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PREFACE 

This report presents the base line mapping of the Loussavaara-Kiirunavaara Aktiebolag (LKAB) part 
of the project “Face to Surface”. Face to Surface is part of the Strategic innovation programme for 
the Swedish Mining and Metal producing Industry, STRIM, and is supported by VINNOVA, Formas 
and the Swedish Energy Agency. 

The authors would like to thank the staff of LKAB Malmberget and Kiirunavaara for their invaluable 
support, good ideas and guidance during the project completion. The authors also acknowledge 
LKAB, VINNOVA, Formas and the Swedish Energy Agency for providing financial support.  

  



 

 

 



 

 

ABSTRACT 

As ore grades have decreased and the mining depth has increased over the past few decades, other 
characteristics than ore grade and tonnage are becoming important. The underground mining 
process, from in-situ rock mass characteristics to the final mill product with fully liberated minerals, 
consists of a chain of unit operations that impact, and are influenced by, fragmentation. This report 
presents the baseline mapping of the project “From Face to Surface”, studying the effects of 
fragmentation on the process flow in an underground SLC mine. It analyses the underground unit 
operations in detail, from mine planning to shafts, and maps the blast fragmentation’s effect on the 
process flow.  

The goal is to provide a deeper understanding of fragmentation´s effect on different unit operations. 
The objective is to describe the mining operation at Luossavaara-Kiirunavaara AB (LKAB) and identify 
key areas for improving fragmentation.  

To understand how fragmentation influences different operations in the mine, the project 
conducted a literature study, collected data and interviewed mine personnel in LKAB’s Malmberget 
mine. Data were collected from the mine’s internal systems, such as GIRON, WOLIS, IP21 and a local 
drilling data system. The interviews were conducted in cooperation with research personnel from 
the mine. 

This baseline mapping shows that the mining operation in Malmberget is affected by fragmentation 
in several ways. For some unit operations, the fragmentation has a large impact, while for others, it 
has none at all. The influence of fragmentation starts with the loading operation after the initial 
blasting and ends with the crushing operation. For the former, boulders are the largest problem, as 
they cause a great deal of idle time, either when they have to be moved to a separate drift for 
secondary blasting or when they create hang-ups in the ore passes. When boulders are dumped into 
the ore passes, they risk damaging the ore pass walls. If boulders create a hang-up, it has to be 
removed. If the hang-up must be removed with explosives, there is a risk of further damaging the 
ore pass. In addition, the toxic fumes created by the explosives hinder production until the pass is 
ventilated. Finally, hang-ups affect the transportation operation as the trucks cannot use an ore pass 
blocked by a hang-up or closed for ventilation of toxic fumes. There is also a slight possibility that a 
boulder which does not get stuck in the ore pass will get stuck on a truck. The last operation affected 
by fragmentation is crushing; boulders and large fragments risk creating a hang-up in the crusher. 
There are no reports of problems related to fragmentation after this point. 

The results suggest that further work and mine trials are required in the following areas: drilling, 
loading, ore passes and crushers. 
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1. INTRODUCTION 

1.1 Background 
As ore grades have decreased and the mining depth has increased over the past few decades, other 
characteristics than ore grade and tonnage are becoming important. The underground mining 
process, from in-situ rock mass characteristics to the final mill product with fully liberated minerals, 
consists of a chain of unit operations that all impact, and are influenced by, fragmentation. The 
purpose of rock fragmentation by blasting is primarily to create a size distribution that can be 
handled efficiently throughout the mining process. The Sublevel Caving (SLC) mining method is 
characterised by confined blasting conditions leading to considerably coarser fragmentation 
compared than in unconfined conditions. In this method, loosened materials from previous rounds 
lie in front of the new fan and affect the new blast.  

This report presents the baseline mapping of the project “Face to Surface” studying the effects of 
fragmentation on the process flow in an underground SLC mine. It analyses the underground unit 
operations in detail, from mine planning to shafts. The report contains a mapping of blast 
fragmentation’s effect on the process flow in the mine. Oversized material (boulders) as well as 
undersized material will affect the productivity and the energy consumption of loaders, trucks and 
crushers. Ore passes are significantly affected by disturbances related to fragmentation. Drilling and 
charging is another area of interest, as it has a big impact on the achieved fragmentation.  

1.2 Purpose 

The purpose of this part of the project “Face-to-Surface” is to build knowledge on the impact of 
fragmentation on each step of the production chain in an underground mine.  

1.3 Goal, objectives and limitations 

The goal is to provide a deeper understanding of fragmentation´s effect on different unit operations 
in the mine. The objective is to describe the mining operation and identify key areas for improving 
fragmentation. The study is limited to the underground mining process at Luossavaara-Kiirunavaara 
AB’s (LKAB) mine in Malmberget, Sweden.  

1.4 Acquisition of information 

To understand how fragmentation influences different operations in the mine, the project 
conducted a literature study, collected data and interviewed mine personnel in Malmberget. The 
literature study included internal documents and reports from the mine, scientific reports and 
articles. Data were collected from the mine’s internal systems, including GIRON, WOLIS, IP21 and a 
local drilling data system. GIRON is a system used for mine planning and information. WOLIS is a 
wireless loading and information system used by the mine to transfer data from the LHDs to the 
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underground database (Adlerborn and Selberg, 2008). This control, decision and support system 
provides automatically generated production data to the operator and mine control. Finally, IP21 is a 
real-time based database for the storage of process data. 

The interviews were conducted in cooperation with research personnel from the mine and covered 
the following professions and areas: 

• Geologist  
• Infrastructure 
• Maintenance technician 
• Maintenance, crushing & hoisting 
• Manager, charging 
• Manager, mine planning  
• Manager, project division  
• Manager, rock mechanic 
• Manager, transport 
• Mine production 
• Process engineer 
• Production coordinator 
• Production drilling planner 
• Production planner  
• Production “stab” 
• Researcher  
• Technician, loading & charging 
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2. MINE DESCRIPTION 

Malmberget mine is an underground mine owned and operated by Luossavaara-Kiirunavaara AB 
(LKAB), located close to the city of Gällivare, Sweden. The mine covers a large area, spreading about 
5 km from east to west and 2.5 km from north to south. The deposit consists mostly of magnetite 
ore. The annual production is between 8 and 10 million tonnes of finished products; a total of 350Mt 
has been extracted since 1888.  

2.1 Orebodies  
The Malmberget deposit is divided into an eastern and a western part, together containing more 
than 20 known ore bodies (see Figure 2.1) ranging in size and grade. Approximately ten are currently 
mined, some have been mined out, and others are in an exploration stage. The eastern part of the 
field consists of the following ore bodies: Alliansen, Fabian, Dennewitz, Parta, Printzsköld, 
Östergruvan and Vi-Ri. The western part includes the Välkomman, Baron, Johannes, Hens and 
Josefina ore bodies. In areas such as the Elevhemsområdet housing area, Bolagsområdet, and the 
central parts of Malmberget, the ore bodies lean in under the community. The final extension of 
these ore bodies is not known, and LKAB is investigating their extension by drilling. (LKAB, 2015)  

 

 
Figure 2.1 Individual ore bodies in Malmberget mine (LKAB, 2012). 
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2.2 Malmberget mine levels 
In Malmberget, production is active at several different levels and in several different ore bodies 
(see Figure 2.2). At the beginning of the mining operation, the ore bodies were mined at 50 metre 
intervals down to a depth of 450 metres below the original peak of Välkomman. As the operation 
progressed deeper, main levels were at 600, 815 and 1000 metres in 1969, 1989 and 2000, 
respectively. The newest main level is at a depth of 1250 metres. 

The eastern field has three haulages levels, at 815, 1000 and 1250 metres. The main production 
levels are 1000m and 1250m; level 815m is mostly used for hoisting purposes. In the western field, 
the haulage level is at 600m; production takes place both above and below this level. The new 
haulage level at 1250m was put into operation in May 2011; it became fully operational in the spring 
of 2014. The level is designed to handle the extraction of 18 million tonnes of crude ore, plus 1–2 
million tonnes of waste rock per year. An efficient mining method is required to mine iron ore at this 
depth; large scale sublevel caving (SLC) is now considered the most suitable (LKAB, 2015). 

 
Figure 2.2 Malmberget mining operation and its orebodies (LKAB) 

2.3 Mining method  
Sublevel caving is an efficient and cost-effective mining method. The SLC mining process and the 
layout of the mining area favour high ductility, mechanisation and automation. Drawbacks include 
low ore recovery and high waste rock dilution (Hustrulid, 2000), as well as low flexibility for changes 
and low selectivity and control of the ore extraction process.  

SLC is suitable for large and steeply dipping ore bodies; it uses sublevel drifts from which the ore can 
be blasted to initiate caving. The ore is caved into sublevel drifts and then mucked from the sublevel 
drifts by Load Haul Dump (LHD) machines. The ore is transported by the LHDs and dumped into an 
ore pass leading down to the haulage level. The ore falls down the shaft with the force of gravity. 
The main infrastructure is located in the foot wall, as the hanging wall is endangered by the caving of 
the extracted ore. The cycle of operations for a SLC mine is presented in Figure 2.3. 
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Figure 2.3  Cycle of operations for a typical SLC mine. The starting point is planning and development of 
the mining area. 
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3. ROCK CONDITIONS 

The Malmberget mine is characterised by a paleproterozoic succession of greenstones, porphyries 
and clastic meta-sediments hosted by metavolcanics intruded by pagmatites and granites 
(Martinsson and Hansson 2004) (Figure 3.1). The volcanic rocks have been transformed into 
sillimanite gneisses with quartz, muscovite, and local andalusite by the young granite intrusions. The 
iron ores are characterised by coarse magnetite and variable horizons of apatite with local sections 
rich in hematite.  

The border zones of the ore are generally characterised by skarn zones considered related to the 
formation of the ore. Like many areas in northern Sweden, the Malmberget deposit is characterised 
by NW-SE trending shear zones (Romer 1996). These zones are thought of as resulting from a 
complex geodynamic evolution which included repeated extensional and compressional tectonic 
regimes associated with magmatic and metamorphic events (Skiöld 1988). 

 
Figure 3.1 Geology of the Malmberget area (Lund, 2013). 

The information presented in this chapter has been gathered from internal mine documentation and 
interviews with mine personnel working with geology and rock mechanics. 

3.1 Rock mechanics 
The Uniaxial Compressive Strength (UCS) in host rock ranges from 100 to over 200MPa, with 
averages from 170 to 180 MPa. The UCS for the ore is around 90MPa (I2mine, 2014). Another project 
dealing with the rock mass in Norra Alliansen by Idris et.al. (2013), shows a significant difference 
between various rock types. The laboratory testing results from this study are presented in Table 
3.1. 
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Table 3.1 Rock type characteristics for Norra Alliansen. 

