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’Suppose that’ our mind games about the future of 
what we do in the areas of geotechnical engineer-
ing, tunnelling, mining and raw materials positive-
ly influence the decisions we take today. Then the 
special topic “Focus on Future” in this issue should 
have a lot to offer.

Editorial • Future • Geotechnics • Tunnelling • 
Mining • Raw materials

Focus on Future, or ’suppose that’
Dr.-Ing. M.A. Katrin Brummermann

Firstly, things turn out differently, and secondly, 
things turn out differently than you expect. When 
you hear or use this jocular saying, attributed to 

the German poet and caricaturist Wilhelm Busch, 
you may be tempted not to concern yourself with the 
future. Because things will turn out differently anyway, 
and the future cannot be planned or predicted, as the 
current crises have shown all too clearly. And even if it 
is tempting to bury our heads in the sand, that will not 
help us solve any of the problems. That’s why, in this is-
sue, we are deliberately focussing on the future of our 
geotechnical engineering, tunnelling, mining, and raw-
materials sectors. 

A fitting inspiration for this is the award-winning 
future podcast of the daily ῾tagessschau’ television news 
programme on the ARD channel. Its title is ’suppose 
that’ [1]. Every fortnight, a team of correspondents 
from the ARD Berlin studio reflects on a current po-
litical idea and acts out a mind game – often with the 
question ’what then?’ in the respective podcast title – 
imagining possible future consequences in the event 
that the ideas are actually implemented. The team of 
correspondents gets support from experts and tries to 
provide new impulses for political debates.

We hope that our special topic ‘Focus on Future’ 
will also provide impulses and stimuli for reflection, 
exchange and action. And our editorial team is not the 
only source of these impulses. Different experts have 
contributed articles and shed light on a special focus on 
the future from their professional sphere of activity. 

Of course, none of us is clairvoyant. But it is a good 
idea to concern ourselves with the future along the lines 
of the slogan ‘suppose that’. We don’t want to fall into 
the trap of closing our eyes to important developments. 
Mind games on the future are important for future-
relevant infrastructure decisions that require extensive 
resources and significant investment. In addition, in-
frastructure in the fields of activity in which we work is 
usually planned for a long service life and not built ’on 
the spur of the moment’. Electricity generating plants, 
for example, are operated for decades and tunnels are 
planned for a service life of 100 years. Particularly in 
the case of our transport infrastructure, which is in 

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

real need of renovation, and in the case of the transi-
tion programmes for energy and heating, both urgent 
for climate-protection and political reasons, we see how 
difficult it is to accelerate necessary measures or to make 
necessary changes to them quickly afterwards. Past fail-
ures cannot simply be undone. And the resource ‘per-
sonnel’ is also part of such thought processes, because 
the transfer and continuing development of know-how 
do not work in the blink of an eye at the push of a but-
ton. 

‘The best way to predict the future is to shape it your-
self.‘ If we agree with this statement by Alan Kay, we are 
well advised to get involved in future mind games and 
allow the thoughts generated in these to influence our 
decision-making. Then we can also react more flexibly 
and speedily to changes in boundary conditions – with 
the necessary long-term vision and a focused, realistic 
view of what is currently sensible, feasible and necessary. 

With best wishes
Katrin Brummermann

[1] Tagesschau: Der tagesschau Zukunfts-Podcast: mal an-
genommen. Online:
https://www.ardaudiothek.de/sendung/der-tagesschau-
zukunfts-podcast-mal-angenommen/71374876/

AdobeStock_226279462_ Krakenimages.com

https://www.ardaudiothek.de/sendung/der-tagesschau-zukunfts-podcast-mal-angenommen/71374876/
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Climate protection and sustainability affect us all – both on a personal level and at our 
place of work, and the DGGT (German Geotechnical Society) is no exception to this. 
So let us do our bit by rising to the challenge and making an effective contribution.
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Climate Protection and Sustainability – 
a personal Issue and a Challenge for the Geotechnics Branch
Dr.-Ing. Antje Müller-Kirchenbauer, MKP Müller-Kirchenbauer Ingenieurgesellschaft mbH, Neustadt a. R., Germany

The impact of climate change can now be seen all 
around and Germany too became victim to it 
when a catastrophic flood hit the Ahr valley in 

2021 and struck at the very heart of the local commu-
nity with devastating force. Climate change has long 
ceased to be a theoretical phenomenon, a topic only to 
be discussed in specialist publications. Effective protec-
tion measures are extremely important and urgently 
needed not only for our personal existence but also for 
our industry and, I believe, for all the interest groups 
that we represent. 

The real challenges posed by the climate crisis are 
closely bound up with concept of sustainability that is 
much talked-about at present. The word sustainabil-
ity is frequently heard in business and political circles 
and in some cases it is overused to the extent that the 
discussion soon tends to lose its way. In the energy and 
resource-intensive construction industry, however, with 
its high volumes of waste material, we need to think se-
riously about sustainability so that we can assess its over-
all relevance for the civil engineering and the specialist 
foundation engineering and for geotechnics in general. 

Sustainability – Definition and Objectives

Carefulness in the way that we deal with nature and our 
natural resources is an age-old theme, indeed the term 
‘sustainability’ was first coined in 1713 by Carlowitz 
when writing about shortages in the forestry industry 
[1]. The establishment in the 1980s of the United Na-
tions World Commission on Environment and Devel-
opment, or Brundtland Commission as it became 
known, marked the real start of the global discussion 
on sustainability. In its forecast report entitled ‘Our 
common future’ the Commission defines the concept 
of sustainable development as follows [2]: ‘Sustainable 
development is development that meets the needs of the pre-
sent without compromising the ability future generations 
to meet their owen needs’. The Brundtland report was 
followed in 1989 by the United Nations Conference on 
Environment and Development that presented its Agen-
da 21 action programme laying down guiding principles 
for sustainable development in the 21st century. 

Sometime during the 1990s the ‘three pillars model 
of sustainability’ was developed that essentially defined 
the three categories of sustainability as follows: envi-
ronmental sustainability, economic sustainability and 
social sustainability. The world of science goes even fur-
ther by drawing a distinction between ‘weak sustainabil-
ity’ and ‘strong sustainability’. The first denotes a model 

in which environmental, economic and social resources 
are to be treated as having equal value, whereas strong 
sustainability proceeds on the assumption that ecologi-
cal factors, in other words natural assets, are not weigh-
able commodities, as it is in this area that the greatest 
deficiencies are to be found.

The European Green Deal, which is also closely tied 
up to sustainability, was launched in 2019 with the aim 
of making the transition to resource efficiency while 
maintaining a competitive economy. The ultimate ob-
jective is to decouple economic growth from resource 
usage and to reduce net greenhouse-gas emissions to 
zero by 2050. 

Relevance for the Construction Sector 
and Geotechnics in particular

But what do these sustainability targets mean for the 
construction industry and especially for the geotech-
nics sector? The German Sustainable Building Council 
(DGNB) has developed a sophisticated certification 
system and set up expert pools, yet the civil engineering 
and the specialist foundation engineering branches are 
conspicuous by their general absence from this system. 
Someone from one of the major project developers put 
the following question to me in this regard: ‘What’s not 
sustainable about a foundation pit?’. Indeed this is a ques-
tion that we should be asking ourselves. Sustainability 
analyses carried out on projects have always tended to 
focus on areas such as architecture and structural engi-
neering and how these are used. 

Introducing sustainable practices to the earthworks 
and specialist foundation engineering sectors, and to 
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the geotechnics branch in general, presents a huge chal-
lenge, as this entire industry consumes huge quantities 
of fossil fuels while its mining and quarrying operations 
produce vast amounts of waste and continue to create 
structures that are not permanently useable yet cannot 
be returned harmlessly to the natural materials cycle. 
Large-scale soil stabilisation measures involving, in 
many cases, the use of lime or cement must, for example, 
be regarded as a fairly non-sustainable process with little 
potential for recycling. The bacteria-based biotechno-
logical subsoil treatment process that is currently being 
investigated will doubtless prove to be of interest in this 
area. The geotechnics branch is now called on to deal 
with various issues on a project to project basis, such as:

 ▶ Conservation of resources and material efficiency in 
the earthworks sector – for example the advantage 
of trough excavations instead of limited groundwa-
ter lowering measures in large cities

 ▶ High consumption of materials due in some cases to 
excessive requirements for limiting displacement/
distortion in infrastructure 

 ▶ Vehicle exhaust emissions when transporting low-
grade or geogenically contaminated soil

 ▶ Binding regulations covering sustainability assess-
ments for geotechnical reports

 ▶ Sustainable land recycling. 

A study entitled ‘The state of sustainable economic 
activity in Germany’, which was commissioned by the 
Council for Sustainable Development and published by 
the Corporation for Knowledge and Technology Trans-
fer, sees a strong need for action in this area, though also 
a huge potential and an opportunity for a greater focus 

The German Geotechnical Society (DGGT)
The German Geotechnical Society (Deutsche Gesellschaft für Geotechnik e. V.
(DGGT)) was founded in 1950 as the German Society for Earthworks and Foun-
dation Engineering (Deutsche Gesellschaft für Erd- und Grundbau e. V. (DGEG)). 
The Society is dedicated to the scientific and practical aspects of all matters 
connected with the use of soil and rock as building and foundation material. 

The DGGT is organised into the following sections: soil mechanics, earth-
works and foundation engineering, rock mechanics, engineering geology, 
synthetics in geotechnics and environmental geotechnics. The Society’s main 
objective is to further the role of geotechnical engineering in research, teach-
ing, business and public administration. With this aim in mind the DGGT seeks 
to represent and lobby for the interests of the geotechnical engineering sector 
vis-à-vis political bodies, the public sphere, colleges and universities, industry 
and the media. A new working group (AK 6.7 ‘Sustainability in geotechnics’) has re-
cently been set up within the Environmental Geotechnics Section to deal with 
sustainability issues.

Dr.-Ing. Antje Müller-Kirchenbauer
is Managing Director of MKP Müller-Kirchenbauer Engineering and 
 Honorary Head of the Environmental Geotechnics Section of the German 
Geotechnical Society (DGGT).
Contact: amk@mkp-ingenieurgesellschaft.de

on sustainability as surveys have found that in Germany 
companies that can be regarded as sustainability-mind-
ed still only account for between 0.2 and 6.8 % of the 
national total [3]. The reason for this is that despite the 
introduction of an EU taxonomy system there is still a 
lack of self-commitment and regulation. This state of af-
fairs, which also applies directly to our own branch of 
industry, all stems from the fact that there is no binding 
compulsion to include sustainability concepts in geo-
technical reports and in the planning of site surveys. In 
the geotechnics sector, for example, the client still has 
no access to guidelines for assessing sustainable plan-
ning and construction when it comes to the conserva-
tion of resources. Even the use of certified alternative 
building materials such as slag and clinker is still too of-
ten shunned in practice because the regulations are ob-
viously too confusing for many developers, and this in 
spite of the fact that the DGNB certificate, for example, 
awards points for using recycled materials. 

This situation means that our profession is now 
facing enormous challenges. We can recognise this not 
only as an obligation but also as an opportunity, as 
skilled professionals, to make a contribution to society 
on behalf of the geotechnics branch, and to do this in a 
visible way – something that is all too rare these days. 
Sustainability is not a ‘buzzword’, though I have heard 
this insinuated many times. Sustainability provides the 
basis and framework for the ‘lasting fulfilment of the 
needs of all mankind’ according to [2], in other words 
this applies to all of us and to our professional duties so 
that there will be no let up in the pace of the develop-
ments now under way.

In setting up working group AK 6.7 ‘Sustainability 
in geotechnics’, which comes under the Environmental 
Geotechnics Section, the German Geotechnical Society 
(DGGT) has shown that it is ready to play its part in 
the crucial area of sustainability and climate protection. 

In the hope that we can all do our bit by helping to 
achieve sustainability in geotechnics and by rising to the 
challenges affecting our personal workspaces – and do-
ing this with honorary commitment – allow me to close 
by sending you all my heartfelt greetings.

Antje Müller-Kirchenbauer

[1] Carlowitz, H. C. von: Sylvicultura Oeconomica oder 
Haußwirthliche Nachricht und Naturmäßige Anwei-
sung zu Wilden Baum-Zucht. Verlegt Friedrich Braun, 
Leipzig, 1713

[2] Brundtland, G. H. (1987): Our Common Future. Re-
sport of the World Commission on Environment and 
Development (WCED), Geneva, UN-Document 
a/42/427

[3] Sassen, R.; Azizi, L.; Bien, C.; Braun, V. (2021): Stand 
nachhaltigen Wirtschaftens in Deutschland. Studie, Ge-
sellschaft für Wissens- und Technologietransfer. Online:
https://www.nachhaltigkeitsrat.de/wp-content/
uploads/2021/05/2105012_Studie_Stand_
nachhaltiges_Wirtschaften_Deutschland.pdf

https://www.nachhaltigkeitsrat.de/wp-content/uploads/2021/05/2105012_Studie_Stand_nachhaltiges_Wirtschaften_Deutschland.pdf
https://www.nachhaltigkeitsrat.de/wp-content/uploads/2021/05/2105012_Studie_Stand_nachhaltiges_Wirtschaften_Deutschland.pdf
https://www.nachhaltigkeitsrat.de/wp-content/uploads/2021/05/2105012_Studie_Stand_nachhaltiges_Wirtschaften_Deutschland.pdf
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Temporary or permanent erosion-control meas-
ures on slopes along roads contribute to traffic 
safety and climate protection. This article deals 
with the mechanisms of slope erosion, the selec-
tion of suitable protection solutions, and their de-
sign.
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Erosion-stable Road Embankments –  
Design and Selection of System Solutions
Anabell Klein, M.Sc., Naue GmbH & Co. KG, Espelkamp, Germany

Erosion often occurs on slopes next to road embank-
ments when local weather phenomena lead to a severe 
impact of precipitation. Likewise, the effect of dry pe-
riods on a soil’s cohesion can be the breakdown of its 
structure. In a next step, high wind or water forces trans-
port loosened soil particles away. This may lead to vis-
ibility problems as a result of  dust accumulation, or to 
silting-up and blockages by mud. When the transport 
forces decrease the soil, possibly a contaminated soil, is 
deposited in undesirable places. This triad of erosion, 
transport, and deposition can lead to considerable prob-
lems, which can be avoided by erosion-protective meas-
ures. Fig. 1 shows an example of a vegetated, erosion-
control system on a road embankment [1].

Mechanisms of Slope Erosion

On slopes, surface as sheet or rill erosion – over a larger 
area or concentrated in channels – usually occurs after 
a precipitation event has redistributed the surface [2]. 
Fig. 2a shows a raindrop transferring its kinetic energy 
to the slope surface as soon as it reaches the ground 
surface. In the process, the impact of the droplet leads 
to a breakdown of disintegrates the soil structure. In 
Fig.  2b, fine particles begin to block the pores of the 
soil surface and reduce infiltration. Initial silting begins. 
In Fig. 2c, surface runoff has started and downslope par-
ticle removal begins. Erosion, commencement of move-
ment, and subsequent transport lead to the familiar ero-
sion phenomena of  erosion channels and gullies, or to 
sheet erosion.

Slopes along heavily used traffic routes require par-
ticular protection against erosion, because it poses a risk 
to road users with costly consequences, e. g. expensive 
damage repair. Repair costs can be significant if depos-
ited material impairs technical structures. It therefore-
makes sense to implement measures to reduce the ero-

Fig. 1: Road embankment – vegetated and protected 
against erosion

Fig. 2: Mechanisms of slope erosion
a. Erosive precipitation hits a slope surface                                b. Pore blockage                                                                                    c. Surface runoff with material transport

a b c
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Temporary Erosion Control

Biodegradable erosion-control systems are natural 
solutions which after a period of time transfer their 
function to the established vegetation. They provide 
protection in the initial vegetation phase and dur-
ing subsequent plant development, and they reduce 
the precipitation energy on the slope surface. The ar-
eal products are laid on the slope surface and secured 
against the wind with fixings which are themselves 
biodegradable. The whole system is thus biodegrad-
able, and there is no need for removal. Depending on 
the raw material used, its functional life varies. Fig. 3 
shows a coconut fibre net. Coconut fibres have a high 
natural lignin content and therefore degrade slowly. 
The woven net structure has a shading effect due to its 
specific thread thickness, and this positively supports 
the regulation of soil moisture. The openings in the 
net offer both monocotyledonous and dicotyledon-
ous plants optimal space for rapid establishment and 
growth. The natural-fibre net is fixed with pointed 
wooden pins with cross-wood for an optimal bond 
with the subsoil. It is delivered on rolls without pack-
aging, as a roll and should be installed quickly.

Permanent Erosion Control

Geosynthetic erosion control systems have been used 
successfully for many years. The lightweight products 
can be easily and quickly applied in the top soil layer, 
and these systems are effective immediately after instal-
lation. The advantage of geosynthetic products over nat-
ural-fibre products is their permanent protective effect 
(Fig. 4). The products used are tested, e. g. with proof 
of environmental soundness [7]. Permanent products 
work reliably because soil capable of vegetation is very 
well bound and held firmly in the open-pored filament 
layers. The filament layer fulfils the function of an arti-
ficial root network until the plants develop their own 
roots. Unlike temporary erosion-control systems, these 
permanent systems also fulfil their function when the 
vegetation on very exposed slopes does not completely 
develop or fails after years of unusually dry periods. And 
during heavy rainfall the product stabilises the soil and 
provides additional reinforcement to the natural root 
system.

