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Abstract 
Driven by the challenge to continuously improve mining processes, Hambach surface mine spearheaded with 
the concept of the digital mine: one database in which all existing relevant spatial data (mine plans, position 
of wells, position of excavators and spreaders etc.) is collected, processed (automatic update of the digital 
terrain model by monitoring the stacking and excavation process on-line) and made available (informative, 
interactive) to excavator and spreader operators in the mine and to mine planners, engineers and managers 
in the mine HQ. The digital mine makes the complex dynamic mining processes transparent and guarantees 
data consistency, irrespective through which window the different users make use of, and work with the 
digital mine. 

1 Introduction 
This paper focuses on the introduction of the concept of the digital mine as an optimisation tool in a surface 
mine near Cologne Germany. The mine, called Tagebau Hambach (Hambach surface mine), is the world’s 
largest lignite mine. The introduction of the digital mine in Hambach surface mine describes the introduction 
of IT into mining, not as a sensor to measure heat development of a piece of mining equipment, but as a tool 
to bring (foretold by NF 2000) more and more components of a mine operation “on-line”, and to link them 
through mine wide communications networks and GPS based dispatch systems, to optimise the entire mining 
process. An inquiry (NF 2000) among industry leaders revealed that unit-operations technologies in the 
mining industry are unlikely to change radically in the coming two decades. What is likely to change is how 
unit-operations will be managed. This can be achieved through the digital mine described in this paper. 

2 Hambach surface mine 
Hambach surface mine, one of three open-cast mines in the region operated by RWE-Power in North Rhine-
Westphalia, follows a long tradition of lignite mining in this region. Lignite is used to produce more than 
50% of the electric energy required by the industries and cities in North Rhine-Westphalia (18 million 
inhabitants, one of the 15 most important economic regions in the world). The mining district is located in 
between two „branches“ of the Rhenish Slate Mountains. During the Tertiary, the Rhenish Slate Mountains 
were weathered down. The sediments were transported and deposited by rivers traversing the plane area - 
which was subjected to tectonic subsidence - towards the North Sea. Lush vegetation developed on this plane 
and along the coastline. During trans- and regressions, processes promoting the development of marshes 
(Pohl 1992), the dying organic material turned into peat. Due to subsidence of the plane, thick (400 m) peat 
layers accumulated (Walter 1995). This peat was transformed into 100 m thick lignite deposits. Sand, clay 
and gravel accumulated during the remainder of the Tertiary and the following Quaternary, resulting in a 
several hundred meter thick overburden. Loess was deposited on top of these layers (ENB 2005). In the 18th 
century the lignite deposits close to the surface were mined by manual labour. At the beginning of the 20th 
century mechanisation started. The bucket wheel excavators (BWE), conveyor belts and spreaders, 
developed in close cooperation with the mining societies in the region, became more and more sophisticated 
during the 20th century. In the 1970’s the largest BWE ever built (operating weight: 13,000 metric tons; 
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production in sand: 240000m³/d) were constructed on the site of the present Hambach surface mine. Today 
these machines are still in operation and will be in action well into the 2040’s when the last of the lignite will 
be mined in Hambach surface mine. 

3 The mining process 
The required annual lignite production in Hambach surface mine, amounts to 40 million metric tons. With 
the current stripping ratio of 1 to 6, more than 240 million cubic meters of overburden have to be mined, 
transported and stacked each year. The major part of the excavated overburden, and after 2009 all of the 
overburden, will have to be deposited on the inner dump. Because of the size of the excavation equipment, 
not every sand and clay layer can be mined separately. Therefore mixtures of sand/silt and clay dominate in 
the daily overburden disposition. Depending on the water content, the relative content of sand to clay in these 
mixtures, the transportation distance from excavator to the spreader, the mixtures are thoroughly remoulded 
and, inherently, their consistency will change. The inner dump has a total height of 600 m, measured from 
the top of the dump to the footwall. The stability of this slope is very important. Therefore remoulded (weak) 
clay-sand mixtures cannot be stacked straightaway on the dump without taking any preparatory measures. 
The method used in Hambach to overcome this problem consists in creating large sand basins (length 
parallel to the conveyor belt: several km; height: up to 15 m; width: 70 to 90 m) on a spreader bench (A1 in 
figure 1), behind which the weak clay and weak clay-sand mixtures are stacked (B1 and C1 in figure 1). 

