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If you ever find yourself lost in the dark and you can't see 
I'll be the light to guide you 

Find out what we're made of 
When we are called to help our friends in need 

Bruno Mars “Count on Me” 
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Abstract 
Background: Major incidents in underground mines are uncommon, but they 
can have severe consequences. In Sweden, the municipal rescue service and the 
regional emergency medical service (EMS) are dispatched to mining incidents, 
and together with the privately owned/state owned mineral and metalliferous 
mining company they perform a rescue operation. The major fire incident of 2013 
in a Swedish underground mine led to the realization that there was a general lack 
of preparedness for managing these underground emergencies. 

Aim: The overall aim was to analyze the preparedness for response to major 
incidents in Swedish underground mines among personnel from mining 
companies, the rescue service, and emergency medical service. 

Methods: In Study I, questionnaires (n=741) assessing Swedish underground 
mining company personnel’s self-assessed preparedness for emergencies were 
analyzed by descriptive statistics, exploratory factor analysis, and multiple 
logistic regression. In Study II, individual interviews with EMS personnel (n=13) 
were analyzed with qualitative content analysis to identify the latent content. In 
Study III, six focus group interviews with personnel from mining companies 
(n=15), the rescue service (n=9), and EMS (n=4) were analyzed with qualitative 
content analysis and complemented with information from ten individual 
interviews with EMS personnel. In Study IV, documents (n=144) from 
collaboration meetings and full-scale exercises were analyzed deductively using 
the theory of expansive learning. 

Results: Most of the Swedish underground mining company personnel 
considered themselves prepared to act in case of major incidents, and about two 
thirds of the mining company personnel considered themselves moderately 
confident that they know how to take care of a seriously injured peer. Their self-
perceived preparedness was associated with their familiarity with rescue 
procedures, their risk perception, and their experience of using self-protective 
and first aid equipment (Study I). Study II showed that EMS personnel trusted 
the rescue service and mining company personnel to perform the rescue 
operation and considered themselves as having a supportive role. In Study III, 
the mining company, rescue service, and EMS personnel considered that because 
of the unfamiliar underground mining environment, they have to prepare their 
organizations for major underground incidents in collaboration with each other. 
In Study IV, a tentative model was created for the development of an expansive 
learning process for the organizations’ exercise organizers during a set of 
collaboration meetings and full-scale exercises. 
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Conclusion: The preparedness of the mining company, rescue service, and EMS 
personnel was analyzed through experiences from both real events and full-scale 
exercises. A holistic perspective of organizational preparedness for major 
incidents in underground mines has been generated. All organizations have their 
perspective of rescue operation response, but the shared objective is to save lives 
and care for the injured mining company personnel by performing an effective 
rescue operation in collaboration. 
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Sammanfattning 
Bakgrund: Allvarliga skadehändelser i underjordsgruvor är ovanliga, men när 
de inträffar kan de få allvarliga konsekvenser. I Sverige är det den kommunala 
räddningstjänsten och den regionala ambulanssjukvården som tillsammans med 
det privat eller statligt ägda gruvbolaget genomför en räddningsinsats. Den 
allvarliga brandincidenten 2013 i en svensk underjordsgruva ledde till insikten 
att den generella beredskapen för att hantera dessa underjordsskadehändelser är 
låg. 

Syfte: Det övergripande syftet var att analysera beredskapen för att hantera 
allvarliga skadehändelser i svenska underjordsgruvor hos personal från 
gruvbolag, räddningstjänst och ambulanssjukvård. 

Metoder: I Studie I undersöktes den svenska underjordsgruvpersonalens 
självskattade beredskap för skadehändelse med en enkät (n=741) och 
analyserades med deskriptiv analys, explorativ faktoranalys samt multipel 
logistisk regression. I Studie II genomfördes individuella intervjuer med 
ambulanspersonal (n=13) vilka analyserades med kvalitativ innehållsanalys för 
att identifiera det latenta innehållet. I Studie III genomfördes sex 
fokusgruppsintervjuer med personal från gruvföretag (n=15), räddningstjänst 
(n=9) och ambulanssjukvård (n=4). Materialet analyserades med kvalitativ 
innehållsanalys för att identifiera det manifesta innehållet och analysen 
kompletterades med tio individuella intervjuer med ambulanspersonal. I Studie 
IV analyserades dokument (n=144) från samverkansmöten och fullskaliga 
övningar deduktivt baserat på teorin om expansivt lärande. 

Resultat: Majoriteten av den svenska underjordsgruvpersonalen ansåg sig vara 
förberedda för att kunna agera vid allvarliga skadehändelser och runt två 
tredjedelar av gruvpersonalen ansåg sig vara måttligt förtrogna med hur de skulle 
omhänderta en svårt skadad arbetskamrat. Gruvpersonalens självskattade 
beredskap var associerad med kännedom om räddningsprocedurer, 
riskuppfattning och erfarenhet av att använda skydds- och första hjälpen-
utrustning (Studie I). Studie II visade att ambulanspersonal förlitar sig på att 
räddningstjänstens och gruvbolagets personal genomför räddningsinsatsen och 
att de själva har en stödjande roll. I Studie III ansåg personal från de tre 
organisationerna att den obekanta miljön medför att de i samverkan behöver 
förbereda sina organisationer för allvarliga skadehändelser i underjordsgruvor. I 
Studie IV utvecklades en preliminär modell för expansivt lärande baserad på de 
samverkansmöten och fullskaliga övningar som organisationernas övningsledare 
genomförde tillsammans. 
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Slutsats: Beredskapen hos gruv-, räddningstjänst- och ambulanspersonal har 
analyserats utifrån deras erfarenheter från verkliga skadehändelser och 
fullskaliga övningar. En helhetsbild har skapats av organisationernas beredskap 
för allvarliga skadehändelser i underjordsgruvor. De tre organisationerna har 
skilda perspektiv vid räddningsinsats men alla har det övergripande 
gemensamma målet att rädda liv och omhänderta skadade genom att i samverkan 
utföra en effektiv räddningsinsats. 
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Preface 
Before digging into my thesis which is the result of my doctoral studies, I will give 
you a background to my pre-understanding of the subject area. I am from the 
Åland Islands. The island’s special historical and political character in 
combination with my family’s interest in historical events, engendered my 
interest in the structure of society. I have always been curious and quite old at 
heart and my late grandfather endearingly called me “the little professor”. In my 
teens I spent nearly all of my time reading – and not just fantasy books; there was 
a time when I read everything I could find about the Holocaust, the Titanic and 
the Second World War from a Finnish perspective. I was horrified by the 
injustices but also wanted to learn as much as I could. This led me to choose to 
continue my studies at university. 

I started my university studies on the bachelor program of International Crisis 
and Conflict Management. This program suited me perfectly and satisfied my 
need to study the complexities of society. The courses taught me to see the bigger 
picture in order to identify some of the underlying structures of injustice. 
Included in this interdisciplinary education was a whole semester dedicated to 
disaster medicine. We were taught traumatology, infectious diseases and 
psychotraumatology. The course included practical exercises. For approximately 
one week we were supposed to prehospitally manage several mass-casualty 
scenarios in a conflict-ridden, low-income country with the tools the course had 
given us. This made me realize that I had a medical interest, and combined with 
my interest in the structure of society, I applied to the master program of Public 
Health. 

Public Health has a commonality with disaster medicine that medical 
interventions should benefit most people. This course, comprising students from 
all over the world, humbled me and gave me an international insight into their 
perspectives. An education in Public Health also gave me tools for my further 
studies by giving me a strong foundation in both qualitative and quantitative 
methods. 

One day, I had the opportunity to start working on a project dealing with 
preparedness for major incidents in underground mines. Although I did not know 
anything about mines, this opportunity was too great to miss. This was the perfect 
project for me. I liked the challenges it presented with the complexities of the 
rescue operation in which multiple organizations had to interact and collaborate. 
From this point, I hope you enjoy reading my thesis.
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A major underground fire incident  
The following description of a major fire incident that occurred in Sweden in 
August 2013 is a summary of the events as described in a report by Marklund and 
Haarala (2014). 

A major fire in a compressor at 1,000 meters was announced at 12.00 by a mining 
company worker who had unsuccessfully tried to extinguish and then raised the 
alarm with the operations center and escaped to the closest rescue chamber.  

A mining company worker drilling nearby the incident site realized the fire was 
between himself and the closest rescue chamber. He subsequently shut himself 
into his vehicle and used his self-contained self-rescuer to protect himself from 
the smoke. Once he had described his vulnerable position, communication was 
lost with the incident area. 

Having heard the alarm message, two other mining company personnel decided 
to equip themselves and attempt to rescue their peer. The incident area was filled 
with smoke and there was minimal visibility. The two mining company personnel 
quickly became disoriented, realizing they had chosen the wrong route and 
decided to try another route. However, they had very little compressed air left in 
their breathing equipment. Thus, with great difficulty, they attempted to find a 
rescue chamber instead. 

15 minutes after being notified the mining management called the emergency 
dispatch center and informed them about the fire and that there were 22 mining 
company personnel underground who had been asked to enter the rescue 
chambers. The information the emergency services received when they were 
dispatched was that one mining company worker was trapped behind the fire and 
two other mining company personnel were looking for him. 

The first rescue service unit arrived at the mine site at 12.27. At 12.50 the 
emergency services together with the mining management established an 
emergency operations center and was informed that a total of three mining 
company personnel were missing in the mine. They were told by other mining 
company personnel located further up in the mine that the road into the mine 
was clear of smoke. So, a rescue service reconnaissance team including rescue 
service personnel and a mining company guide were sent into the mine. The 
reconnaissance team declared that the road was free of smoke until at least 330 
meters and they continued to the canteen at 880 meters. They then continued to 
the incident site and extinguished the fire.  
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At 14.40, the rescue service, in collaboration with the emergency medical service 
(EMS), decided to send four EMS personnel to the underground canteen in order 
to start caring for the potentially injured missing mining company personnel 
earlier, before they were taken to ground level.  

On the directives of the mining company manager via the mining company guide, 
the reconnaissance team decided to find another route around the fire, but this 
route was filled with smoke. The rescue service management did not know about 
this decision. The reconnaissance team drove through thick smoke and could only 
see the mine wall directly to the side of the vehicle. They ran over a compressed 
air package that the two missing mining company personnel had left behind and 
suspected the missing mining company personnel were in a nearby rescue 
chamber. At 14.50, the reconnaissance team found the missing mining company 
personnel conscious but weak. The reconnaissance team left the injured mining 
company personnel because they had too little compressed air to rescue them. 
Another group rescued the two injured mining company personnel at 15.32. At 
16.50 the two mining company personnel were taken out of the mine and 
transported to hospital by ambulance helicopter. 

Smoke-divers entered the mine around 13.30 and drove to the underground 
canteen at 880 meters. They entered the smoke to search for the missing mining 
company worker who had been drilling. The smoke-divers found him relatively 
unharmed and were able to guide him out of the smoke between 14.50–15.20.  
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Background 
Sweden has 14 operational mineral and metal mines. These mines employ a total 
of around 5,500 mining company personnel of which around 17% are women 
(Geological Survey of Sweden, 2016; Geological Survey of Sweden, 2019). There 
are nine underground mines of which six are located in Northern Sweden, four in 
Västerbotten and two in Norrbotten (Geological Survey of Sweden, 2019). 
Northern Sweden is a sparsely populated and mostly rural area, with a cold 
climate. Such rural conditions could make a rescue operation challenging.  

The above-mentioned major fire incident in a Swedish underground mine in 2013 
made the local rescue service and mining companies realize they were not 
equipped to carry out safe and well-structured rescue operations in underground 
mines. Thus, in collaboration with the mining companies, it was necessary for the 
rescue service to develop tactics and a methodology for rescue operations 
(Marklund & Haarala, 2014). 

Preparedness includes assessing the requisite knowledge, skills and ability to 
perform the actions necessary to reduce the consequences of an incident (Mishra 
& Suar, 2007; Slepski, 2005). Major incidents can be defined as incidents 
involving many rescue organizations, multiple injured persons potentially 
dispersed over a large area, as well as significant damage to infrastructure 
(Kristensen, Kyng & Palen, 2006). In Sweden, the Swedish National Board of 
Health and Welfare (2018) defines major incidents as incidents that are so 
extensive or demanding that resources have to be organized, managed and used 
in a particular way in order to maintain an adequate level of care. Major incidents 
also include situations in which there are not sufficient resources available to 
adequately care for all injured persons (Lennquist, 2009a). In some major 
incidents it is possible to rescue all injured persons, who, in a normal situation 
could be saved through a reorganized organizational structure and methodology. 
However, in other major incidents, the strain on the organizations is so high that 
it is not possible to rescue all those persons who, in a normal situation could have 
been rescued (Lennquist & Lennquist Montán, 2017). During major incidents, it 
is necessary to perform triage on injured persons and also simplify the 
examination and treatment protocols in order to reduce the loss of life and 
physical and psychological suffering of the affected persons. Thus, optimal and 
rapid mobilization of resources is necessary in order to triage and treat patients 
(Lennquist & Lennquist Montán, 2017). Consequently, in this thesis major 
incidents are those that involve several rescue organizations rescuing multiple 
injured persons potentially dispersed over a large area, where the management 
and use of the resources have to be organized in a particular way. 
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Major incidents in underground mines  
Mining is a hazardous occupation. Although major incidents are infrequent, the 
consequences of them may be severe (Bealko, Alexander, Chasko & Grayson, 
2011). Mine emergencies entail a risk of injury or death for mining company 
personnel and may result in damage to property or the environment (Enright & 
Ferriter, 2014). Mining injury incident rates are high compared to other 
occupations in Sweden, although the rates have decreased steadily over the past 
decades (Shooks, Johansson, Andersson & Lööw, 2014; Lööw, Nygren & 
Johansson, 2017; Lööw & Nygren, 2019). There are an average of six severe 
incidents per year in the nine Swedish underground mines (Swedish Mining 
Industry’s Health and Safety Committee, 2016a). Thus, mining companies have 
to work on prevention and preparedness for major incidents because there will 
always be a risk of major incidents (Mine Safety Technology and Training 
Commission, 2006). 

An international literature review by Engström, Angrén, Björnstig and Saveman 
(2018) states that much of the international literature relates to major mining 
incidents in coal mines. There are geo-mechanical differences between soft-rock 
coal mines and hard-rock metal mines; coal mines have a higher risk associated 
with roof scaling, strain and rockfalls and there is also a higher risk of methane 
gas poisoning, explosion and fire due to the organic nature of coal (Engström, 
Angrén, Björnstig & Saveman, 2018). If a fire starts in a coal mine, it has an 
endless supply of fuel (Enright & Ferriter, 2014). In mineral and metalliferous 
mines, such as those in Sweden, major incidents often appear to be caused by 
vehicle incidents, rockfalls and fires (Engström, Angrén, Björnstig & Saveman, 
2018). Vehicle fires can, for example, occur because of overheating or electrical 
failure (Enright & Ferriter, 2014) and can produce toxic gases, e.g. carbon 
monoxide and hydrogen cyanide (Engström, Angrén, Björnstig & Saveman, 
2018). Fires in underground mines are particularly dangerous because they 
produce toxic gases which travel far through smoke and generate oxygen-
deficient environments on top of the heat and explosion hazard (Enright & 
Ferriter, 2014). Fires that are not extinguished quickly can develop into major 
fires, which could pose a risk for roof stability, insufficient visibility and 
ventilation (Enright & Ferriter, 2014). Due to the scarcity of fires in underground 
mineral and metalliferous mines, experience of performing rescue operations is 
limited, which makes it necessary for personnel from mining companies and the 
rescue service to develop strategies for managing such fires (Hansen, 2010). It is 
therefore important to increase the knowledge of major incidents in underground 
mineral and metalliferous mines, particularly regarding underground fires. 
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The rescue operation 
The Swedish crisis management system governs the life and health of the 
population as well as the values and functionality of society and builds upon the 
principles of responsibility, proximity and equality (Swedish Civil Contingencies 
Agency, 2018). The principle of responsibility dictates that the emergency 
services (police, rescue service and EMS) have the same responsibilities during 
both normal conditions and during incidents. Thus, the organizations must 
support each other and collaborate. The principle of proximity means that an 
incident is managed by those directly affected by it, at the lowest administrative 
level possible. The principle of equality means that the organizations organize 
their response during an incident so that it resembles a normal response as 
closely as possible.  

Thus, during major incidents involving multiple injured persons or persons at 
risk of becoming injured, the rescue service, EMS and police personnel must 
collaborate (Kristensen, Kyng & Palen, 2006; Lennquist, 2009b). The 
collaborating organizations offer resources and knowledge in order to resolve a 
common problem (Danielsson, Johansson & Kvarnlöf, 2013). The rescue service 
is managed by the Rescue Service Incident Commander, the EMS is managed by 
the Ambulance Incident Commander and the Medical Incident Commander and 
the police are managed by the Police Incident Commander (Lennquist, 2009b). 
The incident commanders collaborate in evaluating the safety of personnel, make 
general decisions about the rescue operation, communication, allocation of 
personnel and resources and information to the media (Nilsson & Örtenwall, 
2009). The injured persons are located at the incident site (Lennquist, 2009b), 
which, in this thesis, is an underground mine. The rescue service personnel access 
the incident site and secure it against hazards or evacuate the injured persons. 
They are also able to perform basic life-saving care (Lennquist & Lennquist 
Montán, 2017). Generally, evacuation from the incident site is prioritized over 
care because of the hazardous conditions and the inability to triage injured 
persons (Lennquist, 2009b). EMS personnel are responsible for triage, life-
saving care and transportation to hospital of injured persons, which is usually 
performed at the collection area for the injured (Lennquist & Lennquist Montán, 
2017). Police officers are responsible for cordoning off the incident area, directing 
traffic and registering and caring for uninjured persons, the deceased and goods 
(Lennquist & Lennquist Montán, 2017). The police service is a vital part of 
Swedish emergency response. In this thesis the police perspective has been 
excluded. The police service has been excluded because the main objective of the 
project has been to improve underground response, which is managed by the 
mining company, rescue service and EMS personnel. During the rescue operation 
phase, it is unlikely that the police would send any officers into the mine. 
However, as the project has developed it can now be considered relevant to 



 

6 

include at least the Police Incident Commander during full-scale exercises in 
order to familiarize them with the evolving rescue operation practice. 

The organizations have established procedures for managing a major incident 
(Danielsson, Johansson & Kvarnlöf, 2013). However, when an incident is 
complex or rare, such as a mining incident, there is an increased need for intra- 
and inter-organizational collaboration (Fredholm & Göransson, 2006; Lennquist 
& Lennquist Montán, 2017). No single organization can make decisions for 
another organization (Svensson, 2009). However, inter-organizational 
collaboration and communication has often proved to be inefficient (Kristensen, 
Kyng & Palen, 2006). Collaboration can be described as sequential, parallel and 
synchronous (Berlin & Carlström, 2011). Sequential collaboration is when one 
organization starts a task and then another continues from the point where the 
first organization had finished. Parallel collaboration is when organizations carry 
out their tasks simultaneously but act on their own and the tasks are strictly 
distributed between the organizations, whereas synchronous collaboration is 
when the organizations perform tasks simultaneously and the personnel 
spontaneously and naturally assist each other. Because mining company, rescue 
service and EMS personnel do not work with each other on a daily basis, their 
collaborative work during major incidents can also be described through 
knotworking. Knotworking is the improvised, irregular collaboration between 
several organizations in order to resolve problems (Kangasoja, 2002). The 
organizations must collaborate because no single organization possesses all the 
relevant information and resources to resolve the problem on its own (Kangasoja, 
2002).  