A permanent fixing system is required to ensure 
the long-term functioning of such permanent products 

Fig. 3: Functionality of a temporary erosion-control system using the example of a natural fibre mat made from coconut fibres [6]

Table 1: Erosion control systems

Temporary Permanent

Natural fibre net, e. g. made from 
coconut fibres

Randomly oriented PP filaments

Natural fibre mat, e. g. made from 
coconut fibres

Reinforced randomly oriented PP 
filaments

Biodegradable randomly 
 oriented filaments

Nonwoven with randomly 
 oriented PP filaments

Biodegradable nonwoven HDPE Geocell

sion risk at an early stage, and it is necessary to correctly 
understand the processes involved and develop targeted, 
project-specific solutions.

Erosion Control for a better Climate

For example, a slope vegetated with grass, as in Fig. 1 is 
easy to maintain and blends well into the landscape. In 
contrast to the sealed road surfaces it provides infiltra-
tion capacity, which is important for a good microcli-
mate, and in a broader sense, also for groundwater re-
charge too. Vegetated slopes support the microclimate 
through their interception storage effect. The roots 
of the plants hold the soil water near the soil surface. 
Through evapotranspiration, the plant leaves enhance 
water exchange with the air. Many plants have a high 
surface area due to their many leaves, and the wetting 
of the plants also has a positive effect. Vegetated slopes 
also contribute to biodiversity if different plant species 
(e. g. flowering plants) can integrate. A permanently 
vegetated slope thus offers an enormous advantage for 
the climate in contrast to sealed slopes.

In large numbers, such vegetated slopes can contrib-
ute to improving the climate improvement. The temper-
ature above such a vegetated slope is lower during hot 
spells, and the reflection of a green slope is lower than 
that of sealed or unvegetated slopes. [3]

Systems for Solving Erosion Problems

A good erosion-control system requires an erosion-con-
trol product which is laid and well fixed over a large area. 
These systems provide a flat surface which bonds well 
with the subsoil and offers secure protection against dif-
ferent types of erosion. These systems can be temporary 
or permanent (Table 1). [4, 5]
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installed over large areas. The middle photo in Fig.  4 
shows a pointed u-shaped steel pin which ensures close 
contact between the randomly oriented filament prod-
uct and the subsoil. This avoids wind-induced uplift and 
facilitates filling with topsoil. The surface erosion-con-
trol product is supplied on rolls, can be stored, and can 
be laid with overlaps or but-jointed and quickly fixed in 
place. 

In addition, products like these offer protection 
against leaching for facing systems. There is also the op-
tion of using intelligent combination products. These 
can provide good erosion control for special require-
ments.

Design of an Erosion-Control System

An engineering calculation must consider acting forces. 
On slopes along roads, erosive precipitation acts on un-
protected soil surfaces. This results in soil erosion. The 
main factors are:

 ▶ The prevailing local situation of the slope, climatic 
zone, etc.

 ▶ The orientation of the slope (cardinal point or pre-
cipitation attack direction)

 ▶ The geometric form
 ▷ Slope length
 ▷ Slope inclination

 ▶ The structure of the slope surface (structure of 
planned or existing vegetation, terracing, etc.), and 
the type and structure of the predominant soil ma-
terial

 ▶ Calculation of safety factors following regulations, 
codes of practice and standards.

Erosion-control systems can therefore only be precisely 
selected with prior knowledge. It is recommended that 
attention be paid to the benefits and the required func-
tional lifetime on such secured slopes. 

Software solutions make it possible to develop 
a customised solution with little effort (Fig.  5). An 
adapted erosion-control system can be designed safely 
and quickly with the appropriate software. The data to 
be included can be entered easily and site-specifically 
(Fig. 6). The output is an erosion-control system which 
takes account of the factors mentioned above, and is tai-
lored to the application [8].

Fig. 5: Naue Erosion Control Software (Version 1.0, 2022) – start page

Fig. 6: Naue Erosion Control Software (Version 1.0, 2022) –  
selection of applications

Fig. 4: Functioning of a permanent erosion-control system using the example of randomly orientated filaments [7]

Road Slopes with Protection  
against Erosion

A vegetated slope not only looks beautiful: green slopes 
are sustainable. Erosion-control systems can be adapt-
ed to any construction project and can be retrofitted 
to existing slopes. Retrofitting has the advantage that 
it can be implemented easily and quickly. The protec-
tion systems are installed in the top soil layer, so that 
no extensive soil excavation is necessary. In the case of 
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would be the case if the entire surface were mowed at 
once.

Fig. 7 shows a slope next to a motorway in the con-
struction phase. Here, a permanent erosion-control sys-
tem consisting of a layer of randomly oriented filaments 
with a raschel fabric and suitable fixings is used. The 
slope is covered with topsoil suitable for vegetation. The 
illustration in Fig. 8 shows a road embankment with a 
vegetated erosion-control system.
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Fig. 8: Road embankment with erosion control

Fig. 7: Motorway embankment in construction stage

newly built slopes, the erosion-control system can be 
integrated into the uppermost soil layer at the end of a 
construction phase.

The slopes can be easily maintained by mowing. Al-
ternate mowing should be used so that insect habitats are 
not completely destroyed within one mowing cycle, as 
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Geobrugg developed an innovative solution of steel mesh cells in high-
tensile stainless steel for coastal protection. This article estimates the car-
bon footprint compared with rock armour and concrete revetments for a 
case study in Devon, United Kingdom. 

Geotechnics • Hydraulic engineering • Shore protection • Mesh • 
Carbon footprint • Innovation • United Kingdom

Shore Protection against Erosion: Carbon 
 Footprint of an innovative Steel Wire Mesh Cell 
Solution compared with other Solutions
Matthias Denk, MSc. Env. Eng., Company 200, St. Gallen, Switzerland 

1 Introduction

Many shorelines in Europe are subject to erosion. For 
example, of Great Britain’s around 17,600 km of overall 
shoreline, at least 3,000 km are estimated to face erosion 
issues. Approximately 2,300 km of Great Britain’s shore-
lines are artificially protected [1]. For many other Eu-
ropean countries with long shorelines, such as Norway, 
Greece, Italy, Croatia and Denmark (including Green-
land) [2], wave erosion and artificial protection against 
it is and remains a major issue for local communities, 
politicians, researchers and planners. 

Rising sea levels and the expected increase in ex-
treme weather events such as storms may lead to an 
increasing demand for coastal management and arti-
ficial protection structures in the coming years. In ac-
cordance with international efforts to limit and reduce 
greenhouse gases (Paris Agreement, recent COP26 in 
Glasgow), the demand of low carbon footprint solu-
tions for shore protection is expected to rise. Sound and 
sustainable shore management methods include spatial 
planning, but also new types of engineered solutions 
with a low carbon footprint. 

This paper shows existing solutions for shore pro-
tection such as rock armour and concrete revetments 
and introduces a new type of specially engineered so-
lution called Tecco Cell [3], which is an array of steel 
mesh cells filled with locally sourced blocks, stones 
and pebbles. Using a qualitative comparison of carbon 
footprints based on literature, data and a case study in 
England, this paper aims to assess the potential reduc-
tion in carbon footprint of the innovative steel mesh 
cell solution compared to existing solutions for a project 
appraisal stage. It also lists areas of interests for further 
studies such as recommendations for a better quantita-
tive understanding of carbon footprints for specially en-
gineered shore protection solutions.

2 Existing Shore-Protection Systems

Existing systems for shore protections (Fig. 1) include, 
but are not limited to:

1. Rock armour: this system consists mainly of large 
boulders installed on a relatively low gradient on the 
shore to dissipate energy and protect the shore from 
wave erosion (scour)

Fig. 1: Different types of shore protection

2. Precast-concrete elements: as for rock armour, this 
type of revetment is often used on shallow slopes to 
protect the shore from wave erosion (scour).

3. Gabions: these come in different sizes, are most-
ly rectangular shaped and are filled with locally 
sourced blocks, stones and pebbles.

4. Concrete or sheet pile seawalls: this type of wall, 
which is mostly vertically installed, acts as a barrier 
on the shore, is sometimes back-anchored, and var-
ies in dimension and style. 

4 Curved concrete seawall
Source: Engineering Civil,  
https://engineeringcivil.org

1 Rock armour 
Source: Jonathan Wilkins, www.geograph.co.uk

2 Precast-concrete elements 
Source: Coastalwiki, www.coastalwiki.org

3 Steel-mesh cells filled with blocks, 
stones and pebbles 
Source: Geobruggg AG, www.geobrugg.com
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Tecco Cell and Tecco Cell mobile mattresses extend the 
range of possible shore-protection schemes (Fig. 2) us-
ing a steel wire mesh in high-tensile stainless steel 1.4462 
(AISI 318) [4]. The product is a specially designed array 
of steel-mesh cells. According to the manufacturer Geo-
brugg, this wire mesh (product name Tecco) possesses 
a European Assessment Document EAD [5] and the 
product is therefore entitled to carry the well-known 
CE-marking. The CE-marking confirms that the prod-
uct is tested according to the latest European Standards, 
and that regular factory production control (FPC) is 
carried out. 

The following main installation steps are necessary:

1. Preparation of the slope to be protected using an ex-
cavator

2. Installation of geosynthetics as required for separa-
tion and filtration

3. Deployment of the empty cell array, on the slope
4. Filling of the cell array with locally sourced blocks, 

stones and pebbles
5. Closure of the cell array with clips and ropes
6. Completion of installation with rock armour at the 

edges of the cells to prevent scour

The above steps will be considered for the carbon foot-
print evaluation in chapter 6.

4  Case Study – coastal Protection with 
Tecco Cell in Beesands, Devon UK

In 2016, an installation of Tecco Cell was realized at 
the beach of Beesands, Devon UK. According to the 
local contractor, the history behind the rehabilitation 
of eroded shore protections can be summarized as out-
lined below [7]:

“The whole beach front at Beesands is protected by 
various types of sea defences. The part of the beach that 
has most residential properties and businesses has been 
protected by concrete revetment/walls and very large rock 
armour (each rock heavier than 5 tonnes). The lower (or 
Northern) section of Beesands has the village green and 
around 15 properties behind it. This is the section the case 
study focuses on.

Severe storms early in 2014 caused the existing rock-
armour sea defence to fail along an approximately 150 m 
stretch of the beach. As a first measure, a geotextile mat-
tress with rock revetment was installed. That solution 
failed due to exposure of the geotextile to UV-light and 
after severe storms. The rock-armour revetement then col-
lapsed. 

The local authorities then published a tender to replace 
the damaged rock armour revetement including geotex-
tiles and was also calling for innovative solutions for better 
type of shore protection. 

In a joint venture between the contractor and the pro-
ducer of Tecco Cell, a custom-made solution was designed for 
first an initial length of 20 metres. The project was completed 
in 2016 after being approved by of the Environment Agency”. 

Fig. 2: Tecco Cell principal drawing and installed as shore protection

 

 

All the above solutions are proven engineered solutions 
for coastal protection. Depending on site-specific con-
ditions, the comparison of advantages and disadvantag-
es of different engineered options will lead to the choice 
of the most appropriate solution. In the case of shore 
protection, main factors to consider are:

 ▶ Cost of material and transport
 ▶ Cost of installation
 ▶ Overall service life 
 ▶ Resistance to scour
 ▶ Maintenance costs
 ▶ Dismantling/recycling

Carbon footprint assessments have become an impor-
tant tool for decision makers from the beginning of 
this century. For example, the Environment Agency for 
England and Wales (EA) now requests a carbon life-
cycle assessment for any newly funded shore protection 
structure. Many other countries with long shorelines 
have already adopted similar regulations or will prob-
ably establish them soon, considering the aim of the in-
dustrialized world to significantly cut back on carbon 
emissions. 

3 Innovative Cell Mesh Solution 

Gabions filled with stones and pebbles have been in use 
for several decades and are now a well-known solution. 

Principal drawing of Tecco Cell mobile 
mattress
Source: Geobruggg AG, www.geobrugg.com

Tecco Cell installed as shore  
protection 
Source: Landmarc, https://landmarc.co.uk/

Fig. 3: Tecco Cell installation and finished work at Beesands, Devon UK

Finished installation of shore protection  
in 2021
Source: Landmarc, https://landmarc.co.uk/

Tecco Cell: installation in 2021
Source: Landmarc,  
https://landmarc.co.uk/
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After the successful installation of the 20 m stretch, in 
2021 another 70 linear metres were secured using Tecco 
Cell (Fig. 3). After storm Darcy, the contractor in 2021 
published a video [8] showing that this construction has 
performed well in the years since installation and showed 
no damage or corrosion as of November 2021. [9]

5  Estimated Carbon Footprint Compari-
son for Shore-Protection  Solutions

5.1   Types of Shore Protection Solutions 
examined 

Carbon-footprint studies are nowadays used to investi-
gate account for possible damages to the environment. 
For this study, the carbon footprint of three different 
types of shore protection was compared:

 ▶ Tecco Cell 
 ▶ Rock armour
 ▶ Concrete revetment

For the comparison, the author chose to work with the 
site of Beesands, since it is well documented and two of 
the three selected revetements had been installed at the 
site (see chapter 4). A stretch of 70 m length and 12 m 
width was compared, which is the actual size of the pro-
ject carried out in 2021. 

5.2 Tools and Data

The following tools and databases were used to estimate 
the carbon footprint:

 ▶ Shipping and construction documents provided by 
the contractor and the producer of Tecco Cell

 ▶ Personal communication by the contractor of the 
Beesands Project

 ▶ Various literature values of carbon footprint for the 
extraction of material, for example [15]

 ▶ An online carbon-emission calculator for transport 
[14]

 ▶ The latest carbon-modelling tool of the British En-
vironment Agency EA [11]

 ▶ A paper by a specialized consultant for shore pro-
tection in the UK comparing the carbon footprint 
of two types of coastal constructions (concrete cais-
sons and rubble-mound breakwater) to compare 
and verify the data [10]

5.3 Type of Assessment

The Environment Agency for England and Wales (EA) 
distinguishes between primarily two kinds of assessment:

 ▶ For an early product appraisal stage: Carbon 
modelling using databases of existing projects as 
estimates. This is mainly used to identify possible 
alternatives in an early project stage. 

 ▶ For a project undergoing official approval by the 
EA: Carbon calculation of the whole product cycle 
(whole-life carbon assessment).

Since Tecco Cell can be regarded as a viable alternative to ex-
isting protection solutions, the following carbon footprint 
comparison is carried out at the product appraisal stage. 

In the calculations, the author chose to use the data 
obtained from literature and existing online carbon cal-
culators. A cradle-to-gate (for materials) and well-to-
wheel (for transport) approach was adopted. For this, 
some adaptations of the values had to be made by hand. 

The calculations were also compared with values 
from the latest EA carbon modeling tool [11]. Moreover, 
the values were also compared with an estimation of a lo-
cal EA expert on carbon footprint for verification [13].

5.4 Process 

Assessment the carbon footprint of a shore protection 
system such as breakwaters and dams requires identify-
ing the individual contributors to the total carbon emis-
sions of the construction materials, transport to the site, 
construction activities, operation and maintenance, and 
disposal at the end of the constructions’ design life [13].
In short, the following stages are generally considered:

 ▶ Material production
 ▶ Transport
 ▶ Construction/installation
 ▶ Operation/maintenance
 ▶ Disposal

For this case study, only the first three stages (material, 
transport, construction/installation) were compared, 
mainly for the following reasons: 

 ▶ The first three stages account in most of the cases for 
the greatest part of the overall carbon footprint and 
would give a good first idea on a project appraisal 
stage, where options are evaluated. 

 ▶ For operation and disposal, it is much harder to 
find robust data to compare. However, these stages 
will need to be accounted for in a whole life carbon 
assessment and are recommended to be included 
when seeking for approval from authorities for a 
specific project. 

 ▶ For operation and disposal, a qualitative assessment 
will be given in chapter 7. 

6  Results of the Carbon Footprint  
Assessment

The calculations for the carbon footprint assessment 
were made in an Excel-Sheet for the options outlined 
above (Tecco Cell/rock armour/concrete revetment). A 
summary of the results is shown in Table 1. The detailed 
calculations were carried out separately and can be pro-
vided on request. 
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vary greatly (by a factor of 10 or more) depending 
on whether the rock is extracted for that reason or 
is “left-over” material [10]. In this case, the author 
chose the same value as other authors had in their 
study [10], where the material was locally sourced 
as “left-overs”.

 ▶ The author needed to update and estimate the values 
to obtain cradle-to-gate or well-to-wheel values for 
some of the positions. For example, the transport in-
dustry often gives “tank to wheel” values, which do 
not account for the extraction of the fuel itself and 
show a better result than in reality.

