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Summary 
 

This report is part of the research project “Concept for fire and smoke spread prevention in 
mines”, conducted by a research group at Mälardalen University. 
 
The project is aimed at improving fire safety in mines in order to obtain a safer working 
environment for the people working for the mining companies in Sweden or for visitors in mines 
open to the public. 
 
This report deals with the second step in the project: the site inventory in operational mines. 
 
The main purposes of the inventory are: 

- To get a clear picture of the risks in the different mines. 
- To get a clear picture of the protective measures of each mine. 

- Optimize the choice of design fires for each mine. 
 
To find out what the present situation was at the operational mines, a site inventory was 
conducted at the two LKAB mines.  
The site inventories were conducted through actual visits to the specific sites and through e-mail 
correspondence with LKAB personnel responsible for the different sections and areas. During 
the inventories, predefined forms for each type of item were used in order to facilitate the work. 
The following items were examined: 

- Combustible materials in general, for example large amounts of wood. 

- Vehicles 

- Cables 
- Fire barriers 

- Ventilation systems 

- Extinguishing systems 
 
Besides the above items, earlier fires and fire incidents were also examined.  
As the two LKAB mines are tremendously large with a large amount of equipment etc, only the 
most common vehicles were listed and examined further. Also, only the sites with the largest 
amount of cables and other combustible materials were listed. 
 
The following conclusions were made based upon the findings of the inventory: 

- With respect to earlier fires and fire incidents for the two LKAB mines, the most 
common causes and the causes to focus on are: electrical cause, flammable liquid or 
material on hot surface, hot works and equipment running hot. 

- Both the production area and the infrastructure part should be regarded in the future 
studies as fires are almost identically frequent in both areas. 

- When it comes to combustible material in general, the amount of combustibles seems to 
be more frequent in the Malmberget mine. In the Kiruna mine, the places with wood and 
conveyor belts seems to be interesting enough for further investigation. Even though self 
extinguishing conveyor belts means a limited fire in size, the amount of smoke emitted 
can be quite extensive. Also the storage of tyres at the contractor’s depots could be 
worthwhile investigating due to the sensitive surroundings. 

- Regarding the Malmberget mine, the sites with wood combustibles, tyres and conveyor 
belts are all interesting for further investigation due to the large amount of combustibles 
and the surroundings.  

- With respect to flammable liquids:  
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 - The tank stations in the Kiruna and the Malmberget mine should be looked 
 into with respect to potential pool fires. 
 - The larger workshops and warehouses in the Kiruna mine and the Malmberget 
 mine should also be investigated with respect to pool fires. 
 - The crusher levels and draw points in the two mines should be investigated 
 with respect to spray fires. 

- The diesel tanks in the main ramps and the production areas should be 
investigated with respect to pool fires. 

 - The media drifts, distribution levels, shaft hoisting levels and pumping stations 
 should be investigated with respect to pool fires. 
- With respect to fire barriers, as the main ramps of each mine does not contain any fire 

barriers the impact of a vehicle fire in the main ramp would be interesting to investigate. 
It would also be interesting to validate the ventilation strategy in the Malmberget mine 
regarding preventing smoke spread to adjacent compartments. 

- With respect to vehicles, all the common heavy vehicles listed in this report would be 
worthwhile to try to reconstruct a possible fire scenario for each type of vehicle. The 
reason for this is to have better tools when working on possible scenarios of each mine.  

- Regarding cables, all listed sites with a high load of electrical cables would be interesting 
to investigate. Even though the immediate surroundings are not sensitive, an extensive 
smoke spread would make a large impact on a large portion of the mine.  

- When looking into the ventilation system of the Kiruna mine, both the mine production 
area and the infrastructure part should be investigated due to the differences in each 
system and their surroundings. Also, the difference in systems whether you are below or 
above level 775 should be considered. The function and impact of oversteering should 
also be included in the investigations.  

- The impact of a ventiflex PVC-tube being burned up on the fire behaviour in a 
production area should be investigated. The different fire scenarios in a production area 
depending on the position of the fire with respect to the ventilation should also be 
investigated.  

- One scenario should put the fire right at the end of the intake air tube, other scenarios 
should be at a certain length interval from the end of the intake air tube. The likelihood 
of the power cables to the intake and exhaust air fans being burned off should be looked 
into. The impact on the surroundings should also be investigated. The return air fan 
capacity should be examined with respect to fires, such as vehicle fires. 
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Preface 
 

This report is part of the research project “Concept for fire and smoke spread prevention in 
mines”, conducted by a research group at Mälardalen University. 
 
The project is aimed at improving fire safety in mines in order to obtain a safer working 
environment for the people working for the mining companies in Sweden or for visitors in mines 
open to the public. 
 
The following organisations are participating in the project: Mälardalen University, LKAB, Sala 
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1. Introduction 
 

Research regarding fire safety in mines has so far mainly been directed towards coal mines. Thus 
the need for recommendations, models, engineering tools etc for non-coal underground mines 
are in great demand. 
The aim of the current research project “Concept for fire and smoke spread prevention in 
mines” is to improve fire safety in mines in order to obtain a safer working environment for the 
people working for the mining companies in Sweden or for visitors in mines open to the public. 
The fire safety record in mines in Sweden is in general good with very few fire accidents 
occurred. The main reason is that there is a great awareness of the fire safety problems in mines. 
The awareness comes from the fact that escape routes from mines are generally limited. The 
reason why there is a limited amount of escape routes is that it is expensive to construct extra 
escape routes which are not a part of the tunnel mining system. The costs to build extra escape 
tunnels may be better spent on different safety equipment or systems for fire prevention or 
evacuation. Such systems can be ventilation systems, fire fighting equipment or rescue chambers 
located at different places in the mines. 
 
The output of the project will mainly consist of: performed tests, written reports and 
recommendations within the mining companies regarding fire safety work, recommendations and 
the engineering tools for calculation of fire development and smoke spread in mines, and the 
mathematical models and the test results for future validation. 
 
The project consists of different steps, where each step is based on results and knowledge from 
the earlier steps. The steps are: literature survey, inventory of technical and geometrical 
conditions, calculation of design fires and smoke spread, model and full scale tests and reports 
and recommendations. All results will be compared and evaluated against earlier experiences. 
 
This report deals with the second step in the project: the literature survey. 
 
The main purposes of the inventory are: 

- To get a clear picture of the risks in the different mines. 
- To get a clear picture of the protective measures of each mine. 

- Optimize the choice of design fires for each mine. 

 

1.1 Delimitation 

 

The inventory covers the LKAB mines in Kiruna and Malmberget in northern Sweden. As the 
two LKAB mines are tremendously large, with a large amount of equipment etc, only the most 
common vehicles were listed and examined further. Also, only the sites with the largest amount 
of cables and other combustible materials were listed. 
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2. Background 
 

The problems with fires in mines are similar to them in tunnels under construction. In case of 
fire, evacuation of people can be extremely difficult. Rescue operation is hard to perform when 
the attack routes often are equal with the possible path for smoke to reach the outside. The 
possibilities for a safe evacuation and a successful fire and rescue operation are strongly linked to 
the fire development and the smoke spread in these kinds of constructions.  
For mining companies the problems with evacuation and fire and rescue operations in case of 
fire are closely linked to policies, work environment protection and their systematic fire safety 
work. An accident not only can cause injuries, or in the worst case deaths, but also large costs due 
to production losses, reparations and loss in good-will.  
 