During a major incident, all emergency personnel have to make decisions and act 
in an uncertain situation in which time is severely limited (Swedish Civil 
Contingencies Agency, 2010). The organizations may not have much experience 
of working together in major incidents and collaboration can be improved 
through planning, training and exercises (Miller, 2016). Exercises are performed 
in order to increase individual and organizational preparedness for major 
incidents by creating a response practice and reducing the risk of errors (Swedish 
Civil Contingencies Agency, 2010). Realistic table-top and full-scale exercises 
give the rescue and management personnel the opportunity to practice (Vaught 
et al., 2006). Training and exercises can increase emergency preparedness by an 
improved, collaborative and efficient management of an emergency (Swedish 
Civil Contingencies Agency, 2010). It is also possible to identify knowledge gaps 
and deficiencies in the current practices, thereby providing an opportunity to 
change the organizational practice (Swedish Civil Contingencies Agency, 2010). 
The response plans, procedures and the dynamics of the responding 
organizations can be tested in order to validate or revise them (Kim, 2014; Latiers 
& Jacques, 2009). Experiences from tests in which emergency personnel 
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evacuated 22 injured persons from a bus that had rolled onto its side proved that 
collaboration is important. With no previous training the evacuation lasted 50 
minutes. However, with repeated training, changed methodology and 
experienced personnel, the evacuation time was reduced to nine minutes 
(Björnstig & Näsman, 2017). Nonetheless, full-scale exercises have also been 
considered to be inadequate tools for learning (Robert & Lajtha, 2002; Sørensen 
et al., 2019; Allen, Karanasios & Norman, 2014; Andersson, Carlstrom, Ahgren & 
Berlin, 2014) because good collaboration is difficult to achieve between the 
participating organizations (Sørensen et al., 2019). The focus has generally been 
on the tasks of the emergency managers and the organizations’ intra-
organizational skills rather than on collaboration (Andersson, Carlstrom, Ahgren 
& Berlin, 2014). The intra-organizational focus has been showed during exercises 
where the participants usually use sequential or parallel collaboration during 
exercises; synchronous collaboration only occurs occasionally (Berlin & 
Carlström, 2014). However, collaboration exercises may also improve inter-
organizational collaboration during real events, because the participants build 
informal relationships by getting to know each other and learn a common 
language when they listen to each other and delegate tasks (Kristiansen, Håland 
Johansen & Carlström, 2019). Although it has been generally agreed that it is 
important for the emergency services to practice in order for them to be prepared, 
there is some disagreement on how efficient full-scale exercises actually are for 
learning. Thus, instead of studying the effectiveness of participants in full-scale 
exercises, it would be interesting to study the learning of exercise organizers as 
they develop the practice of the exercise rescue operation. 

Preparedness of mining company personnel 
Mines are usually located in remote areas. This imposes a considerable 
responsibility on underground mining company personnel to be prepared for 
emergency response (Conti, 2001). Fires in underground mines lead either to 
partially or temporarily sealed off areas (Lehnen, 2016). If there is a secondary 
evacuation route, underground mining company personnel can self-evacuate, 
otherwise they may have to be rescued (Lehnen, 2016). Both the evacuation and 
the rescue operation may have to be carried out along routes that are filled with 
smoke, making such operations difficult (Hansen, 2010). The safety of mining 
company personnel depends on their knowledge and ability to recognize and 
respond to hazards, as well as their training and experience (Kowalski-Trakofler, 
Vaught, Brnich Jr & Jansky, 2010). The initial response to a major incident by 
underground mining company personnel is crucial and may influence the 
outcome of the incident (Kowalski-Trakofler, Vaught, Brnich Jr & Jansky, 2010). 
Mining company personnel must manage the situation and act as immediate 
responders until the emergency responders arrive. Immediate responders are 
those who happen to be at the site of the incident, and although they may not have 
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formal emergency training they have knowledge of the area and can assist with 
the immediately available resources (Harris et al., 2018). The Mine Safety 
Technology and Training Commission (2006) recommends that realistic training 
scenarios between mining company personnel and emergency responders should 
be performed but that there is a need for more research on the best practice. 

Mining company personnel are not experts at managing emergency situations; 
they have limited medical skills and will probably know the injured person or 
persons, which could cause emotional distress, thereby influencing their actions 
(Xiao, Horberry & Cliff, 2015). Preparedness for major incidents includes training 
mining company personnel to self-escape and to be rescued (The Mine Safety 
Technology and Training Commission, 2006). The Mine Safety Technology and 
Training Commission (2006) recommends that mining company personnel 
should possess knowledge of escape/rescue technologies, mine-specific 
knowledge and escape/rescue conceptual knowledge in order for them to be able 
to escape or be rescued during major incidents. Mining company personnel need 
both hands-on training and training in problem solving, decision making, 
leadership and communication, which can be achieved through interactive 
simulation exercises (The Mine Safety Technology and Training Commission, 
2006). During a table-top simulation of a major mine fire, mining company 
personnel faced a range of dilemmas, for example, searching for a missing peer. 
A number of situations proved to be difficult, in some situations the mining 
company personnel would knowingly perform an unsafe action (Cole, Vaught, 
Wiehagen, Haley & Brnich, 1998). Because mining company personnel work in 
extreme environments, they are usually the immediate responders to major 
incidents and must act sufficiently, for example, by taking care of an injured peer 
until the emergency services arrive. It would therefore be interesting to analyze 
the level of preparedness of mining company personnel for major underground 
mining incidents.  

International mining companies often have their own on-site specialized mine 
rescue teams (Lehnen, Martens & Rattman, 2013). The purpose of mine rescue 
teams is to rescue injured mining company personnel and restore the mine to 
normal working conditions, as well as have access to skilled first-aid providers 
and firefighters (Mine Safety Technology and Training Commission, 2006; 
Enright & Ferriter, 2014). Generally, critical patients with, for example, poor or 
unstable vital signs or altered mental status are prioritized for evacuation by the 
mine rescue teams (Enright & Ferriter, 2014). On-scene assessment and 
treatment by the mine rescue teams should take no more than ten minutes and 
the maximum time from incident site to hospital should be one hour (Enright & 
Ferriter, 2014). One special example of a mine rescue team is the Special Medical 
Response Team (USA), which provides advanced medical care to injured persons 
in high risk or extreme environments, e.g. trapped or injured mining company 
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personnel (Special Medical Response Team, n.d.). The Special Medical Response 
Team assists local responders when their resources have been exhausted and also 
works with other major incidents, for example, urban search and rescue (Special 
Medical Response Team, n.d.). Mine rescue teams attempt to access injured 
mining company personnel as quickly as possible. However, preparing mine 
rescue teams, reaching the mine and navigating a complex environment in order 
to reach injured mining company personnel at the incident site usually takes a 
long time (Mine Safety Technology and Training Commission, 2006). Thus, 
companies that utilize mine rescue teams face similar environmental challenges 
as Swedish companies, which rely on collaboration between mining company 
guides and rescue service personnel. 

According to Swedish law, the Civil Protection Act (Swedish Code of Statutes, 
2003a), the owners and users of buildings are required to prevent and limit the 
damage of fires. Swedish mining companies recognize that their employees need 
to be adequately prepared because even though preventive measures have been 
taken, incidents can still occur. In other words, all personnel should be educated 
and trained in the use of fire extinguishers and informed about the hazards of 
underground fires (Swedish Mining Industry’s Health and Safety Committee, 
2016b). The mines are required to either have their own mine rescue service 
personnel who can perform an initial rescue attempt and complement municipal 
rescue service personnel or have an agreement with the local rescue service and 
provide trained mining company guides for the rescue operations (Swedish 
Mining Industry’s Health and Safety Committee, 2016b). Only the Swedish state-
owned company Luossavaara-Kiirunavaara AB (LKAB) keeps its own mine 
rescue service, in addition to the local rescue service (Lehnen, Martens & 
Rattman, 2013). The other underground mines train mining company guides. 
The main objective of Swedish mining company guides is to guide the local rescue 
service during rescue and smoke-diving operations. The mining company guides 
are trained, for example, in basic life support and underground smoke-diving 
methodology and conduct practical exercises underground with the municipal 
rescue service (Swedish Mining Industry’s Health and Safety Committee, 2016b). 
In this thesis, the studied mining companies collaborated with the rescue service 
by training mining company guides, thereby the utilization of mine rescue teams 
have not been studied. 

Preparedness of rescue service personnel 
The Swedish rescue service works to prevent or limit the injury to persons and 
damage to property and the environment (Svensson, 2009). This thesis focuses 
on the municipal rescue service, which is responsible for performing most rescue 
operations, with the exception of rescue operations that are state controlled, for 
example, nuclear incidents or incidents at sea (Hasslevall, 2008). The rescue 
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service performs a rescue operation if a rapid intervention is necessary and there 
is a balance between the cost of the rescue operation and the importance of the 
goal of the rescue operation (Svensson, 2009). Rescue service personnel secure 
the incident site, define safety zones, evacuate injured persons from the incident 
site and assist EMS personnel by performing basic life-saving or rescuing trapped 
persons (Lennquist & Lennquist Montán, 2017; Björnstig, 2004; Björk, 2017). 

The rescue service has a hierarchical management structure and the Rescue 
Service Incident Commander is responsible for managing the rescue operation. 
The rescue service is organized as full-time or part-time units (Svensson, 2009). 
They are able to work in hazardous hot zones and must therefore assess the need 
for a rapid rescue operation relative to the necessary safety precautions. They are 
used to working in dynamic situations that demand a high level of flexibility 
(Svensson, 2009). During major incidents the incident site, in this case 
underground mine, can be divided into three safety zones: hot hazardous zone in 
which full personal protective equipment, for example, breathing equipment, is 
required; warm, not quite safe zones and cold safe zones (Enright & Ferriter, 
2014). 

Rescue operations in underground mines are complicated, because of the 
complex environment and the need to cover considerable distances (Ingason et 
al., 2015). During fires, the environment can lead to the comprehensive and rapid 
spread of smoke (Ingason et al., 2015). Thus, the environment requires the use of 
specific tactics and methods, as well as experienced personnel with adequate 
resources (Lönnermark et al., 2015; Ingason et al., 2015). However, the division 
of responsibility between the mining company and the rescue service could be 
ambiguous during an underground fire, in which rescue service personnel are 
uncertain about what is expected of them and their ability to perform the rescue 
operation (Ingason et al., 2015). 

Consequently, it is difficult for rescue service managers to apply the right tactical 
thinking, by understanding the characteristics of the incident in relation to the 
capacity of their personnel and equipment (Ingason et al., 2015). In order for the 
Rescue Service Incident Commander to decide on the best tactics and methods 
for the rescue operation, gathering information is a prioritized task, for example, 
about the position of people in the smoke-filled underground environment 
(Lönnermark et al., 2015). In order to gain an overview of the incident site, 
determine the extent of the fire, assist self-escape and rescue those who cannot 
evacuate themselves, the rescue service utilizes reconnaissance teams and smoke-
diving teams (Palm, 2014). However, the utilization of reconnaissance teams 
needs to be further studied (Ingason et al., 2015). Also, smoke-diving 
methodology has mainly been developed for fires in buildings (Ingason et al., 
2015). Furthermore, underground smoke-diving operations are considered 
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difficult due to limited practical experience of the rescue service and the need for 
extensive resources (Ingason et al., 2015).  

The difficulty of underground rescue operations has been exemplified by both the 
previously mentioned Swedish fire in 2013 (Marklund & Haarala, 2014) and 
another fire in a Swedish underground mine in 2008 in which eight mining 
company personnel in a rescue chamber were rescued after six hours and three 
rescue attempts (Engström, Angrén, Björnstig & Saveman, 2018). However, other 
incidents can also include complex rescue operations, as exemplified by an 
incident in a Swedish mine in 2017 (Petersson, 2017). A mining company worker 
was crushed between a vehicle and the mine wall 800 meters below ground. 
Although the rescue service arrived shortly after the incident, it took around one 
hour before the severely injured worker could be transported via ambulance 
helicopter to hospital (Petersson, 2017). Thus, the mining environment appears 
to be a challenge for rescue service personnel and they have described the need 
for a better methodology and tactics (Marklund & Haarala, 2014). Because rescue 
service personnel, through their collaboration with mining company guides, have 
to enter hot, smoke-filled tunnels, it would be interesting to study their 
preparedness for carrying out rescue operations in collaboration during major 
incidents in underground mines. 

Preparedness of emergency medical service personnel 
In this thesis, EMS personnel will mainly refer to personnel having prehospital 
professions: ambulance technicians, registered nurses and registred nurses 
specialized in prehospital nursing and their managers. In Sweden it is common 
for the first EMS unit that arrives at an incident site to be responsible for the 
management of the medical response during a major incident (Nilsson & 
Örtenwall, 2009; Lennquist, 2009c; Swedish National Board of Health and 
Welfare, 2018). Thus, EMS personnel are educated in the pre-hospital 
management concept course (Rüter, Nilsson & Wikström, 2004). EMS 
management is divided into the roles of Ambulance Incident Commander and 
Medical Incident Commander (Nilsson & Örtenwall, 2009). The Ambulance 
Incident Commander is responsible for the overall EMS operation, including 
collaboration with the commanders of the other emergency services, evaluating 
the safety of EMS personnel and taking care of resources and communication 
both internally and externally (Nilsson & Örtenwall, 2009). The Medical Incident 
Commander is responsible for the medical care provided at the incident site, for 
example, triage decisions, as well as the transportation of patients to hospital 
(Nilsson & Örtenwall, 2009). 

Critically injured persons should receive care through hemorrhage control and 
resuscitation within the golden period in order to increase their chances of 
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survival (National Association of Emergency Medical Technicians (U.S.), 2020). 
Injured persons are cared for according to the concept of Prehospital Trauma Life 
Support (PHTLS), which is an evidence-based, systematic approach to the care of 
critically injured persons (National Association of Emergency Medical 
Technicians (U.S.), 2020). EMS personnel aim to rapidly access and care for 
patients with life-threatening injuries and transport them to hospital (National 
Association of Emergency Medical Technicians (U.S.), 2020). EMS personnel 
must control exsanguinating external hemorrhage (X), maintain an open airway 
and stabilize the cervical spine (A), control breathing and saturation and give 
oxygen (B), control pulse and stop major external hemorrhage (C), control level 
of consciousness (D) and make a quick, systematic full-body examination (E) 
(Lennquist & Larsson, 2017; National Association of Emergency Medical 
Technicians (U.S.), 2020). During major incidents involving multiple injured 
persons, EMS personnel perform triage (Lennquist & Lennquist Montán, 2017). 
Injured persons can be triaged in three different categories (priority 1–3) in which 
priority 1 (red) indicates that the injured person has life-threatening injuries and 
cannot wait; priority 2 (yellow) indicates serious injuries but that the patient can 
wait for no longer than two hours and priority 3 (green), which indicates that the 
person is injured but can wait for an extended period of time without risk to life 
and health (Lennquist & Lennquist Montán, 2017). 

In a literature review (Engström, Angrén, Björnstig & Saveman, 2018) about 
major incidents in underground mining, very few articles were found relating to 
medical management during rescue operations. One reason for this could be that 
EMS personnel are generally not involved in operations involving the rescue of 
underground mining company personnel. Even though there is a Special Medical 
Response Team in the USA that specializes in assisting local resources by 
providing advanced life support in underground mines (Special Medical 
Response Team, n.d.), most mine rescue teams include a medic. The medic has 
primary responsibility for the patient and is competent in basic life support and 
trauma management (Enright & Ferriter, 2014). Depending on the seriousness of 
the incident, the transfer of the patient to EMS personnel varies from a simple 
hand-off of the patient at the mine entrance to EMS personnel setting up an on-
site triage and treatment area at ground level (Enright & Ferriter, 2014). Although 
the mine rescue is carried out by a mine rescue team, contact is made with the 
local EMS in order to consult them on how they will manage the incident and 
what assistance is required by the mining company (Enright & Ferriter, 2014). 
Thus, EMS personnel do not generally enter a mine as an active part of the rescue 
team. 

Therefore, most articles covered other aspects (e.g. injury-creating technical and 
environmental factors) (Engström, Angrén, Björnstig & Saveman, 2018), one 
exception being the Quecreek incident in the USA in 2002 (Frank, 2002), which 
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also covered the EMS perspective. During this incident, nine mining company 
personnel were trapped for 72 hours in a flooded air pocket in the mine (Frank, 
2002). After reaching ground level, the mining company personnel were 
decontaminated, triaged, treated for hypothermia and sent to hospital for 
treatment of minor injuries (Frank, 2002). However, in Sweden, most mining 
companies utilize a collaboration between the rescue service personnel and 
mining company guides in order to rescue mining company personnel (Lehnen, 
Martens & Rattman, 2013). Thus, the advanced medical skills of EMS personnel 
is a necessary complement. Nevertheless, around one half of Swedish EMS 
personnel who have a mine in their catchment area did not perceive themselves 
as being prepared to work during mining rescue operations and almost all of them 
considered that they needed education and training in order to be more prepared 
(Aléx, Lundin, Joansson & Saveman, 2017). The lack of research articles on 
medical management during rescue operations in mines, together with the lack 
of preparedness of Swedish EMS personnel, makes the EMS preparedness an 
interesting topic to study further. All personnel who have a mine in their 
catchment area may need to respond to emergencies in the mine. 

Theoretical framework 
The theoretical framework of cultural-historical activity theory (Engeström, 
2001) is used for elaboration on the preparedness of mining company personnel, 
rescue service personnel and EMS personnel. The theory was chosen because the 
focus of this thesis is the preparedness as described by the personnel both within 
and across the three organizations, i.e. activity systems. The personnel are seen 
as representatives of their organization who are influenced by their specific 
context, meaning they have different levels of expertise and perspectives of the 
incident. Furthermore, the theoretical framework of Study IV, the cycle of 
expansive learning, was developed by Engeström (2001) based on the structure 
of cultural-historical activity theory. 

Cultural-historical activity theory has been developed over three generations of 
research: Vygotsky, Leont’ev and Engeström (Engeström, 2001). Cultural-
historical activity theory considers individuals as being included in activity 
systems, which results in object-oriented actions. The theory assumes that an 
individual (subject) performs actions based on the object, which is mediated by 
tools (mediating artifacts). The individual’s actions are influenced by the context 
(rules, the individual’s community and division of labor). Object 1 refers to an 
unreflected setting in a given situation, e.g. in this thesis personnel working 
during an underground incident. Object 1 transforms into Object 2 when the 
activity system constructs a meaning to the given situation. Object 3 is a shared 
object and is constructed in collaboration between the different activity systems 
(Engeström, 2001). In this thesis, the subjects are represented by the participants 
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in the studies; they are seen as being representatives of their organization, which 
is their community, with rules and a specific division of labor. Furthermore, the 
cultural historical activity theory recognizes that multiple activity systems can 
interact and together create a collective meaningful object as a motive for action. 
Thus, it is an object-oriented theory, as seen in Figure 1 (Engeström, 2001; 
Engeström & Sannino, 2010).  

