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Preface

The need for technical and tactical development of methods for emergency response to
fires indoors is great in the Swedish rescue services and internationally. The risks
associated with traditional intervention methods, which largely assume the entrance of BA-
operators into the burning building, are considerable and expose firefighters to intense
strain. Damage caused as a result of interventions using traditional methods is often large
and not infrequently caused by the emergency services themselves, due to the choice of the
conventional technical and tactical methodology, which previously and still is in use but
today can be questioned.

The need for improvement of the methodology within the fire and rescue services is
therefore considerable. The development of the methodology should lead not only to
reduction of the risks for firefighters and a decrease of the damage in connection with fires,
but also facilitate for the firefighters of the future to carry out their work in a more simple
and easy way without the physical stress that traditional methods often imply.

Sodra Alvsborg Fire & Rescue Service (SERF) has since 1993 been working with
improvement in the field of methodology for fighting fires indoors. This work has been
successful and given opportunities for gaining experience of modern methodology for
responding to fires.

The Swedish Rescue Services Agency (SRSA) commissioned on 23 June 2008 SERF to
conduct, in collaboration with the SP Technical Research Institute of Sweden, scientific
studies on the basis of reported and documented experiences from practical implementation
of the Cutting Extinguishing Concept (CEC) or methodology for fighting fires indoors.
This report presents the results of these studies.

The studies were carried out by a project team consisting of Ronny Fallberg and Krister
Palmkvist from SERF and Technology Doctor Tommy Hertzberg and Professor Haukur
Ingason at SP Technical Research Institute. SP has been responsible for the scientific
descriptions and studies of the experiences and the collection of literature data on the
cutting extinguishing tool COBRA while SERF has been responsible for compiling the
practical experiences from using the CEC in actual emergency response operations. SERF
has had the main responsibility for reporting to the SRSA, since 1% January 2009 the
Swedish Civil Contingencies Agency (MSB), where Bo Andersson, Senior Fire Expert, has
been the Contact Point for the studies.

Gratitude is expressed to the Swedish Defence Materiel Administration (FMV) for
permitting the use of data from experiments with the COBRA carried out by SP on
commission by FMV and to UIf Bjurman, former Director at the Swedish Rescue Services
Agency, who assisted in an advisory capacity in the editing of the report, and Bo Nystrand,
who supplemented the report with valuable photographic material.

Borés 28" January 2010

Kjell Wahlbeck
Fire Chief
Sddra Alvsborg Fire & Rescue Services (SERF)
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Summary

Sodra Alvsborg Fire & Rescue Service (SERF) www.serf.se has conducted, in
collaboration with the SP Technical Research Institute of Sweden www.sp.se, scientific
studies on the basis of reported and documented experiences from almost ten years’
practical implementation of the of the Cutting Extinguishing Concept (CEC) or
methodology in firefighting operations. SERF was commissioned by the Swedish
Rescue Services Agency (SRSA), since 1 January 2009 the Swedish Civil
Contingencies Agency (MSB) www.msb.se, to carry out these studies.

To fight fires inside burning buildings is from a workers health and safety perspective
an occupation with a very high level of risk and there are therefore requirements for the
substitution of conventional methods for fighting fires with new methods, which
provide a good working environment for the responders. In consequence, SRSA
initiated in 1996 research and development which resulted in the cutting extinguishing
tool COBRA and lead to a completely new methodology for fighting fires.

The concept or system, which was developed for this methodology, consists of means
for detection and scanning with infra red technology, information and decision support
combined with the COBRA cutting and extinguishing technical equipment for
precision firefighting as well as high-pressure ventilation created by a high-pressure fan
to optimise the efficiency of the COBRA. The COBRA is ready for use immediately on
arrival on site. The concept is integrated into normal fire-engine trucks with 1 + 4
firemen but is also a part of the lighter quick response unit with two firemen developed
by SRSA, the First Response Unit.

In 2008 there were about 120 COBRAs in operation in Sweden, whereof about 25 in
First Response Units and the others in conventional fire-engines. In all, there are now
450 COBRAs in operational use in more than 30 countries around the world. These are
installed in different types of vehicles, normal standard fire engines, heavy airport
vehicles and light vans as well as in different types of ships.

On the basis of the reports from the dispatched response actions in which the COBRA
was used in Sweden (675 operations during the period 2004 — 2008), the experiences
have been compiled and distributed under different types of response actions. The
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results indicate that the distribution is equivalent to what is normal for fire response
actions. The conducted scientific studies of the reported experiences underline the
importance of the COBRA’s cutting capacity for quickly getting access to the burning
compartment or side rooms and taking response action. The studies indicate that the
COBRA is chosen in order to avoid the risk for ignition of the accumulated fire gases
and enable the fire to be attacked directly through the building’s construction and
achieve a quick influence on the development of the fire.

The COBRA will mainly exercise influence on the fire by a combination of cooling and
inerting, i.e. the mixture of fire gas and air will become overcarbonized and turn into an
inert or noble gas as a result of the inflow of water, which is vaporized into steam. The
content of oxygen will then decrease in relation to the concentration of flammable
gases, which then cannot burn (the flames are suffocated).

In the report of the studies, the conclusions concerning the Cutting Extinguishing
Concept are summarized as follows:

the COBRA cools efficiently the fire gases and stops the fire from developing
as well as inerts the fire gases even when their temperature is low

high-pressure ventilation is facilitated due to the capability of the COBRA to
control the fire gases before the ventilation is started

the COBRA enables a quicker start of the action against a fire and the fire gases
during an intervention

the COBRA provides more methods for extinguishing fires which are generally
considered difficult to handle and for getting access to, for instance, fires in
double flooring, roofs and attics

the tactical choices have increased when different methodologies are combined
i.e. IR technology, the COBRA and high-pressure ventilation as well as secure
and safe indoor firefighting

high quality education and training will increase the implementation, improve
the efficiency and enhance the credibility in general of advantages of the
Cutting Extinguishing Concept

damage to property as well as the negative consequences for the environment
caused by conventional firefighting using large quantities of water decrease
considerably and often completely with the COBRA

the COBRA improves the working environment for firemen when extinguishing
fires in buildings from the outsidet

the COBRA methodology has increased the health and safety of firemen when
responding to fires inside buildings

The report presents how SERF works with the Cutting Extinguishing Concept and this
concept in combination with other methods and technology. Also studies and research
concerning the capacity of water and vaporized water drops into steam to extinguish
fires as well as an overview of the experiments which have been conducted with the
COBRA and their results are presented in the report. Four different cases of fire
interventions conducted by SERF in which the CECs have been implemented are
presented extensively. Finally, proposals are made for future work and further
development of the COBRA.
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The COBRA is used actively for fire interventions in different parts of Sweden, but
there is a clear need for improved knowledge about how the actions for the extinction
of fires should be conducted and what the effects of different types of interventions
really are. Improved knowledge would enhance and facilitate the exchange of
experience and learning lessons within the fire and rescue services and speed up the
introduction of the new methodology and technology in the whole of Sweden.

An education and training encompassing the whole Cutting Extinguishing Concept has
been established in Sweden and forms part of the basic training of firemen, part time
firemen and intervention leaders. As a result of the EU Project FIREFIGHT, within the
framework of the Leonardo da Vinci Programme, an e-learning package which can be
used by a pupil at home, supplemented by a short practical training for firemen, was
elaborated. The Partners in FIREFIGHT included fire training facilities in England,
France, Spain and the Czech Republic and SRSA was the coordinator.

Work now continues in the EU Project FIREFIGHT Il (www.eufirefight.com), within
the framework of the Lifelong Learning Programme of the Leonardo da Vinci
Programme, with training for intervention commanders and fire and rescue chiefs as the
target group. The objective is to develop Vocational Education and Training on strategy
and tactics related to the CEC for the target group. Besides the original Partners, fire
training facilities in Estonia, Finland and the international (SME) EducExpert France
and SERF have joined as Partners in FIREFIGHT Il. MSB is the Coordinator, with Bo
Andersson as the Project Leader.