 ▶ The case study is representative, and its results may 
be compared for similar shore-types, wave impacts, 
gradients, use of materials, and transport distances. 
However, the results of this specific case study can-
not yet be generalized. As further project use this 
novel kind of approach, more information on car-
bon footprint will be gained and values of this case 
study should be confirmed and adopted. 

7.2 Comparative Evaluation of the Results

The information gained from the results in Table 1 was 
normalized and compared with values from the EA’s 
total carbon model (for rock armour vs. concrete revet-
ment) and an EA expert estimation (for Tecco Cell vs. 
rock armour, educated estimate according to [16]). The 
results are given in Table 2.

The results of the case study show that Tecco Cell 
would result in a significantly smaller carbon footprint 
than rock armour and in a considerably smaller carbon 
footprint than a concrete revetment. The reasons for 
this result are mainly that:

 ▶ Tecco Cell would need significantly less and small-
er-sized stones than rock armour. This results in 
a smaller amount of overall material extraction 
(which can be easily locally sourced).

 ▶ Tecco Cell and rock armour do not use concrete. 
The concrete’s cement, reinforcing steel and the 
overall weight of this option are the key factor for 
the much higher carbon footprint of the concrete 
revetment solution. 

Other findings of the case study are:

 ▶ According to the contractor, the blocks for rock 
armour are often difficult to source locally. For the 
Beesands case study, the blocks were able to be 
sourced locally, which seems to be an optimum and 
rather exceptional case. For other projects with rock 
armour, blocks needed to be shipped from overseas 
– Scandinavia or Belgium [9]. If this had been the 
case for Beesands, the Tecco-Cell option would 
have been even up to 30 – 40 % more CO2-effective 
than the rock armour solution.

 ▶ For the Tecco Cell, the metal mesh needed to be 
shipped from overseas (Switzerland). The increase 

Table 1: Results of carbon footprint calculations for three options of shore 
 protection for the Beesands case study (length = 70 m, width = 12 m)

Stage Carbon footprint [t CO2]

Option 1:  
Tecco Cell

Option 2: 
Rock armour

Option 3: 
Concrete 

revetment

Total material + transport 38.8 57.5 199.6

Total  installation 9.16 17.09 10.69

Total material +  transport + installation 48.0 74.5 210.3

7 Evaluation of Results

While the raw data of the calculations gives a good first 
impression of the different carbon footprints for the 
case study, the numbers need to be put into context for a 
sound appreciation. Therefore, some general statements 
regarding the quality of data, the sensitivity of values to 
changes, and whether the data can be generalized are 
given below.

7.1 Evaluation of Data used 

 ▶ Generally speaking, data on carbon footprint values 
may vary greatly for one specific value and assump-
tions needed to be made by the person performing 
the study. 

 ▶ Operational data for the case study (material weight, 
transport distances, type of machinery used and op-
erating hours) were considered to be of good quali-
ty, because two of the above options (Tecco Cell and 
rock armour) where built at this site and reports and 
shipping documents are available.

 ▶ The data on carbon emissions for material extrac-
tion was sometimes hard to find and showed a wide 
range of values. This is often due to the fact that 
these values have not been assessed for the specific 
case (e. g. block extraction). For example, the mate-
rial extraction cradle-to-gate for large blocks may 

Table 2: Normalized values of the Beesands case study and comparison with 
other results

Type of shore protection Tecco Cell Rock 
armour

Concrete 
revetment

Carbon footprint  
[% of rock armour]

material + transport 
+ installation, own 
model 

64 100 282

total carbon, Model EA - 100 209

EA Expert  estimation 80 100 -

Range of difference in CO2 emissions  
[% of rock armour) –20 to –36 0 +109 to +182

Proposed wording  
until further knowledge available

“up to 20 - 30 % 
less CO2 emis-
sions than rock 
armour revet-
ment in the 
case study”

reference for 
comparison

“up to 2 - 2.5 
times more CO2 
emissions than 
rock armour 
revetment in the 
case study”
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in carbon footprint is compensated by the fact that 
filling was conducted using locally sourced small 
stones and pebbles. 

For the maintenance and dismantling/recycling stages, 
which have not been considered in the calculations, a 
qualitative appreciation can be made:

 ▶ Generally speaking, the two stages maintenance 
and dismantling are estimated to account for less 
than 35 % of the overall carbon footprint, for all 3 
options. Yet, depending on site specific conditions, 
these stages cannot be neglected for an overall car-
bon footprint model and sound estimates of these 
values need to be found in future studies. 

 ▶ According to the manufacturer, the metal mesh 
used for the cell array may be recycled after use. A 
value for recycling of stainless-steel wire mesh still 
needs to be established for further studies.

 ▶ According to installers, the rock-armour solution 
in Beesands needed to be repaired each year after 
heavy storms, and Tecco Cell proved to be mainte-
nance-free in the first five years of service life [9]. 
This information would further increase the carbon 
footprint of the rock-armour solution. While Tecco 
Cell is showing promising results after 5 years in use 
regarding maintenance, long-term experience re-
garding service life and maintenance still needs to 
be gained.

7.3  Assessment of the Results and 
 Recommendations for their Use

The case study gives a good impression of the saving in 
CO2 using Tecco Cell in this specific project for the stages 
of material extraction, transport and installation and ena-
bles the evaluation of options at a project-appraisal stage. 

Please note that the results of the case study can-
not be generalized. Other sites and conditions have to 
be evaluated separately. It is recommended to carry out 
a separate carbon footprint assessment for each future 
coast protection project using Tecco Cell or other pro-
tection solutions. 

Until further knowledge is available, the author pro-
poses a wording as given in Table 2 to communicate the 
results of this paper.

8 Recommendations for Future Studies

For further carbon footprint comparisons for Tecco 
Cell compared to standard solutions it would be inter-
esting to study whether:

 ▶ For other projects, the values of carbon footprints 
remain in the same range as for the case study Bee-
sands.

 ▶ For project parameters that differ significantly from 
the case study Beesands (e. g. steeper slopes), the 
carbon footprint of Tecco Cell including installa-

tion remains favourable when compared to standard 
solutions.

 ▶ CO2 emission values for maintenance and disman-
tling/recycling of Tecco Cell can be established and 
confirmed.

9 Conclusions

The results of the carbon footprint assessment of a 
case study with Tecco Cell show that this novel kind 
of high-tensile stainless steel solution can help in re-
ducing carbon impact for shore protection. It also 
shows that the technology is less dependent on large 
blocks being transported to the construction sites over 
very long distances and can use locally sourced mate-
rial. The steel mesh for the cell array itself needed to 
be transported from abroad, but the overall savings in 
CO2 emissions compared to standard solutions is sig-
nificant, considering the parameters of the case study. 
The results of the case study may be adapted to similar 
kind of projects, but not be generalized for any type 
of project. Thus, it is strongly recommended – or, de-
pending on the country, even required by law – to car-
ry out similar carbon footprint assessments for future 
projects of a similar type. 

Expert Course – Operation, Inspection and 
Maintenance (EC-OIM)

UNDERSTANDING, TESTING AND 
OPERATING SAFETY STRUCTURES

www.geobrugg.com/experts

Training of Experts 
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struction) Carbon Planning Tool. User Guide

[13] Environment Agency UK (2021): Managing Dynamic 
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Personal communication

12 Disclaimer 

All values and calculations have been carried out to the 
best of knowledge of the author. Changes in materials 
or installation methods used need to be communicated 
to the author. The use of the calculations or conclusions 
in this paper is only permissible with prior written con-
sent of the author. The correct interpretation and use 
of the results of this paper is the responsibility of the 
reader and user of the products mentioned. The author 
declines any legal responsibility for any use of these val-
ues without prior notice and written consent. 
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The major project, the ‘Grand Paris Express’ contributes to the future de-
velopment of Paris and will double the length of the Parisian metro net-
work by 2030. The ‘Grand Paris Express’ will add lines over 200 km of new 
tracks as well as 68 new stations. Fischer injection mortar is used for line 
16 to connect the floor slabs to the retaining walls.  For ring line 15 fixing 
systems are used to fasten anchor cable runs in concrete.

Tunnelling • Major project • Metro • Future • Safety • 
Fixing technology • France

A firm Hold for Infrastructure Project  
‘Le Grand Paris Express’ – Fixing Systems 
 secure Metro Lines 15 and 16
Fischer Group of Companies, Waldachtal, Germany

About the Major Project ‘Grand Paris 
Express’

The Le Grand Paris project aims to unite the French 
capital with multiple suburban communities. Western 
Europe’s largest infrastructure project, the ‘Grand Paris 
Express’, provides good connections and will double the 
length of the Parisian metro network by 2030. 

More than two million people live in an area of 
105 km² in Paris, which corresponds to around 21,000 
inhabitants per square kilometre, making Paris the most 
densely populated city in Europe. The metropolis is 
therefore set to merge into a new ‘Grand Paris’ with nu-
merous neighbouring communities of the Île-de-France. 
The expansion involves structural, spatial, social and 
functional aspects. The ‘Grand Paris Express’ metro net-
work expansion is being carried out under the leadership 
of the Société du Grand Paris (SGP). With 220 km, the 
Parisian metro network is already Europe’s fourth-largest 
network after London, Moscow and Madrid. The ‘Grand 
Paris Express’ will add automatic lines over 200  km of 
new tracks as well as 68 new stations, which will exceed 
what is currently the longest network in Europe, the Lon-
don Underground (402 km). The ‘Grand Paris Express’ 
has been under construction since 2015, with expected 
completion in 2030. In addition to the expansion of met-
ro lines 11 and 14, four new lines (15, 16, 17 and 18) will 
be created with the main aim of efficiently connecting the 
metropolitan area and outer districts with one another.

Line  16, which will be completely underground, 
will cover about 27.5  km and connect the suburbs to 
the north and east of Paris. There will be 10 stations on 
the line. Three stations and a maintenance depot will be 
shared with Line  17. 8 stations will also have connec-
tions to other lines of the Paris transport network. 

The fully underground ring line 15 will circle Paris 
beyond the city’s boundary. The line will contain 36 sta-
tions over 75  km, serving 19 communities. There are 
also plans to allow changes to other lines of the Paris 
traffic network. 

Fixing systems of Fischer Group of Companies make 
a contribution to the metro tunnel’s lasting functional-
ity and the work safety during construction (Fig. 1).

Line 16 – long-term safe Connection 
 between Floor Slabs and Retaining Walls

The Fischer FIS EM Plus injection mortar is used, 
among other things, to connect the floor slabs to the 

Fig. 1: Fixing systems for network expansion through ‘Grand Paris Express’ to 
connect the metropolitan area and neighbouring communities
Fischer heavy-duty fixings are used to secure media lines, connect the floor slabs to the 
retaining walls and much more.

Source of the photos: Fischer Group

retaining walls (Fig.  2). Here, the chemical fixing sys-
tem ensures safe and fast progress on the construction 
sites. The mortar makes it possible to clean boreholes 
with water instead of blowing them out at great expense 
and causing dust and smoke. Another plus is that the 
FIS EM Plus can be stored very easily. An extra heated 
room or container is not necessary for this. The epoxy 
resin mortar must simply not freeze.

Other advantages include the permanent safety 
of the FIS EM Plus. In the construction industry, the 
Eurocode standards for standard structures assume an 
expected service life of 50 years. However, even higher 
requirements apply to the ‘Grand Paris Express’ project. 
This is because a guaranteed service life of 100 years is 
stipulated for important and large infrastructure pro-
jects, such as subway tunnels, viaducts and nuclear pow-
er plants. The products used must also have this longev-



20 tunnEllinG/Product nEWs

GeoResources Journal 2 | 2022 Fischer Group:
A firm Hold for Infrastructure Project ‘Le Grand Paris Express’ – Fixing Systems  secure Metro Lines 15 and 16www.georesources.net

Sp
ec

ia
l  T

op
ic

tion sites for on-site support, the fast and precise respon-
siveness of our technical department to develop custom-fit, 
project-specific solutions, and our much more,” Jean-Marc 
Berg emphasizes.

Ring Line 15 – Cable Support Systems 

77,000 Fischer RSB resin capsules in the RSB 8 and 
RSB 12 mini variants are being used together with 
RG M anchor rods in the corresponding sizes to anchor 
cable runs of the ring line 15 to the wall and to fasten 
suspension brackets and steel panels for cable support 
systems to the roof using overhead installation (Fig. 3). 
Here the RSB resin capsules can be used together with 
their system components for simple and quick overhead 
installation without having to wait thanks to their fast 
curing. The European Technical Approval (ETA) Op-
tion  1 for cracked concrete including seismic stresses 
in performance categories C1 and the suitability for 
fire resistance class R 120 provide added security. The 
drill holes for the chemical anchorages were created 
with little drill dust using the Fischer FHD hollow 
drill attached to an SDS Plus drill hammer. With its 
two vacuum holes at the tip of the drill and its hollow 
cylindrical shaft, the FHD immediately vacuums up 
dust, which made it ideal for the overhead applications 
during the tunnel constructions of the ‘Grand Paris Ex-
press’ line 15. It protects users’ lungs against hazardous 
dust that contains quartz which occurs during drilling, 
cleaning out and brushing drill holes. It also prevents er-
rors when cleaning the drill hole, which can impair the 
fixing’s performance.

Conclusion

Fischer heavy-duty fixings were previously used during 
the expansion of the existing line 14 to securely fasten 
the console systems of the power lines [1]. The company 
again demonstrates its fastening know-how in the con-
struction of the ‘Grand Paris Express’ lines 15 and 16.

References

[1] Siegel, K. M. (2017): Expansion of Métro Line 14 in 
Paris – Fischer Steel Anchors fix Power Lines. GeoRe-
sources Journal (3-2017), pp. 21–22. Online: 
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Fig. 2: Line 16 – connection  between floor slab and 
retaining wall using injection mortar
The fischer FIS EM Plus injection mortar has an assessed (ETA) 
service life of 100 years. An independent assessment by IEA 
Stuttgart even confirms a service life of 120 years for anchors. 

Fig. 3: Line 15 – RSB resin capsules are being used 
together with RG M anchor rods to securely 
anchor cable runs and cable support systems.
The resin capsules combine a high load-bearing capacity for 
a permanent and secure hold and meet the high health and 
safety requirements.

Fischer Group
Katharina Siegel-Rieck is Press Relations Officer 
fischer fixing systems, fischer Electronic Solutions.
Contact: katharinamaria.siegel-rieck@fischer.de

ity. In the case of chemical fixing with the FIS EM Plus 
injection mortar, Fischer applied for a European Tech-
nical Assessment (ETA) specifically for this purpose, in 
order to be able to provide the proof of product perfor-
mance required for Europe. “Our products meet the tech-
nical requirements of the applications in the construction 
of the ‘Grand Paris Express’ lines,” says Jean-Marc Berg, 
Managing Director of the Fischer subsidiary in France. 
“In addition to the quality of our fastening solutions, com-
petitive prices and high product availability play a key 
role.” 

However, the many services are also important, he 
adds. “We convinced our clients with our visits to construc-

https://www.georesources.net/download/GeoResources-Journal-3-2017.pdf
https://www.georesources.net/download/GeoResources-Journal-3-2017.pdf
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A tunnel project is planned in the context of the 
urban development operation for the capital and 
biggest city in Chile, Santiago de Chile. The article 
gives an insight into the traffic and the geological 
situation and into the planned project.

Tunnelling • Strategy • Urban development • 
Traffic • Future • Chile

Lo Ruiz Tunnel – a strategic Plan for  
the Development of Santiago de Chile
Mauro Nogarin, La Paz, Bolivia

Introduction

One of the projects that the Minister of Public Works 
wants to prioritize is the Lo Ruiz Tunnel in the coun-
try’s capital and largest city in Chile, Santiago de Chile, 
a project that since 2018 suffered several postpone-
ments due to the social conflicts of 2019 and later due 
to the pandemic.

The project consists of the construction of a new 
link between the General Velásquez and Américo 
Vespucio Norte highways by way of a tunnel under the 
Lo Ruiz hill (Figs. 1 and 2). This will release a large part 
of the traffic in the Nudo Quilicura where an average 
of 200,000 vehicles per day currently circulate, most of 
which come from the General Velásquez highway. The 
most important part of the work consists of the con-
struction of the 1.47 km long tunnel that is designed for 
vehicular traffic with a maximum speed of 80 km/h.

The Lo Ruiz Tunnel will reduce the flow of vehicles 
that currently circulate through the Quilicura Knot, 
creating an alternative connection between the General 
Velásquez and Américo Vespucio Norte Axis, and will 
also include complementary works for the subsequent 
remodeling of the Knot. 

Current Traffic Situation

From an urban point of view, both the Américo Vespu-
cio Norte highway and the Autopista Central suffer 
from serious road congestion conditions on a constant 
basis at rush-hour periods and this badly affects the traf-
fic that uses these roads. Both routes, in fact, are not ex-
clusive to the communes, but constitute a fundamental 
road network that covers the entire metropolitan area 
of the Chilean capital of Santiago. In fact, the highways 
that the communes have are characterized by their high 
level of daily congestion, this being due to the local in-
dustry that operates in the area and creates a large num-
ber of trucks that are used for transporting heavy loads.