Rock type uniaxial compressive strength (UCS) (MPa) indirect tensile strength UTS (MPa) 
Red leptite 217 ± 50 14,5 ± 3,5 
Grey leptite   80 ±   8   8,5 ± 0,7 
Red-grey leptite 176 ± 60 11,0 ± 2,8 
Biotite I    50 ± 10  
Biotite II 100 ± 10  
Magnetite 100 ±   8  

The Norwegian Q-value is used to map the drill cores. The Q-value varies throughout the mine but 
has an average value of 5 to 10 (I2mine, 2014). 

Geological Strength Index (GSI) has been used to map drifts from level 900 and down. The GSI 
system was initially developed to estimate the reduction of the rock mass strength for different 
geological conditions as identified by field observations. The system is mainly based on visual 
descriptions of the rock structure in terms of blockiness and surface conditions. The GSI system has 
since been developed to consider highly heterogeneous rock masses composed of foliated or 
laminated weak rocks (Idris et.al. 2013). In general, there are limited structural problems in 
Malmberget, but joint problems may occur locally. 

3.2 Data available 
Geological mapping to find new mineralisation and establish the contact between ore and waste is 
done by diamond drilling. Geotechnical mapping of rock mass parameters started at level 900m in 
2014. Most of the cores from diamond drilling are analysed to estimate the GSI for the rock. The 
data generated from both the geological and the geotechnical mappings are available from the 
mine’s geology division. 

During production, a limited amount of mapping is done in the production areas, but the aim is to 
map all faces at developed areas before shotcrete is applied. The geology of the rock is mapped and, 
if possible, the orientation of structures as well. 

Measurement While Drilling (MWD) data are recorded on the production drill rigs but are not 
currently used.  

3.3 Impact on fragmentation 
In general, the rock mass characteristics have a significant impact on both drilling and blasting and, 
consequently, on fragmentation. Drill quality is dependent on rock mass quality, with broken or 
highly fractured rock initiating and increasing hole deviation. Furthermore, broken rock, fracture 
zones or cavities may influence charging and disrupt detonation.   
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4. MINE PLANNING 

Mine planning is the first step towards extracting the ore and generally starts with a production 
demand. Efficient planning requires an enormous amount of data. 

The information presented in this chapter has been gathered from internal documentation from the 
mine, from visits to the mine and from interviews with the mine planning personnel. 

4.1 Planning in Malmberget 
The planning team provides the mine with both long term (years) and short term (monthly) plans. 
The current long term plan expires in 2030, but changes can be made, if needed. The monthly plan 
directly affects how production is carried out in the mine. It is based on the production needed for 
that month according to the long term plan. Input comes from all departments related to 
production. Work progress (completed areas), planned maintenance and a preliminary schedule for 
the month are entered into the plan. The rock mechanical team also provides input (if they have 
any) on areas that are not accessible because of rock mechanical problems. Taking all this into 
account, the department makes a monthly plan on which it bases its schedules. 

To know when a specific area is to be mined, the production crew needs a schedule, a detailed plan 
that determines day to day work. Scheduling is carried out with the collaboration of all production 
departments and the planning team. The schedule includes information on when a specific drift 
should be taken into production, when it is supposed to be drilled, charged and later mucked out. It 
also includes information on the specific machines that will work in the different areas and the 
person who will operate it. The schedule is distributed by the managers to the responsible 
personnel. For a schematic view of the process, see Figure 4.1. 
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Figure 4.1  Planning process and inputs for long term, short term and scheduling (Personal 

correspondence with LKAB) 

4.2 Departments and procedures 
In Malmberget, the planning department (PSG) includes four sub-departments: 

• Ore and structural geology (PSGG): The geologists at PSGG develop a plan for the diamond 
drillers, evaluate drilling results and map data. They also construct an ore model based on 
ore quality. 

• Diamond drilling (PSGD): The operators of the diamond drills recover core samples of the 
rock mass based on the information provided by the geologists. The goal is to identify the 
boundaries between ore and waste rock. 

• Surveying (PSGM): The surveyors support other divisions and groups and create maps of the 
mine to ensure continuous mining.  

• Production, drilling and layout planning (PSGP): The main task of production planning is to 
ensure the production from the different draw points meets the demands of quantity and 
quality for the final product. The layout planners draw the mine layout based on the ore 
model provided by the geologists. The drill planner is in charge of planning the drilling of 
production openings and fans and optimising fragmentation and ore content based on 
current knowledge. The planning is based on parameters developed by the drill planner and 
approved by the personnel responsible for both drilling and charging (Falksund, 2013). 

4.3 Data available 
The most important data generated by the planning department are the different production plans 
and their follow-up. These data show the status of the mining operation, whether it proceeds 
according to plan or if complications can be expected in the future. Some data (e.g. produced tonnes 
and iron content) can be accessed through GIRON; other, more detailed data, can be obtained from 
the planning department. The data in GIRON represent a short summary that shows, for example, 
the daily production and the average iron ore content. The mine planner can provide more detailed 
information, such as how many tonnes of ore were produced at a certain ore body or how well the 
production plan is being followed. 
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The planning department uses Vulcan to interpret geological data, build the 3D model and plan 
production. Vulcan will, however, ultimately be replaced by Maptech. Layouts for the ore bodies and 
drilling are drawn using Microstation. Leapfrog is used to handle structural data. Excel is also used 
for detailed production planning and follow-up. 

4.4 Fragmentation 
This study has not found information on changes in planning due to fragmentation related issues.  
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5. PRODUCTION DRILLING 

5.1 Production drilling at LKAB Malmberget 
In Malmberget, production drilling is normally done in cross-cuts perpendicular to the strike of the 
ore bodies. The length of cross-cuts varies significantly depending on the geometry and size of the 
ore bodies; on average, the cross-cuts are 85 m long and contain about 25 drill positions with an 
intermediate distance (burden) between 3 m and 3.5 m. In Malmberget, the blast holes in a SLC ring 
are drilled in a fan pattern; see Figure 5.1 that is based on data from the bore hole coordinates of 
one of the rings in one of the ore bodies. The number and direction of boreholes in each fan can 
differ significantly depending on the structure and orientation of the ore body. There are typically 8 
to 10 holes. Although the borehole length in a fan varies from about 20 m (for the side holes) to 
about 45 to 47 m (for the centre holes) it can, on rare occasions, reach up to 55 m. The inclination of 
the fans is typically between 80 and 85 degrees.  

 
Figure 5.1 Cross-section of production drift layout at one of the ore bodies in Malmberget (after Ghosh, 

2012) 
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In Malmberget, production drilling is a continuous semi-autonomous operation. The drilling is 
performed/controlled remotely from a control room at level 1000m. Three operators operate two 
drill rigs each; see Figure 5.2. If production is not disturbed, the operators only have to leave the 
control room to move the rig to drill the next fan.  

 
Figure 5.2 Control room for production drilling (Atlas Copco, 2013) 

The tasks of the production drilling operators at LKAB/Malmberget are as follows: 

• Daily supervision of the workplace and machines and ensuring there are enough 
consumables (drill rods, bits, etc.); 

• Relocating and orientation/setting up drill rigs; 
• Drilling openings and fans according to the drill plan; 
• Ensuring the functionality of the drill rig; 
• Reporting when the drilling is finished. 

The Malmberget production drilling uses 6 Simba W6 C-ITHs from Atlas Copco (see Figure 5.3), 
equipped with a Wassara Hydraulic ITH hammer W100. Some contract drilling is done by a similar rig 
owned and operated by LKAB Wassara AB.  

The diameter of the production holes is 4.5” (115 mm). 

 

Figure 5.3 Atlas Copco Simba W6 C-ITH drill rig used in LKAB Malmberget. (Atlas Copco, 2015) 

The advantages of Wassara rock drills include improved environmental conditions and the ability to 
drill straighter holes. The specifications for the Wassara W100 hammer are presented in Appendix 1.  
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5.1.1 Rig navigation and setup 

Before drilling starts on each production fan, the drill rig has to be carefully positioned, which is 
manually done by the operator.  

No advanced navigation techniques are used e.g. total station navigation. Instead, the operator 
manually aligns the rig in the centre of the drift. For opening rings markings in the roof are used to 
more accurately define the correct position. The rig is then manually aligned along the drift with the 
help of lines drawn on each drift wall. These markings, on each side of the drift and in the roof, are 
made by a surveying crew. 

After setting up the rig, the operator manually move the bit from collaring position to collaring 
position in the order of drilling, while the entire procedure are recorded. After this the rig is set to 
automatic control and the operator leaves the rig and move back to the control room. When drilling 
starts from distance the feeder is moved to the recorded collaring position, after which the side and 
tilt angle are set to pre-defined values.  

5.2 Drilling problems 
Several problems related to production drilling are documented. For example, idle time for the drill 
rigs is reported by the operators in their daily reports (Appendix 1). If a drill rod gets stuck in a hole, 
it is reported in GIRON. This reporting is not always consistent, and reporting is occasionally 
forgotten. Other problems are reported to the production manager. Technical problems with the 
drill rig are reported directly to the supplier of the machine, in this case Atlas Copco, who has 
personnel stationed in the mine. The procedure to report drill rig malfunctions is summarised in 
Figure 5.4. 

 

Figure 5.4 Routines when a disturbance occurs in production drilling. 

Hole deviation is not routinely measured or reported, but the drilled hole, based on its actual 
collaring position and direction, can be compared with the planned hole in GIRON, assuming a 
straight hole. 

After the completion of production drilling, the hole is left for a period of time, waiting for the 
charging operation. Initially, the charging crew checks all holes in the fan before charging. During this 
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procedure, holes that cannot be charged, because of hole blockage, for example, are identified and 
marked on a specific re-drilling chart. Re-drilling is only carried out for the holes reported by the 
charging crew. Re-drilling of production holes is not carried out by the operators of the production 
rigs, but by a designated crew performing special drilling tasks in the mine.  

Finally, the charging crew is notified by the re-drilling group that drilling is complete and the fan is 
ready for charging. The procedure is described in Figure 5.5. 

 
Figure 5.5 Process flow for charging and re-drilling holes 

In 2013, 4% of all holes needed re-drilling because of blockages, with another 3% defined as “Wet 
holes” also requiring special treatment.  

5.3 Available data sources 
The drilling system in Malmberget is controlled, monitored and supported by a number of data 
sources. The instructions to operators on where and how to drill is supplied by the drill manager in 
the form of work orders. These work orders are available on paper and in the GIRON system.  

The drill rigs have a computerised control system and are always online. All drill plans are made in 
MicroStation, translated to a Drill Plan file (DP-file) in IREDES format and then placed on a RRA 
server that maintains a connection with all drill rigs at all times. The drill plan file contains all drilling 
information, including hole length, tilt angle and side angle for all holes in each fan.   

