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Why aren’t mining and shaft-sinking old-fash-
ioned and from yesteryear? Why is no end in 
sight? This article provides clear answers.

Mining • Shaft-sinking • Raw materials • 
Key question • Future

Mining – No End in Sight
A comment by Deilmann-Haniel, Dortmund-Kurl, Germany

A great deal was written and said about the demise of 
mining in Germany in December 2018. I don’t intend 
repeating what was said but instead would like to put 
forward the thoughts of an older employee from a shaft 
construction company.

That business about the end doesn’t quite add up 
but it has become established in people’s minds that 
2018 had signified that mining in Germany was over. 
It goes without saying that hard coal is no longer mined 
and that many pits have closed, where thousands of men 
toiled down below every day. However, this doesn’t 
mean the end of mining.

I for my part, started work at the Zollverein pit in 
Essen in 1981 and was a foreman at the Hugo mine in 
Gelsenkirchen-Buer from 1986 onwards. Nowadays, 
working underground tends to be glorified. It was ex-
hausting, dirty, loud, hot and dangerous. Tens of thou-
sands were injured through accidents and thousands 
never returned. In fact, we had to do things, which 
would prompt people today to ask how we possible 
could have put up with it.

Here at Deilmann-Haniel we have taken on quite a 
number of young people in recent years – whether as 
trainees, technicians or engineers. None of them believe 
our tales from the pits, and practically every one of them 
would quit if forced to put up with what was regarded as 
normal back then.

13 years ago, we at Deilmann-Haniel saw the end 
of hard coal mining in Germany coming and actually 
experienced the “Former Deilmann” bankruptcy affair 
in 2007. For many of our colleagues there was no safety 
net unlike the colliers in the Ruhr District, and the say-
ing that “nobody sinks like a stone” had a very bitter 
aftertaste for us.

But how do Things stand in 2019? 

We survived the end of Deilmann in 2006/2007 after 
we were taken over by a new owner, to whom the com-
pany still belongs today. Why didn’t it come to an end? 
Simply because mining isn’t over for shaft constructors. 
Admittedly, hard coal mining is over in its old form in 
Germany, and we were forced to find new contracts and 
rebuild the company.

We achieved this with the final storage facilities for 
nuclear waste and with mining in other countries. Oth-
er countries in this case, means Belarus, Spain, Portugal, 
Romania, Bulgaria, Poland, the Netherlands, Egypt and 

first and foremost, Russia. However, potash 
and salt mining is still flourishing in Germa-
ny, indeed new shafts are in the pipeline.

All of us in the company do a lot of trav-
elling to reach customers; this wasn’t always 
the case. Our people must spend weeks else-
where, something that’s not particularly en-
joyable during a Siberian winter for instance. 
And things have certainly worked out, as suc-
cessful foreign contracts reveal every day!

In 2006, our workforce comprised 100 
men and women as we suddenly became an 
independent shaft construction company. To-
day, we have around 600 employees if we in-
clude our Russian and Belarusian subsidiaries.

We began training miners back in 2009; 
today they’re known as mining technolo-
gists. At present, there is a group of about 20 
young men. Unfortunately, they have to trav-
el to Sondershausen in Thuringia to attend vocational 
school. The first batch have qualified in the meantime, 
and they all can be flexibly deployed. These colleagues 
will be obliged to work until the year 2060 or 2065 and 
we shall do our utmost to make sure they can continue 
working for Deilmann-Haniel.

In 40 or 50 years, no one here in the Ruhr District 
will be aware how coal mines used to operate or what 
everyday life at the face really signified. That doesn’t re-
ally matter though. What matters is that mining goes on 
and that the end is by no means in sight. 

What does the Future hold? 

A saying common in mining suggests “it’s always dark 
ahead of the pick”. How do we manage to cast some 
light ahead of the pick? In shaft construction, the geo-

Crew from Deilmann-Haniel GmbH in Belarus
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logical risk is extremely high. Thanks to exploratory 
drilling and assessments by experts, we can light up the 
dark in this case. However, it is inevitable that some of 
the darkness remains en route to down below. A drill 
hole is a mere pin prick, a shaft is a huge hole and they 
can’t be compared on a 1 : 1 scale.

At the same time, the future of mining is not “dark” 
and mining hasn’t stood still. At the bauma 2019, the 
world’s biggest fair for mining and construction ma-
chinery, held in Munich this April, this was evident. 
Digitalisation featured in all of the machines, even a 
small crusher is linked up with a computer and oper-
ates on its own, just like the robotic lawnmower in your 
garden! Machines fitted with electric drive, with or 
without cable, are becoming ever more common, also 
for those of us involved in shaft construction. We’ll have 
to work more and more without resorting to blasting. 
This calls for striking out in new directions.

Sometimes mining appears a bit long in the tooth, 
especially when it comes to those working in it. We need 
young people, men and women to succeed us, who want 
to keep the business going. We require different work-
places for our young staffers, leaving the past behind, 
and they shall get them too. In spite of high-tech, the 
“feel for the rock” will remain a decisive factor. This ap-
plies to our planners as well as the Deilmann workforce 
on-site.

Thomas Ahlbrecht
is Vice President Operations of the  
Deilmann-Haniel GmbH.
Contact: 
thomas.ahlbrecht@deilmann-haniel.com

We will implement today’s modern technology at 
shafts so we can forge ahead in conjunction with start-
ups featuring young male and female entrepreneurs. 
Shaft construction does not need every gimmick that’s 
around; at the same time, even classical components 
must be developed further.

Everything we need and must have every day is made 
of raw materials, which are extracted all over the world 
for us. Electricity doesn’t simply come out of the socket 
and fuel doesn’t just spout out of the petrol pump. Thus, 
new machines and equipment require raw materials as 
well – even when used sparingly.

Work in the shaft is not old-fashioned instead it is 
of use to man and his everyday environment. Prosper-
ity cannot exist without raw materials and no improve-
ments come about by magic. After all, no one wants to 
be destitute and live in a cave.

Glückauf (Greetings) from Dortmund
Thomas Ahlbrecht
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The EURATOM Council Directive 2013/59 dated 
December 5, 2013 committed the EU member 
states to implement the principles on radiation 
protection contained in it, within their national 
law by 2018. It particularly applied to radon. This 
article explains why geotechnical engineers must 
also be involved with the ins and outs of radon, 
the legal situation and practical applications.

Geotechnics • Radiation protection • 
Legislation • Radon • Sealing

Radon in the Field of Construction and 
 Regulations governing Radiation Protection
Karin Leicht, Leicht certified expert, Zell am Main, Germany

Motive

The EURATOM Council Directive 2013/59 of Decem-
ber 5, 2013 [1], obligated the EU member countries to 
incorporate the principles on radiation protection con-
tained in it, particularly protection against radon, in 
national law by 2018. Application was implemented in 
a similar fashion in the individual states. For its part, Ger-
many passed the new Radiation Protection Law (known 
as: StrlSchG for short in German). It came into force on 
December 31, 2018 [2]. The law does not necessarily at-
tract the attention of the people and experts involved in 
construction. This is a big mistake because § 123 of the 
StrlSchG entitled “Measures for Buildings” in paragraphs 
(1) and (4) delves into established construction topics: 

 ▶ “(1) 1 Whoever produces a building with recrea-
tional rooms or workplaces must resort to suitable 
measures either to prevent radon from escaping from 
the subsoil or make it extremely difficult to do so.  
2 This commitment is regarded as fulfilled providing 
1. the measures required in accordance with the gener-
ally acknowledged rules of technology are adhered to 
with regard to moisture protection […].”

 ▶ “(4) Whoever undertakes measures within the scope of 
the structural alteration of a building with recreation-
al rooms or workplaces, which lead to a substantial re-
duction in the air exchange rate, must consider meas-
ures to protect against radon providing these measures 
are necessary and acceptable”.

Who would have anticipated such demands being 
placed on a building in a radiation protection directive? 
Have not the appropriate regional ordinances, pertinent 
DIN standards, codes of practice from professional as-
sociations and the like been sufficient? At any rate, this 
certainly calls for an article in a specialised trade publi-
cation.

Chemical Background

Some readers may be delighted to have abandoned 
chemistry lessons when they left school. Nonetheless, 
please devote your attention to the following explana-
tions. To sum up: Radon 232 is to be found in the outer 
right column as inert gas in the periodic table of the ele-
ments. Radon 232 is created as a decay product from a 
decay chain of radioactive atoms, starting with uranium 
238. It is instable as such and decays with a half-life pe-
riod of roughly 3.82 days, in each case partially while 

emitting radioactive α or ß rays, into instable daughter 
nuclides and further into the stable final product lead 
206. Whereas all other atoms in the decay chain before 
and after Radon 232, now to be known as radon for 
short, are solid materials, radon is gaseous and is thus of 
interest for the world of construction. Let us move on 
from such abstract contemplations.

Uranium in the Soil and  
Entry Routes to Building

Why does radon exist, where is it found, what has it to 
do with buildings? From time immemorial, uranium has 
existed in the earth’s crust ubiquitously. As a result, ra-
don is to be found as a decay product in varying concen-
trations in practically every soil. As gas, radon possesses 
the ability to emerge from rocks in the soil (known as 
emanation), to move through the earth thanks to pores 
(so-called migration) and escape into the environment 
together with the soil vapour. To what extent this oc-
curs, depends on the one hand, on the uranium content 
existing in the types of rock present in the soil and on 
the other, the paths available in this soil, in other words, 
porosity and fissuring. In the open air, the radon con-
centration immediately dilutes from the soil vapour. 
However, if a building is set up on the subsoil, radon gas 
can enter the building via leaks and cracks in the com-
ponents in contact with the ground convectively or even 
diffusively. Such possible paths of entry can be present 
in the wall contact joint, service ducts in the building, 
sewer pipes and the like (Fig. 1).

Relevance of Radon for Buildings

Admittedly it is a fact that it is also possible for radon 
to intrude when a building is unsufficiently sealed 
against ingressing water and associated damage from 
moisture. However, this simplified approach does not 
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been inadequately sealed unnoticed, although no signs 
of moisture are to be traced in the part of the building 
in contact with the earth. In this case, only the ground 
moisture evaluation class applies. It is the author’s view 
that in this way a main point of criticism of the StrlSchG 
becomes evident. After all, the building seal is no binary 
system consisting of “zeros” or “ones” but depending on 
the case of application, represents a wide range of types 
of structural seals as well as variations of building mate-
rials that can possibly be used (DIN 18533 [4]). In the 
low stress class W1-E e. g. lengths of material can be laid 
loosely in contact with one another and do not have to 
be hermetically adhered to each other. As a result, the 
path would be opened up for radon to be admitted con-
vectively. At the same time, however, the “acknowledged 
rules of technology” on “moisture protection” would be 
conformed with – as demanded by the StrlSchG.

Once inside the building, radon spreads convective-
ly in keeping with the prevailing air pressure differences 
and depending on the layout design e. g. via open stair-
ways or utility shafts or chimney stacks, also reaching 
upper storeys (Fig. 1). Depending on how the building 
has been equipped, in other words, the tightness of the 
surrounding shell, and user behaviour, i. e. ventilation 
habits, radon can become enriched in the building and 
decay into its progenies.

Accordingly, it is primarily a question of the individ-
ual building characteristics, whether and in which con-
centration radon could be present in the building. The 
issue of uranium content and in turn, the geogenic ra-
don potential of the prevailing subsoil remains absolute-
ly secondary. Maps (Fig.  2) on soil vapour concentra-
tion that have been available for a number of years fail to 
provide conclusions on possible radon concentrations 
in buildings. The countries of Europe have produced 
various comprehensive radon soil vapour maps. Most of 
them are to found easily free-of-charge on the internet 
under “Radon map + country”. A map for Europe has 
been created relating to average radon concentrations of 
the indoor air. However, it really says very little mainly 
also because the affected countries possess heterogene-
ous databases (Fig.  3). As already mentioned, soil va-
pour maps allow no conclusions to be drawn about a 
possible impact of radon on the indoor air within the 
building. This causality gives rise to the second point 
of criticism on how the StrlSchG is formulated. In this 
case it is simply scientifically incorrect. Unfortunately, 
resultant protests have fallen on deaf ears. 

Problems associated with Radon 
 Concentration Maps

According to $ 121 of the StrlSchG, the German fed-
eral Länder (regions) are obliged to determine areas, in 
which buildings with recreational rooms or workplaces 
are situated where a radon concentration seems likely 
to be present, which lies substantially above the estab-
lished reference value of 300 Bq/m³. Certainly, the ura-
nium content of the subsoil remains a criterion for pos-

Fig. 1: Overview of typical routes of entry for radon in existing buildings [3]

Fig. 2: So-called radon map of Germany [5]
Please observe: the unit kBq/m³ instead of Bq/m³.

go far enough. For this precludes for example, buildings 
without a cellar and which are perhaps set on a level pro-
truding from the earth in order to cut down on sealing 
requirements. It also eliminates buildings, which have 

Key to Ingress Routes
1.  Through cracks in solid floors
2.  Through construction joints
3.  Through cracks in walls below ground level
4.  Through gaps in suspended floors
5.  Through cracks in walls
6.  Through gaps around service pipes
7.  Through cavities in walls
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sible higher radon concentrations in indoor premises, 
however, the main criterion is and remains the actual 
building itself. Identifying areas adopting a scattergun 
approach thus engendering downright stigmatisation, 
would be comparable with specifying technical data on 
the subsoil for entire districts. Any geotechnical engi-
neer worth his salt may quite rightly have no hesitation 
in vetoing this. After all, he is well aware just how inho-
mogeneous the subsoil can be within the boundaries of 
a single plot of land. The radon concentration of the soil 
vapour acts similarly. This will result in owners of build-
ings with workplaces in basements or ground floors, be-
ing obliged to carry out measurements to establish the 
annual average values of radon concentration. At the 
same time, these are if anything, non-critical with re-
gard to higher radon values on account of the building`s 
characteristics. Whereas other buildings, e. g. old prem-
ises or gentrified buildings outside these radon coverage 
areas are excluded and are or must not be collated.

Health endangered by Radon

The reason why such lengths are gone to in the first 
place is attributable to the WHO (World Health Or-
ganisation), which classified radon as a cause of cancer 
back in 1988. A conclusion based on corresponding 
worldwide case studies, controls and cohort surveys. 
The carcinogenic effect relates to the radiation energy 
of α decays, which are released into the lungs following 
a further process of decay in keeping with the previously 
mentioned chain, if radon and its adherent derivatives 
are breathed in. Medical concerns will not be expanded 
on at this point. In summing up, the probability of con-
tracting lung cancer is substantially increased through 
increased concentrations of radon. There is no lower 
threshold value in this connection, beneath which the 
probability of subsequently contracting lung cancer 
would not be statistically increased in conjunction with 
radon. As a result, after smoking, radon is the second 
most important factor for contracting lung cancer. In 
the case of “non-smokers” (persons who have never 
smoked), radon is the main cause for the occurrence of 
a lung cancer disease. Seen statistically, radon represents 
the source for every tenth lung cancer diagnosis. On av-
erage, some 1,900 lung cancer deaths in Germany can 
be attributed to radon [7]. This is where a third point of 
criticism of the StrlSchG crops up: the reference value 
of 300 Bq/m³ has been set too high in accordance with 
interior hygenic aspects. The WHO recommends a val-
ue of 100 Bq/m³. Here too, pertinent objections were 
ignored by lawmakers. 