The study proposes that the training facilities are adapted so that these can be used
more efficiently for the training of the complete CEC, i.e. IR technology, the COBRA
and high-pressure ventilation. The present training establishments and their equipment
for conducting fire extinguishing training are not very well suited for exercising the
tactics that are needed for the CEC, for instance in respect to the cooling and inerting of
the mixture of fire gas and air, in particular in a compartment with a considerable
volume.

Another conclusion is that the intervention reports clearly demonstrate a need for an
improved and developed methodology for learning from the experiences of the
response operations. The reports at present rarely contain an analysis of the
appropriateness, efficiency, etc. of the implemented methodology. There is on the other
hand a clear need to evaluate systematically the experiences of new methodology and
technology to allow for learning from the incidents that occur and create better
conditions for exchange of experience, not in the least of the practical operational use
of the Cutting Extinguishing Concept.
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1. Introduction

The Swedish Rescue Services Agency (SRSA) commissioned on 23" June 2008 Sédra
Alvsborg Fire & Rescue Service (SERF) to conduct, in collaboration with the SP
Technical Research Institute of Sweden, scientific studies on the basis of reported and
documented experiences from practical implementation during almost ten years of the
Cutting Extinguishing Concept (CEC) or methodology for fighting fires. The aim was
that, based on what is known today about why and how cutting extinguisher tool
COBRA extinguishes certain types of fires and the practical advice available for the
operation, clarify and describe in which areas should be investigated further in order to
continue the development of the CEC’s practical use. This report presents the results of
these studies.

The studies were carried out by a project team consisting of Ronny Fallberg and Krister
Palmkvist from SERF and Technology Doctor Tommy Hertzberg and Professor
Haukur Ingason at SP Technical Research Institute. SP has been responsible for the
scientific descriptions and studies of the experiences and the collection of literature
data on the cutting extinguishing tool COBRA while SERF has been responsible for
compiling the practical experiences from using the CEC in actual emergency response
operations. SERF has had the main responsibility for reporting to the SRSA, since 1%
January 2009 the Swedish Civil Contingencies Agency (MSB), where Bo Andersson,
Senior Fire Expert, has been the Contact Point for the studies.

As a background, the development of the Cutting Extinguishing Concept is presented
briefly in Chapter 2 of report, and then in Chapter 3 there is an account of the
experiences from fire response actions undertaken when a COBRA had been
dispatched and used, consisting of a general comprehensive compilation of experiences
with the distribution into different types of intervention and detailed accounts of three
specific interventions in Svenljunga, Bords and Ulricehamn as well as an extensive
response to a large industrial hotel fire at Trandaredsgatan in Boras. Chapter 4 presents
SERF’s experiences of implementing the CEC and other methods related thereto. The
extinguishing properties of water and water vaporized into steam are described in
Chapter 5 and Chapter 6 gives a summary of all experiments performed with the
COBRA and the results of these. In Chapter 7 conclusions regarding the extinguishing
capacity are drawn, and suggestions for direction of future work on continued
improvement of the CEC are provided in the concluding Chapter 8.
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2. Background

The Luled Fire and Rescue Service in the North of Sweden carried out in the early
1990s some experiments to develop better methods for opening holes in the roofs of
burning buildings in order to quickly release the dangerous and hot fire gases. The
results of these experiments were presented in 1996 to the Swedish Rescue Services
Agency, which then started a pilot study to consider the possibilities of using water
under high pressure with an addition of an abrasive for cutting purpose. During the
pilot study, trials were conducted that showed that in addition to the cutting capacity
the method had a significant positive side-effect as the fire was reduced and in some
cases even extinguished by it. The experiments thus came form part of the background
to the Cutting Extinguishing Concept and the continued development was given a new
direction, and the COBRA was born.

Already in the 1980s, so called offensive firefighting had evolved as a method for
indoor firefighting, i.e. breathing apparatus (BA) operations with fog jet-pipe and
pulsation firefighting techniques with the fire compartment closed during the
firefighting effort to prevent the inflow of oxygen-rich air. When the fire had been put
out, the fire compartment and adjacent rooms were opened to allow for smoke
ventilation.

Since then, new methodology and techniques have become available and provide the
fire and rescue services with possibilities to choose between them or combine them,
depending on the needs of each fire. The best conditions can thereby be create for a
safe, fast and effective response. The COBRA together with infrared (IR) technology
and overpressure ventilation (PPV), forming togehter the Cutting Extinguishing
Concept (CEC), are examples of such new methods and technologies which are used by
the fire and rescue services from the outside of the fire compartment, in contrast to
previously used methods. This enables a rapid impact on the fire and the fire
development inside the building.

A cutting extinguishing COBRA functions with high pressure (a water pressure of 200
- 300 bar) in a similar way as the fixed extinguishing systems (high-pressure sprinklers
have a water pressure of approximately 70 to 120 bar) with small droplets, so called
water mist, but with much higher pressure. The water leaves the COBRA’s nozzle
(depending on pressure/nozzle shape) with an initial velocity of 220 m/sec which can
be compared with the speed of droplets from a high-pressure sprinklers, 2 - 20 m/sec.
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Although it has not been completely clarified what the droplets which leave the nozzle
of a COBRA look like, calculations have indicated that with a water pressure of 200 -
300 bar the droplet size would be 0.01 m.m. or less. The size of a droplet from a high-
pressure sprinkler has been estimated theoretically to be 0.02 m.m. The size of the
droplet is important for making an analysis of the effect of a COBRA. Since a decade
or so, a rather extensive documentation and research exists on how water mist acts as
an extinguishing agent. Even if the precise droplet size of the COBRA remains a
question for the future, the smaller droplets and higher speeds of the COBRA should
result in a significantly better extinguishing effect than the best high-pressure sprinklers
that are available today.

Risks related to firefighting

Fighting fires inside burning buildings is work at a very high level of risk, and the
methodology for extinguishing fires around the world is nowadays all the same still
very focused on fighting the fires inside the building, i.e. the operational response
personnel enter inside the burning building. Analyses that have been conducted of the
experiences from indoor firefighting indicate that the risks for the staff that are
associated with such interventions are very significant. The Swedish Work
Environment Authority has in consequence through its regulation (AFS: 2007:7 Rok-
och kemdykning, in English: Smoke and chemical divers = BA Operations) required
improved safety.

In Sweden, a number of serious accidents occurred during the period 1970 — 1980 in
which intervening BA operators were injured and in some cases killed. Upon further
investigation it was found that the BA operators in several of these cases had not
perceived the fast course of the fire processes. Hot fire gases had spread within the
buildings and then been ignited as a result of the rapidly increasing temperature and
supply of oxygen. If the firefighters had had more knowledge about this phenomenon
and thus been able to prevent the risks, then several of these accidents could probably
have been avoided.

In consequence education and training to increase the knowledge of the fire firefighters
concerning the course of a fire indoors was introduced. This included both theoretical
and practical education and training in specially designed containers in which for
instance the interior walls consisted of wooden panels to simulate a fire in a normal
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room. This improved the firefighters’ understanding of the course of fires and how jet-
pipes creating water mist should be used for extinguishing fires.

This methodology, which was developed in Sweden and was called the offensive
firefighting method, implies that the BA operators penetrate into the burning building
and keep the fire compartments sealed so that oxygen-rich air is not admitted. The fire
gases, ceiling and wall materials are cooled using the water jet-pipe right up to the
initial fire. A search for any remaining people in the building is conducted and, when
the water mist has made the fire compartment safe so that there is no risk for ignition of
fire gases, the compartment can be opened up for ventilation. These tactics and
methodology resulted in a decrease of the number of accidents with BA operators.

The Boras Fire and Rescue Service started in 1993, in order to optimize the
opportunities to carry out life-saving interventions, experiments in buildings using PPV
fans in an offensive approach to remove the fire gases in the building and thus avoid
the problems with high temperatures and poor visibility connected with BA operations.
The idea was that, if the fire is not controlled by oxygen availability in the fire
compartment, the fire gases can be vented out, the visibility improved and the
temperature lowered. Then BA operations could be conducted for search and rescue of
the remaining people in the building, while the fire fighting is continued
simultaneously. SERF developed this PPV fan method and was after a number of full-
scale trials in 1995 able to start using the method in regular firefighting interventions.