According to the environmental impact study car-
ried out by Autopista Central and approved by the 
Chilean Environmental Assessment Service (SEA) and 
the Ministry of Public Works, the project is located in 
the Metropolitan Region of Chile, Province of Santiago, 
and it covers the municipalities of Renca and Quilicura.

The specific objectives of the project also consist 
of reducing travel times, improving North-South and 
South-North connectivity in the capital and improving 
the geometry of the other roads and recovering areas 
that have deteriorated in recent years.

Fig. 1: Planned Lo Ruiz Tunnel under the Lo Ruiz hill
Source: MOP Chile

Geological and hydrological Situation

The study area contains two geomorphological units. 
The first comprises the Renca - Lo Ruiz hills that were 
formed by a set of volcanic rocks and the Alluvial Plain 
where the soils are predominantly clayey and silty in na-
ture up to depths of 12 to 25 m and include very dense 
sand and gravel.

The Cerro Renca and Lo Ruiz is formed by an ero-
sive fluvial dynamic that has promoted major tectonic 
activity generating the erosion of the area that has left 
a large alluvial plain around the hill. In general, Cerro 
Renca and Lo Ruiz tend to be highly susceptible to 
landslides and overturning, though the risk of landslips 
in the project zone is medium to low. The Project is lo-
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Information on the planned Tunnel

According to the study presented by the Ministry of 
Public Works of Chile (MOP) the tunnel construction 
work comprises two distinct operations (Fig. 3):

 ▶ The eastern tunnel, running south to north, has two 
lanes and the traffic platform for circulation has a 
total width of 9.6 m, with lateral berms of 1.30 m 
and two circulation lanes each 3.50 m in width.

 ▶ The west tunnel, running north to south direction, 
initially comprises three lanes, later being reduced 
to two.

The traffic platform has a total width of 13.1  m, with 
lateral berms of 1.30 m and three traffic lanes of 3.50 m 
each, the third of these at the tunnel end.

The longitudinal profile of the tunnels has been de-
signed with a uniform slope of 0.7 %. This avoids any 
high and low points inside the tunnel and so benefits 
drainage and ventilation.

Both tunnels are to be developed in parallel, with 
a separation between the axes between the two tubes 
separated by about 30 m, which increases to 43 m at the 
point closest to the General Velásquez axis.

Raised side sidewalks will be added to each tunnel, 
and on both sides of the roadway, to provide for mainte-
nance and evacuation operations. This will create  with 
a minimum width of 75 cm on both sides , along with a 
10 cm strip for the installation of reflective metal panels.

The inner part of the tunnel will be completed by 
a lining made up of 20  cm of concrete (SH-30 shot-
crete) reinforced with a steel mesh. A polypropylene 
fibre layer will be applied to the final 10 cm of the lining 
and a waterproofing sheet will finally be placed over the 
shotcrete coating in those areas where it is considered 
necessary.

Conclusion

It remains to be seen how the situation in Chile will de-
velop and when final decisions will be taken leading to a 
better future for the the city of Santiago de Chile.

Mauro Nogarin
Freelance editor in La Paz, Bolivia
Contact: m.nogarin@mediasur.net

Fig. 3: Planned tunnel cross-section
Source: MOP Chile

Fig. 2: Illustration and location of the phase 1 and 2 of the project
Source: MOP Chile

cated mostly on a consolidated urban area and the man-
made ground surface makes it easy for the heavy plant 
and equipment to access the various parts of the site.

In terms of its hydrology, Lo Ruiz hill is located 
in the northern part of the Santiago basin, which has 
been filled by Quaternary sediments. These sediments 
contain a large  variety of alluvial material from the 
Mapocho River, ranging from coarse with gravel and 
sands with few intercalations at the apex, located to the 
southeast of the study area as well as outside of it, and 
extending as far as the Quilicura zone, which is domi-
nated by silt and clay.

The wells drilled for the project found that the phre-
atic zone is located at a depth of between 22 and 26 m 
deep.
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A full-face tunnelling machine running on biodegradable hydraulic fluid 
has now been used to drive a steeply inclined tunnel in a water conserva-
tion area. This article reports on the project and relates the experience 
acquired with this new type of hydraulic fluid.

Tunnelling • Microtunnelling • Construction plant • TBM • Hydraulics • 
Soil and water protection

World’s first Deployment of a full-face Tunnel-
ling Machine with Mineral oil-free Hydraulics
Dipl.-Ing. Michele Rossi,  SaarGrundbau GmbH & Co. KG, Saarbrücken, Germany

The need to protect soil and water resources when car-
rying out construction work in nature-sensitive habitats 
requires high-performance machinery and a fair meas-
ure of expertise from all those involved. It also calls for 
a greater focus on the handling and use of the machine 
operating fluids. The article explains the kind of chal-
lenges that can arise by using the example of a steeply 
inclined tunnel drivage with significant differences in 
elevation that was completed in a water conservation 
area. The project used a microtunnelling machine for 
the non-accessible section of the tunnel route.

Project Background

The tunnel section in question was located in a water 
conservation area and formed part of major utility tunnel 
scheme extending over more than 20 km in length. The 
changing topography and existing infrastructure of roads 
and bridges also made the project a significant engineer-
ing challenge. Where for example large differences in ele-
vation have to be accommodated along the route, includ-
ing crossing below an existing road, project engineers have 
the option of using full-face microtunnelling technology. 
In this particular case the tunnel had to assume a steeply 
inclined gradient as this section of the route was to bridge 
a difference in elevation of 31.40  m over a total bored 
length of about 100 m (Fig. 1), with the tunnel boring 
machine having to adopt an angle of attack of 34.60 °.

These challenging conditions made for an extremely 
complex construction plan. The tunnelling gradient 
called for the use of a large circular rotating cutter head, 
the excavated material being removed at the same time 
as the heavy concrete casing pipes were positioned and 
thrust forward under pressure, and all the while the tun-
nel pipe had to be aligned at a steep incline. The local 
soil formations had previously been surveyed by a series 
of drillings carried out by a firm of consulting engineers 
and this information helped determine the type of 
mixed-soil drill head to be fitted to the machine. Load 
calculations, which in this case had to take account of 
some 188 t of tunnel pipe along with the machine’s own 
weight, were also required in order to draw up the speci-
fication for a pipe brake system to be deployed during 
the tunnelling phase. The main operation was carried 
out by the Saarbrücken-based tunnelling contractors 
SaarGrundbau GmbH & Co. KG, who were able to 
draw on experience gained during similar projects com-
pleted in recent years. The Saarbrücken steel and equip-
ment engineering firm of Hans Leffer GmbH & Co. KG 
designed and built the hydraulic pipe brake system that 

Fig. 1: Section view of the steep tunnel gradient showing the difference in elevation

was needed in order to prevent any slipping or settle-
ment of the concrete tunnel pipes. 

Tunnelling Machine

The AVN 1200 C full-face tunneller, which is a slurry-
supported machine, was supplied by the Schwanau-based 
Herrenknecht company. SaarGrundbau has already 
completed a number of steep-gradient drivage projects 
with this type of machine, which achieved an average ad-
vance of 8 m per working day. Prior to deployment, and 
in preparation for tunnelling in the water conservation 
area, the machine was sent to a specialist company where 
it was converted to run on Lubesave biodegradable hy-
draulic fluid and put through a regular maintenance and 
servicing routine. When it came to the hydraulic system 
this involved selecting the right hoses, seals and gaskets 
and carrying out effective leak tests.

 Preparation of the Launch Pit

The launch pit was constructed in 30 working days by 
the Belgian engineering firm Denys N.V. of Wondel-
gem. The pit was excavated to a depth of 8.50  m and 
its outer walls were supported by sheet piling rammed 
into place. The groundwater level was lowered using 
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vacuum lances. All the utility services required for the 
tunnelling machine were set up in a very confined space 
around the edge of the pit (Fig. 2). 

The pit area included the control station and the 
hydraulic unit that used a slurry mix to flush out and 
separate the cuttings. Over the course of the project 
some 220  m³ of bulk material, or about thirty 7.5  m³ 
containers, were loaded out using this system. The pipe 
sections delivered to the pit were 1,720 mm in diameter 
and each unit weighed about 6 t. Those sections of pipe 
that were to be used for casing the 100 m-long subsur-
face drivage were also delivered to the launch pit area 
and a hydraulic excavator was used to lower them into 
position for just-in-time installation. This was a practi-
cal approach given the extremely congested conditions 

Dipl.-Ing.  
Michele Rossi VDI
studied at the University of 
Metz, France, and at HTW 
Saar University in Germany. 
He is SaarGrundbau project 
manager for specialist 
foundation engineering 
and also sits as an expert on 
the management board of 
VDI BV Saar and on the DIN 
Standardisation Committee
Contact: michele.rossi@saargrundbau.de

Fig. 2: Preparing the launch pit for the tunnelling 
machine
Photo: SaarGrundbau

Fig. 3: Launch pit seen from above
Photo: Volker Wiciok

around the site (Fig.  3). The materials were held in 
back-up storage at a local depot.

Cutter Head and Materials Transport

The choice of cutter head was very much influenced by 
the findings of a soil survey carried out by the Witten-
based Dr. Spang Ingenieurgesellschaft für Bauwesen, 
Geologie und Umwelttechnik mbH. The tunnel mate-
rial was pumped through the flushing circuit to the sep-
aration plant where the cuttings were discharged into 
bulk containers and promptly removed from site.

First Experiences with biodegradable 
 hydraulic Fluid in the steeply inclined 
 Tunnel Drivage 

SaarGrundbau had previous experience with steep-gradi-
ent drivages of this kind, though only with systems op-
erating on mineral oil-based fluids. Initial comparisons 
based on running biodegradable hydraulic fluid in the 
company’s own machine showed no drop in performance.

The project was completed successfully and without 
incident. SaarGrundbau has real experience and consid-
erable expertise in the microtunnelling sector. When 
working at construction sites in nature-sensitive areas it 
is therefore important to be able to rely on the perfor-
mance of the operating fluids used in the machines. The 
products supplied by Fluid Competence (in this case 
Lubesave hydraulic fluid) are designed for rapid bio-
degradability and as a result offer enhanced safety in the 
event of an accident. SaarGrundbau is quick to point 
out that this provides greater health and safety protec-
tion for those who have to use and handle hydraulic 
media. Add to this the fact that this resource-friendly 
material is not affected by potential embargoes.
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All kinds of technical correlations and parameters 
have to be taken into account when designing 
professional cleaning systems for dust-laden air. In 
order to filter the dust load from the air the latter 
has to be set in motion by means of fans so that 
it can pass through the filter system. For mecha-
nised and conventional tunnelling operations 
the air circulation and dedusting regimes have to 
be properly coordinated with each other. Auxil-
iary ventilation systems have to take many differ-
ent parameters and relationships into account if 
they are to achieve effective dust removal and air 
cleaning results.

Tunnelling • Mining • Dedusting • Ventilation • 
Workplace safety • Construction operation

Auxiliary Ventilation for dust-intensive 
 Working Environments
Dipl.-Ing. (FH) Jens Kegenhoff, Korfmann Lufttechnik GmbH, Witten, Germany

Introduction

For most people involved in dust extraction work the 
nature of the process itself will usually dictate the kind 
of dust reduction and suppression equipment that is re-
quired. For tunnelling and mining engineers, however, 
this is often just the first step in the planning process. 
They now have access to a tool that has to be properly 
adjusted and deployed. The technical process of dust 
control is a very complex one and involves much more 
than just the dust removal capacity of the filter. The de-
dusting equipment must be operated within its working 
parameters and this requires a complete and fully func-
tional system. The mining and tunnelling personnel 
present on site are essentially the only ones capable of 
determining that the dust control measures in place are 
properly and constantly adapted to the operating con-
ditions, thereby ensuring that the system is functioning 
correctly. Taking a cutter-head tunnel excavation pro-
ject as an example this paper will look at how dust con-
trol is achieved under the given boundary conditions 
and constraints in order to investigate how the various 
relevant factors are brought into the overall system con-
text. There are two distinct parts to this analysis: 

 ▶ Part  A: Dry dedusting unit operating behind the 
heading face

 ▶ Part B: Fresh-air ventilation to the tunnel face

Case Study – Tunnelling with  
a cutter-head Excavator

The ventilation concept used for excavating a tunnel 
with a cutter-head system (Fig.  1) with dedusting at 

Fig. 1: Tunnelling with a cutter-head excavator

Fig. 2: Plan view illustrating the basic principles of tunnel ventilation

Fig. 3: Looking back from the tunnel face towards the fresh air duct and 
dedusting equipment

the heading face essentially involves two basic processes 
(Figs. 2 and 3). In the first of these a fresh air duct is 
used to blow air to the tunnel face, while in the second 
process two extraction conduits are set up at the head-
ing face to collect the dust and transfer the dust-laden 
air back to a dedusting system behind the fresh air duct, 
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symmetry of flow as a locally-installed extraction unit 
operating in combination with a fresh-air supply via a 
secondary ventilation set-up. This can clearly be seen by 
analysing the flow speeds of the respective intake ducts.

Suction Extraction

It is obvious from a physical viewpoint that the dust is 
drawn in by the vacuum or negative pressure. Position-
ing the extraction unit as consistently and as close as 
possible to the dust generating point results in greater 
efficiency. At the same time it is evident that partly en-
closing the extractor unit, i. e. when a plate is fitted as 
shown in Fig.  4 (right), brings significant benefits for 
the system. While the pressure equalisation and flow 
speeds are somewhat delayed, this modification really 
improves the impact and effectiveness of the system.

As the tunnel is continuously advancing the dedust-
ing plant has to be designed to allow some degree of mo-
bility. Given that any type of equipment will interfere 
with operations when sited close up to the tunnel face 
a connecting duct has to be set up between the heading 
face and the filter unit. This suction duct has to be de-
signed in such a way that the effective negative pressure 
does not compromise the stability of the system. At the 
same time it is important to ensure that the air veloc-
ity inside the duct is sufficient to carry the dust particles 
to the filter. This means achieving air velocity rates of 
around 20 m/s inside the suction passage. Any change 
in the cross section of the conduit will inevitably affect 
the air velocity inside the suction duct.  

Failure to achieve the minimum velocity needed for 
particle transport will result in sedimentation inside the 
passageways and the larger-sized particles will be depos-
ited (Fig. 5). This sedimentation process will eventually 
create a situation inside the duct where balancing will 
take place between the deposition and the air velocity. 
As a result, less air will be entrained for the ventilation 
process and energy consumption levels will increase. 
The volume of air at the tunnel face may potentially no 
longer be sufficient to maintain a stable system. If the 
speed of flow inside the suction duct is too high the 

Fig. 4: Suction bellmouth – with free pipe end (left) and with plate fitted to pipe end (right)

Fig. 5: Sedimentation at low flow speeds

where it is cleaned. This ensures that the used air is al-
ways directed backwards away from the face.

Various implementation rules are required here in 
order to ensure that the system functions correctly and 
the filtration performance is kept within the permissible 
parameters. The airflow relationships that affect the dif-
ferent parts of the ventilation system have a major im-
pact on the effectiveness of the entire system.

The moving cutter-head (Fig. 1) ranges over the en-
tire profile of the tunnel face and in doing so produces 
varying quantities of dust in different concentrations. 
The dedusting units operating in parallel with the ma-
chine draw the dust-laden air away from the tunnel face 
via the extractor conduits. It is vital that the latter are 
positioned close to the actual source of the dust, with 
ideally one conduit placed on each side of the cutter-
head and about one third of the way up between the 
tunnel floor and roof in order to achieve a uniform de-
dusting result. 

In order to collect the dust effectively over the en-
tire tunnel cross section, and not to leave any residual 
dust in the zone behind the heading face, the ventilation 
system has to create a ‘stable’ dust screen at the tunnel 
face. This boundary between the clean air and the dust 
dispersal zone around the dedusting area is maintained 
by ensuring that the quantity of dust-laden air being 
extracted and the incoming fresh air flow are perfectly 
coordinated. The transition from positive to  negative 
pressure, as defined by the physical conditions, forms 
the borderline between the dust-free and the dust-laden 
zones.

Using a purely exhaust-based ventilation system to 
draw air from the heading face cannot achieve the same 



tunnEllinG/MininG 27

GeoResources Journal 2 | 2022Kegenhoff:
Auxiliary Ventilation for dust-intensive Working Environments www.georesources.net

result will be increased wear and greater abrasion. Fur-
thermore, the spiral air ducts that are often used in such 
cases have a physical limit at which the internal pressure 
tends to fold up the spirals. This process greatly reduces 
the cross section and the air volume and performance 
will be affected as a result. 

Filter Unit

Changes in air volume and speed also have an effect on 
the dedusting system. While dry dedusters with their 
compact filter elements (Fig. 6) do benefit from being 
able to cope with deviations in nominal airflow, never-
theless even here there are limitations and if these are 
exceeded there will be aerodynamic consequences.