 

Figure 1 A view of a spreader bench. Two spreaders, I and II working on different benches are 
in operation. An example of the possible geometries overlaid on the photo illustrates the 
complexity of the build up of the inner dump. 

The clay basin must be covered (A1’ in figure 1) by sand, or sand-clay mixtures with a low clay content, in 
order to generate a stable basis for the following bench on the next higher level (spreader bench II in figure 
1). This system has been in use in Hambach for decades but optimisation in terms of decreasing the sand use 
with respect to the amount of clay, is an ongoing process, because the margins are not very wide: the ratio 
clay to sand that can be stored (30%) compared to the amount that is available in the overburden (28%, 
corrected for bulking) provides us only with a 2% (volumetric) margin. This margin is in reality even smaller 
because the factor time needs to be considered: in Hambach surface mine there are 8 BWE and 6 spreaders (a 
7th spreader operates in a nearby mine until mid 2009), one BWE is constantly working in the lignite, the 
others are dominantly removing overburden on a 24h, 7 to 7 basis. Each excavator can work up to 5 different 
slices in a face. Each slice can have a different material consistency and volume. Therefore 35 potential 
slices have to be distributed to 7 spreaders without ever halting the ongoing excavation and stacking process. 
But a spreader cannot handle every material at any time eg. only if a sand basin has been prepared, clay can 
be stacked. The logistics behind these processes must be optimised to guarantee the required lignite output, 
today and in the future. Moreover the system is very sensitive: if the guidelines for stacking the overburden 
(in terms of geometry and material consistency) are not followed exactly, either too much sand is utilised 
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causing sand deficits on the other benches or too much clay is stored. In the latter case the risk of slope 
instability increases. Another important factor is the accuracy of the geological model (at the moment based 
on reconnaissance boreholes made several years in advance of the excavation). If the accuracy of the 
geological model can be increased this will be beneficial for the daily mass disposition which is largely 
based on this geological model. Therefore the machine operators in the mine, the staff and management in 
the office have to be supported to optimise the material disposition and stacking technology.  

4 The digital mine 
The support mentioned in the previous paragraph has been shaped by relying on IT-tools. This is in 
agreement with the results of an inquiry (NF 2000) in which IT were cited frequently as one of the most 
important advances shaping mining and quarrying practices, since they enable both management and staff to 
monitor, evaluate, and adjust operations in real time to maximise productivity and minimise cost. 

Note that the introduction and diffusion of IT in mining has been slower than in other sectors, such as the 
petroleum and chemicals industries, in part because the mine environment presents unique and formidable 
challenges: mining equipment moves in a three-dimensional environment; the mine environment changes as 
mining proceeds; the mine environment is hostile to sensitive equipment; and the individual characteristics, 
and hence the requirements and restrictions for IT, of different mine sites vary widely (NF 2000). 

Based on IT, the digital mine gives machine operators on the line as well as facility managers real-time and 
interactive 3D access to information needed for planning, managing, and optimising mine operations. Why 
3D? Because three-dimensional graphical representation enables decision makers to quickly manipulate and 
understand complex spatial information that was formerly committed to paper (NF 2000). In addition on-line 
mass balances of the spreaders and the BWEs will run in the background and transmit mass balance 
information to other process optimisation tools.  

With this target at aim, the digital mine can be defined as follows: One database in which all existing 
relevant spatial data (mine plans, position of wells, position of excavators and spreaders etc.) is collected, 
processed (automatic update of the digital terrain model by monitoring the stacking and excavation process 
on-line) and made available in real time (informative, interactive) to excavator and spreader operators in the 
mine and to mine planners, engineers and managers in the mine HQ (headquarters). The digital mine makes 
the complex dynamic mining processes transparent (eg. mine plans are sent down to the mine, whereas the 
on-line digital terrain model is sent back to the HQ) and guarantees data consistency, irrespective through 
which window the different users make use of and work with the digital mine (figure 2). 

Set-up as described above, the digital mine collects all data and presents it in a three dimensional 
visualisation in the office world and outside for the operators of the large mining equipment. It uses the same 
data source, so all information is consistent. In this way the digital mine has an informative function. The 
way in which the information is presented is of course adapted to the working environment. Outdoors the use 
of mouse steering is not possible. Therefore the interaction with the data occurs through touch screens. 