The fire safety problems in mines are in many ways very similar to the problems discussed in 
road, rail and metro tunnels under construction. There is usually a limited amount of escape 
routes and the only safe havens are the safety chambers consisting of steel containers with air 
supply within and rescue rooms which have a separate ventilation system and will withstand a fire 
for at least 60 minutes.  
The main problem with mines today is that they have become more and more complicated, with 
endless amount of shafts, ramps and drifts, and it is difficult to control the way the smoke and 
heat spread in case of a fire. The ventilation strategy is of the greatest importance in such cases in 
combination with the fire and rescue strategies. Since there are very few fires that occur, the 
experience of attacking such fires in real life is little. New knowledge about fire and smoke spread 
in complicated mines consisting of ramps is therefore of importance in order to make reasonable 
strategies for the personnel of the mining company and the fire and rescue services. The main 
experience from fighting mine fires comes from old coal mines, which are usually quite different 
in structure compared to mines in Sweden which mainly work with metalliferous rock products. 
In Sweden the mines consist of either active working mines with road vehicle traffic and elevator 
shafts for transportation of people and products or old mines allowing visitors. In some cases it 
is a combination of both types.  
As the mine industry is changing and the challenging techniques are developed, the measures to 
guarantee the safety of personnel need to be adjusted. The new technology means new types of 
fire hazards, which in turn requires new measures to cope with the risks. New equipment means 
new types of fire development. The knowledge about fire developments in modern mines is 
relatively limited. The fire development of vehicles transporting material inside the mines is 
usually assumed to be from ordinary vehicles, although the vehicles may be considerably different 
in construction and hazard. The difference may mainly be in the amount of liquid (e.g. hydraulic 
oil) and the size of the rubber tyres. 
 
A relatively straightforward conclusion here is that the need for improvements is great and so is 
the challenge ahead of us. 

 
2.1 The production in the LKAB mines 

 

Sublevel caving is the mining method used in LKAB’s mines. The crude ore is loaded to trucks 
or trains, crushed in a central crushing plant, and then hoisted to surface level for further 
processing by sorting-, concentrating- and pelletizing plants.  
Underground rail transports in Kiruna are remote-controlled, as are some other operations, for 
example, production drilling and loading. This degree of automation enables greater efficiency in 
process control.  
 
Kiruna 
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The ore body in Kiruna is a single, enormous slice of magnetite. It is about four kilometres long, 
has an average width of 80 meters and extends to an estimated depth of two kilometres. It is 
inclined at roughly 60 degrees.  
The main level is at a depth of 1045 meters below surface level. Mining of the ore body takes 
place between the 775 and 1045-meter levels. About 26 Mt of crude ore is mined each year.  
 
Malmberget 
 
The Malmberget mine consists of about 20 ore bodies, of which ten are currently mined. Most of 
the deposit consists of magnetite ore, but non-magnetic hematite also occurs. The present main 
level of the Malmberget mine is at a depth of 1000 meters. About 14 Mt of crude ore is extracted 
from the ore bodies each year.  
 
Development 
 
The first stage of mining is drift development. A drift is a tunnel that is driven into the rock. 
Development involves construction of new areas of the mine where ore can be extracted. A 
development project begins with construction documents prepared by the mine planning 
department. Each year, the mine planning department orders development work on the basis of 
the forecast demand for products as well as current knowledge of the status of the ore body.  
A development drift goes right through the ore body. Drifts are driven with electric-hydraulic 
drill rigs. For each charge, as many as 60 holes are drilled. Each hole is about 5 meters deep. 
When all the holes are drilled, they are charged with explosives.  
The charge is blasted at night. The loose ore is then hauled out by a front loader. This procedure 
is repeated until the entire development drift has been driven. The drifts can be up to 80 meters 
long. If necessary, the walls and ceiling of the drift are reinforced with rock bolts and/or 
shotcrete.  
When development is complete, i.e., when several drifts have been driven in the same area, the 
next stage of mining can begin; namely, production drilling.  
 
Production drilling 
 
Slices of ore are drilled up with remote-controlled production drilling rigs. From their control 
rooms, the operators (drillers) operate several drill rigs out in the production areas via remote 
control.  
The rig drills upwards into the ore, forming fan-shaped patterns of holes. There are 10 drill holes 
in each series. They are normally about 40-45 meters deep. The holes are straight, so that 
subsequent charging with explosive and blasting can be done efficiently. When a pattern of holes 
has been drilled, the rig is moved back three meters, and then drilling of the next pattern begins. 
About 20 of these patterns will be drilled in an 80-meter drift. Once drilling is completed in the 
entire drift, the holes can charged with explosive.  
 
Blasting 
 
A robot injects explosive into the drill holes in one pattern. The explosive is manufactured by 
LKAB’s own explosives company. Blasting is done every night. Each round brings down about 
10,000 tonnes of ore.  
When the blast has been ventilated, loading with wheeled loaders can begin. Then, the next 
pattern is charged, etc. The procedure is repeated until the entire drift has been mined out.  
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Loading 
 
Electric wheeled loaders load and carry the ore to vertical shafts (ore passes) located along the 
ore body. Each loader carries a bucket payload of 17-25 tonnes and tips its load down an ore 
pass. By gravity, the ore falls down to bins located just above the main level.  
In the Kiruna mine there are also electric loaders which are remote-controlled. The operator sits 
in front of monitors, in a control room, and 'drives' the machines in the production area. The 
machines navigate with the help of rotating lasers and reflectors on the walls of the drifts. 
Information, e.g., the position of the machine, is sent via a number of wireless base stations to 
the control system in the control room computer.  
 
Main-level haulage 
 
Kiruna 
  
The main level is at a depth of 1045 meters below surface level. Ore is tapped via remote control 
from the bins into railway cars. Driverless trains, consisting of an engine and 24 cars, haul the ore 
to one of four discharge stations.    
When the trains pass the station, the bottoms of the cars open; the ore falls down into a crusher 
bin and is then fed to one of four crushers. The ore is crushed into lumps of about 100 mm in 
diameter. Nine locomotives and about 185 cars are operated on the main level. Each train carries 
about 500 tonnes of ore.  
 
Malmberget  
 
Mining in Malmberget takes place at several different levels, since there are many ore bodies. The 
main haulage levels are at 600, 815 and 1000 meters. There are crushers at each level. 12 huge 
mine trucks, with payload capacities of 70 to 120 tonnes, are operated at these levels. The trucks 
are driven to vertical shafts. Drivers control loading from inside the cab of the truck.  
The fully-loaded truck is then driven to a discharge station and the ore is emptied into a crusher 
bin. The trucks are emptied sideways. This is also controlled from the cab of the truck. The ore is 
fed into the crusher and crushed into lumps of about 100 mm in diameter.  
 
Hoisting 
 
When the ore has been crushed it is carried by a belt conveyor to the ore elevators (skips). The 
ore is loaded to the skip automatically and hoisted, at a speed of 17 meters per second, up to 
processing plants at the surface. Each skip carries 40 tonnes of ore.  
In the Kiruna mine, hoisting is done in two stages: first, via one of four skips to level 775, where 
it is transferred and then carried up to the processing plants in one of six skips.  
In Malmberget, another method is used, since there are many ore bodies.  
From main level 1000, the crushed ore is hauled by a 1.7-km-long conveyor to a skip shaft at the 
815-meter level. From there, the ore is lifted to the surface by two skips. Final transport to the 
processing plants is via belt conveyor. There is also a crusher and hoisting station at level 600, for 
ore mined in the Western field, where there is also hematite ore.  
In both Kiruna and Malmberget, crushing and hoisting are monitored and controlled from 
control rooms.  
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Picture 1. The Kiruna mine. 
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Picture 2. The Malmberget mine.
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3. Method 
 

The method used during the work on the report was mainly through actual visits to the specific 
sites and through e-mail correspondence with LKAB personnel responsible for the different 
sections and areas. 
During the inventories, predefined forms for each type of item were used in order to facilitate the 
work. The forms are found in appendix 1.  
Some pictures were taken during the inventory work and are included in this report. The further 
work with the most common vehicles included contacts with the manufacturer in order to obtain 
additional information and possibly sketches of the vehicle in question.  
When working on the earlier fires and fire incidents, existing LKAB statistics were gone through 
and used. 
Information about existing fire barriers – besides performing actual visits – was also found in the 
earlier established fire protection documentation (in accordance with the new Swedish 
legislation).  
Existing plans with respect to where flammable liquid is stored were also studied.
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4. Earlier fires and fire incidents 
 

4.1 Kiruna 
 
The table below lists the fire incidents in the Kiruna mine during the period 2004-2007: 
 
Table 1. Fire incidents in the Kiruna mine. 
Date Incident  

required  
action 
from 

Place Evacuation Object and 
cause 

Injuries/ 
damages 

Additional  
info 

Sequence 

2004- 
02-25 

- Level 849; 
production 
area 16, 
drift 158.2 

No Electrical 
part; short-
circuit 

Electrical 
part 
burned 
up 

- Plugged in 
the electrical 
part, turned 
on the power 
and arcing 
occurred. 

