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hengstett and Calw, which is up to 36 m deep, represents a par-
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weathered and exposed to erosion. High demands are placed 
on nature conservation during the redevelopment scheme. The 
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vestigating the existing structure and the subsurface. The rede-
velopment alternatives that were considered are presented and 
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nels are analyzed taking the experiences as are known today and 
the changed general conditions into consideration. They provide 
recommendations for future decisions relating to systems.
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and 2D seismic survey. The interpretation of deep drilling data by 
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mic survey and 3D modelling reduced the exploration period and 
thereby lowered the costs. The continuity of strata, orientation of 
normal faults and the throw of faults could be better analysed and 
led to better correlation of the strata between fault blocks. In July 
2014 the construction works for the inclined shaft started.

Mining • Lignite • Exploration • Drilling • 
Seismic surveying • Turkey

 mInInG 
48 World Coal after the Paris Climate Summit
 Frank Leschhorn

The Paris Climate Summit in December 2015 culminated in a 
landmark but not binding agreement to reach the goal of limi-
ting global temperature rise. The COP21 climate deal from Paris 
has left the important issue “the future role of coal” widely un-
answered. The demand for coal will be determined in Asia, the 
world’s growth area. This article attempts to take an objective 
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100 billion US$ and 19 % of the insured damage of 30 
billion US$.

Thus landslides in Guatemala claiming 280 victims 
were listed ninth on the Munich Re’s ratings relating to 
the 10 incidents with the highest number of fatalities. 
However, these two incidents scarcely impact at all with 
regard to the financial amount of damage and the in-
sured quota.

It seems likely that there will be an increase in the 
cases of damage caused by landslides throughout the 
world owing to population growth and the related de-
velopment of infrastructures as well as predicted glo-
bal climate change (extreme weather events). Tackling 
the natural disaster “serious mass movement” requires 
interdisciplinary approaches. Apart from economic and 
financial dimensions, political, social and geotechnical 
implications have to be considered. Risks have to be 
assessed, damage avoided and those affected helped in 

We are facing increasing numbers of natural 
disasters that include mass movements. Natural 
disasters take human life and cause considerable 
damage. Geotechnicians bear a major responsi-
bility in this content.

Geotechnics • Natural disaster • Landslide • 
Climate change • Research • Education

The Significance of Landslides  
as a growing Natural Catastrophe
Dr. Johannes Feuerbach, First Chairmen, and Dr. Manuel Lauterbach, Manager,  
Landslide Research Centre at the J. Gutenberg University of Mainz, Germany

Natural disasters that include major mass move-
ments such as earth slips and rock falls lead to 
economic damage costing billions every year. 

Thus in 2015, the Munich Re listed 1,060 cases of 
damage involving natural disasters in 2015 (see Fig.) 
throughout the world. Hydrological events (floods, 
mass movements) accounted for 42  % of this total, 
24 % of 23,000 fatalities, 28 % of the overall damage of 
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cases where damage has already occurred and redevel-
opment measures carried out.

As geotechnicians we bear a major responsibil-
ity for evaluating hazards, the choice, dimensioning 
and installation of support and stabilizing systems. 
Research on geo risks can contribute towards reduc-
ing the dangers threatening people as well as existing 
and projected infrastructures through major mass 
movements by further advancing analysis methods 
and determining instable slope and embankment ar-
eas by means of computer-supported modelling pro-
grammes. We must also become involved in the social 
and political discussion by dint of our know-how. This 
of course, depends on thorough training and constant 
advanced education.

As representatives of the Landslide Research Cen-
tre, we should like to wish you all the best and may the 
ground stand firmly beneath your feet.

Johannes Feuerbach and Manuel Lauterbach

Landslide Research Centre Inc.  
at the Johannes Gutenberg University on Mainz (FSR)
The Landslide Research Centre founded in 1997 as an interdisciplinary net-
work researches and teaches topics relating to slope and embankment sta-
bilities designed to reduce damage, prevent disasters and raise awareness 
for the subject matter in a practice-related and interdisciplinary fashion.

On June 8 and 9, 2016, the 16th Advanced Training Seminar on Lands-
lides will take place dealing with the following aspects:

 ▶ Destabilization of rock embankments due to climate change
 ▶ EDP-supported ground exploration
 ▶ Dimensioning and calculating rockfall  protection systems
 ▶ Stability problems of historic mining waste sites
 ▶ Liability of the soil engineer

Further details available from:
Forschungsstelle Rutschungen e. V.  
an der J. Gutenberg-Universität Mainz
c/o Geo-Center Mainz
Mombacher Str. 49-53 • D-55122 Mainz • Tel. + 49 6131 384083
fsr@geo-international.info  •  www.forschungsstellerutschungen.de
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1 Introduction

The District of Calw in Baden-Württemberg is the 
owner of the railway line from the Weil der Stadt to 
Calw. The route has been closed since the late 1980s. 
It is proposed to reopen services so that the district is 
better connected by rail-based public transport to the 
regional capital of Stuttgart and its surrounding met-
ropolitan area, particular the Sindelfingen/Böblingen 
economic area. For this purpose, the route must also be 
comprehensively redeveloped and upgraded technical-
ly with demands placed on nature and wildlife protec-
tion taken into consideration. In addition, individual 
upgrading and modification measures are necessary 
to ensure that the operating programme is fulfilled as 
called for by the district administration. 

The “Im Hau” [1] cutting completed in 1872 passes 
through a ridge between Althengstett and Calw-Heu-
maden over a distance of roughly 1,200 m at a depth 
of up to 36  m (Fig.  1). The foot of the slope in the 
cutting`s central area is supported by an up to approx. 
6 m high natural masonry retaining wall, capped by a 

Fig. 1: General plan of the Hermann-Hesse-Bahn between Weil der Stadt and Calw with the “Im Hau” cutting
Source: Landratsamt Calw 

The planned reactivation of the Schwarzwald-
bahn (Black Forest Railway line) in Württemberg 
from Weil der Stadt to Calw as the Hermann-
Hesse-Bahn serves to link the north eastern dis-
trict of Calw to the Stuttgart region. The “Im Hau” 
cutting between Althengstett and Calw, which 
is up to 36  m deep, represents a particular chal-
lenge. Its slopes are supported at their base by up 
to 6 m high, natural masonry walls, which are par-
tially strongly weathered and exposed to erosion. 
High demands are placed on nature conservation 
during the redevelopment scheme. The same ap-
plies to stability and economy. This article deals 
with investigating the existing structure and the 
subsurface. The redevelopment alternatives that 
were considered are presented and compared. 
The selected alternative is examined more closely.

Geotechnics • Slope stabilisation •  
Nature conservation • Redevelopment • 
Subsurface • Planning

Reactivating the Hermann Hesse  Railway: 
 Securing retaining Walls in a Nature 
 Conservation Area
Dr.-Ing. Axel Möllmann, Dipl.-Geol. MSc ETH Burkhard Cless and Dipl.-Ing. Christian Spang, all: Dr. Spang GmbH, Esslingen, Germany
Dipl.-Geogr. Holger Schwolow, Calw District Administration, Calw, Germany
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sole spot in the entire Nagold catchment area where 
rock crayfish are to be found. Furthermore, various na-
tionally protected species of reptiles and amphibians 
also thrive in the investigated area.

The red sandstone retaining walls are in part cov-
ered with calcareous sinter, which is to be found in con-
junction with stratabound petrified moss formations. 
These petrified moss formations next to the retaining 
walls are numbered among the prioritized species as 
prioritized habitat types in accordance with the FFH 
guideline. The accruing slope water collects at the foot 
of the walls in the partially buried drainage ditches, 
which have water flowing through them at places as well 
as still-water areas.

On account of the location in the nature conserva-
tion and FFH area, methods that treated the subsurface 
as gently as possible, which assured protected species 
were conserved, had to be applied when investigat-
ing the ground. Corresponding exemptions had to be 
agreed on with the responsible authorities as early as 
possible.

3 Exploration Programme

3.1 Extent
In winter 2014/15, a total of 12 core holes was drilled 
in the “Im Hau” investigation area to obtain data on 
the existing structures and the subsurface. The objec-
tive was to determine the strength, foundation depths 
and the backfill for the walls as well as their structural 
state beneath the surface. Furthermore, data relating to 
the local geology, the layer bedding conditions and the 
hydrogeological conditions had to be obtained. Based 
on the drilling data and the samples obtained, the glo-
bal stability of the cutting’s slopes was also to be ascer-
tained.

For this purpose, eight core holes were drilled at an 
angle to a depth of 10.0 m through the natural masonry 
walls on the right and left sides of the track and two 
holes sunk vertically through the track superstructure. 
Two holes were drilled at an angle of 60° to the hori-
zontal behind the slope to a final depth of roughly 41 m 
in the crests of the slopes. The latter were developed as 
groundwater measuring points. 

A total of 15 dilatometer tests were undertaken 
in the holes to establish the subsurface’s deformabil-
ity and seven water permeability tests to work out the 
permeability of the subsurface layers. In addition, hole 
video or scanner inspections were executed in all core 
holes to obtain an insight into possible cavities and fis-
sures.

3.2  Execution observing Nature 
 Conservation Legislation

Special demands were posed on the investigation pro-
cess in the cutting on account of its location in con-
servation areas and the effects on specially protected 
species and habitat types. Drilling activities took place 
under strict official requirements and were ecologically 

Fig. 3: Stone crayfish (Austropotamobius torrentium)
Source: Dr. Spang GmbH

Fig. 2: Typical view of the “Im Hau” cutting between Calw and Althengstett
Source: Dr. Spang GmbH

slope inclining by up to 43 ° (Fig. 2). The retaining walls 
at the foot of the slope are partially damaged and have 
collapsed in places. The stability of the retaining walls 
and the slope had to be investigated prior to resuming 
train services on the line.

2 Located in Nature Conservation Area
The entire “Im Hau” cutting area is located in the 
“Würm-Heckengäu” nature conservation reserve in the 
FFH region of “Calwer Heckengäu” lying within the 
Schwarzwald Mitte/Nord nature park.

The drainage ditches for the rail line in the “Im 
Hau” cutting house a large population of the specially 
protected stone crayfish (Austropotamobius torren-
tium), which is accorded priority in keeping with Ap-
pendix II of the FFH guideline [2] (Fig. 3). This is the 
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supervised. The measures designed to protect amphib-
ians and rock crayfish specifically related to:

 ▶ Preventing suspended solids from entering the 
ditches alongside the track during drilling

 ▶ Producing compartments within the waters at the 
planned drill holes in order to prevent the wide-
scale spread of turbidities

 ▶ Intercepting drilling fluid from the inclined holes 
with overflow caps at the point of application 
(Fig. 4)

 ▶ Filling the holes without turbidity entering the 
groundwater close to sources

 ▶ Avoiding the track ballast with transports and holes 
drilled by means of the rail-mounted cars (Fig. 5)

 ▶ Fencing in the direct exploration areas and collect-
ing the amphibians 

4 Exploration Results

4.1 Geology
The up to 36  m high slopes of the “Im Hau” railway 
cutting are largely located according to [3] in the mid-
dle Triassic layers of Lower Muschelkalk. The roughly 
55 m thick Freudenstadt Formation (Fm.) (muF) con-
sists of clayey, also sandy dolomitic marls with frequent-
ly recurring harder layers of dolomite. The formation is 
underlain by the regional 3 m thick Röt Formation of 
Buntsandstein (Upper Red Sandstone) [3, 4]. 

The investigations revealed that the slope foot 
and the areas behind the retaining walls are located 
completely in Lower Wellengebirge (mu1) layers of 
the Freudenstadt Fm, the higher sector and the slope 
crests in Middle Wellengebirge layers (mu2). The soils 
encountered while investigating the slope crests are en-
tirely weathered formations of Lower Muschelkalk. In 
the south of the cutting the Upper Red Sandstone Röt 
Formation (s7, soR) is found at the base of the cutting. 

The boundary between the Buntsandstein litho-
stratigraphic groups in the floor and the Muschelkalk 
in the roof runs just below the cutting floor in the area 
under investigation or rather in the floor as well in the 
south of the “Im Hau” cutting. The layer boundary re-
veals itself in the terrain through the distinct colour 
change from grey-beige (Muschelkalk/limestone) to 
dark red (Buntsandstein/sandstone). Deeper in the 
underground there are intermittent sandstone layers of 
Upper and Middle Buntsandstein/Sandstone, which 
are over 200 m thick [3].

4.2 Layering Conditions
The drill hole scans indicate relatively undisturbed 
bedding conditions. The fissures present in the prox-
imity of the unweathered Freudenstadt-Fm solid rock 
are parallel fissures and joints. They were presented as 
stereo graphic projections with their direction and an-
gle of incidence in a hemispherical projection (Fig. 6).

The sedimentary layers dip regionally towards the 
south-east [2] by 2° to 3°. The results of the fissure im-
ages in the holes indicate a flat, syncline structure dip-

Fig. 5: Drilling device on rail-mounted car
Source: Dr. Spang GmbH

Fig. 4: Inclined drilling through the retaining wall with overflow cap to collect 
the fluid
Source: Dr. Spang GmbH

ping by ca. 5° towards the south-east, whose centre is 
located in the proximity of the hilltop transversely in-
tersected by the railway cutting (Fig. 7). The syncline’s 
axis dips towards the south-east with a low angle of in-
cidence varying from 3° to 10 °. The inclination of the 
syncline sides amounts to a maximum of approx. 10 °. 
The syncline axis runs in a north-west-south-east direc-
tion crosswise to the “Im Hau” cutting and traverses it 
between the holes drilled in the crests of the slopes. 

4.3 Hydrogeology
The Lower Muschelkalk layers prevailing in the slopes 
of the cutting form an approx. 40 m thick mainly strati-
fied fissure water aquifer. The base of the groundwater 
aquifer represents the lower boundary of the prevalent 
water conducting layer [3]. The deepest dolomitic layers 
belonging to the Lower Muschelkalk provide a region-
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Water was encountered directly beneath the super-
structure in the core holes drilled through the track. It 
must be assumed that this interacts with the drainage 
ditches running parallel to the track acting as receivers, 
which constantly carry water.

Groundwater or stratum water was discovered 
immediately behind the walls in all core holes drilled 
through the retaining walls to the left and right of the 
railway. A permanent water ingress was encountered in 
the area of the retaining wall to the left and right of the 
track at a height of up to approx. 2.0 m above the gradi-
ent at roughly 1.5 to 3.3 m behind the retaining wall as 
well as at the retaining wall itself.

Hydrogeologically speaking, the artificially created 
“Im Hau” cutting serves to drain the surrounding high-
er lying groundwater and stratum water zones in the 
Lower Muschelkalk. The hydraulic potential is reduced 
along the cutting. The “Im Hau” cutting produced in 
1872 completely separates a hilltop to the north of 
Calw-Heumaden (to the right of the track, west of the 
railway line) in hydrological terms from the area to 
the left of the track, east of the railway. As the Lower 
Muschelkalk groundwaters are separated by the Röt 
formation from the underlying Upper and Middle Red 
Sandstone groundwater level, the Lower Muschelkalk 
layers prevailing in this area form an isolated floating 
groundwater level with a catchment area (terrain sur-
face) of approx. 0.8 km². To the west of the hilltop at the 
Calw-Heumaden cemetery, layers of the Röt formation 
that separate the levels are to be found and in turn, the 
Lower Muschelkalk base at roughly 503 m ASL, in the 
cutting the boundary is disclosed at 473  m ASL. The 
layers dip towards the “Im Hau” cutting at ca. 1° to 2 °.

It can be assumed that a major part of the ground-
water accumulated above roughly 500 m ASL between 
the Calw-Heumaden cemetery and the “Im Hau” cut-
ting flows out of the documented sources diffusely 
and is discharged via the railway drainage system. This 
hydrogeological situation also results in the consider-
ably deeper groundwater level in the Lower Muschel-
kalk layers to the right of the railway as opposed to the 
groundwater level to the left of the railway. Between the  
holes drilled on both sides of the track a maximum dif-
ference of approx. 16 m was established.