In the three dimensional working environment the data can be used to perform linear and three dimensional 
measurements of length and volume. Therefore the digital mine provides not only information of the on-line 
mine status but can be used interactively. 

Another task for the digital mine consists in, by using it as a tool, digitising information previously only 
available in paper form, eg. the location and quality of in-mine gravel roads: gravel roads need to be 
constructed in the mine to allow for circulation of off road vehicles and other mining equipment. The 
location and quality of the roads are not mapped by the mine surveyors and the information about quality and 
location were only available in a single copy paper form. Towards the end of 2007 a tool was provided to 
draw this information in the three dimensional model of the mine by simple drag and drop functions. This 
information is saved into the database and can then be visualised by any user. In this way the digital mine is 
used actively to enter spatial data. 
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Figure 2 Targets/tasks given by the management to the operating force in the mine can only be 
fulfilled if information about the machines and the geology is available. This 
information can be obtained through the digital mine. Other information must be 
obtained by site inspection. 

5 Input for the digital mine 
Available spatial data 

In a surface mine like Hambach surface mine, which has been in operation for nearly 30 years much 
information is already available and most of it has a spatial character. Characteristic for mining operations is 
that the information contained in this spatial data changes on a daily basis. Examples of such data are: mine 
operation plans, information about the dewatering wells (their position, flow rate etc.), information about the 
position of the main excavators (the BWE) and the spreaders, information about the position of the auxiliary 
equipment (bulldozers, dumpers, graders, hydraulic excavators etc.), information about the actual and future 
position of the conveyor belts, information about the in-mine roads (location and condition) and location of 
access ramps, information of the actual linkage between the different BWE and spreaders, as well as monthly 
information like digital terrain models obtained by aerial photography and photogrametric interpretation. 

Some of this data is available in paper form, other is available digitally. The difficulty consists in 
transforming and exporting the data to the digital mine and making it available to the other users without 
need for additional manual operations. 

New spatial data 

As described above one of the targets of the digital mine is the automated update of the digital terrain model. 
For the excavators the method used to automate this process is simple and effective: By following the 
position of the bucket wheel excavator and by using inclinometers, the position of the bucketwheel itself is 
mapped. Where the bucketwheel has been, the volume is subtracted from the digital terrain model. Thereby 
the terrain model is constantly updated. For the spreaders the system requires more instrumentation: On the 
spreader side the mass movement is monitored by laserscanners mounted to the spreader boom. With the 
GPS system and inclinometers the position of the spread material is available real time in absolute 
coordinates updating the digital terrain model constantly. This short description shows that in order to obtain 
new spatial data additional sensors needed to be installed. GPS was introduced several years ago to measure 
the position of the bucket wheel excavators (Mr.Weber, RWE-Power). For this purpose a one-way (machine 
to office connection using radio waves) standard GPS-system - installed worldwide in bulldozers and 
hydraulic excavators - was used to determine the BWE’s position. This system has been upgraded since 
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October 2006 by a bidirectional system with a high availability and high reliability incorporating not only the 
BWEs but the spreaders too. 

Note that the position of the excavators and spreaders, more exactly the position of the bucket wheel and the 
stacked material, is important whether this information is obtained by GPS at present or by any other means 
(eg. deploying several long range 3D laser scanners around the rim of the mine) in future is irrelevant. 

All BWEs and spreaders had to be equipped with a glass fibre network, linking the systems on board to the 
LAN at the surface. At several positions on the machines there are hubs at which different sensors can be 
attached. An IP-address is allocated to all installed sensors. In this way the system is flexible and if changes 
in the arrangement or type or amount of sensors are necessary, these changes can be made without having to 
change the hard-wiring. In addition failure management can be performed by diagnosis or simple life 
checking (sending a ping) of the different sensors. 

As mentioned above, for the on-line measurement of the stacking process, the most complicated task, the 
following suite of sensors is needed: 2 GPS-antenna and a microcomputer, several inclinometers, two 2D-
laserscanners. In addition to this, one industrial PC and one touch screen monitor for each operator cabin is 
needed. 

 

Figure 3 Different additional sensors installed to monitor the stacking process: A) Inclinometers, 
B) Scanner cover C) Standard GPS system D) New mounts for scanners E) Hard 
wiring F) + G) Connection of the scanners H) 2D Laserscanner I) Fibre optic 
connection made in situ. 