During drilling, drill quality data (DQ-files) and MWD data (MW-file) are logged and stored in 
separate files on the drill server connected to all rigs. The drill quality file (one for each fan) contains 
precise data on location and orientation of all drilled holes. The specific data are X, Y and Z 
coordinates for the collaring point and X, Y and Z coordinates for the end point. The MWD files (one 
for each hole) contain information on all drill performance parameters logged at specific (pre-
defined) intervals along the holes. The Malmberget parameters are: hole depth, log time, 
penetration rate, hydraulic pressure, feed pressure and rotation pressure. These data are stored on 
the RRA server and can be accessed from any computer connected to LKAB’s network. The rig 
owned and operated by LKAB Wassara AB is not connected to the mine network; therefore, 
automatic logging is not possible. The logging process is shown in Figure 5.6. 
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Figure 5.6 Logging system in LKAB Malmberget mine 

5.4 Impact on fragmentation 
Production drilling is the first step in the extraction of the ore. Drilling allows the insertion of 
explosives into the rock mass. The goal is to enable fragmentation that will ensure an efficient flow 
of materials throughout the transportation chain to the processing plant. Over time, the dimensions 
of the SLC fans have increased, reducing development work and, thus, also reducing cost. However, 
up-scaling also leads to longer holes resulting in larger hole deviations and therefore also less control 
over fragmentation and gravity flow. A key parameter is the ability to drill according to plan with a 
minimum of misalignment and hole deviation. Scaling up hole diameters will, in general, result in 
less hole deviation but will also lead to explosives being less well distributed in the rock mass, 
potentially causing coarser fragmentation. In short, drilling (dimensions, control) and blast design 
are key factors in controlling fragmentation.  

The drill design in Malmberget, including holes up to 45 m length and burden between 3 and 3.5 m, 
presents major challenges for the drill operator to maintain acceptable precision, particularly in the 
drill rig set-up and drill initiation. Occasionally bad rock is encountered, reducing the likelihood of 
accurate drilling. Even if the Wassara hammers drill straighter holes, the positioning and alignment 
of the rig is the same as for any other drilling technique. Therefore, if the drill rig is not positioned 
correctly, drilling deviations causing bad fragmentation may result. 

A significant amount of logged information from the drilling operation is not used to the fullest 
possible extent. The quality logs, for example, could be used to provide direct feedback to the 
operators on the accuracy and performance of their work; they might also inspire new ideas on how 
to improve performance. The logged MWD data provide a detailed characterisation of the rock mass 
and, thus, may have greater potential to improve fragmentation and productivity. The use of MWD 
data to identify fracture zones or other unfavourable rock mass conditions that will influence the 
charging procedure has been identified as an area that could improve fragmentation. Finally, as 
drilled holes normally stand uncharged for a longer period of time, these data have been identified 
as a tool to identify sections or holes requiring support or re-drilling.   
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6. CHARGING AND BLASTING 

The unit operation of charging and blasting enables the extraction of the ore. The blast holes in a 
production blast are filled with emulsion explosives and initiated in a designed sequence, both to 
fragment the ore and minimise the vibrations produced by the detonations. This unit operation is 
the last one affecting primary fragmentation. Therefore, it must be performed according to plan. 

The information presented in this chapter has been gathered from internal mine documentation, 
from visits to the mine and from interviews with the manager responsible for charging and blasting. 

6.1 Charging and blasting in Malmberget 
The work of charging the production holes is based on information provided by the mine planning 
department. This information determines when to start charging in new production areas. If the 
charging is carried out in an active production area, the charging crew is notified by the loading crew 
when an area is ready for charging, i.e. when the mucking of the previous blast is finished. Three 
charging trucks are currently available in the mine, but only two operate at the same time, with the 
third either in maintenance or on standby. Charging is carried out during both the morning and 
afternoon shift. It is possible to charge about 8 to 10 rings per day. It takes about 2 to 3 hours to 
prepare a production round if everything runs smoothly. The number of holes in each area varies. 
The designed pattern for the area depends on which ore body the charging is done in. The charging 
truck is semi-automated; to fill the drill holes with explosives, the crew steers the charging hose up 
to the hole remotely, and the filling is carried out automatically downwards, but the movement of 
the truck is done manually. 

The daily routines of the charging and blasting crews are as follows: 

• Daily maintenance of the equipment and the workplace; 
• Charging based on performed drilling and blasting restrictions; 
• Charging and priming the first fan closest to the front, pre-charging the second fan and 

inspecting the third fan; 
• Chargers work in pairs during charging of production blasts; 
• Cleaning up spilled explosives in the production area (if possible); 
• Reporting disturbances in the ability to charge all holes and making orders for re-drilling to 

managers. 

The blasting operation takes place in three steps. First, the holes are pre-charged, with 12 metres 
left un-charged. The time between pre-charging and blasting of a hole can be as long as six months. 
Second, when the rings are set to be blasted, they are primed and fully charged the day they are 
initiated. Third, the detonating cords from each hole are connected, and the charge is readied for 
initiation. Initiation is done remotely at a fixed time every night, from 00:00 to 01:00. 

To ensure the quality and safety of the operation, a standardised blasting and charging pattern has 
been developed in collaboration with the blasting personnel. The plans have been developed for 
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fans with 7 to 15 holes. For fans with less or more holes, an individual plan has to be presented for 
each case. It is not possible to follow the standardised plans when there are disturbances in the drill 
holes; in such cases, the plan is adjusted to take the disturbance into account. The disturbance and 
the changes are reported in GIRON (see Section 1.4). Some examples of disturbances are: an 
identified need for re-drilling, or pre-charging that does not follow the standard plan. An example of 
a standardised blasting and charging plan is presented in Table 6.1. 

Table 6.1 Example of a 10-hole standardised blasting and charging plan (also see Appendix 2) 

No. of 

holes 

Uncharged length 

from hole 
opening 

[m] 

Initiation  

sequence 

1 0 9 
2 1 7 
3 6 5 
4 3 3 
5 10 1 
6 10 0 
7 3 2 
8 6 4 
9 1 6 

10 0 8 

The time between when the holes are drilled and when they are pre-charged can be up to a few 
years. Therefore, there is a risk that the drill holes will be blocked when charging is carried out. 
When a hole is blocked, the personnel must order re-drilling. Ehen a blocked hole is encountered in 
a fan, the next couple of fans are routinely inspected to ensure they are not blocked as well. 

Blasting is subject to restrictions based on environmental regulations. New regulations have recently 
been presented to Malmberget and are being evaluated. To keep vibrations within the allowed 
limits, for example, blasting is carefully planned. The most common cause of high vibrations is 
seismic events induced by blasting. Therefore, there are restrictions on which production levels can 
be blasted at the same time. These restrictions change as the production advances. An example 
from the Fabian orebody with the restrictions applied in 2014 can be seen in Table 6.2. A detailed 
description of the applied blasting restrictions (2014) is presented in Appendix 3. 

Table 6.2  Restrictions on the number of blasts for the Fabian orebody in 2014 (Appendix 3) 

Area Restriction 
Fabian level 855 Max. 2 fans/day 
Fabian level 880 Max. 2 fans/day 
Fabian level 905 Max. 2 fans/day 
Total for Fabian Max. 3 fans/day 

6.1.1 Disturbances 

Blocked or wet holes are the most common disturbances and are reported in GIRON. The manager 
of the operation keeps a separate Excel sheet of all reported disturbances for each month and year. 
If any equipment repair is needed, it is ordered from the workshop. Disturbances, such as need of 
mucking, power supply, ventilation or scaling, are not recorded, as they are most often ordered by 
contacting the responsible operations directly by phone. One example of the reported disturbances 
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can be seen in Figure 6.1. Here, the reported disturbances are mainly “other,” i.e. anything that 
disturbs charging (i.e. machine errors, bad roads, safety issues etc.), re-drilling and wet holes. 

 

Figure 6.1 Reported disturbances by the charging crew for Jan to Nov 2014; total number is 2087 
(Internal document at LKAB) 

6.2 Equipment 
As noted above, there are three charging trucks at LKAB Malmberget and all have been developed 
by LKAB Kimit. All the charging trucks can carry out the same tasks, but there might be minor 
differences in their specifications, as they were not all built the same year. A charging truck is shown 
in Figure 6.2.  

   

 
Figure 6.2 Charging truck developed by LKAB Kimit (LKAB Kimit, 2015) 

6.3 Explosives 
The explosive used for production blasting has been developed by LKAB Kimit and is called Kimulux R 
0500. It is a sensitised emulsion explosive containing 4% aluminium; it can be used in both 
underground and surface blasting as long as the blast hole diameter is larger than 48 mm. The 
specifications of the explosive are presented in Table 6.3. 
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Table 6.3 Technical specifications for Kimulux R 0500 (LKAB Kimit, 2015) 

Properties KR 0500 Unit 
Density 1200 kg/m3 
Detonation velocity (VOD) ≈4800 m/s (Ø=40 mm) 
Energy (theoretical) 3.8 MJ/kg 
Gas volume 930 l/kg 
Oxygen balance –1.43 % 

6.4 Data available 
The only data recorded from the charging and blasting are the disturbances which are reported in 
the GIRON system and summarised by the manager of the operation. The charging trucks are 
equipped with systems and equipment that can record the following parameters: 

• Start and stop of charging of a hole   (time) 
• Amount of explosives in the hole   (kg/hole) 
• Pump pressure      (bar) 
• Temperature     (Co) 
• Flow       (l/min) 

These systems have not yet been tested in the mine and are not currently in use; for one thing, they 
are not connected to the wireless network in the mine. If connected, the systems might provide 
valuable information on the performance of the charging operation. 

6.5 Impact on fragmentation 
For blasting, there is a quality goal – fewer than three boulders per 1000 tonnes of ore. However, it 
is not possible to say if boulders are a result of the actual blasting. Reports on LKAB’s Kiruna mine 
(Hedström, 2000; Fjellborg, 2002; Zhang, 2005) say that 10-15% of the charged drill holes do not 
detonate as planned. It can be assumed Malmberget is similar, as an old investigation (Järn till 100) 
indicates 9 out of 10 holes detonate as planned. 

It is known that the quality of the charging and blasting operation impacts the downstream process 
and fragmentation, but at present, the blasting results are not followed up. Nor is their impact on 
the following process known.  
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7. LOADING 

Loading is the first unit operation in the production process that directly handles fragmented ore. In 
underground mines, loading and hauling the blasted ore from the face or draw point to the dumping 
point is commonly performed by Load-Haul-Dump (LHD) machines. To be efficient, the LHD 
operation must be fast, safe for the operator, and have as few disturbances as possible.  

Loading is the first unit operation to encounter problems related to fragmentation; for effective 
loading and hauling, fragmentation, and size and number of boulders must be kept at a minimum. 
For example, a high number of unplanned stops because of mining related issues such as boulders 
and handling will disrupt the operation and cause idle time for the LHDs (Gustafson et al., 2014). 

The information presented in this chapter has been gathered from scientific references, from 
internal mine documentation and from interviews with operators and managers responsible for the 
loading operation. 

