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Only after the last colliery has been closed.
Only after the last power plant has been shut down too early.
Only after the last gas valve has been switched off.
Then they will notice the fact that the energy transition requires a long breath and perseverance.
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The missing Link – GeoResources Journal
Dr.-Ing. M.A. Katrin Brummermann and Dipl.-Ing. Manfred König, GeoResources Publisher, Duisburg, Germany

“Paper is more patient than Man.”unknown

Your are looking at the first English issue of the GeoRe-
sources Journal. Perhaps you are wondering what this 
new publication has to offer – during a time when we 
are being flooded with information? And what about 
the caption “The missing Link”? We trust that we shall 
be able to supply convincing answers to your justifiable 
questions.

GeoResources deals with the topics of mining, en-
ergy and raw materials in the underground, geotechnics 
as well as tunnelling. It is a global online journal avail-
able free-of-charge with English and German editions 
containing specialized articles on the above-mentioned 
topics. It is published in a portal, which also provides 
current news on the same range of themes. Should the 
need arise the online versions can be supplemented by 
printed issues. Articles may appear only in English or 
in German or in both languages. The GeoResources 
Journal thus provides specialists scope to write, readers 

Source: Metal Chain Concept Graphic: ©qstockmedia – Fotolia.com 

material to read and companies an excellent platform to 
advertise their products and services.

“The man of today has so much to 
read that he doesn’t get around to 
 reading.”Stefan Fleischer

Nowadays one far more rarely encounters people – es-
pecially children and young people – who are entirely 
engrossed in their books and later talk about it with 
fascination and their eyes lit up – than say 20 years ago. 
Pupils and grown-ups, who incessantly react hectically 
to new information here, there and everywhere, use the 
phone and send hastily written messages, on the other 
hand are par for the course today.

“The computer generation in the mean-
time clicks more pages than they once 
ever thumbed through.”Willy Meurer

And at this very time we at the GeoResources Pub-
lisher are launching a new journal. Is there the need for 
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it and can we afford to do so? We also posed ourselves 
this question but did not come up with a spontaneous 
response. The concept germinated and bore fruit over a 
number of years. The concept is simple. It discards cer-
tain conventions for the sake of being functional with-
out actually breaking entirely new ground. We are com-
bining – admittedly – in a somewhat unconventional 
manner various elements with which we have fared well 
in recent years and are bringing them together for the 
GeoResources Portal and the journal.

We as a mining engineer and a construction en-
gineer really feel at home within the GeoResources 
spectrum of topics. As previously was the case, we are 
continuing to place the underground in the forefront. 
We intend to concentrate on both aspects individu-
ally but at the same time exploiting synergies thus fa-
cilitating fruitful exchange by viewing the bigger 
picture. We are focusing on the interests and needs 
of the industry in the economy and society as well as 
the current working situation and requirements of the 
specialized authors and the readers. Furthermore our 
identification with the editorial work has a major role 
to play.

“Reading like travelling rids the head of 
one-sidedness.”Jean Paul

Our branch requires a well-founded national and in-
ternational exchange among experts. This contributes 
towards the further development and solution of social 
challenges, creating ideas, further education and remov-
ing border-transcending difficulties of understanding. 

“Thinking in order to write and to 
think.”Manfred Hinrich / “The best things always 
 occur to me when writing.”Gottfried Keller

Studies and our personal experiences have revealed 
that engineers largely belong to that type of author, 
who regards writing as a secondary activity, in other 
words as work after work to record “actual working 
results”. In this respect they rarely contemplate user 
orientation. The quote by Manfred Hinrich “think-
ing in order to write” illuminates a creative dimension 
of writing, which we would like to witness during our 
editorial work in our exchange with you as specialized 
authors.

“Write and be remembered.”well-known proverb

We should like to provide our support to you as spe-
cialized authors involved in everyday activities in the 
user-oriented presentation of your articles in words and 
pictures so that you “write and are remembered”.

“You have got to write the first sentence 
in such a way that the reader can’t wait 
to read the second one.” William Faulkner

We want to pave the way for you as reader to be intro-
duced to absorbing and concentrated specialized lit-
erature by dint of well-formulated articles that are user-
oriented. We intend accommodating the computer and 

cell phone generation by making them available online 
so that they are easily obtainable with a few clicks. Then 
as an interested reader you can access the articles, “read 
and clearly profit”.

“Reading educates immensely.”German proverb/ 
“Being able to read is an advantage.”unknown

An adequate amount of time for editorial activities rep-
resents the core of publishing work. This is something 
that is dear to our hearts and inviolable because it pro-
vides a substantial key to success. In this way, we would 
like to back you up in developing your articles. 

“Put it before them briefly so they 
will read it, clearly so they will  appreciate 
it, picturesquely so they will remember 
it”. Joseph Pulitzer

What are our intentions? We shall purge the journal 
from news briefs which we can make available more 
topically in the portal by accessing www.georesources.
net. We shall provide the journal worldwide and long-
term online free-of-charge competently edited. We shall 
publish English and German issues. Articles may appear 
only in English, only in German or in both languages. 
We offer advertisers a platform for publicizing their 
products and services in our portal and journal. 

“The missing Link”
As visualized in the image accompanying this article, we 
wish to set up links together with you:

 ▶ Between classical readers of printed articles and the 
computer generation.

 ▶ Between quickly searching for and referring to a 
partial aspect and thorough perusal of a specialized 
article.

 ▶ Among experts from the fields of mining, raw mate-
rials and energy underground, geotechnics and tun-
nelling.

 ▶ Between professional and social aspects.
 ▶ Between your interesting work experiences and spe-

cialized contributions in our journal.
 ▶ Between your company proffering its services and 

clients throughout the world.
 ▶ Among creative persons keen to exchange ideas.
 ▶ From reading by way of contemplation to putting 

new recognitions into practice.
 ▶ From reading as an obligation to reading with pleas-

ure and satisfaction.

We look forward to your cooperation and support as 
specialized authors, readers and advertizing clients. 
Your suggestions are welcome at any time (mk@geore-
sources.net and kb@georesources.net) for we wish to 
see our work through your eyes as well and take advan-
tage of your feedback to achieve further progress.

Yours,
Katrin Brummermann and Manfred König
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Flood Protection: Recultivation of a retaining 
Dam on problematic Subsoil
Dr.-Ing. Olaf Düser, Dr. Ebel & Co. Ingenieurgesellschaft für Geotechnik und Wasserwirtschaft mbH, Bad Wurzach, Germany

1  Objective

A new dam had to be created in the Allgäu near Isny 
in south Germany a number of years ago to improve 
flood protection. Towards this end an old reservoir that 
had been used down the centuries up until 1945 was re-
activated, which had not been renovated when the dam 
burst. For this purpose existing dam structures had to be 
modified. The dams had to be increased in height and 
in width. The aim was to arrive at a capacity of around 
22,000 m³.

A historic retaining dam on problematic subsoil 
was reactivated in south Germany for protection 
against flooding. The reactivation concept with 
soil consolidation and geogrid reinforcement as 
well as the construction procedure are explained. 
Settlements established through control meas-
urements after completion are compared with 
those that were originally forecast. 
Geotechnics • flood protection • dam construc-
tion • geosynthetics • soil  improvement • ob-
servation method

Fig. 1:  Dam structure prior to project commencing (reservoir side with trees and shrubs 
on the left and nature protection area on the right from the foot of the dam)

The weak ground represented a particular challenge 
in one construction section. Peat prevailed down to a 
depth of roughly 6 m below the surface. Improving the 
subsoil was not practical on account of the proximity 
of nature conservation areas. As a result substantial de-
formations could not be avoided in conjunction with 
the upgrading procedure and new construction meas-
ures. If anything the dam structure had to be adapted 
to the anticipated major deformations. Towards this 
end a structure with ductile material behaviour was to 
be built.

This report first of all examines details relating to the 
history of the reservoir. It explains the flood water pro-
tection project’s initial situation that is to say the dam  
structure existing prior to the project being embarked 
on and the dimensions of the dam as well as the subsoil 
conditions. Subsequently the concept for refurbishing 
the dam and then the manner of execution will be dealt 
with. The concept refers to a binding agent for increas-
ing the strength of the aggregates available for enlarging 
the dam and geogrid layers used for reinforcement pur-
poses. Then measurement results are employed to show 
how the redeveloped dam structure was able to cope 
with the deformations exceeding one metre which ap-
peared as expected during the first 7 years of operation. 
The measured settlements are compared with the ones 
that were predicted. 

2  History of the Reservoir Dam
From the mid-16th century till the middle of the 20th 
century a dam for farming fish and irrigation purposes 
was operated at Isny in the Allgäu. It was first docu-
mented back in 1540. In 1945 following a dam burst 
at the groundwater runoff the facility was decommis-
sioned. 

Earlier at various times the reservoir was emptied 
and the dried out lakebed exploited for farming pur- 
poses – including the growing of grain. In this way weeds 
were restricted in the waters and the fertile sludge made 
use of. Subsequently the reservoir was again dammed 
up. In certain parts outside the dam reservoir a nature 
conservation area was established, where no construc-
tion measures were actually permitted.

In 2006 a restoration and upgrading programme was 
decided on to reactivate the dam as the reservoir was to 
be used as a temporary retaining basin for floodwater. 

3  Dam Stock and Ground Conditions 
prior to the Project

Fig. 1 displays a photo of the dam prior to the project 
commencing. The reservoir side is located on the left 
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and shows trees and shrubs. The biotope zone, i. e. the 
nature conservation area is located at the foot of the 
dam on the right side. Fig.  2 presents the dam cross-
section in the form of a diagram with the ground con-
ditions in the construction section revealing extremely 
weak subsoil.

The dam heights formerly amounted to roughly 
2  m. The freeboard was at one time less than 0.5  m. 
The crest was comparatively narrow with less than 2 m 
in width and it was thus not possible to negotiate it. 
The slope inclination at the water side and the air side 
ranged from 1 : 1.5 to 1 : 2.

Sediments of around 0.5  m in height were discov-
ered, which had accumulated during 400 years of opera-
tion. Exploration of the subsoil in the old reservoir area 
revealed an uneven ground profile. In certain sections 
boulder clay (cohesive moraine material) is to be found 
close to the surface. In other sections layers of peat that 
are several metres thick and only slightly weathered are 
present on the surface. Older lake sediments, boulder 
clay and glacial melt water gravels containing artesian 
water prevail beneath the peat. The dam stock consists 
of sandy, in part clayey silts with local organic constitu-
ents. Roots stemming from trees that grew there pre-
vailed. Traces of roots and dug passages created by bur-
rowing animals were evident.

In addition to investigations designed to classify 
the subsoil layers and the dam stock – in other words 
establishing the water content, plasticity, grain size 
distribution and water permeability – the strength 
characteristics of the peat expected to be present in a 
highly compressible form were examined. One-dimen-
sional compression tests came up with constrained 
modulus  Es for initial loading of between 200 and  

Fig. 2:  Dam stock and foundation on the weak subsoil prior to the project

400  kN/m². The water permeability coefficient k10 
was assessed at ca 1·10-8 m/s. Inner angles of friction ϕ’ 
of roughly 15° and cohesion values c´ of on average  
3 kN/m² were the outcome in the direct shear test. 

A one-dimensional consolidation model was de-
termined for a surcharge stress of roughly 60  kN/m², 
corresponding to a dam fill of around 3  m in height. 
The time-settlement behaviour presented in Fig.  3 re-
sults from a peat thickness of 6  m and the previously 
explained soil mechanical properties. Dewatering in the 
modelling approach only takes place unilaterally up-
wards as under the peat low to very low water permeable 

Fig. 3:  Time-settlement behaviour given uni-dimensional 
consolidation with surcharge effect of 60 kN/m² and 
a 6 m peat depth
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subsoil layers are encountered in the form of lake clays 
and boulder clay. Settlements of about 120  cm were 
worked out for the organic subsurface by means of the 
established soil mechanical coefficients. 

It is revealed that given the prevailing general con-
ditions consolidation periods of around 8 years can be 
reckoned with. The bulk of the vertical deformations of 
in excess of 90 cm cease within some 2 years. 

4 Concept for Refurbishing the Dam
The existing dam structure was at one time permanently 
in use as a reservoir apart from occasional relatively 
short periods. Now the intention was to attain a high-
er impounding level within the scope of flood water 
protection rather than creating a permanent reservoir. 
Geostatic preliminary considerations of the stock re-
vealed substantial deficits in the stability of present day 
requirements on reservoir dams with reference to the 
old impounding procedure. This particularly applied to 
the sections of the dam, which were established on the 
weak peat layers.

The dam stock was to be included in a reactivation 
process as far as possible. This wish was complied with 
by ensuring that refurbishment of the dam mainly con-
centrated on the water side.

Reactivation was described as tricky especially in 
conjunction with the weak subsoil. The neighbouring 
biotope and nature conservation area had to be left 
untouched. This also meant that the groundwater situ-
ation was not allowed to be altered. Thus it was not pos-
sible to contemplate stabilization of the subsurface. As 
a consequence the concept of a “floating” dam founda-
tion was pursued. This means: 

Fig. 4: Floating dam foundation with several geogrid layers

 ▶ The dam structure is subject to considerable settle-
ments (Fig. 3).

 ▶ The earth structure had to possess sufficient strength 
so that no weaknesses occurred as a result of cracks 
or partial breaks during the course of the settlements.

 ▶ A secure force-locked transition to the neighbouring 
dam stock, which was gradually founded on a less 
compressible subsurface had to be produced so that 
no ruptures could occur.

A structure with several geogrid layers and enhanced 
shear strength was devised in the course of optimization 
calculations. Fig. 4 shows the structure. 

Axial rigid geogrids made of PET (polyethylene 
terephthalate) were to be used. The grids were designed 
for a service life of more than 100 years. It had to be 
ensured when selecting the product that permanent 
tensile forces of at least 20 kN/m can be activated given 
linear expansions of less than 2 %.

The dam stock, which in future serves as a support-
ing secondary dam at the air side of the earth structure 
that had to be set up, had first of all to be freed from 
vegetation and roots. A base consisting of crushed stone 
was installed at the water side for the “rapid water level 
drawdown” load case. This resulted in further support 
to counteract seepage flows and expansion. On the air 
side a drainage system was included in the planning for 
the transition area between the existing dam and the 
new structure. 

Based on the geostatic and geohydraulic calcula-
tions the following soil mechanical properties for ad-
equate stability of the new earth structure had to be 
verified:
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 ▶ Inner angle of friction ϕk´ ≥ 25°
 ▶ Cohesion  ck´ ≥ 7 MN/m²
 ▶ Constrained modulus Es,k ≥ 5 MN/m²
 ▶ Water permeability k10 ≤ 1·10-7 m/s
 ▶ Installation weight γk ≥ 19 kN/m³
 ▶ Degree of compaction DPr ≥ 97 % 

5  Conditioning the Dam Building 
 Material

A cohesive substance had to be selected for building the 
dam, which possesses good compacting properties and 
low water permeability as well as comparatively high 
shear strength. In the vicinity of the dam being refur-
bished a large cutting was to be produced during the 
course of construction work for a bypass road. Sufficient 
cohesive material could be obtained from this cutting 
for building the dam. Weathered loam, weathered grav-
els and boulder clay were available. These soils mainly 
display a soft consistency in their natural moist state.