These additional sensors must be mounted without interfering with the production in a 24h 7 to 7 working 
environment. A standstill for sensor upgrading is not possible. However every machine will be subjected to a 
regular minor maintenance check every 5 weeks and to major maintenance checks at much larger time 
intervals. These maintenance periods provide time windows which can be used to install the hardware on the 
machines and to have the hard-wire installed for the local network.  

Because these tools need to be function on a 24h - 7 to 7 basis, all equipment has to be selected and installed 
in such a way that failure diagnoses is fast and simple. Simple means that failure codes are displayed not as a 
code but in regular textural form. Other malfunctions, which origin could only be identified by the specialist 
data mining databases, have been analysed and software has been written in such a way that the 
interpretation is performed by this software. The failure source is described in regular textural form and can 
be accessed by the machine operators who can inform the different maintenance crews. 
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6 The digital mine at its current state 
At present the operators, shift leaders, planners, surveyors, project engineers and the management are 
supported by the digital mine through visualisation tools. These tools are described in this section starting 
with the tools for the shift leaders of the BWEs, followed by the applications for the shift leaders of the 
spreaders, the shift leaders of the auxiliary equipment, the operators of the BWEs and the operators of the 
spreaders 

- Shift leaders BWE: The mine operations continue at a 24h basis. With 8h shifts there is a change of shift 
three times a day. During this change of shifts the shift leader of the current shift has about 30 minutes time 
to explain the current state of the mine eg. the position of each BWE, the location of difficult overburden, 
etc. to his successor for the next 8h. The desk visualisation showing all spatial information of the BWE 
shown in figure 4 and figure 5 has been found particularly useful. This desk information does not only show 
information but it can be used to measure distances between any objects, heights and volumes. 

 

Figure 4 Change of shifts using the desk visualisation of the digital mine as s tool. 

- Shift leaders spreaders: With a similar desk tool the shift leader of the spreaders can obtain information 
about the position of the spreaders and has access to an automatic update of the digital terrain model because 
the stacking process is monitored on-line and the scanned surface is shown as well (figure 6). The 
information of the actual surface supports the disposition of the overburden on the different spreader benches 
enormously, because now it is known whether it is still possible to deposit clay into basins etc.  

- Shift leaders auxiliary equipment: To manage the auxiliary fleet (120 vehicles) efficiently, the position of 
these vehicles, the position of excavators and spreaders and the digital terrain model at present must be 
available. Therefore these vehicles have been equipped with low cost GPS sensors. This information can be 
accessed through the desk application shown in figure 7. This desk application is used to map the position of 
in-mine gravel roads as well. 

- Operator of the BWEs: In figure 8 the operator’s cabin of the BWE is shown. Via this visualisation the 
operator has access to the information contained in the digital mine. The same information as discussed 
above can be displayed (figure 5). However some information is deliberately omitted (eg. the position of the 
auxiliary equipment) and some data is shown more pronounced like the mine plan (transmitted automatically 
from the mine planning department). In detail the operator receives information about the position of the 
bucket wheel relative to this mine-plan. A light bar incorporated into the touch screen shows when the 
excavation process should stop to avoid over- or undercutting. The modelling of the cutting process is 
calculated on board of the machine, transmitted to the digital mine and is made available for all other 
applications.  

- Operator of the spreader: In the visualisation for the operators of the spreaders, various sections through the 
mine plan and the actual spread surface can be selected (figure 9). In this way the operator has immediate 
information about the geometry he should follow in order to deposit the material correctly according to the 
mine plan. The scanned surface, recalculated into a raster surface on board, is part of the digital mine and is, 
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as such, available to all other users and other programmes like future disposition programmes which are 
currently developed. 

 

Figure 5 Screenshot of the desk visualisation of the digital mine showing the BWE (A), the 
position of the BWE along the conveyor belt (D), the slice the BWE is excavating (B) 
and the position of two pieces of auxiliary equipment (C). In addition to this 
information the position of wells, the geology from the geological model, the mine plan 
etc. can be visualised. 