 

7.1 Loading in Malmberget 
Malmberget is using 13 diesel powered LHD machines with a loading capacity of 21 tonnes (Table 
7.1). The machines are manufactured by Sandvik or Caterpillar and were taken into production from 
2005 to 2013. The LHD operation is not a continuous process, and the LHD machines only operate 
when needed. In the night shift, loading is prohibited after blasting due to the noxious gases 
produced by detonation of explosives. Loading cannot be resumed until the area has been 
ventilated.  

 Table 7.1  LHD machines in Malmberget mine (Personal correspondence with LKAB, 2015) 

Nr Equipment type Manufacturer Year 
566  Toro LH621 Sandvik 2011 
568  Toro 0011 Sandvik 2005 
569  Toro 0011 Sandvik 2005 
580  Cat R2900XTRA Caterpillar 2009 
581  Cat R2900XTRA Caterpillar 2009 
582  Cat R2900XTRA Caterpillar 2009 
590  Cat R2900XTRA Caterpillar 2012 
591  Cat R2900XTRA Caterpillar 2012 
592  Cat R2900XTRA Caterpillar 2013 
593  Cat R2900XTRA Caterpillar 2013 
594  Cat R3000 H Caterpillar 2013 
595  Cat R3000 H Caterpillar 2013 
596  Cat R3000 H Caterpillar 2013 
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7.2 Operating procedures 
The operator’s task is to move the broken ore from the draw point to the ore pass. The loading 
should be performed in such a way that it enables a good flow of the caving ore, maximises the ore 
recovery and minimises the side rock dilution. During loading, the operator takes buckets alternately 
from the right and the left side of the face, if possible.  

The ore recovery, side rock dilution and the total ore extraction rate are determined and controlled 
at the face. Here, the overall production plans are condensed to a fundamental decision for each 
bucket, to either continue to load or to abandon the draw point and continue with the next fan. A 
decision to abandon the draw point is irrevocable, since it is followed by the blasting of the next 
round. Abandonment of the draw point too early leads to ore losses and inefficient use of ore 
resources. But continuing to load beyond the optimum point results in increased side rock dilution 
and increased production costs. When deciding whether to stop or to continue loading, such factors 
as current iron content, extraction ratio, indication of remaining ore above the loading point, metal 
price, cut-off grades, processing costs, the possibilities to recover remaining ore at lower levels etc. 
must be considered. 

The operator has three loading criteria:  

1. At least 80% of the theoretical iron ore content is mucked out; 
2. The average Fe-content in the last 25 percentage points of the number of buckets is below 

30%; 
3. The Fe-content curve has a negative trend. 

When the decision is made to close a ring, the operator builds a catch wall to ensure the safety of 
the personnel who will charge the next fan in the drift. This wall must be approved by the charging 
personnel.  

The daily work routine of the operators is as follows: 

• Daily maintenance of the machine and the workplace; 
• Loading ore, according to plan, either to ore passes or trucks; 
• Moving boulders to the boulder drift; 
• Deciding whether to change the face; 
• Building a catch wall for the chargers; 
• Reporting disturbances in WOLIS and to the production coordinator. 

The LHD operators also operate the tractor that handles the boulders in the boulder drift. The work 
routines for the tractor operator are the following: 

• Daily maintenance of the machine and the workplace; 
• Breaking boulders so they fit in the ore pass; 
• Reporting the number of boulders in GIRON. 

7.3 Registered problems for the loading operation 

Because of the harsh underground environment, there are many loading disturbances causing 
reduced productivity. A great deal of damage can be inflicted on an LHD’s chassis, bucket, tires etc. 
due to issues pertaining to the operating environment such as scraping against the wall of the drift, 
rock falls, bad roads etc. are high in number and the corresponding repair time is essential 
(Gustafson 2013). The high number of unplanned stops due to mining related issues such as 
oversized boulders and handling of these disrupts the operation frequently and causes idle time for 
the LHD machines (Gustafson et al. 2014).  
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Data on the reasons for stoppage and idle time for the LHDs is analysed by Gustafson et al. (2014); 
the system used to collect and record these data is still in use. The analysed data were for one LHD 
over one year. The numbers in Figure 7.1 represent the number of times one LHD was idle for a 
particular reason for one year. The total number of recorded stops for the LHD was 1411. The real 
numbers might be higher than those shown in the Figure, as operators may not always enter the 
data into the system. Mining related issues represent 75% of all stop occasions causing idle time. 
About 21.5% of the stop occasions are caused by machine related issues, and about 3.5% are related 
to the infrastructure of the automatic system installed in the mine. However, every unplanned stop, 
whether caused by the operating environment or a machine breakdown, disturbs the LHD operation 
and needs to be controlled. The study also indicates that out of 1411 stoppages, 480 (34%) were 
related to oversized boulders.   

 

Figure 7.1  Mapping of reasons for idle time (Gustafson 2013) 

Another problematic issue for the loading operation is the lack of faces from which to load when 
production catches up with development. Moreover, some areas may be temporarily closed for 
safety reasons. Finally, if ore passes fail and are not available for direct loading, loading directly on 
trucks is the only option, and this significantly effects productivity.  

7.4 Data available 
Data from the LHDs consist of automatically generated data from a bucket weighing system 
(Loadrite) that continuously measures tonnage drawn per bucket. The corresponding iron ore grade 
is calculated and visualised for the operators in the LHD through the WOLIS system. Available data 
from the LHDs can be retrieved from GIRON and include tonnage and corresponding iron ore grade, 
the time for every bucket unload, location of the draw and the unload points, number of stops, delay 
time and reason for stoppages, etc. 
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7.5 Impact on fragmentation  

For the loading operation, the most significant problem related to fragmentation is the boulders. 
LKAB/Malmberget defines boulders in the loading operation, as 1-metre blocks (Figure 7.2). The 
boulders have to be separated and moved by the LHD to a specific drift in the production area where 
they will be drilled and broken. The operators of the LHDs are responsible for breaking the boulders 
in the boulder drift. The number of boulders is reported in GIRON 

 
Figure 7.2 Boulders (courtesy of LKAB Malmberget) 

Since it is not always possible to identify a boulder immediately at the face, there is a greater risk of 
damaging the LHD. There is also a possibility that boulders will end up in the bucket in such a way 
that they are not observed by the operator. These boulders may arrive at the ore pass and cause a 
hang-up. Since loading cannot continue in an ore pass with a hang-up, this will directly influence 
productivity if alternative ore passes are not available. 

The LHDs can handle material of different sizes; this means larger material can be handled; 
nevertheless, badly fragmented rock creates problems, especially delays caused by boulders. The 
problem emerges when downstream processes are affected because of hang-ups in the ore passes. 
However, even if the boulder problems are known and very visible for production, badly fragmented 
rock will prolong loading cycle times because of the need for more frequent repetitions in the muck 
pile to fill the bucket.  

The largest fragmentation issue has always been boulders and how they are to be handled. The local 
R&D group at the mine has done a great job making the operators understand why it is important to 
handle the boulders as they have been instructed to. For example, the importance of reporting the 
number of boulders has been communicated to the operators.  
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8. ORE PASSES 

Material handling in an underground mining operation mainly depends on vertical and steeply 
inclined networks of ore passes, as shown in Figure 8.1 (Hartman and Mutmansky, 2002). The ore 
passes move the ore or waste from a higher level to a lower level by gravity to ensure continuous 
production. They can also be used as storage for the ore in the mine.  

The information presented in this chapter has been gathered from internal mine documentation, 
from visits to the mine and from interviews with the personnel responsible for the ore passes.  

 
Figure 8.1 Simplified underground mine layout and ore passes (Hartman and Mutmansky, 2002). 

8.1 Ore passes at Malmberget 
There are a total of 14 ore passes in the mine; 2 are located in the western field (Välkomman and 
Baron ore bodies), and the remaining 12 are in the eastern field. The ore passes in the western field 
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are used to transport the ore from the production levels at 450m and 547m to the haulage level at 
600m. Trucks are used to transport the ore from the remaining production levels in this area directly 
to the crusher. The eastern field has ore passes in Fabian, Printzsköld, and Dennewitz; all transport 
ore to the haulage level at 1000m. From the production areas in ore bodies Östergruvan (957m) and 
Alliansen (992m), the material is trucked directly to the crushers. Two ore passes transport ore from 
Alliansen (1022m) and Vi-Ri (1002m) to the haulage level at 1250m. 

The ore passes are raise bored with a diameter of 3 m and an inclination between 60 and 70 
degrees. The diameter changes during the life of the ore pass, primarily due to wear. The height of 
the ore pass varies during its lifespan as well. The initial height is approximately 200m when it is 
taken into production. As the production advances, the final height can drop to 30 m, depending on 
the mining layout in the area.  

There is little knowledge about the rock conditions where the ore passes are located, as no pre-
investigations were carried out before building them. According to personnel at the mine, this may 
be one reason for the problems with ore pass stability. 

At the moment, there is no way of knowing the mass balance of the ore passes. Laser and sonar 
methods have been used, but they cannot handle the extreme environment, including dust and 
moisture. Today the mass balance of the ore passes is estimated by taking an average of the mass of 
the ore put into the ore pass and the mass taken out of the ore pass. The ore is weighed in the 
bucket of the LHDs before it is dumped into the ore pass. This gives the mass of ore put into the ore 
pass. Each truck filled with ore from the ore pass is assumed to take 90 tonnes of ore. This gives the 
mass of ore taken out of the ore pass. The difference between ore in and ore out gives the mass 
balance inside the ore pass. This is a very rough estimate, as the volume of the ore passes increases 
substantially because of wear and rock mechanical issues. Ore passes are occasionally emptied even 
though they are not supposed to be emptied because of the risk of damaging the empty ore passes 
before filling up starts again. For example, when the ore passes are very moist or even wet, they are 
emptied each day to prevent water from building up, as this could cause mud slides. 

Grizzlies are not commonly used in Malmberget because the rock conditions make it very hard to 
build them without putting the chute at risk. 

The two most common types of hang-ups in the mine are interlocking arches of large boulders and 
cohesive arches caused by fine moist material; a combination of the two may also occur (Figure 
A5.4,  Appendix 5; Figure 4). Mud slides are the most dangerous type of hang-up, as they endanger 
both personnel and equipment. However, these are not very common, only found in ore passes with 
a lot of water. 