There are however higher requirements for a good and safe working environment for
fire personnel nowadays than in the past, when BA operations were conducted
regularly, even in situations with a high level of risk, inappropriate environments from
a health and safety perspective and situations when indoor firefighting was ineffective.
The Swedish Work Environment Authority has prescribes that the BA operation is to
be seen as a life-saving operation (AFS: 2007:7 Rok- och kemdykning, in English:
Smoke and chemical divers = BA Operations). BA operations for indoor firefighting
should therefore be avoided whenever possible and exterior fire fighting should be
considered as a first option.

Development of the COBRA

In the light of the experiments conducted in the early 1990s by the Lulea Fire and
Rescue Service, SRSA started in 1996 a research and development project with the
Senior Fire Advisor Bo Andersson as project manager. A pilot study suggested a
project to develop equipment according to defined specifications for use in sky lifts.
The aim was to produce prototypes to make it possible to evaluate the method. In-depth
studies were conducted to determine what components were needed and, subsequently,
fire extinguishing experiments were carried out with an adequately designed platform
that confirmed that the method could be developed. The experiments verified that, in
addition to cutting capacity, the method had a significant positive side-effect as it
reduced the fire and in some cases even extinguished it. The continued development in
consequence was given a new direction, and the cutting extinguisher was born. The
work resulted in 2001 in a report which described the initial development of the cutting
extinguisher from concept to an entirely new methodology and technology or a
complete system for extinguishing fires. A boost for the development of this system
had occurred in 2000 when cooperation was established between SERF and SRSA.
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The cutting extinguishing tool COBRA had thus initially been developed for cutting
holes in the roofing material and create openings for smoke ventilation as well as to
give access to a fire behind the sheet-metal facing of houses. The tests showed however
that the water mist that penetrated into the building could also control the fire gases
very efficiently and was capable of extinguishing fires from a position on the outside of
the building. Through the cutting extinguisher which had an ability to puncture or
penetrate through walls, ceilings and floors and inject a water mist into a burning
building, there was therefore now a firefighting system that could cool from the outside
in through the wall and dramatically raise the possibility for a safe intervention. It had
not previously been possible to control fire gases and fire from the exterior of the
burning building.

In 1999 a handheld lance was developed which facilitates the firefighting efforts by
making possible to move rapidly on the outside but also inside a building when using
the cutting extinguisher for firefighting and use it in the most appropriate position
against the fire. The cutting extinguishing COBRA equipment was mounted on fire
engines which meant that the firefighters could quickly choose the most appropriate
methodology to use depending on the current problems and needs in relation to the fire.
One firefighter could for instance start immediately using the handheld lance to
mitigate and control the fire while the other firefighters in the intervention team could
at the same time lay out hoses and prepare for PPV ventilation. With the support of the
IR camera it was possible to determine the most appropriate location when using the
COBRA. This development opened the way for a new tactical thinking and, at many
fire incidents, the methods could be combined and used successfully together.

The development and use of Infrared (IR) technology is a major help in the fire
fighting, initially as a vehicle to quickly find out if there were people needing to be
rescued inside a burning building, with sometimes non-existent optical visibility. Now
IR technology is used for scanning a burning building from the outside and with the
assistance of the camera's temperature recording identifying the fire compartment and
the spread of the fire and hot gases, the risks of flashover and so on. This creates
conditions for the adequate deployment of measures in the most appropriate location
and monitor and assess the impact of these.

A PPV fan can be deployed to protect the side areas, known as setting under pressure,
or used for offensive purposes. When IR technology, the cutting extinguisher and PPV
are used together and assembled into a whole, then a BA operation with its risks can be
avoided. BA operations can be used only for life saving interventions. But if the need
for saving life does not exist, alternative firefighting methods should always be chosen
for health and safety reasons. When a life saving operation all the same proves to be
necessary, then it can be conducted in a more secure way with the support of the
Cutting Extinguishing Concept. Supported by the current of air which the PPV fan
creates, the BA operators can penetrate into the building to carry out the life saving
action.

SRSA initiated in 2002 the mounting of the cutting extinguisher in a small and light
vehicle to increase speed and mobility during interventions. This has been further
developed into the complete concept, a First Response Unit (Bas 5), and there are now
some 40 such small units in Sweden. First Response Units are based on methodology
and techniques needed for intervention in acute emergency medical care (oxygen,
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defibrillator and other medical equipment), rescue from the water surface from
drowning (easily inflatable boat, life saving dress, etc.), rescue after traffic accidents
(more simple cutting and metal bending equipment) and firefighting (IR camera,
COBRA and portable fire extinguishers).

The First Response Unit is part of a chain of resources which will depend on the event
and the specific need for response measures. The task is to break a harmful evolution
of the incident or pushing back a development on the boundary of the event as an
immediate action until the reinforcing units reach the spot, possibly even to
extinguishing the fire. The Unit can be used both in both rural and scarcely populated
areas and more densely populated urban areas. Some municipalities nowadays have
difficulties in recruiting part-time firefighters to maintain the ordinary 1 + 4 staffed
firefighting teams with a fire engine and therefore see the First Response Unit (Bas 5),
because it only requires a crew of two, as a possible solution in order to keep a fire
station at the localities where there would otherwise have been difficult to keep this.

The development of the Cutting Extinguishing Concept (CEC) was carried out in
collaboration with various fire and rescue services, research institutes and universities
and enterprises. The CEC consists of means for heat detection with IR technology,
communication between responders and commanders, information and decision
support, precision cutting and extinguishing with the COBRA and high-pressure
ventilation created by the PPV fan to optimize the effectiveness of the cutting
extinguisher. The concept is also included as part of the SRSA introduced First
Response Unit (Bas 5).

Experiments

The trials conducted in Ddsjebro and Oslo, as presented in March 2000 by the
Helsingborg Fire and Rescue Service, demonstrated very clearly that the cutting
extinguisher has a future in fighting indoor fires with its unique ability to penetrate
various types of walls combined with considerable firefighting capabilities. The cutting
extinguisher creates good opportunities for imposing effectively the inflow of water,
which is vaporized into steam. This leads to decreased the considerable water damage,
which has frequently been a result of the traditional firefighting operations. The water
droplets turned into steam cools and lowers the temperature more effectively than a
traditional jet-pipe. Besides that, when the COBRA nozzle is placed directly against the
structure and the water is used for both cutting and extinguishing, minimal amounts of
air will flow into the fire compartment.

The firefighting experiments with the cutting extinguisher in a 500 m?3 testing
compartment conducted by the SP Technical Research Institute of Sweden showed that
the cutting extinguisher controls or extinguishes pool or spray fires in an enclosed
compartment with limited ventilation very well. The main advantage of the cutting
extinguisher was considered to be its ability to quickly gain access to the fire without
adding oxygen and to control and extinguish the fire while at the same time
dramatically lowering the temperature in the room. Tests carried out with foaming
agents as additives suggest that the foam does not contribute to improved fire-fighting
capability of the COBRA, but the time for re-ignition was extended significantly.
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The Emergency Services College in Kuopio carried out experiments in a large room
(1,700 m3) to investigate the cooling of fire gases by both the cutting extinguisher and
the jet-pipe. The experiments showed that cutting extinguisher is a much faster tool for
getting started and being in action. It can cut through most materials and it is connected
and ready for immediate use. The high pressure of the cutting extinguisher means that
the water is thrown deeper into the compartment before the beam breaks up and the
small water droplets are converted into steam. The amount of water which is injected
(50 I/min) leads to a lower risk for water damage. The jet-pipe has a slightly higher
flow of water (72 I/min), but the water jet has a completely different spray pattern and
will not reach equally far into compartment.

Generally, the experiments indicated that cutting extinguisher creates possibilities for
implementing different tactics for instance when responding to fires in attics. When
cooling, or extinction, the intention is now instead of what was earlier the case to keep
the compartment as enclosed as possible. Ventilation will not commence before the
cooling has been accomplished. At the same time actions with considerable risks for
the firefighters will be minimized, including for instance for opening holes in the roofs
of burning buildings when firefighters have to tread on the roof, because the fire will be
attacked from the outside of the burning building through the wall of the compartment.

