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Executive Summary 

Flame Guard b.v. wished to investigate the effectiveness of their aerosol suppression technology for the fire 
safety protection of prison cells.  Flame Guard supplied units of their Dry Sprinkler Powder Aerosol, type 5 
(DSPA 5) to BRE for tests.  The agent was contained as a solid in a metal unit and upon activation, self-
propelled out of the unit as an aerosol.  Combustion of the solid agent that is located in the generator body 
causes the formation of fire suppressing aerosols. 

BRE have previously conducted a large programme of experimental work primarily investigating the 
effectiveness of water mist suppression systems for the fire safety protection of prison cells.  BRE therefore 
had a test rig available, which was highly instrumented to enable measurements of temperatures and gas 
conditions in a fire.  During the course of the previous work programme, BRE developed a ‘fire scenario’ 
suitable for water mist evaluation.  The same fire scenario (but with differing ‘pre-burn’ times) and 
associated prison issue items (that is, bedside locker, mattresses, duvets etc) were used for tests with 
Flame Guard’s aerosol suppression technology. 

The following tests were conducted: 

• Test 1 – BRE developed ‘standard’ fire scenario with the suppression unit applied two minutes after 
ignition. 

• Test 2 – BRE developed ‘standard’ fire scenario with the suppression unit applied 2 minutes after 
detection of the test fire (a domestic ionisation detector, centrally located on the ceiling of the test 
room, was used). 

The quantity of agent in each generator unit is stated as 3.3 kg in Flame Guard literature.  This equates to a 
concentration after discharge in the 36 m3 test volume of 91.7 g/m3.  The discharge time of the aerosol unit 
is stated by Flame Guard as between 20 and 28 seconds. 

Overall, the Flame Guard aerosol system demonstrated effective fire suppression and maintained tenable 
conditions for 20 minutes, for both of the tested fire scenarios. 
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1 Introduction 

Flame Guard b.v. (Hulzenseweg 10-20, 6534 AN Nijmegen, Netherlands) wished to investigate the 
effectiveness of their aerosol suppression technology for the fire safety protection of prison cells.  BRE Fire 
and Security were therefore commissioned by Flame Guard (part of the AFG Group) to conduct two fire 
tests with Flame Guard condensed aerosol extinguishing system units.   

Flame Guard b.v. supplied units of their Dry Sprinkler Powder Aerosol, type 5 (DSPA 5) to BRE for tests.  
The agent was contained as a solid in a metal unit and upon activation, self-propelled out of the unit as an 
aerosol.  Combustion of the solid agent that is located in the generator body causes the formation of fire 
suppressing aerosols.   

This report details the work undertaken and the results of the two tests conducted. 

1.1 Background 

BRE have previously conducted a large programme of experimental work primarily investigating the 
effectiveness of water mist suppression systems for the fire safety protection of prison cells.  BRE therefore 
had a test rig available, which is highly instrumented to enable measurements of temperatures and gas 
conditions in a fire.  During the course of the previous work programme, BRE developed a ‘fire scenario’ 
suitable for water mist evaluation.  The same fire scenario and associated prison issue items (that is, 
bedside locker, mattresses, duvets etc) were used for tests with Flame Guard’s aerosol suppression 
technology. 

The UK Ministry of Justice decided that it was necessary to investigate a different fire safety strategy than 
the one they currently employ for the suppression of fires in prison cells.  Prisoners housed in cells are 
different from most other occupants of buildings in a fire as they are unable to evacuate themselves away 
from the heat and smoke generated.  The Ministry of Justice therefore commissioned BRE Global, in the 
summer of 2007, to provide assistance in the development of fire safety strategies employed in the 
protection of prison cells, in particular with regard to the fuel loading of cells and the potential effectiveness 
of water mist suppression systems in tackling cell fires. 

BRE Global conducted a programme of work including a series of 21 fire tests.  The outcomes from this 
work programme have been detailed in BRE report number 2425361.  An accompanying Suppression 
System Performance Specification fire test document, number 2443572, was also produced by BRE Global.  
This document specifies requirements for fire testing of suppression systems for custodial premises and 
includes a number of ‘pass/fail’ criteria.  The criteria are mainly based on Fractional Effective Dose (FED) 
methodology which is used to assess human survivability in fire atmospheres. 
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2 Description of the project 

A fire test series was agreed by Flame Guard and BRE.   