 

Figure 6 Screenshot of the 3D desk visualisation of the spreaders. Like for the BWE, the 
conveyor belt is shown (B). The actual position of the spreader is shown at A. The 
actual surface is depicted in light grey at C. The actual surface has been obtained by 
scanning using the scanners positioned at D. 
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Figure 7 This image shows the desk application to manage the auxiliary equipment of the mine. 
There are 120 machines (bulldozers, D9-pipelayers, dumpers, graders, vehicles of the 
fire department etc.). All these vehicles are equipped with GPS. The logistics of the 
deployment of all these machines is supported by this desk application. In this example 
the position of a Volvo L150 is shown at A. At B the conveyor belt is shown. A in-mine 
gravel road was mapped at C, and by a simple manipulation with the mouse another 
in-mine road is currently plotted in this three dimensional environment at D. 

 

Figure 8 Although the content of the information from the digital mine for the desk application 
and the BWE’s operator is identical, it is displayed differently: The mine plans (A) 
have a dominant position in the display. The distance from the bucket wheel to the 
mine plan is displayed at B and C: This is a support for the operator to keep to the 
mine plan. At D the service page with additional information (name and position of the 
current partner spreader, failure diagnosis screen) can be accessed. 
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Figure 9 To be able to scan the surface of the stacked material, laserscanners (D) have been 
attached to the slewing boom (A). Due to the slewing operation the 2D scanned path (C) 
of the scanners is used to generate a 3D raster surface (B, E). This raster surface is 
displayed in the operator’s cabin (G) together with the mine plan (H). In this way the 
operator can guide the boom (F) and use the display to spread the material according 
to the mine plan. A general overview of the spreader’s position with respect to the 
conveyor belt is available at I. At J the operator can obtain information about his 
partner BWE and the amount and type of material on the way to his spreader. 

7 The digital mine at present and outlook 
From October 2006 to October 2007 three spreaders were equipped with scanner and GPS technology and 
the visualisation tools. In this same period a fourth spreader was nearly completed. The installation of the 
hardware commenced on two other spreaders and will be completed in 2008. A 7th spreader, currently 
recultivating a mined out site near to Hambach surface mine, will be upgraded in 2009. Two out of 8 BWE 
have been upgraded in 2007 with the new visualisation and the bidirectional connection to the digital mine. 
The other 6 BWEs will be upgraded in 2008. Raster surfaces have been made available through the digital 
mine to all users. Especially for the overburden logistics this is an important benefit. A disposition tool is 
currently in development. This tool will be fed with the information deduced from the raster surfaces and 
will perform mass calculation from 2008 onwards. The mine planning departments have issued the wish to 
plan directly in three dimensions in the applications shown in figures 5 and 6. The programming of an 
appropriate tool was scheduled in May 2007 for 2008. The first step towards a genuine 3D planning tool in 
these applications (Figure 7) has resulted in the tool created to map the in-mine roads. This tool was realised 
in 2007. Because the mass movement by auxiliary equipment is not tracked (only low cost GPS is used), a 
tool is currently under development to incorporate this mass movement (eg. creation of an access ramp) by 
adding a simple interface into the programme shown in figure 7 allowing the user to choose from pre-defined 
volume elements. As discussed in section 3 an increased accuracy of the geological model would be 
beneficial for overburden disposition. A method that can be used to increase the knowledge of the geology is 
to ask the support of the BWE operators or spreader operators. The BWE-operators are working in the 
geology all year round and have a lot of experience therefore their input is valuable. The availability of the 
touch screens permits a user friendly input of geological material descriptions. The manual input can be 
reduced to a minimum because only deviations from the actual geology with respect to the geological model 
need to be registered. This information is stored in the digital mine and is available through interpolation - 
taking the dip and discontinuities into account - for excavation of the adjacent stretch of overburden. 



 

 508

Acknowledgements 
The installation of the sensors, IPC and hard-wiring was made possible by the department of Mr. W. Stock, 
and Mr. Wegner, Mr. Hardt, Mr. Assenmacher , Mr. Peters and Mr. Bräuer. Mr. Herbst, Mr. Wiedelmann 
and Mr. Koenigs (Aucoteam Berlin) have written the software. My predecessor as project leader Mr. Weber 
started the project with much effort and enthusiasm. 