Follow-up of the results of experiments

A number of issues were raised in a report presented by the Helsingborg Fire and
Rescue Service in 2000 which were to be considered in a first step towards the use of
cutting extinguisher in the regular operational emergency management. The problems
and the points which were identified needing further research and development have
been considered in the continued development and experiments that have been carried
out since the report was written. Thus both the training needs to ensure that cutting
extinguisher is handled securely and efficiently and the various technical issues raised
have been resolved, which includes integrating the cutting extinguisher so that it has
become part of a coherent concept for firefighting. The COBRA has also been
improved gradually in various ways. The practical application of cutting extinguisher in
various types of emergency fire interventions has demonstrated that the system works
as intended.

Evaluations made by municipalities

The Linkoping Fire and Rescue Service appointed a project group which found that
cutting extinguisher enhances security for BA operators many times by very rapidly
decreasing the temperature of the fire compartment before their entry into for instance
basements or attics. The COBRA together with a PPV fan is therefore a very good
combination that lowers the temperature in a fire compartment from 600 degrees to 150
degrees in a minute or so and provides good visibility and a good working environment
for the firefighters. The project group thus recommended the purchase of the cutting
extinguisher because it offers significant advantages in both a considerably increased
safety for the fire and rescue personnel and a potential to reach much better results in
the emergency response, thanks to its capability to save time, provide better access to
cramped and limited spaces and achieve more efficient cooling. Moreover, it offers
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new opportunities to penetrate through tricky material in difficult situations such as gas
containers, vehicles, paper warehouses, warehouses for bark of trees, etc.

A Dala-Mitt Fire and Rescue Service project group made a similar assessment and
found that vehicles equipped with cutting extinguishers must also be equipped with IR
camera and PPV fan in order to optimize the effectiveness of the cutting extinguisher.

The two project groups' positions which are confirmed by surveys made by other
emergency services give a clear picture of the new method’s importance for the
practical firefighting of the emergency services. The COBRA is unlike some other
firefighting methods described as a "forgiving system" that can always be used directly
in the intervention without causing damage. At the same time the necessity of
interaction between the cutting extinguisher and other means, primarily IR camera and
PPV fan is underlined. Such thinking also lies behind the development of the CEC.
Finally, the importance of education is stressed in the surveys.

Actions taken by SRSA, now MSB

A well-developed education encompassing the whole Cutting Extinguishing Concept
was established at the SRSA school in Sandd and is included in the initial education
and training, education and training of part-time firefighters for emergency response
actions and emergency management education and training in general. The CEC
education and training has been supplemented by an e-learning package, to be used by
firefighters mainly at home, and a short practical training for firefighters elaborated by
EU Project FIREFIGHT within the framework of the EU Programme Leonardo da
Vinci.

Partners in FIREFIGHT" were mainly rescue schools in England, France, Spain and
the Czech Republic with the Swedish Rescue Services Agency as coordinator. Work is
now continuing in the FIREFIGHT Il Project (www.eufirefight.com) under the EU's
Programme for Lifelong Learning within the framework of Leonardo da Vinci. The
target group for FIREFIGHT Il is emergency response leaders and managers including
fire chiefs and the aim is to develop vocational training in strategy and tactics for the
target group. In addition to the previously participating rescue schools, the rescue
schools in Estonia and Finland and SERF are Partners in FIREFIGHT 112 MSB is the
coordinator of the EU Project with Bo Andersson as Project Manager.

Practical implementation in the fire and rescue services

! FIREFIGHT Partners: SRSA, Ministry of Interior, Fire and Rescue Service of Czech Republic
including the Brno Fire School, Spanish Fire Fighting Association (ASELF), High Academy of French
Fire-fighters Officers (ENSOSP), France, Avon Fire and Rescue Service, UK, Unite the UNION, UK,
Cold Cutting System AB (CCS), Dafo Brand AB, Saab och Ovako Bar AB, Sweden.

2 FIREFIGHT Il Partners: MSB, Ministry of Interior, Fire and Rescue Service of Czech Republic
including the Brno Fire School, Public Service Academy, Rescue College, under the Ministry of Interior
Estonia, Emergency Service College, Kuopio, Finland, Fire Service of the Department of Somme,
France, High Academy of French Fire-fighters Officers (ENSOSP), France, EducExpert, Frankrike,
Spanish Fire Fighting Association (ASELF), SERF, Sweden, OVAKO Bar AB, Sweden,
Northamptonshire Fire and Rescue Service, UK, Unite the UNION, UK
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The introduction and practical application in Sweden of the new methodology and
technology has taken a relatively long time. Positive pressure ventilation created by the
PPV was introduced in 1993 and the cutting extinguisher around 6 years later. A very
large part of the Swedish rescue services (85 - 90%) has now acquired PPV fans, lack
of education has however meant that this methodology is not fully in use, for instance
in the early stages of the fire. Currently, close to one quarter of local or regional
emergency services has acquired cutting extinguisher. The Swedish Rescue Services
Agency created in 2004 a database that compiles information about and experiences
from the emergencies when the cutting extinguisher COBRA has been used.

Compilations of 10 years of experience in the use of the cutting extinguisher, based on
more than 1,000 alarm reports, clearly show that knowledge about technique and tactics
has increased as the cutting extinguisher concept has increasingly been used in
firefighting operations. To this development contributes significantly that the third
generation of IR cameras increases the ability to scan from the outside of a burning
building and get information on the spreading of the fire and the temperature of the fire
gases. This information provides decision support for the choice of method and
execution of the firefighting.

The alarm reports show that the Cutting Extinguishing Concept is a good alternative to
BA operation as a fire extinguishing method. The typical use according to reports is to
utilize the cutting extinguishing ability to puncture or penetrate through building
structures, cool the fire gases and extinguish the fire, but the method can also be used
for other purposes, such as to cut holes and carry out dry firefighting. The reports
contain information on time needed for cooling the fire gases in relation to the size of a
compartment, the angle of the cutting extinguishing lance against a building and in
relation to the room geometry as well as experiences of cooling fire gases in open and
hidden spaces, creating a steam cloud inerting fire gases in the side spaces, etc.

There are also examples of large emergency services who obtained a cutting
extinguisher and had only limited experience with this because the equipment has been
used only in a limited number of interventions, frequently after other methods first have
been tried but without materializing any effect. Other emergency services have
procured 8 to 10 cutting extinguishers which have come to be regularly used with
success. The difference is probably due largely to differences in education. If the
intervention personnel are well trained, this creates major prerequisites for the
deployment of the cutting extinguishing methodology at an early stage when its ability
to cool and extinguish are the greatest.

Some 450 cutting extinguishers are now used in over 30 countries worldwide, including
Denmark, Finland, Norway and Sweden. These are installed on everything from small
vans and conventional fire engines of 10 - 15 tons to specially-built large firefighting
vehicles at about 10 airports. The concept is also applied in various types of vessels, in
refineries, on oil rigs, in the process industry, at steel industries, in large terminal ports,
at shipyards, in coal mines, in the automobile industry, etc. Contacts with emergency
services in other countries of underline regarding the Cutting Extinguishing Concept
the importance of enhancing safety when conducting indoor firefighting. Many
countries have their own sad experiences of firefighters killed when extinguishing fires
inside buildings.

Lessons from Paris and Prague
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Within the framework of the EU Project FIREFIGHT the experiences of the use of
cutting extinguisher COBRA in Paris and Prague have been presented. The Paris Fire
Brigade (La Brigade de Sapeurs-pompiers de Paris) conducted during a six month
period in 2008 trials with a cutting extinguisher in the suburb Saint Denis and in Paris
Champerret near the Paris city centre to obtain a basis for its deliberations on the
general introduction of the Cutting Extinguishing Concept. In Paris, 65 interventions to
deal with developed fires in buildings are on an average carried out every day. Saint
Denis consists of relatively large housing areas and a lot of industries while Paris
Champerret is a metropolitan area located close to the Paris city center. The cutting
extinguisher was brought on site in 223 call-outs and used in 29 cases. It enabled 13
major fires to be put out. As the cutting extinguisher was a new type of equipment that
the whole firefighting force was not familiar with, it was not always used when it could
have been useful. The cutting extinguisher was not always included in the first
intervention team and therefore first on the spot, when it could have been particularly
useful. A clear experience was the importance of having access to a modern IR camera
to deploy the cutting extinguisher at the point where the fire is most intense.