2004-
03-04 

- Level 230; 
Hoist 
repair 
workshop 

No Filter; hot 
surface 

- - Filter had 
come loose 
and went into 
the fan part 
resulting in 
smoke being 
evolved 

2004-
04-28 

- Level 
1045; draw 
point 33 

No Cable; short-
circuit 

Melted 
cable 
coating 

- Short-circuit 
in a 400V 
electrical 
container, 
one phase 
running hot, 
whereas the 
coating of the 
cable had 
melted and 
emitted 
smoke 

2004-
04-28 

Personnel 
on the 
site 

Main ramp 
towards 
the 
entrance to 
the mine 

No Vehicle; hot 
surface 

- - Fire in a VW 
bus, engine 
started to pull 
in the main 
ramp, 
extinguished 
the fire with 
fire 
extinguisher 
and snow 

2004-
09-17 

Personnel 
on the 
site 

Level 878; 
mine 
production 
area 

No Cable; 
electrical 
fault 

- - Cable fire in 
loader (Toro 
567) 

2004- Personnel Level 878; No Hydraulic - - Drilling rigg 
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11-17 on the 
site 

road 34 pump; 
electrical 
fault 

BK303, 
flames 
occurring at 
the hydraulic 
pump for oil 
refill. Button 
for oil refill 
was stuck, 
running hot. 

2005-
01-03 

- Production 
area 9 

No Cable; short-
circuit 

- - During 
ongoing 
charging 
operation a 
1000V cable 
caught fire. 
The 
distribution 
box was 
incorrectly set 
or possibly a 
cable damage 

2005-
01-04 

- Production 
area 16 

No Electric 
power 
station; 
electrical 
fault 

- - When a Toro 
570 was 
connected to 
a mobile 
electric power 
station a fuse 
of the electric 
power station 
melted. When 
the electric 
power station 
was restarted 
a bang was 
heard and 
smoke was 
emitted.  

2005-
01-21 

- Production 
area 9 

No Distribution 
box; 
electrical 
fault 

- - Fire in a 
distribution 
box on a 
diamond 
drilling 
machine, 
probable 
cause is the 
contact. 

2005-
01-31 

- Media drift No Exhaust 
pipe; hot 
surface 

- - Charging 
vehicle 990 
was driven 
from the 
production 
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area to the 
explosives 
storage, when 
the vehicle 
had been 
parked smoke 
was seen 
being emitted 
from the 
vehicle. 
Probable 
cause was a 
rag on the 
exhaust pipe 
that caught 
fire. 

2005-
02-15 

- Level 775; 
workshop 

No Cable; 
incorrect 
grounding 

- - During the 
maintenance 
work on a 
Toro 593 the 
electrical 
cable to the 
fan motor 
was found to 
have been 
burned off. 
Probable 
cause was 
incorrect 
grounding 
during 
welding work. 

2005-
02-28 

Personnel 
on the 
site 

Media drift No Cabin (on 
vehicle) 

- - After the 
charging at 
the 
production 
area 33 (level 
878) with 
charging 
vehicle 993 
flames were 
discovered 
from the 
cabin. The 
charging 
vehicle was 
driven to the 
flushing pit 
and flushed 
with water 
until the fire 
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was 
extinguished. 

2005-
04-21 

- Production 
area 9 

No Feeding 
central; 
electrical 
fault 

- - Smoke was 
emitted from 
the feeding 
central. 
Probable 
cause was 
loose contact 

2005-
05-24 

Personnel 
on the 
site 

Media drift No Casing; hot 
works 

- - During the 
cutting of a 
nut for the 
main shaft to 
a crusher, 
sparks hit the 
casing that 
caught fire. 

2005-
08-24 

Personnel 
on the 
site 

Level 775; 
workshop 

No Turbo; hot 
surface 

- - A large 
amount of 
smoke was 
emitted from 
underneath 
the cab of 
charging 
vehicle Volvo 
718, the 
sprinkler 
system was 
activated and 
using a fire 
extinguisher a 
fire was 
prevented. 
Probable 
cause was a 
protection 
felt that had 
been placed 
wrongly 
during 
maintenance 
and covered 
the turbo. 

2005-
08-26 

Personnel 
on the 
site 

Level 320 No Engine; 
running hot 

- - Were 
supposed to 
lift a cable 
drum onto 
the truck 
platform, the 
drum was too 
heavy and the 
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back of the 
vehicle hit the 
roof of the 
drift and 
flattening the 
exhaust pipe. 
The engine 
got hot and 
was over 
heated and 
resulting in a 
fire in the 
engine. 

2005-
09-15 

- Level 640; 
production 
area 9 

No Cable; 
electrical 
fault 

- - Cable fire at a 
splice on the 
cable to a 
Toro loader. 
The fire 
occurred 
during the 
loading. 

2005-
10-06 

- Production 
area 45 

No Chain feeder; 
running hot 

- Fire 
investigation 
exists 

A chain 
feeder 
running hot 
on a charging 
vehicle. 
Flames 
occurred for 
a few seconds 
and then self 
extinguished. 
Probable 
cause was 
over heating 
in some part 
of the chain 
case. 

2005-
10-12 

- Main 
ramp; road 
16 

No Cable; hot 
surface 

- - Flames came 
out from the 
side of the 
charging 
vehicle. The 
vehicle 
stopped and 
the lights 
went out. 
Probable 
cause was 
short-
circuiting; the 
cable from 
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the main 
switch had 
fallen down 
on the 
exhaust pipe 
and burned 
off. 

2005-
11-01 

- Production 
area 28 

No Distribution 
box; short-
circuit 

- - Were 
supposed to 
turn the 
power of the 
machine off, 
when the 
arcing in the 
box occurred.  

2005-
12-19 

- Level 1060 No Leading in; 
short-circuit 

- - Smoke was 
emitted from 
the leading in 
on a diamond 
drilling 
machine 125 
amps fuse. 
Probable 
cause was a 
loose contact 
between 
electrical part 
and leading in 
on the 
machine. 

2006-
01-10 

- Production 
area 16 

No Cable; short-
circuit 

- - Cable to 
loader caught 
fire in 
longitudinal 
drift. 

2006-
02-20 

- U-NIO No Noise-heat 
protection; 
hot surface 

- - The noise-
heat 
protection in 
a charging 
vehicle came 
loose and fell 
down on the 
exhaust 
system and 
started to 
glow and 
emitting 
smoke. 

2006-
03-18 

Personnel 
on the 
site 

Main 
ramp; road 
16 

No Engine 
compartment 
; fuel leakage 

- - When driving 
the bus a fire 
occurred in 
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the engine 
compartment. 
A distributor 
pipe started 
to leak fuel. 
The fire was 
put out using 
a fire 
extinguisher. 

2006-
04-26 

- Production 
area 25 

No Cable; short-
circuit 

- - When turning 
the switch for 
cable A in the 
container, the 
cable started 
burning after 
10 seconds. 

2006-
05-23 

Personnel 
on the 
site 

Road 21 No Turbo; hot 
surface 

- - Fire in a 
loader where 
a large 
amount of 
smoke was 
emitted as oil 
was sprayed 
on a hot 
surface. 
Probable 
cause was a 
broken turbo 
that caused 
an oil leakage 
into the 
exhaust 
system where 
the oil caught 
fire.  

2006-
05-28 

- Level 878; 
production 
area 37 

No Cable; short-
circuit 

- - Short-circuit 
in the high 
voltage. 