 

In this thesis there are three interacting activity systems: the mining companies, 
the rescue service and the EMS. When analyzing the results of the studies 
regarding the preparedness of the organizations, the units of analysis are the 
activity systems of the three organizations and their relationship to each other 
(Engeström, 2001). It is important to note that the individuals included in the 
activity system have different opinions and traditions (multivoicedness) and this 
is also true for individuals belonging to other activity systems that make 
negotiations and flexibility necessary (Engeström, 2001). The problems that arise 
within and across activity systems depends on the history of the activity systems 
and contradictions can lead to development through expansive learning by 
deliberate joint efforts to change the activity systems (Engeström, 2001). The 
activity systems are interdependent and their objectives may overlap but, at the 
same time, their objects may vary greatly, which creates a tension between the 
activity systems (Engeström & Sannino, 2010). The organizations use their 
expertise to continuously negotiate and transform the object of activity 
(Engeström, 2008). 
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Figure 1 Two interacting activity systems (Redrawn from Engeström, 2001, p. 136) 
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Rationale 
Underground mining is a hazardous operation and although major incidents are 
rare, the potential injury and damage are significant. Rescue operations in such a 
challenging setting must be well prepared and personnel must be properly 
trained. Much of the international literature on the topic relates to coal mines, 
which have different kinds of risks compared to mineral and metalliferous mines. 
Thus, studying the Swedish mining context will contribute to mineral and 
metalliferous literature.  

The mining environment renders rescue operations difficult, meaning that 
mining company personnel may not be rescued for an extended period of time. It 
is therefore essential for mining company personnel to be trained and prepared 
to respond to incidents, by, for example, self-escaping. However, their 
preparedness to take care of a seriously injured peer during a major incident has 
not been extensively studied. Thus, the preparedness of mining company 
personnel to take care of injured peers, as well as identifying factors that influence 
their preparedness, could be studied. 

Few research studies have thoroughly focused on the EMS perspective in major 
underground mining incidents. Furthermore, Swedish EMS personnel have not 
considered themselves to be prepared for rescue operations in underground 
mines. Thus, it would be interesting to learn more about the preparedness of EMS 
personnel. 

Sweden, apart from most other mining countries, relies on the collaboration 
between the municipal rescue service, regional EMS personnel and the mining 
company for rescue operations during major incidents in underground mines. 
The complexity of the environment results in challenging rescue operations. 
Thus, it would be interesting to study the preparedness of the three organizations 
for major incidents. 

The organizations can prepare for major incidents through practicing together 
during full-scale exercises. However, both intra- and inter-organizational 
collaboration has been perceived as being difficult. Thus, it would be interesting 
to study the learning of exercise organizers in their process of developing the 
practice of a mine exercise rescue operation. 
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Aim 
The overall aim of this thesis is to analyze the preparedness for response to major 
incidents in Swedish underground mines among personnel from mining 
companies, the rescue service and the emergency medical service. 

The specific aims addressed in the studies are as follows: 

Study I aimed to identify factors of importance for being prepared for peer first 
response to underground mining emergencies with injuries. 

Study II aimed to examine the perceptions and experiences of emergency medical 
service personnel regarding the management of underground mining incidents. 

Study III aimed to explore the perceptions and experiences of mine workers and 
managers, rescue service personnel and emergency medical service personnel 
regarding how to handle incidents in an underground mine. 

Study IV aimed to explore the learning process in the collaboration between the 
organizers of underground mine exercises. 
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Methods 

Research design 
This thesis is set within a constructivist paradigm, thereby assuming that there 
are multiple realities (realist ontology), that the researcher and the participant 
co-create knowledge (subjective epistemology) and that the research is 
performed in the participants’ natural setting (naturalistic methodological 
procedures) (Denzin & Lincoln, 2011). Thus, because the participants in the 
studies construct their realities through their lived experiences, the aim of 
research is to understand a phenomenon by interpreting how the participants 
perceive it, in order to improve practice (Lincoln, Lynham & Guba, 2011). 

Both quantitative (Study I) and qualitative methods (Studies II–IV) have been 
used. Quantitative research has a positivist perspective, aiming for an objective, 
unbiased understanding of the research topic (Burell & Gross, 2018). In contrast, 
qualitative research aims for a holistic understanding of a complex problem and 
assumes subjective, multiple and socially constructed realities (Dahlgren, 
Emmelin, Hällgren Graneheim, Sahlén & Winkvist, 2019).  

Study I is a retrospective cross-sectional study. Mining company personnel 
(n=741) answered questionnaires about their self-assessed preparedness. Based 
on the results of these questionnaires, factors of preparedness could be identified. 
During major incidents, mining company personnel become immediate 
responders, and could be responsible for taking care of their injured peers. Thus, 
this is the first study of the thesis to achieve a primary understanding of the 
baseline preparedness of mining company personnel and develop factors of 
preparedness. Study II is a semi-structured interview study of 13 EMS personnel 
that examines their perceptions and experiences of major underground mining 
incidents using latent qualitative content analysis. This study is relevant in order 
to further study why EMS personnel did not consider themselves to be prepared 
to respond to underground incidents as reported by Aléx, Lundin, Joansson and 
Saveman (2017). In Study III, which is also a semi-structured interview study, 
comprising six focus group interviews and 10 complementary individual 
interviews, the perceptions and experiences of personnel from a mining 
company, the rescue service and EMS were analyzed using a manifest qualitative 
content analysis. This study therefore includes all studied organizations, further 
developing the results of Study II. The work performed in the project upon which 
Study IV is based was inspired by the results of Studies I–III. Study IV is a case 
study with a deductive review of 144 documents from collaboration meetings and 
full-scale exercises in order to analyze the learning process of exercise organizers 



 

18 

as they developed a new practice for exercise rescue operations. An overview of 
the studies is presented in Table 1. 

Table 1 Summary of methods and material used 

Study Design Participants/material Time for data 
collection 

Data analysis 

I Retrospective 
cross-sectional 
survey 

n=741 mining 
company personnel, 
questionnaire 

November 2016 - 
February 2017 

Descriptive 
statistical 
analysis, 
Exploratory 
factor 
analysis,  
Multiple 
logistic 
regression 

II Semi-structured 
interview study 

n= 13 Individual 
interviews 
 

October 2016-
November 2016 

Qualitative 
content 
analysis – 
latent analysis 

III Semi-structured 
interview study 

n= 38 
n= 28 in 6 focus group 
discussions 
10 individual 
interviews 
(whereof 8 also 
included in Study II) 

October 2015 –
November 2016 

Qualitative 
content 
analysis – 
manifest 
analysis 

IV Case study: 
Deductive 
review of 
documentation 

n= 144 documents 
Collaboration 
meetings = 38 
documents 
Full-scale exercise 
documentation = 106 

April 2015 -
December 2018 

Deductive 
analysis by 
the cycle of 
expansive 
learning 

Study context 
The studies of this thesis have been produced in the Safety and Security Test 
Arena project. Safety and Security Test Arena had a triple-helix constellation and 
therefore included participants from the university, governmental and municipal 
agencies, as well as commercial companies. The overall aim of the Safety and 
Security Test Arena project has been to create products in collaboration which 
have promoted growth in the security sector. The Safety and Security Test Arena 
project included several activities of which the mining project as described in 
Study IV was one. This thesis includes four of several studies that were produced 
within the mining project. The overall objective of the mining project was to 
develop an educational program for rescue operations during major fire incidents 



 

19 

in underground mines, a process which was analyzed in Study IV. The 
participating organizations comprised mining companies, the rescue service, 
EMS, the university and a company working with training in fire safety and the 
working environment. Thus, solutions to the challenges encountered by rescue 
operations in underground mines have been developed in collaboration between 
the involved researchers and the participating organizations as a participatory 
action research design. Consequently, the new educational program was based on 
the needs of the mining companies, the rescue service and EMS, scientifically 
validated by the university, and could be marketed by the company working with 
training. In order for the research team to understand the practical challenges of 
rescue operations in underground mines, we were invited to eight full-scale 
underground mining exercises as observers and have also been able to participate 
in the planning and evaluation of several of them as exercise organizers in order 
to test and modify the new educational program. 

Participants and material 
In Study I questionnaires (n=1022) were distributed to seven of the nine 
Swedish underground mines. After excluding 29 mining company personnel who 
were not working underground and 11 with more than 25% missing internal 
values, the response rate was 73% (n=741). Ten percent of the participants were 
female and 89% male, their mean age was 40.4 years and their mean working 
experience 11.9 years. Most of them were maintenance-technical staff (54%), but 
there were also mine-laborers (39%) and supervisors-managers (7%). Twelve 
percent of the participants had completed an extra mining company guide 
education or medical training. 

In Study II individual interviews were performed with 13 EMS personnel. EMS 
personnel represented five EMS stations with a mine in their catchment area, 
with a range of one to six participants per station. Eight of the participants were 
registered nurses, four were registred nurses specialized in prehospital nursing 
and one was an emergency medical technician. Seven of the participants were 
male and six were female with a mean age of 42 years (26–62) and work 
experience of 14 years (1–42). Nine out of 13 participants had experienced a 
mining incident. 

In Study III a total of 38 respondents were interviewed. Six focus groups 
discussions were performed (n=28). Two of the focus groups comprised mining 
company personnel (n=4; n=7), one comprised mining company managers 
(n=4), two comprised rescue service personnel (n=5; n=4) and one comprised 
EMS personnel (n=4). The analysis was also complemented by specific 
information relating to the aim of the study from 10 supplementary individual 
interviews with EMS personnel. Eight of these were analyzed in full in Study II. 
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The participants had a mean age of 41 years (22–58) and a mean experience of 14 
years (1–35). There were 32 males and 6 females.  

In Study IV the material comprised a total of 144 documents from 16 
collaboration meetings and 11 full-scale exercises. The collaboration meetings 
comprised 16 exercise organizers: one rescue service manager, two managers and 
two operational personnel from the EMS, three managers from two mining 
companies and one manager and three educators from a company working with 
training, as well as three researchers and one teacher from Umeå University. The 
exercise organizers had relevant experience of full-scale exercises and influence 
over both exercises and the organizational procedures. The collaboration 
meetings resulted in a total of 38 documents. The full-scale exercises resulted in 
106 documents: planning documents, logbooks, observation protocols and 
evaluations. Personnel from all the organizations have contributed with 
documents (Table 2); rescue service (30), EMS (24), mining companies (14), 
training company (10), university (28). 

Data collection 
The data have been collected iteratively during the research project (Figure 2). 

 

Figure 2 Timeline of the data collection of the studies, C = Collaboration meeting, E = Full-scale 
exercise 

Study I used a retrospective cross-sectional design, meaning that data were 
collected at one point in time, and describe the state of preparedness of mining 
company personnel at that given time (Kano, Wood, Siegel & Bourque, 2016). A 
study-specific questionnaire to study the self-perceived preparedness of mining 
company personnel for peer rescue and first aid was constructed based on the 
preparedness literature (Mishra & Suar, 2007; Slepski, 2005; Engström, Angrén, 
Björnstig & Saveman, 2018). The questions related to the mining company 
personnel’s self-perceived knowledge of injuries and first aid, first aid training 
and equipment and the perceived risks of mining incidents, particularly 
concerning fires, vehicle incidents and rockfalls. Answers to the questions were 
either yes/no or on a five-item Likert scale with the following response 

Jan 1, 2015

Study I

Study II

Study III

Study IV
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C C C C C C C C C CC CCCCC C
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alternatives: a very high extent, a high extent, some extent, a low extent and a 
very low extent. The face validity of the questionnaire was tested using three 
mining company personnel and the questionnaire was discussed by the 
researchers during several seminars to improve the questions. All the managers 
of Sweden’s nine underground mines were contacted and informed of the study. 
Of the nine mining company managers, seven chose to participate. Anonymized 
questionnaires were sent to the mining company’s managers who were 
responsible for distributing, collecting and returning them to the researchers. 
Data collection was carried out between November 2016 and February 2017. 

In Study II semi-structured interviews were performed with EMS personnel 
between October and November 2016. The interviews were based on a semi-
structured interview guide and were conducted by me and two master’s students 
in the Graduate Programme in Prehospital Nursing. The managers notified their 
personnel of the study and interested personnel were invited to participate. Of 
the 13 interviews, 11 were performed in quiet environments at the participants’ 
workplace and two via phone. The interviews lasted from 20 to 105 minutes. All 
interviews were recorded and transcribed verbatim. 

In Study III a semi-structured interview protocol containing three scenarios 
(traffic incidents, fire and rockfall incidents) was constructed based on real 
incidents known from the international literature (Engström, Angrén, Björnstig 
& Saveman, 2018; Groves, Kecojevic & Komljenovic, 2007; Hansen & Ingason, 
2013; Sanmiquel, Freijo, Edo & Rossell, 2010). Starting with the scenarios, the 
participants could discuss their own experiences and perceptions of similar 
incidents. The inclusion criteria for the study were interest in the research 
question and that the rescue service and EMS personnel had a mine in their 
catchment area. Managers from the mining company, the rescue service and EMS 
gave their informed consent for the study. The mining company managers 
organized groups of available personnel who agreed to participate and the 
managers and workers were divided into separate groups. The managers of the 
rescue service and EMS asked for volunteers from among their personnel. The six 
focus group interviews were conducted with personnel from the mining company, 
the rescue service and EMS, respectively, by two experienced researchers in a 
quiet environment at each organization and lasted from 90–120 minutes. The 
analysis was complemented by information relating to the aim of the study from 
10 supplementary interviews with EMS personnel. Eight of these were analyzed 
in full in Study II. The information from the supplementary interviews added 
depth to the already performed analysis of Study III and was used to either 
support or contradict the EMS findings. The interviews based on a semi-
structured interview guide were conducted by me and two master’s students in 
the Graduate Programme in Prehospital Nursing. The individual interviews were 
conducted either in a quiet environment at the interviewed organizations (eight) 
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or at the university (one), and via phone (one) and lasted from 20–105 minutes. 
Data collection was performed between October 2015 and November 2016. All 
interviews were recorded and transcribed verbatim. 

In Study IV the data collection was an iterative process. Data have been collected 
from 16 collaboration meetings (January 2017 to December 2018) as well as 11 
full-scale exercises (April 2015 to October 2018). All organizations, including 
representatives of mining companies, the rescue service, EMS, Umeå University, 
as well as a company working with training in fire safety and the working 
environment, have contributed with material from the full-scale exercises (Table 
2). The material from the 11 full-scale exercises included documents about 
planning, logbooks, observation protocols and evaluations. At the start of the 
collaboration project, the material from the first five full-scale exercises authored 
by the organizations’ exercise organizers was shared with the research team in 
order for us to gain an understanding of the exercise procedure. The research 
team was invited to observe the full-scale exercises starting from exercise six of 
this study and, from the start of the collaboration project, also became part of the 
exercise organizing team. Subsequently, while the collaboration project was 
active, the organizations’ exercise organizers shared their documentation for the 
purpose of transparency during the development process of a new exercise rescue 
operation practice for underground mine fires. The 16 collaboration meetings 
included both the development of a new exercise rescue operation practice as well 
as organizing major incident exercises together. I documented what was 
discussed during these meetings, functioning as a secretary and sometimes being 
one of the moderators. 

Table 2 Contributors with documentary material from exercises per exercise and organization 

Exercise Rescue 
service EMS Mine 

companies 
Training 
company University Total 

1 3     3 
2 3  1   4 
3   2   2 
4 1  1   2 
5 2  1   3 
6   2  2 4 
7 3    3 6 
8 3 3   3 9 
9 4   2 3 9 
10 6 1 2 4 4 17 
11 5 20 5 4 13 47 

Total 30 24 14 10 28 106 
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Data analysis 
In Study I the analytical process had several stages: descriptive statistics, 
exploratory factor analysis and multiple logistic regression. First, a descriptive 
analysis of the questions included in the analysis was performed, e.g. analyzing 
the frequency. All the questions included in the analysis had less than 10% 
missing values. Thus, imputation using SPSS Statistics Version 24 (IBM SPSS 
Statistics for Windows, 2016) with expectation-maximization estimation was 
performed (Dong & Peng, 2013). A significance level of 0.05 was used throughout 
the study and all other analyses were performed using Stata Statistical Software 
Release 14 (Stata Statistical Software, 2015).  

An exploratory factor analysis was performed for data reduction purposes and to 
identify the latent constructs that make the manifest variables covary (Costello & 
Osborne, 2005). Six factors had eigenvalues of >1 but when studying the scree 
plot and comparing the constructs a decision was made to retain only three 
factors, all of them having eigenvalues of >2. The factors were rotated using 
Promax and a threshold of 0.5, indicating strong loading, was chosen (Costello & 
Osborne, 2005). Then the items in the respective factors were added together and 
Cronbach’s alpha was measured. The three factors illustrate the mining company 
personnel’s medical peer response preparedness. The factors were called 1) 
Familiarity with rescue procedures during emergencies with injuries, 2) Risk 
perception of emergencies with injuries and 3) Experience of using self-protective 
and first aid equipment. 

The analysis continued with multiple logistic regression. The three factors were 
used as independent variables and the variable “Do you consider yourself 
prepared to respond (before the EMS or rescue service personnel arrive at the 
incident site) to emergencies, e.g. fire, explosions or rockfalls in the mine? was 
used as a dependent variable. Post-estimation tests (Hosmer-Lemeshow test and 
Pearson χ2 goodness-of-fit test) were used to test the model fit (StataCorp, 2015). 

Study II and III have been analyzed using inductive qualitative content analysis 
(Graneheim & Lundman, 2004; Graneheim, Lindgren & Lundman, 2017) in 
order to gain a condensed and broad understanding of a phenomenon (Elo & 
Kyngäs, 2008). Using an inductive analytical approach means searching for 
patterns in the data – going from the concrete to the abstract (Graneheim, 
Lindgren & Lundman, 2017). The material for Study II was initially analyzed for 
manifest content by two master’s students in the Graduate Programme in 
Prehospital Nursing for their master’s thesis. However, a re-analysis of the latent 
content was then performed by the research team. In Study III a manifest analysis 
was performed. The manifest content concerns what the text is saying – while the 
latent content concerns what the text is about – the underlying meaning 
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(Graneheim & Lundman, 2004; Graneheim, Lindgren & Lundman, 2017; Morse, 
2008). The unit of analysis for Studies II and III has been whole interview 
transcripts (Graneheim & Lundman, 2004). First, all interview transcripts were 
read several times in order to gain a comprehensive understanding of the 
material. For Studies II and III, the text has been condensed to meaning units of 
words or sentences that have similar content. The meaning units were labeled 
with codes. In Study II, sub-themes and a theme were created that represented 
the latent content and may not necessarily be mutually exclusive (Graneheim & 
Lundman, 2004). In Study III the codes were amalgamated to sub-categories and 
a category representing the manifest content. A category comprises codes which 
have similar content. Each category should be clearly distinct from the other, 
which means that one code cannot belong to more than one category (Graneheim 
& Lundman, 2004). 

In Study IV a deductive analytical approach has been used. Deductive analysis 
is about testing theories against the gathered data – going from the abstract to 
the concrete (Graneheim, Lindgren & Lundman, 2017; Elo & Kyngäs, 2008). To 
gain a comprehensive understanding of the material, it was first read multiple 
times in chronological order. Then, all text relating to the aim of Study IV was 
identified. The inclusion criterion was descriptions of collaboration between at 
least two organizations and the excluded text did not directly relate to 
collaboration, e.g. the technical details of the rescue process. Then the Cycle of 
expansive learning theory (Engeström, 2001; Toiviainen, 2007; Kajamaa, 2011) 
was utilized as an analytical tool. The theory of expansive learning states that 
expansive learning occurs when what is learnt does not pre-exist but is created in 
collaboration by representatives of different organizations to bring about changes 
to the current practices and knowledge (Engeström, 2001). Thus, expansive 
learning can be said to occur when exercise organizers collaborate to change the 
practice of the rescue operation exercise. The cycle of expansive learning (Figure 
3) has the following phases: 1) questioning, 2) analysis, 3) modeling the new 
solution, 4) examining the new model, 5) implementing the new model, 6) 
reflection on the process and 7) consolidating the new practice (Engeström, 
2001). The analysis was performed as an iterative process. First, the text about 
collaboration was sorted in the cycle of expansive learning per exercise/meeting, 
which resulted in several cycles of expansive learning, e.g. a repetition of phases 
3) modeling the new solution, 4) examining the new model and 5) implementing 
the new model. In order to condense the richness of the material, the text was 
then sorted according to the content and message of the text regardless of the 
exercise/meeting from which it originated (cf. Graneheim, Lindgren & Lundman, 
2017; Elo & Kyngäs, 2008). This resulted in all seven phases of the model being 
logically illustrated in the manuscript. 
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Figure 3 Cycle of expansive learning (Engeström, 2001, p. 152) 

Methodological considerations 
This thesis utilizes several complementary methods to collect and analyze data. 
In Study I, mining company personnel from seven out of nine Swedish 
underground mines participated. Furthermore, the response rate was high (73%), 
meaning that the answers may be representative of Swedish mining company 
personnel at the time of the questionnaire. However, because two mining 
company managers declined to participate, the entire workforce of these mines 
was excluded. Because we chose to send anonymous paper questionnaires and 
relied on mining company personnel to distribute and collect them, as 
researchers we had no control of the data collection. Nevertheless, because the 
mining company managers managed the distribution of the questionnaires, it 
also meant we received anonymized questionnaires. 

In quantitative studies, a valid study refers to the study measuring what it is 
supposed to measure and a reliable study has an accurate instrument that 
provides the same results in a given situation (Heale & Twycross, 2015). Face 
validity is about whether the experts consider the instrument suitable for 
capturing the intended subject (Heale & Twycross, 2015). In Study I the validity 
of the questionnaire was tested by three mining company personnel. They 
assessed whether the questions were relevant and suitable in a mining context, 

Primary contradiction
need state
1. Questioning

Secondary contradictions
double bind
2A. Historical analysis
2B. Actual-empirical analysis

3. Modeling the 
new solution

4. Examining the
new model

5. Implementing the 
     new model
Tertiary contradiction
resistance

Quarternary 
contradicitions 
realignment 
with neighbors
6. Reflection on
    the process

7. Consolidating
    the new practice



 

26 

i.e. face validity. The validity and relevance of the questionnaire was also 
discussed by the research group in several seminars using an iterative process. 
The reliability of Study I was measured using Cronbach’s alpha, with values 
between 0 and 1 and with an acceptable reliability score of 0.7 and higher (Heale 
& Twycross, 2015). In Study I the created factors had Cronbach’s alpha scores of 
0.86 (Factor 1), 0.87 (Factor 2) and 0.80 (Factor 3). The model fit of the multiple 
logistic regression model was tested using the post-estimation tests of Pearson χ2 
goodness-of-fit test and also the Hosmer-Lemeshow test, and were insignificant, 
indicating a good model fit (StataCorp, 2015). 

In Studies II–IV, text analysis was performed. These are therefore qualitative 
studies for which trustworthiness is measured using the following: credibility, 
transferability, dependability and confirmability. Credibility refers to whether or 
not we are studying what we intend to study and whether we have captured the 
multiple realities of the participants. Transferability refers to how applicable the 
results and theories are to other settings. Dependability refers to whether or not 
the researchers can explain the emerging research design of what is being studied. 
Confirmability refers to how well the study conclusions are based on the data 
(Guba, 1981; Dahlgren, Emmelin, Hällgren Graneheim, Sahlén & Winkvist, 
2019). 

In order to increase the credibility of Study II, the EMS participants work at five 
different EMS stations in various parts of Sweden and all of them have an 
underground mine in their catchment areas. This achieved a broader 
geographical perspective. The participants differed in age, gender and work 
experience. Because major incidents in underground mines are rare, the decision 
to also include personnel who had no experience of working in underground 
mines was made. Regardless of their duration, the interviews were 
comprehensive and the participants’ answers were deemed sufficient. 
Furthermore, regardless of whether or not the participants had experience of 
major mine incidents, their perspectives were important because it is likely that 
all of them will respond to and act during a potential major incident. The text was 
primarily analyzed for the master’s thesis of the master’s students in the Graduate 
Programme in Prehospital Nursing, but were also completely re-analyzed by the 
research group (cf. Sandelowski, 2011). The research group further discussed the 
codes and the resulting themes for study II. Transferability can be considered by 
the reader from the thick description of the setting and the Swedish EMS system. 
Dependability was achieved by the research team using a semi-structured 
interview guide and by also conducting a test interview beforehand. The 
confirmability of Study II involved using open-ended questions during the 
interviews and using quotations in the published manuscript to confirm the 
analysis.  
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Study III includes several perspectives (mining company, rescue service and EMS 
personnel), which increases the credibility. Choosing participants from different 
perspectives can highlight various aspects of the phenomena under study 
(Graneheim & Lundman, 2004). The research group also discussed the resulting 
codes and categories using an iterative process. The focus group interviews were 
performed by two experienced researchers. During the analysis process, 
OpenCode software was used to create codes from the interview text. Using data 
software for coding could be criticized for making the data too fragmented 
(Maher, Hadfield, Hutchings & de Eyto, 2018). Study III contains a thick 
description of the mining context and the Swedish rescue service and EMS, 
enabling the reader to judge whether or not the results are transferable to other 
contexts (Guba, 1981; Graneheim & Lundman, 2004). Dependability in this study 
refers to the use of the same types of scenarios as discussion starters during all 
the focus group interviews. The already performed analysis was also 
complemented by information relating to the aim of the study from 10 individual 
EMS personnel interviews, eight of which were analyzed in full in Study II. Thus, 
a total of 19 EMS personnel were interviewed for Studies II and III. The 
supplementary interviews of Study III were used to make the EMS results more 
comprehensive. The transcripts were read in order to identify statements that 
supported or contradicted the already performed analysis. This was because, due 
to time constraints of the EMS personnel, it was relatively difficult to include the 
EMS personnel in more than one focus group. Furthermore, during the analysis 
of the interview text it was noted that there was a need to gather more data from 
the EMS personnel in order to gain a more comprehensive picture of the EMS 
perspective. Confirmability involves using open-ended questions to gain an 
understanding of the participant’s perspectives (Graneheim & Lundman, 2004). 
The participants were asked open-ended questions in both the focus group 
interviews and in the individual interviews and quotations were used to confirm 
the relevance of the analysis. However, in the published version of Study III, the 
first sentences of the discussion state that the highest perceived level of 
preparedness was reported by mining company managers and the lowest 
perceived level of preparedness was reported by EMS personnel. This was an 
unfortunate statement and we have not actually quantified it in any way. 
However, we can state that the mining company managers perceived themselves 
as being prepared while EMS personnel did not. 

In Study IV, the cycle of expansive learning (Engeström, 2001) was utilized to 
visualize the participants’ learning process. The theory was used as a framework 
for the study, which helped with the interpretation of the data (Collins & 
Stockton, 2018). To increase credibility, all participants contributed with text. 
Thus, several different perspectives have been analyzed. Transferability can be 
judged by the thick description of the setting but also because of the deductive 
use of the expansive learning theory. As a case study, Study IV could have become 
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too narrow in scope by only describing the development of a new practice for 
rescue operations in underground mines. However, the theory of expansive 
learning helped make the phenomena of the organizers’ learning more 
understandable and transferable (Collins & Stockton, 2018). In Study IV, 
dependability is about how the text was analyzed. Study IV was analyzed by using 
the cycle of expansive learning (Engeström, 2001; Toiviainen, 2007; Kajamaa, 
2011) as an analytical tool. To the best knowledge of the authors, no other study 
has applied the cycle of expansive learning to the learning of exercise organizers 
of full-scale exercises. Because the cycle of expansive learning is a process theory, 
it would have been relevant to organize the text that resulted from the full-scale 
exercises and collaboration meetings in chronological order to gain a logical 
understanding of the exercise organizers’ learning process during the period that 
the study covers. However, one difficulty in applying the theory to the 
comprehensive material was that in order to provide a comprehensible result, the 
chronological order was lost. The confirmability of Study IV can be assumed from 
the inclusion and exclusion criteria. 

In qualitative research it is important to provide a full description of your 
preunderstanding, based on the assumption that researchers and participants 
influence each other (Dahlgren, Emmelin, Hällgren Graneheim, Sahlén & 
Winkvist, 2019). During Studies II and III, I was new to the research field and 
had no preconceived notions of how the participants should answer. Thus, my 
interpretation of their answers could be considered naïve. This also drew my 
attention to all the perspectives of the three organizations and the relationships 
between them. In Study IV it is important to take into consideration my own 
participation as an exercise organizer, given that my perspective of the material 
could have influenced the interpretation. However, the research team included 
members who were also exercise organizers and members who were not, which 
made it possible to engage in discussion while ensuring that a minimal amount 
of pre-understanding was included. 

Ethical considerations 
All studies of this thesis follow the Helsinki Declaration (World Medical 
Association, 2013). No ethical permission was sought as it was deemed that 
ethical permission was not required because the studies were exempt from the 
Act concerning the Ethical Review of Research involving Humans (Swedish Code 
of Statutes, 2003b). This research does not include any questions regarding 
sensitive personal information. We did not physically encroach on the 
participants and we did not use any methods that negatively affected the 
participants physically or psychologically, or that involved any obvious risk of 
physical or psychological harm. 
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The Helsinki Declaration (World Medical Association, 2013) states that research 
can only be performed when the importance of the objective outweighs the risks 
and burdens to the research subjects. This thesis analyzes organizational 
preparedness for major incidents in underground mines. In doing so, the project 
has attempted to identify challenges in the current practice, thereby spurring a 
discussion and reflection on the preparedness of the relevant organizations for 
major underground incidents. In Study IV the exercise organizers’ learning was 
studied during the development and consolidation of the practice of the exercise 
rescue operation in order to save lives in real events. 

A possible risk for the participants could have been that asking them about 
potential or past major incidents in underground mines could have caused 
distress or triggered unprocessed memories. Had the participants shown signs of 
distress, the interviews would have been disrupted and the participants would 
have been advised about how to receive help, where applicable. In an interview 
situation a positive experience is also possible. Together with the interviewer, the 
respondent is able to process and give new meaning to memories (Gaydos, 2005). 
None of the participants reacted in such a way that the interview had to be 
stopped or a referral to a clinical psychologist, for example, was required. 

If mining company personnel are aware of the risks of their daily work they are 
also able to prepare themselves for incidents and take the necessary precautions. 
The studies could also help all the participants have their voices heard by allowing 
them to provide their perspectives of the studied phenomena. It was important to 
include the perspectives of all organizations in order to identify various aspects 
of preparedness. The inclusion of the perspectives of all exercise organizers was 
also important in the development of a new rescue operation practice in order to 
avoid new, unreliable rescue operations like those in the previously mentioned 
fire of 2013. 

The Belmont Report, authored by the United States National Commission for the 
Protection of Human Subjects of Biomedical and Behavioral Research (1979), 
describes three ethical cornerstones: respect for persons (autonomy), 
beneficence and justice. In Studies I–III the autonomy of the participants was 
respected by asking them for their informed consent. For example, the 
participants were informed about the aim of the study, research method, sources 
of funding, contact information of the research team, that their participation was 
voluntary and that they had a right to withdraw from the study at any time. The 
questions to the participants concerned descriptions of major incidents in order 
to identify organizational difficulties and practical solutions. As the participants 
in this thesis were asked questions about their professional role, it was important 
to first ask their employers if the research team could visit their organization and 
ask their personnel questions during working hours. If the employer approved, 
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they could ask for volunteers from their available personnel. A potential risk is 
that some of the personnel may have felt they had been forced to participate. For 
the interview Studies (II–III), written informed consent was obtained. For the 
questionnaire study (I), a letter was attached to each questionnaire informing the 
participants about the study and that their participation was voluntary. By 
completing the questionnaire, the participants gave their informed consent. In 
Study IV, the organizations that participated in the data collection were informed 
about the study and gave their informed consent to the research team to use the 
documents in the study. Beneficence in all the studies concerns the discussion 
about the potential benefits of improved preparedness and the potential harm to 
the participants in the studies. Further, the participants were protected by 
confidentiality. All the results were reported on the group level. In this case, the 
participants are regarded as being representatives of their professions. There was 
no dependency relationship between the participants and the researchers. Justice 
in all the studies concerns the research group trying to develop a comprehensive 
picture of the multiple perspectives of preparedness. All the participants’ 
perspectives are equally valued, regardless of gender, age and work experience. 
However, the gender structure in the three organizations is not equal, with more 
male employees. This has naturally influenced the sample. During the entire 
course of the research project, we have discussed the ethical aspects of the studies 
and have therefore seriously considered how we should manage the ethical 
dimension. 
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Results 

Study I 
Study I resulted in an increased understanding of the self-assessed preparedness 
of mining company personnel working underground for major underground 
mining emergencies involving injuries. The study found that most personnel 
(81%) perceived that there was some to a very high risk of injuring themselves at 
their workplace. However, almost all mining company personnel had received 
first aid training (91%) and 79% regarded themselves as being prepared to act in 
the event of an emergency. Eighty percent of mining company personnel believed 
there was some risk to a very high risk of fire as a major incident scenario, while 
explosion was not considered as likely. Sixty-eight percent of mining company 
personnel thought there would be a low or very low risk of explosions. Around 
20% of them had helped an injured peer. Twenty-seven percent of mining 
company personnel believed that they would know what to do if a peer was 
seriously injured while around two-thirds (60%) of them considered that they 
would know what to do to some extent. Almost one half of mining company 
personnel (43%) knew how to act if a peer suffered a cardiac arrest. They felt 
comfortable using most self-protective and first aid equipment, e.g. a defibrillator 
(60%). 

In the exploratory factor analysis three factors were identified: “Familiarity with 
rescue procedures during emergencies with injuries”, “Risk perception of 
emergencies with injuries” and “Experience of using self-protective and first aid 
equipment”. The results of the multiple logistic regression led to associations 
between the three factors and the variable “Do you consider yourself prepared to 
respond (before the EMS or rescue service personnel arrive at the incident site) 
to emergencies, e.g. fire, explosions or rockfalls in the mine?”. The results 
indicated that the perceived preparedness of mining company personnel was 
higher if they were familiar with the rescue procedures (OR = 1.30, 95% CI 1.22–
1.38) and if they had experience of using self-protective and first aid equipment 
(OR = 1.19, 95% CI 1.07–1.32). The mining company personnel’s perceived 
preparedness was lower if they felt there was a substantial risk of incidents (OR 
= 0.95, 95% CI 0.91–0.98). 

Additional results 
Additional results not included in the submitted manuscript of Study I include 
answers to the questionnaire’s open-ended questions. The answers to some of the 
open-ended questions summarized below illustrate the associations between the 
factors and the variable of self-assessed preparedness. 
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Mining company personnel who considered themselves confident in how to 
evacuate an underground mine stated that they: 

• had participated in fire evacuation drills 
• had gained information from mining company peers and managers 
• were familiar with the mine’s emergency procedures 
• carried a map with them containing rescue information 
• had extensive knowledge of the underground environment and the 

location of rescue chambers 
• acknowledged the importance of staying calm in emergency situations 
• had extensive work experience 
• had experience of underground mine fires and other incidents 

Mining company personnel who did not consider themselves confident in how to 
evacuate an underground mine stated that they: 

• worried about not finding their way out during a fire 
• considered there were too few exercises or exercises of limited value 
• had not been instructed in how to evacuate the mine 
• had not practiced evacuation on their own 
• believed that information about the current location of the rescue 

chambers was unclear 
• believed that the functionality of the escape routes was unclear 
• were unsure whether they could stay calm during an evacuation in order 

to navigate their way out of the mine 

Mining company personnel who considered themselves prepared to respond to 
incidents before the rescue service and EMS personnel arrived stated that they: 

• had participated in exercises, were trained and had been informed 
about how to respond 

• had self-awareness and were mentally prepared for incidents, had a 
calm disposition 

• were mining company guides, belonged to the rescue service or had 
received military training 

• had extensive work experience and considered themselves secure in 
their workplace 

• wanted to help their peers: “you do what you can to save lives without 
compromising your safety” 

• were knowledgeable about the layout of the mine 
• had experience of similar situations 
• were familiar with the emergency procedures 
• knew what to do during some scenarios (fires) but not others (e.g. 

injuries) 
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• were trained in ABC and cardiopulmonary resuscitation (CPR) but not 
in a mining environment 

• considered that the distance to EMS and the rescue service was 
significant and, depending on the type of incident, the actions of mining 
company personnel could be vital 

Mining company personnel who did not consider themselves prepared to respond 
to incidents before the rescue service and EMS personnel arrived stated that they: 

• had limited experience of major incidents 
• considered that not enough exercises have practical elements 
• were uncertain of what to do or what they were allowed to do 
• had been trained in extinguishing fires but not in any other scenarios, 

e.g. managing injuries. They were therefore worried about making the 
wrong decisions 

• had minimal work experience 
• must think before they act, because the emergency services would 

otherwise have to rescue more mining company personnel because they 
acted carelessly in their attempt to save lives 

• considered themselves as being unprepared to respond but would try to 
help anyway 

• were uncertain of how they would react during a real event 

Study II 
In Study II the results contributes to a more comprehensive understanding of the 
EMS preparedness. The theme that emerged was “Operating in an unfamiliar 
environment is characterized by adopting a passive role in the rescue team 
because of uncontrolled and unsafe conditions”. This theme highlights that EMS 
personnel trusted that the rescue service and the mining company would rescue 
the injured persons. EMS personnel considered that they played a supporting role 
although they had overall responsibility for the care of injured mining company 
personnel (Figure 4).  

We definitely had nothing but a supportive role and I don’t think we had an 
overview of the response. They (the rescue service, author’s comment) had a 
really difficult rescue operation with many tasks and I think that we felt that we 
helped them but did not have an overview of the situation. 
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Figure 4 EMS and rescue service personnel waiting at the mine entrance for the injured mining 
company personnel to be brought out by the rescue service and mining company guides. Photo: 
Sofia Karlsson 

This theme has four sub-themes: “Preparing for an unspecific task with unclear 
information”, “Accepting a challenging rescue environment”, “Providing care 
with limited resources” and “Enduring the feeling of uncertainty and 
powerlessness”. In “Preparing for an unspecific task with unclear information”, 
EMS personnel stated that because mine incidents are rare, they do not know 
what to expect during such incidents and are therefore more uncertain about 
them.  

There is no specific approach, we have no prior knowledge of how to manage 
these situations. I don’t think the rescue service has previously been involved in 
something like this, and we definitely haven’t. 

Thus, EMS personnel had to make more comprehensive plans for their part of the 
rescue operation, even though they sometimes did not receive adequate 
information in order to prepare. EMS personnel described the uncertainty of the 
information they received during incidents, stating that it took hours before they 
knew about the number of injured personnel and their condition. Furthermore, 
it was not clear who EMS personnel should contact when they reached the mine 
as they were not familiar with the mining company’s management structure. 

It would have made it easier for me if I knew what their organization (the mining 
organization, author’s comment) looked like, whom to ask, what they do and 
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don’t, what they can do. […] Knowledge of how their organization works and 
what they can and cannot assist with and what I can expect when I arrive would 
make things easier. 

EMS personnel also stated that collaboration between the involved organizations 
and a joint response is vital for the effectiveness of the rescue operation and the 
immediate care of injured personnel. 

It is really important that we receive help from each other. The EMS and other 
emergency services cannot manage the situation on their own, nor can the 
mining company. 

Those with experience of mining incidents perceived that the collaboration had 
worked well but it had been somewhat unclear which organization had overall 
responsibility. Communication during the incidents has also been an 
exacerbating factor. When communication failed, it affected the collaboration. 
EMS personnel reported that they lost control of the rescue operation.  

In the sub-theme “Accepting a challenging rescue environment”, EMS personnel 
considered that working in the underground environment was more complex 
than similar work at ground level. Even so, EMS personnel perceived that the 
immediate medical care of the patients in the mining environment was not 
different from treating patients in any other environment. The patients were 
assessed and treated in the same way. 

Personally, I don’t think there is such a great difference in treating a patient in 
this environment. […] I can still treat a patient even if I may not be able to do it 
optimally. I am much more dependent on other organizations in order to resolve 
the situation.  

Because EMS personnel described the mine as a maze, it was also difficult to get 
an overview of the incident site and access to the injured personnel was delayed. 
They considered that the safe transportation of injured personnel to the surface 
was important. EMS personnel discussed whether or not they could enter the 
mine. Those who believed that entering the mine was unnecessary, thought that 
you cannot save lives in the mine and that injured persons could be treated better 
on the surface.  

I don’t think there should be an ambition that we enter the mine. The ambition 
should be the safe transport to ground level of all injured personnel and we can 
then take care of the patient. Thus, this category of patient is no more 
complicated than any other category. 
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Those in favor of entering the mine reasoned that, due to the prolonged 
transportation time, EMS personnel could gain quicker access to injured 
personnel, meaning that EMS personnel could make assessments and provide 
immediate medical treatment.  

In the sub-theme “Providing care with limited resources” EMS personnel 
considered they had guidelines for medical care but no guidelines for responding 
to incidents in extreme environments such as mines. They considered that it may 
have been possible to adapt the existing medical guidelines to such extreme 
conditions. Thus, EMS personnel wanted more comprehensive guidelines. In a 
mining environment, EMS personnel depended on the instructions from mining 
company personnel. EMS personnel noted that mining company personnel 
appreciated that they were at the incident site but that they had no tasks for them 
until the mining company personnel received more information about the 
incident. Mining company personnel were involved in the management of a 
rescue operation at the start-up phase, but then handed over responsibility for 
the rescue operation to the emergency services. Mining company personnel could 
usually offer them the necessary resources and knowledge.  

EMS personnel considered that rescue service personnel have a greater 
responsibility underground. Due to the environment, EMS personnel considered 
it the domain of the rescue service. They believed they should assist the rescue 
service and follow their instructions, which also caused them to state that they 
did not have an overview of the rescue operation themselves.  

In the sub-theme “Enduring the feeling of uncertainty and powerlessness”, EMS 
personnel reported that they felt that the mining environment was unfamiliar and 
unsafe, particularly during major incidents. Some of them were prepared to enter 
the mine while others were not. EMS personnel became disorientated in the mine 
and knew that they would not find their way out without the help of mining 
company personnel. The first EMS unit to arrive at a major incident are 
designated leaders of the medical response and this could cause frustration 
because they were unable to make assessments and provide immediate help. 
When there were several EMS units at the mine incident site, this also made them 
feel more confident because they were able to discuss the situation. 

EMS personnel wanted to be assured that the incident site was safe before 
providing immediate medical care.  

I must be able to take care of the patient without becoming a patient myself. […] 
You can be as brave as you want, but in our organization, we argue that if we 
are four EMS personnel who attend an incident, we should be four EMS 
personnel who return home.  
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EMS personnel also realized that they lacked knowledge of assessing whether or 
not the mine is safe to enter. Thus, EMS personnel trusted the safety assessment 
carried out by the rescue service and mining company personnel. 

Handing over the safety assessment to someone more competent doesn’t feel 
odd. 

If their safety could not be guaranteed, EMS personnel would not enter the mine. 
Otherwise, they saw no reason why they could not do so. 

Study III 
Study III resulted in an understanding of the preparedness of the mining 
company, the rescue service and EMS personnel for major incidents in 
underground mines. The category “The way forward: Preparedness and 
collaboration” covers the three subcategories: “The incident as a wake-up call”, 
“Preparedness to handle incidents” and “The importance of collaboration”. “The 
category indicates that the participants consider underground mining incidents 
to lead to complicated and extended rescue operations which they must prepare 
for in collaboration because the environment makes the organizations 
interdependent. Thus, the participants have realized that they must prepare their 
organizations for the next major underground incident in collaboration. 

These days, we are immediately issued with a mine radio. However, previously, 
this didn’t happen. There was no collaboration – and that was the biggest 
mistake (Rescue service personnel). 

“The incident as a wake-up call” refers to the participants discussing various 
mining incident scenarios and perceiving all incidents as being eye-openers. Of 
the scenarios discussed, they considered fire and rockfall to be the most severe 
incidents. Underground rockfall was recognized as severe because of the risk to 
mining company personnel of being trapped or buried. In one case, it took several 
weeks before a deceased mining company worker was recovered. The participants 
believed that there is a potential for many mining company personnel to become 
injured during underground fire incidents. Major underground fire incidents also 
often demand a complicated and extended rescue operation. Furthermore, 
mining company personnel recognized the danger of being trapped behind smoke 
and unable to reach a rescue chamber if a truck which was being loaded closer to 
the entrance of the mine caught fire and they were working beneath the rescue 
chamber. The rescue service personnel had experienced a major fire incident in 
one of the underground mines and because of their lack of preparedness and 
knowledge about the mine, they acknowledged that the rescue operation had not 
been performed safely. EMS personnel also considered rescue operations to be 
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more complicated due to the environment with the risk of many injured mining 
company personnel. 

If there was a major injury incident in an underground mine, “Preparedness to 
handle incidents” refers to discussions about the participants’ knowledge, their 
equipment as well as the mine conditions. Mining company personnel perceived 
that they all had a joint responsibility of working in a safe way and being prepared 
for emergencies.  

A rescue operations center is established here and ultimately, I (mining company 
manager, author’s comment) have the main responsibility. […] It is very 
important that you inform colleagues and peers about the rescue operation 
(Mining company manager). 

Mining company personnel follow a mine emergency plan which they use until 
the rescue service arrives. They have also been trained in first aid so that they can 
care for their injured peers. The mining company personnel had confidence in the 
equipment they use during emergencies, for example, self-contained self-
rescuers, and they also knew the escape routes, including the location of rescue 
chambers. However, rescue service personnel questioned the compressed air 
capacity of the rescue chambers and gave examples of when they had been 
overcrowded. Both the rescue service and EMS personnel believed they had 
limited preparedness for major incidents in underground mines and mentioned 
limited personnel resources and unsuitable equipment. Rescue service personnel 
stated that a fundamental part of the development of rescue operation plans has 
been to determine the necessary equipment for rescue operations, including 
respiratory protection, vehicles and the rescue carriage for smoke-diving 
operations. 

We used our vehicle, which was not really suitable, and when we arrived at the 
underground canteen, we realized we couldn’t go any further, and then we had 
to transfer all our equipment to the (mining company, author’s comment) pick-
up truck, all the equipment and personnel (Rescue service personnel). 

“The importance of collaboration” refers to discussing the organizations’ 
interdependence because of the mining environment. Mining company personnel 
could usually manage most situations independently. However, in the event of 
major incidents, they relied on the rescue service to evacuate injured personnel. 
Thus, mining company personnel and the rescue service engaged in joint training 
sessions that did not involve EMS personnel. EMS personnel usually waited at 
ground level for injured persons to be brought out of the mine. Sometimes, it was 
necessary for EMS personnel to enter the mine in order to reduce the amount of 
time until care could be provided to injured personnel. Thus, the participants 
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realized the importance of including EMS personnel and the mining company 
personnel recommended that the rescue service and EMS personnel visited the 
mine in order to improve their preparedness. 

The rescue service personnel also stated that due to the risk of becoming injured 
themselves, they would only perform life-saving rescue operations. Both the 
rescue service and EMS personnel stated that they would not enter the mine if 
they perceived it to be unsafe. Both the rescue service and EMS personnel 
recognized that they lacked knowledge of the mining environment, which made 
risk assessments difficult and that they therefore came to depend on mining 
company personnel for guidance in the mine area (Figure 5).  

We trust the assessments of mining company personnel, […] because it is really 
difficult for us to assess what is safe and what is unsafe. However, their risk 
assessment might be influenced by the fact that it is one of their colleagues who 
is down there… (EMS personnel). 

Rescue service personnel described a real event in which an unfamiliar and 
stressful situation had resulted in some of the personnel refusing to enter the 
mine. Thus, even if mining company personnel perceived that their collaboration 
with the EMS needed to improve, they still considered their collaboration with 
the rescue service to be of greater importance.  

The smoke-divers estimated that they would have become completely lost within 
15 meters in the smoke-filled mine if they had not been accompanied by mining 
company guides and that they would have turned back (Mining company 
manager) 

Figure 5 The underground mine has a complex structure 
which makes the rescue service and EMS personnel dependent 
on the mining company guides. Photo: Sofia Karlsson
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Study IV 

Figure 6 Cycle of expansive learning applied to the expansive learning of the exercise organizers, 
inspired by Engeström (2001). 

The results of Study IV demonstrate that the exercise organizers dealt with all 
seven phases of the cycle of expansive learning (Figure 6). The combination of 
collaboration meetings and full-scale exercises allowed the exercise organizers, 
for example, to develop new tools and procedures, examine and test them and 
implement them in full-scale exercises. These developmental stages could also be 
revisited several times when the exercise organizers developed new solutions to 
the identified challenges. Thus, the cycle of expansive learning looped in various 
ways. Consequently, the new proposed exercise model for developing a new 
rescue operation practice and organizational change includes keeping the cycle of 
expansive learning in mind when combining collaboration meetings and full-
scale exercises in order to identify challenges, as well as develop and test tools 
and procedures. The exercise organizers’ learning process when developing a new 
rescue operation practice using changed organizational procedures and new tools 
to facilitate collaboration is described step by step below. 

1. Questioning the
present practice of

the rescue operation

2. Analyzing the
present practice of
the rescue operation

3. Modeling new tools
for the exercise

4. Examining and
testing the

new practice
for exercise

5. Implementing the
new practice

in the exercise

6. Reflecting on the
process of developing
a new practice

7. Consolidating and
generalizing the new
practice
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1. Questioning of the present practice of the rescue operation 

The learning process of the rescue service and mining company exercise 
organizers started after the major fire of 2013, which has been previously 
described. The rescue service and mining company exercise organizers started to 
question the current practice of rescue operations because they realized that they 
lacked knowledge, tactics and methods in how to conduct a safe and effective 
rescue operation in a complex mining environment. Thus, they started to 
collaborate in order to identify a practice for performing rescue operations. At the 
time, the EMS was not included. This led the university’s exercise organizers, 
based on the results of Studies II and III, to question the lack of a comprehensive 
strategy for collaboration during a rescue operation. A collaborative participatory 
project was initiated by the university’s exercise organizers. The participatory 
project included a combination of collaboration meetings and full-scale exercises. 

 

2. Analyzing the present practice of the rescue operation 

During the collaboration meetings, a flow chart was created by the exercise 
organizers in order to analyze the present practice of a rescue operation (Figure 
7). The flow chart illustrated the collaboration actions of the mining company, the 
rescue service and EMS from the start of the incident until the last injured person 
had been transported to hospital. The flow chart was created to identify 
collaboration challenges in order to identify solutions to them. The identified 
challenges included an understanding that the rescue operation was mainly 
considered to be the responsibility of the rescue service and that each 
organization concentrated on its own tasks. By planning and preparing full-scale 
exercises as well as jointly reflecting on the outcomes, the exercise organizers 
were able to modify the practice of the rescue operation. 
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Figure 7 Flow chart which identifies collaboration actions of the mining company, rescue service 
and EMS from the start of a major incident until the last injured has been transported to hospital 

 

3. Modeling new tools for the exercise 

The exercise organizers continued by developing new tools for the exercise rescue 
operation. The tools were: 1) a modified first aid course with checklists (Figure 8) 
for systematic examination of the injured mining company personnel and 
guidelines for care and for making the communication of injury information 
easier, 2) an emergency management template with a complementary course and 
3) an e-learning educational video of the structure and terminology of the 
involved organizations. The first aid course was developed to create realistic 
exercises and prepare mining company personnel for major incidents. Instead of 
mining company personnel waiting passively to be helped by the rescue service 
during full-scale exercises, they had to provide first aid and care for an injured 
peer until they were rescued, as they would in a real situation. The emergency 
management template (Figure 9) was developed in order to gain a rapid shared 
situational awareness. A complementary course was developed for the mining 
company’s managers as they play an important role in starting the rescue 
operation by providing the correct information and sharing an equal part of the 
management. The educational video was developed in order to give the three 
organizations a common understanding of each other’s organizational structure 
and responsibilities. 
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Innan externt larm Avtransport av skadade till definitiv vård Innan framkomst till gruvan Innan nedgång i gruvan Innan skadade tas upp ur gruvan

Skadade 3-5 I närheten av skadehändeslen. Går till 
händelsen för att hjälpa till. 

Skadad 1 Medvetslös. A: snarkande, B: ansträngd, C: kall, D: Pain, E: 
25% brännskadad armar/ansikte. Kan ej gå

Skadad 2 Vaken. A: delvis ofri pga inhalationsskada B: 
obstruktiv C: kall, D: Verbal, E: 25% brännskada ansikte bål.

Kan ej gå

Skadad 6-9 Överraskas av rök. Börjar evakuera gruvan i röken. A: fri B: hostar, C: 
hög puls, D: Alert, E: inga skador. Försämras i A och B.  

Kommer att möta rdt. Påverkade i A och B pga rökinhalation och ansträngning 

Baspunkt. 
Sista säkra plats innan rök!

Samordna fordon och 
räddningsvagn för 
nedgång i gruva. 

Vägvisare tillgänglig

Räddningskammare 8 tim/8 pers

Vilka skadetyper finns? 
Behov av medicinsk kunskap? 

Checklista?

Allvarlig 
skadehändelse i 

Gruvan 
Ras och brand i 

fordon mkt snabb 
rökutveckling

Checklista?

Medicinsk kunskap? 
Medicinska åtgärder för 

överlevnad?

Skadad 10-12 Överraskas av rök. Inhalerar rök under 5 min gång till 
räddningskammare. Skadad 10 utvecklar lungödem i 

räddningskammaren. Påverkad B, hostar, väsande andning. 
Medvetandesänkt efter 15 minuter. Panik uppstår.

Externt larm  till SOS 
om allvarlig händelse i 

gruvan

Brytpunkt 

Medicinsk kunskap? Medicinska 
åtgärder för överlevnad?

Medicinsk kunskap? Medicinska 
åtgärder för överlevnad?

Beslut om 
inträngning, 

vattentillgång, 
Baspunkt, mm???

Släcker branden

Urtag ur bil

Uppsamlingsplats för 
skadade

Risk: att internt larm inte sker pga 
 Att internt larm fördröjs av någon anledning 

(försöker släcka branden, hjälpa skadade)
 Att det pga kommunikationen är bruten 

(kommunikationsnät ligger nere, radion är urladdad 
etc)

Checklista?

Risk: 
 Att kommunikationen är bruten och det går inte att se var personer befinner sig
 Evakueringsvägar ej fria
 Vägvisarna tar sig inte upp ur gruvan

Larmplan för 
särskild händelse i 

gruva

Risk att särskild larmplan inte följs
 Larm till rätt adress och rätt enheter 

Risk: 
 Otydligt ledningsrum
 Upprättandet av beredskapsgruppen (vilka?)
 Upprättande av ledningsgrupp (vilka?) 
 Upprättande av krisgrupp (vilka?)
 Otydliga ansvarsområden mellan dessa grupper

Gruvan har ej RAPS och får ej totalinfo från SOS

Vägvisare leder rdtj/amb till ledningsrum

Misstänkt allvarlig händelse?
Exakt lokalisation
Hot och risker
Numerärt skadade
Extra resurser

Är platsen säker?

Risker:
 Vägvisare ej på plats; finns alt. telefonnummer att ringa
 MA genomför inte rek.varv vilket ger dåligt underlag för medicinskt inriktningsbeslut och extra resurser
 SL tar inte sjukvårdens inriktningsbeslut i samverkan med rdtj/gruvan
 Platsens säkerhet bedöms ej i samverkan med rdtj och gruvan. 

Cyanokit?
Syrgas?

Utrustning?

Risk 
 Ej disponibel 
 Dåligt väglag

Vems område/uppgifter 
prioriteras först?

Risk: 
 Att vägvisarna inte är på plats
 Att info inte finns tillgängligt
 Att gruvan inte vet vilken info rdtj och ambulans är i behov av

Internt larm:
  Vem som anropar
 Vad som hänt
 Vart
Till XX via ZZ

Vilka rutiner finns?
Vilka alternativa lösningar finns om systemet inte 
fungerar?

Arbetsledaren:
 Tar emot internt larm från 

gruvan
 Kontrollera var och  vilka som 

finns i gruvan 
 Skapa  kontakt med dessa
 Larmar externt till SOS?
 Initierar evakuering av gruvan?

Intern hjälp:
 Släcka brand
 Livräddande åtgärder 
 
Etiska dilemman; rädda vs larma vs 
evakuera

Vägvisare tar sig 
upp ur gruvan

 Ledningsrum upprättas för samverkan med rdtj och ambulans

Beredskapsgruppen 
 Upprättar brytpunkt (redan angivet)
 Tar fram kartor (rökspridning vs inträngningsvägar
 Chip och radioapparater till rdtj/ ambulans förbereds 

Larm om allvarlig händelse i gruva:
 Larmplan i enlighet med särskild händelse i 

gruvhändelser
 Alla enheter som ska dras enligt larmplan dras samtidigt
 RAPS tilldelas larmade enheter

Larm från SOS till ambulans:
 Framkörning påbörjas inom 90 sek
 Tilldelas RAPS grupp

Under framkörning:
 Läs på behandlingsriktlinjer
 Medlyssning
 Initiera kontakt med TIB
 Förvarna akuten

SOS ger totalinfo till alla på RAPS

Vägvisare placeras vid Brytpunkt ( i 
beredskapsrummet alt. vid bommen)  
i väntan på Rdtj och ambulans

Påbörja samverkan med Rdtj och 
ambulans.

Till brytpunkt kommer media och 
anhöriga 

Ledningsrum

Finns tillgång till: Flaklastbil, besöksbussar, bakkabin till bandvagn, bussar att transportera 
upp skadade?

MA:
 Genomföra rekognoseringsvarv. Finns alternativ?  
 Beslut om medicinskt inriktningsbeslutMA:
 Genomföra rekognoseringsvarv. Finns alternativ?  
 Beslut om medicinskt inriktningsbeslutFramme vid brytpunkt (18 min)

SL:
 METHANE enligt PS konceptet (2 

min)
 SL/MA: sjukvårdsledare-/medicinskt 

ansvar (hjälm/väst)

SL: 
 METHANE (verifiering 10 min)

Extra resurser:
 Dra ACIB (ambulanschef i beredskap)?
 Hur fördela ambulansresurser i länet under pågående 

insats i gruvan?

 Få information om fördelningsnyckel

MA:
 Beslut om Uppsamlingsplats för skadade/icke skadade. 
 Brytpunkt för anlända resurser
 Beslut om vart den medicinska kompetensen (ovan jord eller under 

jord?) ska finnas tillgänglig samt vilken kompetens/utrustning/
resurser?  

 MA till baspunkt?
 Var placera ambulanserna?

 Presskommuniké; SL meddelar vad som 
hänt, hur många skadade och vilken typ av 
skador (sjukvårdsfrågor) RL meddelar om 
räddningsinsatsen 

Larm från SOS till 
räddningstjänsten

Räddningsledaren dras före 
huvudstyrkan (5min)

Huvudstyrkan dras 

Tilldelas RAPS grupp. 
Lyssna under färd

Risk 
 Ej disponibel 
 Dåligt väglag

SAMVERKAN SKA PÅBÖRJAS INOM 15 
MIN ENLIGT PS-KONCEPTET

Framme vid brytpunkt (efter 25 min). 
Leds av vägvisare till ledningsrum

Påbörja 
samverkan med 

gruvan och 
ambulans

I behov av Karta för att planera 
insatsen och leda till beslut

 Hur långt ska rökdyningen ske? 500m=40min
 Går ner i gruvan, teknik?
 Lutningen ca 1:7.Hur mkt större påfrestning?
 Räcker luften?

Transport till 
baspunkt samt 

påbörja 
rökdykning

Röken kan vända 
och platsen är 

aldrig 100% säker

Letar efter 
nödställda. Ska hitta 

nödställda som ej 
tagit sig till 

räddningskammare 

Har endast 
kapacitet för en 

medicinsk? insats 
i taget 

Medicinsk 
prioritering av 

skadade?

Bår i 
räddningskammare. 

Hur användas?

Transport av enskilda 
patienter till baspunkt 

för bedömning/
prioriterig och sedan 

upp ur gruvan

Framme vid skadeplats

Bedömning och 
åtgärder innan 

avtransport 

Resurser: 
ambulanshelikopter, 
räddningshelikopter, 

Sambulans, Ambulans

Sjukvårdstält?

Avtransport av patienter inom ca 15 min efter att de 
kommit ovan jord

Vårdnivåer; 
akutmottagning, 

NUS, hälsocentral 

Avstransport av första 
patient

Skadade transporteras 
upp ur gruvan med rdtj 

personal?

Patienter på baspunkt

Medicinskt ansvarig på baspunkt. 
Bedömning/prioritering innan 

transport upp ur gruvan

Tillgång till Syrgas 
och hur mkt?

Hur ta med utrustning/lm/
syrgas/ cyanokit/ 
prioriteringskort?

Beslut om 
nedgång i gruva
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Figure 8 First aid course checklist for mining company personnel (version 2020-05-20) 

    

 

  

 

Checklista första hjälpen i underjordsgruva 

 
 

 
 

 
 
 

Lämna nedanstående uppgifter enligt S-ABCDE-modellen till sjukvården 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

 
 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 

Bedömning 
enligt  
S- ABCDE 

Fynd: Se- lyssna – känn.  
 
Ja 

 
 
Nej 

Åtgärd: Larma!  

A:  
Fri luftväg  
 
 

Ofri luftväg, snarkande andning? 

 

Sot i ansiktet?  
 

Olycka eller fall från hög höjd? 

  Ofri luftväg eller snarkande andning; rensa munhåla, 
vid behov lägg den skadade i stabilt sidoläge. 
 

 

Håll den skadades nacke i stillhet. 

  

  

B:  
Andning 
 

 
Andningsfrekvens: __________ 

Har den skadade jobbigt att andas 
normalt?  
 

Cyanos? (blå läppar, naglar)  

  

 

Notera andningsfrekvens. 

 
Är patienten tungandad? Ja = Larma om behov av 
snabb räddning!  
 
Nej; observera den skadade, notera förändring av 
allmäntillståndet! 

  

C:  
Cirkulation 

Synlig blödning på den skadade? 
Känn efter pulsen på handleden, om 
den saknas så känn på halsen.  
Pulsslag/minut: ____________ 

  Ja; stoppa synlig blödning.  
Höjd fotända vid blekhet och tunn puls. 
 
Notera pulsen. 

D: 
Medvetande/ 
vakenhet 
 
 

Är den skadade vaken?  
Kan lyfta armar?  

Kan lyfta benen?  
Kan le?  
Har patienten ont? 

  Nej; medvetslös person, massera med din knoge 
över bröstbenet. 
Vaken - Slö - Medvetslös (Ringa in alternativ!). 
Svag ena sidan? Ja= larma.  
Ont, var? _________________________ 

  
  
  
  

E:  
Exponering 
 
 

Se efter skador på den skadade och 

notera.  

 

Är den skadade nedkyld?  

 

 

Brännskador?  

 
 

  Synbara skador: _____________________________ 

__________________________________________ 

__________________________________________ 

Ja; om möjligt ta av blöta kläder. Lägg den skadade 
på varmt och torrt underlag. Värm med filtar.  
 
Ja; lägg om med våta förband. 

  

  

 

Vid misstänkt hjärtstopp 
• Kontrollera större blödning. 
• Kontrollera medvetandet  
• Kontrollera andningen och 

skapa fri luftväg  
 
 
 
 
 

          Åtgärda   

Larma  
• Tryckförband på massiv blödning.  
• Påbörja HLR om ingen eller onormal andning! 
• Tidig defibrillering.  
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Figure 9 Emergency management template 

LÄGESBILD
Kom ihåg! Kalla in personal och vägvisare/guider, kontakta nödställda, tillgång till radioapparater och taggar 

När? Nödläge aktiverat: Vad? Typ av händelse: 
(T ex Brand/ras/trafikolycka, typ av fordon) 

Var? Plats för händelsen: 
(T ex brandens position) 

När? Larm till SOS: Totalt antal personer under jord: Speciella risker/hot: 
(T ex rökspridning, explosionsrisk, översvämning, 
elavbrott) 

Nödställda och Skadade 

Position eller 
Räddningskammare 
(RK) 

Totalt antal Skadade 
antal 

Rökfylld 
miljö 

Tidpunkt 
luft i RK 
aktiverad 

Beskrivning av skador 
T ex brännskada, benbrott, stor blödning 

Uppsamlingsplats 
ovan jord 

Kommentar 

Insatsförberedelser 

Utförda åtgärder ventilation och portar: Förslag åtgärder ventilation och portar: 

Baspunkt (säker startplats för rökdykning) markera i karta 

Förslag position 
baspunkt: 

Säkraste färdväg till 
baspunkt: 

Sträcka & lutning  
baspunkt o nödställda/brand: 

Närmaste tillgängliga fast-fill 

OBS: Båda sidor om baspunkten! 

Tillgängliga fordonsresurser (tankade och förberedda) t ex lastväxlarbil, gruvambulans, spolbil, pick-up 

Fordon Plats Antal 

1 KARTOR 

Situationsplan ovan jord: 

Brytpunkter (markera i karta) 
Ankomstplats Omlastningsplats Ledningsrum Angreppsväg 

(infart/hiss) 

Fordonsuppställning under 
jord 

Baspunkt Anhöriga Media 

Uppsamlingsplats skadade 
ovan jord 

Omlastningsplats skadade 
under jord 

Landningsplats helikopter Återsamlingsplats 
oskadade 

Sidovy gruva under jord Rampkarta 1 Rampkarta 2 

2 

ORGANISATION
Ledningsmöte vid behov, minst varje halvtimme 

Nästa möte kl: 

Sambandsplan 
Kanal 
gruvradio 

Kanal 
gruvradio 

Kanal 
gruvradio 

Ordinarie 
kommunikation 

Räddningstjänst ledning Ambulans ledning 

Räddningstjänst 
rökdykning reservväg 

Ambulans kommunikation 
nödställda 

Roll Namn Telefonnummer/ 
radiokanal 

Plats 

Ordförande 
Loggbok 
Krisstödssamordnare 
Utredning 
Kommunikation 
Vägvisare 1 
Vägvisare 2 
Vägvisare 3 
Vägvisare 4 
Guide (endast kall zon) 
Guide (endast kall zon) 
Gruvtaxi/gruvambulans 
Ventilationsexpert 
Kartexpert 

Räddningsledare 
Stabsbiträde 
Skadeplatschef/sektorchef 
Chef rökdykarteam 
Chef beredskapsteam 
Chef reservteam 

Sjukvårdsledare 
Medicinsk ledningsansvarig 
Avtransportledare 
Sjukvårdsgrupp 
Helikopter 
Ambulans under jord 
Medicinskt ansvarig läkare 
Ansvarig baspunkt 

Polisinsatschef 

3 INSATS
Räddningstjänsten 

Mål med insats/taktisk inriktning: 
(Rekognosering /evakuering/släckning/ventilering/självutrymning) 

Zonindelning Kall/Varm/Het (markera i karta) 
Gräns Kall/Varm: Gräns Varm/Het: 

Skyddsnivå kall zon: 

(Säkerhetsutrustning: flyktmask/litet 
andningsskydd)

Skyddsnivå varm zon: 

(Säkerhetsutrustning: stort andningsskydd + 
RK/gruvmodul)

Skyddsnivå het zon (mask på): 

(Säkerhetsutrustning: luftbehov rökdykning+ 
evakuering. Branddräkt inom 50 m från brand). 

Beräknad tidsåtgång rökdykarinsats 
Tidpunkt nedfart: Tid framme baspunkt: Tidpunkt 

inträngning: 
Tid framme insatsmålet: Tid åter baspunkt 

Antal räddningstjänstpersonal under jord Omfallsplan: 

Sjukvården 

Inriktningsbeslut sjukvård: 

Medicinskt inriktningsbeslut: 

Totalt antal skadade: 

Position/RK Antal Gröna Gula Röda Prioriteringsordning 
RK 

Vårdbehov t ex läkemedel, 
utrustning, vård 

 4 
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4. Examining and testing the new practice for exercise 

The exercise organizers iteratively examined and tested the new practice for the 
exercise rescue operation and evaluated and developed the tools. The exercise 
organizers realized, for example, that the rescue operation managers had to 
interpret what they were supposed to include on the first version of the 
emergency management template and that this felt like an additional chore rather 
than an aid. The exercise organizers therefore deconstructed the emergency 
management template and discussed it thoroughly from the perspective of each 
organization. The exercise organizers intended to reduce the time it took for the 
injured mining company personnel to reach definitive care, thereby saving lives. 
For example, one of the exercise organizers’ discussions was about questions 
regarding the safety of EMS personnel in relation to their ability to gain rapid 
access to injured mining company personnel. The exercise organizers concluded 
that EMS personnel must consider the circumstances and may then enter the 
mine. However, in cases in which EMS personnel are unable to enter the mine, 
they are still responsible for the care of injured mining company personnel and 
should be actively involved in planning the rescue operation. 

5. Implementing the new practice in the exercise 

The exercise organizers implemented the new practice for the exercise rescue 
operation during the full-scale exercises that were performed in between the 
collaboration meetings. During the full-scale exercises, the exercise organizers 
could test the newly developed tools and evaluate how they would work during 
real events (Figure 10). If the tools required improvement, the exercise organizers 
modified them during subsequent collaboration meetings. The collaboration 
project on the development of new tools and organizational procedures led to a 
change process. When one of the newly developed tools or procedures were 
implemented, this could also lead to the identification of new challenges. For 
example, when mining company personnel were trained in first aid and the 
scenarios started to involve multiple injured persons, the rescue operation 
managers started drawing up a basic table which, over time, became the 
emergency management template. The development of new tools and 
organizational procedures led to increased complexity in the full-scale exercises, 
from a short smoke-diving operation to rescue uninjured mining company 
personnel to a lengthy smoke-diving operation that included the prioritization of 
injured in two rescue chambers.  
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Figure 10 Rescue operation managers from mining company, rescue service and EMS sharing 
information in front of the emergency management template. Photo: Sofia Karlsson 

6. Reflecting on the process of developing a new practice

The exercise organizers continuously reflected on the process of developing a new 
rescue operation practice. For example, the increased complexity of full-scale 
exercises in combination with the complex environment made the exercise 
organizers realize that certain decisions needed to be taken in collaboration, e.g. 
the prioritization of injured mining company personnel if there were multiple 
injured persons. In order to save injured mining company personnel, all three 
organizations must share their respective knowledge. EMS personnel are 
medically responsible for injured persons and share the triage order of the 
patients. Mining company personnel are knowledgeable about the environment 
and share information about potential response routes and distances, for 
example. The rescue service combines this information and, based on their 
resources, plans a rescue response for injured persons. Thus, the order of 
prioritization of injured persons during a rescue operation is a decision that must 
be made jointly. The exercise organizers also realized that the focus of the rescue 
operations had shifted from their own organizational aims to how their 
organizational aims contributed to the collaborative process, which is necessary 
during full-scale mining exercises. The exercise organizers also started to direct 
more attention towards the perspective of the injured/non-injured mining 
company personnel, instead of their own technical ability for performing rescue 
operations which, in turn, required more collaboration. One of the benefits of full-
scale exercises is that the exercise organizers learned the practicalities and 
logistics of performing rescue operations in an extreme environment and 
therefore had to develop new rescue operation tactics and equipment (Figure 11). 
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Figure 11 Full-scale exercises are opportunities to test new procedures and equipment, here a 
rescue carriage. Photo: Sofia Karlsson 

7. Consolidating and generalizing the new practice

The exercise organizers also consolidated and generalized the new rescue 
operation practice for major fires in underground mines, which made the practice 
more comprehensive. The new practice contains both the newly developed tools 
(first aid course, emergency management template and educational video) and 
changed organizational procedures, i.e. organizational development. All 
organizations had to develop new procedures. For example, the rescue service 
exercise organizer developed checklists and sent the first part-time rescue service 
to arrive to the mine as a reconnaissance team and developed the rescue carriage 
in order to transport both compressed air and injured mining company 
personnel. Among other things, the EMS exercise organizers developed new 
rescue operation plans for major incidents in underground mines and developed 
the procedure of the Medical Incident Commander, talking with the peers of 
injured mining company personnel in order to receive important information for 
triage purposes, as well as instruct the peers in how to best care for injured 
persons. The mining company exercise organizer realized that the mining 
organization plays a vital role during rescue operations in collaboration with the 
emergency services. The mining organization therefore, developed an emergency 
management structure as well as its checklists and procedures. 
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Comprehensive understanding and 
discussion 

The overall aim of this thesis was to analyze the preparedness for response to 
major incidents in Swedish underground mines among personnel from mining 
companies, the rescue service, and EMS. The Swedish Crisis Management System 
(Swedish Civil Contingencies Agency, 2018) concludes that the tasks of 
organizations should be the same during a major incident and that the response 
should be as similar to a normal response as possible. The organizations thus 
have to collaborate because the Swedish management system also declares that 
no organization can make decisions for another organization (Svensson, 2009). 
A comprehensive understanding of the results of this thesis is gained through 
discussing the results in relation to the theoretical framework of the cultural-
historical activity theory. 

Through the lens of the cultural-historical activity theory 
This thesis takes its theoretical framework from cultural-historical activity theory 
as described by Engeström (2001). The theory was chosen in order to understand 
the preparedness for responding to major incidents in underground mines that 
were identified in Studies I–IV. In the studies, three organizational perspectives 
were studied, namely mining companies, the rescue service, and EMS, as 
represented by the three separate activity systems described in detail below. 
Cultural-historical activity theory is an object-oriented theory (Engeström, 
2001), which is illustrated in Figure 12. Object 1 is the unreflected setting of a 
given situation, which in this case is the personnel from the three organizations 
working when a major incident in an underground mine occurs, which is also the 
setting of Studies I–IV.  

Object 1 is transformed into Object 2 when the activity system gives meaning to a 
given situation, i.e. the personnel of the organizations responding to a major 
underground incident. Object 2 was studied in Studies I–III, in which the 
participants reflected on their preparedness and the aspects of preparedness were 
constructed based on the perspective of their respective activity system. The 
participants have various perspectives based on their experience, which makes 
the activity systems multivoiced (Engeström, 2001). Thus, it is possible to find 
several aspects of preparedness based on the answers of the participants. The 
personnel from the organizations related their perceptions and experiences to the 
organizations’ objectives of how they would save lives or care for the injured 
mining company personnel.  
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Object 3 is a shared object, constructed in collaboration between the three activity 
systems, and is the focus of Study IV. In this case the common object for the three 
organizations is to save lives and care for the injured mining company personnel 
by performing an efficient rescue operation in collaboration. In Study IV, the 
exercise organizers from the organizations met in order to discuss how to develop 
rescue operation practice through a collaborative expansive learning process. 
Thus, cultural-historical activity theory works as a lens through which the results 
of the studies can be explained, and each participant is a representative from their 
multivoiced activity system. 

Figure 12 Application of cultural-historical activity theory on the mining incident as inspired by 
Engeström (2001) 

The mining company activity system (A) 
A.1 Subject: Mining company personnel (Study I and III) and exercise organizers
(Study IV).
A.2 Mediating artifacts: Contextual knowledge about, e.g. the mine and
ventilation system, mining company guides, and equipment for rescue
operations, e.g. vehicles and the mine communication system.
A.3 Rules: The Civil Protection Act (Swedish Code of Statutes, 2003a) work safety
regulations, e.g. “Mountain and mining quarrying: Swedish Work Environment
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Authority’s legislation about mountain and mining quarrying and general advice 
about the application of the legislation” (Swedish Work Environment Authority, 
2010) and the Seveso-directive (Swedish Code of Statutes, 2015), which aims to 
decrease the impact of major chemical incidents and applies to all operations, 
including mines, handling substantial amounts of dangerous substances 
(Swedish Civil Contingencies Agency, 2019). 
A.4 Community: Mining company personnel of both Swedish and international 
mining companies. Families and peers of the injured mining company personnel. 
The collaborative mining organizations Swedish Association of Mines, Metal and 
Mineral Producers (SveMin) and Swedish Mining Industry’s Health and Safety 
Committee (GRAMKO). 
A.5 Division of labor: Management group, mining company guides, peers of the 
injured mining company personnel giving first aid, and other affected but 
uninjured mining company personnel. 
Object 1: The mining company personnel working when a major incident occurs. 
Object 2: Saving and caring for those injured as peers (immediate responders) 
and taking part in the rescue operation by managing the rescue operation and 
participating as mining company guides. The mining company managers have a 
responsibility for all of their personnel, not just those involved in the incident.  