The following tests were conducted: 

• Test 1 – BRE developed ‘standard’ fire scenario with the suppression unit applied two minutes after 
ignition. 

• Test 2 – BRE developed ‘standard’ fire scenario with the suppression unit applied 2 minutes after 
detection of the test fire (a domestic ionisation detector, centrally located on the ceiling of the test 
room, was used). 

2.1 Test room (cell) 

The test room constructed for previous work was used, with the geometry and internal dimensions having 
been specified by the UK Ministry of Justice.  The rig represented a double occupancy prison cell, 
measuring internally 3 m by 4 m and 3 m high; giving a volume of approximately 36 m3.  The room was of 
blockwork construction, internally clad with plasterboard, see Figure 1.   

  

Figure 1 – Test room 

The roof comprised timber joists with the ceiling being formed by two layers of plasterboards.  A 
‘shower/toilet cubicle area’ located in a corner was formed by plasterboard stud walls connected by two 
shower curtains.  The stud walls were constructed to a height of 2.85 m, therefore leaving a gap of 
approximately 150 mm between the wall and the ceiling.  The room was furnished with standard prison 
issue items, including two bunk beds (with metal frame), a chair and desk, see Figure 2.  A standard prison 
issue door set was fitted to the test cell. 
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Figure 2 – Photograph showing shower/toilet cubicle area and prison issue bed, chair and desk 

No mechanical ventilation to the test rig was provided although there was an opening to ductwork at ceiling 
level in the shower/toilet cubicle area.  Additional openings were provided representative of the effective 
cross sectional area of a fully open prison window; approximately 0.04 m2 (400 cm2).  These were in the 
form of two rows of 5 holes approximately 70 mm in diameter equally spaced vertically over 1 m, with the 
bottom holes 1.2 m from floor level.  There was a further small area of opening around the cell door 
(crackage).  

2.1.1 Instrumentation 
The test room was instrumented to enable measurements of temperature and gas conditions.  Room 
concentrations of oxygen, carbon monoxide and carbon dioxide were continuously monitored during tests. 

The gas measuring locations were as follows: 

• Low level – 250 mm from floor, 1600 mm from end wall and 850 mm from the wall opposite to bed. 

• Mid level – 1600 mm from floor, 850 mm from door, 350 mm from long wall adjacent to bed. 

• High level – 2750 mm from floor, 1600 mm from end wall and 850 mm from the wall opposite to 
bed. 

The temperature measuring locations were as follows: 

• Door location – thermocouples in contact with the floor and ceiling and spaced at 0.5 metre 
intervals of the entire height. 

• Fire location – one thermocouple close to ignition location and thermocouples spaced at 0.5 metre 
intervals to the ceiling. 

• Additional thermocouples were placed at mid and high level on the long wall opposite to the bed, at 
the gas measuring locations and in the extract ductwork. 
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2.1.2 Detection system 
A household ionisation detector, centrally located on the ceiling, was used to detect the test fires.  This is 
not representative of actual in-cell detection systems which need to be robust from malicious tampering.  
Aspirating systems are now increasingly being used to detect cell fires and due to the nature of the prison 
environment (dirty, dusty and with cell occupants allowed to smoke cigarettes) a level of de-sensitisation is 
required.  Therefore, it is considered that the detection system used provided favourable fire detection for 
the testing. 

2.2 Fire scenario 

BRE Global had developed a test fire for the previous work that met the following criteria: 

• It comprised prison issue items and representative ‘personal’ and food items that might be found in 
any cell (i.e. no “brought in” incendiary or particularly flammable material). 

• It was (reasonably) repeatable and reproducible. 

• It offered a challenging scenario for suppression systems. 

• It was not so challenging that it might be expected to defeat all or most potential suppression 
systems. 

• It was based on the scenarios used in previous related work. 