2006-
08-08 

Personnel 
on the 
site 

Level 878; 
production 
area 25 

No Cable; short-
circuit 

- - Were loading 
when the 
cable to the 
Toro 602 
caught fire. 
Put out the 
fire with a 
fire 
extinguisher. 

2006-
10-16 

- Level 740; 
media drift 

No Noise 
insulation; oil 
spill 

- - Smoke was 
emitted from 
noise 
insulation 
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behind the 
cab of the 
charging 
vehicle, 
caused by oil 
spill. 

2006-
10-22 

- Level 714; 
production 
area 12 

No Cable; short-
circuit 

- - A Toro 597 
loader was 
started but 
then went 
dead; at the 
same time the 
cable to the 
loader started 
emitting 
smoke. 

2006-
12-04 

- Level 500; 
road 16 

No Turbo; hot 
surface 

- - Smoke being 
emitted. 
Probable 
cause was oil 
on the turbo. 

2006-
12-13 

- Level 740; 
media drift 

No Start engine; 
short-circuit 

- - Fire in the 
start engine 
on a charging 
vehicle Volvo 
FM9. 

2007-
02-01 

- Main 
ramp; road 
22 

No Cable; short-
circuit 

- - Fire in a 400 
V cable with 
fans as load, 
probably due 
to damage on 
the cable that 
caused it to 
run hot and 
evolve into a 
fire. 

2007-
02-27 

- Level 907; 
production 
area 33 

No Distribution 
box; short-
circuit 

- - When 
switching on 
a fan, the 
distribution 
box caught 
fire. Probable 
cause was 
moisture 
entering the 
distribution 
box. 

2007-
09-11 

Personnel 
on the 
site 

Level 907; 
production 
area 33 

No Cable; short-
circuit 

- - The cable lay 
on the 
ground about 
30 m from 
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the machine 
and caught 
fire in a 
splice. 
Switched off 
the power 
and put out 
the 
smouldering 
fire using 
slings. 

2007-
10-14 

- Production 
area 45 

No Capacitor 
fans; oil 

- - The 
workshop 
was notified 
that the fuses 
to the air-
conditioning 
fan melted 
constantly on 
loader 598. 
When 
working on 
the 
malfunction, 
the lid to the 
climate 
system was 
opened and 
plastic smoke 
was emitted. 
During an 
examination 
it was 
discovered 
that it had 
burned with 
high 
temperatures 
in the box. 
Both 
capacitor fans 
had burned 
and the box 
was full of 
oil. 

 

4.2 Malmberget 
 
The table below lists the fire incidents in the Malmberget mine during the period 2004-2007: 
 
Table 2. Fire incidents in the Malmberget mine. 
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Date Incident  
required  
action 
from 

Place Evacuation Object and 
cause 

Injuries
/ 
damage 

Other  
info 

Sequence 

2004- 
03-09 

- - No Engine 
compartment 
; short-circuit 

- - Short-circuit 
in the engine 
compartment 
on a vehicle. 

2004-
05-03 

Personnel 
on the 
site 

- No Cable; hot 
works 

- - Were cutting 
with gas. A 
bolt fell down 
on a cable 
tray and a 
cable caught 
fire. 

2004-
09-14 

Personnel 
on the 
site 

- No Engine part; 
oil leak/hot 
surface 

- - Oil leaked 
onto a hot 
surface. The 
vehicle was a 
Jama scaler. 

- - - No Diesel 
generator; 
short-circuit 

- - Short-circuit 
in a diesel 
generator to a 
loader. 

2005-
01-04 

Personnel 
and the 
industrial 
fire 
brigade 
on the 
site. 

Level 962; 
Alliansen 

No Engine; 
short-circuit 

- Incident 
report 
exists. 

Scaler rig 
Bask had a 
fire around 
the engine. 
The fire was 
caused by 
short-circuit. 
The fire was 
put out by the 
industrial fire 
brigade. 

2005 - Level 1000 No Fuse box ; 
short-circuit 

- - During 
maintenance 
work on the 
engine, short-
circuit 
occurred in 
the fuse box. 
Smoke was 
emitted. 

2005 Personnel 
on the 
site 

Level 932; 
Alliansen 

No Loader - - Toro loader 
started 
emitting 
smoke but 
was quickly 
stopped when 
the driver 
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activated the 
extinguishing 
system. 

2005 Personnel 
and 
industrial 
fire 
brigade 
on the 
site. 

Level 906; 
ViRi 

No Loader Person 
inhaled 
smoke. 

Incident 
report 
exists. 

The driver on 
a loader 
discovered 
smoke from 
the rear part 
of the vehicle. 
He alerted the 
industrial fire 
brigade, 
activated the 
extinguishing 
system and 
used a fire 
extinguisher. 
The fire was 
put out and 
he then left 
the area to 
meet up with 
the arriving 
fire brigade.  

2006-
02-03 

- Level 815; 
workshop 

No Interior 
heater 

- - Smoke being 
emitted from 
the interior 
heater on a 
vehicle. 

2006-
02-16 

- Shaft No Fan; 
electrical 
fault 

- - During the 
start up of a 
fan a fire 
occurred. 

2006-
06-10 

Personnel 
on the 
site. 

Level 815; 
workshop 

No Loader; hot 
works 

- - Fire occurred 
during cutting 
out of a 
mechanical 
part. Grease 
and lubricant 
involved. 

2006-
07-27 

Personnel 
on the 
site. 

Level 400 No Relay 
interlocking 
plant; 
electrical 
fault. 

- - A bang 
occurred 
when a switch 
was activated 
in a relay 
interlocking 
plant. Fire 
occurred in an 
electrical 
compartment 
but could 



 25

quickly be 
extinguished 
with a fire 
extinguisher. 

2006-
08-03 

Personnel 
and 
industrial 
fire 
brigade 
on the 
site. 

Level 790; 
Alliansen 

Total 
evacuation 
of the mine. 

Drilling rigg - Incident 
report, 
fire 
investigati
on and 
photos 
from the 
site exist. 

Fire in a 
drilling rigg 
(Atlas Copco) 
in a service 
drift. Large 
amount of 
smoke 
emitted, total 
evacuation of 
the mine. 
There were 
gas bottles in 
the drift 
which 
hampered the 
rescue 
operation. 

2006-
10-24 

- Level 300; 
Malmberget 

No Cable; arcing - - During 
cleaning the 
excavator 
came in 
contact with a 
high voltage 
cable. Arcing 
occurred, 
resulting in a 
cable fire. 

2007-
01-29 

Personnel 
on the 
site. 

Main ramp; 
level 815-
1000 

No Turbo; turbo 
breakdown 

- - Turbo 
breakdown on 
a lorry. Large 
amount of 
smoke 
emitted. Fire 
was put out 
by the driver. 

2007 Personnel 
on the 
site. 

Level 1000; 
pump-
station 

No Compressor - - The fire was 
put out with a 
fire 
extinguisher. 

2007-
04-08 

Personnel 
on the 
site. 

Level 902; 
Alliansen 

No Cable; 
electrical 
fault 

- - A loader hit a 
high voltage 
cable with the 
scoop. Flames 
occurred. The 
driver 
extinguished 
fire with fire 
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extinguisher. 
2007-
06-05 

- Level 400; 
Baron 

No Contactor; 
electrical 
fault 

- - Arcing from 
engine 
protection. 
Contactor 
burned up. 

2007-
08-10 

Personnel 
on the 
site. 

Level 815; 
LHD 
workshop. 

No Loader - Incident 
report 
exists. 

Fire in a 
loader in the 
workshop. 
Personnel on 
the site put 
out the fire. 

2007-
11-02 

Personnel 
and 
industrial 
fire 
brigade 
on the 
site. 

Main ramp; 
level 450. 

No Rear shaft; 
running hot. 

- Incident 
report 
exists. 

A fire 
occurred in 
the rear shaft 
on a concrete 
lorry in main 
ramp. 
Probable 
cause was the 
cardan shaft 
running hot. 
The fire was 
put out by 
driver and the 
vehicle was 
cooled down 
by the fire 
brigade 
before towing 
the vehicle. 