A series of water contents ranging from 9.5 to 21.5 
mass percentage was established for the materials that 
were available. Compacted representative composite 
samples displayed an optimal water content of 10.4 
mass percentage given a standard Proctor density. The 
water permeability k10 of the compacted sample mate-
rial was established at between 10-8 and 10-9 m/s. The 
loss on ignition (LOI) amounted to between 1 and 3 
mass percentage. All substances displayed widespread 
grain distribution from the clay to the gravel fraction 
(Fig. 5). 

The materials available for building the dam admit-
tedly possessed only low water permeability, however 
the extensive water content range already indicated that 
the required degree of compaction DPr of at least 97 % 
could not be secured. In addition preliminary investi-

Fig. 5:  Grain size range of the cohesive aggregates used for building the dam

gations also revealed that the demanded shear strength 
could not be attained in compacted state without ad-
ditional measures. 

In order to be in a position to arrive at satisfactory 
quality of the material with regard to compactibility 
and shear strength a hydraulic composite binding agent 
consisting of cement and white pulverized lime was 
added. In this connection the cement serves to increase 
the shear strength, especially of the shear parameter co-
hesion. The white pulverized lime serves to reduce the 
excessively high proportion of water through chemical 
bonding.

The required dose was established thanks to a suit-
ability test. Fig.  6 shows the results of a uni-axial  

Fig. 6:  Results of uni-axial compression tests on compacted 
cohesive aggregate samples with and without the ad-
dition of a binding agent
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weak layers of peat. The required degree of compaction 
could not be immediately assured for the initial layer of 
rubble in spite of the underlying geogrid layer. Thus the 
anticipated reduced strength was compensated for by 
higher doses of binding agent. In this way a compacted 
abutment for the subsequent layers that were added was 
created. 

The addition of binding agent and the mixing pro-
cess took place in the excavation area in order to safely 
preclude contaminating the water at the point of instal-
lation. The binding agent was used only if the weather 
was dry and frost-free. Nonetheless parapets were built 
as a precautionary measure to prevent any binding 
agent that has been washed away reaching the recipient. 
The demanded quality was assured by dint of ongoing 
checks as part of third-party and self-monitoring dur-
ing the earth construction measures.  

6 Executing Construction
First of all the dam stock was freed from shrubs and 
trees and the organic top layers removed. Subsequently 
the vegetation in the vicinity of the future dam cause-
way was cleared at the dam-side, 0.5 m of the top layer 
stripped and stored at the side to be filled again. Then 
the initial layer of high-strength geogrid was laid to-
gether with a layer of geotextile non-woven fabric and 
the first 40  cm thick layer of dam material installed 
straight ahead. It was only possible to work straight 
ahead as otherwise the building machines would have 
sunk on account of the weak sub-soil. Their recovery 
– if at all possible – would have been associated with 
considerable difficulty. 

The first installed layer was carefully compacted 
mainly by static means, to prevent drawing water. The 
next layer was immediately installed applying greater 
compaction once the geogrids were put in position. 
Figs. 7 and 8 show construction states during the crea-
tion of the first layer. The dam stock served as a con-

Fig. 9:  Completed section of dam on weak subsoil looking towards the future reservoir

Fig. 7:  Installing the initial layer of fill on geogrid laid on non-woven 
fabric

Fig. 8:  Further construction progress relating to the weak subsoil

pressure tests in accordance with DIN 18136 on com-
pacted samples without a binding agent as well as with 4 
and 6 mass percentage addition of binding agent. After 
production the samples containing the binding agent 
were stored for 7 days in a moist climate and 24 h under 
water and then tested. The sample produced without 
the binding agent was only stored in the moist climate 
until the pressure test.

By adding 4 mass percentage of binding agent the 
required soil mechanical parameters for building the 
dam were generally obtained. A higher dose of binding 
agent of roughly 6 mass percentage was applied for the 
lower layers that were installed. This was owing to the 
high water content and pronounced compliance of the 
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struction road at the same time particularly in view of 
the weak subsoil. Fig. 9 provides an impression of the 
dam shortly after completion. 

7  Settlement Measurements 
 following Completion 

Settlement gauges were placed at the dam causeway pri-
or to backfilling. In the interim the dam structure has 
been completed for a period of 7 years. 

Fig.  10 displays the measured vertical deforma-
tions together with the predicted deformation model 
(Fig. 4). It reveals that the measured values correspond 
well with the predicted ones. The refurbished dam 
structure was able to cope successfully with the expect-
ed deformations exceeding 1 m during the first 7 years 
of operation.

Source:  The article was presented as a paper at the “9th Construction 
in Soil and Rock Colloquium”, Esslingen, Germany, in 2014. 

Fig. 10:  Predicted and measured vertical deformation of the 
dam structure on the weak subsoil 
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Gotthard Base Tunnel
Collating Risks, resorting to Safety Measures and accepting 
residual Risk
Hans-Peter Vetsch, Vetsch Rail Consulting GmbH, Bützberg, Schweiz

1  Defining Risks

At the beginning of a project especially in the field of 
transportation systems 4 important issues are raised for 
the user in conjunction with safety:

 ▶ How much safety is required?
 ▶ How can the safety level be attained?
 ▶ How can one measure safety?
 ▶ How much money is the client ready to cough up?

1.1  How much safety is required?
In the case of new major projects such as the project of 
the century, the Gotthard Base Tunnel (Fig. 1), there is 

Financial resources for safety measures must be 
established with a defined residual risk. A poss-
ible approach for solving this task is described 
taking the example of the Gotthard Base Tunnel, 
the world’s longest rail tunnel.
Tunnelling • risk analysis • operating safety • 
financing • case example • Switzerland

Fig. 1:  The feat of the century – the Gotthard Base Tunnel
          Source: AlpTransit Gotthard AG

always the possibility that safety demands augment to 
an excessive degree. At the same time there is the danger 
that the railway is constructed to a large extent on older 
route sections and consists of older rolling stock, which 
is not equipped with the latest technologies or is not 
state of the art. In Europe, routes including most tunnel 
sections are in some cases more than 100 years old.

The objective must be a balanced safety level within 
a country and if possible within the EU for the various 
modes of transport. An effort must be made to attain 
harmonized safety for passengers on the railways involv-
ing the spheres of roughwork, technology, operation 
and organization. Then of course the financial outlay 
for the particular reduction of risk must be balanced. 

1.2  How is the Safety Level attained?
Nowadays the safety level is heavily influenced by the 
media – in some case through lurid reports. Media – es-
pecially the tabloids and TV – call for measures, which 
fail to correspond with the principles and regulations 
needed for a well-balanced safety policy. A part of these 
required measures cannot be reasonably applied com-
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mensurate with the legal general conditions. Dangers 
are not estimated properly and false or impractical and 
uncalculated measures called for. Various examples are 
now provided to back up this problem complex:
Example 1: Dangers when on Holiday
There is largely general consensus about the dangers 
that threaten when you are on holiday on the beach, 
in a tropical country or at home. Bulldogs, bees, sharks 
and above all, the vicious white shark, lighting strokes, 
snake bites or even falling coconuts all represent a cer-
tain potential danger. If we judge in accordance with 
the media and especially the type size chosen for the 
article, the size of the photos and the length of an ar-
ticle, it would appear that the white shark, the scourge 
of the seven seas represents the greatest source of dan-
ger nowadays. However, in a lecture delivered during 
the early 1990s [1], Hueter, the director of the Shark 
Research Centre at Sarasota in Florida declared that the 
probability of a shark attack stood at 10 million to one. 
In 2001 the ISAF (International Security Assistance 
Force) registered 76 attacks by sharks throughout the 
world, of which 5 were fatal. At the same time, each 
year around 150 people are felled by a coconut. Quite 
apart from this the danger of dying from a lighting bolt, 
a snake or dog bite or even a bee or wasp sting is far 
greater than being attacked by the man-eating shark. 
The negative reputation attacked to these elegant ocean 
creatures really first got going after the “Jaws” film tril-
ogy.
Example 2: Fire Disaster in the Mont Blanc Road 
Tunnel
Following the fire catastrophe in the Mont Blanc road 
tunnel in 1969, which cost the lives of 39 people, meas-
ures potentially costing billions were demanded for the 
tunnel infrastructure. As a result the tunnel was perma-
nently manned by a fire service so that the seat of an in-
cident could be reached more rapidly. Incidentally the 
accident was prompted by a discarded cigarette which 
set the engine of an articulated lorry on fire. However, 
till this very day there is no legislation within the EU 
requiring self-extinguishing systems for car or lorry en-
gines. The EU motor vehicle lobby has so far been able 
to prevent this with the argument that it would further 
increase the cost of vehicles. 
Example 3: Fire in the Gotthard Road Tunnel
The disastrous fire in the Gotthard Road Tunnel in Oc-
tober 2001 cost 11 fatalities. This prompted the Swiss 
authorities to retrofit road and rail tunnels mainly with 
self-rescue measures and ventilation systems costing 
hundreds of millions of Swiss francs (CHF). At the 
same time the cause was also neglected in this particular 
case. A drunken driver caused a serious accident. After 
this incident it has not occurred to any of the authori-
ties to call for an alcohol test coupled with immobiliza-
tion of the car as from a defined alcohol limit as a pre-
ventive means or to anchor this in law.
Example 4: World Trade Center WTC “9/11”
Wrongly estimating a hazard can also lead to many 
deaths. If it had been known during the rescue opera-

tions for “9/11” that the WTC towers would collapse 
then 300 New York firefighters would still be alive to-
day. Then the assignment would presumably have been 
modified. The tragic death of 19 young firemen could 
also have been prevented in another case, attempting to 
put out a bush fire in Arizona although their village was 
already lost. Forest and bush fires of such magnitude can 
in any case generally only be extinguished by nature in 
the form of rain or favourable wind conditions. 
Example 5: Fire in the Simplon Rail Tunnel
The fire in the Simplon Rail Tunnel in 2011 could not 
be effectively extinguished although 1 million litres of 
water were applied. The emergency force commander of 
the firefighting and rescue train wisely did not expose 
his crew to the danger of smoke or falling parts and 
had to watch on – almost powerlessly – as fire spread 
southwards along the train until the last carriage burnt 
out. Interestingly enough neither the industry, research 
nor the operator has come up with a solution or even 
researched the problem of how a fire can be put out in 
a tunnel without endangering the emergency ser vices. 
Eventually there is a solution that can be arrived at 
without excessive effort which enables the blaze to be 
deprived of oxygen. Until this day the author has not 
heard of any approaches or solutions. On the other 
hand the calls for more means of intervention for fire 
services increase relentlessly. 

The described examples indicate that dangers are still 
assessed by gut feelings and media reports. A proper 
analysis of the course of events and the causes of the ac-
cident as well as an appraisal of possible measures with a 
cost-benefit analysis has apparently never actually been 
undertaken. 

2  Measuring Risks
When building the new Alpine tunnels, the Lötschberg 
and Gotthard Base Tunnels, an attempt was made by 
means of a quantitative and qualitative risk analysis to 
estimate the dangers and ascertain the required meas-
ures on the basis of the results of the analysis from the 
permanent cost-benefit viewpoint.

During the early construction stages the contractors 
AlpTransit BLS AG and AlpTransit Gotthard AG, the 
operators BLS and SBB as well as the Swiss federal gov-
ernment established a safety level in conjunction with 
the Departments for Transport and Environment. To-
wards this end the starting point was the “non-accept-
able zone” presented in red in Fig. 2, corresponding to 
the current safety level for railways. The yellow “transi-
tion zone” is to be found between the acceptable green 
zone and the non-acceptable red one. Should the risk 
calculations for the selected safety measures produce a 
result in the yellow zone then further measures are to 
be ascertained if deemed necessary with the method de-
scribed in Section 3. Should the cost-benefit results turn 
out to be negative, additional safety measures should 
and can be renounced. 

It was soon revealed that primarily in the case of 
old tunnels from the pioneering age of the railways 
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safety measures are flawed. They on the one hand result 
from the greatly increased passenger traffic mixed with 
freight traffic as well as explosive and toxic hazardous 
goods. Secondly the type of structure – especially if a 

Fig. 2:  AlpTransit protective targets
                 Source: Emch und Berger AG, Bern

Fig. 3:  Risks of selected Swiss tunnels with various combinations of type of structure, length, tunnel use and traffic volume shown exemplarily 
          Source: Emch und Berger AG, Bern

single-track or twin-track tunnel is concerned – and the 
length of the particular tunnel sections greatly increase 
the risk. Fig.  3 displays exemplarily the determined 
risks for 4 Swiss tunnels with varying combinations of 
length, type of structure, tunnel furnishings and traffic 
load.

3  Defining Safety Measures

3.1 Cost-Benefit Analysis Methods
The situation described in Fig. 4 is primarily of impor-
tance for assessment purposes in conjunction with the 
cost-benefit analysis of safety measures: the higher the 
initial risk is, all the more effectively is it possible to 
apply financial resources given the same costs and the 
same relative effect of measures, for instance a reduc-
tion in risk by the factor of 2. Put in another way the 
absolute effect of a financial sum is all the greater, the 
higher the initial risk is. Taking this aspect into con-
sider ation is most important for planning and selecting 
safety measures. 

The problems relating to and the significance of the 
proportionality of safety measures is made clear in the 
following based on 2 examples:
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 ▶ The controversially discussed determining of the 
gaps between cross-passages for the Gotthard, 
Lötschberg and Ceneri Base Tunnels.

 ▶ The decision relating to self-rescue measures in con-
junction with the retrofitting of Swiss tunnels and 
overriding emergency braking deficits for older trains.

3.2  Cross-Passage Gaps in the Gotthard, 
Lötschberg and Ceneri Base Tunnels 

The gaps between cross-passages in the Gotthard Base 
Tunnel were reduced from 650 m (maximum technical 

Fig. 4:  Economy of equally expensive safety measures given different high initial risks
          Source: Emch und Berger AG, Bern

permissible distance) to 325 m without a detailed risk 
analysis following the fire catastrophe in the Channel 
Tunnel. After this was decided for the Gotthard Base 
Tunnel, the Lötschberg Base Tunnel was also produced 
with shorter distances between cross-passages. Thus 
with these 2 tunnels a new standard for self-rescue was 
established in Switzerland without any detailed risk 
analysis. Previously 500 m gaps were considered “state 
of the art” in the railway branch. 

However the cost-benefit analysis as a tried-and-tested 
method was applied for the 15 km long Ceneri Base Tunnel, 

Fig. 5:  Risk reduction and economy of 2 single-track bores instead of a twin-track tunnel for the Ceneri Base Tunnel
          Source: Emch und Berger AG, Bern
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resources are then missing for other more effective 
investments.