The developed fire scenario consisted of a prison issue bedside locker placed on its side on the lower bunk 
of the bed at an angle of 45o to the long wall of the room.  The door of the locker was opened and resting 
on the top of the unit.  This provided for four open compartments separated by shelving.  The 
compartments were filled with the following items, as shown in Figure 3: 

• 12 crisp packets and 4 boxes of cereal. 

• A pair of jeans and vest. 

• 2 toilet rolls and 2 plastic bottles. 

• A paper and magazine. 

• 10 single CD cases and a computer keyboard. 

• Prison issue duvet cover, sheet and pillow slip. 

The locker was placed on a duvet with prison issue duvet cover.  The duvet was on prison issue mattress 
and mattress cover.  The top bunk bed likewise was furnished with prison issue mattress, duvet and covers.  
The location of the locker was adjacent to a prison issue table and chair, see Figure 4. 

This arrangement was used for both tests.   
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Figure 3 – Developed fire scenario 

 

 

Figure 4 – Schematic of test room layout 
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2.2.1 Unsuppressed fire test scenario 
The fire scenario was conducted with no suppression system as part of the previous work and is detailed in 
this section. 

The fire scenario was checked for speed of development and repeatability (tests carried out external to the 
test room) with satisfactory results.    

The scenario was also evaluated, with no suppression system fitted, inside the test room with 
measurements, as shown in Figure 5 to Figure 7. 

The centrally located crisp packets were ignited using a cigarette lighter and test staff immediately left the 
room and closed the cell door.  The fire was allowed to develop freely under closed room conditions until 10 
minutes from ignition at which point the door was opened.  The temperature readings at the door location 
for this test indicate a steady rise in temperature for a period of about 5 minutes at which point 
temperatures plateau for approximately 2 minutes.  There is then a sharp rise in room temperature for a 
further 2 minutes before room conditions and oxygen concentrations force the vitiated fire to decrease in 
size with associated cooling of room temperatures.  However, upon opening the door to the room on 10 
minutes, the fire again began to increase in size due to the readily available supply of oxygen.  The test 
was manually terminated with a water hose reel, deployed from the doorway, at about 11 minutes 30 
seconds (from ignition). 
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Figure 5 – Test 0 – Scenario development; temperatures above the fire location  
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Figure 6 – Test 0 – Scenario development; temperatures close to the cell door 
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Figure 7 – Test 0 – Scenario development; room oxygen concentrations 
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Fractional Effective Dose calculations (see section 4) have indicated that conditions in the room became life 
threatening after approximately 10 minutes from ignition at mid height level.  The developed test fire 
scenario was used for both Flame Guard tests. 

2.3 Test procedures 

The test fire was ignited and the cell door closed.  For Test 1, after 2 minutes the door was opened and the 
DSPA generator thrown into the enclosure.  The door was then quickly closed and remained closed for a 
period of 5 minutes.  After this period the door was opened and then left open for the remainder of the test.  
For Test 2 the same procedure was adopted, however, the unit was applied two minutes after detection of 
the fire.  Tenability conditions were monitored for a period of 20 minutes. 

General test procedures are shown in Table 1. 

 
Time Action 

Prior to test Instrumentation and video recordings started. 

0 min 0 sec Ignition of fuel load by application of a cigarette lighter flame. 

x min y sec Detection of test fire 

xx min yy sec Generator unit applied (door quickly opened and then closed) 

xx min yy sec plus 5 min  Door opened 

20 min 0 sec Tenability conditions monitoring end point 

Post test Test fire manually extinguished (if necessary), instrumentation and video 
recordings stopped. 

Table 1 – Test procedure 

Each test was recorded using both digital video and photography.   