Measuring Radon Concentrations  
in the Room Air

Establishing radon concentrations in the room air must 
be recorded in the form of an annual average value ac-
cording to the StrlSchG. Favourably priced exposim-
eters, which are set for a year-long period and then eval-

Fig. 3: Indoor radon map of Europe [6]

uated, are suitable for this purpose (Fig.  4). It is then 
possible to determine the average value related to the 
measuring period. In the author’s view, active measur-
ing devices with logging function and data storage are 
more effective and meaningful [e. g. 5] for estimating 
the amount of radon impacting rooms. For instance, it 
is then easier to assess times when the users were absent 
from the premises. Should for example, workplaces not 
be occupied over the weekend and no exchange of air 
ensues during this period, then the radon concentration 
will increase. This is something which also leads to the 
annual average values of radon being higher as against 
simply evaluating the actual utilisation periods, during 
which persons were genuinely using the premises. This 
applies in similar fashion for schools, kindergartens etc. 
Furthermore, a measurement diagram provides far more 
information in contrast to a pure average value. For in-
stance, it indicates possible daily and seasonal fluctua-
tions of the radon concentration or the relationship to 
usage habits. Although the comparison in this case is 
somewhat misleading, the following digression serves 
to clarify the assertion about measuring technology: 
when it comes to the question of room air humidity 

Fig. 4: Exposimeter [e. g. 8]
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least roughly equalling the reference value in accordance 
with StrlSchG. The high risk of manipulation of such 
measurements must also become evident on the basis of 
the presented examples. Incidentally, the measurement 
curves for Figs. 5 to 8 originate from radon measure-
ments taken in an energetically renovated old building 
located in a district, which is completely inconspicuous 
and non-critical in terms of radon in the soil vapour. 
This backs the conclusion previously arrived at, namely 
not to depend excessively on radon soil vapour maps to 
assess possible radon impacts in inner rooms. As it is, 
the originator of the German soil vapour maps himself 
points this out.

Apart from radon from the soil vapour, radon from 
construction materials can also contribute to radon 
enrichment in buildings – take for example, mineral 
construction materials and natural stones. However, ac-
cording to the Federal Office for Radiation Protection, 
they only make a minor contribution towards the effect 
radon exerts on inner rooms and thus can essentially be 
neglected, as the very good publication indicates [9].

Conclusion and Outlook

There is still a great deal to be said on this topic, but 
let us leave things as they stand at the moment. Meas-
ures to protect new building projects against radon as 
well as for renovation given excessively high values in 
existing buildings are fairly comprehensively described 
e. g. in [2]. The “Position – Radon in Buildings” [10] 
also provides a great deal of food for thought. Radon 
is still not propagated widely enough in the construc-
tion world, let alone being the focus of construction 
projects. Thereby the subject of radon in similar fash-
ion to mould formation is capable of spreading hysteria. 
Experts called upon to tackle the issue surely possess 
enough sound common sense to rationalise the subject 
and communicate it appropriately.

As is the case for other inner room noxae with a 
harmful effect on organisms, it is important to ensure 
that the concentration is kept as low as possible by resort-
ing to reasonable means1. Furthermore, it is advisable in 
the time ahead to keep an eye on the administrative al-
location of so-called radon service areas, and to exclude 
the ins and outs of radon in future in conjunction with 
construction and planning tasks – also with reference to 
possible liability risks, The closing words – albeit now as 
topical as ever – are left up to Theophrastus Bombastus 
von Hohenheim, better known as Paracelsus [11]: “All 
thing are poison, and nothing is without poison; but the 
dose makes it clear that a thing is not a poison”.

References

 This articles already appeared under the title “Radon 
im Bauwesen in the BAUSUBSTANZ journal, issue 

1 The ALARA principle applies in radiation protection: “as low 
as reasonably achievable”.

Fig. 5: Daily average values of the radon activity concentration in Bq/m³ dur-
ing a week-long measuring period

Fig. 6: Daily average values of the radon activity concentration in Bq/m³ and 
fluctuations in the diurnal variation during the same measuring period 
as in Fig. 4

in conjunction with mould formation the annual av-
erage value of the room air humidity is unsuitable for 
establishing the probability of possible mould growth. 
Measurement curves on room-climatic values through 
data loggers are far more meaningful. And this is ex-
actly where the expert appraisal begins. The compari-
son of the daily average values (Fig. 5) with the given 
fluctuations of the daily values (Fig. 6) is provided as 
an example. In both diagrams, the same measurement is 
presented differently. If one were to carry out an hour-
long, short-term measurement, fluctuations of the ra-
don concentration of up to around 630 Bq/m³ would 
be possible during the observed sample measurement. 
Figs. 7 and 8 are provided as further examples. Whereas 
an average value of 630 Bq/m³ is recorded for the April 
measurement (Fig. 7), the average radon concentration 
for the measuring period from the end of May till early 
June (Fig. 8) amounts to around 260 Bq/m³ lower, at 



Geotechnics 11

GeoResources Journal 2 | 2019Leicht:
Radon in the Field of Construction and Regulations governing Radiation Protection www.georesources.net

3/2018, as well as in the publication “Der Bausachver-
ständige”, issue 4/2018.

 Leicht, K. (2018): Radon im Bauwesen und das 
neue Strahlenschutzgesetz. GeoResources Zeitschrift 
(4-2018), pp. 7-11. Online: https://www.georesources.
net/download/GeoResources-Zeitschrift-4-2018.pdf

[1] Council of the European Union: Council Directive 
2013/59/Euratom of 5 December 2013. Online: 
http://data.europa.eu/eli/dir/2013/59/oj

[2] Bundesministerium für Justiz und Verbraucherschutz 
sowie Bundesamt für Justiz: Gesetz zum Schutz vor 
der schädlichen Wirkung ionisierender Strahlung 
(Strahlenschutzgesetz – StrlSchG). Ausfertigungsdatum 
27.06.2017. Online: https://www.gesetze-im-internet.
de/strlschg/StrlSchG.pdf [ last access date: 18.04.2018] 

[3] Reiter, M.; Wilke, H.; Uhlig, W.-R.: Radonschutz-
maßnahmen. Planungshilfe für Neu- und Bestandsbaut-
en. Staatsministerium für Umwelt und Landwirtschaft 
Freistaat Sachsen (Hrsg.), Ausgabe 2017. Online: 
https://publikationen.sachsen.de/bdb/artikel/26126 [ 
last access date: 18.04.2018] 

[4] DIN 18533:2017-07 und 2018-09: Abdichtung von 
erdberührten Bauteilen - Teile 1 bis 3

[5] Bundesamt für Strahlenschutz: Karte Radonkonzen-
tration in der Bodenluft. URL: https://www.bfs.de/ 
SharedDocs/Bilder/BfS/DE/ion/umwelt/radon-karte. 
jpg;jsessionid=95A6E139251977C334100B3E7BAC
6D99.1_cid365?__blob=poster&v=3 [ last access date: 
19.04.2018] 

[6] Europäische Komission, DG Joint Research Centre 
( JRC), Institute for Transuranium Elements, REM 
Action: Karte der Raumluft-Messwerte. 2011. Online:  
https://mieten.mit-koepfchen.de/wp-content/up-
loads/2016/04/Indoor-radon_3.png [last access date: 
07.05.2019]

[7] Darby et al.: Radon in homes and risk of lung cancer: 
collaborative analysis of individual data from 13 
European casecontrol studies. BMJ. 2005 Jan 29; 
330(7485):223. Epub 2004 Dec 21. Online: https://
www.ncbi.nlm.nih.gov/pubmed/15613366 [last access 
date: 07.05.2019]

[8] Kemski, J.: Messgeräte für Radon. Online: 
https://www.radon-analytics.com/index.
php?show=produkteon-analytics.com/index.
php?show=exposimeter#thumb

[9] Bundesamt für Strahlenschutz, Fachbereich Strahl-
enschutz und Umwelt (Hrsg.): Natürliche Radioak-
tivität in Baumaterialien und die daraus resultierende 
Strahlenexposition. November 2012. Online: https://
doris.bfs.de/jspui/bitstream/urn:nbn:de: 0221-
201210099810/3/BfS_2012_SW_14_12.pdf [last 
access date: 19.04.2018] 

[10] Bundesverband öffentlich bestellter und vereidigter 
sowie qualifizierter Sachverständiger (BVS) e. V. 
(Hrsg.): Standpunkt Radon in Gebäuden. 02-2017. 
Online: http://www.bvs-ev.de/fileadmin/user_up-
load/ downloads/standpunkte/BVS_Standpunkt_Ra-
don_in_ Gebaeuden_2017_02.pdf [last access date: 
18.04.2018] 

Fig. 7: Course of the radon concentration during the roughly 14-day  
measuring period from the start till the middle of April, average value 
about 630 Bq/m³

Fig. 8: Course of the radon concentration during a roughly 14-day  
measuring period from late May till early June, average value about 
370 Bq/m³

[11] Hohenheim, T. B. von (Paracelsus): Septem Defen-
siones. 1538

Dipl.-Ing. (BA) 
Karin Leicht
is a certified expert for 
damage to buildings 
(EIPOSCERT)  
specialising in radon. 
She studied  
construction at the 
Berufsakademie (BA) 
Mosbach, now the 
Duale Hochschule 
Baden-Württemberg 
and co-authored “Standpunkt Radon in  
Gebäuden” for the BVS e.V. [9].
Contact: leicht@leicht-sv.de ∙ www.leicht-sv.de



12 Geotechnics

GeoResources Journal 2 | 2019 Maisner, Retzlaff and Dietrich:
Geosynthetics in Traffic Infrastructure  Construction in Contact with Groundwater and Surface Water – Environmental Aspectswww.georesources.net

According to the European Construction Products 
Regulation, environmental protection represents 
a fundamental requirement with regard to struc-
tures. This also applies to assessing the suitabil-
ity of geosynthetic products, which are used for 
transportation routes, e. g. federal waterways, that 
have contact with soil and water. This report deals 
with the regulatory situation and tests relating to 
leaching behaviour and abrasion. The focus is also 
on averting microplastics.
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1 Introduction

The basic requirement 3 (hygiene, health and environ-
mental protection) must also be reflected in the harmo-
nised construction product standards throughout Europe 
in accordance with the European Construction Products 
Regulation (CPR) [1]. No dangerous substances are per-
mitted to escape into the groundwater, maritime waters, 
surface waters or soil from the completed structure. In fu-
ture, producers must also indicate in their declarations of 
performance, whether dangerous substances can possibly 
be released. In Germany the regulations valid in the ap-
propriate federal state (Bundesland) apply for establish-
ing test parameters or their limit values. 

Fig. 1: Geotextile application according to DIN EN 13253 [3] –  
bank protection on a navigable waterway

Fig. 2: Installing a geotextile on a federal waterway

This article first deals with applying geosynthetics to 
produce transportation routes and the pertinent Ger-
man regulations. It also examines the situation of stand-
ards at European level. Then it goes on to focus more in-
tensely on the horizontal surface leaching test in keeping 
with CEN/TS 16637-2 [2] for assessing the release of 
dangerous substances from construction products and 
the applicability of tests for geosynthetics. In addition, 
further environmental aspects, especially the avoidance 
of microplastics in water bodies are dealt with.

2  Application of Geosynthetics in  Traffic 
Infrastruture Construction

2.1 Navigable Waterway Constructions

Normally geosynthetics fulfil the role of “separating” 
or “filtering” for waterways. “Filtering” is understood 
to mean that water passes through the geotextile on a 
permanent basis while at the same time certain soil frac-
tions are held back. Owing to the pore space between 
the armourstone there is also direct contact with water 
in this case. Fig. 1 displays an example of how installa-
tion is executed for a “canal” as a navigable waterway. 
When a ship passes by, a restricted water exchange oc-
curs. 

In Germany, in 2015, ca. 380,000 m² of geotextiles 
were deployed for the 6,300 km of navigable waterways 
to secure embankments and beds. Generally speaking, 

Armourstone

Geotextile
Soil
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the geotextiles that were used were needle-punched non-
wovens with masses per unit area in excess of 600 g/m². 
Installation can, as Fig. 2 makes clear, be carried out by 
geotextile placement unit on the bed and embankment 
at the same time. The performance level is regulated by 
means of the technical delivery conditions for geotex-
tiles and related products for waterways (TLG) [4]. 
Geotextiles and their connecting material must among 
other things be rot-resistant and environmentally com-
patible.

2.2 Road Construction

The entire spectrum of geosynthetics that is commer-
cially available is deployed for road construction. Here 
too, contact with water in the form of precipitation, 
groundwater or stratum water exists in practically every 
application. As a consequence, the German Road and 
Transportation Research Association (FGSV) Inc. 
has recommended the examination of the influence of 
geosynthetics in conjunction with the test values of the 
Federal Soil Protection Act (BBodSchV) [5] for the 
soil-groundwater exposure pathway since 2005. As far 
as evaluating the test values is concerned, the transition 
area from the unsaturated to the saturated soil zone is 
accepted as the point of assessment. These boundary 
conditions are also taken into consideration in the latest 
edition of the bulletin [6]. With the method to evaluate 
environmental soundness described in [6], the mass ra-
tio of geosynthetics to groundwater was adapted to the 
actual conditions at the point of application. Thus, the 
test values of the BBodSchV can be taken for assessment 
purposes without having to be modified.

The regulations contained in the bulletin [6] on 
environmental soundness are also cited in [7] and are 
in turn, to be observed for earthworks in road building. 
These regulations were introduced technically with the 
General Circular ARS-No. 17/2017 by the Depart-
ment for Road Construction of the Federal Ministry of 
Transport and Digital Infrastructure for federal trunk 
roads. In accordance with EU Directive 2015/1535 
[8], [7] was registered under EU Notification Number 
2017/0132/D. 

The specifications contained in ZTV-ING Part 5 § 5 
and the related TL/TP KDB and TL/TP SD [9] apply 
for road tunnels. Accordingly, environmental sound-
ness has to be verified in similar fashion to [6] accord-
ing to BBodSchV. Furthermore, guidelines are provided 
governing resistance against leaching for polymeric geo-
synthetic barriers. In the EAG-EDT [10] it is also rec-
ommended not to use DEHP (diethylhexylphthalate), 
BBP (benzylbutylphthalate) and DBP (dibutylphtha-
late) as softeners in PVC-P-based geosynthetic barriers.

2.3 Railway Construction

The DB AG produces detailed guidelines for deploy-
ing geosynthetics for railway engineering applications. 
There are regulations for the structural design of earth-

works as well as for quality assurance. Regulations for 
investigating the leaching behaviour of geosynthetics 
are to be found in the Technical Delivery Conditions 
[11] of the DB Netz AG. These represent the prereq-
uisites for manufacturer-related product qualifications. 
Contentually [11] also refers to the recommendations 
contained in the latest edition of [6].

The specifications in Ril 853 [12] apply to rail 
tunnels. The Ril 853 refer to the ZTV-ING Part 5 § 5 
and the related TL/TP KDB and TL/TP SD [9] for 
product demands on geosynthetics. This also applies to 
the specifications included therein on environmental 
soundness and resistance to leaching.