Any increase in the air volume above the nominal 
filter capacity will cause a disproportionate rise in the 
pressure resistance and in the air velocities in the passag-
es. The higher velocities will result in increased material 
wear as a function of the dust grain properties. Particles 
directly striking the filter material at an excessive veloc-
ity will gradually cause the latter to become damaged.  
While it is convenient to note that a high pressure dif-
ference can do practically no harm to the actual filter 
material, nevertheless the high resistance offered by the 
filter and filter cake will tend to diminish the cleaning 
function. Intermittently flushing through with com-
pressed air will not overcome the surface pressure and 
will only serve to reduce the cleaning performance. This 
is often not obvious to the user, as the compressed air 
is delivered at an operating pressure of about 4.5  bar 
(Fig. 7).

As the pressure is released and expands across the 
entire surface of the filter the pressure level will be re-
duced as a function of the surface area, with the result 

Fig. 6: Dry deduster system with compact filter elements – newly patented 
system from CFT

Fig. 7: Operating data for filter unit

that thorough cleaning will not be possible at a total 
resistance of 5 to 6 kPa. This results in a reduction in 
air volume and in a disruption to the entire ventilation 
system. 

Any kind of water infiltration is also to be avoided 
when dry filter elements are being used as moisture will 
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cause the material to lose its filter and support structure. 
At the same time the filter cake can no longer be flushed 
clean, the cake thickens and the filter system exhibits 
less permeability. 

Fan System

A fan unit that is the correct specification can run trou-
ble-free as long as the system is operated carefully and 
the filter unit is regularly cleaned in line with the thresh-
old values. When selecting the fan system it is essential 
to factor into the overall resistance rating not only the 
flow resistance of the individual filters but also the in-
take and exhaust air conduits. The overall system must 
therefore be properly coordinated with the operational 
processes right at the design stage. An extension of the 
intake line or a reduction in the pipe diameter at a later 
date will create different workplace conditions and will 
result in changes to the airflow rates, with all the con-
sequences referred-to above. It is particularly important 
to avoid any crossing of the specified thresholds, which 
can result in a failure of the ventilation system and other 
individual problems, including velocity reductions in 
the overlap area. The diagram in Fig. 8 summarises the 
various relationships that come into play.

Serious fan problems can occur if a fan is installed 
before the filter unit or is loaded with dust as a result 
of incorrect filtration. Dust particles can cause abrasive 
wear and this will especially affect those components 
that develop high rotational speeds, such as the tips of 
the fan blades (Figs. 9 and 10). A change in the shape 
of the blade profile can lead to laminar separation and 
cause uneven flow patterns that affect fan performance. 
The service life of the blades is very much reduced as 
a result. Such an operating regime entails high mainte-
nance and spares costs.

Moist and/or adhesive dust presents the additional 
risk of caking. This initially develops uniformly because 
of the rotational movement of the impeller. However, 
as the cake thickness increases there is a real possibility 
of material flaking off, and this can lead to imbalance 
at the impeller wheel. This in turn can result in bearing 
damage in the medium term. If the fan is not designed 
specifically for use below ground (Fig. 11) it is possible 
that other forms of damage can occur much sooner than 
anticipated as a result of dust entering the electrical sys-
tem, inadequate material thicknesses and the frequent 
and irregular deposition of dust on the rotating surfac-
es. In some cases a fan blade may even suffer a complete 
fracture.

Air Intake System

From an analysis of the dedusting components it is clear 
that the dedusting process is completely interdependent 
on the fresh air supply system. Given the case in point 
of the moving cutter-head it is systematically relevant to 
have a stable dust screen in place. Experiences acquired 
from tunnel construction projects and mining industry 

Fig. 8: Fan characteristics

Fig. 9: Impeller conveying dust

Fig. 10: Wear due to dust

Fig. 11: Impeller with special surface designed to 
prevent dust deposits
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investigations carried out under explosive gas condi-
tions have led to positioning rules for components that 
have helped ensure optimum functionality (Fig. 12).

As flow-related pressure losses are very dependent 
on the tunnel profile the clearances can be calculated 
accordingly using the root of the cross section. The 
dust screen is developed from the tunnel face with the 
volume of air extracted (as a function of the cut face 
and excavation method) being optimally quantified at 
less than about ¼ ∙ √A. The subsequent distance to the 
fresh air supply duct is set at a minimum of 10 ∙ √A so 
that the outflowing stream of air is able to expand and a 
more uniform airstream is diffused over the entire tun-
nel cross section. By positioning the duct close to the 
face or tunnel roof the speed at which the core jet of air 
leaves the duct can affect the outreach of the airstream. 
Siting close to the side-walls generally extends the reach 
of the airflow. However, an unfavourable surface com-
position can very quickly deflect the flow. It also has to 
be borne in mind that a high flow speed at ground level 
can swirl up any lying dust. The core jet speed itself must 
recede before reaching the dust screen to the extent that 
the speed vectors are relatively uniform over the entire 
tunnel cross section. Any irregular distribution in this 
respect will partially disrupt and destabilise the dust 
screen and this would make it impossible to achieve to-
tal dust capture. This problem can be resolved by fitting 
an axial shutter to the end of the duct and by providing 
radial vents in the last few duct end sections, e. g. using 
perforated ducting. In practice this often involves the 
use of a hybrid system comprising a shutoff damper and 
a series of perforated or spiral-wound ducts. This system 
offers considerable flexibility for any application. When 
the damper is opened axially the core jet can reach the 
heading face and the entire volume of air can be direct-
ed into the tunnel (Fig. 13). This is especially useful at 
workplaces where no dust is being generated in that the 
heading can be ventilated without the need for deploy-
ing a dedusting system. For dust-intensive operations 
the entire system can be activated, the damper on the 
air supply duct is closed and the airstream is able to pass 
through the radial vents and flow uniformly along the 
tunnel to reach the heading face. The dust screen is not 
compromised and remains stable.

It is practically impossible to achieve a uniformly 
profiled throughflow of air in the tunnel cross section 
between the discharge end of the ducting and the head-
ing face. Operating conditions may create individual 
areas where an exchange of air cannot effectively take 
place. This includes the overlap zone between the dis-
charge end of the ducting and the exhaust end of the 
dedusting unit. This overlap area should be kept as 
small as possible, though must also be big enough to 
ensure that the ventilation regime can still be set up as 
required. The overlap zone should be short in length as 
air speed in this part of the tunnel profile is only based 
on the difference between the incoming fresh air and 
the air being extracted. Economic reasons and physi-
cal limits usually mean that no additional volumes of 

Fig. 12: System-specific distances

Fig. 13: Airflow model for discharge duct with open damper

air are provided for this area. This minimal air quantity 
must only ever be allowed to fall below the specified 
minimum air speeds when it can be ensured that the 
tunnel cross section is fully flushed with air. Often this 
cannot be achieved using the conventional measures 
described here and breaches of the MAC (maximum 
allowable concentration) levels can occur. This be-
comes a particular problem when the tunnel heading is 
subject to gas emissions. Explosive pockets of gas are to 
be avoided at all costs.

The German coal industry developed a solution to 
this problem by replacing the discharge end of the per-
forated or radially vented fresh air ducting with a spiral-
wound section of duct or  a Coanda duct (Figs. 14 to 16). 
This system exploits the physical Coanda effect whereby 
a radial rotational flow is produced at the outer wall of 
the ducting. Providing the duct with a perfectly tailored 
longitudinal slit that acts in combination with an axial 
shutter means that the air can flow out in a tangential 
direction. The resulting vortex flow flushes the entire 
tunnel cross section better than a perforated ducting 
can and prevents the local formation of emission pock-
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according to specification and in line with the operating 
procedure so that full functionality is assured. The user 
not only has to make provisions for the various prob-
lems referred-to above but must also keep a check on 
many other technical issues. These responsibilities may 
include the following:

 ▶ The fresh air supply is to be kept free from contami-
nants.

 ▶ Air ducts and supply lines are to be kept leak-free 
and regularly checked for damage.

 ▶ The filtered dust is to be removed from site in ac-
cordance with safety regulations and properly dis-
posed of.

 ▶ All equipment components are to be maintained as 
prescribed by the manufacturer and adapted where 
necessary to the specific operating environment.

 ▶ Additional safeguards are to be put in place at other 
vulnerable workplaces, for example by installing fil-
tered cabins for the machine operator.

 ▶ Vehicle exhaust pipes should not be directed to 
ground level.

 ▶ Other machines operating in the tunnel heading 
zone can have a local impact on the air exchange 
process. It may prove necessary to extend the ven-
tilation measures, for example by installing air-
jets.

 ▶ Air coolers, when required, need even more precise 
coordination as the climate calculations have to cor-
respond exactly to the airflow quantities and tem-
peratures.

 ▶ Tunnels that are being driven in a potentially ex-
plosive environment require additional ventilation 
measures, such as air reversal or air flushing follow-
ing gas ingress. This may entail further changes to 
the air conduits to ensure that the components can 
perform to maximum reliability.

Current dust regulations and threshold limits stipulate 
that ventilation systems have to be properly planned and 
designed to ensure that health protection requirements 
are complied with as the tunnelling operation proceeds 
efficiently. This not only requires dedusting components 
designed to a high technical standard but also calls for 
fully qualified and trained personnel who understand 
the technical correlations and can both act in response 
to a risk analysis and assess the ongoing effectiveness of 
the actions taken.
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Fig. 14: Perforated fresh air duct

Fig. 16: Airflow model with spiral-wound ducting
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Portable laser induced breakdown spectroscopy (pLIBS) is an analytical 
method for determining the elemental composition of solid material 
surfaces. Field-portable devices are gaining increasing acceptance in the 
mineral resources sector, offering rapid, on-site chemical analysis.
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1 Introduction

Over the past few decades the advent of portable high-
tech field tools such as portable X-ray fluorescence 
(pXRF) instruments has revolutionised chemical data 
acquisition in the mining value chain. Times have dra-
matically changed. Previously the ability to make an 
objective assessment and decision on the significance of 
a sample’s chemistry took weeks or even months of wait-
ing for a commercial laboratory to prepare and analyse a 
sample and then report the results. These pXRF instru-

Fig. 1: pLIBS analysis to determine the lithium 
 content of a pegmatite 
Unlike pXRF analysis the sample can be held in the hand as 
no ionising radiation is used.

ments are now increasingly used within the mineral re-
sources sector as they have many clear advantages. The 
technology allows for real-time ‘fit for purpose’ data to 
be collected in the field. No advanced training, as in the 
case of a laboratory environment, is needed to use the 
equipment, although appropriate work safety and radia-
tion protection training for operators is required. Port-
able field instruments are now available to the user to fast 
track the decision making process in the field. Results are 
obtained almost immediately and allow rapid real-time 
assessments and decision-making on-site, assuming the 
instruments are used correctly and their limitations un-
derstood by the user. The potential cost savings in screen-
ing samples for laboratory analysis are particularly attrac-
tive. Making these decisions in a timely manner leads to 
more efficient and cost-effective exploration, mining and 
environmental practices. However, as pXRF devices use 
X-rays, operators need to have completed radiation safe-
ty training and certification, and safety regulations have 
to be adhered to. Moreover, elements with low atomic 
numbers (Z), such as Li (lithium), cannot be analysed 
due to the technical limitations of the system [1]. 

Given the operational simplicity of portable instru-
ments and their affordability in relation to bench-top 
laboratory analysers and their operational simplicity, 
portable instruments could become ‘the equipment of 
choice’ for resource characterisation and environmental 
monitoring (Fig. 1). In this respect these portable units 
are able to meet the system-independence criterion, i. e. 
they can stand alone and do their job with few or no 
other supporting facilities or devices. 

Another relatively new but very promising qualita-
tive and quantitative field method is portable laser in-
duced breakdown spectroscopy (pLIBS). Meanwhile, 
pLIBS has proved to be capable of identifying solid 
materials, especially alloys. It has also been used for the 
geochemical analysis of geological materials with the 
detection of light elements such as Si (silicon), Li, K 
(potassium) and Be (beryllium), providing information 
for geochemical mapping and provenance analysis. The 
latest pLIBS analysers are not only capable of generating 
qualitative results within seconds but can also deliver 
quantitative results if a matrix fitting calibration is per-
formed. Moreover, heat maps displaying changes in el-
emental concentrations can be created for small sample 
areas and, unlike pXRF systems, pLIBS can even ana-
lyse low-order elements. All in all, it appears that pLIBS 
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electromagnetic radiations are concentrated by means 
of converging lenses, detected by a fibre-optic sensor, 
and transmitted via an optical fibre to the spectrometer. 
The latter contains both a dispersive element and a de-
tector. With the dispersive element, the wavelengths are 
broken down into their components and the radiation is 
then projected onto a detector, which outputs the spec-
tral information as an electrical signal. The wavelength 
(abscissa) and spectral line intensity (ordinate) are plot-
ted on a histogram. Finally, the chemical elements can 

Fig. 2: Transport case and pLIBS system shown next 
to a geologist’s hammer

Fig. 3: Schematic representation of the process flow of a LIBS system  
[8, modified]

analysers may offer real advantages over pXRF devices 
[2]. This review will outline equipment development, 
operating principles, safety aspects, legal requirements 
as well as transport regulations and will also discuss how 
pLIBS can be applied in the mineral resources sector.

2 Development of pLIBS Analysers

Laser-induced breakdown spectroscopy is a type of 
atomic emission spectroscopy that uses a highly en-
ergetic laser pulse as an excitation source. A plasma is 
formed by focussing the laser beam, which atomises and 
excites sample surfaces. 

The first scientific publication on LIBS appeared in 
the early 1960s, after the development of the laser [3]. 
In 1981, laser pulses were amplified for the first time 
with the help of a focusing unit, so that a thermal plas-
ma was formed by the excitation of the atoms. The acro-
nym LIBS was introduced, which is still used today [4]. 
In 1996 a prototype of a pLIBS system was developed to 
detect metal contamination in soils and paints. Several 
components of the pLIBS system were integrated in a 
single case weighing 14.6 kg [5]: 

 ▶ Accumulator
 ▶ Detector
 ▶ Spectrograph
 ▶ Notebook for processing the data 

The first pLIBS system (Porta-LIBS-2000) came on 
the market in the early 2000s. This unit contained a 
Nd:YAG laser that emitted laser pulses with a wave-
length of 1,064  nm and could detect electromagnetic 
radiation in the wavelength range from 200 to 1,100 nm 
on a CCD sensor (charge-coupled device). The 14.6-kg 
pLIBS system measured 18 x 33 x 46 cm and was no big-
ger than a briefcase [6]. Progressive technical advances 
and component miniaturisation of components led to 
the development of today’s pLIBS analysers. In 2013 
SciAps Inc. introduced the pLIBS model Z 500, which 
was followed by other systems from a range of manufac-
turers [7] (Fig. 2). 

3  Operating Principles  
of pLIBS  Analysers

The schematic representation of the process flow of 
a LIBS system is shown in Fig.  3. A high-power laser 
pulse is directed onto the sample surface by a focusing 
unit. At the point of impact the sample heats up to sev-
eral 10,000 °C until a thermal plasma is formed and a 
small volume of the sample begins to vaporise. The mo-
lecular bonds break, and the thermal plasma expands, 
resulting in atomisation and the excitation of the atoms. 
Thus, the electrons are therefore at an elevated energy 
level and with the return to their initial state, back-
ground continuum radiation is emitted, which initially 
consists mainly of bremsstrahlung. In addition, light 
with characteristic wavelengths is also emitted. Both 
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be identified by the characteristic spectral lines in the 
spectrum, and the mass concentrations can then be de-
termined via the spectral line intensity [7].

4  Comparison of pLIBS and 
pXRF  Analysers

Fig. 4 shows two examples of pLIBS and pXRF devices. 
Both analyser types are almost the same size with only 

Table 1: Advantages and drawbacks of pLIBS and pXRF devices [1, 2, 9]

pLIBS pXRF

elements Z 1 to 92 elements Z > 12

almost non-destructive (ablation of pg or ng) non-destructive

low acquisition costs compared to laboratory 
methods, but slightly higher acquisition costs 
than pXRF

comparatively low acquisition costs compared to 
laboratory methods

low maintenance and operating costs (argon 
cartridges, cleaning, quartz window)

low maintenance and operating costs (window, 
radiation safety training)

laser safety officer not necessary;
documented instruction reasonable

radiation safety officer (RSO) needed (repeat 
training every 5 years); requires annually docu-
mented instruction of users by the RSO

spot size < 3 mm possible spot size < 3 mm not possible

sensitivity to surface contamination, but cleaning 
with laser shots possible

sensitivity to surface contamination, cleaning 
not possible with the device

bulk analysis, single grain analysis and 2D heat 
maps with elemental distribution and sub 
 millimetre spatial resolution

only bulk analysis

analysis speed (< 1 s) comparatively slow analysis, especially if different 
voltages are used

simultaneous capture of the full elemental 
 composition

tube voltage and anode (Rh, Ag, W) determine 
elemental range and limit of detection

argon atmosphere for signal enhancement 
 possible

no protective atmosphere 

less material needed for analysis (pg to ng) more material needed for analysis (typically 
 sample cups, few g) 

matrix fitting calibration needed for quantitative 
analysis

non-standard calibration for quantitative analysis 
possible

few standard operating procedures or best 
 practice guidelines (especially for the preparation 
of reference material)

many standard operating procedures and best 
practice guidelines

Fig. 4: Two commercially available portable analysers
otl: the pLIBS SciAps Z-300 (21.0 x 29.2 x 11.4 cm, 1.8 kg with 
battery)

otr: the pXRF Olympus Vanta C (24.2 x 28.9 x 8.3 cm, 1.7 kg 
with battery)

minor differences in dimensions. Table 1 shows the 
most important advantages and drawbacks of pLIBS 
and pXRF in direct comparison. The pLIBS has a base 
into which the battery is inserted, making it easier to 
put the device down after use. In the pXRF analyser the 
battery is inserted in the handle, which is already used 
for the application of argon cartridges in the LIBS. 
Both devices are supplied with a wrist strap for safe use 
and also come equipped with touch screens. Measure-
ments can be initiated either by pressing the trigger on 
the top of the handle or via the software using the touch 
screen or an external computer. Both instruments are 
ruggedised for use in the field and in tough operating 
environments. Analyses by the pXRF device are based 
on ionising radiation, whereas the LIBS analyser uses a 
pulsed laser beam. pXRF and pLIBS analyses are there-
fore non-destructive, with pLIBS measurements caus-
ing minute ablations of surface materials and leading 
to dark stains on sample surfaces after measurement. 
These spots are barely visible to the naked eye. Several 
laser spots within a defined raster can be analysed when 
dealing with larger sample areas. Such a grid pattern 
can also be used to create a heat map of element dis-
tributions. Maintenance is only needed when it comes 
to cleaning the quartz window. An internal wavelength 
calibration is automatically performed by the device 
before the first measurement and when temperature 
changes occur.