3.2  Self-Rescue Measures and Emergency 
Braking Overriding Systems when 
 Refurbishing Tunnels

When Swiss tunnels were being renovated measures 
relating to self-rescue and emergency braking overrid-
ing systems in older trains were decided on through 
cost-benefit analyses in contrast to the gaps between 
cross-passages. Fig.  7 shows that self-rescue measures 
were applied and emergency braking overriding systems 
installed as a result of positive results of analyses in long 
twin-track tunnels. On the other hand, the negative re-
sults shown in Fig. 8 for short twin-track tunnels led to 
the decision not to apply such measures.

4  Applying the Safety Measures at the 
Gotthard and Ceneri Base Tunnels

Once the safety risk was established at the Gotthard 
and Ceneri Base Tunnels and the corresponding meas-
ures defined, they had to be applied in structural, opera-
tional and organizational terms. Towards this end it was 
necessary to determine priorities, which also complied 
with setting up the European guidelines “Technical 
Specification of Interoperability (TSI) [2], namely:

 ▶ Preventing incidents
 ▶ Reducing magnitude
 ▶ Self-rescue
 ▶ Third-party rescue

The first 2 aspects take priority in the case of railway 
tunnels – especially for long and very long ones.

Fig. 6:  Risk reduction and economy of reducing the gaps between cross-passages in the Ceneri Base Tunnel
          Source: Emch und Berger AG, Bern

which was at the submission stage. An attempt was made to 
arrive at the correct distance and to substantiate this. 

In the case of the Ceneri Base Tunnel the original 
twin-track tunnel with 2 tracks in a single bore was pre-
viously discarded in favour of 2 single-track bores thus 
causing costs to shoot up by a huge amount running 
into hundreds of millions. In this connection the reduc-
tion in risk could be enormously decreased from the 
former initial risk for a twin-track tunnel as is shown 
in Fig. 5. Two independent single-track tunnels are re-
garded as the safest possible type of structure both re-
garding the probability of incidents occurring and the 
state of the art. 

Fig. 6 displays the outcome of the cost-benefit analy-
sis for reducing the gap between cross-passages between 
the 2 single bores of the Ceneri Base Tunnel from 500 m 
to 325 m. The difference in cost for the gaps between 
cross-passages only amounted to a sum running into 
tens of millions, which was almost ridiculous in terms 
of risk reduction compared to the decision regarding 
the number of bores.

As far as the methodology is concerned the reduc-
tion in gaps should never have been contemplated. Not-
withstanding, political motives led to the system being 
built in the Ceneri Base Tunnel as well as the Gotthard 
Base Tunnel. 

A balanced safety assessment would have looked 
quite different. The proportionality argument was 
also constantly put forward. It was argued: just what 
would a few more million signify compared with total 
costs of some 10 billion for the 2 tunnels. The author 
feels this is a false approach. Far rather the question 
should revolve around the fact that these financial 
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Fig. 7:  Positive cost-benefit analysis for self-rescue measures and emergency brake overriding in the SBB network 
          Source: Emch und Berger AG, Bern

4.1  Measures designed to prevent 
 Incidents

Measures designed to prevent incidents are intended to 
eliminate the sources of danger and eradicate the fac-
tors triggering them. Organizational measures can also 
substantially contribute towards preventing incidents 
occurring. 

In particular the following measures designed to 
prevent incidents must be mentioned in the case of the 
Gotthard and Ceneri Base Tunnels, which are subse-
quently dealt with:

 ▶ Tunnel system
 ▶ Signal system
 ▶ Train control systems (TCS)

4.1.1  Tunnel System

The tunnel system shown in Fig. 9 first and foremost 
prevents trains colliding laterally – as indicated in the 
case of the Ceneri Base Tunnel – i. e. a derailed train in 
one bore cannot endanger trains travelling through the 
other bore. Furthermore in the event of a fire the bores 
are aerodynamically separated from one another thus 
practically precluding any danger to the other bore.

Fig. 8:  Negative cost-benefit analysis for self-rescue measures and emergency brake overriding in the SBB network 
          Source: Emch und Berger AG, Bern
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the extent of incidents in the Gotthard and Ceneri Base 
Tunnels deserve to be mentioned and are subsequently 
dealt with:

 ▶ Tunnel automatic system Gotthard (TAG)
 ▶ Rolling stock

4.2.1  Gotthard Tunnel Automatic System (TAG)
The TAG is a system that has been especially devised 
for the Gotthard, which is a part of the safety facilities. 
It constantly checks the positions of the trains during 
their passage through the tunnel. Should a train lose 
speed without any explanation, the system automati-
cally executes the following initial response: 

 ▶ It ensures that following trains are kept at a distance 
of 5 km from the affected train. 

 ▶ It informs the traffic controller and waits on his deci-
sion for a period to be defined (a maximum of 2 to 
3 minutes).

Should the traffic controller confirm the alarm if for in-
stance he was unable to contract the train driver, further 
additional measures are carried out so that a safe state is 
arrived at in the tunnel as soon as possible:

 ▶ The affected train travels to the next emergency halt.
 ▶ No further trains are permitted to travel in the tunnel.
 ▶ All following trains are stopped.
 ▶ All trains in the other bore are stopped at the emer-

gency halts.

Fig. 9:  Gotthard Base Tunnel tunnel system 
          Source: AlpTransit Gotthard AG, Luzern

In addition the Gotthard Base Tunnel possesses 
2 emergency halts or stops at points a third of the way 
along the tunnel, each 20  km apart. These emergency 
halts contain ventilation systems (supply and return 
air should an incident occur) and secured and marked 
evacuation routes leading to the other bore.

4.1.2  Signal System
The new European signal system ETCS provides bet-
ter support for train drivers at Level 2, in other words 
signals in the driver’s cab without external signals thus 
practically excluding risks such as ignoring red signals 
and exceeding speed limits.

4.1.3  Train Control Systems (TCS)
Thanks to a well equipped SBB train control system 
with more than 130 control points throughout the en-
tire network with a length of 3,000 km, trains can be 
monitored for various faults while accessing the long 
tunnels at the Gotthard at various locations at given 
distances (Fig. 10).

4.2  Measures reducing the Extent of 
 Incidents

Measures designed to reduce the extent of incidents are 
mainly devised to interrupt the chain of incidents and 
support self and third-party rescue as far as possible. In 
particular the following measures designed to reduce 
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 ▶ The emergency halt is prepared, in other words the 
ventilation is switched on and the evacuation routes 
got ready.

 ▶ The stand-by firefighting and rescue train (LRZ) is 
notified.

4.2  Rolling Stock

The rolling stock that passes through the long Alpine 
tunnels must comply with the latest TSI safety stan-
dards. In this connection the most essential measures 
are:

 ▶ Emergency brake override/emergency brake request
 ▶ Emergency operating features

4.3  Self-Rescue
Measures such as pathways (shoulders), handrail, emer-
gency lighting and signs are numbered among the most 
important aspects and are regarded as state of the art 
in Europe. Well trained members of staff on the trains, 
who must support self-rescue in the event of an inci-
dent, are clearly also essential. 

4.4 Third-Party Rescue
Two firefighting and rescue trains belong to the Got-
thard Base Tunnel task force for third-party rescue. 
The trains are stationed at the north and south por-
tals and are on standby should an incident occur in 

Fig. 10:  Overview of the SBB train control systems (TCS)  
             Source: SBB AG, Bern

the tunnel. The aim is to ensure that a stranded train is 
reached within 45 minutes after the alarm is sounded 
and to evacuate passengers from the tunnel within 90 
minutes after the alarm is triggered. Incidents relate 
mainly to stranded trains rather than cases of fire in 
the tunnel. 

The trains are manned by professional firefighters be-
longing to the SBB, who are supported by local fire and 
chemical plant services.

5  Accepting the residual Risk
After everything has been worked out, estimated and 
built, it is high time to turn the focus on reality. Safety 
is not complete and risks, which were calculated dur-
ing many years of painstaking work, can undoubtedly 
reappear either tomorrow or the day after. To establish 
and accept the defined safety level represents the great-
est challenge. Decisions are constantly referred to and 
discussions start all over again.

Should assumptions that have been made relating to 
risk analysis change at a subsequent point in time – in 
other words, when the structure is actually operational, 
then it is essential that the overall system is scrutinized. 
Considerably more goods trains with hazardous freight 
can for example greatly affect the safety structure.

A residual risk remains, which we all subconsciously 
accept. We expose ourselves to risks every day when 
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driving cars, flying or working for something can hap-
pen at any time. We find it extremely difficult to con-
sciously accept as well as communicate such a residual 
risk. Often various experts, including self-proclaimed 
ones, will inevitably stab each other in the back. They 
seem to know it all but first after the incident has actu-
ally taken place.

The best course would be to analyse accidents in due 
time. Only then is it possible to decide whether addi-
tional measures must be taken and the safety level in-
creased or whether the residual risk has to be accepted 
without measures. Generally speaking for such analyses 
and outcomes:

 ▶ Innovative solutions have to be found jointly.
 ▶ There is the danger that the gutter press prompt pre-

mature reactions.
 ▶ Residual risk has to be accepted and communicated.
 ▶ Balanced safety measures bring a great deal more. 
 ▶ Safety can be measured, counted and accepted. 
 ▶ Little safety is obtained for little money in the case of 

existing or completed structures. 

6  Conclusion
Accidents and certainly disasters make people sit up. 
Tunnels suddenly become synonyms for an unsafe and 
dangerous mode of transportation. However if one 
examines the reasons thoroughly we find people, who 
have made mistakes, in the chain of accidents. The ad-
dition of other coincidences results in accidents turning 
into catastrophes. 

Accidents, which can occur anywhere on a daily ba-
sis, lead under constricted conditions to confusing situ-
ations or given acrid, dense smoke to chaos or to disas-
ter with in some cases terrible consequences and many 
fatalities. In all cases that occurred in the past, for in-
stance, the Gotthard, Kaprun, Mont Blanc and Tauern, 
only those people who were able to rescue themselves 
had a chance. Unfortunately self-rescue represents the 
sole possibility to survive in many cases of accident.

In spite of highly intricate safety precautions and risk 
analyses it must be concluded that absolute safety can-
not be arrived at no matter how extensive the measures 
employed may be. The so-called residual risk is how-

Hans-Peter Vetsch
Hans-Peter Vetsch 
(born 1957) is CEO of 
the Vetsch Consulting 
GmbH. From 1991 to 
2013, all of 22 years, 
he was responsible 
for operation and 
safety of the Gotthard 
Base Tunnel with the  
SBB AG in Berne  
and the AlpTransit 
Gotthard AG in Lucerne, Switzerland.
Contact: hans-peter.vetsch@bluewin.ch

ever not typical for the new Gotthard Base Tunnel but  
rather an idiosyncrasy that affects all modes of trans-
port – whether on land, water or in the air.

All the measures adopted in the Gotthard Base Tun-
nel were worked out and taken by all those involved to 
the best of their ability. It must be hoped that accident 
analysis is accorded priority in conjunction with future 
incidents in tunnels. If need be, further  measures should 
be deliberately resorted to, which provide clients the 
most safety for their money – and certainly these will 
not always be infrastructural measures.
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Introduction
Spiling supports consisting of umbrellas made of long 
pipes or self-drilling hollow-stem injection anchors 
find increasing application in conventional tunnel 
drives. Their purpose is to support the excavation face 
temporarily until the shotcrete is load-bearing.

Pipe umbrellas have been very efficient on many 
construction sites. Despite frequent application, no 
codes, regulations or recommendations for the design 
of such support measures are available.

Therefore the load-bearing behaviour of pipe um-
brellas has been investigated within a doctoral thesis. 
Finite Element Method calculations were performed to 
provide the basis of the derivation of the principles of 
their load-bearing behaviour and to quantify their state 
of stresses. This paper gives a brief summary of some 
results. The German thesis can be downloaded in full 
length [1]. 

Findings in Technical Literature
Results obtained from several years of research have 
been published by Volkmann and Schubert. This in-
cludes measurements of the deflection of pipe umbrel-
las and the results of three-dimensional numerical cal-
culations, which were performed to model the results 
of the measurements. Important research results were 
derived from these investigations. Thus the bearing 
behaviour of the pipe umbrellas is described as follows  
[2, 3]:

Spiling support consisting of umbrellas made of 
long pipes or self-drilling hollow-stem injection 
anchors find increasing application in conven-
tional tunnel drives. Their purpose is to support 
the excavation face temporarily until the shot-
crete is load-bearing. Despite of the frequent 
application, there are no codes, regulations or 
recommendations for the design of such support 
measures.

This paper gives a brief summary of some re-
sults of a doctoral thesis. Finite Element Method 
calculations were performed to investigate the 
load-bearing behaviour of pipe umbrellas and to 
quantify the state of stresses. The principles of the 
bearing behaviour are shown and a simple model 
is presented to predict the inner forces relevant 
for design.
Tunnelling · conventional driving · pipe um-
brella · injection · FE calculation · anchoring· 
shotcreting

Figure 1:  View of the basic model 

 ▶ Every single pipe transfers its own load to its bearings 
(shotcrete and ground in front of the heading face). 

 ▶ The axial forces in the pipes result from the differ-
ence in stiffness between the pipe and surrounding 
ground of the heading face [3]. 

 ▶ No improved arch exists at right angles to the tunnel, 
unless the injection zones of each pipe overlap each 
other [2].

 ▶ Since the pipes are located outside the cross-section 
of the tunnel, they do not contribute towards the sta-
bility of the heading face itself; this is to be achieved 
for example by anchors [2].

The lessons learnt from Volkmann and Schubert can be 
generally confirmed by our studies and the impact with 
regard to the surrounding ground and the quality and 
quantity of the internal forces of the pipes extended. 
Additionally the loading conditions near the tunnel 
face were investigated.

Papers concerning internal forces of pipe umbrel-
las have been published amongst others by Wittke and 
Wittke-Gattermann [4] and Wittke[5], who examined 
the pipe umbrella of the Busch Tunnel near Aachen in 
Germany by means of a three dimensional FE-model. 
The axial forces and the bending moments are identified 
as relevant internal loads. The axial forces can be tensile 
or compressive.

Three-Dimensional FE Analyses as Base 
for further Investigations
A FE-Model was developed to gain knowledge about 
the bearing behaviour of the pipe umbrellas (Figs.  1 
and 2). Thanks to this model it was feasible to perform 
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interacting effects on the stress-strain behaviour and 
limit state are not immediately apparent. Further-
more, the applicability is limited by a lack of practi-
cal experience for the right set of parameters of some 
types of soil. For this reason parametric studies are 
difficult. The calculation time is much longer than in 
the following, third constitutional model.

 ▶ As a third model Hardening Plasticity Soil was test-
ed (known as Gran Extended in SOFiSTiK). This 
model has been used in all of the following investiga-
tions. The model is able to display the differences in 
stiffness between loading, unloading and re-loading. 
In Munich a wide range of experiences and results 
of detailed studies exist, concerning the required pa-
rameters e. g. Pelz et al.[6]. The calculation time us-
ing this demanding and realistic constitutive model 
is approximately four times that of the calculations 
using Mohr-Coulomb.