Fig. 6: Geological situation at the “Im Hau” cutting (broken line)
Local stratification and position of the determined synclinal axis: mo; Upper Shell Limestone, 
mm: Middle Shell Limestone, muF: Lower Shell Limestone, soR: Röt clay formation, sM/sP: 
formations of Upper and Middle Red Sandstone, qu: quaternary

Source: Dr. Spang GmbH

Fig. 7: Schematic cross-section of the hydrogeological situation in the investigation area
Source: Dr. Spang GmbH

al groundwater aquifer, whose basis is the upper edge 
of the Röt Fm. This divides the regional groundwater 
levels of shell limestone and red sandstone. The Upper 
and Middle Buntsandstein found in the floor form a re-
gional groundwater aquifer, which is mainly dominated 
by water flow paths along fissure systems.

The railway drainage system discharging south-
westwards into the River Nagold via the Ziegelbach 
acts as the local receiver. Groundwater or stratum water 
was encountered during the ground investigations at 
the slope crests to the left of the track at 498.0 m ASL 
and thus approx. 22  m above the gradient and to the 
left of the track at 485.3 and 486.8  m ASL and thus 
roughly 11  m above the gradient. A comparison with 
precipitation records indicates that the flow of water in 
the mountains reacts quickly and regularly varies by up 
to 3 to 4 m.
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4.4  Interaction between Rock  
and  Structure

Based on the explorations and already existing data, it 
could be proved that the historic retaining structures 
possess major faults although the global stability of the 
cutting’s slopes is not endangered. At the same time, 
the stability of parts of the retaining walls is threatened 
owing to the serious flaws or damage that prevails. At 
the very least, a collapse is possible at any time in part 
sections.

It can be determined that the retaining walls have 
practically always sustained pronounced weathering 
and erosion, where water has passed through the walls. 
There are no signs of large-scale, extensive slope move-
ments. Slides only occur surficially influenced by water. 
Furthermore, the Lower Muschelkalk Freudenstadt-
Fm present behind the retaining walls, which also char-
acterizes the Wellengebirge [4], does not usually form 
any continuous, level sliding lines, exerting a beneficial 
effect on slope stability. 

The results from the ground investigation indicate 
that in spite of the what is in part unfavourable orien-
tation of the cutting slope on the right of the track in 
the direction of the cutting, initially there is no obvi-
ous global stability problem for the cutting slopes and 
retaining walls. The poor state of the retaining walls 
can be attributed in extensive areas to various material 
problems of a mineralogical nature concerning the nat-
ural masonry that was used. The damage pattern of the 
red sandstone walls described in the following results 
from a number of interactions between the structure 
and the subsurface.

Sintering is directly linked to the historically se-
lected building materials. Calcareous sinter occurs 
when stratum water saturated with CaCO3 from the 
Muschelkalk flows through silicatic, carbonate-free 
sandstones of the natural masonry retaining wall. The 
solubility equilibrium continues to change through 
the drop in pressure combined with the change in tem-
perature at source. As a result, CaCo3 is precipitated 
as calcite from the water at the point of discharge. The 
carbonates can precipitate on the surface or already in 
the masonry. This leads to other interparticulate ce-
ments resolving from the sandstones, which can cause 
them to burst [5].

It can be discerned from the wall`s damage pattern 
that in places, individual stones or groups of stones are 
completely disintegrated and entirely decomposed ei-
ther close to the surface or even deeper. The cause of 
damage is probably the composition of the masonry 
stones. The natural masonry quarried locally from 
Buntsandstein layers for railway construction is partly 
quartzitic, partly clayey in relation to its horizons. The 
composition of the interparticulate cements cannot 
be immediately ascertained in fresh rock. This can be 
differentiated nowadays thanks to modern analytical 
methods or thin section microscopy. The fact that indi-
vidual stones or batches possess “material flaws” shows 

just how heterogeneous the petrographic characteristics 
of the quarried natural stones are.

These historic stones with clayey cements stood on 
the retaining walls for decades under saturated condi-
tions. The interaction and dissolution of the clay miner-
als of the interparticulate cements as a result of flowing 
water and repeated thaw-frost phases caused damage.

5  Contemplated Redevelopment 
 Variants for Safeguarding  
Rail Services

5.1 Geometrical General Conditions
A 2.50 m wide danger zone which had to be free of any 
installations has to be taken into consideration for the 
railway track to the left and right of the track axis and ei-
ther right or left room provided for a 3.00 m wide emer-
gency access within the minimally 9.20 m wide cutting. 
The drainage ditches on both sides of the cutting are 
allocated to Water Class II in the pertinent ordinance. 
They restrict the clearance area to 7.90 m, which should 
not be interfered with as far as possible.  

5.2 Security through Deflector Walls
Apart from direct support of the retaining walls, secu-
rity through deflector walls as part of the travelway pos-
sibly in conjunction with an altered gradient position 
for the railway track was contemplated. A comparison 
of the impact energy from a stone breaking away from 
the retaining wall with the energy accepted by the de-
flector wall roughly shows that effective protection 
through deflector walls as an element of the permanent 
way is only provided if the distance between the deflec-
tor wall and the retaining wall exceeds the difference in 
height between the highest stone breaking away from 
the retaining wall and the upper edge of the deflector 
wall. Owing to the narrow width of the cutting floor 
amounting to roughly 9.20 m, a deflector wall can only 
be set up at one side of the track without increasing the 
height of the permanent way. A protected emergency 
access route cannot then be guaranteed. Securing train 
services by means of deflector walls without heighten-
ing the permanent way was thus discounted owing to a 
lack of space.

If the gradients are relocated to the centre of the 
cutting combined with heightening the permanent way 
on to a cofferdam, a deflector wall can be stabilized and 
elevated at the same time in the form of a cantilever re-
taining wall. This solution was also rejected on account 
of high additional costs and the inability to resolve the 
security problem involving the existing walls. The subse-
quent alternatives directly lead to safeguarding both the 
railway line and the emergency escape route.

5.3 Replacement by additional Masonry
Replacing the missing wall stones through brick ma-
sonry had already proved itself in the past to be rela-
tively effective when local improvements were carried 
out. Brickwork maintenance led to an optically effective 
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masonry surface. As the work had largely been executed 
by hand, the maintenance process represents a gentle 
approach, which calls for relatively few emissions and 
relatively little site equipment. This variant was chosen 
for the redevelopment scheme and is examined more 
thoroughly in Chapter 6.

5.4  Facing Formwork made  
of reinforced Concrete 

Facing formwork serves to prevent any further weath-
ering of the existing retaining wall and the restoration 
of the original masonry geometry. Formwork is set up 
maintaining the minimum gap for the cast concrete in 
front of the existing wall and attached to it. Sealing the 
surface in conjunction with preventing the flow of wa-
ter represents a disadvantage. The application of rein-
forced concrete calls for a larger site installation area for 
storing formwork, reinforcement cages and if need be 
concrete. Dust emissions occur when anchors are pro-
duced.

5.5 Contiguous bored Pile Wall
The slopes can also be secured by large bored piles set 
up behind the wall instead of by the existing retaining 
walls. This applies if the existing retaining walls are no 
longer essentially required for supporting purposes. As 
the support should be water permeable, the bored piles 
can be arranged tangentially rather than secantly. Sup-
porting by reinforced bored piles possesses the advan-
tage that these retaining elements extent substantially 
beneath the floor of the cutting so that they attain high 
resistance against any masonry stones and earth erod-

ing behind them and they provide high flexural rigidity 
without anchors. 
A working area is required to produce the bored pile 
wall so that the drilling rig can reach the level of the 
point of application. As the existing retaining walls 
would have to be kept in their current state once the 
bored piles were set up behind the retaining walls, it 
would be essential to provide protection against rock-
fall from the walls or alternatively redevelop or com-
pletely remove the walls.

A bored pile wall can basically be produced as un-
supported or anchored. Less pile concrete is needed 
when a back-anchored system is produced as opposed 
to the unsupported bored pile wall on account of the 
narrower pile diameter required.

5.6 Mesh Covering and Shotcrete Seals
A covering of high-tensile steel wire mesh is back-an-
chored at short intervals through the existing masonry 
(Fig. 8). Stones breaking away from the retaining walls 
can be held by the protective mesh without landing on 
the cutting floor and in turn, possibly the track. In ex-
tremely undercut areas, reinforced shotcrete seals may 
be additionally required to underpin the mesh cover-
ing. Thanks to the mesh covering, both the water flow 
conditions as well as the existing sintering in the retain-
ing walls are largely retained. In actual fact, the erosion 
process is not halted by the covering. It is essential to 
regularly free the drainage ditches from erosion debris; 
pouches forming under the steel wire mesh during its 
life cycle caused by falling chunks of masonry must be 
cleared from time to time.

Fig. 8: Cross-section of a support alternative with mesh covering and shotcrete plugs
Source: Dr. Spang GmbH



Geotechnics 13

Möllmann et al.: GeoResources Journal   1 | 2016 
Reactivating the Hermann Hesse Railway:  Securing retaining Walls in a Nature  Conservation Area www.georesources.net

5.7  Back-anchored, reinforced  
Shotcrete Shell

Shotcrete, which is placed on the wall surface, can be 
used instead of a cast concrete as weathering protec-
tion for the existing retaining walls. The fact that no 
formwork is needed is an advantage here. On the other 
hand, placing shotcrete results in enormous dust devel-
opment in the cutting. At the same time, the appear-
ance of the wall surface is affected. Furthermore, gener-
ally speaking, shotcrete’s durability is substantially less 
than that of in-situ concrete. Drainage ports must be 
set up at short intervals on account of the surface wa-
terproofing. Noise and dust emissions are comparably 
large when a shotcrete shell is produced as in the case 
of a bored pile wall. Site installation yards are roughly 
as big as when producing reinforced concrete facing 
formwork.

5.8 Supporting the Cutting Slopes
Thanks to the recognitions gained during the investiga-
tion, the global stability of the cutting slopes with and 
without retaining walls at the foot of the slope can be 
confirmed. The stability of the upper part-slope in the 
weathered loam or debris lies close to the limit equilib-
rium. There is no need to additionally secure the entire 
slope by means of large supporting structures. How-
ever, shallow slides do occur, which lead to the drain-
age ditches becoming choked up without additional 
measures.

It is advisable to gear the support above the re-
taining walls to the type of support used for the walls 
themselves. If a bored pile wall is applied it should be 
conducted over the slope surface or closed off by a 
ridgepole. In this way, a receiving area for escaping soil 
material is created. At the same time, a drainage chan-
nel above the retaining wall is formed, which diverts 
surface water in a controlled manner. This can also be 
guided over the crest of the retaining wall if reinforced 
concrete facing formwork is used to provide protection 
against falling soil material. If a mesh covering is ap-
plied the mesh that is conducted over the retaining wall 
can be continued further upwards into a safety apron 
projecting from the slope surface (Fig. 8). The protec-
tive mesh is then attached above the exit point of the 
rock nails from the slope rather than directly against 
it. There is also the possibility of anchoring a protec-
tive plank made of steel plate by means of driven piling 
pipes above the retaining wall in the crest of the slope.

Support using gabion cages at the side of the retain-
ing walls can also be provided in addition to the pre-
viously mentioned support measures. These fit in with 
the landscape quite apart from effectively preventing 
soil material and vegetation  from entering the drainage 
ditches. There is no need to drain the support or pro-
vide a drainage channel above the gabion cages thanks 
to water permeability. 

There, where protective measures are not desired 
in the slope for conservation reasons, they can be dis-

pensed with. However, in that case a greater need for 
maintenance for the drainage ditches in the cutting must 
be reckoned with as material from the slopes can slide 
down unimpeded particularly in the event of rainfall. 

6 Planned Redevelopment

6.1  Maintenance with Masonry  
facing Formwork

Maintenance takes place in large-scale cavities as well as 
in areas without any foundation thanks to a new ma-
sonry facing formwork for structural flaws in the exist-
ing wall (Fig. 9). In parts that are less severely affected, 
brickwork is carried out between existing stones also 
area by area. There, where no support is possible, as the 
wall is eroded in the proximity of the drainage ditches as 
well, unreinforced foundations will be required. 

The masonry facing formwork used in cavities com-
prises bricks made of red sandstone originating close 
to the location. This provides an optically satisfactory 
masonry surface, which fits in well with the landscape. 
Drainage of the areas being redeveloped is to be control-
led by drainage drillings and adjusted partly permeable 
seepage pipes. 

Producing the masonry is associated with a great deal 
of craftsmanship. The existing masonry has first of all to 
be sandblasted and freed from roots. A masonry stone 
width of up to 40 cm for the masonry stones is foreseen 
for the large-scale cavities requiring new stones. In areas, 
where the depth exceeds 40 cm, a masonry shell is set up 
flush to the forward edge in other areas and the remain-
ing gap filled with unreinforced concrete. Backfilling 
takes place successively as the masonry shell is produced. 
Backfilling proceeds in working steps of a maximum of 

Fig. 9: Cross-section of the planned support using masonry facing formwork
Source: Dr. Spang GmbH
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6.2  Protective Plank at the   
Slope Crest

The protective plank is set up as a girder foundation 
in pre-drilled holes some 2.5 m behind the front edge 
of the wall (Fig. 9) with posts set 4 m apart. The holes 
are accomplished from the cutting floor by drilling rigs 
with carriages, which extend over the retaining wall 
crest. Three protective planks are set one above the oth-
er so that the plank`s height above the ground amounts 
to roughly 1.1  m. The posts made of galvanized steel 
profiles are set in the holes.

7 Conclusions and Outlook
Conservation requirements have made ground inves-
tigation of the “Im Hau” cutting costly. However, as 
stability of the retaining walls and the cutting slopes 
required an urgent thorough evaluation prior to re-
opening the railway line, this outlay was essential. It was 
established that no global stability problem exists for the 
cutting slopes but that the collapse of the retaining walls 
is primarily due to weathering. Weathering can be con-
fined by means of gentle maintenance of the masonry 
given proper drainage. It is intended to start work on the 
project in spring 2017. It is estimated that nine months 
will be required to redevelop the retaining walls.
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Fig. 10: Schematic view of the planned support using forward-spaced masonry
Source: Dr. Spang GmbH

50 cm to reduce the fresh concrete pressure acting on the 
facing formwork. The facing formwork is to be suspend-
ed from anchors to be drilled in the existing wall. It is es-
sential to provide an abutment for the facing formwork 
at the base. The bed joints are filled with mortar if this is 
necessary for the masonry bond. 

In less seriously damaged sectors, areas between ex-
isting masonry stones are repaired. Parts of the wall have 
to be prised free so that new stones can be positioned 
(Fig.  10). The excavated material must also be trans-
ported to a site clearance area established in advance 
and then disposed of. Here too, the positioning of the 
set stones must first be secured by installing anchors be-
fore the mortar in the bed joints ensures bonding with 
the existing masonry.

The petrography of the stones that are placed must 
be taken into consideration based on the recognitions 
gained in Chapter 4.4. Solely quartzitic bonded sand-
stones should be applied.

Diverting the drainage ditches must be entertained 
for setting up foundations in areas where there is no 
support. Horizontal working stages are needed. As pre-
viously successfully undertaken during the exploration 
process, the drainage ditches can be pumped dry with 
the help of bulkheads, say sacks of sand, in the ditches 
and flexible pipes, and excavating can be carried out and 
a foundation produced. If need be, pumps to divert the 
water from the drainage ditches may be required. 

Grounding for the masonry wall with individual 
steel anchors, which are shorter than 2 m, in accordance 
with RIL 997.0204 Para. 1 [8] is not necessary. If need be 
in the event of future electrification of the railway line, a 
grounding conductor can be subsequently suspended in 
front of the retaining walls, which protects them.
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Maccaferri provides solutions to protect rail-
way embankments from beaver damages or to 
supply and install a high corrosion protected 

rockfall netting with a lifetime expectation of 120 years. 
In cooperation with Schmitt Landschaftsbau 

GmbH & Co KG, Mandelbachtal, Germany a polymer 
coated rockfall netting with an extended lifetime expec-
tation of 120 year according to DIN EN  10223-3 has 
been installed at the Deutsche Bahn project Königs-
bach. The new alternative for rockfall protection with 
EBA certification Steelgrid HR 30 has been developed 
by Maccaferri and successfully installed at the Deutsche 
Bahn project Frauenberg, Germany by HTB Bau-
gesellschaft mbH, Imst, Austria in April 2016 followed 
by an installation at the project Bad Berneck, Germany 
in May 2016 in cooperation with Königl GmbH & Co 
KG, Würzburg. New tenders specifying this solution 

are in progress and further projects can be expected dur-
ing summer 2016. 