2.4 DSPA 5 suppression unit 

The DSPA 5 suppression unit is shown in Figure 8 below.   
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Figure 8 – DSPA 5 generator unit 

The aerosol-forming agent is encased in a metal housing.  On one side of the metal housing there is a 
threaded bush which enables mounting of the activating assembly.  There is also a handle on the body. 
Discharge of fire suppressing aerosol occurs via a slot situated on the side of the metal housing.  DSPA 5 
generators are activated by pulling the cord (away from the unit).  There is an approximate delay of 8 
seconds before the main compound is actuated.  This delay allows time for the unit to be thrown into a 
room where a fire is located.  After the main compound of the starting assembly has been actuated, ignition 
of the aerosol-forming agent occurs.  The generator unit works by flooding the entire protected volume with 
aerosol to provide total volume fire protection (in a similar way to fixed gaseous systems). 
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3 Findings 

3.1 Test 1 – Flame Guard aerosol suppression 2 minutes after ignition 

A single Flame Guard DPSA 5 aerosol suppression generator unit was thrown into the test cell 2 minutes 
after ignition.  Figure 9 below contains photographs taken during the test.   

 

 

Figure 9 – Photographs showing test room, fire scenario and aerosol discharge shortly after 
activation 

Details of the test result are shown in Table 2.  The quantity of agent in each generator unit is stated as 3.3 
kg.  This equates to a concentration after discharge in the 36 m3 test volume of 91.7 g/m3.  The discharge 
time of the aerosol unit is stated as between 20 and 28 seconds on the Flame Guard DPSA 5 information 
sheet (see Appendix A). 

Generator 
unit 

Generator 
weight 

Detection 
(from 

ignition) 

System 
operation 

Max temperature near door 

    Pre-operation Post-operation 

 (kg) (min:s) (min:s) (oC) (oC) 

DPSA 5 4.70 0m 52s 2m 0s 26 90 

Table 2 – Test details for Test 1 

Fire plume location temperatures are shown in Figure 10.  After 2 minutes (when the generator unit was 
applied) the test fire was still small and had not become established beyond the lower compartment 
containing the crisp packets and cereal boxes.  The temperatures at the fire location initially increased after 
operation but within approximately one minute declined rapidly.  Temperatures did not increase when the 
door was opened 5 minutes after the unit had been applied and the fire was effectively suppressed (a small 
amount of smouldering was noted by test operators indicating that the fire was not completely 
extinguished).  There was only a very limited amount of fire damage to the locker unit and the integrity of 
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the hardboard back had not been breached.  The aerosol system demonstrated effective fire suppression 
for the tested scenario. 
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Figure 10 – Temperatures above the fire for Test 1 

Temperatures near the door are shown in Figure 11.  Temperatures near the door significantly increased 
after the unit was applied up to a peak of 90 oC.  However, they began to fall after approximately one 
minute and were close to ambient levels after a further 5 minutes. 
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Figure 11 – Temperatures near the door for Test 1 
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Concentrations of oxygen measured during the test are shown in Figure 12.  The oxygen concentration was 
not significantly depleted by the fire or operation of the aerosol suppression unit. 
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Figure 12 – Oxygen concentrations for Test 1 

Concentrations of carbon dioxide measured during the test are shown in Figure 13.  The peak 
concentration of carbon dioxide measured (at high level) was slightly in excess of 1.2 %. 
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Figure 13 – Carbon dioxide concentrations for Test 1 
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Concentrations of carbon monoxide measured during the test are shown in Figure 14.  The peak 
concentration of carbon monoxide measured (at high level) was slightly in excess of 3000 ppm. 
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Figure 14 – Carbon monoxide concentrations for Test 1 

The levels of both carbon dioxide and carbon monoxide prior to system operation were very low.  Hence 
the combustion process of the aerosol forming agent has significantly contributed to the toxicity conditions 
within the cell.  However, this must be balanced against the effective suppression of the fire by the aerosol 
system and the associated reduction in toxicity from the fire itself. 
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3.2 Test 2 – Flame Guard aerosol suppression 2 minutes after detection 

A single Flame Guard DPSA 5 aerosol suppression generator unit (the same as for Test 1) was thrown into 
the test cell 2 minutes after smoke detection of the test fire.  Figure 15 below contains photographs taken 
during the test.   

 

 
 

Figure 15 – Photographs showing fire scenario and test room shortly after the door was opened (5 
minutes after the generator unit had been applied) 

Details of the test result are shown in Table 2.  As for Test 1, the quantity of agent used equated to a 
concentration after discharge in the 36 m3 test volume of 91.7 g/m3. 