FE calculations were performed using each of the three 
constitutive models and the results were compared. 
Towards this end the parameters of the constitutive 
models were adjusted by means of back-calculations of 
a tri-axial compression test, to reproduce the known 
hypoplastic parameters. Subsequently the inner forces 
of the pipe umbrella and the stresses of the surrounding 
soil were compared.

The bending moment of the pipe umbrella proves to 
be dependent on the applied constitutive model. Par- 
ticularly, the results of calculations using Mohr-Cou-
lomb differ significantly from those when using Hard-
ening Plasticity Soil and Hypoplasticity. Depending 
on the pipe diameter the differences of the maximum 
bending moment range from 10 to 20 % in compari-
son to Hardening Plasticity Soil or Hypoplasticity. The 
Mohr-Coulomb model leads to bending moments, 
which differ by more than 100  % to the results ob-
tained by means of the above mentioned constitutive 
models.

These considerable differences result from the in-
ability of the Mohr-Coulomb model to apply different 
stiffnesses during loading and unloading. This state-
ment could be verified considering the stress curves of a 
single element near the pipe umbrella at the top of the 
tunnel heading.

Based on the tests performed using different consti-
tutive models, the following conclusion can be drawn: 
The loading conditions of the pipe umbrellas result 
from a changing loading and unloading process of the 
surrounding soil. These changing loads of the soil in 
turn result in the instationary stress vault of the tunnel 
drive  transferring to the surrounding area of the head-
ing face. 

If calculations of pipe umbrellas (or adjacent gen-
eral supportive measures) are performed by means of 
finite elements this effect must be taken into account by 
choosing a suitable constitutive model.

By applying the Hardening Plasticity Soil consti-
tutive model this is guaranteed, while consuming less 

Figure 2:  Section of stabilized heading

a large quantity of parametric analyses – as opposed to 
in situ measurements. 

The FE-model was built using the SOFiSTiK pro-
gramme. The programme allows for modelling of 
complex geometries of the saw tooth, which character-
ises most drives in soft soil under a pipe umbrella. The 
model reproduces the process of excavation and instal-
lation of supportive measures used in the tunnel drive 
step-by-step.

The chosen cross-section is typical for the top head-
ing of a road tunnel. Three consecutive pipe umbrellas 
with an overall driven length of 8 m per umbrella are 
modelled. The first two umbrellas only serve to gain the 
required distance to the borders of the model. A suffi-
cient distance to the model border is evident for identi-
cal inner forces of the second and third pipe umbrella.

The primary and tunnel drive stress states have been 
investigated using 23 different load cases.

Investigations for Choosing the constitu-
tive Model of the Soil 
Pipe umbrellas are usually built in soft soil. In most nu-
merical calculations the soil behaviour is described by 
a constitutive model. The primary task is to describe 
the stress state near the heading face as realistically as  
possible. Furthermore, the required calculation time 
was of interest, as a series of calculations using a variety 
of parameters was necessary.

At the beginning of the investigations three constitu-
tive models were tested:

 ▶ The ideal elastic ideal plastic “Mohr-Coulomb” 
model was employed as the simplest constitutive 
model with the shortest computing time. This con-
stitutive model is unable to represent the different 
loading and unloading stiffnesses of most soft soils. 
Moreover, it is not able to display plastic deforma-
tions of soft soils that occur prior to the limit state.

 ▶ Secondly the hypoplasticity model according to 
von Wolfersdorff was tested, which was provided by 
SOFiSTiK as a beta-version of the programme. This 
constitutive model is well suited to describe the be-
haviour of sands, which exhibit changing void ratios, 
densities and thus shear strength under load. The 
model requires a multitude of parameters, whose 



GeoResources Journal   1 | 2015

25 Tunnelling

Load Bearing Behaviour of  Pipe Umbrellas in Tunnel Construction in Granular Soils
Eckl and Vogt:

www.georesources.net

time for the calculations compared to Hypoplasticity. 
For this reason in particular, the Hardening Plasticity 
Soil constitutive model was chosen for the following 
investigations. 

Variational Analyses – Numerical 
 Experiments
After the fundamental investigations more than 100 
calculations were performed. Single parameters of the 
model were changed systematically: The variation of 
parameters comprised three geometrically similar but 
differently sized excavation areas of the top-heading as 
well as varying the stiffness of the pipe umbrella, the 
heights of overburden and the soil parameters. 

To remain within realistic boundaries, the soil was 
divided in three different ”comparative groups“ with 
an associated range of parameters. These comparative 
groups range from a stiff cohesive soil with relatively 
low values of cohesion and elastic modules up to dense 
gravels and sands with relatively high friction angles 
and stiffnesses.

The calculations were analysed in terms of the re-
sulting inner forces of the pipe umbrella, the change 
in deformation and the stress state of the soil near the 
heading face.

In this way the qualitative load bearing behaviour of 
pipe umbrellas (and long umbrellas made of injection 
anchors) was derived. Furthermore, the significant in-
ner forces have been quantified.

Inner Forces relevant to Design
The inner forces mainly influencing the design are de-
termined to be the bending moment and the axial force 
in the tubes or spiling. The shear force however is of 
subordinate significance.

Fig. 3:  Longitudinal tunnel section, axial force of a pipe next to heading 
top + path of main stresses in the soil, excavation step 4 

Fig. 4:  Longitudinal tunnel section, axial force of a pipe next to heading top 
+ path of main stresses in the soil, excavation step 6

The inner forces change during the excavation pro-
gress of the tunnel. In this way the extent of the axial 
force changes from chiefly tension to compression while 
the heading face advances below the pipe umbrella 
(Figs. 3 and 4). For the most commonly used small an-
chorage lengths (2.5 m in the model) the relevant axial 
force seems to be compressive, which arises when the 
heading face is near the extremity of the umbrella under 
consideration.

The axial force results from soil arching around the 
heading face and around the excavation length. The dis-
tribution of pressure and tension depends on the chang-
ing anchorage length ahead of the face and above the 
shotcrete lining (Figs. 3 and 4).

The bending stresses in the pipes result from the 
pressure of the soil perpendicular to the crown of the 
excavation. The bending moment is thus parallel to the 
crown. The pipe with the highest bending moments can 
be found near the top of the analysed arch profiles. This 
applies for the arch profiles investigated in normally 
consolidated soils, while the location of the maximum 
bending moment moves laterally to the sidewall of the 
tunnel in over-consolidated soil.

Typical trends of the bending moment are shown in 
Figs. 5 and 6. Along the longitudinal section of the tun-
nel the trend of the bending moment shows fixity ahead 
of the face, while field moments appear near the excava-
tion and above the shotcrete lining (also hogging mo-
ments of smaller value can potentially occur here). The 
maximum field moment is typically located at or next 
to the excavation. The relevant field moment is reached 
after roughly three excavation steps.

The trend of the bending moments can be inter-
preted as the bending moment of an elastically bedded 
beam with differently stiff sub-grade modules or it can 
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there are no consequences for the settlement of the sur-
face and the convergences of the tunnel crown.

Support of the Soil
In order to demonstrate that such umbrellas are effec-
tive not only as mere constructional elements, addi-
tional studies on the state of stress of the soil near the 
heading face and crown of the excavation have been 
performed. As a result the supporting effect of the pipe 
umbrellas can also be proven mechanically.

Two effects lead to an improvement of the condition 
of the soil near the heading face:

 ▶ Support of the crown of the excavation step
 ▶ Reduction of horizontal stresses in a funnel area 

above the excavation (soil reinforcement action)

Plastification occurs in the soil above the excavation 
step due to the tunnel drive as was also described by 
Höfle [8]. As the pipe umbrellas support the soffit, they 
prevent parts of the plastified zone or such parts located 
beneath the arch over the heading face from collapsing 
and thus endangering the workforce. The possible sup-
port pressure on the unprotected side of the tunnel face 
depends on the stiffness of the pipe umbrella.

The action of the pipe umbrellas as reinforcement of 
the soil is indicated by the stress trajectories in Figs. 3 
and 4. The pipes are located at the intersection of two 
stress arches around the heading face and the tempo-
rary lining. Thus stresses of the soil can be transferred 
to the drilled pipes, provided that shear bond stresses  
exist between the soil and tube/anchor. The built-in 
parts act as „reinforcement bars“. It could be shown, 
that the high horizontal stresses are reduced in the 
“funnel” area above the excavation step, resulting in a 
reduction in the principal stresses difference in the area 
investigated above the excavation step.

Fig- 5:  Longitudinal tunnel section, bending moment of a pipe next to 
heading top + principle stress trajectories in the soil, excavation 
step 4

Fig. 6:  Longitudinal tunnel section, bending moment of a pipe next to 
heading top + principal stress trajectories in the soil, excavation 
step 6

be considered as a partially clamped beam with loading 
from the surrounding soil and an additional forced dis-
placement in the shotcrete lining.

The values of the relevant axial forces and bending 
moments are influenced not only by the properties of 
the environment (overburden and soil) but also by the 
stiffness of the pipe umbrella itself. To quantify the in-
ner stresses of the pipe umbrellas a prognosis model was 
developed on the basis of numerical experiments. In this 
way it is possible to determine the relevant inner stresses 
for different sets of basic conditions (such as quality of 
soil, excavated cross-section, stiffness of the umbrella 
and overburden depth) using a set of diagrams.

For the analysis of the bearing capacity and the 
anchoring length it is proposed to use the concept 
for common piles contained in [7], which consists of 
checking the inner carrying capacity (state of stress of 
the pipe) and of the external bearing capacity (anchor-
age length in front of the heading face).

While checking the bearing capacity the assumption 
can be made that the relevant inner stresses (maximum 
pressure force and maximum bending moment) occur 
almost at the same position of the pipe.

Influence on Settlement and 
 Convergence
The FE calculations with varying parameters were 
evaluated with respect to the deformation of the head-
ing face, the top of the heading and the ground surface.
The intention was not to give an exact prognosis of the 
deformations but to observe their change with varying 
stiffness of the pipe umbrella.

The evaluation of the numerical experiments shows 
that pipe umbrellas or umbrellas made of injection an-
chors reduce the deformations of the crown of the exca-
vation and the heading face to such a small extent, that 
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Both effects (radial support of the temporary lining 
and reduction of the high horizontal stresses in the soil) 
can be observed in the stress paths of a single element of 
the soil: Figs. 7 and 8 illustrate the stresses and location 
of a soil element above the top of the heading face dur-
ing the process of excavation and support. The different 
curves result from calculations with different stiffnesses 
of the pipe umbrella.

When the heading face advances towards the ob-
served element, its horizontal stress level rises. The in-
crease of stresses reduces with increasing stiffness of the 
pipe umbrella. The longitudinal stresses of the soil are 
transformed into axial forces in the umbrella tubes or 
injection anchors (compression and/or tension). Thus 
the action mode of the pipe umbrella may be compared 
to rebars used in reinforced concrete.

To a smaller extent the radial support of the tempo-
rary lining provided by the pipe umbrella can be iden-
tified: The calculation with a stiff pipe umbrella with 
219 mm diameter shows less reduction of the vertical 
stress state of the soil σzz, as the soffit of the excavation 
is supported by the tubes. This support leads to bend-
ing moments in the pipe umbrella. The radial support-
ive effect becomes more evident the closer the element 
considered is located to the soffit.

Increase in Safety
Because of the supportive effects of the pipe umbrellas, 
which have been illustrated above, the soil is de-stressed 
in a funnel-like area above the heading face. The plasti-
fied zone is reduced in this area. This could be seen es-
pecially with the non-cohesive soil groups investigated.

Fig. 7:  Trend of stresses in an element above the heading face with different stiffnesses of the pipe 
umbrella and without pipe umbrella, calculation No. 100, 101 and 106

Fig. 8:  Location of the  element considered 
above heading face and pipe umbrella

Figs.  9 to 11 originate from calculations using the 
parameters of the soil group with the highest load-bear-
ing capacity (gravel/sand, densely packed). Using these 
parameters, it was possible to perform a comparative 
analysis of an unsupported face without failure of the 
heading face and/or numerical instability.

Fig. 10 representing the plastified zones of a calcu-
lation using a very thin pipe umbrella (or an umbrella 
consisting of injection anchors) shows a distinctly 
smaller plastic zone in the funnel-like area above the 
excavation step in comparison to the results of the cal-
culation without pipe umbrella. The comparison with 
the result of the calculation with a rigid tube umbrella 
shows that the reduction of the plastic zone in the fun-
nel area and in turn the relative safety of the advance 
working area increase with increasing stiffness of the 
installed umbrella. 

Alternative Models of Calculation
As an alternative to complex FE-models simpler com-
putational methods are desirable and can also be useful, 
taking inaccuracies into account. Some of those models 
described in literature to predict the bending of pipe 
umbrellas have been checked as to whether they are in 
agreement with the results of the FE-model. 

Simple forecasting models to determine the axial 
force of pipe umbrellas – as far as is known by the au-
thors – do not exist to date (i. e. the resulting, relevant 
loading of umbrellas is so far largely neglected).

Among the simpler models tested for the prediction 
of the bending moment, the elastically bedded beam 
proved to be the most suitable method of calculation. 
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Detailed studies were performed to estimate the 
loading and bedding of the beam. They were derived 
as parametric values from the results of the FE analy-
ses. In this way it is shown that the loading on the pipe 
umbrellas amounts to only a fraction of the soil pres-
sures, which can be found as support of the tunnel, us-
ing classical methods according to Terzaghi or Houska 
(depending on the height of the overburden, soil par-
ameters and stiffness of the pipe umbrella the value of 
the loading amounts to a quarter of the support pres-
sure according to Houska).

Despite this adjustment of bedding and loading, the 
elastically bedded beam revealed large differences in its 
bending moment in comparison to the results of the 
FE calculations – at least in some of the experiments. 
Therefore, an appropriately high adjustment factor for 
such an elastic bedded beam is suggested for use in the 
alternative model.

As mentioned above, all the alternative models ex-
amined are applicable only for estimating of the bending 
of pipe umbrellas. When disregarding the effect of the 
axial load resulting from the reinforcement additional 
errors occur, especially with thin tubes and skewers. 

Summary
The reported investigations were used to develop a gen-
eral overview of the interaction between pipe umbrella 
and the surrounding soil. The principles of the bearing 
behaviour of such pipe umbrellas are shown for use in 

overburden soils. The dissertation also presents a simple 
model to predict the inner forces relevant for design. 

It is proposed that the bearing capacity check for 
pipe umbrellas should be performed according to rec-
ommendations for common piles [7]. Furthermore, 
simple alternative models are tested for their ability to 
reproduce the bearing behaviour of the pipe umbrellas. 
The limits of those methods are demonstrated.
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1 Introduction
The measuring and dimensioning of underground cavi-
ties in mining and tunnelling is almost exclusively un-
dertaken by rock or tunnel mechanical methods. The 
dynamic loads and effects have in this respect only a 
secondary role to play or indeed none at all. 