2007-
08-20 

- Parta No Between 
beam fixing 
point 

- - Smaller fire 
between beam 
fixing point 
beneath the 
cab. Fire put 
out by fire 
extinguisher. 

2007-
08-23 

- Level 600 No Solenoid 
valve 

- - A fire 
occurred in a 
solenoid valve 
during 
transport. The 
fire was put 
out when the 
machine 
stopped. 

2007-
08-27 

Industrial 
fire 
brigade 
on the 

Level 930; 
ViRi 

One person 
had to 
evacuate. 

Loader - - Fire in a 
loader. The 
driver had to 
evacuate. Fire 
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site. was put out 
by the fire 
brigade. The 
ViRi area 
between level 
815 and 930 
had to be 
evacuated. 

2007-
09-08 

Industrial 
fire 
brigade 
on the 
site. 

Level 978; 
ViRi 

No Shotcrete 
gun 

- - Fire in a Jama 
shotcrete gun. 
Caught fire 
while parked. 
Fire was put 
out by the fire 
brigade. Parts 
of the ViRi 
area were 
filled with 
smoke. 
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5. Combustible material in general 
 

5.1 Kiruna 
 
In the Kiruna mine larger amount of wood are found at the 1045 level (a larger shed), at each 
draw area a smaller shed for the loading personnel is found and at the 540 level a storage shed is 
found at the mining construction group. In the mining museum at level 540 some wooden 
constructions – such as older huts – are found. 
In most of the warehouses, wooden pallets with occasionally wooden frames are found. 
Smaller amount of tyres are found at the 740 and the 775 level, being stored at the depots of the 
contractors. 
Conveyor belts (self extinguishing) are found at the 833, 898 and the 1110 level. 
 
Larger amounts of flammable liquids are found in the following places: 
- In workshops at level 540, 775 and 1045: hydraulic oil, grease, engine oil etc. 
- Diesel is handled at fuel stations at level 650, 740, 775, 833, 897, 910, 1028 and 1045.  
- In warehouses at level 775 are larger amounts of oils and diesel found. 
- Media drift: diesel tanks (~3-6 m³), containers with engine oil, hydraulic oil (~2 m³) and washer 
fluid (a few hundred litres). 
- Main ramps: diesel tanks (~3-6 m³). 
- Pumping stations: a few hundred litres of diesel and oil. 
- Crusher level: container underneath every crusher with hydraulic oil and grease under pressure 
(~1-2 m³); oil and grease depot in crusher hall (~3 m³). 
- At every draw point: a hydraulic container (~1 m³ hydraulic oil). 
- Distribution level (level 1110): various types of oil (hydraulic, transmission etc.) ~2 m³. 
- Shaft hoisting level (level 740): various types of oil (hydraulic, silicon, transmission etc.) ~3 m³. 
 
Acetylene gas is found throughout the whole mine, either as single bottles or included in a 
centralized system using pipes. 

 

5.2 Malmberget 
 
In the Malmberget mine larger amount of wood are found in the Malmberget shaft, the Baron 
shaft, the Uppland shaft and the Allians shaft. In all the cases the stairs in the shafts are found to 
be composed of wood. At the Josefin level 487 some wooden benches are found.  
In most of the warehouses, wooden pallets with occasionally wooden frames are found. 
In the workshops at the 600 level, the 815 level and the 1000 level large amount of tyres are 
stored. At the workshop at the 1000 level, the tyres are stored inside steel containers.  
Conveyor belts (self extinguishing) are found at the loading areas to the hoists of the Allians level 
672 and the Malmberget level 890, at the larger transport drifts between M1000 and the crushes 
at the 815 level and at the hoists at the Malmberget 278 level to the Lappkyrkan. 
 
Larger amounts of flammable liquids are found in the following places: 
- Fuel stations at level 815 and 1000 (~40 m³ diesel). 
- In workshops at level 600, 815 and 1000: hydraulic oil, grease, engine oil etc. 
- In warehouses at level 600 and 815 are larger amounts of oils and diesel found. 
- Main ramps: diesel tanks (~3-6 m³). 
- Production areas: diesel tanks (~3-6 m³). 
- Pumping stations: a few hundred litres of diesel and oil. 
- Crusher level: container underneath every crusher with hydraulic oil and grease under pressure 
(~1-2 m³); oil and grease depot in crusher hall (~3 m³). 
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- At every draw point: a hydraulic container (~1 m³ hydraulic oil). 
- Shaft hoisting level: various types of oil (hydraulic, silicon, transmission etc.) ~3 m³. 
 
Acetylene gas is found throughout the whole mine, either as single bottles or included in a 
centralized system using pipes. 
 

 
 
Picture 3. Wooden benches at Josefin level 487 (Malmberget mine). 
 

 
 
Picture 4. Wooden construction in the Malmberget shaft.
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6. Vehicles 
 

6.1 Kiruna 
 
The following four types of heavy vehicles were found to be the most common types of heavy 
vehicles used in the Kiruna mine: 
- Toro 2500E (16 vehicles). 
- Scania P94 (5 vehicles). 
- Jama SBU 8000 (4 vehicles). 
- Simba W469 (3 vehicles). 
 
Examining further the four types of vehicles above, the following data were obtained:  
 
Simba W469: [1] 
Fuel tank: 130 l 
Hydraulic oil tank: 385 l 
 
Oil: 
Diesel engine: 15 l 
Hydraulic transmission: 30 l 
Axle beam side: 23 l 
Axle, engine side: 23 l 
 
Dimensions on tires: 
14.00 x 24 (XKA Michelin) 
 
Length during transport: 13 m 
Length during drilling operations: 14.1 m 
Width and height: 3 m 
 
Weight: 40 ton 
 
Toro 2500E: [2] 
Hydraulic oil tank: 800 l 
 
Dimensions on tires: 
40/65-39 D-LUG L5 56 ply 
 
Dimensions: see Appendix 2 
 
Operating weight: 77.5 ton 
Total loaded weight: 101.6 ton 
 
Jama SBU 8000: 
Hydraulic oil tanks: 700 l 
Fuel tank: 250 l 
Hydraulic transmission: 30 l 
 
Oil, forward shaft: 20 l 
Oil, rear shaft: 20 l 
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Tires: 14.00x24 
 
Dimensions: see Appendix 3 
 
Scania P94: [3] 
 
Cab dimensions: 
Height: 2.79 m 
Width: 2.43 m 
Length: 1.99 m 
 
Hydraulic oil tank: 50 l 
Fuel tank: 200 l 
 
Tires: 295/80 R22.5 
 
See appendix 4 for more details. 

 
6.2 Malmberget 

 
The following eight types of heavy vehicles were found to be the most common types of heavy 
vehicles used in the Malmberget mine. 
- CAT Elphinstone (7 vehicles). 
- Scania P92M (5 vehicles). 
- Volvo FH12 8x4 (5 vehicles). 
- Simba W469 (5 vehicles). 
- Jama SBU 8000 (5 vehicles). 
- Volvo FM12 6x4 (4 vehicles). 
- Toro 0011 (3 vehicles). 
- Ljungby L14 (3 vehicles). 
 
The data on the Simba W469 and Jama SBU 8000 are found above as it is among the most 
common types of vehicles in the Kiruna mine as well. The following data were found for the 
other six types of vehicles:  
 
CAT Elphinstone: [4] 
Hydraulic oil tank: 140 l 
Fuel tanks: 854 l + 571 l 
 
Tires: 35/65-R33 
 
Width: 3.454 m 
Height: 2.996 m 
Length: 11.483 m 
 
Weight: 56 ton 
 
See appendix 5 for more details. 
 