Generator 
unit 

Generator 
weight 

Detection 
(from 

ignition) 

System 
operation 

Max temperature near door 

    Pre-operation Post-operation 

 (kg) (min:s) (min:s) (oC) (oC) 

DPSA 5 4.84 1m 25s 3m 25s 55 107 

Table 3 – Test details for Test 2 

Fire plume location temperatures are shown in Figure 16.  After 3 minutes 25 seconds (when the generator 
unit was applied) the test fire was larger than in Test 1 and had spread beyond the lower compartment to 
the upper compartments.  The temperatures at the fire location declined rapidly soon after the unit had 
been applied.  Temperatures did not increase when the door was opened 5 minutes later and the fire was 
effectively suppressed.  There was only a limited amount of fire damage to the locker unit and it is likely the 
integrity of the hardboard back had not been breached on termination of the test.  However, a small amount 
of smouldering was noted by test operators after the test (the fire had not been completely extinguished) 
which subsequently developed into flaming combustion and the integrity of the hardboard back of the locker 
unit was breached in the upper right hand side compartment (containing the newspaper, magazine, 
keyboard and toilet rolls).  This demonstrated the potential for re-ignition.  Overall, the aerosol system 
demonstrated effective fire suppression for the tested scenario. 
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Figure 16 – Temperatures above the fire for Test 2 

Temperatures near the door (see Figure 17) significantly increased after the unit was applied up to a peak 
of 106 oC.  However, they began to fall shortly after and were close to ambient levels 5 minutes later. 

-2 0 2 4 6 8 10 12 14 16 18 20 22 24
0

10

20

30

40

50

60

70

80

90

100

110

120

System operation

Te
m

pe
ra

tu
re

 (o C
)

Time (minutes from ignition)

 In contact with floor
 0.5 m
 1 m
 1.5 m
 2 m
 2.5 m
 In contact with ceiling

 

Figure 17 – Temperatures near the door for Test 2 
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Concentrations of oxygen measured during the test are shown in Figure 18.  The oxygen in the room 
remained above 19 % despite the operation of the aerosol unit and the oxygen consumed by the fire. 

A significantly reduced flow of gas through the pump drawing room gases at mid level was observed for this 
test.  The influence of this can be seen in the concentrations of oxygen, carbon dioxide and carbon 
monoxide at mid level (red line) in Figure 18, Figure 19 and Figure 20 respectively.  Peak concentrations (in 
actuality) are likely to have occurred in the room at a time consistent with the peaks noted at low and high 
level. 
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Figure 18 – Oxygen concentrations for Test 2 

Concentrations of carbon dioxide measured during the test are shown in Figure 19.  The peak 
concentration of carbon dioxide measured (at high level) was slightly in excess of 1.2 %. 



20 Flame Guard b.v. aerosol suppression system fire tests for prisons  
 

 
BRE Fire and Security Client report number 246190  
Commercial in confidence 

© BRE Global Ltd 2008  

 

-2 0 2 4 6 8 10 12 14 16 18 20 22 24
0.0

0.2

0.4

0.6

0.8

1.0

1.2

1.4

1.6

1.8

C
O

2 c
on

ce
nt

ra
tio

n 
(%

)

Time (minutes from ignition)

 Mid
 High

 

Figure 19 – Carbon dioxide concentrations for Test 2 

Concentrations of carbon monoxide measured during the test are shown in Figure 20.  
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Figure 20 – Carbon monoxide concentrations for Test 2 
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The peak concentration of carbon monoxide measured (at high level) was in excess of 3000 ppm and was 
‘off the scale’ of the measuring analyser for a period of over one minute.  Peak concentrations at low and 
mid height level were approaching 3000 ppm. 

The levels of both carbon dioxide and carbon monoxide prior to system operation were low.  Hence the 
combustion process of the aerosol forming agent has significantly contributed to the toxicity conditions 
within the cell.  Again, as for Test 1, this must be balanced against the effective fire suppression 
demonstrated by the aerosol system. 