3 Situation of European Regulation

On account of European Commission (EC) mandate 
amendments, the Product Committee must integrate 
the basic requirement 3 (hygiene, health and environ-
ment) in the product standards for the European inter-
nal market as a further performance characteristic in 
future. In the case of the Technical Committee (TC) 
189 responsible for geosynthetics, a draft for the amend-
ment of the mandate was drawn up. With the publica-
tion of the CEN/TS 16637-2 [2] of the CEN/TC 351 
“Construction Products – Assessment of release of 
dangerous substances”, the horizontal test method – the 
“surface leaching test” – was made available to the CEN 
Technical Committees for the implementation of basic 
requirement 3. This relates to an index test method to 
evaluate surface-related release from monolithic, plate-
like or sheet-like construction products. Test portions 
of the geotextile are placed in water and at fixed times 
samples of the eluate are taken for chemical analysis. The 
geosynthetic products dealt with by TC 189 are gener-
ally plate-like or sheet-like. A further test method avail-
able for this issue, the “percolation” test method after 
CEN/TR 16367-3 [13], is unable to be used practically 
for such products. Both test methods can essentially be 
deployed for both steps in the hierarchy (type testing 
and factory production control for the CE label in keep-
ing with the European harmonised product standards). 
The CEN/TS 16637-1 [14] describes how the Techni-
cal Committees (TC) must determine the appropriate 
leaching test to ascertain the release of regulated danger-
ous substances from construction products in soil, sur-
face water and groundwater. In future, the manufacturer 
can declare the performance characteristic “release of 
dangerous substances” in his performance declaration. 
In this way, the concepts of the CEN/TC 351 will also 
become binding for the product standards dealt with 
by CEN/TC 189 “Geosynthetics”. Guidelines must be 
drawn up throughout Europe for geosynthetics to im-
plement basic requirement 3. They contain for instance, 
regulations for taking samples, packaging and the trans-
port of samples. These regulations must not necessarily 
be implemented by the manufacturer. A manufacturer 
could provide a declaration of performance with only 
one essential characteristic. However, there are market 
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segments, in which complete performance declarations 
with all performance characteristics are required.

So far, only the Netherlands and Germany have 
presented methods to collate and assess dangerous sub-
stances that ensue through leaching from geosynthetics 
in national guidelines. In Germany, this relates mainly 
to the trough methods used up till now to produce the 
eluate according to DIN EN 1744-3 [15] or the batch 
test according to DIN EN 12457 [16]. They have been 
replaced by the tank test according to CEN/TS 16637-2 
[2] based on the European guidelines that are now ap-
plicable. The technical method for releasing dangerous 
substances, which can be potentially contained in geo-
synthetics, has thus been specified. The evaluation of the 
measurement results is the responsibility of the member 
countries and can be geared to national requirements.

The method to assess the environmental sound-
ness in [6] is for example, also the basis for investigat-
ing geosynthetic sheet piles according to DIN 16456-1 
[17]. When the bulletin was created in 2005 and its 
updating [6] as well as DIN 16456-1 [17], the trough 
method according to DIN EN 1744-3 [15] was regard-
ed as state of the art for the products described there. 
The DIN 16456-1 [17], however, already contains a 
reference to CEN/TS 16637-2 [2] and the tank test de-
scribed therein as a test method for releasing dangerous 
substances by means of dynamic surface leaching  testing.

4  Surface Leaching Test according to 
CEN/TS 16637-2

4.1 General

The horizontal test method according to CEN/TS 
16637-2 [2] is also known as the Dynamic Surface 
Leaching Test (DSLT) or tank test. The description 
of the method in the standard lacks any specifications 
relating to sampling, the number of test pieces or their 
conditioning.

Akin to the investigations of the durability of 
geosynthetics in the European harmonised product 

standards, e. g. EN 13253 [3] for the application of geo-
technics and geotextile-related products in erosion pro-
tection systems (coastal protection, bank revetments), 
are products within the scope of an initial inspection 
test, followed by an evaluation test every five years. The 
test should always be carried out on a test piece repre-
senting the family of products. 

As it can be presumed that primarily organic sub-
stances are released, leaching should be undertaken in a 
glass vessel. The created eluates should be analysed with-
in the space of a week to establish their constituents. 
Production of the eight eluates of the surface leaching 
is carried out within a timeframe of altogether 64 days. 

The liquor ratio between geosynthetics and water 
is no longer mass-related in the tank test according to 
CEN/TS 16637-2 [2] as was hitherto the case in [6], in-
stead it is determined via the surface area of the geosyn-
thetics. Furthermore, the concentration of released sub-
stances according to the tank test, initially determined 
in mg/l or μg/l, must be converted into mg/m² for 
evaluating the investigations to provide a surface-related 
specification of the release of hazardous substances. For 
this purpose, it is essential to relate the concentration 
of possible substances to the surface area of the inves-
tigated construction product, whose determination 
methods have so far not been specified.

4.2 Surface Area Determination

According to CEN/TS 16637-2 [2], the geometrical 
surface area can be calculated for construction products 
with regular side areas such as polymeric geosynthetic 
barriers. In order to ascertain the geometrical surface 
area of very irregular construction products as e. g. ar-
mourstone, an aluminium foil method is described. 
However, it is unsuitable for geosynthetics. As a re-
sult, various approaches were examined at the German 
Federal Waterways Engineering and Research Institute 
(BAW) and verified in conjunction with the German 
Federal Institute of Hydrology (BfG). The first studies 
on this range of topics were accomplished within the 
scope of a bachelor thesis [18].

Fig. 3 shows a commercial, needle-punched nonwo-
ven geotextile made of staple fibres seen through com-
puted tomography. The individual fibres only touch se-
lectively and form the pore structure, which is relevant 
for filtering and makes contact with water. As each 
individual fibre surface area can influence the leaching 
behaviour, the inner (actual) surface area of the geotex-
tile from the sum of all fibre surface areas is greater than 
the geometrical surface area comprising the dimensions 
length, width and thickness.

Owing to the different composition of the geosyn-
thetics, three different approaches or variants come into 
question depending on the structure of the product:

 ▶ Variant 1 – Products with regular side areas
In the case of geosynthetics, which possess simple 
forms such as polymeric or bitumenous geosyntheic 

Fig. 3: View via computed tomography of a needle-
punched nonwoven geotextile
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barriers according to EN 13491 [19], the surface 
area can be calculated on the basis of the dimensions 
of the test piece. The geometrical and inner surface 
areas do not differ.

 ▶ Variant 2 – Products with partially irregular side 
areas
In the case of geosynthetics with a partially irregular 
open structure, such as geogrids and woven fabrics 
for instance, the inner surface area can be calculated 
from the dimensions of the individual components 
of the test piece.

 ▶ Variant 3 – Products with irregular side areas
In the case of geosynthetics with an irregular struc-
ture, e. g. geotextiles in the form of mechanically 
bonded non-woven fabrics according to DIN EN 
13253 [3], it is possible to calculate the surface area. 
The inner surface area can be determined accord-
ingly from the fibre diameter, fibre length and num-
ber of fibres per m² for mechanically bonded staple 
fibre fabrics. For geotextile-related products made 
of monofilaments, this is also feasible by means of 
calculation providing the filament diameter and 
the density of the utilised material are known. In 
the case of thermally bonded fabrics, it is possible 
to ascertain the inner surface area non-destructive-
ly by means of computed tomography (CT). For 
other products the non-destructive method can be 
applied as an alternative to calculations within the 
scope of market surveillance.

Material studies with CT were for example, described 
by [20]. In the case of CT, a high number of x-ray imag-
es of the sample are created and converted into 3D voxel 
data (three-dimensional volume elements). In addition 
to the 3D surface area model, CT also offers an insight 
into the inner life of the geosyntetic substance (Fig. 3). 
The internal structure can be presented, and fibre diam-
eter or surface area can be determined.

4.3  Calculation Example for mechanically 
bonded Staple Fibre Fabrics

For the calculation example, a nonwoven geotextile 
with the following parameters is assumed: 

 ▶ Fibre diameter d: 25 µm
 ▶ Fibre fineness: 7 dtex (7g/10,000 m – fibre length)
 ▶ Mass per unit area: 700 g/m²
 ▶ Thickness at 2 kPa: 4 mm

The surface area O per 10,000 m fibre length works out 
at:

O  = (0.5 · d)² · π · 2 + d · π · l  
= (0.5 · 25 · 10–6 m)² · π · 2 + 25 · 10–6 m · π · 10,000 m 
= 0.785398 m²

A square metre of this geotextile with 700  g/m² mass 
per unit area has 700 g : 7 g = 100 fibres/m², of which 

each is 10 km long. This results in an inner surface area 
per m² of geotextile of:

O = 100 · 0.785398 m² = 78.5398 m² = ca. 80 m² 

The fabric with a base area of 1 m² with a thickness 
of 4  mm possesses a geometrical surface area of only 
2.02  m². Fig. 4 indicates the difference between the 
geometrical and inner surface areas in the calculation 
example.

As far as geosynthetics are concerned, these are 
plate-like and sheet-like products, in the case of which 
a factor in excess of 20 must be applied to ascertain the 
liquid to surface area ratio (L/A). For a test piece with a 
basic area of 5 x 5 cm², in the case of the needle-punched 
geotextile in this example with an inner (actual) surface 
area of approx. 0.2 m², a leachant volume of around 4 l 
is needed.

According to CEN/TS 16637-2 [2], a water of 
quality class 3 in accordance with EN 3696 [21] is to be 
applied. However, owing to the large inner surface area, 
only small masses of geosynthetic material eluted in 
comparatively large volumes of water – in the example, 
1.75 g in 4 l. Nonetheless, in order to still be in a posi-
tion to determine elutable components from the leach-
ing agent without any appreciable blanks, it is advisable 
to pose increased demands on the water.

5 Avoiding Microplastics

Publicly, the topic of “microplastics in the environ-
ment” is gaining ever more recognition. Microplastics is 
generally understood to mean particles less than 5 mm 
in size. Primary microplastics were for example, pro-
duced especially for the cosmetics industry. Secondary 
microplastics are larger in terms of quantity and are cre-
ated by the degradation of macroscopic particles, e. g. as 
a result of chemical reactive ageing processes such as oxi-
dation. The production and the application of plastics 

Fig. 4: Inner (otl) and geometrical (otr) surface area 
of the mechanically bonded staple fibre fabric 
with 700 g/m² mass per unit area
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constantly grew after World War II. When discussed by 
the general public, there is usually no distinction drawn 
between microplastics, found in bodies of water as a re-
sult of various transportation processes or as waste, and 
construction products such as geosynthetics, which are 
deliberately made durable and which show no signs of 
degradation. Furthermore, it is very frequently over-
seen that geosynthetics in their applications are gener-
ally not subject to direct UV rays and only experience 
very limited temperature fluctuations. Since the 1960s, 
there have been applications involving geosynthetics on 
federal waterways. Degradation due to ageing processes 
could easily be ascertained through reducing the filter-
ing properties.

In the case of ISO TC 221 “Geosynthetics”, a draft 
standard for a test method was prepared [22]. It is based 
on a BAW method devised in the 1970s and simulates 
the wear of geosynthetics in a rotating drum (Fig. 5). 
Here the samples are subject to an abrasive basalt-water 
mixture at a rotation speed of 16 rpm involving 40,000 
revs anti-clockwise and 40,000 clockwise. The direction 
is changed every 5,000 revs. At the end of the test, the 
abraded material is to be found in the mixture together 
with the 4 kg of basalt gravel and 8 l of water. This meth-
od is also made use of outside of Germany, e. g. in India 
and Bangladesh to verify the abrasion resistance of sand 
bags [23].

Through this test method it is possible to simulate 
the development of microplastics for samples with low 
abrasion resistance. Fig. 6 depicts an example of a com-
mercial nonwoven needle-punched geotextile used for 
navigable waterway construction, a 6  mm thick, non-
woven needle-punched geotextile with a surface-related 
mass of 750  g/m², after being subject to abrasion. No 
damage to the filaments is discernible. Fig.  7 shows a 
woven geotextile on the other hand, which normally is 
not used in hydraulic engineering. Damaged fibres are 
detected in this case, which are indicative of the forma-
tions of microplastics. In actual fact, following the test, 
plastic particles are also to be found in the abraded ma-
terial present.

6 Logistics and Conserving Resources

If the filter layer required for waterways can be pro-
duced from a geotextile with a mass of less than 1 kg 
per m² filter area, there are firstly logistical advantages 
vis-à-vis a filter consisting of aggregates. For a two-stage 
filter made of aggregates with a thickness of 2 dm per 
layer and a bulk density of 1.45 kg/dm³, the following 
volume V and mass m1 of aggregates result for example, 
for a filter area of 1 m²:

 ▶ V = 2 · 2 dm · 10 dm · 10 dm = 400 dm³
 ▶ m1 = 400 dm³ · 1.45 kg/dm³ = 580 kg

The lesser effort for transportation and installation of a 
geotextile filter layer also signifies lower fuel costs and 
conserving resources.

Fig. 5: Drum device for examining the abrasion 
 resistance of geotextiles

Fig. 6: Abrasion-resistant nonwoven needle-punched 
geotextile, no damage to the fibres after 
80,000 revs in the abrasion drum [24]

Fig. 7: Woven geotextile with damaged fibres after 
80,000 revs in the abrasion drum [24]
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[11] DB Netze AG: Geokunststoffe für den Eisenbahnbau. 
Technische Lieferbedingungen, DBS 918 039. Frank-
furt/Main: DB AG, 2015.
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ment of release of dangerous substances. Guidance for 
the determination of leaching tests and additional test-
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[15] DIN EN 1744-3: Tests for chemical properties of ag-
gregates - Part 3: Preparation of eluates by leaching of 
aggregates; German version EN 1744-3:2002. Berlin: 
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ing; Compliance test for leaching of granular and sludg-
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piling of plasticizerfree polyvinylchloride (PVC-U) - 
Part 1: Product. Berlin: Beuth, 2017-10.

[18] Pineda, A.:  Oberflächenbestimmung von im Verkehrs-
wasserbau verwendeten Geokunststoffen für die Beur-
teilung der Freisetzung von gefährlichen Stoffen in 
Gewässer, HS Karlsruhe. Karlsruhe, 2018.

[19] BS EN 13491: Geosynthetic barriers. Characteristics re-
quired for use in the construction of tunnels and associat-
ed underground structures. London, BSI: 2018-03-277

[20] Weiß, R.; Kühn, S.; Schultz, F.: Zerstörungsfreier Blick 
ins Bauteilinnere – die Computertomographie. In: Di-
chtungstechnik Jahrbuch 2011, pp. 30-37.

[21] BS EN ISO 3696: Water for analytical laboratory use. Speci-
fication and test methods. London, BSI: 1987-12-31.

[22] ISO/DIS 22182:2019-04 - Draft: Geotextiles and geo-
textile-related products - Determination of abrasion re-
sistance characteristics under wet conditions for hydrau-
lic applications.

[23] Oberhagemann, K.; Stevens, M. A.; Haque, S. M. S.; Faisal, 
M. A. (2006): Geobags for Riverbank Protection. In: Ver-
heij, H. J.; Hoffmans, G. J. (Hrsg.). Proceedings 3rd Inter-
national Conference on Scour and Erosion (ISCE-3). 1.-3. 
November 2006. Amsterdam: CURNET, S. 494-501.

[24] Karlsruher Institute of Technology (KIT): Mikroskopis-
che Aufnahmen von Geokunststoffen. Karlsruhe: 2018.

7 Summary and Conclusion

The European Construction Products Regulation 
(CPR) [1] poses basic requirements for construction 
works. One of these demands relates to environmen-
tal protection. The release of dangerous substances in 
groundwater, maritime waters, surface waters or soil 
must be dealt with in the corresponding European har-
monised product standard. At European level, a test 
method was devised, which describes the release scenar-
io of substances stemming from construction products 
into the ambient medium water via the so-called leach-
ing test according to CEN/TS 16637-2 [2]. The bound-
ary conditions for the surface leaching method must be 
defined by the Technical Product Committee (TC). 
For this purpose, this article discusses the application of 
the test method for geosynthetics and describes various 
alternatives for establishing the surface area actually af-
fected and in contact with water.