The solution with a polymeric coating for extensive 
corrosion protection is already established in Scandi-
navia where the major part of the infrastructure is situ-
ated at the coast line with severe impact of salt spray 
and high requirements on corrosion protection. The 
Scandinavian market especially appreciates natural ap-
pearance, so the innovative invisible netting solution 
using black PA6 instead of grey PVC has already been 
installed several times. 

German Railways’ embankments are often located 
next to small rivers or creeks. Damage caused by beavers 
is increasing. Maccaferri provides an polymer coated 
netting optional in combination with a multifilament 
layer to protect the embankments. Two Deutsche Bahn 
projects in Bavaria have been carried out in collabora-
tion with Vitus Rieder GmbH & Co. KG, Bissingen 
Germany, and in direct cooperation with Deutsche 
Bahn. Further projects are tendered. 

Maccaferri has developed an innovative polymer 
coated rockfall netting. Steelgrid HR 30 has been 
certified by EBA and successfully applied in Deut-
sche Bahn projects.
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Embankment • Dyke • Natural disaster
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In the area east of Lima, Peru, annually recurring rains 
due to the El Niño phenomenon have caused mud-
slides and landslides in the past. At the end of Feb-

ruary 2016, Geobrugg installed 22 debris flow barriers 
that now protect people and infrastructure in the nine 
valleys of the Chosica region.

System and Dimensioning
Flexible ring net barriers made of high-tensile steel wire 
were used. Due to the width of the channels Geobrugg 
recommended the type UX series of debris flow barrier 
system with posts [1]. Fig. 1 shows the components of 
the  debris flow barrier.

As part of the project specific consultation process, 
Geobrugg worked with the dimensioning software 
Debflow including calibrated simulation programmes 

Fig. 1: Components of the debris flow barrier with posts [1]

In record time Geobrugg and partners installed 
22 debris flow barriers for nine valleys in Peru.

Geotechnics • Slope stabilisation • Debris flow • 
Safety measures • Product • Peru

Debris Flow Barriers for nine Valleys in Peru
Gabriel von Rickenbach, Geobrugg AG, Switzerland

which allow the effects of debris flow on a system to be 
mapped [2, 3]. The dimensioning tool has been devel-
oped by Geobrugg based on laboratory and field tests 
and practical experience in natural environments. 

The calculation resulted in UX180-H6 flexible ring 
net barriers [1]. The resistance to debris flow pressure 
during the stopping, filling and overtopping process is 
180 kN/m/hfl. The standard installation height is 6 m. 
The post profile is HEB 260 and the ring net type Roc-
co 16/3/300.
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Installation

Together with the partners TDM Construcion and an 
installation company  Geobrugg installed 22 barriers in 
a remarkably short time. Mere weeks passed between 
the early interim orders in mid-November and the start 
of the project inauguration at the end of February. 

The means of transportation by air from Switzerland 
to Lima and by muscle power over the final kilometres 
are worthy of mention. The light weight of the system 
was advantageous for both types of transport. Figs. 2-5 
give an impression of the installation. Local authorities 
show details of the installation in a film in Spanish [4].

Conclusion
Geobrugg is particularly proud of the scope of the secu-
rity measures that extend across the nine valleys and the 
record project period to build the largest debris flow 
barrier (Fig. 6) in South America.

Gabriel von Rickenbach
is Geobrugg‘s Regional Manager Latin America.
Contact: Gabriel.vonRickenbach@geobrugg.com
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Fig. 4: View of ring net 
and brake ring
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made of high-tensile steel wire in the 
Chosica region in Peru



18 Geotechnics – Product news

GeoResources Journal   2 | 2016 Tintelnot:
www.georesources.net  Sealing by hard Gel Injection in the Project designed to refurbish the Sylvensteinspeicher Dam in Bavaria

Short Description of the overall Project

The Sylvensteinspeicher reservoir in Bavaria has ful-
filled an important function in flood water protection 
for more than half a century. In the event of major flood 
incidents, it protects the town of Bad Tölz and the 
regional capital of Munich (Fig.  1) in particular. The 
lengthy operating period and extraordinary loads result-
ing from extreme flooding have left their mark on the 
dam. Consequently, the Sylvensteinspeicher was pro-
vided with an additional sealing wall for the dam and 

Fig. 1: Sylvensteinspeicher reservoir with a 79 million m³ capacity
Source: Wasserwirtschaftsamt

After a life cycle in excess of 50 years, the Sylven-
steinspeicher reservoir in Bavaria was provided 
with an additional sealing wall and a new meas-
uring system. This report deals with the injection 
to stabilize and seal the dam within the scope of 
this construction scheme.

Geotechnics • Flood protection •  
Dam construction • Injection • Sealing •  
Nature conservation

Sealing by hard Gel Injection in the Project  
designed to refurbish the Sylvensteinspeicher 
Dam in Bavaria
Götz Tintelnot, TPH Bausysteme GmbH, Germany
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its subsurface as well as a new seepage water measuring 
system (Fig. 2). The new measuring system comprises 
drainage piling for the seepage water and a seepage wa-
ter tunnel. Refurbishing was carried out to adapt to the 
latest state of the art and to counter possible effects of 
climatic change. More details relating to the upgrad-
ing concept and how construction was executed can be 
gleaned from [1] and [2].

Purpose of Injecting
An access tunnel was first of all blasted in the rock to 
construct the 190 m long seepage water tunnel with a 

Fig. 3: Hard gel injection area (marked in blue) at the transition between the rock and the earth-fill dam
Source: TPH Bausysteme GmbH

Fig. 2: General diagram of the refurbished dam with new sealing wall, drainage piling and seepage water tunnel
Source: TPH Bausysteme GmbH

diameter of 3.05 m. Then the seepage water tunnel was 
driven from a starting cavern at the end of the access 
through the 180 m long dam by means of a tunnel bor-
ing machine. The TBM was retrieved through a 43 m 
deep target shaft created by drill+blast.

Exploratory drilling revealed that strongly fluc-
tuating permeabilities had to be reckoned with in the 
transition area between the bed rock and the earth-fill 
dam behind the starting cavern and in front of the ac-
cess shaft (Fig.  3). This incalculable rock zone had to 
be stabilized and sealed to minimize problems during 
the TBM excavation and from water ingressing into the 
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areas actually developed a compressive strength of over 
15 N/mm² after grouting.

Hard gel injections were applied to stabilize the 
hard to assess transition areas in front of the starting 
cavern and the target shaft prior to the TBM passage,

Conclusion
In spite of the difficult to assess soil conditions in the 
starting and target areas, the technical and ecological 
demands that were posed were fulfilled with hard gel 
injections without resorting to freezing. Work was car-
ried out in an environmentally-friendly manner as pos-
sible. The aspired strengths were attained. The seepage 
water tunnel was produced by a tunnel boring machine 
in spite of the tricky conditions.
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starting cavern. Taking the infrastructure, environmen-
tal restraints in the FHH area as well as constricted local 
conditions into account, it was not possible to achieve 
stabilization by freezing. Injections had to be applied 
for stabilization and sealing purposes.

Details on the Injecting Agents
Various injecting agents are suitable for stabilizing dry 
or wet gravel fills, sands etc. Injecting is executed direct-
ly into the areas being stabilized via packers or grouting 
lances [3]. The grouting agent hardens through chemi-
cal reaction or physical change of state thus retaining its 
shape and position. As a result, the grouted area is con-
solidated and at the same time, sealed. When choosing 
the injecting agent various aspects as well as the soil’s 
permeability must be taken into consideration. 

Modern gels should belong to the so-called 5th gen-
eration for technical and environmental reasons. These 
gels are not based on water glass nor do they contain 
acrylamides. They are durable and should be ground-
water-compatible. Since 2008, acrylate gels have been 
generally approved for injections in the subsoil by the 
Deutsches Institut für Bautechnik (DIBt) authority. 
An example of such a general building approval certifi-
cate is shown in [4, 5].

Planning and Executing the Injections
Acrylate gels were suitable as injecting agent for sta-
bilization in this project. Acrylate gels are extremely 
low-viscosity injecting agents from derivates of acrylic 
and methacrylic acids as well as amines and salts. Once 
mixed, a solution with a consistency similar to water is 
available. Water-filled capillary densely bedded sands 
or silts can be penetrated. The reaction time can be set 
between 90 seconds and 90 minutes, depending on the 
surrounding and ground temperature.

A series of grouting tests to select injecting agents 
and injection parameters was undertaken at the Tech-
nical University of Munich. Towards this end, the sub-
soil’s grading curve and saturation at the core of the 
dam were replicated. By assuming 20 % saturation, dif-
ferent technological parameters relating to delivery rate, 
grouting pressure as well as set-up and grouting cycles 
for the sleeve pipes were tested during sample injections 
alongside how injection parameters varied.

A hard gel injection with acrylate gel SolidCryl 
from TPH Bausysteme GmbH was selected [6]. This 
acrylate gel achieved satisfactory results in the lab tests. 
The injected areas revealed compressive strength in ex-
cess of 3 N/mm² after injecting the mentioned acrylate 
hard gel in spite of complete saturation, whereas dry 

Götz Tintelnot
is CEO of the TPH  
Bausysteme GmbH.

Contact: g.tintelnot@tph-bausysteme.com
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1 Introduction
In mechanized tunnelling the cavity is excavated by 
means of a tunnel boring machine and supported with 
shotcrete and anchors or lined with segments consist-
ing of curved precast parts depending on the geological 
and geotechnical requirements. The latter method has 
been state of the art for decades now for a TBM excava-
tion given varying rock conditions. This construction 
method is also applied for major projects such as the 
Koralm Tunnel and the Semmering Base Tunnel under-
taken by the ÖBB-Infrastruktur AG.

Protected by a shield jacket, rings are produced for 
a segmental lining, consisting of four to eight segments. 
These high-strength reinforced concrete precast parts 
are mainly produced directly on the spot in field plants 
in large numbers (>  50,000) adhering to extremely 
strict manufacturing tolerances right down to tenths of 
millimetres [1].

Knowledge of the degree of utilization of the in-
stalled lining is essential to make the drive as safe as 
possible and provide a high life cycle for a new tunnel. 
A new test stand was devised (Fig. 1) to verify the bear-
ing and deformation behaviour of such precast concrete 
elements under exactly defined marginal conditions 
(loads, bedding) through collaboration between the 
ÖBB-Infrastruktur AG and the Chair for Subsurface 
Engineering at the Montan University of Leoben in 
Austria. The findings obtained from examinations 
on the new test stand will be applied to optimize the 
precast parts. The ongoing investigations concentrate 
on examining the occurrence of cracks given varying 
load scenarios for the segments. The test stand affords 
new possibilities for developing innovative technolo-
gies and materials for segment linings. The test stand 
is described more fully in the following and initial test 
results explained.

2 Requirements and Development
Tests with defined loads and support reactions are 
needed to obtain conclusions on the bearing and de-
formation behaviour (crack moment) of the segments 
installed in the tunnel. Such tests call for special appli-
ances and equipment. The test stand was planned and 
produced in close collaboration and with the expert 
know-how of specialists from the ÖBB-Infrastruktur 

Fig. 1: Segment test stand with operating and  ancillary equipment
(1) Main girder  (2) Floating bearing  (3) Fixed bearing  (4)  Hydraulic cylinder for vertical 
force  (5) Tie rod  (6) Crosshead  (7) Hydraulic cylinder for horizontal force  (8) Segment 
shoes

The bearing and deformation behaviour of seg-
ments for mechanized tunnelling and their de-
gree of utilization are being investigated at the 
Chair for Subsurface Engineering at the Montan 
University Leoben in Austria in close collaboration 
with the ÖBB Infrastruktur AG. Tests and numeri-
cal modelling as well as deformation measure-
ments in situ serve to optimize the precast con-
crete parts. A new test stand for biaxial tests on 
suitable segments was devised for the tests and 
equipped with the appropriate measurement 
technology for measuring deformations. This re-
port presents the test stand and initial test results. 

Tunnelling • Segment • Concrete technology • 
Test technology • Modelling • Research

New Test Stand to optimize Segments for 
mechanized Tunnelling
Dipl.-Ing. Paul Gehwolf, Dipl.-Ing. Robert Wenighofer, Dipl.-Ing. Stefan Barwart and Univ.-Prof. Dipl.-Ing. Dr.mont. Robert Galler  
all four: Chair for Subsurface Engineering, Montanuniversität Leoben, Austria
DI Dr. Michaela Haberler-Weber, SAE Stab LCM und Innovationen, ÖBB-Infrastruktur AG, Austria 
Dipl.-Ing. Dr.techn. Bernd Moritz, SAE Fachbereich Bautechnik/Tunnelbau, ÖBB-Infrastruktur AG, Austria 
MEng. Christian Barwart, viglconsult ZT, Schruns, Austria
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AG (specialized division for construction technology/
tunnelling, dept. for LCM and Innovations) and the 
Montan University of Leoben (Chair for Subsurface 
Engineering). The requirements for the newly devised 
segment test stand were established as follows:
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Fig. 3: Measurement concept for determining deformations on the segment, applied measuring technique and position of the sensors

After intensive consideration it was decided to select an 
electrohydraulically operated test stand (Fig.  1). The 
vertical force load is introduced via the segment’s crest 
with the curved outer side facing upwards. The modular 
set-up permits tests to be executed on various suitable 
segment geometries and dimensions. 

Various load collectives can be examined thanks to 
the hydraulic design of the horizontal and vertical axes. 
On the one hand, 3-point bending tests are facilitated, 
on the other, certain combinations comprising vertical 
and horizontal forces right up to completely closed sup-
ports can be executed (Fig. 2). The 3-point bending test 
enjoys the advantage compared with the 4-point one 
that the highest bending moment and in turn, the point 
of failure is located exactly at the centre of the segment. 

3 Test Stand Set-Up
The segment test stand (Fig.  1) consists of two main 
girders (1), which are set on two reinforced concrete 
supports by means of roll-up tilting beams to which the 
floating (2) and fixed bearings are mounted by screw 
connections. Thanks to the modular set-up – with dis-
placeable bearings – tests are possible on segments with 
different chord lengths. With the segmental ring divid-
ed into four, tests for tunnel diameters of 4.0 to 6.5 m 
are possible, while tunnel diameters of 5.6 to 10.5 m can 
be catered for given six elements. The maximal possible 
segment width is restricted to 2.15 m. The vertical forc-
es are transferred via two hydraulic cylinders each rated 
1 MN with hollow piston design (4) on tie rods (5) sub-
sequently running to the crosshead (6). The horizontal 
force is produced via two hydraulic cylinders each rated 
2 MN (7). These hydraulic cylinders possess a maximal 
200  mm stroke length and are operated individually. 
So-called segment shoes (8) act as the link between the 
segment being tested and the test stand. The total mass 

Fig. 2: Load collectives related to the wall section plane (S) in normal force-
bending moment diagram

 ▶ Biaxial layout for various load configurations 
(Fig. 2)

 ▶ 2 MN vertical force
 ▶ 4 MN horizontal force
 ▶ 200 mm cylinder path
 ▶ Possibilities to test different segment geometries 

and dimensions
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of the test stand without segment amounts to roughly 
52 t with 27 t accounted for by the structural steel. A 
PLC (Process Logic Control) system with overriding 
force control per cylinder provides control. Force is 
registered via differential pressure measurement at the 
cylinder. The cylinder paths are recorded by means of 
LVDTs (Linear Variable Differential Transformers) 
and laser sensors. The quasi statistical tests can be un-
dertaken either position or force controlled.