In Malmberget, hang-ups are most often found by the truck operator at the haulage level. In the 
case of a hang-up located close to the chute, the LHD operators can detect the hang-up, as they will 
not be able to dump more ore into the chute. When a hang-up is detected, the routine is to contact 
the production coordinator who stops production at the ore pass with the hang-up and contacts the 
personnel responsible for removing hang-ups. The hang-up crew inspects the ore pass to determine 
if it is a hang-up or not. If there is not a hang-up and the ore pass was just empty, the mass balance 
of the ore pass is reset and production is resumed. If there is a hang-up, it has to be removed. The 
most favourable way of removing a hang up is to use water. It is safe, fast, and cost effective; nor 
does it generate blasting fumes which can hinder the production. If water does not work, explosives 
are used. If the boulder causing the hang-up is close enough, it is drilled, and the hole is charged 
with explosives to break the boulder (Figure A5.7, Appendix 5; Figure 7). If it is not possible to reach 
the boulder with a drill, the charge is placed between the boulders to break them, or at least break 
the arching effect to restore the flow in the ore pass (Figure A5.11). If the hang-up is in the middle of 
the ore pass, it may not be possible to reach it. In such cases, the hang-up is located by measuring 
the distance from a level above the hang-up and using long hole drilling to drill into the hang-up to 
charge and blast it (Figure A5.12). On rare occasions, large amounts of water are used to remove 
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hang-ups. The water fills the ore pass from above; the weight of the water should break the hang-up 
(Figure A5.5). In these cases, it is very important that everyone is notified about the water in the ore 
pass because of the significant risk of a dangerous mud slide.  

A lack of technical data can also cause problems. One example is ore passes being built without 
properly mapping the rock characteristics at their planned location. This will most likely result in 
expensive breakdowns and equally costly repairs. 

8.2 Data available 
To date (2014) very little data are gathered from the ore passes. The number of hang-ups in the ore 
passes is not consistently documented. A hang-up is supposed to be reported in GIRON once the 
removal is done. This routine is currently followed by only one of the work crews handling hang-ups. 
If data are not consistently logged, the problem with boulders and hang-ups does not exist on 
record. Therefore, it is not possible to justify a decision to designate resources to handle the 
problem. 

The approximation of mass volume in the ore passes is very rough, and wear on the ore passes is not 
considered, making it difficult to estimate how much of an ore pass is filled with ore. 

8.3 Impact on fragmentation 
Anything larger than 1x1x1 m is presently classified as a boulder. With an initial ore pass diameter of 
3 m, this result in an ore pass diameter to boulder diameter ratio of 1:3. There is no consensus in the 
literature on the ratio required to ensure free flow in the ore pass. According to the investigation by 
Hadjigeorgiou and Lessard (2007), as presented in Figure A5.3, the ratio used in Malmberget does 
not ensure free flow. Malmberget’s ratio is at the lower end of the graph shown in Figure 8.2, 
indicating a scenario with no flow in the ore pass. Stacey and Erasmus (2005) agrees the ratio used in 
Malmberget is not optimal: “The risk of hang-ups due to rock arching is a function of the size of the 
pass with respect to the size of the rock blocks being passed. To minimize the risk of hang-ups, the 
size of the pass should be 5 to 6 times the size of the largest fragment of rock being passed”. There 
are two ways to address the problem—reduce the boulder size or increase the ore pass diameter. 

 
Figure 8.2 Ore pass diameter relative to boulder diameter; the filled circle indicates Malmberget’s ratio 

(following Stacey and Erasmus, 2005) 
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9. TRANSPORTATION 

The ore can be transported in several ways, the most common of which are train, conveyor, truck, 
and shuttle car. Transportation by truck is very flexible but less favourable than the other options if 
costs per tonne are considered. However, trucks are often the choice of transportation in mines with 
several ore bodies or with large flat tabular ore bodies.  

The information presented in this chapter has been collected from internal mine documentation and 
from interviews with the manager of the truck operators. 

9.1 Transportation at Malmberget 
Trucks are used to transport the ore, as the mine consists of several ore bodies spread out over a 
large area. The trucks are loaded in two different ways depending on where they are located. They 
are either filled at the haulage level below the ore pass or at the production area. The 90 tonne 
trucks only operate on the haulage levels and are always filled below the ore passes. The other 
trucks are most often filled directly by an LHD, but they have the option of being filled below the ore 
passes if needed. After being loaded, trucks drive to the discharge station where the ore is emptied 
into the crusher bin by either regular or side tipping.  

If ore cannot be retrieved from the chute, the operator reports the problem to the production 
coordinator who tells the LHD operator to stop loading into that ore pass. The ore pass will then be 
inspected to see if it is empty or if there is a hang-up. If there is a hang-up, it has to be removed 
before production can be resumed, but if the ore pass is empty, production continues. If the ore 
pass is empty, a red light will be shown at the entrance under the ore pass for 45 minutes. This is 
done to prevent the trucks from driving to an empty ore pass. It is also a matter of security, since 
there is a risk of flying rocks from the ore pass when the first buckets are dumped into the ore pass 
by the LHDs. 

9.2 Trucks 
Malmberget mine has 9 trucks with a 90 tonne trailer capacity (Figure 9.1) operating at the main 
levels of 1000m and 1250m. On levels 600m and 815m, four axle trucks are used to handle the ore 
haulage. Three types of trucks operate at levels 1000m and 1250m: 

•  4x Volvo FH power, Tronic 
• 2x Scania R480, Allison 
• 3x Volvo FH, I-shift 
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Figure 9.1 The 90 tonne truck used in Malmberget mine on levels 1000m and 1250m (LKAB, 2012). 

The trucks are specially designed to withstand the heavy impacts caused by handling high density 
materials. Special tires are also used to reduce wear caused by the rough roads (Infomine, 2010). 
The average speed of the trucks is 25 km per hour, and the working hours per day and the total 
operational life for the truck are approximately 12 hours and 45,000 km respectively. 

9.3 Registered problems for the transport operation 
The total capacity of the ore transport in Malmberget is higher than that of the loading which means 
the transportation level is not very sensitive to disturbances. However, this overcapacity may lead to 
occasionally queuing at the haulage level.  

The registered disturbances for the transportation level in Malmberget are reported into GIRON, as 
shown in Figure 9.2. The dominating specific cause of disturbances is “lack of personnel” followed by 
“full buffer ahead”. Together with “stop in the crusher,” this suggests more than one third of all 
stops occur at the crusher or the bin above. However, “full buffer ahead” can occur anywhere in the 
forward transportation chain, usually due to a large disturbance at the processing plant. Full buffers 
ahead may lead to an uneven production pace because of idle time; this is not very efficient in the 
long run. Other disturbances represent 30 % of all stops and include daily maintenance, flat tire, 
blast gas, stop on conveyor, chute error, discharge station error, empty ore pass and relocation 
between levels. 

 
Figure 9.2 Distribution of idle time for the transportation operation caused by disturbances 

9.4 Data available 
Since the trucks on the main haulage levels are estimated to carry 90 tonnes of ore, the number of 
loads drawn from the ore pass is reported by the truck operator, and the tonnage dumped into the 
ore pass is registered automatically by WOLIS, the ore balance in the ore passes can be estimated. 
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There is no system in place to weigh the truck load; instead, each truck is estimated to carry a load 
of 90 tonnes. This estimation has limitations but it is a well-established routine. Implementing a 
communication system for the tucks (similar to the LHDs’ WOLIS system) and finding a way to weigh 
the trucks would be beneficial for the mine. It would allow the flow of ore through the mine to be 
closely monitored. 

9.5 Impact on fragmentation 
Very few disturbances at the transportation level can be related to fragmentation. Those that occur 
are mainly boulders stuck in the chute, in the crusher or at the truck. Given the present overcapacity 
in the transportation level in Malmberget, no major problems can be foreseen. 

 



 

 
34 

  



 

 
35 

 

 

10. CRUSHING 

Crushing is the last operation in the underground mining process which affects or is affected by the 
fragmentation of the broken ore. The ore leaving the crusher should be small enough to meet the 
demands of the sorting plant. 

The information presented in this chapter has been gathered from internal mine, from visits to the 
mine, and from interviews with the personnel responsible for the crushers. 

10.1 Crushers at Malmberget 
There are six crushers active in Malmberget mine, each with the capacity to crush up to 3000 tonnes 
of ore per hour. The crushers are located at the haulage levels. The ore is trucked directly to the 
crusher or to a bin above the crusher. On haulage levels 600m and 815m, the ore is tipped directly 
from the truck into the crusher. Haulage levels 1000m and 1250m have bins into which the ore is 
tipped before it enters the crusher. 

The bins located above or below the crushers are the primary buffers for the mine. If there is a 
severe disturbance along the production chain, the buffers will keep production going for a limited 
time. This time can be used to remove the disturbance without completely stopping production.  

The total buffer capacity in the mine is 32950 tonnes in the eastern field and 7000 tonnes in the 
western field. The buffers underground are not the only buffers. At the surface, there is capacity for 
an additional 25000 tonnes in Lappkyrkan. With all the underground buffers filled, the mine can 
keep delivering ore to the sorting plant for approximately 24 hours. 

Disturbances that cause idle time for the crushers can be divided into three main groups; boulders, 
scrap metal and problems related to the crusher itself. There is also idle time related to 
maintenance. The most severe disturbances are caused by scrap getting stuck in the crusher. If a 
large piece of scrap metal is jammed in the crusher, it has to be cut away using blowtorches or 
similar equipment. There is also a risk that the crusher will be damaged when it stops suddenly. 

The biggest issue is insecurity about the future impact of scrap metal entering the crusher. 
Production is approaching areas in the mine where a great deal of rock support has been installed 
(rock bolts and nets) to ensure safe work conditions. 

10.2 Equipment 
The crushers used in Malmberget are the following: 

• 600m level: 1 Morgardshammar BS 1350 crusher 
• 815m level: 1 Morgardshammar BS 1350 crusher 
• 1000m level: 2 Morgardshammar BS 1350 crushers 
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• 1250m level: 2 Thyssen-Krupp BK63-75 crushers (Figure 10.1) 

 

Figure 10.1 Thyssen-Krupp jaw gyratory crusher (ThyssenKrupp, 2015) 

10.3 Data available 
Data are collected from the crushers by the controllers and in the IP21 system which records idle 
times and disturbances.  

The data acquired from the crushers are not used to give direct feedback on production. Exploiting 
these data could improve the knowledge of the process, making it possible to discover changes in 
the ore flow and make adjustments to counteract their effects. 

10.4 Impact on fragmentation 
Fragmentation related disturbances are caused by boulders building arches at the top of the crusher. 
This, in turn, causes smaller fragments to build up above the boulders. If the boulders are not 
loosened by the ore entering the crusher, they have to be removed manually using a hammer 
mounted on an excavator or a hook mounted on an arm installed next to the crusher. On very rare 
occasions, explosives are used to remove the blockage. This is a less common solution because of 
the risk of damaging the crusher. 

Fragmentation does not cause a large amount of idle time and is not considered an important 
problem.  
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11. HOISTING 

Hoisting means vertically transporting ore between different levels in a mine or from underground 
levels to the surface. The hoisting system consists of several different components such as conveyors 
and skips. The hoisting is the last operation that handles the ore before it leaves the mine and enters 
the plant located at ground level. The information presented in this chapter has been gathered from 
internal documentation from the mine and during visits at the mine and through interviews with 
personnel responsible for the hoisting system. 