References 
NF (2000) New forces at Work in Mining: Industry Views of Critical Technologies. 2000. The RAND Science and 

Technology Policy Institute, Arlington, VA 
Pohl, W. (1992) Lagerstättenlehre. 4th Edition. E. Schweizerbart’sche Verlagsbuchhandlung, Stuttgart. 
Walter, R. (1995) Geologie von Mitteleuropa. E. Schweizerbart’sche Verlagsbuchhandlung, Stuttgart 
ENB. (2005) Origin of the Lower Rhenish Lignite. Brochure RWE-Power. (in German) 
Schmitz, R.M., (2007) Laserscanning in Mining: Developments in Hambach Surface Mine. 11th Congress of the 

International Society for Rock Mechanics, Lisbon (Portugal) (Proceedings on CD Special Sessions) 
Schmitz, R.M., Kübeler, U. (2007) Laserscanning in Hambach Surface Mine: Basis for the digital mine. German-

Rusian forum for surveying with laserscanners in mining. Bochum (Germany). (Proceedings on CD) 


	Massmin 2008
	Preface
	Organizing committee and Reviewers
	Table of Content
	Sponsors
	Contents
	Mass mining, mine design and case studies
	Design of extraction layout for the Chuquicamata Underground MineProject
	Constructing and operating Henderson’s new 7210 production level
	Northparkes E26 Lift 2 block cave – A case study
	Panel caving at the Resolution copper project
	Lessons learned in cave mining at the El Teniente mine over the period1997-2007
	Tongkuangyu mine’s phase 2 project
	Cave management ensuring optimal life of mine at Palabora
	Bingham Canyon – North Rim Skarn cave
	Tunneling and construction for 140.000 tonnes per day - El Tenientemine - Codelco Chile
	Initiation, growth, monitoring and management of the 7210 cave atHenderson Mine - A case study
	Sublevel caving – past and future
	A back analysis of dilution and recovery in longitudinal sublevel caving
	Implications of widely spaced drawpoints
	A review of sublevel caving current practice

	Mine production and mine planning
	Dilution behaviour at Codelco panel cave mines
	Estimation of remaining broken material at división Andina
	Recovery of extraction level pillars in the Deep Ore Zone (DOZ) blockcave, PT Freeport Indonesia
	Techniques to assist in back analysis and assess open stope performance
	Reliability Center Mine Planning Model for Caving Operations
	Developing an optimised production forecast at Northparkes E48 mineusing MILP
	Simulation applications at PT Freeport Indonesia’s DOZ / ESZ blockcave mine
	Utilization of secondary sizing data for improved block cave mineplanning
	Draw management system
	P.T. Freeport Indonesia's Deep Ore Zone mine - expanding to 80,000tonnes per day
	Non-dilution draw method and its application in sub-level caving minesin China
	Prediction of confidence interval for the availability of the reserve stopesin the underground mining using Markov chains
	Impact of rock type variability on production rates and scheduling atthe DOZ-ESZ block cave mine
	Block cave scheduling with a piece of paper
	Orebodies in shear: The role of geological controls and the implicationsfor mine planning and design
	The Management of Wet Muck at PT Freeport Indonesia’s Deep OreZone Mine
	Optimum open pit design with the use of genetic algorithm
	Geotechnical considerations for planning and design of open stopes
	Faster drifting in mining, some aspects
	Maximising capital development using the theory of constraints – atheoretical approach
	Optimizing productivity through performance measures forunderground mining industry

	Transition of mining method
	Interaction between deep block caves and existing, overlying caves orlarge open pits
	A model for determining optimal transition depth over from open-pit tounderground mining
	Planning the transition from SLC to block caving operations atRidgeway gold mine
	Geomechanics considerations in the Grasberg pit to block cavetransition
	Investigation of Underground Mining Potential at Xstrata Copper’sErnest Henry Copper-Gold Mine
	Design and development update of the Grasberg block cave mine
	Update on the Bingham Canyon mine underground studies
	Quantitative forecasting of sidewall stability and dilution in Sub-levelcaves
	Chuquicamata underground mine - project status update
	Grasberg block cave access and logistics support systems