Geosynthetics represent a significant basis for solu-
tions that are technically and economically advantageous 
for traffic route engineering. Geotextiles can also offer 
positive solutions under ecological aspects. Appropriate 
test methods can be used to assess and safeguard their 
relevant performance capability for instance, with regard 
to leaching behaviour or the formation of microplastics.
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In the new Stuttgart 21 rail construction project, 
injections to seal anhydrite-bearing rock had to 
be carried out in the Feuerbach Tunnel. This article 
explains the further development of the equip-
ment and control technology and the innovative 
data management system to digitalise and auto-
mate the grouting work.

Geotechnics • Tunnelling • Automation • 
Digitalisation • Sealing • Injection 

Automation and Digitalisation of chemical 
Grouting to seal anhydrite-bearing Rock
Sewerin Sabew and Flavio Piras, Renesco GmbH, St. Leon-Rot, Germany
Götz Tintelnot, TPH Bausysteme GmbH, Norderstedt, Germany
Michael Engels, Desoi GmbH, Kalbach/Rhön, Germany
Philipp Maroschek, eguana GmbH, Wien, Austria

1 Introduction

The Feuerbach Tunnel is a roughly 3,200 m long twin-
tube rail tunnel, which is part of the Stuttgart 21 railway 
project. It links the regional and main-line route in the 
north of Stuttgart with the new Central Station and is 
currently undergoing construction. 

The tunnel penetrates layers of gypsum keuper. If 
water is added to the anhydrite-bearing gypsum keuper, 
swelling phenomena can occur. Consequently, the tun-
nel is driven in dry mode in anhydrite-bearing gypsum 
keuper sections. Nevertheless, water can enter the dry 
unleached layer underneath from the leached gypsum 
keuper as a result of blasting and stress redistributions 
during the excavation through the excavation-disturbed 
zones around the tunnel. Should anhydrite-bearing 
rock prevail in these areas, swelling can take place. This 
has resulted in damage to many tunnels in the past, for 
example in the form of heaves, which can extend to the 
ground surface even of deep-lying tunnels [1]. The chal-
lenge that is faced is to avoid water ingressing into the 
anhydrite, something that necessitates extensive water-
proofing measures.

This report examines the continuing development 
of the equipment and control technology as well as the 
data management system that was introduced for chem-
ical injections in the Feuerbach Tunnel.

2 Grouting Concept

In order to prevent water ingressing into the gypsum 
keuper, the grouting concept for the Feuerbach Tunnel 
developed by the WBI GmbH, Weinheim, Germany, 
basically foresees the following waterproofing measures 
(Fig. 1):

 ▶ Sealing the leaching front
 ▶ Injections in the anhydrite
 ▶ Waterproofing structures or dam rings

The gypsum keuper can in keeping with its sulphate 
content be classified as leached (yellow), unleached, 
anhydrite-free (pink) and unleached, anhydrite-bearing 
(red) gypsum keuper. The boundary between leached 
and unleached gypsum keuper is described as the leach-
ing front. 

In order to prevent water from penetrating the an-
hydrite-bearing gypsum keuper, pre-grouting is executed 
using polyurethane resin when passing through the leach-

Fig. 1: Schematic sketch of the sealing measures undertaken  
for the Feuerbach Tunnel [2]

ing front. To avoid longitudinal permeability, dam rings 
are produced (Fig. 2, otl) in the unleached rock by means 
of acrylate gel. Depending on the position of the water-
bearing layers and the anhydrite level, the anhydrite-bear-
ing rock is sealed with acrylate gel (Fig. 2, otr).

Fig. 2: Principle of injections in anhyhydrite 
Source: WBI GmbH, extract from the execution planning 
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3  Equipment and Grouting Technology 
for chemical Injections

The described grouting concept poses particular chal-
lenges on the grouting technology:

 ▶ Pneumatically tensionable, reusable packers with 
vent

 ▶ Control and regulation of the grouting process with 
flow-dependent pressure criteria for injections with 
polyurethane resin

 ▶ Automatic control and regulation of the grouting 
process taking the venting process into account and 
a flushing process for injections with an acrylate gel

 ▶ Quantity and flow rate measurement of the A and 
B components

 ▶ Accuracy of the sensors < 0.1 litre and 0.1 bar
 ▶ Verification of the mixing ratio of the A and B com-

ponents in real time

Specially developed, pneumatically tensioned packers 
with venting made by the Desoi GmbH, Kalbach, Ger-
many are applied. They can be used several times after 
appropriate cleaning (Fig. 4). 

The system losses in the pipelines, mixing cham-
ber and the packer must be correspondingly taken into 
consideration for controlling the grouting process auto-
matically. With regard to polyurethane injections, the 
system resistances, which also depend on the flow rate, 
lie far above the specified maximum pressure of 5  bar 
owing to the high viscosity of approx. 140  mPa · s. A 
special control algorithm was devised and implemented 
to regulate the maximum grouting pressure dependent 
on the flow rate (Fig. 5). For this purpose, the hydraulic 
resistances were determined in preliminary tests for the 
intended grouting systems consisting of mixing cham-
ber, pipeline and packer as well as the grouting agent. 
And the respective control parameters for the grouting 
pressure were determined. Thanks to automated, feed 
rate-related regulation, it is assured that the effective 
grouting pressure of approx. 5 bar is attained and main-
tained and not exceeded during the grouting process.

A special control and regulating algorithm also had 
to be devised for the acrylate gel injections. Towards 
this end, the grouting process is automatically stopped 
should the grouting quantity be less than 1 litre during 
a defined holding time of 10 min. In this way, in con-
trast to a flow-related stopp criterion smaller flow peaks, 
which can occur for instance, as a result of a packer be-
coming displaced, can be compensated for. As a result, 
the efficiency of the holding phase is safeguarded and 
the total grouting time reduced.

An acrylate gel mix with a reaction time of roughly 
10 min is used. In order to prevent the grouting agent to 
gel during the holding phase, which would substantially 
impede construction progress, the control system au-
tomatically signals a pause to flush the pipelines. Once 
the flushing cycle has been accomplished, the grouting 
process is continued and stopped automatically by the 

Fig. 3: Tunnel sections with sealing measures as of 05/2018 
Source: WBI Gmbh, extract from the execution planning

Fig. 4: Packer technology: photo (otl) in operation and (otr) drawing  
of a pneumatic packer with vent

The total length of the tunnel sections, in which 
the waterproofing measures have to be undertaken, 
amounts to roughly 3,000 m (Fig. 3). Drilling is carried 
out using a jumbo in full bore mode with air flushing. 
The nominal drilling diameter amounts to 51 mm with 
a drilling depth of up to 10  m. The distance between 
bore holes in the cross-section (point of application for 
drilling) as well as the distance between cross-sections 
in a longitudinal direction generally amounts to 1  m. 
The pilgering of the holes and injections is done by an 
expanded pilgering method. During these operations it 
is determined on the basis of the drilling and grouting 
results, whether the next phase must be carried out and 
just to what extent.

Various grouting agents are applied for the different 
waterproofing measures. In the case of the pre-grouting, 
the leached and in part, water-bearing gypsum keuper 
is grouted. The permeability coefficients of the leached 
gypsum keuper amount to roughly 10–6  m/s [3, 4]. A 
two-component polyurethane resin [5] with a viscosity 
of around 140 mPa · s is applied, which possesses a far 
greater viscosity than water and speedily seals ingress-
ing water paths. In the case of grouting in unleached 
gypsum keuper, particular attention is paid to inject-
ing those excavation-disturbed zones. Acrylate gel [6] 
is applied as the grouting agent. It possesses a mixing 
viscosity of around 2.5 mPa · s. It can be grouted with far 
less pressure than polyurethane resin thanks to its lower 
viscosity.
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plants for polyurethane resin. The drilling and grouting 
operations follow up on tunnelling prior to installing 
the inner lining. The construction management must 
inform the crews, working continuously, of any changes 
to the construction cycle and grouting design as soon 
as possible. The details have to be made available on all 
equipment at any time. This poses very high demands 
on the organisation and documentation of the work. As 
a result, it was the aim of those in charge of the project 
from the very outset to apply ultra-modern technolo-
gies in conjunction with data and documentation man-
agement in order to ensure that these challenges were 

Fig. 5: Grouting process (pressure-flow rate) of an automated polyurethane resin injection  
with flow rate dependent pressure control

Fig. 6: Grouting process (pressure-flow rate) of an automated acrylate gel injection  
with automatic flushing and monitoring of the mixing ratio

Fig. 7: Measuring and control technology for acrylate gel injections  
at the Feuerbach Tunnel

control system once the quantitative criterion has been 
triggered (Fig. 6).

In order to achieve the necessary measuring accu-
racy even for low flow rates when monitoring the mix-
ing ratio of the acrylate gel components, sensors used 
in the process and pharmaceutical industry are applied. 
They possess a ceramic lining, which is highly resistant 
to chemicals. The flow rates are separated for the A and 
B components and monitored by means of magnetic-
inductive flowmeters. Fig. 7 displays the system setup of 
the measuring and control technology for grouting with 
acrylate gel as used on the construction site. The com-
plete grouting and equipment technology, as shown in 
Fig.  8, was housed in a container and assembled on a 
truck. The acrylate gel’s two mixing components are 
mixed in semi-automatic mixing units that are kept 
apart from one another and stored in separate tanks. In 
order to secure the prescribed mixing quality, containers 
weighed by the manufacturer are used (Fig. 8, otr).

4  Digital Data and Documentation 
 Management

As many as 500 injections are executed daily using three 
grouting plants for acrylate gel and several grouting 
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via WLAN or a mobile radio network from the tunnel 
to a central server. Immediately after grouting is com-
pleted, the data are available via a web platform to be 
controlled, approved and logged.

The central data management system enables the 
pressure and flow curve of every injection to be pre-
sented (Figs.  5+ 6). Furthermore, particular incidents 
are noted by means of the commentary function. Thus, 
for example, types of injection and grouting agents can 
be assigned as well as the standardised grouting and day 
logs produced in the system in the required formats.

The injection data are interlinked with an interactive 
visualisation of the entire construction field – from the 
construction field (chart and diagram) by way of how 
each ring is executed right up to detailed presentations 
of the grouting points. Both details of the status of the 
injections, e. g. work assignment and approval as well as 
information relating to execution, e. g. grouting quanti-
ty and duration are presented. Fig. 10 illustrates for ex-
ample, injections with different status – injections that 
have already been carried out and approved in green and 
those, which still have to be checked in blue. This form 
of visualisation does not simply serve control purposes. 
The construction management imports the plan data 
sets of the various grouting specifications into the sys-
tem and assigns the pertinent sections and workplaces. 
Operators see the grouting points to be tackled in the 
visualisation system with the relevant pump parameters 
and thus receive the information needed to carry out 
the work. In this way, changes in design accompanying 
the work can be applied immediately. 

The documentation system also enables exact and 
comprehensive documentation of construction pro-
cesses. By interlinking the production data with a semi-
automatic process proposal, all standard activities, such 
as e. g. the grouting operating period and relocating, are 
presented. Unscheduled processes, as e. g. maintenance 
and repair periods or even standstills are determined by 
the site personnel through editing. The processes are 
shown in the form of interactive bar diagrams for lucid 
presentation (Fig. 11) and provided as time reviews for 
the daily construction report. Subsequently, further 
analyses with regard to productivity and costs are also 
undertaken.

Thanks to the digital availability of all production 
data and work processes quantities are assessed and 
measurement executed automatically. An interface to 
calculation programmes such as RIB iTwo is available as 
a DA11-Export so that the data can be at once further 
processed. 

Thanks to this data and documentation system and 
automation of logging, control and billing, the focus is 
directed at expert control and checking of the grouting 
work. As a result, invaluable time is saved and more. At-
tention can be paid to what really matters. Thus, errors 
are minimised when tackling routine activities within the 
work process guaranteeing the demanded quality [8].

The digital data management system as a single-
source system provides a standard tool for documenta-

Fig. 9: Injections in the Feuerbach Tunnel: (otl) execution of work and (otr) 
documentation

Fig. 8: Grouting plant for acrylate gel and mixing 
with containers weighed by the manufacturer

responded to effectively and efficiently (Fig.  9). The 
following demands on a digital documentation system 
ensued [7]:

 ▶ Safe data administration 
 ▶ Data analysis and logging
 ▶ Continuous collation of activities and process pres-

entation 
 ▶ Automated quantity survey
 ▶ Interactive visualisation
 ▶ Digital working instructions
 ▶ Integrated quality assurance
 ▶ Interface to superordinated systems 

(ERP, iTwo, GBPlan, BIM etc.)
 ▶ Evaluating and determining the construction time
 ▶ Direct communication among those involved in the 

project

The production parameters are collated, stored, en-
coded by the pump control and automatically uploaded 
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tion management. In addition, it acts as the interface to 
BIM and in turn, to all those engaged in construction 
(Fig. 12). The system collects all construction data cen-
trally. Furthermore, it facilitates modern and flexible 
site operations in a volatile project environment. 

5 Summary 

The new Feuerbach Tunnel produced within the scope 
of the Stuttgart  21 project, runs from Stuttgart Cen-
tral Station to Feuerbach Station. The twin-tube tun-
nel partially lies in anhydrite-bearing gypsum keuper, 

Fig. 10: Detailed visualisation of injections in  tunnelling

which can swell if water intrudes. Owing to the ensuing 
swelling pressures, in the past this resulted in many tun-
nels being substantially damaged. The grouting concept 
developed by the WBI GmbH, Weinheim, Germany, is 
aimed at restricting ingressing water through chemical 
injections. Towards this end, some 60,000 drill holes 
have to be grouted in several stages over a stretch of 
roughly 3,000 m during the tunnelling and inner lining 
operations. 

In order to comply with the demands placed on 
grouting technology, quality assurance and construc-
tion operations resulting from planning the injections, 

Fig. 11: Process visualisation as bar diagram
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measurement, interactive visualisations of the injections 
and construction progress as well as comprehensive doc-
umentation and analysis of work cycles.

The successful development of the innovative sys-
temic solution for digitalisation and automation was 
only made possible thanks to good interdisciplinary 
collaboration among the various parties involved and 
pooling of their knowhow. This knowhow will still be 
essential in future when configuring data management 
systems for grouting activities and the evaluation of the 
relevant data.
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A tunnel for a baggage conveyor system (GFA) 
is being built beneath the two runways for take-
offs and landings at Germany’s largest airport. It 
will be 1.6 km long with a diameter of 8.6 m. The 
following article explains numerical simulations 
based on a three-dimensional model, devised to 
predict settlements resulting from the mecha-
nised tunnel drive involving particular challenges.

Tunnelling • Geotechnics • Simulation • 
Settlement • Tunnel excavation 

Numerical Simulation to predict Settlements 
from the mechanised Drive for a Baggage 
 Conveyor System at Frankfurt Airport
Dennis Simon (M.Eng.), CDM Smith Consult GmbH, Alsbach, Germany 
Dr.-Ing. Heiko Huber, CDM Smith Consult GmbH, Alsbach, Germany 
Prof. Dr.-Ing. Jürgen Schmitt, University of Applied Sciences, Darmstadt, Germany

1 The GFA Tunnel Project

Terminal 3 is currently under construction at Frankfurt 
Airport. In conjunction with this scheme, the building 
of a baggage conveyor system tunnel (GFA an abbre-
viation of Gepäckförderanlage in German) was looked 
into and planned in advance. In future it is intended to 
link the existing baggage conveyor system infrastructure 
with Terminal  3 (T3) (Fig.  1). Building approval has 
already been granted and the tendering process for the 
first part-section is underway. Through this project it 
will be possible to connect the existing Transit Baggage 
Hall V 3, which is located just south of Terminal 1 (T1), 
with the future Terminal 3 (T3). This will facilitate ef-
fective and speedy transit baggage handling.