It was generally observed for both the tests that when the cell door was opened there was limited visibility 
in the cell.  This would affect the ability of staff to carry out occupant rescue.   

No measurements of room pressure were conducted, however, an initial overpressure could be observed 
upon activation of the aerosol generator unit as smoke and aerosol was emitted from the enclosure through 
the vents, door and ceiling of the test rig. 

The aerosol generator suppression technology requires no water.  It was observed subsequent to the tests 
that the room and room contents remained ‘dry’.  This is considered a significant advantage for the prison 
environment as there is no possibility of consequential water damage.  However, a thin ‘greasy’ residue 
was observed in the test room after each test. 
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4 Fractional Effective Dose (FED) calculations 

4.1 Method for toxic hazard (FED) analysis 

4.1.1 Fire hazard and tenability endpoints with respect to prisoners and staff 
The main toxic hazards in fire effluent atmospheres consist of smoke irritants (particulates and gases) and 
asphyxiant gases.   

Depending on their concentration, the irritant smoke particulates and gases such as hydrogen chloride can 
impede escape and rescue activities, and inhalation presents a potential health hazard through lung 
irritation and injury.  It is almost inevitable that a cell inmate will suffer some degree of exposure to irritant 
smoke during any cell fire, but it is not inevitable that this will result in serious injury.  The analysis 
conducted for this work is based on the assumption that no respiratory protection is used and therefore 
represents a worst case scenario. 

Exposure to a sufficient inhaled dose of asphyxiant gases results in cerebral hypoxia (insufficient oxygen 
available to brain tissue), which leads to collapse with loss of consciousness followed by death if the 
exposure is prolonged.  The inhaled dose of asphyxiant gases increases with time during a fire as the fire 
gases are inhaled and as the fire gas concentrations increase with a growing fire.  The main consideration, 
with regard to cell inmates, is therefore as far as possible to minimize their exposure during the period 
before rescue during a cell fire, and in particular to prevent inhalation of a sufficient exposure dose to result 
in severe incapacitation (loss of consciousness) or death. 

The main hazards from a brief exposure to heat during a cell fire are likely to be skin pain and burns, 
followed by death in severe situations.  As with asphyxiant gases, the effects of heat exposure can be 
considered in terms of ‘doses’ of heat exposure required to cause different levels of injury. For exposure to 
hot fire gases this depends mainly on the duration of exposure and the increasing temperature during a fire.  
The main consideration is that, as far as possible, cell inmates should not suffer severe pain or burns 
during the period before rescue. 

In order to assess tenability for this work, the hazards from exposure to asphyxiant toxic gases and heat 
(hazard from convection due to contact with hot fire gases) have been analysed using Fractional Effective 
Dose (FED) methodology.   

The basis of the FED hazard assessment method is described in the next section. 

4.1.2 Prediction of time to incapacitation and death from asphyxiant gases 
Fire effluent contains a mixture of asphyxiant gases of which the most important are carbon monoxide (CO) 
and hydrogen cyanide (HCN).  These have been shown to be additive in their combined effects.  The 
presence of carbon dioxide (CO2) in fires is also important since it causes hyperventilation (an increase in 
the volume of air inhaled each minute), which increases the rate of uptake of CO and HCN.  Fire effluent is 
depleted in oxygen; so direct low oxygen hypoxia also contributes to the overall level of hypoxia, although 
this effect is usually minor.   
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Time to incapacitation (loss of consciousness) in a fire is considered to depend upon the overall effects of 
the mixed asphyxiant gases present in the fire effluent.  The method described below has therefore been 
applied to the asphyxiant gases measured during the tests to calculate the proportion of an exposure dose 
likely to cause incapacitation (loss of consciousness) to which cell inmates and rescuers are exposed over 
the relevant periods of the fires. 

After a person becomes unconscious due to the effects of these asphyxiant gases, they continue to 
breathe, and inhale the gases at a reduced rate, so that their condition gradually further deteriorates until 
death occurs (at approximately 2 - 3 times the dose of asphyxiant gases as that causing loss of 
consciousness).   