5  Safety Aspects, legal Requirements 
and Transport Regulations for pLIBS 
Devices

The use of pLIBS instead of pXRF devices has the ad-
vantage that no ionising radiation is applied, which 
simplifies transport and use enormously. Yet, even when 
using optical radiation, especially in the near infrared 
(NIR) range (1,064 nm), certain safety regulations 
must be observed. 

NIR light is particularly dangerous because the 
body’s own glare protection (corneal reflex) is only trig-
gered by visible light. A person would therefore not 
notice exposure to NIR light. In addition, the pulsed 
laser is extremely focused and emits a high amount of 
energy to a very small spot. As NIR light is able to pen-
etrate into the eye and through all skin layers, exposure 
to laser and NIR light can be very harmful. The SciAps 
Z 300 uses a Class 3B laser, which normally requires the 
designation of a responsible person. However, when 
used properly, the laser falls into Class 1, which can be 
used without restrictions. Nevertheless, users should be 
instructed and made aware of the dangers of laser ex-
posure and must wear laser safety goggles. Special at-
tention should also be paid to the possible reflection of 
laser light by polished and shiny surfaces. 

pLIBS analysers are relatively light in weight  and 
can be transported in small suitcases. In fact there are 
hardly any restrictions on their transport. When trans-
porting by air it is only necessary to observe the relevant 



MininG/raW MatErials 35

GeoResources Journal 2 | 2022Schlatter, Freutel and Lottermoser:
Evaluation of the Use of field-portable LIBS Analysers for on-site chemical Analysis in the Mineral Resources Sector www.georesources.net

sis. The laser beam would destroy the protective foil that 
is normally attached to the powdered sample material. 
Moreover, the pressure applied, when pressing the pow-
der, should be much higher (more than 3 t/cm2), so that 
dust generation is reduced and intensities are higher 
[10]. To compensate for wavelength shifts due to ther-
mal expansion of the spectrometer the stainless steel in-
side the unit is analysed as reference material by default 
before first use. The positions of the emission lines are 
automatically corrected with the factory-stored calibra-
tion, and the user is prompted again, if a new calibration 
is required [11]. Maintenance is generally only required 
in the form of regular cleaning of the front quartz win-
dow, as a small volume of the sample material can fuse 
with the focusing unit. The quartz window can be re-
placed if it is no longer suitable for cleaning.

Some background information is needed, however, 
when it comes to quantitative analysis. The background 
continuum reduces the accuracy of the measurements 
and the signal is initially superimposed by bremsstrahl-
ung. Since the latter decays very quickly and the char-
acteristic light lasts longer, it is recommended that the 
start of the detection phase is controlled [12]. The time 
span between the laser pulse and the switching-on of 
the detector is referred as ‘gate delay’. The SciAps Z 300 
model allows this parameter to be controlled for each 
analysis. However, care should be taken to ensure that 
all measurements are done with the same acquisition 
settings. Fig. 6 shows how important this setting is: The 
overall intensities are higher without gating, but the 
background disturbs the evaluation so that the signal to 
noise ratio is significantly higher with longer gate delay.

Fig. 5:  Element distributions maps
a) Section of a sample consisting mainly of calcite from Příbram, Czech Republic 

b) Calcite with strong fluorescence under short-wave UV light caused by Eu3+ and Mn2+ 

c)  Elemental distributions from an analysis of a tiny section from the cut including an inclusion with 16 x 16 laser raster 

d)  The difference in the elemental composition of the inclusion and the calcite is clearly visible

regulations applying to lithium-ion batteries and argon 
cartridges. For example, the batteries must be transport-
ed as hand luggage. While argon gas is neither flamma-
ble nor reactive, the argon cartridges may explode in a 
fire due to increased internal pressures. Therefore, these 
cartridges should not be exposed to high temperatures. 
When transporting pXRF instruments, on the other 
hand, it is necessary to register with the relevant author-
ities and, furthermore, a radiation safety officer has to 
travel with the device.

6 Convenience of pLIBS Devices

Even though pLIBS analysers are highly complex meas-
uring devices, they are relatively user-friendly. Qualita-
tive elemental analysis can be carried out in seconds and 
without any knowledge of the operating principles. In 
addition, rather large databases can be purchased for 
positive material identification, which makes the user’s 
own calibration for these materials superfluous. Unlike 
the pXRF devices, sample preparation is usually not 
necessary. Errors due to inhomogeneities can be avoid-
ed by scanning the sample, and surface contaminants 
can be eliminated by cleaning with laser shots before 
taking measurements. In fact, scanning a sample with 
the device can be used not only to analyse the average 
chemical composition but also to display chemical in-
formation in 2D, through the generation of heat maps 
that display elemental distributions (Fig. 5). 

If sample cups are needed for the bulk chemical 
analysis of samples using pLIBS, then they should be 
prepared in a slightly different way than in pXRF analy-
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The SciAps Z 300 uses small argon cartridges to 
create an atmosphere of inert gas, which prevents igni-
tion and improves signal intensity. Quantitative analy-
ses calls for calibration with standards of known con-
centration, and pLIBS analyses usually require matrix 
matching calibrations. This is based on the fact that the 
intensity of a spectral line is proportional to the con-
centration in the sample, provided no self-absorption 
takes place [12]. Many different calibration techniques 
have now been developed, but a detailed description of 
the calibration methods is beyond the scope of this ar-
ticle. Detailed information on the subject can be found 
in [9]. Calibrations for the SciAps Z 300 are performed 
using complementary Profile Builder software. Here the 
most suitable peaks for the elements of interest are iden-
tified and used to create an intensity ratio with internal 
standards. The intensity ratios are then used to create 
linear regressions for element quantification. 

7  pLIBS Applications  
in the Resources Sector

Field-portable LIBS devices are now being increasingly 
used in the mineral resources sector. Their fields of ap-
plication can be assigned to four groups:

1) pLIBS devices are now most widely used for mate-
rial identification, and especially for sorting scrap. 
Examples include the rapid sorting of Al alloys [13] 
and the analysis of steel samples [14].

2) pLIBS analysers are increasingly used in geochemi-
cal characterisation studies, as there have been re-
cent advances in equipment design and capabilities. 

Fig. 6: Importance of the acquisition setting ‘gate delay’
The spectrum of an aluminium foil was recorded once with gating (2,000 ns, red spectrum) and once ‘without’ gating (250 ns, blue 
spectrum, lowest possible gating).

Quantitative measurements have been performed to 
determine, for example: 

 ▷ F (fluorine) in tungsten ore [15]
 ▷ The geochemistry of volcanic rocks [16]
 ▷ The presence of Ti (titanium) inclusions in fer-
rous rocks [17]

 ▷ Trace element abundances (Be, Cs (caesium), F, 
Rb (rubidium) in Li ore minerals [10]

 ▷ Classification of Cu (copper) ore minerals [18]
 ▷ 25 minor and trace elements in 835 diverse geo-
logical samples [19] 

 ▷ REE in an uranium oxide matrix [20]
3) The development of additional functions such as 

sample scanning to generate 2D elemental distribu-
tion maps has produced a new range of applications 
for pLIBS. Such a new function has allowed chemi-
cal imaging of rock and mineral surfaces [21].

4) Another novel field of application is the source 
tracing of gold samples and has provided a low-
cost field-based tool for responsible mineral supply 
chain management. In this case, the Ag content in 
commercial Au alloys and native Au was used to 
determine the geographical origin of gold samples 
[22].

Since pLIBS devices are designed for field applications 
their greatest advantage is transportability to remote 
places and the generation of instant analytical data on 
site. Moreover, there is a clear advantage over pXRF 
systems because transporting pXRF analysers is prob-
lematic due to radiation protection issues and the need 
for a radiation protection officer. Another benefit is 
that no comprehensive sample preparation is needed 
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(2013).

[13] Piorek, S.: Rapid sorting of aluminium alloys with hand-
held µLIBS analyzer. Materials Today: Proceedings. 10, 
348–354, (2019). 
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[14] Poggialini, F.; Campanella, B.; Legnaioli, S.; Pagnotta, S.; 
Raneri, S.; Palleschi, V.: Improvement of the perfor-
mances of a commercial hand-held laser-induced break-
down spectroscopy instrument for steel analysis using 
multiple artificial neural networks. Review of Scientific 
Instruments. 91, 073111, (2020). 
https://doi.org/10.1063/5.0012669

[15] Foucaud, Y.; Fabre, C.; Demeusy, B.; Filippova, I.V.; 
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for pLIBS analysis. When very rapid results, high data 
density and/or high sample throughput are required 
pLIBS analysers are even better suited than pXRF de-
vices as each analysis is done within seconds. Moreo-
ver, as the method is almost non-destructive, valuable 
samples or small amounts of sample materials can be 
analysed. However, if the sample is to be retained in 
an absolutely pristine condition, then the pXRF  sys-
tem should be used. On the other hand, if lighter ele-
ments (Z < 13) have to be analysed, especially Li, then 
pLIBS has to be applied. The capability of pLIBS to 
analyse lighter elements is one of the most important 
advantages of pLIBS over pXRF and this is particularly 
important for geological samples, as some of the most 
abundant elements on the Earth’s crust are H (hydro-
gen) (Z = 1), Na (natrium)  (Z = 11) and Mg (magne-
sium) (Z = 12). The same applies to the elements Al 
and Si, which are usually poorly quantified by pXRF. 
Moreover, analytical measurements for C (carbon) are 
possible with pLIBS, opening up many areas of appli-
cation. In addition, the small spot size of the laser al-
lows element distribution maps to be created by sample 
scanning, which is not possible with pXRF. In conclu-
sion, pLIBS devices can be used as fast, qualitative, on-
site screening method when limited financial resources 
are available or instant results are needed. Quantita-
tive pLIBS analyses require matrix fitting calibrations, 
which are slightly more time-consuming.

8 Conclusion and Outlook

Handheld LIBS devices are already used in numerous 
fields of the mineral resources sector. This trend will in-
crease over the next few years as the method becomes 
better known and our understanding of its analytical ca-
pabilities and applications improves. The advantages of 
pLIBS over pXRF are already obvious and could result 
in pLIBS becoming at least as widespread as the already 
established pXRF technique. In future, further equip-
ment developments and improvements need to address 
better detection limits, calibration techniques and data 
processing algorithms. Finally, there is an urgent need 
for pLIBS protocols that outline best practices for the 
collection of chemical data on geological materials, sim-
ilar to the best practice guidelines that already exist for 
pXRF analyses.
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The Konrad permanent waste disposal facility in Germany was given final 
approval in 2002. The original concept for the manual documentation of 
all installations, systems and components (ISC), which is an essential part 
of the verification requirements, has now been made much more effi-
cient by using digital technology.

Mining • Permanent waste repository • Future • Digitisation • 
Documentation • Process optimisation • Nuclear waste

Preparing the German Konrad  Repository – 
Digitisation of  Installations,  Systems and 
 associated  Components
André Fries, M. Eng. and Project Engineer Volkmar Riedel, BGE Bundesgesellschaft für Endlagerung  
(Federal Company for Radioactive Waste Disposal), Peine, Germany

1  Background to the Konrad Repository

The former Konrad Shaft iron-ore mine at Salzgitter is 
currently being converted into Germany’s first perma-
nent disposal site for radioactive waste (Figs. 1 to 3). 
The operation to deliver and store up to 303,000 m3 of 
intermediate and low-level radioactive material is sched-
uled to commence in 2027.

The mine comprises two surface sites, which are the 
entrance points to the downcast and upcast shafts, and a 
network of underground roadways that have now been 
converted into emplacement chambers for the perma-
nent storage of the waste containers: 

 ▶ The Konrad 1 downcast shaft site includes buildings 
and infrastructure for transporting men and materi-
als below ground as well as administrative facilities 
(Fig. 4). 

 ▶ The Konrad  2 upcast shaft site is the point where 
the waste containers are delivered, officially received 
and then transported to their underground storage 
areas (Fig. 5).

2 Challenges

Final repositories have very stringent planning and opera-
tional requirements to meet in order to ensure complete 
protection for people and the environment for millions 
of years to come. These standards are the result of legisla-

Fig. 1: Konrad repository project – mine  roadway support systems
Source of the photos and diagrams: BGE Bundesgesellschaft für Endlagerung

Fig. 2: Konrad repository project – installing the underground 
anchorbolts

Fig. 3: Konrad waste repository project –  underground survey work
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working, which was established mainstream practice 
at the time the repository was being approved in 2002. 
The new approach will make the processing operation 
more efficient and at the same time will further en-
hance the overall quality of the project. What is more, 
the originally envisaged analogue system would not be 
compatible with the ongoing process of digitisation tak-
ing place within the company and in the world of work 
in general.

4  Implementation of the digital Docu-
mentation and Verification Processes

4.1 Existing Systems

Many of the challenges referred-to above can be met 
by the company-level ERP (Enterprise Resource Plan-
ning) maintenance module. The ERP system keys in all 
the installations, systems and components (ISC) asso-
ciated with the repository facility and maintains meta-
data such as maintenance schedules and other technical 
specifications. The entire maintenance history of the 
installation can also be retraced and identified. The sup-
porting documents, inspection schedules and technical 
records are already held in the document management 
system (DMS).

4.2 System Linkup and Access

The challenge now was to provide the authorised user 
groups with practical access to the relevant information 
held on both systems. For this purpose the following 
user groups were identified along with their correspond-
ing application areas:

 ▶ The plant management – the top command level 
and point of interaction with the public authorities

 ▶ The maintenance planning section – responsible for 
organising staff resources

 ▶ The control room personnel – responsible for as-
sessing plant malfunctions

Fig. 5: Aerial view of the Konrad 2 shaft site that will be part of 
the Konrad final repository

Fig. 4: Aerial view of Konrad 1 ventilation shaft for the planned 
Konrad  repository showing the surface buildings and 
infrastructure

tion drawn up by the nuclear, mining and construction 
industries, which has to be brought into line for this spe-
cific purpose. This melange of interests creates wide-rang-
ing obligations of proof towards third parties and these 
have to be fulfilled throughout the entire life cycle of the 
repository. As well as meeting costly verification require-
ments the waste repository has to be managed and run 
in an efficient manner so that the planned timetable for 
the emplacement operation can be adhered to. In order 
to minimise the potential for errors in documentation 
the system has to enable the working instructions to be 
incorporated into the capacity scheduling on time and 
must also provide all the documents and records that are 
specifically required for the assignment. This also means 
that any competent and authorised person with the ac-
knowledged qualifications must be able to process and 
execute the task in question, regardless of his or her indi-
vidual skills basis. The technical approach that is chosen 
for the implementation must be adequate for the planned 
40-year operating lifetime of the repository.

3 Initial Position

According to the original plans these requirements were 
to be met using a purely analogue paper-based system, as 
was the normal practice at the time of the approval pro-
cess. Supporting documentation relating to the work 
carried out was to be stored in archives and produced on 
demand. The work stages were to be written up in sets of 
instructions, procured from the archive in accordance 
with the operating plans and then made available to the 
employees. The documentation for the test results was 
to be provided in handwritten form. On completion of 
the work the supporting documents were to be stored 
in the archive as original copies. Staff were delegated 
well in advance to the various processing and execution 
tasks, with the qualifications and planned presence of 
each staff member being taken into account and scruti-
nised by a superordinate body.

After a passage of some 20 years new solutions have 
now become available for this analogue method of 



MininG 41

GeoResources Journal 2 | 2022Fries and Riedel:
Preparing the German Konrad Repository – Digitisation of Installations, Systems and associated Components www.georesources.net

Sp
ec

ia
l T

op
ic

 ▶ The maintenance personnel – with access to pro-
cessing records and responsible for the documenta-
tion and confirmation of tasks completed

An analysis of the application areas showed that differ-
ent access paths were applicable for the identified user 
groups. For maintenance management and planning on 
a strategic level the normal option, and also the most 
effective one, was to provide direct access to the ERP 
system on the works computer. At an operational level, 
on the other hand, the object-related method of work-
ing makes it more beneficial to have access directly at 
the ISC (installations, systems and components) site or 
via the control system mimic panel. The three associated 
access pathways are depicted in Fig. 6.