The projected main tunnel tube is to be driven by 
means of a shield machine with fluid-supported working 
face. In the process, it will among other things, under-
tunnel the Centre and South runways used for take-offs 
and landings as well as settlement-prone hydrant lines 
for supplying kerosene belonging to the Hydrantenbe-
triebsgesellschaft (HBG). This places high demands on 
the permissible maximum settlements resulting from 

Fig. 1: Project area
Source: Google Earth, modified

tunnelling (Fig. 1). In actual fact, this means that only 
settlements amounting to a maximum of < 10 mm are 
permissible on the ground surface. First and foremost, 
the loads caused by air traffic, the pronouncedly vary-
ing overburden heights of the tunnel structure as well 
as the earth movements resulting from the tunnel drive 
itself substantially contribute to the development of 
settlements. Within the scope of service phase 3 in ac-
cordance with the fee structure for Architectural and 
Engineering Services (HOAI), two-dimensional ana-
lytical settlement prognoses were already carried out. 
Additional numerical investigations based on a three-
dimensional model were undertaken by means of the fi-
nite element method (FEM) to provide a more accurate 
picture.

The main tunnel tube for the GFA Tunnel is 
around 1.6 km long and possesses an external diameter 
of roughly 8.6 m. The cross-section is being driven me-
chanically using a shield machine from south to north 
starting from Terminal 3. The tunnel is above all char-
acterised by its absolutely straight alignment. The gra-
dient for its part, starting from overburden of 7.0 m, otr 
in Fig. 2, first of all dips with an incline of some 3.5 % 
and then with an incline of 0.5 % after approx. 300 m 
down to a depth of roughly 20 m beneath the ground 
surface. At this point the tunnel is approx. halfway be-
low runway South. From there the gradient again rises 
to reach a depth of some 8 m below the ground surface 
and in the process undertunnels the runway Centre at 
a depth of 17 m (Fig. 2). In accordance with the cur-
rent state of planning, the circular tunnel cross-section 
comprises a 15 cm wide annular gap, a 40 cm thick seg-
mental lining as well as a roughly 7.56 m clear diameter 
(Fig. 3).
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Fig. 2: Planned gradient development
Source: IMM Maidl & Maidl, Beratende Ingenieure GmbH & Co. KG, GFA-Tunnel,  
Statistical Pre-Calculations for segmental Tunnel, Bochum, 22 October, 2016, modified

Fig. 3: Standard cross-section of main tunnel tube
Source: IMM Maidl & Maidl, Beratende Ingenieure GmbH & Co. KG, GFA-Tunnel, Statistical 
Pre-Calculations for segmental Tunnel, Bochum, 22 October, 2016

Fig. 4: Boulder with maximum diameter of  
approx. 70 cm

2 Ground and Groundwater Conditions

Frankfurt Airport is located in the northern part of the 
Upper Rhine Graben. As a result, primarily quaternary, 
fluvial sands and gravels from the Main determine the 
ground. Normally speaking these layers attain thick-
nesses of some 30 to 40 m. Locally, quaternary loam and 
drifting sands or dune sands form covering layers with 
slighter thicknesses.

Occasional fine-grained, silty-clayey layers can oc-
cur in the mainly coarse-grained and debris-strewn 
gravels and sands. The thicknesses of these intermedi-
ate layers can in the process rise to 2 m, forming, how-
ever, merely selective, lenticular or strip-formed areas. 
Beneath the Main sands and gravels, there are up to 
150  m thick Pilocene, coarse-grained sands, in which 
the tunnel will predominantly be housed. The upper 
sections in this case are frequently demarcated by 10 m 
thick silts and clays. In addition, silt and clay horizons 
prevail extensively, which locally contain lignite and 
timber remnants. Owing to cold periods, drifting blocks 
were deposited during the Pleistocene period. Thus, 
major blocks of up to 70 cm in diameter can occur in 
the quaternary layers (Fig. 4). The groundwater level in 
the project area varies between 96.5 m ASL and 98.0 m 
ASL, corresponding to a depth of roughly 9 to 10.5 m 
beneath the average ground surface.

3 Numerical Simulation Model

The numerical analyses were undertaken with the FE 
Software Plaxis 3D. In the numerical model the sub-
surface, the shield jacket, the annular gap grouting and 
the segment support were shown. Determination of the 
dimensions of the numerical model transversely to the 
direction of driving took place accordingly [1]. The gaps 
from the centre point of the tunnel cross-section to the 
horizontal model boundary amounted to 4.5 times the 
tunnel diameter and 2.5 times the tunnel diameter to 
the lower model boundary.

Modelling of the tunnel excavation was carried out 
by the step-by-step method. Towards this end, after cal-
culating the initial phase, in which the primary stresses 
of the ground are simulated, the tunnel excavation is 
modelled in individual construction phases. Each con-
struction phase corresponds with the installation of a 
segmental ring of 2 m in width (Fig. 5). 

4 Pre-studies

Pre-studies were carried out in advance to carry out 
the settlement calculations, in which selected, model-
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specific, structural as well as geotechnical factors were 
varied in order to assess their influences on the settle-
ments in a better manner. This process primarily served 
to ensure that the settlements were neither under- or 
overestimated so that it was possible to obtain worth-
while results. In this connection, the following factors 
of influence were of particular interest:

 ▶ Support pressure
 ▶ Time-related behaviour of the grouting material / 

influence on the rate of advance
 ▶ Grouting pressure
 ▶ Groundwater levels
 ▶ Clay lenses

4.1 Support Pressure

The support pressure applied at the working face result-
ed from the sum of the horizontal stresses in the roof 
zone (active earth pressure, water pressure, horizon-

Fig. 6: Support pressure development in keeping with the horizontal stresses at the working face

tal stress stemming from the ground surface). If these 
stresses increased along the tunnel tube e. g. on account 
of changing ground conditions, varying roof overbur-
dens or different ground surface loads, then the given 
support pressure only had to be adapted if the percen-
tual deviation of the in each case significant support 
pressure amounted to > 10 % compared with the chang-
ing horizontal stresses (Fig. 6). Otherwise the resultant 
higher settlements were so small that they essentially 
were of no significance. The initial support pressures 
for each calculation section were in each case applied 
in those areas, in which the lowest horizontal stresses 
acted within the roof zone. This brought about a rela-
tive displacement of the support pressure development 
vis-à-vis the attacking horizontal stresses, as a result of 
which the stresses constantly remained at a maximum 
of 10 % above the support pressure. Furthermore, as a 
result of this process, minimum uncertainties were de-
liberately taken into consideration, which, however, ow-
ing to the 10 % limit, failed to exert any overly strong 
influence on the settlement pattern. The support pres-
sure approaches thus lay on the safe side. The increase in 
support pressure related to the depth remained constant 
at 12 kN/m²/m owing to the nature of the support fluid 
regardless of the actual depth.

4.2  Time-related Behaviour of the   
Grouting Material / Influence  
of the Rate of Advance

In practice, the greatest settlements usually occur dur-
ing the excavation when the grouting mortar is being 
installed. This has, however, less to do with the grout-
ing mortar itself than with the fact that the annular gap 
is not completely filled. Within the scope of the pre-
studies, a very low E-module was applied for the grout-

Fig. 5: Modelling the tunnel tube
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ground layer. On account of these negligible differences 
the cohesive intermediate layers were not applied in 
conjunction with the main calculations.

5 Results of the main Calculations

From the results obtained from the pre-studies, it was 
possible to assert with regard to each individually exam-
ined parameter to what extent these were to be taken 
into consideration or applied and adjusted in the main 
calculations to come up with worthwhile results. The 
main calculations were undertaken for six decisive sec-
tions of the GFA Tunnel (Fig. 9):

 ▶ I: Starting area with only slight overburden
 ▶ II: Kerosene pipeline I
 ▶ III: Runway South
 ▶ IV: Runway Centre
 ▶ V: Kerosene pipeline II
 ▶ VI: End section with slight overburden

The settlements were calculated for all sections in keep-
ing with the same principles. After completing the ap-
propriate ground model and adjusting the support 
pressure for each individual 2-m section, the surface 
settlements, the vertical displacements on the kerosine 
pipelines and the prevailing settlements were assessed 
and compared with the demands posed on the settle-
ments (Figs. 10 and 11).

Fig. 8: Taking account of a 2 m thick clay layer 
 affecting the tunnel roof

ing material, which initially saw very soft material being 
modelled. In this connection, it was assumed that the 
mortar after a maximum of 24 h had reached the magni-
tude of the E-module of the surrounding soil [2]. Owing 
to a lack of shield conicity as well as a lack of overcut at 
the cutting wheel, the annular gap in the case of the GFA 
Tunnel moves within very small dimensions (~ 15 cm). 
On account of this factor and owing to the already very 
stiff surrounding soil material there were practically no 
changes with regard to the size of the surface settlements 
as far as the variation of the E-module of the grouting 
material was concerned. As a result, there was really no 
need for splitting the annual gap mortar up into points 
t ≤ 24 h and t > 24 h for the main calculations. Nonethe-
less, such a distribution was taken into consideration 
with regard to the aspired realistic presentation of the 
calculation model. Towards this end, an E-module of 
2.5 MN/m² for point t ≤ 24 h and for point t > 24 h an 
E-module of 50  MN/m² were applied. The shield ma-
chine’s rate of advance was determined at 10 m per day 
so that in each case the last five sections behind the shield 
tail were always depicted by means of a reduced E-mod-
ule in the numerical module (Fig. 7).

4.3 Grouting Pressure

As the grouting pressure is generally applied as an op-
posing radial load acting from the tunnel tube in nu-
merical simulations, this results in a reduction in the 
settlements that occur. In order to be able to integrate 
further certainties in the model, the grouting pressure 
was subsequently neglected in the main calculations 
that followed.

4.4 Groundwater Levels

Increasing buoyancy forces affecting the tunnel tube is 
the result of augmenting the groundwater levels. This 
leads to a situation where the outcome produces in-
creased heaves in the proximity of the tunnel, which 
considerably diminish the settlements from the tunnel 
excavation. As a consequence, in each case, the lowest 
groundwater level was applied for the individual cal-
culation sections within the scope of the main calcula-
tions. In this way, a possible underestimation of the re-
sultant settlements was precluded.

4.5 Clay Lenses

As in some cases, clay and silt lenses with thicknesses 
extending up to 2 m occur in the quaternary sands and 
gravels, clay horizons at various depths were taken into 
account when modelling the ground (Fig. 8). The en-
largement of the maximum settlements owing to the 
cohesive intermediate layers remained within the tenths 
of millimetre range regardless of the depth of the layers. 
In addition, it can be assumed that the settlement differ-
ences occur to a substantially lesser extent in reality, as 
the clays are not prevalent in the form of a continuous 

Fig. 7: Modelling the time-dependent grouting 
 mortar
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Table 1: Development of settlements in the proximity of the kerosene 
 pipelines that are crossed

Section Facet Calculated maximum 
settlement

[mm]

Decisive maximum 
settlement

[mm]

Demand adhered to
[yes/no]

I Surface settlements 6.35 5.03 yes/yes*

Vertical displacement of 
the kerosene pipelines - -

II Surface settlements 5.74 4.78 yes/yes*

Vertical displacement of 
the kerosene pipelines 5.36/5.34** yes

III Surface settlements 5.83 4.92 yes/yes*

Vertical displacement of 
the kerosene pipelines - -

IV Surface settlements 6.39 5.18 yes/yes*

Vertical displacement of 
the kerosene pipelines - -

V Surface settlements 6.73 5.28 yes/yes*

Vertical displacement of 
the kerosene pipelines 5.76 yes

VI Surface settlements 7.45 5.54 yes/yes*

Vertical displacement of 
the kerosene pipelines 4.45 yes

*   calculated maximum settlements / decisive maximum settlements

** lower pair of pipelines / upper pair of pipelines

Fig. 10: Deformed FE network resulting from 
driving the tunnel taking aircraft loads 
into consideration (50 x exaggerated)

Fig. 11: Development of settlements in the proximity  
of the kerosene pipelines that are crossed

Maximum values were worked out for the decisive 
GFA Tunnel sections both for the surface settlements 
as well as for the vertical displacements on the kero-
sine pipelines, which fulfil the demands posed on the 
settlements of < 10 mm. The results are summed up in 
Table 1.

6  Comparison of numerical and  
analytical Results

As previously explained, two-dimensional analytical 
settlement calculations were already available for the 
same calculation sections according to Fillibeck’s em-
pirical calculation method [3]. These settlements were 
investigated for three different confidence levels of 50, 
90 and 99 %. For comparing the analytical results with 
those from the FE calculations, only those settlements/ 
displacements were considered, which were determined 
for the 50 % confidence level (Fig. 12).

When contemplating the settlements/displacements, 
it is apparent that practically all results, which were calcu-
lated by means of FEM, are located within the spread of 
the results obtained in keeping with Fillibeck’s calcula-
tion method. With regard to the certainties considered 
when modelling the calculation model, it is also assumed 
that the settlements, which were calculated according to 

Fig. 9: Decisive calculation sections
Reference: IMM Maidl & Maidl, Beratende Ingenieure GmbH & Co. KG, GFA-Tunnel, Statistical Pre-Calculations for segmental Tunnel, 
Bochum, 22 October, 2016, modified
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this way, the established calculation model and the de-
termined settlement results can be introduced for the 
GFA Tunnel project. In addition, the results obtained 
on the influence of different parameters for settlements 
occurring in the case of the very homogenous ground of 
the quaternary sands and gravels can be transferred to 
other tunnelling projects.

Finally, it can be assumed that the settlements, 
which were ascertained within the scope of the nu-
merical calculations, will also adopt similar size ranges 
in practice. It remains to be seen, however, to what ex-
tent the applied ground conditions as well as tunnelling 
technical aspects will actually be encountered or applied 
during the production of the GFA Tunnel.

8 References
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Fig. 13: Schematic presentation of the course of alignment of the GFA Tunnel, Reference shield machine [4]

Fillibeck for the 90 and 99 % confidence levels, will not 
occur in practice given that the excavation forges ahead 
without being disturbed. Instead it can be presupposed 
that the settlements in reality will occupy slightly smaller 
size ranges, than were established in the course of the FE 
calculation that were executed.

7 Summary

All in all, significant and transparent results were ob-
tained within the scope of the numerical calculations 
regarding the anticipated maximum settlements during 
the tunnel excavation. First and foremost, as a result of 
the pre-studies, the individual influential parameters for 
the main calculations could be adjusted in order to pre-
clude underestimating the maximum settlements and at 
the same time enable realistic modelling. Furthermore, a 
comparison of the results with the analytical approaches 
in keeping with Fillibeck, indicates that the settle-
ments determined by FEM lie in similar size ranges to 
the settlements calculated according to Fillibeck.

The model-specific, structural as well as geotechni-
cal factors, which were analysed during the pre-study, 
came up with, in some cases, major influences on the 
settlements that were significantly different. Thus, the 
working face support pressure exerted a very strong in-
fluence on the size of the settlements. The variation of 
the elasticity model of the grouting material or consid-
eration of the clay lenses located in the ground on the 
other hand, exerted practically no influence at all on the 
maximum settlements,

The GFA Tunnel project currently finds itself at 
the beginning of service phase 6 in accordance with 
HOAI so that it is in the process of being awarded. As 
a result, merely theoretical calculation results are avail-
able for the expected settlements. In future, concrete 
measurement values will be established with respect to 
the ensuing settlements during the construction of the 
tunnel (Fig. 13). Then these values provide the chance 
of calibrating the calculation model presented here. In 

Fig. 12: Comparing numerical and analytical results for confidence level 50 %
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The K+S Group finds itself facing major challenges 
since it was decided to introduce new occupa-
tional exposure limits (OEL) for nitrogen oxides in 
Germany. Moreover, the OEL for carbon monox-
ide and diesel particulate matter (DPM) will also 
be lowered to comply with new regulations from 
the Legal Body. The present article describes the 
efforts and a series of measures undertaken to 
comply with these stricter stipulations in the near 
future.

