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SLOS and yield improvement reduces amount of 
tunneling required per ton of concentrate. Kemi 
mine aims to identify all possibilities to decrease 
emissions from the entire value chain – to get as 
close to zero in our total emissions as possible. 
The three key factors of the Kemi Mine’s carbon 
neutrality are giving up fossil fuels, utilizing 
low-emission electricity, and replacing natural 
and propane gas in heating. (Outokumpu press 
release, October 6th 2023)  

Kemi Mine transformation process has also been 
discussed in the Caving 2022 paper. (Karlsson, 
M. et al. 2022)  

 
Figure 2 Typical view of a production 

drive in squeezing ground. 

1.1 Geotechnical setting 

The stability problems in the current 
underground mine are linked to poor rock mass 
quality and low strength rocks that are a result 
from the metamorphosed geological 
environment in the Kemi Mine. Underground 
tunnel and stope stability in the Kemi Mine have 
been problematic in some of the production 
areas. Ore access tunnels and footwall drives 
inside intrusion rocks suffer strong deformation 
after stope production is initiated in the vicinity. 
Heavy multilayer ground support is installed as 
a standard operating procedure. The squeezing 
ground conditions are caused mainly by the 
elevated rock stresses from the excavations 
acting in the soft, low strength talc-carbonate 
rocks. The squeezing ground conditions occur in 
the production areas i.e. within the layered 
intrusion rock mass (Figure 2). All the 

permanent mine facilities are located in the 
granitic basement. 

1.2 History of mining methods 

In 2003 SLOS was initiated with 25 metre 
mining height from 500 level upwards with 
primary and secondary stope sequencing. 
Primary stopes (width 15 metres) were 
backfilled with cemented rockfill and the 
secondaries (width 20 metres) with rockfill 
available from tunneling activities. Places where 
ore thickness was sufficient, stopes were even 50 
metres long. After few years of production stope 
overbreak and caving of adjacent cross cut (X-
cut) pillars increased in a manner that ore 
production was severely disturbed. After a few 
major stope collapses the mine decided to look 
at ways to improve stoping performance by 
means of rock mechanical modelling.  

After completing the rock mechanical modelling 
studies in 2008, the mine decided to decrease 
stope lengths and widths leaving a so-called skin 
or rib pillar between primaries and secondaries. 
X-cut size was also significantly enlarged to 
manage caving of the pillars between adjacent 
X-cuts. These changes naturally decreased the 
ore yield but in turn, the stoping performance 
was significantly improved. (Kuula, H. & 
Hakala, M. 2008) 

1.2.1 Rock Mechanical modelling 

As mined out area enlarged more and more the 
mining induced disturbance increased and 
eventually the rock mass between the open 
pit/surface and mining area started to slowly 
sink downwards, also heavy deformation at the 
ore access drives aka. secondary footwall drives 
started to occur. Stoping performance was put 
under pressure again. The mine had already 
established a procedure where rock mechanical 
modellings was conducted regularly, the models 
were calibrated with observations made in the 
production area.  

To continuously improve stoping performance 
different options were modelled and the best 
alternatives were put in place again with the cost 
of ore yield. For example, in figure 3. mine was 
evaluating different options to improve stoping 
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performance, stope widths, distance between X-
cut centerline to centerline (C-C), horizontal 
pillars were evaluated. Although current SLOS 
yield is higher than during worst production 
years, Kemi SLOS yield remains significantly 
lower than typically in SLOS. 

 
Figure 3 Plastic deformation on different 

mining geometry in Pohjois-Viia 
orebody (Kuula, H. & Lamberg, 
M. 2013). 

1.2.2 Preparation for DeepMine 

When the mine initiated DeepMine project in 
2016 which targeted ore resources between 500 
and 1000 level, different mining methods were 
assessed. Initially SLOS was selected as the 
mining method for DeepMine. New SLOS 
mining area was prepared, but during DeepMine 
SLOS trial mining mine decided to re-evaluate 
the SLC mining method option and SLC trial 
was initiated below SLOS mining area on 550 
level.  

The current plan is to excavate DeepMine area 
using traverse SLC mining method. Undercut 
level height is 15 metres, with 40% average 
target draw rate which increases level by level 
first to 80% and after third level it will be 
nominally 100% or more. Due the thickness of 
the sill pillar and SLC draw rates, no dilution is 
expected from old backfilled SLOS stopes. After 
SLC trial a longitudinal hangingwall (HW) drive 
is applied to distribute stresses accumulated to 
footwall drives, traverse X-cut C-C is 18 metres. 