The asphyxiant gases considered are carbon monoxide, hydrogen cyanide, carbon dioxide and low oxygen 
hypoxia.  The combined effects of these gases have been estimated according to the method of 
Purser3,4,5,6.  The method is a current British Standard (BS9899-2: 1999)7 and an International Standard8.  
Details of the methodology are provided in the references cited.   

Note, for this work, hydrogen cyanide was not measured.  However, the previous work conducted by BRE 
had given an indication of the levels of hydrogen cyanide produced by the prison issue and miscellaneous 
items used for fuel in this test programme.  The concentration of hydrogen cyanide in a fire will typically be 
roughly proportional to the concentration of carbon monoxide (which was continuously measured for all 
tests).  A ratio of concentration (ppm) of CO:HCN of 80:1 was used for FED calculations.  At this ratio the 
contribution of HCN to the overall toxic dose is limited to a minor effect. 

Incapacitation (loss of consciousness) is predicted when the FEDAG summed with time reaches 1. 

Death due to asphyxiation is predicted at an FEDAG of approximately 2-3. 

4.1.3 Effects of level of physical activity on development of asphyxia 
 
The volume of air inhaled each minute by a subject, and hence the rate of uptake of asphyxiant gases 
depends upon the level of physical activity and to some extent their mental state.  For the cell inmates it 
has been assumed that they were basically ‘at rest’ physically but likely to be somewhat agitated while in 
the cell during the fire.  On this basis, ventilation (VE) of 15 litres per minute has been assumed.  This is 
then increased further according to the carbon dioxide concentration (using VCO2).   

4.1.4 Prediction of time to skin pain or hyperthermia due to convected heat 
The time to incapacitation due to skin pain or hyperthermia (in minutes) by convected heat from contact 
with air (containing less than 10% by volume of water vapour) is given by: 

tIHEAT =  5 x 107 x T-3.4 

where  

T = temperature °C 

The fractional dose of heat acquired per minute is the reciprocal of the time to incapacitation5,6.  The 
fractional heat doses each unit of time are summed until the FED for heat reaches unity at which time 
incapacitation due to pain is predicted.   Third degree burns are predicted at an FED for heat of 
approximately 3. 
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On the basis of the effects described the FED values for asphyxiant gases and heat have been calculated 
for each test as shown below. 

4.2 FED results for tests conducted 

The calculated FED results for the Flame Guard Tests are shown in Figure 21 and Figure 22.  The graphs 
are derived from gas concentrations measured at mid height level (1.6 m from the floor) near the door.  As 
previously stated a significantly reduced flow of gas through the pump drawing room gases at mid level was 
observed for Test 2.  Peak concentrations (in actuality) are likely to have occurred in the room at a time 
consistent with the peaks noted at low and high level.  However, it is considered that the fractional effective 
dose calculated after 20 minutes (0.69) is consistent actual toxicity conditions in the room. 

The key reference point is the time at which an FED curve exceeds 1.0 on the FED scale – at which time 
incapacitation is predicted for a cell inmate (loss of consciousness for asphyxiant gases or severe pain to 
exposed skin for heat exposure).  A curve remaining below an FED level of 0.33 is predicted to have 
minimal effects on even sensitive subjects. 
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Figure 21 – FED at mid height for Test 1 

The Flame Guard aerosol suppression system maintained tenable conditions (both for heat and asphyxiant 
gases) for a period of 20 minutes for Test 1.  However, conditions were approaching an incapacitating dose 
for asphyxiant gases.  



25 Flame Guard b.v. aerosol suppression system fire tests for prisons  
 

 
BRE Fire and Security Client report number 246190  
Commercial in confidence 

© BRE Global Ltd 2008  

 

0 2 4 6 8 10 12 14 16 18 20
0.0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1.0

1.1
FED asphyxia = unconsiousness; FED heat = extreme pain

FE
D

Time (minutes from ignition)

 FED asphyxia
 FED heat

 

Figure 22 – FED at mid height for Test 2 

The Flame Guard aerosol suppression system maintained tenable conditions (both for heat and asphyxiant 
gases) for a period of 20 minutes for Test 2.  However, conditions were approaching an incapacitating dose 
for asphyxiant gases. 
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5 Conclusions 

Flame Guard b.v. wished to investigate the effectiveness of their aerosol suppression technology for the fire 
safety protection of prison cells.  Flame Guard supplied units of their Dry Sprinkler Powder Aerosol, type 5 
(DSPA 5) to BRE for tests.  The agent was contained as a solid in a metal unit and upon activation, self-
propelled out of the unit as an aerosol.  Combustion of the solid agent that is located in the generator body 
causes the formation of fire suppressing aerosols. 