Mining • Potash and salt • HSE • Mechanical 
engineering • Drill and blast • Ventilation

New Requirements for the Mining Industry due 
to stricter Occupational Exposure Limits
Dr.-Ing. Rüdiger Triebel, K+S Aktiengesellschaft, Kassel, and MSW-Chemie GmbH, Langelsheim, Germany

1 Motive

In the K+G Group’s underground rock salt and potash 
mines, conventional drill and blast technology is ap-
plied for the loosening and extraction of the ore. Die-
sel-operated vehicles and mobile machines are used in 
the mining and extraction processes, material haulage 
and personnel transportation. The new occupational 
exposure limits (OEL) for NO and NO2 (as shift aver-
age values) applicable to the mining industry starting 
November 2021, cannot be met at the present. Further-
more, the OEL for carbon monoxide and diesel particu-
late  matter will also be lowered. K+S aims at complying 
with the values that will apply in future. Consequently, 
K+S is undertaking all possible and feasible efforts to 
fulfil the legal requirements for nitrogen oxides up until 
the end of the five-year long transition period that ap-
plies to the industry. In this way, K+S ensures that the 
health status of its workforce is protected in accordance 
with the new, substantially tougher legal requiurements. 
These efforts and measures are compiled in the four col-
umns shown in Fig. 1, and pertain to diesel motor emis-
sions, mine ventilation, blast fumes, and occupational 
medicine.

2 Legal Situation

Occupational exposure limits represent a significant 
contribution towards protecting the health and safety 
of the workforce against hazardous substances. Accord-
ing to the Ordinance of Hazardous Substances (Gefahr-
stoffverordnung GefStoff V) [1], an occupational expo-
sure limit indicates the concentration of a substance at 
which acute or chronically harmful effects on health are 
generally not to be expected. Such limit values are es-
tablished on the basis of occupational-medical findings, 
studies, and toxicological recognitions.

The existing occupational-medical studies on un-
dergroung workers do not allow the derivation of oc-
cupational exposure limits for nitrogen oxides. This is 
because the health-related effects of the mixed exposure 
– if at all verifiable – cannot be exactly allocated to a 
specific gas component [2]. The results of a so-called 
chamber study revealed no harmful effects on the 
health status of the test persons with exposures of up to 
1.5 ppm NO2 in an exposure chamber [3].

When the discussions on reducing the OEL began, 
the European Scientific Committee on Occupational 
Exposure Limits (SCOEL) recommended lowering the 
limit of both nitrogen oxide (NO) and nitrogen dioxide 
(NO2) to 0.2 ppm. The arguments previously presented Fig. 1: Measures contained in the K+S occupational exposure limits  project

by the mining industry against such a drastic reduction 
of the occupational exposure limits for nitrogen were 
accordingly focused on three main aspects:

 ▶ The lack of sufficient occupational-medical findings
 ▶ The excessively high requirements and economic 

consequences
 ▶ The lack of available mobile measuring equipment 

with corresponding detection limits for working ar-
eas underground

Scientific arguments devolved over the years, while criti-
cism put forward by the mining industry was eventually 
dismissed. Epidemiological studies were taken into con-
sideration more often, yet no studies properly showed 
that the exposure prevailing in mining can lead to ef-
fects on health. This, among other things, led to the new 
OEL that have been approved in the meantime (Fig. 2).

The process of setting the occupational exposure 
limits for nitrogen oxides into effect was recently com-
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CO as the leading component for declaring working 
sections underground as clear in most of its mine op-
erations. In consequence, the composition of the blast 
fumes of Andex LD, the K+S’s standard explosive agent 
in Germany, was correspondingly adjusted by the manu-
facturer MSW-Chemie GmbH via the oil content and 
in turn, the oxygen balance so that if the OEL for CO is 
complied with during mobile measurements, the OEL 
for nitrogen oxides are also maintained. The announced 
reduction of the occupational exposure limit for CO is 
motivated by the responsible committees in particular 
with regard to protecting pregnant women and unborn 
children. The fact that pregnant women are never per-
mitted to work underground in Germany, has obviously 
not been considered in this case.

3 Exposure Situations Underground

Exposure of the workforce underground to nitrogen ox-
ides is attributable to the initial level in fresh air and the 
two primary operational emitters which are blast fumes 
and diesel motor emissions. Fig. 3 shows the technical 
emissions and the mine ventilation in schematic form.

Blast fumes, which possess proportions of nitrogen 
oxides and carbon oxides of relevance for occupational 
exposure limits, are mostly released in the mine workings 
of the potash and rock salt mines at fixed blasting time 
periods – usually during the shift changes. These are sub-
sequently removed through the ventilation system, used 
to provide the required amount of fresh air and extract 
spent air. A certain residual share of the blast fumes is 
located in the blasted aggregate material and is released 
during the loading, transporting and dumping of the 
crude salt as part of the shift period in the district area.

Diesel motor emissions also contain hazardous sub-
stances with particles (elemental carbon) apart from the 
nitrogen oxides and carbon oxides of relevance for oc-
cupational exposure limits. These emissions are released 
during shift periods by running diesel-operated mobile 
machines and vehicles.

Fig. 4 displays an older measurement of the typical 
trend of gas concentrations for nitrogen oxides and car-

Fig. 2: New OEL* in the TRGS 900 [5] dated 31.10.2016 compared with occupational  exposure limits in the USA 
and Canada
*  in Germany 5 years transitional period for implementing the new OEL (NO and NO2) in the mining industry, reporting and examination 

of action plans and measures intended after a period of 3 years

pleted on European level. However, these are non-bind-
ing limit value recommendations, so that national com-
mittees can deviate from EU proposals.

Prior to the EU’s expected recommendations, the 
Committee for Hazardous Substances (Ausschuss für 
Gefahrstoffe (AGS)) of the Federal Ministry of Labour 
and Social Affairs (Bundesministerium für Arbeit und 
Soziales (BMAS)) decided in 2016 on the occupation-
al exposure limits to be applied in future in Germany 
for nitrogen oxide (NO) and nitrogen dioxide (NO2). 
Prior to this drastic reduction, the mining industry in 
particular undertook strenuous efforts to negotiate ap-
propriate solutions for the affected mines. It was dem-
onstrated in a convincing manner that far-reaching, 
complex and cost-intensive measures are needed to 
comply with the new OEL. In addition, a commensu-
rate transition period is required to apply the neces-
sary technical and operational measures in the mining 
industry. Ultimately, at least a transition period of five 
years was granted, which involves an examination of the 
proposed catalogue of measures and the results achieved 
after three years.

The reduction of the occupational exposure limit 
for DPM based on elemental carbon (EC-DME) has 
also been implemented in Germany. The redefinition 
took place in September 2017 with the amendment 
“Does not apply for underground mining until October 
31, 2022” [4].

The current and future applicable occupational 
exposure limits in Germany are displayed in Fig. 2 to-
gether with selected occupational exposure limits for 
the USA and Canada, where the K+S Group also op-
erates underground mines. The exceedance factor for 
NO and NO2 will be set to 2 in future, meaning that 
exposure during a shift can amount to as much as twice 
the occupational exposure limits on several occasions 
for a maximum of 15 minutes. However, the 8-hour 
shift average value must not exceed the occupational 
exposure limit. 

The reduction of the occupational exposure limit 
for carbon monoxide (CO) from 30 to 20 ppm is also 
under review. K+S has so far used the gas component 
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bon oxides on the exhaust air side of a district during 
the shift period. As soon as the blast fumes have been 
removed and the OEL are maintained, it is possible to 
release the working areas for extraction purposes and 
application of the mobile machine technology. The du-
ration and amount of the gas concentrations, depend 
on how the fresh air intake is previously affected, the 
quantity of explosives deployed and its specific fume 
composition, the nature, number, operating condi-
tions and the exhaust-technological properties of the 
deployed machines and vehicles as well as the ventila-
tion situation.

On request of K+S, the exposure situation of em-
ployees working underground was reassessed in 2014 
by the Institute for Research on Hazardous Substances 
(IGF) of the Professional Association for the Raw Ma-
terials and Chemistry Industry (BG RCI). Accordingly, 
extensive measurements took place at workplaces in 
K+S Zielitz and Werra mine of the K+S Kali GmbH 
[6, 7]. As anticipated, the currently valid occupational 
exposure limits were adhered to, however, in some cases 
there was an increase in exposures compared to earlier 
measurements. This can be attributed, to the flat depos-
it conditions commonly found in potash mining with 
the typical elongation of the mining operations with 
corresponding effects on ventilation as well as on the 
increased use of diesel-operated machines and vehicles 
required for operations. Fig. 5 shows the distribution of 
the installed diesel power of the different machine and 
vehicle groups for K+S mining operations in Germany.

With regard to the relevant gaseous and particu-
latele exposures, the 2014 measurements established 
that the future OEL would be exceeded in 65 to 90 % of 
the cases depending on the components. In this respect, 
the need for action to reduce exposure in K+S’s mines 
was made evident.

4 K+S Action Plan

The K+S Group’s exposure reduction strategy relies on 
measures in four sectors (Fig. 1) in order to ensure that 
the new occupational exposure limits are adhered to in 
future [8]:

Fig. 3: Mine ventilation and technical emissions

Fig. 4: Typical gas concentrations in an underground district at the  
exhaust air side

 ▶ Diesel motor emissions
 ▶ Mine ventilation 
 ▶ Blast fumes 
 ▶ Occupational medicine

Fig. 5: K+S Group mobile machines underground in Germany
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limits applicable in future. This is no realistic scenario 
since the permissible air speed would be exceeded by far 
in the given drift cross-sections and the total air quanti-
ties required could not be presented either technically 
or economically – an increase by the factor 10 at least, 
would be necessary. The potash mine with the lowest 
production in the K+S Group in Germany has an avail-
able air flow of roughly 14,500  m³/min which would 
allow operation of only two machines of emission cat-
egory TIER II running at the same time. As a conse-
quence, it would not be possible to operate the mine 
economically in any conceivable way. 

The machines with motor technology according to 
TIER IV final on the other hand, theoretically allow 
compliance with the future occupational exposure lim-
its with a ventilation air flow of around 500 m³/min per 
machine providing that the emission values measured 
on the test bench with commensurate load cycles com-
ply with those deployed underground. Usually, it is not 
possible to retrofit wheel loaders and scaling machines 
with ultramodern diesel motors due to space require-
ments for installing the exhaust after-treatment systems.

As far as drilling jumbos, loading vehicles for ex-
plosives and other mobile working machines are con-
cerned, retrofitting with low-emission technology is 
possible and currently under review. These machines 
are mainly driven to their deployment point by diesel 
power and then run on electric power at the workplace 
from the stationary electric power supply system avail-
able throughout most of the mines. Fig. 7 displays the 
extraction cycle in rock salt potash mining with the 
machines used, that are already partially or temporarily 
powered electrically. 

Furthermore, the possibility of applying electric 
driven vehicles as required with appropriate battery 
technology is being examined. The first test vehicle with 
electric drive suitable for K+S mines was procured for 
the Borth Mine of Esco – European Salt GmbH & Co. 
KG. It represents the entry of the K+S Group into elec-

Fig. 6: Air quantity required by various diesel wheel loaders or types of motors

Fig. 7: Mining cycle in potash mining in flat deposits using mobile machines 
and their drive technology

4.1 Diesel Motor Emissions

The replacement of the mobile machine fleet and vehi-
cles represents a regulatory variable for reducing emis-
sions at source – however, it is associated with intensive 
development work and considerable financial efforts. 
Nowadays, mobile working machines with ultra-mod-
ern motor technology in the TIER IV final emission 
category ranging between 75 and 560 kW are available 
on the market. In the < 75 kW range, which is equally 
important with regard to emissions, developments on 
the part of engine manufacturers is not advanced quite 
so far. Consequently, motors for mining machines in 
this range are only gradually becoming available.

Fig. 6 shows the theoretically determined air flow 
quantity requirement for diesel loaders (LHD) of emis-
sion categories TIER II, TIER IV interim and TIER IV 
final when compared with one another. It is evident that 
if machines – in this case LHD – with older diesel mo-
tors, e. g. of category TIER II, are deployed, an air flow 
of 7,000 to 9,000 m³/min per operating machine would 
be necessary to adhere to the occupational exposure 
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tric mobility for underground vehicles in Germany. By 
now, also other types of vehicles are being tested by K+S 
in order to establish the basic suitability of this technol-
ogy and the provision of the appropriate power sources  
and distribution (Fig. 8). If successful, this technology 
will be correspondingly expanded. In this respect, K+S 
finds itself in a similar situation that the Deutsche Post 
was in formerly. Seen from the viewpoint of mining, the 
demand for electric driven vehicles is high – but negligi-
bly small as far as the major German car manufacturers 
are concerned. As a result, K+S is considering building 
its own modular fleet of electric vehicles with external 
partners and has already commissioned according de-
velopment projects.

Altogether, replacing the mobile fleet of machines 
and vehicles underground represents a major technical 
and financial challenge for the mining industry. The 

Fig. 8: Examples of development projects with electric drive technology

technical developments as well as the actual means of 
procurement must be correspondingly agreed on with 
the supplying industry so that the necessary develop-
ment and production capacities are reconciled with cur-
rents needs. Nonetheless, there can be delays in applying 
these measures on certain sectors (Fig. 9). 

4.2 Ventilation

Providing fresh air to the mine operations is restricted 
technically and physically by the ventilation shafts as 
well as the underground roadways and mine workings 
cross-sections. In conjunction with the reduction of 
the occupational exposure limits, the responsible com-
mittees have discussed or demanded an increase in air 
quantities. As already shown, reducing the occupational 
exposure limits by over 90 % is so drastic that air flows 

Fig. 9: Examples of development projects with  ultramodern diesel motor technology
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quently, optimisation measures are being pursued when 
it comes to ventilation particularly in separating fresh 
and used air flows more effectively to reduce ventila-
tion-technical losses and existing impacts as e. g. caused 
by unintended mixing of fresh and used air.

Furthermore, the district and panel ventilation is at 
present being most intensively optimised so that gas and 
particle-form emmissions can be more quickly dissipat-
ed e. g. through better canalisation. Fig.  11 shows the 
idealised ventilation in an extraction panel of a potash 
mine with flat conditions. The main parameters influ-
encing the air quality in underground mining are:

 ▶ Fresh and used air
 ▷ Losses
 ▷ Prior impacts

 ▶ Blast fumes / diesel motor emissions
 ▷ Dissemination
 ▷ Dilution

 ▶ Organisation
 ▷ Training
 ▷ Responsibilities

Extensive organisational and technical measures must 
be developed and applied to achieve the best possible 
status in future. A higher level of qualification and qual-
ity assurance will be required for district and panel ven-
tilation to successfully apply enhanced requirements in 
addition to technical and organisational changes.