4 Acquiring Measurement Data
Measurement data acquisition for  determining defor-
mations of the segments (Fig. 3) is carried out using two 
industrial measurement value amplifiers with a meas-
urement frequency of up to 38,400 Hz. The recorded 
values are processed by software designed at the faculty 
and visualized in real time. Each of these measurement 
value amplifiers possesses 16 inputs, which record the 
values displayed in Table 1. Thanks to the modular set-
up it is possible to expand the system using additional 
industrial measurement value amplifiers.

5 Additional Measurement Methods
In order to be able to establish the degree of utiliza-
tion of the segmental lining in the tunnel, the existing 
deformations have to be measured precisely and subse-
quently extrapolated by means of a numerical calcula-
tion model to be created indicating the loads. Normally 
for this purpose concrete strain gauges are installed cir-
cumferentially at appropriate points in so-called meas-
urement rings in selected sections of rock. As a matter 
of course in addition a 3D displacement measurement 
is undertaken circumferentially on the measurement 
mirrors/prisms on the inner wall of the segmental ring 
(five to seven pieces). Complete details on the strain 
imposed on a segmental lining, however, calls for the 
development and implementation of new measure-
ment systems. Various measurement methods on the 
segment test stand are thus tried out to discover how 
reliable they are in practice. In a project undertaken 
in conjunction with the Technical University of Graz 
(Institute for Engineering Geodesy and Measurement 
Systems) segment deformations given certain load col-

Table 1:  Basic set-up for collating the measurement data

Fig. 4: Occurrence of cracks during large-scale test and in 3D calculating model

Number of 
inputs

Variable Kind of sensor Sensor type

8 Forces Differential pressure measurement 
of the cylinders from a process 
logic control system (PLC)

Power inputs  
(4  - 20 mA)

Measuring cells DMS full-bridge gauges

4 Cylinder paths Horizontal: LVDT prepared by 
a process logic control system (PLC)

Power inputs  
(4  - 20 mA)

Vertical: laser sensors prepared by 
a process logic control system (PLC)

Power inputs  
(4  - 20 mA)

10 Vertical deflection Wire rope hoist Power inputs  
(4  - 20 mA)

4 Horizontal 
 displacement

Wire rope hoist Power inputs  
(4  - 20 mA)

Extensometers LVDT (Linear Variable 
 Differential Transformer)

6 Crack detection/ 
crack opening

Strain gauges (DMS), 
 extensometers

DMS, LVDT, DMS transducer

lectives are ascertained by means of fibre-optic sensor 
cables concreted in the segment. In a further measure-
ment method a laser scanner is applied to measure the 
deformation during the test. At a later stage of the pro-
ject this laser scanner is to be set up on the back-up of a 
TBM to determine real deformations. Optical measure-
ment systems with high-resolution cameras are envis-
aged as a third alternative. This will enable the segment’s 
crack opening and in turn its functionality or need for 
maintenance to be established given sufficiently high 
resolution. 

6 Numerical Modelling
New approaches are needed for dimensioning tunnels 
with segmental linings to obtain real as possible dimen-
sioning of the applied precast concrete parts. So far this 
has generally been arrived at by means of an elastically 
bedded continuous tension beam and the application of 
Eurocode 2. The development of these approaches is ar-
rived at with the aid of the Finite Element Programme 
(FEM) Abaqus and the material law “Concrete Damaged 
Plasticity” (CDP) implemented within (Fig. 4). Lab tests 
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7 Test Results

The first test on the new test stand was executed on a 
segment from the Koralm Tunnel’s contract section 
KAT 2. At this point, the authors would like to thank 
the JV Koralmtunnel KAT 2 for providing the segment 
free of charge. During this test the vertical load was in-
creased by 50 kN per stage to reach 550 kN with the 
horizontal load remaining at 50 kN. The vertical force 
was increased at 0.2 kN/s intervals.

Fig.  5 shows the vertical deflection measured by 
wire-actuated sensors in the middle of the segment 
depending on the vertical force. In order to obtain the 
relative deflection of the segment, zero level is described 
with the help of the vertical sensor pairs 1.1 to 1.5 and 
2.1 to 2.5 (Fig. 3). This is used to establish the relative 
vertical displacements. On account of the strongly in-
creasing deformation in the range from 505 to 510 kN 
the test is stopped prior to arriving at the final load 
stage. 

Fig.  6 displays the radius prescribed by the intra-
dos over the load stages 50, 100, 150 and 200 kN. The 
measurement data were obtained using a 3D laser scan-
ner Imager 5010C from Zoller & Fröhlich. The radius 
is determined by approximation of the intrados as a 
cylinder jacket and reacts sensitively as a spatial geom-
etry alteration to initial crack formations, as occurred 
between load stages 150 and 200 kN. Fig. 7 shows the 
segment following the test. It is evident that the area 
with the greatest crack opening is located at the centre 
of the segment although cracks also appear at both sides 
of the centre.

8 Summary and Outlook
The initial test results are very promising. New oppor-
tunities for optimizing segments have resulted from the 
test stand that was devised and executed together with 
its ancillary and operating equipment. Furthermore, 
recognitions pertaining to marginal conditions for 
monocoque construction methods are expected based 
on the results of the investigations. A monocoque lin-
ing generally comprises sealed segments so that there is 
no need for an additional inner shell. Accordingly, this 
culminates in a great potential for reducing the con-
struction time and costs. Furthermore, criteria for the 
undoubtedly necessary application of two-shell tunnel 
systems will also be established.

The effects of hybrid reinforcement systems – con-
sisting of classical reinforcement elements combined 
with metallic or synthetic fibre reinforcement – and of 
fibre reinforcements must also be examined to deter-
mine the bearing behaviour of segments. Currently, the 
first tests are being carried out with fibre optic sensor 
cables, which are implemented in the segment to meas-
ure strains.

References
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Fig. 6: Radius alteration of the intrados over load stages 50, 100, 150 and 
200 kN

Fig. 7: Crack opening on the intrados after test

on the concrete applied for producing the segments ac-
company the large-scale tests. The test series comprise 
uni-axial pressure tests and 3-point bending tests . The 
parameters determined from these tests serve to calibrate 
the starting parameters for the FEM software.

Fig. 5: Vertical deflection depending on the vertical force
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Motivation and Background

For decades, classical pads for fixing waterproofing sys-
tems with geomembranes for tunnelling have been pro-
duced at the Kunststoffwerk Lappe GmbH in Bergisch 
Gladbach near Cologne in Germany – without any 
noteworthy advances. The plant manufactures plastic 
moulded parts for all branches of industry on the basis 
of a drawing or a sample.

The Meese GmbH, a small think tank, was set up as 
a result of enquiries from the building practice – includ-
ing the Koralm Tunnel in Austria – and based on many 
years of experience at the plastics plant.

In this report two innovative fixing elements, devel-
oped by the Meese GmbH, for mechanized tunnel driv-
ing and their potential are examined:

 ▶ Clinggo-spot for fixing plastic waterproofing  
geomembranes on segments

 ▶ Clinggo-M for fixing lighting, overhead wires, rails, 
etc. on segments or any other precast concrete parts.

Product Design, Functionality 
and  Handling

Idea
“In hindsight almost every good idea is logical, how-
ever, to achieve it you must change the approach”. This 
statement from Edward de Bono applies to develop-
ing the products Clinggo-spot and Clinggo-M. Until 

Fig. 1: Clinggo-spot fixing element for seals with 
waterproofing geomembranes

Impulses stemming from tunnelling practice 
have led to a creative, process-oriented product 
development by the Meese GmbH. The outcome 
is astounding: innovative fixing elements for 
seals with waterproofing geomembranes and af-
fixing tunnel furnishings. The small, intricately 
conceived Clinggos do not reveal what they are 
actually capable of from the outside. They enable 
segment thicknesses to be reduced, optimize 
working cycles when producing segments and 
executing construction as well as save costs and 
minimize environmental impacts. The potential of 
these novel developments in plastic is explained 
and displayed taking the example of the KAT  2 
contract section in the Koralm Tunnel in Austria. 

Tunnelling • Segments • Fixing technology • 
Innovation • Cost reduction

Focusing on the finer Detail – Creative and  
innovative Products for fixing on  Segments
Ludwig and Felix Meese, Meese GmbH, Bergisch Gladbach, Germany

Fig. 2: Formwork end piece for fixing Clinggo fixing 
elements during segment production

recently it was customary to install fixing elements for 
seals, lighting systems, overhead wires etc. by means of 
power actuated tools or with dowels given high con-
crete strengths after segments were set in place – in 
many cases, overhead, involving dust development and 
emissions. This took place in constricted tunnels, with 
logistical challenges and the danger of penetrating re-
inforcement or causing harmful micro-cracks in the 
concrete.

Based on their outsider perspective the team at the 
Meese GmbH queried this workflow and developed im-
pressively simple mounting elements with a significant 
savings potential. These new fixing elements are already 
installed prior to the segments being set in the tunnel. 
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The brand name Clinggo is derived from cling and go, 
with the intention of expressing how simple they are to 
handle: set in place and it works.

Clinggo-spot: Fixing Elements for Seals 
with Waterproofing Geomembranes
Fig. 1 displays the Clinggo-spot fixing element which 
was honoured as the “reddot design award winner 
2013”. It comprises two plastic parts. The black part 
ensures secure anchoring in the concrete and the green 
part with the recess can be easily placed on an end piece 
(Fig. 2) on the segment formwork. The plastic part is 
formed in such a manner that the end pieces remain un-
contaminated during the concreting process and can be 
used again without having to be cleaned. 

Installation involves the following steps:
 ▶ Once-off choose the positions of the fixing ele-

ments at points where there is no steel reinforce-
ment, measure the positions on the tunnel form-
work, drill M6 thread holes into the formwork and 
screw in the formwork end pieces

 ▶ Place the Clinggo-spot fixing elements on the form-
work end piece prior to installing the reinforcement

 ▶ Concreting (Fig. 3)
 ▶ Stripping (Fig. 4)
 ▶ Install segments in the tunnel
 ▶ For example press velcro pads or plugs provided 

with pads into Clinggo-spot to fix the waterproof-
ing geomembranes

The installation of the fixing elements can be integrated 
with very little effort into the ongoing segment produc-
tion process. Since there is no need for subsequent drill-
ing activities on the segments in the tunnel and the fix-
ing elements are placed at points devoid of reinforcing 
steel, the following advantages are achieved:

(1) Metal part with inner thread

(2) Plastic part

Fig. 5: Clinggo-M fixing elements with inner thread

(1) End piece

(2) Plastic part

(3) Lid to protect the inner thread

(4) Protective cap against formwork oil (optional)

Fig. 6: Clinggo-M fixing elements with accessories

Fig. 4: Segment with Clinggo-spot fixing elements 
after stripping

Fig. 3: Integrating the Clinggo-spot fixing element in 
the concrete

1

2
2

3

4

 ▶ Saves work and time
 ▶ Simplifies logistics
 ▶ Contributes to the aspired optimisation of the seg-

ment dimensions and the reduction of the excavated 
and concrete quantities 

 ▶ Avoids micro-cracks in the concrete

1

2

1

2
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Installation involves the following steps:
 ▶ Once-off choose the position of the fixing elements at 

points where there is no reinforcement steel, measure 
positions on the tunnel formwork, drill the M6 thread 
holes in the formwork and screw in the end pieces

 ▶ Plug Clinggo-M fixing elements on the end pieces 
prior to installing the reinforcement

 ▶ If need be remove protective caps against formwork 
oil prior to concreting

 ▶ Concreting (Fig. 7)
 ▶ Stripping (Figs. 8 + 9)
 ▶ Install segments in the tunnel
 ▶ Remove lid (Fig. 9)
 ▶ Screw in furnishing

The same savings possibilities are possible as with the 
Clinggo-spot fixing element. This fixing without dow-
els also affords advantages in the event of fire.

Fig. 12: Segment for the Koralm  
Tunnel KAT 2

Fig. 9: A segment in detail with two 
Clinggo-M fixing elements after 
stripping (below with closed 
thread above with open one)

Fig. 8: Segment formwork in detail with end 
pieces after stripping

Fig. 7: Embedding Clinggo-M into 
concrete

Fig. 10: Segment formwork with  
integrated Clinggo-spot  
fixing elements

Fig. 11: Segment formwork with Clinggo-spot and 
steel reinforcement prior to concreting

Clinggo-M Fixing Elements  
with Inner Thread
Fig.  5 shows the Clinggo-M fixing element with two 
different diameters. The M stands for thread. These fix-
ing elements contain a metal part made of high-tensile 
steel with an inner thread, whose dimensions can be ad-
justed to the relevant requirements. The external profile 
is intended to ensure secure anchoring into the segment. 
A plastic element is plugged on one end of the metal 
part. Recesses in this plastic part enable it to be placed 
on so-called end pieces in the segment formwork – as 
is the case with the previously described Clinggo-spot 
fixing element. 

Fig. 6 also shows two further accessories, a tem-
porary lid to protect the inner thread and an optional 
protective cap against formwork oil for the metal 
part.
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Fig. 13: Segments installed in the Koralm Tunnel KAT 2

Practical Findings from Contract Section 
KAT 2 of the Koralm Tunnel

The impulse for developing the Clinggo-spot resulted 
from references to difficulties and previously unre-
solved problems pertaining to fixing waterproofing to 
segments experienced by the Strabag AG’s department 
for waterproofing.

Generally speaking those charged with waterproof-
ing segmental tunnels are faced with the problem that 
power actuated tools cannot be used on account of high 
concrete strengths. As a result, dowels are used. Dowel 
operations are extremely time-consuming and the rein-
forcement can be affected. By installing Clinggo-spot 
during segment production there is no need for drill-
ing. As a result the danger of corroding the reinforce-
ment close to drill holes is avoided. Furthermore, the 
crew responsible for fixing the velcro pads is not needed 
during the waterproofing operations. Only the velcro 
pads have to be plugged in position prior to placing the 
waterproofing geomembranes.

These new fixing elements are used in the Koralm 
Tunnel KAT  2 for the reasons provided. Figs.  10 to 
13 display the fixing elements installed in the segment 
formwork, the segment formwork with reinforcement, 
a completed segment and segments installed in the tun-
nel.

Conclusion and Outlook

The Meese GmbH’s fixing elements for segments in 
mechanized tunnelling that were presented offer con-
tractors to realise savings and increase efficiency. The 
think tank has continued to work on – encouraged by 
the success in the Koralm Tunnel. Innovative products 
involving challenges in detail for tunnelling by trench-
less means will be presented in a further article.
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1 Motivation

For more than 100 years railway tunnels with lengths of 
10 km and more have been built. To a large extent, these 
tunnels are still operating today. However, the demands 
posed on such tunnel systems have greatly increased – 
especially during the past twenty years. The most popu-
lar system for a long time involved twin-track tunnels. 
Nowadays this is no longer permissible unless drastic 
operating restrictions for mixed transport routes apply.

Today – similar to modern buildings – modern tun-
nel systems are highly developed technical systems with 
high demands. In order to thrive against competing 
transportation systems, the modern rail infrastructure 
must on the one hand, comply with all safety require-
ments and on the other, provide high availability and 
an economic operation. Thus in the case of very long 
tunnels in particular the question arises, which tunnel 
system will be able to fulfil the large number of needs in 
an optimal fashion. This article will examine this issue.

2 System Decision in the Past 
Between 1857 and 1871 the original 12.8  km long 
Mont Cenis Tunnel was built as the first long railway 
tunnel in the Alps consisting of one single-tube dual 
railway tunnel. After that almost all long transalpine 
tunnels such as the Gotthard (1882, 15 km), the Arl-
berg (1884, 10.6  km), and the Lötschberg (1913, 
14.6 km) employed this system. 