11.1 Hoisting system 
The hoisting system in Malmberget mine consists of five shafts. The newest part of the system has 
two shafts connecting the new main level at 1250m with the older one at 1000m. The older part of 
the hoisting system has 2 shafts (Vitåforsschakten) from the 815m level to the surface. The bottom 
of Vitåforsschakten is connected to the 1000m level with a conveyor belt. In addition, the oldest 
shaft, Alliansschaktet, hoists ore from “Västra fältet” to the surface. A more complete view is 
presented in Appendix 7. 

11.1.1 Haulage level 1250m 

On the haulage level at 1250m, two identical crushing stations are located parallel to each other 
(Figure 11.1). The ore from the production areas is transported by truck and dumped at one of two 
dump position located above the crusher. When the ore is crushed, it is stored in ore bins under the 
crusher. Ore from both crushers feeds the conveyor belts located under them, ending at the skip 
station.  

11.1.2 Hoisting level 1250m 

Conveyor belts transport the ore to the skip which hoists the ore to haulage level 1000m where it is 
unloaded and stored in ore bins. From the bin, the ore is fed onto a conveyor belt that transports the 
ore up to the 815m level.  
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Figure 11.1 Schematic view of the hoisting system at level 1250m 

11.1.3  Haulage level 1000m 

The ore from the production areas on the 1000m level is transported by truck and dumped at a 
dump position located above two identical crushing stations located parallel to each other (see 
Figure 11.2). From the dump position, the ore is fed into the crusher. When the ore is crushed, it is 
stored in ore bins under the crusher. Ore from ViRi can also be fed directly into the crushing station. 
The crushers then feed a conveyor belt located beneath them.  

The ore from the 1250m level is discharged from the skip into two ore bins feeding the same 
conveyer belt as the crusher station. This conveyor belt is discharged onto a 1.7 km conveyor belt 
that transports the ore to haulage level 815m.  

 

 

Figure 11.2 Schematic view of the hoisting system at level 1000m 
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11.1.4 Haulage level 815m 

At haulage level 815m, two crushing stations are located parallel to each other (see Figure 11.3). 
Only one is still operational. The second has been removed and replaced by an ore pass for the ore 
hauled from level 1000m. 

A distribution table directs the crushed material hauled by one conveyor belt to another. The 
crushed ore is then fed into the crusher, along with ore from the production areas. After the ore has 
been crushed, it is stored in two buffers underneath the crusher. The ore is directed to either buffer 
by a distribution table. From the buffers, the ore is fed onto conveyor belts. Crusher B in Figure 11.3 
has been removed, and an orepass has been built in its place.  

 

Figure 11.3 Schematic view of the hoisting system at level 815m  

11.1.5 Hoisting level 815m 

At level 815m, four conveyor belts feed a measuring bin, which fills the corresponding skip; this, in 
turn, transports the ore to the buffer close to the sorting plant at the surface. 

11.2 Impact on fragmentation 
There are no recorded disturbances in the hoisting operation that can be related to fragmentation, 
but two other issues are of concern. First, the last skip system, bringing the ore from level 815m to 
the surface, is a bottleneck. Various solutions to increase the capacity are being investigated.  

Second, there is an increasing amount of scrap metal (bolts and mesh) caused by the increasing need 
for rock support. In general, this will increase with greater mining depth. A large magnet is currently 
installed at the conveyors below the crushers to pick up the scrap metal.   
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12. POTENTIAL IMPROVEMENTS AND FUTURE WORK 

This baseline mapping shows the mining operation in Malmberget is affected by fragmentation in 
several ways. For some unit operations, fragmentation has a large impact, while for others, it has 
none at all. The influence of fragmentation starts with the loading operation after the initial blasting 
and ends with crushing. For loading, boulders are the biggest problem, causing a lot of idle time 
when they have to be moved to a separate drift for secondary blasting or when they create hang-ups 
in the ore passes. When boulders are dumped into the ore passes they risk damaging the ore pass 
walls. If the boulders create a hang-up, it must be removed. If the hang-up has to be removed with 
explosives there is a risk of further damaging the ore pass; in addition, the toxic fumes created by 
the explosive hinder production because the ore pass must be ventilated. The hang-ups also affect 
transportation as the trucks cannot use an ore pass blocked by a hang-up or closed for ventilation of 
toxic fumes. There is a slight possibility that a boulder which does not get stuck in the ore pass will 
get stuck on a truck. The last operation affected by fragmentation is the crushing; boulders and large 
fragments risk creating a hang-up in the crusher. After the crusher, there are no reports of problems 
related to fragmentation. 

Fragmentation related problems are not the only ones uncovered during the baseline mapping. The 
salient issues can be divided into four areas; communication, collecting data, using data and ore 
passes. 

Communication is a well-known issue within the mine and has been noticed on several occasions 
during visits and interviews. As this has been known by the mine personnel a long time, the topic will 
get no further attention. 

Data are not collected at every operation in the mine. Large amounts of data are collected, 
including; production data from LHDs and trucks, MWD data, and drilling performance data from the 
production drilling. Useful data could be collected from the other operations but currently are not. 
The most notable area lacking data is rock condition; there is no detailed knowledge of the rock 
conditions. The mine’s biggest problem, ore passes, might have been avoided or at least its severity 
could have been diminished with knowledge about rock condition. The LHDs collect data on their 
performance; these data could be used to identify differences between the orebodies. The crushing 
operation has the potential to collect data from the crushers’ performance. Combining data from all 
operations could provide a way for the mine to adjust its production process to improve its 
performance. 

As mentioned above, large quantities of data are collected, especially through the production 
drilling. Not all these data are used; many are collected and stored. MWD data could be used to give 
a better knowledge of rock conditions and drill quality data could be used to adjust the charging 
operation after drilling. The drill quality data could also be used to improve the drilling by identifying 
problems with drilling performance. 

Given the present results, the following work is suggested for the continuation of the project: 
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Drilling: MWD data, drill quality data and filming of drill holes will be analysed in parts of the mine to 
determine the impact of the rock parameters on drill hole quality and evaluate the effects compared 
to errors caused by poor drilling accuracy. The test will use MWD data to map the rock mass 
properties and drill quality data to determine errors in drilling accuracy. It will determine the effects 
of the rock mass properties on final hole quality and shed light on the possibilities of using MWD 
data to predict problems when charging the holes and re-drilling.  

Loading: With increased restrictions on blasting induced vibrations, tests can be done on the effect 
of reducing the drill hole dimension. The specific charge in the rings will be the same, but the blast 
vibrations will be reduced; ideally, there will be a more homogenic distribution of the explosives in 
the ring. This may also affect the fragmentation in a positive way and reduce fragmentation related 
problems in the downstream processes (loading, ore passes, transportation, crushing etc.). A test 
will be performed on the effect of holes of different diameters. It will separate the ore loaded from 
the various holes to distinguish differences in LHD efficiency and crushing energy. Reduced cycle 
times should result in higher productivity and reduce the crushers’ energy consumption. 

LHD operators have observed differences in the loadability of different ore bodies. This difference is 
most likely due to different rock properties and fragmentation and may affect the downstream 
processes (loading, ore passes, transportation, crushing etc.). A test will be carried out in one area 
where the loading is easier and in another area where it is harder. The ore from both ore bodies will 
be followed through the processes, monitoring loadability, crushing energy and the working 
conditions of LHD operators. Reduced cycle time and increased bucket fill should result in increased 
productivity, and reduced crusher energy consumption should result in lowered energy costs. 

Ore passes: Ore passes are experiencing numerous production disturbances, as well as more 
permanent problems, such as total failure. Much of the information on how disturbances occur and 
the best way of removing them remains undocumented. Nor are the number of disturbances and 
where they occur recorded. Knowledge is confined to the operators handling the ore passes, both 
those currently working with them and those who have worked with them before. Obviously, this 
does not give a clear idea of the problems. The project will create a mapping based on interviews 
with present and former personnel. It will investigate the most common problems, how they occur, 
how often, reasons for them, how they can be handled etc. 

Crushing: The project will analyse crusher efficiency with respect to disturbances. More specifically, 
the crushers’ energy consumption will be used as an indicator of the rocks’ properties (hardness, 
fragmentation etc.). Performing this test may yield valuable information on loadability and 
fragmentation. The test will include developing technical solutions for estimating energy 
consumption based on data from the crusher systems. It will determine if and how data from the 
crusher are correlated to rock properties and fragmentation. It will also suggest how the data can be 
used as an indicator of production performance to improve productivity. Finally, it will give a full 
picture of all disturbances affecting crushers. 
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Appendix 1 
 

Length B 1230 mm (48.4”) 

Diameter C Ø 111 / 116 / 123 mm (4.4 / 4.6 / 4.8” 

Size D 64 mm (2.5”) 

Weight (excl. drill bit) 56.5 kg (124.6 lbs.) 

Bit diameter Ø 115 / 120 / 127 mm (4.5 / 4.7 / 5.0”) 

Operating pressure interval 60 - 180 bar (870 - 2 610 psi) 

Water consumption interval 130 - 354 l/min (35 - 94 USgpm) new to worn 

Frequency at maximum operating pressure 65 Hz (3 900 blows/min) 

Feed force, formation dependant 8 000 - 20 000 N (1 800 - 4 500 lbf 

Rotation speed, formation dependant 50 - 90 rpm 

Rotation torque, formation dependant 1 000 - 2 000 Nm (740 - 1 480 lbf-f) 

Drill pipe W Drill Pipe Ø 89 mm (3½”), Thread API 2 3/8’’ Re 

Recommended water pump WASP100,354 l/min (94 USgpm) @ 200 bar (2 900 psi) 

Bit shank Wassara 340 

 Specifications for LKAB Wassara’s In-The-Hole percussion hammer W100. (LKAB 
Wassara) 
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Summarised daily report for a drill rig. 
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Appendix 2 
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Appendix 3 
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Appendix 4 
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Appendix 5 

The handling of materials influences the profitability of the mining operation. The smooth 
performance of the ore passes is a vital component, and any interruption can affect profitability. The 
main components of the ore pass system are shown in Figure A5.1 (Hadjigeorgiou and Lessard, 
2007).  

 

Figure A5.1 Schematic of ore pass configuration (Hadjigeorgiou and Lessard, 2007). 