The rescue service activity system (B) 
B.1 Subject: Rescue service personnel in Study III and the exercise organizer in 
Study IV. 
B.2 Mediating artifacts: Guidelines for smoke-diving and rescue operations and 
mining contingency plans for each of the underground mines. Equipment for 
rescue operations and smoke-diving operations, including the rescue carriage 
and communication devices.  
B.3 Rules: For example, the Civil Protection Act (Swedish Code of Statutes, 
2003a) and work safety regulations, e.g. smoke-diving regulations (Swedish 
Work Environment Authority, 2007).  
B.4 Community: Rescue service personnel and managers both in their own 
municipality and other municipalities, other municipality personnel, and 
governmental agencies e.g. the Swedish Civil Contingencies Agency.  
B.5 Division of labor: The rescue service has a hierarchical management 
structure. The Rescue Service Incident Commander manages the rescue 
operation. Several municipal rescue services are dispatched to fire incidents in 
underground mines. 
Object 1: Rescue service personnel working when a major mining incident occurs. 
Object 2: Saving the injured mining company personnel by performing a rescue 
operation. During fires, the smoke-diving operation extinguishes the fire and/or 
evacuates the injured mining company personnel. They take part in the rescue 
operation management. 
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The emergency medical service activity system (C) 
C.1 Subject: EMS personnel in Study II and III and the exercise organizers in 
Study IV. 
C.2 Mediating artifacts: Guidelines for care, including recently developed 
guidelines for care in underground mines. The prehospital management-
organizational concept. Medications and equipment, communication devices and 
ambulance vehicle for transport of the patients from the mine.  
C.3 Rules: For example, work safety regulations and the Health and Medical 
Services Act (Swedish Code of Statutes, 2017). 
C.4 Community: EMS personnel and managers, personnel working at emergency 
departments and intensive care units at the hospitals, regional medical 
emergency management, other emergency care personnel, personnel at health 
care centers, and ambulance helicopter personnel. 
C.5 Division of labor: Ambulance Incident Commander and Medical Incident 
Commander, EMS personnel, and other caregivers. 
Object 1: The EMS personnel working during a major underground incident. 
Object 2: Saving and caring for the injured mining company personnel in both 
the hot smoke-filled zone through tele-medicine and face-to-face within the cold 
zone. The EMS personnel triage the patients and take part in the management of 
the rescue operation.  

Mining company – an equal actor during rescue operations  
The mining company’s object 2 includes the responsibilities of the immediate 
responders to save and care for the injured mining company personnel and for 
the mining company personnel to take part in the rescue operation as both 
managers and participants. 

During major fires in underground mines, the mining company personnel might 
escape to mine rescue chambers. The mining company personnel become 
immediate responders if there is a need to care for their injured peers until 
professional help arrive. Almost all Swedish mining company personnel in Study 
I stated that they were educated in first aid. This result is beneficial because this 
means that the mining company personnel are able to save lives and prevent 
further illness and injury by providing initial care if a peer is injured or suffering 
from an acute illness (Zideman et.al., 2015). Being educated in first aid can 
improve the peer’s confidence and likelihood of performing lifesaving aid (Garcia 
et al., 2015), which can reduce the mortality rate (Khorram-Manesh, Plegas, 
Högstedt, Peyravi & Carlström, 2019). Immediate responders with training in 
bleeding control measures have also been proven to be more skilled in 
administering aid than those without training (Harris et al., 2018), which 
supports the notion of training all employees in first aid. In Study I the 
preparedness of the mining company personnel was examined, and even though 
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79% of the mining company personnel considered themselves prepared to 
respond in the event of a major incident and almost all where trained in first aid, 
most of the mining company personnel considered themselves only moderately 
prepared to care for a seriously injured peer. This might be due to, as stated in 
the open-ended questions of Study I, the mining company personnel being afraid 
of making the wrong decisions, which might harm the injured peer even more. 
Therefore, it might be beneficial to improve the mining company personnel’s 
preparedness. In Study I the factors of “Familiarity with rescue procedures during 
emergencies with injuries” and “Experience of using self-protective and first aid 
equipment” had a positive association with the preparedness of the mining 
company personnel, while the factor “Risk perception of emergencies with 
injuries” had a negative association with preparedness. 

Consequently, a recommendation from Study I was to review and revise the 
content of the first aid course for the mining company personnel. In Study IV this 
led to the development of a modified first aid course, where the mining company 
personnel in a systematic way learned how to examine and care for seriously 
injured peers as well as report the injured mining company personnel’s vital signs 
to the Medical Incident Commander aided by a checklist. One of the reasons for 
the development of a modified first aid course, as described in Study IV, was 
because the mining company personnel needed specific knowledge on how to care 
for seriously injured peers in the underground mining environment (Figure 13). 

Figure 13 Inside the rescue chamber the immediate response by a mining company peer is life-saving. 
Photos: Tom Uppstu
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This is supported by statements from the open-ended questions in Study I, and 
the mining company personnel stated that they are educated in first aid but they 
have not been educated in taking care of injured peers within the mining 
environment. The mining company personnel also stated that their actions can 
be vital because the distance to the EMS and rescue service is significant (Study 
I). Generally, first aid courses teach effective, feasible, and safe techniques and 
procedures with minimal or no equipment (Van de Velde et al., 2007). However, 
the need for a new curriculum for the first aid courses has also been recognized 
by other researchers because such courses do not cover trauma or mass-casualty 
situations (Khorram-Manesh, Plegas, Högstedt, Peyravi & Carlström, 2019). 
Furthermore, most first aid courses assume that professional help is not far away 
(Van de Velde et al., 2007). Depending on the scenario in an underground mine, 
the help might be far away, which is illustrated in Study IV, where the exercise 
organizers developed tools and organizational procedures for complex rescue 
operations within the smoke-filled underground mine. Thus, the mining 
company personnel are the immediate responders when major incidents occur, 
and they might have to care for their injured peers for an extensive amount of 
time until professional help arrives. The course in first aid has to be specifically 
designed for the needs of the mining company personnel in order to prepare them 
for major incidents in underground mines. 

Regardless of whether the professional help consists of professional mine rescue 
teams or the rescue service in collaboration with the mining company guides, all 
mining company personnel have an important role in the management and 
performance of the rescue operation. In Study III the mining company personnel 
stated that they have an emergency plan that they follow until the rescue service 
arrives. Mining company personnel trained in the emergency plan learn 
immediate response strategies (Kowalski-Trakofler, Vaught, Brnich & Jansky, 
2010). Those from the affected organization who have received training in 
emergency response act in a similar manner as the emergency personnel 
(Danielsson, 2016). Study I showed that 79% of the mining company personnel 
considered themselves prepared to act in case of an emergency. Previous training 
can make substantial differences in the initial decisions and response during an 
emergency (Kowalski-Trakofler, Vaught, Brnich & Jansky, 2010). However, when 
the emergency organizations arrive the personnel of the affected organization are 
rarely viewed as a resource during emergency management, and they usually 
hand over the responsibility of the rescue operation to the emergency 
organizations (Danielsson, 2016; Danielsson, Sparf, Karlsson & Oscarsson, 
2015). Usually, the emergency organization’s personnel have absolute control of 
the rescue operation and only allow personnel from the affected organization with 
appropriate knowledge and competence within the cordoned off area (Oscarsson, 
2019). This is also the case during underground mine rescue operations, experts 
in a Swedish study concluded that it was important to have mining company 
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personnel available throughout the entire rescue operation (Gyllencreutz, 
Rådestad & Saveman, 2020). Thus, it is important that the emergency 
organizations recognize the knowledge and competence of the mining company 
personnel. 

However, in Study III a mining company manager stated that he had the main 
responsibility to inform colleagues and peers about the rescue operation. After 
all, the workplace of the emergency organizations is within another organization’s 
workplace (Oscarsson, 2019). The personnel from the affected organization and 
the emergency services have different understandings of the situation and are 
also unaware of how the personnel from the other organizations act during the 
same situation (Danielsson, 2016). In Study IV an important realization of the 
exercise organizers was that the mine organization had an important role during 
the management and execution of the rescue operation, which also led them to 
develop a new mining company management structure as part of the new rescue 
operation practice (Figure 14). This is supported by Danielsson (2016) who states 
that even though the personnel from the affected organization are not 
accustomed to managing emergency situations, they have important contextual 
information and competence that can make the rescue operation more effective 
(Danielsson 2016; Danielsson, Sparf, Karlsson & Oscarsson, 2015). It might even 
be stated that because the emergency organization lacks knowledge about the 
setting and procedures of the affected organization, this can hamper the rescue 
operation due to an inability to gain a comprehensive understanding of the 
situation (Danielsson, Sparf, Karlsson & Oscarsson, 2015). Thus, major incidents 
occur at the mining company personnel’s workplace where they have the 
contextual knowledge and are to be seen as a resource during the rescue 
operation. The mining company personnel are to be actively involved in the 
rescue operation management and response. 

Figure 14 Mining company management group preparing for the arrival of 
the emergency services. Photo: Sofia Karlsson
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Rescue service – responsible for challenging underground 
rescue and evacuation 
The rescue service object 2 includes saving the injured mining company 
personnel by performing a rescue operation. The rescue service personnel also 
take part in the rescue operation management. 

In case of major incidents, the mining company relies on the rescue service 
personnel to rescue the mining company personnel (Study III). The rescue service 
personnel in collaboration with the personnel from the other emergency 
organizations perform a rescue operation if self-evacuation of the mining 
company personnel is not possible (Kumm, 2010). In Study II, the EMS personnel 
stated that the rescue service personnel have a greater responsibility for the 
rescue operation underground because the EMS personnel consider such an 
environment to be the domain of the rescue service. However, in Study III the 
rescue service personnel mentioned that their lack of knowledge about the 
underground mining environment resulted in an unsafe rescue operation. 
Comprehensive knowledge about the environment is important in order to create 
a realistic rescue response plan (Svensson, Cedergårdh, Mårtensson & Winnberg, 
2005). Because of the risk of becoming injured, the rescue service personnel in 
Study III stated that they will only perform life-saving rescue operations and will 
not enter the mine if they perceive it is unsafe. The rescue service managers have 
to consider the benefits and risks of the rescue operation, and even if there are 
injured mining company personnel within the underground mine they have to 
prioritize the safety of the rescue service personnel and mining company guides 
(Mine Safety Technology and Training Commission, 2006). However, in Study 
III the rescue service personnel stated that their limited environmental 
knowledge makes safety assessments difficult. 
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In Study III, the rescue service 
personnel were described as being 
dependent on the mining 
company guides because the 
rescue service personnel became 
disoriented within the complex 
smoke-filled mining tunnel 
system. Thus, the rescue service 
personnel and mining company 
personnel have joint training 
sessions (Study III) (Figure 15). 
This is in accordance with what 
Ingason et al. (2015) 
recommended, and in order to 
increase the safety and efficiency 
of the rescue operation the rescue 
service and the mining company 
must plan, prepare, and train 
together. Exercises for the rescue 
service personnel are also vital in 
order to maintain the personnel’s 
competence for major incidents 
(Ingason, et al., 2015). The Rescue 
Service Incident Commander has 
to be assisted with, for example, 

updated lists, maps, and mining company guides (Ståhle, 2010). Consequently, 
the rescue service personnel are dispatched to mining incidents, and even though 
they considered that they lacked knowledge about the mining environment, the 
rescue service personnel perform life-saving rescue operations in collaboration 
with mining company guides. The rescue service personnel could therefore be 
educated in the hazards of rescue operations in underground mines in order to 
develop their rescue response plans and continue their training with the mining 
company. 

The EMS personnel in Study II considered that the rescue service personnel have 
a difficult rescue response with many tasks (Figure 16). During major incidents 
in underground mines, the Rescue Service Incident Commander makes decisions 
for a rescue operation with a different set of tasks than they are used to (Ståhle, 
2010). Challenges during major underground fire incidents include the lack of 
information regarding what is burning and if mining company personnel are 
located within the toxic smoke-filled environment (Lönnermark et al., 2015). 
Underground rescue operations are also difficult due to long response routes, 
which will affect the time until the injured mining company personnel can be 

Figure 15 Collaboration between mining company 
guide and rescue service. Photo: Sofia Karlsson 
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saved (Ingason et al., 2015). The long response routes will also influence the 
smoke-divers’ operative range, which is dependent on their compressed air 
consumption (Ingason, et al., 2015) and increased body temperature 
(Lönnermark et al., 2015). The rescue service personnel have to be aware of the 
risk of rockfalls and the limited risk of flashover in the underground environment 
(Ingason, et al., 2015). Major fires in underground mines call for the use of 
considerable resources and call for specific tactics and methodology, specialized 
equipment, planning, and exercises (Lönnermark et al., 2015). In Study IV the 
rescue service exercise organizer developed new procedures and checklists, e.g. 
sending the nearest part-time rescue service unit arriving first into the mine as a 
reconnaissance team during exercises and developing a mine rescue carriage in 
order to be able to transport both compressed air and the injured mining 
company personnel. During the time of the collaboration project of Study IV, the 
rescue service also practiced longer smoke-diving operations in order to test their 
maximum operational range, and developed procedures for the ability to perform 
two simultaneous smoke-diving operations into the mine. The rescue service 
exercise organizer in Study IV also developed procedures for incident plan 
development together with the respective mines. Rescue operations in 
underground mines require specific preparedness on the part of the rescue 
service personnel, and thereby they had to develop new tactics and 
methodologies. 

Figure  16 Rescue service personnel preparing to enter the smoke-filled 
tunnels within the mine. Photo: Sofia Karlsson
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Emergency medical service – comprehensive responsibility 
for the medical care 
The EMS object 2 includes the EMS personnel having medical responsibility for 
the injured mining company personnel during the entire rescue operation, both 
through tele-medicine in the hot zone and face-to-face within the cold zone. The 
EMS personnel triage the patients and are part of the management of the rescue 
operation. 

The EMS personnel in Study III considered that they had a limited preparedness 
for how to respond to major incidents in underground mines and that the EMS 
personnel usually wait on the ground level for the injured mining company 
personnel to be brought out of the mine. This is supported by Aléx, Lundin, 
Joansson, and Saveman (2017), who stated that about half of the Swedish EMS 
personnel having a mine in their catchment area reported that they were not 
prepared to respond to mining incidents. In Study III the EMS personnel 
considered that they did not have enough knowledge about the mining 
environment, which meant that they could not evaluate the safety of the mine. 

The Ambulance Incident 
Commander has the responsibility 
for assessing the safety in 
collaboration with the Rescue Service 
and Police Incident Commanders but 
cannot delegate the responsibility of 
the safety of the EMS personnel to 
another commander (Nilsson & 
Örtenwall, 2009). However, in Study 
II this uncertainty of the EMS 
personnel led to a passive response, 
and they relied on the rescue service 
and the mining company to manage 
the rescue operation. This has also 
been seen in exercises, and if the 
scenario is perceived as too complex 
the exercise participants might 
become passive and wait for another 
organization to take initiative (Berlin 
& Carlström, 2014). A similar 
example from the literature (Berlin & 
Carlström, 2014) describes the 
passiveness of the EMS personnel in 
an underground environment during 
an exercise, which delayed the life-

Figure 17 EMS personnel caring for an injured 
mining company worker. Photo: Tom Uppstu
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saving rescue operation of the injured persons because the police were unable to 
swiftly secure the vast underground area. The passivity could also be associated 
with the EMS personnel being uncertain of the management of the situation and 
being unsure of what their superiors would think of their action and thus 
associate non-action with reduced chances of doing the wrong thing (House, 
Power & Alison, 2014). In Study II the EMS personnel mentioned that they were 
unsure if they could enter the mine or not. Some EMS personnel considered that 
there was no reason for entering the mine because the patients should be cared 
for at the ground level, while others saw the benefit of decreasing the time to care. 
The EMS personnel in Study II also stated that the care of the injured mining 
company personnel in the underground environment was no more difficult than 
caring for patients in any other environment (Figure 17). 

In order to reduce the mortality and morbidity of serious injuries, the mining 
company personnel need to be cared for as quickly as possible (Lennquist & 
Larsson, 2017). This topic was discussed by the exercise organizers of Study IV, 
and they concluded that the EMS personnel have to consider the circumstances 
of the specific incident, and if the EMS personnel cannot enter the mine they are 
still responsible for the care of the injured mining company personnel and should 
be actively involved in the planning of the rescue operation. Thus, the EMS 
personnel have to be prepared to respond to major incidents in underground 
mines. They cannot hand over the responsibility of the medical care to any other 
organization, and instead they have to be actively involved in the rescue 
operation. 

The uncertainty of the EMS personnel is probably a result of them not being 
involved in the joint training sessions of the mining company personnel and the 
rescue service personnel (Study III). In Aléx, Lundin, Joansson, and Saveman 
(2017), the Swedish EMS personnel stated that they needed more education and 
training in order to become prepared for incidents in underground mines. During 
full-scale exercises, the response of the EMS incident commanders can be 
evaluated by performance indicators (Gryth et al., 2010). Certain initial decisions 
that the EMS incident commanders make has a major impact on patient outcome, 
and high numbers of preventable deaths and complications can result from 
insufficient reporting, inconsistent collaboration among the responding 
organizations, and a limited ability to evacuate severely injured victims (Rådestad 
et al., 2012). The EMS incident commanders are scored based on whether they 
perform specific tasks within a specific time frame of the incident, e.g. they meet 
with the Rescue Service Incident Commander and Police Incident Commander 
within 5 minutes from arriving on the incident site (Rådestad et al., 2012). 
However, in Study IV the EMS exercise organizers who scored the incident 
commanders developed new incident management plans. Some of the tasks are 
perhaps impossible to accomplish in the mining environment, e.g. transporting 
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the first patient to the hospital within 15 minutes. Other performance indicators 
during exercises are, for example, giving a first report to dispatch after 2 minutes 
and giving a verifying report after 10 minutes (Rådestad et al., 2012). To gather 
enough information for these reports can be challenging. In Study II the EMS 
personnel reported that during real events it could take several hours before they 
knew how many mining company personnel were injured and their conditions. 
The challenge to gather information is probably due to the extreme environment. 
Furthermore, the EMS personnel receive the relevant information from the 
mining company personnel whom they usually do not collaborate with. This can 
lead to further challenges because the EMS personnel have to understand and 
relate to the content of the received information. 