As the ERP system already possessed established 
links to the DMS in order to enable bids to be called 
up as part of the procurement process the ERP system 
was chosen as the nodal point for all the access routes. 
Another important reason for choosing the ERP system 
was that all the ISCs were already held in a structured 
way in the maintenance-module database in the form of 
functional locations and therefore could be specifically 
applied at the earliest possible moment – even at the 
planning stage of the operation. This made it possible to 
generate a filing structure in the DMS that matched the 
database of the maintenance module, the former now 
being accessible from the ERP system. The filing struc-
ture was filled with the relevant documents that were 
finalised in dedicated verification and release processes 
within a Common Data Environment (CDE) and har-
monised with the internal quality management system.

4.3  Access to Works Computers within 
the Corporate Network

After the appropriate access rights have been established 
the works computers operating within the company 

Fig. 6: Access paths for user groups to enter the  information systems

network can be directly accessed via the ERP system’s 
maintenance module interface.

4.4 Access via the Control System Software

The components shown on the control system’s graphic 
interface are also designated as consistent with the ERP 
system database by the strict application of the func-
tional location as the identification system. This factor 
meant that links for access to the respective functional 
location in the maintenance module could be generated 
automatically. As a result, it is now possible to jump 
directly to the relevant place in the ERP system main-
tenance module by selecting a component from the 
mimic panel (Fig. 7).

4.5  Using a QR Code to gain mobile Access 
at the Installation Point

A QR code engraved on the identification plate, which 
simply contains the functional location stored in the 
maintenance module, provides entry to the access path 
using a mobile device at the installation site. The QR 
code is analysed by an app on the mobile device and 
the jump to the web interface of the ERP maintenance 

Fig. 7: Example of a mimic panel
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application areas also supply the appropriate access 
paths for the respective user group. An assessment then 
has to be made of the potential that the established in-
frastructure and system environment offers for imple-
mentation, following which the short- and mid-term 
measures can be identified and put into practice. Eco-
nomic considerations also have to be taken into account 
at this stage. Moreover, it is worthwhile analysing the 
system on a continuous basis and involving the different 
specialist departments in this so that new opportunities 
for improvement can be identified, as the proposed in-
tegration of a BIM model for the construction works 
required at the Konrad facility clearly demonstrates. 

Building Information Modeling (BIM) methods are 
now being used to plan out the surface buildings and 
technical equipment required for the disposal site. The 
object-based software being used for this operation is 
set up to assign the functional-location parameters to 
each item of plant, each component and each system. In 
this way it will in future be possible to establish a direct 
comparison between objects in the three-dimensional 
model of the planning design and database in the ERP 
system. This will reduce the error susceptibility associ-
ated with manual data entries and the data input process 
will become faster and more efficient as a result. 

André Fries, M. Eng.,
is team leader for electro-
technical commissioning 
in the project preparations 
department, Konrad sector, 
Peine site, Germany.

Contact: 
andre.fries@bge.de

Volkmar Riedel
is project engineer for 
building automation in the 
project preparations de-
partment/KON-EV, Konrad 
sector, Peine site, Germany.

Contact: 
volkmar.riedel@bge.de

module is triggered. The app is a native part of the ERP 
system and therefore is also covered by the manufactur-
er’s software support system. The software from a third-
party provider, which applies standard ERP interfaces, 
was used to build the web interface of the maintenance 
module. Using the functional location as content for 
the QR code means that component labelling remains 
system-independent and can be retained across the en-
tire life cycle.

4.6 IT Security

All access paths are provided for by the information-
security management system that has been set up by the 
company and as a result are subject to cyclical testing. 
Access rights are assigned according to the specific roles 
allocated to members of staff and these restrict the rel-
evant user group to the degree that is deemed necessary. 

4.7 Staff Acceptance

Generating interdisciplinary cooperation between staff 
from quite distinct organisational units within the com-
pany presented a particular challenge. By citing exam-
ples of practical applications a general understanding 
could be built up of the added value involved and this 
served to develop the level of acceptance required. One 
example of such an application involved the elimination 
of malfunctions where the identical information was 
quickly provided both on the large screen in the cen-
tral control room and on the mobile end device on site, 
thereby preventing misunderstandings from arising. 
The following sections are involved here:

 ▶ Maintenance
 ▶ Control room dispatchers
 ▶ IT department with consulting firms
 ▶ Building automation planning section including 

contracting company

5 Summary and Outlook

The increasing pace of digitisation has meant that com-
panies generally have the infrastructure and IT systems 
needed to realise huge improvements in quality and ef-
ficiency and make their operations future-proof. How-
ever if this new business model is to be implemented 
successfully the relevant user groups and application 
areas first have to be properly identified. This provides 
the basis for deriving the application-area input and 
output data that have to be mapped in the system. The 
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‘For a Sustainable Future’ was the motto of the international 16th Min-
ingForum and the exhibition hosted by DMT Group in Berlin on 19 and 20 
May. The event offered a 360-degree perspective on all relevant areas of 
the natural resources sector and was once again held under the patronage 
of the German Ministry of Economic Affairs and Climate Action (BMWK).

Mining • Raw materials • Sustainability • Supply chains • Event

16th international MiningForum shows best 
Practices for a sustainable Future in the natural 
Resources Sector
DMT GmbH & Co. KG, Essen, Germany

More than 400 decision-makers and experts as well as 
more than 50 exhibitors came together to exchange 
information on the latest developments in the natural 
resources sector, to identify best practices in engineering 
and consulting and to open up new perspectives for the 
industry – all under the guiding principle of sustainabil-
ity. The participants included renowned national and 
international companies, universities, institutions and 
associations such as ABB, Bauer, Bundesgesellschaft für 
Endlagerung (BGE), Herrenknecht, Montanuniversität 
Leoben, Deutsches Geoforschungszentrum (GFZ), 
RWTH Aachen University, Rio Tinto, Siemens, Thys-
sen Schachtbau, TU Bergakademie Freiberg, United 
Nations Industrial Development Organization (UN 
IDO) and Voith. The event was accompanied by an ex-
hibition with 55 participants. 

Under the spotlight of sustainability, the Mining-
Forum covered the entire value chain in the natural 
resources sector: from exploration, extraction and pro-
cessing to closures and the renaturation of former min-
ing areas. In addition, the focus was on the consistent 
development and exploitation of secondary deposits – 
as well as related technical innovations and best avail-
able technologies. 

The forum dealt with central topics for the industry 
in the area of tension between tradition, sustainability 
and future viability. This applied specifically to the de-
velopment of transnational sustainability standards, the 
creation of a legislative framework and options in the 
field of sustainable finance. Here, in particular, the com-
modity sector can be one of the decisive drivers for more 
sustainability. 

“As an established hub of the natural resources sector, 
MiningForum combines experience with knowledge and 
foresight in a world that is characterised more than ever 
by responsibility towards people and nature,” explains 
Jens-Peter Lux, Managing Director of DMT Group, 
who opened the conference – together with Michael 
Kellner, Parliamentary State Secretary at BMWK, and 
Dr. Astrid Petersen, Member of the Board of DMT par-
ent company TÜV Nord AG. 

Solutions for the Energy Transition, 
 Digitalisation & Co.

From the beginning, it became clear that a climate-neu-
tral economy and the achievement of the goals of the 
European Green Deal are impossible without natural 
resources. Raw materials are urgently needed for the 
energy and mobility transition, digitalisation and de-

Source of all photos: DMT Group

carbonisation. The development of sustainable energy 
resources such as geothermal energy also cannot work 
without wide-area exploration. 

This meant that above all, the forum was about suit-
able concepts and solutions to transform the sector sus-
tainably. The sector needs answers to the pressing ques-
tions of our time – with a clear vision for the future and 
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and interrelationships, delving into areas such as digi-
talisation and automation as well as questions of eth-
ics. Special attention was paid to the question of how 
stability and security can be generated for international 
supply chains – a topic that has gained in importance 
in the wake of current geopolitical events, as well as the 
pandemic. 

Exhibition and Sociability

The varied programme of lectures was accompanied by 
an extensive trade exhibition where companies and or-
ganisations presented practice-relevant research results 
and best practices. An excursion to the ‘Berlin Under-
worlds’ and the traditional miners’ evening rounded off 
the event. 

Positive Feedback

“This year’s international MiningForum has made visible 
the indispensable contribution of the extractive sector to a 
sustainable world. We are facing up to our responsibility 
to anchor sustainability as a guiding principle in our busi-
ness models in every respect. By accepting our task, we can 
set standards that develop exemplary character beyond our 
industry and country,” says Dr. Maik Tiedemann, CEO 
of the DMT Group. 

This was reinforced by Jürgen Wallstabe, Senior 
Manager, Competence Centre for Mining & Resources 
at the German-Australian Chamber of Industry and 
Commerce: “For me, MiningForum is the most impor-
tant and prestigious mining event in Germany, where you 
can meet all the players in Germany, but also internation-
al participants.” 

The results speak for themselves: when it comes to 
meeting the challenges of today and tomorrow, Min-
ingForum leads the way, it has set distinct standards 
and made it clear that the industry as a whole is well 
positioned to drive sustainability along the entire value 
chain in the natural resources sector.  

DMT GmbH & Co. KG
Contact: 
knut.hirsch@dmt-group.com / www.dmt-group.com

a strategy based on emerging technologies and existing 
expertise. 

“Against the backdrop of political events, the future 
will be more about in- rather than outsourcing, because 
Germany is rich in deposits that will gain in importance 
again. Sustainability means mining and processing with 
new and further developed methods – for example, for 
residue-free potash mining. Only then we can count on 
acceptance by wider society,” says Michael Seifert, Chair-
man of the Management Board of Schachtbau Nord-
hausen GmbH – a company of the Bauer Group.

Partner Countries Australia and Chile

The 65 speakers from business, science and politics en-
sured lively debates – as did the representatives of the 
partner countries Chile and Australia, who reported 
on the practices and experiences of their home regions. 
Overall, the international perspective played a central 
role, as Prof. Dr. Rolf Steltemeier, Director and Head 
of the Investment and Technology Promotion Office 
(ITPO) Germany, United Nations Industrial Develop-
ment Organization, says: “One of our speciality is mining 
in countries outside Europe. We try to support these coun-
tries locally – especially through technology transfer. But 
we also need better and more transparent controls on the 
ground. The German industry, particularly with its supply 
chains can be seen as exemplary here.“ 

Over two days, the conference spanned a compre-
hensive range of complex, commodity-relevant topics 
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The cultural and social aspect of post-mining is considered as an impor-
tant component of the transition process under way in coalfield regions. 
This paper describes international experience in preserving the cultural 
and industrial heritage of the mining industry in regions in transition and 
seeks to identify those coalfield regions of Ukraine that have significant 
potential for mining museumification. It goes on to describe the chal-
lenges of creating a scientific methodology and the professional tools 
that are needed for preserving the cultural and industrial heritage of 20th 
and 21st century mining industries and analyses the feasibility of financ-
ing projects for establishing a dedicated mining museum.

Mining • Post-mining • Cultural and industrial heritage • Coal • 
Museumification • Ukraine

Preserving the cultural and industrial  
 Heritage of Mining Regions as a social 
 Component of Post-mining Era
Prof. Dr. Tech. Sciences Hennadii Haiko, Igor Sikorsky Kyiv Polytechnic Institute, National Technical University of Ukraine
Dipl.-Ing. Natalia Lubenska, Research Center of Post-Mining, THGA, Bochum, Germany

1 Introduction

A distinctive feature of the mining industry is the inevi-
table depletion of the mineral deposits, the need to liq-
uidate the mining companies that developed them, and 
the implementation of restoration projects (Fig. 1). 
These tasks form the basis of the post-mining, or after 
mining process – a set of technological, environmen-
tal and social measures aimed at ensuring the sustain-
able development of mining regions in transition [1, 
2]. The impact of mining, mine restructuring and 
subsequent rehabilitation projects tends to be similar 
in most countries of the world. The results are univer-
sal in nature and should be based on the principles of 
geoethics. They originate from the concept of the noo-
sphere, which was scientifically developed by Volody-
myr Vernadsky, the first President of the Ukrainian 
Academy of Sciences, and subsequently taken in the di-
rection of geoethics by the Czech geologist V. Nemets 
[3-5]. One of the seven basic principles of geoethics is: 
“Landscapes and subsoil should not just be perceived as 
objects of protection in the field of mining and processing, 
for they are primarily objects of heritage for future genera-
tions.” This legacy should be considered not only in the 
natural world but also as part of the social dimension, 

Fig. 1: V. Mironenko: The industrial Donbas

Preliminary Remarks
This article was written months before the beginning of the Russian military aggression against 
Ukraine and under normal conditions it would be published without modification. On 24th Febru-
ary, 2022 amendments were made, in order to explain that proposed sites for future museums and 
other facilities (Soledar, Popasna etc.) have now suffered major destruction. The editors of Geo-
Resources Journal have generously allowed the authors to make a number of changes and clari-
fications that reflect the current realities. The paper has not lost its general relevance and mainly 
focuses on plans for peaceful development projects, and this in spite of the battlefield situation. This 
reflects the obvious fact that some things cannot be accepted, an anomalous war situation amidst 
the world perception of Ukrainians as ΄people of good will΄.



46 Mining

GeoResources Journal 2 | 2022 Haiko and Lubenska:
Preserving the cultural and industrial Heritage of Mining Regions as a social Component of Post-mining Erawww.georesources.net

be based on the German and British experience. The 
adaptation of this methodology and the instruments 
needed for the particular coalfield conditions that exist 
in Ukraine can be realised within the kind of framework 
that has been set up by the USA and Germany for sup-
porting the energy transition of developing economies.  
Additional financial programmes will also be needed to 
repair the damage inflicted by Russian aggression after 
the war has come to an end. 

2  Global Experience in the Preservation 
and Museumification of deep Mines 
and Opencast Mines

The preservation of industrial heritage has an interest-
ing past [6 to 8]. For many years people were able to 
become directly acquainted with the world of tech-
nology in the form of famous technical objects that 
existed at the time (mainly large constructions, mines 
and foundries). The idea of creating a technical mu-
seum belongs to the French philosopher and math-
ematician Rene Descartes. In the first half of the 
seventeenth century he proposed creating a museum 
of scientific tools and mechanical skills where experi-
enced craftsmen could answer questions from visitors 
and explain the production process to them. The Ency-
clopaedia, or Explanatory Dictionary of Science, Arts 
and Crafts, which was published between 1751 and 
1772 and edited by Diderot and D’Alembert, had 
a great influence on people’s growing need for direct 
acquaintance with the world of technology. The first 
‘National Museum of Technology’ was a child of the 
French Revolution. It was established in Paris in 1799 
and was set up in the medieval monastery of Saint-
Martin-de-Champs by Directory decree of 1794. The 
museum was provided with machines, models, tools, 
drawings, descriptions and books and was the first of 
its kind to ‘collect and exhibit useful things, not just 
nice and beautiful objects´.

Open-air museums hold a special place among scien-
tific and technical museums. The name comes from the 
Scandinavian village of Skansen near Stockholm where 
in 1891 the first such museum appeared under the as-
cetic activity of A. Gezelius. Most of these establish-
ments are based around authentic industrial objects and 
settlements that preserve valuable fragments of the cul-
tural landscape and industrial heritage. Other examples 
include the ‘Museum of Man and Industry of the North 
East of England (The Beamish Open Air Museum)’ 
where the emphasis is on the demonstrating industrial 
production processes and the main exhibits comprise in-
dustrial facilities, utilities, mining equipment and min-
eral processing technologies. The English Museum of 
Ironbridge is a metallurgical complex that dates back to 
the time of the Industrial Revolution in Coalbrookdale 
(where coking coal was invented and first used). It in-
cludes an old workers’ settlement, the world’s first metal 
bridge and other things of interest. These museums 
perform cultural, educational and scientific functions, 

preserving people’s memory of the long mining history 
of the coalfields.

The new millennium, which began the transfor-
mation of the world economy on the principles of de-
carbonisation, encourages us to take a closer look at 
the historical destiny of the mining industry and the 
cultural and industrial heritage of those who were part 
of it. This reflects the significant role that mining has 
played throughout human history and indeed still does. 
A further reason is the concern about climate change 
and the need for the green development of new min-
ing and energy technologies to ensure an acceptable bal-
ance between mankind’s mineral needs and the planet’s 
ecological balance. In recent decades, there has been a 
significant reduction in mining activities in Europe and 
in some countries the mining industry has been elimi-
nated altogether – a result of the depletion of rich de-
posits combined with the socio-environmental require-
ments of society. We are witnessing the end of ancient 
and long-standing activities and those famous old mines 
to which Europe and the industrial world owe much are 
now all closed. More and more people in the field of en-
gineering and education are coming to the conclusion 
that former mining facilities should be saved and muse-
umified to serve future generations as industrial parks, 
hiking trails, establishments for professional studies, 
student internships, and so on.