Measuring and dimensioning of underground 
cavities is undertaken almost exclusively by rock 
or tunnel mechanical methods. By applying an 
optical fibre BRAGG grating sensor for measur-
ing dynamic strain and compression states during 
drilling and blasting unexpectedly high stresses – 
caused by drill+blast – were registered, which led 
to supports being overloaded in underground 
mine workings and when driving tunnels with 2 
bores. The dynamic effects are to be monitored 
better in future and the dimensioning of cavities 
adapted to rock or tunnel dynamic conditions.
Mining • tunnelling • drill+blast • dimension-
ing cavities • metrology • driving

For 15 years the specially developed fibre BRAGG 
grating dynamic strain sensor has been successfully ap-
plied to determine vibrations caused by various sources 
alongside the measurement of peak particle velocities. 
This led to the precise registration of dynamic effects 
especially in the area close to the source of emission and 
to better understanding of the blasting process. The ini-
tiated stress can be calculated based on the magnitude 
of the dynamic strain by means of the well-known con-
stitutive relation. The application of the FBG sensor to 
monitor vibrations during an underground drill+blast 
operation surprisingly resulted in high dynamic strain 
states affecting the remaining pillars, which leads to a 
reassessment of the triggered, dynamic influences on 
the mine working and parallel tunnels as well as the 
resultant stresses. The assumed effects of blasting dur-
ing underground excavation based on the measurement 
results for a mine should ensure that the dynamic loads 
of the solid rock are taken into account when dimen-
sioning underground cavities of any kind when apply-
ing blasting technology.

2 Dynamic Strain Measurements  
with the optical FBG sensor

2.1 Measuring Principle
The produced stress σ can be calculated from the 

measurement value of dynamic strain Σ under any kind 
of dynamic effect with the well-known equation of con-
tinuum mechanics 

statEs e=   ..................................[N/mm²] .................. (1)

Towards this end the static elasticity module Estat of the 
material, which determines the dynamic strain, must 
be known. The sensor (Fig. 1) devised for the precise 
measurement of the dynamic strain states, is designed in 
the form of a telescopic sensor consisting of an optical 
fibre, the so-called fibre Bragg grating. The drift-resist-
ant sensor unit, which is unaffected by electromagnetic 
fields, can arrive at accuracies of 10-6 m/m. The princi-
ple of functioning of the fibre optical measurement is 
arrived at through the period filter element of the fibre 
Bragg grating in a glass fibre, through which a quasi 
monochromatic light is conducted. The measurement 
is geared to establishing the change in wavelength of 

Figure 1:  Small FBG extensometer with evaluation unit 
and connected laptop – the plates at the ends 
serve for attaching or bolting the system to 
the measuring point – measuring range up to 
3,500 – 4,000 µm/m
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this ray of light, which is registered in keeping with the 
increase in stress and at the same time, is transformed 
into an dynamic strain curve by means of correspond-
ing software and can be displayed as a measured curve. 

The in each case maximum dynamic strain at the 
highest ±-crest of the amplitude peaks is read off the 
determined stress-strain curve. The physical description 
is given at length in [1, 2].

2.2 The FBG Sensor for Measuring Dynamic 
Strain given dynamic Effects
Corresponding sensors were devised for various fields 
of application and accuracies, so that seismic effects, 
alterations in stress, blasting vibrations both above 
and below the surface and vibrations resulting from 
constructional technical measures such as compaction, 
ramming, vibro-compaction etc, could be collated by 
measurement technical means accurately, simultane-
ously, dependent on the direction and short to long 
term. The larger the accuracy requirements are, the 
longer the telescopic form of the sensor has to be. 

The sensor applied for measuring the underground 
extraction blastings represents the smaller version. It 
is capable of registering relatively high dynamic strain 
states up to 4,000 µm/m (Fig. 1). Prior to measuring, 
the sensor was attached at its 2 ends by means of a high-
strength 2-component adhesive in the neighbouring 
chamber next to the blasting unit to a massive, non-
fissured solid rock surface perpendicularly to angularly 
at the face of a pillar.

If need be the sensor displayed in Fig. 1 can be firmly 
attached to the rock using plugs. It is essential that the 
sensor is properly coupled to provide accurate readings. 
The balanced, modernly equipped software caters for 
lucid evaluation of the dynamic strain measurements 
throughout the entire period of effect. Curves are de-
termined, which show high-resolution images of the 
vibrations or rather changes in the dynamic strain states 
during the course of the effect (Figs. 2 + 3). The curves 
resemble those of peak particle velocities with the dif-
ference that curve displacements around zero point in 
the case of dynamic strain measurements are to be re-
garded as constant deformations between the adhered 
fixed points [2, 3]. The application of the measuring 
method for vibrations can be compared with vibration 
velocity measurements. The sensor is arranged in the 
particular direction to be measured x, y or z, with the 
possibility of providing a measuring unit for each direc-
tion depending on the task in hand. For the presented 
case a sensor has been adhered to the face of the pillar 
roughly parallel to the z-direction.

2.3 Relationship between  
Peak Particle Velocity and Dynamic Strain
On account of the physically attestable interrelation-
ships between peak particle velocity and dynamic strain 
the 2 parameters applied for the vibrations are depend-
ent linearly (Fig. 4):

Pppv cGs r= ⋅ ⋅  ............................................................... (2)

Figure 2:  Example of an dynamic strain measurement at a pillar – 20.4 m away from the blast

Figure 3:  Example of an dynamic strain measurement at a pillar – 12 m away from the blast

Figure 4:  Link between the maximum peak particle velocity and maximum dynamic strain 
of blast vibrations on the surface compared to the results measured underground
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With:
ppv  peak particle velocity ................................[mm/s]   
ρG  gross density rock/
 construction material .............................. [kg/m³]
cP  P-wave speed of the rock/ 

construction material .................................. [m/s]
Consequently from the correlation between (1) and 
(2):

P statppv c EGr e⋅ ⋅ = ⋅  ....................................... ppv e≈

In accordance with this relationship the parameter for the 
dynamic strain can replace or supplement the peak par-
ticle velocity measurements [3, 4, 5, 6]. The fibre optical 
measurements of the dynamic strain states with the FBG 
sensor are substantially more accurate than peak particle 
velocity measurements with 3-component geophones. 

Peak particle velocity and dynamic strain can be in-
fluenced by the layout of the blasting systems as well as 

by adjusting the sonicity [3, 4, 6]. Required verification 
was provided by the new blasting model. The increase 
in the fictitious, effective detonation pressure causes on 
the one hand high fragmentation and increasing vibra-
tions on the other. An improvement of the sonic effect 
is associated with a reduction in the vibrations given 
the same blasting impulse or application of energy [4, 
5]. The fictitious, effective detonation pressure PZ0α is 
worked out according to:
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With:
PZ0α fictitious, effective detonation pressure  

 including the sonic effect ..................... [N/mm²]
ξ fill factor  ............................................................ [-]
ρs  explosive density ....................................... [kg/m³]
VS0  volume explosive/unit volume .....................[m³]
w´ detonated burden ............................................. [m]
lB0 unit length drill hole .....................................[1 m]
sinαP cP/cd
sinαS cS/cd
cd detonation speed .......................................... [m/s]
cP P-wave speed of the rock ............................. [m/s]
cS S-wave speed of the rock ............................. [m/s]
P exponent P depending on ignition 1, 1.5 or 2 

(according to Fig. 9)

The sonic effect can be increased by adjusting the deto-
nation speed of the applied explosives to the P and S-
wave speeds of the material being blasted. 

As the effects of fragmentation and vibration are 
interrelated during the actual blast itself, originally the 
blasting vibrations affecting the pillars were to be de-
termined. Geophones were set up on the floor in front 
of the vertically attached dynamic strain sensor for this 
purpose. The measured results differed to such an ex-
tent that a comparison of the dynamic strain and peak 
particle velocity values did not appear to be realistic. 
Other procedures had to be adopted at the pillar to ex-
plain away the high dynamic strain states.

3 Geomechanical Conditions
Underground blasting was carried out in a carbonate 
rock ground consisting of limestones with varying lime 
contents. 

Fig.  5 shows a comparison of the P and S-wave 
speeds, which are of significance for the choice of explo-
sive [6]. Fig. 6 provides the dynamic properties of the 
shear module G and the dynamic elasticity module Edyn 
of the solid rock. The static elasticity module, the me-
chanical behaviour of the rock and Poisson’s ratio can 
all be derived from the interrelationships in Fig. 7. In 
conjunction with the magnitude of the acoustic impe-
dance, which ranges from 12.7 to 17.2 × 106 kg × (m²s)-1 
and the determined joint plane gaps of the 3 main fis-
sures of an average of 0.05 to 0.091 m this results in an 

Figure 5:  Relationship between P and S wave speeds for various carbonate rocks

Figure 6:  Relationship between shear module G and dynamic elasticity module Edyn 
[kN/mm²]
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excavation strength of the solid rock of from squeezing 
to extremely friable [7]. Blastability can be described as 
moderate [7]. This can rise to difficult to blast in the 
slightly fissured zones. The solid rocks possess a uni-
axial compressive strength of an average of 125 N/mm² 
or tensile strengths of some 16 N/mm². 

The average shear strength amounts to 27  N/mm² 
and is estimated from the equation found in [7]. The 
partial mobility of the solid rock is restricted by the 
K3 joint separation plane band, which if anything is 
merely implied. The joint structure is dominated by the 
± steep, widely scattered K1 and K2 bands, which cause 
a funnel-shaped distribution of the solid rock. The 
mine working is developed in 15 m wide chambers with 
remaining 12 m thick pillars. The roof warps upwards 
2 m away from the abutment. The rounds of advance 
amount 3  to  4  m and are undertaken by drilling and 
blasting technology. 

4  Dynamic Strain Measurements during  
Blasting and Conclusions

During the blasting excavation, dynamic strain meas-
urements were undertaken with the FBG sensor on the 
remaining pillars roughly following the z-component 
(please see Fig. 1). At the same time, peak particle ve-
locity measurements were carried out on the floor at 
25 to 95 m gaps. Table 1 contains the most significant 
measurement results. The peak particle velocity meas-
urements confirmed that the vibrations lasted in keep-
ing with the pre-determined firing sequence. However, 

the dynamic strain measurements as far as the duration 
of their effect on the rock was concerned roughly cor-
responded to the time frame of the excavation of the 
blasting agent (Fig. 8). Fig. 8 is intended to present the 
measured situation as a simplified model and is provid-
ed with various equations, which help assess the various 
blasting phases occurring one after the other (Table 2).

In this connection, the 3rd phase of the ejection effect 
is of interest, which is distinguished by considerable dy-
namic strain states (Table 1). The dynamic strain meas-
urements can be calculated in initiated stresses given the 
well-known static E-module in accordance with equa-
tion (1). The stresses created in the pillars with the FBG 
sensor during the ejection effect are compared in Ta-

Blasting max.  
dynamic strain    

[μm/m]

residual  
deformation 

[μm/m]

Distance to 
 point of emission  

[m]

Duration  
of effect  

[ms]

1 1.315  -3,3  20,4 3.580

2 1.312  -5,8  21,9 3.256

3 1.660  -24  12,0 4.008

4 1.928  -26,6  12,6 3.389

5 1.149  -52,1  12,4 5.195

6 3.403  -195,4  12,0 4.400

7 1.217  +49,8  12,6 5.200

8 1.893  -166,3  13,0 2.218

Table 1:  Results of dynamic strain measurements for underground drill+blast driving

Figure 7:  Relationships between dynamic elasticity module and acoustic impedance (P-wave) of the rocks and construction 
materials to work out the mechanical behaviour, the Poisson coefficient, the static E-module as well as the threat of 
liquefaction given water saturation
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the tensile strength of the carbonate rock and can re-
sult in local overbreaks or crack damage to the pillars. 
The short lifespan of the dynamic loads of 2 to 5 s pos-
sibly prevent more intensive damage occurring to the 
remaining solid rock. The measured short-term move-
ment of the rock directly after the excavation with the 
blasting agent appears to be smaller given ± round roof 
formation and to become larger given a weakly arched 
to flat roof of the cavity. Thus it cannot be precluded 
in view of the results that the rock could collapse giv-
en weakened pillars and brittle rupture behaviour of 
the surrounding ground. The self-induced earthquake 
on March  13,  1989, resulted (according to [8]) from 
scheduled excavation blasting and can be attributed to 
such a high ejection effect on the mine working [8]. The 
roof of the rounds of advance is set up parallel to the 
± horizontal layer joint plane for geological reasons so 
that high stresses may be expected.

5 Conclusion
Nowadays underground cavities are mainly measured 
and dimensioned by static means. In mine workings 
opened up by blasting technology and in tunnelling in-
volving drill+blast the dynamic effects are to be better 
and more systematically monitored in future and the 
dimensioning of cavities also adapted more appropri-
ately to rock or tunnel dynamic conditions. A short-
term high dynamic load in the remaining solid rock is 
induced around the blasting system’s blast contour by 
the ejection effect of underground blasting. 

Figure 8:  Physical blasting model of the effects of a detonated application of explosives for a 3D underground blasting series

Table 3:  Calculated stresses during the effect of excavation resulting from blasting com-
pared to the available static parameters

Blasting
Static  

E-module   
[kN/mm²]

Dynamically  
produced stress    

[N/mm²]

Vertical  
stress

[N/mm²]

Tangential
stress 

[N/mm²]

1 47,21 - 62,41 62,08 - 82,07 2,13 4,05

2 47,21 - 62,41 61,94 - 81,88 2,16 4,15

3 47,21 - 62,41 78,37 - 103,60 2,18 4,15

4 47,21 - 62,41 91,02 - 120,33 2,13 4,05

5 47,21 - 62,41 54,24 - 71,71 2,29 4,34

6 47,21 - 62,41 160,66 - 212,38 2,24 4,24

7 47,21 - 62,41 57,45 - 75,95 2,21 4,19

8 47,21 - 62,41 89,37 - 118,14 2,24 4,24

Table 2: Successive blasting phases (see Fig. 8)

Phase Component Duration

1 Vibrations on the floor corresponds to ignition time

2 Fragmentation of the blasting system corresponding to ignition time

3 Ejection effect in hard rock > ignition time; some ejection time

4 Ejection of the aggregate/backfill > ignition time 4 to 12 s

ble 3 with the determined, statically active vertical and 
tangential stresses shown in extract. 

The parameters of the stresses initiated by the dy-
namic strain measurements for a short period exceeded 
the static effects many times over. The values exceed 
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Sinking two Freeze Shafts in the Ust Yayva  
Potash Deposits in Russia 
Progress and Outlook

Ralph Schilder, Project Manager, Gefrierschächte Ust Yayva Bergbau, Deilmann Haniel Schachtostroj, Berezniki, Russia

1 Introduction 
The international potash market has been marked by 
an increase in production figures since the turn-of-the-
century. In spite of temporary fluctuations, triggered by 
political events, capital market developments or eco-
nomic considerations, a further increase can be reck-
oned with, which is geared in particular to the growth 
in world population and more intensive exploitation 
of restricted cultivation areas. In view of these perspec-
tives in recent years, though especially following the 
2008/2009 financial crisis, many expansion projects 
were reappraised relating to their profitability. This also 
affects projects in Russia where the prospecting and ex-
traction of potash deposits has played a major role for 
well nigh 90 years. 