1.3 Future mining 

As mentioned earlier in the introduction, the 
mine started operation with the open pit where 

the surface exposure of the main chromite layer 
was most distinctive as well as highest quality. 
Underground mining and exploration have also 
focused on these ore domains. Mine must 
control SLC propagation when approaching the 
flanks of the SLOS mining area to avoid 
neutralization of chromite layer at the east and 
west extensions. This is an interesting global 
challenge to be solved in Long Term -horizon 
planning. Future Rock mechanical conditions 
eg. mining induced seismicity in large scale SLC 
mining will also drive mine to expand laterally 
rather than vertically. 

Mine has already commenced exploration phase 
at the Viianmaa orebody as seen in the figure 4. 
SLOS is considered an optional mining method 
in Viianmaa, if the ore footprint is not suitable 
for traverse or longitudinal SLC mining. Kemi 
mine is currently still using SLOS in Surmaoja 
and Nuottijärvi orebodies above level 500 which 
will deplete in during 2030’s. Nevertheless, 
SLOS will remain in the toolkit for Kemi mine, 
As it is typical that on the footwall of the main 
chromite layer some smaller ore lenses occur 
where SLOS might have better performance. If 
SLOS remains to have significant role in ore 
production, paste backfill needs to be evaluated 
in order to improve yield of the method in Kemi 
rock mechanical conditions. 

Compared to SLOS, SLC will have greater 
impact on the surrounding rock mass therefore 
increased focus will be needed to evaluate the 
impact over life of mine. Critical underground 
infrastructure such as declines and shafts as well 
as surface subsidence. 

 
Figure 4 Simplified longitudinal view of 

the Kemi underground mine. 

1.4 Current and future challenges 

Due to the geological setting of Kemi chromite 
deposit, more challenges in accessing the ore 
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from footwall granite is anticipated. Long-term 
stability of fixed infrastructure (crushers, shafts, 
decline and raises) is under continuous 
evaluation. Also surface subsidence is expected 
to increase when mining proceeds towards the 
depth. Over the life of mine current fixed 
infrastructure although deployed to hard granitic 
basement will start to suffer mining induced 
deformation due close proximity of weak and 
highly deformed rocks. Continuous monitoring 
and geotechnical modelling are tools for risk 
evaluation. 

To respond to the challenges in accessing the ore 
from footwall, mine continuously seeks new 
ways of working. Recently the focus has been 
adjusting rock support templates (primary & 
secondary) as well as rehab methods and 
improving tunneling quality of X-cut 
intersections to the footwall access drives. Also 
fork-type development layout has been 
introduced to replace need for secondary 
footwall access drive, which is presented in 
more detail in chapter 2.3.3. 

2 TRANSITION JOURNEY 

In following a short overview for past, present 
and future activities related to transition process 
and SLC related activities is presented.  

2.1 Past activities 

Main milestones in the journey of SLC mining 
method development at Kemi Mine: 

• Scoping and Trade-Off studies (2015-2016) 

• Rock Mechanical Impact Assessment (2016) 

• Flow modelling, production forecast early 
estimate (2016 and 2018) 

• Feasibility Study (2019) 

• SLC Trial (2019-2022) 

• Provisional mining permit for SLC in limited 
area in the DeepMine granted 2022 

In following sections a few of the above works 
are described in more detail. 

2.1.1 SLC trial 

Aim of the trial was to provide verification 
whether SLC mining is suitable for Kemi Mine 
or not. It also provided first pass production 
parameters for full-scale implementation. The 
SLC Trial consists of limited-scale production at 
EL20 section of the mine between levels 550 and 
600 during June 2021 – June 2022. 

Anticipated benefits of SLC over sub-level 
�����	��8 

• Ore recovery increase (from 45-55% to 
~80%) 

• Increased efficiency (higher ton/drill meter, 
more mucking per drawpoint and less 
activities per stope ton) 

• Improved safety (no working next to stope 
voids) 

• Decreased extraction unit cost (no backfill, 
longer life of production levels = less 
development per ton stoping ore) 

• Prolonged life of investments (as the rate of 
vertical advancement slows enabling more 
tons to be handled through the DeepMine 
investment) 

Areas of interest that were tested as part of the 
Trial mining, were technical mining parameters 
(x-cut c-c, ground support, drill&blast, 
mucking), geotechnical response of access 
drives and safety implications. Since SLC 
wasn’t applied before at Kemi Mine, the change 
management process and stakeholder 
engagement played an important role. 