For being able to measure the relevant gaseous 
components of such low concentration in mine air in 
the future, suitable portable measuring equipment and 
sensors must be available. The K+S Group has procured 
a high-grade mass spectrometer and other measur-
ing appliances for its own projects and to test the new 
generation of gas monitors. They have been in use un-
derground since 2016 in the scope of the following 
measuring programmes:

 ▶ Testing the new portable gas measuring technology 
and sensors for suitable clearance of working areas

 ▶ Technical limit of emissions/exposures in a district 
with mobile machines of category TIER  IV inter-
im/final

 ▶ Real drive emissions (RDE) from diesel loaders 
TIER IV final operating in a dead end

 ▶ Blast fumes release of blasted material in a dead end, 
including the use of electric driven loaders

 ▶ Optimisation of the district ventilation system, 
avoidance of ventilation circuits

In future, the residual gas release from the blasted mate-
rial could also be of relevance for exposures. The meas-
uring setup principle for determining the gas release 
from the material is presented in Fig. 12. Previous find-
ings have indicated that gasification of the blasted mate-
rial favours the release of CO rather than NOx during 
loading. This could be explained by the fact that the ni-
trogen oxides are surface-active and accumulate on the 

Fig. 10: Ventilation in potash mining

Fig. 11: Idealised air flow in room-and-pillar mining with quadratic  
pillar base [9]

would have to be augmented at least tenfold to dilute 
the relevant gas components. This is actually impos-
sible for reasons of industrial safety, technology and 
economy. It also collides with other regulations, such 
as the maximum permissible air speeds in underground 
mine workings. At the same time, the underground op-
erations of the K+S Group are being examined to find 
out to what extent certain increases in air quantities are 
feasible depending on local and operational conditions 
(Fig. 10).

In mining there are already numerous systems per-
mitting the flow of air to be controlled as desired (venti-
lation on demand). They are especially effective if small 
flow cross-sections with high pressure losses are present. 
These are not encountered in the K+S Group’s extrac-
tion panels in potash and rock salt mining. Conse-
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crude salt; furthermore, NO2 becomes dissolved by the 
water vapour proportion of the blast fumes. The basic 
processes of gas phase chemistry were examined by an 
institute commissioned by K+S and modelled math-
ematically [10].

Thanks to the recognitions gained during these test 
series and projects, it is possible to determine the priori-
ties for the technical and organisational measures in the 
K+S occupational exposure limits project so that the 
best possible efficacy can be attained.

4.3 Blast Fumes

As far as the explosives used in underground mining are 
concerned, K+S has been engaged intensively for some 
time in developing and testing low-emission explosives. 
Particular attention is paid to reducing the gaseous 
components CO, NO and NO2. Underground potash 
mining in Germany is among other aspects restricted to 
extraction by drilling and blasting in most mines due to 
the danger present by possible CO2 gas outbursts and by  
complex geological conditions. Other extraction meth-
ods such as continuous mining technology cannot be 
applied in mines of the K+S Group endangered by CO2 
gas. As a result, drill and blast still represents the core 
mining process for the K+S Group (Fig. 13).

MSW-Chemie GmbH – the K+S Group’s explo-
sives plant – provides the mine operations with the 
required quantities of ANC explosive agent under the 
brand name Andex LD, which is mainly used for drill 
and blast extraction. Andex LD is the result of conse-
quent developments of the former explosives known 
as Andex, Andex 1 and Andex 2000 and is optimised 
to a high degree with regard to the composition of the 
blast fumes and the attainable dissipation times. Explo-
sives, which are based on ammonium nitrate as oxygen 
carrier, also emit nitrogen oxides and carbon oxides in 
addition to nitrogen, water vapour and oxygen. This 
is due to their typically non-ideal explosion, as shown 
schematically for gaseous reaction products of ANC ex-
plosives in Fig. 14.

Fig. 15 shows the values determined in the MSW-
Chemie GmbH’s blasting tunnel for nitrogen oxides 
in the blast fumes of Andex 1, for the current standard 
Andex LD and for a new low-emission explosive devel-
oped by MSW-Chemie GmbH – here called as Gran-
dex. A substantial reduction of nitrogen oxides was 
achieved by introducing Andex LD, another reduc-
tion in emissions appears feasible through the applica-
tion of low-emission explosives, something which had 
to be verified in underground testing. [12] examines 
the transferability of results from the MSW-Chemie 
Group’s blast tunnel to the blast fume composition 
of ANC explosives measured in K+S underground 
conditions. Apart from the composition of the under-
ground blast fumes, the effective capacity of the new 
explosive is established. The density is lower than in the 
case of Andex LD due to manufacturing conditions, 
something which could lead to a reduced blast effect 

Fig. 12: Principle of the measuring setup for determining gas emissions of 
blasted material (plan view)

Fig. 13: Drilling and blasting – core process in mining at K+S

Fig. 14: Gaseous reaction product of ANC explosives 
given non-ideal application according to [11]

Fig. 15: Nitrogen oxide emissions in blast fumes of various explosives,  
measured in the MSW-Chemie GmbH’s blast tunnel
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Fig. 18: Comparison of the average specific gas volumes of blast fumes from 
Andex LD and an emulsion explosive during trials in the Neuhof-Ellers 
potash mine

with Grandex determined underground in a pilot scale. 
Here, the reduction of the nitrogen monoxide (NO) 
emission is clearly discernible.

Compared to Andex LD, the industrial production 
of Grandex calls for a higher outlay in terms of plant en-
gineering, energy consumption, dust-explosion protec-
tion and logistics. The technical and economic feasibil-
ity is currently under scrutiny.

More recently, K+S has repeatedly tested various 
emulsion explosives with the application of on-site mix-
ing technology in its mines. In the light of current, new 
technical developments, K+S reintroduced blast tests 
involving fume measurements in 2017 at the Neuhof-
Ellers Mine. Whole rounds of advance were charged and 
blasted with the blast pattern also used for Andex LD 
(Figs. 17 + 18) in a typical heading with standardised, 
reproducible ventilation and arrangement of the gas 
sampling and measuring process. In contrast to tunnel-
ling or ore mining, it is usually not necessary in techni-
cal terms in K+S’s case to use high emulsion explosives’ 
densities. By applying a hose pusher, it was possible to 
reduce the density substantially below 900 kg/m³. In the 
process, the cap-sensitivity was consistently retained.

The results confirmed with sufficient statistical se-
curity that the particular fume concentrations under 
the selected conditions are significantly lower than that 
from Andex LD. The blast results were also perfect with 
regard to high blast advance rate and the fragmentation 
with a recognisable potential for reducing the number 
of blast holes. Fig.  18 shows the average reduction of 
the specific gas volumes as opposed to Andex LD for 
nitrogen oxides with 85 % and for CO with 58 %. These 
results were determined under very special test condi-
tions and indicate the basic potential of low-emission 
explosives. Owing to the complex conditions found in 
underground mining, they are not generally transferable 
to the possible reduction of emissions in an extraction 
area or in a complete mine. Just recently and outside of 
K+S, there have been false interpretations through non-
observance of circumstances specific to mining, the ap-
plication of unsuitable measures and restricting results 
to random measurements as well as other errors with 
corresponding effects that may also influence the public 
debate.

In late 2018, K+S examined whether and to what 
extent the application of low-emission explosives for 
room-and-pillar mining in level deposits in potash min-
ing can contribute to complying with the future OEL 
in the test district Hattorf-Wintershall belonging to the 
Werra potash mine. In this test district, which was fully 
run in production mode, the other technical columns 
of the K+S package already mentioned were also imple-
mented. They are visible in Fig. 1. 

Ultimately, the core issue must be exemplarily re-
sponded to in keeping with Fig.  19. In other words, 
whether the future OEL can be complied with given the 
local conditions when the best possible drive technol-
ogy is provided for the mobile machines and vehicles 
with implementation of the best ventilation available. 

Fig. 16: Blast fumes measurements with Andex LD and Grandex underground 
in pilot scale

Fig. 17: Application of emulsion explosives with onsite mixing technology in 
the Neuhof-Ellers potash mine

given the same blast hole diameter. Should tests prove 
successful, adjustments of the drill and blast patterns 
or the drill hole diameter may be necessary. Fig.  16 
provides the values for the blast fume measurements 
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Furthermore, whether and if necessary, to what extent 
low-emission explosives have a role to play. 

In this connection, emulsion explosives with on-site 
mixing and bulk charging technology was applied con-
tinuously in three-shift operation in November 2018 
over a four-week period. The legal provisions included 
legal permits for the application as such and for a K+S 
training course for emulsion manufacturing and appli-
cation approved by the mining authorities. The course 
resulted in a sufficient number of K+S authorised blast-
ers and authorised blasters from the project partner, 
acquiring skills in producing emulsion explosives in un-
derground mining.

The extensive organisational, logistical and tech-
nical preparations were concluded in October 2018. 
Once again hose pushers were used as required with 
the mixing and charging units so that the density of the 
emulsion explosives could be adjusted optimally to the 
final density suitable for potash salt. The results of this 
assignment and the conclusions derived from it will be 
dealt with in the course of 2019.

As is well known in mining and the explosives in-
dustry, the introduction of new, suitable explosives 
and blasting technology would call for extremely care-
ful planning, preparation and above all, adequate time 
given a corresponding need for additional reduction of 
emissions, apart from the financial aspect. As a result, 
K+S has made it its objective to come up with the fun-
damental decision in a timely manner.

4.4 Health Study

Against the background of the fact that occupational-
medical studies carried out hitherto on employees 
working underground are scarce and are of little value 
with regard to the individual effects of exposure to NO 
and NO2, K+S arranged for a Health Study to be un-
dertaken. This will improve basic knowledge through 
monitoring exposures and effects on health. 

It should be said in advance that so far, no signifi-
cant biomarkers are known for nitrogen oxides and ab-
sorption takes place very quickly following inhalation. 
Polycyclic aromatic hydrocarbons (PAH) can be used 
as markers for the diesel particulate matter.

The aim of the Health Study is to provide an an-
swer to the question of whether exposures to nitrogen 
monoxide (NO), nitrogen dioxide (NO2), carbon 
monoxide (CO) and particulate diesel motor emissions 
(EC-DME), affecting those working in potash and rock 
salt mining and which can be directly measured via bio-
markers, are linked with indicators of acute and chronic 
health effects. In this connection, the effects of different 
exposures (high, medium and none) are compared with 
the indicators for the workforce. A major random sam-
ple involving some 1,250 people is required for statisti-
cal security. The corresponding medical examinations 
take place prior to and after exposure or shift. The test 
persons are provided with their own individual meas-
uring appliances or collectors for registering exposures 

Fig. 19: Werra test district, Hattorf-Wintershall, core issue and possible conse-
quences

to gases and dusts and the appropriate working areas 
are documented. The study report was commissioned 
by the BG RCI (Professional Association for the Raw 
Materials and Chemistry Industry) in mid-2016. It 
describes the objectives and related measures in detail 
[13].

In addition, K+S will be improving in the future 
the monitoring of health effects by expanding the regu-
lar annual medical examinations. Towards this end, an 
extended registration of symptoms within the scope of 
occupational-medical checks and additional examina-
tions, such as EKG, ultrasound, spirometry and whole-
body plethysmography, are carried out. Relevant bio-
markers can be detected in the serum and in the urine. 

The transition period until the new OEL are intro-
duced in mining will also be used to prove the absence 
of adverse effects by means of the Health Study. The in-
stitutions cited in Table 1 are decisively involved in its 
execution. 

The first part of the Health Study was concluded 
successfully at the Zielitz mine in early 2018 with very 
good participation on the part of the workforce. It was 
continued at the Werra mine also belonging to the K+S 
Kali GmbH. Currently, an assessment and valuation as 
well as an interpretation are taking place.

Furthermore, K+S sponsors an endowed chair for 
occupational medicine and occupational health care 
management at the private University Witten/Her-
decke since the beginning of 2017. Traditional occu-
pational-medical concepts no longer fulfil workplace 
requirements and call for university, interdisciplinary 

Table 1: Health Study – project partners and their tasks

Institutions Role

The Professional Association for the Raw Materials and Chemistry 
Industry (BG RCI) project management

Institute for Prevention and Occupational Medicine of the German 
Social Accident Insurance (IPA) medical-scientific control

Institute for Research on hazardous Substances of the German 
Social Accident Insurance (IGF)

exposure measurements

K+S Technical Center, K+S Kali GmbH, works doctors and 
 occupational-medical service

organisation, execution
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Since 2017, K+S has staged the occupational ex-
posure limits marketplace on an annual basis, at which 
those in charge of the packages present the status and 
further action, followed by an open round of discussion. 
The participants include representatives of the mining 
authorities, members of the responsible committees, 
delegates from the involved institutes of the DGUV 
and BG RCI as well as the sector associations VKS and 
VRB, works councillors, members of the boards and 
production management as well as representatives of 
the working groups. 

The time schedule for all the envisaged measures is 
mainly geared to the post-transition phase, commencing 
with the introduction of the new occupational exposure 
limits for nitrogen oxides in mining. In this respect, the 
time point for the intermediate report in the responsi-
ble committee AGS (Committee for Hazardous Sub-
stances at BMAS) can be regarded as the year 2019 and 
for attaining the objective autumn 2021 (Fig. 21). 

6 Summary and Outlook

The K+S Group finds itself facing major challenges fol-
lowing the decision to introduce occupational exposure 
limits for nitrogen oxides starting in November 2021 
in regard to compliance in its mine operations. Further 
tightening of the occupational exposure limits for car-
bon monoxide and and diesel particulate matter also 
come into effect. The objective is to fulfil completely 
and thoroughly all legal requirements for nitrogen ox-
ides within the five-year transition period applicable to 
mining. In this way, the health of the workforce will be 
protected in accordance with the legal provisions in fu-
ture as well.

Apart from reducing emissions by enforcing the 
introduction of ultramodern diesel motors, especially 
those of categories TIER IV final and EURO 6, the ap-
plication of electric drive systems for mobile machines 
and vehicles will be tested and could potentially play a 

Fig. 21: Schedule and measurement packages in the K+S occupational exposure limits project

Fig. 20: Work packages in the K+S occupational  exposure limits project

inclusion and development of contemporary health 
care management as well as cooperation in research and 
development topics. The endowed chair must intensify 
research in the fields of occupational medicine and oc-
cupational health care management, create synergies in 
research and teaching as well as encourage the transfer 
of acquired knowledge into operational practice in in-
dustry and mining. The main focus of this chair relates 
to all aspects of contemporary occupational health care 
management. The challenges of Work 4.0 must be tack-
led taking aging workforces, inclusion, diversity, multi-
jobbing and precarious employment into consideration 
[14].

5  Project Organisation and  
Time Schedule

The occupational exposure limits project was resolved 
within K+S swiftly at board level in a forward-looking 
manner. The nine work packages displayed in Fig.  20 
were set up to implement it. The mining department of 
the K+S Operational Excellence and Technical Center 
(OTEC) is responsible for the project management; 
the steering group receives regular progress reports and 
if necessary, the corresponding decision papers. This fa-
cilitates short and efficient decision paths.
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greater role in the future. The possibilities of optimising 
underground ventilation are being examined and fur-
ther developed. In this way, operationally-related em-
missions resulting from extraction via drill and blast and 
the application of diesel motors can be removed more 
efficiently and faster. New low-emission explosives will 
be further developed, tried out in practice and intro-
duced as needed providing they are successful. Processes 
underground will be further optimised so that emissions 
and exposures can be reduced. The K+S Group’s meas-
uring and monitoring concept for mine operations will 
be adapted with the aim of assuring that occupational 
exposure limits are safely adhered to in future. Finally, 
the systematic intensive occupational-medical care es-
tablished in mining will be further intensified and an 
endowed chair for occupational medicine and occupa-
tional health care management promoted.

The K+S Health Study is contributing towards ex-
panding the basic knowledge on health effects.
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It is of great importance for underground mining 
and tunnelling that shaft hoisting technology is 
readily available on a reliable basis. The SIEMAG 
TECBERG GROUP thus makes use of digital pro-
cess and measuring data to provide an extended 
range of services for the machines and systems it 
supplies. In this way, standstills are to be avoided, 
maintenance managed efficiently and productiv-
ity increased.