Infrastructure and screening of oversize material 
Dumping oversize materials to the ore pass could lead to interruptions, including hang-ups or 
blockage. This can be eliminated by using an appropriate screening infrastructure, such as scalper, 
grizzly or mantle, as shown in Figure A5.2. Using a scalper requires relatively high maintenance costs, 
as the large fragments could get stuck between the bars. Removing the large fragments by pushing 
them down could break or bend the bars. The broken bar could fall into the ore pass and cause a 
hang-up or get stuck in the crusher. Because the scalper has parallel bars, the large fragments can 
pass through and lead to a hang-up. The mantle is easy to construct but it is still possible for large 
fragments (more than 90 cm) to pass through it. The grizzly is considered the best option to 
eliminate the access of large fragments to the ore pass. The grid spacing is very critical in the grizzly. 
For instance, a great deal of plugging could occur if the grid opening is too small. Using a grizzly 
incurs fewer maintenance costs than other infrastructures (Hadjigeorgiou and Lessard, 2007). 
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Figure 5.2 Screening technique at dump points: (a) grizzly, (b) scalper, (c) mantle (Hadjigeorgiou and 
Lessard, 2007) 

Guidelines for ore pass dimensions as a function of fragmentation size 
According to Beus et al. (1998), the design of an ore pass depends on several structural and 
functional components which all affect each other. The structural components are mainly related to 
the stability of the ore pass walls, chutes and gates. The functional components are those 
concerning the flow of the ore and waste materials (Beus et al., 1998). 

The design of the ore passes can be optimised to minimise material flow problems, but even with a 
good design, most mines have interruptions in the flow (Hadjigeorgiou and Lessard, 2010). 
Guidelines for selecting the diameter of circular ore passes to ensure free flow are shown in Figure 
A5.3. These guidelines are based on the diameter (D) of the ore pass and the largest rock fragment 
size (d). During the design process, safety and operational issues should be considered as well. The 
available guidelines permit a large variation in the ratio of D/d, between 3 and 6, in ore pass 
dimensions to ensure free flow (Hambley, 1987). For instance, if the largest rock fragment expected 
to enter the ore pass is 1m,  the dimensions of the ore pass could be between 3 and 5m. Jenike 
(1961) suggests using the ratio D/d > 2 to allow free flow of the material where (d) is the 
intermediate dimension of the largest fragment rock size (Jenike, 1961). Numerical modelling by 
Hadjigeorgiou and Lessard (2007) shows the ratio of D/d should be > 2.78. 
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Figure A5.3 Guidelines to ensure free flow in an ore pass by selecting appropriate ore pass dimension (D) 
and largest rock block size (d) (Hadjigeorgiou and Lessard, 2007) 

Ore pass hang-ups 
Flow of the materials in the ore pass depends on the properties of the materials, including density, 
amount of fine materials, cohesiveness of fine materials, friction angle, distribution size, water 
content etc. Ideally, the ore passes should be kept empty and used only to transfer the materials. 
Problems could occur, such as hang-ups, if materials are stored (Hadjigeorgiou and Lessard, 2010). 
One study looked at more than 200 individual passes in underground gold mines in South Africa, 
specifically the passes at depths greater than 2000m; see Table A5.1. More than 50% of the passes 
had stability problems, and 16% had been abandoned (Joughin and Stacey, 2005). Another study, in 
Quebec, Canada, examined 153 ore passes and found interlocking hang-ups were more common 
than cohesive arches; see Table A5.2. About 38% (59 ore passes) did not show clear sign of 
degradation (Hadjigeorgiou and Lessard, 2005).  
Table A5.1 Status of ore passes in underground South African gold mine (Joughin and Stacey, 2005). 

ore pass 
Status  Length  
Good condition  48% (6350m) 
Poor condition  33% (4595m) 
Rehabilitated 3%(392m) 
Abandoned  16%(3074m) 
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Table A5.2 Level of enlargement caused by wall degradation in 153 ore passes in Quebec mines 
(Hadjigeorgiou and Lessard, 2005). 

Degree of degradation Ore pass sections 
Negligible 38.6% 
> 2x original volume 9.8% 
2x original volume  7.8% 
5x original volume  12.4% 
10x original volume  5.2% 
Not defined  26.1% 

Types of hang-ups  

The most common types of hang-ups in ore passes are the following (see Figure A5.5): 

• Hang-ups caused by interlocking arches 

These hang-ups occur when large fragments wedge themselves in the ore pass. A hang-up can form 
in any part of the ore pass. Formation of these hang-ups depends on both the distribution of the 
particle size and the maximum particle size (Szwedzicki, 2007).   

• Hang-ups caused by cohesive arches 

This type of hang-up results from the transfer of fine materials, specifically when these adhere to 
each other in the ore pass. The fine materials lose their ability to move or flow because of the 
cohesion. The cohesion could increase if the moisture content in the fine materials is high, or if the 
materials stop moving for a certain period (Szwedzicki, 2007).  

• Hang-ups caused by interlocking blocks and cohesion 

These hang-ups occur when large fragments and fine materials are dumped together into the ore 
pass. The interlocking of large fragments occurs first; the fine material accumulate around it, 
creating a cohesive arch. If water is seeping through the ore pass, the accumulated materials will 
likely get stiffer and more compact. This type of hang-up is considered the most problematic and will 
consume a lot of time and energy to release (Szwedzicki, 2007). 

• Hang-ups caused by mud slides 

These start with a cohesive arch hang-up. The mud slide occurs when water accumulates in the ore 
pass or chute.  The weight of the water will result in a sudden driving force, and the material rushes 
through the ore pass or chute. This either occurs when the cohesive hang-up is removed or by itself 
when material is drawn from the ore pass (Butcher et al., 2005). 
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Figure A5.4 Hang-ups caused by (a) interlocking arches, (b) cohesive arches (Hadjigeorgiou and Lessard, 
2005), (c) interlocking blocks and cohesion, and (d) mud slides (Hadjigeorgiou and Stacey, 
2013). 

Methods of releasing hang-ups  
Since any interruption in the flow of the materials has a direct influence on the whole mining 
operation, restoring the flow has priority. In case of the hang-up in the ore pass, the first step is to 
determine the location. Hang-ups can be located anywhere in the ore pass. Low level hang-ups can 
be located by a visual inspection or by using a pole with a mirror attached. High level hang-ups can 
be located by using balloons or poles or by drilling into the ore pass. The most common methods for 
releasing hang-ups in ore passes can be summarised as follows (Hadjigeorgiou and Lessard, 2010): 

Water based methods 

This is the preferred method for releasing cohesive hang-ups, as they are more difficult to release 
using explosives. The water should be used carefully to avoid the hazards of mud slides. The mine 
should have strict safety rules for pumping the water. The methods using water to release hang-ups 
in ore passes are: 

• Introduction of water from above the hang-up  

The water is pumped directly to the ore pass from the level above, as shown in Figure A5.5. The 
water content is increased in the clumped material, reducing its frictional forces. This can lead to a 
release of the hang-up and is applicable to hang-ups caused by cohesive arching. It is not 
appropriate for releasing hang-ups caused by the interlocking of coarse material. The advantage of 
this method is that explosives are not used, i.e. no delays in the production due to blast fumes and 
no blast damage in the ore passes. There is a risk of mud slides when pumping high quantities of 
water to release hang-ups, however. The bottom of the ore pass should be closed during the 
releasing of the hang-up. Opening the ore pass for re-entry should be started as soon as the hang-up 
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is fully released. This can be confirmed if water can flow freely through the ore pass. If this method 
fails to release the hang-up, another method should be used after the material has dried. 

 

 

Figure A5.5 Dislodging a hang-up by introducing water into the ore pass from above (Hadjigeorgiou and 
Lessard, 2010). 

• Introduction of water from a point below the blockage 

This method is used when there is a blockage or accumulation of materials in the chute and the draw 
point area of the ore pass. Most mines use this method to release a blockage near the chute. It is 
used to remove the blockage caused by cohesive arches; it is also effective for interlocking arches, as 
the fine materials are removed first, allowing the movement of the coarser material. The operator 
releases the blockage directly by using a hose with a nozzle (as shown in Figure A5.6) and pumps 
water between the interlocked material. This method should not be used if there is a risk for the 
operator after the blockage is released. In addition, the operator should be able to stand in a safe 
area during the process in case of a sudden release of the blockage. If this fails to remove the 
blockage, another method should be attempted. 
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Figure A5.6 Blockage release by introducing water from below (Hadjigeorgiou and Lessard, 2010) 

Explosive-based methods 

These methods are applicable when it is difficult to release hang-ups using water. Explosives are 
used to release the hang-ups with interlocking arches or when boulders are stuck in the chute or at 
the tipping area, even though the explosive can damage the ore pass and its infrastructures such as 
the chute. Delays may occur in the production after releasing the hang-ups, because the explosives' 
toxic fumes must be ventilated. The methods using explosives to remove hang-ups in ore passes are: 

• Restoring flow using drilling and explosive charges 

This method is applicable when hang-ups are located close to the tipping points. One or many holes 
are drilled in the oversize blocks, as shown in Figure A5.7. The holes are filled with explosives and 
the charges are detonated. In this manner, the oversize blocks are broken to create smaller 
fragments. This can lead to a release of the hang-up and assist an easier flow of the material in the 
ore pass. The main merit of this method is fewer workers are required and it is relatively easy to 
perform when a grizzly or scalper is installed. If the grizzly or scalper is not installed, the operator 
must be more careful during the drilling. Otherwise, the wedge blocks can suddenly loosen, putting 
the operator at serious risk. The drilling equipment is divided into two categories;  

• Portable electric percussion drill of the Hilti type when dimensions of the rocks do not 
exceed 1m3. In this case, low strength explosives are used to avoid damaging the 
surrounding infrastructures. 

•  Air-leg drill or a jumbo drill if the hang-up is easily accessed. In this case, high strength 
explosives are used. 
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Figure A5.7 Drilling in a large boulder wedged at the tipping point (Hadjigeorgiou and Lessard, 2010) 

• Restoring flow using Sputnik 

A Sputnik (Figure A5.8) is a device that allows an explosive charge to detonate close to a distant 
hang-up, as shown in Figure A5.9. This device can lift a maximum of 12 kg of explosives up to 100 m 
above the chute to the location of the hang-up. The Sputnik can be launched manually when the 
operator is protected by the chains, as shown in Figure A5.9. If the operator is exposed to risks in the 
working area, the launching should be done with an LHD, as shown in Figure A5.10. The use of a 
Sputnik is more successful in cases of hang-ups caused by interlocking arches but less successful in 
cases of cohesive arches as it might cause more compaction of the materials, making it more 
complicated to release the hang-up. This method is considered safe because the operator can 
perform it in an area not exposed to falling materials during the release of the hang-up. The main 
disadvantage is the delay resuming operation in the ore pass because of the need to ventilate the 
toxic fumes created by the explosives. 