Volvo FH12 8x4: [5] 
Hydraulic oil tank: 150 l 
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Fuel tank: 330 l 
 
Tires: 13-22,5 
 
Cab dimensions: 
Height: 3.2 m 
Width: 2.55 m 
 
Length: 9.5 m 
 
Volvo FM12 6x4: [5] 
Hydraulic oil tank: 150 l 
Fuel tank: 330 l 
 
Tires: 13-22,5 
 
Cab dimensions: 
Height: 2.9 m 
Width: 2.55 m 
 
Length: 8.5 m 
 
Toro 0011: [2] 
Hydraulic oil tank: 450 l 
Fuel tank: 620 l 
 
Tires: 35/65-R33 DL L-5, Bridgestone 42 ply 
 
Dimensions: see Appendix 6 
 
Operating weight: 56.8 ton 
Total loaded weight: 77.8 ton 
 
Scania P92M: [3] 
 
Cab dimensions: 
Height: 2.79 m 
Width: 2.43 m 
Length: 1.99 m 
 
Hydraulic oil tank: 50 l 
Fuel tank: 200 l 
 
Tires: 295/80 R22.5 
 
See appendix 4 for more details. 
 
Ljungby L14: [6] 
Hydraulic oil tank: 210 l 
Fuel tank: 255 l 
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Tires: 20,5-25 
 
As no general dimensions were found specifically for Ljungby L14, it was decided to go ahead 
with the dimensions of Ljungby L15 as the differences in dimensions between the two models 
are very small: 
Width: 2.515 m 
Height: 3.27 m 
Length (excluding bucket): 4.515 m 
 
Weight: 16 ton 
 
See appendix 7 for more details (Ljungby L15). 
 
Besides the listed vehicles above for Kiruna and Malmberget, it was also decided to include 
another drilling rigg in the inventory as the three types of vehicles that are most common in fires 
are: loaders, service vehicles and drilling riggs. The drilling rigg Rocket Boomer was selected and 
the following data was found: 
 
Fuel tank: 110 l 
Hydraulic oil tank: maximum 390 l, minimum 290 l 
 
Dimensions on tires: 
14.00 x R24 
 
Length during drilling operations: 14.565 m 
Width: 2.55 m 
Height: 3.179 m 
 
Weight: 38-39 ton 
 
See appendix 8 for more details.
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7. Cables 
 

7.1 Kiruna 
 
In the Kiruna mine a large amount of cables are found: 
- In the media shaft where the amount of cables are very high due to the protection of 
redundancy. 
- At the 740 and 775 level (relay interlocking plant). 
- At the 1045 level (relay interlocking plant at the track level). 
- At each pumping station in the mine. 
- At each draw point at train level. 
- At the 898 and 1110 level (intermediate level between the two hoisting systems). 
- At the 1078 level (crushing level). 
 
The Halogenated cable type dominates in the Kiruna mine. 

 

7.2 Malmberget 
 
In the Malmberget mine the larger concentrations of cables are found in the large shafts and at 
the larger signal cabins: 
- At the Malmberget 600 level (relay interlocking plant). 
- At the Malmberget 815 level (relay interlocking plant). 
- At the M1000 level (relay interlocking plant). 
- In the media shaft. 
 
The halogenated cable type dominates in the Malmberget mine (compared with the non-
halogeneted cable type), but papercable with tar and oil are also found in the media shaft (as the 
cables are from the period 1950-2008). 
 

 
 
Picture 5. Relay interlocking plant at the Malmberget level 815. 
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Picture 6. Relay interlocking plant at the Malmberget level 1000.
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8. Fire barriers 
 

8.1 Kiruna 
 
The table below lists the fire barriers that are found in the Kiruna mine: 
 
Table 3. The existing fire barriers in the Kiruna mine. 
Compartment Level Fire rating Plan number 
Relay interlocking 
plant 

230 EI60 1040361 

Hydraulics container 230 EI60 1040361 
Relay interlocking 
plant 

275 EI60 1040362 

Relay interlocking 
plant 

275 EI60 1040362 

Relay interlocking 
plant 

524 EI60 1040364 

Transformer 
compartment 

524 EI60 1040364 

Assembly hall 540 EI60 1040365 
Visitors mine 540 EI60 1040365 
Mining museum 540 EI60 1040365 
Shaft hoisting level 740 EI60 1040369 
Relay interlocking 
plant 

740 EI60 1040369 

Cable vault 740 EI60 1040369 
Tone filter 740 EI60 1040369 
Relay interlocking 
plant 

Y20 EI60  

Level 775 towards the 
main ramp 

775 EI60 1040371 

Oil storage 775 EI60 1040371 
Canteen (including 
ventilation 
compartments) 

775 EI60 1040372 

Control system room 
(including offices) 

775 EI60 1040372 

Offices 775 EI30 1040372 
Relay interlocking 
plant 

775 EI60 1040372 

Fan room at the 
canteen 

775 EI60 1040372 

Elevator shaft 775 EI60 (is opened 
towards level 898 but 
otherwise sealed) 

 

Relay interlocking 
plants (2) 

802 EI60  

Cable vaults (2) 802 EI60  
Relay interlocking 
plants (containers) 

833 EI60 1040375 
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Relay interlocking 
plant 

898 EI60 1040376 

Relay interlocking 
plant 

898 EI60 1040376 

Relay interlocking 
plant 

966.9 EI60  

Level 1045 towards 
the main ramp 

1045 EI60 1040379 

Relay interlocking 
plant 

1045 EI60 1040379 

Oil storage 1045 EI60 1040379 
Relay interlocking 
plant 

1078 EI60 1040379 

Cable vault 1078 EI60 1040379 
Hydraulics container 
(4) 

1078 EI60 1040379 

Level 1110 towards 
the main ramp 

1110 EI60 1040381 

Relay interlocking 
plant 

1110 EI60 1040381 

Level 1121 towards 
the main ramp 

1121 EI60 1040382 

Level 1180 towards 
the main ramp 

1180 EI60 1040383 

 

 

8.2 Malmberget 
 

The table below lists the fire barriers that are found in the Malmberget mine: 
 
Table 4. The existing fire barriers in the Malmberget mine. 
Compartment Level Fire rating Plan number 
Canteen 500 EI60 1-3354-03701 
Conference room & 
offices 

500 EI60 1-3354-03701 

Relay interlocking 
plant 

600 EI60 1-3354-03703 

Oil storage 600 EI60 1-3354-03703 
Workshop (vehicles) 600 EI60 1-3354-03703 
Pump station 600 EI30 1-3354-03703 
Oil storage 600 EI60 1-3354-03704 
Switch room 815 EI60 1-3354-03705 
Relay interlocking 
plant 

815 EI60 1-3354-03705 

Cable vault 815 EI60 1-3354-03705 
Storage compartment 
at the loader 
workshop 

815 EI60 1-3354-03705 

Control system room 815 EI60 1-3354-03705 
Oil storage 815 EI60 1-3354-03705 
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Workshop 815 EI30 1-3354-03705 
Workshop 1000 EI30 1-3354-03708 
Relay interlocking 
plant 

1000 EI60 1-3354-03708 

Communications 
compartment 

1000 EI60 1-3354-03708 

System room 1000 EI60 1-3354-03708 
Cable vault 1000 EI60 1-3354-03708 
Pump station 1000 EI30 1-3354-03708 
Refuge chamber 1000 EI60 1-3354-03708 
Level 1000 (towards 
the main ramp) 

1000 EI60 1-3354-03708 

 
The shafts in the Malmberget mine are not enclosed by fire barriers. But if the ventilation 
operates as planned and together with some existing walls and doors, the smoke spread to 
adjacent compartments will be prevented. 
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9. Ventilation system 
 

9.1 Kiruna 
 
There are presently two ventilation systems operating in the mine production area of the Kiruna 
mine and one system that operates the facilities of the infrastructure part.  
 
The shafts look similar independently of what part you are looking at. When it comes to the 
amount of blower or exhaust fans at the different levels, it varies from one to two fans per level 
and if it is a blower or exhaust fan you are considering. The area above the 775 level is supplied 
by fresh air from an older ventilation system which is complicated to steer at a possible fire. 
There are no fire detection systems in the longitudinal/transversal drift or the main ramp. But 
there is a fire detection system in the infrastructure part, for example the visitors mine, 
workshops etc. [7] 
 
Along the main ramps (road 22 and road 16) the intake air is taken from intake air shafts and 
pushed upwards along the main ramp using fans (with a diameter of 1000 or 800 mm). PVC 
tubes are connected to the fans in order to obtain a better effect. The fans are positioned at 
certain positions along the main ramp. 
It is not possible to steer the ventilation along the main ramps [8]. 