Fig. 1: Tunnel cross-sections: on the left Gotthard Base Rail Tunnel (1882) and right Simplon  Tunnel (1906/1922)
Source of left Fig.: Alptransit Gotthard AG

The owners of a long railway tunnel must weigh 
up the initial investment with the future operat-
ing, maintenance and renovation costs when 
choosing a system. The choice of system has im-
plications that reach far into the future. In this 
article the decisions that led in the past to the 
choice of system for the long Swiss Base Tunnels 
are analyzed taking the experiences as are known 
today and the changed general conditions into 
consideration. They provide recommendations 
for future decisions relating to systems.
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For economic reasons the 19.8  km long Simplon 
Tunnel was built with two separate single tubes at the 
beginning of the 20th century. In 1906 the first tube 
went into operation (Simplon Tunnel I). A second tube 
17 metres parallel to the first tube was necessary for the 
construction management. This second tube was ex-
tended (Simplon Tunnel  II) and went into operation 
in 1922 (Fig. 1). The Simplon Tunnel was the first long 
transalpine tunnel which was electrically operated from 
the very beginning and remained the longest rail tunnel 
in the world until 1982.

An over 50 km long rail tunnel was commissioned 
for the first time, in the form of the 53.8 km long Sei-
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kan Tunnel in 1988. This tunnel, formed as a two-track 
tunnel, connects the islands of Hokkaido and Honshu. 
The Japanese were the first to implement a ventilation 
system in an electrically operated rail tunnel with two 
emergency stop stations on both shores before passing 
underneath the sea (Fig. 2). A service and safety tunnel 
was “only” driven along the section under the sea.

Parallel to this project in Japan the construction 
work on the 50.4 km long Channel Tunnel was started 
in Europe crossing under the English Channel. The 
safety requirements for this tunnel exceeded all exist-
ing ones. The tunnel system was implemented with two 
single-track tunnels and one service and safety tunnel 
plus an extra complex ventilation system (Fig. 3). The 
Channel Tunnel was commissioned in 1994.

3  Tunnel Systems of new Rail Lines  
in Germany

The selection of the optimal tunnel system did not 
simply concern the owners of very long railway tunnels 
(> 20 km in length) but also those responsible for con-
structing the new rail routes in Germany with tunnels 
with a maximum length of 10  km. Thus for example 
from 1973 up till today more than 140 tunnels with a 

Fig. 2: System of the Seikan Tunnel in Japan

Fig. 3: System of the Channel Tunnel (France/UK) including a central service tunnel, cross passages (375 m apart) and piston relief duct
Source: Eurotunnel

(1) track tube

(2) service and safety tunnel

(3) pilot tunnel

(4) connecting tunnel (600 m apart)

total length (route length) of around 320 km have been 
built (Table 1). The tunnel length varies between a few 
hundred metres and the up to 10.8 km long Landrück 
Tunnel on the line between Hanover and Würzburg.

The Federal Railway Authority (EBA) guideline on 
“Fire and Catastrophe Protection Requirements on 
Building and Operating Railway Tunnels” that became 
effective on July 1, 1997, stipulates for building and op-
erating railway tunnels [1]:

 ▶ The running tunnels must be designed as parallel, 
single-track tunnels on two-track routes in the case 
of long and very long tunnels if the operating pro-
gramme calls for mixed operation of passenger and 
goods trains. In this case, the deployment of emer-
gency services is effected via connecting passages 
and the neighbouring tunnel tube. 

 ▶ In the case of two-track tunnels passenger and 
goods trains should not be scheduled to encounter 
each other.

These regulations were applied for the first time for the 
new Cologne-Rhine/Main rail route. The guideline was 
also applied for the tunnels for the VDE  8.1 project, 
which were at an advanced stage of planning, on the 
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be acknowledged through operating restrictions – by 
the deliberate separation of passenger and goods trains 
in tunnels.

4  Base Tunnels through the Alps – 
 System Decision in Switzerland (1993)

4.1 Starting Situation
In autumn 1992 the Swiss people agreed in a national 
vote on the AlpTransit project to construct two new 
rail links through the Alps (NRLA-concept), consist-
ing of the two Gotthard and Lötschberg Base Tun-
nels. After the positive decision in the referendum, a 
decision for an optimal tunnel system had to be found.  
It was necessary to find a solution for the Swiss Base 

Fig. 4: Blessberg Tunnel (VDE 8.1) – double-track-tunnel with 8 emergency exits and 2.5 km long rescue tunnel between emergency exit 
Nos. 5 and 6: system drawing (otl) and cross-section (otr)
Source: DB AG

High-speed Rail Line Number 
of Tunnels

Type of Tunnel Total Tunnel 
Length

Start  
of Construction

Commissio-
ning

Operating Mode

Hanover-Würzburg 62 double-track-tunnel 126.7 km 1984 1988 mixed traffic without oncoming traffic in the 
tunnels

Mannheim-Stuttgart 14 double-track-tunnel 31.1 km 1976/1983 1991 mixed traffic without oncoming traffic in the 
tunnels

Cologne-Rhine/Maine 24 double-track-tunnel 38.8 km 1995 2002 long-distance passenger transportation only

Ebensfeld-Erfurt (VDE 8.1) 22 double-track-tunnel 38.0 km 2003 2017 mixed traffic without meetings in the tunnels

Erfurt-Halle/Leipzig (VDE 8.2) 3 single-track-tunnel 15.3 km 2008 2015 mixed traffic

Wendlingen-Ulm 9 4 single-track-tunnels 
5 double-track-tunnels

30.3 km 2013 2021 mixed traffic

Stuttgart 21 4 single-track-tunnel 23.7 km 2013 2021 long-distance passenger transportation only

Karlsruhe-Basel 3 single-track-tunnel 15.6 km ... 2021 mixed traffic

Table 1:  Overview of the high-speed rail line tunnels in Germany
Source: DB AG

Ebensfeld-Erfurt route. Agreement was reached by the 
federal government, the regions, the Federal Railway 
Authority (EBA) and the owner Deutsche Bahn AG on 
developing a concept for the new route so that mixed 
train services can run over it even when it incorporates 
twin-track tunnels. In this case, the ban on passenger 
and goods trains confronting each other in tunnels, 
which has been applicable since 1997, must be resolved 
through signal technology (Fig. 4).

It is now the case that two single-track tubes with 
connecting passages are being built for the long tunnels 
on the new Erfurt-Halle/Leipzig (project VDE  8.2) 
route and the tunnels for the Stuttgart-Ulm project, 
which were designed at a later stage (Fig. 5). On older 
high-speed lines the changed safety regulations have to 



Tunnelling 33

Ehrbar, Vetsch and Zbinden: GeoResources Journal   2 | 2016 
Long Railway Tunnel System Choice – Review for the Future www.georesources.net

Tunnels, which ensured minimal investment costs but 
also the unrestricted fulfilment of all requirements on 
safety and functionality. 

Fig. 6: Analysed variants of tunnel systems taking the example of the Gotthard Base Tunnel [2]

Fig. 5: Bibra Tunnel (VDE 8.2) – 2 single-track-tunnels
Source: DB AG

The costs of the different technical variants led to dis-
cussions among the international experts and media over 
months. Finally an expert team under the leadership of the 
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 ▶ Variant A: double-track-tunnel with service tun-
nel (in accordance with the Swiss Federal Railways 
(SBB) project 1975 and most existing long tun-
nels) 

 ▶ Variant B: system with two single-track-tunnels 
and an service tunnel similar to the Channel Tun-
nel

 ▶ Variant C: 3 single-track-tunnels for continuous 
availability of two track tubes also during mainte-
nance works

 ▶ Variant D: two single-track-tunnels without ser-
vice tunnel, with 2 multifunction stations and 
emergency stop stations respectively at the third 
points to evacuate passengers (assuming 15  min-
utes for emergency running properties of a burning 
train)

The system used by the Channel Tunnel with a cen-
tral service tunnel was not further analyzed. The 
decision whether to centre the service tunnel, or ar-
range it laterally would have been taken based on a 
feasibility analysis, in case of a positive decision, at 
a later stage.

Table 2:  Criteria for the utility analysis used for NRLA base tunnels 1993 [3] –  
objective construction

Ojective Construction Weight Sub-objective Weight

Costs, cost risk 0.70 construction costs 0.80

cost risk 0.20

Construction time, construction 
time risk

0.20 construction time 0.80

construction time risk 0.20

Minimum environmental impact 0.10 management of   excavated rock 0.80

landscape impact in the portal area 0.10

construction material 0.10

Objective Operation Weight Sub-objective Weight Aspect Weight Sub-aspect Weight

Operational requirements 0.30 production quality 0.40 timetable stability 0.60

travel time 0.20

comfort 0.20

poduction quantity 0.40 performance 0.90

total closures 0.10

productivity 0.20 traction power 0.35

rolling stock 0.25 damages 0.20

maintenance 0.20

faster circulation 0.60

installations 0.15 complexity of installations 0.25

complexity of use 0.25

complexity of maintenance 0.25

functional safety 0.25

material costs (wear) 0.25 points 0.50

tracks 0.30

catenary 0.20

Maintenance 0.60 operational effects/incident 0.20 correction management 0,.40

accessibility  to scenes of 
incident

0.40

use of aids 0.20

maintenance effort 0.50 maintenance intervals 1.00

Attractive jobs 0.30 minimum comfort 0.40

few night operations 0.30

few weekend operations 0.30

Aerodynamics and 
 thermodynamics

0.10 effort for artificial ventilation 0.80

travel comfort (pressure) 0.20

Table 3:  Criteria or the utility analysis used for the NRLA base tunnels 1993 [3] – objective operation

Swiss Federal Office of Transport (FOT) had to prepare the 
forthcoming decision on the basis of three objective criteria:

 ▶ Construction
 ▶ Operation
 ▶ Safety

Three so-called Tunnel Colloquia took place in 
1992/1993. As a consequence four fact finding cases 
(Fig. 6) were analyzed [2]:
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4.2 Methods towards Decision making 

The utility analysis was applied for decision making in 
the variant study. The utility analysis is a quantitative, 
non-monetary analyzing method for decision theories 
(Scoring Model). This method has the advantage to 
treat problems which cannot be quantified easily only 
by monetary values. For that reason the utility analysis 
is often used in early project stages, when the costs for 
the project itself and oncosts are not well-known. This 
step was taken for the AlpTransit project in the last dec-
ade of 20th century. 

The advantages of this method are founded in the 
simple treatment of complex coherences, whereby 
comparability to the varieties can be achieved fast and 
directly. Disadvantages exist by the fact, that especially 
the selection and evaluation of the criteria are guided 
by subjective influences.

The system in Tables 2 to 4 was used for the NRLA 
base tunnels in Switzerland for 1992/1993. A score of 
1 (worst solution) to 10 (best solution) was chosen to 
rate the single criteria. It was interpolated linearly be-
tween the marks. The tendency of the interpolation 
line was set for each criterion by the responsible team 
of experts (Fig. 7).

4.3 Results of the Utility Analysis 
By using the utility functions with a maximum score of 
10, shown in Table 5, the partial benefit values per top 
objective appear. In consideration of the figures in Ta-
ble 5, it is scarcely amazing that the pure double-track 
variant (Variant A) comes to lie below average accord-
ing to operation and safety. Whereas the three-tube 
systems (Variant B and C) display the criteria, particu-
larly regarding safety with a significantly high level. Ac-
cording to the top objective construction, on the other 
hand, the three-tube systems have the non-dominant 
value in the criterion of construction (costs, sched-
ule) as the result of the high construction volume. The 
trade-off Variant  D receives the highest partial bene- 
fits value only on the criterion construction, due to the 
minor construction volume of all variants.

Objective Safety Weight Sub-objective Weight

Acceptance 0.30 passengers 0.20

personnel 0.80

Risk 0.70 railway accident 0.20

fire 0.25

dangerous road 0.30

personal accidents 0.05

work accident 0.20

Table 4:  Criteria for the utility analysis used for NRLA base tunnels 1993 [3] – 
objective safety

Variant Partial Benefit Value for Objective

Construction Operation Safety

A one  track tunnel with service tunnel 5.9 4.3 4.3

B two single track tunnels with service tunnel 4.9 6.2 7.9

C three single track tunnels 3.2 7.0 8.3

D two single track tunnels with multfuntional stations 7.0 6.4 7.4

Table 5:  Partial benefit values for the objectives construction, operation and 
safety determined for the Variants A to D in 1993 (score of 1 (worst 
solution) to 10 (best solution))

Fig. 7: Examples of linear benefit-value-functions: construction time (otl) and construction costs (otr) [3]

Relevant for the selection of the preferred variant 
was the total benefit value, which is combined by the 
weighted partial benefit values. The weighting of the 
partial benefits was varied within a certain scale in order 
to simulate the sensitivity of the decision on the tunnel 
system with reference to various project requirements. 

Fig.  8 shows four typical cases of different evalua-
tions towards top objectives. Fig. 8 points out, that Var-
iant D has the highest total utility value of every weight-
ed variation and overall only a minimum varying total 
benefit value. This effect can be explained by the closely 
spaced partial benefit values of the Variant D, with the 
three top objectives (construction 7.0, operation 6.4, 
and safety 7.4). Due to the fact that the Variant D had 
the highest total benefit value in each variation the vari-
ant decision was made in favour of Variant D in 1993.
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 ▶ Variant B (2 single-track-tunnels with an operating 
tunnel) was assumed to be 17 % more expensive than 
Variant D (2 single-track tunnels with an emergency 
stop station). With the application of the predefined 
utility function, the scoring of the criteria construc-

Fig. 9: NRLA Project: 48 % increase in performance and cost since 1998 [4]

Fig. 8: Total benefit value given different evaluations of the top objectives

4.4  Comments on the Results  
of the Analysis in 1993

The analyzed details from the benefit value of 1993 re-
sult in the definition below: 
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tion costs/construction cost risks, however, provides 
a difference of 60 % in favour of Variant D.

 ▶ For the installation of the equipment (auxiliary sys-
tems and rail technology), the following principles 
were in general:
 ▷ Simple and sturdy; only as much equipment as 

necessary (for example no forced ventilation) 
 ▷ Only what is most essential to be installed in the 

driving area of the tunnel
 ▶ The lower objective “maintenance and service“ was 

practically scored equally for Variant B and D. For 
Variant  D, the maintenance outlay was based on 
the assumption of a future construction of a service 
tunnel [4]: “If previously the third tube can be created 
between the two main tunnels in the field of construc-
tion, in variant D minimal operational impact aris-
es... In case it is not possible, high operational impacts 
are unavoidable.” 

5  Changes in the Constraints within the 
past 20 Years

The Lötschberg and the Gotthard Base Tunnel projects 
were implemented as per system decision in 1993. The 
Lötschberg Base Tunnel began operating in Decem-
ber 2007, whereas the Gotthard Base Tunnel will start 
commercial operation et the end of 2016.

In keeping with the NRLA supervisory delegation’s 
annual report for the confederate council in 2014 [5], 
the costs for the overall NRLA-project (Lötschberg-
axis and Gotthard-axis) rose from an original 12.2 bil-
lion CHF to 18.2 billion CHF (prices based on 1998), 

Fig. 10: Gotthard Base Tunnel system
Source: AlpTransit Gotthard AG

which meant an increase of 48  % as shown in Fig.  9. 
About half of these costs were allocated to the catego-
ries additional safety requirements and state of the art 
technologies (+ 21  %), and to “improvements for the 
public and the environment” (+ 4  %). The question 
arises, which project requirements caused such a drastic 
change in the past 20 years, prompting such cost escala-
tions. The highest increase in the costing block can be 
seen in the segment additional safety requirements and 
state of the art technologies.

This cost increase was the primary result of the fatal 
fires in the Mont Blanc (1998) and Tauern road tun-
nels (1999), in the Kaprun glacier lift (2000) and in the 
Gotthard Road Tunnel (2001). Due to those incidents 
the safety requirements for the NRLA Base Tunnels 
were boosted enormously, impacting in the changes in 
the construction for the 15 km long Ceneri Base Tunnel 
for the NRLA axis at the Gotthard. Changes occurred 
in the new two-tube construction instead of a single 
double-tube [1] and massive changes in the ventila-
tion system for the Gotthard Base Tunnel. 28 exhaust 
air openings along the 4 emergency stop stations with a 
multitude of mechanical and electro-mechanical equip-
ment were produced, instead of the originally planned 
four openings. Moreover, longer exhaust air tunnels 
were added [6]. In additional, a ventilation system had 
to be implemented in the approx. 175 cross-passages to 
ensure the correct operating temperature for the railway 
equipment (Fig.  10). The advanced consideration of 
redundancy led to the consequence that the principle 
“simple and robust; only as much equipment as neces-
sary“ could no longer be maintained.
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 ▶ The relation between estimated costs and the pro-
portion of risk costs is not 0.8 : 0.2 but closer to 
0.7 : 0.3 as is shown by the cost development at the 
Lötschberg and Gotthard axis. Even the discussion 
about constructing the Swiss railway Alpine cross-
ing of 1990 [2] estimated on such a relationship, 
so it was included in the upgraded considerations 
(Fig. 11).