2 Potash Mining in Russia
Potash mining in Russia has its roots in the former So-
viet Union during the 1920s. In this connection, the 
reserve in the Perm Region on the upper reaches of the 
Kama was investigated. It is located some 200  km to 
the north of Perm, formerly Europe’s most eastern city 
of a million inhabitants. One of the world’s largest and 
most productive potash deposits is to be found below 
the cities of Berezniki – it was set up during the 1930s 
due to the presence of potash – and Solikamsk. The 
reserve was discovered between 1906 and 1907 dur-
ing geological drilling at a depth of 98 m. After it was 
ascertained that the salt was inedible, it was examined 
more closely and classified as the first Russian potash 
salt deposit (Fig. 1).

The principles, prerequisites and applications for 
the sinking of two freeze shafts for the Ust Yayva 
project in Russia are described and the work ac-
complished hitherto including the associated 
planning reviewed. The approaches selected to 
accomplish the task and the activities already 
undertaken are explained. Through parallel op-
erations – for instance installing the hoisting 
equipment at the sinking phase – the project was 
speeded up significantly. Subsequently parts of 
the contract that have still to be tackled are ex-
amined. 
Mining · potash and rock salt · shaft construc-
tion · alignment · freezing method · Russia

Fig. 1:  Pipework for the first geological drilling (produced 1906 to 1907) to identify the 
salt deposit in Solikamsk

Further reserves, which are exploited intensively, 
are to be found in the Soligorsk district (now Belarus), 
where production ensued in the early 1960s.

A further rich deposit is located close to Volgograd 
in south Russia, although extraction in this case must be 
undertaken at great depths after the reserve first being 
discovered in 1983.

3 Verkhnekamsk Deposit / Ust Yayva

3.1 History of the Deposit
In 1927, sinking operations and the setting up of the 
surface installations started for the Solikamsk Mine at 
Solikamsk. At the time, Deilmann Haniel (DH) was 
involved in the sinking activities. Five years later work 
began on the first mine in the Berezniki section (Fig. 2). 
Following a period of interruption the first salt was ex-
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Winter starts in October and a continuous blanket of 
snow prevails until April, easily attaining a height of 
1  m. Frequently, the temperatures in winter drop to 
–30°C for lengthy periods. Lows touching –45°C are 
recorded practically every winter. Shortly before the 
turn-of-the-year, days are only some 5½ h long whereas 
in mid-June it only becomes dark from around mid-
night till 3:30 am. The summers are hot with maximum 
temperatures of up to 40°C being attained.

The geological situation is distinguished by 2 promi-
nent features. On the one hand, the deposit compared 
internationally possesses one of the highest K20 con-
tents. The reserve is also of more than average thick-
ness, which – found at shallow depths – provides an 
outstanding opportunity for exploitation. There are 
no significant geological features worth mentioning 
within the deposit, which is level without faults or 
other disturbances, providing excellent starting condi-
tions for extensive optimization of extraction. One dis-
advantage is the only slight, intermittent or even lack 
of a sufficiently strong waterproof clay layer. However, 
the optimal characteristics of the reserve are confronted 
with the constant danger of losing the deposit through 
inrushing water during the sinking operations as well.

2.3  Client, Drafting the Contract and Object 
of the Contract

The Uralkali Company was awarded the concession to 
prospect and develop the project for the production of 
2 shafts as well as the subsequent exploitation of the de-
posit on the Ust Yayva field. 

Since the enterprise Sylvinit was taken over in 2011, 
which also is engaged in exploiting the Verkhnekamsk 
reserve, Uralkali has become the world’s largest potash 
producer. In 2013, just over 10 million tonnes of po-
tassium chloride (KCI) were produced. Within Russia, 
Uralkali is the largest manufacturer of mineral fertilizer 
and sells a large portion of its production via its own 
port terminal nearby St. Petersburg – mainly to India, 
Brazil and China.

The company is listed on the stock exchange and in 
late 2012 more than 21,000 employees worked in the 
Berezniki 2 and 4 plants as well as in the Solikamsk 1, 2 
and 3 plants and their associated factories and admini-
strations.

Extensive investments are planned in view of the fa-
vourable extraction conditions, attractive production 
costs and further consolidation of the company’s lead-
ing position. In addition to expanding existing facilities, 
it is also planned to build 2 new mines.

The Mine 5, Ust Yayva represents the first of these new 
construction projects. The contract for exploratory drill-
ing at 2 shaft locations followed by project development 
was awarded to and carried out in 2009 by the (then) 
DH Shaft Sinking (now Deilmann-Haniel) or rather its 
Russian subsidiary 000 DH Schachtostroj. Based on the 
results of exploration and against the background that 
the shafts have to be sunk by the freezing method, the 
tendering stage saw the DH subsidiary 000 DH Schach-

Fig. 2:  Situation of Berezniki in the Perm region

tracted here in 1942, which however was principally 
required for the chemical industry and munitions pro-
duction (magnesium). After the war the existing facil-
ity was comprehensively modernized and expanded. In 
1986, Berezniki 3 had to be abandoned on account of 
ingressing water. A similar situation occurred in 2006 
as Shaft 1 in Berezniki could no longer be maintained 
owing to the inflow of water.

The new Mine No. 5 belonging to the Uralkali Com-
pany is now being set up on the Ust Yayva part of the 
deposit. It also belongs to the Berezniki and Solikamsk 
potash reserve and in turn to the Verkhnekamsk de-
posit, which contains minerals which are economically 
viable for the next 100 years. The first concrete plans for 
extracting the ore in the Ust Yayva field were made at 
the turn-of-the-century and Uralkali was awarded the 
concession in 2004. Mine 5 is a so-called greenfield pro-
ject and will also be developed underground as a closed 
mine working without connections to already existing 
mines. However, the potash mined will be processed in 
the neighbouring plants belonging to Mine 3. It will be 
carried there on the surface via an approx. 6 km long 
belt conveyor.

3.2 Location, Climate and Geology
The deposit is located on the western fringe of the Urals 
and as a consequence on the border between Europe 
and Asia. The region is thinly populated with a weak 
infrastructure particularly in the west, north and east. 
Around 250,000 people live in the greater Berezniki 
and Solikamsk area. Links to the south (Perm) are 
maintained by road, rail and in part, by river – with the 
Kama river flowing through both cities.

The climatic situation can be described as continen-
tal-dry owing to its location on the fringes of the Urals. 
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tostroj awarded the contract on December 21, 2011. 
Work started on the spot in March 2012. As from July 
2012, the freeze holes for Shaft 1 were installed with the 
freezing station starting work in August and the first skip 
hoisted at Shaft 1 on December 19, 2013.

A part of the contract involved the creation of 2 fro-
zen zones extending down to a depth of 245 m so that 
the shafts could be sunk safely through the water-bear-
ing overlying rock. Towards this end, 46 freeze holes 
were installed with the utmost precision for each shaft 
at a depth of about 245 m. Four temperature drill holes 
also had to be produced per shaft, which had to moni-
tor temperature developments down to the same depth.

The 3 MW capacity freezing station mainly serves to 
carry out ground freezing; however, subsequently it is 
used for ventilation purposes during the extremely hot 
summers. In the freeze shaft section a concrete lining 
is installed as a first step and cast-steel segments then 
added. 

The lining in the salt deposit is undertaken entirely 
by using concrete. A special mixing plant was set up to 
produce the concrete in order to fulfill the extremely 
high demands on this construction material following 
short transport times.

The shafts have also to be furnished in keeping with 
the contract. Further elements of the contract are the 
setting up of the 2 headframes, which are to be used at a 

later date for hoisting and are designed for a service life 
of at least 50 years. The sinking winches for the 2 shafts 
were re-installed; however, serve only for the duration 
of the sinking operations. Both shaft halls are adapted 
for subsequent use and devised accordingly. Temporary 
construction measures to carry out sinking operations 
involve the setting up of the compressor station, the 
open segment yard to prepare and check the quality of 
the installed parts, a large storage hall with integrated 
workshop area, an on-site mixing plant for producing 
concrete and practically the entire infrastructure.

4 Project Data
The 2 shafts were designed with practically the same 
height and are set 150 m apart. Both shafts are frozen 
down to a depth of almost 250 m and they have been 
lined with segments. Their clear shaft diameter amounts 
to 8.0 m less the fixed guidances for the hoisting equip-
ment. Shaft  1 is devised as a pure hoisting shaft and 
will later be fitted with 2 double-drum hoists. Shaft 2 
also serves as a service shaft for manriding and material 
transport. The annual capacity for Ust Yayva will prob-
ably amount to more than 11 million tonnes.

4.1 Shaft Parameters
Tables 1 to 3 display the most essential shaft param-
eters.

We sink shafts.
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For more than 125 years we have safely and successfully sunk more than 500 shafts  
with a depth of over 230,000 m.
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 ▶ Open gas bottle store
 ▶ Distribution transformer station
 ▶ Office, social and accommodation quarters
 ▶ Explosives store (No. 1 and No. 2)
 ▶ Supply lines and systems within the premises 

 ▷ Power supply lines 6.0 and 0.4 kV 
 ▷ Freezing pipe lines
 ▷ Compressed air lines

 
5 Freeze Drilling

5.1 Evolution of the Freezing Process

“A method to create drill holes, shafts and excavations in 
water … by applying a closed wall consisting of ice or frozen 
floating rock, which is sufficiently strong to withstand all 
side pressure and floor pressure and in the process produce 
this ice or frozen wall with the help of a number of pipes, 
which are set up at an appropriate distance and in which 

Description Skip hoisting shaft 1 Large cage shaft 2

Purpose
Sylvinite extraction 11 million t

per year
Fresh air shaft

Carrying persons, loads and 
equipment. Ventilation shaft

Clear diameter, m 8 8

Sinking diameter, m 9.6 / 10.4 9.6 / 10.4

Clear cross-section, m 50.265 50.265

Depth, m 465 422

Freeze sinking depth 245 245

Table 1: Main parameter of the shafts

Description Skip hoisting shaft 1 Large cage shaft 2

Shaft head frame
Reinforced concrete (500 mm)

from ±0.000 m
to –16.934 m

Reinforced concrete (500 mm)
from +0.000 m
to –18.436 m

Supporting at the
water-bearing layers

Cast iron segments
from –16.934 m
to –292.500 m

Cast iron segments
from –18.436 m
to –292.500 m

Supporting in the salt zone

Reinforced concrete with
deformation layer 
from –292.500 m

to –465.000 m

Reinforced concrete with
deformation layer
from –292.500 m

to –422.000 m

Shaft head frame
Reinforced concrete (500 mm)

from +0.000 m
to –16.934 m

Reinforced concrete (500 mm)
from +0.000 m
to –18.436 m

Supporting at the
water-bearing layers

Cast iron segments
from –16.934 m
to –292.500 m

Cast iron segments
from –18.436 m
to –292.500 m

Table 2: Shaft lining concepts in different depths

Description Skip hoisting shaft 1 Large cage shaft 2

Shaft installations Rigid, multi-bridging with box-shaped locking bar

Filling point/levels Hoisting shaft (–204.0 m)
Dibhole (–280.5 m)

Ventilation shaft (–193,5 m)
Hoisting shaft (–204,0 m)

Dibhole (–234,0 m)

Dispenser chamber Level –249.0 m  

Table 3: Overview over the shaft infrastructure to be set up after completion

4.2 Surface Installations

Constructing the surface installation was included in 
the volume of the contract. These activities were the 
prerequisite for the sinking operations. The client for 
his part only set up installations for a central power and 
water supply in addition to undertaking a number of in-
frastructural measures. Many facilities were devised for 
subsequent use in conjunction with the mine. Thus the 
headframes were set up for an operating time of 60 years 
matching the calculated period of extraction. Other 
installations such as the freezing stations are to be re-
moved once sinking operations are concluded. These 
installations also include (Fig. 3):

 ▶ Sinking system on the surface – skip hoisting shaft 1
 ▶ Sinking system on the surface – large cage shaft 2
 ▶ Freezing machine hall
 ▶ Compressor hall
 ▶ Workshop with the temporary store for segments
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extremely cool air or extremely cool liquid is circulating”.  
With these words F.H. Poetsch applied for his patent 
on the freezing process back in 1883. Over the years, 
this method has been applied hundreds of times, op-
timized and currently is suitable for depths down to 
800 m, however, with the basic principle and means of 
functioning remaining the same. As also applies for the 
current Ust Yayva project.

5.2 Ust Yayva fundamental System

Circular drill holes were created around both shafts and 
sunk to a depth of 245 m with a maximum tolerance of 
0.8 m. A high-quality pressure-checked steel pipe is in-
stalled in the supported drill hole, which is set together 
in 10 m lengths and is closed at the bottom of the drill-
ing. This outer pipe then houses a “feed pipe” in order 
to enable the cooling agent to circulate. Normal cooling 
agent temperatures go down to –25°C, however, in the 
case of potash and salt mining down to –35°C on ac-
count of the freezing points of saliniferous layers. The 
cooling agent subsequently finds itself constantly circu-
lating between the freezing plants and the frozen zones 
(Figs. 4 + 5).

In this particular case it was planned to produce a 
continuous frozen zone down to a depth of 254 m with 
a 17.0 m frozen ring. Towards this end it was necessary 
to drill 45 freeze holes. Four drill holes were planned to 
monitor the creation of the frozen zone, which also had 
to be produced full-length and with absolute accuracy. 
To ensure that no water pressure was prevalent in the 
interior of the shaft during the freezing phase, a relief 

Fig. 3:  Plan of the construction site complex

Fig. 4: Pattern in the freeze hole

drill hole was also to be drilled centrally. The freezing 
pipes are set 1.19 m apart and the first 20.0 m of their 
length is protected by steel pipes (Ø = 254 mm).
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be a gap greater than 2.20 m between 2 drill holes given 
the same depth. The drill holes are sunk by the rotary 
drilling method, with the drilling motor driven via the 
circulation fluid (in-hole drilling method). Apart from 
the drive and cooling, the circulation fluid also sup-
ports the drill hole and is then prepared afresh (Fig. 7).

A directional drilling system known as the MWD 
(measuring whole drilling) system is applied during 
drilling to ensure that the freezing pipes are positioned 
precisely. As a result, as drilling progresses the data and 
coordinates are evaluated in real-time and immediately 
corrected. The results for the project presented here lay 
within the prescribed tolerances and were confirmed 
independently by surveying (Gyro Tracer System) after 
the freezing pipes had been installed (Figs. 8 + 9). 