In Study II the EMS personnel stated that they had extensive guidelines for the 
medical care of the patients, but none for how to manage incidents in 
underground mines and thus concluded that it would be advantageous if they had 
mine rescue guidelines. In Study IV the mining environment required the 
development of new procedures for the EMS exercise organizers. In the cold zone, 
the EMS personnel can access and care for the patients, but in the hot smoke-
filled area a new tele-medicine approach had to be developed. This new tele-
medicine approach indicated that the Medical Incident Commander 
communicated with the peers of the injured mining company personnel located 
within the rescue chambers. The peers became an extension to the EMS. The 
Medical Incident Commander was tasked with systematically gathering 
information from and supporting the peers of the injured mining company 
personnel (Figure 18). The mining company personnel were tasked with 

Figure 18 New tele-medicine approach - Medical Incident Commander 
talking to the peers of the injured mining company personnel. Photo: Sofia 
Karlsson
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systematically examining and caring for the injured peers. The EMS personnel 
may be accustomed to being aided by other first responders, such as the police or 
the rescue service (Elmqvist, Brunt, Fridlund & Ekebergh, 2010), but the new task 
of the Medical Incident Commander resembles that of an emergency dispatch 
center operator assisting the public during emergencies. Contact with the mining 
company personnel within the rescue chambers also ensures their mental and 
physical well-being (Enright & Ferriter, 2014). In a study about out-of-hospital 
cardiac arrest, it was declared that it was crucial that the helper had the support 
of the emergency dispatch center operator until the EMS arrived in order to 
increase the feeling of safety and the sense of a shared responsibility for the 
patient (Mathiesen et al., 2019). The operator assists in decision-making and 
gives instructions for how to perform cardio-pulmonary resuscitation (Mathiesen 
et al., 2019). Thus, the Medical Incident Commander could give directions to the 
mining company personnel on how to best care for the injured peers and could 
also update them on the progress of the rescue operation and provide mental 
support. The peers could provide information about the injured mining company 
personnel’s vital signs and condition to the Medical Incident Commander in 
order for them to prepare an appropriate response, and if there were several 
injured mining company personnel in the underground mine, the information 
could direct a triage process, i.e. lead to better situational awareness. 

Saving lives – the reason to perform a collaborative rescue 
operation 
The joint object 3 of the mining company, rescue service, and EMS is saving lives 
and caring for the injured mining company personnel by performing an efficient 
rescue operation in collaboration with each other. In order for the exercise 
organizers to achieve this object, they collaboratively developed the rescue 
operation practice through an expansive learning process with a combination of 
collaboration meetings and full-scale exercises (Study IV) (Figure 19). 
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Figure 19 Rescue operation in progress! Photo: Tom Uppstu 

The exercise organizers in Study IV chose to develop the rescue operation practice 
based on the scenario of a major fire incident. Although the participants did not 
disregard the consequences of other major incidents, this is a logical decision 
based on the results from Study I and III. Eighty percent of the mining company 
personnel from Study I considered there to be some probability to a very high 
probability of major fires. In Study III the participants from the three 
organizations considered fire to be a severe incident because underground fire 
had the potential to trap and injure many mining company personnel, demanding 
a complicated and long-lasting rescue operation. Furthermore, the rescue service 
personnel from Study III had experienced a lack of preparedness during a major 
fire in an underground mine. In mineral and metalliferous mines, fires in vehicles 
are a likely scenario and the smoke makes visibility for both escape and rescue 
operations difficult (Engström, Angrén, Björnstig & Saveman, 2018). The mining 
company personnel have to be prepared for mine fires, and a delay of action in 
either extinguishing a limited fire or escaping from the fire can lead to serious 
injury (Conti, 2001). Furthermore, during rescue operations in underground 
mines it is difficult to gain an overview of the incident and the response routes 
might be long (Lönnermark et al., 2015; Ingason et al., 2015). The long response 
routes depend on the complex mining layout, which makes it difficult to control 
the way the smoke and heat spread in the mine (Hansen, 2010). Thus, both the 
mining company personnel and the personnel from the emergency organizations 
consider that they need an improved preparedness for fire response. The need for 
improved preparedness is based on fires being relatively common, but the mining 
environment will make rescue operations difficult and the rescue service 
personnel have limited experience in such environments. 
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The rescue service’s limited experience in the environment, which in Study III 
was described to lead to an unsafe rescue operation, influenced collaboration with 
the mining companies, but they had not yet included the EMS. Kristiansen, 
Håland, Johansen, and Carlström (2019) also described instances in which the 
EMS personnel did not participate in collaboration between the emergency 
organizations because they, for example, lacked the opportunity to meet as often 
as the other organizations. However, in Study III the main category “The way 
forward: preparedness and collaboration” implied that the rescue service, EMS, 
and mining company personnel realized that they have to prepare their 
organizations for underground rescue operations in collaboration because the 
environment makes them interdependent. Interdependence between the 
organizations means they are dependent on each other for information, 
resources, and activities (House, Power & Alison, 2014). Collaboration between 
the responding organizations is the most common way to coordinate a crisis 
response (Ödlund, 2010) because no organization can manage the incident on 
their own (Waugh Jr & Streib, 2006). The organizations assist each other and 
share resources in order to achieve the common goal of saving lives, relieving 
suffering, and preventing escalation of the incident (Svensson, Cedergårdh, 
Mårtensson & Winnberg, 2005; Hill, 2010). 

In Study IV the exercise organizers realized there were certain decisions that 
needed to be made in collaboration, for example, prioritization of the injured 
mining company personnel, which shifted the focus towards how their 
organizational aims contributed to the collaborative process that is necessary 
during full-scale exercises. This can be compared to a study which stated that 
collaborative implementation of an action plan for medical care had a low priority 
(Gyllencreutz, Rådestad & Saveman, 2020). Consequently, the organizations are 
also independent and have their own tasks, responsibilities, and managers where 
no organization has the right to give orders to another organization (Johansson, 
2009). However, although the organizations basically have the same priorities, 
they have different perspectives on how these objectives should be achieved 
(Allen, Karanasios & Norman, 2014) and thus have to negotiate in order to 
achieve their objectives (Andersson & Lindström, 2017). The participants might 
therefore not understand or value the other organizations’ perspectives, and if 
they consider their own perspective to be enough to perform a rescue operation, 
this at best may lead to parallel collaboration (Swedish Civil Contingencies 
Agency, 2018). If the personnel understand the other’s perspectives, this may 
instead enable understanding of the situation in various ways (Swedish Civil 
Contingencies Agency, 2018). The individual organizations have incomplete 
information about the situation, the task, and the characteristics of the place, and 
cross-sectorial training is important to bring the organizations together in order 
to share experiences and build networks (Danielsson, 2016). Successful 
collaboration exercises may improve inter-organizational collaboration during 
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major incidents (Kristiansen, Håland Johansen & Carlström, 2019). Thus, the 
complex environment makes it necessary for the rescue operation managers to 
make certain decisions in collaboration because their experiences complement 
each other. 

The exercise organizers of Study IV were part of an expansive learning process in 
order to develop and test solutions to the identified challenges, consequently 
developing the rescue operation practice. In order to develop the underground 
mining rescue operation practice, the organizations developed tools and 
organizational procedures. This process began when the exercise organizers 
started to question the current underground mining rescue operation practice 
and joined a collaboration project. This collaboration project included a 
combination of collaboration meetings and full-scale exercises. Exercises can be 
used as a tool to introduce organizational change, whereby the exercise organizers 
can compare several exercises in order to facilitate learning (Swedish Civil 
Contingencies Agency, 2010). Few studies report the outcomes from exercises 
with modified solutions to the challenges previously identified, thus an indication 
of exercise effectiveness could be to test modifications (Skryabina, Reedy, Amlôt, 
Jaye & Riley, 2017). The exercise organizers of Study IV planned exercises 
together. When the exercise organizers plan exercises together, they can adjust 
their procedures in order to perform a collaborative exercise (Danielsson, 
Johansson & Kvarnlöf, 2013). It can even be stated that the planning process is 
the real collaboration exercise (Danielsson, Johansson & Kvarnlöf, 2013). 
However collaboration is only a means to achieve an efficient rescue operation 
(Danielsson, Johansson & Kvarnlöf, 2013). Collaboration is a tool in order to 
coordinate the work of independent, horizontal organizations without a common 
manager in order to reach a common object (Danielsson, Sparf, Karlsson & 
Oscarsson, 2015). A challenge is that exercises follow an old-fashioned logic with 
expected scenarios and a stable way to make decisions, and this leads to the 
reproduction of existing knowledge and seldom to the production of new 
solutions (Danielsson, Sparf, Karlsson & Oscarsson, 2015). In Study IV, the full-
scale exercises were performed in order to identify both collaboration and 
organizational challenges and to test and evaluate new solutions, i.e. procedures 
and tools in the various mines included in the project. Therefore, even though the 
scenario was a major underground fire, no exercise played out exactly the same. 
Thus, there was no standardized solution that the participants ought to arrive at, 
other than optimizing their organizational procedures.  

Accordingly, full-scale exercises were performed both to test and modify new 
tools and organizational procedures and to train the personnel (Study IV). The 
focus of the exercise organizers of Study IV shifted from the emergency 
organizations’ ability to perform rescue operations towards considering the 
perspectives of the injured mining company personnel. Exercises with built-in 
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collaborative elements may be beneficial for the learning of the personnel, 
whereby they learn to understand each other’s priorities and perspectives (Berlin 
& Carlström, 2015). Cumulative learning can occur if solutions to identified 
problems are implemented from one exercise to the next (Berlin & Carlström, 
2015). Experts in an underground mining study considered it very important that 
the organizations had trained together on a regular basis (Gyllencreutz, Rådestad 
& Saveman, 2020). In another study participants having attended several full-
scale exercises consider that they do not learn anything new during the exercises, 
which indicates that collaboration exercises have reached a saturation point and 
are no longer viewed as innovative and lack necessary challenges possibly due to 
standardization and a focus on drills (Sorensen et al., 2019). Participants perceive 
that exercises are useful for emergency work, but if collaboration is the focus of 
the exercise more collaborative elements could contribute to learning (Berlin & 
Carlström, 2015). Consequently, collaborative full-scale exercises are generally 
too standardized and focused on individual learning within the organizations. In 
order for the participants to learn during full-scale exercises the exercise 
organizers have to emphasize exercises with more elements of collaboration 
without finished solutions, where the participants have to improvise and deal 
with the unforeseen (Sorensen et al., 2019). This is exactly what was done in Study 
IV. Because there was no completed standardized solution, the exercise 
organizers observed when the exercise participants identified solutions to the 
challenges they were confronted with and how they utilized and developed tools 
and procedures. The exercise organizers also interviewed the exercise 
participants after the exercises, thus the participants could give important input 
on the exercises and facilitate learning. 

Several tools were developed by the exercise organizers, e.g. an e-learning 
educational video about each other’s terminology and tasks during a major 
underground mining incident (Figure 20). This educational video was developed 
because the EMS personnel in Study II stated that they lacked knowledge about 
the other organizations, and this was further observed by the exercise organizers 
in Study IV. Insufficient knowledge about each other’s roles and tactics can 
constrain collaboration and negatively affect the outcome of the rescue operation 
(Andersson & Lindström, 2017). In cultural-historical activity theory, language is 
a mediating artifact, and if the organizations do not have a common language it 
is impossible to communicate with each other (Allen, Karanasios & Norman, 
2014). If the EMS personnel, for example present the triage categories as red, 
yellow, and green it might make it difficult for the other organizations to 
understand (Karagiannis & Synolakis, 2017). The rescue operation might also be 
less effective if the personnel are unaware of each other’s responsibilities and 
therefore might not share adequate information (Juffermans & Bierens, 2010). 
The risk of this is greater when organizations that are not usually involved in 
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rescue responses participate (Juffermans, & Bierens, 2010), such as the mining 
company. 

Figure 20 E-learning educational video about the organizations’ structures and responsibilities 
during a major underground fire incident. Photo: Tom Uppstu 

Another tool that was developed by the exercise organizers within Study IV was 
an emergency management template in order to make the development of a 
common situational awareness easier. Situational awareness consists of the 
perception of elements in the current situation, comprehension of the current 
situation, and prediction of the future status of the situation (Endsley, 1995). A 
key challenge during the start-up of a rescue operation is information overload 
within the organizations that hampers collaboration and information exchange 
(Allen, Karanasios & Norman, 2014). The incident commanders need to know 
what information to share (House, Power & Alison, 2014). During the command 
meetings, information is shared among the incident managers; however, a tool 
for the management of information gathering can facilitate the information 
sharing (Allen, Karanasios & Norman, 2014). If the incident commanders have 
an accurate common situational awareness, they can perform effective decision-
making (House, Power & Alison, 2014). However, the decisions during major 
incidents are complex and have high risks and are made under time pressure 
(House, Power & Alison, 2014). Inaccurate situational awareness can lead to 
inadequate management of the incident (Svensson, Cedergårdh, Mårtensson & 
Winnberg, 2005). Thus, within Study IV the exercise organizers had the 
opportunity to identify challenges and to test modifications and new solutions in 
order to improve the rescue operation. Because of the inter-organizational 
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collaborative focus, the tools that were developed aimed at facilitating 
collaboration and making information transfer easier. 

Cultural-historical activity theory, thus provides a framework for a 
comprehensive understanding of the results of this thesis. All participants of the 
included studies are considered representatives of their organization, which 
means that their response is embedded within the context of their organization 
(i.e. activity system). However, the theory also acknowledges the multivoicedness 
of the activity systems (Engeström, 2001), which means that all of the 
participants in the studies have their own interpretation of the studied 
phenomenon, i.e. responding to major underground incidents. The common 
objective (Object 3) of the organizations relates to saving lives and caring for the 
injured mining company personnel by performing an effective rescue operation 
in collaboration. However, all of the organizations have somewhat different tasks, 
responsibilities, and perspectives on how this should be accomplished (Object 2), 
and this relates back to the Swedish crisis management system (Swedish Civil 
Contingencies Agency, 2018). Thus, the representatives from the organizations 
have to collaborate, which might be described as a process of knotworking 
(Kangasoja, 2002) because the personnel from these organizations do not 
collaborate on a daily basis. Organizational learning takes place within a system 
as a whole and is thus the unit of analysis (Virkkunen & Kuutti, 2000). 
Organizational learning consists of both developing new procedures and tools 
that also evolve as they are implemented (Kerosuo & Engeström, 2003). 
Expansive learning is a demanding process and is often introduced within change 
laboratories guided by researchers, but the changes of the object of activity are 
developed by the participants themselves (Sannino, Engeström & Lahikainen, 
2016). Thus, even though we as researchers had the opportunity to follow and 
facilitate the expansive learning process of the exercise organizers, and even 
though the process might be considered as inspired by the change laboratory 
methodology, the organizational change witnessed is owed entirely to the exercise 
organizers themselves. 
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Conclusion 
This thesis has contributed to the preparedness literature by gaining a holistic 
view of the challenges and possibilities of rescue operations during major 
incidents in Swedish underground mines. This holistic view has been gained from 
the experiences of both real events and full-scale exercises from the personnel of 
the mining companies, rescue service and emergency medical service personnel. 
The contribution of this thesis is the understanding that although all three 
organizations have their own perspective of relevant tasks and priorities, they all 
have the joint objective of saving lives. Within this thesis several aspects of 
preparedness have been identified and discussed, including knowledge about the 
environment and the other organizations, safety, collaboration, the need to 
involve the affected organization in the management of the rescue operation, and 
the need to change organizational procedures during these events. The identified 
aspects of preparedness were cultivated and developed during the process of the 
development of a new exercise rescue operation practice. The new exercise rescue 
operation practice included both changed organizational procedures and new 
tools to facilitate collaboration. During the process, a new tentative model for 
development of an expansive learning process of the organizations’ exercise 
organizers was also developed. The new model consisted of a combination of full-
scale exercises and collaboration meetings that facilitated an iterative expansive 
learning process of identifying challenges and testing solutions, which made it 
possible for the exercise organizers to create sustainable organizational change. 

  



 

69 

Practical implications 
Within this thesis a preparedness process was analyzed. First, the mining 
company, rescue service, and EMS personnel’s perspectives of preparedness for 
major underground incidents were explored separately. Then, their collaborative 
expansive learning efforts to develop the exercise rescue operation practice with 
the objective to save lives and care for the injured mining company personnel by 
performing an effective rescue operation in collaboration was analyzed. During 
this process, several practical implications that also might have an impact on the 
Swedish preparedness for major incidents in extreme environments or within the 
workplace of another organization have been suggested per organization: 

All three organizations have to become: 

• Aware that shared situational awareness is important during rescue 
operation management, which can be facilitated by a joint emergency 
management template 

• Aware of the organizational change and expansive learning process 
which can occur when exercise organizers of the three organizations 
gather and together analyze challenges and test solutions through an 
iterative process of collaboration meetings and full-scale exercises 

• Aware that full-scale exercises should implement lessons-learned from 
previous exercises in an iterative process and not just view the exercise 
as a singular event 

Mining company personnel have to become: 

• Prepared to take care of injured peers in situations where they are unable 
to self-escape 

• Trained in a modified first aid course and checklists to be able to be 
immediate responders 

• Acknowledged for their contextual knowledge and resources 
complementing the knowledge and resources of the emergency 
organizations, because the major incident occur in their workplace 

• An equal participant during the rescue operation, meaning they need to 
have a clear rescue operation management structure, procedures and 
resources 

• Knowledgeable in the organizational structure and responsibilities of the 
emergency organizations 

• Acknowledged for the significance of mining company guides during 
rescue operations 
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Rescue service personnel have to become: 

• Prepared for a challenging underground rescue operation 
• Aware of the significance of mining company guides during rescue 

operations 
• Aware of the necessity of developing practical organizational procedures 

and resources for a safe and efficient rescue operation, e.g. developing 
procedures for smoke-diving in underground mines in collaboration with 
mining company guides 

• Knowledgeable of the organizational structure and responsibilities of the 
mining company and EMS 

EMS personnel have to become: 

• Aware that a limited preparedness may lead to a passive role in the rescue 
team 

• Actively involved in the collaboration with the mining company and 
rescue service, by e.g. taking an active part of the planning and 
conducting of exercises 

• Aware that they are responsible for the medical care of the injured 
persons during the entire rescue operation, facilitating a tele-medicine 
approach where they can communicate with peers of the injured mining 
company workers 

• Aware that their procedures need to change to adapt to the environment 
• Knowledgeable in the new mine rescue guidelines complementing the 

checklists of the mining company personnel 
• Knowledgeable of the organizational structure and responsibilities of the 

mining company and rescue service 
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Future research 
There are still several important questions that would contribute to cover the 
current knowledge gaps: 

• Studies of the psychological aspects of having the responsibility as 
mining company personnel of being an extension of the EMS among the 
injured peers in the same rescue chamber 

• Studying the effect and generalizability of the new exercise rescue 
practice, the changed organizational procedures, and the developed tools 
within the underground mining environment and other similar 
environments 

• Studies of how the new exercise rescue practice and changed 
organizational procedures at the local rescue operation management 
level influence the regional and national management levels 

• Studies of the new exercise concept, where exercise organizers develop 
their organizational procedures and the rescue operation concept in 
collaboration through a combination of collaboration meetings and full-
scale exercises 

• Studies of gender and power relations between the organizations during 
rescue operations 

• Studies of collaboration between the exercise participants from different 
organizations during practical rescue operation work in the underground 
environment as teams 
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