 
9.1.1 Mine production area 

 
The main ventilation system consists of 20 shafts with a diameter of 3 m, where 10 shafts are for 
intake air and 10 shafts are for return air from the drifts. Each production area has one shaft for 
intake air and one shaft for return air. The shafts are drilled from ground level down to the main 
level at 1045. At ground level the intake air shafts and return air shafts are well separated in order 
to prevent the intake air from sucking in exhaust gases from the return air. The main fans of the 
shafts – positioned above ground – are monitored and steered by a system called VISONIK. The 
system calculates how much air that is needed in the drifts, by “feeling” how many fans in the 
drifts that are currently running.  
The dimensioned flow from the main fans is 150 m³/s and 3700 in statical pressure (each).  
Approximately 80% of the ventilation system in the shafts can be oversteered from PC5 which is 
situated above ground, while approximately 40% is steered using a so called command-variable 
signal (which is steered with automatic signals from the transport level at 1045). These 40% of 
the ventilation in the ventilation shafts is positioned around the transport level and can also be 
oversteered by the train control managers at the control system room below ground at the level 
at 775. [7] 
Also fans at the 1020 and 1045 level (included in the so called SATT-system) can be steered from 
the control system room at the level at 775 and from the main control system room above 
ground. [8]  
A so called kink on the level is located at level 765. 
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Picture 7. The twenty ventilation shafts [7]. 

 

9.1.1.1 The intake air fans 
 
At the entrance to each production area intake air is taken from the intake air shaft. The intake air 
is further distributed to the longitudinal drift, using fans connected to a flexible PVC-tube (also 
known as a ventiflex cloth). The tube has a length of approximately 200 m in each direction in 
the longitudinal drift. The intake air fans in the drift are dimensioned for a flow of 10 m³/s and 5 
m³/s, at full speed respectively half speed. The ventiflex cloths are flame resistant but during a 
fire they will most likely burn up and the intake air to the drifts will cease. At the end of the tube 
where the air is ejected, approximately 6-8 m³/s is delivered depending upon if the tube is intact 
or has received damages during the latest blasting operation.  
The power supply to the intake and exhaust air fans are delivered through electrical cables found 
at the roof of the entrance to the production area. If a fire would occur at the entrance to the 
production area the risk of losing the ventilation is obvious and thus also the smoke spread to the 
adjacent main ramp. [7] 

 

 
Picture 8. Intake air in PVC-tubes [7]. 

 

9.1.1.2 The fans in the transversal drifts 
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The air distribution to the transversal drifts is done by a fan with a capacity of 3-4 m³/s. The fan 
distributes the air using a PVC tube with a diameter of 0.6 m, distributing the air into the 
transversal drift and extracting the air approximately 30 m from the end of the transversal drift. If 
the fan is placed too far in the transversal drift its capacity is decreased and the air ventilation is 
made worse. The power supply to the fans in the transversal drifts are delivered through electrical 
cables found at the roof, the cables are drawn from the relay interlocking plants found at the 
entrance to the production area. Thus the same risk of losing the ventilation during a fire as for 
the intake air fans exist. [7] 

 

 
Picture 9. Fan in a transversal drift [7]. 

 

9.1.1.3 Return air fans 
 
The exhaust air at the shaft is performed by one or two fans with a max capacity of 
approximately 15 m³/s each. The intake air and return air ventilation is placed opposite each 
other at the entrance to the production area, at a height of approximately 3 m.  
The system is not dimensioned with respect to a fire, the system is dimensioned to take care of 
the exhaust from vehicles, radon gases etc.  
Today the ventilation in the drifts is entirely steered from the control system room above ground. 
But in the future a system of CO-transmitter will be placed at the entrance to the production 
area, close to the return air fans. These CO-transmitters will aid in the steering of the return air 
ventilation and activating the fans when the CO concentration gets too high in the drift. [7]  

 

9.1.2 Infrastructure part 
 
The system in the infrastructure part consists of two systems today and three systems in the near 
future.  
The system at the 775 level and upwards consists of an old system that uses drifts when 
ventilating. 
The system at the 1045 level and upwards consists of a newer and separate system. The system 
consists of two shafts for the intake and the return air. 
The capacity of the intake air today is approximately 500 m³/s. 
The distance between the production area and the infrastructure part is approximately 1 km. 
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The future system of the 1365 level will also consist of two shafts; the difference is that the two 
shafts will run all the way from the surface. 
 
At the 775 level there is a smoke exhaust fan, which will suck smoke into an exhaust shaft in the 
mountain. The fan is activated from the control room at the same level or from the fire alarm 
control unit outside the canteen at the same level. [8] 
 
At the 1045 level there are two separate reversible smoke fans positioned at each one end of the 
transport level. The fans can be activated from the fire alarm control unit at the entrance to the 
level or from the rescue room at the same level. [8] 

 

9.2 Malmberget 
 
A description of the mine ventilation in the Malmberget mine is currently being worked out by 
LKAB.
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10. Extinguishing systems 
 

10.1 Kiruna 
 
Below is a table that lists the places in the Kiruna mine that are protected by an extinguishing 
system and it also list the type of extinguishing system. 
 
Table 5. Extinguishing systems in the Kiruna mine. 
Level Compartment Type of system Remark 
524 Relay interlocking plant and the two transformer 

compartments 
Gaseous system 
(Inergen) 

 

540 Wooden sauna in the visitors mine Water sprinkler  
775 Relay interlocking plant and corresponding cable 

vault CH3 
Carbon dioxide  

775 Workshops Water sprinkler  
775 Parking lots Water sprinkler  
1045 Parking lots Water sprinkler  

 
10.2 Malmberget 

 

Below is a table that lists the places in the Malmberget mine that are protected by an 
extinguishing system and it also list the type of extinguishing system. 
 
Table 6. Extinguishing systems in the Malmberget mine. 
Level Compartment Type of system Remark 
500 Parking lots Water sprinkler Manual 

activation 
600 Workshop Water sprinkler  
600 Parking lots Water sprinkler Manual 

activation 
815 Workshops Water sprinkler Manual 

activation 
815 Parking lots Water sprinkler Manual 

activation 
815 Oil room Water sprinkler Manual 

activation 
815 Refuge room Water sprinkler Manual 

activation 
815 Relay interlocking plant and corresponding 

cable vault 
Gaseous system 
(Inergen) 

 

890 Conveyor belt drifts Water sprinkler Manual 
activation 

1000 Workshop Water sprinkler  
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11. Analysis and discussion 
 

When studying earlier fires and fire incidents for the two LKAB mines, the most common causes 
were electrical cause (50%), flammable liquid or material on hot surface (22%), hot works (5%) 
and equipment running hot (5%). 
One difference between fires due to electrical cause versus flammable liquid/material on hot 
surfaces is that fires caused by flammable liquid/material on hot surfaces are generally larger in 
size and cause a more extensive smoke spread. 
Fires caused by hot works and equipment running hot, generally seems to be small. In the earlier 
case, it is probably due to the fact that personnel with fire extinguishers are present on the site. In 
the latter case, probably due to that the amount of combustible material is limited.  
With respect to the size of the fires, 52% occurred in the infrastructure part of each mine and 
48% occurred in the production areas. With respect to vehicle fires, 47% occurred in the 
infrastructure parts (including for example workshops, storage areas, canteen etc.) and 53% 
occurred in the production areas. With respect to large and severe fires (i.e. large amount of 
smoke being emitted or fire put out by the fire brigade), 44% occurred in the infrastructure part 
and 56% occurred in the production areas (75% of the large or severe fires in the infrastructural 
part was caused by broken turbo).  
A clear majority of the fires did not require assistance from industrial or local fire brigade (only 6 
fires required assistance), they were either self extinguished or put out by personnel on site. Only 
during two fires evacuation occurred. 
 