As Trial was operating on limited area only, the 
impacts described in following are not all-
inclusive nor complete. The perceived and 
observed impacts are outlined with subjective 
evaluation of consequence. 

Conclusion from trial was that all pre-set success 
criterions ����
����	����8
 

• no unmanageable safety risks were 
encountered or identified 

• production target per level was achieved 

• ore flow between levels confirmed through 
instrumentation 
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Table 1 SLC Trial impact assessment 

SUBAREA IMPACT 

SAFETY 

no open voids to work close to 
geotechnical damage 
mechanism to be understood 
and mitigated through ground 
support 

PERSONNEL 
new method and work practises 
require a change process 
management 

MINE 
PLANNING 

at undercut level there is low 
ton-yield from drilling (due to 
low draw rate), resulting in 
resource intensive production 
integration of schedule data 
from mid-term planning to SIC 
challenging  
high number of sub-trials and 
tests requires lot of resources 

ROM 
QUALITY 

mucking grade estimation 
difficult vs SLOS 
increased level of mucking 
control and reconciliation is 
required 

GEOLOGY 

input data needed from below 
the active mining level (vs 
current upwards mining) – new 
routine to be developed 

GEOTECH.  
rock damage mechanism and 
occurrence different than what 
is experienced in UGB areas 

2.1.2 Previous geotechnical modelling  

Over the years several pillar configurations and 
stope dimensions have been modelled with 
FLAC3D for DeepMine SLOS to estimate and 
improve mining performance as well as evaluate 
global scale impact of the SLOS. Some 
simplified SLC scenarios were also run for 
DeepMine prior increased focus on SLC option. 
A first step towards more sophisticated SLC 
modelling was taken when the caveability of the 
rock mass was assessed in 2019, also with 
FLAC3D. (Sjöberg, J. 2019) 

Since then, the global SLOS (FLAC3D) 
geotechnical model was used as a base for SLC 

global model, geometry and historical mining. 
Different SLC simulation parameters and 
sequencing were tested. Later a traditional finite 
element model and finite difference models were 
used to estimate SLC impact in global scale. 

A Master Thesis’s (Routa, T. 2021) aim was to 
study the effects of sub level caving mining 
would create to mine in large scale. The study 
was done using Fast Lagrangian Analysis of 
Continua in 3 Dimensions software in large 
strain mode. 

2.1.3 Implementation preparations 

Following SLC implementation and start-up 
many important changes to the way-of-working 
are made. These aim to unlock the full potential 
of the mining method by providing right 
information at right time in order to ease the 
operative decision making and enable effective 
����������
��
)*+
���	&	�	�
�
/�
����
�
���8
 

• 9.����	:��	����
������
8
�����	��
��

�������

SLC implementation and SLC development 
teams, focusing on short-term operational 
respective long-term development issues and 
topics 

• •SLC specific meeting and documentation 
structures established, including operational 
risk assessments, routines, and frequent 
drumbeat sessions 

• •Continued stakeholder engagement sessions 

• •Continued information events for personnel 

2.2 Present activities 

This chapter presents latest activities and tools 
used on the Kemi mine transition journey. 

2.2.1 Geotechnical modelling 

The latest geotechnical modelling was done 
using a large strain LR4-FS4 cave forecasting 
model of the entire existing underground mining 
area and Viianmaa exploration area above level 
500. The main objectives were to model cave 
propagation, impact assessment for mine fixed 
infrastructure and surface subsidence. The 
model constructed has some limitations as it 
suffers lack of geotechnical information near the 
surface both for HW and footwall of the ore due 
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the historical nature of the open pit mining. On 
the other hand, the model can be calibrated using 
muck out tons and observed deformation. Some 
of the key findings of the current geotechnical 
modelling are discussed in chapter 2.3 Future. 

 
Figure 5 Modelled surface movement.  

2.2.2 Surface impact and monitoring methods 

On surface there are fixed survey points installed 
and surveyed monthly, figure 6. Some of the 
fixed points date back to open pit mining when 
slope stability was monitored. As geotechnical 
simulations predicted SLOS initiated surface 
subsidence and crack formation on the HW side 
of the main pit, new fixed survey points were 
installed to track surface subsidence 
propagation.  

 
Figure 6 Part of fixed survey point 

network. 