Modern world energy and climate policy requires a 
speedier transformation of mining regions. The Europe-
an green course and the vector of decarbonisation of the 
economy and energy systems involves the use of low-
carbon resources, which is directly related to reduced 
coal and lignite production. For countries that are com-
mitted to carbon neutrality (including Ukraine), the 
large-scale restructuring of the coal industry and the 
transformation of mining regions has become a priority. 
Some ten state-owned mines and a number of private 
mining operations are set to be shut down in Ukraine 
within the next ten years. One of the important tasks 
that have been set for regional transformation includes 
the study and preservation of the cultural and industrial 
heritage of the mining industry and its workers, whose 
activities have become a thing of the past, and the provi-
sion of tourist and educational access to it.

The next step is to understand the process of preserv-
ing the cultural and industrial heritage of the mining 
profession, which ist all part of the Just Transition pro-
cess with its social and educational element. In addition, 
the creation of a mining museum and a tourist centre in 
those locations that have a mining background will help 
solve the environmental and safety-related problems that 
have been left behind in these areas and this will provide 
an added incentive for recognising and accepting the 
new aims and polices of the mining enterprises.

Any successful and socially oriented transformation 
of coalfield regions will require a scientifically sound 
methodology and proven professional tools for preserv-
ing the cultural and industrial heritage of the mining 
industry and organising access to it. This can usefully 
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disseminate scientific and technical information in an 
unusually accessible, popular and interesting form and 
help to recreate the spirit of the age and to capture a ho-
listic image of an industrial object in time. In general it is 
worth noting the great contribution that has been made 
to the preservation of the mining and metallurgical her-
itage of Great Britain and Germany where the public 
resisted the destruction of the factories and mines of the 
famous old companies and ensured the world’s first iron 
bridge was preserved for ever. 

The Skansens (open-air museums) are sited next to 
the mining museums and underground tourist trails un-
connected with mineral extraction: cave cities, sacred 
underground, fortifications and transport structures. In 
Europe there are more than two hundred underground 
sites of this kind open to public visitors. The museumi-
fication of monuments associated with the mining and 
metallurgical industries is very important for us given 
the leading role that these activities played in the devel-
opment of the technological and cultural components 
of human civilisation and their impact on virtually 
every spheres of economic life in an industrial society. It 
is no coincidence that the United Nations World Herit-
age List (UNESCO) includes 15 famous mining sites of 
the past, namely: 

 ▶ The Wieliczka Royal Salt Mine (Poland, date of in-
clusion in the World Heritage List - 1978)

 ▶ The mining town of Røros (Norway, 1980)
 ▶ The mining town of Potosi (Bolivia, 1987)
 ▶ The mining town of Guanajuato with adjacent 

mines (Mexico, 1988) 
 ▶ The Rammelsberg silver mine and the town of Gos-

lar (Germany, 1992) 
 ▶ The mining town of Banská Štiavnica (Slovakia, 

1993)
 ▶ The town of Kutna Hora and its mines (Czech Re-

public, 1995) 
 ▶ The site of the ancient Roman gold mines at Las 

Medulas (Spain, 1997)
 ▶ The Neolithic flint mines in Spienna (Belgium, 

2000)
 ▶ The Blaenavon Mining Landscape Park (UK, 2000)
 ▶ The Great Copper Mount Falun (Sweden, 2001)
 ▶ The Zollverein Coal Mine in Essen (Germany, 

2001)
 ▶ The Cornwall and West Devonshire Mining Land-

scape Park (UK, 2006)
 ▶ The abandoned Chilean mining town of Sewell 

(Chile, 2006)
 ▶ Ancient Chilean salt workings (Chile, 2006)

These impressive legacies of ancient industrial activity, 
which have been restored by archaeologists, historians, 
geologists, mining engineers, builders, architects and 
museum professionals, are examples of how engineers  
and humanitarians have teamed up to preserve the 
unique underground wonderland that was created by 
the endeavours of mineworkers over the centuries.

It should be noted that the vast majority of these 
museumified mining enterprises are unique reminders 
of ancient mining activities (prior up to the twentieth 
century). Only a few European countries, and notably 
Germany, were able to restore and museumify modern 
colliery sites, such as Zollverein and Zollern) in order 
to create industrial parks and attractive tourist and cul-
tural centres as part of the transition of former coalfield 
regions. The German Mining Museum in Bochum is an 
important collector of hands-on experience in that it 
presents exhibitions and demonstrations of mining 
equipment and provides information resources that 
reveal the history of the mining industry and the coal-
field regions to a high professional standard. This expe-
rience should provide the basis for a universal method-
ology designed to preserve the cultural and industrial 
heritage of the mining industry in the 20th and 21st 
century. It will be a useful template for those mining 
regions of the world where such a transition process is 
under way.

3  The Mining Regions of Ukraine and 
 Museumification of Mining Enterprises

According to the World Mining Congress 2020 
Ukraine stands 28th place in the world ranking of min-
ing countries. Ukrainian mines produce an estimated 
91.3 million tonnes a year with an approximate value of 
some $ 11.8 billion. The country ranks in the top ten for 
the production of eight specific minerals, namely iron, 
manganese, uranium, graphite, titanium, germanium, 
gallium and kaolin. A distinctive feature of the mineral 
resource base of Ukraine is its complexity, the country 
having deposits of 117 out of the total of 120 different 
minerals extracted and consumed around the world. 
The country has some 20,000 verified deposits, of 
which 8,761 are of industrial importance and feature in 
the State balance sheet. As of January 1, 2019 Ukraine 
contained 2,233 known deposits of combustible min-
erals, 147 of ore, 4,676 of non-ore minerals and 1,705 
deposits of groundwater, therapeutic mud and brine. 
Given the major deposits already identified of rare earth 
metals Ukraine is likely to remain a significant mining 
country in the medium term, with some of the extrac-
tive industries already set for a long-term future. This 
emphasises the special importance of preserving the 
cultural and industrial heritage of the mining regions in 
transformation, both in terms of the social aspects that 
are so important for the local population and as regards 
the technical and training needs of the modern mining 
industry, which create a positive image for this sector.

Mining regions that have significant potential for 
preserving the cultural and industrial heritage of the in-
dustry have been identified as follows [9, 10]:

 ▶ The Western Ukrainian oil and gas province
 ▶ The Kryvyi Rih iron ore basin and the rock salt de-

posits of the Dnipro-Donetsk basin (including Ar-
temivsk)
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that underground pumping operations at the closed 
colliery have kept the roadways in a functional 
condition. Unfortunately, the loss of state control 
over these areas not only meant the cancellation of 
these plans, but also resulted in the flooding and de-
struction of this historic mine (2017). Significant 
potential for museumification remains at the A. F. 
Zasyadko Mine in Donetsk, which is a typical exam-
ple of a large mining complex of the Soviet period 
(in operation since 1958). After the mine has been 
closed, it is recommended that the surface complex 
is preserved and repurposed while the buildings 
and mine installations can be transformed into a 
museum that will celebrate the history of the Ukra-
nian coal industry. One of the irreparable losses of 
historical mining objects involved the destruction 
of the historic Kochegarka mine in Gorlivka, which 
was founded in 1867, along with the demolition of 
the surface installations. This operation  was carried 
out as part of the first phase of the restructuring of 
the Ukrainian coal industry (1997), which unfortu-
nately did not include any comprehensive measures 
for preserving the cultural and industrial heritage of 
the mining industry. This outdated approach must 
now be changed to ensure that the transformation 
measures put in place for the country’s coalfields in 
the period 2021-2035 are based on a more socially 
compatible concept.

 ▶ The second group comprises the mines of the 
Donetsk basin, which until 24.02.2022 were in 
the territory controlled by Ukraine. However,  the 
hostilities of 2022 have posed significant risks and 
threats not only to the operations of the mining 
companies, but also to the physical existence of the 
local mining towns and villages. This has included 
mass destruction caused by Russian aggression on a 
terrible and brutal scale. Unfortunately this means 
that even after the end of the war there will for some 
time be no tourist activity in this area and little in-
vestment in museum facilities. Mine restructuring 
in this coalfield therefore has limited potential for 
museumification schemes.

 ▶ The third group comprises the mines of the West-
ern Donbas, the majority of which have prospects 
for further long-term operation. This historically 
significant mining region is in need of a high-
quality mining museum based around a restored 
and high-performance coal mine. In fact Ukraine’s 
largest coal mining companies are concentrated in 
this area. According to the authors it would be a 
mistake to create a mining museum based on one 
of the smaller depleted collieries that are currently 
being closed. It would be more advantageous to es-
tablish a large mining museum in one of the more 
prominent mines that is likely to remain in active 
operation for another 10 or 20 years. At the same 
time the coal company, and colliery owner could 
gradually create a world-class museum in one of the 
company buildings and in so doing invest in the one 

 ▶ The Donetsk
 ▶ The Lviv-Volyn coal basins 
 ▶ Other areas

Transformation of some of these regions will involve the 
rapid downsizing of mining companies over a short pe-
riod, though some will retain industrial potential even 
in the long term (iron, salt, etc.). However, this does not 
impact on the relevance of preservation (museumifica-
tion) for those individual enterprises that cease their 
operations.

Ukraine has still limited experience when it comes 
to preserving the cultural and industrial heritage of the 
mining industry and this process is still not sustainable 
or systemic in character. The global significance of the 
invention of kerosene in Lviv in 1853 and its develop-
ment at the artisanal oil fields of Galicia, which created 
the world’s first kerosene-based oil industry, has provid-
ed a real potential for the museumification of individual 
oil fields (old drill rigs, pumpjacks, refineries and other 
installations) in Boryslav, Drohobych, Skhidnytsia and 
other cities and the opening of several small museums 
(or museum exhibitions) related to oil production [11]. 
Old buildings and expositions connected with the salt 
industry are preserved at Ukraine’s oldest salt factory 
in Drohobych (founded in 1250). A fascinating tourist 
trail through underground salt workings (PE ‘Artemsil’, 
or the Soledar workings in the Donetsk region) reflects 
the history and modern operation of the salt industry 
(the first salt mine was established here in 1879). Work 
aimed at creating an open-air museum (archaeological 
park) on the site of the ancient copper  workings at the 
Kartamysh mine (17th to 14th centuries BC) in the 
Popasna district of Luhansk had to be suspended due 
to the fact that excavations were located in the military 
grey zone between the Ukrainian and Russian armies 
(since 2014). This area is now the epicentre of the war 
[12, 13].

Ukrainian coal mines have the greatest potential 
for museumification and many of these areas could be 
restructured in the coming years. We can now identify 
four distinct coalfield groups:

 ▶ The first group includes the mines of the Donetsk 
basin. These remain in the occupied territories and 
can only be considered for the future transforma-
tion of the region after liberation. It should be 
noted that in these areas there are many famous coal 
companies with a long tradition behind them and 
theses have left their mark in the form of interest-
ing technical and architectural installations above 
and below ground. Plans have been developed for 
the museumification of the Chervony Profintern 
mine  in Yenakiieve, which was founded in 1895.  
This project not only provided for the preserva-
tion of the surface complex and adjacent historic 
buildings but also planned for the creation of an 
underground tourist trail along the colliery gate-
roads. This has been made possible due to the fact 



MininG 49

GeoResources Journal 2 | 2022Haiko and Lubenska:
Preserving the cultural and industrial Heritage of Mining Regions as a social Component of Post-mining Era www.georesources.net

of the nations’s best mining exhibitions. This could 
involve providing separate excursions for students 
and scientific tourists in a safe area of the under-
ground roadway network, planning for the conser-
vation and repurposing of the surface installation 
after the cessation of coal mining and – as a result – 
preserving the legacy of the region’s mining history 
after the transition process, which is an inevitable 
part of the mining process. The interest displayed 
by the top management of Ukraine’s leading private 
coal companies in the idea of preserving the cultural 
and industrial heritage of the mining regions, their 
interaction with the professional environment and 
the application of the best world experience (espe-
cially in Germany) can provide an effective impetus 
for transformation projects of this kind. 

 ▶ The fourth group comprises the mines of the Lviv-
Volyn coal basin. The vast majority of these collieries 
will undergo restructuring within the next ten years, 
in other words the area will be transformed in a rela-
tively short time, like most other European coalfield 
regions. A stable mining tradition (the coalfield has 
been in operation since the middle of the twentieth 
century) combined with public expectations serve 
to establish a mining museum in this area based 
on one of the collieries that has ceased production. 
Potential museumification concepts are now being 
considered and feasibility studies are under way, in 
particular at the Nadiya mine in Chervonohrad. 
The Lviv region has not been critically impacted by 
the war and lies close to the borders of the European 
Union. It features traditional tourist attractions and 
this may in future include a mining museum.

All the coalfield regions of Ukraine are therefore in a 
process of transformation and areas such as Luhansk, 
Donetsk, Dnipropetrovsk and Lviv have significant po-
tential for preserving the cultural and industrial herit-
age of the mining industry and for establishing mining 
museums. However, given the impact of unprecedented 
Russian aggression the most promising of these are the 
Western Donbas and Lviv-Volyn basin.

The issue of financing a mining museum is especially 
acute as the devastating consequences of the Russian-
Ukrainian war have shifted priorities to the restoration 
of infrastructure, housing and other urgent needs. The 
authors believe that a solution to the problem may lie 
within the framework of the international ‘green transi-
tion’ programme and the support that is available for the 
transformation of coal mining regions (the museumifica-
tion of a demonstration mining company is included in 
the budget of such a programme). One possible source of 
funding could be the Marshall Plan 2.0, the contours of 
which are currently being shaped in relation to post-war 
Ukraine (in particular in terms of preserving the cultural 
heritage). Here it is worth mentioning the financial sup-
port of donors (mining companies) and special funding 
organisations who are sympathetic to preserving the her-
itage of the Ukrainian mining industry.

4  Creating a Methodology and Tools  
for Museumification of Mining 
 Undertakings

The creation of a modern mining museum requires an 
interdisciplinary professional approach and the use of 
international experience in the museumification of in-
dustrial facilities [14]. The scientific community needs 
to develop a universal scientific methodology and pro-
fessional tools for preserving the cultural and industrial 
heritage of miners of the 20th and21st  century mining 
industry. This should include:

 ▶ An analysis of international experience in preserving 
the cultural and industrial heritage of mining in the 
20th and 21st centuries

 ▶ The general characteristics of the coalfield regions in 
transition, including  an assessment of the potential 
for the repurposing and museumification of mining 
installations 

 ▶ Development of priority criteria, an assessment pro-
cess and methodology for selecting those industrial 
installations that are suitable for preservation and 
museumification

 ▶ Feasibility study of options for colliery museumifi-
cation: 

 ▷ Preservation only of the mine surface installa-
tions

 ▷ Surface installation and original underground 
workings 

 ▷ Surface installations and a recreated (simulated) 
section of the mine workings

 ▶ Geotechnology measures aimed at ensuring the 
safety and reliability of the underground tourist 
route

 ▶ Museum objects that reflect mining technologies 
and the technical aspects of coal winning, conveying 
and processing, along with underground construc-
tion practices

 ▶ Organisation of museum exhibitions and informa-
tion support

 ▶ Methods used for the repurposing of industrial 
buildings and structures

 ▶ Formation of a complex of objects of museumifica-
tion and re-evaluation as industrial park

 ▶ Organisation of social interaction between former 
mineworkers and the mining museum, develop-
ment of industrial and scientific tourism, inclusion 
of the object in the educational and information 
environment

 ▶ Creation of practical recommendations, based on 
the developed methodology and tools, for preserv-
ing the cultural and industrial heritage of the min-
ing regions undergoing transition

5 Conclusions

The decarbonisation of the world economy and energy 
supply system will contribute to the rapid transforma-
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tion of many coal mining regions of the world. The study 
and preservation of the cultural and industrial heritage 
of the old mining industry, and the provision of relevant 
tourist and educational facilities, are regional transition 
tasks of significant social importance. Ukraine’s plan is 
to close some 30 state-owned mines and a number of 
priately run pits within ten years. This calls for meas-
ures aimed at preserving the industry’s cultural and in-
dustrial heritage and the creation of a methodology and 
tools for mining museumification. Each coalfield region 
of Ukraine is home to interesting objects that would be 
suitable for the creation of a mining museum. These mu-
seums would generally be based at collieries that have 
ceased their mining operations, though some existing 
‘flagship’ mines could plan future preservation measures 
as an industrial museum and begin to set aside exhibits 
well in advance. Establishing a mining museum requires 
a professional interdisciplinary approach and should 
draw on international experience in the museumifica-
tion of industrial facilities. Russia’s aggressive action 
against Ukraine may call into question the implementa-
tion of the plans and ideas set out in this article, but ‘it’s 
always darkest before the dawn’ and international soli-
darity with the people of Ukraine provides grounds for 
an optimistic vision of the future. Given that solidarity 
has always been an important factor in the mining com-
munity. A new Ukrainian mining museum could be set 
up with the support of global mining companies and as-
sociations representing coalfield communities and min-
ing heritage museums.
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