The trial period showed that firefighters’ safety improved with cutting extinguisher and
that the situation can be made secure before the personnel is ordered into a building.
Cooling can be carried out in situations when conventional firefighting cannot be
conducted because of the building's inaccessibility and a too high temperature. A
limited amount of water needs to be used and limited damage is caused in the
extinguishing of the fire. The COBRA has the ability to master large amounts of energy
and limit the spreading of the fire. During the trials it was used to put out many
different types of fires, such as in a garage, a shop closed with a metal roll-front door, a
technical pipeline, a confectionery shop and other buildings in Paris city center. The
COBRA cutting extinguisher proved easy and safe to use. The required training of the
operation personnel is simple, and after two to three days of training the firefighters can
use the cutting extinguisher. A total of 60 firefighters were trained for the trial.

The experience from Paris indicated that the cutting extinguisher should be mounted in
a light vehicle to enable a rapid response near the fire and should therefore leave the
station first and, if possible, be first on the spot. The intervention leader should have
sufficient knowledge to assess the situation and to deploy the cutting extinguisher. An
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IR camera such as the Argus 4 can create excellent conditions to conduct the best
possible intervention and facilitate for the intervention leader to analyze the situation
and determine where the cutting extinguisher should be deployed to be most useful.
The IR camera makes it possible to accurately monitor the situation and thus limit the
amount of water used. Another lesson is that it is necessary to inform the firefighters
with their very traditional way of thinking properly about the cutting extinguisher’s
ability and efficiency i.e. the cutting extinguisher can be brought first on site, is able to
freeze the situation, reduce risks and prevent the spreading of the fire. It was seen as a
future tool for all full-time firefighters and volunteers. Trials are also being carried out
in other French fire brigades including the Somme Department and Marseilles fire
brigades.

The COBRA cutting extinguisher is used since 2004 in the Czech Republic in Prague
(two units), at the fire school in Brno for educational purposes and in two regions, but
the most extensive practical experiences are those from Prague. For enhancing the
further development, it has been found necessary to develop a system for collecting
experiences more systematically and create conditions for exchange of experiences.
There is also a need for better information on the use of cutting extinguisher itself as a
tool. The design of the firefighting vehicle is worth further consideration in light of the
experiences that clearly indicate that the cutting extinguisher should be part of the
immediate action in the response to the fire.

The practical experiences from some hundreds of interventions in Prague conform
largely to those reported from Paris. The cutting extinguisher in combination with the
IR camera has shown its advantages in most situations because it is usually more
efficient than the traditional means, not only for general firefighting but also for
example in dealing with fires in the roof and the basement. Not least important in
Prague’s old central part consisting of culture buildings, is that the cutting extinguishing
method of action leads to minimal water damage. The COBRA should, in the Czech
Republic, where the requirement in the legislation is that the first intervention team
shall consist of six firefighters, be part of the first response with a larger fire engine.
There will normally not be sufficient personal capacity to crew a second smaller
vehicle in the early stages of the fire.

A Strategic Plan

The development of new methods and techniques for extinguishing fires has now
reached the point where there is a need to adopt a national strategic plan for the use of
the cutting extinguisher which should include:

- guidance for the fire and rescue services in terms of tactics and methodology
raised by the new method

- dissemination of results of investigations and trials and practical experiences

- collection and dissemination of information on investigations made by various
fire and rescue services
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- presentation of information on how interventions with the cutting extinguisher
affects the health and safety of firefighters compared with the use of
conventional firefighting methods

- dissemination of information on how the cutting extinguishing can make the fire
and rescue services more effective and facilitate a broader recruitment to the
services, such as recruitment of women to greater extent than hitherto

3. Interventions when the COBRA was
used

Types of interventions with the COBRA3

Fire in small buildings (174 interventions)

Fires and fire incidents of this nature include for instance summer houses, storage
compartments, containers, etc. The interventions include cooling of fire gas, fire
extinguishing and taking away material around fires. Limited water damage has been
observed at interventions with the with cutting extinguisher against fires in walls,
ceilings, floors, foundations and double flooring of buildings. Responses to fires
caused by cracks in masonry or sparks from the chimney, which have been difficult to
gain access to with conventional methods, are also reported.

Fire in apartment buildings (88 interventions)

Most of the fires in apartment buildings where the cutting extinguisher was used were
fires in attics and basements but also in boiler rooms, pellet-stores and the like. The
cutting extinguisher has also been used in buildings when a fire is spreading from the
chimney and masonry to the wall, floor, ceiling and other areas.

The cutting extinguisher was used to penetrate and gain access to inaccessible fire
gases or hot surfaces that the fire had created. Experiences from the period 2006 - 2008
have given an increased awareness of how to aim the water jet against these hot areas
to get maximum steam and extinguishing effect. The time between the action with
water and the impact varies widely. Sometimes the impact can be noticed immediately
and on other occasions, the operator injects the water mist in periods from 10 seconds
up to periods of 30 to 40 seconds. There are also intervention reports showing that the
water mist has been imposed for periods of several minutes. Long periods of injection

® A brief presentation of the experiences related to each type of intervention.
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are characteristics for actions in compartments with a large volumes, such as attics and
roof constructions.

Fire in shops, schools and public buildings (166 interventions)

These fires often started at night and the fire development was rapid and extensive, for
instance fires in schools. The cause of the fires was often suspected to be arson. When
the fire and rescue services arrived on the scene, they were met by a major fire which
was spreading into the building and up into the roof structure. The experiences
demonstrated a great need for effective firefighting techniques and capability for acting
promptly. The fire exposed attic areas were subject to considerable firefighting with
cutting extinguishers but it was possible to find afterwards that water damage all the
same did not occur in many of these cases.

Fire in industries (74 interventions)

In cases of fire in industries, a greater proliferation of situations in which it was natural
to use the cutting extinguisher could be observed. Accumulated large quantities of fire
gases in industrial facilities have for instance motivated the use of cutting extinguishers
and BA operations were not launched before control, based on the temperature of the
fire gases, had been achieved. If there were risks of the roof construction falling down
or collapsing, then cutting extinguishers were for safety reasons deployed from the
outside of the building. Cutting extinguishers were also used when gas cylinders could
be suspected to be inside the burning building. A BA operation had then been avoided
until clarity was achieved concerning the gas risk.

Other examples of the use of the cutting extinguisher are fires in ventilation systems
where the effects of the intervention were achieved from great distances, and fires in
the machinery and equipment in which the fire was hidden and inaccessible. There
were a number of examples of implementing tactical methodology that is clearly
different from previous traditional approach to industrial fires, i.e. PPV ventilation and
the use of the cutting extinguisher from the outside of the building, replacing BA
operations as the extinguishing method. On many occasions, the fire and rescue
personnel had afterwards reflected on their achievement of good results when
comparing with what was the case at earlier similar fires which were fought with
conventional methods for extinguishing the fire.

Fires out of doors (69 interventions)

There were examples of cutting extinguishing interventions in connection with forest
fires, grass fires as well as fires in wood storage, ground struck by lightning, straw-
stack and paper warehouse storage.

Fire in cars and transport networks (35 interventions)

Examples of response actions with the cutting extinguisher are fires in bulk transport of
grain and pellets and vehicles, a combine harvester, ships, cars, trucks and buses.
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More detailed analyses of three examples of interventions

Three different examples of actions undertaken within SERF's geographic area of
responsibility, namely in Svenljunga, Boras and Ulricehamn, are presented with the
ambition to show how different rescue services work with cutting extinguisher and
other methods. Primarily, the reports (the information contained in these originate from
the personnel in the respective response teams) are meant to be read by staff within the
SERF organization. Therefore, such matters as what type of vehicle was used is not
explained as it is considered to be obvious. The personnel on duty in the fire and rescue
service is, in principle, always there to limit injury to people and damage to the
environment and property and are fully occupied with that task. The course of the
accident is more or less clear for them afterwards.