 

Figure A5.8 Illustration of a Sputnik unit (Hadjigeorgiou and Lessard, 2010) 
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Figure A5.9 Manual positioning of a Sputnik unit (Hadjigeorgiou and Lessard, 2010) 

 

 

Figure A5.10 Remote positioning of a Sputnik using an LHD (Hadjigeorgiou and Lessard, 2010) 

• Hang-up release using blasting rods and explosive charges 

This method is carried out using rods made of aluminium, PVC or wood. The function of the rod is to 
push the explosives as close as possible to the hang-up, as shown in Figure A5.11. This method is 
suitable when the hang-up is located a maximum of 20 m above the control chains.  
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Figure A5.11 Dislodging a hang-up using pulsing poles and explosives (Hadjigeorgiou and Lessard, 2010) 

• Use of long-hole drilling and explosives 

This method is used when other methods such as Sputnik or rods cannot reach the hang-up. It can 
be performed by drilling one or many holes to the location of the hang-up, as shown in Figure A5.12. 
When the exact location of the hang-up is known, the holes can be drilled at a specific angle. The 
drill holes are preferred to dip downwards to minimise movement of the fine materials from the ore 
pass to the drill holes. This will help minimise the work required to clean and re-use the holes in the 
event of a future hang-up. When the holes are ready, the explosives are inserted and initiated. The 
disadvantages of this method are the following: the set-up is time consuming; serious damage can 
occur along the wall of the ore pass after the blasting especially if it is done several times at the 
same place; it is relatively costly compared with other methods. But it is considered a safer method, 
as the operator is not subjected to risks. As in other methods using explosives, the production of 
blast fumes results in a waiting time before production resumes.  

 

Figure A5.12 Drilling long-holes to a hang-up located high up in the ore pass (Hadjigeorgiou and Lessard, 
2010) 
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Rehabilitation of ore passes 
Rehabilitation is required for the ore pass when the deterioration has reached a limit which can 
affect the flow. The common ways to rehabilitate an ore pass are (Gardner and Fernandes, 2006):  

• Reinforcement of the current excavation in cases where deterioration is discovered early, or 
where enough of the pillar exists between the ore pass and adjacent excavations to provide 
stability. The purpose of the reinforcement is not to restore the original shape of the ore 
pass, but to help stopping the enlargement in size and maintain the shape of the ore pass.  

• Installation of tube and backfill where deterioration is severe or continuing, or where the ore 
pass has reached another excavation. By using a tube, the ore pass might return to its 
original size or even smaller, usually in the same location.  

Fill and redevelopment through fill is a variation of complete replacement. This requires filling the 
ore pass with cemented waste rock, followed by redevelopment through the fill, usually by raise 
boring. 
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Appendix 6 

Buffer capacity 
The buffer capacity for each crusher in Malmberget is as follows: 

• Level 1250m 
o Bins above the crushers: 2x1875 tonnes 
o Bins below the crushers: 4x3000 tonnes 

• Level 1000m 
o Bins above the crushers: 2x600 tonnes 
o Bins below the crushers: 2x1000 tonnes 

• Level 815m 
o No bins above the crusher 
o Bins below the crusher: 4x3500 tonnes 

• Level 600m 
o No bins above the crusher 
o Bins below the crusher: 2x3500 tonnes 

Specifications for gyratory crushers used in Malmberget 
Table A6.1 Specifications for gyratory crusher Morgardshammar BS 1350 

Mantle 
diameter 

Approx. feed 
opening 

Gyr. Per 
min 

Pinion 
RPM kW Ecc. 

Throw 
Capacity in m3/h open side 

setting 
 

      
100 125 150 200 250 

2100 
1350x3200 106 250 

350 24 480 630 780 1100 
 

2000 330 31 
  

920 1300 1700 

 

Figure A6.1 General description of Morgardhammar gyratory crushers 
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Specifications for Thyssen-krupp used in Malmberget 
Table A6.2 Specifications for jaw gyratory crusher Thyssen-Krupp BK63-75 (ThyssenKrupp, 2015) 

Jaw Gyratory 
Crusher Type 

Throughput [t/h] at open side setting OSS [mm] 

    130 150 170 185 200 

  [inch] Min. Max. Min. Max. Min. Max. Min. Max. Min. Max. 

BK 54 - 67 944 2,133 1,186 2,542 1,57 3,376 1,738 3,872 1,833 4,017 

BK 63 - 75 1,057 2,398 1,328 3,036 1,757 3,973 1,946 4,555 2,052 4,871 

 

Figure A6.2 Thyssen-Krupp jaw gyratory crusher (ThyssenKrupp, 2015) 
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Appendix 7 
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Appendix 8 

Hoisting system 
The following is a detailed description of the mines hoisting system and its components. 

Haulage level 1250m 

At haulage level 1250m, two identical crushing stations are located parallel to each other (Figure 
A7.1). Both crushers feed the same conveyor belts located beneath them. The conveyor belts 
transport the ore to the skip where it is hoisted to level 1000m.  

 
Figure A7.1 Schematic view of the hoisting system at level 1250 

Process flow for crusher MC012KR300 (A in Figure A7.1) 

The ore from the production areas is transported by truck and dumped at dump position 
MC012FI301 located above the crusher. From the dump position, the ore is fed to crusher 
MC012KR300 by feeder MC012MA301.  

When the ore is crushed, it is stored in buffers MC013FI310 and MC013FI320 underneath the 
crusher. The ore is directed to either buffer by distribution table MC012LU303 depending on the 
tonnage in the buffers. From buffer MC013FI310, the ore is fed by feeders MC013MA611 and 
MC013MA612 onto either conveyor belt MU013TR610 or conveyor belt MU013TR620. From buffer 
MC013FI320 the ore is fed by feeders MC013MA721 and MC013MA722 onto either conveyor belt 
MU013TR710 or conveyor belt MU013TR720.  

Process flow for crusher MC012KR400 (B in Figure A7.1) 

The ore from the production areas is transported by truck and dumped at dump position 
MC012FI401 located above the crusher. From the dump position, the ore is fed to crusher 
MC012KR400 by feeder MC012MA401.  

When the ore is crushed, it is stored in buffers MC013FI410 and MC013FI420 underneath the 
crusher. The ore is directed to either buffer by distribution table MC012LU403 depending on the 
tonnage in the buffers. From buffer MC013FI410, the ore is fed by the feeders MC013MA613 and 
MC013MA614 onto either conveyor belt MU013TR610 or conveyor belt MU013TR620. From buffer 
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MC013FI420, the ore is fed by the feeders MC013MA723 and MC013MA724 onto either conveyor 
belt MU013TR710 or conveyor belt MU013TR720. 

Hoisting 1250m 

Conveyor belts MU013TR610 and MU013TR620 transport the ore to skip MU009BE600 which hoists 
the ore to haulage level 1000m where it is unloaded and stored in buffer MU009FI601. From the 
buffer, the ore is fed by feeder MU010MA603 onto conveyor belt 610TR010.  

Conveyor belts MU013TR710 and MU013TR720 transport the ore to skip MU009BE700 which hoists 
the ore to haulage level 1000m where it is unloaded and stored in buffer MU009FI701. From the 
buffer, the ore is by with feeder MU010MA702 onto conveyor belt 610TR010.  

Haulage level 1000m 

At haulage level 1000m, two identical crushing stations are located parallel to each other (see Figure 
A7.2). Both crushers feed the same conveyor belt located beneath them. A 1.7 km conveyor belt 
transports the ore to haulage level 815m. 

 

Figure A7.2 Schematic view of the hoisting system at level 1000m 

Process flow for crusher 610KR100 (A in Figure A7.2) 

The ore from the production areas is transported by truck and dumped at dump position 640FI101 
located above the crusher. From the dump position, the ore is fed to crusher 610KR100 by feeder 
610MA101.  

When the ore is crushed, it is stored in a buffer underneath crusher 610FI103. From the buffer, the 
ore is fed by feeder 610MA103 onto conveyor belt 610TR010. Conveyor 610TR010 feeds conveyor 
610TR020 which hauls the ore to haulage level 815m. 

Process flow for crusher 610KR200 (B in Figure A7.2) 

The ore from the production areas is transported by truck and dumped at the dump position 
640FI201 located above the crusher. From the dump position, the ore is fed to crusher 610KR200 by 
feeder 610MA201.  

When the ore is crushed, it is stored in a buffer underneath crusher 610FI203. From the buffer, the 
ore is fed by feeder 610MA103 onto conveyor belt 610TR010. Conveyor 610TR010 feeds conveyor 
610TR020 which hauls the ore to haulage level 815m. 
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Haulage level 815m 

At haulage level 815m, two crushing stations are located parallel to each other (see Figure A7.3). 
Only crusher 18KR200 is still operational. Crusher 18KR100 has been removed and replaced with an 
ore pass for the ore hauled from level 1000m. 

 

Figure A7.3 Schematic view of the hoisting system at level 815m 

Process flow for crusher 18KR200 (A in Figure A7.3) 

Distribution table 18FD021 directs the crushed material hauled by conveyor belt 610TR020 to 
conveyor belt 18TR022. The crushed ore is fed into crusher 18KR200, along with ore from the 
production areas.  

When the ore is crushed, it is stored in two buffers underneath the crusher: 18FI210 and 18FI220. 
The ore is directed to either buffer by distribution table 18FD200 depending on the tonnage in the 
buffers. From buffer 18FI210 the ore is fed by feeder 18MA212 onto conveyor belt 18TR002 and by 
feeder 18MA211 onto conveyor belt 18TR001. From buffer 18FI220, the ore is fed by feeder 
18MA222 onto conveyor belt 18TR004 and by feeder 18MA221 onto conveyor belt 18TR003.  

Process flow for crusher 18KR100 (B in Figure A7.3) 

Crusher 18KR100 has been removed, and an ore pass has been built in its place. Distribution table 
18FD021 directs the crushed material hauled by conveyor belt 610TR020 to conveyor belt 18TR021. 
The crushed ore is then fed through the ore pass into the two buffers underneath,  18FI110 and 
18FI120. The ore is directed to either buffer by distribution table 18FD100 depending on the 
tonnage in the buffers. From buffer 18FI110 the ore is fed by feeder 18MA112 onto conveyor belt 
18TR002 and by feeder18MA111 onto conveyor belt 18TR001. From buffer 18FI120, the ore is fed by 
feeder 18MA122 onto conveyor belt 18TR004 and by feeder 18MA121 onto conveyor belt 18TR003. 

Hoisting 815m 

• Conveyor belt 18TR004 feeds measuring buffer 18MÄ004 which fills skip 10SK004. 
• Conveyor belt 18TR003 feeds measuring buffer 18MÄ003 which fills skip 10SK003. 
• Conveyor belt 18TR002 feeds measuring buffer 18MÄ002 which fills skip 10SK002. 
• Conveyor belt 18TR001 feeds measuring buffer 18MÄ001 which fills skip 10SK001. 
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Skips 10SK004 and 10SK003 hoist the ore to buffer 12FI058 at level 224m, and skip 10SK003 hoists 
the ore to buffer 12FI059 at the same level. From buffer 12FI058, the ore is fed to conveyor belt 
12TR001, and from buffer 12FI059 the ore is fed to conveyor 12TR002. The conveyor belts feed the 
ore into buffer 12FI005, and the buffer feeds it onto conveyor belt 12TR003 which hoists the ore to 
buffer 12FI003 (Lappkyrkan) at the surface. The next step for the ore is to enter the sorting plant. 
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