6 Underground Sinking Installations

6.1 Headframes
Two headframes of different heights were installed on 
the shafts, which are devised for the entire operational 
life of the mine following the completion of the sink-
ing operations and minor modification tasks. At Shaft 1 
the height amounts to 56.20  m, the height at Shaft  2 
is 52.55 m. Both structures are completely encased and 
insulated and provided with connections to shaft halls, 
segment preparation yards and a service hall for the 
shaft drilling rig. The freezing cellar is located around 
the shaft collar directly beneath ground level. The 
frames were set on four monolithically cast reinforced 
concrete foundations. These are individual foundations, 
which were cast protected by retaining walls down to 

Fig. 5:  Setup of the freezing circle and development of the frozen zone after 24d (days), 
90d and 365d (schematic)

Fig. 6:  Setup of the drilling yard of a Russian sub-contractor with 2 Canadian deep drilling rigs

Two drilling rigs are employed on the 70 x 70 m large 
drilling yard (Fig. 6). Apart from demands on accuracy 
with a maximum deviation of 0.8 m there must never 
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Fig. 7: Equipping a freeze hole

Fig. 8: Overview of the freeze drilling processes at Shaft 1 Fig. 9: Freeze pipe drilling procedure at Shaft 1, drill hole (BL) 13

a depth of 6.50 m with subsequent backfilling. All the 
pulleys for moving the platform and auxiliary winches 
(Fig.  10) are located on the rope pulley platforms in 
addition to the 2 rope pulleys for hoisting and sinking 
operations. During the sinking phase, the headframes 
are provided with a tilting platform so that skips can be 
emptied at either side. The excavated material is trans-

ferred via chutes to the waste boxes, which are located 
outside the headframes.

6.2 Hoisting Machines
In each case 2 Siemag Tecberg single drum units with 
clutch are used for hoisting purposes. These machines 
are exclusively intended for sinking operations and will 
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7  Pilot Shaft and  
underground Sinking Installations

7.1  Pilot Shaft

The pilot shafts were projected to be almost 40.0 m long 
and serve to install and integrate the working platform, 
which takes over manifold tasks during the sinking pro-
cess. 

The pilot shafts were produced protected by dia-
phragm walls as a functioning frozen zone could not 
be assured at the point in time when they were created. 
The required diaphragm walls were produced prior to 
the start of construction – before drilling the freeze 
holes. Altogether 14 diaphragm wall slats were set up in 
a circle around each shaft. The ring of diaphragm walls 
with a wall width of 3.2 m and a slat thickness of 0.8 m 
was produced using a diaphragm wall cutter. 

The initial 20  m of the pilot shafts were produced 
manually protected by the diaphragm walls and follow-
ing the creation of the freezing cellar and headframe 
foundations. Towards this end, a mini-excavator was 
applied, which was suitable for loading a skip (Fig. 13). 
The skip was pulled by a mobile crane. The remainder 
of the pilot shaft was sunk with the aid of a Type DH 
Mining Systems shaft excavator. Prior to this, all instal-
lations were produced in conjunction with the applied 
hoisting technology (headframes, hoisting machines 
etc.).

The shaft excavator is operated electrically and will 
subsequently be used in the sensitive salt marl layers 
as no drill+blast excavation can be carried out there 
(Fig. 14). The sinking facility was installed after the fi-
nal depth of the diaphragm walls was attained. 

Fig. 10:  Building the Shaft 1 headframe, 
suspending the hoisting pulley

Fig. 11:  Twin drum hoisting machine

Fig. 12: Overview of the setup of the sinking installations

be replaced by skip hoisting machines once the shaft 
is completed. The rope diameter for the sinking op-
erations and consequently the required acceptance on 
the hoisting drums amounts to 34  mm. Each drum is 
3,200 mm in diameter with a maximum of 3 rope lay-
ers capable of being accepted. Each motor has a capac-
ity of 690 MW. After attaining a minimum depth the 
maximum speed of 6  m/s can be preset and applied. 
The maximum hoisting capacity is designed for 12.5 t 
(Figs. 11 + 12). 
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7.2 Sinking Platform/Gripper Device

The sinking platforms are 3-stage working platforms. 
By and large, the tasks lining and hoisting have to be ac-
complished (Figs. 15 + 16). In other words, on the one 
hand, they are required for accomplishing the concrete 

Fig. 13: Using the mini-excavator for sinking the pilot shaft Fig. 14: Using the Deilmann-Haniel Mining System shaft excavator for sinking

lining. On the other, they exert a gripping function be-
low the platform. 

A concrete distributor is located in the central sec-
tion of the platform, which with a capacity of 2.5  m³ 
can serve the entire cross-section of the shaft sector 
over 360° (Fig. 17). The platforms are fitted with cor-
responding openings so that the skips can pass carrying 
waste, concrete, material and manpower. In transport 

Fig. 15:  Layout of the 
working platform 
during loading

Fig. 16:  Layout of the work-
ing platform during 
concreting

Fig. 17:  Central deck and concrete manipulator in setting up the 3-stage working 
platform 
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formwork gate is set up over the 3 rings, which can be 
opened or closed by hydraulic means. 

The requirements on the concrete are varied largely 
relating to a highly developed construction material. 
On the one hand, sufficiently good processing proper-
ties have to be maintained between the mix and instal-
lation also with regard to the climatic conditions. On 
the other, early setting strength must be attained after 
installation so that the formwork relocation times can 
be adapted to the sinking tempo thus ensuring econo-
mic sinking progress. A further problem relates to heat 
development. As a direct contact area exists between 
the freezing surface and the fresh concrete, neither the 
frozen rock must harm the concrete with its strength 
development nor must the concrete with its heat de-
velopment unduly harm the frozen zone. In its final 
state the demanded high values relating to compressive 
strength and water impermeability must be arrived at, 
which vary in keeping with depth and geological lay-
ers. It was decided to set up and operate a mixing plant 
on the construction site in order to cut down on trans-
port times especially with regard to the fresh concrete  
quality.

Four ready-mix trucks with a capacity of 6.5 m³ were 
available for concreting. In each case, 2 units standing 
on ramps each filled a concrete skip (capacity equal 
to the concrete distributor on the sinking platform: 
2.5 m³), which is propelled to the shaft flaps on track-
bound and compressed air driven cars. The complete 
skip is processed here and in each case 2 skips can be 
transported to the concrete distributor in twin drum 
mode. After being emptied into the concrete distribu-
tor the concrete is placed layer by layer behind the 
formwork and compacted by means of vibrators. A gap 
of 0.3 m remains between the individual concrete seg-
ments, which is later closed. The individual concrete 
blocks are connected by 16 threaded rods, which are 
drawn downwards in similar fashion to the concrete 
lining. After evaluating the current findings the form-
work can be stripped and relocated after roughly 2 days 
have passed.

Fig. 18:  Working conditions for the shaft 
drilling rig

Fig. 19: Schematic presentation of the 6-arm otherwise identical drilling rigs

state, there is also adequate space to allow the shaft drill-
ing rig and the shaft excavator to pass through. 

The gripper device is located on the lower deck of 
the sinking platform. This is operated by compressed 
air and enables the gripper to tackle the loosened muck 
over the entire area of the floor and load it into the skip. 
The gripper is completely flexible thanks to the swivel-
ling device. The gripper jaws can be replaced individu-
ally; the gripper is retracted during blasting. 

7.3 Shaft Drilling Rig
A shaft drilling rig is employed at both shafts during 
the drilling operations. The units are lowered via the 
platform once the floor becomes ready for drilling. 
The unit is opened from the transport mode and ex-
panded at the face so that precise drilling making use 
of several drill drives is facilitated. The drilling dia-
meter amounts to 43  mm; the drive is also executed 
by compressed air. Lengths of advance of up to 2.4 m 
are drilled in the freeze shaft sector; these lengths will 
subsequently be extended in the salt deposit. In this 
particular case, a shaft drilling rig is applied by means 
of which 4 drill trucks can be used simultaneously  
(Figs. 18 + 19).

8  Work Sequences for the  
Freeze Shaft Section

8.1 Concrete Lining
Formwork comprising connected steel segments is used 
for the concrete lining in the freeze shaft section, pro-
ducing a 9.2 m diameter concrete lining. Three individ-
ual rings are installed one above each other in the freeze 
shaft section and outside the salt marl layers. Each ring 
consists of 6 segments and is 1.4 m high. This results in 
a shuttering height of 4.2 m per concrete ring.

The bearing ring, which also serves to support the 
spindles, is located below the formwork elements. These 
spindles align the bearing ring and support it against the 
rock to counteract the pressure of the concrete and en-
sure that the formwork is kept securely in position. A 
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8.2 Sinking in the Freeze Shaft Section

After arriving at the bottom of the diaphragm wall at 
–39.0  m and installing the first concrete, the regular 
sinking process starts at a depth of roughly 43.5 m. The 
prior condition for this is of course, complete installa-
tion of the working platform including the safety de-
vices, hydraulic and electric supply as well as the instal-
lation of all systems (e.g. the formwork). On account 
of the geological conditions the maximum distance 
between the lower edge of the concrete lining and the 
floor was defined as a free height of 15.0 m. Wire mesh-
ing, held by appropriately dimensioned expansion an-
chors and anchor plates, is applied to secure this section 
against rockfall. However an additional check possibly 
associated with scaling during every shift is absolutely 
essential as rock can work loose especially when placing 
the final batch of concrete owing to thawing on account 
of heat development. 

Once the floor is ready for drilling, the work is ac-
complished with the shaft drilling rig in the freeze shaft 
section generally in keeping with a blasting pattern of 
122 holes. The lengths of advance amount to 2.4  m. 
This means that after 2 complete lengths of advance 
concreting usually takes place. Once the holes have 
been completed, the shaft drilling rig is returned to the 
transport mode and removed to the surface. Drilling 
time amounts to 5 to 6 h on average, however it can last 
considerably longer depending on the extremely clayey 
intermediate layers.

According to Russian law a licensed and authorized 
company has to be commissioned to deal with explo-
sives, which also provides the necessary prerequisites 
with regard to storage and transport. For this reason 
these activities are awarded to a sub-contractor that 
is permanently on site and is also responsible for the 
provision of the explosives, their installation and the 
blasting process itself. More or less 1 kg of explosive is 
used per hole and provided with a detonator. Given hot 
outside temperatures and concreting prior to blasting, 
water can always enter the drill holes. This water freezes 
at the bottom of the hole and hampers charging. For 
this reason, it is advisable to ensure there is adequate 
cooling or the drill holes should be temporarily closed 
tightly after drilling. A safety radius of 40 m around the 
shaft must be observed during blasting. The shaft can 
be re-entered after blasting as from a concentration of 
< 17 ppm CO at the mine bank. A redundant venti-
lation plant caters for sufficient ventilation with either 
heating or cooling modes. 45  m³/s is blown into the 
shaft for ventilating purposes, which does not however 
correspond to the system’s capacity limit.

After the shaft has been properly ventilated, the 
platform is set in position and the skips are filled us-
ing grippers at an optimal gap of approx. 21.0 m. Two 
skips are used for hoisting. Each skip has a capacity of 
5 m³ corresponding to a load of up to 8 t. As a result 
between 70 and 80 skips are hoisted involving a regular 
length of advance of 2.4 m. Reworking of the face and 

floor is tackled manually. Lining with wire meshing is 
accomplished in keeping with the sinking process. An 
obstacle had to be overcome because a steel pipe with 
concrete lining from the former exploratory drilling was 
still present in the cross-section. This pipe also had to be 
removed as work progressed. Depending on the circum-
stances a new length of advance or concreting follows 
hoisting of the entire length.

9 Current Stage reached by Work

9.1 Shaft 1
As of December 15, 2014 Shaft 1 has reached a depth 
of roughly 240 m, the concrete lining 238 m. All surface 
installations are completely ready for Shaft 1.

9.2 Shaft 2
As of late August 2014 Shaft  2 had reached a depth 
of approx. 220  m, the concrete lining 217.5  m. The 
surface installations for Shaft  2 are completely ready 
with some residual work still to be accomplished on 
the tracks. 

9.3 Surface Installations
Surface installations have been completed save for resid-
ual activities for shaping the infrastructure (e.g. building 
the roadway, securing embankments, laying drains) and 
the main segment store. The two 16 t portal cranes have 
to be put in place for the main segment store.

10 Still pending Work
This report mainly concentrates on the work already 
undertaken and its principles and installations. All oth-
er events, occurring after the lining of the freeze shafts, 
are only to be examined briefly here in order to ensure 
that the bounds of such a comprehensive project are not 
exceeded. These include the following activities.

In the so-called intermediate layers as from a depth 
of 185 m stability risks can occur in loosened salt marl 
layers. As a result, grouting is undertaken in the face and 
floor apart from reducing the free (unlined) face height 
to below 3.0 m so that the frozen zone is not too exces-
sively strained and to minimize the existence of fissures 
for ingressing water. This grouting work must be geared 
to the prevailing general conditions with respect to the 
manner in which it is accomplished as well as the ma-
terials applied and should be integrated in the sinking 
process.

A wedging crib is produced at a depth of roughly 
290 m in both shafts, by means of which the segments 
in the freeze shaft section are assembled practically up 
to the mine bank. The segments consist of a cast com-
pound, weighing altogether in excess of 12,000 t.

The freezing machines can be switched off after in-
stalling the segments and completing all sealing opera-
tions. The shafts are tight. At the same time the shafts 
can be sunk to their final depth from the existing floor. 
This is also accomplished by drill+blast albeit the 
lengths of advance are greater. A concrete lining is in-
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stalled in the section underneath the freeze shaft part 
down to the final depth.

Once the final depth has been attained, installing 
the shaft facilities as well as dismantling the systems re-
quired for sinking with the exception of the headframes 
is part of the contract volume. It is planned to hand over 
both shafts as required in spring 2017. Mining involv-
ing recovery of the first salts is scheduled for 2020.
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Mining Region Ontario at a Glance –  
“Yours to  discover”
Dr. Terrie Romano, Consul for Economic Affairs of the Province of Ontario, Consulate of Canada, Munich, Germany

“Yours to discover” is the slogan for the Canadian Prov-
ince of Ontario – and there are at least 70 million hec-
tares of land still to be discovered and mined. For more 
than 130 years, gold, nickel, copper, diamonds, and 
other valuable minerals and metals have been extract-
ed from the mines – 265 companies are following the 
tracks of tradition and are working on more than 400 
active raw material exploration projects (Fig. 1). There 
are currently about 276,000 active claims in Ontario. 
Out of the more than 35 current planned exploration 

With its numerous resources, large unmapped 
areas of land waiting to be explored, as well as a 
classic and stable mining sector, Canada has long 
been a point of attraction for international com-
panies. In this context, Ontario is Canada’s model 
province and one of the five most important re-
gions for raw material exploration worldwide.
Mining • industry • country • raw materials • 
Canada

Fig. 1:  Nickel-mining in Sudbury: an aerial photograph of the Glencore PLC’s, Nickel Rim South Mine, Sudbury
                 Source: Invest Ontario

projects, six require the construction of a mine – excel-
lent preconditions for the total of 900 suppliers and 
service providers specializing in the mining industry. 
In 2013, a total of about CAD 600 million (1 CAD ≈ 
EUR 0.7034) were streamed into exploration activities; 
in 2003, the amount was barely CAD 193 million. In 
2013, mineral resources were valued at CAD 9.8 bil-
lion; eleven years ago, the amount was only CAD 5.7 
billion. 