Fire in a block of flats in Svenljunga

1404 h. receipt by SOS Alarm of an emergency call: Presumed fire in an apartment
which is smoke-filled. The fire is on the second floor of the apartment block. SOS
Alarm has no information concerning any remaining people inside the apartment.

1406 h. the first unit leaves Svenljunga: The building is a 60 m long two-story
apartment building with 12 apartments, has three stairwells and no partitioning of the
attic

1409 h. the first unit arrives on site: The team leader runs around the building and sees
that the window at the rear balcony has burst due to the heat. Flames come out through
the window and reach the base of the roof. Many people have now gathered around the
building and the fire and rescue service has difficulties in being able to reach the site.
Reinforcement is requested via the P100. The Tranemo and Boras units are alerted.

Firefighters are ordered into the building and to go up to the second floor on the
staircase. BA operation into the apartment is ordered. When the door to the apartment
is opened, black smoke gas gushes out, and the BA operators see a fierce fire inside the
apartment. The group has to retreat rapidly about two meters to escape the heat and
smoke. When the first pressure has decreased, the BA operators force their way into
the apartment and begin the fire extinguishing in the kitchen and living room, while the
remaining firefighters evacuate the neighboring apartment. On the outside of the
building the base of the roof had now caught fire.

1422 h. the Tranemo part time unit arrives and starts external extinguishing of the fire
in the base of the roof on the long side of the building from a ladder with a slender hose
and water mist jet-pipe. The effect is limited and the fire increases in the attic. Another
ladder is raised in the gable closest to the apartment on fire. With water mist jet-pipes
and through a hole which has been made, firefighting attacks are made against the
increasing the fire in the attics, the effect is limited to 6 - 8 meters into the attics. The
fire continues to increase in the extension of the roof. The Tranemo part time unit gets
support from the Limmared part time unit which also has been called out, which makes
it possible for the Tranemo part time unit to launch an attack using its cutting
extinguisher via the balcony at the back up into the base of the roof. The effect of this
input is noticeable due to the angle of the beam up into the in-between roof. The beam,
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however, has a limited ability to break up and spread, thus affecting the fire which is
now spreading in the attics.

Picture 1 Intervention with the cutting extinguisher



DRAFT FOR DISCUSSION AT

FIREFIGHT Il MADRID MEETING

1449 h. The Boras full time unit arrives with fire engine 102 och skylift 103, which is
equipped with a cutting extinguisher. The skylift 103 with the cutting extinguisher is
used at the farther end gable in relation to the fire and starts firefighting with the cutting
extinguisher, as shown in Picture 1. An IR camera is used by firefighters on the ground
to scan the building and clarify changes in the fire during the firefighting intervention.

The cutting extinguisher of skylift 103 has a very good effect in the part of the attics
that the spreading fire has reached. It should be noted that the building is 60 meters
long. At this stage, the fire broke through the ceiling above the compartment on fire.
During the intervention with the cutting extinguisher a rapid change from heavy black
smoke, which flows out from the top and base of the roof, quickly almost ceases and a
change of the color of fire gas to off-white could be observed. The gas then gets a white
steam like appearance. The steam continues to fill the compartment and stream out
through the openings. The fire extinguishing intervention is ended by using the cutting
extinguishers with existing water mist jet-pipes.

Picture 2 Overview of the fire area.

The unit leader from Boras said that the firefighting operation was supplemented after a
while with a hole cut in the middle of the building in order to shorten the distance for
the firefighting. In a final analysis, the same unit leader is of the opinion that this hole
was not needed to achieve full firefighting power. "We found that the fire was already
extinguished when we opened up."” The scene of the fire can be seen in Picture 2.
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The total time needed for extinguishing the fire with the cutting extinguisher on the
skylift 103 was one hour. The extinction was conducted in periods with a duration from
10 - 15 seconds up to 40 - 50 seconds. Movements with hand lance were used only for
short periods. The best effect was obtained with a straight and long beam into the attics
through the fire gas smoke and blazing fire. In order to avoid the beam hitting building
parts and components, thereby reducing the impact, the operator of the cutting
extinguisher collaborated with the security fireman, who had the IR camera and was
positioned on the ground on the building's long side.

The IR camera can also be used from a higher position with the skylift to scan the heat
and assess the reached extinguishing effect, 10 to 15 meters above the roof. Given the
length of the building, the cutting extinguisher had a crucial role in spite of it starting to
used from the fire engine 103 only after about 27 minutes after the first unit was on
site.

Fire in an Industry, Rami Metall, Boras

On 24 January 2009, an automatic alarm from an industry was received and this lead to
a small size intervention, one fire engine with 1 + 4 firemen.

Three minutes before arrival, information is received that all people are out of the
compartment which is fully on fire. The remaining strength is dispatched and will be on
site after 10 minutes. With the new information, the decision is to start the intervention
with the cutting extinguisher to cool the fire gases. On arrival, smoke can be observed
coming from a certain part of the industrial building. The staff of the affected company
informs the fire and rescue service that there is a fire on the floor, which they had tried
to extinguish with a hand fire extinguisher but failed. The fire compartment is about 60
meters long and 20 meters wide and the ceiling is 7 meters high. The premises are part
of a larger industrial building that is 110 x 60 meters.
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Picture 3. Examples of adjacent spaces that were under pressure.

Black fire gases were coming out of the building. Since the fire gases are not pulsating
or large, the decision is to investigate the temperature in the compartment. The team
leader orders BA operators to measure the temperature using the IR camera and assess
what the risks are for a BA operation, simultaneously an adjacent compartment is put
under pressure, see Picture 3, and the cutting extinguisher is prepared. A hose system
is built up.

A BA operator is instructed to open the door slightly and measure with the IR camera
the ceiling and the compartment. The temperature is found to be around 100 degrees at
the ceiling. A risk assessment is made and as the temperature is low, the decision is to
conduct a BA operation.

BA operators receive orders to go just inside the door and cool the ceiling and then
scan with the IR camera and report. On entering the BA operators can see visually and
by means of the IR camera that there is a small fire on the floor, but they also detect a
high temperature in the ventilation system. The BA operators receive orders to go no
more than 4 meters into the compartment to gain access to the fire on the floor. The BA
operators extinguish the fire using a water mist jet-pipe, while PPV ventilation is
prepared, and air is blown in to improve visibility.
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Picture 4 Showing the fire compartment. At the top of the picture, can be seen the
ventilation channel into which the fire spread.

BA operators take the cutting extinguisher and punctuate the ventilation system in
different places and extinguish also this fire. PPV ventilation continuous until the fire is
completely extinguished.
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Picture 5 shows where the fire started and the channel through which the fire
spread up to the ventilation system.

The damage was limited to the ventilation system and the industrial activities could
continue, see Picture 4. The ventilation suction channel on the floor where the fire
started, had sucked up the fire in the ventilation system, see Picture 5. The fire was
extinguished effectively using the cutting extinguisher and IR camera without
ventilation ducts having to be demolished. Just over one hour after arrival, the fire and
rescue intervention could be ended and the responsibility handed over to the owner.

Fire in building at Karlsnasvagen in Ulricehamn

A firefighter who is stationed in Bords had gone off his shift on the morning of 7
February 2009. When he passes Ulricehamn, he sees black smoke coming from a
larger building. He calls 112 and alerts the fire and rescue services. The building
houses two businesses, one that sells building materials and the other a motorcycle
shop with repair service. He goes on site and finds that the fire is evidently in the
motorcycle company and also sees that all windows have become black and the plates
on the wall towards the building company have become covered by the fire gases with
sot. He can hear that the window panes on the inside of the windows of the motorcycle
company are breaking.
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0838 h. the emergency alarm regarding fire in a building on Karlsnésvagen in
Ulricehamn arrives to the fire and rescue services.

0845 h. the first part time unit from Ulricehamn which consists of six firefighters and a
unit leader arrives on spot. The unit has the fire engine 601 with a cutting extinguisher,
IR camera and PPV fan. the skylift 603 and a tank vehicle 604.

0846 h. the unit leader provides a status report in which he informs that the fire is
located in a motorcycle company and that the risk for the fire spreading to the building
company is large.