 ▶ The assumption in Variant D, that future renewals 
should in part have a third tube, is no longer stable 
and no longer lent consideration.

 ▶ The concept of artificial ventilation can be regarded 
more favourably for a three-tube system (Variant B) 
instead of the Variant D from today’s perspective.

 ▶ On the basis of a three-tube system, a significant 
part of the mechanical and electro-mechanical 
equipment could be maintained independent of 
the running tunnel, which could lead to a reduction 
of installation parts (less redundant systems). The 
operating experience of the Lötschberg Base Tunnel 
shows that a reduction of cost of some 20 % is pos-
sible in maintenance expenditure, with the system’s 
availability rising at the same time. 

The represented partial benefit values in Table  6 for 
each top objective were determined on the basis of this 
rough measurement. Table 6 shows that even with to-
day’s knowledge, Variant  D takes the highest partial 
benefit value further on with two single-tunnel and 
emergency stops at the top objective “construction” 
(investment cost, risks, and timetables), accepting a 
smaller difference. The relations veer towards the crite-
rion of operation. 

On the one hand this effect is caused by the es-
sentially higher expenses for the mechanical and elec-
tro-mechanical equipment (doors, gates, ventilation 
systems etc.), on the other hand certain assumptions 
according to future renewal systems (for example incre-
mental construction of a third tunnel) cannot be real-
ized with today’s system.

As shown in Fig.  12 the results of the sensitive 
analysis regarding the strongly varying evaluation of 
the three top objectives show that Variant B (2 single-
track-tunnels and service tunnel) up against Variant D 
(two single-track-tunnels and emergency stop stations) 
mostly performs better.

Variant D continues to be the best one only with an 
evaluation of the top objective “construction“ at 70 %, 
but the gap ist relative small. Such a high evaluation of 
the construction criterion is only justified, when the top 
objective is minimization of the investments.

Based on life-cycle costing, the operation criterion 
should normally be evaluated higher than only 15  %. 
From experience the operating cost, the maintenance 
cost, and replacement investments are of similar size as 
the initial investment. In consideration of the safety re-
quirements the top objectives construction, operation 
and safety should be split in three equal parts. Accord-
ing to such a scale, the three-tunnel solutions should 

Fig. 11: Cost forecast in 1990 according to [2]

Variant Partial Benefit Value for Objective

Construction Operation Safety

1993 2015 1993 2015 1993 2015

B:  2 single-track-tunnels with service tunnel 4.92 6.30 6.14 7.11 7.94 7.9

D:  2 single-track-tunnels and  
2 multifunction stations

6.97 7.25 6.40 4.60 7.43 7.4

Table 6:  Partial benefit values for the objectives constrution, operation and 
safety determined for the variants B and D in 1993 and in 2015 (score 
of 1 (worst solution) to 10 (best solution))

Another important cost factor had been the ground-
related incremental costs and their impact on construc-
tion works. Extremely difficult conditions in the Faido 
multifunction station prompted structural alterations 
and redefining the construction procedure (increased 
parallel activities). In the Faido and Sedrun part-sec-
tions various additional logistical tunnels had to be ex-
cavated to enable the construction procedure to forge 
ahead. This is a clear indication for a third tube during 
the construction phase to simplify logistical problems 
which could have played an important role in bringing 
about more advantages. With today’s knowledge, the 
evaluation has changed. Thus with today’s knowledge, 
the Variants B and D can no longer be evaluated almost 
equally for sub-category construction.

6 Simulation Calculations 2015
Considering the changed constraints described in 
Chapter  5, the authors elaborated an utility analysis 
based on the knowledge of 2014/2015, following the  
method applied in 1993. The following additional as-
sumptions had been adopted: 

 ▶ As alternative A (twin-track tunnel with service 
tunnel would no longer be acceptable nowadays 
see [1], this alternative is no longer under consid-
eration, which leads to an overall adaptation of the 
benefit functions.
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have a higher benefit value than the two-tunnel solu-
tion with today’s knowledge.

Like the utility analysis of 1993 the utility analysis of 
2015 as well is defined by subjective estimates of those 
assessing it. If one wanted to depersonalize the assump-
tion broadly, an entire cost-benefit analysis should have 
been carried out including a comprehensive life-cycle 
assessment. Based on the fact that two very long tun-
nels in Switzerland were built and the information on 
operating experience exists from the first one a database 
can soon be presented, which could reflect this. 

7 Conclusion and Recommendation
The system decision for long and very long railway tun-
nels has an essential impact on future operations of rail-
way installations. With the implementation of the Gott- 
hard and Lötschberg Base Tunnels, a lot of pioneering 
work had to be accomplished for an ambitious choice 
of ideal tunnel systems. The variant decision of 1993 
was taken under complete consideration of the former 
framework conditions and in general accepted meth-
ods and techniques, which are approved as very stable. 
This stability is strongly founded in the high weight-
ing of the initial investment criterion. At that time no 
elbow room was left for other spheres and more expen-
sive variations.

Thus, the marked-out financial coverage of 9.7 bil-
lion CHF for the axis Arth-Goldau-Lugano includ-
ing the Gotthard and Ceneri Base Tunnels was not 
allowed to be exceeded. The money for the third tube 
did not exist at that time. Even higher costs (expendi-
ture) would have increased the chance the complete 
AlpTransit project (Gotthard and Lötschberg axis) 
falling politically at that time. Under those constraints, 
the method applied at that time defined a safe structure 
with minimum construction costs.

As a result of increased safety requirements during 
the past 20 years, expenditure for auxiliary systems and 

Fig. 12: Total benefit value given different evaluations of the top objectives (determined in 2015)

Fig. 13: Equipment for a cross-passage in the Gotthard Base Tunnel
Source: T. Jesel, Ingenieurgemeinschaft GBT Süd

the railway technology and technical rail equipment has 
shot up strikingly compared to the original assumptions 
[8, 9]. Subsequent elements such as the ventilation for 
the 175 cross passages (Fig. 13) and the complex cool-
ing and ventilation systems in the multfunction stations 
could not be forecast in 1993.

For a new assessment the clear priority setting of the 
capital costs is to be questioned compared with the run-
ning costs, maintenance costs and renewal costs, since 
the capitalized maintenance and renewal costs often 
vary to the same scale as the capital costs. Despite this 
aspect one upgraded benefit value analysis shows that 
a three-tube system would emerge better according to 
today’s limits and would also be seen as a suitable alter-
native for very long tunnels.

A complete cost-benefit analysis taking current ref-
erence values pertaining to operating and maintenance 
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costs into consideration for long railway tunnels would 
further substantiate this assertion as initial rough cal-
culations have indicated. Besides, the third tube might 
be used not only as a mere investigation and drainage 
tunnel, but also as a safety and service tunnel. Big parts 
of the equipment could be maintained independent of 
the running tunnel. The target should be to decrease 
maintenance and renewal costs and to increase the sys-
tem availability at the same time, whereby operation is  
shaped more economically overall.

Thus it is not surprising that the current system of the 
Brenner Base Tunnel closely resembles Variant B. In or-
der to develop this defined exploration tunnel (Fig. 14) 
with a long-range favourable and operational approach, 
an appropriate operational advantage must exist.

Generally speaking, advanced studies for very long 
tunnel system decisions, Variant  C (3 single-track-
tunnels) could be reconsidered. Solutions with a third 
central tube with no fitted technical rail equipment are 
conceivable. The equipment could be implemented lat-
er when major renovation is required. In the meantime 
the tube could be used as a service tunnel.

In spite of the methods applied for decision-making 
and possibly the preferred variations, one thing is very 
clear: the constructing generation has to accept high 
responsibility with respect to future generations of op-
erators. Mostly it is manifested in the trade-off initial 
investments and future operation, maintenance, and 
renewal costs. Such responsibilities can be impressively 

demonstrated especially in the example of the system 
decision for long tunnel constructions. Each owners’ 
organisation should be aware about this fact from the 
very start of a project.
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Introduction
In 2007 a Turkish company started to explore the Kınık 
sub-bituminous coal deposit in the Soma coalfield. This 
coal deposit is part of the lignite-bearing Neogene ba-
sins of Western Anatolia in Turkey. The Miocene sub-
bituminous coal of the Km2 sequence is the main target 
of the exploration. It is located around 900 m under the 
surface in the license area. 

First the background of exploration practice in Tur-
key is given followed by a short description of the first 
phase of exploration in the Soma coalfield until 2011 
using a Chinese technology provider as consultant. 
Furthermore, the improved surveying and modelling 
results by using a modified methodology recommended 
by the German company DMT in the second phase of 
exploration are explained in more detail. 

Background of Exploration Practice 
in Turkey
Following the First World War the young Turkish Re-
public nationalized extensive parts of Turkish industry. 
Between 1928 and 1940 also the mining industry was 
nationalized by the Turkish government. Parallel to 
this, in 1935, the government established the Mineral 
Research & Exploration General Directorate (MTA), 
with the aim of conducting scientific and technological 
research on mineral exploration and geology. Only the 
governmental exploration company MTA consulted 
the states mines and due to this set-up private consult-
ing companies were not able to offer their services in 
Turkey. Additionally, professors from universities with-
out practical and economical experience are the only 
available consultants.

In 2004, the Turkish government moved to priva-
tise the mines again. Over a period of around 70 years 
until the liberalisation of the Turkish mining industry 
in 2004 no private investors were allowed to invest in 
mining projects. As a result, today there are two gen-
erations of industrial magnates in Turkey without any 
experience in mining or exploration projects. Nearly 
95 % of the investors in Turkey are outside the mining 
or mineral business sectors.

The booming economic growth in the last 15 years 
in Turkey brought about a class of industrial magnates 
who use their own financial resources to invest in min-
ing and exploration projects. A big problem is that most 
private investors do not know the international report-

In 2007 a Turkish company started to explore a 
sub-bituminous coal deposit in the Soma coal-
field in Turkey. This coal deposit is part of the 
lignite-bearing Neogene basins of Western Ana-
tolia. This article describes the exploration works 
and results – at first after cooperating with a Chi-
nese consultant company before changing to the 
German company DMT due to quality reasons in 
2011. After checking the status finding obsolete 
equipment and documentation DMT recom-
mended a changeover and an exploration pro-
gramme according to international standards, 
including investigations regarding hydrogeology, 
geophysical borehole measurements, methane 
measurements, geotechnics and 2D  seismic sur-
vey. The interpretation of deep drilling data by 
DMT showed the advantages of additional 3D 
modelling to interpret the structure of the inten-
sively faulted deposit properly. Seismic survey 
and 3D modelling reduced the exploration period 
and thereby lowered the costs. The continuity of 
strata, orientation of normal faults and the throw 
of faults could be better analysed and led to bet-
ter correlation of the strata between fault blocks. 
In July 2014 the construction works for the in-
clined shaft started.

Mining • Lignite • Exploration • Drilling • 
Seismic surveying • Turkey

Success by Know-how – Exploration of a 
 Turkish sub-bituminous Coal Deposit from the 
Grass Roots to the JORC compliant 3D Model
EurGeol Dr. Hartwig Gielisch and Diplom-Geologe Henry Gräßel, DMT GmbH & Co. KG, Essen, Germany

ing codes for mineral projects, which set minimum 
standards for public reporting of mineral exploration 
results, mineral resources and coal or ore reserves.

First Phase of Exploration
The exploration of the Kınık sub-bituminous coal site 
started without DMT around the year 2007. A Chinese 
technology provider consulted the Turkish company 
and imported a Chinese drilling rig. This rig was used to 
drill the first 10 drill holes in the Kınık area. The drill-
ing results were disastrous. Exemplarily core box No. 1 
of drill hole No. 1 shown in Fig. 1 contains the cores 
of the first 700 m and the diameter of the Chinese drill 
rod did not comply with international standard diam-
eters such as HQ. 

A reconstruction of the lithology using borehole 
geophysics was not possible because no geophysical 
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tools could be used in the holes due to the small diam-
eter. Also a state of the art documentation of the core 
was not performed. Until 2011 the Turkish company  
used the services of a Chinese consultant company to 
reduce costs and switched in 2011 to DMT for quality 
reasons.

Geology of the Site (modified from [1])
The lignite-bearing continental Neogene basins of 
Western Anatolia are divided into three groups accord-
ing to their time of formation, tectonic setting and sedi-
mentary facies (Fig. 2). These are, in ascending time/
tectonic order, the NE, the NW and the EW-trending 
basins. While the NE and the NW-trending Neogene 
basins of Western Anatolia are filled with Middle to 
Upper Miocene sedimentary sequences respectively, 
the EW-trending basins are filled with Pliocene-Qua-
ternary sediments, only the latter basins have parallel 
trends from west to east. Generally, the boundaries of 
the basins are controlled by growth faults which have 
influenced the thickness and spreading of the sedimen-
tary sequences and lignite seams.

These sedimentary sequences of the continental 
basins consist mainly of fan, fluvial, lacustrine and vol-
canoclastic sediments. Most of the economic lignite 
deposits in the Neogene continental basins occur in the 
uppermost part of the fluvial sequences which are con-
formably overlain by lacustrine sequences.

The NE-trending Neogene lignite basins of West-
ern Anatolia have a relatively high calorific value com-
pared to those of the NW-trending lignite basins. The 
EW-trending Pliocene-Quaternary basins generally do 
not contain economic lignite deposits. The total lignite 
reserves of Western Anatolia amount to approximately  
3 billion tonnes. The Miocene Soma coalfield is preserved 
in a small intramontane basin residue which is situated in 

Fig. 1: Chinese drill rod with small diameter and the core recovery of drill hole No. 1: 0 – 700 m
Source: DMT, unless indicated otherwise

Fig. 2: The lignite-bearing Neogene basins of Western Anatolia  
(red circle: Neogene basin of Soma/Turkey)
Source: modified from [2]

the graben complex of western Turkey (WAGC), occu-
pying an area of approximately 150 km in width. 

Local Geology
The extensionally deformed deposits of the Miocene 
Soma coal basin unconformably overlie the early Ceno-
zoic and older clastic/carbonate rocks of the Izmir–An-
kara Zone (Fig.  3). Miocene alluvial/fluvial-lacustrine 



44 Mining

GeoResources Journal   2 | 2016 Gielisch and Gräßel:
www.georesources.net  Exploration of a  Turkish sub-bituminous Coal Deposit from the Grass Roots to the JORC compliant 3D Model

ing from 0.5 to 2.5 m, was formed in a flood plain envi-
ronment, including shallow freshwater carbonate lakes 
and/or ponds, and frequently drying poor forest mires 
of an anastomosed river system. The volcanism-induced 
Upper Coal sequence (KP1) was deposited in a fluvial 
channel, flood plain and probably in allochthonous 
peat mires of a braided river system that rapidly got 
buried and/or eroded by volcaniclastic apron deposits 
culminated with large carbonate-dominated peren-
nial shallow lakes. The Miocene coal sequences were 
probably deposited in the fault-controlled karst-based 
palaeovalleys and lowlands of the intramontane palaeo-
morphology that were patterned by the Early Tertiary 
collision of the Eurasian and Anatolian plates. 

Main target area in the Soma coalfield is the Lower 
Coal sequence (Km2). In the Kınık license area the 
Km2 sequence is located 900  m under the surface. 
Should exploration be successful this deposit will host 
the deepest lignite mine in Turkey at a depth of 900 m 
below the surface.