	Mining equipment and mine automation
	Adding mining specific value to underground network communications
	Equipment automation for massive mining methods
	The introduction of IT into mass mining: the digital mine in Hambachsurface mine
	Long hole drilling in Chilean underground mines applications,capacities and trends
	Application of seismic systems to pin-point the location of the drill bit inreal time
	Blind boring system
	Automated emulsion delivery in underground production up-holes
	Measurements of borehole deviation in sublevel caving fans at KirunaMine
	Mechanized continuous drawing system: A technical answer toincrease production capacity for large block caving mines
	Primary jaw crusher inside underground mines, parameterization,optimization infrastructure and advantages. Simulation of the grindingeffects on rock fragmentation.
	Henderson 2000 conveyor update
	Atlas Copco infrastructureless guidance system for high-speedautonomous underground tramming
	Bulk material transport in open cast mine – A study of design criteria
	Rapid ramp haulage at Stawell gold mine
	Simulation of truck haulage queue system at an open pit mine usingSIMIAN
	Enhancement of mining machineries availability trough supportability
	On Line identification of minerals and bulk solids with the aid of laserinduced fluorescence
	GIRON and WOLIS – Two mine applications

	Blasting
	Experimental investigation of blastability
	A gas pressure-based drift round blast design methodology
	Impact of rock blasting on mining engineering
	Blasting against confinement, fragmentation and compaction in modelscale
	The fragment size distribution of Kiruna magnetite, from model-scaleto run of the mine
	Sublevel caving trial – monitoring effects from blasting an ore sliceagainst caved rock at LKAB’s Kiruna mine, Sweden

	Applied geomechanics in mining
	Evolution of ground support practices on Henderson’s lower levels
	New haulage level at Kiirunavaara — rock mechanics challenges andanalyses
	Geomechanical behaviour during the explotation of converging sectorsin El Teniente mine
	Practical considerations and models of the sublevel caving exploitation‘Tinyag’ in Peru
	Design of instope pillars in cut and fill mining for a gold mine inEthiopia
	A review of fibrecrete quality control at the Argyle diamondsunderground project.
	Methodology for estimating the “serviceability” of the UCL pillars at ElTeniente mine, new mine level project, Codelco Chile
	Influence of post-peak properties in the application of the Convergence-Confinement method for designing underground excavations
	Numerical study of the mechanical behaviour of the damaged rockmass around an underground excavation
	Approach to estimate rock block geometry for determination of theGeological Strength Index (GSI)
	Sample selection for an AE stress measurement program at theWestern Australian School of Mines
	Prediction of failure and fallouts in access drifts at the Kiirunavaaramine using numerical analysis
	Determination and verification of the longitudinal deformation profilein a horse-shoe shaped tunnel using two-stage excavation

	Subsidence and slope stability
	Numerical analysis of the influence of geological structures on thedevelopment of surface subsidence associated with block caving mining
	Numerical analysis of the hangingwall failure at the Kiirunavaara mine
	Effect of rainfall on dump slope stability: A numerical approach
	Slope stability analysis using probabilistic method: a case study
	Rock mechanics work at the Aitik open pit
	Numerical simulation of the hangingwall subsidence using PFC2D

	Caving processes ands gravity flow
	The application of seismic monitoring to the future Lift 2block cave at Palabora mining company
	Characterizing caving induced seismicity at Ridgeway gold mine
	Application of joint seismic event location techniques at Chuquicamataopen pit mine, Chile
	Locating Seismic Events in Mines containing Strongly HeterogeneousMedia
	Enhanced spatial resolution of caving-induced microseismicity
	Interpreting caving mechanisms using microseismic monitoring data
	Seismically active volume around the cave and its relation to the cavingstages
	Real time sensing of rock flow in a block cave mine
	Block cave instrumentation, monitoring and management – A caseexample from Northparkes Lift 2
	Rock mass disassembly during caving propagation at the El Tenientemine, Chile
	Quantitative analysis of fractured rock masses using a discrete fracturenetwork approach: Characterisation of natural fragmentation andimplications for current rock mass classification systems
	Simulating irregular cave propagation using PCBC
	An experimental review and simulations of gravity flow in coarsematerials for block/panel caving
	Calibration of mixing model to predict grade at Freeport’s DOZ Mine
	Computational modelling of fines migration in block caving operations
	Numerical analysis of pit wall deformation induced by block-cavingmining: A combined FEM/DEM - DFN synthetic rock mass approach

	Miscellaneous
	Industry perspective on Swedish mining research and development forsustained competitiveness
	Valuation of the productive chains of the global metallic mining usinginnovating tools of environmental management
	Development of a corrosivity classification for cement grouted cablestrand in underground hard rock mining excavations
	Fire simulation in underground mines, smoke propagation andemergency plan evaluation.
	Work culture and gender issues in a changing technical context -Examples from LKAB iron ore mine in Kiruna.


	Author index


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice




