re-)used? What is the service life of the structure? How
does it blend into the environment and the habitat of
the natural inhabitants? It is therefore not surprising
that more and more massive construction methods are
being replaced by alternative, more resource-efficient
solutions such as those using geosynthetics.
Where smooth concrete walls were previously used
to line the canals, geotextiles are now used. Their surface structures enable new habitats to settle, and they
can also have a regulating effect on the flow properties
of the canal or river. Dams and dykes are built in such a
way that their surfaces can be overgrown and colonised
by local nature, thus blending into the landscape as
naturally as possible and also ensuring maximum safety.
Even erosion-proof spillways and stormwater-retention
basins for hazard reduction during local heavy rainfall
events are possible with geosynthetic building materials.
In direct comparison with conventional construction methods, build times can be shortened, and a better environmental balance and higher longevity can
be achieved. The reduction of building materials, such
as concrete or asphalt, and the re-usability of existing
soils not only conserve resources, but also require less
transport, which makes the entire construction process
significantly faster. Overall, the use of geosynthetics
in flood protection has numerous advantages for both
people and the economy in reconstruction and flood
prevention.

HUESKER Gruppe
Contact: gausling@huesker.de

Huesker Synthetic GmbH:
Flood Events – How geosynthetic System Solutions can accelerate Reconstruction and contribute to safe technical Precautions
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The SMS 2A Project in Moss, Norway –
an Engineering and Construction
Challenge in Quick Clay
Dipl.-Ing. Carsten Rosskamp and Dipl.-Ing. George Moir, Implenia Construction, Moss, Norway

1 Introduction
On June 28, 2019, Implenia Norway AS and Acciona
Construcción entered into a contract with the Norwegian Public Railway Administration “Bane NOR” to
design and build a 10 km section of the “Østfold”-link
between Oslo in Norway and Gothenburg in Sweden.
The project features a new doubletrack railway connecting to the existing double track north of Moss at Sandbukta and merging again with the existing double track
further south towards Halden at Såstad. Fig. 1 gives an
overview of the project with North pointing towards
the left on the drawing.
Today’s single-track railway along the coast including the old railway station is indicated with a red line
on the figure. This old track will be replaced by the completely new railway and a new railway station “Moss
station” next to Moss Harbour in the former suburb
“Nyquistbyen”. After completion, the old track will be
removed with those areas being used for other means
such as farming, pedestrian or cycle paths.

The SMS 2A project in Moss, Norway, includes the construction of a 10 km
new double-track railway through the city of Moss. The central part of the
project is to be constructed in challenging ground conditions characterized by the presence of quick clays and low slope stability in the existing
situation. Calculations updated after contract award and based on the
results of existing and additional soil investigations revealed the need for
several special measures to enable the safe construction of the project.
The engineering of these measures is complex.
Geotechnics • Tunnelling • Infrastructure • Special foundation •
Quick clay • Monitoring

2 Scope of the Project
Looking again at Fig. 1 the SMS project consists of
track sections above ground in the north and south of
the project with lengths of around 600 m and 3,900 m,
respectively. Coming from the north the tracks enter a
solid rock formation consisting of granitic gneiss under
the “Mosseskogen” – the forest of Moss – with a varying
rock overburden of 20 to 40 m. After around 500 m, the
tunnel enters under populated areas with buildings and
infrastructure and an increasing density of population.
Further to the south, the tunnel crosses under the river
“Mosseelva”. Here the rock cover is reduced to just above
10 m and the remaining distance to the assumed riverbed is estimated to be around 5 m and filled with organic sediments and clay. South of the river, the rock cover
varies between 10 and 20 m. Above the rock, there are
layers of sand, silt and clay of various thicknesses. The
importance of good pre-grouting becomes evident to
avoid settlements due to reduced groundwater levels as
a consequence of water leakage into the tunnel. In this
area, the Moss tunnel crosses below a deep gully with
a remaining rock overburden originally estimated to be
only around 1 m. See Fig. 2 for an illustration from the
3D model.

Fig. 1: Overview of the project

Fig. 2: Deep gully over the Moss tunnel

Rosskamp and Moir:
The SMS 2A Project in Moss, Norway – an Engineering and Construction Challenge in Quick Clay

GeoResources Journal 1 | 2022
www.georesources.net

14

Geotechnics/Tunnelling
sheet pile walls utilising several layers of struts as well. In
the deepest part of the pit where normal sheet pile dimensions will not be able to reach bedrock, diaphragm
walls will replace the sheet piles. Further along with the
tracks to the south the project’s southernmost concrete
structure, the Larkollveien underpass, is planned to convert today’s level crossing into a safe underpass of the local road. To realize this construction a temporary detour
needs to be built to keep the traffic going at all times and
divert the utilities in this area.

3 The Contract
Fig. 3: Illustration of the pit for the Kransen culvert

Right under the main road from the harbour to the
motorway and just south of the city centre, the Moss
tunnel emerges from the rock after 2,300 m and enters into a concrete culvert at Kransen. This culvert is
the heart of the project and will be constructed as a cut
and cover structure in a 25 m deep and 35 m wide pit.
This pit is supported by diaphragm walls and utilises
several layers of struts. The culvert is 420 m long and
brings the tracks above ground at the northern end of
the platforms and the station building. It is this area that
is most challenging for the project. Not only because of
extremely challenging ground conditions, described in
more detail below but also because of the road traffic
in this area. The roads connect the motorway E6 east
of Moss with Norway’s busiest ferry connection of the
Oslofjord between Horten and Moss. It is necessary
to maintain the road to and from the harbour open at
all times. Furthermore, any excavation, no matter how
small, will interfere with a dense mesh of wet and dry
utilities of all ages and at various levels below the surface. Additionally, these utilities including a 50 kV line
need to be operative at all times.
Fig. 3 visualizes the situation with the construction
pit in the central part of the project. At the end (seen
just above the centre in the middle of the picture) the
pit cuts into the existing road to the harbour.
The platforms of the new station are 800 m long
and are located just to the east of Moss Harbour. To the
south, the tracks connect to the 2,200 m long Carlberg
tunnel. The rock mass here consists mainly of variants of
granitic gneiss. Compared to the Moss tunnel, the Carlberg tunnel does not have any major weakness zones but
is characterised by a continuous low rock overburden of
between 10 m and 20 m with soft soil, mostly clay, above.
This makes continuous pre-grouting necessary but with
limited pressure and the need for accelerated hardening.
Another concrete structure of around 500 m length –
consisting of a 200 m culvert and 300 m open trough
– connects the Carlberg tunnel with the track section
above ground in the south. In addition, this concrete
structure has significant dimensions, albeit smaller than
the Kransen culvert. The retaining structure is made with
GeoResources Journal 1 | 2022
www.georesources.net

The contract between the contractor and the client is
based on the NTK (Norwegian Total Contract) terms
and is commonly described as an EPC (Engineer, Procure, Construct) contract.
The overall project is divided into several disciplines
like preparatory work, substructure work, electrical
equipment with the engineering and construction of
the substructure is called “Sandbukta – Moss – Såstad
2A” (SMS 2A), let to Moss IA a Joint Venture consisting of Implenia Norway AS and Acciona Construcción.
At the time of signing the contract had a volume of
6.35 billion NOK (about 650 million EUR) and the
design and construction time was planned to be from
2019 to 2026.

4 Main Challenges
The project has several considerable challenges for both
engineering and construction. The one that will have
the largest impact on the project evolves from the soil
conditions in and around Moss that are characterised by
large amounts of marine sediments. Sensitive and highly
sensitive clays (quick clays) require extensive soil stabilisation and monitoring before and during construction.
The contract, therefore, includes provisions for additional soil/ground investigations and soil stabilisation
measures in areas with expected sensitive clays. The goal
of the project is not only to establish a new railway but
also to improve the situation around the sensitive clays
along Moss Harbour.
Besides the considerable challenges connected with
soil stabilisation and tunnelling, there are extensive
works for temporary retaining walls such as diaphragm
walls, sheet pile walls, bored pile walls and the strut and
whaler beam installations required to safely excavate
construction pits of significant dimensions part of the
project. The completion of the contract works includes
the construction of reinforced concrete works for culverts, cast in situ lining, bridges, substructure for the
railway tracks above ground, a new station building and
road and utility works in all phases of the project.

5 Quick Clay
Quick clay originates from marine sediments and can
be found in several countries towards the North Pole. It
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is characterised by its highly unstable particle structure.
Quick clay has a remoulded shear strength that is considerably lower than its strength in a virgin state. Hence,
even small load changes can trigger sudden soil liquefaction. Quick clay deposits are typically covered by a layer
of topsoil and are rarely obvious from the surface. Thus,
only background studies and soil investigation can reveal the existence of quick clay in the ground.
Norway has a history of quick clay presence in and
near populated areas. Landslides caused by soil liquefaction have occurred several times in the past, the most
recent in Ask/Gjerdrum, Norway, on December 30,
2020, killing ten people and destroying a large part of
the town.

6 Engineering
The presence of quick clay has been and is the main driver for much of the engineering activity in the project.
Sufficient area stability, i. e. slope stability over quick clay
areas, must be in place before any construction activities can start. Under the ongoing evaluation from before
and also during the project, it has become evident that
several additional measures need to be put in place to
achieve sufficient stability. These measures are necessary
both to allow construction activities and to increase the
stability east of Moss Harbour, with or without the new
railway. The latest and third party verified report about
the evaluation of area stability has been published as recently as July 2021 and lists these measures in detail [1].
The listed measures include terrain modifications
such as counter fills, load reducing cuts, soil stabilisation
using Jet Grouting ( JG) and anchored retaining walls
in addition to restrictions on construction activities in
nearby areas. The most reliable measure to improve the
stability of a slope is of course to change the terrain profile but this is rarely possible due to existing infrastructure and buildings. The challenge however with measures such as soil stabilisation and retaining walls is that
they decrease stability temporarily before taking full
effect. Jet Grouting for example is a measure where a cement grout is injected into the ground under extremely
high pressure. This will increase the pore pressure in the
surrounding soil and reduce its strength temporarily until the cement has had time to cure. Installation of Lime
Cement Columns (LCC’s), Sheet Pile or Bored Pile
walls disturb the ground mechanically. In this project
and under the given circumstances, Jet Grouting will be
the key ingredient in increasing the stability of the area.
To give reliable and accurate input to efficient engineer
solutions for safe construction more information about
the effects of executing Jet Grouting works in the actual
ground conditions is needed. A test field consisting of
20 JG piles with extensive installed monitoring is to be
executed to study the effects on pore pressure and movements in the ground during Jet Grouting. In addition,
the achieved soil strength after sufficient curing time is
being tested on core samples and total soundings. Combined with continuous logging of the inclination of the
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borehole for Jet Grouting, all this data will serve as input for the detailed geotechnical engineering to resume.
It becomes evident that all these measures have to be
designed in detail, taking into account all conditions in
and around the construction site such as buildings, roads
and utilities, traffic concepts and accessibility for public
transport and emergency services at each point in time.

7 Monitoring
Continuous monitoring before, during and after construction is validating all engineering. In the case where
predetermined trigger levels are exceeded, monitoring
also serves as part of an alarm system where additional
measures can be initiated and construction can be modified or even halted as a result. The monitoring systems
employed at the SMS 2A project cover a wide range of
available techniques and devices.
Construction pits with retaining walls will be
equipped with inclinometers on and in the walls, with
load cells in the struts. Piezometers are a key element
in the monitoring strategy, measuring the pore water
pressure in the ground. Installed in specific locations
and depths they indicate reduced bearing capacity and
stability in the ground where a reduction of pore water
pressure will indicate the risk of settlements.
Periodic measurements on levelling points, automatic total station surveys and radar surveys add to the
monitoring concept.
With highly sensitive clays in the ground, the importance of monitoring to detect any sub-surface
changes as early as possible is of utmost importance. All
monitoring devices transmit their data to an online database in addition to local storage. Via the internet, all
data can be accessed and reviewed live and remotely.

8 Status of the Project
By August 2021, 1.700 m out of 2.300 m (almost 75 %)
of the Moss tunnel and 1.100 m out of 2.200 m (around
50 %) of the Carlberg tunnel for the main tubes had
been excavated and the final rock support installed.
Access and parallel tunnels are already completed and
only one emergency tunnel is yet to begin. The remaining meters of excavation for both tunnels are characterized by decreasing overburden and decreasing distance
to nearby properties and involve measures to reduce the
impact of blast-induced vibrations.
During autumn 2021, the excavation of the Moss
tunnel will cross the deep gully with almost no rock
cover. Since spring 2021, the soft soil above the rock
in this area has been being reinforced by a block of Jet
Grouting columns.
On the above-ground sections in the south of the
project, work on the construction of the final embankment, including the laying of the utility lines, has progressed well. Planned activities within the safety zone
of existing tracks have been executed during periods of
train shutdowns, i. e. periods when the trains are not in
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Fig. 4: LCC mixing tool, the wings are bent after
repeated contact with marine boulders

operation. These periods are usually around Easter and
during the Norwegian summer holiday period.
Around 50 % of the sheet pile wall for the culvert
south of the Carlberg tunnel have been driven into the
ground and dowels connecting the sheet pile to the rock
have been installed.

Looking at the area around the new station, which
was earlier described as the heart of the project, progress
has been much less satisfying.
Planned soil investigations were carried out in
autumn 2019. The initial design of ground reinforcement in the area of Kransen culvert with LCC’s was
produced and LCC activities commenced in early
2020. In parallel, the existing analysis of the quick
clay zone at Moss Harbour area was updated and some
additional measures have been found necessary and
planned to allow construction works to proceed and
to maintain/improve the stability of that area for the
long term.
Not only the presence of a large number of moraine boulders in the ground hampered the execution
of LCC’s (Fig. 4 shows a damaged mixing tool after
repeated contact with boulders in the ground) but the
low level of safety in certain areas, at the slopes east of
Moss Harbour, revealed through further ground investigations, aerial terrain scans and updated calculations,
triggered the need for extensive additional measures to
increase the stability as discussed before. As an example,
the section illustrated in Fig. 5 shows the theoretical
level of safety in undrained conditions for the current

Fig. 5: Result of stability calculations in a section at the southern end of Kransen culvert

Fig. 6: Result of stability calculations in the same section but with a counter fill in place
GeoResources Journal 1 | 2022
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situation, Fc as low as 0.99. A massive counter fill is
required to increase the stability, still low with Fc less
than 1.3, and enable the construction of a retaining wall
on the eastern side of the road “Fjordveien” as shown
in Fig. 6 (Fig. 5 and Fig. 6 are taken from [1]). Only
afterwards, it is possible to execute the soil stabilisation in the footprint of the pit that is necessary to build
the Kransen culvert. With theoretical levels of safety
around 1.0, it becomes obvious that any construction
activities, which might disturb the ground and potentially further diminish its stability, need to be carefully
planned and monitored.
As a result, the project has been more or less
stopped in the most central part from late 2019 up to
now.
Taking all this into account, it is obvious that this
project captures the attention, not only locally but also
nationwide. The opening of the project has recently
been rescheduled by 1.5 years and the overall cost estimate increased by 5.3 billion NOK [2].

9 Way forward and Summary
Drill and blast activities for both Moss tunnel and Carl
berg tunnel will continue until breakthrough towards
the station area. Moss tunnel will first have to cross the
deep gully, where heavy rock reinforcement and additional care is necessary. In addition, the works above
ground in the southern parts of the project continue as
planned with the permanent embankment. The preparatory works for the Larkollveien underpass and the re-

taining walls required for the culvert south of Carlberg
tunnel going ahead broadly as planned.
However, the main focus is on the activities in the
central part of the project around the Kransen culvert
and the new station area. The test field described above
is to be set up here at the end of August 2021 to create
the necessary data basis for the engineering work. Once
the design is completed and verified, construction work
in the heart of the project will be able to start again.
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Soft Power in Hard Metals: H. C. Starck
Tungsten looks to its female Managers

The GeoResources team in an interview with Barbara Hölter, HR Director at H.C. Starck Tungsten GmbH, Goslar, Germany
H. C. Starck Tungsten has something that many companies in the technical field seem to lack, namely a high proportion of female managers. The
GeoResources team therefore met up with Barbara Hölter, who is Head of
Human Resources at the tungsten powders specialist, to hear her put forward thoughts and insights that will be of interest to the sectors relevant
to GeoResources and to all our readers.
Interview • Raw materials • Management • Equal opportunities •
Supply chains • Sustainability

GeoResources/Katrin Brummermann: Hello Frau
Hölter and we greatly appreciate you taking the time out
for this interview. The issue of GeoResources Journal
1-2022 will be focusing on people in industry, which
ties in nicely with the fact that as tungsten specialists
your current campaign under the title ‘soft power in hard
metals’ aims at putting your company’s female managers
and executives firmly in the spotlight. This inspired us
to request an interview. In the sectors that we represent,
namely geotechnics, tunnelling, mining and raw materials, female employees are still very much in the minority – especially when it comes to management positions.
I was therefore really drawn by your video series ‘Soft
power in hard metals’, which focuses on female managers
at the company. What was the motivation behind this?
Barbara Hölter: The idea behind the campaign (see the
Info Box) arose from the discrepancy between the situation as you describe it for our industry in general, on
one hand, and the particular reality in our company, on
the other. In our case, various company departments, including some highly technical areas, are run by females
– this ranging from site management and production
management here in Goslar to research and development and supply-chain operations worldwide. Our video project seeks to break up the traditional perception
of male domain by showing the kind of exciting challenges and prospects that our company and indeed the
entire industry can offer to female managers.

Barbara Hölter, Head of Human Resources (HR)
of H. C. Starck Tungsten GmbH

Video Series ‘Soft Power in Hard
Metals’
A video series from tungsten specialists
H. C. Starck Tungsten Powders, which is
part of the Vietnamese-based Masan
High-Tech Materials Group, highlights
the high proportion of female managers at the company.
Entitled ‘Soft Power in Hard Metals’ the video series came on stream
on 10th January with a different manager being portrayed each week. The
women featured all have managerial positions in various departments,
including site management and production management, research and
development, stock management, purchasing, accounting and human
resources.
In the words of company CEO Dr Hady Seyeda: ‘The hardmetal industry has commonly been associated with masculine attributes. We, on the
other hand, have had very positive results using female talent in the top
positions.’ The weekly videos launched on 10.1.2022 and are available at:
https://www.linkedin.com/company/h-c-starck-tungsten-powders
GeoResources Journal 1 | 2022
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GeoResources: This subject is certainly not new to
me, for I attended what had previously been a boysonly school with four girls and 32 boys in the 5th class. I
then went on to study civil engineering on a course with
about 20 % female students in my year. Indeed female
colleagues have generally been very much in the minority over the course of my career to date. In your view,
could our respective industries be said to be lacking in
useful ‘female’ attributes?
Barbara Hölter: As pretty much always: it’s all in the
mix. I think, for example, that women are less power-
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GeoResources: I very much relate to that. ‘Male attributes’ are often lacking in female-dominated areas. However I would now like to come back to the issue of the
share of women working in MINT professions. Is the
acceptance of female employees at your company relatively high because women, within the MINT sectors,
are fairly well represented in chemistry? Are there certain areas and positions where women are particularly
well or particularly poorly represented?
Barbara Hölter: In my view the corporate culture plays
a pivotal role here. As a matter of fact we have female
managers working in all kinds of different areas. And
the fact that our executive board is generally very open
to female management staff is central to all this. This is
not about being overeager to meet quotas. But if a female candidate is better qualified and therefore has a
very good case for being given the position then there is
no question whatsoever about whether the post should
be filled by a woman.
GeoResources: This openness and focus on qualifications and suitability is really great to hear. I recall being confronted by quotations such as that from Michael
Schiff: ‘Head of department: a male employee who no
longer has to make his own coffee’. Are macho utterances
such as these still widespread in our society and is this a
good reason for putting the spotlight on female managers?
Barbara Hölter: Questions relating to the wider
social situation should perhaps best be addressed to
a social researcher. Looking at our own company I
genuinely believe that some of my male colleagues are
still a little wary of the strong female presence, simply because it is unfamiliar. For decades now there has

Special Topic

oriented and therefore tend to focus more on actual
contentual factors. In my own particular field, namely
human resources, one can observe that male colleagues
sometimes flirt with this power factor is obviously inherent in the HR function anyway.
On the other hand – in contrast to the situation at
our operational units – I would actually like to see more
masculinity in my own HR team. At the moment we are
an all-female line-up, and a mixed-gender group would
simply cover more facets. It would be nice, for instance,
if male production workers could find counterpart to
speak to here in the HR department.

Dr. Claudia Quentmeier, Operations Manager Goslar

mainly been a masculine style of management. However among the younger employees especially we are
beginning to see a lot more openness and appreciation
of the fact that a softer approach can make a difference
and that the managerial style, well, has just become
more feminine.
GeoResources: Do you consider female quotas is a
suitable instrument to accelerate the pace of change
and increase the share of women, or are other strategies
more promising?
Barbara Hölter: In an ideal world an applicant’s professional and personal qualifications would be the only
relevant factors in the job selection process. In reality,
however, in actual fact the networks that operate at critical points in the company often have a role to play and
these – for historical reasons – are mainly masculine in
nature. While I am somewhat sceptical about mandatory government targets in general, in particular case
there is clearly a need for regulatory intervention. In any
case voluntary commitments on the part of companies
have not really brought about much of a change in recent years.

Dr. Stefanie Brix, Head of Global Materials Management
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Dr. Julia Meese-Marktscheffel, Director Technology & Innovation Global

But a quota alone will not fix things as, in its current form at least, it only applies to the highest tiers of
management. What we need, instead, is a fundamental
change of attitude that will put the professional qualifications and development of male and female employees
on a truly equal footing. And in parallel with this – for
purely biological reasons – we need to see greater action taken around issues such as more flexible working
hours, more part-time employment opportunities and a
family-friendly environment.
It is encouraging to see that men too are now increasingly calling for, and availing themselves of, opportunities of this kind, which we now tend to label under
the term ‘work-life balance’. My hope is that this change
in attitude to the working environment will in the medium term provide avenues of equal access to all and so
will simply render fixed quotas for women unnecessary.
GeoResources: Your company in Goslar can look back
on a long tradition of regional ties combined with international business operations. You have for some time
now been part of the Vietnamese-based Masan HighTech Materials Group. Has this affiliation affected the
position of women in your company?

Juliane Saupe, Site Manager Goslar

Barbara Hölter: The new owners generally support us
in our efforts. This certainly has to do with the fact that
in Vietnam there are strong women in executive positions, too. One of these, who is the chief accountant,
also features in our video series.
GeoResources: Issues such as sustainability and climate change have become hugely important in recent
years and during the corona crisis, concerns over raw
materials and supply chain security have moved into
the spotlight for many of us. Is tungsten also affected by
supply shortages and can your products contribute to
curbing climate change and furthering the energy transition process?
Barbara Hölter: H. C. Starck Tungsten Powders has for
many years been a world leader in tungsten from scrap
metal. Here at the Goslar site our raw material needs
are primarily met by recycled material. This not only
provides us with good security of supply but also represents a sustainable contribution to the circular economy.
What is more, through our Vietnamese owner we have
access to the world’s largest tungsten deposits outside
China, making us self-sufficient in primary raw materials, which also means independence from so-called conflict minerals.
GeoResources: Your company seems to have acted
with real foresight when it comes to resource efficiency
and supply chain issues. Do you observe in your workforce that female employees tend to have a different
approach to the Green Deal and to the social and corporate changes that this requires, or is it all more a question of age?
Barbara Hölter: I think we are now seeing a broad social understanding of how important it is to act sustainably – at company level just as much as in our private
life. It is nevertheless apparent that women in manageri-

Tantalum and niobium carbide
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al positions tend to place greater emphasis on so-called
‘soft’ issues such as health and nutrition.
GeoResources: In your view, what kind of role does
the company’s location play? Is it easier for firms based
in metropolitan areas to attract new employees or do
towns like Goslar in the Harz mountains have other advantages to offer? Are you aware of any gender-specific
differences in this regard?
Barbara Hölter: There are always two sides to things
when it comes to choice of location. In the large urban
areas there is a greater pool of applicants, especially at
job entrant level, due to the number of local colleges
and other educational and training institutions. Highly
qualified candidates tend to find it more attractive to
move to trendy Berlin than to relocate to a provincial
town. But the large urban centres also generate greater
competitive pressure among employers, which is reflected for example in salary levels, while the employees
themselves have to cope with higher living costs.
In our particular case it can be said that those who
join the company often already have roots in the area or
have made a conscious choice to set up a home here and
to stay long-term. Our video campaign demonstrates
what great professional careers can be made here. A
town like Goslar scores high in terms of quality of life,
especially if you are seeking to balance your working day
with peace and quiet and natural surroundings rather
than the pulsating big-city life. That is often a very attractive proposition, especially for young families. And
the general trend towards sustainability and a closeness
to nature is very much in tune with what we can offer.
Having said all that, and especially in view of the general
skills shortage, enticing staunch urbanites to move here
continues to be a something of a challenge.
GeoResources: The videos of all the female managers that you have recruited to the company have really

Saskia Schmidt, Team Lead Procurement & Contracts

fascinated me and will no doubt generate great interest
among our readers. Frau Hölter, thank you so much for
this most interesting talk and we shall certainly be keeping an eye on future developments at your company.

Barbara Hölter
is Head of Human Resources at H. C. Starck Tungsten GmbH, Goslar, Germany. H. C. Starck Tungsten Powders is a leading global player in the production of high-grade, customised tungsten powders. The company combines
a century of experience in tungsten processing with a high level of innovativeness and technology know-how. Decades of recycling expertise along
with access to the world’s largest tungsten reserves outside China, which are
owned by the parent company Masan High-Tech Materials, ensure a stable
supply of conflict-free minerals. H. C. Starck Tungsten Powders employs
around 540 people at three production sites in Germany, Canada and China
and at its sales offices in the USA and Japan. The largest production plant in
Goslar is also home to the company headquarters.
Contact:
contact@hcstarck.comhttps://www.hcstarck.com

WHEN PEOPLE HAVE TO WALK
100 KILOMETERS FOR MEDICINE,
WE MUST TAKE ACTION.
Each donation counts: www.medeor.de
The global emergency dispensary.
The GeoResources team in an interview with Barbara Hölter:
Soft Power in Hard Metals: H.C. Starck Tungsten looks to its female Managers
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The Application of freely available Remote
Sensing Data in Risk Management Systems
for abandoned Mines and Post-mining

Benjamin Haske, M.Eng., Prof. Dr Tobias Rudolph and Prof. Dr Peter Goerke-Mallet, Research Center of Post-Mining, Technische
Hochschule Georg Agricola University, Bochum, Germany

Freely available remote sensing data hold real potential for the geomonitoring and risk management systems that are required for abandoned
mines and post-mining. Various remote sensing systems were therefore
analysed, compared and assessed in terms of their suitability for geomonitoring tasks.
Mining • Post-mining • Risk management • Geomonitoring •
Remote sensing • Safety

Introduction
Mining activities over numerous years have had a lasting impact on many regions in Germany and elsewhere
in the wider world. In Germany the centuries-old coal
mining industry has left behind clear traces, especially in
the Ruhr, Saar and Aachen areas. Abandoned elements
of the mining industry in the southern part of the Ruhr
basin, for example, have been a focal point for risk management actions as here the coal was frequently worked
at fairly shallow depths and without today’s high standards when it comes to safety and documentation. These

Fig. 1: Methodology
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legacy elements, including countless mine shafts and
shallow workings and many kilometres of tunnels and
adits, have as a result created a real risk potential for
people and surface structures alike. A comprehensive
risk management system, based on a meaningful geomonitoring concept, therefore has to be developed in
order to address these challenges [1]. The application of
the remote sensing and photogrammetric survey methods available today has proved very promising when it
comes to meeting the necessary requirements for such a
geomonitoring regime in terms of spatial and temporal
coverage. The freely available data from various European and American satellite missions, along with data provided by the EU’s INSPIRE initiative (Infrastructure
for Spatial Information in the European Community),
also have significant potential to offer. Work is now under way to investigate how this body of data can be applied and used for risk management activities associated
with abandoned mines and post-mining and this article
seeks to sum up these investigations and their findings.

Purpose and Methodology
A Master’s thesis entitled ‘The application of freely
available remote sensing data to issues associated with
risk management in the field of abandoned mines
and post-mining’, which was submitted for the degree
course on geo-engineering and post-mining at Technische Hochschule Georg Agricola University in Bochum,
has provided an analysis of the remote sensing methods
and systems currently available and has compared the
different types of mining-related features at risk while
also assessing the benefits and usefulness of this technology [2].
The findings are based on the methodology presented in Fig. 1. The first step comprised the recording and analysis of currently available remote sensing
systems and risk-prone features, the aim being to link
these together via an assignment matrix. By this means
it was possible to identify how effective individual systems were at monitoring some of these mining-related
elements. The advantages and drawbacks of suitable systems were then weighed against each other and checks
were made to establish whether the generated data
could basically be incorporated into a risk management
system before the actual application was tested for real.
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Remote Sensing Systems and Mining
Features selected for the Survey
The selection of remote sensing systems and mining features used in the survey was based on current research
findings. The investigation covered both active sensors
(e. g. radar) and passive sensors (e. g. multispectral cameras) operating on different types of platform [3]. Here
the focus was mainly on satellite remote sensing technology (Table 1), as compared with other aerial and
ground-based systems this offers certain benefits as far
as large-scale geomonitoring is concerned on account
of its large capture range, short measurement intervals
and free availability over large areas. According to the
configuration of the satellite the ground resolution of
the target zone will depend on various factors, such as
recording method and swath width (swath = strip of
land covered by the survey) (Fig. 2).
Because of the comparatively low ground resolution
of individual satellite sensors the comparative survey
also included, for reference purposes, two commercially
available survey drones (UAS - unmanned aerial systems) and the digital orthophotos (DOP) supplied by
the Land Survey Offices (in this case the North RhineWestphalia LSO) that are freely available in Germany
(Table 2). Data from airborne laser scanning missions
were not used. The freely available point clouds provided by the state of North Rhine-Westphalia, for example,
are generated in a five-year cycle and have a positional
accuracy of 30 cm and a height accuracy of 15 cm [7],
this making them unsuitable for high-precision, spa
tiotemporal monitoring.
When exploring active and former coal mining sites
different published works have taken various (abandoned) mining features for application in the relevant
risk management systems [1, 8, 9, 10]. There is not as yet
a single uniform system for carrying out this work. Features present in the Ruhr coalfield area were therefore
selected for the survey described here [11]:
▶▶
▶▶
▶▶
▶▶
▶▶
▶▶
▶▶
▶▶
▶▶

Shallow mine workings
Mine shafts and surface openings
Subsidence troughs and uplifts
Discontinuities
Mine gas emissions at ground surface
Ground-water and surface-water drainage
Mine water
Recycling of mining spoil material
Site remediation at former mine workings

Assessment Matrix
Several processing steps then followed in which the
available remote sensing data were logged, analysed and
evaluated for usability within the risk management systems being developed for abandoned mines and postmining. Here the methodology was based on the principle of the 3D monitoring cube for abandoned mines
that shows the relationships between the monitoring
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Table 1:

Current and imminent Earth observation satellites

Name

Sensor

Ground
resolution [m]

EnMAP

Hyperspectral

30

Landsat 8

Multispectral

15 - 100

since 2013

Landsat 9

Multispectral

15 - 100

from 2021 [5] 1)

Pléiades

Multispectral

0.5 - 2

since 2012

Pléiades Neo

Multispectral

0.3

since 2021

RADARSAT 2

C-Band SAR

1 - 100

since 2007

Sentinel 1

C-Band SAR

5 × 5 - 20 × 40

since 2014

2 (+2 planned)
satellites

Sentinel 2

Multispectral

10 - 60

since 2017

2 satellites

Sentinel 5P

Multispectral

7000 × 3500

since 2017

forerunner
mission

SPOT 6/7

Multispectral

1.5 - 6

since 1999

tandem

TanDEM X

X-Band SAR

0.25 - 40

since 2007

tandem with
TerraSAR X

Terra

Multispectral

15 - 90

since 1999

TerraSAR X

X-Band SAR

0.25 - 40

since 2007

Multispectral

0.31 - 3.72

since 2014

WorldView
1)

3)

Availability

Comment

from 2022 [4]

tandem

tandem with
TanDEM X

not yet in orbit at the time of writing

Fig. 2: Schematic representation of different recording methods and swath
widths in satellite remote sensing using Sentinel 1 as an example [6]
Table 2:

Terrestrial systems for reference purposes

Name

Sensor

Ground
Availability Comment
resolution [m]

Digital Orthophotos NRW

Multispectral

0.1

since 20161)

DJI Phantom 4 RTK

RGB

0.032)

since 2018

DJI Phantom 4 Multispectral

Multispectral

0.053

since 2019

1)

current ground resolution 10 cm

2)

processed

at altitude of 100 m
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was produced by means of multiplication. A specimen
calculation for checking the usability of data from the
Terra system for monitoring shallow mine workings is
shown in Fig. 4.

Results

Fig. 3: Sample presentation of the 3D monitoring
cube for abandoned mines [8]
green = correlation, white = no correlation

process, the mining elements and the various parameters (Fig. 3).
The geomonitoring techniques were first contrasted
with the examined remote sensing systems in order to
determine how effective the sensors were for measuring
various monitoring parameters (e. g. soil water content).
Investigations were then conducted to ascertain how
suitable the remote measurement of these parameters
was for monitoring the mining element in question.
Both these investigations used a suitability scale ranging
from 0 to 2, where 0 meant ‘no suitability’, 1 ‘limited
suitability’ and 2 ‘good suitability’.
The mining elements were then assigned directly
to the remote sensing systems using an assessment matrix. In order to examine the suitability of a particular
remote sensing system for monitoring a certain mining
element the corresponding values of the first two tables
were offset against one another and an overall value

Fig. 4: Case example for calculating the suitability of a remote sensing system
for monitoring a mining element
GeoResources Journal 1 | 2022
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The usability of the parameters for monitoring the
mining elements was based on three gradings denoting the suitability of the measurement or observation
in question. The findings are displayed in colour in
Fig. 4 where ‘good suitability’ is represented by value 2
(green), ‘limited suitability’ by the value 1 (yellow) and
‘no suitability’ by the value 0 (red).
The measurement of vertical and horizontal ground
movements, soil water content and actual land use, for
example, is a very effective way of monitoring shallow
mine workings (value 2). Measuring vegetation parameters is of limited suitability (value 1) as measurable
plant damage can occur after a long delay, may not in
fact happen at all or may be due to other biogenic or anthropogenic factors. Moreover, such damage is often just
the secondary effect of other factors, such as soil water
content. Measurements of soil temperature and gas emissions have to date proved unsuitable for the monitoring
of this mining element. The evaluation of the remote
sensing systems included in the investigations was based
on researched performance data for the sensor technology, such as the type, ground resolution and swath width
of the sensor unit, the measurement interval and the
available products (classification based on NASA Data
Processing Levels [12]). Following the initial literature
review it was decided not to continue with the investigation of the Pléiades, Pléiades Neo, RADARSAT-2,
SPOT 6/7 and WorldView-3 systems, which were originally included for reference purposes, as it was considered not economically viable to use commercial data in a
long-term, large-scale monitoring operation.
As the last step in the analysis process the remote
sensing systems were assigned to the mining elements
and a value was attributed that signified their suitability for monitoring the element in question. The values
range from 0 to 14 (of a theoretically possible 24), as
the remote sensing data from one system can be used to
monitor several parameters. The results of the analysis
are presented in Fig. 5, where the colour scale is graded
accordingly.
The system that immediately stands out from the
others is the EnMap program, which is not yet fully active. This is the only system to be equipped with a hyperspectral sensor, which means that it can measure various
vegetation, soil and water parameters that can provide
important information for the monitoring of legacy elements of the mining industry. It was also found that because of the very low resolution involved the data from
Sentinel 5P were unable to contribute in any significant
way to the monitoring of the mining elements. Every
system included in the survey has problems when it
comes to monitoring mine drainage operations as these
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processes essentially take place far below the observable
ground level.

Evaluation
The interpretation of the findings highlighted clear differences between satellite-supported radar and multispectral sensors and the data recorded by aircraft and
UAS flights in terms of their spatiotemporal coverage
and resolution. Satellites have clear advantages when it
comes to providing large-scale and fully updated data.
With a view to integration in a risk management system all the satellite data meet the requirements for updating, resolution, accuracy, coverage and consistency
while the reference systems failed to make the grade
due to their long measurement intervals, high measurement outlay and low spatial coverage. However, with
their several times higher resolution capacity the latter
systems can be used to locally supplement or verify the
measurement results from the satellite-borne sensing
systems.
Whereas optical sensors are particularly well suited
to analysing vegetation and land use, active sensors –
which use radar interferometry – are able to detect with
great precision the distances between the satellite and
the surface of the Earth, in other words they can measure ground movements. Depending on the wave lengths
used it is also possible to measure, either directly or indirectly, other parameters such as soil water content.
Ground temperatures can only be measured by means
of the ASTER sensor system that is fitted to the Terra
and Landsat satellites, while it is practically impossible to use the investigated data to detect gas emissions.
Even though the Sentinel 5P system can detect single
gases, its low resolution capacity is of limited use when
it comes to the quantities generated in the form of local
mine-gas emissions.
After all the different analysis steps had been completed it was found that the satellite missions by EnMAP, Landsat, Sentinel 1, Sentinel 2 and Terra were
highly suitable for monitoring individual mining elements over longer periods of time.
Only by combining all the relevant data together,
however, will it be possible to establish a comprehensive risk management regime for the abandoned mines
and post-mining sector, as the weaknesses of one system can be offset by the strengths of the others. Here
the required technology combination will have to be
individually matched to the respective requirements
and circumstances of the monitoring zone. An imaginary scenario for two such deployments is shown in
Fig. 6.
In any case the remote sensing data presented here
are but one aspect of a comprehensive risk management
regime for the abandoned mines and post-mining sector,
for they must also crucially be referenced and validated
by means of suitable in-situ measurements. It is also vital to draw on historic data, local experience and expert
knowledge as a basis for the risk assessment process.

Fig. 5: Assignment of remote sensing data to mining
elements

Conclusions and Outlook
Any risk management system for the abandoned mines
and post-mining sector will, because of the extent and
complexity of the area being monitored, necessarily
impose high demands on a spatiotemporal geomonitoring application. It is clear that today’s satellite-borne
remote sensing technology, with its hyperspectral, multispectral and radar sensors, is particularly well suited
for the large-scale monitoring of abandoned mining
and post-mining structures, whereas individual drone
flights and orthophotographic images for land surveying purposes, which have a high resolution capacity, can
provide detailed information on more confined areas. In
order to set up a comprehensive geomonitoring regime
it is therefore essential to employ a combination of different remote sensing systems so as to counterbalance
the weaknesses of individual sensors and platforms with

Fig. 6: Application of freely available remote sensing data, digital orthophotos (DOPs) and detailed UAS flights for the geomonitoring of target
survey areas
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the strengths of others. The data obtained also have to
be verified by local information and interpreted using
expert know-how. As part of the future research effort
in this topic area the data obtained from the featured
systems will have to be examined and coordinated in
greater detail and preparations drawn up for their application in a dedicated risk management system.
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Extraction of valuable Metals
from Tailings in South Africa

Simon Doleschal and Gerard Mohapi, Southern African-German Chamber of Commerce and Industry, Johannesburg, South Africa

Fig. 1: Tailings Storage Facility (TSF) in South Africa

Background
Metallurgists have long researched the potential profitability of extracting valuable metals from tailings dumps
(or residues or low grade stockpiles). Tailings dumps
have traditionally been regarded as waste, but this view
has changed due to a number of developments in mineral processing technologies. This is especially true in
the South African context where the tailings dumps
(Figs. 1 and 2) were created from the processing of
chrome, platinum group elements (PGE’s), and gold.
These dumps are now being reprocessed to produce
gold and uranium from gold tailings, chrome from PGE
Tailings and PGE’s from chrome tailings. Other tailings
dumps are being reprocessed to a smaller extent and the
dumps created from the processing of diamonds and
copper are under consideration.
Fig. 3 shows the many mining sites in South Africa. In a country with such extensive mining activities there are numerous tailings dumps. Currently, the
government is the largest ‘owner’ of derelict and ownerless (D&O) mines and their associated dumps with a
reported number of more than 6,000 ownerless mines
(including dumps) that would require an estimated 30
billion rand for rehabilitation [1, 2, 3]. In the Johannesburg area alone it has been reported that about 321 km²
of land is covered by toxic and radioactive tailings dams
[2].

The extraction of valuable metals from tailings
left by now derelict mines is a growing industry
in South Africa and these operations also help to
protect the environment.
Mining • Geotechnics • Tailings • Extraction •
Metals • Environment • South Africa

and reprocessing of old tailings dumps is a growing sector in the country. The major players are:
▶▶
▶▶
▶▶
▶▶

Pan African Resources
DRD/Sibanye-Stillwater
DRD Gold
Harmony Gold Mining

Gold Tailings
More than 1.7 billion tons of gold tailings dams have
been produced in South Africa. Potentially these can be
refined to produce at least 15 million ounces of gold. In
the West Rand, East Rand and Central Gauteng region
it was estimated that there are more than 500 gold mining dumps of which 350 are in the Johannesburg region,
covering about 320,000 ha of surface area. The mining
Doleschal and Mohapi:
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Fig. 2: Detail of Fig. 1
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Fig. 3: Mining places in South Africa
Source: Council for Geosciences, South Africa

Pan African Resources
Pan African resources runs the Elikhulu tailings retreatment plant. The plant is located at Evander Gold Mine
and reprocesses material fed by the Kinross, Leslie/
Bracken and Winkelhaak TSF (tailings storage facilities). The modern retreatment plant can produce up to
65,000 Oz of gold per year. It has mineral reserves of
1.5 million Oz of gold, at a head grade of 0.27 g/t, and
produces gold at a total all-in sustaining cost of sub US$
700/Oz. It has mineral resources of 1.9 Moz at 0.29 g/t
(203.6 Mt), with an expected life-of-mine of 13 years.

DRD/ Sibanye-Stillwater
DRD Gold and Sibanye Stillwater jointly own and run
the West Rand Tailings Retreatment Project (WRTRP)
in South Africa. The company estimates that 6.2 Moz of
gold and 97.2 Mlb of uranium lie there in various TSF
and can be mined safely.

DRD Gold
DRD Gold is a major player in the field of gold reprocessing. The company’s flagship metallurgical plant,
Ergo, some 50 km east of Johannesburg in Brakpan, and
the Knights plant in Germiston, together comprise one
of the largest gold surface tailings retreatment facilities.
Together with the milling and pump station at Crown
GeoResources Journal 1 | 2022
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Mines and City Deep (both former plants) the new
consolidated Ergo operation processes 2.0 to 2.1 Mt of
gold-bearing material a month.

Harmony Gold Mining
Before Harmony Gold acquired Anglo Gold Ashanti’s
South African assets their production from the processing of surface rock dumps situated in the Free State
province of South Africa depended entirely on the
availability of spare mill capacity at the Harmony One
and Target plants. In Gauteng provinces at their Kusasalethu mine, plant waste and waste rock dump deliveries are used to supplement mining volumes in order to
secure sufficient backfill to use as support in stoping areas. Waste rock dumps situated near Orkney (acquired
as part of the Moab Khotsong operations) are treated at
the Noligwa and Mispah plants.
After acquiring the Anglo Gold Ashanti gold assets in South Africa, Harmony now also bought up
the gold tailings reprocessing operations of Mine
Waste Solutions and Chemwes (previously owned by
Anglo Gold Ashanti). The dumps operated by Harmony Gold have now added another five TSFs to
their portfolio, which now comprises Kareerand Buffelsfontein 1, Buffelsfontein 5, Hartebeesfontein 1 &
2, Hartebeesfontein 5 & 6, MWS (Chemwes) 4 and
MWS (Chemwes). Mine Waste Solutions has a gold
reserve of 5.2 million Oz.
Doleschal and Mohapi:
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Copper and Tin
Currently there is no information on the reprocessing of
dumps available created by copper processing in South
Africa. However, Metal X Limited recently announced
the updated Definitive Feasibility Study (DFS) for their
Renison Tailings Retreatment Project. According to
their estimates the project will be a lucrative endeavour
with high margins. The company projects that they will
be able to recover around 5,400 t of tin and 2,200 t of
copper annually.

PGE Tailings
PGEs and chrome are mined in the Bushveld Complex in
South Africa. A large portion of PGEs are produced from
the UG2 Reef in South Africa. The UG2 reef is known to
host both PGEs and chrome. The processing of primary
production has focused on the liberation of PGEs from
the run of mine. As a consequence, dumps created from
the primary production of PGEs from the UG2 reef (and
potentially Merensky) contain significant quantities of
chrome. Conversely, primary chrome was produced from
the mining of the LG6 chrome bearing reefs. The LG6
(and other LG reefs) contain both chrome and PGEs.
Similarly, to the UG2 reef, dumps created from the processing of chrome contain significant amounts of PGEs.
The major players in this sector are:
▶▶
▶▶
▶▶
▶▶

Jubilee Metals Group
Sylvania Platinum
East and Plats
Northam Platinum

Jubilee Metals Group
Jubilee is the exclusive partner to Hernic Ferrochrome
Proprietary Limited (“Hernic”), the world’s fourth largest integrated ferrochrome producer. Jubilee recovers
PGEs from Hernic chrome tailings and platinum rich
surface material. In January 2019 Jubilee acquired the
sole rights to the Windsor SA PGM project under a
profit share agreement. Jubilee’s PGE reprocessing operations in South Africa are:
▶▶ Dilokong Chrome Mine (DCM) – chrome, fine
chrome and PGM’s
▶▶ Hernic – PGEs from chrome tailings
▶▶ Windsor – chrome and fine chrome
▶▶ Windsor – PGEs
Other projects that are targeted (not yet in operation)
are Tjate Platinum Project in the Eastern Bushveld complex and the Inyoni operations owned by Hernic.

Sylvania Platinum
Sylvania Dump Operations (SDO) comprises six
chrome beneficiation and platinum group metal
Doleschal and Mohapi:
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(PGM) processing plants, located on both the Eastern
and Western Limb of the Bushveld Complex. Sylvania
treats a combination of current and historical chrome
tailings at host-mine sites. The SDO is the largest PGM
producer from chrome tailings re-treatment in the industry with a current annual production capacity of
around 75 to 78 koz (during steady state capacity and
subject to supply from the host mine).

East Plats
East Plats runs the Zandfontein Tailings Retreatment
Project to produce chrome. Operations at the Retreatment Project began in December 2018. The project expanded to PGE recovery testing in Q2 2019 and this
continued during Q3 2019. The operations currently
produce material from the tailings resource, this including processing and production of chrome concentrate
currently.

Northam Platinum
Northam carries out hydro mining and the reprocessing
of the Booysendal South TSF. The company aims to extract 1.3 million tonnes of chrome product from 8.7 million tonnes of tailings produced from PGE processing.

Mining Methods and Processing
Technologies
Slimes and tailings can be exploited using either hydraulic
or mechanical methods. In the case of waste rock or low
grade stockpiles normal load and haul techniques (truck
and shovel) are used. The choice of method for tailings
reclamation depends on factors such as topography and
the presence of dolomites. For example, bucket wheel excavators were employed for the reclamation of the slimes
dams at the now abandoned Blyvooruitzicht gold mine.
For the reasons outlined in this report the mining method called “top-down hydraulic mining” and heap leach
processing are the most commonly used methods.

Top-down hydraulic Mining
The typical infrastructure utilised for this mining method is [4]:
▶▶
▶▶
▶▶
▶▶
▶▶
▶▶
▶▶
▶▶
▶▶

Two overland slurry pipelines
An overland return water pipeline
Reclamation pump stations
Water infrastructure, storm water systems and spillage handling systems
Electricity reticulation
Temporary administration buildings, including
change houses and sanitary facilities
Mobile emergency storm water dams
Access roads, routed from existing entry points
Construction contractors’ storage locations (temporary facilities)
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Competence Centre Mining & Mineral Resources,
Southern-African-German Chamber of Commerce
▶▶ Mining has a long history in South Africa. This has created a promising backdrop for the reprocessing of mine tailings.
▶▶ Tailings have long been a focus for reprocessing operations. However
the recovery rate is dependent on technological development.
▶▶ Please get in touch with Simon Doleschal if you are a South African
operator seeking to contact German experts with know-how in the
reprocessing of tailings, or if you want to demonstrate your expertise
to South African operators.

High-pressure water monitors (or mobile tracked hydraulic monitors) are used in the top-down hydraulic.
The monitors deliver a high-pressure water to excavate
the tailings using water jets. The high pressure water from the cannon mixes with the tailings material
and forms a slurry that contains a high solids content.
The slurry then flows under gravitational forces along
trenches at the base of the TSF to a collection sump
which is positioned at the lowest elevation of the bench
being mined. [4]
At the sump, finger screens are employed to remove
any debris that may adversely affect pumping operations, and a penstock is used to control the flow of water
into the sump. The position of the collection sump is
dynamic and changes as the mining of the tailings pro-

gresses. The slurry is then transported from the collection dump to the reclamation station. Flapper valves are
used to hold and release the slurry contained in the collection sump in order to control the volume of water for
transport to the reclamation station. The slurry is then
pumped to the processing plant to liberate the valuable
metals. [4]

Tailings Retreatment
The retreatment of tailings varies according to the
source of the tailings and the material(s) to be recovered. Heap leaching is the typical method of extraction.
The heap leaching and SX-EW processes have played a
key role in the advances in treatment methods. Heap
leaching, in which ore is agglomerated and stacked on
a heap and then irrigated with a leachate, is ideal for
low-grade ores.

Conclusion
The extraction of metals from tailings in South Africa
combines the production of valuable raw materials with
the remediation of environmental damage. Extraction is
technically and economically viable as a result of further
devolopments following the primary mining activities.
A win-win situation not only for the operators of the
reprocessing facilities and their employers but also for
the environment and for those living within the zone of
influence of the TSF.
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Boomer E2C takes on Refurbishment of
the Neuchâtel Tunnel in Switzerland
Epiroc Deutschland GmbH, Essen, Germany

The CFF SA railway tunnel to the west of Neuchâtel in
Switzerland is 680 m long and has a cross section of approximately 50 m². There are also fourteen rescue niches
along the length of the tunnel. Infra Tunnel SA were appointed to manage the tunnel refurbishment project
which started in March 2021 and was completed in
September 2021.
“From the start of this refurbishment project the advantages of using the Epiroc Boomer E2C to automate the
installation of DSI Underground’s AT – Pipe Umbrella
System with pipe squeezed connections were clear,” explained Steven Le Doaré, Site manager from Infra Tunnel SA (Fig. 1). “Plus we have worked closely with Epiroc
for over 30 years, so we know we have a reliable partner
at our side.”

A specially adapted Epiroc Boomer E2C, has been
used to automate the installation of an AT – Pipe
Umbrella System from DSI Underground as part of
a refurbishment project in a rail tunnel between
Neuchâtel and La Chaux-de-Fonds in the west of
Switzerland.
Tunnelling • Innovation • Boomer • Pipescreen •
Construction operation • Occupational safety

A successful Collaboration: Epiroc
Boomer E2C with AT – Pipe Umbrella
System from DSI Underground
An AT – 139 Pipe Umbrella System from DSI Underground was selected for the project in order to improve
the safety and stability of the ground in the path of the
tunnel as it passed through Jura limestone and marl.
“Having previously used the AT – Pipe Umbrella System
with pipe squeezed connections on a project in France, I
found it to be safer, faster and easier to install than the
equivalent conventional threaded system,” observed Daniel Solheid, Project Manager for Infra Tunnel SA.
Using squeezed connections rather than conventional threaded couplings to join each 3 m-long pipe
meant that the installation of the pipe umbrella could
be automated. The Epiroc Service Centre in Switzerland adapted an Epiroc Boomer E2C drill rig to accom-

Fig. 1: Specially adapted Epiroc Boomer E2C engaged
in the automated installation of a tunnel pipe
umbrella system

modate a squeezing unit on the drilling arm (Fig. 2).
Automating the installation of the pipe umbrella with
mechanised feeding speeds up the installation process
(Fig. 3) and also improves workplace safety as the pipes

Fig. 2: Modified Epiroc Boomer E2C with pipe press fitted to the drill arm

Epiroc Deutschland GmbH:
Boomer E2C takes on Refurbishment of the Neuchâtel Tunnel in Switzerland

Fig. 3: Modified drill arm brings greater installation
safety.
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Fig. 4: Diagram showing innovative squeezed connection system (top) and
conventional threaded coupling method (bottom)

Fig. 5: Threaded pipe sections being coupled
together manually

than screwing the individual 3-m-pipes together (Fig. 5).
Automating the installation of the pipes in this way has
also made the process safer for our personnel as there is less
manual handling of the pipes and no one has to work near
the moving parts of the drill rig (Fig. 6).”

Good Team Effort

Fig. 6: View from the operator’s cab of the modified boomer during the
automated installation of a pipe umbrella with squeezed connections

no longer have to be connected manually. This significantly reduces the risk of injury (Fig. 4).
Steven Le Doaré describes the advantages this presents for the Neuchâtel Tunnel project: “To make the
umbrella we have to install pipes totalling over 4,000 m in
length. The pipes have a diameter of 139.7 mm. Using the
Boomer to connect the individual lengths of pipe has made
the process significantly quicker. Pipe squeezing is faster

GeoResources Journal 1 | 2022
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Infra Tunnel SA specialises in the building and refurbishment of tunnels and underground infrastructure.
Le Doaré sums things up as follows: “We have worked in
partnership with Epiroc (and its predecessor Atlas Copco
Mining and Construction Equipment) for over 30 years.
We chose them as our partner to work on this project because of the quality of their equipment, their after-sales
service and proximity to the worksite and because we have
confidence in the personnel involved.”
Epiroc personnel have also worked in partnership
with the team from Sterobit AG, the DSI Underground’s partner in Switzerland. They provided joint
support for Infra Tunnel SA throughout the project
– from the modification of the boomer, initial commissioning and staff training, through to provision of
services.

Epiroc Deutschland GmbH
Contact: kontakt@epiroc.com

Epiroc Deutschland GmbH:
Boomer E2C takes on Refurbishment of the Neuchâtel Tunnel in Switzerland
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Experiences with BIM for the Modelling
of Segment Systems
Prof. Dr.-Ing. Jürgen Schmitt, Calvin Lu, M. Eng., Marc-Kevin Perkins, M. Eng. and Dill Khan, M. Eng.,
Darmstadt University of Applied Sciences, Germany

1 Introduction
Digitisation has also taken a significant upturn in the
construction industry in recent years, with Building
Information Modelling (BIM) having already become
well established in the field of structural engineering – something that can be attributed to the existing
standards for a sharable digital building database in this
sector. This database, which is populated with standardised data and component families, forms the basis for a
successful implementation of BIM processes. The AutoDesk Revit software system, for example, enables the
application of such a databank and all project participants are able to use the component families to produce
and edit a three-dimensional building model. Away
from the structural engineering sector, however, other
infrastructure segments, such as tunnelling, have so far
been neglected when it comes to the development of a
standardised building database.
Unlike conventional tunnel headings mechanised
tunnelling projects usually employ prefabricated units,
or segments, to provide the necessary support (Fig. 1).
The segment support method provides an ideal scenario
for using BIM in the development of component families. Various project studies were undertaken using AutoDesk Revit software to develop component families
for various segment support systems and the following
article describes the practical experience and insights
that were acquired as a result of this work.

2 Segment Systems
Segment systems essentially take two different forms, as
described at [1], namely rings with flat end faces (ring
joints) and rings with offset joints (hexagonal or honeycomb rings).
According to [1] the group of segments with flat
end faces can be further broken down as follows:
▶▶ Conic rings with offset longitudinal joints
▷▷ Universal ring type
▷▷ Left and right-handed rings
▶▶ Parallel rings with continuous longitudinal joints
▷▷ Full ring type
▷▷ Spread ring without ring gap
▷▷ Saver ring with reduced requirements
The project studies focused on modelling full-ring segments. Full rings belong to the category of parallel rings
and are recognised by their fully parallel longitudinal
Schmitt, Lu, Perkins and Khan:
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The paper describes the practical experience and
knowledge that was acquired from project studies
aimed at producing a BIM model for segment support systems to be used in tunnel headings.
Tunnelling • BIM • Modelling • Segments •
Mechanised tunnelling

Fig. 1: Transporting segments

joints. The horizontal section of these ‘block segments’
takes the form of a rectangular box and the keystone is
wedge-shaped, which means that the neighbouring segments also have to be tapered. The structure of the individual segments produces a full annular cross section.
When the keystone has been set in place the annular gap
between the segment rings and the rock is filled with
material. To allow a curved alignment to be adopted
without having to open up the joints on one side of the
tunnel in the case of single-shell structures it is necessary to employ another tubbing system, this comprising
universal rings or left and right-handed rings.

3 C
 omponent Families in the AutoDesk
Revit System
A group of objects designed for the same purpose can be
designated as a component family when they have the
same parameters and a similar geometry. Such a family
can have a whole range of family types and parameters at
GeoResources Journal 1 | 2022
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its disposal. These parameters may include dimensions,
material properties and the associated costs. The segment support family, for example, can comprise several
family types. The individual types use identical parameters, such as inner and outer shell diameter, shell thickness and material, though the values of the individual
parameters can vary. When establishing the component
types care must be taken to ensure that the designation
of the type takes up one of the existing parameters. In
the given example, for instance, the designation is to be
chosen as a function of the diameter.
Compiling the component families requires the
use of reference levels that serve to define the parameters. The relevant dependencies and relationships can
be described using formulae. The relationships that are
incorporated into the system by way of formulae make
it possible to populate amendments in the model with
little effort as there is no need to change each dimension manually. Commands are also available whereby
the components can be oriented and aligned. These can
relate both to reference levels as well as to other components. In this way, for example, components can be
aligned to reference levels and can be arranged orthogonally or in parallel to other components as well as being
positioned in conjunction with or at a distance from
other elements [2]. A distinction is drawn between the
following family types:
▶▶
▶▶
▶▶
▶▶

Loadable families
System families
Project families/project elements
Encapsulated families

The family type ‘loadable families’ can be loaded from
an external library such as the AutoDesk Metric Library, which is stored on hard disk. The ready-made
component families that are filed in this location can be
loaded into all kinds of projects as and when required.
When the project is being stored the loaded family is
also stored-in too. This means that when the project is
next being worked on the last storage routine carried

Fig. 2: Depiction of the completed segment ring
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out will still be running without the need to re-load
the required families. As well as the Metric Library
there are also a number of online sources available for
downloading component families. Users can in addition store their own library locally and populate it with
families that they have created themselves. The component families referred-to in this paper were also created
by the users in question and were stored locally in their
own library.
‘System families’ are families that have been preconfigured in the Revit software. These families are stored
in the templates and projects and cannot be loaded
from external data files. They are contained exclusively
in the templates and projects and can be edited in these
locations, with users specifying the width of a wall for
example, and then stored as types. Special variants, such
as a conical wall, cannot be created within these system
families. This would require the application of ‘project
families’.
‘Project families’ are component families that have
been specially generated for a particular project. They
display uncommon geometrical features that are only
used or required for a specific project. For this reason
only one family type is generated from such a component family.
When modelling complex components, such as the
reinforcement cages required for segments, it is expedient from the point of view of optimal computer performance to use ‘encapsulated families’. An encapsulated
family consists of several Revit families that share common parameters.

4 Project Studies
4.1 P
 roject Study 1: Modelling
a complete Ring
In project study 1 the main focus was on the modelling of
a full segment ring (Fig. 2). The full-ring component family was divided up into the following three sub-families:
▶▶ Block segment
▶▶ Block segment with single-side tapered longitudinal
joint
▶▶ Keystone
For project study 1 the level of detail of parametrisation,
or level of geometry (LoG) [3 to 5], was set as LoG 300.
In order to create the block segment a template
segment family was first generated as an encapsulated
family that could be used for any type of segment system. The first step in this process was to model a parametrised profile that in the subsequent step was depicted in duplicate on two levels. The final stage was to
produce a solid body from the two profiles that could
represent the finished segment. This end stage then defined three parameters, namely component thickness,
internal arch length and block length (Fig. 3), in order
that the geometry of the segment could be managed as
Schmitt, Lu, Perkins and Khan:
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Fig. 3: Parameters of a block segment element

required. A similar procedure was adopted for the two
other sub-families, namely block segment with singlesided tapered longitudinal joint and keystone.
It was found, however, that manually fitting together the complete segment ring from the sub-families
required far too great an effort when it came to aligning and arranging the individual sub-families. In order
to simplify the task of assembling the sub-families to
create a complete ring it was decided to try out an alternative modelling process involving the use of adaptive
components. As the term ‘adaptive’ indicates, these particular components can be adapted or adjusted to suit
their surroundings. The corner points of a component,
for example, can first be provided with reference points
that can subsequently be defined as adaptive. This means
that the reference points can adapt to the existing environment when inserted into another family or project.
This requires insertion points in the form of reference
points to be created in the new family or new project so
that the adaptive points of the component can orientate
themselves on these (Fig. 4).

4.2 P
 roject Study 2: Modelling Segment
Reinforcement and the entire
Tunnel Structure
The second project study focused on modelling the segment supports and the segment reinforcement system
(Fig. 5). A complete model of the tunnel, including
its embedment in the subsurface, was also to be generated from the individual components and component
families. The individual components and families in
question (travelway, reinforcement cage, segments,
gap filling grout and tunnel cavity) are all depicted in
Fig. 6. The LoG used in project study 1 was upgraded to
LoG 400 for this second project study.
The full segment ring was modelled on the basis of
six individual segments that were defined as adaptive
components. Detail features such as the gripper recesses
for the erector rig were also included when modelling
the segments.
Modelling the reinforcement (Fig. 7) is a more
complex and time consuming process than modelling
the segments. Modelling the reinforcement cages called
for several models and required the generation of an
encapsulated family. The modelling stages for the cross
bars and longitudinal bars each had to be undertaken
Schmitt, Lu, Perkins and Khan:
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Fig. 4: Reference points of an adaptive segment section

Fig. 5: Segment reinforcement cage being constructed at a prefabrication plant
1 travelway
2 reinforcement
3 segments
4 gap filling grout
5 tunnel cavity

Fig. 6: Components of the modelled tunnel

Fig. 7: Modelling a segment reinforcement cage
using Revit software
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Fig. 8: Overall model of the tunnel and surface b
 uildings

separately. When compiling an encapsulated family it is
essential to import the parametric dependencies of the
loaded family. In this case the import action involved
the family parameters of the cross-bar reinforcement
family.
The travelway construction and concrete fill for the
tunnel floor were configured as a single family. Here too
the defined parameters could be used, for example, for
making automatic adjustments to the width of the travelway in order to accommodate changes in tunnel diameter.
Using the various component families an overall
model of a tunnel was generated and embedded in the
subsurface and in the developed surface topography
(Figs. 8 and 9). When modelling the tunnel the adjacent segment rings were arranged with an offset of 30°
(Fig. 10). In order to be able to manage the tunnel model parameters efficiently and in a centralised manner it
is important to assign global parameters to the Revit
families and models before starting to develop the tunnel model. When positioning the segment rings in the
model it is advantageous to create an assembly of several
segment rings and then to duplicate these accordingly.
As the segments were input as both parametric and
adaptive components it was always possible at any given
time to manage the parameters, properties and rotation
of the rings via the global project parameters.

Fig. 9: Overall model showing the subsurface
location and surface buildings
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In order to increase the level of information (LoI)
[3 to 5] in project study 2 the modelled segments were
assigned specific attributes. These assigned attributes
can, for example, consist of ID data such as the specific
component, its sub-assembly labelling and description
as well as the manufacturer and cost.
In order to investigate the extent to which data from
the Revit total model can be interchanged for quantity
determination or cost calculation purposes, for example,
an IFC data file (Information Foundation Classes) [5]
was created and input using BIMvision software. These
data were successfully imported without any losses.
An overall model was also generated for a tunnel
with a curved alignment. This clearly showed that the
adjustments needed for the segment geometry were very
input-intensive as each segment ring had to be modified
and adapted individually.

5 Conclusions
The two project studies showed that BIM is a very effective tool for modelling segment support elements
using families and/or components and that changes in
planning can be applied very easily by parametrising the
component families.
When modelling segment supports it is an advantage to work with adaptive components and encapsulated families. Adaptive components help to simplify
the process of merging sub-families while using encapsulated families saves on computer resources.
The project study 2 showed that tunnel structures
with segment supports and a curved alignment can be
modelled using component families. However, modelling and adapting segment geometries using a conventional Revit-based workflow is a very input-intensive
process and more effective results can be obtained with
the Autodesk Dynamo programming environment. Autodesk Dynamo represents an extension of the Revit engineering software and has been designed, for example,
for the automated generation of complex parametrised
geometries. The application of Autodesk Dynamo is
currently the subject of another ongoing project study.

Fig. 10: Arrangement of two consecutive segment
rings
Schmitt, Lu, Perkins and Khan:
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For a sustainable Future – MiningForum 2022
DMT GmbH & Co. KG, Essen, Germany

The MiningForum brings together decision makers, experts and specialists to discuss topics related to mining. The event offers a comprehensive
panorama view of various complex topics related to raw materials – 2022
under the heading “For a sustainable Future”.
Mining • Raw materials • Conference • Exhibition • Networking •
Sustainability • Resource security • Future

The 16th MiningForum will take place in Berlin on May
19 and 20, 2022. This is where the participants meet
every two years for an intensive exchange of ideas. The
motto of this year’s forum is “For a Sustainable Future”.
The event is supported by the German Federal Ministry
for Economic Affairs and Climate Action.

360-degree Perspective on Raw
Materials-related Topics
The international event offers a wide-ranging 360-degree view of complex raw materials-related topics and
interrelationships, showing how the issue of sustainability is increasingly becoming an integrative component
and a success factor.
Some 60 renowned speakers will address the key
issues in the national and international commodities
market. The speakers include representatives of public
institutions such as state and federal ministries as well
as mining authorities, mining companies, engineering
service providers, consultants, universities and research
institutes. After welcome speech and opening two keynote lectures and the following sessions are planned:
▶▶
▶▶
▶▶
▶▶
▶▶
▶▶
▶▶
▶▶
▶▶

Innovation in Mine Construction
Future Mining
Mining in Australia and Chile
Mine Closure
Exploration
Raw Material Supply
Critical Raw Materials
Modelling and Simulation
Automatisation and Safety
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▶▶
▶▶
▶▶
▶▶
▶▶
▶▶
▶▶

Mining Projects
Sustainability
Re-use and Rehabilitation
Digital Mine
Advance Monitoring of Mining Areas
Mine Monitoring
Processes and Control

In parallel, the trade exhibition with its 40 exhibitors provides a platform for participating companies to present
themselves, network and showcase their products or services.

Partner Countries Australia and Chile
This year, Australia and Chile are the partner countries
of the event. Led by the AHKs Australia and Chile, the
forum will feature sessions and panel discussions on current commodity topics from both countries.
MiningForum presents highly topical themes – also
and especially in times of change. The challenges are
dealing with the complex interactions between all the
different interests and outcomes. The transformation of
the industry is in full swing, and mining and the entire
extractive sector are undergoing profound changes. This
is about attitude, supporting and practicing sustainability, maximum transparency and responsibility. The term
‘ESG’ – meaning ‘Environment, Social, Governance’ –
is now on the agenda of every manager and expert.

MiningForum 2022
Further information including company portraits of
the partners and exhibitors, as well as the complete
program can be found at:
https://www.the-miningforum.com
Contact:
DMT GmbH & Co. KG
Carolyn Tepel
+49 201 172-2006
miningforum@dmt-group.com

:
For a sustainable Future – MiningForum 2022
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Life taking Centre Stage –
a Challenge for the Mining Industry
Peter von Hartlieb, EE Energy Engineers, Gelsenkirchen, Germany

Mining has all kinds of complex challenges to meet for the good of mankind – and this includes producing raw materials in accordance with ESG
criteria in a way that benefits not only the industry’s own employees but
also those who may be impacted by mining operations.
Mining • Sustainability • Mankind • Raw materials supply • Safety

Man cannot survive without raw materials, yet the mining industry is always seen as a form of intrusion into
the environment. But current crises – such as the corona pandemic and recent political developments – can
change our general perception of things. Supply chain
problems, global dependencies and geopolitical changes
all serve to highlight the kind of impact these events
can have on the availability and price of raw materials
and end products. The complex interactions that take
place between raw material supplies, environment and
climate protection, social and economic issues, political
circumstances and so on can all be felt in our daily lives.
Mining remains an important basis of material existence
everywhere on the planet. Mankind currently makes use
of at least 90 metals and minerals in order to drive the
global economy. Balancing the pros and cons of raw materials extraction and finding the best possible compromise between all the different conflicting interests and
contradictory outcomes continues to be a huge challenge. And all the while people’s lives have to be at the
centre of our decision making. This paper discusses all
the different correlations and challenges involved and
seeks to explain the practical relevance that this subject
has for all of us. It may also provide inspiration for the
development of creative and more sustainable solutions.

Sustainable Raw Materials Production
The production of raw materials needs to be made more
sustainable and if this is to happen then all three pillars
of sustainability – the economy, the environment and
social performance – need to be taken seriously. To this
end capital investments are now placing ever greater value
on adherence to ESG criteria as defined in line with environmental, social and governance credentials (Table 1).

Environment (E)
Mining can have a detrimental impact on the environment
and on those affected by it. Negative environmental consequences include for example deforestation, resettlement,
von Hartlieb:
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the diversion of rivers and changes to the landscape, as can
occur when dams and barrages have to be built for electricity generation or water supply purposes, and the construction of tailings piles and settling ponds. Using renewable
forms of energy and taking steps to reduce energy consumption and emission levels when raw materials are being
extracted have now become priority issues. Other factors
of significance include intrusions into the water balance
and natural regimes and the impact these have on competing forms of usage by man and biodiversity. All this causes
pollutants to enter the soil, air and water bodies.

Social Performance (S)

Table 1:
ESG criteria [1]

Criteria

Employee health and safety and the protection of labour
rights and fair working conditions have all become major
social issues. Political and economic circumstances mean
that there are major disparities between mining companies operating in different countries. Traditional jobs, for
example, are under threat from digital change with its attendant automation and artificial intelligence, while on
the other hand this also results in greater efficiency, safer
workplaces and reduced levels of energy consumption.

E

▶▶ environmental
protection
▶▶ climate
protection
▶▶ use of renewable energies
▶▶ emissions
reduction
▶▶ careful management of raw
materials and
energy

Responsible Governance (G)

S

▶▶ work safety
▶▶ health
protection
▶▶ observance of
labour rights
▶▶ fair working
conditions
▶▶ ban on child
labour
▶▶ no forced labour
▶▶ service providers and suppliers also to
comply with
ESG criteria

G

▶▶ ethically
acceptable
corporate
governance
▶▶ compliance
▶▶ elimination of
corruption
▶▶ independent
supervisory
board
▶▶ risk management

It is difficult to provide a consistent global assessment
of ethical governance. It could for example be argued
that coal mining is a bad thing, with the Paris Climate
Agreement stipulating an early withdrawal from coal
production in order to limit global warming to 1.5 C
for climate protection reasons. Having said that, this
exit from coal will require a major effort to provide
adequate supplies of renewable energy for humankind
and industry alike. It is now the responsibility of mining companies to act as ethically as possible. They can
be held accountable for any case of intent, negligence
or carelessness that has contributed to a catastrophe or
offence against the environment. This ruling can also be
extended to cover public stakeholders and lobby groups.

Dilemma
Mining is an unavoidable necessity, for even if we are
to create a green economy we shall still need certain
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EE Energy Engineers
Gelsenkirchen-based EE ENERGY ENGINEERS GmbH was founded in 1996
and is a first-choice provider of tailor-made consulting and engineering
services. The company has been a member of the TÜV Nord Group since
2007. Our multidisciplinary team develops solutions for clients based on
sustainability, climate neutrality and future-proof energy supplies. The
mission is all about the future. Staff are trained to adopt an integrated
and systemic approach: clients are given start-to-finish support from
initial consultation through technical design and planning and project
management to the performance review and legally compliant documentation process. The in-house team of fully-committed professionals
can draw on the technical know-how, experience and empathy that is
needed to help build a world that is safer and more sustainable for us all.

metals, such as copper, nickel, cobalt, aluminium and
lithium, along with rare-earth elements and gases such
as neon. Extracting natural resources without adverse
effects and conflicts of interest is generally difficult to
achieve no matter where you are. And for responsibleminded mine operators and investors this often poses
a dilemma.
From the mining company’s viewpoint the licence
to operate is the most important factor. Guarantees of
sustainability and operational safety are in many cases
formal prerequisites for this licence. However, it also
needs to be borne in mind that as the mining industry
operates across supply chains involving activities in developing countries it is by its very nature susceptible to
environmental, social and governance-related problems
(ESG). Meeting all these criteria, some of which will be
counteractive in nature, can be a real challenge.
Are we to mark mining down as unethical because
of its negative impacts? Labelling mining and mining
companies per se as bad is simply too one-sided, for we
cannot completely do without the raw materials that
they produce. Integrated, pre-emptive planning and the
application of innovative ideas and solutions for raw
materials extraction, for the avoidance of unnecessary
resource consumption and for efficient recycling, along
with the technical expertise that exists in the mining
industry and a fair measure of interdisciplinary collaboration – these are all crucial for maintaining good living conditions for all mankind. Effective strategies and
measures for a more sustainable and responsible mining
industry are key to our continued existence, but implementing them will not be so easy.
How can investors tell the difference between a
‘good’ mining project, which could be funded, and a
‘bad’ one, which should be avoided? What kind of impact can these ‘rotten apples’ have? The ESG corporate
assessment is a useful aid to decision-making. The cost
that a company will incur in meeting the ESG criteria
– and especially the environmental aspects – on one
hand, and the importance of providing jobs that are
the means of subsistence for local people, on the other,
should never be underestimated, particularly for those
enterprises that are based in poorer countries. It is the
agony of choice.
GeoResources Journal 1 | 2022
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Conclusions
Banks and investment funds often prefer to invest in the
industry leaders and in those companies that aspire to
be better and more innovative, where everything is underpinned with multi-layered business plans. However
it is wrong to exclude large sections of any industry, as
has been the trend for some time. We do not live in a
never-never land where recycling is part of an endless
loop and where there is no need for new resources to be
extracted from the earth.
High consumption rates and an excessive usage of
raw materials in the richer countries whose own production of natural resources is low simply shifts the environmental burden to the poorer nations where these
products are extracted, thereby penalising the people
who live there. Reducing resource consumption in the
industrialised countries and introducing more sustainable mining practices can make a huge contribution
to the protection of the environment and the climate
for the benefit of all mankind. Compliance with ESG
criteria also encompasses environmental factors (E), social elements (S) and aspects of responsible governance
(G). This pathway leads to better workplace safety and
health protection and helps promote fair and humane
working conditions – including and especially in the
poorer nations.
As we cannot simply give up mining altogether – for
one thing we need to achieve our energy transition and
climate protection targets – it is vital for us not only to
preserve our mining expertise but also to recruit new
talent to the industry and foster interdisciplinary teamwork so that we can develop innovative and sustainable
solutions that will be of benefit to all mankind. This will
require social interaction, empathy, sensitivity and creativity and, where possible, globally agreed regulations
and framework legislation.
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Shaft Sinking with innovative Boring Machines
and on-board Dust Control
Dipl.-Ing. Thomas Ahlbrecht, Redpath Deilmann GmbH, Dortmund, Germany

1 General
The state-owned Belaruskali company has been actively
engaged in potash mining in the Republic of Belarus for
some 60 years and currently operates six potash mines.
The main production area is based around the town of
Soligorsk, some 200 km south of the capital Minsk. The
potash is extracted by a system of longwall mining with
caving and without stowing, working depths ranging
from 440 to 1,100 m. Belaruskali is the fourth-largest of
the world’s potash production companies. In 2019 the
company started operations in a new production area
with the commissioning of the Petrikovsk mine.
The privately financed Nezhinsky mine, which will
extract deposits around Soligorsk, has been in the planning since 2011 and in 2016 work began on the construction phase in a new green-field location (Fig. 1).
The plans drawn up in 2011 proposed sinking two
freeze shafts using drilling and blasting technology.
When completed the shafts would have an internal diameter of 7.0 m and reach to a depth of about 750 m.
Shaft number 1 was planned as the production shaft
with number 2 serving as the manwinding and material
shaft. Up to a depth of 150 m such a high water inflow
was explored so that it was considered necessary to apply ground freezing measures down to the 165 m level.
This area the overburden sequence comprised sand, clay,
chalk, shale and dolomite and the target deposits were

The state-owned Belaruskali company has been
actively engaged in potash mining in Belarus for
some 60 years. The privately financed Nezhinsky
mine has been planning to extract potash deposits at Soligorsk since 2011 and work commenced
on a green-field site there in 2016. The original
intention was to sink two shafts using ground
freezing technology combined with drilling and
firing. However in 2016 the future mine operators
Slavkali opted for completely new technology –
mechanised shaft boring from the solid. This paper outlines the methods used and the experience
acquired from these innovative shaft construction
projects and describes the dust control measures
that were applied during the mechanised sinking
operations.
Mining • Shaft sinking • Shaft boring machine •
Work place safety • Dedusting • Belarus

located at a depth of 450 m with an interbedding of
rock salt and potash. The shaft pipes were provided with
a watertight lining of cast iron segments to a depth of
320 m. An unreinforced ring of concrete was installed
to provide temporary support for the segment section,
while a plain concrete lining was employed for the salt
shaft. The mine roadways were to be connected to the
shafts at a depth of around 680 m. No additional insets

Fig. 1: View over the construction site in Belarus as at January 2019
Source: Redpath Deilmann
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and cuttings is pumped away. The latter is then separated inside the machine itself before the solid material is transported to the surface in buckets. This system was previously employed by Dortmund-based
Deilmann-Haniel (now Redpath Deilmann) using
Wirth machines to carry out two shaft sinkings for
the coal industry. Further developments and applications were planned for the years 1984 and 1985,
though nothing was to come of this.
▶▶ Pneumatic mucking – this second method uses a
selective-cut loading jib operating under dry conditions. This technique was initially employed in
1984/85 by Gewerkschaft Walter (later DeilmannHaniel) and was put to the test in two shaft sinkings, one at a rock salt mine and another at a colliery.
Further improvements were also planned for this
system and a higher performance machine was developed, but this technology too was destined never
to be used. The cutting boom fitted at the time to
these machines was supplied by Herrenknecht and
the suction system for material clearance was based
on cargo unloading technology borrowed from the
shipping sector.

3 D
 evelopment of the Shaft Boring
Roadheader (SBR)
Fig. 2: SBR shaft boring machine for full-profile shaft sinking ready assembled
at the workshops
Source: Herrenknecht AG

were to be constructed. The supply contract included
the excavation of entries and cavities in the shaft bottom
area along with some 9 km of roadway drivages.
In 2016 the future mine operators Slavkaly decided
that the proposed drilling and firing method would be
replaced with a new sinking technology, namely mechanised boring from the solid using an SBR machine (shaft
boring roadheader) supplied by Herrenknecht AG of
Schwanau, Germany (Fig. 2). The Herrenknecht company has for decades been a technology and world market leader for tunnel boring machines and over the last
ten years it has also been developing machinery for the
mining industry, with a focus on the shaft sinking sector.
Herrenknecht has developed equipment based on
combinations of components that have been in use
since the 1970s and 1980s and these have been further
refined in line with the latest technology standards. In
order to be able to deploy these machines at Nezhinsky
mine the shaft diameters had to be increased by 1 m to
8 m.

2 Mechanised Shaft Sinking
There are two methods available for clearing the excavated material from mechanised shaft sinkings:
▶▶ Hydraulic mucking – in which the full-face boring
head operates under water and the mixture of water
GeoResources Journal 1 | 2022
www.georesources.net

In 2010 Herrenknecht reactivated their mechanised
shaft sinking technology by developing the SBR system
(shaft boring roadheader) that was designed for soft
to medium-hard rock with a strength rating of up to
around 100 MPa.
The first deployment took place in 2012 at two potash shafts that were being sunk for the BHP Billitonowned Jansen mine in Canada, where the machines
were used in conjunction with a shaft freezing process.
These machines represented the first generation of SBRs
and provided valuable know-how for the second SBR
generation that was developed in 2016/2017 as a joint
initiative between Herrenknecht AG and DeilmannHaniel (now Redpath Deilmann). Many fundamental
modifications, along with some detail changes, were
made to the machine technology in order to achieve a
steady penetration rate of 3.0 m/d.

3.1 Operating Principle of the SBR
The SBR boring machine features at its lower end a
360 ° pivoting, telescopic roadheader boom with a horizontally arranged rotating cutting drum (Fig. 3). The
drum is operated by a 600 kW hydraulic drive and like
all selective-cut machines rotates about the shaft centre
line. The cutting drum is 1.2 m in diameter and 1.5 m in
width and is fitted with round-shank cutter picks.
The cutting sequence always commences in the centre of the shaft and is directed outwards in accordance
with different automated cutting patterns (Fig. 4). This
creates a dish-shaped shaft floor. The drum penetrates to
a maximum depth of 0.2 m and repeats this process up
Ahlbrecht:
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Fig. 3: Cutting action at floor level
Source: Redpath Deilmann

Fig. 4: Cutting boom at maximum deviation
Source: Redpath Deilmann

to six times in order to excavate the full shaft profile to
a depth of 1.2 m. The excavated diameter can be varied
to accommodate predetermined shaft zones so that the
machine can also cut foundations and footings for the
shaft supports and insets.
As the machine was to operate with a freeze wall
Herrenknecht opted to use a pneumatic system for
clearing the sinking debris from the shaft floor. This
equipment is referred-to as a pneumatic mucking system (PNM system) (Figs. 5 and 6). The aspiration port
is sited close against the cutting drum over its full width
and across the inner face of the shaft. The suction pipe
from this intake box leads some 30 m vertically upwards
to a suction tank that operates on the cyclone principle

(Fig. 7). Once above ground the suction air is drawn
from the suction tank and into a dry dust extraction
unit (Fig. 8). The suction fans are connected to a dust
extraction system on the clean air side and produce the
negative pressure needed to remove the excavated rock
material from the shaft floor. The three rotary blower
units, which are supplied by Aerzener Maschinenfabrik,
each have a drive rating of 315 kW (Fig. 9).
The air extracted from the PNM system can reach
temperatures of up to 70 °C, which can trigger thawing
in the freeze shaft and severely impair the subsurface
climate. For this reason the second-generation SBRs
were provided with a cooler for the exhaust air from the
PNM, along with other components, that uses a cooling

Fig. 5: Pneumatic mucking system

Fig. 6: General view of the SBR (shaft boring roadheader)

Source: Herrenknecht AG
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Fig. 7: Suction tank (cyclone) on WD 8
Source: Herrenknecht AG / Redpath Deilmann

a rotating table (Fig. 10). The entire second-generation
suction system has been optimised for deployment in
Belarus where it will have to cope with water-saturated
and highly adhesive ground.
The SBR is designed as combined shaft sinking machine and work platform, as it would have proved difficult to include an additional platform in the shaft. The
machines were designed for a maximum cutting diameter of 12 m.
Both machines were built at the Schwanau workshops, one being fully assembled from top to bottom as
it would be when operating in the field so that all the
functions could be run through. In this way it was possible both to test and to adjust all the systems and settings.
The site crew, comprising personnel from both Herrenknecht and Redpath, were in attendance for weeks at
a time and became fully familiar with all the details of
the machine. The final inspection and acceptance of the
first machine was completed at the Schwanau works in
July 2018.

3.2 Sinking Installation
Fig. 8: Dry dust extractor on WD 9
Source: Redpath Deilmann

It was decided at an early stage that two separate winding systems would be used in each of the SBR shafts being constructed in Belarus:
▶▶ One winding machine would be used exclusively for
mine dirt.
▶▶ The second machine would be assigned to manwinding, materials haulage and concrete transport
operations.

Fig. 9: PNM blower with acoustic insulation at the
workshops
Source: Redpath Deilmann

water circuit to draw around 800 kW of waste heat up
to the surface.
A surface ventilation system is also used – first to
heat up the fresh air during the winter months and then
to cool it down significantly behind the fan system to a
maximum of 2 °C in order to remove the condensate.
The air heating unit has an output of 520 kW and the
air cooling system 2,200 kW, this being delivered from
the freezing machines.
The dirt bucket docks pressure-tight against the suction tank and is filled up directly during the suction cycle. The empty bucket has a 7 m³ payload capacity and is
moved into place beneath the suction tank by means of
GeoResources Journal 1 | 2022
www.georesources.net

The SBR is provided with a concrete spreading container above the formwork level that can accommodate one
full bucket of concrete. This container can travel around
the profile of the shaft so that the concrete can be distributed evenly into the formwork.
The SBR has been designed in such a way that
both winding systems can travel to the bottom of the
shaft. This is essential to allow large machine parts to
be changed over and also means that the bucket can be
loaded directly on the shaft floor in the event that pneumatic mucking should no longer be possible.
The SBR weighs in at 400 t, has 11 individual decks
and stands around 50 m in height. Because of the selective-cut boom and overall weight of the installation
the machine cannot be braced inside the shaft but must
be suspended permanently by a system of ropes and
winches. Each of the four SBR winches installed in each
shaft can deliver a tractive force of 455 kN. For the sake
of completeness it should also be noted that each shaft
is additionally provided with bearer cable winches and
emergency hoists.
The weight of the machine along with the safety
factors that are a common feature in the shaft construction industry call for the use of twelve wire ropes, as the
suspension ropes have to be reeved several times. The
rope suspension points are mounted high up within the
Ahlbrecht:
Shaft Sinking with innovative Boring Machines and on-board Dust Control

machine in order to provide as much clearance as possible for the PNM system and bucket loading operations.
Despite this, the SBR decks are crammed full of items of
plant and equipment and everything is tightly packed as
the core machine is restricted to a maximum diameter
of 7.2 m.
The machine is centred about 7 m above the sinking
floor with the aid of an pad/shield system positioned
above the cutting boom while additional mini-pads
provide additional stabilisation towards the centre of
the SBR. These shields are however not used for transferring the load exerted by the weight of the machine.
Strata control measures and the installation of the
concrete shaft lining or segments take place on machine
decks 2 to 4. Deck 3 can move vertically by 2.0 m within the SBR so that the formwork can be reached at all
times. With the machine operating at a rate of advance
of 3.0 m/d, and with the concrete formwork measuring
4.8 m in height, these two operations have to be uncoupled with all eleven decks having to be lowered by 1.2 m
as the SBR moves.
Achieving a feasible combination of cutting and
support setting was a key objective in the design of the
second generation of SBR machines. Concrete provisioning was another factor to be taken into account
and for this reason a dedicated concrete plant was set
up on site. After many attempts the required concrete
quality was eventually obtained using locally available
materials. This achievement was a product of Redpath
Deilmann’s know-how built up over the years from
numerous shaft construction projects, combined with
Herrenknecht’s experience with first-generation SBR
technology.

4 C
 ommissioning and Preparations for
the Shaft Construction Work
The contract between Slavkaly and Deilmann-Haniel
– now renamed Redpath Deilmann – was signed in
Minsk in July 2017. Slavkaly specified at an early stage
that the sinking operation should be undertaken using
the final headframe installations. The drilling of the
freeze holes was part of the client’s remit and this work
was carried out by a Belarusian contractor.
Immediately after the signing of the contract Deilmann-Haniel commissioned the Herrenknecht company to build and supply two shaft boring machines
designated SBR MI 029 and 030. With the project hard
pressed for time all additional planning processes and
procurement transactions also had to be initiated and
pushed ahead, as a whole range of new machinery and
equipment was required for the operation.
The SBRs had an installed power rating of 2,000 kW,
which in voltage terms provides each machine with
10 kV. Each machine was connected to the essential
services above ground via fibre optic cables, as the shaft
signalling equipment and winding system, as well as the
SBR winches, would all be involved in the interchange
of large volumes of data.
Ahlbrecht:
Shaft Sinking with innovative Boring Machines and on-board Dust Control

45

Special Topic

Mining

Fig. 10: Dirt bucket being loaded at the suction tank
Source: Redpath Deilmann

All the switchgear, substations, machinery and
equipment set up at the construction site were connected by a process control system so as to maintain
constant access to operating states and fault messages in
a central switchboard. This system is also used to record
equipment runtimes so that data can be preserved for
weak-point analysis purposes.

5 P
 rogress of Construction Work
by the Summer of 2021
In October 2017 work began on the assembly of the
freeze plant and the installation of the pipework.
The refrigeration plant comprises six freeze machines each with an output of 500 kW, this producing a
total freezing capacity of 3,000 kW at a brine temperature of –35 °C. Some 40 freeze holes were drilled per
shaft and three temperature measurement holes were
provided in each shaft in order to monitor the development of the freeze wall.
The freeze process commenced in February 2018
and progressed as planned, with the result that the
sinking work on the fore-shafts could begin without
undue delay. Once the fore-shafts had been completed
to a depth of 50 m the headframes were assembled and
erected in remarkably quick time by a Belarusian-based
steel construction firm.
At the same time both SBR machines were being
built at the Herrenknecht works in Schwanau and then
put together and ‘cold’ tested at the company’s assembly
shops. The machines were then dismantled and transported to Belarus.
GeoResources Journal 1 | 2022
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Source: Redpath Deilmann

The entire shaft winding system, the ventilation
equipment and the concrete production plant also had
to be set up. The aim was to begin shaft sinking with
the first SBR at some point in 2018. After the two machines had been christened ‘Olga’ and ‘Uljana’ by local
children living near the construction site SBR MI 029
went into service on 11th December 2018 and the first
bucket of dirt was raised and tipped. The second machine, SBR MI 030, then started to cut in January 2019.
Sinking in the freeze shaft proved relatively troublefree, however there would later be some surprises in
store for the sinking team. Extremely heavy abrasive
wear developed in the SBR suction pipe much more
rapidly than expected and quite soon the first holes appeared that then had to be ‘patched up’ (Fig. 11). Problems caused by material sticking in the suction system
expended a lot of time and effort and when the sinking
reached a particularly glutinous chalk layer it proved
practically impossible to empty the buckets (Fig. 12).
After various countermeasures had been taken to remedy the problem the sinking performance improved to
> 3 m/d in the freeze shaft. In fact the team even came
close to the 4 m mark, which can be considered as a major achievement.
The concreting system in both shafts included upgraded formwork with hydraulic compartments designed to seal tightly against the shaft wall. This system
was developed in-house by Redpath Deilmann and has
been patented.
A serious problem then arose in number 2 shaft immediately below the freeze section at a depth of 170 m,
where there was a layer of soft clay. At the end of March
a large-scale collapse took place within the shaft and,
as this breakout could not be stopped, the zone had to
be filled with several hundred cubic metres of concrete.
This major eruption caused a delay of nearly four weeks
to the sinking operation.
Many proposals were discussed for controlling the
adverse geology, but nearly all of these were rejected. It
was then decided to shorten the formwork and to move
it downwards as far as possible towards the sinking floor
so as to provide support to the strata as rapidly as possible. This proved to be both effective and practicable
and the sinking operation was then able to resume. Following this event the project went on to achieve regular
sinking rates of up to 4 m/d.
May 2019 was the first record month and the rate
of advance exceeded anything that had previously been
achieved in the history of shaft sinking in Belarus. The
previous record for drilling and blasting had stood at
80.8 m. Despite the adverse geological conditions number 2 shaft achieved 88 m and number 1 shaft recorded
82.7 m. These performance figures are even more impressive because the shaft workforce had been built up
in just a few weeks with many new members being recruited to the team.
In June the shaft reached the 300 m mark and at a
depth of 326 m sinking operations were halted so that
the segments could be installed working from the bot-

Fig. 11: Wear at the suction pipe
Source: Redpath Deilmann

Fig. 12: Problems at the PNM system
Source: Redpath Deilmann

Fig. 13: The team sets a new sinking record in April 2020
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tom upwards. The segment columns were then grouted
as part of an extensive operation aimed at making the
shafts completely watertight. This grouting process was
successfully completed, with the SBR machines usefully
serving as work platforms.
Sinking then continued in the salt shaft and both
machines achieved monthly performance figures that
even surpassed an old Deilmann record dating back to
1938 (Fig. 13). Almost 150 m of shaft were constructed in one month – and at this point the system finally
reached its limits. The experience acquired in Belarus
indicated that under good geological conditions, and
without encountering any stability problems, this kind
of shaft sinking project could achieve a maximum performance of 7 m/d based on the excavation of the shaft
section and concreting of the shaft pipe.
The next phase involved the construction of the bottom landings. As the planned explosives were not available these chambers had to be excavated mechanically
at short notice. This operation was undertaken using
an AM 50 boom-type roadheading machine that was
to perform extremely well in the confined environment
of the shaft bottom area (Fig. 14). The roadheader was
connected to the SBR suction system and this enabled
it to clear the dirt away very efficiently. The AM 50 had
to be transferred several times between the two shafts
as there was no second machine available. The time required for the assembly and dismantling of the machine
was of manageable proportions and was easily integrated into the working cycle. The bottom landings were
then lined with in-situ concrete before the two shafts
were extended down to their final depth. After some

Special Topic

Mining

Fig. 14: AM 50 boom-type roadheader working at shaft bottom
Source: Redpath Deilmann

further sealing work in the segment shaft the operation
began to install the shaft guides and buntons. To allow
this to be done each sinking machine was removed from
its shaft and replaced by a working stage (Fig. 15). The
guides have now all been fitted to both shafts and work
has commenced on the installation of the permanent
winding installation.
All kinds of large new surface buildings and facilities have been erected around the shaft site, including
office blocks and wash-rooms along with salt sheds and
buildings for the potash plant (Fig. 16).
Today a new mine can be built in an amazingly
quick time, even though from a German perspective
this may seem to be impossible. It just takes money and
a lot of determination.

6 Dust Control
The SBR was already pre-fitted with dust control equipment. The suction system is the key factor when it

Fig. 15: Dismantling the guides and installing the
working stage
Source: Redpath Deilmann
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Fig. 16: State of progress at the mine in July 2021 with
additional buildings dotted around the shaft site
Source: Redpath Deilmann
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the machine would quickly be reduced to scrap metal.
The key to success and to a high level of machine availability is to arrange for regular cleaning every day, or
even better every shift.
Such a complex underground ‘factory’ cannot simply be run and run until it shuts down – for there would
be no coming back from that.

7 Summary

Fig. 17: Redpath Deilmann team line-up
Source: Redpath Deilmann

comes to removing dust from the cutting process and
taking it away. In this case the dust containment system
was developed as an offshoot of the machine’s successful
dirt clearance technology.
The entrained air and dirt are separated very efficiently in a giant cyclone and the waste-air cleaning
process, which takes place in a filter mounted on the
cyclone, is also 100 % reliable. The three blowers have
proved completely trouble-free in operation and there
have been no malfunctions to date.
The biggest headache has been the degree of wear in
the suction pipe, especially when handling frozen material. However, the wear originally anticipated in the
flexible line between the cutting boom and the machine
pipe failed to materialise.
Various suggestions were put forward, including
making changes to the pipe material, but these could
not be realised due to time pressures. Therefore, on
site the pipes were strengthened and in some sections
greater wall thicknesses were used. The amount of wear
encountered when boring through the non-frozen shaft
section then fell dramatically and the problem became
much more manageable in this phase.
The workplaces in and around the machine were
always kept clean and the relatively good ease of access
on-board meant that even the clean-ups that are a regular feature of such operations never became excessively
onerous.
The noise generated at the blowers was much lower
than expected and the high levels that had been anticipated never materialised.
However, the sticky material mixing with water soon
caused the system to become sluggish and in such cases
labour-intensive cleaning was needed at various points
between the cutter head and the dirt bucket, this being
a typical outcome of the geology of the two Belarusian
shafts. While the problem has remained manageable,
there is still potential for significant improvement in the
months ahead. The machine is fitted with an extensive
array of sensors that can quickly identify where blockages are beginning to develop along the suction system.
A decision can then be taken to react immediately to
remedy the problem. This calls for both experience and
resolve on the part of the on-board team, as otherwise
GeoResources Journal 1 | 2022
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The SBR machines deployed for the mine project in
Belarus represent a significant technical step forwards
and many of their detail features are completely new.
Shaft sinking with machines of this kind is a high-tech
business – not only in terms of efficiency and rates of
advance but also when it comes to workplace safety
standards.
Everyone engaged on site – Belarusians, Russians
and Germans along with personnel from many different
countries working for the Herrenknecht company – has
reacted very positively to the new machines and their
ambition and determination remains clear for all to see
(Fig. 17).
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Sensor-based Sorting in extreme Conditions
at Renison Tin Mine in Tasmania
Tomra Mining, Germany

The Renison mine is 50 % owned by Metals X through
the Bluestone Mines Tasmania Joint Venture (BMTJV).
It is the only major tin project in production in Australia (Fig. 1) with a mining rate of close to 1 Mtpa,
although the concentrator is restricted at 750,000 tpa.
The extreme humidity, with an annual rainfall of over
3,000 mm, and the highly acidic processing water with
pH around 4.5, creates unique challenges for the sorting
process, the equipment, and waste management, which
BMTJV resolved with Tomra’s help.