When it comes to combustible material in general, the amount of combustibles seems to be more 
frequent in the Malmberget mine. In the Kiruna mine, the places with wood and conveyor belts 
seems to be interesting enough for further investigation. Even though self extinguishing 
conveyor belts means a limited fire in size, the amount of smoke emitted can be quite extensive. 
Also the storage of tyres at the contractor depots could be worthwile investigating due to the 
sensitive surroundings. 
Regarding the Malmberget mine, the sites with wood combustibles, tyres and conveyor belts are 
all interesting for further investigation due to the large amount of combustibles and the 
surroundings.  
With respect to flammable liquids:  

- The tank stations in the Kiruna and the Malmberget mine should be looked into with 
respect to potential pool fires. 

- The larger workshops and warehouses in the Kiruna mine and the Malmberget mine 
should also be investigated with respect to pool fires. 

- The crusher levels and draw points in the two mines should be investigated with respect 
to spray fires. 

- The diesel tanks in the main ramps and the production areas should be investigated with 
respect to pool fires. 

- The media drifts, distribution levels, shaft hoisting levels and pumping stations should be 
investigated with respect to pool fires. 

With respect to fire barriers, as the main ramps of each mine does not contain any fire barriers 
the impact of a vehicle fire in the main ramp would be interesting to investigate. Another reason 
would be the fact that the main ramps are the main egress routes for the personnel as well as 
attack routes for the rescue services. It would also be interesting to validate the ventilation 
strategy in the Malmberget mine regarding preventing smoke spread to adjacent compartments. 
The majority of the extinguishing systems in the Malmberget mine are activated manually, which 
decreases the chance of successful operation in case of a fire.  
As not all workshops and larger parking lots in both mines are equipped with extinguishing 
systems, the impact on their surroundings should be investigated.
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12. Conclusions 
 

With respect to earlier fires and fire incidents for the two LKAB mines, the most common causes 
and the causes to focus on are: electrical cause, flammable liquid or material on hot surface, hot 
works and equipment running hot. 
Both the production area and the infrastructure part should be regarded in the future studies as 
fires are almost identically frequent in both areas. 
When it comes to combustible material in general, the amount of combustibles seems to be more 
frequent in the Malmberget mine. In the Kiruna mine, the places with wood and conveyor belts 
seems to be interesting enough for further investigation. Even though self extinguishing 
conveyor belts means a limited fire in size, the amount of smoke emitted can be quite extensive. 
Also the storage of tyres at the contractor’s depots could be worthwile investigating due to the 
sensitive surroundings. 
Regarding the Malmberget mine, the sites with wood combustibles, tyres and conveyor belts are 
all interesting for further investigation due to the large amount of combustibles and the 
surroundings.  
With respect to flammable liquids:  

- The tank stations in the Kiruna and the Malmberget mine should be looked into with 
respect to potential pool fires. 

- The larger workshops and warehouses in the Kiruna mine and the Malmberget mine 
should also be investigated with respect to pool fires. 

- The crusher levels and draw points in the two mines should be investigated with respect 
to spray fires. 

- The diesel tanks in the main ramps and the production areas should be investigated with 
respect to pool fires. 

- The media drifts, distribution levels, shaft hoisting levels and pumping stations should be 
investigated with respect to pool fires. 

With respect to fire barriers, as the main ramps of each mine does not contain any fire barriers 
the impact of a vehicle fire in the main ramp would be interesting to investigate. It would also be 
interesting to validate the ventilation strategy in the Malmberget mine regarding preventing 
smoke spread to adjacent compartments. 
With respect to vehicles, all the common heavy vehicles listed in this report would be worthwile 
to try to reconstruct a possible fire scenario for each type of vehicle. The reason for this is to 
have better tools when working on possible scenarios of each mine.  
Regarding cables, all listed sites with a high load of electrical cables would be interesting to 
investigate. Even though the immediate surroundings are not sensitive, an extensive smoke 
spread would make a large impact on a large portion of the mine.  
When looking into the ventilation system of the Kiruna mine, both the mine production area and 
the infrastructure part should be investigated due to the differences in each system and their 
surroundings. Also, the difference in systems whether you are below or above level 775 should be 
considered. The function and impact of oversteering should also be included in the 
investigations.  
The impact of a ventiflex PVC-tube being burned up on the fire behavior in a production area 
should be investigated. The different fire scenarios in a production area depending on the 
position of the fire with respect to the ventilation should also be investigated.  
One scenario should put the fire right at the end of the intake air tube; other scenarios should be 
at a certain length interval from the end of the intake air tube. The likelihood of the power cables 
to the intake and exhaust air fans being burned off should be looked into. The impact on the 
surroundings should also be investigated. The return air fan capacity should be examined with 
respect to fires, such as vehicle fires. 
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The majority of the extinguishing systems in the Malmberget mine are activated manually, which 
decreases the chance of successful operation in case of a fire.  
As not all workshops and larger parking lots in both mines are equipped with extinguishing 
systems, the impact on their surroundings should be investigated.
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Appendix 1. 
 

Brännbart material: 

 

 

Inventering punkt       i brandcell nummer       
 
Beskrivning:         
 
Typ av material:        
 
Uppskattad exponerad area:       m2 
 
Uppskattad vikt:        kg  eller volym       m3 
 
 
Inventering punkt       i brandcell nummer       
 
Beskrivning:         
 
Typ av material:        
 
Uppskattad exponerad area:       m2 
 
Uppskattad vikt:        kg  eller volym       m3 
 
 
Inventering punkt       i brandcell nummer       
 
Beskrivning:         
 
Typ av material:        
 
Uppskattad exponerad area:       m2 
 
Uppskattad vikt:        kg  eller volym       m3 
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 Fordon: 

 
Fordon nr:         
 
Tillverkare:         
 
Typbeteckning:        
 
Tillverkningsnummer:        
 
Tjänstevikt:        
 
Typ av drivmedel:        
 
Bränsletank:        m3 
 

Hydraulolja:         m3 
 
Övrigt:         
 
Uppställningsplats:        
 
Arbetsområde:        
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Installationer: 

 

Installation nr:        
 
Tillverkare:         
 
Typbeteckning:        
 
Tillverkningsnummer:        
 
Placering:        
 
Brandcell nr:        
 
Typ av brännbart material:        
 
Uppskattad vikt på brännbart mtr:       kg 
 

Ev. hydraulolja:        m3 
 
Övrigt:         
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Kablar: 

 

Kabelstråk nr:        
 
Kabelstegens bredd:        mm 
 
Antal kabelstegar i nivå:        st 
 
Placering:        
 
Brandcell nr:        
 
Typ av kablar:        Antal:       
 
        Antal:       
   
        Antal:       
 
        Antal:       
   
        Antal:       
 
        Antal:       
   
        Antal:       
 
        Antal:       
   
        Antal:       
 
        Antal:       
   
        Antal:       
 
        Antal:       
   
        Antal:       
 
        Antal:       
   
        Antal:       
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Inträffade händelser:
 

 
Händelse nr:         
 

Datum då händelsen inträffade:   ÅÅ     MM     DD      
 
Händelsen krävde insats från:   Personal på plats 
     Industribrandkår 
     Kommunal räddningstjänst  
Händelsen inträffade på nivå:        
 
Plats:          
 
Användes räddningskammare:  Ja Nej 
 
Antal personer som berördes av utrymning:       
 
Startobjekt:          
 
Brandorsak:          
 
Personskador:   Ja Nej 
 
Antal skadade:         
 
Typ av skador:         
 
Beskriv materiella skador:         
 
Finns insatsrapport?   Ja Nej 
 
Finns brandutredning?   Ja Nej 
 
Finns foton?    Ja Nej 
 
Beskrivning av händelseförloppet: 
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Appendix 2. 
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Appendix 3. 
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Appendix 4. 
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Appendix 5.  
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6.
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Appendix 7. 
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Appendix 8. 
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