Restart 2011-13 – Changeover of the 
Exploration Methodology
Following the first field visit at the exploration area in 
May 2011 and a review of the used methodology and 
work flows DMT’s experts planned and performed an 
exploration strategy and standard operation procedures 
(SOPs) to standardize work flows and documentation 
of the exploration results. These experts prepared a pro-
gramme to explore the deposit. As a first step, DMT 
changed the methodology to analyse the cores and the 
documentation of work by submitting SOPs regard-
ing international valuation systems. These SOPs were 
performed for the drilling operations, the core analy-
ses and the documentation of work done. The aim was 
to increase the level of exploration up to international 
JORC standard according to [3] to generate the possi-
bility to obtain credits from national and international 
credit institutes before and in the mining phase. JORC 
stands for “Joint Ore Reserves Committee”. Further 
steps were involved changing of the drilling rigs and  
training the site geologists (Fig. 4).

Under the supervision of DMT the Turkish com-
pany changed the procedures within the next 2 years to 
international standards and implemented the SOPs giv-
en by DMT, including investigations regarding hydro-
geology, geophysical borehole measurements, methane 
measurements and geotechnics (Fig. 5). As a result of 
this standardisation and a review of the “old” boreholes 
all boreholes can be correlated and all boreholes could 
be transferred into a 3D model. DMT’s and the client’s 
geologists scouted new drilling locations and planned 
a drilling grid in the northern part of the license area 
with a 400 m spacing between the boreholes. After suc-
cessful completion of 28 deep holes in autumn 2013 it 
was realized that the structure of the intensively faulted 
deposit could not be interpreted properly without a 2D 
seismic survey for clarification of the structural features 
and the depth of the deposit.

Fig. 3: Stratigraphy of the Soma coal field

deposits composed of three lignite sequences (Lower 
(Km2), Middle (Km1), and Upper (KP1)) are exposed 
in the Soma coalfield. The total thickness of the coal se-
quences is about 900 m and the coal rests unconform-
ably on the Mesozoic carbonate/siliciclastic basement 
rocks. The lower Coal sequence (Km2) was deposited 
in an alluvial fan to plain and perennial forest mire sys-
tem resulting in a sub-bituminous lignitic coal, in aver-
age 20  m thick. The freshwater carbonate-dominated 
Middle Coal sequence (Km1), with lignite beds rang-
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Seismic Survey and Modelling

The 2D seismic survey was executed to save costs and 
time. DMT’s geologists estimated that 25 additional 
boreholes were required to clarify the structure of the 
faulted deposit. The following calculation convinced 
the client to commission a Turkish geophysical com-
pany to execute a 2D seismic survey following 7 lines 
scouted by DMT:

 ▶ 25 boreholes needed
 ▶ 1 borehole 1,000 m depth ca. $ 200,000
 ▶ Expense of drilling holes: ca. $ 5,000,000
 ▶ Expenses of the seismic survey ca. $ 500,000

The field work started in January 2014 and was com-
pleted in around 6 weeks in March 2014. During the 
whole time DMT seismic specialists supervised the 
Turkish geophysical company to verify the quality of 
the work. Due to steep topographical gradients in the 
license area the field work was complicated. Data pro-
cessing was tackled by DMT’s specialists in Essen from 
March to April 2014.

The results were positive and following the success-
ful data processing the modelling of the data was also 
executed by DMT geologists in Essen from April - May 
2014 (Figs.  6+7). The analysis of the core drillings led 
to the seam body with all coal thicknesses and the mod-
elling of the 2D seismic interpretation results led to the 
3D model of the structures of the deposit. As a result of 
the interpretation DMT geologists defined several re-

Fig. 5: SOPs and implementation of the SOPs

Fig. 4: Mobile, modern RIG at borehole 23

source blocks in the deposit bordered by faults. Subse-
quently, DMT mining engineers used the 3D model to 
start planning the shaft location and the mine planning.

Estimation of Resources and Setting Up 
the Mine
DMT was able to issue a first estimate of the lignite 
content to the client in June 2014. A JORC compli-
ant resource estimation for the lignite field followed in 
autumn 2014. The sinking of an inclined shaft to mine 
the lignite started in September 2014 (Fig. 8). DMT’s 
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and in turn the exploration costs were reduced drasti-
cally. The seismic survey was successfully completed 
even though a tricky terrain with steep topographic gra-
dients made the field work difficult. This project shows 
that seismic surveys can be performed in nearly every 
environment.

The interpretation results of the 2D seismic survey 
led to a 3D resource model that can be used for estima-

Fig. 6: Interpreted 2D lines with normal faults

Fig. 7: Interpreted 3D model with the structures of the deposit

mining engineers planned the shaft, the underground 
roadways, the ventilation system, the plan of panels, the 
mining lay-out for the next 20 years and the feasibility 
of the mine.

Conclusions
By implementing a seismic survey to explore the Soma 
lignite concession, the amount of boreholes necessary 

Fig. 8: Status quo in September 2014: setting up the mine
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tion of tonnages and quality parameter quantification. 
The model can be updated with forthcoming explora-
tion results.

The reconstruction of a deposit’s structural frame-
work only from vertical boreholes presents speculative 
interpretations whereas the reconstruction of deposit 
structures from seismic surveys constitutes geological 
interpretations based on geophysical data.

The results of seismic surveys increase the evidence 
of fault compartmentalization of the deposit and com-
bined with core boreholes these surveys lead to faster 
exploration results as can be seen from the surveys for 
Soma lignite project carried out by DMT and Turkish 
partners: The period from the beginning of the 2D seis-

mic survey to the start of the shaft sinking was only 9 
months.
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The Paris Climate Summit

The 21st session (COP21) of the U. N. Framework 
Convention on Climate Change (UNFCCC) culmi-
nated in a landmark agreement on 12 December 2015 
to reach the goal of limiting global temperature rise be-
low 2 degrees Celsius and pushing efforts to limit the 
increase to even 1.5 degrees (Fig. 1).

Importantly, the Paris summit also ended the previ-
ous differentiation in commitments between developed 
and developing countries. Now all countries have to un-
dertake efforts to reduce their greenhouse gas emissions 
and it seems that coal-fired power production shall be 
the main activity to be reduced globally, although there 
is growing concern about the increase of emissions 
from unconventional oil and gas production. The sig-
natories will have to report about their national deter-
mined contributions (NDCs) every five years and will 
undergo international reviews. While the developed 
countries reaffirmed binding obligations, the develop-
ing countries were encouraged to voluntary contribu-
tions. The agreement is a treaty under international law, 
but only discrete provisions are legally binding. It will 
be open for signature on 22 April 2016, but for each 
country it will be subject to its own internal decision 
process to join, meaning that there is still uncertainty in 
future energy use (Fig. 2). 

The COP21 climate deal from Paris has left the 
important issue “the future role of coal” unanswered. 
Coal, which is currently fuelling about 40  % of the 
world’s electric power production, was not even men-
tioned in the official text of the agreement. But its 
pending potential cannot just being put aside, as green 
environmental groups hope and demand.

Is it the End of Coal?
Environmental activists have managed to create a wide-
spread public opinion, mainly in Europe and in the US 
that global use of coal will come to an end very soon. 
Through the Paris event they have evoked hopes which 
may not be realistic and thus will create disappoint-
ment and anger amongst its believers. Based on this 
emotional ground the anti-coal movement will con-
tinue to fight the coal industry. The head of Euracoal, 
Brian Rickett stressed by his useless defence of objec-
tive arguments, emotionally said that the coal industry 
will be “hated and vilified” in the same way that “slave-
traders” were once seen. For many people coal is out 
and there is no further discussion needed in favour of 
a current 8  billion tonnes per year business. Western 
politicians have realized that anti-coal statements are 
helping with handy votes. Banks and insurers try to 
gain reputation by stopping the financing of coal relat-

The Paris Climate Summit in December 2015 cul-
minated in a landmark but not binding agree-
ment to reach the goal of limiting global temper-
ature rise. The COP21 climate deal form Paris has 
left the important issue “the future role of coal” 
widely unanswered. The demand for coal will be 
determined in Asia, the world’s growth area. This 
article attempts to take an objective view on the 
future use of thermal coal for power generation 
and the prospects for clean coal.  

Mining ∙ International ∙ Coal ∙ Climate ∙  
CC-technologies ∙ Policy ∙ Market 

World Coal after the Paris Climate Summit
Dr.-Ing Frank Leschhorn, Brisbane, Australia

Fig. 1: The 21st session (COP21) of the U. N. Framework Convention on Climate 
Change, Paris
Photo: European Union

Fig. 2: Carbon reduction targets
Source: Climate Change Authority
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ed projects. Public funds, including churches and uni-
versities are divesting from companies which deal with 
coal. These are easy decisions because the coal industry 
is not making profits and the future of those bonds 
looks grim. In the aftermath of COP21, the market 
capitalization in the coal industry plunged strongly. 
Large coal producers have gone broke in recent years, 
including Alpha Natural Resources, Arch Coal, Patriot 
Coal and Walter Energy in the US. Similar to those, 
just now Peabody Energy, the largest privately held 
coal company has filed for Chapter 11 bankruptcy pro-
tection because of their over-leveraged balance sheets 
caused by depressed market prices. Other mine own-
ers are writing down billions of dollars in assets, such 
as Mitsui, Mitsubishi and Sumitomo, a worrying sign. 
The problem for coal is the huge oversupply as a result 
of China’s slow-down and the shale-gas boom in the 
US. As a number of environmental groups and their 
supporting press have claimed the end of “Big Coal”, 
the developing countries in Asia and that’s where the 
economies are still growing fast, will not ignore coal as 
the cheapest and most reliable fuel for electric power 
generation which has to meet their fast growing energy 
needs.

An Attempt to take an  
objective View on Coal
It is a kind of peculiarity that recent studies including 
the final report from the Paris talks are mostly publish-
ing percentage numbers, trying to avoid absolute num-
bers of coal demand and supply. The other issue is that 
coking coal is included in the primary energy figures, 
although that coal belongs to a completely different 
market which only depends on  the growth of the steel 
industry. Further, the differentiation between the dif-
ferent coal types is not always clear because many met-
allurgical coals (e. g. semi-soft) may be used for power 
generation as well. The COP21 proposals to turn away 
from the world’s most abundant and lowest-cost fuel 
will be welcomed by climate campaigners in the west-
ern world, but there are constraints which cannot be 
solved by emotions and ideology. 

The reality is that globally 84 GW of new capac-
ity was commissioned in 2015 and that about 338 GW 
of coal-fired power stations are in construction with 
another 1,000  GW in planning. This equals to about 
1,500 plants which require capital spending of almost 
USD 1 trillion. The falling utilisation rates of power 
stations in China, dropping from 60.4  % in 2011 to 
49.5 % in 2015 and the 11 GW of idle capacity in In-
dia signal the problems in connection with aging, pol-
luting and inefficient plants (Fig. 3). They have to be 
replaced by state of the art capacities. Coal activists call 
it a useless capacity bubble but those countries are go-
ing to renew their power supply by reducing both, spe-
cific coal demand and greenhouse gas emissions. The 
low utilization explains the current decrease of thermal 
coal demand. The International Energy Agency (IEA) 
expects that the new capacities will create an increase of 

coal demand in south-east Asia of  7.8 %/a and 4.3 %/a 
in India.

The Clean Coal Chance
COP21 has opened the eyes of the governments which 
are polluting their countries by using outdated technol-
ogies in coal combustion. The coal importing countries 
typically use the most efficient technologies which de-
mand higher-quality coals. With regards to efficiency 
the Chinese and Indian plants, which utilize mostly 
high-ash coals, are placed at the low end with 32 %. Even 
in US and Australia (with a few exceptions) thermal ef-
ficiencies at less than 37 % (2015) are comparatively low 
compared to Japan and Germany, where average yields 
of 40  % and more are reached. Now the coal lobby is 
promoting clean coal technologies as a solution for the 
future of thermal coal. In their report “The Power of 
High Efficiency Coal”, the World Coal Council stated 
that high-efficiency low-emission (HELE) coal-fired 
power generation will mitigate more CO2 emissions per 
dollar investment than renewable energies. In India, for 
example, 1.5 t of domestic produced coal is needed to 
generate the same energy as 1.0 t of high-quality export 
coal. By 2040 about 1.1  billion tonnes of CO2 could 
be avoided globally by deploying HELE technologies 
which were developed in Japan in the late 1990s. The 
aim has to be closing the least efficient power stations 
and replace them by modern plants.

Globally about half of the existing coal-fired fleet 
of power stations have been in service for more than 
25 years and there is more than 150  GWe of capac-
ity with a unit size of less than 200 MW in operation 
which is commonly subcritical and of low efficiency. 
In 2011 about 50 % of the newly built power stations 
use HELE technology, such as supercritical and ultra-
supercritical pulverized coal combustion, where gross 
efficiencies of more than 45 % can be achieved. There 
is an advanced ultra-supercritical technology possible, 

Fig. 3: Power plant utilization rate [%] in China and India
Source: IEEFA
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of oil equivalent) assuming coal based generation input 
globally to decrease by about the same amount. Dur-
ing this time the use of bioenergy and other renewable 
energies shall increase by 885  Mtoe plus increases of 
nuclear energy (398 Mtoe) and gas (226 Mtoe). Those 
absolute numbers, representing a decrease of more than 
900 Mtce (coal equivalent) has to be questioned. Just 
before the Paris talks, an environmental NGO (Climate 
Action Tracker) showed that 2,440 planned coal based 
power stations were in the global pipeline, of which 
1,171 in China and 446 in India. Although not all the 
projects will go ahead, these numbers show the dimen-
sion of the future electricity demand, which regenera-
tive energies would never be able to produce. According 
to IHS Energy, the global trade volume of thermal coal 
declined 6  % to slightly above 900  Mt in 2015, from 
which 75  % was imported by Asian countries. Coal 
demand in US and OECD Europe is projected to fall 
by more than 50 % due to increasing supplies from gas 
and renewable energies and even Australia is phasing 
out older coal-based generation without replacements. 
But because of increasing demand for electricity in Asia 
the import volumes could further grow to 950  Mt in 
2020 and to more than a billion tonnes by 2030. IHS 
with its prognosis is just following the facts, while the 
institutional international organisations try to follow 
social trends and consider political views. ExxonMobil 
predicts that global peak coal demand could happen by 
2025, the Institute for Energy Economics and Financial 
Analysis (IEEFA) says that global peak coal consump-
tion may have already occurred in 2013. The great hope 
within the coal industry is the future demand from 
Southeast Asia, including India, while future coal de-
mand in China remains unclear. The Minerals Council 
of Australia stated that there is a growing demand for 
high-quality thermal coal in Asia but the Australian 
Energy and Climate Intelligence Unit is contradicting 
this statement. This again shows the uncertainty of pre-
dictions and how they are politically and ideologically 
influenced (Fig. 4). 

Future Demand by Countries
The Asian markets, including China and India account-
ed for almost the entire growth since 2008. They now 
consume  roughly 75 % of the global seaborne demand. 
Coal is by far the cheapest source for electricity in the 
Asia-Pacific region. This area imported 690 Mt in 2015, 
a figure that could reach 900 Mt in 2030.

China was expected to keep increasing its emissions 
until about 2030 but this could now peak a lot of years 
earlier. Instead of burning coal in their houses millions 
of people begin to enjoy the use of electricity. Despite 
the rising use of renewable energy and nuclear power, 
China is still increasing its coal-based power produc-
tion by using modern power stations until around 2030 
where peak coal demand is still expected. Dramatic 
changes in the energy sector will occur in the south-
eastern coastal areas where the share of coal in power 
production will fall from 70 % (2013) to 56 % by 2020. 

but not yet commercially available. The combination of 
power stations with carbon capture and sequestration 
(CCS) would reduce the CO2 emissions but also the 
plant efficiency significantly. The replacement of old 
subcritical power stations by HELE units would be the 
most affordable way to reduce CO2 emissions and could 
provide electricity at comparable lowest costs. The only 
requirement for HELE power stations is high-quality 
coal, especially low-ash coal, a restriction which could 
lead to problems in countries with a traditionally local 
production of “dirty” coals. The success of the HELE 
technology with its proven reduction of greenhouse-
gas will be judged in Asia where more than two-thirds 
of the world’s new coal-fired capacity is concentrated. 
Globally there is 700 GW of advanced coal generation 
capacity online or under construction, from which 
China accounts to 55 % of the world’s inventory. From 
2017 the Indian government has mandated that all new 
coal-fired projects are required to use supercritical tech-
nology or better. The critical question is how much of 
outdated capacity will be shut down globally and re-
placed by HELE designed power plants?