Tomra Mining provides effective solution for the extreme conditions at
the Bluestone Mines Tasmania JV (BMTJV) Renison tin mine in Tasmania,
with its XRT sensor-based sorting technology unlocking significant value
and delivering environmental benefits.
Mining • Sorting technology • Processing • Safety • Sustainability •
Australia

A complex Flowsheet
The underground mine operates a primary crushing
system before the material is transported to the surface
through a shaft. Once there, it enters the pre-concentration plant, where it undergoes a 3-stage crushing,
screening and cleaning. The particles are split into two
fractions – 10 to 25 mm and 25 to 60 mm – which are
fed into two Tomra X-Ray Transmission (XRT) sorters.
The output consists of two streams: the product, which
is transferred to the wet plant, and the waste, which is
fed into a Tomra EM sorter to separate acid-forming
sulphides.
In the wet plant, the product goes through primary
grinding followed by bulk sulphide flotation. The tailings are processed downstream to concentrate the cassiterite tin mineral through gravity concentration, gravity
tails are further treated via desliming and tin flotation.
The combined concentrates are fed to a leaching circuit
to remove carbonate minerals, after a final wash stage
the concentrate is de-watered and dispatched.

Production Increase and Reduction of
environmental Impact
BMTJV approached Tomra to address two key requirements. The first was the need to upgrade their tin feed to
the plant: “The Renison Tin operation wanted to achieve
economies of scale, putting more tons through the front end
of the plant without upgrading the back end downstream
– we wanted to do more with less,” explains Ben Wraith,
Principal Project Metallurgist at BMTJV (Fig. 2). The
second requirement was to address the environmental issue of removing acid-forming sulphides from the
waste.
Following site visits and extensive discussions with
BMTJV’s teams, Tomra proposed a solution that addressed the tin feed quality with two COM Tertiary
XRT 1200 sorters and the waste issue with a COM
Tertiary EM 1200 sorter. A team from BMTJV visited
the Tomra Test Center in Sydney, where they observed
Tomra Mining:
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Fig. 1: Renison mine operated by Bluestone Mines Tasmania Joint Venture
(BMTJV) for extraction and processing of tin

what the XRT sorter operating at capacity is capable of
and experienced first-hand the exceptional accuracy of
Tomra’s XRT sensor. “Our XRT stands out for the high
spatial and density resolution and its ability to do contrast
sorting, identifying fine high-density tin inclusions in the
ore with an accuracy that has no equal on the market,”
says Gavin Rech, Technical Manager at Tomra (Fig. 3).
“On top of that, it can separate it from the acid-forming
sulphides, so that we have the ability of pulling the tin into
the first product and sending the rest to the EM sorter.”

Tomra XRT Sorters: the right Solution
for Renison’s specific Conditions
The two COM Tertiary XRT 1200 sorters went into
operation in 2018 (Fig. 4). Initially, BMTJV’s strategy
focused on low reject grades, devoting less attention to
achieving the mass reject rate and overall process plant
throughput. However, the specific conditions at the
Renison mine affected the results achieved. The large
variance in Run of Mine (ROM) particle size distribution resulted in insufficient stability in the feed to the
circuit. In addition, the extremely wet conditions in
West Tasmania and consequent high ambient moisture
content, combined with the high moisture ore delivered from underground, further affected the sorting
process.

Fig. 2: Ben Wraith,
metallurgist at BMTJV

Fig. 3: Gavin Rech,
Technical Manager
at Tomra
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Fig. 4: Renison mine – Tomra XRT sorter

Fig. 5: Renison mine – new model of XRT sorters of
stainless steel and with modern equipment

In 2019, a new investigation was opened into the ore
sorting performance and led to a change of direction:
“A paradigm shift away from targeting low reject grades,
towards sorting as aggressively as possible, moving from a
tin recovery-based operating strategy to a mass reduction
one,” explains Ben Wraith. “We are getting 20 to 25 %
mass reduction, so 75 to 80 % of the materials are going
into the wet plant, and we are still achieving 97 to 98 %
tin recovery overall across the crushing circuit. Pre-concentration didn’t materially impact overall recovery, because
the tin in the material that is rejected as waste is extremely
fine grained and a proportion is associated with sulphides,
so it wouldn’t have been fully recovered in the downstream
wet plant and would have been lost to tailings. This approach is best for Bluestone’s application: this configura-

tion gives us the ability to process 15 to 20 % more tin units
without having to upgrade the downstream concentrator.”
Tomra’s XRT sorters have proved to be a sound investment that is delivering significant returns. “Operating
the sorting circuit has slightly increased our overall processing cost, but this is more than offset by the large increase
in ROM throughput by 15 to 20 %, and thus tin production, so the unit cost per ton of tin produced is reduced by
almost 10 %,” says Ben Wraith. The sorters have shown
to perform consistently, giving BMTJV the confidence
in forecasting. “We’ve broken multiple production records
in the last year in tin units, and this gives us confidence in
what we can achieve, because the machine performs over
and over again if you treat it right and if you prepare your
feed correctly.”
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Tomra XRT Success leads
to Upgrade Decision
In view of the results achieved with the two Tomra XRT
sorters, BMTJV decided to upgrade the ore sorting circuit with two new, recently launched XRT models with
stainless steel internal parts, and advanced features such
as the Tomra ACT user interface and the Tomra Insight
cloud-based platform (Fig. 5). “The decision to buy new
machines was easy,” says Ben Wraith. “The stainless steel
will assist prolonging the Tomra sorter’s life by protecting
the unit from our high-moisture and corrosive environment. The more ergonomic design will help our maintenance teams, which is particularly important for machinery operating in these harsh conditions.”
Ben Wraith is particularly looking forward to
Tomra Insight: “It will enhance everybody’s understanding and experience of the machines. It will be more of an
analytical platform for our metallurgy and maintenance
staff, providing ample opportunity to gain valuable information that can be analyzed and optimized over time.
The one feature I am personally interested in is the particle
size monitoring through the machines. This will enhance
our overall circuit performance, because we have an integrated circuit with the crushing and screening plant. Feed
preparation is key to maintain a consistent performance
– knowing how well you’re preparing your feed in a live
fashion can only end up with a better result.”
Tomra will also be able to log into the machine and
check the daily reports generated by Tomra Insight, so
that their technical teams will be well prepared ahead of
site visits for maintenance or optimization.

A close Collaboration to achieve
the best Results
Throughout the process, BMTJV worked closely with
Tomra. “Tomra has been working with the site maintenance team to tailor solutions to our operating environment, which has been invaluable,” says Ben Wraith.
“Tomra supported me through site visits, which included
equipment inspections, site-based training of our personnel, and an openness to continually improving the technology and fine tune it to our site-specific requirements.
They assisted the site with troubleshooting, optimization,
discussing the nuts and bolts of the issues as they arose and
finding a solution that works.”

TOMRA Mining
Nina Gustmann, Global Marketing Manager
Contact: media.mining@tomra.com

innovation in drill core interpretation

CoreSmart ‒ innovation
in drill core interpretation
Artificial Intelligence based evaluation of
hyperspectral drill core data to
•
•
•
•

directly identify valuable metals
speed-up drill core analysis
reduce exploration costs
improve resource models

Artificial Intelligence trained on more than 1300 km hyperspectral scan data and 130000 chemical analyses
Prediction accuracy for concentration above cut-off value
between 85% and 95%
Services:
• State-of-the-art hyperspectral drill core
scanning and processing
• Artificial Intelligence based prediction of
geochemical properties with CoreSmart on
newly scanned or existing drill core data
• Improvement of resource models
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Developments in Dust Control Technology
in the international Mining and Tunnelling
Industry
Dr. Reinhold Both, CFT GmbH – Compact Filter Technic, Gladbeck, Germany

The article reviews the key phases in the development of dedusting for
the protection of underground workers. It describes the basic techniques
and presents the various applications and limitations to use.
Mining • Tunnelling • Work safety • Dust control

Fig. 1: Dust exposure levels at underground
workplaces

Ensuring the safety and protection of workers and
equipment has assumed growing importance for the international mining and tunnelling industry. The ongoing mechanisation of shaft sinking, tunnel heading and
mineral winning operations underground, as well as of
mineral processing activities, has been accompanied by
a continuous rise in the dust load at the various workplaces. While recent decades have seen a continuous
decline in the silicosis rate in Europe thanks to modern
dust control methods this occupational disease is still
widespread around the world. In the light of this, dust
extraction and air cleaning still pose significant challenges for all kinds of underground operations and these
will be discussed in some detail below.

Significance of Dedusting
During the era of industrial development in the 19th and
20th centuries it was common practice in many engineering processes – initially purely for economic reasons –
to separate the particles dispersed in the waste gases for
product recovery purposes and to condition these gases
in a series of downstream operations in preparation for
subsequent processing. By the second half of the 20th
century, however, industrial emissions became an issue
of public concern with attention mainly focused on efGeoResources Journal 1 | 2022
www.georesources.net

forts to reduce air pollution levels in industrial conurbations. A series of regulatory requirements was to follow. In the mining and tunnelling sectors, and indeed at
other industrial and manufacturing workplaces, health
and safety tasks and responsibilities assume a degree of
priority that goes far beyond that which applies to environmental protection in general (Fig. 1). Here special
emphasis is placed on dust control and silicosis prevention. [1]
The ever stricter environmental protection legislation that has been introduced over the last 50 years is
regulated, in the case of Germany, by the Federal Emmission Control Act [2] and set out in detail in the administrative regulation TA Luft (Technical Instructions
on Air Quality Control) [3]. During this period great
efforts were made, and are still continuing right up to
the present day, to prevent or at least reduce the incidence of silicosis-related diseases not only through the
development of new dust control methods but also by
imposing continuous reductions in the airborne dust
limits.
Even though the effectiveness of modern dust control techniques has brought about a marked reduction
in silicosis morbidity in Europe, this occupational disease is still prevalent around the world – especially in
mining countries. While silicosis is not exclusively a
mineworkers’ disease, nevertheless the vast majority
of cases reported are associated with the mining industry.
As well as creating health issues and financial difficulties for those affected, this pulmonary disease
represents a significant economic problem for mining
nations. When silicosis was first recognised as an occupational disease in Germany in 1953 the production
cost of coal immediately rose by more than 10 % as a
result of the compensation payments now due to beneficiaries. In 1960 the German Federal Government responded by setting threshold values for the maximum
permitted dust exposure levels at the workplace and
established organisations charged with developing dust
control methods.

Potential Dust Sources in Work Processes
The dust load of different underground and surface
working processes varies considerably, ranging from 30
to 50 mg/m³ during shotcreting operations to as much
as 50,000 mg/m³ when cutting hard rock with a fullface tunnelling machine (Figs. 2 and 3).
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Dust Control Techniques
The following dust control measures are available to the
mining industry, and in part to the tunnelling sector too:
▶▶ Preventive dust control:
Dust control begins before the dust can be produced
by the winning machine:
▷▷ Strata infusion
▷▷ Wetting of sedimented dust with water
▷▷ Addition of wetting agents to the water sprays
▶▶ Primary active dust control:
Suppression or extraction and separation of airborne dust using water sprays or dedusting systems
▶▶ Secondary dust control:
Ventilation (air dilution) and breathing protection
measures, e.g. dust masks
Preventive dust control measures will not be discussed
further in this paper.

Fig. 2: Shotcreting in a tunnel drivage

Water Spraying
The separation and suppression of the dust by means of
water is the oldest and best known method of primary
dust control. Water spraying can generally achieve a 50
to 60 % reduction in the fine-dust quota of the air, while
encasing transfer points and crushers can result in a further capture of 80 to 90 % of the fine-dust emissions.
For this to be effective the housing has to be quite dusttight and the spray water has to be finely atomised using
ultrasound or high-pressure jets operating at a minimum of 20 to 40 bar and then finely dispersed, preferably using a dust binding agent.
Water spraying (Fig. 4) is generally deployed in areas where dust extraction and filtration methods cannot
be used due to technical, financial or spatial reasons.

Fig. 3: Full-face mechanised heading

Wet Dedusting
The processes that take place in a wet deduster can be
broken down into four phases:
▶▶ The scrubbing liquid is added to the gas-dust mixture.
▶▶ The dust particles are merged with the fluid.
▶▶ The particles are coated with the water.
▶▶ The dust-water mix is separated from the gas flow.
The following types of scrubber are available:
▶▶ Baffle-type scrubber
up to 90% separation efficiency
▶▶ Rotation scrubber
up to 94% separation efficiency
▶▶ Venturi scrubber
up to 99.85% separation efficiency
▶▶ Scrubber with angled demister
up to 99.4% separation efficiency

Fig. 4: Water sprays in the extraction

Rotation and venturi scrubbers were once widely used
for dust extraction purposes underground. The Venturi
scrubber, which is also known by its trade name Roto
Vent, is able to achieve a separation efficiency of as much
as 99.85 %, though this entails an increase in air resistance of up to 10,000 Pa.
The systems most commonly employed now are
wet-type dedusters with angled demisters, which offer
a low resistance of less than 1,500 Pa and at the same
time are capable of achieving a relatively good separation performance. Because of their low energy efficiency
wet-type dedusters are only used for inert dusts and for
dust sources with low dust loads, e. g. for concrete spraying or when handling a pure-coal product.
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Dry Dedusting
In the case of dry-type dedusters the dust-laden air
flows through a fabric material which then separates
the dust from the air. A pneumatic cleaning system is
used to backflush and collect the dust, which can then
be selectively released. A distinction is usually made
between bag filters and pocket filters, which may be installed as individual elements or as multicassettes. Drytype dedusters can achieve residual dust contents of up
to 1 mg/m³ – irrespective of the dust load. Residual
dust levels of less than 0.1 mg/m³ are only achieved by
rigid body filters, such as cartridge and compact filter
elements. Here the filter resistances will differ considerably depending on the structural shape and the construction material.

Summary
The choice of a suitable dust control system will often
depend on the permissible emission limits and on the
reduction potential offered by one method or another.
Spraying methods are normally permitted above
ground in order to help reduce emission levels or act as
a supplement to an underground dedusting.
Wet scrubbers are usually employed for processes
that generate a low quota of dust and in countries where
operations are less strictly regulated.
Dry filter systems are required for all types of
work with a high dust incidence. Rigid-body filters
are needed to cope with toxic and carcinogenic silica
particles.

Both, R.: Entwicklung und Stand der Technik der
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