Billion-dollar business opportunities await in the 
mining region known as the Ring of Fire. Situated some 
540  km northeast of Thunder Bay, the region having 
the same name as the chart-topper by Johnny Cash has 
the largest deposits of chromite in North America. The 
deposits are estimated to have a value of approximately 
CAD 60 billion. The yield will certainly keep several 
generations occupied and holds great opportunities for 
mining companies. Numerous companies have already 
begun planning for development. Planned activities in-
clude surface and deep mining, as well as the operation 
of concentrator plants and underground storage of ex-
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which is operated by the diamond supplier De Beers 
of Luxembourg. De Beers has previously concluded a 
social and economic agreement with Ontario’s provin-
cial government. Ten percent of the economic value of 
the annual mining production must be passed on to 
processing plants in Canada. The diamonds are then 
cut and polished in domestic workshops (Fig. 2). The 
agreement ensures that diamonds mined in Ontario are 
not swallowed up into DeBeers’ worldwide diamond 
production pool, but are identified as diamonds made 
in Ontario. Made in Ontario also refers to other re-
sources mined in the province. Approximately 50 % of 
the metals extracted in Ontario are processed by local 
companies. Other Canadian provinces, too, as well as 
the U.S.A. and Australia, have their mineral resources 
processed in Ontario (Fig. 3).

The Ontario Government offers Millions 
of Dollars in Support
Up until now, Ontario has invested some CAD 140 mil-
lion into the extraction of mineral resources. One of the 
areas into which the funds have been channelled since 
2003 is the support of companies or the implementa-
tion of the Mining Amendment Act of 2009 – a frame-
work of legislation for sustainable and environmentally 
sound mining practices, as well as compliance with 
contract laws in connection with the local in digen ous 
population and recognition of private property rights. 

Ontario presents convincing arguments not only 
for why it is Canada’s leading region when it comes 
to mining, but also why it is among the largest in the 
world: well-known mining regions such as the Ring of 
Fire, Timmins or Red Lake Gold Mines, as well as the 
provincial capital Toronto as the mining industry’s fi-
nancing metropolis with the Toronto Stock Exchange. 
More than 1,600 market-listed mining companies have 
established themselves in Toronto. Last year’s market 
capitalization in mining was at CAD 240 billion, capi-
tal resources raised in mining at CAD 6.9 billion. In 
addition, Toronto is home to the world’s 29th diamond 
exchange. In 2009, the Diamond Bourse of Canada 
(DCB) opened its doors. 

Attractive Ontario 
The province welcomes companies with open arms 
which are specializing in exploration research as well as:

 ▶ mine planning, 
 ▶ automation, 
 ▶ communications, 
 ▶ environmental disciplines and 
 ▶ deep mining. 

Tax incentives, securing intellectual property as well 
as efficient auth or iz ation and approval processes go 
without saying in Ontario. In 2015, the “Mining Ob-
servatory Data Control Centre” in northern Ontario 
is expected to begin its work. The mastermind behind 
this is the “Centre for Excellence in Mining Innova-
tion” (CEMI). The facility will support mining estab-

Fig. 2:  Made in Ontario: The diamonds are cut and polished 
in domestic workshops like here in Sudbury

              Source: Invest Ontario

Fig. 3:  Ontario offers about 26,000 mining-jobs and an additional 50,000 in produc-
tion and processing. Pictured: the Lakeshore Gold Corporation’s Bell Creek 
Gold Mine in Timmins 

                 Source: Invest Ontario

cavation materials.

Diamond Deposits in Ontario
There are also plenty of diamonds to be found in On-
tario. The Canadian gemstones have a reputation for 
exceptionally high quality and, in addition, are said to 
be mined according to high ethical standards. A well-
known surface mine since 2008 is the Victor Mine, 
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lishments with the collection, filtration, and analysis of 
geological and other theme-related data.  

Mining Research and Innovation in 
 Ontario 
The province is currently researching innovation for the 
mining sector: a new type of filter against the exhaust 
fumes of diesel-powered machines used underground 
and the development of a roofing system for simplified 
tunnel construction. The two projects are supported 
with government funds from the Northern Ontario 
Heritage Fund Corporation (NOHFC). The research-
ers with the Canadian Mining Industry Research Or-
ganization (CAMIRO) expect that the filters should 
one day help to reduce the levels of nitrogen dioxide 
and diesel exhaust particulates in the air. This should 
serve to protect the lives and health of the workers af-
fected. Ontario’s premier Kathleen Wynne praises the 
importance of the NOHFC for the economy of the Ca-
nadian province: “Through the NOHFC, we support 
innovation and job creation in key sectors like mining. 
By supporting Northern Ontario’s success, we ensure a 
more prosperous future for the entire province.“

In the area of job creation, Ontario is pleased with its 
26,000 mining jobs and the additional 50,000 jobs that 
are linked with production and processing. Two-thirds 
of these are found in Ontario’s north (Fig. 4). The min-
ing industry is the largest employer of the indigenous 
population. Since 2011, some 1,300 members of the 
Matawa tribe have been preparing for future work in 
the Ring of Fire mine. “We believe that the integration 
of the First Nations, specifically in northern Ontario, 
contributes significantly to the success of the mining 
sector in our province,” says Michael Gravelle, Minister 
of Northern Development and Mines. In addition, the 
sector pays well, around CAD 1,400 per week. 

Fig. 4:  The Rainy River Resources in Northern Ontario
                 Source: Invest Ontario

Challenges for the future – “China does 
not sleep”

Economic uncertainties and declining demand have not 
spared Ontario’s mining industry. While in 2012, there 
were still 306,000 active claims registered, the number 
dropped to 278,000 in 2013 (Fig. 5). Investments are 
also diminished. Michael Gravelle also addresses the 
topic of skilled workers: “In the coming decade, some 
90,000 additional workers would need to be hired to 

Fig. 5:  Active Claim Units in Ontario – 2000-2013
                 Source: Invest Ontario
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22 years and an annual production of 660,000 ounces 
of gold. The investment costs are estimated at CAD 
1.45 billion. 

The Totten Mine (Vale SA) commenced produc-
tion in early 2014. The annual capacity is estimated at 
11,340 tons of copper and 9,070 tons of nickel with 
a lifespan of 20 years. Approximately 200 employees 
are working on the project. The investments add up to 
about CAD 760 million. 

New sources of nickel, copper, and metals of the 
platinum group (PGEs) are constantly being discov-
ered. This means: companies such as Glencore Xstrata, 
Vale and KGHM International ensure full order books 
for facilities and services for the mining sector. Vale also 
recently commenced construction of a new smeltery for 
improved emission protection. Expense factor > CAD 
1 billion (Fig.  6). There are currently 35 new mining 
projects being developed in Ontario.

Mining Projects in the near Future 
The recommissioning of the day surface mine Hollinger 
(Goldcorp Inc.) in Timminsis also nearly complete. 
Here, 180 workers will be employed for at least eight 
years. The cost of the project is about CAD 75 million. 
Goldcorp Inc. is currently also substantially expanding 
its activities in Red Lake and Musselwhite. Mining vol-
ume is expected to nearly double. 

The Phoenix gold project is expected to commence 
in mid-2015. Rubicon Minerals Corporation, with an 
expected mine lifespan of about twelve years, is plan-

Fig. 6:  Vale Ltd. offers solutions in materials handling
                 Source: Invest Ontario

sustain the current volume of production.” But Gravelle 
looks positively to the future: “Here in Ontario, we 
look at the whole picture and not only at individual 
aspects. We are mastering the economic challenges by 
promoting mining research without neglecting the en-
vironment and our communities, and above all, the in-
digenous people.”

Nevertheless, Gravelle believes the challenges 
should be taken very seriously. He pointed out that 
the competition, such as China, for instance, does not 
sleep and has an increasing presence in the mining 
sector. Even the volatility of the price of gold affects 
Ontario’s gold mining industry. “We plan to rethink 
our strategy for the exploration of mineral resources, 
to adapt it to the opportunities, and to modernize it, 
“ said Gravelle. One of the ways in which this can be 
done going forward is by posting online the acquisi-
tion process for staking out claims. This would not only 
minimize the bureaucratic requirements, but would 
also be a symbol for a modern administrative sector in 
Ontario, explained Gravelle.

New Mines in the Province
The fact that Ontario’s mining industry is alive and 
well is demonstrated in new mines such as Detour Lake 
or the Totten-Mine in the north of the province. The 
company Detour Gold Corporation has commenced 
gold production some 180 km northeast of Cochrane. 
About 500 employees are involved in the project. The 
predicted lifespan of the mine is currently indicated at 
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ning for 275 employees and an investment of about 
CAD 214 million. Annual production is estimated at 
180,000 ounces of gold. The mine is situated somewhat 
north of Goldcorp’s Red Lake gold mine.

Next year, in the vicinity, the Goldcorp’s Cochen-
our gold project is also expected to get off the ground. 
About 100 workers are scheduled for a period of 20 
years. Annual production rate is expected to be at 
250,000 ounces of gold at an investment cost of CAD 
350 per ounce. Goldcorp is investing about CAD 420 
millionen into the project. 

Activated Mines in the past ten Years in 
Ontario

 ▶ Tomclid Iron Mine (Ferromine) – periodically 
open

 ▶ Island Gold Mine (Richmont Mines) – opened 
2007

 ▶ Levack Mine (KGHM International) – opened 
2007 

 ▶ Victor Diamond Mine (DeBeers Canada) – opened 
2008 

 ▶ Black Fox Mine (Primero Mining Corp) – opened 
2009 

 ▶ Holloway/Holt Mine (St. Andrews Goldfields) – 
opened 2009 

 ▶ Ellen Mine (Vale Canada) – opened 2010
 ▶ Hislop Mine (St. Andrews Goldfields) – opened 

2010 
 ▶ Nickel Rim South Mine (Glencore Canada) – 

opened 2010 
 ▶ Lockerby Mine (First Nickel) – opened again 2011 

(open from 2001-2008) – currently active 
 ▶ Timmins West Mine (Lakeshore Gold) – opened 

2011 
 ▶ Bell Creek Mine (Lakeshore Gold) – opened 2012 

(Fig. 7)
 ▶ Mohawk Garnet Mine (Mohawk Garnet) – opened 

2012 
 ▶ Young-Davidson Mine (Aurico Gold) – opened 

2012 

Fig. 7:  Workers at Lakeshore Gold Corporation’s Bell Creek goldmine in Timmins
                 Source: Invest Ontario

About Ontario, Canada

The Canadian economic region of Ontario enjoys a worldwide reputation as a centre for foreign investments and trade in North 
America. Direct access to the North American market with an economic performance of more than EUR 15 trillion (USD 19 tril-
lion) is only one of the many advantages: in Canada’s most populous province with its 13 million inhabitants, workers are highly 
qualified and have a diverse cultural background. A common set of standards and a low-risk investment climate make it easier for 
companies to establish themselves in Ontario. For the lomg term, the province further offers a competitive economic environment 
and a high quality of life. 

Global market leaders from a diverse range of industries have opted for Ontario, among them Honda, Magna, Sodexo, Alcatel-
Lucent, AXA, Bombardier, DuPont, MDS, Sanofi Pasteur, GlaxoSmithKline, Trojan, IBM and Dell. Key industrial branches are 
automotive, aviation and space travel, life sciences and biotechnology, ITC, water and wastewater technologies, finance and mining. 

Ontario generates about 38 % of Canada’s gross domestic product and has a larger GDP than Belgium, the Scandinavian countries 
or Switzerland. In 2013, goods valued at a total of more than EUR 307 billion (CAD 434 billion) were imported and exported in 
international trade. Companies in Ontario exported goods valued at more than EUR 116 billion (CAD 164 billion) in 2013.

 ▶ Mishi Mine (Wesdome Gold Mines) – opened 2012 
 ▶ Detour Lake Mine (Detour Gold) – opened 2013 
 ▶ Totten Mine (Vale Canada) – opened 2014 

Regions with Potential

Promising regions are around the Red Lake Greenstone-
belt with several active gold exporation projects.

 ▶ Kenora is well known for diamonds and gold. 
 ▶ Thunder Bay North is becoming well known thanks 

to its Ring of Fire region which is offering great po-
tential. 
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About the Canadian Mining Industry 
Research Organization (CAMIRO)

CAMIRO is a nonprofit organization. CAMIRO 
aims to develop new techniques, methods, and 
technologies that increase productivity, competi-
tiveness, and safety in the Canadian mining indus-
try – and always with a view to sustainability.

Contact:

Canadian Mining Industry Research Organization
1545 Maley Drive 
Sudbury, ON P3A 4R7
Phone : +1 705 673-6595
Fax:  +1 705 673-6588

About the Centre for Excellence in Min-
ing Innovation (CEMI)

CEMI is a nonprofit organization and coordinates 
research projects in the mining sector 

Contact:

Centre for Excellence in Mining Innovation 
(CEMI)
935 Ramsey Lake Road
Willet Green Miller Centre
Sudbury, ON, P3E 2C6, Canada
Phone: +1 705.673.6568
Fax:  +1 705.671.3878

Dr. Terrie Romano
Dr. Terrie Romano is
Consul for Economic 
Affairs of the Province 
of Ontario. 
She studied His-
tory and Philosophy of 
 Science and Technol-
ogy at the Universities 
of Western Ontario 
and Toronto (M.A.), 
as well as History of 
Medi cine (post graduate) at University College 
London. She received her Ph. D. at Yale University 
in 1993.
Contact: terrie.romano@international.gc.ca

 ▶ Gold is also being actively extracted in the southern 
Thunder Bay region. 

 ▶ Timmins offers ultra-clean graphit as well as gold. 
 ▶ Sault Ste. Marie has gold, base metals, uranium and 

rare earths. 
 ▶ Around Kirkland Lake gold has been mined in re-

cent years. 
 ▶ Sudbury attracts with copper, nickel and precious 

metals (Fig. 8). 
 ▶ Generally speaking industrial and preciousmetals are 

an important topic in southern Ontario. 

„Yours to discover“

Ontario’s state-of-the-art mining industry offers good 
opportunities to German organizations, too. Even if 
economic highs and lows do not leave the Canadian 
province untouched, the existing and as yet undiscov-
ered surface area for mining projects speaks for itself. In 
addition, Ontario beckons with its tax incentives, high 
quality of living, and qualified workforce. Even now, 
numerous leading international mining companies are 
locally involved and pleased with their good profits – 
and indications point to continued growth.

Fig. 8:  Underground test tunnel: Mining Technologies International (MTI) in Sudbury, 
Ontario 

                 Source: Invest Ontario
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