Mining • Tunnelling • Shaft hoisting technoloy • 
Digitalisation • Productivity • Maintenance

Digital Shaft Hoisting Technology – Increasing 
Productivity by Avoiding Standstills
Thilo Pfister, SIEMAG TECBERG GROUP, Germany

The Siemag Tecberg Group produces machines and sys-
tems for underground mining and tunnelling as well as 
for cooling mines and tunnels. The company possesses 
know-how based on accomplishing in excess of 200 
projects overall involving more than 1,000 hoisting ma-
chines. Furthermore, it has benefitted from numerous 
international assembly and service assignments. In addi-
tion, the Siemag Tecberg GmbH can rely on its own ex-
perience in operating systems. It operated the “Sedrun 
intermediate-point-of-attack” facility for a number of 
years – a very sophisticated and complex shaft hoisting 
system (Fig. 1), which played a key role in the produc-
tion of the Gotthard Base Tunnel [1, 2].

Based on its experience, the Siemag Tecberg Group 
has also set up a platform “Tecberg digital” for the mod-
ular automatic use of digital process and measuring data. 
This management tool enables modules to be linked:

 ▶ Monitoring of status (condition monitoring)
 ▶ Administration, organisation and documentation 

of system-specific maintenance
 ▶ Remote monitoring by the Siemag Tecberg Group 

in its Remote Monitoring Centre using a VPN con-
nection to transfer data

 ▷ Expert analysis with online diagnosis and quar-
terly report with improvement potential

 ▷ Hotline

This article explains a platform to use digital process and 
measuring data from hoisting systems with a holistic 
safety approach and reports on an example of applica-
tion for an ore mine in the north of Europe. The new 
development is intended to support the system opera-
tor to avoid unscheduled stoppage and enhance the pro-
ductivity and safety of the system.

Condition Monitoring

Current information on the wear reserves and early 
recog nition of impending damage to parts of the system 
are elementary prerequisites for avoiding unscheduled 
periods of standstill. The “Condition Monitoring” 
module can supply the necessary digital data for this 
purpose whenever required (Fig. 2).

Towards this end, sensors are assembled on the parts 
of the system requiring maintenance. They provide data 
e. g. on temperatures and vibrations affecting the parts, 
their degree of wear or even the content of foreign par-

Fig. 1: 4-rope Koepe winder at the Gotthard Base 
Tunnel

Fig. 2: Visualisation of the relevant current machine and system data
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into the system. In addition, he can call up further infor-
mation, such as drawings, spare parts lists and instruc-
tions to process the maintenance request.

Digital Twin from the Planning Phase

A matrix for the individual system is already prepared 
by Siemag Tecberg at the planning stage. It is geared 
to the modules “Condition Monitoring” and “Service 
Management”. It provides a virtual depiction of the 
machine, whose data can be exchanged with those of 
the real system. In the system matrix, firstly all parts 
and products of the system are brought together to 
form a systemic structure at a depth of relevance for 
monitoring and maintenance. It contains for example, 
those parts, which are prescribed for maintenance jobs 
undertaken in accordance with the valid regulations, 
which matter for appraising the status and stress affect-
ing the overall system or for visualisation purposes as 
well as those, which are essential for the system’s pro-
ductivity.

Inspection, servicing and maintenance jobs, de-
pending on time, stress and status are stored for these 
structural components. Furthermore, the structural 
components are classified with respect to frequency, 
consequence and predictability of a malfunction, the 
replenishment time and the resources required for an 
exchange. For this purpose, establishing the “Sever-
ity Index” (Fig. 3) – in other word, categorising com-
ponents in accordance with the effects caused by their 
malfunctioning – is of particular significance. The ne-
cessity of ascertaining the “Severity Index” first of all 
relates to the high safety relevance of certain groups of 
components, which can cause serious personal injuries 
or damage should they fail. Secondly, if certain compo-
nents malfunction, the entire production process can 

Fig. 3: Severity Index

ticles contained in hydraulic oils. Apart from the sensor 
data, selected process data are also passed on to the Data 
Centre set up at the side of the system. Here they pass 
through the data bank-based and self-learning trend 
analysis. Should the collated values veer from earlier 
ones or if defined limit values are violated, an automatic 
message can be triggered to a predetermined recipient 
per email or messenger service in addition to the desk-
top visualisation relating to the part.

Apart from visualisation, messages and reporting, 
Tecberg digital also offers transfer of the relevant status 
information to the integrated service management: the 
system releases concrete maintenance proposals with 
recommendations for action, which can be easily and 
efficiently integrated in the maintenance planning in 
the module “Service Management”. In this way, mainte-
nance tasks can be scheduled effectively for production-
free periods and necessary resources can be made avail-
able in time.

Service Management

The “Service Management” module serves the efficient 
planning, control and monitoring of all maintenance 
measures and the necessary resources as well as verifi-
able documentation of the maintenance measures and 
the system’s history. 

The software verifiably supports the system opera-
tor to ensure that his systems, machines and tools are 
available and to reduce maintenance costs. Both parts 
requiring maintenance and regularly recurring mainte-
nance measures are stored in the system complete with 
master data sheets. The dynamic monitoring of dead-
lines provides details about pending maintenance jobs 
punctually and automatically takes plan schedules and 
resources into consideration.

Based on an individually adjusted system matrix 
and individual work schedules, the service management 
software leads through the inspections, servicing and 
maintenance. Completed maintenance assignments 
including possible findings, the working time actu-
ally required and the amount of material needed can 
be reported back to the system. The spare parts made 
available for a maintenance task or the actual amounts 
needed are automatically deducted from the inventory 
by means of the integrated spare part stock administra-
tion. Stocks can also be synchronised with the custom-
er’s ERP system via interfaces. In addition, notification 
of requirements is initiated directly once minimum lev-
els are reached.

The integrated reporting tool compiles a complete 
history and supports the operator with detailed reports 
for keeping the logbook, providing verifiable informa-
tion on all executed maintenance measures. Extensive 
analyses lucidly reveal costs, maintenance intensity and 
spare parts requirements.

With the “smart Mobile” device that is optionally 
available, the service staff member also has the possibil-
ity of feeding his report e. g. with a tablet offline directly 
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be disturbed, thus impairing the operating result of the 
system operator. The maintenance strategy predeter-
mined by the Severity Index, and the resultant measures 
entailed, support the operator in avoiding undesired 
consequences.

Remote Monitoring

Expert Analysis

Siemag Tecberg provides an assessment going beyond 
automated data analysis in the form of a Remote Moni-
toring Centre at the company’s headquarters in Haiger, 
Germany. The data relating to process and status are 
sent from the mine to the Remote Monitoring Centre 
via VPN connections safeguarded by firewalls. Every 
quarter, they are additionally analysed and evaluated by 
experts – in-house or if need be, externally (Fig. 4). The 
operator obtains a quarterly report together with the 
automatically generated assessments, which indicates 

Fig. 4: Data transfer from the mine to Siemag Tecberg Remote Monitoring Centre

scope for improvement with regard to the maintenance 
strategy, providing recommendations for action.

Service Hotline

Siemag Tecberg provides a service hotline model with 
various accessibilities to clarify “acute” questions, 
namely:

 ▶ On workdays
 ▶ Workdays and at weekends
 ▶ 24/7 round the clock

Remote Diagnostic

In addition to the service hotline, it is possible to set 
up an online access, which can be used by Siemag 
Tecberg’s experts to intervene in the system’s control 
unit online from the company’s headquarters for re-
mote diagnosis.
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sible hazards affecting persons during the system’s 
entire life cycle and the resultant derivation of safety 
functions. In collaboration with experts from the 
system operator, possible systemic hazards are iden-
tified and assessed. Finally, the necessary degree of 
risk minimisation for each safety function is deter-
mined, prior to being allocated to overall safety re-
quirements.

 ▶ Module 2 with phases 6 to 11:
Module 2 embraces the planning and implementa-
tion of the predetermined safety functions. Starting 
from the established required risk minimisation, 
implementation is applied and tested for each in-
dividual safety function within the scope of func-
tional safety.

 ▶ Module 3 with phases 12 to 16:
The construction, commissioning, operation, up-
grading and conversion and last but not least, the dis-
mantling of the system are all dealt with in module 3.

Case of Application for a Shaft Hoisting 
System with SIL 3

In an ongoing project for a North European chrome ore 
mine, Siemag Tecberg is supplying the entire shaft hoist-
ing technology with safety integrity level 3 (SIL 3). The 
customer commissioned the shaft hoisting system to be 
fitted with the latest technology with respect to safety 
and availability. This represents a further milestone in 
the development of shaft hoisting systems for the Sie-
mag Tecberg Group.

The rope-guided system is the most powerful device 
in the customer’s country. The shaft is almost 1,100 m 
deep and the annual capacity of the mine will amount 
to 3.3 million t. The new 6-m diameter production shaft 
is used for carrying ore in two 20-t skips as well as man-
riding. It also involves a special feature, namely that the 
dust nuisance affecting the persons travelling must be 
confined to a minimum. This is accomplished by means 

Fig. 5: SIL certification

Functional Safety of Shaft Hoisting 
 Systems

Machine safety in keeping with Parts 1 and 2 of the DIN 
EN 13849 [3, 4] is primarily aimed at the inherent safe 
design of a machine. Should a risk analysis that is un-
dertaken reveal that the machine safety accomplished 
through structural measures fails to comply with the re-
quired level, further protective devices have to be resorted 
to if need be. These can be of a purely mechanical nature, 
e. g. protective grids or railings. Alternatively, they can 
be monitored by electrical, electronic or programmable 
electronic control units (E/E/PE), e. g. an access check 
for doors in protective fences. This additional monitor-
ing function is described as a functional safety feature. 
Depending on the given legal regulations, the operators 
of shaft hoisting systems are required to generate a risk 
assessment as part of the safety concept. This deals with 
possible hazards in conjunction with the system.

Holistic Approach

Certification according to Safety Integrity 
Level 3 (SIL 3)

The Siemag Tecberg Group makes use of a holistic ap-
proach. It has supported its customers since 2010 by 
integrating functional safety in shaft hoisting systems. 
Starting from the first systems, mainly in Australia and 
Canada, so far more than ten shaft hoisting systems have 
been subject to a corresponding risk and hazard analysis 
on functional safety and certificated in keeping with the 
appropriate safety integrity level (SIL) (Fig. 5). 

The safety of those persons involved is always kept 
in mind, and the technologies to cater for functional 
safety are constantly being further developed. In this 
way, shaft hoisting systems with safety functions up to 
safety integrity level 3 (SIL 3) can be supplied.

Certification according to SIL-3 standard for the 
following components belongs to the Siemag Tecberg 
Group’s holistic approach:

 ▶ The speed regulator 
 ▶ The braking system
 ▶ The shaft hoisting system
 ▶ The communications technology installed on the 

means of conveyance

Complete and modular Concept

The Siemag Tecberg Group’s complete and modular 
concept for integrating functional safety for shaft hoist-
ing systems is subdivided into three modules complying 
with the specifications of the DIN EN 61508:2011-02 
[5]. The entire life cycle of a system is viewed in three 
modules with a total of 16 phases:

 ▶ Module 1 with phases 1 to 5:
Central component of module  1 establishes pos-
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of specially sealed man-riding cabins and an integrated 
air filter system.

The 4-rope Koepe winder with slide bearing and 
AC-direct drive was designed entirely in keeping with 
the customer’s requirements (Fig. 6). An emergency 
drive system is foreseen as auxiliary drive, which is capa-
ble of driving the hoisting machine and the skips should 
a malfunction occur that affects the main drive.

To comply with SIL 3, the overall system is consid-
ered within the scope of an extensive risk analysis. In 
keeping with the holistic approach with regard to the 
safety of the persons actively involved, the braking sys-
tem, the shaft signal system as well as the means of con-
veyance’s telephone system are executed in accordance 
with SIL 3 for this project. The same applies of course, 
to the hoist controller.

The new shaft hoisting system will become opera-
tional in 2021, forming the backbone of the customer’s 
highly integrated production complex.

Conclusion

The evaluation of digital process and measuring data 
can be used for planning, organisation and control for 
maintaining shaft hoisting systems in mining. Such ad-
ditional services provided by a system supplier, such as 
the Siemag Tecberg Group, assists the operator in avoid-

Fig. 6: 4-rope Koepe winder

ing stoppage times as well as increasing systemic safety 
and productivity and in turn, economy.
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The Kanmantoo Copper Mine in South Australia 
was reopened in 2011. Since then Geobrugg has 
supported the operator by designing and supply-
ing a range of rockfall protection systems for the 
steep walls.

Mining • Geotechnics • Open pit • Rockfall

Rockfall Barriers for Kanmantoo Copper Mine 
in Australia
Adam Morrison, Geobrugg Australia Pty Ltd, Australia

About the Mine 

The Kanmantoo Copper Mine in the Adelaide Hills of 
South Australia is operated by Hillgrove Resources Pty 
Ltd. Underground Cornish style mining was carried 
out in the area during the mid-1800’s. The first open pit 
became operational during the 1970s, and then more 
recently the mine was reopened in 2011. The mine was 
projected to operate as a ten year open-cut mine with 
throughput of over 3.0  Mt  per annum, producing ap-
proximately 100,000 t of concentrate, containing about 
20,000 t of copper metal and associated gold per annum 
with exploration potential for further copper-gold min-
eralisation [1]. 

Motive for Rockfall Protection

Since 2011 Geobrugg has worked closely with Hill-
grove Resources, designing and supplying a range of 
rockfall protection systems. Two smaller pits (Kavanagh 
and Spitfire) were operational from 2011 to 2015, be-
fore amalgamating into one. The result, The Giant Pit, 
is to be completed in mid-2019. Its steep-walled design 
requires an intensive rockfall management plan and the 
installation of extensive rock support (Figs. 1+2). The 
pit has two main competent rock types: biotite Schist 
(BSch), and garnet andalusite biotite schist (GABS). 

Fig. 2: North Wall of the Giant Pit in 2016
A rockfall protection system was later installed.

Fig. 1: Aerial view of West Wall, September 2018
The figure illustrates wedge and planar failures  as well as different levels of rockfall 
barriers and attenuators.

Source of all figures: Geobrugg AG

There are no major faults and few shear zones, so the 
stability of the pit is defined by four main joint sets. 
Two steep easterly dipping structures result in planar 
and wedge failure modes, mainly on the western walls.

Rockfall Protection Measures 

Geobrugg has worked closely with the mine and the 
installation contractor to manage a range of rockfall 
hazards. To date, approximately 45,000 m² of steel wire 
mesh have been installed, along with over 1.000 linear 
metres of low (35 kJ) and high energy (3,000 kJ) rock-
fall barriers (Fig. 3), and 300 linear metres of attenua-
tors (Figs. 4+5) [2, 3].

Pre-splitting of batters, mechanical scaling and hy-
dro-washing are used to reduce and eliminate the po-
tential for general, smaller rockfalls. General weather-
ing, rainfall, and blasting have still led to rockfall events, 
so engineered structures such as rockfall drapes and low 
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energy barriers (T35) have been installed to manage 
these phenomena in selected areas.

Large-scale wall failure is managed by slope stability 
radar and three laser scanners. Due to the potential for 
rapid, brittle-type failures and orientation, batter insta-
bility is difficult to predict and identify with radar and 
scanners. Hence this risk has been managed through 
berm retention (using shear pins), and high energy 
rockfall barriers. In areas where berm loss has nonethe-
less occurred, attenuators are installed to mitigate the 
additional rockfall risk.

Outlook

After completion of the mining operations in May 2019 
the pit will be redeveloped as a pumped hydro project.
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