Future Thermal Coal Demand
According to the latest BP Energy Outlook, global en-
ergy demand will grow by 1.4 %/a from 2014 to 2035 
with 95  % of the growth coming from non-OECD 
countries. About 56  % of the demand growth is used 
for electric power generation. Coal will account to 25 % 
of the world’s primary energy consumption, down from 
a current share of about 40 %, but it will further domi-
nate global electricity production. This share was 39 % 
in 2015 which equals to a thermal coal consumption 
of more than 6 billion tonnes. The latest ExxonMobile 
study predicts this share to fall to 30 % by 2040. The In-
ternational Energy Agency (IEA) expects in its recently 
amended outlook for primary energy growth (bridge 
scenario), that annual input for power generation will 
increase from 2013 to 2030 by 673 Mtoe (toe = tonne 

Fig. 4: World Electricity Capacity under construction or planned
Source: Enerdata
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New and innovative power-transmission infrastructure 
will connect the inland coal based provinces with the 
urbanised coastal strips. Generally the market share of 
coal in power generation was 79 % in 2011, but Presi-
dent Xi Jinping has set the target to further decarbon-
ise the electricity supply from 67 % in 2016 to 62 % in 
2020. The Chinese Wind Energy Association has given 
a preliminary estimate of wind power installations in 
2015 at an all-time global record of more than 30 GW. 
This is  20 to 30 % ahead of the most optimistic fore-
casts. China’s thermal coal demand dropped by 3.5 % 
in 2015 when old power stations had to be taken out 
of production, due to unbearable pollution. BMI Re-
search sees a further decline of coal demand in the pow-
er industry in 2017 and only marginal increases there-
after. Between 2010 and 2014 more than 220 GW of 
new coal-fired power stations commenced operation.  
In 2015 China officially approved the construction of 
another 155 coal-fired power stations with a capacity 
of 120 GW, a plan which may be partly retracted when 
electricity growth will be reviewed. The reality was that 
thermal coal imports in 2015 fell by more than 60 Mt 
to 136  Mt but those imports could increase again, if 
China fails to produce enough high-quality domestic 
coal to feed the new commissioned HELE power sta-
tions. Coal imports have just increased significantly in 
March 2016 when it seems that the Chinese economy 
is roaring back to life. Being on knife-edge in its efforts 
to transit the economy the Chinese government has 
just indicated it, is not willing to back a strong slow-
down. As shown in the steel sector where the mills 
produce an annual surplus domestic production of 
100 Mt at 90 % capacity, there are even more capaci-
ties coming back into production. Local governments 
are keen to boost the prospects of their regions than to 
close plants. This may also apply to coal mining where 
a current overcapacity of 1 billion tonnes annually has 
accumulated (Table 1). 

Table 1: Seaborne Thermal Coal Imports 2010-2030
IHS Global Steam Coal Service (2015)

Exporter 2010 2015 2020 2030

China 115 136 87 78

India 75 169 181 219

South Korea 95 106 129 143

Taiwan 59 59 72 83

Japan 120 134 139 147

Malaysia   20 23 33 42

Philippines   11 17 24 35

Thailand 16 23 29 41

Vietnam 1 6 27   65

Total Asia 528 688 745 897

Europe 157 182 166 159

Americas 37 37 45 56

World 722 907 956 1,112

India, which seems to enjoy a high sustainable 
economic growth rate of more than 7 %/a, will conse-
quently show the largest increase in energy consump-
tion. India’s energy sector is dependent on coal by about 
75 %. It is the third-largest emitter of greenhouse gases 
(7  %), but still far behind China (25  %) and the US 
(15 %). By 2040 it could exceed Europe and reach the 
US levels of energy consumption. Shortly before the 
Paris talks, the Prime Minister stated that the devel-
oped countries should make the cuts in emissions and 
allow India “enough room to grow”. India promised to 
add 175 GW of energy generation from renewables by 
2022 but coal remains the most critical fuel, which In-
dia’s director general of the Bureau of Energy Efficiency 
describes as the cheapest energy source and as the one 
“we know how to use”. It is planned to build 53 GW of 
HELE standard new coal-fired power stations, which 
will require an additional coal demand of 250  Mt/a. 
About 13.3 GW of this capacity will be located on the 
coast, demanding about 40 Mt/a imported coal. Coal 
India plans to double its annual coal production from 
currently 500  Mt towards 1.000  Mt by 2020. Other 
Indian producers could add another 500 Mt/a, but ex-
perts see the totally achievable figure much lower. India 
currently consumes 800  Mt/a thermal coal including 
170  Mt from imports and Adani Mining just stated 
in Sydney that the Indian demand for coal will grow 
by 173 % from 2013 to 2020. It is now said that coal 
consumption in India could peak by 2040. While IHS 
expects imports to rise to more than 200 Mt by 2030, 
the “CRU Group”, London, anticipates imports to top 
the 300 Mt/a mark already by 2018-19.

The coal sector faces declining consumption in US 
and Europe. In the US around 50 GW of domestic coal 
units will retire by 2025, which is 15 % of the current 
330 GW coal fleet. This will reduce the consumption of 
thermal coal by about 100 Mt/a. Coal will further fuel 
about one-third of the US electrical grid decreasing to 
20 % by 2040. No exciting news for the coal industry is 
coming from Europe. With energy intensive industries 
diminishing the demand for electric energy is decreas-
ing. Europe’s annual imports are steadily decreasing 
from 180 Mt in 2015 to 160 Mt by 2030. Strongly influ-
enced by the green movement, a large share of the Ger-
man population believes that the country could satisfy 
its long-term energy needs, by only using regenerative 
energies. Consequently, Germany is now phasing out 
coal based generation following the exit from nuclear 
power, while the French power industry is still relying 
on nuclear power. Only the southern and eastern coun-
tries and some Scandinavian countries are relying on 
coal-fired power production but at limited growth rates.

Japan currently imports about 130 Mt/a high-qual-
ity thermal coal, mainly from Australia. This demand is 
likely to decline in the short term, as the reinstatement 
of nuclear power generation (after the Fukushima event) 
gathers pace. Nevertheless, currently more than 40 new 
coal-fired power stations with 23 GW are planned, in 
line with the liberalization of the energy sector.
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China has announced plans to cut its coal produc-
ing capacity by 1 billion tonnes over the next five years 
and suspended the approval for new mines for the next 
three years.  About half of this may be coking coal in line 
with the shrinking steel production and coals for private 
use but according to IHS about 500 Mt thermal coal for 
power production. The Chinese current coal produc-
tion capacity, including projects under development 
amounts to 5.7  Bt/a. Taking into account the future 
mine closures, the long-term sustainable total capacity 
could be in the wide range of 2 to 3 Bt/a. China’s mines 
are not competitive in the global contest, about 80 % of 
the production is thought to be loss making. China pro-
duced about 3.8 Bt of thermal coal in 2015, from which 
about 3 Bt was used in power stations. It is expected that 
this number will shrink by 200 Mt in 2016.

The Chinese government announced it would 
support the closure of 4,300 small and inefficient coal 
mines. It is said that 1.3  million miners, from a total 
workforce of nearly 6  million people in the coal in-
dustry will loose their jobs, costing the country about 
USD 4.6 billion in compensation. 

India tries to increase its domestic production from 
644 Mt in 2014 to 1.5 Bt by 2020 and indicates, that 
from 2017 coal imports will not be needed anymore. 
Knowing that the producers constantly were missing 
their coal production targets the government reduced 
the 2016-17 figure to 796 Mt/a. This would only work 
if India would massively invest in coal processing to 
produce cleaner coals to be used in modern power sta-
tions. The “import statement” is also in contrast to Ada-
ni Coal’s CEO, who thinks India will import more coal 
than China ever did, probably as much as 400 Mt/a.

Indonesia produced 440  Mt in 2015 down from 
490  Mt in 2014. It is unlikely that the production, 
which is nearly all thermal coal, could be raised in 
2016 while domestic consumption is steadily increas-
ing, reaching 87  Mt in 2015. Indonesia has been the 
largest exporter of coal since 2011. According to the 
Indonesian Coal Mining Association the exports will 
continue to fall  (since 2014)  to reach 300 Mt in 2016, 
as 60 to 70 % of the production is cash-negative at cur-
rent prices. There is also some significant illegal export 
volume into neighbouring countries amounting to 20 
to 70 Mt/a. This unofficial production employs 10,000 
to 35,000 people.

Australia slightly increased the thermal coal ex-
ports to its key customers, including Japan, South Korea 
and Taiwan by 0.4 % in 2015 to about 200 Mt. In 2020 
it may reach 220  Mt/a (plus 180  Mt/a coking coal). 
Australian producers are still lucky to have longer term 
contracts, especially with Japanese utilities but those 
privileges of premium prices being paid, might end 
soon. Due to the high quality of its coals, the exports 
may replace other sources and could grow by more than 
36  % to 2040 reaching a share in global coal trade of 
33 %. But this this may only happen if China and India 
will accept comparable higher prices for shipments of 
higher-quality coals (Fig. 6). 

There is additional demand for quality coals from 
South Korea, Taiwan, the Philippines, Malaysia and 
Vietnam to feed their huge fleet of new HELE power 
stations. The share of coal fired power generation in 
Southeast Asia will increase from 32 to 40 %, expand-
ing by 150 GW until 2040. IEA forecasts a growth of 
coal demand in this region of 4.6  %/a which will in-
crease from 90 Mt/a (2013) to 340 Mt/a in 2040. IHS 
Energy, Englewood, CO, US, is more bullish in its 
forecasts expecting a growth of more than 180 Mt from 
2015 to reach more than 400 Mt/a in 2030.

Competition between Suppliers
The coal industry goes through tough times. Since 2011 
thermal coal prices have fallen by more than 60 %, from 
USD 140/t to about USD 50/t due to chronic oversup-
ply created by new mines which commenced produc-
tion around the same time (Fig. 5). From 2010 to 2012 
about 250 Mt of new thermal coal capacity started to 
flood the global market. The collapse of coal imports 
into both India (down 34 %) and China (down 35 %) 
in 2015 has currently damaged the seaborne thermal 
coal market further. Persistently low prices of thermal 
coal will further put pressure on global supply growth. 
The 2015 contraction of 3.9  % will continue with a 
shrink of 1.4 % in 2016 (BMI) compared to an annual 
growth of 3.2 % during 2012-14.

Most of the coal producers are making losses, while 
global coal supply continues to increase, aided by falling 
costs and supported by favourable currency exchange 
rates. This applies especially to Australia, where the 
industry managed to reduce their costs by 30 % from 
two years ago. It is expected that the price for thermal 
coal will remain low for another three to five years with 
consequences for the producers. In the export market 
Australia, Colombia, Indonesia, Russia and South Af-
rica are competing for their share in the demand, with 
significant spare capacity in Indonesia and Australia.

China and India will favour the production from 
their own coal mines to imports from other sources 
as long as possible but generally their production is of 
lower quality than most of the seaborne traded coal.

Fig. 5: Price development for thermal coal
Source: Bloomberg
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BMI Research found that significant coal exports 
from South Africa to India are currently pushing out 
traditional Indonesian volumes, causing a dramatic 
fall of its exports. S.A.’s coal prices have fallen by 27 % 
during 2015. Those exports are increasingly sub-bitu-
minous coals with high sulphur and ash contents. It be-
came an advantage for S.A., when India raised the im-
port threshold to 25 % ash, in contrary to China which 
introduced strict coal ash limits. S.A. is infrastructure-
constrained and cannot ramp up volumes significantly.        

The US coal producers are the biggest losers in 
the market. Since US coal is not competitive and po-
litical opposed, its production is expected to fall from 
900  Mt/a in 2014 to 650  Mt/a in 2016 from which 
about 50 Mt may be exported. 

Colombia currently produces around 100  Mt/a 
thermal coal and exports about 80 Mt. There were plans 
to increase production to 140 Mt/a by 2019. Since the 
country is too far away from Asia, it will stay a key sup-
plier to the shrinking European market which makes 
the future export volumes questionable.

Coal plays an important role in the Russian en-
ergy economy. Its consumption in power stations is ex-
pected to grow from 26 % to 35 % by 2030. The grow-
ing domestic coal demand was 267 Mt in 2015 and it 
may reach 280  Mt in 2020. Due to the weak Roubel 
value the exports in 2015 increased to about 140 Mt, 
of which 115 Mt were thermal coals. With new export 
infrastructure being built, thermal coal exports could 
further rise to 125 Mt/a by 2030. 

The Supplier Position of Australia
As a result of the COP21 and the long-lasting oversup-
ply, the main producers of thermal coal in Australia are 
quietly selling their coal mines and are unlikely to open 
new ones. While BHP Billiton’s output has halved and 
Rio Tinto’s production has fallen 85 % since 2008 and 
Vale has already sold the coal business, Anglo American 
is trying to offload its entire coal division and Peabody 
Energy may close its higher-cost mines. Glencore, the 
world’s largest exporter keeps going by concentrating 
its production on the lowest-cost mines. In 2015 it has 
cut 15  Mt/a (10  %) of its global production to about 
130 Mt, from which 60 Mt were thermal and semi-soft 
qualities, produced in Australia. The indebted company 
tries to sell its rail business in Australia for about 1 bil-
lion dollars. The Australian coal mining industry which 
in recent years has invested billions of dollars into mines 
and infrastructure is in turmoil but there is also a new 
breed of yet unknown coal investors swooping on those 
Australian mines and related infrastructure worth some 
billion dollars. At current prices about half of the ther-
mal coal producers are loss-making. They need to reduce 
their costs further, what already causes industrial con-
flicts with the unions. Other areas of cost reduction are 
found in the comparable high-cost rail and export-port 
infrastructure with its take-or-pay arrangements.

Despite those dramatic circumstances and ongoing 
fierce opposition of Australian and international anti-

Fig. 6: The export thermal coal cost curve
Source: UBS, Metalytics

coal  activists, the Indian investor Adani continues the 
already five years long approval process for the Carmi-
chael thermal coal complex in a completely new coal 
area of Queensland. The project now has government 
approval but the financing is still not completed. This 
USD 16 billion project with a planned production ca-
pacity of 60 Mt/a, including rail and port infrastructure 
could become one of the world’s largest coal mines. The 
raw coal will have to be processed on site and will be 
sent as premium thermal coal to India to feed Adani’s 
own power stations. The university of Queensland re-
cently calculated the costs of delivering those coals into 
central areas of India at USD 94/t, which put a ques-
tion on the long-term viability of the project, in which 
already USD  2.5  billion was invested by the Indians, 
including USD  100  million into the approval process 
(Fig. 7). 

Conclusion
It is widely accepted that global energy demand will 
grow at least until 2030 and that this growth will hap-
pen to 95 % in  non-OECD countries. My opinion is 
that global coal consumption for power generation will 
further grow, but at a reduced rate. Coal is by far the 
cheapest prime energy source for a world-wide fleet of 
modern power stations using HELE combustion or 
being retrofitted with those technologies. Sub-critical 
coal-fired power stations will have to be closed and the 
mines producing high ash and high sulphur coals for 
them will shut as well. This transition will increase the 
demand for high-quality coals significantly, especially 
in Asia-Pacific. The future thermal coal demand of this 
fast-growing area will offset the reductions in Europe, 
US and in China, even if the Asian giant can success-
fully reduce parts of its coal-based economy. This is 



54 Mining

GeoResources Journal   2 | 2016 Leschhorn:
www.georesources.net  World Coal after the Paris Climate Summit

good news for the producers of high-energy and clean 
coals but the capital punishment for the producers of 
“dirty” coal. The development creates a great chance for 
the Australian mining industry which supplies high-
quality coals. The future seaborne thermal coal market 
might grow from 2015 to 2030 by 200 Mt to more than 
a billion tonnes per year. There is an additional chance 
for a further replacement of domestic coal production 
in China and India by import volumes if they would 
manage to close their uneconomic and low-quality do-
mestic coal production by solving the enormous social 
implications.
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