-

Picture 6 shows the fire-affected compartment (15 x 8 meters). The red arrows
indicate where the cutting extinguisher was deployed. The short black lines are
motorcycles.

A risk assessment regarding a BA operation is made quickly. There is nothing
indicating that any person is left in the fire compartment. The compartment is full of
motorcycles that weigh up to 250 kg and are tightly packed, in all about 50 motorcycles
(see Picture 6 for an overview), and the temperature in the room is high.
Furthermore, the visibility in the room is very limited. All these facts lead to the risks
being considered too large for indoor extinction with BA operators.

The decision is external firefighting with the cutting extinguisher in order to limit and
retard the fire from spreading. The firefighters dress all the same to be prepared for a
possible BA operation. The firefighters from fire engine 601 are given the task of
cooling the fire gases with the cutting extinguisher, firstly on the front side towards
Karlsn&svagen and then the north gable and the south side by the double front doors.
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Picture 7 shows the fire compartment. Behind is a red building used as storage for
wood products

0850 h. arrives another part time team that is made responsible for entering the building
company in order to orient themselves and check possible spreading of the fire to the
wood storage. If necessary, the task is to secure the storage by conducting firefighting
from the back of the building. A hose system is laid out to the back to be used for the
protection of the building company section and the limitation of the fire. One firefighter
is assigned to this task initially.

0857 h. arrives a command and control vehicle with an intervention commander from
Boras.

0908 h. the door to the fire compartment is opened to start ventilation of fire gases from
the shop and repair service through a door and a shop window (see location on Figure
6). The cutting extinguisher is used at the same time as the fan is running and the
visibility is improved. When the visibility and temperature conditions become
improved as a result of this intervention, another risk assessment is made that results in
the conclusion that internal extinction is possible. The cutting extinguisher is turned off
when the BA operators enter to take care of remaining embers in the roof and
elsewhere. BA operators enter the fire compartment about 25 minutes after the
operation started.

0915 h. reinforcement arrives from Boras in the form of a fire engine with 1 + 4
firefighters. The firefighters in fire engine 101 dress with smoke protection with
hanging masks as a backup and start clearing of the roof above the shop. The cutting
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extinguisher with foam is used in the creeping high attics. The IR camera is used
continuously throughout the operation.

0930 h. the PPV fan is moved from south to north side in order to gain if possible more
effect. Another fan is employed in the side compartment, but as there is no air
evacuation opening, the fan is placed a certain distance into the compartment.

0944 h. the incident commander notifies that the fire is extinguished, but there is a need
for monitoring and a certain final extinction of the fire.

The analysis of the three examples

The cutting extinguisher was used actively for fighting the fire in the apartment
buildings in Svenljunga and conditions were favorable for achieving a good result. The
fire compartment was limited in terms of ventilation and the temperature was high
initially which allowed the formation of water vapor. Presumably, the inerting with
water vapor of the fire gases was the dominant process of extinction in the 60 m long
building. It is worth noting that a large volume, as in this case, was not restrictive but
the water mist had to be imposed for a longer time to achieve increased effect.

The presentation of the fire in the Rami metal industry in Boras highlights various
critical factors that are pertinent when forming an opinion of the cutting extinguisher
i.e. accumulated fire gases, the temperature of the fire gases and location of the fire.
Initially, no cutting extinguisher was used because the temperature, measured with an
IR camera, was considered to be too low. The use of the cutting extinguisher started
once the fire on the floor had been put out to extinguish the fire in the ventilation duct,
to which there was only access from inside the room. The description also demonstrates
the need to always use the IR camera together with the cutting extinguisher in a
firefighting intervention.

The fire in the building on Karlsnasvagen in Ulricehamn demonstrates how the cutting
extinguisher can be used in conjunction with high pressure ventilation and can alter the
conditions in the fire compartment so that indoor firefighting is possible. PPV
ventilating is possible to use as a methodology on its own, but in combination with the
cutting extinguisher it becomes safer as the cutting extinguisher reduces the
temperature. This presentation demonstrates the need to utilize the IR camera to
localize where the cutting extinguisher should be applied. It also illustrates the great
benefit that can be obtained when the three methods or tools are combined to achieve
efficient firefighting.

Arson in large industrial hotel on Trandaredsgatan in Boras

A separate presentation is made of this fire in a large industrial hotel containing at least
15 companies that demanded huge resources to combat, some 100 people from 12 fire
brigades for a total of 855 hours, and demonstrates the importance of conducting
interventions with well developed tactics and maintaining the limitation bounds. If the
fire had been allowed to spread through an open fireproof door to the high storage and
the other fire cells, then the whole building would most probably have become more or
less fire, smoke and water damaged. There were deficiencies in the fire cell bounds
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farther into the building and the building contained compartments with a high fire load.
The smoke, fire and water damaged area was estimated to have been limited to 2.900
m? of a total area of approximately 10,000 m2.

The good result was achieved with the aid of new technologies and methods in the form
of the Cutting Extinguishing Concept together with high pressure ventilation
implemented from the outside of the fire compartment. Very large values were saved as
a result of the intervention. The damage costs have been estimated at 25 million SEK to
the property and to 20 million SEK for inventories. The value of the entire property is
estimated to have reached 80 million SEK, inventories of 50 million SEK and
disruption of business costs would have been 20 million SEK at a total loss. In this
effort, values for over 100 million SEK were therefore saved.

0223 h. an emergency alarm call is received about something that is burning out of
doors. The caller can see flames and hear the sound of crackle, but cannot define the
exact location. A fire engine with 1 + 4 firefighters is dispatched to the scene.

0224 h. fire engine 101 arrives and finds: three cars that are in the immediate vicinity of
the industrial hotel on fire, which has also spread to the adjacent compartment through
the large front-doors. Reinforcement is needed. The extinction of the fire in the
passenger cars on the outside of the building is started and attempts are made to limit
the development of the fire inside the building. The intervention team leader requests
assistance from the fire station with an intervention commander, skylifts and the tanker
truck and a total of 5 additional firefighters.

Picture 8 shows the front of the building



DRAFT FOR DISCUSSION AT

FIREFIGHT Il MADRID MEETING

An assessment of the situation: An industrial hotel with many bodies of the building
integrated with each other and with a total area of approximately 10 000 m?, including
a large high bay racking storage, is on fire. There is a risk that there are gas cylinders
in the building. A number of cars and the building are on fire and there is a threat of
the fire spreading to adjoining compartments. The firefighting resources on site are
considered to be too small to put out the fire and are instead focused on trying to limit
the fire to the affected bodies of the building.

The intervention is conducted by using sky lifts with cutting extinguishers against the
fire in the roof, exterior firefighting efforts with water mist jet-pipe and PPV ventilation
for the protection of adjoining compartments with the firefighting team which is
available, i.e. 1 + 4 firemen. A reinforcing unit, consisting of 1 + 4 firemen arrived
within about 6 minutes after the request for reinforcement. The fire extinction is
estimated to take at least 6 hours and up to 12 hours. The tactical approach is to limit
fire and spreading of fire gases to adjacent compartments and buildings and to take
protective measures against the roof catching fire.

0229 h. the team leader reports that gas cylinders could be in the building and that
passive response therefore will be undertaken. The police will fence off 300 meters
around the building. The prognosis is that the operation will last all night and a part of
the next day.

0230 h. the intervention commander under way to the site requests that the OP manager
is alerted and preparations are being made for further reinforcement with resources to
the scene of the fire.

0232 h. fire engines 109, 103 and 104 arrive on site.

0233 h. the team leader, also the intervention commander, asks for an additional unit
with a cutting extinguisher and defines this tactical target: The spreading of fire and fire
gases to adjacent compartments will be limited and protective measures taken to
prevent the fire from spreading to the roof. The method will be active firefighting with
cutting extinguishers, traditional water mist jet-pipes and backup tubes (1000 I/m).
Accumulated fire gases in the fire compartment must be cooled with water from cutting
extinguishers and then all the adjacent compartments are to be pressurized by PPV
fans.