BRE have previously conducted a large programme of experimental work primarily investigating the 
effectiveness of water mist suppression systems for the fire safety protection of prison cells.  BRE therefore 
had a test rig available, which was highly instrumented to enable measurements of temperatures and gas 
conditions in a fire.  During the course of the previous work programme, BRE developed a ‘fire scenario’ 
suitable for water mist evaluation.  The same fire scenario (but with differing ‘pre-burn’ times) and 
associated prison issue items (that is, bedside locker, mattresses, duvets etc) were used for tests with 
Flame Guard’s aerosol suppression technology. 

The following tests were conducted: 

• Test 1 – BRE developed ‘standard’ fire scenario with the suppression unit applied two minutes after 
ignition. 

• Test 2 – BRE developed ‘standard’ fire scenario with the suppression unit applied 2 minutes after 
detection of the test fire (a domestic ionisation detector, centrally located on the ceiling of the test 
room, was used). 

The quantity of agent in each generator unit is stated as 3.3 kg in Flame Guard literature.  This equates to a 
concentration after discharge in the 36 m3 test volume of 91.7 g/m3.  The discharge time of the aerosol unit 
is stated by Flame Guard as between 20 and 28 seconds. 

The peak concentration of carbon monoxide measured was in excess of 3000 ppm for both tests.  The 
levels of both carbon dioxide and carbon monoxide prior to system operation were low.  Hence the 
combustion process of the aerosol forming agent has significantly contributed to the toxicity conditions 
within the cell.  However, this must be balanced against the effective fire suppression demonstrated by the 
aerosol system. 

It was generally observed for both the tests that when the cell door was opened there was limited visibility 
in the cell.  This would affect the ability of staff to carry out occupant rescue.   

No measurements of room pressure were conducted, however, an (ostensibly mild) initial overpressure 
could be observed upon activation of the aerosol generator unit as smoke and aerosol was emitted from the 
enclosure through the vents, door and ceiling of the test rig. 

The aerosol generator suppression technology requires no water.  It was observed subsequent to the tests 
that the room and room contents remained ‘dry’.  However, a thin ‘greasy’ residue was observed in the test 
room after each test.  Suppression systems not requiring any water are considered a significant advantage 
for the prison environment as there is no possibility of consequential water damage.   
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Fractional Effective Dose calculations have shown that the Flame Guard aerosol suppression system 
maintained tenable conditions, both for heat and asphyxiant gases, for a period of 20 minutes for both tests 
although conditions were approaching an incapacitating dose for asphyxiant gases. 

When the generator unit was applied the temperatures in the room initially increased after operation (up to 
around 100 oC) but within approximately one minute declined rapidly.  Temperatures did not increase when 
the door was opened 5 minutes after the unit had been applied and subsequently remained close to 
ambient levels.  Both test fires were effectively suppressed (a small amount of smouldering was noted after 
each test by staff operators indicating that the fires were not completely extinguished).  There was only a 
very limited amount of fire damage to the locker unit.  However, a small amount of smouldering was noted 
by test operators after Test 2 which subsequently developed into flaming combustion and the integrity of 
the hardboard back of the locker unit was breached in the upper right hand side compartment (containing 
the newspaper, magazine, keyboard and toilet rolls).  This demonstrated the potential for re-ignition.   

Overall, the Flame Guard aerosol system demonstrated effective fire suppression and maintained tenable 
conditions for 20 minutes, for both of the tested fire scenarios. 
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Appendix A – DPSA 5, Flame Guard product literature 
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