Due surface deformation some of the points are 
no longer accessible and are either remotely 
surveyed with fixed reflectors (prism) or are 
equipped with GPS receiver, cellular network 
sender and powered with solarpanels attached to 
batteries. Main area of interest for survey is HW, 
however some control points are spread around 

the old pits and in vicinity of important 
structures or roads.  

Drone flights are found safe and cost-efficient 
tool for mapping development of surface cracks, 
drone flights are conducted one to two times per 
year. First flight is made right after the snow 
melts in early June and the second one in late 
October if weather conditions allow. SLC has 
not yet initiated new visible cracks neither 
significant growth of the old ones on the surface. 
Figure 7 shows development of SLOS and 
crown pillar extraction initiated surface cracks 
from 2018 to 2023. The hanging wall subsidence 
area is sectioned into a few blocks constrained 
by geological structures and/or domains. 

 
Figure 7 Observed surface fractures 2018-

2023. 

InSAR analysis of the historical ground 
displacements over Kemi Mine has been 
conducted from 2020 to 2023. Displacement 
data can be gathered during the snow free period 
as seen in the example of the vertical 
displacement data is presented in figure 8. Large 
deformations are observed in the HW side of the 
open pit, unrelated to SLC yet but caused by 
current underground mining.  

In Kemi case the power of InSAR is on 
predicting where next surface cracks might 
break out to surface and where to other 
monitoring methods should be focused on. Due 
to the high deformation speed at the pit and HW 
subsidence area the displacement cannot be 
reliably tracked during long snow cover period 
which can be seen in figure 8.  
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system are possibility to charge large number 
rings in advance and thus avoid re-entering the 
x-cut with personnel when ground conditions 
deteriorate. This has led to recovery of tons that 
would have otherwise been inaccessible. 
Planning of further use of Webgen’s is under 
way, with one possibility on the SLC undercut 
level, to improve the excavation performance 
and breakage of rock in the sill pillar (between 
historical backfilled stopes and SLC undercut 
level).  

Orica’s 4D charging system will be implemented 
in late 2024 onwards. Main application will be 
in the Crown Pillar, however the conditions in 
the Crown Pillar are similar to SLC mining and 
future application in SLC will be evaluated. 
Impact assessment will consist of changes in 
fragmentation, brow stability, backbreak 
management, nitrogen emission control. Main 
driver is optimizing the use of explosives by 
improved control of placement of explosives in 
each ring. The system is expected to enable 
flexible change of nominal charge in each hole, 
based on input data from geology, drilling and 
other observations. 

3 REFLECTION FROM THE 
TRANSITION JOURNEY SO FAR 

The path to transform a mine by changing the 
mining method is long and not without its 
challenges. Once the suitability of Kemi Mine 
deposit from geological and geotechnical point 
of view was confirmed, work to transform 
mining resources began in earnest. This work is 
a continuous process, as with any change 
management process.  

Until to date, the engagement from all 
stakeholders involved has enabled the start of 
SLC ramp-up. Technical challenges have been in 
minority, as the equipment utilized was largely 
already suitable for SLC mining. Focus has been 
and will be in understanding the impact of SLC 
mining to rock stability and damage preventive 
method identification.  

In hindsight and after completion of the SLC 
trial, even more effort could have been focused 
on production planning, namely on 
identification of the pre-requisites for plan 

completion. Also, important part is to prepare for 
any unexpected events and challenges that new 
way of working brings along, as these can easily 
became obstacles in plan execution phase.  

For the time being mining method change has 
not had positive effect on tunnel stability issues 
on the footwall. Securing safe access to the 
production drives by extensive rehab on the 
footwall access drives has slowed down the 
expansion of the SLC production area from its 
original schedule. 

4 CONCLUSIONS AND KEY TAKE-
AWAYS 

SLC ramp-up is underway, and the footprint of 
SLC mining is rapidly expanding. Focus of 
activities is on undercut level and its successful 
and timely excavation. Related to this more 
information from geotechnical modelling is 
under way, providing invaluable data for impact 
assessment for mine infrastructure and guidance 
for future mining sequence.  

Key take-aways from planning and executing a 
SLC mining method change at Kemi Mine are 
that engagement of stakeholders in early stage is 
crucial for successful project execution. During 
ramp-up ensuring that awareness of both 
observed and anticipated changes in routines or 
conditions are prepared for through risk 
assessments and procedures.  

Previous knowledge from the ground conditions, 
active way of working together with learning 
from others attitude have made it possible to 
implement quickly new ground support 
methods. 
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