See Picture 9 below demonstrating the use of PPV fans and COBRA cutting
extinguishers into the building.
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Picture 9 methods used other than conventional water mist jet-pipe

Due to the uncertainty about gas cylinders in the building, the risk for collapse of the
pallet racking store and weakening of the building construction as a result of the fire,
no interior BA operation is conducted. Firefighters crewing fire engine 101 continue
their firefighting, but must exercise caution and not be in front of doors and gables
where signs warning for gas cylinders are displayed. When looking with the assistance
of a hand-lamp into the neighboring compartment, the visibility was only 5 to 6 meters,
the pallet tacking store with cardboard boxes that filled the room from the ceiling and
down and fire gases were discovered. Security guards, who arrived at the scene, were
asked to obtain keys, information on activities in the various rooms in the building and
information about the existence of gas cylinders or not in the compartment where signs
which warned of the cylinders were exhibited on the exterior of the building. Sector
classification was implemented as shown below.
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Picture 10 shows the division into sectors

0238 h. the intervention commander informs that the operation requires more
firefighting resources and skylifts and that it will have a long duration, at least 6 - 8
hours more. A further progress report and tactical direction was submitted: the object is
an industrial hotel with many bodies of the building integrated with each other. There is
a risk related to gas cylinders in a side compartment. Developed fire occurs in several
cars and the building and there is a risk of the fire spreading to the other buildings. It
has been decided to limit the fire to the affected body of the building. The operation is
carried out with skylifts and cutting extinguishers, PPV in adjacent compartments,
exterior firefighting and prevention of the fire from spreading to the neighboring
compartment and the ceiling. The forecast is that the firefighting effort will take at least
6 hours and up to 12 hours.

0240 h. an analysis of the situation and consideration of the choice of methodology in
light of resources, spreading of the fire, building size and construction indicates that
there is still was not any noticeable effect from the outdoor firefighting with the water
mist jet-pipes into the fire compartment the depth of which was hard to see. Pallet
Racks had collapsed, and the fire threatened to weaken the wall and roof construction.
The spreading of the fire was both horizontal and vertical. Fire gas had spread to side
compartments and threatened to be ignited.
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Top priority is still given to stopping the spreading of fire gas and fire into the side
spaces with PPV fans and cooling of hot gases with the cutting extinguisher and the
spreading of the fire to the intermediate inner and outer roof hampers and the
extinguishing of the fire. No one is permitted to set foot on the roof structure above the
fire compartment. The fire is now closed in on three sides as a result of the fire and
rescue service operations. The need for protective action from the street on the back
side of the building could not be undertaken as firefighters and firefighting resources
were lacking at this time.

The skylifts were not able to reach in over the roof construction of the building on fire.
Temperature scanning of the roof with the IR camera was executed from the skylift
103. Along the entire bottom of the roof, the spreading of the heat was considerable
and the fire had got hold in the roof construction. There was a risk for the spreading of
the fire through the roofing over to the other bodies of the building, on both the north
and south sides. The body of the building on fire was 35 x 85 meters, whereof half the
surface was involved in the fire. The roof of this body of the building consisted of a 1
meter high construction with raw wooden tongues and roof trusses. Newly arriving
intervention teams are informed about the safety distances to be maintained until the
possible risk related to the gas cylinders in the building has been eliminated or has been
dismissed.

0325 h. new sector managers arrive and take over from the team leaders the leadership
on spot. A team was intended to assist in the evacuation of threatened cars but due
shortages of personnel the evacuation of passenger cars parked in the backyard was
halted. Continued pressurization must instead be carried out. The sector managers are
instructed to check the adjacent and threatened fire compartments to assess the need for
further actions. The size of the burning body of the building is estimated at 1 500 m? of
a total of approximately 10 000 m2. Attention is drawn to the fact that the roof fire had
not broken through the roofing felt (Comment: The roof had been covered with the
Tribolit SBS 5500 R 01 which is a fire retardant product that will prevent fire from
spreading).

0333 h. contact is established with the property manager who undertook to contact the
various businesses in real estate and the insurance companies.

0334 h. Progress report: The fire is at the rear of the building, in the roof construction
and the original fire compartment. The threatened side compartments are pressurized.

0338 h. cars along the facades of the building are moved to a safe place. The intention
was to reduce the risk of the fire spreading through these cars.

0340 h. information is received that there are no gas cylinders or gas installations in the
building.

0342 h. residual value leaders are contacted and these come to the scene of the fire.
0400 h. Progress report: The fire in the roof construction continues and threatens to
spread, reinforcement with BA operators is needed as a tactical reserve. The spreading

of the fire is relatively slowly, the fire does not open up the roof and the fire
compartment pressure is relieved. Thermal development in the roof construction facing
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the street is great. The spreading of the fire into the side compartments has been
prevented by pressurizing and fire gas cooling (see description at 09.34 h.).

0429 h. there is urgent need for smoke protection capacity to the scene of the fire due to
the fire spreading in the roof construction and to an adjacent compartment

0515 h. continued fire and smoke spreading and protection and change of personnel is
needed soon.

0541 h. requested fans and aerial imagery arrives to the fire site.

0545 h. PPV ventilation is preventing the fire from spreading, the roof is burning and
no one is allowed to go on the roof, the part of the building used by the Post Office is
intact, and the spreading of the fire has occurred in the compartment towards the street.

0743 h. the fire continues in the roof structure.

0810 h. personnel from companies located in the building and residual value leaders
increasingly coming on site verify the need for access to facilities for moving furniture
and computer equipment from threatened areas. The Post Office personnel move
furniture out of the threatened building. There are difficulties to maintain pressurization
of the adjacent lateral spaces due to the staff coming on site and opening doors and
windows without realizing that a pressure drop then occurs and that smoke then could
penetrate into the premises.

0935 h. the sector heads and intervention commander decide on the continued tactical
focus.

Progress report: The spreading of the fire to the side compartments on the ground floor
and in the roof construction has been stopped. Continued pressurization of the side
compartments is carried out with PPV fans. Delaying firefighting operations have been
carried out on the roof of the building on fire. The cutting extinguishers have been used
in connection with puncturing and cutting holes in the roof material. Also water mist
jet-pipes have been used through these openings. A clear mitigating effect has been
achieved during this period, but as soon the firefighting ceases then the loading of the
fire gases grows quickly again. There is still a risk of the fire spreading to the side
buildings through the roof, therefore, monitoring and extinction with water mist jet-
pipes and cutting extinguishers continue along the lines of limitation. Using A-foam in
the water for extinguishing in the fire compartment was considered but was not
implemented. The adjacent compartments suffered from smoke penetrating into them
but once pressurization had been undertaken then these compartments avoided smoke
penetration.

The pictures below indicate that it was just a matter of single minutes before ignition
and fire spreading in the adjacent warehouse, which was filled with pallets and
cardboard boxes setting stock up to the ceiling, could have taken place. The
pressurization in the early stages of the fire meant that it was contained inside the
compartment on fire until the door was closed approximately at 04.30 h.
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Picture 11 from the warehouse next to the fire compartment

The pictures (Pictures 11 and 12) demonstrate clearly on the wall above the door that
there has been a considerable spreading of into the adjacent room and a flash point in
the pallet storage was very close. Had the fire had spread into this compartment, then
the whole building would most probably have been damage by fire and smoke in the
absence of resources to fight such a large burning surface.
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Picture 12 demonstrates clearly on the wall above the door that considerable
spreading of smoke into the compartment has occurred.

0945 h. the Swedish Broadcasting Company is contacted for a public service
announcement "Close the doors and windows."

The use of foam in the intermediate spaces of the roof was excluded because:

1.
2.

At times a too high fire gas pressure in the intermediate space.
The areas were too large to be able to reach the fire front.

The fire is pressed from the underlying fire compartment into the intermediate
ceiling/roof.

The medium type of foam will most likely not to fill up the space under the
roof.

The risks related to setting foot on the roof during a foam operation.

A foam intervention will stop the execution of other contemporary methods of
intervention.

The tactics used was to let the fire open up the covering roofing felt material in the
middle of the roof to reduce fire and fire gas pressure in the intermediate roof structure
and thus relieve pressure in the fire compartment. The type of roofing felt, Tribolit SBS






